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Abstract 
 

 This systematic study documents the taxonomy, diversity, and distribution of the 

tarantula spider genus Aphonopelma Pocock, 1901 within the United States. Aphonopelma is a 

group wherein traditional morphological characters (i.e. homogeneous) have been shown to be 

generally ineffective for evaluating inter- and intraspecific variation and provides one of the 

greatest known challenges to species delimitation in spiders. Despite their charismatic nature, the 

genus Aphonopelma represents a woefully understudied radiation of spider into the southwestern 

United States. The genus is distributed throughout the southern third of the country, ranging west 

of the Mississippi River to California and down into Central America.  Within the past 75 years, 

only four major descriptive or revisionary works (Chamberlin & Ivie 1939; Chamberlin 1940; 

Smith 1994; Prentice 1997) have evaluated the taxonomy of Aphonopelma, but none of these 

studies employed an explicit phylogenetic approach to delimit species or understand 

relationships. Currently, the United States Aphonopelma represent 55 nominal morphological 

species. 

 The principal goal of my dissertation research was to formally resolve the group’s 

species-level diversity by delimiting boundaries using an approach that integrates molecular data 

with morphology and geospatial data. My dissertation research inferred the first phylogeny of 

Aphonopelma, and created an integrative approach to delimiting species using multiple DNA 

barcoding methods. Then these hypothesized species boundaries were evaluated by developing a 

multi-locus phylogenomic dataset, using Anchored Enrichment. Lastly, I incorporated all of this 

information to assess species-level diversity and taxonomically revise the United States 

Aphonopelma. By conducting the most comprehensive sampling of a single theraphosid genus to 

date, this research has significantly broadened the scope of prior molecular and morphological 

investigations, finally bringing a modern understanding of the true species boundaries to this 

dynamic and charismatic group of spiders. 
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Aphonopelma hentzi (Araneae, Mygalomorphae, Theraphosidae): cryptic diversity in North 

American tarantulas. PLoS ONE 6(10): e26207. doi:10.1371/journal.pone.0026207 

 

Abstract 

Background:  The primary objective of this study is to reconstruct the phylogeny of the hentzi 

species group and sister species in the North American tarantula genus, Aphonopelma, using a 

set of mitochondrial DNA markers that include the animal “barcoding gene”.  An mtDNA 

genealogy is used to consider questions regarding species boundary delimitation and to evaluate 

timing of divergence to infer historical biogeographic events that played a role in shaping the 

present-day diversity and distribution.  We aimed to identify potential refugial locations, 

directionality of range expansion, and test whether A. hentzi post-glacial expansion fit a 

predicted time frame. 

 

Methods and Findings:  A Bayesian phylogenetic approach was used to analyze a 2051 base pair 

(bp) mtDNA data matrix comprising aligned fragments of the gene regions CO1 (1165 bp) and 

ND1-16S (886 bp).  Multiple species delimitation techniques (DNA tree-based methods, a 

“barcode gap” using percent of pairwise sequence divergence (uncorrected p-distances), and the 

GMYC method) consistently recognized a number of divergent and genealogically exclusive 

groups. 

 



 2 

Conclusions:  The use of numerous species delimitation methods, in concert, provide an 

effective approach to dissecting species boundaries in this spider group; as well they seem to 

provide strong evidence for a number of nominal, previously undiscovered, and cryptic species.  

Our data also indicate that Pleistocene habitat fragmentation and subsequent range expansion 

events may have shaped contemporary phylogeographic patterns of Aphonopelma diversity in 

the southwestern United States, particularly for the A. hentzi species group.  These findings 

indicate that future species delimitation approaches need to be analyzed in context of a number 

of factors, such as the sampling distribution, loci used, biogeographic history, breadth of 

morphological variation, ecological factors, and behavioral data, to make truly integrative 

decisions about what constitutes an evolutionary lineage recognized as a “species”. 

 

Introduction 

 

“The recognition of the reality of species is the key to explaining organic diversity” [1] 

 

The spider genus Aphonopelma, the only genus of tarantula known to North America, is 

distributed throughout the southern third of the United States, west of the Mississippi River to 

California and down into the Central American Neotropics.  Despite the charismatic nature of the 

group (large bodied and “hairy”), the taxonomy of Aphonopelma has received comparatively 

little attention and has been largely reliant upon sparse and sometimes poorly defined 

morphological data.  Historically, three major efforts [2-4] have been undertaken to evaluate the 

taxonomic status, morphological character variation, and relationships of Aphonopelma, none of 

which employed an explicit phylogenetic approach. 

Unfortunately, much of the past descriptive work was based on only one or two 

specimens, and generally lacked consideration of the wide range of intraspecific variation noted 

within group.  Morphology-based phylogenies of tarantulas and other related mygalomorph taxa 

seem to signal widespread problems in homoplasy among morphological characters [5-9].  Also, 

the quantitative or meristic features often used to evaluate relationships among these taxa may be 

problematic [10, 11].  Not surprisingly, many arachnologists have lamented the present state of 

theraphosid taxonomy due to the morphological characters employed for diagnostic use [4, 5, 12-

16].   Raven [17] considered the family Theraphosidae a “nomenclatural and taxonomic 
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nightmare”.  Accurate delimitation of species boundaries is especially important in taxa where 

one or more morphological characters are uninformative or are in conflict.  Hebert et al [18, 19] 

suggest traditional taxonomy in morphologically conserved groups can lead to incorrect 

identifications and may fail to recognize cryptic taxa.  Because many of the described tarantula 

species in the United States can be difficult to differentiate based on morphological 

characteristics alone, molecular data may prove to be an additional source of characters to 

evaluate taxonomy, species delineation, and to uncover cryptic species in this charismatic yet 

understudied group. 

The objective of the study presented herein is to reconstruct the phylogeny of the hentzi 

species group and sister species across Aphonopelma taxa distributed in the eastern portion of the 

southwest United States, using a set of mitochondrial DNA markers that include the animal 

“barcoding gene” [18, 19].  We then employ these data, through the testing of multiple species 

delimitation techniques – DNA tree-based methods, a “barcode gap” using percent of pairwise 

sequence divergence (uncorrected p-distances), and the GMYC method – to consider questions 

regarding species boundary delimitation. Subsequently, we evaluate timing of divergence events 

for these delimited species to infer historical biogeographic events that have played a potential 

role in shaping the present-day diversity and distribution.  The use of tree-based methods for 

species delimitation recognizes “species” as historical lineages [20] and has been shown to be 

effective when used in conjunction with uncorrected p-distance data outlined in Hebert et al [18, 

19] and in a number of other studies [20-27]. 

We have chosen to make use of mitochondrial genes, as we are particularly interested in 

addressing the efficacy of cytochrome c oxidase subunit 1 (CO1) and ribosomal large subunit 

(16S) as species identification tools in both known and unknown groups within the genus 

Aphonopelma and other theraphosid taxa [18, 19, 28].  Mitochondrial genes have long served as 

preferred markers for phylogeographic and species-level phylogenetic analyses because of the 

speed with which they evolve -- mutations may reflect real substantive changes in metabolic 

pathways (e.g. cell respiration), leading to hybrid breakdown [29, 30].  As is the case with many 

understudied groups, we presently lack sufficient nuclear markers in mygalomorphs that would 

allow us to address divergence, coalescence, or gene-tree/species-tree issues. 

Surprisingly, very little information is known about the overall genetic diversity and 

population structuring of tarantulas throughout their range [13, 31, 32].  Aphonopelma 
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individuals possess traits that differ markedly from araneomorph spiders and other arthropods.  

Related burrowing mygalomorphs (e.g., trapdoor spiders in the genus Aptostichus) are thought to 

have very limited dispersal ability, as evidenced by clustering of individuals within habitat 

patches and by extreme structuring of populations at a genetic level [24, 33-37].  Because 

theraphosids do not “balloon” from the maternal site (a common form of dispersal where 

spiderlings will release strands of silk and ride air currents away from their natal site) their 

limited dispersal abilities, long life spans (15-30 years), indeterminate growth, and delayed 

sexual maturity (4-7 years to reach maturity) make them especially vulnerable to factors such as 

habitat destruction and stochastic processes [12, 35, 38-40]. 

 

The Aphonopelma hentzi species group. 

The first tarantula described from the United States in 1854 was Aphonopelma hentzi 

[41].  The type specimen is believed to have been collected in southwestern Oklahoma [42], with 

the A. hentzi range extending from southwestern Missouri, through southern Kansas, 

southeastern Colorado, northeastern New Mexico, encompassing all of Oklahoma, the northern 

half of Texas, western Arkansas, and northwestern Louisiana [4, 13].  Smith [4] coined the term 

“Aphonopelma hentzi complex” which included: A. arnoldi Smith, A. baergi Chamberlin, A. 

clarki Smith, A. coloradanum (Chamberlin), A. echinum (Chamberlin), A. gurleyi Smith, A. 

hentzi (Girard), A. hollyi Smith, A. odelli Smith, A. waconum (Chamberlin), and A. wichitanum 

(Chamberlin).  Murray [13] conducted an unpublished study of the hentzi species complex using 

a combination of genetic and morphological data.  Her study redefined the intraspecific variation 

within the group, revealing that A. hentzi appeared to be a single wide-ranging species with 

extensive morphological variation, while hypothesizing the species exhibits high ecological 

plasticity throughout its wide distribution due to the diverse habitats where it can be found. 

Previously, it was proposed that A. hentzi dispersed northwards after the Pleistocene’s 

Last Glacial Maximum (LGM) as it tracked a desert-like ecosystem expansion into Missouri 

glade habitat (the northeastern-most area of its distribution) around 8,000-4,000 years ago [40].  

We therefore predicted and tested the hypothesis that A. hentzi experienced a recent, rapid range 

expansion following the LGM, dominating new open northern niches after spreading from 

postglacial refugia in Texas’ Colorado River Basin.  Historically, the Colorado River cuts a path 

through the heart of Texas where today it appears to represent an area of species transition; a 
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region north of which no other Aphonopelma species, except for A. hentzi, are thought to be 

found (Figure 1).  The history of many lineages in the south-central United States (a region with 

20 nominal tarantula species) has undoubtedly been complicated by repeated vicariance, 

extinction, and subsequent dispersal/expansion events.  A comparative phylogeographic analysis 

of the North American Aphonopelma may lend insight into how the numerous glacial cycles of 

the Pleistocene affected the biodiversity of this region. 

 

Methods 

Taxon sampling 

In an effort to sample the breadth of the A. hentzi species complex (defined above) 

distribution and phylogenetic diversity, we sampled 147 specimens from across Texas and the 

southwest United States from 15 sites visually identified as suitable habitats within the Colorado 

River Basin (hereafter referred to as CRB) in central Texas and 41 localities north, south, and 

west of the CRB.  In reference to the hentzi complex, specimens were collected from areas near 

to and including five of the eleven type localities, as well as from across the breadth of the 

known distribution [13].  Outgroup individuals were collected from an assortment of western US 

material (California and Arizona), which in morphological work by Prentice [15] and in 

preliminary molecular data was shown to be sister to this material, yet highly divergent. 

We attempted to collect ≥ 3 individuals at each site, per Wiens and Penkrot [20], though 

it was not always possible for localities where individuals were rare.  We generally tried to 

collect adult females and mature males, but also included immature spiders if adults were not 

available in sufficient numbers (Table S1).  Adult females are easily recognizable based on the 

morphology anterior to the epigastric furrow.  Mature males are sexually dimorphic, possessing 

pedipalps modified as copulatory devices, (palpal bulbs).  Juveniles were identified via 

morphology (when possible) or their sequences were “blindly” added to the analysis and later 

confirmed via simple association of DNA sequence similarity with identified adult specimens 

collected at or near the same locality.  Each previously described species (A. hentzi, A. 

moderatum, A. armada, A. anax) was noted to be morphologically recognizable ex invicem.  

Specimens were collected from state lands with permission from Texas Parks & Wildlife or from 

private lands with permission from the landowner, preserved in 80% ethanol, and assigned a 

unique voucher number.  At the conclusion of our studies, specimens will be deposited in the 
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American Museum of Natural History, California Academy of Sciences, and Auburn University 

Museum of Natural History collections. 

 

Molecular Protocols 

Tissue samples were taken from specimens using the technique of inducing limb 

autospasy of leg III on the right side of the spider [43].  In response to pressure, the limb will 

detach and the muscles will contract to prevent hemolymph loss.  Genomic DNA was extracted 

using the Qiagen DNeasy Tissue KitTM (Qiagen, Valencia, CA).  The concentration of the 

extracted DNA was quantified by using spectrophotometry (NanoDrop ND-1000, Thermo 

Scientific, Wilmington, DE) or through gel electrophoresis.  Legs were preserved in 100% 

ethanol or RNAlaterTM (Qiagen, Valencia, CA) and stored at -80oC.  Muscle tissue was extracted 

from the leg by making a small incision on the ventral face of the femur and then cutting out 

~25mg of tissue. 

DNA amplification was performed using the polymerase chain reaction (PCR) for the 

mtDNA “barcoding” gene regions CO1 & ND1-tRNA(Leu)-16S.  PCR and direct sequencing 

primers are listed in Table 1. Unincorporated dNTPs, primers, and other impurities were 

removed using ExoSAP-IT (USB Corporation; Cleveland, OH) prior to sequencing with an ABI 

3130 Genetic Analyzer (Applied Bio-systems, Foster City, CA) using the ABI Big Dye 

Terminator version 3.2 Cycle Sequencing Ready Reaction Kit.  Sequencing products were 

purified using Sephadex G-50 (Sigma-Aldrich, St. Louis, MO).  All sequences were manually 

edited using the program Sequencher (ver. 4.1.2, Genecodes, Madison, WI).  Mitochondrial 

DNA sequences were deposited in GenBank under the accession numbers JF803303 – JF803422 

and JF907056 – JF907175 for COI and ND1-16S respectively (Table S1). 

 

Alignment and Phylogenetic Analyses 

Sequences were aligned with MUSCLE version 3.6 [44] using default parameters, 

followed by minor adjustments in MESQUITE version 2.73 [45].   The uncorrected pairwise 

genetic distances (p-distances) for these taxa were calculated in PAUP* 4.0b10 [46] then 

averaged for each defined species group in Excel (Microsoft Corporation, Santa Rosa, CA).  The 

computer program Kakusan 3 [47] was used to determine the appropriate model of DNA 
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substitution by Bayesian Information Criterion (BIC).  Each gene region was partitioned by 

codon position; separate models were chosen for each. 

Maximum Likelihood (ML) analyses were carried out in RAxML-7.2.8 [48] for the 

individual datasets, as well as the concatenated dataset, using the rapid-hill climbing mode.  

Parameters for the analyses incorporated the GTRGAMMA model of evolution based on 100 

random addition sequence replicates; branch support values were computed via 100 non-

parametric bootstrap replicates. 

MrBayes ver. 3.1.2 [49-51] was used to infer the phylogeny using the models of DNA 

substitution indicated by BIC.  The analysis of the concatenated dataset comprised eight Markov 

Chain Monte Carlo (MCMC) chains run for 15,000,000 generations.  Trees were saved to file 

every 100 generations.  Conservatively, topologies in the first 20% of the posterior distribution 

were discarded as burn-in following visual inspection in the program Tracer v1.5 [52].  The two 

independent runs were considered to have converged when the standard deviation of split 

frequencies value was < 0.01.  Clade posterior probabilities were computed from the remaining 

trees.  The reported likelihood scores for all topologies post burn-in were computed using the 

“sump” command in MrBayes.  Trees prior to burn-in and convergence were discarded using the 

“sumt” command.  A 50% majority-rule consensus tree was produced. Trees were rooted by 

outgroup comparison using highly divergent sister taxa from the western United States. 

 

Aphonopelma hentzi haplotype network 

To precisely estimate relationships among closely related haplotypes within the A. hentzi 

lineage, we employed statistical parsimony using the computer program TCS 1.21 [53] to create 

a haplotype network, with a 95% confidence level.  Calculating how derived populations were on 

average, the number of mutational steps of each haplotype from the ancestral haplotypes was 

counted.  The “ancestral” haplotype was identified by its internal position within the network, the 

number of lineages branching out from this position, and by the frequency of the haplotype 

within the analysis.  Derived haplotypes are connected to the remainder of the network by one 

connecting branch [54].  Because our markers were mitochondrial and thus linked, we produced 

a single network using the concatenated dataset (which included missing data from 5 shortened 

ND1-16S sequences, 4 shortened CO1 sequences, and ambiguities in 6 specimens). 
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Delimitation of Species Boundaries 

 First, we applied a method that combines the approach described by Wiens and Penkrot 

[20] with a barcode gap metric.  The Wiens and Penkrot method delineates species using 

molecular phylogenetics and evaluations of lineage isolation that assume no gene flow occurs or 

can occur between species.  Originally, the method suggested integration with Templeton’s 

Nested Clade Analysis [55], but NCA has been shown to suffer from some problems [56] 

particularly when applied to highly structured populations and species (a situation for which it 

was never intended).  Instead, we used a combination of their tree-based method with a 

traditional DNA barcoding method, the “barcode gap”.  Once a phylogeny had been inferred, 

species groups were identified based on clade exclusivity combined with our morphological 

knowledge of the previously identified species (A. hentzi, A. moderatum, A. armada, A. anax), 

and then a “barcode gap” was set at 6%, which was greater than the greatest intraspecific 

uncorrected p-distance (see Results). 

Second, we employed the Pons et al [26] ‘generalized mixed Yule coalescent’ method for 

species delimitation (implemented in R (http://www.R-project.org/) using the ‘splits’ package 

(SPecies LImits by Threshold Statistics, http://r-forge.r-project.org/projects/splits/) [57] on a 

gene tree dataset of 76 non-identical haplotype taxa.  This quantitative method provides a test of 

species boundaries by attempting to measure the degree of mtDNA genetic clustering by 

detecting a threshold value at the transition from interspecific to intraspecific branching patterns.  

The likelihood of the model, that separate coalescent clusters are nested within the tree, is 

compared to a null model for which the entire sample is derived from a single species.  Nodes 

prior to the transition point are considered to be cladogenetic events that split species and 

subsequent nodes reflect coalescence within a species with the goal of delimiting independent 

evolutionary clusters.  For the analysis, all identical haplotypes were first removed from the ML 

tree to render the tree fully dichotomous using the computer program TreeEdit [58] to resolve all 

zero branch lengths.  The ML tree for our concatenated dataset was converted to ultrametric in R 

using the ‘chronopl’ command in Ape (Analyses of Phylogenetics and Evolution) [59], which 

implements the penalized likelihood (PL) method developed by Sanderson [60].  The ML tree 

was linearized with an arbitrary root set to 1, the default.  Both the single threshold [26] and 

multiple threshold [61] models were performed on the dataset.  The modified multiple threshold 

model allows for the speciation-coalescent transition to vary across the phylogenetic tree.  The 
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GMYC model calculates, as part of its output, a confidence interval (CI) that corresponds to the 

number of clusters within 2logL units of the ML estimate. 

 

Tests of Neutrality & Population Expansion 

The demographic histories for the A. hentzi clade and the “northern” hentzi group 

(defined here as all specimens north of the Colorado River) were tested using Tajima’s D [62, 

63] and Fu’s FST [64, 65], where negative values indicate population expansion or historical 

bottleneck [66].  Both statistics and their significance were assessed using 10,000 samples 

simulated under a model of constant population size in Arlequin 3.5.1.2 [67].  This method has 

been previously used to track post-Pleistocene population expansions from refugia [68-71]. 

 

Estimating divergence times 

No study to date has attempted to estimate divergence dates or rates of mtDNA evolution 

within the Theraphosidae.  Obtaining estimates of divergence are generally based upon known 

historical events, geologic or fossil, which can be used as calibration points for a taxon-specific 

mutation rate estimate (determined from local molecular clock rates).  For this study no such 

fossils are available, so we were forced to confront this problem using a two-pronged approach 

in hopes of converging on the most plausible mtDNA rate of evolution in this group of spiders.  

In order to tackle this problem, we use a mygalomorph substitution rate estimate of 4% [34] to 

evaluate the correspondence with dating events that likely occurred during the Pleistocene.  

Alternatively, we estimate substitution rates using historical biogeographic events for calibration 

of cladogenesis among and between species across the tree.  The later approach serves only as an 

internal check as it represents certain circularity with respect to the hypotheses we wish to 

evaluate, which are related to how Pleistocene glaciation events shaped the present day 

distribution of the Aphonopelma genus. 

Past studies of arthropod divergence times have traditionally used the 2.3% standard 

insect clock [72], however we employed a 4% pairwise divergence per million years (a rate 

estimated from 16S) determined from a study of a related mygalomorph genus, Aptostichus [34].  

Node ages for species and population divergence were estimated from the concatenated data set 

using the computer program BEAST v1.6.1 [73].  For population divergence estimation within 

A. hentzi, specimens were assigned to one of four biogeographic-based groups within the larger 
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species group:  one group comprising all hentzi representatives (denoted as h in Table 2), a group 

of all the specimens within the CRB and everything to the north (hCR), a group representing all 

specimens north of the Colorado River (hCRN), and a northern group representing every 

specimen north of the CRB (but not including the CRB) (hN).  With the exception of the hentzi 

clade, monophyly was not enforced on these biogeographic groups in the BEAST analysis. 

The BEAST run for the fixed clock analysis comprised 120,000,000 generations, sampled 

every 1000 generations, using a 4% fixed molecular clock, assuming a Yule speciation model for 

the tree prior, with unlinked substitution models (using the same models chosen for the Bayesian 

analysis – see Results), and default options for all other prior and operator settings.  In order to 

ensure convergence and correct effective sample size (ESS), two chains were run (one for 

80,000,000 and one for 40,000,000) then combined using LogCombiner v1.6.1.  Convergence 

was assessed by inspection of the trace plots and the effective sample sizes using Tracer v1.5. 

Burn-in was set to remove 20% of the total trees sampled.  TreeAnnotator v1.6.1 was used to 

sum the trees, after burn-in, for the 50% majority-rule consensus ‘maximum clade credibility 

tree’ with ‘mean heights’ for the node heights. 

For comparison, we estimated the mean rate of evolution across the tree by calibrating 

nodes/groups using historical biogeographic events (but see comments above).  BEAST was run 

for 100,000,000 generations, sampled every 5000 generations, assuming a Yule birth-death 

speciation model for the tree prior from a randomly generated starting tree, with unlinked 

substitution models (using the same models chosen for the Bayesian analysis – see Results), and 

a normal distribution prior for all tmrca (calibration) nodes. To ensure convergence and correct 

ESS, 2 chains were run (50,000,000 each) and then combined.  Convergence, burn-in, and the 

summing of trees were carried out the same as above. 

The hentzi nodes that were calibrated (h, hN, hCRN, hCR) were set at dates presumed to 

be important not only to hentzi populations but to other similar splits seen across the tree: h = 1.8 

million ybp +/- 0.1 (95% interval of 1.964 - 1.636) set for the start of the Pleistocene; hCR = 

0.500 million ybp +/- 0.180 (95% interval of 0.796 - 0.204) set for the middle Pleistocene glacial 

extent into Kansas [74, 75]; hCRN = 0.018 million ybp +/- 0.003 (95% interval of 0.0229 - 

0.013) set for the LGM; hN = 0.006 million ybp +/- 0.00125 (95% interval of 0.0080 - 0.0039) 

set for the 8,000 – 4,000 ybp spread into Missouri as proposed by Janowski-Bell [40] (Table 2). 
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Ancestral Population Reconstruction 

To assess the geographic locations of ancestral Aphonopelma nodes (hypothetically 

representing the MRCA) and potential historical paths of gene flow, we employed the likelihood 

method implemented in PhyloMapper1b1 [76] to test a priori hypotheses regarding Pleistocene 

refugia in Texas.  PhyloMapper takes a known phylogeny with branch lengths and the 

geographic localities of all individuals represented at the tips of tree, using a spatially-explicit 

random walk model of migration, to calculate the likelihood of observing the haplotypes sampled 

at their current geographic locations, given the geographic coordinates of clade ancestors and the 

dispersal distance of the species [76]. 

PhyloMapper analyses were carried out on the concatenated dataset using the default 

settings of 10 replicates of smoothing and 100 replicates for optimization after setting the focal 

clade.  Both the rate smoothing and optimization parameters require replicates be run in the 

analysis because the nonparametric rate smoothing procedure uses a hill-climbing approach and 

entrapment in a local optimum is possible [76].  We randomized the PhyloMapper approach by 

replicating the analysis 10 times in order to independently arrive at an average historical 

distribution and likelihood score for the A. hentzi ancestral population. 

 

Results 

Summary of Sequence Data and Genetic Variation 

We sampled sequence data for 120 individuals comprising 2051 base pairs (bp) of a 

concatenated data matrix consisting of aligned fragments of the mtDNA gene regions CO1 (1165 

bp) and ND1-16S (886 bp).  Primer fidelity across taxa was not always consistent in CO1, 

consequently some specimens have slightly truncated sequence lengths.  Base frequencies for the 

combined dataset: A = 0.26417, C = 0.13909, G = 0.19785, T = 0.39890; uncorrected base pair 

frequencies appear homogenous (X2 = 52.229166, df = 357, p = 1.0).  The data set contains 687 

variable sites, 592 of which are classified as parsimony-informative characters.  The complete 

data set contains 76 unique haplotypes, 27 of these sampled from the A. hentzi clade (Table S1; 

Figures 1 & 2).  A statistical parsimony network shows 10 haplotypes represent the “northern” 

group, 13 in the “southern” group, with 4 being shared (2 within their group and 2 between 

groups).  The most common haplotype is shared across 13 specimens (12 “northern” and 1 

“southern”) (denoted by large box; Figure 2).  Minor reticulation connects a small group of 
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specimens, potentially due to missing data and ambiguities.  The total nucleotide diversity, π, in 

the A. hentzi clade is 0.009552 (+/- 0.004809) (Table 3). 

 

Phylogenetic Analyses & “barcode gap” Species Delimitation 

Based on the analysis in Kakusan, the following models of DNA substitution were used: 

CO1: codon 1 = HKY85 + Gamma, codon 2 = GTR + Gamma, codon 3; ND1: HKY85 + 

Gamma for all codon positions; tRNA-Leu: K80 + Gamma; 16S: GTR + Gamma.  Three 

independent Bayesian analyses, as well as Maximum Likelihood (ML), were run on this 

unlinked dataset: the ND1-16S region individually, the CO1 region individually, and the 

concatenated matrix.  In each independent analysis, as well as the concatenated dataset, each 

species clade was recovered as a strongly supported monophyletic group (posterior probability = 

1.00; ML bootstrap ≥ 95%) (Figure 3).  The ML analysis conducted in RAxML on the 

concatenated data set recovered a tree with a –log likelihood value of 12530.41.  Along with the 

highly supported relationships, the topologies of all three analyses were indistinguishable. 

All putative species clades are separated by > 6% interspecific pairwise divergence (the 

“barcode gap”) (Table 4).  Only two species pairs were under 7% pairwise divergence; A. hentzi 

– A. moderatum (6.84%) and A. armada – A. sp. nov 1 (6.82%).  Both of these species pairs 

consist of species that are clearly morphologically identifiable from each other.  The average 

intraspecific divergence was < 3% for all putative species clades.  The highest intraspecific 

divergence was seen in the hentzi clade where the most southern specimen (and most basal in the 

clade), APH0933 from the Big Bend National Park area, was ≤ 5.7% divergence from the other 

hentzi specimens.  Strikingly, there is only 0.16% divergence found within the “northern” 

population of A. hentzi (all specimens north of the Colorado River), while there is 2.6% in the 

“southern” group (all specimens south of the Colorado River). 

Based on the highly supported monophyly of these species clades, combined with the 

pattern and amount of genetic divergence seen in the “barcode gap” data, we postulate there may 

be as many as seven species in the eastern portion of the southwest United States (New Mexico 

east through Texas, Oklahoma, eastern Colorado, Kansas, Missouri, Arkansas, and Louisiana) 

(Figure 1).  This group consists of A. hentzi, A. anax, A. armada, A. moderatum and three 

potentially undescribed species (A. sp. nov 1, A. sp. nov 2, and A. sp. Carlsbad Green – we are 
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unsure at this time whether the latter is previously described but unrecognizable or is a new 

species) (Figures 3 & 4). 

 

Generalized Mixed Yule Coalescent species delimitation 

 A comparison of the performance between the single and multiple threshold models 

revealed that the two methods were not significantly different from each other (X2 = 1.87539, df 

= 9, p = 0.9932862).  Consequently, the results of the single threshold model are those we 

discuss.  The GMYC model provided a significantly better fit to the data than the null model’s 

hypothesis of the entire sample being derived from a single species with uniform branching (p = 

0.0189) and indicated a total of 16 independent coalescence groups within the focal taxa (13 

clusters plus 3 singletons - singletons constitute a cluster given more population representatives).  

The total GMYC analysis, including the outgroup, is represented by 14 ML clusters (CI = 14-16) 

and 23 ML entities (CI = 21-27) (Figure 5). 

Delimited GMYC clusters (A. armada, A. sp. nov 1, A. moderatum, A. sp. nov 2, and A. 

sp. Carlsbad Green) were largely congruent with species clades defined by the tree-based 

methods and the “barcode gap” (Figures 3 & 5; Table 4).  Exceptions included the A. anax 

species clade that was split into two clusters, corresponding to a previously observed 

phylogenetic split between the northern (those populations at or above the Colorado River) and 

southern populations (populations at or below the Colorado River), as well as the A. hentzi 

species clade splitting into nine clusters and singletons. 

 

Demographic History 

The analysis of the tree topology for the “northern” group of A. hentzi indicates a lack of 

significant population structuring (Figure 3).  We explored the demographic history of A. hentzi 

further by analyzing Tajima’s D and Fu’s FST to evaluate if this species experienced rapid 

population expansion and subsequently dispersed north in the recent past.  The data revealed 

significant negative values for Tajima’s D in the A. hentzi species clade (D = -2.03906; p = 

0.00330) and the “northern” group of A. hentzi (D = -2.13833; p = 0.00360), indicating a rapid 

expansion of mtDNA haplotypes (Table 3).  Ramos-Onsins and Rozas [66] showed Fu’s FST to 

be a very powerful test in detecting past range expansion, especially for large sample sizes.  The 

A. hentzi species clade exhibits a Fu’s FST of -2.12372 (p = 0.26460), while the northern group of 
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A. hentzi was -3.98188 (p = 0.05230) (Table 3).  These results are significant for the northern 

group, though by a small margin with the p-value of 0.05.  An increase of a wider range of 

sampling from more of the northern populations than is reported here may continue the trend and 

increase significance. 

 

Divergence Dating 

Our dual approach was taken due to the unavailability of fossil date calibrations.  This 

allowed us to test hypotheses pertaining to whether the Pleistocene played a major role in lineage 

splitting events for this group of spider.  Analyses were carried out first by fixing a molecular 

clock and attempting to match cladogenetic events to geologic dates.  We then calibrated 

historical biogeographic dates onto nodes and groups of specimens, allowing us to test whether 

these events and the associated estimated mtDNA substitution rate matched our preferred 

mygalomorph rate hypothesis. 

Although a number of studies [37, 77-82] used the general arthropod molecular clock of 

2.3% pairwise divergence per million years for mitochondrial genes in insects and arachnids, 

first employed by Brower [72], to test our hypotheses we preferred to use a rate previously 

derived from the same infraorder of spiders, the trapdoor genus Aptostichus [34]; also used 

recently by Cooper et al [83].  Fixed clock (4%) divergence dates for population fragmentation 

and subsequent expansion of the “northern” designated A. hentzi (hN, hCRN, hCR) were 

estimated at 237,000 ybp (95% CI = 294,900 - 183,200 ybp).  The split of all extant A. hentzi 

populations was determined to correspond to 925,000 ybp (95% CI = 1,099,800 - 753,800 ybp) 

and around 1.75 to 1.25 million ybp between the A. hentzi lineage and the A. moderatum lineage 

(Table 2; Figure 6). 

Based on node calibrations using historical biogeographic events hypothesized to have 

played a role in lineage divergence we obtained an unusually high substitution rate estimate of 

14.2% per MY.  These node calibrations and resultant rate estimate places the split of all extant 

A. hentzi (h) populations at 1,710,400 million ybp (95% CI = 1.913 – 1.512 million ybp), the 

hCR and hCRN populations at 16,230 ybp (95% CI = 22,042 – 8,840 ybp), and the hN 

populations at 8,640 ybp (95% CI = 10,789 – 6,477 ybp) (Table 2), with the A. hentzi lineage and 

the A. moderatum lineage splitting around 2.5 to 1.5 million ybp (Figure 6). 
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The dates inferred from the 4% Aphonopelma mtDNA reflect population fragmentation 

and species divergence occurring during the Pleistocene and back into the Pliocene, supporting 

the hypothesis that the events within this time period played a significant roll in the population 

fragmentation across Aphonopelma.  With the 4% rate seemingly more logical and consistent 

with other similar studies [83], going forward we will discuss the results associated with this 

mygalomorph rate of substitution.  Additional cladogenetic events are worth noting and appear to 

be timed with the same historical events that affected A. hentzi.  At the same time that the 

southern A. hentzi haplotypes were fragmented, ~ 500,000 ybp (4%), two other species exhibit 

significant population splits; the A. moderatum lineage possesses a deep fragmentation of the 

western and eastern populations, and a northern group of A. anax (also found within the CRB) 

was isolated from its sister clade of southern haplotypes, building up considerable mtDNA 

divergence (Figures 3 & 6).  During the same relative time period that A. hentzi and A. 

moderatum split (~ 1.6 – 1.5 million ybp (4%)), two other important branching events occur 

across the tree; the A. anax lineage split from the A. sp. nov 1/A. armada ancestor, and the A. sp. 

Carlsbad Green and A. sp. nov 2 lineages split (Figure 6). 

 

 Ancestral Population Reconstruction 

Attempting to reconstruct ancestral population localities gives us a quantifiable approach 

from which to assess the likelihood that the ancestral node of definable A. hentzi clades, were 

found within given areas.   Ten independent runs were carried out in an attempt to test the 

hypothesis that the ancestral hentzi populations were pushed back to or below the defined CRB, 

the apparent transition and fragmentation region for the A. hentzi haplotypes before they spread 

north during multiple range expansions.  Of the 10 runs, all predicted the ancestral population to 

have occurred in or below the CRB.  This hypothesized range of the ancestral population extends 

from the area around Colorado Bend State Park southwest to the Big Bend National Park area (L 

= -365.5) (Figure 1; Table 5).  These findings support the hypothesis that the Colorado River 

Basin was a region of mtDNA haplotype fallback and that central and south Texas was an area of 

numerous Pleistocene refugia where A. hentzi may have persisted before expanding its range 

northward. 

 

Discussion 
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We used inferences of phylogenetic relationships and divergence times for a 

morphologically homogeneous group of spiders to identify the historical events that shaped the 

evolutionary history of North American tarantulas.  With the principal aim to reconstruct the 

mtDNA lineage history and species boundaries of the A. hentzi species group and its sister 

species in the North American tarantula genus, Aphonopelma, we identify potential refugia 

locations, directionality of range expansion, and test whether the past climate oscillations 

impacted tarantula diversity and distribution.  Our data indicate Pleistocene habitat 

fragmentation, retraction, and subsequent range expansion events shaped contemporary 

phylogeographic patterns within Aphonopelma, particularly A. hentzi post-glacial expansions and 

dominance of open northern niches. 

Intraspecific molecular phylogeographic approaches have been used in the past to 

identify possible Pleistocene refugia based on the patterns of genetic variation [68, 84-92].  The 

results of the phylogenetic and species delimitation analyses presented here (combined with 

divergence dating, population expansion rate, and ancestral population reconstruction) show a 

consistent pattern of past population fragmentation and range expansion that likely occurred 

during the Pleistocene.  New northern niches were opened numerous times during this period 

allowing A. hentzi to dominate and rapidly spread from postglacial refugia in and around Texas’ 

Colorado River Basin.  Across the tree, we observe a number of divergence events that occur 

around this same time period (Figures 3 & 6). 

These findings support the hypothesis that events during the Pleistocene shaped 

Aphonopelma diversity and distribution in the southwestern United States.  Our use of this 

phylogeographic approach allows us to interpret the evolutionary relationships of these tarantulas 

and evaluate how the numerous glacial cycles of the Pleistocene affected the biodiversity of this 

region, while providing an opportunity to uncover previously unknown “cryptic diversity” in the 

region. 

 

Species Crypsis 

DNA tree-based methods, in conjunction with the implementation of a “barcode gap” 

(uncorrected p-distances), and the GMYC species delimitation method consistently recognized a 

number of divergent and genealogically exclusive groups.  These various methods used in 

concert provide an effective approach to dissecting species boundaries in this spider group; as 
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well they seem to provide strong evidence for a number of previously undiscovered and cryptic 

species (Figures 3 & 5). 

The phylogenetic analyses uncover three major lineages of Aphonopelma found in Texas:  

one closely related group including A. anax, A. armada, and A. sp. nov 1, a second closely 

related group including A. hentzi, and A. moderatum, and a third group comprising the highly 

divergent A. sp. nov 2 and A. sp. Carlsbad Green (Figures 3 & 4).  All putative species clades are 

separated by > 6% genetic pairwise divergence (Table 4).  The two species pairs most closely 

related to each other, according to p-distance, hentzi-moderatum and armada-sp. nov 1 are both 

6.8% divergent from their sister species.  While only slightly higher than the 6% “barcode gap”, 

the species within these pairs are clearly morphologically identifiable from each other.  Such a 

distinct pattern of reciprocal monophyly is recognized as strong evidence for a lack of gene flow.  

With genealogical exclusivity, as defined by Velasco [93] where ‘‘each member is more closely 

related to anything else in the group than to anything outside it’’ consistently seen across the 

tree, we propose that seven species are delimited in this analysis, two of which are new to 

science (A. sp. nov 1 and A. sp. nov 2). 

The number of species inferred from the phylogeny and “barcode gap” data corresponds 

largely with the GMYC analysis.  The method, used by a number of authors [26, 61, 94-99], 

correctly delimited a priori species groups in five of the seven species previously delimited; A. 

anax and A. hentzi comprise lineages designated as multiple clusters (species) by the GMYC 

method.  This reveals strong geographic structuring and phylogenetic gene tree clustering in all 

putative species groups except A. hentzi (Figure 5).  Of the seven species, the two cryptic species 

were found to be sympatric with A. hentzi along parts of its southern distribution.  Previously 

recognized as A. hentzi, A. sp. nov 1 and A. sp. nov 2 are clearly not conspecifics, as evidenced 

by high genetic divergence and deep phylogenetic relationships between the three (Figure 3).  

These three species make up a hentzi cryptic species group.  The observed case of species non-

exclusivity highlights poor taxonomic and identification methods used in the past. 

Misidentification of taxa can have serious consequences in the literature affecting our 

knowledge of nature’s patterns and processes [100].  Past ecological and behavioral research was 

thought to have been carried out on A. hentzi [101], A. echinum (part of the hentzi complex) 

[102, 103] and A. steindachneri (historically misidentified as residing in Texas when it is a 

California species) [104], but in reality may represent findings for different, highly divergent 
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species (A. sp. nov 1 or A. sp. nov 2).  Studies of several mygalomorph spiders have likewise 

revealed “cryptic species” based on evidence from extreme intraspecific population structuring 

[24, 27, 34, 36, 105].  The discovery within this analysis of two “A. hentzi-like” spider species 

comprising genetically divergent lineages was not necessarily surprising, but confirms the notion 

that cryptic species are a global phenomenon throughout the entire infraorder Mygalomorphae. 

The A. hentzi lineage was sampled from a previously defined distribution representing 

one species [13] in an attempt to evaluate the range of morphologic, genetic, and demographic 

breadth contained within what was previously the hentzi species complex.  The GMYC 

clustering clearly separates this lineage into many independently evolving groups despite a lack 

of any apparent barriers to gene flow among populations.  This lack of geographical exclusivity 

in the A. hentzi clustering (6 clusters and 3 singletons) appears to be an artifactual remnant of 

multiple refugia located in central and south Texas during the Pleistocene.  Most haplotype 

clusters contain individuals from within the defined CRB, with only one comprising individuals 

solely from south Texas (Del Rio and Comstock), as well as two singletons from SW Texas (Big 

Bend and Black Gap).  Such a pattern could indicate cryptic species within the A. hentzi lineage 

as a consequence of secondary contact or sympatric speciation.  However, it is our opinion 

(based on the data) that these patterns are more likely an artifact of Pleistocene refugial 

structuring of haplotypes.  Likewise, the A. anax lineage contains GMYC identified clusters 

separating the northern and southern populations.  This splitting, which appears to be a 

Pleistocene fragmentation artifact as well, occurs in the northernmost area of the A. anax range 

where “north” and “south” haplotypes overlap in the CRB but are not shared. 

The detection of intraspecific GMYC clusters representing previously isolated 

populations, and therefore erroneously delimited species, has been found in other studies [95].  

That being said, the clustering found herein is consistent with the PhyloMapper ancestral locality 

reconstruction that predicted the ancestral region for the A. hentzi clade to have originated 

southwest of the defined CRB, an area where A. hentzi can be found sympatric with southern and 

western species (Figure 1).  It is often thought that populations which become restricted to 

refugia will often diverge or go extinct through changes in population size due to stochastic 

events, leading to a lower genetic diversity in the newly colonized areas (as seen north of the 

Colorado River), lower than in the parental populations remaining in the glacial refugium [106], 

something we feel is present in our data. 



 19 

The lack of phylogenetic resolution in the A. hentzi clade, combined with short branch 

lengths and highly divergent southern haplotypes indicate a recent divergence from an ancestral 

area.  The comb-like pattern of a number of the northern A. hentzi populations on the tree, linked 

with the widely distributed closely related haplotypes, population-expansion analyses, and 

ancestral population reconstruction, support a rapid expansion from refugia within or near the 

CRB.  The large degree of genetic divergence between the southern and northern A. hentzi 

groups suggests that the ancestral populations built up high genetic diversity throughout an area 

from central to southwestern Texas during Pleistocene fragmentation events. 

 

The Pleistocene and its effects 

Glacial cycles are hypothesized to have transformed a number of North American taxa by 

shifting species distributions, niches, and population sizes, causing frequent and repeated 

extinction.  As a consequence, large numbers of plants and animals are thought to have 

experienced a general downward shift in latitude and elevation, occupying a distributional range 

very different than the one in which they are found today [84, 86-88, 92, 107-116]. 

Repeated colonization events during glacial cycles reduced the levels of genetic variation 

in more recent northern populations, often through population bottlenecks [117, 118].  Hewitt 

[108, 119] found that if southern populations exhibit considerable haplotype richness in 

comparison to the lower diversity in northern populations then this southern richness is the result 

of persistence in refugia and the accumulation of variation over several glacial cycles, while the 

northern diversity has been caused by rapid postglacial expansion and colonization [119-121].  

According to Rowe et al [117], if ancestral and derived haplotypes do not overlap then ancestral 

haplotypes should be found close to the origin of range expansion, whereas derived haplotypes 

are more likely to be found at the leading edge of the range expansion.  With a much larger 

amount of genetic variation maintained south of the CRB and little variation found to the north – 

i.e. the expanding populations, our findings are consistent with these hypotheses, that the CRB 

was an A. hentzi haplotype fallback zone, a species and genomic transition region, as well as the 

origin of range expansion. 

Potential refugial sites and subsequent range expansions for desert flora and fauna have 

been predicted to have occurred a number of times in the Chihuahuan Desert region of northern 

Mexico and southwestern United States [85, 115, 122, 123].  Based on multiple lines of evidence 
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(i.e., paleoclimatic and packrat midden), the Pleistocene climate oscillations in the Chihuahuan 

Desert (an area of high extant Aphonopelma abundance) suggests that desert vegetation (pinyon-

juniper woodlands, a shift from the juniper woodlands and juniper grasslands of the upper 

peripheries of today) was strongly restricted in southern Texas during the wetter and cooler 

pluvial periods [124, 125] caused by a southward deflection of the jet stream in the presence of 

the continental ice sheet [126].  If populations were able to persist in northern refugia, north of 

the Colorado River, it would have been in areas of isolated, protected topography that provided 

suitable stable microclimates. 

In order to test our divergence and biogeographic hypotheses, we employed a 

combination of the fixed clock rate (4%) previously derived from the mygalomorph genus 

Aptostichus [34], as well as estimating the rate of substitution by calibrating the tree with 

geologic dates.  Our calibrated rate estimation was estimated to be 14.2%, a rate that seems 

nonsensically high, leading us to predict that splitting events across the tree are older than this 

rate analysis and that these calibration points are not appropriate for these nodes/groups of 

specimens. 

Divergence dating estimates the fragmentation and subsequent expansion of the 

“northern” designated A. hentzi (hCR, hCRN, and hN) to have occurred around 237,000 ybp 

(4%) or 8,640 ybp for hN (14.2%), 16,230 ybp for hCR and hCRN (14.2%) (Table 2).  Using a 

calibration date from the Middle Pleistocene limit for the extent of the glaciers (800,000 – 

250,000 ybp), where the glacier ranged south into Kansas stopping in the area east from Topeka 

to Kansas City [74, 75], seemed a particularly important event for this group of spiders.  This 

event, the most southwestern distribution of the Pleistocene glaciations in North America, likely 

played a significant role in the distribution and survival of theraphosid spiders in this region.  

Combined with the circularity of the 14.2% rate analysis, this outcome leads us to conclude that 

the “true” rate, or most reliable, will be found to reside around this 4% rate of substitution.  

Based upon this notion, all discussion of results will be in reference to this mygalomorph rate. 

The shifting climatic oscillations of the Pleistocene appear to have contributed to the 

structuring and fragmenting of a number of populations not only within the A. hentzi lineage 

(which possesses an extant range across southern Kansas), but also across the species in this 

region.  Additional cladogenetic events of note support the hypothesis that the Pleistocene played 

a significant role in the population fragmentation across Aphonopelma.  The split of all extant A. 
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hentzi (h) populations was predicted to have occurred around 925,000 ybp, with the A. hentzi 

lineage and the A. moderatum lineage splitting at 1.5 million ybp (Table 2; Figure 6).  Significant 

population splits between western and eastern A. moderatum lineages, and northern and southern 

populations of A. anax, appear to be timed with the same historical events that affected A. hentzi 

(~ 500,000 ybp).  During the same relative time period as the A. hentzi and A. moderatum split, 

the A. anax lineage split from the A. sp. nov 1/A. armada ancestor, and the A. sp. Carlsbad Green 

and A. sp. nov 2 lineages split (~ 1.6 – 1.5 million ybp) (Figures 3 & 6). 

Based upon the amount of genetic divergence within A. hentzi, it seems plausible that the 

southern populations were highly fragmented and separated from each other, as well as from the 

northern populations, for a considerable period of time.  Due to the number of haplotypes shared 

among populations in the CRB and throughout the northern extent of the hentzi range, the 

northern populations were likely to have been fragmented in refugia, periodically coming back 

into contact thereby reintroducing gene flow during the interglacials.  Haplotype sharing most 

often occurs among the A. hentzi populations from within the CRB and populations to the north 

(Figure 2), indicating that these haplotypes likely dispersed north later in the Pleistocene, 

dominating the landscape throughout north Texas, Oklahoma, Arkansas, Missouri, Kansas, and 

SE Colorado.  The expansions and retractions of the glaciers during the Pleistocene and an 

expansion of the prairie biome to the north allowed refugial populations and southern 

distributions (particularly A. hentzi) to expand their ranges and reintroduce gene flow. 

 

Conclusions 

Often referred to as “The Texas Brown tarantula”, this non-descript name belies the truly 

impressive biology and interesting evolution of this spider lineage.  This species’ history begins 

to take shape via multiple lines of evidence -- a story of divergence in allopatric Pleistocene 

refugia with subsequent range expansion into sympatry.  The data presented herein gives the 

clearest and most accurate formulation to date of the evolutionary history and current genetic 

composition of this group of North American spiders. 

Barriers to gene flow and geographic distance are important factors determining a 

species’ history by restricting interbreeding opportunities.  Bond et al [34] hypothesize that the 

biggest contributing factor to speciation in some groups of mygalomorphs may depend more on 

the restriction of gene flow rather than ecological specialization.  This supposition, supported by 
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Peterson et al [127], concludes that speciation may be predominantly a vicariance event with 

ecological differences developing much later; a similar pattern seemingly playing out not only in 

A. hentzi, but potentially the whole of Aphonopelma affected by the Pleistocene. 

Seldom can we delineate species based solely on molecular data.  DNA barcoding has 

had many proponents and opponents since its origination [18, 19, 21-23, 128-133].  And while 

the use of a DNA “barcode” can be employed to help unravel the “species” problem, this 

approach and the approach of DNA taxonomy, is likely ineffective when used alone.  For 

example, understanding whether GMYC clusters correspond to real “species” is critical to the 

proposition that DNA barcoding, or any single marker approach, can be effective for use in 

species identification.  As Ahrens et al [94] points out, the extent of population sampling is a 

fundamental element in the GMYC species delimitation approach because the abruptness of the 

transition point between cladogenesis and coalescence greatly depends on the number of 

branches near the tip of the tree (defined as the amount of within-species genetic variation that is 

quantified).  We doubt that the GMYC approach correctly splinters A. hentzi or A. anax into 

multiple species (Figure 5) but instead represents an artifact of Pleistocene interactions 

(described above). 

Having been previously confirmed as the dominant species found throughout central and 

north Texas, the tree-based and barcoding approaches substantiate the suspicions of Murray [13] 

-- that A. hentzi is one species that consists of a very large distribution and high ecological 

plasticity (both relative to other tarantulas in the US), instead of the historically proposed 11 

species [4] (Figure 1).  Such a conclusion reflects our opinion that while purely molecular based 

approaches to species delineation appear to work well in this group of spider, these methods are 

limited and that more synthetic approaches incorporating additional knowledge about life 

history, population structure, morphology, and spatial distributions are required to make truly 

informed decisions about what constitutes an evolutionary lineage recognized as a “species”. 

 The rapid northward spread of A. hentzi identifies a trait of particular interest for future 

research in this group.  Multiple co-distributed taxa that are restricted in range being found next 

to a widespread species with apparent gene flow and haplotype sharing has been found among 

other mygalomorphs; Antrodiaetus unicolor [24], Aptostichus atomarius [36], and 

Myrmekiaphila comstocki and M. foliata [134].  The high amount of apparent gene flow and 

mtDNA haplotype sharing among some A. hentzi populations clearly reveals that while males 
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disperse quite well throughout their localized distribution, female dispersal is considerable -- a 

phenomenon considered to be relatively rare in mygalomorphs.  Is there a dispersal disparity 

between A. hentzi and the other Aphonopelma in this region?  What behavioral or ecological 

advantages does A. hentzi possess which allow it to disperse quickly, thereby dominating open 

niches and potentially excluding other species?  Are there differential dispersal rates between 

males and females?  While the rate of dispersal and gene flow is unknown, sampling of nuclear 

loci and microsatellite data will help answer these questions.  Deciphering this information will 

also help us to understand the evolution of theraphosid dispersal, which is poorly known but 

critical to understanding how species colonize new areas, and how intraspecific cohesion can be 

maintained across broad distances. 

Because tarantulas are long-lived, low vagility ectotherms, and take a number of years to 

reach maturity, they have a high potential for population subdivision -- making them ideal 

subjects for evaluating the role that dispersal and isolation play in speciation pattern and process.  

Moreover, heightening conservation concerns for this group, like in other mygalomorphs [35], 

due to human development, habitat destruction, and increased pressures as a consequence of the 

pet trade, highlight the need for accurate taxonomy, phylogenetic relationships, and classification 

and revisionary studies.  An understanding of the evolutionary relationships of North American 

tarantulas, and their associated ecological factors, may help mitigate future population and 

species extinction. 

 

Supporting Information 

 Table S1. Specimen and sequence information for haplotypes used in this study. (Sex 

designation: F = subadult or adult female; M = subadult male; MM = mature male; juv = 

juvenile) doi:10.1371/journal.pone.0026207 
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Figures 

 

Figure 1.1. Sampled distribution map showing the 76 sampled Aphonopelma haplotypes. Colored 

circles represent sampling localities and correspond to species from the phylogenetic tree in 

Figures 3, 5, & 6.  The dark grey region represents the defined Colorado River Basin.  Light red 

shading represents a generalized distribution map for A. hentzi.  The dotted line circle 

corresponds to the ten independent PhyloMapper runs representing the area of hypothetical 

ancestral hentzi populations. 
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Figure 1.2.  Aphonopelma hentzi haplotype network. Specimens sampled from across the A. 

hentzi distribution are represented in a haplotype network.  Black objects represent haplotypes 

designated as “southern” haplotypes (south of the Colorado River) and white objects represent 

“northern” haplotypes (north of the Colorado River).  The * denotes the APH0909 haplotype, the 

only “southern” haplotype represented in the most commonly shared haplotype box 

(proportionally separated between “northern” and “southern” haplotypes). 
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Figure 1.3. Inferred Bayesian mtDNA phylogeny for the Aphonopelma of Texas. The key (inset) 

references the seven species delimited in this analysis by species name (Red = A. hentzi; Orange 

= A. moderatum; Blue = A. anax; Yellow = A. armada; Pink = A. sp. nov 1; Brown = A. sp. nov 

2; Green = A. sp. Carlsbad Green).  These colors and species combinations are consistent 

throughout the figures.  A. hentzi population designations are highlighted by light grey boxes.  

Outlined boxes around species names denote members of the hentzi cryptic species group.  A 

thickened branch denotes species clades with Bayesian posterior probabilities of 1.00 and ML 

bootstrap values ≥ 95%.  Support for major nodes with Bayesian posterior probabilities of 1.00 

and ML bootstrap values ≥ 95% are denoted by the star symbol.  Western United States species 

comprise the outgroup. 
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Figure 1.4. Aphonopelma species represented in this analysis. Sampled species consist of A – A. 

hentzi; B – A. anax; C – A. moderatum; D – A. armada; E – A. sp. Carlsbad Green; F. A. sp. nov 

1.  A. sp. nov 2 is not pictured. 
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Figure 1.5. Generalized Mixed Yule Coalescent species delimitation tree. GMYC clusters 

delimited from the single-threshold model are highlighted and grouped according to their defined 

species.  A total of 13 independent coalescence groups plus 3 singletons (singletons constitute a 

cluster given more population representatives) were delimited for the ingroup (14 total ML 

clusters; CI = 14-16).  The data revealed strong geographic structuring and phylogenetic gene 

tree clustering in all putative species groups except A. hentzi.  Species and color combinations 

correspond to those represented in Figure 1. 
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Figure 1.6. 4% clock-constrained gene tree for the species of Aphonopelma found in Texas. To 

assign dates to population-splitting events within the A. hentzi lineage and assess the importance 

of these historical events on cladogenesis across the whole tree, a fixed molecular clock at 4% 

was applied in BEAST to evaluate how this mygalomorph rate of evolution relates to the events 

of the Pleistocene.  Population splits within the A. hentzi clade (northern vs. southern) are 

predicted to have originated around 237,000 ybp (294,900 - 183,200), represented by the light 

red box.  The Pliocene/Pleistocene/Holocene time frame is displayed at top, years from present 

on the bottom, with The Last Glacial Maximum designated by the grey box.  The bars 

correspond to 95% confidence intervals. 
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Tables 

 

Table 1.1. PCR primers used to amplify and sequence the DNA barcoding regions CO1 and 

ND1-16S. 

 
PRIMER PRIMER SEQUENCE DIRECTION 

CO1 
  

LCO1490 GGTCAACAAATCATAAAGATATTGG Forward 

LCO1490aphonopelma TTTCTACTAATCACAAGGATATYGG Forward 

LCO1490cg TTTCTACTAATCACAAGGATATTGG Forward 

LCO1490chalcodes TTTCCACAAACCACAGGGATATCGG Forward 

LCO1490reversum TTTCTACTAATCATAGGGATATTGG Forward 

C1-J-1751“SPID” GAGCTCCTGATATAGCTTTTCC Forward 

C1-N-2776 GGATAATCAGAATATCGTCGAGG Reverse 

ND1-16S 
  

N1-J-12261 TCRTAAGAAATTATTTGA Forward 

LR-N-13398 (16Sar) CGCCTGTTTAACAAAAACAT Reverse 

LR-N-12945 CGACCTCGATGTTGAATTAA Internal reverse 
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Table 1.2. BEAST divergence date estimation for two hypothetical mtDNA rates of evolution. 

Groups are denoted as:  h = the hentzi species clade; hCR = all specimens within the CRB and 

everything to the north; hCRN = all specimens north of the Colorado River; hN = every 

specimen north of the CRB (but not including the CRB). 

 

 
Fixed Clock dates @ 4.0% Calibration dates (used to estimate rate) Yule birth-death Estimated dates @ 14.2% 

h 
925,000 ybp (95% CI = 1,099,800 - 

753,800 ybp) 

1,800,000 ybp +/- 0.1 (95% = 1.964 - 1.636 

million ybp) 

1,710,400 ybp +/- 1,378 (95% CI = 1.913 – 

1.512 million ybp) 

hCR 
237,000 ybp (95% CI = 294,900 - 

183,200 ybp) 

500,000 ybp +/- 0.180 (95% = 796,000 – 

204,000 ybp) 

16,230 ybp +/- 1,335 (95% CI = 22,042 – 8,840 

ybp) 

hCR

N 

237,000 ybp (95% CI = 294,900 - 

183,200 ybp) 

18,000 ybp +/- 0.003 (95% = 22,900 – 

13,000 ybp) 

16,230 ybp +/- 1,335 (95% CI = 22,042 – 8,840 

ybp) 

hN 
237,000 ybp (95% CI = 294,900 - 

183,200 ybp) 

6,000 ybp +/- 0.00125 (95% = 8,000 – 

3,900 ybp) 

8,640 ybp +/- 260 (95% CI = 10,789 – 6,477 

ybp) 
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Table 1.3. Demographic history and genetic diversity in Aphonopelma hentzi. 

 

 
Tajima's D Fu's Fs 

Nucleotide diversity 

(π) 
Specimens Haplotypes 

Haplotype diversity 

(Hd) 

hentzi 
-2.03906 

(p=0.00330) 
-2.12372 (p=0.26460) 0.009552 +/- 0.004809 42 27 0.9048 +/- 0.0409 

hentzi (S) 
-1.36558 

(p=0.07600) 
1.61579 (p=0.76270) 0.017496 +/- 0.009126 14 13 0.9670 +/- 0.0366 

hentzi 

(N) 

-2.13833 

(p=0.00360) 
-3.98188 (p=0.05230) 0.002622 +/- 0.001470 28 10 0.7910 +/- 0.0815 
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Table 1.4. Average interspecific uncorrected pairwise genetic distances (p-distances) for the 

Aphonopelma found in Texas. 

 

 
A. hentzi A. moderatum A. anax A. armada A. sp. nov 1 A. sp. nov 2 A. sp. Carlsbad Green 

A. hentzi 0 - - - - - - 

A. moderatum 6.84 0 - - - - - 

A. anax 9.15 9.06 0 - - - - 

A. armada 9.26 8.58 7.61 0 - - - 

A. sp. nov 1 9.84 9.61 7.91 6.82 0 - - 

A. sp. nov 2 11.94 12.05 12.65 11.36 12.25 0 - 

A. sp. Carlsbad Green 11.44 11.14 11.91 11.11 11.84 9 0 
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Table 1.5.  PhyloMapper predicted ancestral population localities for the Aphonopelma hentzi 

clade. 

 
PhyloMapper run # Predicted ancestral location 

(LAT/LONG) 

Likelihood score 

Run 1 31.5864N, 98.4727W -365.50568 

Run 2 30.1456N, 101.7626W -365.5057 

Run 3 30.9631N, 101.1786W -365.50519 

Run 4 30.2856N, 100.3240W -365.50633 

Run 5 29.6640N, 101.9184W -365.50556 

Run 6 30.4382N, 100.2284W -365.50588 

Run 7 30.5105N, 101.0496W -365.50057 

Run 8 30.3691N, 100.2488W -365.49708 

Run 9 30.6240N, 100.1777W -365.50604 

Run 10 29.7829N, 102.1015W -365.50017 
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Abstract 

The North American tarantula genus Aphonopelma provides one of the greatest 

challenges to species delimitation and downstream identification in spiders because traditional 

morphological characters appear ineffective for evaluating limits of intra- and interspecific 

variation in the group.  We evaluated the efficacy of numerous molecular-based approaches to 

species delimitation within Aphonopelma based upon the most extensive sampling of 

theraphosids to date, while also investigating the sensitivity of randomized taxon sampling on the 

reproducibility of species boundaries.  Mitochondrial DNA (cytochrome c oxidase subunit I) 

sequences were sampled from 682 specimens spanning the genetic, taxonomic, and geographic 

breadth of the genus within the United States.  The effects of random taxon sampling compared 

traditional Neighbor-Joining with three modern quantitative species delimitation approaches 

(ABGD, P ID(Liberal), and GMYC).  Our findings reveal remarkable consistency and 

congruence across various approaches and sampling regimes, while highlighting highly 

divergent outcomes in GMYC.  Our investigation allowed us to integrate methodologies into an 
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efficient, consistent, and more effective general methodological workflow for estimating species 

boundaries within the mygalomorph spider genus Aphonopelma.  Taken alone, these approaches 

are not particularly useful – especially in the absence of prior knowledge of the focal taxa.  Only 

through the incorporation of multiple lines of evidence, employed in a hypothesis-testing 

framework, can the identification and delimitation of confident species boundaries be 

determined.  A key point in studying closely related species, and perhaps one of the most 

important aspects of DNA barcoding, is to combine a sampling strategy that broadly identifies 

the extent of genetic diversity across the distributions of the species of interest and incorporates 

previous knowledge into the "species equation" (morphology, molecules, and natural history). 

 

Introduction 

 The ability to organize biodiversity into recognizable clusters, contemporaneously 

referred to as species, is part of the human condition – from early humans (Chippindale and 

Taçon (1998) and Guthrie (2005)) to Plato and Aristotle (Wilkins (2009)), and has been extended 

over the past two and a half centuries to accommodate basic biological knowledge that includes 

evolutionary and ecological data.  Species are a fundamental component of any biological 

investigation, and yet as Dobzhansky noted (1976), remain one of biology’s oldest and most 

“vexing” problems.  Incorrect assumptions regarding what represent natural entities we view as 

species, whether through the practice of “bad taxonomy” (see Bortolus 2008) or via the presence 

of cryptic species, has important consequences to our understanding of evolutionary theory, 

ecological processes, biodiversity estimates, biogeographical history and patterns, species 

conservation and management decisions, and even human health (as discussed in Bickford et al. 

(2007).  With modern day extinction rates estimated at 1,000 to 10,000 times higher than the 

background rate (Barnosky et al. 2011), effective approaches are desperately needed to 

accelerate species discovery and identification.  New species discovery and associated diversity 

(e.g., molecular, morphological, ecological) is paramount to understanding evolutionary pattern 

and process. 

Among spiders, species placed in the infraorder Mygalomorphae (see Bond et al. 2012) 

represent one of the more problematic taxonomic groups for reliable species delimitation.  The 

group is ancient (Selden 2011; Selden and Gall 1992), morphologically homogenous (Bond and 

Hedin 2006), and prone to genetic structuring at a microgeographical scale (first demonstrated by 
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Bond et al. 2001); mygalomorph spiders possess life-history traits that markedly differ from their 

sister lineage (the infraorder Araneomorphae) and most other arthropod groups.  They typically 

have limited dispersal abilities (although some groups are known to “balloon” (Coyle 1983, 

1985), display site and habitat fidelity, take a long time to reach sexual maturity (4-7 years), and 

have long life spans (15-30 years) (Bond et al. 2001; Hendrixson and Bond 2005; Arnedo and 

Ferrández 2007; Hendrixson and Bond 2007; Starrett and Hedin 2007; Stockman and Bond 

2007; Bond and Stockman 2008; Cooper et al. 2011; Hedin and Carlson 2011; Satler et al. 2011; 

Hedin et al. 2013).  Due to this suite of unique life-history traits, these taxa are often vulnerable 

to stochastic processes and therefore provide ideal candidates for evolutionary, biogeographical, 

and conservation studies (Raven 1980; Hedin and Bond 2006; Hendrixson and Bond 2007; 

Hamilton et al. 2011; Bond et al. 2012; Bond 2012; Hendrixson et al. 2013; Opatova et al. 2013). 

Taken together these traits have necessitated more integrative approaches to species delimitation 

that employ molecular, geographic, and ecological data (Bond et al. 2006; Arnedo and Ferrández 

2007; Hendrixson and Bond 2007; Starrett and Hedin 2007; Stockman and Bond 2007; Bond and 

Stockman 2008; Cooper et al. 2011; Hamilton et al. 2011; Satler et al. 2011; Hedin et al. 2013; 

Hendrixson et al. 2013; Satler et al. 2013) rather than any single character system taken alone.   

 

Aphonopelma Pocock, 1901 

 

The family Theraphosidae (tarantulas, baboon spiders, earth tigers) is the most diverse 

lineage (Platnick 2013) within the infraorder Mygalomorphae (Raven 1985; Hedin and Bond 

2006; Bond et al. 2012).  The tarantula genus Aphonopelma is distributed throughout the 

southern third of the United States, ranging west of the Mississippi River to California and south 

through Mexico and into Central America.  There are presently 54 nominal species in the United 

States (Platnick 2013) that are thought to have rapidly diversified following expansion into the 

American Southwest ~5 Ma (Hamilton et al. 2011).  But despite their academic appeal (in large 

part due to their apparent diversity and charismatic nature), the systematics and taxonomy of 

Aphonopelma remain problematic.  During the past 75 years, only four major descriptive or 

revisionary works (Chamberlin and Ivie 1939; Chamberlin 1940; Smith 1994; Prentice 1997) 

have evaluated the taxonomy of Aphonopelma, but none of these studies employed an explicit 

phylogenetic approach to delimit species or to understand evolutionary relationships.  The latter 
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is fundamental to addressing important questions regarding the role that biogeography, allopatry, 

ecological divergence, and ancestral interactions have played in the diversification of these 

lineages. 

Morphology-based phylogenies of mygalomorph spiders reveal widespread patterns of 

homoplasy among traditional taxonomic characters (Raven 1985; Goloboff 1993; Bond and 

Opell 2002; Hedin and Bond 2006; Bond and Hedin 2006; Hendrixson and Bond 2009; Bond et 

al. 2012).  Furthermore, the quantitative or meristic features often used to evaluate relationships 

among these taxa may be problematic (Bond and Beamer 2006; Hendrixson and Bond 2009; but 

see Goloboff et al. 2006).  Generally, morphological approaches to species delimitation in groups 

similar to mygalomorphs have grossly oversimplified and underestimated diversity (Locke et al. 

2010; Niemiller et al. 2011).  Much of the past theraphosid descriptive work was frequently 

based on only one to a few specimens, generally lacking consideration of the wide range of 

intraspecific and intrasexual variation noted within the group (Prentice 1997).  Structure and 

variation of male and female genitalia has been a heavily weighted character in delimitation of 

spider species, but is of limited use in Aphonopelma due to morphological homogeneity across 

the US species and may only be useful for higher-level taxonomic groups (Prentice 1997).  Male 

mating claspers – modifications on the first two pairs of legs in adult male mygalomorph spiders 

used in holding and stimulating females during copulation – have also been effective at 

delimiting species of mygalomorph spider (e.g., Bond 2012), yet these also appear homogeneous 

across Aphonopelma.  As a consequence of all of these factors taken together we believe that a 

history of overzealous taxonomy has resulted in an over-description of Aphonopelma species 

within the United States.  Not surprisingly, many arachnologists have expressed dismay towards 

the present state of theraphosid taxonomy (Raven 1985; Smith 1994; Pérez-Miles et al. 1996; 

Prentice 1997), with Raven (1990) declaring the group a “nomenclatural and taxonomic 

nightmare”. 

 

DNA Barcoding 

Since the advent of PCR, the increased use of molecular information in systematic studies 

has been instrumental in uncovering tremendous evolutionary diversity previously unrecognized 

(cryptic species) using traditional approaches (e.g., morphology) (Hedin 1997; Bond et al. 2001; 

Hebert et al. 2004a; Bickford et al. 2007; Bond and Stockman 2008).  DNA barcoding (Hebert et 
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al. 2003a; 2003b) was proposed a decade ago as a means for quickly aiding species discovery 

and identification, wherein a single gene region from the animal mitochondrion could be 

employed for making species-level identifications or revealing cryptic diversity within lineages.  

By sequencing a fragment of cytochrome c oxidase subunit I (CO1), investigators can take 

advantage of the protein-coding gene’s putative conserved nature while capitalizing on faster 

evolving ‘silent’ substitutions in the third codon position.  As a consequence of inherent 

degeneracy in the genetic code, these third positions contain species-level information while 

limiting signal obfuscation due to saturation (Simon et al. 1994; Folmer et al. 1994). 

DNA barcoding has its fair share of proponents and detractors (Lipscomb et al. 2003; 

Seberg et al. 2003; Tautz et al. 2003; Hebert et al. 2003a; 2003b; Will and Rubinoff 2004; Hebert 

et al. 2004a; 2004b; Barrett and Hebert 2005; Hebert and Gregory 2005; Will et al. 2005; Brower 

2006; Meier et al. 2006) with regards to its universal applicability and its ability to accurately 

discriminate among species.  Hebert et al. (2003a; 2003b) suggest traditional taxonomy in 

morphologically conserved groups can lead to incorrect identifications and may fail to recognize 

cryptic taxa when morphological characters are uninformative or conflict with each other.  

Whereas Meyer and Paulay (2005) highlight how DNA barcoding can be useful for identification 

of species that belong to thoroughly sampled and well-understood groups, but recognize that 

delimitation of closely-related species in taxonomically understudied groups is problematic.  The 

highly variable results that DNA barcoding produces across the Tree of Life (Brower 2006; 

Meier et al. 2006; Astrin et al. 2006; Huber and Astrin 2009; Bergsten et al. 2012) emphasizes 

the need for comprehensive and integrative approaches to identifying and delimiting species. 

The DNA barcode has shown to be useful in separating and identifying species of spider 

from across all spiders (Barrett and Hebert 2005; Arnedo and Ferrández 2007; Longhorn et al. 

2007; Petersen et al. 2007; Robinson et al. 2009; Kuntner and Agnarsson 2011; Hendrixson et al. 

2013).  Hamilton et al. (2011) employed molecular characters on a smaller subset of the North 

American Aphonopelma species, in an attempt to abrogate known problems in morphological-

based taxonomy.  This approach established an effective 'barcode gap' at 6% that distinguished 

clearly identifiable morphological groups and recognized putative cryptic species lineages within 

the genus.  In addition to the genetic distance criterion, their study also emphasized consideration 

of phylogenetic placement as further evidence that reciprocal monophyly indicated strong 

support for a lack of gene flow among lineages. 
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As mentioned above, the North American tarantula genus Aphonopelma (Araneae, 

Mygalomorphae, Theraphosidae) provides one of the greatest challenges to species delimitation 

and downstream identification in spiders because traditional morphological characters appear 

ineffective for evaluating limits of intra- and interspecific variation in the group (Prentice 1997) .  

Consequently, approaches that take advantage of data derived from sources other than 

morphology may provide more reliable methods for delimiting species in these tarantulas. The 

objectives of this study are threefold: (1) to evaluate the efficacy of molecular-based species 

delimitation methods on the identification of known and unknown Aphonopelma in the United 

States; (2) to test the sensitivity of random taxon sampling on the reproducibility of species 

boundaries; and (3) to integrate methodologies in a way such that an efficient, consistent, and 

more effective DNA barcoding strategy can be employed for delimiting species of Aphonopelma 

in the United States. 

 

Methods 

Taxon Sampling and Data Collection 

To our knowledge, the research presented herein is derived from the most focused and 

comprehensive sampling of a single theraphosid genus to date.  Through our own extensive 

fieldwork and a citizen-based science program (in association with the American Tarantula 

Society, see http://www.atshq.org/articles/found.html), we have accumulated more than 1,600 

recently collected specimens of Aphonopelma from throughout their distribution in the 

southwestern United States (i.e., every state they are native).  Sampling for this analysis 

comprises putative species that include: (1) numerous individuals sampled from multiple 

populations across a species' entire distribution (whether widespread or highly localized); (2) 

“singleton” species (i.e., species known from only a single specimen); and (3) “unique” species 

(i.e., species known from only a single sampling locality – the terms “singleton” and “unique” 

are defined in Lim et al. (2011)).  In total, we sequenced mtDNA from 682 of these specimens 

for the animal barcoding gene cytochrome c oxidase subunit I (CO1) (Fig. 1).  The vast majority 

of specimens used for this study were opportunistically collected throughout the southwestern 

United States, but we also made every attempt to gather “topotypic” material from (or near) the 

type localities of all 54 species of Aphonopelma currently recognized in the United States 

(Appendix A).  Of these, we were unable to obtain fresh material for only two of the targeted 
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species.  Aphonopelma phasmus Chamberlin, 1940 is known from a single adult male taken near 

Phantom Ranch at the “base” of the Grand Canyon.  This locality is difficult to access and no 

attempts were made to collect the species.  Aphonopelma radinum (Chamberlin and Ivie, 1939) 

is likewise known only from a single male, but was collected near Manhattan Beach, California.  

We have reason to believe that the type locality was mislabeled (see Prentice 1997) but the 

species also may have alternatively been extirpated from the area.  Manhattan Beach is a highly 

developed coastal suburb of Los Angeles and the habitat does not appear conducive for 

supporting tarantula populations; populations of other ground-dwelling mygalomorph spiders in 

the Los Angeles Basin likely have become extinct due to urbanization (see Bond et al. 2006).  

Numerous field expeditions into southern California by the authors and others (Thomas Prentice, 

personal communication) have failed to locate this species.  Specimens from the type localities 

of four previously synonymized species were also sampled in order to evaluate whether 

nomenclatural changes made in Prentice (1997) were warranted.  All material was preserved in 

80% ethanol and assigned a unique voucher number (APH0000).  Specimens will be deposited in 

the California Academy of Sciences, American Museum of Natural History, and Auburn 

University Museum of Natural History collections. 

 

Molecular Protocols & Alignment 

Tissue samples were collected from specimens by removing the third leg on the right side 

of the spider followed by preservation in 100% ethanol or RNAlaterTM (Qiagen, Valencia, CA, 

USA) and storage at -80oC.  Muscle tissue was extracted from the leg by removing ~25mg of 

tissue and genomic DNA extracted using the Qiagen DNeasy Tissue KitTM (Qiagen, Valencia, 

CA, USA).  The concentration quality of the extracted DNA was quantified with a 

spectrophotometer (NanoDrop ND-1000, Thermo Scientific, Wilmington, DE, USA) or 

visualized via agarose gel electrophoresis. 

PCR and direct sequencing primers used for the CO1 barcoding fragment are listed in 

Hamilton et al. (2011).  PCR protocol followed initial denaturation at 95oC for 2 minutes; 30 

cycles of denaturation at 95oC for 45 seconds, annealing at 48oC for 45 seconds, elongation at 

72oC for 1 minute; followed by 5 minutes of a final elongation at 72oC.  The 5’ primer LCO1490 

(Folmer et al. 1994) and its derivations were tested for uniformity across Aphonopelma.  Initial 

amplification and sequencing were generally successful across the group, but due to mutations in 
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the LCO1490 binding site some primer modifications became necessary (see Table 1 in 

Hamilton et al. 2011).  The primer C1-J-1751“SPID” (Hedin and Maddison 2001) provided the 

most consistent amplification and high-quality sequencing. PCR products were purified using 

ExoSAP-IT (USB Corporation; Cleveland, OH, USA) and then sequenced with an ABI 3130 

Genetic Analyzer (Applied Bio-systems, Foster City, CA, USA) using the ABI Big Dye 

Terminator version 3.2 Cycle Sequencing Ready Reaction Kit. 

All sequences were manually edited using the program Sequencher (ver. 4.1.2, 

Genecodes, Madison, WI, USA).  Sequences were aligned with MUSCLE version 3.6 (Edgar 

2004) using default parameters, followed by minor adjustment in MESQUITE version 2.73 

(Maddison and Maddison 2011) if needed.  Amino acid translations of the target gene region 

were examined to ensure the absence of stop codons in the alignment.  The alignments were 

unambiguous and for consistency, sequences were trimmed to 900bp. All CO1 sequences have 

been deposited in GenBank (Appendix B), the full DNA alignment and associated phylogenetic 

tree have been deposited in TreeBASE 

(http://purl.org/phylo/treebase/phylows/study/TB2:S13957), and all phylogenetic data matrices, 

accompanying tree files, and scripts have been deposited in figshare 

(http://dx.doi.org/10.6084/m9.figshare.769358). 

 

Traditional DNA Barcoding 

Classic DNA barcoding (Hebert et al. 2003a) calculates a genetic distance between 

specimens using Kimura’s 2-parameter distance (K2P or K80) (Kimura 1980) and assigns a 

cutoff value (the 'barcode gap') to divide OTUs into species.  Uncorrected genetic distances 

(uncorrected p-distance) have also been used to define this cutoff; Srivathsan and Meier (2011) 

find that the use of K2P is inappropriate when employing it for closely related taxa.  In order to 

compare the variability of each method on an extensively sampled dataset, the intra/interspecific 

variation of 682 specimens (representing the 54 nominal species) was assessed.  Both K2P and 

uncorrected distances were investigated; little difference was seen, therefore we chose to follow 

the recommendation of Srivathsan and Meier (2011) and use uncorrected distances. An initial 

'barcode gap' of 6% (Hamilton et al. 2011) was applied to the dataset in order to evaluate 

effectiveness and reliability across a broader evolutionary scale.  Mega 5 (Tamura et al. 2011) 

was used to group OTUs into putative species groups and measure the mean intra/interspecific 
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distances for each species hypothesis. This evaluation was unable to consistently split all species 

we had previously identified as putative species based upon morphology or biogeography. We 

reevaluated this cutoff by incorporating previous morphological knowledge, adding 

biogeographical and/or behavioral information, and the species groupings from the other 

methodologies (below) to establish new species hypotheses and search for a universal ‘barcode 

gap’. 

Neighbor-Joining trees were inferred using uncorrected genetic distances for the full and 

haplotype OTU datasets.  The identified 'barcode gap' cutoff value (see below) was then applied 

across the trees to determine the number of species.  Putative species groups were named based 

upon two classifications: specimens resided within a group/clade also holding topotypic 

localities of nominal species, or specimens possessed a defining character unique to that clade 

(geography, morphology, or cryptic species). 

 

Automatic Barcode Gap Discovery 

 The Automatic Barcode Gap Discovery (ABGD) method (Puillandre et al. 2012) 

quantitatively evaluates intraspecific divergence by calculating all pairwise distances within a 

dataset and ordering them as ranked values.  A sliding window is used to calculate a local slope 

function (at one-tenth its starting value) across these values; this is used to identify the first 

statistically significant peak where the 'barcode gap' represents a sudden increase in slope. The 

dataset is then recursively repartitioned into finer and finer groupings until no further gaps can be 

detected. A range of differing parameters was evaluated (including the defaults of Pmin = 0.001 

and Pmax = 0.10); no differences in species delimitations were seen. We chose the parameters: 

Pmin = 0.0001, Pmax = 0.200, Steps = 10, X = 1, Nb bins = 20, due to a slightly higher p-value 

significance for these delimited groups (p=0.0158) than the defaults (p=0.0282).  ABGD 

analyzes data through a web-based interface (http://wwwabi.snv.jussieu.fr/public/abgd/) or 

through a Unix command-line version – our analyses used the latter.  A large number of variable 

parameters were evaluated for their effects on species delimitation outcomes, with very little 

variation seen. ABGD was recently applied in a smaller subset of US Aphonopelma (Hendrixson 

et al. 2013); their determinations agree with our current stance of species boundaries within the 

mojave group. 
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Tree-based species delimitation 

To identify and evaluate species hypotheses, a Maximum Likelihood tree was inferred by 

employing RAxML-7.2.8 (Stamatakis 2006) on both the full dataset of 682 OTUs and the 358 

OTU haplotype dataset.  Due to the size of the datasets, parameters for the analyses incorporated 

the GTRCAT model of nucleotide site substitution based on 1000 random addition sequence 

replicates (RAS); branch support values were computed via 1000 non-parametric bootstrap 

replicates. The full and haplotype datasets were partitioned by codon, though a single partition 

was applied for all of the GMYC sub-sampling schemes (below). Aside from this particular 

study, we have evaluated the effects of a partitioned versus non-partitioned Aphonopelma dataset 

on the change to topology and node support; species clades remain the same and support varies 

little between the two approaches on this particular DNA dataset. Initial haplotypes were 

designated by RAxML, and later compared to TCS 1.21 designations (Clement et al 2000) - 

where more taxa were collapsed due to ambiguous calls. 

We employed a version of Wiens and Penkrot (2002), also implemented in Hamilton et 

al. (2011), to delineate species by producing a phylogenetic tree and evaluating the amount of 

lineage isolation – assuming no gene flow occurs or can occur between species (based on the 

absence of shared haplotypes between populations).  This W&P method identifies divergent 

monophyletic clusters and uses previous morphological knowledge to identify known species on 

the tree.  An Aphonopelma specimen (APH3022) from Compostela in the Nayarit state of 

Mexico (the type locality of A. nayaritum) was chosen as a divergent sister outgroup lineage. 

 

P ID(Liberal) Species Boundary Delimitation 

To assess species boundary hypotheses across the ML gene tree, the Species Delimitation 

plugin (Masters et al. 2011) within Geneious Pro v5.5.4 (Biomatters; http://www.geneious.com) 

was investigated for effectiveness when compared to the traditional barcoding methods.  This 

quantitative approach allows differing species boundary hypotheses to be investigated by 

enabling the user to a priori assign taxa to putative species groups on a phylogenetic tree.  As a 

way to measure species group distinctiveness, phylogenetic exclusivity – the probability of an 

unidentified specimen being correctly placed into an a priori species group, was calculated.  This 

calculation evaluates the probability that membership within a clade arose by chance in a random 

coalescent process.  Quantitative approaches to species delimitation are important when 
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employing mtDNA data in a phylogenetic context because species boundaries will frequently be 

identified by deep divergences in the tree.  Rigorous evaluations of species boundaries using a 

statistical assessment of diverging lineages is critical for limiting the under or over-splitting of 

species. 

Cladistic structuring can lead to an incorrect perception of cryptic species, as long 

branches within a panmictic population can arise simply due to the stochastic nature of gene 

coalescence (Irwin 2002; Kuo and Avise 2005).  Rodrigo et al. (2008) attempted to resolve this 

issue by devising a statistic to distinguish unique clades by measuring a ratio of the distance from 

a species-defining node to the tips of the tree, and the distance from that same node to its 

immediate ancestor – the P(Randomly Distinct) statistic (referred to as P ID(Strict) in Geneious).  

As a continuation of the Rodrigo et al. (2008) statistic, Ross et al. (2008) discovered that the ratio 

of intraspecific genetic difference to that of the nearest putative species group (Intra/Inter ratio) 

was a better predictor of species group identification than the traditional 'barcode gap'.  This 

statistic, P ID(Liberal) in Geneious, represents the probability of making a correct identification 

of an unknown specimen by measuring the genetic variation found within its putative species 

group and comparing that to the species group with which it is most likely to be confused.  P 

ID(Liberal) has also been shown to correctly identify taxa at a rate similar to using genetic 

distances or BLAST against a reference database (Masters et al. 2011). 

The full dataset ML gene tree was used to assign the putative species groups, based on 

the presence of divergent, monophyletic clades (described above).  Differing species boundary 

hypotheses were tested by collapsing/expanding clades and singletons with low P ID(Liberal) 

values into their monophyletic sister species’ clades until a broadly fitting, highly supported, 

consistent pattern was found across the tree. 

 

Taxon Sampling Effects on GMYC Species Delimitation 

The Generalized Mixed Yule Coalescent (GMYC) model (Pons et al. 2006), as 

implemented in the R package “splits” (Ezard et al. 2009), is a species delimitation method that 

starts with an inferred gene tree rather than actual sequence data and attempts to statistically 

model (through maximum likelihood calculations) the point on a time calibrated (ultrametric) 

phylogeny where within species population-level processes of molecular evolution shift to 

between species coalescent processes.  During a GMYC analysis, single (Pons et al. 2006) and 
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multiple threshold models (evolutionary processes occur with differing rates across the tree, 

Monaghan et al. 2009) are applied and the best fitting model is chosen. 

To test the effects of taxon sampling on the reproducibility of a single locus species 

delimitation method, we performed multiple iterations of random taxon jackknifing on the COI 

haplotype matrix (358 OTUs) using a novel Python script developed for this project (Appendix 

C) – GMYC does not allow investigations with redundant haplotypes. The script initially 

removes line breaks from the FASTA header lines only, resulting in a single line for each taxon 

comprising the header, a temporary placeholder, and the sequence.  The outgroup taxon 

(APH3022) was then removed from the dataset before randomization and reinserted afterwards 

as the first sequence in the file.  The remaining ingroup taxa lines were randomized using the 

Python function “random.shuffle”.  Nine different ‘taxon inclusion’ groups were defined as a 

subset of the original haplotype dataset (at 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, and 

10%).  The OTUs (and subsequent sequence data) within these groups were extracted from the 

randomized dataset and the temporary placeholders were replaced with line breaks, creating a 

FASTA file.  This process was performed 100 times for each ‘taxon inclusion’ group.  These 

FASTA files were converted to PHYLIP files using the Fasta2Phylip.pl script 

(http://indra.mullins.microbiol.washington.edu/index.html; under ‘Sequence manipulator’).  

Maximum Likelihood tree searches were performed on the 900 permutated datasets using the 

program RAxML 7.2.8 (Stamatakis 2006) comprising 100 random addition sequence replicates 

(RAS).  The resulting best trees for each of the ‘taxon inclusion’ groups were used in the 

subsequent GMYC analyses. 

To facilitate the GMYC evaluation of large numbers of trees produced from the 

jackknifed data matrices, a simple R script was employed to automate the process across all 900 

trees, as well as the 100% haplotype tree (Appendix D).  A single tree was read into R using the 

“read.tree” command as implemented in the package “ape” (Paradis et al. 2004; Paradis 2006).  

The tree was converted to ultrametric using the command “chronopl” and made fully 

dichotomous using the command “multi2di” to resolve the phylogeny using zero length 

branches.  The GMYC analysis was performed using the command “gmyc”, saving the summary 

for further analyses, and the next tree was loaded.  This process was repeated for all the trees 

within each permutated dataset.  Using each summary file, the number of ‘ML clusters’ and ‘ML 

entities’ were extracted from the data of each ‘taxon inclusion group’.  A ‘cluster’ represents an 
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independently evolving clade – 'singletons' or exceptionally long branches are not counted; an 

‘entity’ represents all clades and all singletons deemed as independently evolving – 'singletons' 

are considered a putative cluster given more population representatives. 

 

Taxon Sampling Effects on Neighbor-Joining, ABGD, & P ID(Liberal) 

To compare the GMYC results with those of the other methodologies, we randomly 

sampled 27 ML trees and their associated datasets (alignments) from each 'taxon inclusion 

group', choosing pairs corresponding to the lowest, a midpoint, and highest number of GMYC 

species delimited.  Using the same methodology and cutoffs outlined above for each 

methodology, Neighbor-Joining trees were inferred from each of these 27 datasets, with the 

determined 'barcode gap' (see Results below) applied across each tree, and number of species 

counted.  In order to quantitatively test species designations, both the ABGD and the P 

ID(Liberal) statistic were applied across the same 27 sampled datasets and ML trees respectively. 

 

Results 

Two datasets using the animal barcoding gene, cytochrome c oxidase subunit I (CO1), 

tested species boundaries and identification of United States Aphonopelma: a 682 full specimen 

dataset and a 358 unique haplotype-only dataset.  The full dataset contained 356 parsimony-

informative sites, 454 identical sites (50.4%), 39 singleton sites, 89.3% pairwise identity, a 

nucleotide base composition of: A = 19.8%, C = 11.9%, G = 24.6%, T = 43.8%, and a GC 

content of 36.4%.  The unique haplotype only dataset contained 350 parsimony-informative 

sites, 505 identical sites (56.1%), 45 singleton sites, 89.2% pairwise identity, a nucleotide base 

composition of: A = 19.7%, C = 11.9%, G = 24.6%, T = 43.8%, and a GC content of 36.8%. 

 

DNA Barcoding  

Following application of the initial 6% 'barcode gap' species hypotheses and 

identification of its failure to consistently identify known species, groupings were reevaluated to 

investigate the applicability of a universal 'barcode gap' across the dataset.  Clades were 

collapsed or split until a broadly fitting consistent pattern was found, using prior taxonomic 

knowledge and information unique to particular Aphonopelma lineages (i.e., biogeography, 

ecology, or behavior).  A ‘barcode gap’ was identified at 5%, where intraspecific distances (≤ 
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4.0/3.9% (K2P/uncorrected)) never equaled or exceeded the interspecific distances (≥ 5.5/5.2% 

(K2P/uncorrected)), thereby delimiting 34 total species, 32 of which reside within the United 

States and 2 from Mexico (sp. nayaritum – the outgroup, and sp. “Coahuila MX” – a cryptic 

species originally identified as a member of Aphonopelma moderatum (Chamberlin and Ivie, 

1939)) (Table 1; Fig. 2).  This approach identified 16 nominal species, 7 newly discovered, and 9 

cryptic species.  When applying the 'barcode gap' across the full OTU and haplotype NJ trees, 37 

and 35 species are delimited respectively (Fig. 2).  Though it should be noted that within the full 

OTU inferred tree, three clades sit at the divergence cutoff with deep branch splits identified as 

separate species (based on a strict application of this cutoff criterion).  Utilization of our prior 

knowledge of the specimens just outside these splits would lower this number to 34 total (32 in 

the US), consistent with the 'barcode gap' species hypotheses and the P ID(Liberal) approach (see 

below).  The ABGD method delimited 46 species in both the full OTU and haplotype datasets.  

The groupings delimited by this method were consistent between the full and haplotype datasets 

as well as the 'barcode gap', tree-based, and P ID(Liberal) approaches, though ABGD appears to 

over-split certain lineages - based upon our knowledge (morphology, ecology, and 

biogeography) of these independent lineages.  Species hypotheses that were over-split represent 

lineages where deep divergences occur between certain populations across their distributions 

(hentzi, iodius, brunnius, eutylenum, sp. paloma nov 1, sp. mojave nov E, sp. mojave nov W, and 

sp. nov G. 

 

Tree-based Delimitation 

The W&P method was applied across the Maximum Likelihood phylogenetic inferences 

for both the full and haplotype datasets, delineating 41species (39 US species plus two species 

from Mexico) (Fig. 2).  These species hypotheses were based upon major clade monophyly and 

highly divergent clades that appear, based upon topological structuring, to be experiencing no 

present or very little recent gene flow (initial species hypotheses summarized in column 1 of 

Table 1).  Topologies of both the full and haplotype datasets were largely congruent, identifying 

the same species clades. Like ABGD, species hypotheses that appear to be over-split represent 

lineages where deep divergences occur between certain populations (generally lineages that are 

highly divergent and sister to all other lineages in the clade) across their distributions. 
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P ID(Liberal) Species Boundary Delimitation 

Independent of the traditional barcoding approach, but following the same guidelines, the 

tree-based hypotheses were reevaluated for species hypothesis testing.  All delimited species 

except one possess a P ID(Liberal) value ≥ 0.93 (Table 1).  A. sp. nov C, comprising only three 

specimens, possesses a P ID(Liberal) value of 0.81, and represents a morphologically distinct 

species from its sister species, sp. nov D.  A cutoff was set where all delimited species would 

possess a P ID(Liberal) value > 0.80 (an 80% probability of correctly placing an unknown 

specimen into its a priori designated species), revealing a pattern that mirrors the traditional 

barcoding approach – 34 species delimited, 32 of which are found in the United States (Table 1; 

Fig. 2).  P ID(Liberal) consistently identified the same 16 nominal species, 7 newly discovered, 

and 9 cryptic species as determined in the traditional barcoding approaches. 

 

GMYC & Taxon Sampling Effects 

The performance of the single and multiple threshold models indicated the two models 

were not significantly different from each other; therefore the outcomes of the single threshold 

model were selected.  After applying GMYC across the ML inferred tree from the 358 OTU 

haplotype dataset, 83 'clusters' and 114 'entities' were identified as independently evolving 

lineages (Fig. 2).  Random taxon sampling provided an opportunity to evaluate the effects of 

collecting effort (i.e., which individuals or populations are sampled), as well as evolutionary 

history on the GMYC method's ability to consistently identify the independently evolving 

lineages we are identifying as species.  Within and between species estimates exhibited 

considerable variance, with estimates ranging from all sampled OTUs represented as a single 

species (found in the 10%, 20%, and 30% datasets), to all or nearly all OTUs being delimited as 

separate species (e.g. 36 species in the 10% ‘entities’ dataset and 210 species in the 60% 

‘entities’ dataset) (Table 2).  The average number of species across all 100 replicates within a 

‘taxon inclusion’ group ranged from 5.79 species (10% 'clusters') and 25.81 species (10% 

'entities'), to 60.21 species (90% 'clusters') and 83.65 species (90% 'entities') (Table 2).  Figures 

3a and 3b illustrate the frequency distributions for how many times a particular number of 

delimited species occurred within each 'taxon inclusion group'.  Our regression analyses indicate 

the number of species delimited in each iteration was positively correlated with the actual 
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number of OTUs being analyzed – 'entities' (R2 = 0.4013; p < 0.001 in Fig. 4a) and 'clusters' (R2 

= 0.7389; p < 0.001 in Fig. 4b). 

The GMYC results were compared to Neighbor-Joining inference, and the quantitative 

approaches ABGD and P ID(Liberal) by randomly sampling three alignments (or the associated 

tree) within each GMYC 'taxon inclusion group' (the lowest, a midpoint, and highest number of 

species delimited).  Using each of those datasets, a NJ tree was inferred followed by the 

application of the 'barcode gap' (5%).  NJ species numbers ranged from 19 (10% low) to 37 

(70% high) (Table 3).  The same ABGD methodology and parameters (outlined above) were 

employed on each sampled alignment.  Scores, while higher, were generally consistent, showing 

an initial increase and leveling off as sampling is increased (Figure 5).  Across the random 

sampling, ABGD species numbers ranged from 20 (10% low) to 34 (30% low, 30% high, 40% 

low, 40% high), to 44 (30% medium, 80% high, 90% medium), with three extreme outliers (91 

at 50% low; 100 at 60% medium; 83 at 70% high) (Table 3).  Each associated ML tree had the P 

ID(Liberal) species boundary cutoff (≥ 0.80) applied and number of species counted.  P 

ID(Liberal) quantitative species trended similarly with NJ, ranging from 17-21 (low to high) 

across the 10% group, to 32 for all three 90% groups (Table 3).  As can be seen in Figure 5, the 

NJ and P ID(Liberal) approaches converge around the 34 delimited species estimated from our 

integrative methodological workflow and remain remarkably stable and consistent once 40% of 

the data has been included.  The differences between GMYC (extreme variation) and the other 

methodologies (relative stability) are also visualized in Figure 6. 

 

Discussion 

Molecular markers, like CO1, may possess effective species boundary information within 

certain taxonomic groups and consequently have the potential to be a rapid and efficient means 

to delineate and identify species.  But how do we determine the best approach for discovering 

those boundaries? And how sensitive to sampling is a particular approach?  In this study, we 

have investigated how single-marker molecular species delimitation approaches fare in their 

ability to converge on the same answer within the focal taxon Aphonopelma.  Our work 

integrates methodologies into a hypothesis-testing framework that proposes and evaluates the 

number of both known and unknown species of tarantula within the United States.  Using prior 

taxonomic knowledge of this group, six independent investigations were carried out to propose 
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and test species hypotheses: traditional DNA barcoding ('barcode gap' & NJ), modern statistical 

DNA barcoding (ABGD), a tree-based phylogenetic approach, and quantitative boundary 

delimitation approaches P ID(Liberal) & GMYC. 

Based on an integrative summary of those methods deemed effective, our approach to 

species delimitation indicates that a robust estimate of species diversity is likely to total 34 

species given our current sampling regime (Fig. 2).  These species include 16 previously 

recognized nominal species, 7 putative newly discovered, and 9 previously unrecognized species 

(i.e. cryptic) (see species hypotheses in Table 1 and Fig. 2).  Our findings indicate that out of the 

54 nominal species of US Aphonopelma recognized prior to this research endeavor, 30 appear to 

be in need of synonymy, with six likely nomen dubia, and two nominal species unsampled (A. 

phasmus and A. radinum, mentioned above) (Appendix A). The details of the phylogeny and the 

discussion of species relationships will be outlined in a future taxonomic revision of the genus by 

Hamilton, Hendrixson, and Bond (in prep). 

 

Effective Delimitation Approaches 

The initial methodological step to understanding species boundaries in this taxon group 

evaluated the usage of a 'barcode gap' to identify species boundary hypotheses.  After reviewing 

both K2P and uncorrected p-distances across the full dataset, the presence of a universal 6% 

‘barcode gap’ was not found to reliably and consistently identify nominal species.  New species 

hypotheses were generated through the implementation of ABGD and a Maximum-Likelihood 

tree-based delimitation approach. The tree-based approach inferred a phylogeny, and somewhat 

subjectively delineated 41 species based upon major clade monophyly and high nodal support 

(Fig. 2).  Based upon prior taxonomic knowledge and incorporation of the other delimitation 

approaches herein, ABGD appeared to over-split the 34 'barcode gap' species into 46 groupings 

(Fig. 2).  Those species hypotheses that were over-split in both the ABGD and tree-based 

approaches (also seen in the GMYC analyses) represent species where deep divergences occur 

between certain populations across their distributions (hentzi, iodius, brunnius, eutylenum, sp. 

paloma nov 1, sp. mojave nov E, sp. mojave nov W, and sp. nov G.  Of these groupings, hentzi, 

iodius, brunnius, and eutylenum represent lineages that potentially experienced rapid expansions 

(evidence for hentzi in Hamilton et al. 2011).  The lineages of sp. mojave nov E, sp. mojave nov 

W, sp. paloma nov 1, and sp. nov G represent species classified as 'dwarf' or 'pygmy' tarantulas.  
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Due to their size and lack of dispersal ability, these 'dwarf' species exhibit genetic structuring 

very similar to what has been seen in other mygalomorph spiders (Bond et al. 2001; Hendrixson 

and Bond 2005; Arnedo and Ferrández 2007; Hendrixson and Bond 2007; Starrett and Hedin 

2007; Bond and Stockman 2008; Cooper et al. 2011; Satler et al. 2011; Hedin et al. 2013; 

Hendrixson et al. 2013).  By scrutinizing the outputs of all approaches and applying prior 

taxonomic knowledge based on morphology, geographic distribution, and unique ecology or 

behavior, a 5% genetic distance cutoff was discovered that consistently and effectively 

recognized putative species boundaries of 16 nominal species while identifying 16 unknown 

species (Fig. 2).  It has been noted in the past that the presence of a 'barcode gap' could reflect 

incomplete sampling across a species distribution (Moritz and Cicero 2004).  Our sampling 

scheme indicates that this is likely not the case in Aphonopelma, with the distinct clustering of 

populations and species truly representing a lack of past gene flow, with evolutionary events 

separating these independently evolving lineages. 

 Species hypothesis testing can be further extended by merging closely related OTUs or 

clades into their sister group or expanding and breaking up these groupings, statistically 

evaluating these hypotheses until a broadly-fitting consistent pattern is found across the tree.  P 

ID(Liberal) recognized the same 16 nominal taxonomic species as the above barcoding and tree-

based approaches, confirmed the same seven newly discovered species, while identifying the 

same nine cryptic species.  P ID(Liberal) species designation probabilities were found to be 

highly significant (≥ 93%) for all but one of the 32 redefined species (sp. nov C = 81% (CI=67-

96%) (Table 1).  This particular outcome appears to be due to the relatively high intra/inter 

distance ratio (0.34) and the small number of sampled specimens in the sp. nov C clade.  Two 

other species possess high intra/inter ratios (A. iviei Smith, 1994 = 0.35; A. iodius (Chamberlin 

and Ivie, 1939) = 0.54), but both are wide-ranging, commonly encountered species throughout 

the southwestern US and were heavily sampled in this analysis. The southwestern US is an area 

well known for its complex geologic history, particularly during the Pliocene and Pleistocene, 

where populations of numerous taxa were heavily influenced by past fragmentation, restriction 

into refugia and subsequent expansion (Lamb et al. 1989; Riddle et al. 2000; Jaeger et al. 2005; 

Wood et al. 2012; Hedin et al. 2013; Graham et al. 2013).  On the other hand, sp. nov C is a 

rarely collected spider with a very limited distribution in the Arizona "sky islands".  The 
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inclusion of only three specimens of this species in our sampling likely skews this inter/intra 

ratio, lowering the confidence of correctly placing an unknown specimen into this group. 

All 32 US species that we ultimately determined to be independently evolving species 

were reciprocally monophyletic with high ML bootstrap support (≥ 90) with two exceptions, the 

paraphyletic A. iodius grouping and the weakly monophyletic A. brunnius Chamberlin, 1940 

lineage (Fig. 2) – both are members of the southwestern US "eutylenum group".  This species 

complex contains 15 nominal taxa that are morphologically homogeneous.  The paraphyletic A. 

iodius consists of two lineages:  a clade including the A. iodius topotype – 99/99 (full/haplotype) 

bootstrap support, and a clade which includes the A. nevadanum Chamberlin, 1940 topotype 

(synonymized with A. iodius by Prentice (1997)) – low bootstrap support (27/28).  The brunnius 

species group also possesses low bootstrap support (47/53) unless it is broken into two groups:  a 

large, well supported lineage (100/100) inhabiting the southern Coastal Ranges of California, and 

a smaller poorly supported lineage that is sister to all other lineages in the clade (24/47) within 

the western Mojave desert (Table 1; Fig. 2).  Two alternative hypotheses were tested using the P 

ID(Liberal):  1) the iodius lineage was broken into two monophyletic species groups (iodius & 

nevadanum) and 2) the iodius and brunnius lineages were collapsed into one monophyletic 

species group.  P ID(Liberal) significance was indicated for all three of these hypotheses:  iodius 

= 96% (CI=94-99%); nevadanum = 88% (CI=78-98%); iodius-brunnius = 96% (CI=93-98%).  

The iodius-brunnius lineage has only moderate 89/88 (full/haplotype) bootstrap support.  High P 

ID(Liberal) support does not ensure that a particular grouping represents a species, only that this 

grouping represents an independently evolving lineage; one which could be made up of a number 

of closely related sister species.  Because of this, we reject these alternative groupings based on 

the violation of the established genetic distance limits and biogeographic knowledge that the 

divergent lineages of these species are derived from an area (the Mojave desert) that has been 

highly affected (population fragmentation) during past geologic and climatic events (Wood et al. 

2012; Graham et al. 2013; Hendrixson et al. 2013), which may cause this discordance. 

Of particular note is that the "eutylenum group" (A. eutylenum Chamberlin, 1940, A. 

brunnius, A. iviei, A. iodius, A. sp. iodius nov, A. sp. chalcodes nov) putatively represents the 

only cryptic species complex in the US tarantulas.  While other cryptic species have been found 

in the US, this group is unique because it comprises a large group of closely related 

morphologically homogeneous sister lineages where, at this time, molecular data and geographic 
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distribution represent the truly informative characters.  This phenomenon has been found in other 

mygalomorph spiders (Hendrixson and Bond 2005; Starrett and Hedin 2007; Stockman and 

Bond 2007; Bond and Stockman 2008; Satler et al. 2011), but this is the first time in 

theraphosids.  Problems with species boundary delimitation in this group could be a reflection of 

our usage of a single mtDNA locus.  Unfortunately, effective nuclear markers with species-level 

phylogenetic information are lacking in theraphosids - although this will likely change in the 

future, as new high-throughput sequencing methodologies have become available for non-model 

organisms (Lemmon et al. 2012). 

 

GMYC & Sampling Effects 

Employment of the GMYC approach across the 358 OTU haplotype dataset identified 

114 'entities' as independently evolving lineages. Following reevaluation of species delimitation 

no logical pattern can be seen in the GMYC designations (morphological, ecological, 

biogeographical, etc.) that would indicate to us these delineations are credible (Fig. 2), unlike the 

other investigative approaches. Do these results indicate the true diversity in Aphonopelma has 

been vastly underestimated in the United States?  In order to investigate this question, the dataset 

was perturbed, randomly sampled, and GMYC was employed on each of the 900 datasets to test 

for effects of taxon sampling on delimitation outcomes.  Our goal was to assess whether GMYC 

accurately and consistently delimited the same number of “species” independent of sampling. 

GMYC delimitations were used as the benchmark for comparing dataset sampling 

sensitivity.  When sampling was incomplete or biased, GMYC provided divergent outcomes, 

sometimes wildly, not only in number of species delimited within and between 'taxon inclusion 

groups' (Figs. 4a & 4b; Table 3), but also the number of times a particular number of species 

were delimited within the 'taxon inclusion group' subsampling replicates (Figs. 3a & 3b).  Based 

solely on which OTUs have been sampled from across our dataset, the range of delimited species 

revealed tremendous variation, from 1-36 (in the 10% group), 9-210 (60%), and 12-118 (90%) 

(Table 3).  As these delimitations are determined by the amount of genetic divergence found 

between specimens in a dataset and their evolutionary relationships, a sampling bias could arise 

simply from poor population sampling across a species’ distribution, or from ecological and 

behavioral variation that allow for certain species to be found more easily (i.e. spatial (niche 

preference) and temporal (activity) differences).  Comparisons to other methodologies indicate 
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NJ, ABGD, and P ID(Liberal), particularly when employed in an integrative fashion and when 

sampling is robust, were much more stable approaches to understanding species boundaries 

regardless of which OTUs had been randomly sampled.  As can be seen in Figure 5 and Table 3, 

once sampling increases to just 40% of the total dataset, the number of species delimited using 

either NJ or P ID(Liberal) approaches only slightly fluctuated as sampling is increased.  ABGD 

was relatively similar in its consistency, though generally higher in number of species delimited - 

subsampling did cause some instability with a few extreme outliers.  ABGD appears to also be 

affected when individual species possess a mix of deep and very shallow divergences are present 

within an analysis.  The stability of these alternative approaches lie in stark contrast to the 

divergent estimates seen across the suite of GMYC analyses (Figs. 3a, 4a, & 5; Table 3). 

GMYC has previously performed poorly when a small number of species are being 

investigated (O'Meara 2010), when a large number of OTUs possess excessively long branches 

(‘singleton’ or ‘unique’ species) in relation to others are included in an analysis (Lohse 2009), or 

recent and rapid divergences (Reid and Carstens 2012).  Reid and Carstens (2012) also indicate 

that GMYC performs best under scenarios where divergences are deep and sampling is 

incomplete - a scenario that does not generally reflect modern species-level and phylogeographic 

studies. 

Deep genetic structuring (i.e. long branches) is known to affect the estimation of the 

coalescence point, causing significant overestimation in species numbers (see Lim et al. 2011), 

and has been observed in this group of spiders before (Hamilton et al. 2011, Hendrixson et al. 

2013).  As an example, in Hamilton et al. (2011) GMYC appeared to perform rather well though 

one lineage was problematic – A. hentzi split into nine entities.  A. hentzi represents a species 

with a large effective population size, deep genetic structuring in the lineages that are sister to all 

other lineages in the clade, and rapid expansion in a number of other lineages. 

GMYC assumes reciprocal monophyly, that the gene tree is the true tree (unlikely), and 

that there is no geographic substructure within species (highly unlikely).  As pointed out by 

Lohse (2009), Papadopoulou et al. (2009), and Fujisawa and Barraclough (2013), the assumption 

of no geographic substructuring within a species is most likely always violated and will lead to 

hierarchical clustering, with population clusters being identified within species clusters thereby 

overestimating species entities.  Unfortunately, GMYC does not incorporate information 

regarding the amount of time needed for lineages to sort, which can be substantial.  Particularly 
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problematic is the use of a Yule speciation model, as it does not represent a biologically realistic 

prediction of the evolutionary history of the lineages in question.  An assumption of no 

extinction is likely violated in every dataset analyzed under GMYC. 

Inter and intraspecific variation, speciation and extinction rates, degree of isolation, 

effective population size, and the migration rate are critical for accurate GMYC delimitation 

(Papadopoulou et al. 2009). Esselstyn et al. (2012) also investigated the effects of effective 

population size and speciation rate on GMYC accuracy; their findings indicated that larger 

effective population sizes (Ne > 105) skew delimitations into an overestimation of species, with 

deeper coalescent events influencing the transition point on an ultrametric tree; likely what is 

occurring within the A. hentzi lineage in Hamilton et al. (2011). Further simulation work by 

Fujisawa and Barraclough (2013) indicates the main factor in the accuracy of delimitation 

corresponds with the Ne of the species relative to the divergence times between them – as the 

mean and variance in Ne increases, delimitation accuracy declines (e.g. when Ne increases above 

104, the accuracy of GMYC fell to below 20%). 

Simulations attempt to represent the differing effects of evolution on lineages, but due to 

the random nature of evolution and the large number of parameters that may be involved in 

shaping the species and populations we investigate, we may not be able to accurately represent 

the true evolutionary history of lineages under investigation. Our results appear to contradict 

Fujisawa and Barraclough (2013) that increased sampling of a particular species will improve 

performance.  The variation seen within our 'taxon inclusion groups' is alarming (Figures 3-6), 

particularly because a large number of the species sampled possesses heavy representation in the 

original dataset (see Table 1) – generally much more than the five specimens per species in the 

Fujisawa and Barraclough (2013) simulations.  While the Fujisawa and Barraclough (2013) 

findings reflect the qualities of their particular simulated datasets possessing optimal parameters, 

datasets where the true evolutionary history of the group may fall outside these (e.g. a Goldilocks 

zone, where Ne is low and species divergence times are high - similar to Reid and Carstens 

(2012)), are likely to be unsuitable for GMYC analysis. 

Because of a mix of differing coalescent times, lineage sorting could be particularly 

problematic for a single-gene coalescent approach like GMYC in taxa comparable to 

Aphonopelma where a number of species (e.g., A. hentzi, A. eutylenum, A. iodius, A. smithi) 

possess short branch lengths relative to their large distributions and putative large Ne as a result 
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of rapid and recent divergence while also harboring deep divergences within the lineages that are 

sister to all other lineages in those species.  Simply stated, it is not just the random sampling of 

individuals within a species that determines the clustering, but the evolutionary events that led to 

the population structuring within a species, where a random sampling of species with differing 

values of intra- and interspecific divergence and Ne appears to weigh heavily on GMYC 

delimitation outcomes.  While other studies (Papadopoulou et al. 2008; Esselstyn et al. 2012; 

Reid and Carstens 2012; Fujisawa and Barraclough 2013) have evaluated the effects of differing 

parameters on the estimation ability of GMYC, none have looked at the effects of randomly 

sampling taxa from the same dataset (where species and their distributions have been heavily 

sampled) on species delimitation consistency. 

 

Methodological Summary 

A key point in studying closely related species, and perhaps one of the most important 

aspects of ‘barcoding’, is to combine a broad sampling strategy that identifies the extent of 

genetic diversity across the distribution of the species of interest (Funk 1999), while building 

previous taxonomic and biological knowledge into the "species equation" (e.g. morphology, 

molecules, and natural history).  Species delimitation does not exist in a vacuum, nor should it.  

Taken alone, these approaches are not particularly useful, especially in the absence of prior 

knowledge of the focal taxa, but the integration of multiple lines of evidence will likely guide the 

understanding of species boundaries.  The consistent convergence of these methods (excluding 

GMYC) towards similar species number estimates supports the idea that we have effectively 

assessed species diversity within the context of the data available.  In order to obtain confident 

species-level assignments, a comprehensive ‘barcoding’ profile within the group being 

investigated needs to be generated (a modified view of Hebert et al. 2003a).  To understand the 

breadth of genetic variation within the focal taxa, comprehensive sampling will be required, 

which is particularly important when preliminary evidence suggests the taxonomy of the group 

of interest (sensu stricto Aphonopelma) is likely problematic or may harbor the cryptic species 

(Hedin 1997; Bond et al. 2001; Bond and Stockman 2008; Satler et al. 2011; Hamilton et al. 

2011; Bond 2012; Hendrixson et al. 2013). 

Following the integrative approach laid out above, an optimal path to understanding 

species boundaries starts with a likelihood tree-based framework to develop the initial species 
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hypotheses; distinct clades are defined as those that do not share haplotypes between populations 

and can be identified as divergent monophyletic population clusters. Genetic distances are then 

calculated to assess levels of interspecific and intraspecific divergence for those initially defined 

species clades, allowing for subsequent iterative reassessment of species group membership.  

Neighbor-Joining inference can then be used to visually validate species group membership and 

highlight populations that should be investigated more closely for morphological, ecological, 

and/or biogeographic differences.  Use of this prior biological knowledge is particularly useful, 

as it aids in identification of nominal species, identifies putative cryptic lineages, and confirms or 

refutes initial species boundary hypotheses.  Species hypotheses are then statistically evaluated 

for species group membership through the implementation of ABGD and calculation of the P 

ID(Liberal) value.  Questionable species groups can be altered and statistically reassessed, 

bearing in mind the previous biological knowledge, until a consistent fit is seen across the taxon 

of interest. Seeking congruence across multiple methods should allow for this type of integrative 

approach to be broadly applicable across taxonomic groups, not just within the mygalomorph 

spider genus Aphonopelma using mtDNA barcode data. 

 

Potential Issues 

Meier et al. (2008) argued in favor of choosing the smallest interspecific genetic distance 

for determining the 'barcode gap'.  Although DNA barcoding is an imperfect approach, our 

sampling (including both genetic and geographic breadth of most of these species) identifies a 

consistent pattern of divergence across species that are recognizably different (morphology, 

behavior, and ecology) from other species in their immediate region, thus leading to an 

assumption that the pattern of mean genetic distance ('barcode gap') could be effectively 

extended out to the other closely-related species (i.e., cryptic).  Our investigation assessed the 

ability of popular molecular species delimitation methodologies to distinguish what we, as 

systematists, determine to be species - and thus they represent species hypotheses. While we 

agree with DNA barcoding opponents that there is no "right" way to determine species, we feel 

this marker is quite effective at distinguishing morphologically distinct lineages of 

Aphonopelma. 

Mygalomorph spiders, particularly tarantulas, are known for their male-biased dispersal 

when large numbers of males can be seen crossing roads during mating seasons, while females 
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are known to be highly philopatric. Due to the nature of mtDNA, our evaluations of GMYC and 

ABGD "over-splitting" lineages could very well be due to male-biased dispersal and the 

subsequent genetic signature of female population structuring.  Effective single copy, 

phylogenetically-informative nuclear markers, when available (currently in development), will 

likely address such issues in the future. 

Talavera et al. (2013) examine a number of factors that can affect GMYC performance:  

tree reconstruction method, taxon sampling coverage and taxon level, as well as geographic 

sampling and scale.  According to their findings, analyses that are frequently employed due to 

their ease of use and speed (e.g. RAxML and the "chronopl" function for converting a tree to 

ultrametric) performed poorly when compared to a time-calibrated (or relative date) Bayesian 

inference in BEAST (Drummond et al. 2012).  Future investigations should be aware of this 

computational trade-off and incorporate the appropriate methodologies. 

Phylogenetic uncertainty (i.e. low node support) (Reid and Carstens 2012) and 

incorrectly estimated/represented branch lengths (Talavera et al. 2013) can lead to unreliable 

GMYC species delimitation.  While all (or mostly all, see above) of our delimited species clades 

possess high nodal support, there is uncertainty as one moves closer towards intraspecific tips as 

well as towards the root of the tree (Figure 2). Reid and Carstens (2012) found that by looking at 

differences in the number of nucleotides (i.e. longer loci equal more information), the limited 

information residing in a single locus could lead to branch length uncertainty and significantly 

affect the outcome of GMYC. Future work should evaluate uncertainty in the GMYC delineation 

by comparing the AIC model-averaging approach, as proposed by Powell (2012) and Fujisawa & 

Barraclough  (2013), or by employing the Bayesian GMYC method developed by Reid and 

Carstens (2012). 

These findings do not suggest that GMYC never be used. Because both GMYC and 

ABGD start by identifying boundaries from the sequence data, they provide objective theory-

based methods for identifying species boundaries. If it does not appear that taxa under 

investigation fit the required effective parameters, the methods could be used as the initial step to 

identifying putative independently-evolving lineages and therefore generate species hypothesis 

to be re-evaluated through the incorporation of the methodology laid out above. 

 

Conclusions 
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If the amount of diversity on Earth has been vastly undescribed, often due to cryptic 

diversity, action must be taken to accelerate sampling and the discovery process.  DNA 

barcoding was initially proposed as a method to quickly aid overcoming this hurdle (Hebert et al. 

2003a; 2003b), but taken alone it serves little utility in species delineation (only identification 

once a comprehensive taxonomy is produced).  The common problem with the application of 

traditional DNA barcoding deals with questions relating to the amount of divergence required to 

correctly and consistently identify distinct species, as well as the extent of sampling that must be 

carried out to accurately assess this divergence.  The literature is rife with criticisms on the use of 

DNA barcoding in species discovery and identification (Lipscomb et al. 2003; Seberg et al. 

2003; Will and Rubinoff 2004; Will et al. 2005; plus many more).  Unfortunately, barcoding is 

not the panacea to the species problem; its shortcomings often mirror those that rely strictly on 

morphological identifications (lack of informative characters, homoplasy, etc.). 

As the new age of genomics continues to evolve and vast amounts of whole genome data 

become available, one is left wondering if single marker DNA barcoding analyses will remain 

relevant.  However, the ease at which these data can be collected and analyzed for hundreds or 

thousands of individuals supports the notion that there is still value in utilizing such an approach 

if it is effective for species delimitation; that is, the larger genomic data sets may be unnecessary 

for particular questions if species can be effectively delineated.  DNA barcoding can be effective 

if it is not wielded as a blunt instrument, but instead in an informed manner that considers the 

group's taxonomy, ecology, biogeography, and population genetics in an integrative decision 

making process. 
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Figures 

 

Figure 2.1.  General distribution map displaying the breadth of Aphonopelma haplotype sampling 

across the United States. 
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Figure 2.2.  Maximum Likelihood inferred CO1 gene tree for the full 682 specimen dataset of 

United States Aphonopelma.  Species delimitations are based on the integrative methodological 

approach.  The horizontal bars illustrate the species delimitations for each individual method.  

All 32 of the redefined US species were reciprocally monophyletic and possessing high ML 

bootstrap support (≥ 90), with two exceptions - the paraphyletic A. iodius grouping (5) and its 

weakly monophyletic sister species A. brunnius (4).  Thickened branches indicate nodal support 

with ML bootstrap values ≥ 90%.  Support for major nodes with ML bootstrap values > 80% and 

< 90% are denoted by a black dot.  Species names are indicated with their associated number.  

Not all 32 species are represented in the photographs.  Image size of each spider is relative to the 

other species that are represented. 

 



	   91 



	   92 

Figure 2.3.  Histograms representing the effects of random taxon sampling on Generalized 

Mixed Yule Coalescent (GMYC) delimitation outcomes - 'entities' (a) and 'clusters' (b).  Each 

permutation was plotted to visualize the distribution of number of species delimited per ‘taxon 

inclusion’ group and the frequency with which the number of species delimited occurred.  

'Entities' are considered a more realistic representation of the number of species in an analysis by 

representing all clades and all singletons deemed as independently evolving. 
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Figure 2.4.  Scatterplots representing the effects of random taxon sampling on GMYC 

delimitation outcomes. (a & b) illustrates the variation of species delimited within each 'taxon 

inclusion group', in particular the extreme outliers. 'Entities' are considered a more realistic 

representation of the number of species in an analysis by representing all clades and all 

singletons deemed as independently evolving.  The number of GMYC species is correlated to the 

total number of OTUs sampled in each ‘taxon inclusion’ group. 
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Figure 2.5.  Comparison of the effects of random taxon sampling between GMYC, Neighbor-

Joining, the quantitative approaches ABGD and P ID(Liberal).  The relative stability of these 

alternative approaches lie in stark contrast to the divergent estimates seen across the suite of 

GMYC analyses.  The sampled datasets and trees are represented as the lowest (L), a midpoint 

(M), and highest (H) number of species delimited in each 'taxon inclusion group'. 
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Figure 2.6. Box plot comparison of the effects of random taxon sampling between GMYC, 

Neighbor-Joining, the quantitative approaches ABGD and P ID(Liberal).  The relative stability 

of these alternative approaches lie in stark contrast to the divergent estimates seen across the 

suite of GMYC analyses. 
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Tables 

 

Table 2.1.  Summary of initial species hypotheses, species delimitations, and the various metrics 

used in the hypothesis-testing framework and methodological pathway. 

 
Initial tree-

based 
species 

hypotheses 
(n=# of 
OTUs) 

Barcode gap 
designated 

species (n=# 
of 

haplotypes) 

ML species 
bootstrap 
support 

(full/haplotype) 

Intraspecific 
p-dist. - K2P 

(uncorr.) 

Closest 
interspecific 
p-dist. - K2P 

(uncorr.) 

P 
ID(Liberal) 

- prob of 
correct id 

(CI) 

Closest P 
ID(Liberal) 

species 

anax (n=34) anax (n=17) 100/100 0.019 (0.018) 
0.08 (0.075) - 
sp. hentzi nov 

1 

0.97 (0.95, 
1.0) armada 

armada 
(n=46) 

armada 
(n=14) 100/100 0.002 (0.002) 

0.083 (0.078) 
- sp. hentzi 

nov 1 

1.00 (0.98, 
1.0) anax 

brunnius 
(n=35) 

brunnius 
(n=16) 

*47/53 - (clade 
1 = 100/100; 

clade 2 = 24/47) 
0.03 (0.029) 0.055 (0.052) 

- iodius 
0.98 (0.95, 

1.0) iodius 

chalcodes 
(n=63) 

chalcodes 
(n=42) 95/93 0.019 (0.018) 0.056 (0.054) 

- vorhiesi 
0.97 (0.94, 

1.00) vorhiesi 

eutylenum 
(n=36) 

eutylenum 
(n=18) 99/98 0.028 (0.027) 

0.054 (0.052) 
- sp. iodius 

nov 

0.97 (0.94, 
1.00) 

sp. iodius 
nov 

gabeli (n=73) gabeli (n=15) 100/100 0.002 (0.002) 
0.078 (0.073) 

- sp. hentzi 
nov 2 

1.00 (0.98, 
1.0) 

sp. hentzi 
nov 2 

hentzi 
(n=100) 

hentzi 
(n=46) 100/100 0.017 (0.016) 

0.056 (0.054) 
- sp. 

moderatum 
nov 

0.98 (0.95, 
1.0) 

sp. 
moderatum 

nov 

iodius (n=31) iodius (n=18) 
*2 clades (clade 
1 = 99/99; clade 

2 = 27/28) 
0.031 (0.03) 0.055 (0.052) 

- brunnius 
0.96 (0.93, 

0.98) brunnius 

iviei (n=28) iviei (n=18) 100/100 0.031 (0.03) 
0.065 (0.062) 

- sp. iodius 
nov 

0.97 (0.94, 
0.99) 

sp. iodius 
nov 

joshua (n=4) joshua (n=3) 100/100 0.024 (0.024) 0.1 (0.098) - 
sp. nov C 

0.96 (0.85, 
1.0) 

sp. mojave 
nov W 

marxi (n=24) marxi (n=16) 100/100 0.014 (0.013) 

0.111 (0.103) 
- chalcodes; 

0.112 (0.103) 
sp. nov A 

0.99 (0.96, 
1.0) sp. nov B 

moderatum 
(n=13) 

moderatum 
(n=2) 100/100 <0.001 

(<0.001) 

0.085 (0.08) - 
sp. hentzi nov 

2 

1.00 (0.96, 
1.0) 

sp. hentzi 
nov 2 

mojave (n=5) mojave (n=2) 100/100 0.007 (0.007) 

0.107 (0.099) 
- sp. nov D; 

0.111 (0.102) 
- sp. mojave 

nov W 

0.98 (0.88, 
1.0) 

sp. mojave 
nov W 
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paloma (n=2) paloma (n=1) 100/n/a - 

0.091 (0.086) 
- sp. paloma 
nov 1; 0.095 
(0.089) - sp. 

nov D 

0.98 (0.83, 
1.0) sp. nov C 

steindachneri 
(n=35) 

steindachneri 
(n=27) 100/100 0.016 (0.016) 

0.101 (0.093) 
- vorhiesi; 

0.105 (0.097) 
- sp. 

nayaritum 

0.99 (0.96, 
1.0) sp. nayaritum 

vorhiesi 
(n=32) 

vorhiesi 
(n=13) 100/100 0.002 (0.002) 0.056 (0.054) 

- chalcodes 
1.00 (0.98, 

1.0) chalcodes 

sp. "Big Bend 
TX" 

included into 
hentzi - - - - - 

sp. Coahuila 
MX (n=1) 

sp. Coahuila 
MX (n=1) - - 

0.064 (0.061) 
- sp. 

moderatum 
nov 

0.96 (0.83, 
1.0) 

sp. 
moderatum 

nov 

sp. "iod-cha 
CANVAZ" 

included into 
iodius - - - - - 

sp. "NE CA" included into 
iviei - - - - - 

sp. "new 
dwarf AZ" 

included into 
sp. paloma 

nov 1 
- - - - - 

sp. "new 
dwarf NM" 

included into 
sp. nov G - - - - - 

sp. "SE CA 
2" 

included into 
brunnius - - - - - 

sp. "SE CA" included into 
eutylenum - - - - - 

sp. chalcodes 
nov (n=8) 

sp. chalcodes 
nov (n=8) 100/100 0.018 (0.017) 0.06 (0.057) - 

sp. iodius nov 
0.93 (0.87, 

1.00) 
sp. iodius 

nov 
sp. hentzi nov 

1 (n=36) 
sp. hentzi nov 

1 (n=18) 100/100 0.015 (0.014) 0.08 (0.075) - 
anax 

0.98 (0.96, 
1.0) armada 

sp. hentzi nov 
2 (n=5) 

sp. hentzi nov 
2 (n=2) 100/100 0.028 (0.028) 0.078 (0.073) 

- gabeli 
0.97 (0.86, 

1.0) gabeli 

sp. iodius nov 
(n=6) 

sp. iodius 
nov (n=10) 90/89 0.016 (0.016) 

0.054 (0.052) 
- iodius & 
eutylenum 

0.96 (0.85, 
1.0) 

sp. chalcodes 
nov 

sp. 
moderatum 
nov (n=4) 

sp. 
moderatum 
nov (n=1) 

100/n/a - 0.056 (0.054) 
- hentzi 

0.98 (0.87, 
1.0) hentzi 

sp. mojave 
nov E (n=20) 

sp. mojave 
nov E (n=12) 100/100 0.04 (0.039) 

0.103 (0.095) 
- sp. nov D & 

sp. nov C 

0.97 (0.95, 
1.0) 

sp. mojave 
nov W 

sp. mojave 
nov W (n=4) 

sp. mojave 
nov W (n=4) 100/100 0.038 (0.037) 

0.11 (0.101) - 
sp. mojave 
nov E; 0.11 

(0.102) - 
paloma; 

0.111 (0.102) 
- mojave 

0.93 (0.82, 
1.0) mojave 

sp. nayaritum sp. nayaritum - - 0.09 (0.085) - 0.96 (0.83, steindachneri 
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(n=1) (n=1) chalcodes 1.0) 

sp. nov A 
(n=1) 

sp. nov A 
(n=1) - - 

0.102 (0.095) 
- sp. 

moderatum 
nov; 0.103 

(0.096) - sp. 
nov G 

0.96 (0.83, 
1.0) sp. nov B 

sp. nov B 
(n=1) 

sp. nov B 
(n=1) - - 0.072 (0.068) 

- chalcodes 
0.96 (0.83, 

1.0) chalcodes 

sp. nov C 
(n=3) 

sp. nov C 
(n=3) 100/100 0.028 (0.028) 0.06 (0.057) - 

sp. nov D 
0.81 (0.67, 

0.96) sp. nov D 

sp. nov D 
(n=8) 

sp. nov D 
(n=8) 100/100 0.019 (0.018) 0.06 (0.057) - 

sp. nov C 
0.94 (0.87, 

1.0) sp. nov C 

sp. nov E 
(n=1) 

sp. nov E 
(n=1) - - 0.087 (0.081) 

- sp. nov F 
0.96 (0.83, 

1.0) sp. nov F 

sp. nov F 
(n=5) 

sp. nov F 
(n=5) 100/100 0.014 (0.013) 0.087 (0.081) 

- sp. nov E 
0.96 (0.86, 

1.0) sp. nov E 

sp. nov G 
(n=8) 

sp. nov G 
(n=5) 100/100 0.031 (0.029) 

0.098 (0.09) - 
sp. paloma 

nov 2 

0.93 (0.87, 
1.00) 

sp. paloma 
nov 2 

sp. paloma 
nov 1 (n=6) 

sp. paloma 
nov 1 (n=6) 100/100 0.04 (0.038) 

0.098 (0.091) 
- sp. nov G & 

anax 

0.94 (0.84, 
1.0) 

sp. paloma 
nov 2 

sp. paloma 
nov 2 (n=3) 

sp. paloma 
nov 2 (n=3) 100/100 0.019 (0.018) 

0.098 (0.09) - 
sp. nov G; 

0.097 (0.09) - 
sp. nayaritum 

0.93 (0.78, 
1.0) sp. nov G 

total species 
= 41 

total species 
= 34    

total 
species = 34  
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Table 2.2.  Summary of the number of species delimited in each GMYC 'taxon inclusion group', 

the range of variation, and the average number of species within each 100 perturbations for both 

'entities' and 'clusters'. 

 

GMYC species delimitation - 
'taxon inclusion groups' range of spp. # avg # of spp. 

'entities'   
10 percent 1 to 36 25.81 
20 percent 1 to 72 20.5 
30 percent 4 to 107 21.82 
40 percent 8 to 142 23.04 
50 percent 8 to 178 36.47 
60 percent 9 to 210 45.84 
70 percent 10 to 85 56.53 
80 percent 12 to 104 67.19 
90 percent 12 to 118 83.65 

100 percent 114 - 
'clusters'   

10 percent 1 to 13 5.79 
20 percent 1 to 19 7.04 
30 percent 1 to 26 8.73 
40 percent 2 to 35 13.97 
50 percent 2 to 43 24.52 
60 percent 5 to 49 32.46 
70 percent 9 to 63 41.79 
80 percent 10 to 69 49.67 
90 percent 11 to 79 60.21 

100 percent 83 - 
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Table 2.3.  Summary of the effects of random taxon sampling between Generalized Mixed Yule 

Coalescent (GMYC), Neighbor-Joining, and the quantitative approaches ABGD and P 

ID(Liberal).  The lowest (low), a midpoint (medium), and highest (high) number of species 

delimited in each 'taxon inclusion group' were compared across analyses to evaluate sensitivity 

and congruence. 

 

Sampled tree GMYC 'entities' NJ species P(ID) species ABGD species 
10% low 1 19 17 20 

10% medium 24 20 19 22 
10% high 36 21 21 21 
20% low 4 22 21 26 

20% medium 32 31 29 31 
20% high 72 28 24 33 
30% low 6 24 24 34 

30% medium 31 28 24 44 
30% high 107 28 27 34 
40% low 8 31 28 34 

40% medium 46 32 29 37 
40% high 142 31 30 34 
50% low 13 33 30 91 

50% medium 53 31 30 38 
50% high 178 34 30 38 
60% low 11 30 28 36 

60% medium 49 30 28 100 
60% high 210 31 29 42 
70% low 13 33 31 42 

70% medium 60 31 28 41 
70% high 85 37 34 83 
80% low 12 36 33 45 

80% medium 65 35 33 43 
80% high 94 33 32 44 
90% low 12 33 32 43 

90% medium 60 34 32 44 
90% high 109 34 32 45 

100% haplotype 114 35 33 46 
100% full - 37 34 46 
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Appendices 
 

Appendix A.  The sampled United States Aphonopelma species and their associated species 

complex, as determined following our methodological delimitation. 

 

Appendix B.  Specimen identifications, species designations, locality information, and GenBank 

accession numbers for the 682 OTUs in this study. 

 

Appendix C.  Python script to randomly jackknife taxa out of a FASTA file.  This script asks for 

the number of taxa to be sampled from the original, and the number of iterations to be executed. 

 

Appendix D.  R batch script for running GMYC on multiple trees in a directory. 

 

Supplementary Material 

 All supplementary material, including data files, trees, and scripts, have been archived in 

figshare (http://dx.doi.org/10.6084/ m9.figshare.769358). Supplementary data associated with 

this article can be found, in the online version, at http://dx.doi.org/10.1016/j.ympev.2013.11.007. 
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Abstract 

 This systematic study documents the taxonomy, diversity, and distribution of the 

tarantula spider genus Aphonopelma Pocock, 1901 within the United States. By employing 

phylogenomic, morphological, and geospatial data, we evaluated all 55 nominal species in the 

United States to examine the evolutionary history of Aphonopelma and the group’s taxonomy by 

implementing an integrative approach to species delimitation. Based on our analyses, we now 

recognize only 29 distinct species in the United States.  We propose 33 new synonymies (A. 

apacheum, A. minchi, A. rothi, A. schmidti, A. stahnkei = A. chalcodes; A. arnoldi = A. armada; 

A. behlei, A. vogelae = A. marxi; A. breenei = A. anax; A. chambersi, A. clarum, A. cryptethum, 

A. sandersoni, A. sullivani = A. eutylenum; A. clarki, A. coloradanum, A. echinum, A. gurleyi, A. 

harlingenum, A. odelli, A. waconum, A. wichitanum = A. hentzi; A. heterops = A. moderatum; A. 

jungi, A. punzoi = A. vorhiesi; A. brunnius, A. chamberlini, A. iviei, A. lithodomum, A. smithi, A. 

zionis = A. iodius; A. phanum, A. reversum = A. steindachneri), 14 new species (A. atomicum sp. 

nov., A. catalina sp. nov., A. chiricahua sp. nov., A. icenoglei sp. nov., A. johnnycashi sp. nov., 

A. madera sp. nov., A. mareki sp. nov., A. moellendorfi sp. nov., A. parvum sp. nov., A. 

peloncillo sp. nov., A. prenticei sp. nov., A. saguaro sp. nov., A. superstitionense sp. nov., and A. 

xwalxwal sp. nov.), and seven nomina dubia (A. baergi, A. cratium, A. hollyi, A. mordax, A. 

radinum, A. rusticum, A. texense). Our proposed species tree based on Anchored Enrichment 

data delimits five major lineages: a monotypic group confined to California, a western group, an 

eastern group, a group primarily distributed in high-elevation areas, and a group that comprises 

several miniaturized species. Multiple species are distributed throughout two biodiversity 

hotspots in the United States (i.e., California Floristic Province and Madrean Pine-Oak 
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Woodlands). Keys are provided for identification of both males and females. By conducting the 

most comprehensive sampling of a single theraphosid genus to date, this research significantly 

broadens the scope of prior molecular and morphological investigations, finally bringing a 

modern understanding of species delimitation in this dynamic and charismatic group of spiders. 

 

Keywords 

Biodiversity, New species, Conservation, Molecular systematics, DNA taxonomy, DNA 

barcoding, Spider taxonomy, Aphonopelma, Theraphosidae, Mygalomorphae 

 

Introduction 

The family Theraphosidae (tarantulas, baboon spiders, earth tigers) is the most diverse 

lineage (World Spider Catalog 2015) of spiders placed in the infraorder Mygalomorphae - 

(Raven 1985; Hedin and Bond 2006; Bond et al. 2012; Bond et al. 2014). Residing within this 

group is the most species-rich lineage of tarantulas, the genus Aphonopelma, with 87 nominal 

species distributed throughout North and Central America, 55 of which are thought to occur in 

the United States (World Spider Catalog 2015). Despite their systematic appeal stemming from 

their diversity and charismatic nature as hairy large-bodied spiders, the systematics and 

taxonomy of Aphonopelma have remained problematic. In the past 75 years, only four significant 

descriptive or revisionary works have examined the taxonomy and range of morphological 

character variation of Aphonopelma in the United States (Chamberlin and Ivie 1939; Chamberlin 

1940; Smith 1995; Prentice 1997), none of which employed an explicit phylogenetic approach. 

The goal of this partial revision is to formally resolve the group’s species-level diversity by 

implementing an integrative approach to species delimitation that considers genomic, 

morphological, ecological, and geospatial data. 

Morphology-based phylogenies of mygalomorph spiders has revealed widespread 

patterns of homoplasy among traditional taxonomic characters (Raven 1985; Goloboff 1993; 

Bond and Opell 2002; Hedin and Bond 2006; Bond and Hedin 2006; Hendrixson and Bond 

2009; Bond et al. 2012). Furthermore, quantitative or meristic features often used to evaluate 

relationships among mygalomorphs have been found to be problematic (Bond and Beamer 2006; 

Hendrixson and Bond 2009; but see Goloboff et al. 2006). Generally, morphological approaches 

to species delimitation in groups with similar patterns of homoplasy or morphological 
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conservatism have been shown to grossly oversimplify and underestimate diversity (Locke et al. 

2010; Niemiller et al. 2011). 

 Distributed across two major biogeographic realms (Nearctic and Neotropical), 

Aphonopelma species are distributed across the southern third of the United States, ranging west 

of the Mississippi River to California and south through Mexico and Central America (Fig. 1). 

The North American species of Aphonopelma, proposed to have rapidly diversified following 

expansion and adaptation into arid and desert environments ~5 Ma (Hamilton et al. 2011), can be 

found across a wide range of physical and climatic conditions. Most Aphonopelma live in silk-

lined subterranean burrows and are found in nearly every habitat throughout their distribution 

(Fig. 2). Some species thrive in harsh environments, including hot and arid regions near Death 

Valley (California, USA), or in more temperate high-elevation forests along the Mogollon Rim 

and Madrean Archipelago (Arizona, USA) (Fig. 1). Perceived high diversity, complicated 

biogeography, morphological homogeneity between closely related taxa, and considerable 

variation within nominal species has posed significant problems for species delimitation 

(Prentice 1997) and higher-level classification (Raven 1985) in tarantulas. Not surprisingly, 

many arachnologists have expressed dismay toward the present state of theraphosid taxonomy 

(Raven 1985; Smith 1995; Pérez-Miles et al. 1996; Prentice 1997), with Raven (1990; p. 126) 

even declaring the group a “nomenclatural and taxonomic nightmare”. 

The taxonomy of Aphonopelma is beset with poorly delimited species boundaries and 

very few specimens can be confidently identified using published keys (e.g., Chamberlin 1940; 

Smith 1995) or comparisons to original descriptions. With few exceptions (e.g., Prentice 1993, 

1997; Warriner 2008), much of the descriptive work on Aphonopelma has been based upon only 

one or a few specimens, generally lacked consideration for the wide range of intraspecific and 

intrasexual variation, and was often subjective with respect to how characters were evaluated 

(Prentice 1997). Structure and variation of male and female genitalia has been a heavily 

weighted character in delimitation of spider species, but is of limited use in Aphonopelma due to 

morphological homogeneity across species and may only be useful for higher-level taxonomic 

groups (Prentice 1997). Male mating claspers – modifications on the first two pairs of legs in 

adult male mygalomorph spiders used in holding and stimulating females during copulation – 

have also been effective at delimiting species of mygalomorph spiders (e.g., Bond 2012), 

however, these are mostly homogeneous across Aphonopelma as well. Differences in somatic 
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morphology have played an important role in delimiting species boundaries, but only a handful 

of described species have distinct color patterns or unique combinations of characters that readily 

facilitate identification. This has resulted in species boundaries delimited by highly variable 

morphological characters (e.g., leg article proportions, number and position of spines on 

appendages, eye patterns, etc.). But even when multiple samples of a given species are available, 

they commonly fall into two categories: (1) all specimens from the same general area; or (2) 

from the same sex (usually adult males because they are commonly collected after abandoning 

their burrows in search of females). The first issue poses problems for an obvious reason: we 

cannot assess geographic variation in characters that might be useful for diagnosing species. The 

second issue is problematic because male tarantulas undergo considerable changes upon reaching 

maturity. Aphonopelma often display sexual dimorphism in characters given heavy weight for 

delimiting species boundaries, making it especially difficult to associate male and female 

specimens of the same species, particularly in areas where two or more species occur in syntopy. 

Aphonopelma has a complicated nomenclatural history. Pocock (1901) erected the genus 

during his dismemberment of Eurypelma to accommodate E. seemanni (type species) and other 

species from the United States, Mexico, and Central America. In the same paper, he described 

Dugesiella (type species D. crinita). Aphonopelma and Dugesiella were distinguished by the 

absence of a plumose scopula on the prolateral surface of the palpal trochanter, and presence of 

spiniform and thorn-like (basally-swollen) setae on prolateral coxa I. Petrunkevitch (1939) later 

described Delopelma (type species Eurypelma marxi) and differentiated it from both 

Aphonopelma (by the presence of simple, recumbent hairs on coxae and trochanters) and 

Dugesiella (by the complete absence of plumose hairs). Chamberlin (1940) demoted Delopelma 

to a subgenus of Aphonopelma when he recognized the presence of plumose setae in all genera 

and the similar form of setae on prolateral coxa I; described another subgenus (Gosipelma, type 

species G. angusi); and established a new genus Chaunopelma (type species Delopelma 

radinum) that differed from both Aphonopelma and Dugesiella by the presence of fine, soft 

prone hairs on the anterior coxa and trochanter of leg I and on the posterior palpal trochanter. 

The nomenclature and composition of these genera remained unchanged for 45 years until Raven 

(1985) conducted a large-scale revision of mygalomorph genera. Raven considered the 

differences between Aphonopelma, Dugesiella, and Chaunopelma insignificant and artificial, 

synonymizing all of them with Rhechostica Simon, 1892 (type species Homoeomma texense). 
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However, because the name Aphonopelma had been cited more extensively than Rhechostica, the 

ICZN was petitioned to give Aphonopelma priority over Rhechostica. Through Opinion 1637, 

Aphonopelma was given precedence (ICZN 1991). Smith (1995) subsequently described the 

genus Apachepelma to accommodate A. paloma Prentice, 1993 - the first known miniature 

species in the genus. However, Prentice (1997) transferred the species back to Aphonopelma 

(thus synonymizing Apachepelma in the process). Presently, Aphonopelma is the only 

theraphosid genus native to the United States. 

The discovery of species provides the crucial first-step in the ongoing pursuit to 

understand the evolutionary patterns and processes shaping the biodiversity landscape. With over 

250 years of taxonomic work behind us, ~1.2 million species have been described - with an 

estimated 7-10 million species on Earth still remaining to be described (Mora et al. 2011; Padial 

et al. 2010). Unfortunately, species are disappearing at an alarming rate (Barnosky et al. 2011; 

Vos et al. 2014), often without even being known to science, complicating our view of the Tree 

of Life. According to a new study, one-fifth of the world’s invertebrates are at risk for extinction, 

particularly species with limited vagility (Collen et al. 2012) – highlighting a concern for long-

lived mygalomorph spiders. By conducting the most comprehensive sampling of a single 

theraphosid genus to date, this systematic revision aims to significantly broaden the scope of 

prior molecular (Graham et al., 2015; Hamilton et al. 2011, 2014; Hendrixson et al. 2013, 2015; 

Wilson et al. 2013) and morphological investigations (Prentice 1993, 1997; Smith 1995; 

Warriner 2008), finally bringing a modern understanding of the true species diversity in this 

dynamic and charismatic group of spiders - in particular the multiple species distributed 

throughout two biodiversity hotspots in the United States (i.e., California Floristic Province and 

Madrean Pine-Oak Woodlands) (Fig. 1 B-D). 

 

Abbreviations 

 

Institutional 

AMNH (American Museum of Natural History; New York, New York); AUMNH (Auburn 

University Museum of Natural History; Auburn, Alabama); BMNH (The Natural History 

Museum, London; London, England); NHMW (Naturhistorisches Museum Wien; Vienna, 

Austria); NMNH (Smithsonian National Museum of Natural History; Washington D.C.). 
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Quantitative morphological landmarks (Fig. 3) 

Cl: length of the carapace 

Cw: width of the carapace 

LBl: labial length 

LBw: labial width 

F1: femur I length (retrolateral aspect) 

F1w: femur I width 

P1: patella I length 

T1: tibia I length 

M1: metatarsus I length 

A1: tarsus I length 

F3: femur III length (prolateral aspect) 

F3w: femur III width 

P3: patella III length 

T3: tibia III length 

M3: metatarsus III length 

A3: tarsus III length 

F4: femur IV length (prolateral aspect) 

F4w: femur IV width 

P4: patella IV length 

T4: tibia IV length 

M4: metatarsus IV length 

A4: tarsus IV length 

PTl: palpal tibia length (retrolateral aspect) 

PTw: palpal tibia width 

SC3: ratio of the extent of metatarsus III scopulation (length of scopulation/ventral length of 

metatarsus III) 

SC4: ratio of the extent of metatarsus IV scopulation (length of scopulation/ventral length of 

metatarsus IV) 
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Methods 

 

Measurement, characterization, and illustration of morphological features 

 All material was preserved in 80% ethanol and assigned a unique alphanumeric voucher 

number (APH_#### or AUMS####) added to each vial and can be used to cross-reference all 

images, measurements, and locality data. Quantitative measurements are reported in millimeters 

and were made with a Leica M165C stereomicroscope using the Leica Application Suite 

software and a digital camera, or from a Mitutoyo ABSOLUTE Digimatic handheld digital 

caliper. Appendage measurements were based on left appendages (unless otherwise stated); 

palpal tibia & leg I - retrolateral, legs III & IV - prolateral, extent of metatarsal scopulation - 

ventral. Lengths of leg articles were taken from the mid-proximal point of articulation to the 

mid-distal point of the article (sensu Coyle 1995; Bond 2012; Bond and Godwin 2013; see Fig. 

3). Individuals were selected for measurement from > 2,800 specimens: 1,797 collected during 

this project and 1,060 museum specimens from the AMNH and the AUMNH (Appendix 1). 

 Quantitative measurements are based on a minimum of five individuals of each sex, when 

a sufficient number of specimens were available, that represent the geographic, molecular (based 

on the CO1 data), and morphological breadth of each species across its distribution (i.e., every 

attempt was made to select specimens that represented the range of sizes available across the 

distribution). Material Examined sections were generated using the MATex Python script used in 

Bond (2012). Digital images of specimens were made using a Visionary Digital Imaging System 

(Visionary DigitalTM, Richmond, VA) where images were recorded at multiple focal planes and 

then assembled into a single focused image using the computer program Zerene Stacker v.1.04 

(Zerene Systems LLC, Richland, WA). The female genital region was removed from the 

abdominal wall and tissues dissolved using trypsin, incubated overnight at 37oC in a 1.5ml tube; 

spermathecae were examined and photographed in the manner described above. All images were 

cropped and toned using Adobe Photoshop (Adobe Systems, Inc.). Morphological measurement 

datasets for all species have been deposited in the Dryad Data Repository (###). 

 

Evaluation of quantitative morphological characters for species diagnoses 

 Morphometrics that were determined to have non-overlapping ranges were used as 

features for morphological diagnoses of species. The approach applied here is not without certain 
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problems. For example, the inclusion of additional specimens, or in particular the case of species 

represented by only one or a few specimens (i.e., A. chiricahua or A. saguaro females), 

additional collecting could add specimens whose features expand the range of some characters 

and negate some of the measurements used to diagnose species. Building on the importance of 

certain morphological features found in Prentice (1997), we investigated 153 ratio combinations 

for males and 135 in females (Appendix 2). 

 To evaluate morphological variation, we examined the morphospace occupied by each 

species by plotting measurement ratios in boxplots (e.g., Fig. 4; Appendix 2), traditional PCA 

morphospace (e.g., Fig. 5; Appendix 2), and three-dimensional PCA morphospace (see GIF 

movies in Appendix 2). Simple R (R Core Team 2014) scripts, employing the packages 'rgl', 

'pca3d', and 'ggplot2', have been created to evaluate new specimens either against our data or just 

the users data (Appendix 3). To evaluate PCA morphological space, all measurements (excluding 

ratios) were natural logarithmically transformed (i.e., ln(x)) to account for differences in body 

size. Traditional PCA morphospace was evaluated by plotting PC1~PC2, while three-

dimensional PCA morphospace was evaluated by plotting PC1~PC2~PC3. 

 

Taxon sampling, molecular techniques, and phylogenetic analyses 

 Through extensive fieldwork and a citizen-based science program (in association with the 

American Tarantula Society, see http://www.atshq.org/articles/found.html), we acquired nearly 

1,800 specimens of Aphonopelma and closely related sister taxa, for DNA. Specimens were 

opportunistically collected throughout the southwestern United States, with every attempt made 

to gather topotypic material from (or near) the type localities of all nominal species of 

Aphonopelma in the United States. Of these, A. phasmus Chamberlin, 1940 (type locality 

Phantom Ranch, Grand Canyon) was the only species for which we were unable to obtain fresh 

material. Legs were removed from all freshly-collected material and preserved in ≥95% ethanol 

or RNAlaterTM (Qiagen, Valencia, CA, USA) and stored at -80oC. Specimens are deposited at 

the AUMNH, with select duplicate specimens of novel species deposited at the AMNH. 

 Phylogenetic analyses of Aphonopelma relationships were conducted using molecular 

datasets (mitochondrial and nuclear) employing likelihood optimality criteria. A new 

mitochondrial dataset drawn from the taxa in Hamilton et al. (2014) and from newly collected 

data represent the most heavily DNA-barcoded spider genus to date (n = 1032 specimens). 
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Genomic DNA was extracted from muscle tissues using the Qiagen DNeasy Tissue KitTM 

(Qiagen, Valencia, CA, USA). The concentration quality of the extracted DNA was quantified 

with a spectrophotometer (NanoDrop ND-1000, Thermo Scientific, Wilmington, DE, USA) or 

visualized via agarose gel electrophoresis. PCR and direct sequencing primers used for the 

cytochrome c oxidase subunit I (CO1) barcoding fragment are listed in Hamilton et al. (2011); 

PCR protocols follow Hendrixson et al. (2013). PCR products were purified using ExoSAP-IT 

(USB Corporation; Cleveland, OH, USA) and then sequenced with an ABI 3130 Genetic 

Analyzer (Applied Bio-systems, Foster City, CA, USA) using the ABI Big Dye Terminator 

version 3.2 Cycle Sequencing Ready Reaction Kit. All CO1 sequences were manually edited 

using Sequencher (ver. 4.1.2, Genecodes, Madison, WI, USA). All CO1 sequences were aligned 

with MUSCLE version 3.6 (Edgar 2004) using default parameters, followed by minor adjustment 

in MESQUITE version 2.73 (Maddison and Maddison 2011) if needed. Amino acid translations 

of the target gene region were examined to ensure the absence of stop codons in the alignment. 

The alignments were unambiguous and for consistency, sequences were trimmed to 900 base 

pairs. The program PartitionFinder v1.1.0 (Lanfear et al. 2014) was used to determine the 

appropriate model of DNA substitution. Each gene region was partitioned by codon position with 

separate models chosen for each partition. Maximum Likelihood (ML) analyses were carried out 

in RAxML-7.2.8 (Stamatakis 2006) on the CASIC HPC at Auburn University. Parameters for the 

analyses incorporated the GTRGAMMA model of evolution based on 10,000 random addition 

sequence replicates; branch support values were computed via 1000 non-parametric bootstrap 

replicates. The tree was rooted using divergent Central American species: Sericopelma sp. 

(APH_3003, 3004, 3020) from Panama; Aphonopelma belindae (APH_3001, 3008) from 

Panama; and A. sp. xanthochromum (APH_3024) from Costa Rica. All previous CO1 sequences 

were deposited in GenBank and can be found in Hamilton et al. (2011, 2014), Hendrixson et al. 

(2013, 2015), and Graham et al. (2015); all new CO1 sequences have been deposited in GenBank 

(accession numbers: ?-?). DNA sequence alignments and associated phylogenetic trees and data 

matrices, accompanying tree files, and scripts have been deposited in the Dryad Data Repository 

(###). 

 The analyses described above and recent smaller scale molecular studies (Hamilton et al. 

2011, 2014; Hendrixson et al. 2013, 2015; Wilson et al. 2013; Graham et al. 2015) illustrate the 

potential that molecular data have for both separating and identifying known and unknown 
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species within Aphonopelma. Unfortunately, all of these studies relied largely upon 

mitochondrial markers. The limitations of mtDNA have been documented extensively, namely, 

gene tree/species tree incongruence and the haploid, non-recombining nature of the molecule 

(Maddison 1997; Funk and Omland 2003; Knowles and Kubatko 2010). With mtDNA 

representing only one particular genealogy out of all possible within a genome, it is unlikely to 

fully resolve Aphonopelma phylogeny or demographic history accurately – though the use of 

mtDNA data represent an important first-step in untangling the complicated taxonomic problem 

that has developed for the tarantula fauna in the United States. 

 The use of nuclear loci generally has led to an enhanced understanding of the Tree of Life, 

but unfortunately, many non-model invertebrates (e.g., spiders) lack adequately developed loci 

for targeted sequencing. Until very recently, few genetic markers were available for inferring 

spider phylogenies (i.e., only 13 independent markers though 2013; see Gillespie et al. 1994; 

Hedin 1997; Agnarsson et al. 2007; Ayoub et al. 2007; Masta et al. 2009; Hamilton et al. 2011; 

Bond et al. 2012; Hendrixson, et al. 2013; Satler et al. 2013). The poor resolution provided by 

traditional nuclear markers (e.g., 28S, 18S, H3) for inferring shallower relationships indicates 

many more loci need to be developed in order to overcome the stochasticity of sequence 

evolution and gene trees. Next-generation sequencing (NGS) has transformed molecular 

phylogenetics by enabling systematists to more confidently resolve major branches on the Tree 

of Life by gathering vast quantities of genomic data with relative ease. Given the difficulties in 

theraphosid systematics, novel genomic data is desperately needed to accurately delimit species 

and to reconstruct a robust phylogenetic framework for the group. To do this, a novel targeted 

sequencing approach was modified for use in spiders (Hamilton et al. in prep). Anchored 

Enrichment (AE) is a relatively new NGS methodology designed to recover hundreds of unique 

loci (i.e., single copy informative markers) from across the genome to resolve relationships at all 

taxonomic depths (Lemmon et al. 2012). Originally developed for vertebrates, Hamilton et al. (in 

prep) adapted this powerful approach to work in spiders by using six arachnid genomes and 17 

transcriptomes to identify 585 loci (over 400,000 base pairs). When possible, two specimens of 

each CO1 species were sequenced, selecting specimens that encompassed the geographic and 

genetic breadth of each species. Unfortunately, at the time of our AE sequencing, some CO1 

species were singletons or we lacked good nuclear DNA for sequencing (i.e., old specimens 

whose tissue was not preserved for genomic sequencing). A total of 80 OTUs, including three 
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outgroup taxa (Aphonopelma belindae (APH_3001), A. sp. burica (APH_3012), and Sericopelma 

sp. (APH_3004)) were selected for sequencing and phylogenetic inference. 

 Anchored Enrichment data were collected through the Center for Anchored 

Phylogenomics at Florida State University (www.anchoredphylogeny.com) following the general 

methods of Lemmon et al. (2012), modified in Lemmon et al. (in prep), and applied to spiders in 

Hamilton et al. (in prep). Tissue preparation and DNA extraction are the same as above. Briefly, 

each genomic DNA sample was sonicated to a fragment size of ~300-800bp, library preparation 

and indexing were performed following a protocol modified from Meyer and Kircher (2010). 

Indexed samples were then pooled at equal quantities and enrichments were performed on each 

multi-sample pool using an Agilent Custom SureSelect Kit (Agilent Technologies; herein 

referred to as the Spider Probe Kit), which contained probes designed for anchored loci from 

multiple spider genomes and transcriptomes. After enrichment, each set of enrichment reactions 

were pooled in equal quantities for sequencing on PE150 Illumina HiSeq2000 lanes. Sequencing 

was performed in the Translational Science Laboratory in the College of Medicine at Florida 

State University. 

 Utilizing the bioinformatics pipeline described in Lemmon et al. (2012), modified in 

Lemmon et al. (in prep), and applied to spiders in Hamilton et al. (in prep), paired-end 

sequencing reads were filtered for quality. Reads were demultiplexed and pairs were identified 

and merged following Rokyta et al. (2012). Reads were assembled into contigs using an 

assembler (Lemmon et al. in prep) that makes use of both a divergent reference assembly 

approach to map reads to the probe regions and a de-novo assembly approach to extend the 

assembly into the flanks. Reads were mapped to the spider probes, consensus bases called, 

contamination filtered, consensus sequences were grouped by locus (across individuals) in order 

to produce sets of homologs, and orthology determined. From this, 455 loci (229,854bp) were 

selected for use in Aphonopelma. Sequences in each orthologous set were aligned using MAFFT 

v7.023b (Katoh 2013), with --genafpair and --maxiterate 1000 flags utilized. All alignments were 

visually investigated in Geneious Pro v5.6 (www.geneious.com, Kearse et al. 2012) for 

consistency. A concatenated supermatrix of all loci was constructed to infer relationships using 

Maximum Likelihood (ML) phylogenetic inference in RAxML v7.3.1 (Stamatakis 2006). 

Parameters for the concatenated RAxML analysis incorporated the GTRGAMMA model of 

evolution based on 1000 random addition sequence replicates, branch support values were 
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computed via 1000 non-parametric bootstrap replicates, and partitions were set for each locus. 

Aphonopelma belindae (APH_3001) was designated as the outgroup. Prior analyses (Turner et al. 

in review), and our preliminary analyses have inferred Sericopelma to be more closely related to 

the Aphonopelma in the United States and Mexico, than to the Central American Aphonopelma. 

Phylogenies for each individual locus were inferred using RAxML under the same parameters as 

above, with subsequent species tree estimation performed in ASTRAL v4.7.6 (Mirarab et al. 

2014). All investigations were carried out on the CASIC HPC at Auburn University and the 

Florida State University HPC. 

 

Locality data, georeferencing, generation of niche-based distribution models, and 

conservation status 

 For all newly collected samples, latitude and longitude were recorded in the field using a 

Global Positioning System (GPS) receiver (WGS84 datum).  For previously collected museum 

specimens, locality data were manually georeferenced using Google Earth (Google, Mountain 

View, CA) or Topo North America (DeLorme, Yarmouth, ME).  All georeferenced and field 

recorded locality data (latitude, longitude, elevation) were crosschecked by hand in Google Earth, 

Topo North America, or ArcGIS (ESRI, Redlands, CA) prior to generating distribution maps, 

niche-based distribution models, and database entry.  Distribution maps were constructed in 

ArcGIS.  Because older locality labels often lack sufficient locality information, many 

georeferenced values are imprecise and should be interpreted with caution.  Data for labels that 

document only county and/or town information were georeferenced to the approximate 

geographic center of the given locality.  Precision for each georeferenced point is annotated as a 

superscript in the material examined section for each species using the confidence value scheme 

employed by Murphey et al. (2004) and Bond (2012) and modified herein: 1 = exact coordinates 

given; 2 = exact location given, validated in Google Earth; 3 = public land survey (or herein 

geographic place name); 4 = within 1 km radius (~.5 mile); 5 = within 5 km radius (~3 miles); 6 

= within 10 km radius (~6 miles); 7 = to county or > 10 km; 8 = to state; 9 = to project region.  

Detailed locality and associated GIS information can be found in Appendix 1.  See Figure 6 for a 

generalized map of all collecting sites of all species across the United States. 

 As an approach to facilitate species discovery and delimitation, niche-based distribution 

models (DMs) were constructed for species for which sufficient locality data were available (i.e., 
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at least 10 different localities separated by at least 1 km).  Niche-based DMs provide estimates 

for the probability of finding a species at a location on the landscape given the set of correlate 

ecological and climatic parameters used to construct the model.  Locality coordinates for each 

specimen were imported into ArcMap (ESRI, Redlands, CA) and converted into shapefiles.  

Following the procedures outlined in Bond and Stockman (2008) and as previously implemented 

in Aphonopelma (Hendrixson et al. 2013; Graham et al. 2015), DMs were constructed using 

environmental layers thought to "likely influence the suitability of the environment for the 

species" (Phillips et al. 2006; p. 232).  We selected eight environmental layers from the 

WORLDCLIM data set (Hijmans et al. 2005) based largely on the arguments presented by Bond 

and Stockman (2008): ALT (elevation), BIO4 (Temperature Seasonality), BIO5 (Max 

Temperature of Warmest Month), BIO6 (Min Temperature of Coldest Month), BIO12 (Annual 

Precipitation), BIO15 (Precipitation Seasonality), BIO16 (Precipitation of Wettest Quarter), and 

BIO17 (Precipitation of Driest Quarter).  All layers were clipped to the same extent, cell size, 

and projection.  DMs were created in the program Maxent ver. 3.3.3k (Phillips et al. 2006) using 

default parameters. 

A hypothesized conservation status for each species has been included with each 

respective description.  The designations provided herein are not based on any formal 

calculations and therefore should not be viewed as formal status declarations.  These 

designations are based upon our own extensive fieldwork and the observations of fellow 

arachnologists (e.g., Tom Prentice and Wendell Icenogle).  As such, our estimation of the 

conservation status for each species is likely conservative. 

 

Species delimitation and conceptualization 

 The species concept used throughout this taxonomic revision utilizes the ideas of de 

Queiroz's Unified Species Concept (2005). Where possible, we employ a combination of 

molecular phylogenetic, morphological, behavioral, and biogeographic evidence to identify 

independently evolving lineages. If not possible, an alternative species concept is noted. Initial 

species hypotheses were based on the recognized morphological species hypotheses (World 

Spider Catalog 2015). To test these initial species hypotheses, we evaluated the agreement of 

mtDNA (CO1) with the morphological species hypotheses or putative new lineages, following 

the methodology laid out in Hamilton et al. (2014). Morphological species boundaries were then 
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reevaluated based on CO1 species boundaries. We then evaluated whether there was agreement 

of biogeographical and behavioral data with these species hypotheses. Finally, we employed the 

nuclear loci developed using Anchored Enrichment (Hamilton et al. in prep) to evaluate those 

species hypotheses and establish whether independent lineages have sorted. Following this final 

delimitation of species, a reciprocal illumination approach (see Lienau et al. 2006 and Padial et 

al. 2010) was employed to find informative morphological characters that can be used (absent of 

molecular data) across the group. This implementation of a tree-based approach attempts to 

identify specimens to species by phylogenetic association - providing evidence of common 

ancestry with specimens identified by other means (e.g., morphological or cohesion species 

criteria). 

 

Data resources 

 All data used to establish these species hypotheses have been deposited in the Dryad Data 

Repository (doi:???) and GBIF, the Global Biodiversity Information Facility (http://???). Images 

associated with species descriptions have been deposited in Morphbank 

(http://www.morphbank.net); Morphbank image record numbers are noted in brackets by each 

figure in the figure legend. 

 

Results and discussion 

 

Summary of taxonomic diversity 

Prior to our work leading up to this taxonomic revision (Hamilton et al. 2011, 2014; 

Hendrixson et al. 2013, 2015; Graham et al. 2015), only one other study had implemented a 

phylogenetic approach to understanding species diversity and evolutionary relationships in 

Aphonopelma (Wilson et al. 2013).  A well-supported phylogeny is fundamental to addressing 

important questions regarding the role that biogeography, allopatry, ecological divergence, and 

ancestral interactions have played in the diversification of these lineages. Our results 

demonstrate that several species in the United States need to be synonymized (see Hamilton et al. 

2011, 2014), novel species need to be named and described (Hamilton et al. 2011, 2014; 

Hendrixson et al. 2013, 2015; Graham et al. 2015), and a handful of species must be considered 

nomina dubia.  Of the 55 nominal species of Aphonopelma reported from the United States prior 
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to the present contribution, we only consider 15 of them valid (i.e., we propose 33 new 

synonymizations and consider 7 species nomina dubia).  Despite this significant reduction in the 

number of valid species, we also recognize 14 novel species (described herein), bringing the total 

diversity of Aphonopelma in the United States to 29 species. 

 

Aphonopelma phylogeny 

 Following the integrative approach for delimiting species within Aphonopelma outlined 

in Hamilton et al. (2014), we increased CO1 taxon coverage (n = 1032) to further investigate 

mtDNA species boundaries in the group by including more OTUs per species and by adding new 

putative species to the analysis. With the exception of the newly added species, relationships are 

generally consistent with our previous analyses (see Hamilton et al. 2014) (e.g., the same cryptic 

species lineages are delimited and the same hypothesized species are highly supported with 

deeper support throughout the tree decreasing as more OTUs were added; Fig. 7). The 

mitochondrial data suggest that we should recognize 41 species in the United States (not 

including A. phasmus because we did not have tissue for collecting CO1 data), with 17 nominal 

species and 24 previously undescribed species. 

 To further assess species-level diversity and evaluate the associated hypothesized species 

boundaries delimited by the CO1 data, we sequenced multiple specimens per putative species 

using Anchored Enrichment. A dataset of 455 loci (229,854 base pairs) across 80 OTUs 

produced a highly resolved species-level phylogeny across all of the major species groups and 

regional clades within Aphonopelma (Fig. 8). These AE data identify 14 nominal species, 14 

undescribed species, and 2 lineages that we will investigate in more depth in the future (labeled 

as sp. nov. 1 and sp. nov. 2 in Fig. 8; again, this analysis does not include A. phasmus). All 

species are strongly supported as representing genealogically exclusive, independently evolving 

lineages, with one exception, Aphonopelma iodius (details below).Figure 8 summarizes the 

maximum likelihood inference of the AE molecular data and subsequent species tree inference, 

highlighting the monophyly and high support of the five major clades (see Fig. 8) of 

Aphonopelma within the United States: (1) a monotypic group that is confined to California; (2) 

a western group; (3) an eastern group; (4) a group primarily distributed in the high-elevation sky 

islands areas of Arizona and New Mexico; and (5) a group that comprises a diverse group of 

miniaturized species. The area that divides the western and eastern groups roughly corresponds 



	   122 

with the Cochise Filter Barrier biogeographic region (see Pyron and Burbrink 2010) of 

southeastern Arizona and southwestern New Mexico, where the Chihuahuan and Sonoran deserts 

converge. The monotypic lineage includes the species A. steindachneri (herein referred to as the 

Steindachneri species group); the western lineage includes the Iodius species group (A. 

chalcodes, A. eutylenum, A. iodius, and A. johnnycashi sp. nov.); the eastern lineage includes the 

Hentzi species group (A. anax, A. armada, and A. hentzi) and Moderatum species group (A. 

gabeli, A. moderatum, and A. moellendorfi sp. nov.). By far, the greatest amount of novel 

diversity is found in the two remaining clades: the Marxi species group a lineage that includes 

predominately black species (both adult males and females) and often found in montane or other 

high-elevation habitats, in particular the sky islands region of southwestern New Mexico and 

southeastern Arizona  (A. catalina sp. nov., A. chiricahua sp. nov., A. madera sp. nov., A. marxi, 

A. peloncillo sp. nov., and A. vorhiesi); and the Paloma species group, a collection of closely-

related species that have evolved a small size relative to most other species in the United States 

(A. atomicum sp. nov., A. icenoglei sp. nov., A. joshua, A. mareki sp. nov., A. mojave, A. paloma, 

A. parvum sp. nov., A. phasmus, A. prenticei sp. nov., A. saguaro sp. nov., A. superstitionense 

sp. nov., and A. xwalxwal sp. nov.). Each species is genealogically exclusive and strongly 

supported (≥80 bootstrap support) (Fig. 8). 

 While our methodological approach using CO1 identified the broad effectiveness of this 

900 base pair fragment of mtDNA to identify known species and help illuminate species 

boundaries across the most comprehensive molecular sampling of a single spider genus to date, 

the AE nuDNA data robustly highlight where deep mitochondrial divergences and introgression 

have obscured our understanding of the true evolutionary history of these lineages. It is 

important to point out that a number of the putative mitochondrial species corresponded to 

lineages that were considered cryptic species in Hamilton et al. (2014), yet when viewed in the 

light of the AE data, are no longer distinct. This is perhaps not very surprising given the large 

number of papers showing how the use of a single locus, like mtDNA, to delimit species can be 

very misleading (e.g., Rubinoff et al. 2006; Petit and Excoffier 2009). 

 

Steindachneri species group 

 The Steindachneri species group presently includes a single species (A. steindachneri) 

from California. The CO1 and AE datasets both support the “basal” position of A. steindachneri 
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as the sister taxon to all other species of Aphonopelma in the United States (Figs. 7 & 8). There 

are likely more species in northwestern Mexico that will be placed into this group, in particular 

the Baja Peninsula. 

 

Western species group diversity (Iodius species group) 

 The western group of species (note: the western designation is only applied here in an 

informal sense because other lineages are distributed west of the Cochise Filter Barrier) is 

comprised entirely of the Iodius species group (A. chalcodes, A. eutylenum, A. iodius, and A. 

johnnycashi sp. nov.) (Fig. 8). The AE dataset identifies A. chalcodes as the sister taxon to the 

remaining members of the Iodius species group, with A. eutylenum the sister lineage to the A. 

iodius species complex. The CO1 and AE datasets recognize A. eutylenum as a distinct and 

genealogically exclusive species. The recognition of A. johnnycashi sp. nov. renders A. iodius 

paraphyletic (see below). 

 Unfortunately, the mitochondrial data are complex. Results from the CO1 analysis 

confounds our understanding of species boundaries and relationships in Aphonopelma, likely due 

to mitochondrial introgression or deep haplotype conservation (e.g., one mtDNA lineage of A. 

chalcodes is sister to A. vorhiesi, a species that belongs to the Marxi species group, while another 

mtDNA lineage of A. chalcodes is sister to other A. iodius lineages). Alternatively, the AE 

nuclear data provide support for these species (A. chalcodes, A. vorhiesi) as independently 

evolving and monophyletic lineages. In previous analyses (Hamilton et al. 2014), we would have 

considered the two mtDNA lineages of A. chalcodes as separate cryptic species. We also see that 

A. iodius, as presently defined, is a paraphyletic species with lineages in Utah comprising a 

highly supported, genealogically exclusive lineage that is sister to the new species A. 

johnnycashi (from the western foothills of the Sierra Nevada). The Utah lineage is separate from 

other A. iodius lineages that are currently lumped into one species (including the species A. iviei 

and A. brunnius which have been synonymized with A. iodius). Unfortunately, at this time we do 

not have any additional evidence that can be used to separate the Utah lineage from these other 

lineages. Future work will need to focus on sequencing more individuals within this group, 

evaluating gene flow between populations, and looking more closely at the biogeographic history 

of these lineages to determine if/where the geographic and genetic split occurs. 
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Eastern species group diversity (Hentzi and Moderatum species groups) 

 The eastern group of species is designated as such because the six species are largely 

distributed east of the Cochise Filter Barrier. This monophyletic lineage is strongly supported 

and includes the Hentzi species group (A. anax, A. armada, and A. hentzi) and Moderatum 

species group (A. gabeli, A. moderatum, and A. moellendorfi sp. nov.) (Fig. 8). The three species 

in the Hentzi species group are phenotypically similar and are the only species in the United 

States that possess stout setae on the prolateral surface of coxa I; freshly molted specimens 

typically possess black legs, an abdomen with short black setae and longer reddish setae, and a 

copper, brown, or tan carapace. Within the highly supported, monophyletic Hentzi species group 

A. armada is inferred as the sister lineage to A. hentzi and A. anax. The Moderatum species 

group is composed of three species whose adult males undergo significant color changes upon 

reaching sexual maturity (i.e., usually becoming solid black and fading over the course of their 

respective breeding periods).  Within the highly supported, monophyletic Moderatum species 

group, A. moderatum is the sister lineage to A. gabeli and A. moellendorfi.   

 When reviewing both the putative mitochondrial and cryptic species identified in 

Hamilton et al. (2014), we can see how the mtDNA analyses confound our understanding of 

species boundaries and relationships in Aphonopelma (e.g., several species delimited by the 

mtDNA data are no longer recognized by the AE data) (see Fig. 7 and Hamilton et al. 2014). 

 

Sky islands diversity (Marxi species group) 

 The Marxi species group includes A. catalina sp. nov., A. chiricahua sp. nov., A. madera 

sp. nov., A. marxi, A. peloncillo sp. nov., and A. vorhiesi (Fig. 8). Freshly molted specimens of 

these six species are generally black (adult males and females) and can often be found in the 

montane or other high-elevation habitats throughout the Madrean sky islands of southwestern 

New Mexico and southeastern Arizona; exceptions include A. vorhiesi and some populations of 

A. peloncillo which can be located in lower-elevation grassland or desert habitats, and A. marxi 

which is found in the montane habitats of northern Arizona and New Mexico, as well as 

southwestern Colorado and southeastern Utah. Phylogenetic relationships are generally similar 

between the CO1 and AE datasets, although the placement of the A. marxi and A. vorhiesi 

lineages within the CO1 phylogeny has always been problematic (e.g., low support, suspect 

sister relationships). Outside of A. vorhiesi, where both mitochondrial introgression and deep 
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mitochondrial divergence obscure an understanding of species boundaries and relationships, 

there are no putative mitochondrial or cryptic species identified in Hamilton et al. (2014) that 

were invalidated by the nuclear and morphological data. 

 Despite our extensive collecting throughout this region, there likely still remains 

undescribed diversity in this species group (Figs. 7-8). Our lack of specimens (particularly for 

the Madrean sky island species) is due to the difficulty of locating these spiders (see Hendrixson 

et al. 2015).  The terrain throughout the sky islands makes it challenging to do field work 

because many of the mountain ranges are incredibly remote or otherwise difficult to access (due 

to rough roads or private land); this is confounded by the cryptic nature of these species (i.e., 

burrows are incredibly difficult to find throughout the rocky and forested habitats in these 

regions. A thorough understanding of the diversity across this unique biodiversity hotspot is 

going to require future funding and collaborative collecting efforts. Several other large mountain 

ranges in the region (e.g., the Dragoon, Galiuro, and Pinaleño Mountains) possess appropriate 

habitat but have not been rigorously searched for these tarantulas. 

 

Miniaturization and diversification in Aphonopelma (Paloma species group) 

 The Paloma species group includes a dozen miniaturized species primarily located in the 

Mojave and Sonoran deserts: A. atomicum sp. nov., A. icenoglei sp. nov., A. joshua, A. mareki 

sp. nov., A. mojave, A. paloma, A. parvum sp. nov., A. phasmus, A. prenticei sp. nov., A. 

saguaro sp. nov., A. superstitionense sp. nov., and A. xwalxwal sp. nov. (Fig. 8). The lineages 

within this group have a particularly interesting natural history. Wherever these species are 

located, they reside in syntopy with a larger species (generally from the Iodius species group), 

yet are rarely found in syntopy with other members of the Paloma species group. The larger 

species typically possess distributions that extend beyond that of individual members of the 

Paloma species group; furthermore, these larger species can often be found in syntopy with 

multiple members of the Paloma species group at different places across their distribution.  

 The CO1 data can be used to confidently identify the species in this group (probably due 

to the relatively high mtDNA divergence between species), except A. mareki and A. 

superstitionense due to putative mitochondrial introgression. Unfortunately, interspecific 

relationships are not well supported and the placement of A. paloma and A. xwalxwal is 

problematic (i.e., not consistently recovered in the same place in the phylogeny). When the AE 
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data are employed, the Paloma species group is strongly supported and the placement of A. 

paloma and A. xwalxwal is confidently resolved. Most relationships within and between the 

remaining species are also strongly supported and highly resolved (Fig. 8). After reviewing the 

putative species identified in Hamilton et al. (2014), we see there are no mitochondrial or cryptic 

species that were invalidated by the nuclear and morphological data. 

 Body size is one of the most important determinants of an organism’s ecological role 

(Hanken and Wake 1993, and citations within). While the literature is replete with cases of 

miniaturization in sympatry due to character displacement (e.g., Bond and Sierwald 2002; 

Hendrixson and Bond 2005), these examples seemingly represent single events and do not 

appear to have led to subsequent lineage diversification within the smaller taxa.  In Aphonopelma, 

a single origin of miniaturization is strongly supported and this event undoubtedly played a role 

in the diversification of these spiders in the United States (we recognize 13 species in this group, 

eight of which are new). We hypothesize that this miniaturization event (and associated changes 

in niche utilization), evolved as a consequence of ancestral character displacement. Following 

this shift in body size (a pre-zygotic isolating mechanism), members of the Paloma species 

group may have been more able to capitalize on available microhabitats where the larger species 

were not as abundant (Prentice 1997; pers. obs.), allowing persistence in syntopy with larger taxa 

and leading to subsequent lineage diversification of these smaller taxa. In addition, these 

miniaturized species have limited dispersal capabilities and are probably more likely to undergo 

allopatric divergence than their larger counterparts (see Graham et al. 2015). Future research 

aims to investigate the processes that led to miniaturization and increased rates of diversification 

within the Paloma species group. 

 

Species considered nomina dubia. 

 Chamberlin (1940) described the species Aphonopelma baergi from Fayetteville, 

Arkansas. As noted by Smith (1995) and confirmed by our own examination of the holotype 

(AMNH), this species was likely mislabeled by the original collector. This large and robust 

tarantula is noticeably different from other species in the United States based on the morphology 

of its spermathecae (refer to Smith 1995, fig. 141); in addition, surveys of tarantulas in the region 

(i.e., Warriner 2008 and our own fieldwork) have failed to locate specimens that share diagnostic 

features with the holotype (all other tarantulas from Arkansas and surrounding states are 
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referable to A. hentzi (Girard, 1852)). Smith (1995) suggested that the species is most closely 

allied with members of the Mexican and Central American genus Brachypelma Simon, 1891 but 

did not propose any formal taxonomic changes (see Peters 2003, 2005; Rudloff 2008). Based on 

the holotype’s questionable origin, however, we do not recommend transferring this species to 

Brachypelma but instead consider the name A. baergi a nomen dubium. 

 The species Aphonopelma cratium Chamberlin, 1940 is based on a male holotype and 

female allotype (both AMNH – examined] from an uncertain location in California 

("California ?" in the locality information on the label). These specimens are morphologically 

similar to other valid species in the state (e.g., A. iodius (Chamberlin and Ivie, 1939) and A. 

eutylenum Chamberlin, 1940), but because molecular data and/or accurate locality information 

are needed to distinguish these species, we consider A. cratium a nomen dubium. 

 Smith (1995) described Aphonopelma hollyi on the basis of a single adult male specimen 

from Lubbock, Texas. Efforts to locate the holotype in the Oklahoma State University collection 

were unsuccessful and the specimen is presumed lost (Richard Grantham pers. comm. 2013). We 

were unable to locate new topotypic material from Lubbock for purposes of designating a 

neotype but our extensive fieldwork in surrounding parts of the Llano Estacado and Caprock 

Escarpment strongly suggests that only two species with thorn-like setae on the prolateral surface 

of coxa I can be found there: A. hentzi and A. armada (Chamberlin 1940). Our initial thinking on 

the identity of A. hollyi was that it should be considered a junior synonym of A. hentzi. However, 

the description of A. hollyi is sufficiently vague to distinguish it from either A. hentzi or A. 

armada. Because the holotype has been lost and its identity is uncertain, we consider A. hollyi a 

nomen dubium. 

 The description of Eurypelma mordax Ausserer, 1871 was based on a single adult male 

but the holotype was likely destroyed during World War II (see Smith 1995). After several 

decades, Roewer (1942) eventually synonymized E. mordax with A. hentzi (then Dugesiella 

hentzi), but as noted by Smith (1995), the synonymy was questionable because Roewer never 

examined the type specimen. Based upon his own examination of material in the Koch collection 

at the British Museum of Natural History, Smith (1995) found a female specimen from Texas 

that was labeled Eurypelma mordax by Ausserer and removed the species from synonymy of A. 

hentzi. We, however, consider the identity of Aphonopelma mordax suspect for the following 

reasons: (1) the collection site for the destroyed holotype male is unclear; (2) Smith (1995) did 
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not formally designate the female specimen as a neotype; (3) the female’s collection site in 

Texas is also unclear; and (4) because we do not have precise locality information for either 

specimen, there is no compelling reason to conclude that they belong to the same species. In the 

absence of additional useful information, we consider Eurypelma mordax = Aphonopelma 

mordax a nomen dubium. 

 Two different type localities (Ft. Yuma and Williams, Arizona) were listed in the 

description of Eurypelma rusticum Simon, 1891 but it is unclear which specimen was actually 

used for the description (Prentice 1997). In subsequent attempts to determine the precise identity 

of this species, both Smith (1995) and Prentice (1997) failed to locate the specimen from Ft. 

Yuma. In the original description, Simon (1891) also mentioned that the species was common in 

northern Mexico and this prompted Smith (1995) to designate a lectotype from Simon-

determined paratype material in the Muséum national d’Histoire naturelle (MNHN); curiously, 

Smith’s choice of a lectotype (MNHN No. 5873 – not examined] from Mazatlán, Mexico is 

located 1300 kilometers southeast of Ft. Yuma in strikingly different habitat (see Prentice 1997). 

Three years later, Prentice (1997) examined what he thought might be Simon’s original specimen 

from Williams in the NMNH (USNM No. 1585 – not examined]. He noted that the badly 

fragmented specimen was not conspecific with Smith’s lectotype, but did not make any changes; 

instead, he stated “reexamination of all type material will be necessary before a lectotype can be 

objectively designated” (Prentice 1997, pg. 146). Based on this confusion, we consider 

Eurypelma rusticum = Aphonopelma rusticum a nomen dubium because: (1) Simon’s description 

does little to help diagnose the species; (2) the type specimen from Ft. Yuma is lost; (3) the type 

specimen from Williams is in poor condition; (4) the lectotype from Mazatlán is not conspecific 

with Simon’s specimen from Williams; and (5) we have serious doubts that the lectotype from 

Mazatlán is conspecific with material from Yuma, Arizona and surrounding areas. As also 

discussed by Smith (1995) and Prentice (1997), specimens of this species cited in Chamberlin 

(1940) from Apache Trail, Arizona were described as A. rothi Smith, 1994 (= A. chalcodes 

Chamberlin, 1940, see below). 

 The enigmatic species Delopelma radinum (Chamberlin and Ivie, 1939) was described on 

the basis of a single adult male collected from Manhattan Beach, California in November 1937. 

To our knowledge, no specimens comparable to the badly fragmented holotype (AMNH – 

examined; see supplemental morphology images in Appendix 4) have been collected or reported 
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from the Los Angeles Basin since the original description. While it is possible that the species 

has gone extinct (see Bond et al. 2006 and Bond 2012 for further discussion of mygalomorph 

spider extinctions in California), we strongly suspect that the type locality is incorrect because 

the habitat is atypical for North American tarantulas (see Prentice 1997). Morphological data 

reported in Prentice (1997, pg. 142) and the November collection date of the holotype, suggest 

that the species is probably Aphonopelma mojave Prentice, 1997 or A. icenoglei sp. nov. from 

the western Mojave Desert. However, we consider Delopelma radinum = Chaunopelma radinum 

= Aphonopelma radinum a nomen dubium for the following reasons: (1) despite extensive 

fieldwork throughout the area, we have failed to locate any specimens; (2) the type locality is 

highly dubious; (3) without molecular data, we cannot definitively associate the species with A. 

mojave or A. icenoglei. 

 Simon (1891) also described Homoeomma texense on the basis of a single adult male 

from “Texas: Rio-Grande (Geo. Marx)”. Similar to the situation with Aphonopelma baergi 

discussed above, this species is markedly different from other species in the United States based 

on the morphology of its palpal bulb (Smith 1995, fig. 799; see Prentice 1997, Smith 2010); in 

addition, the type locality is vague and may include any portion of the river from its origin in 

Texas near El Paso to its mouth in the Gulf of Mexico (a distance of approximately 2000 

kilometers that passes through numerous physiographic provinces). No other specimens with this 

unique palpal bulb morphology have ever been found in Texas; furthermore, Smith (2010) 

suspects that the holotype was mislabeled (the collector, George Marx, was notorious for 

mislabeling specimens) and may belong to the South American genus Paraphysa Simon, 1892. 

For these reasons, we consider Homoeomma texense = Rhechostica texensis = Rhechostica 

texense = Aphonopelma texensis = Aphonopelma texense a nomen dubium. 

 

Aphonopelma baergi Chamberlin, 1940. Holotype was likely mislabeled by the original 
collector. Based on the holotype’s questionable origin and noticeably different morphology from 
other species in the United States no known specimens or species can be unambiguously 
attributed to this name at this time. 
 
Aphonopelma cratium Chamberlin, 1940. Holotype is from an uncertain location in California. 
Based on the holotype’s questionable origin and morphological similarity to other valid species 
in the state, no known specimens or species can be unambiguously attributed to this name at this 
time. 
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Aphonopelma hollyi Smith, 1995. Holotype is presumed lost. Because multiple species can be 
found in the area around the type locality, and the description is sufficiently vague to distinguish 
to which species this belongs, no known specimens or species can be unambiguously attributed 
to this name at this time. 
 
Aphonopelma mordax Ausserer, 1871. Holotype was likely destroyed during World War II. The 
collection site for the holotype is unclear. No known specimens or species can be unambiguously 
attributed to this name at this time. 
 
Aphonopelma rusticum Simon, 1891. Two different type localities were listed in the description 
and it is unclear which specimen was actually described. Simon’s description is vague. The type 
specimen from Ft. Yuma is lost. The type specimen from Williams is in poor condition. The 
lectotype is not conspecific with Simon’s specimen. And we have serious doubts the lectotype is 
conspecific with material from Yuma, Arizona and surrounding areas. No known specimens or 
species can be unambiguously attributed to this name at this time. 
 
Aphonopelma radinum (Chamberlin and Ivie, 1939). Holotype described on the basis of a single 
specimen from a locality that is highly dubious and is strongly suspected to have been mislabeled. 
No known specimens or species can be unambiguously attributed to this name at this time. 
 
Aphonopelma texense (Simon, 1891). Holotype has a noticeably different morphology from 
other species in the United States and the type locality is extremely vague. No known specimens 
or species can be unambiguously attributed to this name at this time. 
 

 

TAXONOMY 

 

Family Theraphosidae Thorell, 1869 

 

Subfamily Theraphosinae Thorell, 1870 

 

Genus Aphonopelma Pocock, 1901 

 

Rhechostica Simon, 1892: 162 (type species by original designation Homoeomma texense Simon, 

1891).  Suppressed as a senior synonym of Aphonopelma by ICZN Opinion 1637. 

Dugesiella Pocock, 1901: 551 (type species by original designation Dugesiella crinita Pocock, 

1901).  First synonymized with Rhechostica by Raven (1985: 152). 

Aphonopelma Pocock, 1901: 553 (type species by original designation Eurypelma seemanni 

Pickard-Cambridge, 1897).  First synonymized with Rhechostica by Raven (1985: 149). 
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Delopelma Petrunkevitch, 1939: 567 (type species by original designation Eurypelma marxi 

Simon, 1891).  First synonymized with Rhechostica by Raven (1985: 151). 

Gosipelma Chamberlin, 1940: 4 (type species by original designation Gosipelma angusi 

Chamberlin, 1940).  Originally described as a subgenus of Aphonopelma, but never 

elevated to full generic status.  First synonymized with Rhechostica by Raven (1985: 

153). 

Chaunopelma Chamberlin, 1940: 30 (type species by original designation Delopelma radinum 

Chamberlin & Ivie, 1939).  First synonymized with Rhechostica by Raven (1985: 151). 

Apachepelma Smith, 1994: 45 (type species by original designation Aphonopelma paloma 

Prentice, 1992).  First synonymized with Aphonopelma by Prentice (1997: 147). 

 

Type species. Eurypelma seemanni F.O. Pickard-Cambridge, 1897; female holotype from Puerto 

Culebra, Pacific coast, W of Liberia, Guanacaste province, Costa Rica, coll. Dr. Seeman; 

deposited in BMNH [examined]. 

Eurypelma seemanni F. O. Pickard-Cambridge, 1897: 26. 

Aphonopelma seemanni Pocock, 1901: 553. 

Aphonopelma seemanni Valerio, 1980: 274. 

Rhechostica seemanni Raven, 1985: 149. 

Aphonopelma seemanni Smith, 1995: 141. 

 

Diagnosis. - from Prentice (1997; p. 147) 

 “The genus Aphonopelma is distinguished from all other theraphosid genera by the 

following combination of characters: (1) no known external stridulation organs; (2) hair-like or 

spiniform plumose setae on the prolateral surface of the trochanter and femur of leg I and on the 

retrolateral surface of the coxa and trochanter of the pedipalp; (3) type I urticating setae only; (4) 

corresponding segments of all legs approximately the same width in females (femur III in males 

sometimes laterally swollen); (5) scopula of tarsus IV usually entire, if divided then only 

partially and narrowly by line of setae; (6) setae on the prolateral surface of coxa I hair-like and 

not basally swollen, spiniform and basally swollen, or distinctly stout and thorn-like; (7) 

metatarsus I flexing against the lower process of the tibial spur, with either the apex of the spur 

contacting the ventral surface of the metatarsus or the outer edge of the spur in the apical half 
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contacting the prolateral surface of the metatarsus; (8) and the lower process of the tibial spur 

curving prolaterodistally and widening apically, usually equipped with at least one apical or 

preapical megaspine, and the upper shorter process less stout basally, relatively uniform in 

diameter throughout its length, and equipped on its inner surface with at least one stout, basally 

articulated megaspine.” 

 

Future nomenclatural status of Aphonopelma.  

 Due to our inability to conduct fieldwork in Mexico and Central America, a 

comprehensive taxonomic revision of Aphonopelma (and other closely related genera) is not 

feasible at this time. However, we do anticipate future genus-level nomenclatural changes for 

those species found in the United States. As presently defined, we have reason to believe that 

Aphonopelma is not monophyletic. Our choice of outgroups places the Aphonopelma species 

from the United States closer to the genus Sericopelma than to the Central American species of 

Aphonopelma (Fig. 8). This has nomenclatural implications because the type species (A. 

seemanni) from Costa Rica is undoubtedly grouped with the other Central American 

Aphonopelma material (pers. obs.). Unfortunately, it is not possible to resurrect a synonymized 

generic name (e.g., Dugesiella or Delopelma) for the Aphonopelma species in the United States 

until researchers can more thoroughly sample material from Mexico and Central America (see 

Prentice 1997; Smith 2010). 

 

Aphonopelma of the United States 

 

Included species. 

Aphonopelma anax (Chamberlin, 1940) 

Aphonopelma armada (Chamberlin, 1940) 

Aphonopelma atomicum Hamilton sp. nov. 

Aphonopelma catalina Hamilton & Hendrixson sp. nov. 

Aphonopelma chalcodes Chamberlin, 1940 

Aphonopelma chiricahua Hamilton & Hendrixson sp. nov. 

Aphonopelma eutylenum Chamberlin, 1940 

Aphonopelma gabeli Smith, 1995 
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Aphonopelma hentzi (Girard, 1852) 

Aphonopelma icenoglei Hamilton sp. nov. 

Aphonopelma iodius (Chamberlin and Ivie, 1939) 

Aphonopelma johnnycashi Hamilton sp. nov. 

Aphonopelma joshua Prentice, 1997 

Aphonopelma madera Hamilton & Hendrixson sp. nov. 

Aphonopelma mareki Hamilton & Hendrixson sp. nov. 

Aphonopelma marxi (Simon, 1891) 

Aphonopelma moderatum (Chamberlin and Ivie, 1939) 

Aphonopelma moellendorfi Hamilton sp. nov. 

Aphonopelma mojave Prentice, 1997 

Aphonopelma paloma Prentice, 1993 

Aphonopelma parvum Hamilton & Hendrixson sp. nov. 

Aphonopelma peloncillo Hamilton & Hendrixson sp. nov. 

Aphonopelma phasmus Chamberlin, 1940 

Aphonopelma prenticei Hamilton & Hendrixson sp. nov. 

Aphonopelma saguaro Hamilton sp. nov. 

Aphonopelma steindachneri (Ausserer, 1875) 

Aphonopelma superstitionense Hamilton & Hendrixson sp. nov. 

Aphonopelma vorhiesi (Chamberlin and Ivie, 1939) 

Aphonopelma xwalxwal Hamilton sp. nov. 

 

Key to the male Aphonopelma of the United States 

Arizona .......................................................................................................................................... A1 

California ...................................................................................................................................... B1 

Colorado, Kansas, Oklahoma, Missouri, Arkansas, and Louisiana .............................................. C1 

Nevada and Utah ........................................................................................................................... D1 

New Mexico .................................................................................................................................. E1 

Texas ............................................................................................................................................. F1 

 

A1. Key to the male Aphonopelma of Arizona 
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1. Stout setae on the prolateral surface of coxa I; distribution restricted to southern Greenlee 

County ............................................................................................................. Aphonopelma hentzi 

- No stout setae on the prolateral surface of coxa I; widespread distribution ..................................2 

 

2. Small species (Cl ≤ 9 mm); generally found in desert, grassland, and/or chaparral habitats ......3 

- Small to medium-sized species (Cl 6–12 mm); generally distributed throughout mid- to high-

elevation forested habitats; possessing a black carapace – never blonde, tan, or brown ................... 

....................................................................................................................................................... 5 1 

- Medium to large-sized species (Cl ≥ 9 mm) found in a variety of habitats (but seldom found in 

higher-elevation forested habitats); carapace blonde, tan, brown, or black .....................................6 

 

3. Possessing a swollen or slightly swollen femur III ................................................................... 4 1 

- Lacks a swollen femur III; distributed east of Tucson in Cochise, Graham, and Greenlee 

Counties ........................................................................................................ Aphonopelma parvum 

 

4. Distributed across the Mojave Desert and adjacent sections of the Sonoran Desert in western 

Arizona ........................................................................................................ Aphonopelma prenticei 

- Distributed across lower-elevation sections of the Sonoran Desert in southern Arizona ............... 

....................................................................................................................... Aphonopelma paloma 

- Distributed across mid- to high-elevation chaparral and forested habitats north of the Phoenix 

Metropolitan Area .......................................................................................... Aphonopelma mareki 

- Distributed at the bottom of Grand Canyon in the vicinity of Phantom Ranch .............................. 

..................................................................................................................... Aphonopelma phasmus 

- Distributed across the southern foothills and canyons of the Santa Catalina and Rincon 

Mountains east of Tucson ............................................................................ Aphonopelma saguaro 

- Distributed east of the Phoenix Metropolitan Area in the foothills and canyons of the 

Superstition Mountains ................................................................... Aphonopelma superstitionense 

 

5. Distributed north and east of the Phoenix Metropolitan Area across the Colorado Plateau and 

on isolated mountains (e.g., Four Peaks, Mount Ord) ..................................... Aphonopelma marxi 

- Distributed across the Santa Catalina Mountains ...................................... Aphonopelma catalina 
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- Distributed across the Huachuca, Pajarito, Patagonia, and Santa Rita Mountains .......................... 

....................................................................................................................... Aphonopelma madera 

- Distributed across the Chiricahua Mountains ....................................... Aphonopelma chiricahua 

 

6. Carapace blonde, tan, or brown ...................................................................................................7 

- Carapace black ...............................................................................................................................8 

 

7. Distributed across the Colorado Plateau north of the Colorado River ........................................... 

......................................................................................................................... Aphonopelma iodius 

- Widespread throughout Arizona but never north of the Colorado River ........................................ 

................................................................................................................... Aphonopelma chalcodes 

 

8. PT1/M1 ≤ 0.68 ............................................................................................ Aphonopelma gabeli 

- PT1/M1 ≥ 0.74 ......................................... Aphonopelma peloncillo and Aphonopelma vorhiesi 2 

 

B1. Key to the male Aphonopelma of California 

1. Metatarsus IV scopulation ≥ 60% ................................................................................................2 

- Metatarsus IV scopulation ≤ 60% .................................................................................................4 

 

2. Possessing a black carapace; distributed across the plains and foothills of the western Sierra 

Nevada Mountains ................................................................................ Aphonopelma johnnycashi 

- Possessing a tan or brown carapace ............................................................................................ 3 1 

 

3. Distributed west of the Mojave Desert, from the western part of the Transverse Range and 

down the southern California coast, along the Peninsular Ranges .................................................... 

.................................................................................................................. Aphonopelma eutylenum 

- Distributed from the Bay Area south along the Coast Ranges, west of the Central Valley, across 

the Transverse Range and into the Mojave Desert ......................................... Aphonopelma iodius 

 

4. Possessing stout setae on the medial surface of the sternum .......................................................5 

- Lacks stout setae on the medial surface of the sternum ................................................................6 
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5. F4/T4 ≤ 1.05; distributed across the mountains and foothills west of the Coachella Valley and 

south to the Borrego Springs area; fall breeding period .................................................................... 

.................................................................................................................... Aphonopelma xwalxwal 

- F4/T4 ≥1.07; distributed in and around Joshua Tree National Park; summer breeding period ...... 

........................................................................................................................ Aphonopelma joshua 

 

6. Medium to large-sized species (Cl ≥ 9 mm); distributed across southwestern California but not 

within the Mojave Desert .................................................................... Aphonopelma steindachneri 

- Small species (Cl ≤ 9mm); distributed across the Mojave Desert .................................................7 

 

7. Femur III swollen or slightly swollen ..........................................................................................8 

- Femur III not swollen ................................................................................................................. 9 1 

 

8. A1/F3 ≥ 0.58; distributed across the Panamint Range and eastern San Bernardino County ......... 

..................................................................................................................... Aphonopelma prenticei 

- A1/F3 ≤0.56; narrowly distributed across the Amargosa Range in southeastern Inyo County ......  

................................................................................................................... Aphonopelma atomicum 

 

9. Distributed across the northwestern Mojave Desert in eastern Kern and northwestern San 

Bernardino Counties ...................................................................................... Aphonopelma mojave 

- Distributed throughout the southern Mojave Desert along the foothills on the northern side of 

the San Gabriel and San Bernardino Mountains, east to the Coxcomb Mountains and south into 

Joshua Tree National Park, north to Kramer Junction and Barstow .................................................. 

.....................................................................................................................Aphonopelma icenoglei 

 

C1. Key to the male Aphonopelma of Colorado, Kansas, Oklahoma, Missouri, Arkansas, 

and Louisiana 

1. Carapace tan, brown, or copper; possessing stout setae on the prolateral surface of coxa I; 

distributed east of the Rocky Mountains across Colorado, Kansas, Oklahoma, Missouri, 

Arkansas, and Louisiana ................................................................................. Aphonopelma hentzi 
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- Carapace black; lacks stout setae on the prolateral surface of coxa I; distributed west of the 

Rocky Mountains across southwestern Colorado ............................................ Aphonopelma marxi 

 

D1. Key to the male Aphonopelma of Nevada and Utah 

1. Metatarsus IV scopulation ≥ 60%; widespread distribution ....................... Aphonopelma iodius 

- Metatarsus IV scopulation ≤ 60% .................................................................................................2 

 

2. Distributed across the Colorado Plateau in southeastern Utah .................... Aphonopelma marxi 

- Distributed across the Mojave Desert in southwestern Utah and/or southern Nevada .............. 3 1 

 

3. A1/F3 ≥ 0.58; widespread across the northeastern Mojave Desert ............................................... 

..................................................................................................................... Aphonopelma prenticei 

- A1/F3 ≤ 0.58; distribution restricted to the Amargosa Valley and Nevada Test Site near 

Mercury, NV ............................................................................................. Aphonopelma atomicum 

 

E1. Key to the male Aphonopelma of New Mexico 

1. Medium to large-sized species (Cl ≥ 9 mm) ................................................................................2 

- Small species (Cl ≤ 9 mm) distributed across the extreme southwestern part of the state 

(Hidalgo County) .......................................................................................... Aphonopelma parvum 

 

2. Possessing stout setae on the prolateral surface of coxa I; possessing a tan, brown, or copper 

carapace ........................................................................................................... Aphonopelma hentzi 

- Lacks stout setae on the prolateral surface of coxa I; possessing a black carapace ......................3 

 

3. Distributed across the northern half of the state and western part of the Rockies, inhabiting 

high-elevation pine forest and sagebrush steppe ............................................. Aphonopelma marxi 

- Distributed across the southern half of the state ............................................................................4 

 

4. PT1/M1 ≤ 0.68 ............................................................................................ Aphonopelma gabeli 

- PT1/M1 ≥ 0.74 ............................................................................................................................ 5 3 
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5. Distribution restricted to the southeastern Peloncillo Mountains; males active mostly during 

mid-summer .............................................................................................. Aphonopelma peloncillo 

- Distribution widespread across southern New Mexico; males active mostly during late summer 

and early fall ................................................................................................ Aphonopelma vorhiesi 

 

F1. Key to the male Aphonopelma of Texas 

1. Possessing a short and stout embolus; distributed across South Texas ......................................... 

........................................................................................................................... Aphonopelma anax 

- Possessing a long, thin, and tapering embolus; widespread ..........................................................2 

 

2. Possessing a tan, brown, or copper carapace ...............................................................................3 

- Possessing a black carapace ..........................................................................................................4 

 

3. Metatarsus III scopulation ≤ 63%; stout setae on the prolateral surface of coxa I present along 

dorsal, posterior, and ventral margins, but lacking from the center and anterior margin ..................  

....................................................................................................................... Aphonopelma armada 

- Metatarsus III scopulation ≥ 69%; stout setae abundant across the prolateral surface of coxa I ....  

......................................................................................................................... Aphonopelma hentzi 

 

4. M1/M4 ≤ 0.74 ............................................................................................. Aphonopelma gabeli 

- M1/M4 ≥ 0.75 ............................... Aphonopelma moderatum and Aphonopelma moellendorfi 4 

 
1 Species that key here are morphologically indistinguishable for the most part but can be 
identified based on their localities and molecular data. 
 
2 Mature males of these two species are morphologically indistinguishable and cannot be 
identified using morphological criteria when they co-occur in southeastern Cochise County, but 
can be differentiated using molecular data. Aphonopelma vorhiesi is likely the correct 
determination if the specimen originates from Graham, Pima, Pinal, Santa Cruz, or western 
Cochise Counties. 
 

3 Species that key here are morphologically indistinguishable for the most part but can be 
identified based on their localities, the timing of their breeding periods, and molecular data. 
 
4 Mature males of these two species are morphologically indistinguishable and cannot be 
identified using morphological criteria when they co-occur, but can be differentiated using 
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molecular data. Aphonopelma moderatum reaches its northernmost distribution in Val Verde 
County but is largely distributed to the south along the Rio Grande Valley. Aphonopelma 
moellendorfi reaches its easternmost distribution in Val Verde County with other specimens 
having been located in extreme West Texas. When these two species come into syntopy 
(southeastern Val Verde County), males can easily be distinguished prior to their ultimate molt 
due to their phenotypic differences: A. moderatum possess distinct alternating black and 
tan/orange bands on its legs whereas A. moellendorfi is more uniformly brown. 
 

 

Key to the female Aphonopelma of the United States 

Arizona .......................................................................................................................................... A2 

California ...................................................................................................................................... B2 

Colorado, Kansas, Oklahoma, Missouri, Arkansas, and Louisiana .............................................. C2 

Nevada and Utah ........................................................................................................................... D2 

New Mexico .................................................................................................................................. E2 

Texas ............................................................................................................................................. F2 

 

A2. Key to the female Aphonopelma of Arizona 1 

1. Possessing stout setae on the prolateral surface of coxa I; distribution restricted to southern 

Greenlee County ............................................................................................. Aphonopelma hentzi 

- Lacks stout setae on the prolateral surface of coxa I; widespread .................................................2 

 

2. Small species (Cl ≤ 9 mm); generally found in desert, grassland, and/or chaparral habitats ... 3 2 

- Small to large-sized species (Cl 7.5–16.5 mm); generally distributed throughout mid- to high-

elevation forested habitats; possessing black or gray carapace – never blonde, tan, or brown .... 4 2 

- Medium to large-sized species (Cl ≥ 9 mm) found in a variety of habitats (but seldom found in 

higher-elevation forested habitats); carapace blonde, tan, brown, black, or gray ............................. 

..........................................................................................................................................................6 

 

3. Distributed east of Tucson in Cochise, Graham, and Greenlee Counties ...................................... 

....................................................................................................................... Aphonopelma parvum 

- Distributed across the Mojave Desert and adjacent sections of the Sonoran Desert in western 

Arizona ........................................................................................................ Aphonopelma prenticei 
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- Distributed across lower-elevation sections of the Sonoran Desert in southern Arizona ............... 

....................................................................................................................... Aphonopelma paloma 

 

- Distributed across mid- to high-elevation chaparral and forested habitats north of the Phoenix 

Metropolitan Area .......................................................................................... Aphonopelma mareki 

- Distributed across the southern foothills and canyons of the Santa Catalina and Rincon 

Mountains east of Tucson ............................................................................ Aphonopelma saguaro 

- Distributed east of the Phoenix Metropolitan Area in the foothills and canyons of the 

Superstition Mountains ................................................................... Aphonopelma superstitionense 

 

4. T1/T4 ≥ 1.06; distributed north and east of the Phoenix Metropolitan Area across the Colorado 

Plateau and on isolated mountains (e.g., Four Peaks, Mount Ord) .................................................... 

.......................................................................................................................... Aphonopelma marxi 

- T1/T4 ≤1.02; distributed across the Madrean Sky Islands in southeastern Arizona .....................5 

 

5. Distributed across the Santa Catalina Mountains .................................... Aphonopelma catalina 

- Distributed across the Huachuca, Pajarito, Patagonia, and Santa Rita Mountains .......................... 

....................................................................................................................... Aphonopelma madera 

- Distributed across the Chiricahua Mountains ....................................... Aphonopelma chiricahua 

 

6. Metatarsus IV scopulation ≥ 55% ................................................................................................7 

- Metatarsus IV scopulation ≤ 55% .................................................................................................8 

 

7. Distributed across the Colorado Plateau north of the Colorado River ........................................... 

......................................................................................................................... Aphonopelma iodius 

- Widespread throughout Arizona, but never north of the Colorado River ....................................... 

................................................................................................................... Aphonopelma chalcodes 

 

8. Possessing spermathecae with capitate bulbs ................................................................................ 

.................................................................... Aphonopelma peloncillo and Aphonopelma vorhiesi 3 

- Possessing short, wide, and slightly rounded spermathecae without capitate bulbs ....................... 



	   141 

......................................................................................................................... Aphonopelma gabeli 

 

B2. Key to the female Aphonopelma of California 4 

1. Metatarsus IV scopulation ≥ 55% ............................................................................................. 2 2 

- Metatarsus IV scopulation ≤ 55% .................................................................................................3 

 

2. Distributed across the plains and foothills of the western Sierra Nevada Mountains ................... 

............................................................................................................... Aphonopelma johnnycashi 

- Distributed west of the Mojave Desert, from the western part of the Transverse Range and 

down the southern California coast, along the Peninsular Ranges .................................................... 

.................................................................................................................. Aphonopelma eutylenum 

- Distributed from the Bay Area south along the Coast Ranges, west of the Central Valley, across 

the Transverse Range and into the Mojave Desert ......................................... Aphonopelma iodius 

 

3. Large species (Cl ≥ 9 mm); distributed across southwestern California but not within the 

Mojave Desert ..................................................................................... Aphonopelma steindachneri 

- Small species (Cl ≤ 9 mm); distributed across the Mojave and portions of the Sonoran 

(Colorado) Deserts ........................................................................................................................ 4 2 

 

4. Distributed across the northwestern Mojave Desert in eastern Kern and northwestern San 

Bernardino Counties ...................................................................................... Aphonopelma mojave 

- Distributed in and around Joshua Tree National Park; F1/M4 ≤ 1.04; L1/Cl ≤ 2.87 ...................... 

...................................................................................................................... Aphonopelma joshua 5 

- Distributed across the Panamint Range and eastern San Bernardino County ................................. 

..................................................................................................................... Aphonopelma prenticei 

- Distributed across the Amargosa Range in southeastern Inyo County ........................................... 

................................................................................................................... Aphonopelma atomicum 

- Distributed throughout the southern Mojave Desert along the foothills on the northern side of 

the San Gabriel and San Bernardino Mountains, east to the Coxcomb Mountains and south into 

Joshua Tree National Park, north to Kramer Junction and Barstow; F1/M4 ≥ 1.07; L1/Cl ≥ 2.92 ...  

.................................................................................................................. Aphonopelma icenoglei 5 
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C2. Key to the female Aphonopelma of Colorado, Kansas, Oklahoma, Missouri, Arkansas, 

and Louisiana 

1. Carapace tan or brown; possessing stout setae on the prolateral surface of coxa I; distributed 

east of the Rocky Mountains across Colorado, Kansas, Oklahoma, Missouri, Arkansas, and 

Louisiana ......................................................................................................... Aphonopelma hentzi 

- Carapace black; lacks stout setae on the prolateral surface of coxa I; distributed west of the 

Rocky Mountains across southwestern Colorado ............................................ Aphonopelma marxi 

 

D2. Key to the female Aphonopelma of Nevada and Utah 

1. Metatarsus IV scopulation ≥ 60%; widespread distribution ....................... Aphonopelma iodius 

- Metatarsus IV scopulation ≤ 50% .................................................................................................2 

 

2. Distributed across the Colorado Plateau in southeastern Utah .................... Aphonopelma marxi 

- Distributed across the Mojave Desert in southwestern Utah and/or southern Nevada .............. 3 2 

 

3. Cl/M4 ≥ 1.31; widespread across the northeastern Mojave Desert ............................................... 

..................................................................................................................... Aphonopelma prenticei 

- Cl/M4 ≤ 1.28; distribution restricted to the Amargosa Valley and Nevada Test Site near 

Mercury, NV ............................................................................................. Aphonopelma atomicum 

 

E2. Key to the female Aphonopelma of New Mexico 

1. Possessing spermathecae with capitate bulbs ..............................................................................2 

- Possessing short, wide, and slightly rounded spermathecae without capitate bulbs; anterior 

margin of carapace broad, associated with robust chelicerae ............................................................ 

......................................................................................................................... Aphonopelma gabeli 

 

2. Possessing stout setae on the prolateral surface of coxa I; possessing a tan or brown carapace ...  

......................................................................................................................... Aphonopelma hentzi 

- Lacks stout setae on the prolateral surface of coxa I; possessing a black or gray carapace ............ 

..........................................................................................................................................................3 
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3. Distributed across the northern half of the state and western part of the Rockies, inhabiting 

high-elevation pine forest and sagebrush steppe ............................................. Aphonopelma marxi 

- Distributed across the southern half of the state ............................................................................4 

 

4. Medium to large-sized species (Cl ≥ 10 mm) ........................................................................... 5 2 

- Small species (Cl ≤ 9 mm); distributed in the extreme southwestern part of the state (Hidalgo 

County) ......................................................................................................... Aphonopelma parvum 

 

5. Distribution restricted to the southeastern Peloncillo Mountains .................................................. 

................................................................................................................... Aphonopelma peloncillo 

- Distribution widespread across southern New Mexico ............................. Aphonopelma vorhiesi 

 

F2. Key to the female Aphonopelma of Texas 6 

1. Possessing spermathecae with capitate bulbs ..............................................................................2 

- Possessing short, wide, and slightly rounded spermathecae without capitate bulbs .....................4 

 

2. Possessing stout setae on the prolateral surface of coxa I; all leg segments uniformly colored 

brown or black .................................................................................................................................3 

- Lacks stout setae on the prolateral surface of coxa I; legs distinctly colored with the femora and 

tibiae generally orange or tan and the patellae, metatarsi, and tarsi dark brown to black (if the leg 

segments are uniformly colored, they will be orange or tan, never brown or black) ........................ 

................................................................................................................ Aphonopelma moderatum 

 

3. Stout setae on the prolateral surface of coxa I present along dorsal, posterior, and ventral 

margins, but lacking from the center and anterior margin; metatarsi I, II, and III distinctly flared; 

species with overall shiny, lustrous appearance ........................................... Aphonopelma armada 

- Stout setae abundant across the prolateral surface of coxa I; metatarsi not distinctly flared; 

species with overall hirsute appearance .......................................................... Aphonopelma hentzi 
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4. Distributed across South Texas; possessing a tan or brown carapace with a large robust 

appearance ......................................................................................................... Aphonopelma anax 

- Distributed across the Chihuahuan Desert and southwestern High Plains in West Texas; 

possessing a brownish-gray carapace; anterior margin of carapace broad, associated with robust 

chelicerae ........................................................................................................ Aphonopelma gabeli 

 
1 Adult females of Aphonopelma phasmus remain unknown. 
 
2 Species that key here are morphologically indistinguishable for the most part but can be 
identified based on their localities and molecular data. 
 
3 Mature females of these two species can be morphologically indistinguishable when they co-
occur in southeastern Cochise County. Aphonopelma vorhiesi is likely the correct determination 
if the specimen originates from Graham, Pima, Pinal, Santa Cruz, or western Cochise Counties. 
 
4 Adult females of Aphonopelma xwalxwal remain unknown. 
 
5 Aphonopelma joshua and A. icenoglei are syntopic at various locations in and around Joshua 
Tree National Park. Females of A. joshua generally can be diagnosed by possessing tarsi IV 
divided by setae (Prentice 1997) but this characteristic can be difficult to assess. Molecular data 
should be used to confirm the identity of specimens from this area. 
 
6 Adult females of Aphonopelma moellendorfi remain unknown. 
 

 

Aphonopelma anax (Chamberlin, 1940) 

Figures 9-14, Appendix 4 

 

Dugesiella anax Chamberlin, 1940: 34; male holotype and female allotype from Kingsville, 

Kleberg Co., Texas, 27.515869 -97.856109 5, elev. 58ft., no collecting date, coll. Prof. J.C. 

Cross; 3 female paratypes from Harlingen, Cameron Co., Texas, 26.190631 -97.696103 5, elev. 

40ft., 1939, coll. Bryce Brown; deposited in AMNH. [examined] 

Rhechostica anax Raven, 1985: 149.  

Aphonopelma anax Smith, 1995: 71. 
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Aphonopelma breenei Smith, 1995: 78; female holotype from Harlingen, Cameron Co., Texas, 

26.190631 -97.696103 5, elev. 40ft., 1939, coll. Bryce Brown; deposited in AMNH. [examined] 

syn. n. 

 

 Diagnosis. Aphonopelma anax (Fig. 9) is a member of the Hentzi species group and can 

be identified by a combination of morphological, molecular, and geographic characteristics. 

Nuclear DNA identifies A. anax as a phylogenetically distinct monophyletic lineage (Fig. 8), 

supported as the sister lineage to A. hentzi, and closely related to A. armada. Male A. anax can be 

distinguished from geographically proximate species by their unique palpal bulbs - stout and 

wide with distinct keels on the embolus (Fig. 10). Females can be distinguished from 

geographically proximate species by their unique spermathecae - short, wide, slightly rounded, 

without capitate bulbs (Figs. 12-13). Significant measurements that distinguish male A. anax 

from its closely related phylogenetic and syntopic species are Cl, M3, and F4. Male A. anax can 

be distinguished by possessing a larger F4/M4 (≥0.94; 0.94-1.04) than A. armada (≤0.92; 0.86-

0.92); a larger Cl/M1 (≥1.36; 1.36-1.63) than moderatum (≤1.30; 1.13-1.30) and A. moellendorfi 

sp. nov. (≤1.31; 1.10-1.31); and a larger F1/M3 (≥1.28; 1.28-1.43) than A. gabeli (≤1.24; 1.18-

1.24). There are no significant measurements that separate male A. anax from A. hentzi. 

Significant measurements that distinguish female A. anax from its closely related phylogenetic 

and syntopic species are P1 and T3. Female A. anax can be distinguished by possessing a larger 

P1/T3 (≥13.88; 13.88-19.15) than A. armada (≤13.84; 9.93-13.84) and A. moderatum (≤13.12; 

8.14-13.12). There are no significant measurements that separate female A. anax from A. gabeli 

or A. hentzi. Females of A. moellendorfi are unknown and cannot be compared. 

 

 Descriptions. Male and female originally described by Chamberlin (1940). 

 

 Redescription of male exemplar (APH_0924; Fig. 10). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Generally 

black or faded to brown. Cephalothorax: Carapace 19.10 mm long, 18.28 mm wide; densely 
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clothed with brown/golden iridescent pubescence appressed to surface; fringe covered in long 

setae not closely appressed to surface; foveal groove medium deep and straight to slightly 

procurved; pars cephalica region rises gradually from foveal groove, gently arching anteriorly 

toward ocular area; AER slightly procurved, PER recurved; normal sized chelicerae; clypeus 

extends forward on a very slight curve; LBl 2.96, LBw 2.94; sternum hirsute, clothed with short 

length black, densely packed setae. Abdomen: Densely clothed in short black pubescence with 

numerous longer, lighter setae interspersed (generally red or orange in situ); dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972). Legs: Thick and hirsute; densely clothed 

in short black/brown pubescence. Metatarsus I slightly arched. F1 18.77; F1w 4.74; P1 8.10; T1 

14.69; M1 13.41; A1 9.23; F3 15.19; F3w 4.61; P3 6.75; T3 12.07; M3 13.77; A3 9.42; F4 

18.58; F4w 4.8; P4 8.16; T4 14.50; M4 19.51; A4 11.15; femur III is normal - not noticeably 

swollen or wider than other legs. All tarsi fully scopulate. Extent of metatarsal scopulation: leg 

III (SC3) = 68.9%; leg IV (SC4) = 43.4%. Two ventral megaspines on metatarsus III; six ventral 

megaspines on metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and medium 

tapered setae. The interior face of the retrolateral branch of the tibial apophysis possesses a very 

large megaspine that projects anteriorly. Pedipalps: Hirsute; densely clothed in the same setal 

color as the other legs, with numerous longer ventral setae; one megaspine at the apical, 

prolateral femur and three megaspines on the prolateral tibia; PTl 9.45, PTw 2.90. When 

extended, embolus tapers and rapidly curves up and to the retrolateral side near apex; embolus 

wide and thick, with smooth dorsal and ventral keels. 

 

 Variation (11). Cl 14.371-21.97 (17.885±0.7), Cw 13.32-19.84 (16.557±0.62), LBl 1.96-

2.96 (2.341±0.09), LBw 2.16-3.02 (2.711±0.08), F1 14.1-19.3 (16.839±0.55), F1w 3.52-5.1 

(4.392±0.15), P1 6.12-8.1 (7.105±0.22), T1 11.32-15.71 (13.314±0.39), M1 9.69-13.43 

(11.878±0.4), A1 6.9-9.6 (8.499±0.28), L1 length 48.47-65.97 (57.635±1.73), F3 11.39-16.14 

(13.868±0.48), F3w 3.41-5.03 (4.132±0.16), P3 4.86-7.65 (6.035±0.27), T3 7.91-12.16 

(10.428±0.43), M3 9.89-14.89 (12.572±0.49), A3 6.93-9.45 (8.291±0.27), L3 length 41.32-59.2 

(51.194±1.82), F4 13.52-19.31 (16.56±0.58), F4w 3.22-4.83 (4.094±0.17), P4 5.5-8.16 

(6.647±0.26), T4 11.15-15.56 (13.676±0.41), M4 13.66-19.69 (17.13±0.58), A4 8.1-11.15 

(9.504±0.3), L4 length 52.79-72.08 (64.171±1.92), PTl 7.187-10.136 (8.709±0.27), PTw 2.246-
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3.32 (2.882±0.09), SC3 ratio 0.607-0.805 (0.713±0.02), SC4 ratio 0.351-0.524 (0.44±0.02), 

Coxa 1 setae = thick tapered, F3 condition = normal/slightly swollen. 

 

 Redescription of female exemplar (APH_0857; Figs. 11-13) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Faded black and light 

brown, medium length, dense setae cover body. Cephalothorax: Carapace 21.37 mm long, 18.26 

mm wide; densely clothed with light brown pubescence closely appressed to surface; fringe 

densely covered in long setae; foveal groove medium deep and straight; pars cephalica region 

rises from thoracic furrow more steeply than male, gently arching anteriorly toward ocular area; 

AER procurved, PER strongly recurved; clypeus extends forward on a slight curve; LBl 2.67, 

LBw 3.35; sternum hirsute, clothed with light black/dark brown, medium length dense setae. 

Abdomen: Densely clothed dorsally in short black setae with numerous longer, lighter setae 

interspersed (generally red or orange in situ); dense dorsal patch of black Type I urticating 

bristles (Cooke et al. 1972); ventral side with short, dense black setae. Spermathecae: Paired and 

separate, possessing dual bulges with the smaller near the interior, with wide bases that are not 

fused. Legs: Thick and hirsute; densely clothed in a mix of short black/brown pubescence setae. 

Coxa I: Prolateral surface a mix of fine, hair-like and thick tapered setae. F1 16.02; F1w 4.88; P1 

7.53; T1 12.06; M1 9.18; A1 7.54; F3 12.72; F3w 4.56; P3 6.76; T3 9.29; M3 10.09; A3 7.54; F4 

16.53; F4w 4.73; P4 7.08; T4 13.31; M4 13.26; A4 8.79. All tarsi fully scopulate. Extent of 

metatarsal scopulation: leg III (SC3) = 64.4%; leg IV (SC4) = 47.3%. Two ventral megaspines 

on metatarsus III; seven ventral megaspines on metatarsus IV. Pedipalps: Densely clothed in the 

same setal color as the other legs; one megaspine on the apical, prolateral femur and five 

megaspines on the prolateral tibia. 

 

 Variation (13). Cl 16.06-23.8 (20.27±0.79), Cw 14.9-21.73 (17.951±0.62), LBl 2.45-

3.79 (2.878±0.1), LBw 2.71-4.3 (3.478±0.15), F1 13.12-18.14 (15.181±0.45), F1w 3.87-5.8 

(4.945±0.18), P1 5.61-8.59 (7.196±0.26), T1 9.76-13.56 (11.616±0.35), M1 7.0-10.98 



	   148 

(8.911±0.31), A1 5.73-8.34 (7.138±0.19), L1 length 42.75-59.3 (50.042±1.47), F3 10.94-14.63 

(12.375±0.37), F3w 3.36-5.13 (4.268±0.17), P3 5.1-7.72 (6.179±0.23), T3 7.45-10.56 

(8.816±0.28), M3 8.27-12.05 (9.918±0.34), A3 6.52-8.84 (7.398±0.18), L3 length 38.67-53.7 

(44.687±1.26), F4 13.27-18.66 (15.654±0.49), F4w 3.61-5.31 (4.514±0.17), P4 5.34-8.4 

(6.55±0.28), T4 9.72-13.98 (12.038±0.35), M4 10.37-16.15 (13.621±0.46), A4 7.01-9.83 

(8.373±0.25), L4 length 45.86-66.63 (55.723±1.74), SC3 ratio 0.644-0.763 (0.706±0.01), SC4 

ratio 0.368-0.474 (0.433±0.01), Coxa 1 setae = thick tapered. Spermathecae variation can be 

seen in Figures 12-13. 

 

 Material Examined: United States: Texas: Bexar: Hollywood Park, 220 Mecca, 

29.59413 -98.47946 2, 934ft., [APH_0033, 2/6/2006, 1♂, Connor Shannon, Ryan Tubbesing, 

AUMNH]; Cameron: 2100 W. San Marcelo Blvd #158, Brownsville, 25.95835 -97.500489 2, 

21ft., [APH_0523, 20/5/2009, 1♂, Lilia Perez, AUMNH]; Brownsville, 25.901747 -97.497484 5, 

26ft., [APH_2045, 4/1963, 1♀, 1♂, Ted Beimler, AMNH]; Brownsville, field NE Coffeeport Rd, 

25.948055 -97.480915 1, 19ft., [APH_0459-0462, 9/4/09, 1♀, 3 juv, Brent E. Hendrixson, 

AUMNH]; Harlingen, 26.190631 -97.696103 5, 39ft., [APH_2043, 15/11/1939, 1♀, B. Brown, 

AMNH]; [APH_2044, 1939, 1♀, Bryce Brown, AMNH]; Harlingen, Dixieland Park, 26.16825 -

97.72063 1, 43ft., [APH_1273-1275, 12/5/11, 3 juv, Brent E. Hendrixson, Kate Hall, Austin 

Deskewies, Alexis Guice, AUMNH]; Harlingen, McKelvey Park, 26.180254 -97.679291 1, 35ft., 

[APH_0463, 9/4/09, 1 juv, Brent E. Hendrixson, AUMNH]; [APH_1271-1272, 11/5/11, 2 juv, 

Brent E. Hendrixson, Kate Hall, Austin Deskewies, Alexis Guice, AUMNH]; Harlingen, S of 

town, 26.145617 -97.661717 5, 41ft., [APH_0924, 2006, 1♂, Dave Moellendorf, AUMNH]; 

Laguna Vista, 26.100864 -97.290234 5, 12ft., [AUMS_2355, 4/1998, 1♂, R.G. Breene, 

AUMNH]; [AUMS_2583, 4/1998, 1♂, R.G. Breene, AUMNH]; [AUMS_2609, 1998, 1♂, R.G. 

Breene, AUMNH]; [AUMS_2613, unknown, 1♀, R.G. Breene, AUMNH]; [AUMS_2690, 

4/1998, 2♂, R.G. Breene, AUMNH]; [AUMS_2695, 4/1998, 1♀, R.G. Breene, AUMNH]; 

[AUMS_3268-3269, 3/1998, 2♂, R.G. Breene, AUMNH]; [AUMS_3271, 4/1998, 1♂, R.G. 

Breene, AUMNH]; [AUMS_3274, 4/1998, 1♂, R.G. Breene, AUMNH]; [AUMS_3315, 4/1998, 

1♂, R.G. Breene, AUMNH]; Laguna Vista, Roloff Park, 26.10243 -97.291 1, 3ft., [APH_0455-

0458, 9/4/09, 2♀, 2 juv, Brent E. Hendrixson, AUMNH]; Los Fresnos, 26.071744 -97.476373 5, 

23ft., [AUMS_2688, 1999, 1♀, R.G. Breene, AUMNH]; South Padre Island, 26.076567 -
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97.16315 5, 4ft., [APH_0858, 2006, 1♀, Dave Moellendorf, AUMNH]; DeWitt: between Cuero 

and Westhoff on Hwy 87, 29.1221 -97.410817 1, 303ft., [APH_0859-0861, 9/2008, 3♀, Chris A. 

Hamilton, AUMNH]; [APH_0947, 9/2008, 1♂, Chris A. Hamilton, AUMNH]; Dimmit: 6.7 

miles E Maverick County Line on US-277, 28.625443 -100.004038 1, 659ft., [APH_0473, 

11/4/2009, 1 juv, Brent E. Hendrixson, AUMNH]; Chaparral Wildlife Management Area, 

Blocker Pond, 28.3125 -99.40694 1, 570ft., [APH_0025, 12/3/2002, 1♂, Brent E. Hendrixson, 

WTAMU Herp Class, AUMNH]; 3 miles NW Catarina on US-83, 28.37472 -99.64806 1, 560ft., 

[APH_0042, 12/3/2000, 1 juv, Brent E. Hendrixson, AUMNH]; Duval: 4.4 miles E Hwy-339 on 

FM-2295, 27.58835 -98.33743 1, 340ft., [APH_1270, 11/5/11, 1 juv, Brent E. Hendrixson, Kate 

Hall, Austin Deskewies, Alexis Guice, AUMNH]; 5.3 miles SE Webb County Line on Hwy-44, 

27.907752 -98.723635 1, 497ft., [APH_0529, 3/6/09, 1♀, Brent E. Hendrixson, Courtney Dugas, 

Sloan Click, AUMNH]; S of San Diego, TX on Hwy-359, 27.733177 -98.262366 1, 339ft., 

[APH_0584, 14/6/2009, 1 juv, Brent E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; 

Fayette: La Grange, 29.914417 -96.866267 1, 330ft., [APH_0804-0806, 5/2008, 3♀, Chris A. 

Hamilton, AUMNH]; [APH_0808, 5/2008, 1♀, Chris A. Hamilton, AUMNH]; [APH_0809, 

5/2008, 1♀, Chris A. Hamilton, AUMNH]; [APH_0898, 5/2008, 1♂, Chris A. Hamilton, 

AUMNH]; La Grange, S side of river, 29.874417 -96.850383 1, 345ft., [APH_0811, 7/2008, 1♀, 

Chris A. Hamilton, AUMNH]; [APH_0810, 5/2008, 1♀, Chris A. Hamilton, AUMNH]; 

[APH_0899, 5/2008, 1♂, Chris A. Hamilton, AUMNH]; [APH_0901, 5/2008, 1♂, Chris A. 

Hamilton, AUMNH]; La Grange, on FM155, 29.859333 -96.848033 1, 348ft., [APH_0900, 

5/2008, 1♂, Chris A. Hamilton, AUMNH]; La Grange, rest stop on Hwy 77, 29.843383 -96.9091 

1, 377ft., [APH_0902-0903, 5/2008, 1♀, 1♂, Chris A. Hamilton, AUMNH]; Gonzales: 6.1 miles 

SE of Gonzales, 29.497194 -97.380048 5, 328ft., [APH_2658, 18/6/1956, 1♂, W. McAlister, 

AMNH]; Harris: Houston, 29.760193 -95.36939 6, 43ft., [APH_2650, 6/1959, 1♂, Mrs. Emilie 

Steude, AMNH]; Jim Hogg: 0.9 miles E Zapata County Line on FM-2687, 26.939665 -

98.941918 1, 526ft., [APH_1131, 15/3/2010, 1 juv, Brent E. Hendrixson, Gerri Wilson, Thomas 

Martin, AUMNH]; 2.0 miles N Starr County Line on FM-649, 26.81392 -98.855998 1, 625ft., 

[APH_1130, 15/3/2010, 1 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; 

Karnes: Karnes City, 28.885483 -97.902683 1, 411ft., [APH_0864-0866, 9/2008, 2♀, 1 juv, 

Chris A. Hamilton, AUMNH]; [APH_0952, 9/2008, 1♂, Chris A. Hamilton, AUMNH]; 

Kleberg: Kingsville, S Brahma Blvd, 27.4806 -97.855767 1, 77ft., [APH_0856-0857, 9/2008, 2♀, 
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Chris A. Hamilton, AUMNH]; Kingsville, 27.515869 -97.856109 5, 56ft., [APH_2046, 

27/6/1970, 1♂, Gillaspy, AMNH]; Kingsville, field at high school, along Caesar Ave across 

street from cemetery, 27.506531 -97.879785 1, 65ft., [APH_0579-0583, 13/6/2009, 4 juv, Brent 

E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; La Salle: Cotulla, 28.436934 -

99.235032 1, 437ft., [APH_3129, 2013, 1♂, Roger Birkhead, AUMNH]; Los Angeles, 28.460017 

-98.9999 1, 391ft., [APH_0871, 2008, 1♀, Sky Stevens, AUMNH]; Maverick: 4.2 miles SW 

Zavala County Line on Hwy-57, 28.88947 -100.16539 2, 711ft., [APH_1458, 24/1/2012, 1 juv, 

Stanley A. Schultz, AUMNH]; 4.6 miles E/SE Eagle Pass (jct US-57) on US-277, 28.69567 -

100.39303 1, 833ft., [APH_0055, 17/7/2006, 1♂, Brent E. Hendrixson, AUMNH]; [APH_0058, 

17/7/2006, 1♀, Brent E. Hendrixson, AUMNH]; [APH_0084, 17/7/2006, 1♀, Brent E. 

Hendrixson, AUMNH]; 9.0 miles NE US-57 on FM-481, 28.928198 -100.262798 1, 787ft., 

[APH_1149-1150, 17/3/2010, 2 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, 

AUMNH]; McMullen: 1.25 miles N FM-3445 on TX-16, 28.520536 -98.547662 1, 300ft., 

[APH_1117, 14/3/2010, 1 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; 

Nueces: Corpus Christi, Meldo Park, approx. 2 blocks SW Santa Fe St on Brawner Parkway, 

27.747437 -97.379802 1, 41ft., [APH_0577-0578, 13/6/2009, 2 juv, Brent E. Hendrixson, 

Courtney Dugas, Sloan Click, AUMNH]; Starr: San Carlos, Hwy 649 ~ 2 miles N of 2686 

junction, 26.720783 -98.8468 1, 411ft., [APH_0889, 18/4/2008, 1♀, Christian Cox, Corey Roelke, 

AUMNH]; Washington: 2301 Running Valley Lane, Washington, 30.225692 -96.160138 1, 

224ft., [APH_3123, 13/6/2013, 1♂, Chuck Matula, AUMNH]; 5 miles west of Carmine, 

30.140828 -96.759342 5, 433ft., [APH_2660, 27/6/1960, 2♀, W. McAlister, AMNH]; Brenham, 

30.145467 -96.43435 5, 323ft., [APH_0968, 6/2006, 1♂, Dave Moellendorf, AUMNH]; Chappell 

Hill, 1/4 mile S of intersection of Old Chappell Hill Rd and Pulaski School Rd, 30.1577 -

96.288344 1, 282ft., [APH_3121, 20/5/2013, 1♂, Todd Burch, AUMNH]; [APH_3122, 

30/5/2013, 1♂, Todd Burch, AUMNH]; Webb: 0.8 miles NW Hwy-44 on US-83, 28.03711 -

99.54681 1, 820ft., [APH_1285, 13/5/2011, 1♂, Brent E. Hendrixson, Kate Hall, Austin 

Deskewies, Alexis Guice, AUMNH]; 1.1 miles SW Duval County Line on US-59, 27.786023 -

98.818769 1, 451ft., [APH_0524-0528, 3/6/09, 3♀, 2 juv, Brent E. Hendrixson, Courtney Dugas, 

Sloan Click, AUMNH]; 3.2 miles W FM-2895 on TX-359, 27.454855 -99.136257 1, 511ft., 

[APH_1125, 15/3/2010, 1 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; 

3.6 miles NW I-35 on US-83, 27.80051 -99.46291 1, 760ft., [APH_1281-1282, 13/5/2011, 2 juv, 
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Brent E. Hendrixson, Kate Hall, Austin Deskewies, Alexis Guice, AUMNH]; 4.3 miles E Loop-

20 on US-59 at Los Tios Creek, 27.56159 -99.39045 1, 470ft., [APH_1280, 13/5/2011, 1 juv, 

Brent E. Hendrixson, Kate Hall, Austin Deskewies, Alexis Guice, AUMNH]; 5.1 miles SE La 

Salle County Line on Hwy-44, 28.012456 -99.195109 1, 454ft., [APH_0530-0531, 3/6/2009, 2 

juv, Brent E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; Wharton: El Campo, 

29.19405 -96.2617 1, 90ft., [APH_0800-0803, 7/2008, 4♀, Chris A. Hamilton, AUMNH]; 

Zapata: 2.0 miles NW FM-2687 on US-83, 26.80362 -99.142 1, 410ft., [APH_1277-1279, 

13/5/2011, 1♂, 2 juv, Brent E. Hendrixson, Kate Hall, Austin Deskewies, Alexis Guice, 

AUMNH]; Mexico: Nuevo Leon: Cañon de la Huasteca, 25.61484 -100.47585 1, 2600ft., 

[APH_0056, 24/7/2006, 1♀, Brent E. Hendrixson, AUMNH]. 

 

 Distribution and natural history. In the United States, A. anax is widely distributed 

throughout South Texas (Fig. 14). We only sampled a single individual from western Nuevo 

Leon but the species distribution model predicts suitable habitat for this species throughout 

northeastern Mexico in Coahuila, Nuevo Leon, and Tamaulipas. The vast majority of specimens 

were collected at elevations between sea level and 300 meters along the Western Gulf Coastal 

Plain (Fig. 1 I) or Southern Texas Plains Level III Ecoregions, but other samples were obtained 

from the Texas Blackland Prairies, East Central Texas Plains, South Central Plains, and the very 

southern edge of the Edwards Plateau. The specimen from Nuevo Leon (at Huasteca Canyon 

near Monterrey) was collected at an elevation of approximately 850 meters. This species has 

been observed in syntopy with A. moderatum (burrows located fewer than 50 centimeters from 

each other) at several different locations near the Rio Grande from Eagle Pass (Maverick 

County) to Rio Grande City (Starr County). Aphonopelma anax may also be found alongside A. 

armada and A. hentzi. Burrows are typical of that for North American tarantulas (i.e., circular 

and generally covered by a thin veil of silk) and specimens can be readily collected by pouring a 

small amount of water into their burrows. In extreme South Texas, A. anax is probably active 

year-round; however, in more northern populations, spiders likely plug their burrows for short 

periods of time during the winter. The breeding period appears to be restricted to spring and 

early summer (April-July); adult males have been observed in large numbers at night along roads 

following heavy bouts of rain (United States Border Patrol pers. comm. 2009). 
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 Conservation status. Aphonopelma anax is very common throughout its distribution. 

Extensive fieldwork near Edinburg and McAllen (Hidalgo County) suggests that some local 

populations of A. anax have probably been extirpated due to extensive agriculture in the Lower 

Rio Grande Valley, but overall the species is fairly abundant throughout South Texas. These 

spiders appear to thrive in a variety of anthropogenic settings including golf courses, residential 

lawns, city parks, roadside picnic areas, and mowed highway shoulders. The status of A. anax is 

likely secure. 

 

 Remarks. Aphonopelma anax is one of the largest and most robust Aphonopelma within 

the United States. This species exhibits size variation within males and females across their 

distribution, with northern populations generally smaller and the southern populations 

representing the largest tarantulas in the United States. Other important ratios that distinguish 

males: A. anax possess a smaller M1/F4 (≤0.75; 0.69-0.75) than A. moderatum (≥0.80; 0.80-

0.88) and A. moellendorfi (≥0.81; 0.81-0.88). No other ratios distinguish female A. anax from 

their syntopic or closely related phylogenetic species. For both males and females, certain 

morphometrics have potential to be useful though due to the amounts of variation, small number 

of specimens, and the small differences between species none are claimed to be significant at this 

time (see Appendix 2). During evaluation of traditional PCA morphospace, males of A. anax 

separate from A. moderatum, A. moellendorfi, and A. gabeli along PC1~2, but do not separate 

from A. armada or A. hentzi. Females separate from moderatum along PC1~2, but do not 

separate from A. armada, A. gabeli, A. hentzi. Females of A. moellendorfi are unknown at this 

time and cannot be compared. Interestingly, A. anax males separate from A. gabeli, A. 

moderatum, and A. moellendorfi in three-dimensional PCA morphospace (PC1~PC2~PC3), but 

do not separate from A. armada and A. hentzi. Aphonopelma anax females separate from A. 

armada and A. moderatum, but do not separate from A. gabeli and A. hentzi. PC1, PC2, and PC3 

explain ≥87% of the variation in male analyses and ≥96% of the variation in female analyses. 

 It is important to note the tremendous amount of variation that can be observed in the 

shape of the spermathecae from numerous populations of A. anax (Figs. 12-13). Previous 

taxonomic work considered this amount of variation to represent differences between species 

(e.g., Smith 1995 differentiated his new species A. breenei from A. anax on the basis of its 

spermathecae)  (Smith 1995) but our samples demonstrate that the shape of spermathecae is quite 
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variable and is not useful for differentiating these two species. The spermathecae are however 

useful for distinguishing A. anax from other members of the Hentzi species complex (A. armada 

and A. hentzi). This information was used to place A. harlingenum (whose type locality is 

surrounded by A. anax) into synonymy with A. hentzi and not A. anax.  It is also important to 

note that the paratype of A. harlingenum that is found in the same jar as the A. harlingenum 

holotype is a female of A. anax (see spermathecae in Fig. 12 C). 

 Mitochondrial DNA (CO1) identifies A. anax as a polyphyletic group with respect to A. 

armada and A. hentzi (Fig. 7). A second lineage of A. anax is sister to a lineage of A. hentzi; both 

of these lineages were previously identified as putative cryptic species (Hamilton et al. 2014). 

The AE data demonstrate that CO1 is not effective at accurately delimiting species boundaries 

within this group. Finally, we examined the holotype and freshly collected topotypic material of 

A. breenei. Our morphological and molecular analyses fail to recognize this species as a separate, 

independently evolving lineage. As a consequence, we consider A. breenei a junior synonym of 

A. anax. 

 

Aphonopelma armada (Chamberlin, 1940) 

Figures 15-19 

 

Dugesiella armada Chamberlin, 1940: 32; female holotype from Austin, Travis Co., Texas, 

30.267153 -97.743061 6, elev. 461ft., ix.1909, coll. A. Petrunkevitch; deposited in AMNH. 

[examined] 

Rhechostica armada Raven, 1985: 149. 

Aphonopelma armada Smith, 1995: 71. 

 

Aphonopelma arnoldi Smith, 1995: 74; male holotype from Hwy 82 near Crosbyton, Crosby Co., 

Texas, 33.660017 -101.294644 5, elev. 3063ft., 17.vi.1963, coll. P. Keathley; deposited in 

Oklahoma State University collection. syn. n. 

 

 Diagnosis. Aphonopelma armada (Fig. 15) is a member of the Hentzi species group and 

can be identified by a combination of morphological, molecular, and geographic characteristics. 

Nuclear and mitochondrial DNA identifies A. armada as a phylogenetically distinct 
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monophyletic lineage (Figs. 7-8), supported as a sister lineage to A. anax and A. hentzi. Female A. 

armada can be distinguished by their noticeably large urticating hair patch (black spot), a less 

hirsute and more lustrous appearance, and metatarsi I, II, and III that are distinctly flared and 

wider than other syntopic species (Fig. 15). Male A. armada are generally smaller and less 

hirsute than other similar looking syntopic species. Setae on the prolateral face of coxa I have a 

unique pattern that help distinguish A. armada from all other Aphonopelma in the United States 

(Figs. 16-17). Significant measurements that distinguish male A. armada from its closely related 

phylogenetic and syntopic species are F4, PTl, and extent of metatarsus III scopulation. Male A. 

armada can be distinguished by possessing a larger PTl/M1 (≥0.73; 0.73-0.83) than A. gabeli 

(≤0.68; 0.61-0.68), A. moderatum (≤0.69; 0.61-0.69), and A. moellendorfi sp. nov. (≤0.69; 0.60-

0.69); by possessing a smaller F4/M4 (≤0.92; 0.86-0.92) than A. anax (≥0.94; 0.94-1.04); and 

smaller L3 scopulation extent (48%-63%) than A. hentzi (69%-86%). Significant measurements 

that distinguish female A. armada from its closely related phylogenetic and syntopic species are 

P1, Cl, and extent of metatarsus IV scopulation. Female A. armada can be distinguished by 

possessing a larger Cl/A3 (≥2.48; 2.48-2.69) than A. moderatum (≤2.46; 2.25-2.46); a larger 

P1/F4 (≥0.47; 0.47-0.52) than A. gabeli (≤0.46; 0.42-0.46); by possessing a smaller P1/T3 

(≤13.84; 9.93-13.84) than A. anax (≥13.88; 13.88-19.15); and a smaller L4 scopulation extent 

(28%-43%) than A. hentzi (42%-72%; with slight overlap). Females of A. moellendorfi are 

unknown and cannot be compared. 

 

 Description. Female originally described by Chamberlin (1940). 

 

 Description of male exemplar (APH_0950; Fig. 16). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Generally 

black or faded to brown. Cephalothorax: Carapace 14.59 mm long, 13.42 mm wide; Very hirsute, 

densely clothed with brown/golden iridescent pubescence appressed to surface; fringe covered in 

long setae not closely appressed to surface; foveal groove medium deep and straight; pars 

cephalica region rises gradually from foveal groove, gently arching anteriorly toward ocular 
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area; AER slightly procurved, PER slightly recurved; normal sized chelicerae; clypeus extends 

forward on a slight curve; LBl 2.09, LBw 2.42; sternum hirsute, clothed with medium length 

black/brown, densely packed setae. Abdomen: Densely clothed in short black/brown pubescence 

with numerous longer, lighter setae interspersed (generally red or orange in situ); possessing a 

dense dorsal patch of black Type I urticating bristles (Cooke et al. 1972). Legs: Hirsute, densely 

clothed in a mix of short black/brown pubescence with longer ventral setae. Metatarsus I slightly 

arched. F1 15.16; F1w 3.72; P1 6.29; T1 11.1; M1 10.31; A1 7.88; F3 12.04; F3w 3.49; P3 5.26; 

T3 8.89; M3 11.36; A3 7.68; F4 14.12; F4w 3.58; P4 5.76; T4 13.16; M4 15.28; A4 8.03; femur 

III is normal - not noticeably swollen or wider than other legs. All tarsi fully scopulate. Extent of 

metatarsal scopulation: leg III (SC3) = 63.4%; leg IV (SC4) = 37.1%. Three ventral megaspines 

on metatarsus III; six ventral megaspines on metatarsus IV. Coxa I: Prolateral surface a mix of 

fine, hair-like, very thick tapered, and stout setae with a unique placement around the anterior, 

prolateral margin. Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, 

with numerous longer ventral setae; two megaspines on the prolateral tibia; PTl 8.554, PTw 

2.668. When extended, embolus tapers with a gentle curve to the retrolateral side near apex; 

embolus very slender, no keels; distinct ventral shift from the bulb to the embolus. 

 

 Variation (5). Cl 13.19-16.38 (14.614±0.61), Cw 11.37-13.88 (12.912±0.48), LBl 1.79-

2.09 (1.956±0.06), LBw 2.04-2.51 (2.28±0.09), F1 13.7-15.67 (14.656±0.4), F1w 3.27-3.97 

(3.688±0.13), P1 4.61-6.91 (6.056±0.38), T1 11.1-12.48 (11.724±0.23), M1 9.28-11.36 

(10.386±0.39), A1 7.13-8.51 (7.76±0.25), L1 length 46.14-53.64 (50.582±1.41), F3 10.81-12.46 

(11.742±0.31), F3w 3.18-3.97 (3.546±0.14), P3 4.99-5.48 (5.236±0.08), T3 8.26-9.35 

(8.806±0.22), M3 10.78-12.26 (11.414±0.29), A3 6.68-7.72 (7.25±0.21), L3 length 41.97-46.59 

(44.448±1.02), F4 12.85-14.12 (13.4±0.24), F4w 3.17-3.66 (3.474±0.09), P4 4.73-5.96 

(5.476±0.22), T4 10.95-13.16 (11.896±0.36), M4 14.18-15.5 (14.95±0.23), A4 7.37-8.77 

(8.15±0.24), L4 length 51.3-56.35 (53.872±1.03), PTl 7.053-8.554 (8.061±0.28), PTw 2.372-

2.756 (2.578±0.07), SC3 ratio 0.483-0.634 (0.566±0.03), SC4 ratio 0.292-0.371 (0.328±0.01), 

Coxa I setae = very thick tapered & stout, F3 condition = normal. 

 

 Redescription of female exemplar (APH_0848; Figs. 17-18) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 
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AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Faded black and brown, 

medium length setae cover body. Cephalothorax: Carapace 16.71 mm long, 14.08 mm wide; 

densely clothed with light brown pubescence closely appressed to surface; fringe densely 

covered in medium setae; foveal groove medium deep and slightly procurved; pars cephalica 

region rises from thoracic furrow more steeply than male, gently arching anteriorly toward ocular 

area; AER slightly procurved, PER recurved; clypeus mostly straight; LBl 2.4, LBw 2.4; sternum 

hirsute, clothed with brown, medium length and shorter, dense setae. Abdomen: Densely clothed 

dorsally in short black/brown setae with numerous longer, lighter setae interspersed (generally 

red or orange in situ); dense dorsal patch of black Type I urticating bristles (Cooke et al. 1972); 

ventral side with shorter brown setae. Spermathecae: Paired and separate, tapering to capitate 

bulbs, possessing a secondary bulge near the interior of the base, with wide bases that are not 

fused. Legs: Hirsute, particularly ventrally; densely clothed in a mix of short, brown pubescence 

with longer setae interspersed. F1 12.9; F1w 4.36; P1 6.08; T1 9.69; M1 7.27; A1 5.97; F3 

10.68; F3w 3.65; P3 5.22; T3 6.69; M3 7.79; A3 6.21; F4 12.46; F4w 4.03; P4 5.82; T4 10.34; 

M4 10.63; A4 7.12. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 

60.5%; leg IV (SC4) = 28.2%. Two ventral megaspines on metatarsus III; seven ventral 

megaspines on metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like, very thick 

tapered, and stout setae with a unique placement around the anterior and ventral, prolateral 

margin. Pedipalps: Densely clothed in the same setal color as the other legs; one megaspine on 

the apical, prolateral femur and five megaspines on the prolateral tibia. 

 

 Variation (6). Cl 11.96-16.76 (14.852±0.78), Cw 9.64-14.64 (12.702±0.78), LBl 1.7-2.4 

(2.107±0.11), LBw 1.93-2.97 (2.45±0.14), F1 9.847-13.69 (11.846±0.56), F1w 3.31-4.45 

(3.908±0.19), P1 4.427-6.51 (5.481±0.33), T1 7.642-10.33 (9.015±0.4), M1 5.741-7.44 

(6.824±0.27), A1 4.659-6.84 (5.905±0.3), L1 length 32.316-44.74 (39.071±1.79), F3 7.03-11.18 

(9.385±0.63), F3w 2.62-3.72 (3.192±0.19), P3 3.31-5.63 (4.588±0.33), T3 5.51-7.33 

(6.422±0.27), M3 5.66-8.73 (7.21±0.41), A3 4.81-6.5 (5.732±0.26), L3 length 26.32-39.37 

(33.337±1.84), F4 9.11-12.55 (11.117±0.56), F4w 2.72-4.03 (3.41±0.21), P4 3.85-5.82 
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(4.963±0.3), T4 7.67-10.35 (9.172±0.43), M4 7.81-11.74 (10.153±0.58), A4 5.58-7.59 

(6.528±0.32), L4 length 34.02-47.93 (41.933±2.09), SC3 ratio 0.566-0.737 (0.629±0.02), SC4 

ratio 0.282-0.429 (0.356±0.03), Coxa 1 setae = very thick tapered & stout. Spermathecae 

variation can be seen in Figure 18. 

 

 Material Examined: United States: Texas: Andrews: SW4001 and SW7000, 

32.131369 -102.621689 1, 3152ft., [APH_1049, 6/7/2010, 1♀, Skyler Stevens, AUMNH]; 

SW4001, 32.113981 -102.615814 1, 3140ft., [APH_1052, 6/7/2010, 1♂, Skyler Stevens, 

AUMNH]; Briscoe: Caprock Canyons State Park, Honey Flat camping area (site 4), 34.419514 -

101.056081 1, 2611ft., [APH_0551-0554, 7/6/2009, 4 juv, Brent E. Hendrixson, Courtney Dugas, 

Sloan Click, AUMNH]; Burleson: Caldwell, 30.49425 -96.6921 5, 373ft., [APH_0944, 7/2008, 

1♂, Dave Moellendorf, AUMNH]; Coleman: O.H. Ivie reservoir, Coleman Lake at Hords Creek, 

31.842967 -99.5696 1, 1936ft., [APH_0840, 9/2008, 1♀, Chris A. Hamilton, AUMNH]; O.H. 

Ivie reservoir, 31.57695 -99.66065 1, 1571ft., [APH_0950, 9/2008, 1♂, Chris A. Hamilton, 

AUMNH]; Crosby: 0.2 miles N US-82 on FM 2591 (E of Crosbyton), 33.669122 -101.175656 1, 

2802ft., [APH_0547-0550, 7/6/2009, 4 juv, Brent E. Hendrixson, Courtney Dugas, Sloan Click, 

AUMNH]; DeWitt: Westhoff, Meyer Rd off Hwy 240 and County Rd 142, 29.136983 -

97.497033 1, 342ft., [APH_0922-0923, 9/2008, 2♂, Dan Lewis, AUMNH]; Ector: Cowden H 

Ranch, 32.076633 -102.789983 5, 3320ft., [APH_0855, 2006, 1♀, Dave Moellendorf, AUMNH]; 

[APH_0965-0967, 2006, 3♂, Dave Moellendorf, AUMNH]; [APH_0977, 2006, 1♀, Dave 

Moellendorf, AUMNH]; Fayette: La Grange, 29.914433 -96.866317 1, 321ft., [APH_0807, 

5/2008, 1♀, Chris A. Hamilton, AUMNH]; Glasscock: E of Midland, off Hwy 137, 31.94904 -

101.72346 2, 2569ft., [APH_1468, 19/6/2012, 1♂, Darryl Burton, AUMNH]; Hall: Hulver 

Cemetery, 5.9 miles W US-287 on Hwy-86, 34.522756 -100.534382 2, 1955ft., [APH_1460, 

27/5/2012, 1♀, Brent E. Hendrixson, AUMNH]; Howard: Big Spring, at miniature golf course, 

32.200567 -101.47715 1, 2701ft., [APH_0841-0844, 9/2008, 4♀, Chris A. Hamilton, AUMNH]; 

[APH_0945, 9/2008, 1♀, Chris A. Hamilton, AUMNH]; Kimble: Texas Tech Field Station, 

Junction, 30.472222 -99.780833 1, 1718ft., [APH_1067, 24/6/2010, 1♂, Skyler Stevens, 

AUMNH]; [APH_1068, 16/6/2010, 1♀, Bryce Hubbell, AUMNH]; [APH_1069, 17/6/2010, 1♀, 

Travis Fisher, AUMNH]; Kinney: 0.59 miles E US-277 on FM-693, 29.17044 -100.673259 1, 

972ft., [APH_1164, 17/3/2010, 4 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, 
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AUMNH]; Midland: Midland, 31.924217 -102.0583 1, 2784ft., [APH_0953, 9/2008, 1♀, Chris 

A. Hamilton, AUMNH]; W County Rd 54, 32.027933 -102.206853 1, 2883ft., [APH_1056-1059, 

5/7/2010, 4♂, Skyler Stevens, AUMNH]; CR60, 32.010556 -102.2275 1, 2888ft., [APH_1061-

1062, 2/7/2010, 2♂, Skyler Stevens, AUMNH]; near Midland, along Hwy-158, 31.999899 -

102.180216 1, 2862ft., [APH_1172-1173, 21/7/2010, 1♀, 1♂, Brent E. Hendrixson, Brendon 

Barnes, Nate Davis, AUMNH]; near Midland, along CR-60, 32.003836 -102.256184 1, 2890ft., 

[APH_1174, 21/7/2010, 1♂, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; 0.5 

miles S CR 118W on Hwy-349, 31.58789 -101.9704 2, 2793ft., [APH_1462, 13/6/2012, 1♂, 

Darryl Burton, AUMNH]; 0.3 miles S FM-1787 on FM-1492, 31.66265 -102.20689 2, 2876ft., 

[APH_1466, 17/6/2012, 1♂, Darryl Burton, AUMNH]; Reagan: Hwy 137, 31.343611 -

101.495833 1, 2617ft., [APH_1064-1065, 30/6/2010, 2♂, Skyler Stevens, AUMNH]; off Hwy 67, 

31.23071389 -101.7264444 2, 2715ft., [APH_1385, 19/9/2011, 1 juv, Darryl Burton, AUMNH]; 

Scurry: Snyder, 32.682133 -100.925483 1, 2353ft., [APH_0845-0849, 9/2008, 5♀, Chris A. 

Hamilton, AUMNH]; Tom Green: San Angelo, approx. 1 miles N of W Hwy-67, 31.46431 -

100.49511 4, 1922ft., [APH_0010, 23/6/2005, 1♂, Kati and Martha Mayfield, AUMNH]; Upton: 

oil fields W of Hwy 329, 31.28048056 -102.0802 2, 2605ft., [APH_1374, 17/6/2011, 1♀, Darryl 

Burton, AUMNH]; [APH_1375, 16/6/2011, 1 juv, Darryl Burton, AUMNH]; [APH_1377, 

19/7/2011, 1 juv, Darryl Burton, AUMNH]; [APH_1379, 6/9/2011, 1 juv, Darryl Burton, 

AUMNH]; [APH_1381, 10/9/2011, 1♀, Darryl Burton, AUMNH]; FM 1492, 31.56408333 -

102.1742556 2, 2855ft., [APH_1384, 11/9/2011, 1♀, Darryl Burton, AUMNH]; [APH_1387, 

31/8/2011, 1 juv, Darryl Burton, AUMNH]; [APH_1388, 11/9/2011, 1 juv, Darryl Burton, 

AUMNH]; oil fields E of Hwy 329, 31.35340556 -102.0877333 2, 2695ft., [APH_1389, 

30/8/2011, 1♀, Darryl Burton, AUMNH]; FM 1492, 31.56408333 -102.1742556 2, 2855ft., 

[APH_1391, 23/8/2011, 1♀, Darryl Burton, AUMNH]; Val Verde: Del Rio, near River Rd, 

29.35553 -100.972297 5, 885ft., [APH_0593-0594, Spring 2009, 2 juv, unknown, AUMNH]; 2.2 

miles off Hwy 90 on spur 406, N of Del Rio, 29.574484, -101.041898 1, 1195ft., [APH_3124, 

15/6/2014, 1♀, Dave Moellendorf, AUMNH]. 

 

 Distribution and natural history. Aphonopelma armada has a wide distribution across 

Texas and can be found inhabiting these Level III Ecoregions: Chihuahuan Deserts, High Plains, 

Southwestern Tablelands, Central Great Plains, Edwards Plateau, Southern Texas Plains, Texas 
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Blackland Prairies, and East Central Texas Plains (Fig. 19). Aphonopelma armada can be found 

in syntopy with a number of other species across its distribution: A. anax, A. gabeli, A. hentzi, A. 

moderatum, and A. moellendorfi. Mating season, when mature males emerge, is similar to the 

other syntopic species (i.e., males are more active during the evenings and early mornings from 

late spring to early summer). 

 

 Conservation status. Aphonopelma armada is very common throughout its distribution 

in South and West Texas. The species is likely secure. 

 

 Remarks. The type locality for A. armada is vague (Austin, Texas) and despite much 

fieldwork in the region, we have never been able to find specimens referable to A. armada in or 

around the Austin city limits (this area is dominated by A. hentzi). We have, however, found the 

species in counties to the south and east of Austin and note that it has a crescent-like distribution 

around Austin and becomes more common to the west (Fig. 19). Other important ratios that 

distinguish males: A. armada possess a larger CL/M1 (≥1.36; 1.36-1.47) than A. moderatum 

(≤1.30; 1.13-1.30), and A. moellendorfi (≤1.31; 1.10-1.31); as well as possessing a smaller 

F4/M4 (≤0.92; 0.86-0.92) than A. hentzi (≥0.92; 0.92-1.03). Other important ratios distinguish 

females: A. armada possess a smaller T3/T4 (≤0.73; 0.64-0.73) than A. gabeli (≥0.73; 0.73-

0.78); as well as possessing a smaller L4/Cl (≤2.89; 2.73-2.89) than A. moderatum (≥2.89; 2.89-

3.09). Due to the amounts of variation, small number of specimens, and/or the small differences 

between species no others are claimed to be significant at this time (see Appendix 2). During 

evaluation of traditional PCA morphospace, males of A. armada separate from A. gabeli, A. 

moderatum, A. moellendorfi along PC1~2, but do not separate from A. hentzi or A. anax. 

Females do not separate from A. anax, A. gabeli, A. hentzi, and A. moderatum. Females of A. 

moellendorfi are unknown and cannot be compared. Interestingly, A. armada males separate 

from A. gabeli, A. moderatum, and A. moellendorfi in three-dimensional PCA morphospace 

(PC1~PC2~PC3), but do not separate from A. anax and A. hentzi. Aphonopelma armada females 

separate from A. anax, but do not separate from A. gabeli, A. hentzi, and A. moderatum. PC1, 

PC2, and PC3 explain ≥87% of the variation in male analyses and ≥96% of the variation in 

female analyses. 
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 We did not examine the holotype of A. arnoldi but we did have the opportunity to study 

freshly collected topotypic material of the species from Crosbyton, Texas. Our morphological 

and molecular analyses fail to recognize this species as a separate, independently evolving 

lineage. As a consequence, we consider A. arnoldi a junior synonym of A. armada. 

 

Aphonopelma atomicum Hamilton sp. nov. 

Figures 20-24 

 

Aphonopelma mojave Prentice, 1997 (in part): 161. 

 

Types. Male holotype (APH_2727-2) collected at the Nevada Testing Site, Nye Co., Nevada, 

37.025579 -116.023865 6, elev. 3990ft., viii.1961, coll. Gertsch; deposited in AMNH. Paratype 

female (AUMS_3267-2) from 10 miles W of Mercury, Mercury Valley, Nye Co., Nevada, 

36.691928 -116.174483 5, elev. 3470ft., 3.xi.1972, coll. Wendell Icenogle; deposited in AUMNH. 

Paratype male (AUMS_2638) from Nros Rd., 20 miles W of Mercury, Nye Co., Nevada, 

36.66182 -116.368 5, elev. 2744ft., 3.xi.1972, coll. C.S.L.; deposited in AUMNH. 

 

 Etymology. The specific epithet is a noun in apposition referencing the Nevada Test Site, 

constructed by the Atomic Energy Commission for the testing of nuclear devices, where this 

species was originally collected. The name is in homage to the famous sci-fi B movies of the 

1950's, of which Tarantula (1955) was the most entertaining, and slightly ironic given that this 

species is one of the smallest tarantulas in the United States. 

 

 Diagnosis. Aphonopelma atomicum (Fig. 20) is a member of the Paloma species group 

and can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. atomicum as a strongly supported 

monophyletic lineage (Figs. 7-8) that is a sister lineage to A. mojave, A. icenoglei sp. nov., A. 

prenticei sp. nov., and A. joshua. Aphonopelma atomicum can easily be differentiated from 

larger syntopic species (e.g., A. iodius) due to their much smaller size and the extent of 

metatarsal scopulation on legs III and IV, and from all other miniaturized species of 

Aphonopelma by their locality (with the exception of A. prenticei). Molecular data is needed to 



	   161 

differentiate this species from A. prenticei (see Figs. 7 & 8). The most significant measurements 

that distinguish male A. atomicum from its closely related phylogenetic and syntopic species are 

F3 and the extent of metatarsus IV scopulation. Male A. atomicum can be distinguished by 

possessing a larger F3/M3 (≥0.99; 0.99-1.03) than A. joshua (≤0.98; 0.91-0.98) and A. xwalxwal 

sp. nov. (≤0.95; 0.91-0.95); a smaller F3L/W (≤3.40; 2.92-3.40) than A. icenoglei (≥3.51; 3.51-

3.90); and a smaller L4 scopulation extent (26%-41%) than A. iodius (62%-88%). There are no 

significant measurements that separate male A. atomicum from A. mojave or A. prenticei (A. 

atomicum males possess a swollen F3 femur like A. prenticei, whereas A. mojave males do not). 

The most significant measurements that distinguish female A. atomicum from its closely related 

phylogenetic and syntopic species are F3 and the extent of metatarsus IV scopulation. Female A. 

atomicum can be distinguished by possessing a smaller A1/F3 (≤0.56; 0.53-0.56) than A. mojave 

(>0.56; 0.56-0.67), A. icenoglei (≥0.59; 0.59-0.67), and A. joshua (≥0.57; 0.57-0.64); a smaller 

Cl/F3 (≤1.38; 1.31-1.38) than A. prenticei (≥1.39; 1.39-1.64); and smaller L4 scopulation extent 

(37%-49%) than A. iodius (59%-83%). 

 

 Description of male holotype (AUMS_2727-2; Fig. 21). — Specimen preparation and 

condition: Specimen originally preserved in unknown percentage of ethanol; original coloration 

faded due to preservation. Missing leg IV right side. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. No tissue for DNA. 

General coloration: Brown/faded brown. Cephalothorax: Carapace 6.523 mm long, 6.382 mm 

wide; densely clothed with brown/faded brown pubescence, appressed to surface; fringe covered 

in long setae not closely appressed to surface; foveal groove medium deep and straight; pars 

cephalica region rises gradually from foveal groove on a straight plane towards the ocular area; 

AER slightly procurved, PER slightly recurved; normal sized chelicerae; clypeus mostly straight; 

LBl 0.918, LBw 1.107; sternum hirsute, clothed with faded brown, densely packed, short setae. 

Abdomen: Densely clothed in short brown pubescence with numerous longer, lighter setae 

interspersed (generally red or orange in situ); dense dorsal patch of black Type I urticating 

bristles (Cooke et al. 1972) - smaller and distinct from large species. Legs: Hirsute; densely 

clothed in faded brown pubescence. Metatarsus I straight/very slightly curved. F1 7.691; F1w 

1.62; P1 3.012; T1 6.618; M1 5.767; A1 3.83; F3 6.665; F3w 1.958; P3 2.436; T3 5.294; M3 

6.438; A3 4.207; F4 7.922; F4w 1.596; P4 2.656; T4 6.615; M4 8.407; A4 4.358; femur III is 
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swollen/slightly swollen. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) 

= 61.4%; leg IV (SC4) = 37.3%. No distinct ventral megaspines on metatarsus III; three ventral 

megaspines on metatarsus IV; two prolateral megaspines on tibia I; one megaspine present on the 

retrolateral tibia, at the apex of the mating clasper; three megaspines on the apex on the 

retrolateral branch of the tibial apophysis. Coxa I: Prolateral surface covered by fine, hair-like 

setae. Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, with 

numerous longer ventral setae; one megaspine at the apical, prolateral femur and two prolateral 

megaspines on the palpal tibia; PTl 4.486, PTw 1.51. When extended, embolus tapers with a 

curve to the retrolateral side; embolus slender, no keels; distinct dorsal and ventral transition 

from bulb to embolus. 

 

 Variation (5). Cl 6.523-7.917 (7.157±0.23), Cw 6.382-6.798 (6.64±0.09), LBl 0.832-

0.988 (0.927±0.03), LBw 1.098-1.394 (1.231±0.06), F1 7.434-8.185 (7.761±0.12), F1w 1.565-

1.914 (1.783±0.08), P1 2.859-3.481 (3.12±0.11), T1 6.618-7.496 (7.053±0.16), M1 5.767-6.402 

(6.083±0.12), A1 3.768-4.149 (3.976±0.08), L1 length 26.653-28.926 (27.993±0.5), F3 6.665-

7.388 (6.962±0.12), F3w 1.958-2.454 (2.223±0.09), P3 2.355-2.84 (2.562±0.08), T3 5.294-5.812 

(5.58±0.1), M3 6.438-7.349 (6.88±0.15), A3 4.204-4.298 (4.252±0.02), L3 length 25.04-27.374 

(26.236±0.39), F4 7.773-8.406 (8.073±0.11), F4w 1.596-2.045 (1.816±0.08), P4 2.621-2.9 

(2.786±0.06), T4 6.615-7.533 (7.11±0.17), M4 8.197-9.072 (8.573±0.15), A4 4.358-4.937 

(4.64±0.1), L4 length 29.958-32.832 (31.181±0.54), PTl 4.486-4.966 (4.689±0.08), PTw 1.433-

1.736 (1.564±0.06), SC3 ratio 0.552-0.725 (0.626±0.03), SC4 ratio 0.264-0.409 (0.356±0.03), 

Coxa I setae = very thin tapered, F3 condition = slightly swollen/swollen. 

 

 Description of female paratype (AUMS_3267-2; Figs. 22-23) — Specimen preparation 

and condition: Specimen originally preserved in unknown percentage of ethanol; original 

coloration faded due to preservation. Left legs I, II, III, IV, and pedipalp removed for 

photographs and measurements; stored in vial with specimen. No tissue for DNA. Genital plate 

with spermathecae removed and cleared, stored in vial with specimen. General coloration: 

Brown and faded brown. Cephalothorax: Carapace 7.291 mm long, 6.814 mm wide; Hirsute, 

densely clothed with short faded brown pubescence closely appressed to surface; fringe densely 

covered in slightly longer setae; foveal groove medium deep and procurved; pars cephalica 
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region gently rises from thoracic furrow, arching anteriorly toward ocular area; AER slightly 

procurved, PER very slightly recurved - mostly straight; chelicerae robust, clypeus extends 

forward on a slight curve; LBl 1.058, LBw 1.416; sternum hirsute, clothed with short faded 

brown setae. Abdomen: Densely clothed dorsally in short faded brown setae with longer, lighter 

setae (generally red or orange in situ) focused near the urticating patch; dense dorsal patch of 

black Type I urticating bristles (Cooke et al. 1972) - smaller and distinct from large species. 

Spermathecae: Paired and separate, short, with capitate bulbs widening towards the bases; not 

fused. Legs: Hirsute; densely clothed in short faded brown pubescence; F1 6.49; F1w 1.891; P1 

2.912; T1 5.232; M1 3.952; A1 3.102; F3 5.539; F3w 1.789; P3 2.418; T3 4.188; M3 4.363; A3 

3.418; F4 6.898; F4w 1.766; P4 2.753; T4 5.716; M4 5.993; A4 3.839. All tarsi fully scopulate. 

Extent of metatarsal scopulation: leg III (SC3) = 68.3%; leg IV (SC4) = 37.2%. One ventral 

megaspine on metatarsus III; four ventral megaspines on metatarsus IV, with numerous 

thickened setae throughout. Coxa I: Prolateral surface covered by very thin tapered and fine, 

hair-like setae. Pedipalps: Densely clothed in the same setal color as the other legs; one 

megaspine on the apical, prolateral femur, five prolateral (three at the apical, prolateral border 

with the tarsus) megaspines and one ventral megaspine on the tibia. 

 

 Variation (3). Cl 7.081-7.978 (7.45±0.27), Cw 5.951-7.105 (6.623±0.35), LBl 0.922-

1.218 (1.066±0.09), LBw 1.105-1.621 (1.381±0.15), F1 5.656-7.25 (6.465±0.46), F1w 1.663-

2.032 (1.862±0.11), P1 2.912-3.253 (3.026±0.11), T1 5.232-5.714 (5.394±0.16), M1 3.461-4.532 

(3.982±0.31), A1 2.787-3.179 (3.023±0.12), L1 length 20.052-23.928 (21.889±1.12), F3 5.11-

5.984 (5.544±0.25), F3w 1.493-1.907 (1.73±0.12), P3 2.046-2.81 (2.425±0.22), T3 3.603-4.223 

(4.005±0.2), M3 3.981-4.61 (4.318±0.18), A3 3.305-3.641 (3.455±0.1), L3 length 18.045-21.268 

(19.746±0.93), F4 6.234-7.413 (6.848±0.34), F4w 1.473-1.956 (1.732±0.14), P4 2.541-2.92 

(2.738±0.11), T4 5.234-6.039 (5.663±0.23), M4 5.687-6.245 (5.975±0.16), A4 3.446-3.86 

(3.715±0.13), L4 length 23.142-26.477 (24.939±0.97), SC3 ratio 0.683-0.755 (0.726±0.02), SC4 

ratio 0.372-0.49 (0.439±0.03), Coxa I setae = thin tapered. Spermathecae variation can be seen in 

Figure 23. 

 

 Material Examined: United States: California: Inyo: Death Valley National Park, 

Hwy-178, Salsberry Pass, 35.923118 -116.431747 1, 3204ft., [APH_1478, 30/7/2012, 1♀, Brent 
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E. Hendrixson, Brendon Barnes, Austin Deskewies, AUMNH]; Death Valley National Park, 

~7.5 miles S Hwy-190 on Dante's View Rd, 36.267976 -116.665576 1, 3242ft., [APH_1479, 

30/7/2012, 1 juv, Brent E. Hendrixson, Brendon Barnes, Austin Deskewies, AUMNH]; Nevada: 

Nye: Rock Valley Wash, off Hwy-95, 36.622963 -116.309464 1, 2784ft., [APH_1549, 

24/10/2012, 1♀, Brent E. Hendrixson, AUMNH]; Rock Valley, 36.632732 -116.313933 5, 

2884ft., [AUMS_2637, 20/10/1972, 1♀, E.L. Sleeper, AUMNH]; Mercury, 36.66051 -

115.994475 5, 3796ft., [APH_2725-1, 6/9/1960, 2♀, 14♂, Gertsch, AMNH]; Nevada Testing Site, 

37.025579 -116.023865 6, 3990ft., [APH_2725-2, 1/10/1959, 3♂, JRM, AMNH]; [APH_2727, 

29/6/1961, 3♀, 15♂, Gertsch, AMNH]; [APH_2727-2, 8/1961, 1♂, Gertsch, AMNH]; 

[APH_2730, 16/8/1964, 1♀, unknown, AMNH]; Nros Rd., 20 miles W of Mercury, 36.66182 -

116.368 5, 2744ft., [AUMS_2638, 3/11/1972, 1♂, C. S. L., AUMNH]; 10 miles W of Mercury, 

Mercury Valley, 36.691928 -116.174483 5, 3470ft., [AUMS_3267 & 3267-2, 3/11/1972, 2♀, W. 

Icenogle, AUMNH]. 

 

 Distribution and natural history. Aphonopelma atomicum is only known from a 

handful of specimens surrounding the Amargosa Desert in southern Nye County (Nevada) and 

southeastern Inyo County (California), including the Amargosa Range and Nevada Test Site (Fig. 

24). Specimens have been collected at elevations between 850 and 1220 meters, inhabiting the 

Mojave Basin and Range Level III Ecoregion. This species is likely syntopic with A. iodius 

throughout its range and may be found near populations of A. prenticei. Burrow entrances are 

generally surrounded by a distinct mound or turret made of excavated soil and silk (Fig. 2 D-E). 

Mating most likely occurs during daylight hours in autumn (October-November). 

 

 Conservation status. Aphonopelma atomicum has a highly restricted distribution limited 

to the mountains and foothills surrounding the Amargosa Desert and Death Valley. While this 

species is not dramatically different from A. prenticei, it is genetically unique and should be 

considered important. The species is most likely secure. 

 

 Remarks. Aphonopelma atomicum is unique because it was quite possibly the first 

miniature tarantula species collected in the United States (although it was never described and sat 

on a shelf in the AMNH collection). It is somewhat puzzling that Gertsch never described this 
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species given the number of individuals he collected and how radically different (i.e., small in 

size) specimens are from all other Aphonopelma in that region. Other important ratios that 

distinguish males: A. atomicum possess a smaller A1/F3 (≤0.58; 0.55-0.58) than A. mojave 

(≥0.58; 0.58-0.63) and A. prenticei (≥0.58; 0.58-0.65). Certain morphometrics have potential to 

be useful, though due to the amounts of variation, small number of specimens, and the small 

differences between species, no other are claimed to be significant at this time (see Appendix 2). 

During evaluation of traditional two-dimensional PCA morphospace and three-dimensional PCA 

morphospace (PC1~PC2~PC3), males of A. atomicum separate from A. iodius, A. joshua, and A. 

xwalxwal along PC1~2, but do not separate from A. mojave, A. icenoglei, or A. prenticei. Female 

atomicum separate from A. iodius in morphological space, but do not separate from the other 

miniature species (A. mojave, A. icenoglei, and A. prenticei). There are no known female A. 

xwalxwal at this time to compare. PC1, PC2, and PC3 explain ≥97% of the variation in all 

analyses. 

 

Aphonopelma catalina Hamilton & Hendrixson sp. nov. 

Figures 25-29 

 

Types. Male holotype (APH_1440) from Coronado National Forest, along Bug Spring Trail, 

Pima Co., Arizona, 32.34544 -110.71602 4, elev. 5255ft., 17.xii.2011, coll. Brent E. Hendrixson 

and Thomas Martin; deposited in AUMNH. Paratype female (APH_1602) from Coronado 

National Forest, along Bug Spring Trail, Pima Co., Arizona, 32.34544 -110.71602 4, elev. 5255ft., 

9.xi.2012, coll. Brent E. Hendrixson; deposited in AUMNH. Paratype male (APH_1439) from 

Coronado National Forest, along Bug Spring Trail, Pima Co., Arizona, 32.34544 -110.71602 4, 

elev. 5255ft., 17.xii.2011, coll. Brent E. Hendrixson and Thomas Martin; deposited in AMNH. 

 

 Etymology. The specific epithet is a noun in apposition taken from type locality, the 

Santa Catalina Mountains near Tucson, Arizona, where this new species appears to be endemic. 

 

 Diagnosis. Aphonopelma catalina (Fig. 25) is a member of the Marxi species group and 

can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. catalina as a phylogenetically 
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distinct monophyletic lineage (Figs. 7-8), supported as a sister lineage to A. chiricahua sp. nov. 

(a species endemic to the Chiricahua Mountains). The significant measurement that distinguishes 

male A. catalina from its closely related phylogenetic and syntopic species is F1. Male A. 

catalina can be distinguished by possessing a larger F1/A3 (≥2.25; 2.25-2.49) than A. chiricahua 

(≤1.86; 1.55-1.86), A. madera sp. nov. (≤2.14; 2.02-2.14), A. parvum sp. nov. (≤1.98; 1.79-1.98), 

A. peloncillo sp. nov. (≤2.23; 1.86-2.23), A. saguaro sp. nov. (1.96 ± (only 1 specimen)), and A. 

vorhiesi (≤2.17; 1.71-2.17). Significant measurements that distinguish female A. catalina from 

its closely related phylogenetic and syntopic species are Cl and M3. Female A. catalina can be 

distinguished by possessing a larger M3/A4 (≥1.07; 1.07-1.10) than A. chiricahua (0.80 ± (only 

1 specimen)), A. madera (≤1.07; 0.96-1.07), A. parvum (≤0.92; 0.86-0.92), and A. saguaro (0.92 

± (only 1 specimen)), but smaller than A. peloncillo (≥1.11; 1.11-1.23); and by possessing a 

smaller Cl/F4 (≤1.18; 1.17-1.18) than A. chiricahua (1.21 ± (only 1 specimen)), A. madera 

(≥1.20; 1.20-1.27), A. peloncillo (≥1.22; 1.22-1.34), and A. vorhiesi (≥1.23; 1.23-1.37). 

 

 Description of male holotype (APH_1440; Fig. 26). — Specimen preparation and 

condition: Specimen collected live crossing trail, preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right leg III removed for DNA and stored at -80°C in 

the AUMNH (Auburn, AL). General coloration: Generally black or faded black. Cephalothorax: 

Carapace 12.39 mm long, 11.33 mm wide; densely clothed with black/faded black pubescence, 

appressed to surface; fringe covered in long setae not closely appressed to surface; foveal groove 

medium deep and procurved; pars cephalica region rises gradually from foveal groove, gently 

arching anteriorly toward ocular area; AER procurved, PER recurved; normal sized chelicerae; 

clypeus straight; LBl 1.18, LBw 1.56; sternum hirsute, clothed with short black/brown, densely 

packed setae. Abdomen: Densely clothed in short black/brown pubescence with numerous longer, 

lighter setae interspersed (generally red or orange in situ); dense dorsal patch of black Type I 

urticating bristles (Cooke et al. 1972); ventral setae same as dorsal. Legs: Hirsute; densely 

clothed with short, similar length black/brown setae, and longer setae dorsally. Metatarsus I very 

slightly arched. F1 14.64; F1w 2.83; P1 5.31; T1 12.78; M1 8.91; A1 5.95; F3 10.40; F3w 2.88; 

P3 3.89; T3 8.63; M3 9.18; A3 5.89; F4 12.90; F4w 2.78; P4 4.54; T4 10.96; M4 12.34; A4 7.11; 

femur III is normal - not noticeably swollen or wider than other legs. All tarsi fully scopulate. 
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Extent of metatarsal scopulation: leg III (SC3) = 53.0%; leg IV (SC4) = 30.6%. Five ventral 

megaspines on metatarsus III; eleven ventral megaspines, one prolateral and one retrolateral 

megaspine on metatarsus IV; one large megaspine is present on the retrolateral tibia at the apex 

of the mating clasper - this can be seen when viewing the prolateral face of the mating clasper; 

the prolateral branch of the tibial apophysis possesses a very large megaspine that projects 

anteriorly. Coxa I: Prolateral surface a mix of fine, hair-like and tapered/thin tapered setae. 

Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, with numerous 

longer ventral setae; one megaspine at the apical, prolateral femur and two megaspines on the 

prolateral tibia; PTl 8.058, PTw 2.911. When extended, embolus tapers with a gentle curve to the 

retrolateral side near apex; embolus slender, no keels. 

 

 Variation (4). Cl 9.57-12.39 (10.595±0.62), Cw 8.88-11.33 (9.708±0.55), LBl 0.967-

1.237 (1.114±0.06), LBw 1.102-1.56 (1.354±0.11), F1 11.28-14.64 (12.765±0.7), F1w 2.18-2.83 

(2.467±0.14), P1 3.73-5.31 (4.483±0.32), T1 9.89-12.78 (11.132±0.61), M1 6.42-8.91 

(7.446±0.54), A1 5.0-5.95 (5.392±0.2), L1 length 36.32-47.59 (41.217±2.34), F3 7.97-10.4 

(9.098±0.5), F3w 2.1-2.88 (2.465±0.16), P3 3.04-4.084 (3.551±0.26), T3 5.74-8.63 (7.039±0.6), 

M3 6.72-9.18 (7.882±0.51), A3 4.82-5.89 (5.37±0.23), L3 length 28.29-37.99 (32.94±2.02), F4 

9.75-12.9 (11.077±0.66), F4w 2.05-2.78 (2.357±0.15), P4 3.26-4.54 (3.902±0.26), T4 7.82-10.96 

(9.444±0.64), M4 9.26-12.34 (10.762±0.63), A4 5.41-7.11 (6.095±0.4), L4 length 35.5-47.85 

(41.279±2.53), PTl 6.587-8.058 (7.173±0.32), PTw 2.328-2.911 (2.572±0.12), SC3 ratio 0.481-

0.53 (0.514±0.01), SC4 ratio 0.228-0.359 (0.286±0.03), Coxa I setae = tapered/thin tapered, F3 

condition = normal. 

 

 Description of female paratype (APH_1602; Figs. 27-28) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; original 

coloration faded due to preservation. Left legs I, III, IV, and pedipalp removed for photographs 

and measurements; stored in vial with specimen. Right leg III removed for DNA and stored at -

80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae removed and cleared, 

stored in vial with specimen. General coloration: Black/faded black and brown. Cephalothorax: 

Carapace 14.79 mm long, 13.74 mm wide; Hirsute, densely clothed with black/faded black, 

pubescence closely appressed to surface; fringe densely covered in longer setae; foveal groove 
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medium deep and straight; pars cephalica region gently rises from thoracic furrow, arching 

anteriorly toward ocular area; AER very slightly procurved, PER straight; robust chelicerae, 

clypeus extends forward on a slight curve; LBl 1.81, LBw 1.97; sternum hirsute, clothed with 

shorter black/faded black setae. Abdomen: Densely clothed dorsally in short black setae with 

numerous longer, lighter setae interspersed (generally red or orange in situ); dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972); ventral setae same as dorsal. 

Spermathecae: Paired and separate, tapering and slightly curving medially towards capitate bulbs, 

with wide bases that appear fused. Legs: Very hirsute, particularly ventrally; densely clothed in 

short and medium black pubescence, with longer setae colored similarly as the long abdominal 

setae; F1 11.87; F1w 3.84; P1 5.36; T1 9.77; M1 6.92; A1 6.04; F3 9.74; F3w 3.32; P3 4.52; T3 

7.26; M3 7.29; A3 6.07; F4 12.52; F4w 3.41; P4 4.92; T4 10.00; M4 10.98; A4 6.64. All tarsi 

fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 68.6%; leg IV (SC4) = 46.5%. 

Six ventral megaspines on metatarsus III; nine ventral megaspines and one prolateral megaspine 

on metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and tapered setae. Pedipalps: 

Densely clothed in the same setal color as the other legs; two prolateral megaspines and one 

ventral megaspine on the tibia. 

 

 Variation (2). Cl 14.79-16.39 (15.59±0.8), Cw 13.74-15.06 (14.4±0.66), LBl 1.81-2.03 

(1.92±0.11), LBw 1.97-2.67 (2.32±0.35), F1 11.87-13.85 (12.86±0.99), F1w 3.84-4.24 

(4.04±0.2), P1 5.36-5.58 (5.47±0.11), T1 9.77-11.33 (10.55±0.78), M1 6.92-7.57 (7.245±0.33), 

A1 6.04-6.05 (6.045±0), L1 length 39.96-44.38 (42.17±2.21), F3 9.74-11.31 (10.525±0.79), F3w 

3.32-3.78 (3.55±0.23), P3 4.52-5.33 (4.925±0.41), T3 7.26-8.35 (7.805±0.55), M3 7.29-8.42 

(7.855±0.57), A3 6.07-6.77 (6.42±0.35), L3 length 34.88-40.18 (37.53±2.65), F4 12.52-13.95 

(13.235±0.72), F4w 3.41-3.86 (3.635±0.23), P4 4.92-5.54 (5.23±0.31), T4 10.0-11.17 

(10.585±0.59), M4 10.98-11.74 (11.36±0.38), A4 6.64-7.84 (7.24±0.6), L4 length 45.06-50.24 

(47.65±2.59), SC3 ratio 0.629-0.686 (0.657±0.03), SC4 ratio 0.37-0.465 (0.418±0.05), Coxa I 

setae = medium tapered. Spermathecae variation can be seen in Figure 28. 

 

 Material Examined: United States: Arizona: Pima: Coronado National Forest, along 

Bug Spring Trail, 32.34544 -110.71602 4, 5255ft., [APH_0454, 28/12/2008, 1♂, Paul E. Marek, 

Charity Hall, AUMNH]; [APH_1438, 11/12/2011, 1♂, Jillian Cowles, Bill Savary, AUMNH]; 
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[APH_1439-1440, 17/12/2011, 2♂, Brent E. Hendrixson, Thomas Martin, AUMNH & AMNH]; 

[APH_1602, 9/11/2012, 1♀, Brent E. Hendrixson, AUMNH]; .5 miles W of Catalina Hwy, 2 

miles N of Molino Basin, Santa Catalina Mtns, 32.336526 -110.718179 4, 4886ft., [AUMS_2615, 

15/9/1974, 1♀, W. Icenogle, AUMNH]. 

 

 Distribution and natural history. Aphonopelma catalina is known from only six 

individuals collected within a few kilometers of each other but this species appears to be a sky 

island endemic found in the Santa Catalina Mountains in Pima County, Arizona at elevations 

above 1480 meters in oak-grassland communities (Figs. 1 & 29); it is possible that this species is 

also found in bordering sections of the Rincon Mountains but the range has not been thoroughly 

sampled for tarantulas. Aphonopelma catalina can be found inhabiting the Madrean Archipelago 

Level III Ecoregion; the upper elevational limit for A. catalina remains unknown but the species 

can likely be found in adjacent oak and pine-oak woodlands at higher elevations similar to its 

close relatives A. chiricahua and A. madera. This species has not been observed in syntopy with 

other Aphonopelma spp. but can probably be found alongside A. chalcodes and A. vorhiesi in 

oak-grassland communities along the lower elevations of the Santa Catalina Mountains. Only a 

single burrow (of an adult female, APH_1602, Fig. 25) of this species has been observed, located 

a few meters from a hiking trail surrounded by grasses and large rocks. The structure of the 

burrow was fairly typical for a North American theraphosid (i.e., circular and covered by a thin 

veil of silk) and did not appear too deep or well drained; the specimen was easily flooded from 

its burrow with less than a liter of water. Each adult male of A. catalina examined in this study 

was found during daylight hours in December, suggesting that the breeding period for this 

species is restricted to late autumn and early winter; one of these males was found wandering 

along a snow bank on a sunny afternoon (APH_0454, P. Marek pers. comm. 2008). An 

unconfirmed adult male (no voucher specimen available, identification tentatively assigned 

based on a photograph and locality data) was found above 1760 meters in an oak woodland 

community during early February (P. MacDuff pers. comm. 2015). 

 

 Conservation status. It is difficult to fully assess the distribution and abundance (and 

therefore the conservation status) of A. catalina due to a lack of specimens and thorough 

sampling; however, as previously mentioned, the species appears to be narrowly endemic to the 
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Santa Catalina Mountains, which may put the species at some risk. This mountain range is 

entirely contained within the Coronado National Forest (Santa Catalina Ranger District) which is 

afforded some degree of protection; however, increased urbanization of the Tucson Metropolitan 

Area (one of the most rapidly growing areas in the United States), increased recreation in the 

mountains, and climate change have impacted these habitats (Coronado Planning Partnership 

2008; Brusca et al. 2013; Moore et al. 2013; Hendrixson et al. 2015) and pose additional threats 

to A. catalina. 

 

 Remarks. As noted in Hendrixson et al. (2015), A. catalina is morphologically very 

similar to other Madrean sky island endemics in the Marxi species group, although generally 

larger than A. chiricahua and A. madera and possess a more hirsute appearance than A. vorhiesi. 

Other important ratios that distinguish males: A. catalina possess a larger T1/M3 (≥1.39; 1.39-

1.47) than A. parvum (≤1.34; 1.16-1.34) and A. saguaro (1.16 ± (only 1 specimen)); by 

possessing a smaller Cl/T1 (≤0.97; 0.90-0.97) than A. chiricahua (≥1.00; 1.00-1.17), A. madera 

(≥1.06; 1.06-1.12), A. peloncillo (≥1.01; 1.01-1.22), and A. vorhiesi (≥0.99; 0.99-1.34). Other 

important ratios that distinguish females: A. catalina possess a smaller A3/M4 (≤0.58; 0.55-0.58) 

than A. chiricahua (0.71 ± (only 1 specimen)), A. parvum (≥0.60; 0.60-0.69), and A. saguaro 

(0.67 ± (only 1 specimen)); by possessing a smaller Cl/M3 (≤2.03; 1.94-2.03) than A. chiricahua 

(2.36 ± (only 1 specimen)), A. madera (≥2.06; 2.06-2.31), and A. saguaro (2.10 ± (only 1 

specimen)); by possessing a smaller Cl/Cw (≤1.09; 1.07-1.09) than A. chiricahua (1.02 ± (only 1 

specimen)), A. peloncillo (≥1.11; 1.11-1.17), and A. vorhiesi (≥1.11; 1.11-1.21). For both males 

and females, certain morphometrics have potential to be useful, though due to the amounts of 

variation, small number of specimens, and the small differences between species, no other are 

claimed to be significant at this time (see Appendix 2). During evaluation of PCA morphospace, 

males of A. catalina separate from A. chalcodes, A. peloncillo, A. vorhiesi, and all miniature 

species along PC1~2, but do not separate from A. chiricahua, A. madera, and A. marxi. Females 

of A. catalina separate from A. chalcodes, A. chiricahua and all miniature species along PC1~2, 

but do not separate from A. madera, A. marxi, A. peloncillo, and A. vorhiesi. Interestingly, A. 

catalina males separate from A. chalcodes, A. peloncillo, A. saguaro, and A. vorhiesi in three-

dimensional PCA morphospace (PC1~PC2~PC3), but do not separate from A. chiricahua, A. 

madera, and A. marxi. Aphonopelma catalina females separate from A. chalcodes, A. chiricahua, 
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A. marxi, and A. saguaro but do not separate from A. madera, A. peloncillo, and A. vorhiesi. PC1, 

PC2, and PC3 explain ≥96% of the variation in all analyses. 

 

Aphonopelma chalcodes Chamberlin, 1940 

Figures 30-35; Appendix 4 

 

Aphonopelma chalcodes Chamberlin, 1940: 7; male holotype, male paratype, and two female 

paratypes from Tucson, Pima Co., Arizona, 32.221743 -110.926479 6, elev. 2473ft., 27.vii.1936, 

coll. Prof. C.T. Vorhies; deposited in AMNH. [examined] 

Rhechostica chalcodes Raven, 1985: 149. 

Aphonopelma chalcodes Smith, 1995: 82. 

 

Aphonopelma apacheum Chamberlin, 1940: 15; male holotype from Tucson, Pima Co., Arizona, 

32.221743 -110.926479 6, elev. 2473ft., elev. ft., no collecting date, coll. unknown; deposited in 

AMNH. Paratype male from the Santa Catalina Mountains, Pima Co., Arizona, 32.315500 -

110.711168 5, elev. 3800ft., 8-12.vii.1916, coll. Dr. F.E. Lutz; deposited in AMNH. [examined] 

Rhechostica apacheum Raven, 1985: 149. 

Aphonopelma apacheum Smith, 1995: 73. syn. n. 

 

Aphonopelma minchi Smith, 1995: 121; male holotype from Usery Pass Rd., near Usery 

Mountain Regional Park, Maricopa Co., Arizona, 33.482543 -111.623178 4, elev. 2033ft., no 

collecting date, coll. A. Smith and M. Sullivan; deposited in BMNH. Paratype male from 

western end of Apache Trail, 33.444378 -111.510491 5, elev. 1937ft., no collecting date, coll. A. 

Smith and M. Sullivan; deposited in BMNH. [examined] syn. n. 

 

Aphonopelma schmidti Smith, 1995: 140; male holotype and female paratype from Mineral 

Mountain, near Florence Junction on Hwy 60, Pinal Co., Arizona, 33.265044 -111.348427 5, elev. 

1916ft., 10.viii.1992, coll. A. Smith and M. Sullivan; deposited in BMNH. [examined] syn. n. 
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Aphonopelma stahnkei Smith 1995: 146; male holotype and male paratype from Tempe, 

Maricopa Co., Arizona, 33.425510 -111.940005 6, elev. 1176ft., no collecting date, coll. Dr. H.L. 

Stahnke; deposited in BMNH. [examined] syn. n. 

 

 Diagnosis. Aphonopelma chalcodes (Fig. 30) is a member of the Iodius species group 

and can be identified by a combination of morphological, molecular, and geographic 

characteristics. Nuclear DNA identifies A. chalcodes as a strongly supported lineage that is sister 

to the rest of the Iodius species group (A. eutylenum, A. iodius, and A. johnnycashi sp. nov.) (Fig. 

8). Aside from distribution, there are no pronounced measurements or characters that help 

discriminate A. chalcodes from the phenotypically similar species in the Iodius species group. 

Females and non-mature males of A. chalcodes can easily be differentiated from A. catalina sp. 

nov., A. chiricahua sp. nov., A. madera sp. nov., A. marxi, and A. vorhiesi by possessing a more 

lightly-colored carapace (the other species are generally black or dark brown). Males and 

females of A. chalcodes can easily be differentiated from syntopic members of the Paloma 

species group (mareki sp. nov., paloma, parvum sp. nov., prenticei sp. nov., saguaro sp. nov., 

and superstitionense sp. nov.) by their greater extent of metatarsal scopulation on legs III and IV 

and their much larger size. The most significant measurements that distinguish male A. 

chalcodes from its syntopic species are M3 and extent of metatarsus IV scopulation. Male A. 

chalcodes can be distinguished by possessing a larger PTl/M3 (≥0.65; 0.65-0.76) than A. gabeli 

(≤0.64; 0.58-0.64); by possessing a larger L4 scopulation extent (42%-74%) than A. catalina 

(22%-36%), A. chiricahua (33%-40%), and A. vorhiesi (20%-36%); and by possessing a smaller 

F1/M3 (≤1.31; 1.13-1.31) than A. catalina (≥1.57; 1.57-1.68), A. chiricahua (≥1.40; 1.40-1.75), 

A. madera (≥1.51; 1.51-1.69), A. marxi (≥1.58; 1.58-1.87), and A. peloncillo sp. nov. (≥1.33; 

1.33-1.49). The most significant measurement that distinguishes female A. chalcodes from its 

syntopic species is extent of metatarsus IV scopulation. Female A. chalcodes can be 

distinguished by possessing a larger L4 scopulation extent (56%-81%) than A. catalina (37%-

46%), A. chiricahua (27% ± (only 1 specimen)), A. gabeli (39%-53%), A. madera (29%-35%), A. 

marxi (33%-51%), A. peloncillo (32%-39%), and A. vorhiesi (29%-37%). 

 

 Redescription of male exemplar (APH_0954; Fig. 31). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; deposited in 
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AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Black and 

faded brown. Cephalothorax: Carapace 16.33 mm long, 15.71 mm wide; Hirsute; densely 

clothed with light brown iridescent pubescence mostly appressed to surface; fringe covered in 

long setae not closely appressed to surface; foveal groove medium deep and straight; pars 

cephalica region rises gradually from foveal groove, gently arching anteriorly toward ocular 

area; AER procurved, PER recurved; normal sized chelicerae; clypeus very slightly extends 

forward on a curve - mostly straight; LBl 2.15, LBw 2.76; sternum hirsute, clothed with shorter 

black/dark brown, densely packed setae. Abdomen: Densely clothed in short black/brown 

pubescence with numerous longer red/orange setae interspersed; possessing a dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972). Legs: Hirsute, particularly ventrally; 

densely clothed in a mix of short/medium length black or faded black pubescence, femurs are 

darker. Metatarsus I slightly arched. F1 16.51; F1w 3.99; P1 7.12; T1 14.12; M1 13.37; A1 8.19; 

F3 13.73; F3w 4.15; P3 5.67; T3 10.59; M3 13.16; A3 7.95; F4 16.44; F4w 3.78; P4 6.16; T4 

13.74; M4 16.84; A4 8.55; femur III is slightly swollen. All tarsi fully scopulate. Extent of 

metatarsal scopulation: leg III (SC3) = 81.3%; leg IV (SC4) = 76.4%. Three ventral on 

metatarsus III; four ventral megaspines on metatarsus IV. Coxa I: Prolateral surface a mix of fine, 

hair-like and tapered/thin tapered setae. Pedipalps: Hirsute; densely clothed in the same setal 

color as the other legs, with numerous longer ventral setae; one megaspine on the apical, 

prolateral femur and three megaspines on the prolateral tibia; PTl 9.54, PTw 3.15. When 

extended, embolus tapers and curves rapidly to the retrolateral side near apex; transition area 

from bulb to embolus is longer and wider than other species in the Iodius group, no keels. 

 

 Variation (13). Cl 14.43-21.07 (16.98±0.51), Cw 13.23-18.32 (15.675±0.45), LBl 1.44-

2.6 (2.07±0.08), LBw 1.69-2.91 (2.401±0.08), F1 14.56-19.13 (16.687±0.38), F1w 3.65-5.05 

(4.119±0.12), P1 6.0-8.11 (6.852±0.16), T1 13.29-15.65 (14.136±0.19), M1 12.08-15.77 

(13.313±0.3), A1 7.49-9.02 (8.219±0.14), L1 length 53.99-67.39 (59.208±1.09), F3 12.86-15.58 

(14.193±0.25), F3w 3.97-5.5 (4.369±0.13), P3 5.08-6.86 (5.769±0.15), T3 10.26-12.33 

(11.244±0.21), M3 12.46-14.84 (13.615±0.24), A3 7.16-9.09 (8.096±0.15), L3 length 48.04-

58.45 (52.917±0.92), F4 15.25-18.59 (16.683±0.3), F4w 3.53-5.09 (4.012±0.12), P4 5.09-7.09 
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(6.138±0.15), T4 12.11-15.53 (13.848±0.28), M4 14.9-20.1 (17.587±0.39), A4 8.03-10.05 

(8.951±0.17), L4 length 56.11-70.85 (63.208±1.17), PTl 8.835-11.026 (9.601±0.19), PTw 2.79-

3.48 (3.065±0.06), SC3 ratio 0.651-0.86 (0.773±0.02), SC4 ratio 0.428-0.764 (0.647±0.03), 

Coxa I setae = tapered, F3 condition = normal/slightly swollen. 

 

 Redescription of female exemplar (APH_0887; Figs. 32-34) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Faded brown/black. 

Cephalothorax: Carapace 20.37 mm long, 18.10 mm wide; Hirsute, densely clothed with light 

brown pubescence closely appressed to surface; fringe densely covered in longer setae; foveal 

groove medium deep and straight; pars cephalica region gently rises from thoracic furrow, 

arching anteriorly toward ocular area; AER slightly procurved, PER slightly recurved; large 

chelicerae, clypeus mostly straight; LBl 2.45, LBw 3.01; sternum very hirsute, clothed with dark 

brown setae. Abdomen: Densely clothed dorsally in short black setae with numerous longer, 

lighter setae interspersed (generally red or orange in situ); dense dorsal patch of black Type I 

urticating bristles (Cooke et al. 1972); ventral side with shorter black/dark brown setae. 

Spermathecae: Paired and separate with wide bases, tapering and slightly curving medially 

towards capitate bulbs, with secondary medial bulges. Legs: Very hirsute, particularly ventrally; 

densely clothed in medium and long light brown pubescence, femurs much darker. F1 14.74; 

F1w 4.24; P1 6.40; T1 10.41; M1 8.93; A1 7.36; F3 12.95; F3w 4.27; P3 5.67; T3 9.23; M3 9.96; 

A3 7.32; F4 15.91; F4w 4.55; P4 6.66; T4 12.45; M4 13.79; A4 7.72. All tarsi fully scopulate. 

Extent of metatarsal scopulation: leg III (SC3) = 89.7%; leg IV (SC4) = 64.8%. Two ventral 

megaspines on metatarsus III; six ventral megaspines on metatarsus IV. Coxa I: Prolateral 

surface a mix of fine, hair-like and tapered/thin tapered setae. Pedipalps: Densely clothed in the 

same setal color as the other legs; one megaspine on the apical, prolateral femur and six 

megaspines on the prolateral tibia. 

 



	   175 

 Variation (10). Cl 13.49-21.79 (18.548±0.72), Cw 11.72-19.71 (16.589±0.68), LBl 1.90-

2.61 (2.375±0.07), LBw 2.21-3.02 (2.773±0.1), F1 11.39-16.37 (14.684±0.42), F1w 3.34-4.76 

(4.397±0.14), P1 5.03-7.26 (6.554±0.21), T1 9.03-12.42 (11.224±0.31), M1 6.81-11.81 

(9.35±0.41), A1 5.68-7.39 (7.012±0.16), L1 length 37.94-55.02 (48.824±1.42), F3 9.38-13.96 

(12.093±0.38), F3w 3.15-4.58 (4.028±0.13), P3 3.92-6.25 (5.575±0.21), T3 6.78-9.67 

(8.581±0.25), M3 7.83-11.6 (9.925±0.34), A3 5.89-7.32 (7.035±0.14), L3 length 33.8-48.7 

(43.209±1.2), F4 12.15-16.3 (14.699±0.36), F4w 3.11-4.73 (4.134±0.14), P4 4.25-6.98 

(6.134±0.24), T4 9.59-12.45 (11.334±0.25), M4 11.16-15.35 (13.498±0.37), A4 6.51-8.28 

(7.676±0.15), L4 length 43.66-57.92 (53.341±1.24), SC3 ratio 0.728-0.926 (0.843±0.02), SC4 

ratio 0.566-0.812 (0.682±0.03), Coxa I setae = medium tapered. Spermathecae variation can be 

seen in Figures 33-34. 

 

Material Examined: United States: Arizona: Cochise: 0.6 miles E of Portal, 31.913718 -

109.130089 4, 4700ft., [AUMS_2676, 28/3/1990, 1♂, T.R. Prentice, AUMNH]; 1.4 miles NW 

Portal Rd on FR 42B (San Simon Rd); 31.926949 -109.169118 1, 5126ft., [APH_1229, 7/8/10, 

1♂, Brent E. Hendrixson, Ashley Bailey, Andrea Reed, AUMNH]; 10 miles east of Dos Cabezas, 

31.93051 -109.794753 5, 4281ft., [APH_2062, 4/8/71, 1♂, A. Jung, AMNH]; 2.4 miles NW 

Portal Rd on FR 42B (San Simon Rd); 31.932782 -109.183094 1, 5293ft., [APH_1230, 7/8/10, 

1♂, Brent E. Hendrixson, Ashley Bailey, Andrea Reed, AUMNH]; 2.6 miles NW Airport Rd on 

Muleshoe Ranch Rd, 32.259698 -110.103465 1, 4967ft., [APH_0710, 19/7/2009, 1♂, Brent E. 

Hendrixson, Nate Davis, AUMNH]; 5 miles north of Douglas, 31.427339 -109.545202 5, 4163ft., 

[APH_2069, 18/8/1964, 2♂, W.J. Gertsch, AMNH]; 5 miles south of Apache, 31.631987 -

109.093064 5, 4528ft., [APH_2074, 22/7/1964, 2♂, W.J. Gertsch and J.A. Woods, AMNH]; 5.1 

miles NW AZ/NM state line on Portal Rd, 31.91264458 -109.1192604 2, 4620ft., [APH_0386, 

31/7/2008, 1♂, Alice Abela, AUMNH]; Airport Rd, W of Wilcox, 32.23908 -109.975427 1, 

4424ft., [APH_0709, 19/7/2009, 1♂, Brent E. Hendrixson, Nate Davis, AUMNH]; along 

Montezuma Canyon Rd, 31.385646 -110.406385 1, 5650ft., [APH_1485, 2/8/12, 1♀, Brent E. 

Hendrixson, Brendon Barnes, Austin Deskewies, AUMNH]; along Ramsey Canyon Rd, 

31.460005 -110.295399 1, 5171ft., [APH_1225, 6/8/10, 1♂, Brent E. Hendrixson, Ashley Bailey, 

Andrea Reed, AUMNH]; Benson, 31.967008 -110.29502 5, 3589ft., [APH_2579, 8/1/54, 1♂, 

George Bredt, AMNH]; Cochise Cemetery (along Hwy-191); 32.093827 -109.910145 1, 4180ft., 
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[APH_0619-621, 11/7/09, 2♀, 1 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; Courtland Rd, 

near Jct. Ghost Town Trail, 31.758972 -109.796338 1, 4596ft., [APH_0715, 20/7/2009, 1♀, 

Brent E. Hendrixson, Nate Davis, AUMNH]; Oro Rd, just NE of Hwy-80, 31.402388 -

109.773026 1, 4277ft., [APH_0686, 17/7/2009, 1 juv, Brent E. Hendrixson, Nate Davis, 

AUMNH]; Portal, 31.913703 -109.14145 5, 4770ft., [APH_2057, 22/7/1976, 1♀, Mark Russel, 

AMNH]; [APH_2058, 1/9/64, 1♂, W.J. Gertsch, AMNH]; [APH_2060, 7/1/67, 1♂, W.J. Gertsch, 

AMNH]; [APH_2066, 27/8/1970, 1♀, 1♂, Chamberlin, AMNH]; [APH_2067-2068, 10/7/68, 2♂, 

W.J. Gertsch, AMNH]; [APH_2078, 8/1/65, 1♀, W.J. Gertsch, AMNH]; Rucker Canyon Rd, 

31.784784 -109.557742 1, 4575ft., [APH_0713-0714, 20/7/2009, 1♀, 1 juv, Brent E. Hendrixson, 

Nate Davis, AUMNH]; S of Sierra Vista at mouth of Ramsey Canyon, 31.463612 -110.291459 5, 

5095ft., [AUMS_2396, 14/7/1993, 1♂, V. Roth, AUMNH]; Sulphur Canyon, near Portal , 

31.892604 -109.167082 5, 5860ft., [APH_2059, 26/7/1955, 1♀, Guy Miller, AMNH]; Truman 

Rd, just off Hwy-82, 31.700137 -110.296948 1, 4242ft., [APH_0687-0690, 17/7/2009, 1♀, 3 juv, 

Brent E. Hendrixson, Nate Davis, AUMNH]; Coconino: Flagstaff, 35.200524 -111.639452 6, 

6929ft., [APH_2586, unknown, 1♂, unknown, AMNH]; Mayer, just S of Prescott, 34.395374 -

112.237457 5, 4488ft., [AUMS_2390, 6/20/09, 1♂, Tom Roberts, AUMNH]; Schnebly Hill Road 

NE of Sedona, 34.887682 -111.703022 5, 5810ft., [APH_2497, 6/8/77, 1♂, Barbara and M.W. 

Sanderson, AMNH]; [APH_2483, 6/8/77, 1♂, Barbara and M.W. Sanderson, AMNH]; Gila: 

0.55 miles N Strawberry on Hwy-87, 34.41409752 -111.4912396 4, 6046ft., [APH_0388, 2/8/08, 

1♂, Alice Abela, AUMNH]; 0.75 miles E AZ-87 on Control Rd, 34.360317 -111.41347 1, 

5555ft., [APH_0505-0508, 20/5/2009, 2♀, 2 juv, Brent E. Hendrixson, Bernadette DeRussy, 

Sloan Click, AUMNH]; 1.1 miles NW AZ-87 on Barnhardt Trail Rd (FR 419); 34.09815 -

111.36165 2, 3200ft., [APH_0344, 10/5/08, 1 juv, Brent E. Hendrixson, Zach Valois, Josh 

Richards, AUMNH]; 1.4 miles E US-87 on Conrol Rd, 34.35949 -111.40302 2, 5430ft., 

[APH_0346, 10/5/08, 1 juv, Brent E. Hendrixson, Zach Valois, Josh Richards, AUMNH]; 10 

miles NW of Globe, 33.527502 -110.694934 5, 4337ft., [APH_2064, 10/9/62, 1♂, Roth and Roth, 

AMNH]; 8 miles S of Young-dirt road Hwy 288, 33.997859 -110.953748 5, 6170ft., 

[AUMS_2319, 6/8/92, 1♂, T.R. Prentice, AUMNH]; along Control Rd, east of Hwy-87, 34.3602 

-111.415521 1, 5855ft., [APH_1531-1532, 4/10/12, 1♀, 1 juv, Brent E. Hendrixson, AUMNH]; 

Along Houston-Mesa Rd, 34.29263192 -111.2868479 4, 5168ft., [APH_0387, 2/8/08, 1♂, Alice 

Abela, AUMNH]; Apache Trail, 33.532562 -110.92045 6, 3711ft., [APH_2456, 25/3/1936, 1♂, 
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Edith M. Patel, AMNH]; Mazatzal Mountains, Tonto National Forest, El Oso Rd, 33.74139 -

111.35831 1, 5900ft., [APH_0191, 6/9/07, 1♀, Lorenzo Prendini, Jeremy Huff, AUMNH]; 

Payson, .41 miles E of Nf-200, 34.203644 -110.980578 1, 5297ft., [APH_3127, 9/8/13, 1♂, Tyler 

P. McKee, AUMNH]; Salt River Canyon, 33.619952 -110.921017 5, 2503ft., [APH_2065, 6/1/56, 

1♂, W.D. Allison, AMNH]; Tonto National Forest, near jct. FR-449 off Hwy-188, 33.61465 -

111.034975 1, 2474ft., [APH_1301-1303, 26/7/2011, 3 juv, Brent E. Hendrixson, Brendon 

Barnes, Nate Davis, Jake Storms, AUMNH]; Graham: 11.2 miles W Hwy-191 on Hwy-266, 

32.582263 -109.852113 1, 5592ft., [APH_1235, 8/8/10, 1♀, Brent E. Hendrixson, Ashley Bailey, 

Andrea Reed, AUMNH]; 3.6 miles SW Hwy-191 along Swift Trail (Hwy-366); 32.6896 -

109.754556 1, 3950ft., [APH_1509, 7/9/12, 1♂, Brent E. Hendrixson, AUMNH]; along Ash 

Creek Rd, 32.51432 -110.077472 1, 4450ft., [APH_1234, 8/8/10, 1♂, Brent E. Hendrixson, 

Ashley Bailey, Andrea Reed, AUMNH]; along High Creek Rd, 32.570316 -110.048141 1, 

4557ft., [APH_1232, 8/8/10, 1 juv, Brent E. Hendrixson, Ashley Bailey, Andrea Reed, 

AUMNH]; along Sunset Loop Rd, 32.512166 -110.159031 1, 4747ft., [APH_1233, 8/8/10, 1♂, 

Brent E. Hendrixson, Ashley Bailey, Andrea Reed, AUMNH]; Bonita-Klondyke Rd, W of 

Bonita, 32.600171 -109.983213 1, 4571ft., [APH_0695-0697, 18/7/2009, 3♀, Brent E. 

Hendrixson, Nate Davis, AUMNH]; crossing Sunset Rd, 32.506667 -110.180056 1, 4711ft., 

[APH_0391, 24/7/2008, 1♂, Kari, Hunter McWest, AUMNH]; Lower Canyon of Mount Graham, 

32.64023 -109.931671 6, 5281ft., [APH_2071, 15/7/1956, 1♂, V. Roth and W.J. Gertsch, 

AMNH]; [APH_2583, 15/7/1956, 1♂, W. Gertsch and V. Roth, AMNH]; W Ash Creek Rd, 

32.513833 -110.05858 1, 4420ft., [APH_0392, 24/7/2008, 1♂, Kari, Hunter McWest, AUMNH]; 

Greenlee: 14 miles west of Clifton, 33.06165 -109.44632 5, 3921ft., [APH_2493, 28/7/1962, 2♂, 

G. Bradt, AMNH]; Groom: Bradshaw Mountains near Prescott in pine forest, 34.385392 -

112.368863 6, 6440ft., [APH_2486, 15/9/1964, 1♂, Lowe, Soule, Wright, AMNH]; La Paz: 6.9 

miles N US-60 on Alamo Rd (near Base of Harcuvar Mtns N of Wenden); 33.92479 -113.54419 

1, 2285ft., [APH_0340-0341, 9/5/08, 1♀, 1 juv, Brent E. Hendrixson, Zach Valois, AUMNH]; 

Alano Road, 34.08542 -113.5515 4, 1982ft., [APH_0038, 12/8/06, 1♂, Alice Abela, AUMNH]; 

Bill Williams River NWA, E of Parker Dam (Buckskin Mtns); 34.29172 -114.08915 1, 560ft., 

[APH_1003, 8/5/10, 1♀, Chris A. Hamilton, AUMNH]; S of Hwy-72 on Bouse-Quartzsite Rd, 

33.86255 -114.02868 1, 1130ft., [APH_0450, 17/11/2008, 1♀, June Olberding, AUMNH]; 

[APH_0451, 30/11/2008, 1♂, June Olberding, AUMNH]; Maricopa: Palomas Plain, 2.5 miles N 
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of Sentinel, 32.886722 -113.238144 5, 667ft., [AUMS_2604, 11/8/90, 1♂, T.R. Prentice, 

AUMNH]; Palomas Plain, 3 miles N of Sentinel, 32.90163 -113.212893 5, 662ft., [AUMS_2647, 

22/11/1992, 1♂, unknown, AUMNH]; Rio Verde, 1 mile S of Forest Rd and Rio Verde Dr jct, 

off Forest Rd, 33.727441 -111.670456 4, 1586ft., [AUMS_2673, 13/5/1991, 1♀, Chris Baptista, 

AUMNH]; Sentinel, 1.5 miles N of I-8, 32.879995 -113.223031 5, 663ft., [AUMS_2620, 7/1/92, 

1♂, unknown, AUMNH]; 1.35 miles N McDowell Rd on Usery Pass Rd, 33.480479 -

111.624831 1, 1989ft., [APH_1497, 5/9/12, 1 juv, Brent E. Hendrixson, AUMNH]; 3.0 miles N I-

8 (Sentinel) on Agua Caliente Rd, 32.890757 -113.24223 1, 656ft., [APH_0428, 16/11/2008, 1 

juv, Brent E. Hendrixson, AUMNH]; 4.65 miles N I-8 (Sentinel) on Agua Caliente Rd, 32.90721 

-113.262703 1, 592ft., [APH_0429, 16/11/2008, 1 juv, Brent E. Hendrixson, AUMNH]; about 9-

10 miles E AZ-87 on NF-143, 33.7285 -111.43288 4, 3719ft., [APH_0134, 15/6/2007, 1♀, 

Austin Spears, AUMNH]; [APH_0135, 15/6/2007, 1 juv, Gilbert Quintana, AUMNH]; along 

Apache Trail, 33.606639 -111.19778 1, 2372ft., [APH_1492-1496, 4/9/12, 4♂, 1 juv, Brent E. 

Hendrixson, AUMNH]; [APH_1502-1505, 6/9/12, 2♀, 2♂, Brent E. Hendrixson, AUMNH]; east 

of Tortilla Flat off of Hwy 88, 33.5336 -111.37225 1, 1376ft., [APH_0954, 6/8/14, 1♂, Ben Allen, 

AUMNH]; in the Tonto National Forest, off Road 78 that splits from Apache Trail (88); E of 

Apache Junction, 33.4701 -111.47296 1, 2082ft., [APH_3199, 15/11/2013, 1 juv, Chris A. 

Hamilton, Brent E. Hendrixson, AUMNH]; Mazatzal Mountains, Four Peaks, Cline Cabin 

Rd./F.R. 143, 33.71667 -111.45509 4, 3080ft., [APH_0298, 6/10/07, 1 juv, Zach Valois, 

AUMNH]; Mesa, 33.414255 -111.831101 5, 1220ft., [APH_2591, unknown, 1♂, Michael 

Soleglad, AMNH]; [APH_2595, unknown, 1♂, Michael Soleglad, AMNH]; N of Gila Bend 

along Hwy-85, 0.6 miles E of Hwy, 33.043715 -112.633476 1, 807ft., [APH_0419, 15/11/2008, 1 

juv, Brent E. Hendrixson, AUMNH]; N side of Cline Cabin Rd, 33.72875 -111.43244 4, 3750ft., 

[APH_0360, 17/4/2008, 1♀, Zach Valois, AUMNH]; Palomas Plain, Sentinel, 32.861687 -

113.21082 5, 683ft., [AUMS_2323, 18/7/1989, 1♂, T.R. Prentice, AUMNH]; Phoenix, Usery 

Pass Rd off N Bush Hwy, 33.5468 -111.645 1, 1346ft., [APH_0887, 6/8/14, 1♀, Ben Allen, 

AUMNH]; Phoenix, 33.460362 -112.039455 6, 1119ft., [APH_2075, unknown, 1♀, unknown, 

AMNH]; South Mountain Park, 33.35257 -112.072563 6, 1332ft., [APH_2501, 21/11/1965, 1♂, 

S. C. Williams, AMNH]; South of Geronimo Head Mountain, 33.498275 -111.387253 6, 2933ft., 

[APH_2070, 21/12/1963, 1♂, Chamberlin, AMNH]; Sunflower, Sycamore Creek Rd., 33.88512 

-111.47874 4, 3526ft., [APH_0300-301, 6/10/07, 2 juv, Zach Valois, AUMNH]; E/NE of 
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Pyramid Peak, E of New River Rd., 33.921335 -112.101997 5, 2184ft., [AUMS_2631, 

18/11/2003, 1♂, C. Shipley, AUMNH]; New River, 33.915059 -112.136776 5, 2022ft., 

[AUMS_2687, 8/1/98, 1♂, Tom Roberts, AUMNH]; 6 miles N AZ-74 on New River Rd (near 

Lake Pleasant); 33.86502 -112.18967 1, 1799ft., [APH_0007, 5/10/01, 1♂, Brent E. Hendrixson, 

Darrin Vernier, AUMNH]; [APH_0046, 5/10/01, 1 juv, Brent E. Hendrixson, Darrin Vernier, 

AUMNH]; 6.0 miles N AZ-74 on New River Rd (near Lake Pleasant); 33.86307 -112.19106 1, 

1773ft., [APH_0127-0130, 13/6/2007, 1♀, 1♂, 2 juv, Brent E. Hendrixson, AUMNH]; 

[APH_0142-0143, 13/6/2007, 1♀, 1 juv, Brent E. Hendrixson, AUMNH]; 6.6 miles W jct. US-

93 on US-60, 33.956369 -112.840469 1, 2582ft., [APH_0498-0501, 18/5/2009, 1♀, 3 juv, Brent 

E. Hendrixson, Bernadette DeRussy, Sloan Click, AUMNH]; New River, ~0.5 miles W I-17 on 

AZ-74, 33.79765 -112.14307 4, 1655ft., [APH_0164-0165, unknown, 1♂, 1♀, Brandon 

Anderson, AUMNH]; Wickenburg, about 2.84 miles south of Interstate 60, 33.922158 -

112.903511 1, 2700ft., [APH_3128, 1/9/13, 1♀, Tyler P. McKee, AUMNH]; 

Maricopa/Yavapai: between Prescott and Phoenix, 34.052118 -112.147482 7, 2047ft., 

[APH_2076, 31/12/1933, 1♂, McCanly, AMNH]; Mohave: 0.9 miles S I-40 on Hwy-93, 

35.14879 -113.689479 1, 3646ft., [APH_1221-1222, 2/8/10, 2 juv, Brent E. Hendrixson, Brendon 

Barnes, Nate Davis, AUMNH]; 7.4 miles NE Hwy-93 on CR-25 in Dolan Springs, 35.60418 -

114.253563 1, 3638ft., [APH_1309, 28/7/2011, 1 juv, Brent E. Hendrixson, Brendon Barnes, 

Nate Davis, Jake Storms, AUMNH]; Bullhead City, ~2 miles S Hwy-68, 35.16973 -114.53414 4, 

1003ft., [APH_0048, 22/8/2001, 1♀, Tom and Tracy Vezie, AUMNH]; Cool Spring on Oatman 

Rd, off Rt. 66 (Black Mtns); 35.02957 -114.31629 1, 2772ft., [APH_0999-1001, 6/5/10, 3♀, 

Chris A. Hamilton, Rick West, AUMNH]; just N I-40 on Silver Springs Rd, 35.161716 -

113.564676 1, 3927ft., [APH_1305, 28/7/2011, 1♂, Brent E. Hendrixson, Brendon Barnes, Nate 

Davis, Jake Storms, AUMNH]; NW of Oatman on Rt. 10, 35.07184 -114.43861 1, 2191ft., 

[APH_0310-0312, 11/10/07, 3♂, Rick C. West, AUMNH]; Oatman Rd., Black Mountains, 

35.009671 -114.389097 6, 2420ft., [AUMS_2682, 27/3/1988, 1♀, T.R. Prentice, AUMNH]; 

Oatman, N of town off Rt. 66 (Black Mtns); 35.03484 -114.39156 1, 2772ft., [APH_1002, 7/5/10, 

1♀, Chris A. Hamilton, AUMNH]; Navajo: Hwy 60 (77); N of Carrizo, mile marker 324, 

34.070957 -110.193557 5, 5609ft., [AUMS_2477, 31/8/1986, 1♂, T.R. Prentice, AUMNH]; 

Pima: 0.18 miles S Hwy-86 on Hwy-386, 32.02419162 -111.5769608 2, 3251ft., [APH_0739, 

23/8/2009, 1♂, Alice Abela, AUMNH]; 0.2 miles W SR-83 on Sahuarita Rd, 31.963159 -
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110.675585 1, 3679ft., [APH_0616, 9/7/09, 1♂, Brent E. Hendrixson, Jon Davenport, Nate Davis, 

AUMNH]; 0.75 miles S Ball Rd in Why along Hwy-85, 32.252063 -112.7449 1, 1787ft., 

[APH_0425, 15/11/2008, 1 juv, Brent E. Hendrixson, AUMNH]; 1.02 miles S Hwy-86 on Hwy-

386, 32.01220214 -111.5747721 2, 3372ft., [APH_0738, 23/8/2009, 1♂, Alice Abela, AUMNH]; 

1.75 miles N Sahuarita Rd on Houghton Rd, 31.987937 -110.772369 1, 3201ft., [APH_0617, 

9/7/09, 1♂, Brent E. Hendrixson, Jon Davenport, Nate Davis, AUMNH]; 10560 E Wildfire 

Drive, Tucson, 32.2213 -110.76858 2, 2757ft., [APH_0014, 8/2/14, 1♂, Alex Binford, AUMNH]; 

2 miles N AZ-86 (W Ajo Hwy) on Sandario Rd, near jct. with Dusty Mesquite Trail, 

32.14446246 -111.2177859 2, 2350ft., [APH_0370, 24/7/2008, 1♂, Alice Abela, AUMNH]; 5 

miles west on St.289 from Jef.289 and US 89- north of Nogales, 31.426474 -111.008278 5, 

3665ft., [APH_2526, 20/7/1966, 1♂, E. Brown and J. Cole, AMNH]; along Hwy-86, 32.1992 -

112.43633 5, 1980ft., [APH_0174, 8/7/14, 1♂, Alice Abela, AUMNH]; [APH_0176, 8/7/14, 1♂, 

Alice Abela, AUMNH]; [APH_0740-0742, 23/8/2009, 3♂, Alice Abela, AUMNH]; along Hwy-

86, W of San Pedro, 32.03889549 -111.5014244 4, 2943ft., [APH_0737, 22/8/2009, 1♂, Alice 

Abela, AUMNH]; along Kitt Peak Rd, 31.97428845 -111.604144 4, 4625ft., [APH_0371-0372, 

24/7/2008, 2♂, Alice Abela, AUMNH]; [APH_0374-0375, 25/7/2008, 2♂, Alice Abela, 

AUMNH]; along Madera Canyon Rd, 31.836971 -110.946796 1, 3083ft., [APH_1344-1345, 

4/8/11, 2♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; along 

SR-83, 31.896859 -110.665638 1, 4045ft., [APH_0611-0615, 9/7/09, 5♂, Brent E. Hendrixson, 

Jon Davenport, Nate Davis, AUMNH]; AZ-86, 0.06 miles SW jct Indian Rt 30, 31.99315318 -

111.7053503 2, 2924ft., [APH_0373, 25/7/2008, 1♂, Alice Abela, AUMNH]; Batamote Rd, 

31.729183 -111.161558 1, 3387ft., [APH_0610, 9/7/09, 1 juv, Brent E. Hendrixson, Jon 

Davenport, Nate Davis, AUMNH]; Bates Well Rd., 2 miles N of OPCN monument (Organ Pipe 

Cactus National Monument); 32.226852 -112.890815 5, 1545ft., [AUMS_3329, 10/9/90, 1♂, W. 

Icenogle and G. Lowe, AUMNH]; Catalina Mountains, Bug Spring Trail, 32.341135 -

110.714921 1, 3624ft., [APH_0603-0604, 9/7/09, 1♀, 1 juv, Brent E. Hendrixson, Jon Davenport, 

Nate Davis, Paul Marek, Charity Hall, AUMNH]; Catalina State Park, campground, 32.4238 -

110.9233 2, 2700ft., [APH_1487, 2/8/12, 1♂, Brent E. Hendrixson, Brendon Barnes, Austin 

Deskewies, AUMNH]; Catalina State Park, trailhead parking lot and nature trail, 32.425002 -

110.909336 1, 2635ft., [APH_0598-0600, 8/7/09, 1♀, 2♂, Brent E. Hendrixson, Jon Davenport, 

Nate Davis, AUMNH]; [APH_0602, 8/7/09, 1♂, Brent E. Hendrixson, Jon Davenport, Nate 
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Davis, AUMNH]; Fish Canyon Rd, 31.742778 -110.707871 1, 4888ft., [APH_0691-0693, 

17/7/2009, 1♀, 2 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; NFWL Campsite, Cabeza 

Prieta Game Refuge, 32.232313 -113.608052 5, 932ft., [APH_2585, 7/1/76, 1♀, B. Woodward 

and R. Jones, AMNH]; Organ Pipe National Monument, 32.016369 -112.858922 5, 1988ft., 

[APH_2498, 5/22/09, 1♂, Vogt, AMNH]; Quail Creek-Veterans Municipal Park, 31.898272 -

110.964712 1, 2794ft., [APH_0605-0609, 9/7/09, 5♀, Brent E. Hendrixson, Jon Davenport, Nate 

Davis, AUMNH]; Redington, 32.42157 -110.5037 5, 2890ft., [APH_2072, 25/5/1970, 1♀, Mary 

Smallhouse, AMNH]; Sabino Canyon, Tucson, 32.315852 -110.81935 5, 2782ft., [APH_2474, 

11/9/35, 1♂, W.J. Baerg, AMNH]; [APH_2588, 9/1/35, 1♂, unknown, AMNH]; Saguaro 

National Park, eastern portion of park, off Cactus Forest Loop Dr at Cactus Forest south hiking 

trail, 32.171204 -110.730429 1, 3061ft., [APH_3174-3175, 12/11/13, 1♂, 1 juv, Chris A. 

Hamilton, Brent E. Hendrixson, AUMNH]; San Vicente, 33.336256 -111.831893 5, 1220ft., 

[APH_2061, 19/8/1957, 2♂, V. Roth, AMNH]; Santa Catalina Mountains, 32.44193 -

110.860732 6, 3806ft., [APH_2073, 8/7/16, 1♂, T.E. Luty, AMNH]; Santa Catalina Mountains, 

Catalina Hwy, 32.337262 -110.6959 5, 4501ft., [AUMS_3282, 26/8/1989, 1♂, T.R. Prentice, 

AUMNH]; SE of Ajo, mile marker 46, 32.357132 -112.826569 5, 1710ft., [AUMS_2605, 

27/8/1989, 1♀, T.R. Prentice, AUMNH]; SW of Ajo, Little Ajo Mountain, Darby Well Road, 

32.35451 -112.886495 4, 2090ft., [APH_0309, 15/10/2005, 1♂, Lennart Pettersson, Dave 

Kandiyeli, Sheri Monk, AUMNH]; Tucson, 32.221743 -110.926479 6, 2470ft., [APH_2088, 

27/7/1936, 1♀, 1♂, unknown, AMNH]; [APH_2089, 7/1/35, 1♀, P. Stichler, AMNH]; 

[APH_2063, 23/8/1973, 1♂, A. Jung, AMNH]; [APH_2205, 9/1/35, 1♂, W.J. Baerg, AMNH]; 

Tucson area, near Catalina State Park, N side of Tangerine Rd and E of Tangerine Crossing, E of 

Marana, 32.424545 -111.03393 1, 2731ft., [APH_3173, 12/11/13, 1 juv, Brent E. Hendrixson, 

Chris A. Hamilton, AUMNH]; Ajo, SE on Hwy 85, 32.35653 -112.826776 5, 1711ft., 

[AUMS_2384, 27/8/1989, 1♀, T.R. Prentice, AUMNH]; near Sahuarita off I19 (Hwy 89); 

32.002043 -110.981937 5, 2702ft., [AUMS_2324, 15/10/1992, 1♂, Barney Tomberlin, 

AUMNH]; Papago Indian Reservation, Hwy 86, 7.2 miles W of Indian Rte 15, 32.176101 -

112.232872 4, 2418ft., [AUMS_2382, 18/11/1989, 1♂, T.R. Prentice, AUMNH]; Pinal: 0.1 

miles S Apache Trail on Mountain View Rd, 33.445508 -111.502834 1, 1935ft., [APH_0503, 

19/5/2009, 1 juv, Brent E. Hendrixson, Bernadette DeRussy, Sloan Click, AUMNH]; 1.5 miles S 

US-60 on Mineral Mountain Rd, 33.242909 -111.270678 1, 2067ft., [APH_0502, 19/5/2009, 1 
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juv, Brent E. Hendrixson, Bernadette DeRussy, Sloan Click, AUMNH]; 2.4 miles E Hwy-79 on 

Cottonwood Canyon Rd, 33.187604 -111.313416 1, 1901ft., [APH_1304, 26/7/2011, 1 juv, Brent 

E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; 3.4 miles SE AZ-77 on 

SR-76, near San Manuel, 32.628709 -110.648951 1, 3392ft., [APH_0596, 8/7/09, 1♀, Brent E. 

Hendrixson, Jon Davenport, Nate Davis, AUMNH]; 7 miles south of Oracle-Santa Catalina 

Mountains, 32.531565 -110.773332 5, 4678ft., [APH_2529, 25/7/1949, 2♂, unknown, AMNH]; 

in desert NW jct of Hwy-8 4and Amarillo Valley Rd (3.2 miles NW I-8); 32.856009 -

112.085251 1, 1517ft., [APH_0420, 15/11/2008, 1♀, Brent E. Hendrixson, Paul Marek, Charity 

Hall, Kojun, AUMNH]; near Cogburn Ostrich Ranch, 32.64396 -111.39235 4, 1840ft., 

[APH_0369, 5/4/08, 1 juv, Shasta Michaels, AUMNH]; off Florence-Kelvin Hwy, BLM land E 

of Florence, 32.99965 -111.26476 1, 1970ft., [APH_3196, 15/11/2013, 1 juv, Chris A. Hamilton, 

Brent E. Hendrixson, AUMNH]; off Hwy 79 around 1/2 way between 77 split and Florence at 

Tom Mix Rest Area, 32.82084 -111.20621 1, 2333ft., [APH_3192, 15/11/2013, 1 juv, Chris A. 

Hamilton, Brent E. Hendrixson, AUMNH]; off Hwy 79 around 1/2 way between 77 split and 

Florence at Tom Mix Rest Area, 32.820504 -111.20632 1, 2370ft., [APH_3193, 15/11/2013, 1 

juv, Brent E. Hendrixson, Chris A. Hamilton, AUMNH]; OHV trail area, near Kearny, 

33.065521 -110.888678 1, 2163ft., [APH_0595, 8/7/09, 1♀, Brent E. Hendrixson, Jon Davenport, 

Nate Davis, AUMNH]; Oracle, 32.610602 -110.771115 5, 4537ft., [APH_2593, 11/7/40, 1♂, 

Gertsch and Hook, AMNH]; Picacho, just off Camino Adelante Dr, 32.71453 -111.4975 2, 

1612ft., [APH_0716, 7/9/14, 1♀, Warren Burke, AUMNH]; Robert Engstrom's property, 0.2 

miles S East Cactus Forest Rd on North Coolidge Airport Rd, 32.97029 -111.42175 2, 1541ft., 

[APH_0198, 14/6/2007, 1♂, Robert Engstrom, AUMNH]; Superior, Boyce Thompson 

Arboretum, 33.279265 -111.160952 2, 2440ft., [APH_1370, 3/9/11, 1♂, Benjamin Curtis, Mason 

McWest, AUMNH]; W of Chuck's Corner off S. Amarillo Valley Rd, off Hwy 84, N of I-8, 

32.8572 -112.08641 1, 1517ft., [APH_3167, 11/11/13, 1♂, Chris A. Hamilton, Brent E. 

Hendrixson, AUMNH]; [APH_3169, 11/11/13, 1 juv, Brent E. Hendrixson, Chris A. Hamilton, 

AUMNH]; Santa Cruz: 0.65 miles W Mount Hopkins Rd on Forest Service Rd 184, 31.69646 -

111.00164 2, 3512ft., [APH_0175, 8/7/14, 1♂, Alice Abela, AUMNH]; 0.95 miles W Mount 

Hopkins Rd on Forest Service Rd 184, 31.69671 -111.00641 2, 3497ft., [APH_0173, 8/7/14, 1♂, 

Alice Abela, AUMNH]; along Duquesne Rd, 31.363711 -110.792456 1, 4146ft., [APH_1340, 

4/8/11, 1♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; along 
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Duquesne Rd (FR-61]; 31.347952 -110.509098 1, 5057ft., [APH_1339, 4/8/11, 1♀, Brent E. 

Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; along FR-61, 31.34832 -

110.508551 1, 5088ft., [APH_1224, 6/8/10, 1♀, Brent E. Hendrixson, Ashley Bailey, Andrea 

Reed, AUMNH]; along Montosa Canyon Rd (FR-184); 31.701063 -111.039066 1, 3181ft., 

[APH_1341, 4/8/11, 1♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, 

AUMNH]; Along Mt Hopkins Rd, 31.67354048 -110.9229983 4, 5047ft., [APH_0383-0384, 

28/7/2008, 2♂, Alice Abela, AUMNH]; [APH_0730, 20/8/2009, 1♂, Alice Abela, AUMNH]; 

Along Ruby Rd, 31.43198526 -111.188291 4, 4018ft., [APH_0376, 26/7/2008, 1♂, Alice Abela, 

AUMNH]; [APH_0377-0379, 27/7/2008, 3♂, Alice Abela, AUMNH]; [APH_0380-0381, 

28/7/2008, 2♂, Alice Abela, AUMNH]; Coronado National Forest, along FR-61, 31.343749 -

110.485365 1, 5083ft., [APH_1195-1196, 28/7/2010, 2♀, Brent E. Hendrixson, Brendon Barnes, 

Nate Davis, AUMNH]; Coronado National Forest, Pena Blanca Lake, Hwy 289, 31.39225 -

111.13153 1, 4290ft., [APH_0193, 5/9/07, 1♂, Lorenzo Prendini, Jeremy Huff, AUMNH]; 

Harshaw Rd, 31.531637 -110.718517 4, 4187ft., [APH_0389, unknown, 1♂, Alice Abela, 

AUMNH]; [APH_0694, 17/7/2009, 1 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; Oro 

Blanco Mountains-12 miles from Nogales, 31.333796 -111.023962 5, 4472ft., [APH_2492, 

7/1/37, 3M, Steckler, AMNH]; Ruby Road, 31.3948 -111.13614 4, 4487ft., [APH_0037, 6/8/06, 

1♂, Alice Abela, AUMNH]; Ruby Road near Pena Lake, 31.400702 -111.090398 5, 3871ft., 

[APH_2487, 19/7/1962, 1♂, unknown, AMNH]; Ruby Road-10 miles northwest of Nogales, 

31.402097 -111.027724 5, 3865ft., [APH_2505, 8/1/62, 1♂, W.J. Gerstch, AMNH]; Yavapai: 

0.2 miles E I-17 on Dugas Rd, 34.39945 -112.07044 1, 3800ft., [APH_0131-0132, 13/6/2007, 1♂, 

1 juv, Brent E. Hendrixson, AUMNH]; 0.8 miles E I-17, 0.9 miles S Stoneman Lake Road [near 

Exit 306]; 34.76055 -111.64488 1, 5472ft., [APH_0049, 3/10/01, 1 juv, Brent E. Hendrixson, 

Darrin Vernier, AUMNH]; 3.4 miles SE AZ-71 on US-93, 34.09027 -112.90285 1, 2717ft., 

[APH_0133, 15/6/2007, 1 juv, Brent E. Hendrixson, Shasta Michaels, AUMNH]; Beaver Creek 

Trail at trailhead, 40.4 miles S of jct I-40 and I-17 on 17, 34.674376 -111.713738 5, 3875ft., 

[AUMS_2339, 31/3/1990, 1♂, T.R. Prentice, AUMNH]; Beaver Creek, E of I-17, E of interstate, 

N of Hwy 260, 34.671522 -111.724763 5, 3920ft., [AUMS_3264, 31/3/1990, 1♀, T.R. Prentice, 

AUMNH]; Black Canyon City, 0.85 miles E I-17 on South Mud Springs Rd, 34.073 -112.13204 

4, 2044ft., [APH_0168-0170, unknown, 1♀, 2♂, Brandon Anderson, AUMNH]; Bumble Bee 

Ranch Rd. (Bumble Bee, AZ Ghost Town off Co. Rd. 59); 34.152931 -112.156127 5, 2640ft., 
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[AUMS_2325, 10/8/90, 1♂, T.R. Prentice, AUMNH]; Bumblebee Ranch Rd (Crown King Rd); 

1.5 miles E of Crown King, 34.217448 -112.307279 5, 5477ft., [AUMS_2692, 30/8/1990, 2♂, 

T.R. Prentice, AUMNH]; Bumblebee Ranch Road, 34.227934 -112.154007 5, 2800ft., 

[AUMS_2383, 30/8/1990, 1♂, T.R. Prentice, AUMNH]; [AUMS_2320, 11/8/90, 1♂, T.R. 

Prentice, AUMNH]; [AUMS_2338, 12/8/90, 1♀, T.R. Prentice, AUMNH]; [AUMS_3272, 

16/8/1994, 1♀, T.R. Prentice, AUMNH]; [AUMS_3324, 11/8/90, 1♂, T.R. Prentice, AUMNH]; 

[AUMS_3339, 10/8/90, 1♂, T.R. Prentice, AUMNH]; [AUMS_2379, 16/8/1994, 1♂, Enza 

Prentice, AUMNH]; Constellation, 34.064896 -112.585608 5, 3446ft., [AUMS_2366, 8/1/91, 1♂, 

T.R. Prentice, AUMNH]; Cordes Lake Development, Cordes jct, SE of Mayer, 34.307807 -

112.103491 5, 3701ft., [AUMS_3342, 21/8/1998, 1♂, Stephen Roy, AUMNH]; Dugas Road, 

approx. 2.0 miles W I-17 on Orme Ranch Road, 34.42758 -112.07979 4, 3914ft., [APH_0013, 

24/3/2002, 1♂, John Bell, AUMNH]; N of Village of Oak Creek, Courthouse Butte/Big Park 

Trail, 34.79569 -111.758817 1, 4233ft., [APH_1543, 22/10/2012, 1 juv, Brent E. Hendrixson, 

AUMNH]; near Deer Pass Crossing on Oak Creek about 8 miles southeast Sedona, 34.838954 -

111.721245 5, 6411ft., [APH_2485, 15/6/1977, 1♂, M.W. Sanderson, AMNH]; Prescott, 

34.53923 -112.468695 5, 5387ft., [APH_2504, 28/7/1948, 1♂, C. and P. Vaurie, AMNH]; 

Yarnell, 34.221331 -112.747488 5, 4806ft., [APH_2587, 4/9/61, 1♂, Roth and Roth, AMNH]; 

Yuma: Rd. 36 E off I-8, S side of I-8, E field, 32.679615 -114.015636 5, 358ft., [AUMS_2362, 

12/8/90, 1♂, T.R. Prentice, AUMNH]; Rd. 36 E, south, W side of rd., 32.645663 -114.02637 5, 

449ft., [AUMS_2363, 16/11/1986, 1♂, T.R. Prentice, AUMNH]; New Mexico: Hidalgo: Rodeo, 

31.835372 -109.03117 5, 4131ft., [APH_2090, 20/1/1969, 1♀, V. Roth, AMNH]. 

 

 Distribution and natural history. Aphonopelma chalcodes is widely distributed across 

the southern two-thirds of Arizona south of the Grand Canyon (Fig. 35), bound to the west by the 

Colorado River and barely making its way into southwestern New Mexico (Fig. 35). The species 

is undoubtedly widespread throughout northern Sonora, Mexico as well.  This species inhabits a 

large diversity of habitats including the following Level III Ecoregions: Arizona/New Mexico 

Mountains, Arizona/New Mexico Plateau, Madrean Archipelago, and the Sonoran Basin and 

Range (Fig. 1G). Aphonopelma chalcodes can be found in syntopy with a number of species 

across its distribution including: A. catalina sp. nov., A. chiricahua sp. nov., A. gabeli, A. 

madera sp. nov., A. mareki sp. nov., A. marxi, A. paloma, A. parvum sp. nov., A. peloncillo, A. 
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prenticei sp. nov., A. saguaro sp. nov., A. superstitionense sp. nov., and A. vorhiesi. The 

breeding season, when mature males abandon their burrows in search of females, occurs during 

the summer (generally July–September), particularly during the summer monsoon season. 

Additional information about the natural history of this species can be found in Smith (1995). 

 

 Conservation status. Aphonopelma chalcodes is the most widespread and abundant 

tarantula species in Arizona.  The species is secure. 

 

 Remarks. Aphonopelma chalcodes is herein considered a member of the problematic 

Iodius species group. Morphological and molecular data confirm that A. chalcodes is the sister 

lineage to the remaining species in the group (A. iodius, A. eutylenum, and A. johnnycashi sp. 

nov.). There are no major morphological features that can be used to distinguish A. chalcodes 

from these species so we must rely on molecular data and distributional information (A. 

chalcodes is largely restricted to Arizona south of the Grand Canyon). Other important ratios that 

distinguish males: A. chalcodes possess a larger M1/A1 (≥1.51; 1.51-1.79) than A. johnnycashi 

(≤1.43; 1.29-1.43). Other important ratios that distinguish females: A. chalcodes possess a 

smaller F1/M1 (≤1.68; 1.38-1.68) than A. catalina (≥1.71; 1.71-1.83), A. chiricahua (1.84 ± 

(only 1 specimen)), A. madera (≥1.73; 1.73; 1.73-2.15), and A. marxi (≥1.77; 1.77-1.88); by 

possessing a smaller P1/M1 (≤0.75; 0.61-0.75) than A. vorhiesi (≥0.75; 0.75-0.85). For both 

males and females, certain morphometrics have potential to be useful, though due to the amounts 

of variation, small number of specimens, and the small differences between species, no others 

are claimed to be significant at this time (see Appendix 2). During evaluation of traditional two-

dimensional PCA morphospace and three-dimensional PCA morphospace (PC1~PC2~PC3), 

male and female A. chalcodes do not separate from the other species in the Iodius species group. 

Male A. chalcodes separate from syntopic species A. catalina, A. chiricahua, A. madera, and A. 

marxi in two-dimensional morphospace as well as all syntopic miniature tarantulas (A. mareki, A. 

paloma, A. parvum, A. prenticei, A. saguaro, and A. superstitionense), but do not separate from A. 

gabeli or A. peloncillo; when three-dimensional morphospace is evaluated, A. chalcodes 

separates from all of their syntopic species. Female A. chalcodes separate from their syntopic 

species A. chiricahua, A. madera, and A. marxi in traditional two-dimensional morphospace as 

well as all syntopic miniature tarantulas, but do not separate from A. catalina, A. gabeli, A. 



	   186 

peloncillo or A. vorhiesi; when three-dimensional morphospace is evaluated, A. chalcodes 

separates from A. chiricahua, A. madera, A. marxi, A. peloncillo, and A. vorhiesi, but not A. 

catalina or A. gabeli. PC1, PC2, and PC3 explain ≥95% of the variation in all analyses. We 

examined the holotypes and freshly collected topotypic material of A. apacheum, A. minchi, A. 

schmidti, and A. stahnkei. Our morphological and molecular analyses fail to recognize these four 

species as separate, independently evolving lineages. As a consequence, we consider A. 

apacheum, A. minchi, A. schmidti, and A. stahnkei junior synonyms of A. chalcodes. 

 Mitochondrial DNA (CO1) identifies A. chalcodes as a polyphyletic group with some 

samples more closely related to specimens of A. iodius (Fig. 7); these latter samples of A. 

chalcodes were previously considered a putative cryptic species by Hamilton et al. (2014). The 

mtDNA also identifies A. vorhiesi as the sister lineage to A. chalcodes. The AE nuclear DNA on 

the other hand shows that A. chalcodes is a single lineage that is sister to the rest of the Iodius 

species group. Again, these results highlight how CO1 is not effective at accurately delimiting 

species boundaries within this group. 

 

Aphonopelma chiricahua Hamilton & Hendrixson sp. nov. 

Figures 36-39 

 

Types. Male holotype (APH_3191) collected 1 mile up the road (42 Forest Rd.) from the lookout 

trail, Cochise Co., Arizona, 31.886417 -109.173356 1, elev. 5083ft., 14.xi.2013, coll. Helen 

Snyder; deposited in AUMNH. Paratype female (APH_2097) from SWRS (Southwest Research 

Station, 5 miles W of Portal), Cochise Co., Arizona, 31.884056 -109.208261 5, elev. 5436ft., 

30.xi.1965, coll. Jon Jenson; deposited in AMNH. Paratype male (APH_2105) from SWRS, 

Cochise Co., Arizona, 31.883356 -109.207107 5, elev. 5404ft., 31.x.1956, coll. E. Ordway; 

deposited in AMNH. 

 

 Etymology. The specific epithet is a noun in apposition taken from type locality, the 

Chiricahua Mountains outside of Portal, Arizona, where this new species appears to be endemic. 

 

 Diagnosis. Aphonopelma chiricahua (Fig. 36) is a member of the Marxi species group 

and can be distinguished by a combination of morphological, molecular, and geographic 
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characteristics. Nuclear and mitochondrial DNA identifies A. chiricahua as a phylogenetically 

distinct lineage (Figs. 7-8), supported as a sister lineage to A. catalina sp. nov. (a species 

endemic to the Santa Catalina Mountains). The significant measurement that distinguishes male 

A. chiricahua from its closely related phylogenetic and syntopic species is A3. Male A. 

chiricahua can be distinguished by possessing a larger A3/M4 (≥0.65; 0.65-0.72) than A. 

catalina (≤0.52; 0.47-0.52), A. madera sp. nov. (≤0.60; 0.54-0.60), A. parvum sp. nov. (≤0.64; 

0.53-0.64), A. peloncillo sp. nov. (≤0.58; 0.45-0.58), and A. vorhiesi (≤0.57; 0.46-0.57). The 

significant measurement that distinguishes female A. chiricahua from its closely related 

phylogenetic and syntopic species is P1. Female A. chiricahua can be distinguished by 

possessing a smaller Cl/P1 (2.21 ± (only 1 specimen)) than A. catalina (≥2.75; 2.75-2.94), A. 

madera (≥2.71; 2.71-3.01), A. parvum (≥2.69; 2.69-3.04), A. peloncillo (≥2.71; 2.71-3.02), and A. 

vorhiesi (≥2.59; 2.59-2.88). 

 

 Description of male holotype (APH_3191; Fig. 37). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right legs III & IV removed for DNA and stored at -

80°C in the AUMNH (Auburn, AL). General coloration: Generally black or faded black. 

Cephalothorax: Carapace 11.42 mm long, 11.22 mm wide; densely clothed with black/faded 

black pubescence, slightly appressed to surface and longer than lower elevation species, slight 

iridescence; fringe covered in long setae not closely appressed to surface; foveal groove medium 

deep and straight; pars cephalica region rises gradually from foveal groove, gently arching 

anteriorly toward ocular area; AER slightly procurved, PER very slightly recurved; normal sized 

chelicerae; clypeus slightly extends forward on a curve; LBl 1.37, LBw 1.61; sternum hirsute, 

clothed with medium black, densely packed setae. Abdomen: Densely clothed in short 

black/brown pubescence with numerous longer, lighter setae interspersed (generally red or 

orange in situ), longer with a more hirsute appearance than lower elevation species; dense dorsal 

patch of black Type I urticating bristles (Cooke et al. 1972); ventral setae same as dorsal. Legs: 

Hirsute; densely clothed with medium length black/brown setae, and longer setae ventrally. 

Metatarsus I slightly arched. F1 12.72; F1w 3.28; P1 4.95; T1 11.37; M1 7.61; A1 6.16; F3 9.53; 

F3w 2.98; P3 4.11; T3 7.60; M3 7.79; A3 6.84; F4 11.41; F4w 3.20; P4 4.41; T4 9.67; M4 10.28; 
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A4 7.78; femur III is normal - not noticeably swollen or wider than other legs. All tarsi fully 

scopulate. Extent of metatarsal scopulation: leg III (SC3) = 65.5%; leg IV (SC4) = 37.9%. Three 

ventral megaspines and one retrolateral megaspine on metatarsus III; nine ventral megaspines, 

one prolateral megaspine on metatarsus IV; two ventral megaspines on tibia I. Coxa I: Prolateral 

surface a mix of fine, hair-like and thin/very thin tapered setae. Pedipalps: Hirsute; densely 

clothed in the same setal color as the other legs, with numerous longer ventral setae; one 

megaspine at the apical, prolateral femur and four megaspines on the prolateral tibia; PTl 7.34, 

PTw 2.82. When extended, embolus tapers with a gentle curve to the retrolateral side near apex; 

embolus slender, no keels. 

 

 Variation (7). Cl 6.837-11.42 (8.18±0.62), Cw 6.254-11.22 (8.269±0.86), LBl 0.684-

1.368 (0.959±0.11), LBw 0.985-1.765 (1.292±0.11), F1 6.145-12.718 (8.731±0.77), F1w 1.898-

3.281 (2.309±0.19), P1 2.859-4.947 (3.517±0.27), T1 5.851-11.372 (7.397±0.7), M1 4.09-7.61 

(5.06±0.46), A1 3.572-6.165 (4.542±0.31), L1 length 22.568-42.812 (29.248±2.48), F3 5.591-

9.531 (6.823±0.5), F3w 1.688-2.982 (2.147±0.18), P3 2.304-4.112 (2.896±0.23), T3 4.162-7.603 

(5.286±0.43), M3 4.379-7.794 (5.317±0.45), A3 3.955-6.838 (5.003±0.35), L3 length 20.391-

35.878 (25.325±1.95), F4 6.648-11.414 (8.181±0.62), F4w 1.74-3.205 (2.174±0.2), P4 2.524-

4.414 (3.141±0.25), T4 5.784-9.674 (7.104±0.48), M4 5.772-10.277 (7.342±0.56), A4 4.944-

7.78 (5.781±0.38), L4 length 25.672-43.559 (31.549±2.26), PTl 4.42-7.341 (5.424±0.36), PTw 

1.888-2.82 (2.241±0.12), SC3 ratio 0.48-0.656 (0.556±0.02), SC4 ratio 0.33-0.404 (0.376±0.01), 

Coxa I setae = thin/very thin tapered, F3 condition = normal. 

 

 Description of female paratype (APH_2097; Fig. 38) — Specimen preparation and 

condition: Specimen collected live, preserved in unknown percentage of ethanol; original 

coloration faded due to preservation. Left legs I, III, IV, and pedipalp removed for photographs 

and measurements; stored in vial with specimen. No tissue for DNA. Genital plate with 

spermathecae removed and cleared, stored in vial with specimen. General coloration: Brown and 

faded black. Cephalothorax: Carapace 7.651 mm long, 7.479 mm wide; Hirsute, densely clothed 

with brown pubescence closely appressed to surface; fringe densely covered in longer setae; 

foveal groove medium deep and slightly procurved; pars cephalica region gently rises from 

thoracic furrow, arching anteriorly toward ocular area; AER slightly procurved, PER slightly 
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recurved; robust chelicerae, clypeus extends forward on a slight curve; LBl 1.194, LBw 1.218; 

sternum hirsute, clothed with medium short brown setae. Abdomen: Densely clothed dorsally in 

brown setae with numerous longer, lighter setae interspersed (generally red or orange in situ); 

dense dorsal patch of black Type I urticating bristles (Cooke et al. 1972); ventral setae shorter 

than dorsal. Spermathecae: Paired and separate, tapering and curving medially towards capitate 

bulbs, with wide bases that are not fused. Legs: Hirsute; densely clothed in short and medium 

brown pubescence; F1 6.261; F1w 2.223; P1 3.453; T1 4.952; M1 3.398; A1 3.011; L1 length 

21.075; F3 4.989; F3w 1.645; P3 2.332; T3 3.341; M3 3.231; A3 3.681; L3 length 17.574; F4 

6.292; F4w 1.897; P4 3.17; T4 5.134; M4 5.114; A4 3.995; L4 length 23.705. All tarsi fully 

scopulate. Extent of metatarsal scopulation: leg III (SC3) = 56.2%; leg IV (SC4) = 27.7%. Two 

ventral megaspines and one prolateral megaspine on metatarsus III; six ventral megaspines and 

one prolateral megaspine on metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and 

tapered/thin tapered setae. Pedipalps: Densely clothed in the same setal color as the other legs; 

one megaspine at the apical, prolateral femur, two prolateral megaspines on the tibia. 

 

 Material Examined: United States: Arizona: Cochise: SWRS (5 miles W of Portal), 

31.884056 -109.208261 5, 5436ft., [APH_2097, 30/11/1965, 1♀, Jon Jenson, AMNH]; Cave 

Creek Canyon, 31.885338 -109.175462 5, 5105ft., [APH_2101, 30/11/1963, 1♂, V. Roth, 

AMNH]; Upper Cave Creek Canyon, 31.900796 -109.229328 5, 5997ft., [APH_2102, 1966, 1♂, 

Marlene Posedly, AMNH]; South West Research Station, 31.883356 -109.207107 5, 5404ft., 

[APH_2105, 31/10/1956, 1♂, E. Ordway, AMNH]; Sunny Flat, 31.884963 -109.175964 4, 

5108ft., [APH_2480-A, 30/10/1971, 1♂, V. Roth, AMNH]; South West Research Station-Portal, 

31.883372 -109.205727 5, 5384ft., [APH_2480-B, 20/11/1971, 1♂, V. Roth, AMNH]; 

Chiricahua Mtns, 31.903946 -109.279016 6, 8432ft., [APH_2548, 4/11/1970, 1♂, Rustler and 

Long Park, Joan Harper, AMNH]; Cave Creek Canyon, on Portal Rd/42A (road to SWRS), 1 

mile up the road from the lookout trail, 31.886417 -109.173356 1, 5083ft., [APH_3191, 

14/11/2013, 1♂, Helen Snyder, AUMNH]. 

 

 Distribution and natural history. Aphonopelma chiricahua is a sky island endemic 

restricted to the Chiricahua Mountains in Cochise County, Arizona at elevations ranging from 

1550 to 2700 meters in oak woodland, pine-oak woodland, and mixed conifer communities (Fig. 
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39). Aphonopelma chiricahua can be found inhabiting the Madrean Archipelago Level III 

Ecoregion. Very little is known about the natural history of this elusive species. No burrows or 

shelters have been observed but these spiders probably seek refuge under rocks and rarely place 

silk around their burrow entrances. Most specimens in natural history collections have been 

collected near the AMNH's Southwest Research Station. Aphonopelma chiricahua is probably 

the only tarantula found at higher elevations in the Chiricahua Mountains but four other species 

are known from the area (including A. chalcodes, A. gabeli, A. parvum, and A. vorhiesi) and 

might be syntopic with A. chiricahua at lower elevations near various canyon mouths. An 

unconfirmed adult female (no voucher specimen available, identification tentatively assigned 

based on a photograph and locality data) was found walking across a road in Cave Creek Canyon 

in August during the summer monsoon season (A. Abela pers. comm. 2006). Vouchered adult 

males were collected between late October and late November; an adult male and female (no 

voucher specimens available, identification tentatively assigned based on video images and 

locality data) were found mating during daylight hours in early December along Echo Canyon 

Trail in Chiricahua National Monument (Chiricahua National Monument pers. comm. 2015; 

https://www.facebook.com/video.php?v=785835144804065). The holotype male was collected 

wandering across 42 Forest Road in November, one year before this video was taken. These data 

indicate that the breeding season for this species is restricted to late autumn and early winter, 

similar to that of other high-elevation species in the region (A. catalina and A. madera). 

 

 Conservation status. It is difficult to assess the conservation status of Aphonopelma 

chiricahua due to small sample sizes and the very cryptic nature of these spiders. This species 

does not occur outside of the Chiricahua Mountains so its narrow distribution is one factor that 

may threaten its future survival. These mountains have the advantage of being somewhat 

protected by their remoteness and management by the federal government (Coronado National 

Forest, Douglas Ranger District; Chiricahua National Monument); however, these habitats have 

also been subjected to habitat degradation from recent urban growth, human-caused forest fires, 

off-road driving, poorly managed livestock grazing, invasive species, recreational activities, 

human immigrants, and illegal drug trafficking (Coronado Planning Partnership 2008). Climate 

change in the sky island region (Brusca et al. 2013; Mitchell and Ober 2013; Moore et al. 2013; 

Hendrixson et al. 2015) also poses a potential threat to the future survival of A. chiricahua. 
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 Remarks. Aphonopelma catalina is morphologically very similar to other Madrean sky 

island endemics in the Marxi species group, although generally smaller than A. catalina, A. 

madera, and A. vorhiesi. Other important ratios that distinguish males: A. chiricahua possess a 

larger Cl/M3 (≥1.46; 1.46-1.61) than A. catalina (≤1.42; 1.26-1.42), A. parvum (≤1.39; 1.20-

1.39), A. peloncillo (≤1.40; 1.20-1.40), and A. vorhiesi (≤1.43; 1.24-1.43); by possessing a larger 

L3/Cl (≥2.98; 2.98-3.19) than A. madera (≤2.95; 2.71-2.95). Other important ratios that 

distinguish females: A. chiricahua possess a smaller M3/P4 (1.02 ± (only 1 specimen)) than A. 

catalina (≥1.48; 1.48-1.52), A. madera (≥1.39; 1.39-1.48), A. parvum (≥1.32; 1.32-1.54), A. 

peloncillo (≥1.39; 1.39-1.67), and A. vorhiesi (≥1.27; 1.27-1.64). For both males and females, 

certain morphometrics have potential to be useful, though due to the amounts of variation, small 

number of specimens, and the small differences between species, no other are claimed to be 

significant at this time (see Appendix 2). During evaluation of PCA morphospace, males of A. 

chiricahua separate from A. parvum and all other miniature species along PC1~2, but do not 

separate from A. catalina, A. madera, A. peloncillo, and A. vorhiesi. Though we only have one 

female of A. chiricahua, it appears to separate from all other sky island species (A. catalina, A. 

madera, A. peloncillo, and A. vorhiesi), grouping more closely with the miniature species in 

morphospace along PC1~2. Interestingly, A. chiricahua males separate from A. parvum, A. 

peloncillo, and A. vorhiesi in three-dimensional PCA morphospace (PC1~PC2~PC3), but do not 

separate from A. catalina, A. madera, A. marxi. There is only one A. chiricahua female, but she 

separates from all other phylogenetic sister species or syntopic species - A. catalina, A. madera, 

A. marxi, A. parvum, A. peloncillo, and A. vorhiesi. PC1, PC2, and PC3 explain ≥96% of the 

variation in all analyses. 

 This species was first identified as novel by Jung (1975) but was never formally 

described. Of particular note is the size of the holotype male and paratype female; the two 

specimens probably represent opposite extremes on the size spectrum for what is possible in this 

species. The rather large holotype male was chosen because it was a fresh specimen and could be 

associated with molecular data. The female, though small, is sexually mature (based on 

spermathecal development). 

 

Aphonopelma eutylenum Chamberlin, 1940 
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Figures 40-44 

 

Aphonopelma eutylenum Chamberlin, 1940: 9; male holotype and female allotype from San 

Diego, San Diego Co., California, 32.715738 -117.161085 6, elev. 54ft., 1935, coll. unknown; 

deposited in AMNH. One male from San Diego, San Diego Co., California, 32.715738 -

117.161085 6, elev. 54ft., 20.vii.1925, coll. unknown; deposited in AMNH. One female paratype 

from San Diego, San Diego Co., California, 32.715738 -117.161085 6, elev. 54ft., 28.v.1927, coll. 

unknown; deposited in AMNH. [examined] 

Rhechostica eutylenum Raven, 1985: 149. 

Aphonopelma eutylenum Smith, 1995: 99. 

 

Aphonopelma chambersi Smith, 1995: 86; male holotype from Garner Valley, S of Idyllwild-

Pine Cove, Riverside Co., California, 33.635459 -116.643974 5, elev. 4475ft., no collecting date, 

coll. Aaron Chambers; deposited in BMNH. [examined] syn. n. 

 

Aphonopelma clarum Chamberlin, 1940: 10; male holotype from mountains near Claremont, Los 

Angeles Co., California, 34.137812 -117.718194 4, elev. 1571ft., no collecting date, coll. R.V. 

Chamberlin; deposited in AMNH. [examined] 

Rhechostica clarum Raven, 1985: 149. 

Aphonopelma clarum Smith, 1995: 89. syn. n. 

 

Aphonopelma cryptethus Chamberlin, 1940: 16; male holotype from Los Angeles, Los Angeles 

Co., California, 34.052234 -118.243685 6, elev. 309ft., 9.v.1908, coll. unknown; deposited in 

AMNH. Female allotype from Claremont, Los Angeles Co., California, 34.096676 -117.719778 5, 

elev. 1166ft., 9.v.1908, coll. unknown; deposited in AMNH. [examined] 

Rhechostica cryptethus Raven, 1985: 149. 

Aphonopelma cryptethum Smith, 1995: 95. syn. n. 

 

Aphonopelma sandersoni Smith, 1995: 138; male holotype and female allotype from San 

Bernardino Mountains., San Bernardino Co., California, 34.180742 -117.164638 7, elev. 3137ft., 

x.1995, coll. R. Douglas; deposited in BMNH. [examined] syn. n. 
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Aphonopelma sullivani Smith, 1995: 149; male holotype from Coachella Valley, Palm Springs, 

Riverside Co., California, 33.767209 -116.359868 6, elev. 277ft., ix.1991, coll. Michael Sullivan; 

deposited in BMNH. [examined] syn. n. 

 

 Diagnosis. Aphonopelma eutylenum (Fig. 40) is a member of the Iodius species group 

and can be identified by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA (CO1) identifies A. eutylenum as a strongly 

supported phylogenetically distinct monophyletic lineage (Figs. 7-8), supported as the sister 

lineage to A. iodius and A. johnnycashi sp. nov.. Aside from measurements, no pronounced 

morphological features are useful for distinguishing A. eutylenum from closely related 

phylogenetic species. Significant measurements that distinguish male A. eutylenum from its 

closely related phylogenetic and syntopic species are T3 and the extent of scopulation on 

metatarsus IV. Male A. eutylenum can be distinguished by possessing a larger L4 scopulation 

extent (62%-77%) than A. steindachneri (21%-31%) and A. xwalxwal sp. nov. (34%-48%); and 

by possessing a smaller T1/T3 (≤1.23; 1.16-1.23) than A. johnnycashi (≥1.25; 1.25-1.31) and A. 

steindachneri (≥1.28; 1.28-1.36). There are no significant measurements that separate male A. 

eutylenum from A. chalcodes and A. iodius. Significant measurements that distinguish female A. 

eutylenum from its closely related phylogenetic and syntopic species are F1 and the extent of 

scopulation on metatarsus IV. Female A. eutylenum can be distinguished by possessing a larger 

L4 scopulation extent (62%-75%) than A. steindachneri (24%-34%); and by possessing a smaller 

F1/M3 (≤1.52; 1.41-1.52) than A. johnnycashi (≥1.52; 1.52-1.61). There are no significant 

measurements that separate female A. eutylenum from A. chalcodes and A. iodius. Females of A. 

xwalxwal are unknown at this time and cannot be compared. 

 

 Description. Originally described by Chamberlin (1940). 

 

 Redescription of male exemplar (APH_1088; Fig. 41). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. Right leg III removed 
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for DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Black, grey, 

and faded brown. Cephalothorax: Carapace 16.30 mm long, 15.89 mm wide; Hirsute; densely 

clothed with light brown iridescent pubescence mostly appressed to surface; fringe covered in 

long setae not closely appressed to surface; foveal groove medium deep and straight; pars 

cephalica region rises gradually from foveal groove, gently arching anteriorly toward ocular 

area; AER and PER not in normal placement - looks to be developmental issues; normal sized 

chelicerae; clypeus extends forward on a curve; LBl 1.94, LBw 2.08; sternum hirsute, clothed 

with black, densely packed setae. Abdomen: Densely clothed in short black/brown pubescence 

with numerous longer red/orange setae interspersed; possessing a dense dorsal patch of black 

Type I urticating bristles (Cooke et al. 1972). Legs: Hirsute, particularly ventrally; densely 

clothed in a mix of black or faded black pubescence, femurs are darker. Metatarsus I slightly 

arched. F1 16.12; F1w 4.16; P1 6.93; T1 13.24; M1 13.41; A1 9.02; F3 14.19; F3w 4.41; P3 

5.82; T3 10.82; M3 14.44; A3 8.30; F4 16.77; F4w 4.10; P4 6.71; T4 13.76; M4 18.16; A4 9.02; 

femur III is slightly swollen. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III 

(SC3) = 83.5%; leg IV (SC4) = 71.6%. Two ventral megaspines on metatarsus III; four ventral 

megaspines on metatarsus IV; one large megaspine is present on the retrolateral tibia at the apex 

of the mating clasper - this can be seen when viewing the prolateral face of the mating clasper. 

Coxa I: Prolateral surface a mix of fine, hair-like and tapered setae. Pedipalps: Hirsute; densely 

clothed in the same setal color as the other legs, with numerous longer ventral setae; one 

megaspine on the apical, prolateral femur and two megaspines on the prolateral tibia; PTl 9.361, 

PTw 3.47. When extended, embolus tapers and gently curves to the retrolateral side near apex; 

embolus very slender, no keels; distinct ventral bulge at the shift from bulb to embolus. 

 

 Variation (8). Cl 12.01-18.42 (15.497±0.73), Cw 10.92-16.38 (14.213±0.68), LBl 1.53-

2.14 (1.846±0.09), LBw 1.57-2.38 (2.113±0.11), F1 12.67-16.86 (15.34±0.5), F1w 2.85-4.51 

(3.799±0.2), P1 4.94-7.22 (6.028±0.28), T1 10.52-13.62 (12.456±0.42), M1 10.08-14.57 

(12.415±0.59), A1 6.71-9.18 (8.328±0.32), L1 length 45.83-61.45 (55.503±1.95), F3 10.75-

14.19 (12.924±0.45), F3w 3.21-4.77 (3.944±0.19), P3 3.98-5.98 (5.186±0.28), T3 8.82-11.26 

(10.247±0.36), M3 10.59-14.7 (13.179±0.67), A3 6.75-8.48 (7.771±0.26), L3 length 41.73-54.29 

(49.353±2.08), F4 12.93-16.82 (15.241±0.54), F4w 2.85-4.41 (3.656±0.19), P4 4.61-6.71 

(5.734±0.26), T4 10.79-14.21 (12.781±0.53), M4 13.84-18.71 (16.776±0.77), A4 7.42-9.47 
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(8.556±0.31), L4 length 49.65-65.06 (59.139±2.5), PTl 7.375-10.727 (8.984±0.35), PTw 2.319-

3.47 (3.082±0.14), SC3 ratio 0.728-0.93 (0.827±0.02), SC4 ratio 0.626-0.772 (0.701±0.02), 

Coxa I setae = tapered, F3 condition = slightly swollen. 

 

 Description of female exemplar (APH_1031; Figs. 42-43) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Faded brown/black. 

Cephalothorax: Carapace 16.55 mm long, 15.05 mm wide; Hirsute, densely clothed with light 

brown pubescence closely appressed to surface; fringe densely covered in longer setae; foveal 

groove medium deep and straight; pars cephalica region gently rises from thoracic furrow, 

arching anteriorly toward ocular area; AER procurved, PER slightly recurved; large chelicerae, 

clypeus extends forward on a curve; LBl 2.05, LBw 2.38; sternum hirsute, clothed with dark 

brown setae. Abdomen: Densely clothed dorsally in short black setae with numerous longer, 

lighter setae interspersed (generally red or orange in situ); dense dorsal patch of black Type I 

urticating bristles (Cooke et al. 1972); ventral side with shorter black/dark brown setae. 

Spermathecae: Paired and separate with wide bases, tapering and curving medially towards 

capitate bulbs, with smaller bulges laterally and medially. Legs: Very hirsute, particularly 

ventrally; densely clothed in medium and long brown pubescence, femurs darker. F1 13.77; F1w 

4.14; P1 5.95; T1 10.15; M1 8.89; A1 7.44; F3 10.84; F3w 3.83; P3 5.29; T3 8.95; M3 9.07; A3 

7.29; F4 13.70; F4w 3.86; P4 5.51; T4 11.43; M4 12.70; A4 8.14. All tarsi fully scopulate. 

Extent of metatarsal scopulation: leg III (SC3) = 88.2%; leg IV (SC4) = 74.7%. Two ventral 

megaspines on metatarsus III; seven ventral megaspines on metatarsus IV. Coxa I: Prolateral 

surface a mix of fine, hair-like and tapered setae. Pedipalps: Densely clothed in the same setal 

color as the other legs; one megaspine on the apical, prolateral femur and five megaspines on the 

prolateral tibia. 

 

 Variation (8). Cl 15.23-20.84 (18.248±0.72), Cw 13.33-17.78 (16.206±0.61), LBl 1.95-

2.81 (2.353±0.12), LBw 2.28-3.04 (2.675±0.1), F1 12.87-15.78 (14.599±0.5), F1w 3.62-4.94 
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(4.357±0.2), P1 5.38-7.34 (6.479±0.25), T1 9.82-13.05 (11.243±0.42), M1 8.36-10.75 

(9.565±0.33), A1 6.6-7.92 (7.36±0.17), L1 length 43.43-54.02 (49.137±1.72), F3 10.53-13.35 

(12.208±0.42), F3w 3.3-4.67 (4.044±0.16), P3 5.12-7.26 (5.776±0.27), T3 8.3-9.93 (8.82±0.2), 

M3 8.64-11.06 (9.958±0.36), A3 6.49-7.87 (7.084±0.16), L3 length 39.24-48.1 (43.845±1.2), F4 

13.21-16.57 (14.909±0.53), F4w 3.42-4.73 (4.106±0.19), P4 5.51-7.40 (6.312±0.32), T4 10.5-

12.84 (11.509±0.31), M4 11.84-15.26 (13.32±0.48), A4 6.94-8.82 (7.779±0.26), L4 length 

48.62-60.13 (54.192±1.91), SC3 ratio 0.772-0.906 (0.851±0.02), SC4 ratio 0.628-0.747 

(0.683±0.02), Coxa I setae = tapered. Spermathecae variation can be seen in Figure 43. 

 

Material Examined: United States: California: Imperial: 1.5 miles N Gordons Well off of I-8, 

32.7636 -114.966431 2, 248ft., [APH_0152, unknown, 1 juv, T.R. Prentice, AUMNH]; E of 

Brawley, off of Hwy 78, 32.969167 -115.259444 5, 3ft., [APH_3116, 10/1992, 1♀, T.R. Prentice, 

AUMNH]; East Mesa, 33.058096 -115.324147 5, 46ft., [AUMS_3332, 30/5/1995, 1♂, unknown, 

AUMNH]; East Mesa Exit of I-8, 2.1 miles N of I-8, 32.73013 -114.955351 4, 158ft., 

[AUMS_2358, 26/10/1993, 1♂, Greg Ballmer, AUMNH]; East Mesa, 1/2 mile E of Highline 

Canal and 3/10 mile S of Hwy 78, 32.968133 -115.290717 1, 37ft., [APH_3211, 15/11/2013, 1♂, 

W. Icenogle, AUMNH]; East Mesa, 5.4 miles E of Hwy 115 E of Wander Linder Exit of I-8, 

32.788365 -115.207479 4, 50ft., [AUMS_3303, 30/5/1995, 1♀, unknown, AUMNH]; East Mesa, 

5.4 miles E of Hwy 115 E of Wander Linder Exit, 2.1 miles N, 32.790359 -115.240569 4, 63ft., 

[AUMS_3341, 30/5/1995, 1♂, T.R. Prentice, AUMNH]; Hwy 78, 1.0 miles east of Highline 

Canal, 32.970575 -115.28374 4, 30ft., [AUMS_2356,-2357 3/11/1998, 2♂, Greg Ballmer, 

AUMNH]; Hwy 78, 3.35 miles E of East Highline Canal, N of 78 ~0.4 miles, 32.972797 -

115.242665 4, 90ft., [AUMS_2674, unknown, 1♀, T.R. Prentice, AUMNH]; off I-8 split, W of 

Devils Canyon, W of Ocotillo, 32.67371 -116.10147 1, 2238ft., [APH_1028-1029, 18/5/2010, 1♂, 

1♀, Chris A. Hamilton, Xavier Atkinson, AUMNH]; Pinto Wash, 32.708139 -115.715525 5, 

13ft., [APH_2690, 5/3/1961, 1♂, Laurie Breese, AMNH]; 15 miles west of Glamis , 33.008844 -

115.321813 5, -7ft., [APH_2154, 4/10/1961, 1♀, 1♂, Findlay E. Russell, AMNH]; Los Angeles: 

Claremont College - Frary Dining Hall on steps, 34.10018 -117.710527 4, 1225ft., [AUMS_3308, 

11/11/1991, 1♂, Martin Ramirez, AUMNH]; Claremont, Mt. Baldy Rd and Mills Ave, 34.13823 

-117.7072 1, 1660ft., [APH_1087, 8/10/2010, 1♂, Chris A. Hamilton, AUMNH]; Claremont, 

Thompson Creek Trail, 34.13716 -117.71389 1, 1582ft., [APH_1088-1089, 8/10/2010, 3♂, Chris 
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A. Hamilton, Dylan Burke, Warren Burke, AUMNH]; [APH_2023-2027, 8/10/2010, 5♂, Chris 

A. Hamilton, AUMNH]; Glendora Ridge Rd., Angeles National Forest, 34.221163 -117.739386 6, 

3666ft., [AUMS_2686, 17/11/1991, 1♂, John Adams, AUMNH]; Glendore, 34.136118 -

117.865337 5, 774ft., [APH_2687, 18/10/1963, 1♂, R. Ayre, AMNH]; Morris Lake, 34.192644 -

117.865749 5, 1207ft., [APH_2711, 8/1956, 1♂, Gay J. Kay, AMNH]; Palos Verde, 33.768911 -

118.373032 5, 1132ft., [AUMS_2496, unknown, 1♂, C. Grover, AUMNH]; Phillips Ranch Rd., 

N of Freeway, 34.028759 -117.772093 5, 862ft., [AUMS_2498, 10/1992, 1♂, Dianna Hansen, 

AUMNH]; Pico Rivera, 33.983069 -118.096735 5, 163ft., [AUMS_3336, 4/10/1963, 1♂, 

unknown, AUMNH]; San Gabriel Mtns (N of Azusa), 34.2175 -117.8553 1, 1697ft., [APH_0895, 

6/2007, 1♂, Chris A. Hamilton, AUMNH]; San Gabriel Mtns., near jct. Mt. Baldy Rd. and 

Glendora Ridge Rd., 0.8 miles up Glendora Ridge Rd. to dirt road winding around mtn., 

34.228259 -117.670819 5, 4532ft., [AUMS_2490, 24/6/1989, 1♂, T.R. Prentice, AUMNH]; 

Orange: 21263 Mohler Drive, Anaheim, 33.853135 -117.755736 2, 617ft., [APH_2707, 1963, 

2♂, F.W. Handsfield Jr., AMNH]; Brea, 33.916706 -117.899988 5, 362ft., [AUMS_2487, 

15/10/1975, 1♂, Jim Lawrence, AUMNH]; Caspers Wilderness Park (San Juan Capistrano), 

33.5572 -117.556783 1, 709ft., [APH_0981, 9/2009, 1♀, Kyle Dickerson, AUMNH]; El Toro 

(Marine Corps Air Station MCAS), 33.673927 -117.72924 5, 340ft., [AUMS_2588, 26/9/1966, 

1♂, 1st Lt Jim Hardy, AUMNH]; Hidden Hills area, (Laguna Nigel) near San Juan Capistrano, 

33.529839 -117.685743 5, 525ft., [AUMS_3309, 20/11/1991, 1♂, Scott Elgnam, AUMNH]; 

Laguna Beach , 33.542248 -117.783109 5, 16ft., [APH_2155, 26/7/1931, 1♀, R.V. Chamberlin, 

AMNH]; [APH_2472, 26/5/1931, 1 juv, Wilton Ivie, AMNH]; Laguna Hills, 33.599722 -

117.699444 5, 372ft., [AUMS_2481, 28/10/1967, 1♂, Tom Simms, AUMNH]; Laguna Niguel, 

33.522526 -117.707553 5, 407ft., [AUMS_2488, unknown, 1♀, unknown, AUMNH]; Lookout 

Point, Corona del Mar, 33.592518 -117.877554 5, 0ft., [APH_2708, 16/10/1962, 1♂, Jerry 

Parrish, AMNH]; San Clemente, E of Avenida Pico, off The Christianitos Trail, 33.455 -

117.57523 1, 388ft., [APH_1035, 22/5/2010, 1♀, Chris A. Hamilton, Xavier Atkinson, 

AUMNH]; San Jauquin Hills, S of Lagunas Reservoir, off Hwy 133, 33.607836 -117.75685 5, 

397ft., [AUMS_3316, 7/5/1989, 1♂, T.R. Prentice, AUMNH]; San Juan Capistrano, 33.501693 -

117.662551 5, 127ft., [AUMS_3327, 23/8/1964, 2♀, 1♂, J.H. Menees, AUMNH]; Santa Ana, 

33.745573 -117.867931 5, 112ft., [APH_2153, 17/7/1931, 2♀, R.V. Chamberlin, AMNH]; Starr 

Ranch, between Caspers and Clev. Nat Forest, 33.632326 -117.555835 5, 999ft., [AUMS_2399, 
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13/8/1997, 1♂, unknown, AUMNH]; Starr Ranch, N Perusker and Bell Canyon Rd, 33.626176 -

117.556666 5, 919ft., [AUMS_2404, 4/8/1997, 1♂, unknown, AUMNH]; Riverside: 1 mile N of 

Winchester, 33.72247 -117.081149 4, 1558ft., [APH_2171, 13/10/1968, 1♂, W. Icenogle, 

AMNH]; 1 mile NW of Winchester, 33.71869 -117.096162 5, 1745ft., [AUMS_2590, 3/9/1990, 

1♀, Gary Larson, AUMNH]; 2 miles N of Winchester, 33.734766 -117.076361 5, 1556ft., 

[AUMS_2491, 30/10/1995, 1♂, Ken Harbridge, AUMNH]; 2 miles NE of Winchester, 

33.734476 -117.074678 5, 1562ft., [AUMS_3301, 13/10/1995, 1♀, W. Icenogle, AUMNH]; 7 

miles E of Hemet - off Hwy 74 in San Jacinto Mtns, 33.72003 -116.7916 1, 2625ft., [APH_3114, 

22/7/2012, 1 juv, Chris A. Hamilton, AUMNH]; at base of Double Butte, Washington Ave, 1/2 

mile N of Winchester town center, 33.714 -117.085 1, 1492ft., [APH_3207, 28/10/2013, 1♂, 

Patrick Parker, AUMNH]; [APH_3208, 6/11/2013, 1♂, Kim Johnson, AUMNH]; Box Spring 

Mtns, 33.972945 -117.29587 6, 2351ft., [AUMS_2585, 7/1991, 2♂, T.R. Prentice, AUMNH]; 

Cajalco Canyon, 8.6 miles southeast of Corona at Lake Mathews, 33.829201 -117.462018 4, 

1368ft., [APH_2692, 3/11/1963, 1♂, W. A. Powder, AMNH]; Chino Canyon, on road to Palm 

Springs Aerial Tramway (Valley Station), 3 miles W of junction with Hwy 111 San Jacinto Mtns, 

33.8447 -116.60125 1, 1971ft., [APH_3138, 10/9/2013, 1♂, W. Icenogle, AUMNH]; Chino 

Canyon, Palm Springs Aerial Tramway (Valley Station), San Jacinto Mtns, 33.838433 -116.6132 

1, 2532ft., [APH_3137, 22/9/2013, 1♂, W. Icenogle, AUMNH]; [APH_3139, 4/9/2013, 1♂, W. 

Icenogle, AUMNH]; [APH_3140, 5/9/2013, 1♂, W. Icenogle, AUMNH]; Deep Canyon, 

33.664423 -116.372819 5, 764ft., [AUMS_2629, unknown, 1♂, unknown, AUMNH]; E of Perris 

Valley Airport, Perris, 33.760961 -117.202485 5, 1417ft., [AUMS_2628, 19/7/1994, 1♀, 

unknown, AUMNH]; East of Sun City off I-215, Sun Mtns east, 33.702126 -117.171559 5, 

1849ft., [AUMS_3285, 5/2/1989, 1♂, T.R. Prentice, AUMNH]; Garner Valley, off Fobes Ranch 

Rd - off Hwy 74, S of Lake Hemet, 33.63184 -116.63173 1, 4501ft., [APH_3111-3113, 

22/7/2012, 2♂, 1♀, Chris A. Hamilton, Amy Skibiel, AUMNH]; just S of the Garner Valley, 

outside Nightingale, off Piñon Flats Transfer Station Rd - off Hwy 74, Sawmill Trailhead, 

33.5802 -116.45131 1, 4047ft., [APH_3106-3110, 21/7/2012, 2♂, 3♀, Chris A. Hamilton, Amy 

Skibiel, AUMNH]; Lake Elsinore, near J Bethlee home, 33.668144 -117.327394 5, 1293ft., 

[AUMS_2503, 9/1998, 1♂, J. Bethlee, AUMNH]; Lake Mathews, 33.828903 -117.437512 5, 

1401ft., [AUMS_3284, 14/4/1968, 1♂, M. Cline, AUMNH]; Lake Mathews, heading N on 

Cajalco Rd., 0.5 mile E of junction La Sierra Ave., 33.827762 -117.451927 4, 1397ft., 
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[AUMS_2517, 12/11/1998, 1♂, T.R. Prentice, AUMNH]; Lake Skinner, at entrance gate, 

33.590905 -117.07877 5, 1408ft., [AUMS_2499, 26/11/1997, 1♂, Tom Ash, AUMNH]; Lake 

Skinner, below U3 on rd. above oaks, 33.604263 -117.038208 5, 1567ft., [AUMS_2681, 

29/10/1992, 1♂, T.R. Prentice, AUMNH]; Lake Skinner, below U5, above lake, 33.609043 -

117.037303 5, 1661ft., [AUMS_2507, 28/9/1997, 1♀, T.R. Prentice, AUMNH]; Lake Skinner, 

between road and B9, 33.580808 -117.088785 5, 1353ft., [AUMS_2255, 16/8/1998, 1♂, T.R. 

Prentice, AUMNH]; Lake Skinner, by 90 deg. turn in dirt rd., S. of U7?, S side of lake, 

33.575862 -117.066618 5, 1539ft., [AUMS_2501, 3/9/1987, 1♀, T.R. Prentice, AUMNH]; Lake 

Skinner, found on N side of lake E of Borel rd, 33.588117 -117.028523 5, 1517ft., [AUMS_2581, 

18/8/1999, 1♂, T.R. Prentice, AUMNH]; Lake Skinner, Rowson Canyon, 1.5 miles N of middle 

gate, 0.8 miles S of Loop Rd., 33.573703 -117.066585 4, 1519ft., [AUMS_2505, 28/9/1997, 1♀, 

T.R. Prentice, AUMNH]; Lake Skinner, S of B5, close to lake, 33.569155 -117.064281 5, 1534ft., 

[AUMS_2506, 28/9/1997, 1♂, T.R. Prentice, AUMNH]; Lake Skinner, S side, 33.578777 -

117.057225 5, 1535ft., [AUMS_2518, 11/9/1997, 1♂, Adam Bucklin , AUMNH]; Lake Skinner, 

SE of H2O, 33.573965 -117.025814 5, 1605ft., [AUMS_3325, 3/9/1997, 1♀, Adam Backlin, 

AUMNH]; Lamb Canyon, 33.855805 -117.015244 5, 1590ft., [AUMS_2587, 23/7/1988, 1♂, T.R. 

Prentice, AUMNH]; Lamb Canyon - N of jct 79 and Gilman Springs Rd., 33.858779 -

117.016279 5, 1627ft., [AUMS_2401, 14/10/1989, 1♂, T.R. Prentice, AUMNH]; Lamb Canyon 

(S of Beaumont), off Hwy 79, 33.85507 -117.00342 1, 1911ft., [APH_1041-1042, 27/5/2010, 2♀, 

Chris A. Hamilton, Tom Prentice, AUMNH]; Lamb Canyon, Hwy 79, 33.853149 -117.007918 5, 

1660ft., [AUMS_2407, 27/6/1987, 1♂, T.R. Prentice, AUMNH]; Mt Vernon Park, base of 

Sugarloaf Mtn, 33.988098 -117.295535 5, 2078ft., [AUMS_2497, 30/9/1992, 1♀, James Adams, 

AUMNH]; Murrieta, 33.553914 -117.213923 5, 1103ft., [AUMS_2655, 13/10/2001, 1♂, Bill, 

AUMNH]; [AUMS_3297, 8/9/1996, 1♂, C. Webster, AUMNH]; P.L. Boyd Deep Canyon 

Reserve, 0.1 miles above reserve gate, 33.66925 -116.372791 4, 701ft., [AUMS_2337, 21/9/1995, 

1♂, T.R. Prentice, AUMNH]; P.L. Boyd Deep Canyon Reserve, 0.1 miles below reserve gate, 

33.672099 -116.372355 4, 670ft., [AUMS_2335, 27/9/1995, 1♂, T.R. Prentice, AUMNH]; P.L. 

Boyd Deep Canyon Reserve, 0.55 miles N of reserve station, 33.655658 -116.373614 4, 883ft., 

[AUMS_2336, 22/9/1995, 1♀, T.R. Prentice, AUMNH]; P.L. Boyd Deep Canyon Reserve, 0.6 

miles below reserve gate, 33.677492 -116.370089 4, 615ft., [AUMS_2334, 27/9/1995, 1♂, T.R. 

Prentice, AUMNH]; [AUMS_2368, 21/9/1995, 1♂, T.R. Prentice, AUMNH]; P.L. Boyd-Deep 
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Canyon Reserve, 1.1 miles below reserve gate, 33.571489 -116.248672 4, 540ft., [AUMS_3293, 

21/9/1995, 1♂, T.R. Prentice, AUMNH]; Perris, 33.782519 -117.228648 5, 1468ft., 

[AUMS_2400, 20/7/1994, 1♂, T.R. Prentice, AUMNH]; [AUMS_2409, 20/7/1994, 1♂, T.R. 

Prentice, AUMNH]; Perris, between I-215 and Perris Valley Airport, just N of Hwy 74 exit, 

33.770547 -117.208584 5, 1417ft., [AUMS_2486, 19/7/1994, 1♂, T.R. Prentice, AUMNH]; 

Perris, E of Perris Valley Airport, 33.774681 -117.210995 5, 1419ft., [AUMS_4196, 20/7/1994, 

1♂, T.R. Prentice, AUMNH]; Perris, E of Perris Valley Airport, W of I-215, 33.766645 -

117.21044 5, 1416ft., [AUMS_2403, 20/7/1993, 1♂, T.R. Prentice, AUMNH]; Perris, field 

between Perris Valley airport and 74G exit (north of exit), off I-215, 33.765075 -117.201682 5, 

1415ft., [AUMS_3311, 24/10/1994, 1♂, T.R. Prentice, AUMNH]; Perris, Rd 11 to I-215 

between 74E exit and Perris exit, W of I-215, 33.775744 -117.239759 5, 1529ft., [AUMS_2405, 

20/9/1993, 1♀, W. Icenogle, AUMNH]; [AUMS_2483, 23/9/1993, 1♀, T.R. Prentice, 

AUMNH]; Pinyon Pines area, Palm Canyon Dr, 2 mils N of junction with Hwy 74, Santa Rosa 

Mtns, 33.609067 -116.471767 1, 4054ft., [APH_3142, 16/8/2013, 1♂, W. Icenogle, AUMNH]; 

Pinyon Pines, Piñon Rd just N of junction with Hwy 74, Santa Rosa Mtns, 33.583867 -

116.455383 1, 4036ft., [APH_3141, 16/8/2013, 1♂, W. Icenogle, AUMNH]; S of Corona, off I-

15 west side, Weirick Rd exit (Temescal Canyon), 1.5 miles W, 33.796868 -117.531405 5, 

1732ft., [AUMS_2685, 4/9/1995, 1♀, John Hermesman, AUMNH]; S of Hemet, NE of Lake 

Skinner, off De Portola Rd and Crown Valley Rd, 33.64276 -116.992 1, 2307ft., [APH_1038, 

27/5/2010, 1♀, Chris A. Hamilton, Tom Prentice, AUMNH]; [APH_1040, 27/5/2010, 1♀, Chris 

A. Hamilton, Tom Prentice, AUMNH]; S side of Lake Skinner, 33.574388 -117.054156 5, 

1533ft., [AUMS_2504, 11/9/1997, 1♂, Adam Bucklin, AUMNH]; San Jacinto mountains, Palms 

to Pines Hwy 74, above Palm Desert, 33.664336 -116.398965 5, 1240ft., [AUMS_2480, 2/4/1988, 

1♂, T.R. Prentice, AUMNH]; Santa Rosa Mtns, W side of Deep Canyon, Hwy 74, 1 mile S of jct 

with Carrizo Road, 33.5947 -116.422467 1, 3733ft., [APH_3206, 17/10/2013, 1♂, W. Icenogle, 

AUMNH]; Santa Rosa Plateau, 33.545816 -117.270534 5, 1779ft., [AUMS_2314, 25/10/1998, 

1♂, Connell Dunning, AUMNH]; Santa Rosa Plateau (reserve), jct of Clinton Keith and Tenaja 

Rd. (bend), 33.52847 -117.273132 5, 1800ft., [AUMS_2509, 29/9/1998, 1 juv, Connell Dunning, 

AUMNH]; Santa Rosa Plateau Ecological Reserve, Lomas Trail 1.2 miles E of Clinton Keith Rd, 

33.522687 -117.271312 4, 1949ft., [AUMS_2679, 29/9/1998, 1♂, C. Dunning, AUMNH]; Sun 

Mtns., Sun City, 33.717019 -117.216043 5, 1623ft., [AUMS_2493, unknown, 1♀, T.R. Prentice, 
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AUMNH]; Temecula, 33.493639 -117.148365 5, 1047ft., [APH_2686, 8/6/1965, 1♂, Helen 

Wheeler, AMNH]; Temescal Canyon (Valley), N of Weirick Rd, exit off I-15, Bedford 

Motorway, 33.807554 -117.513595 5, 1008ft., [AUMS_3321, 24/9/1995, 1♂, John Hermesman, 

AUMNH]; UC Riverside - backside between Ent. Annex I and Boden Lab, 33.971765 -

117.325971 5, 1091ft., [AUMS_2519, 13/12/1998, 1♂, T.R. Prentice, AUMNH]; Winchester, 

33.706966 -117.084473 5, 1486ft., [APH_2167, 18/11/1967, 1♂, W. Icenogle, AMNH]; 

[APH_2168, 1/10/1967, 1♂, W. Icenogle, AMNH]; [AUMS_2402, unknown, 1♀, W. Icenogle, 

AUMNH]; [AUMS_2478, 11/9/1990, 2♂, W. Icenogle, AUMNH]; Arabian Gardens Mobile 

Estates, Indio, 33.72995 -116.24115 4, 9ft., [AUMS_2376, 9/1988, 1♂, Thomas R. Prentice, 

AUMNH]; San Bernardino: 1255 Colony Dr., Upland (base of Mt. Baldy), 34.1553 -

117.672217 1, 2102ft., [APH_2035, 7/17/2011, 1♀, Jolene Stewart, AUMNH]; 620 Greenwood 

Avenue, Devore, 34.242532 -117.419506 2, 2690ft., [APH_0189, 25/9/2007, 1♂, Joshua 

Gutierrez, AUMNH]; Hwy 38, 1.8 miles W jct of Forest Falls, 34.099825 -116.98744 4, 3926ft., 

[AUMS_2484, 24/8/1990, 1♂, W. Icenogle, AUMNH]; N of Rancho Cucamonga, off Hermosa, 

34.16862 -117.58182 1, 2565ft., [APH_1085, 8/10/2010, 1♂, Chris A. Hamilton, AUMNH]; N of 

Rancho Cucamonga, off Hermosa, 34.16742 -117.58117 1, 2477ft., [APH_1086, 8/10/2010, 1♂, 

Chris A. Hamilton, AUMNH]; San Bernardino (San Bernardino National Forest), in hills N of 

city, off Quail Canyon Rd and Del Rosa, 34.174 -117.252 1, 2299ft., [APH_1045, 1/6/2010, 1♀, 

Chris A. Hamilton, AUMNH]; San Diego: 0.5 W of most SW shore of Otay Lake, 32.608062 -

116.939954 2, 491ft., [APH_0305, 27/10/2007, 1 juv, Dorian LaPaglia, AUMNH]; 12 miles 

south of San Diego, 32.556071 -117.075033 5, 30ft., [APH_2476, 15/10/1935, 1♂, W.J. Baerg, 

AMNH]; 2/10 mile W of Yaqui Pass road (S3), at the Anza-Borrego State Park sign, 3 miles S of 

jct with Borrego Springs Rd, 33.170767 -116.337967 1, 1207ft., [APH_3209, 8/11/2013, 1♂, W. 

Icenogle, AUMNH]; Anza Borrego desert, on S22 (Borrego Salton Seaway) W of Salton City, 

33.30525 -116.208333 1, 957ft., [APH_3144, 9/11/2013, 1♂, Chris A. Hamilton, Brent E. 

Hendrixson, Molly Taylor, AUMNH]; Anza Borrego desert, W outside Borrego Springs off of 

Hwy S22, 33.228106 -116.410867 1, 1523ft., [APH_3143, 9/11/2013, 1♀, Chris A. Hamilton, 

Brent E. Hendrixson, Molly Taylor, AUMNH]; Anza-Borrego Desert State Park, Borrego 

Springs, 32.908056 -116.491047 6, 5115ft., [APH_2165, 31/10/1961, 1♂, Dalton E. Merkel, 

AMNH]; Anza-Borrego State Park, 33.039933 -116.402333 1, 2584ft., [APH_0982-0984, 9/2009, 

2♀, 1♂, Kyle Dickerson, AUMNH]; [APH_2697, 12/1962, 1♂, Merkel, AMNH]; [APH_2704-
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2705, 12/1962, 3♂, Merkel, AMNH]; [APH_2716, 11/1962, 2♂, Merkel, AMNH]; [APH_2719, 

10/1962, 1♂, Merkel, AMNH]; Anza-Borrego, Yaqui Pass, 33.151285 -116.346386 5, 1800ft., 

[AUMS_2680, 10/5/1987, 1♂, T.R. Prentice, AUMNH]; Borrego Valley, Borrego Springs Road, 

8/10 mile SE of jct with Jaqui Pass road (S3), 33.204 -116.318417 1, 543ft., [APH_3210, 

8/11/2013, 1♂, W. Icenogle, AUMNH]; Camp Pendleton, range 313A - HOLF, 33.313998 -

117.314552 6, 353ft., [AUMS_2610, 20/8/unknown, 1♀, unknown, AUMNH]; Camp Pendleton, 

HOLF, San Mateo Creek, 33.469175 -117.475198 6, 415ft., [AUMS_2611, 20/8/1999, 1♀, 

unknown, AUMNH]; Camp Pendleton, plot C30, 33.313998 -117.314552 6, 353ft., 

[AUMS_2675, 30/5/1996, 1♂, T.R. Prentice, AUMNH]; Camp Pendleton, San Mateo Creek, 

33.434796 -117.523894 6, 321ft., [AUMS_2317, 1990, 1♂, unknown, AUMNH]; [AUMS_2644, 

1999, 1♂, Dan Holland, AUMNH]; [AUMS_3328, unknown, 1♂, Dan Holland, AUMNH]; 

Camp Pendleton, San Onofre Cr., 33.234926 -117.389044 6, 146ft., [AUMS_2582, 29/9/1999, 

1♀, Dan Holland, AUMNH]; [AUMS_2258, 9/1999, 2♀, Dan Holland, AUMNH]; 

[AUMS_2251, 29/9/1999, 1♂, Dan Holland, AUMNH]; [AUMS_2397, 9/1999, 1♀, Dan 

Holland, AUMNH]; [AUMS_3348, 12/9/1999, 1♂, Dan Holland, AUMNH]; [AUMS_2315, 

9/1999, 1♂, Dan Holland, AUMNH]; Chula Vista, 32.640023 -117.084004 5, 67ft., 

[AUMS_2502, 10/8/1997, 1♀, unknown, AUMNH]; De Luz, off De Luz Rd, NW of Fallbrook, 

33.42858 -117.32127 1, 384ft., [APH_1037, 24/5/2010, 1♀, Chris A. Hamilton, Xavier Atkinson, 

AUMNH]; El Cajon, 32.794773 -116.962527 5, 433ft., [APH_2147, 4/5/1926, 1♀, unknown, 

AMNH]; Encanto, 32.711739 -117.061755 5, 230ft., [APH_2146, 18/8/1928, 1♂, unknown, 

AMNH]; [APH_2170, 12/11/1931, 1♂, unknown, AMNH]; Growmont, 32.799285 -116.999051 

5, 715ft., [APH_2169, 17/8/1931, 1♂, unknown, AMNH]; La Mesa, 32.767829 -117.023084 5, 

541ft., [APH_2152, 1/8/1938, 1♂, H. Stredwick, AMNH]; [APH_2162, 20/7/1925, 1♂, 

unknown, AMNH]; [APH_2163, 4/8/1925, 1♀, unknown, AMNH]; [APH_2164, 25/4/1927, 1♀, 

unknown, AMNH]; Laguna Beach , 33.542248 -117.783109 5, 16ft., [APH_2158, 20/7/1930, 1♂, 

Edward Lawrance, AMNH]; Lake Henshaw, on Hwy 76, 33.22337 -116.75292 1, 2801ft., 

[APH_1016-1017, 15/5/2010, 1♀, 1♂, Chris A. Hamilton, Xavier Atkinson, AUMNH]; Lake 

Henshaw, on Hwy 76 at Lake Henshaw campground, 33.23073 -116.76336 1, 2929ft., 

[APH_1014-1015, 15/5/2010, 2♀, Chris A. Hamilton, Xavier Atkinson, AUMNH]; Las Flores, 

33.154632 -117.207187 5, 568ft., [APH_2145, 30/8/1936, 1♂, unknown, AMNH]; Lemon Grove, 

32.742552 -117.031417 5, 453ft., [APH_2156, 10/10/1930, 1♂, unknown, AMNH]; [APH_2157, 
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5/8/1926, 1♀, unknown, AMNH]; off S6/Hwy 76, E of Rincon, W of S6 turnoff for Palomar Mtn, 

33.29765 -116.92304 1, 2468ft., [APH_1020-1021, 15/5/2010, 2♀, Chris A. Hamilton, Xavier 

Atkinson, AUMNH]; Oriflamme Canyon, 2 miles W of S2, W of Anza-Borrego state park 

boundary, 33.004274 -116.460837 5, 2246ft., [AUMS_2612, 5/1990, 1♂, T.R. Prentice, 

AUMNH]; San Diego, 32.71533 -117.157253 6, 62ft., [APH_2148, 1935, 1♂, unknown, 

AMNH]; [APH_2149, 7/1962, 1♂, Chris Parrish, AMNH]; [APH_2159-2160, unknown, 1♀, 2♂, 

unknown, AMNH]; [APH_2161, 20/8/1925, 1♂, unknown, AMNH]; San Diego, Mission Trails 

Regional Park, 32.8402 -117.04561 1, 349ft., [APH_1031, 20/5/2010, 1♀, Chris A. Hamilton, 

AUMNH]; San Diego, Mission Trails Regional Park, Oak Canyon Trail and Grassland Trail 

intersect, 32.84467 -117.0437 1, 324ft., [APH_1009-1010, 11/5/2010, 2♀, Chris A. Hamilton, 

Xavier Atkinson, Kyle Dickerson, AUMNH]; Santa Ysabel, on Hwy 79, next to Santa Ysabel 

Open Space Preserve, 33.12607 -116.67841 1, 2938ft., [APH_1018-1019, 15/5/2010, 2♀, Chris 

A. Hamilton, Xavier Atkinson, AUMNH]; Santee, in hills N of where Carlton Hills Blvd ends, 

32.86146 -116.99485 4, 780ft., [APH_0144, 5/2007, 1 juv, Gilbert Quintana, AUMNH]; 

Sweetwater Reserve near San Diego, 32.602142 -116.879255 5, 1345ft., [APH_2473, 21/9/1935, 

2♀, W.J. Baerg, AMNH]; Wruck Canyon, San Ysidro, off Cactus Rd, 32.5519 -116.99642 1, 

351ft., [APH_1025, 16/5/2010, 1♀, Chris A. Hamilton, Xavier Atkinson, Jordan Satler, 

AUMNH]. 

 

 Distribution and natural history. Aphonopelma eutylenum has a distribution that 

stretches from the western part of the Transverse Ranges, south down the length of the California 

coast along the Peninsular Ranges, and west of the Mojave Desert (Fig. 44). Aphonopelma 

eutylenum inhabits the following Level III Ecoregions in California: Southern 

California/Northern Baja Coast, Sonoran Basin and Range, and Southern California Mountains. 

This species can be found in syntopy with a number of species across its distribution including A. 

iodius, A. steindachneri, and A. xwalxwal. The breeding season, when mature males abandon 

their burrows in search of females, occurs during the fall (generally September–November). 

 

 Conservation status. Aphonopelma eutylenum is widely distributed across Southern 

California and is very common. The species is likely secure although some localized populations 
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in urbanized areas (e.g., Los Angeles and San Diego) are likely threatened by human 

encroachment and development. 

 

 Remarks. Aphonopelma eutylenum can easily be differentiated from A. steindachneri 

and A. xwalxwal by the extent of scopulation on legs III and IV, and from A. xwalxwal a larger 

body size. Female and immature male A. eutylenum can be distinguished from A. steindachneri 

and A. xwalxwal by body color as well. Other important ratios that distinguish males: A. 

eutylenum possess a smaller T1/F3 (≤1.00; 0.93-1.00) than A. steindachneri (≥1.01; 1.01-1.11) 

and A. xwalxwal (≥1.10; 1.10-1.17); by possessing a larger T3/A3 (≥1.30; 1.30-1.35) than A. 

johnnycashi (≤1.27; 1.18-1.27), but smaller than A. xwalxwal (≥1.41; 1.41-1.64). Other important 

ratios that distinguish females: A. eutylenum possess a larger M1/M4 (≥0.67; 0.67-0.78) than A. 

steindachneri (≤0.67; 0.62-0.67). For both males and females, certain morphometrics have 

potential to be useful, though due to the amounts of variation, small number of specimens, and 

the small differences between species, no others are claimed to be significant at this time (see 

Appendix 2). During evaluation of traditional two-dimensional PCA morphospace, male A. 

eutylenum separate from their syntopic species A. steindachneri and A. xwalxwal, but do not 

separate from the other species in the Iodius species group. Interestingly, when evaluating three-

dimensional PCA morphospace (PC1~PC2~PC3), male A. eutylenum separates from A. 

johnnycashi, as well as A. steindachneri and A. xwalxwal. Female A. eutylenum separate in two-

dimensional and three-dimensional morphospace from their syntopic species A. steindachneri 

and A. xwalxwal, but do not separate from the other species in the Iodius species group. PC1, 

PC2, and PC3 explain ≥95% of the variation in all analyses. We examined the holotypes and 

freshly collected topotypic material of A. chambersi, A. clarum, A. cryptethum, A. sandersoni, 

and A. sullivani. Our morphological and molecular analyses fail to recognize these five species 

as separate, independently evolving lineages. As a consequence, we consider A. chambersi, A. 

clarum, A. cryptethum, A. sandersoni, and A. sullivani junior synonyms of A. eutylenum.  

 Mitochondrial DNA (CO1) is problematic in the Iodius species group. While this locus 

identifies A. eutylenum as a monophyletic group, sister relationships are unclear. Nuclear DNA 

reveals the true evolutionary history of the A. eutylenum lineage and highlights the 

ineffectiveness of CO1 for accurately delimiting species boundaries within this group. 
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Aphonopelma gabeli Smith, 1995 

Figures 45-49 

 

Aphonopelma gabeli Smith, 1995: 100; male holotype from E of Tucson, Pima Co., Arizona, 

31.956396 -110.339817 7, elev. 4055ft., no collecting date, coll. Russ Gurley; deposited in 

BMNH. [examined] 

 

 Diagnosis. Aphonopelma gabeli (Fig. 45) is a member of the Moderatum species group 

and can be identified by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. gabeli as a phylogenetically 

distinct monophyletic lineage (Figs. 7-8), supported as the sister lineage to A. moellendorfi sp. 

nov. and closely related to A. moderatum. Female A. gabeli can be distinguished from syntopic 

species by their unique spermathecae, noticeably large and robust chelicerae, and associated 

broad anterior carapace margin (Figs. 45-47). Male A. gabeli have an overall black body 

appearance with very long, thin legs. Significant measurements that distinguish male A. gabeli 

from its closely related phylogenetic and syntopic species are PTl and M4. Male A. gabeli can be 

distinguished by possessing a smaller PTl/M3 (≤0.63; 0.57-0.63) than A. anax (≥0.64; 0.64-0.76), 

A. armada (≥0.65; 0.65-0.75), A. hentzi (≥0.67; 0.67-0.81), A. chalcodes (≥0.65; 0.65-0.75), A. 

peloncillo sp. nov. (≥0.71; 0.71-0.82), and A. vorhiesi (≥0.71; 0.71-0.87); and a smaller M1/M4 

(≤0.74; 0.70-0.74) than A. moderatum (≥0.76; 0.76-0.81) and A. moellendorfi (≥0.75; 0.75-0.82). 

Significant measurements that distinguish female A. gabeli from its closely related phylogenetic 

and syntopic species are P1, M3, and extent of scopulation on metatarsus IV. Female A. gabeli 

can be distinguished by possessing a larger M3/M4 (≥0.73; 0.73-0.78) than A. moderatum 

(≤0.72; 0.67-0.72); a larger L4 scopulation extent (39%-53%) than A. peloncillo (32%-38%) and 

A. vorhiesi (26%-37%); a smaller L4 scopulation extent than A. chalcodes (63%-81%); and by 

possessing a smaller P1/F4 (≤0.46; 0.42-0.46) than A. armada (≥0.47; 0.47-0.51). Females of A. 

moellendorfi are unknown and cannot be compared. 

 

 Description. Male originally described by Smith (1995). 
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 Redescription of male exemplar (APH_1054; Fig. 46). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Generally 

black or faded to brown. Cephalothorax: Carapace 16.79 mm long, 15.08 mm wide; densely 

clothed with black pubescence appressed to surface; fringe covered in long setae not closely 

appressed to surface; foveal groove deep and straight; pars cephalica region rises gradually from 

foveal groove, gently arching anteriorly toward ocular area; AER slightly procurved, PER 

recurved; normal sized chelicerae; clypeus extends slightly forward; LBl 1.90, LBw 2.05; 

sternum hirsute, clothed with short and medium length black, densely packed setae. Abdomen: 

Densely clothed in short black/brown pubescence with numerous longer red/orange setae 

interspersed; possessing a dense dorsal patch of black Type I urticating bristles (Cooke et al. 

1972). Legs: Hirsute; densely clothed in a mix of short black/brown pubescence with longer 

ventral setae. Metatarsus I slightly arched. F1 16.15; F1w 3.65; P1 6.31; T1 12.7; M1 11.71; A1 

7.98; F3 13.75; F3w 4.01; P3 5.53; T3 10.31; M3 13.01; A3 7.87; F4 16.26; F4w 3.75; P4 5.95; 

T4 12.76; M4 16.60; A4 8.55; femur III is normal - not noticeably swollen or wider than other 

legs. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 67.5%; leg IV 

(SC4) = 47.1%. Two ventral megaspines on metatarsus III; five ventral megaspines on 

metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and tapered setae. Pedipalps: 

Hirsute; densely clothed in the same setal color as the other legs, with numerous longer ventral 

setae; one megaspine on the apical, prolateral femur and six megaspines on the prolateral tibia; 

PTl 7.963, PTw 2.590. When extended, embolus tapers but quickly curves to the retrolateral side 

near apex; embolus very slender, no keels. 

 

 Variation (6). Cl 15.21-16.79 (15.667±0.24), Cw 13.4-15.08 (14.075±0.25), LBl 1.7-

2.02 (1.872±0.06), LBw 1.91-2.27 (2.075±0.05), F1 15.63-17.21 (16.127±0.23), F1w 3.41-3.65 

(3.518±0.04), P1 5.53-6.37 (6.022±0.13), T1 12.7-13.55 (13.067±0.12), M1 11.71-12.98 

(12.328±0.18), A1 7.64-8.56 (7.953±0.14), L1 length 54.27-57.46 (55.497±0.44), F3 13.4-14.24 

(13.665±0.13), F3w 3.36-4.01 (3.723±0.09), P3 4.67-5.53 (5.253±0.13), T3 10.02-10.89 

(10.472±0.13), M3 12.86-13.88 (13.28±0.14), A3 7.33-7.91 (7.635±0.1), L3 length 48.39-51.87 
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(50.305±0.46), F4 14.81-17.47 (15.853±0.38), F4w 3.44-3.81 (3.592±0.06), P4 4.79-6.02 

(5.423±0.2), T4 12.64-13.39 (12.985±0.12), M4 16.33-18.26 (17.022±0.28), A4 8.09-9.14 

(8.673±0.15), L4 length 57.18-63.65 (59.957±0.88), PTl 7.677-8.48 (8.083±0.11), PTw 2.38-

2.59 (2.525±0.03), SC3 ratio 0.591-0.721 (0.663±0.02), SC4 ratio 0.361-0.471 (0.416±0.02), 

Coxa I setae = tapered, F3 condition = normal. 

 

 Description of female exemplar (APH_0680; Figs. 47-48) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Faded brown, black, and 

grey, medium length setae cover body; brownish-grey, with green tint following a molt (in situ). 

Cephalothorax: Carapace 18.34 mm long, 15.81 mm wide; densely clothed with brown 

pubescence closely appressed to surface; fringe densely covered in medium setae; broad anterior 

margin of carapace; foveal groove medium deep and straight; pars cephalica region rises from 

thoracic furrow more steeply than male, arching anteriorly toward ocular area; AER very slightly 

procurved, PER recurved; large, robust chelicerae; clypeus extends forward on a slight curve; 

LBl 2.38, LBw 2.44; sternum hirsute, clothed with brown, medium length setae. Abdomen: 

Densely clothed dorsally in short black setae with numerous longer, lighter setae interspersed 

(generally red or orange in situ); dense dorsal patch of black Type I urticating bristles (Cooke et 

al. 1972); ventral side with shorter dark brown setae. Spermathecae: Uniquely shaped; paired 

and separate that taper to a pocket, with wide bases that are not fused. Legs: Hirsute, particularly 

ventrally; densely clothed in short, brown pubescence with longer setae interspersed. F1 15.24; 

F1w 4.26; P1 6.26; T1 12.11; M1 10.20; A1 7.57; F3 12.72; F3w 3.58; P3 6.26; T3 8.88; M3 

10.71; A3 7.73; F4 14.9; F4w 3.83; P4 6.55; T4 12.03; M4 13.75; A4 8.49. All tarsi fully 

scopulate. Extent of metatarsal scopulation: leg III (SC3) = 79.2%; leg IV (SC4) = 52.9%. One 

ventral megaspine on metatarsus III; four ventral megaspines on metatarsus IV. Coxa I: 

Prolateral surface a mix of fine, hair-like and tapered setae. Pedipalps: Densely clothed in the 

same setal color as the other legs; one megaspine on the apical, prolateral femur and two 

megaspines on the prolateral tibia. 
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 Variation (6). Cl 14.69-18.34 (16.535±0.53), Cw 12.65-15.81 (14.145±0.5), LBl 2.07-

2.41 (2.29±0.06), LBw 2.29-2.82 (2.485±0.08), F1 12.13-15.24 (13.288±0.45), F1w 3.67-4.26 

(3.917±0.09), P1 5.41-6.26 (5.772±0.15), T1 9.35-12.11 (10.285±0.4), M1 7.41-10.2 (8.33±0.43), 

A1 5.83-7.57 (6.647±0.24), L1 length 40.18-51.38 (44.322±1.6), F3 9.63-12.72 (10.783±0.44), 

F3w 3.44-3.76 (3.575±0.05), P3 4.27-6.26 (5.053±0.28), T3 7.08-8.88 (7.773±0.26), M3 7.78-

10.71 (8.75±0.41), A3 6.09-7.73 (6.593±0.24), L3 length 35.81-46.30 (38.953±1.56), F4 12.21-

14.90 (13.065±0.41), F4w 3.43-3.83 (3.642±0.06), P4 4.67-6.55 (5.553±0.27), T4 9.31-12.03 

(10.187±0.4), M4 10.5-13.75 (11.663±0.48), A4 6.71-8.49 (7.168±0.28), L4 length 43.83-55.72 

(47.637±1.7), SC3 ratio 0.725-0.805 (0.762±0.01), SC4 ratio 0.397-0.529 (0.471±0.02), Coxa 1 

setae = tapered. Spermathecae variation can be seen in Figure 48. 

 

Material Examined: United States: Arizona: Cochise: 0.1 mi. west of Portal, 31.913699 -

109.143184 4, 4780ft., [APH_2356, 2/7/1961, 1♂, J. Cole, AMNH]; 0.5 miles east of Portal, 

31.914884 -109.149967 4, 4846ft., [APH_2364, 1/7/1961, 1♂, J. Cole, AMNH]; 1 mile 

southwest of Portal, 31.903762 -109.152806 5, 4918ft., [APH_2363, 2/9/1960, 1♀, R. Zweifel, 

AMNH]; 1 mile west of Portal, 31.9135 -109.158499 5, 4961ft., [APH_2365, 4/7/1963, 1♂, 

Steve Aaron, AMNH]; 1.7 miles northeast of Portal on San Simon Rd., 31.930194 -109.12083 4, 

4570ft., [APH_2377, 21/7/1961, 1♂, J. Cole, AMNH]; 15.5 miles S I-10 on Noland Rd, 

32.032719 -109.186732 1, 4478ft., [APH_1337-1338, 2/8/2011, 2♀, Brent E. Hendrixson, 

Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; 2 miles northeast of Portal, 31.934159 -

109.117117 5, 4534ft., [APH_2380, 10/6/1963, 1♀, Cazier and Mortenson, AMNH]; 2.5 miles 

southeast of Portal on Portal Rd., 31.902146 -109.10097 4, 4478ft., [APH_2372, 6/7/1973, 1♂, R. 

Zweifel, AMNH]; 2.6 miles NW AZ/NM state line on Portal Rd, 31.89302489 -109.0856873 1, 

4349ft., [APH_0385, 31/7/2008, 1♂, Alice Abela, AUMNH]; 7.7 miles S I-10 on Noland Rd, 

32.145844 -109.173364 1, 3872ft., [APH_1336, 2/8/2011, 1♀, Brent E. Hendrixson, Brendon 

Barnes, Nate Davis, Jake Storms, AUMNH]; Apache Pass Rd, S of I-10, 32.267466 -109.464574 

1, 3854ft., [APH_0712, 20/7/2009, 1 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; Cave 

Creek Canyon, 1.3 miles northeast of Ranger Station on Cave Creek Canyon Rd. near Portal, 

31.896202 -109163672 4, 4961ft., [APH_2383, 11/7/1973, 1♂, A. Bush, AMNH]; Chiricahua 

Mtns, 31.929812 -109.382285 6, 6119ft., [APH_2367, 8/1972, 2♂, J.A.L. Cooke, AMNH]; Dos 
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Cabezas, 32.114138 -109.920729 5, 4219ft., [APH_2378, 19/9/1954, 1♂, G. Bradt, M. Oazier, 

AMNH]; Fan Road, 5.5 miles NE Bowie, 32.375306 -109.447667 1, 3640ft., [APH_0393, 

24/7/2008, 1♂, Kari and Hunter McWest, AUMNH]; Portal, 31.913699 -109.1414 5, 4770ft., 

[APH_2357, 8/7/1964, 2♂, D. Rich, AMNH]; [APH_2359, 1/8/1965, 1♂, W.J. Gerstch, 

AMNH]; [APH_2360, 25/6/1962, 1♂, W.J. Gerstch, AMNH]; [APH_2362, 10/7/1962, 1♀, 

Melinda Stebbins, AMNH]; [APH_2368, 4/7/1961, 1♂, J. Cole, AMNH]; [APH_2369, 

15/8/1962, 1♀, C. Parrish and W.J. Gertsch, AMNH]; [APH_2381, 14/6/1962, 1♀, W.J. Gerstch, 

AMNH]; Portal Rd, 31.884644 -109.071997 5, 4250ft., [APH_0390, unknown, 1♂, Alice Abela, 

AUMNH]; S of I-10 on Noland Rd, 32.213729 -109.176179 1, 3645ft., [APH_0711, 20/7/2009, 1 

juv, Brent E. Hendrixson, Nate Davis, AUMNH]; Sulphur Canyon, 9 miles west of Rodeo, 

31.836758 -109.188226 5, 7060ft., [APH_2355, 23/7/1955, 1♂, Guy Miller, AMNH]; Wilcox, 

32.252851 -109.83201 5, 4170ft., [APH_2382, 12/7/1954, 1♂, W.J. Gerstch, AMNH]; Graham: 

0.25 miles E Hwy-191 on Tanque Rd, 32.605235 -109.682418 1, 3873ft., [APH_1329-1330, 

1/8/2011, 2♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; 

[APH_1481-1482, 1/8/2012, 1♀, 1♂, Brent E. Hendrixson, Brendon Barnes, Austin Deskewies, 

AUMNH]; [APH_1489, 4/9/2012, 1♀, Brent E. Hendrixson, AUMNH]; 0.4 miles E Hwy-191 on 

Tanque Rd, 32.606204 -109.681524 1, 3891ft., [APH_1184, 25/7/2010, 1♀, Brent E. Hendrixson, 

Brendon Barnes, Nate Davis, AUMNH]; 3.6 miles E Hwy-191 on Tanque Rd, 32.619274 -

109.633622 1, 3623ft., [APH_1231, 8/8/2010, 1♂, Brent E. Hendrixson, Ashley Bailey, Andrea 

Reed, AUMNH]; 5.8 miles E Hwy-191 on Tanque Rd, 32.621499 -109.596498 1, 3481ft., 

[APH_1236, 8/8/2010, 1♂, Brent E. Hendrixson, Ashley Bailey, Andrea Reed, AUMNH]; along 

Hwy-191, 32.662275 -109.701131 1, 3530ft., [APH_1179, 25/7/2010, 1♂, Brent E. Hendrixson, 

Brendon Barnes, Nate Davis, AUMNH]; dirt road S of US-70, 32.744869 -109.344099 1, 4088ft., 

[APH_0641-0642, 12/7/2009, 2♀, Brent E. Hendrixson, Nate Davis, AUMNH]; Hwy-366, near 

Hwy-191, 32.726066 -109.71822 1, 3266ft., [APH_0637-0638, 11/7/2009, 2♂, Brent E. 

Hendrixson, Nate Davis, AUMNH]; Klondyke Rd, SW of Hwy-70, 32.914146 -109.975734 1, 

3110ft., [APH_0698-0699, 18/7/2009, 2 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; 

[APH_0701-0708, 18/7/2009, 2♀, 6♂, Brent E. Hendrixson, Nate Davis, AUMNH]; Tanque Rd, 

near Hwy-191, 32.604126 -109.681695 1, 3887ft., [APH_0627-0632, 11/7/2009, 5♂, 1 juv, Brent 

E. Hendrixson, Nate Davis, AUMNH]; [APH_0635, 11/7/2009, 1♀, Brent E. Hendrixson, Nate 

Davis, AUMNH]; Greenlee: 0.4 miles N Hwy-75 on Goat Camp Rd, 32.755403 -109.110492 1, 
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3726ft., [APH_1351, 5/8/2011, 1 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake 

Storms, AUMNH]; New Mexico: Chaves: N of Roswell, 33.50677 -104.52311 5, 3626ft., 

[APH_0316, 10/7/2007, 1♀, Rick C. West, AUMNH]; rest area near Hagerman, near NM-249, 

33.09694 -104.44167 2, 3559ft., [APH_0044, 20/6/2002, 1♀, Shasta Michaels, JJ East, 

AUMNH]; Dona Ana: 0.9 miles NE I-10 on CR-B19 (I-10 Exit 155), 32.130859 -106.626039 1, 

4030ft., [APH_0538, 5/6/2009, 1♀, Brent E. Hendrixson, Courtney Dugas, Sloan Click, 

AUMNH]; 2711 Los Misioneros, Las Cruces, 32.336008 -106.749999 2, 4170ft., [APH_1461, 

27/6/2012, 1♂, Jesse Ortiz, AUMNH]; Aguirre Springs Rd, 32.43067 -106.547785 1, 5258ft., 

[APH_0655, 13/7/2009, 1 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; [APH_0662-0664, 

14/7/2009, 3 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; along Hwy-9, 31.79866 -

106.907625 1, 4113ft., [APH_0653, 13/7/2009, 1 juv, Brent E. Hendrixson, Nate Davis, 

AUMNH]; Just outside Las Cruces, on Aguirre Spring Road, 32.431202 -106.54921 5, 5306ft., 

[APH_0002, 8/2003, 1♂, Roy Thibodeau, AUMNH]; Eddy: 0.5 miles W US-62/180 on CR 408 

(Dark Canyon Rd), 32.28746 -104.28966 1, 3330ft., [APH_0366-0368, 22/6/2008, 3♂, Shasta 

Michaels, AUMNH]; 1.2 miles W US-62/180 on CR 408 (Dark Canyon Rd), 32.28969 -

104.30144 1, 3350ft., [APH_0364-0365, 21/6/2008, 2♂, Shasta Michaels, AUMNH]; 1.7 miles 

W US-62/180 on CR-408, 32.293874 -104.309514 1, 3392ft., [APH_0542-0543, 6/6/2009, 2 juv, 

Brent E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; 2.3 miles W US-62/180 on CR 

408, 32.29345 -104.31993 1, 3434ft., [APH_0061, 14/6/2001, 1♀, Brent E. Hendrixson, 

AUMNH]; near jct. CR-1 and US-82, 32.830265 -104.797078 1, 4228ft., [APH_0541, 6/6/2009, 

1♀, Brent E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; Grant: Silver City, pinyon 

pine habitat, 32.770075 -108.280326 4, 5944ft., [APH_1293, 7/2011, 1 juv, Ken McNeil, 

AUMNH]; Hidalgo: 1.6 miles S I-10 on Hwy-80, 32.213781 -108.951553 1, 4233ft., 

[APH_1180, 26/7/2010, 1♂, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; 15.5 

miles north of Rodeo, 32.049697 -109.030541 5, 3934ft., [APH_2376, 11/7/1960, 1♂, Zweifel, 

AMNH]; 18 miles north of Rodeo, 32.089638 -109.036588 5, 3976ft., [APH_2361, 7/7/1956, 1♂, 

H. Howden, AMNH]; 19.5 miles north of Rodeo, 32.11859 -109.03127 5, 4042ft., [APH_2385, 

11/7/1960, 1♂, Zweifel, AMNH]; 21.5 miles north of Rodeo, 32.141862 -109.028611 5, 4124ft., 

[APH_2371, 11/7/1960, 1♂, Zweifel, AMNH]; 4.1 miles E Hwy-80 on Hwy-9, 31.936704 -

108.970448 1, 4187ft., [APH_0678, 16/7/2009, 1♀, Brent E. Hendrixson, Nate Davis, AUMNH]; 

5 miles north of junction of Animas Rd. and rt. 80, 31.443254 -109.827763 5, 4678ft., 
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[APH_2374, 23/7/1960, 1♂, R. Zweifel, AMNH]; 5 miles south of Road Forks, 32.275308 -

108.794078 5, 4354ft., [APH_2384, 2/7/1962, 1♂, W.J. Gerstch, AMNH]; 6 miles north of 

Lordsburg, 32.436395 -108.707975 5, 4432ft., [APH_2358, 28/7/1962, 1♂, unknown, AMNH]; 8 

miles north of Rodeo, 31.952008 -109.030121 5, 4078ft., [APH_2370, 14/7/1963, 1♂, C. 

Bagwell, AMNH]; along Hwy-338, 31.807343 -108.801127 1, 4675ft., [APH_1192-1194, 

26/7/2010, 3♂, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; along Hwy-80 at 

CR-C078, 32.101572 -108.957714 1, 4408ft., [APH_0676, 15/7/2009, 1 juv, Brent E. Hendrixson, 

Nate Davis, AUMNH]; along Hwy-80 at Granite Gap, 32.086958 -108.977019 1, 4495ft., 

[APH_1483, 1/8/2012, 1♂, Brent E. Hendrixson, Brendon Barnes, Austin Deskewies, AUMNH]; 

along Hwy-9, just E of Continental Divide, 31.963316 -108.673824 1, 4489ft., [APH_0680, 

16/7/2009, 1♀, Brent E. Hendrixson, Nate Davis, AUMNH]; along Hwy-9, just west of Gas Line 

Rd, 31.935932 -108.940821 1, 4355ft., [APH_0677, 15/7/2009, 1♂, Brent E. Hendrixson, Nate 

Davis, AUMNH]; along Hwy-90, NE of Lordsburg, 32.469585 -108.60797 1, 5005ft., 

[APH_0646, 12/7/2009, 1 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; along US-70, SE of 

Hwy-92, 32.612037 -108.984613 1, 4151ft., [APH_0643-0644, 12/7/2009, 1♀, 1 juv, Brent E. 

Hendrixson, Nate Davis, AUMNH]; Cieanega Lake, 15.5 miles north of Rodeo, 32.049697 -

109.030541 5, 3934ft., [APH_2375, 14/7/1961, 1♂, J. Cole, AMNH]; Lordsburg, vicinity of 

Fraggle Rock, 32.31738 -108.81833 4, 4250ft., [APH_1294, 7/2011, 1♂, Ken McNeil, 

AUMNH]; Rodeo, 31.950087 -109.031176 5, 4085ft., [APH_2366, 17/7/1963, 2♂, V. Roth, 

AMNH]; Rt. 9, 2 miles east of juncture with US 80, 31.920498 -109.070014 4, 4301ft., 

[APH_2387, 3/7/1958, 2♂, Robert Chew, AMNH]; Luna: 0.5 miles E Hidalgo Co. Line along I-

10, 32.208983 -108.221098 1, 4547ft., [APH_1178, 23/7/2010, 1♂, Brent E. Hendrixson, 

Brendon Barnes, Nate Davis, AUMNH]; along Hwy-11, N of Columbus, 31.935144 -

107.670986 1, 4220ft., [APH_0650-0651, 13/7/2009, 2 juv, Brent E. Hendrixson, Nate Davis, 

AUMNH]; along Hwy-180, 32.431967 -107.90736 1, 4691ft., [APH_0647-0649, 13/7/2009, 3 

juv, Brent E. Hendrixson, Nate Davis, AUMNH]; along Hwy-9, 31.828861 -107.320841 1, 

4141ft., [APH_0652, 13/7/2009, 1 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; along Hwy-

9, 2.3 miles SE Grant County Line, 31.868935 -108.182075 1, 4605ft., [APH_0665, 14/7/2009, 1 

juv, Brent E. Hendrixson, Nate Davis, AUMNH]; Cookes Canyon Rd, A019, 3.4 miles NW NM-

26, 32.453472 -107.614333 1, 4710ft., [APH_0395, 28/7/2008, 1♂, Kari and Hunter McWest, 

AUMNH]; Deming, on ramp to I-10, 32.267886 -107.780667 1, 4817ft., [APH_1177, 23/7/2010, 
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1♂, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; Little Florida Mtns, 1 miles 

SE on Bonita Rd from turnoff on Gap Rd, 32.15817 -107.58858 4, 4480ft., [APH_0194, 3/9/2007, 

1♀, Lorenzo Prendini, Jeremy Huff, AUMNH]; Sierra: near Truth or Consequences, 0.2 miles 

W I-25 off Exit 79, 33.157129 -107.257152 1, 4491ft., [APH_1295, 24/7/2011, 1 juv, Brent E. 

Hendrixson, Shasta Michaels, AUMNH]; Socorro: Escondida, 34.05833 -106.89083 5, 4607ft., 

[APH_0034, 7/8/2006, 1♀, Kristin Greene, AUMNH]; Texas: Andrews: SW4001, 32.113981 -

102.615814 1, 3139ft., [APH_1053-1054, 6/7/2010, 2♂, Skyler Stevens, AUMNH]; SW7000 and 

SW6601, 32.110219 -102.710939 1, 3233ft., [APH_1055, 6/7/2010, 1♂, Skyler Stevens, 

AUMNH]; SW8000 and SW3001, 32.111511 -102.566667 1, 3122ft., [APH_1050-1051, 

6/7/2010, 2♂, Skyler Stevens, AUMNH]; Brewster: 1.85 miles N Ranch Rd 2627 on Hwy-385, 

29.71843 -103.15894 2, 2759ft., [APH_1469, 22/6/2012, 1♂, Darryl Burton, AUMNH]; 14 miles 

N Ranch Rd 2627 on Hwy-385, 29.86536 -103.24919 2, 3215ft., [APH_1472, 24/6/2012, 1♂, 

Darryl Burton, AUMNH]; 14.3 miles NE jct US-90 on US-67, 30.53666 -103.39322 1, 3831ft., 

[APH_0029, 18/6/2001, 1♂, Jeff Owens, AUMNH]; 5.5 miles N Ranch Rd 2627 on Hwy-385, 

29.76887 -103.16619 2, 2840ft., [APH_1471, 24/6/2012, 1♂, Darryl Burton, AUMNH]; Crane: 

off Hwy 385, N or Crane, 31.41690278 -102.3563111 2, 2550ft., [APH_1386, 29/8/2011, 1 juv, 

Darryl Burton, AUMNH]; Ector: Cowden H Ranch, 32.07805 -102.780783 6, 3316ft., 

[APH_0940, 2006, 1♀, Dave Moellendorf, AUMNH]; [APH_0943, 9/2008, 1♀, Chris A. 

Hamilton, AUMNH]; [APH_0946, 9/2008, 1♀, Chris A. Hamilton, AUMNH]; El Paso: 3457 

Red Sails Drive, El Paso, 31.79305 -106.313143 1, 3987ft., [APH_3126, 18/7/2013, 1♂, Jackie 

Ortegon, AUMNH]; Rest Area, 1.4 miles SE FM-793 (SE Fabens), 31.503951 -106.116307 1, 

3779ft., [APH_0537, 5/6/2009, 1♀, Brent E. Hendrixson, Courtney Dugas, Sloan Click, 

AUMNH]; Gaines: Seminole, 32.72695 -102.660533 1, 3327ft., [APH_0850-0854, 9/2008, 5♀, 

Chris A. Hamilton, AUMNH]; [APH_0888, 9/2008, 1♀, Chris A. Hamilton, AUMNH]; 

Seminole, 0.4 miles NW 11th St on Hwy-214, 32.729362 -102.661669 1, 3329ft., [APH_0545, 

7/6/2009, 1♀, Brent E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; Midland: CR60, 

32.010556 -102.2275 1, 2888ft., [APH_1060, 2/7/2010, 1♂, Skyler Stevens, AUMNH]; FM 1788 

S, 31.762925 -102.16813 2, 2895ft., [APH_1372-1373, 27/6/2011, 2♂, Darryl Burton, AUMNH]; 

Reeves: outside Carlsbad, 31.83806 -103.88556 1, 2780ft., [APH_0018-0021, 20/6/2002, 4♂, 

ATS Conference, AUMNH]; Upton: just S of Hwy 329, before FM1492 jct, 31.42758333 -

102.1889667 2, 2800ft., [APH_1378, 10/8/2011, 1 juv, Darryl Burton, AUMNH]; oil fields E of 
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Hwy 329, 31.35481944 -102.0862667 2, 2715ft., [APH_1382, 10/9/2011, 1♀, Darryl Burton, 

AUMNH]; [APH_1383, 30/8/2011, 1♀, Darryl Burton, AUMNH]; oil fields W of Hwy 329, 

31.42420833 -102.1828 2, 2795ft., [APH_1376, 30/7/2011, 1 juv, Darryl Burton, AUMNH]; 

[APH_1380, 6/9/2011, 1 juv, Darryl Burton, AUMNH]; [APH_1390, 31/7/2011, 1 juv, Darryl 

Burton, AUMNH]; Ward: E of Pecos on I-20, 31.444196 -103.371451 1, 2583ft., [APH_1175, 

22/7/2010, 1♂, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH. 

 

 Distribution and natural history. Aphonopelma gabeli is distributed mostly throughout 

the Chihuahuan Desert in southeastern Arizona, southern New Mexico, and West Texas; this 

includes the northern finger-like extensions of the desert along the Rio Grande and Pecos Rivers 

into Socorro and Chaves Counties, New Mexico, respectively (Fig. 49 A). This species is also 

known from adjacent sections of the High Plains and near canyon mouths of the sky island. The 

species distribution model (Fig. 49 B) predicts suitable habitat throughout most of Trans-Pecos 

Texas, the boot heel of New Mexico, and sections of southeastern Arizona, northeastern Sonora, 

and northwestern Chihuahua. Aphonopelma gabeli can be found inhabiting the following Level 

III Ecoregions: Chihuahuan Deserts, High Plains, Arizona/New Mexico Mountains, 

Southwestern Tablelands, and Madrean Archipelago (Fig. 1 F). Specimens accompanied with 

precise georeferenced locality data have been collected at elevations ranging from 775 to 1620 

meters in short grass prairie, desert grassland, and desert scrub communities; at higher elevations, 

habitats are sometimes associated with various oaks and junipers. Aphonopelma gabeli has been 

observed in syntopy (burrows located within a few meters of each other) with A. armada, A. 

hentzi, A. parvum sp. nov., and A. vorhiesi and can probably be found alongside A. chalcodes in 

Cochise and Graham Counties, Arizona. Burrows are typical of that for North American 

tarantulas (i.e., circular and generally covered by a thin veil of silk) and specimens can be readily 

collected by pouring a small amount of water into their burrows. Burrows are plugged during the 

winter months. The breeding period is late spring and early summer (June-August); adult males 

have been observed in large numbers at night along dirt roads in Graham County, Arizona and 

Eddy County, New Mexico. The data in Hamilton et al. (2011) and other preliminary mtDNA 

data suggests that A. gabeli recently expanded its distribution into present-day portions of the 

Chihuahuan Desert, likely following the desert’s appearance in the United States as the climate 

warmed and dried during the late Holocene (see Van Devender 1990). 
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 Conservation status. Landscape fragmentation due to oil and natural gas production has 

raised concern about the conservation status of some species in the Permian Basin of West Texas 

and southeastern New Mexico (Leavitt and Fitzgerald 2013). Aphonopelma gabeli, however, is 

one of the most common and widely distributed tarantulas in the United States and is frequently 

encountered in areas that have been developed for such production (D. Burton pers. comm. 2011). 

This species is secure. 

 

 Remarks. Aphonopelma gabeli females and juvenile males are easily differentiated from 

A. armada by the flared metatarsal scopulae and prolateral coxa I setae of A. armada; from A. 

anax by spermathecae and palpal bulbs, as well as prolateral coxa I setae; from A. hentzi by its 

phenotypic appearance and prolateral coxa I setae; from A. moderatum by their unique 

phenotypic color and banding; from A. peloncillo by its phenotypic appearance; from A. vorhiesi 

by their black appearance; and from A. parvum due to the extreme small size of the miniature 

species. Other important ratios that distinguish males: A. gabeli possess a larger F4L/W (≥4.29; 

4.29-4.60) than A. hentzi (≤4.24; 3.62-4.24); by possessing a smaller L1/L4 (≤0.95; 0.91-0.95) 

than A. moderatum (>0.95; 0.95-0.99) and A. moellendorfi (≥0.96; 0.96-1.00); by possessing a 

larger L4 scopulation extent (36%-47%) than A. vorhiesi (20%-36%) and smaller than A. 

chalcodes (66%-76%); by possessing a smaller F1/M3 (≤1.24; 1.18-1.24) than A. anax (≥1.28; 

1.28-1.43), A. armada (≥1.26; 1.26-1.33), and A. peloncillo (≥1.33; 1.33-1.49). Other important 

ratios distinguish females: A. gabeli possess a larger T3/T4 (≥0.73; 0.73-0.79) than A. armada 

(≤0.73; 0.64-0.73) and A. moderatum (≤0.71; 0.63-0.71); by possessing a larger L3 scopulation 

extent (72%-80%) than A. peloncillo (58%-68%) and A. vorhiesi (49%-69%); by possessing a 

larger CL/CW (≥1.14; 1.14-1.20) than A. chalcodes (≤1.14; 1.09-1.14). For both males and 

females, certain morphometrics have potential to be useful, though due to the amounts of 

variation, small number of specimens, and the small differences between species, no others are 

claimed to be significant at this time (see Appendix 2). During evaluation of traditional PCA 

morphospace, males of A. gabeli separate from A. anax, A. armada, A. hentzi, and A. vorhiesi 

along PC1~2, but do not separate from A. moderatum, A. moellendorfi, A. chalcodes, or A. 

peloncillo. Female A. gabeli do not separate from any of their syntopic species or phylogenetic 

sister lineages in PCA morphospace. Females of A. moellendorfi are unknown and cannot be 
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compared. Interestingly, A. gabeli males separate from A. anax, A. armada, and A. hentzi in 

three-dimensional PCA morphospace (PC1~PC2~PC3), but do not separate from A. moderatum 

and A. moellendorfi. Aphonopelma gabeli females separate from A. anax, but do not separate 

from A. armada, A. hentzi, and A. moderatum. PC1, PC2, and PC3 explain ≥87% of the variation 

in male analyses and ≥96% of the variation in female analyses. It is also important to note the 

tremendous variation in spermathecae shape that can be seen across A. gabeli populations (Fig. 

48). Previous taxonomic work considered this variation enough to split and describe separate 

species; this is clearly not an effective character due to the large amounts of subtle variation that 

is possible. This species was first identified as a new species by Jung (1975) but was not 

formally described until Smith (1995). The type locality for A. gabeli (“east of Tucson”) is vague 

and is probably located closer to Wilcox or Safford, Arizona. 

 

Aphonopelma hentzi (Girard, 1852) 

Figures 50-55; Appendix 4 

 

Mygale hentzii Girard, 1852: 251; male holotype from southwestern Oklahoma, 34.309094 -

98.396494 7, elev. 968ft., coll. unknown, 1849-1852. 

Eurypelma hentzi Simon, 1891: 322. 

Rhechostica hentzi Raven, 1985: 149. 

Aphonopelma hentzi Smith, 1995: 107; neotype male and female exemplar from Garfield Co., 

Oklahoma, 36.436139 -97.872160 7, elev. 1264ft., summer 1975, coll. R.L. Lardie; deposited in 

Oklahoma State University collection. 

 

Aphonopelma clarki Smith, 1995: 87; female holotype from Dallas, Dallas Co., Texas, 

32.780141 -96.800451 7, elev. 421ft., 1968, coll. H.J. Berman; deposited in BMNH. [examined] 

syn. n. 

 

Dugesiella coloradana Chamberlin, 1940: 35; female holotype from Sugar City, Crowley Co., 

Colorado, 38.231949 -103.663001 6, elev. 4307ft., no collecting date, coll. unknown; deposited 

in AMNH. [examined] 

Rhechostica coloradanum Raven, 1985: 149. 
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Aphonopelma coloradanum Smith, 1995: 90. syn. n. 

 

Dugesiella echina Chamberlin, 1940: 36; male holotype from Arkansas Valley, Colorado, 

38.055115 -103.621743 7, elev. 4182ft., 15.xi.1938, coll. unknown; deposited in AMNH. 

[examined] 

Rhechostica echinum Raven, 1985: 149. 

Aphonopelma echinum Smith, 1995: 96. syn. n. 

 

Aphonopelma gurleyi Smith, 1995: 104; male holotype from Interstate 35, near Moss Lake, 

Sherman, Grayson Co., Texas, 33.781417 -97.221633 5, elev. 796ft., no collection date, coll. 

Russ Gurley; deposited in BMNH. [examined] syn. n. 

 

Dugesiella harlingena Chamberlin, 1940: 37; female holotype from Harlingen, Cameron Co., 

Texas, 26.190631 -97.696103 6, elev. 41ft., 1939, coll. Bryce Brown; deposited in AMNH. 

[examined] 

Rhechostica harlingenum Raven, 1985: 149. 

Aphonopelma harlingenum Smith, 1995: 106. syn. n. 

 

Aphonopelma odelli Smith, 1995: 126; female holotype from Beavers Bend State Resort Park 

McCurtain Co., Oklahoma, 34.13104 -94.69004 5, elev. 670ft., 13.vi.1979, coll. D.C. Arnold; 

deposited in Oklahoma State University collection. syn. n. 

 

Dugesiella wacona Chamberlin, 1940: 38; male holotype from Waco, McClennan Co., Texas, 

31.549333 -97.146670 6, elev. 498ft., 5.vii.1931, coll. unknown; deposited in AMNH. 

[examined] 

Rhechostica waconum Raven, 1985: 149. 

Aphonopelma waconum Smith, 1995: 156. syn. n. 

 

Dugesiella wichitana Chamberlin, 1940: 35; male holotype from Wichita Mtns. National 

Wildlife Refuge, Comanche Co., Oklahoma, 34.772106 -98.601308 6, elev. 1495ft., 5.vii.1928, 

coll. N.M. Newport; deposited in AMNH. [examined] 
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Rhechostica wichitanum Raven, 1985: 149. 

Aphonopelma wichitanum Smith, 1995: 157. syn. n. 

 

 Diagnosis. Aphonopelma hentzi (Fig. 50) is a member of the Hentzi species group and 

can be identified by a combination of morphological, molecular, and geographic characteristics. 

Nuclear DNA identifies A. hentzi as a phylogenetically distinct monophyletic lineage (Fig. 8), 

supported as the sister lineage to A. anax, closely related to A. armada, and exclusive of A. 

moellendorfi sp. nov. (a new species previously confused with A. hentzi). Aphonopelma hentzi 

can be distinguished from A. anax by the shapes of its spermathecae in females and palpal bulbs 

in males; from A. armada by the pattern of setae on coxa I and the flared metatarsal scopulae of 

females and juvenile males; from A. gabeli by its large chelicerae and general phenotypic 

appearance; from moderatum by their unique phenotypic color and banding; from parvum sp. 

nov. due to the extreme small size; from peloncillo by its phenotypic appearance; and from 

vorhiesi due to its black appearance. Significant measurements that distinguish male A. hentzi 

from its closely related phylogenetic and syntopic species are PTl, M1, and the extent of 

scopulation on metatarsus III. Male A. hentzi can be distinguished by possessing a larger PTl/M1 

(≥0.74; 0.74-0.88) than A. gabeli (≤0.68; 0.61-0.68), A. moderatum (≤0.69; 0.61-0.69), and A. 

moellendorfi (≤0.69; 0.60-0.69); a larger L3 scopulation extent (69%-86%) than A. armada 

(48%-63%), A. peloncillo sp. nov. (52%-68%), and A. vorhiesi (44%-62%); and by possessing a 

smaller M1/F4 (≤0.77; 0.68-0.77) than A. moderatum (≥0.80; 0.80-0.87) and A. moellendorfi sp. 

nov. (≥0.81; 0.81-0.88). The significant measurement that distinguishes female A. hentzi from 

syntopic species is the extent of scopulation on metatarsus IV. Female A. hentzi can be 

distinguished by possessing a larger L4 scopulation extent (42%-72%) than A. peloncillo (32%-

38%) and A. vorhiesi (26%-37%). There are no significant measurements that separate female A. 

hentzi from A. anax, A. armada, A. gabeli, or A. moderatum. Females of A. moellendorfi are 

unknown and cannot be compared. 

 

 Description. Male and female described by Girard (1852); presumed lost. Neotype 

designated and redescribed by Smith (1995); new female specimen designated and redescribed 

by Smith (1995). 
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 Redescription of male exemplar (APH_0921; Fig. 51). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Generally 

black or faded to brown. Cephalothorax: Carapace 14.89 mm long, 13.47 mm wide; Hirsute; 

densely clothed with brown/golden iridescent pubescence appressed to surface; fringe covered in 

long setae not closely appressed to surface; foveal groove deep and straight; pars cephalica 

region rises gradually from foveal groove, gently arching anteriorly toward ocular area; AER 

slightly procurved, PER recurved; normal sized chelicerae; clypeus extends forward on a slight 

curve; LBl 1.79, LBw 1.93; sternum very hirsute, clothed with long black/brown, densely packed 

setae. Abdomen: Densely clothed in short black/brown pubescence with numerous longer 

red/orange setae interspersed; possessing a dense dorsal patch of black Type I urticating bristles 

(Cooke et al. 1972). Legs: Very hirsute, particularly ventrally; densely clothed in a mix of 

medium and long black/brown pubescence. Metatarsus I slightly arched. F1 14.11; F1w 3.69; P1 

5,94; T1 12.54; M1 10.48; A1 7.60; F3 12.06; F3w 3.71; P3 5.63; T3 9.32; M3 10.85; A3 7.56; 

F4 14.71; F4w 4.02; P4 5.86; T4 12.17; M4 14.99; A4 8.36; femur III is normal - not noticeably 

swollen or wider than other legs. All tarsi fully scopulate. Extent of metatarsal scopulation: leg 

III (SC3) = 80.9%; leg IV (SC4) = 54.3%. Two ventral megaspines on metatarsus III; nine 

ventral megaspines on metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and thick 

tapered setae. Pedipalps: Very hirsute; densely clothed in the same setal color as the other legs, 

with numerous longer ventral setae; one megaspine on the apical, prolateral femur and four 

megaspines on the prolateral tibia; PTl 8.525, PTw 2.77. When extended, embolus tapers but 

gently curves to the retrolateral side near apex; embolus very slender, no keels. 

 

 Variation (14). Cl 13.58-18.04 (16.008±0.38), Cw 12.45-17.28 (14.924±0.41), LBl 1.78-

2.46 (2.09±0.07), LBw 1.92-2.79 (2.371±0.09), F1 13.1-17.31 (15.509±0.36), F1w 3.19-4.50 

(3.991±0.1), P1 5.36-7.63 (6.494±0.18), T1 10.71-14.18 (12.986±0.28), M1 9.15-13.03 

(11.118±0.29), A1 6.03-9.13 (7.836±0.26), L1 length 44.35-60.93 (53.943±1.31), F3 10.56-

16.83 (13.026±0.42), F3w 3.23-4.71 (3.999±0.11), P3 4.16-7.57 (5.675±0.23), T3 7.89-12.61 

(10.126±0.33), M3 9.69-13.93 (11.859±0.33), A3 5.92-8.88 (7.786±0.21), L3 length 38.72-59.23 
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(48.471±1.42), F4 12.88-17.50 (15.175±0.37), F4w 3.11-4.69 (3.924±0.12), P4 4.36-7.13 

(6.046±0.2), T4 10.75-15.16 (12.809±0.32), M4 12.91-17.57 (15.406±0.33), A4 6.64-9.95 

(8.803±0.26), L4 length 47.54-66.69 (58.239±1.42), PTl 7.762-10.81 (9.067±0.23), PTw 2.722-

3.61 (3.003±0.07), SC3 ratio 0.691-0.866 (0.769±0.01), SC4 ratio 0.324-0.968 (0.579±0.05), 

Coxa 1 setae = stout/thick tapered, F3 condition = normal/slightly swollen. 

 

 Redescription of female exemplar (APH_0812; Figs. 52-54) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Faded brown/black, with 

a very hirsute appearance. Cephalothorax: Carapace 20.89 mm long, 19.82 mm wide; densely 

clothed with light brown pubescence closely appressed to surface; fringe densely covered in 

longer setae; foveal groove medium deep and straight; pars cephalica region gently rises from 

thoracic furrow, arching anteriorly toward ocular area; AER slightly procurved, PER recurved; 

clypeus extends forward on a slight curve; LBl 2.84, LBw 3.42; sternum very hirsute, clothed 

with black/brown, long setae. Abdomen: Densely clothed dorsally in short black setae with 

numerous longer, lighter setae interspersed (generally red or orange in situ); dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972); ventral side with shorter dark brown/black 

setae. Spermathecae: Uniquely shaped; paired and separate, taper rapidly to a medium width 

with a secondary bulge and strongly capitate bulbs, with wide bases that are not fused. Legs: 

Very hirsute, particularly ventrally; densely clothed in long brown pubescence. F1 14.90; F1w 

4.85; P1 6.91; T1 11.32; M1 7.95; A1 7.60; F3 12.65; F3w 4.33; P3 6.62; T3 8.82; M3 9.39; A3 

7.48; F4 14.91; F4w 4.27; P4 6.34; T4 10.97; M4 13.48; A4 8.65. All tarsi fully scopulate. 

Extent of metatarsal scopulation: leg III (SC3) = 74.0%; leg IV (SC4) = 54.7%. Two ventral 

megaspines on metatarsus III; four ventral megaspines on metatarsus IV. Coxa I: Prolateral 

surface a mix of fine, hair-like and thick tapered setae. Pedipalps: Densely clothed in the same 

setal color as the other legs; one megaspine on the apical, prolateral femur, one megaspine on the 

prolateral patella, and three megaspines on the prolateral tibia. 
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 Variation (15). Cl 12.65-22.36 (17.892±0.68), Cw 11.57-19.87 (16.328±0.61), LBl 1.91-

2.86 (2.399±0.08), LBw 2.13-3.42 (2.773±0.1), F1 10.41-17.13 (13.72±0.48), F1w 3.16-5.56 

(4.413±0.17), P1 4.55-8.09 (6.4±0.25), T1 7.79-13.28 (10.669±0.32), M1 6.06-10.74 (7.945±0.3), 

A1 5.17-8.86 (6.671±0.23), L1 length 34.72-57.70 (45.404±1.51), F3 8.32-14.09 (11.281±0.43), 

F3w 2.79-4.99 (3.804±0.16), P3 3.94-8.06 (5.64±0.31), T3 6.11-10.56 (8.164±0.32), M3 6.46-

11.65 (8.915±0.38), A3 5.46-9.03 (6.866±0.26), L3 length 30.84-53.39 (40.818±1.7), F4 10.43-

17.15 (13.795±0.44), F4w 3.04-5.16 (4.072±0.15), P4 4.58-7.81 (5.906±0.23), T4 8.66-13.41 

(10.851±0.31), M4 8.95-15.84 (11.924±0.47), A4 6.04-9.79 (7.672±0.27), L4 length 39.16-64.0 

(50.132±1.68), SC3 ratio 0.671-0.953 (0.805±0.02), SC4 ratio 0.424-0.717 (0.547±0.02), Coxa 1 

setae = stout/thick tapered. Spermathecae variation can be seen in Figures 53-54. 

 

Material Examined: United States: Arkansas: Carroll: near Eureka Springs, 36.404273 -

93.735646 5, 1201ft., [APH_2600, unknown, 1♂, H.A. Clay, AMNH]; Cleburne: 6 miles S/SW 

of Drasco, 35.569318 -91.998288 5, 843ft., [APH_2602, 9/1979, 1♀, D. Pearson, AMNH]; 

Drew: Monticello, 33.628997 -91.790964 5, 292ft., [APH_2174, 1936, 1♀, unknown, AMNH]; 

Lawrence: Imboden, 36.202568 -91.174573 5, 308ft., [APH_2196, 1931, 5♂, R.V. Chamberlin, 

AMNH]; [APH_2203, 1935, 1♀, 1♂, unknown, AMNH]; Marion: between Pyatt and Eros, near 

Jct Hwy 125 and MC 4054, 36.21402 -92.86224 4, 912ft., [APH_0024, 9/2002, 1♂, Lewonna 

Nelson, AUMNH]; Washington: Fayetteville, 36.044074 -94.169349 5, 1211ft., [APH_2172-

2173, unknown, 2♂, 1♀, W.J. Baerg, AMNH]; [APH_2467, 1921, 2♀, 1♂, W.J. Baerg, 

AMNH]; Arizona: Greenlee: 0.4 miles N Hwy-75 on Goat Camp Rd, 32.755403 -109.110492 1, 

3726ft., [APH_1352-1353, 5/8/2011, 2♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, 

Jake Storms, AUMNH]; Colorado: Bent: John Martin Reservoir State Park, 38.07612 -

102.957421 1, 3839ft., [APH_0570, 10/6/2009, 1 juv, Brent E. Hendrixson, Courtney Dugas, 

Sloan Click, AUMNH]; Crowley: 1.5 miles N Hwy-96 on CR-20, S of Lake Henry (near Sugar 

City), 38.246723 -103.711337 1, 4371ft., [APH_0565, 9/6/2009, 1 juv, Brent E. Hendrixson, 

Courtney Dugas, Sloan Click, AUMNH]; Fremont: Canon City, Hwy 64, 5 miles N of Junction 

with Hwy 50, 38.496596 -105.106624 5, 5800ft., [AUMS_3334, 17/8/1987, 1♂, unknown, 

AUMNH]; Canon City, N toward Cripple Creek, 5 miles N off Hwy 50, 38.497302 -105.291414 

5, 6248ft., [AUMS_3338, 17/8/1986, 1♀, T.R. Prentice, AUMNH]; Otero: 1.5 miles SW Hwy-

109 on CR-802, in field and bluffs N of road, 37.794004 -103.521272 1, 4425ft., [APH_0560-
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0564, 9/6/2009, 5♀, Brent E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; Comanche 

Grasslands, La Junta, 37.859983 -103.719267 6, 4440ft., [APH_0917, 10/2009, 1♂, Ken Suzuki, 

AUMNH]; Prowers: Prowers Co. Rd., S. of Lamar, on Deahl Ranch, 37.892338 -102.60625 6, 

3914ft., [AUMS_2469, 4/7/1986, 1♂, T.R. Prentice, AUMNH]; S of Lamar, Deahl Ranch, 

38.013237 -102.613274 6, 3804ft., [AUMS_2455, 4/7/1986, 1♀, T.R. Prentice, AUMNH]; 

Pueblo: 1.5 miles E Boone on Hwy-96, 38.243146 -104.233761 2, 4448ft., [APH_0749, 

16/9/2009, 1♂, Jerry Smith, Mario Juvera, AUMNH]; I-25, approx. 25 miles S Pueblo, 37.93879 

-104.81027 5, 5908ft., [APH_0022, 7/9/2002, 1♂, Kristin Young, AUMNH]; Piñon Truck Stop, 

I-25 N of Pueblo, 38.433689 -104.610331 4, 5030ft., [AUMS_2329, 28/6/1986, 1♂, T.R. 

Prentice, AUMNH]; Pueblo, 0.9 miles N of Hwy-47 on Baculite Mesa Rd, 38.302884 -

104.553482 1, 4814ft., [APH_0566-0569, 9/6/2009, 4 juv, Brent E. Hendrixson, Courtney Dugas, 

Sloan Click, AUMNH]; Kansas: Elk: 1.5 miles W of Longton, 37.377606 -96.108334 4, 935ft., 

[AUMS_2321, 28/4/1994, 1♂, B. Cutler, AUMNH]; Gove: along Smokey Hill River just W of 

Hwy 23, 38.74457 -100.50428 4, 2453ft., [APH_0027, 10/2002, 1♂, Alvis Wade, AUMNH]; 

Wilson: Fredonia, 37.532925 -95.826937 5, 922ft., [APH_2603, 16/8/1964, 1♂, A.R. Moldenke, 

AMNH]; Fredonia, 2.5 miles SW Hwy 400 and Hwy 47, 37.50556 -95.83278 5, 858ft., 

[APH_0003, 6/7/2003, 1♀, Jordan B. Johnson, AUMNH]; Louisiana: Allen (Parish): near town 

of Harmony, off Hwy-1147, 30.59583 -92.91361 2, 57ft., [APH_1171, 24/4/2010, 1 juv, Roland 

H. Delaune, AUMNH]; Reeves, 2250 Martin Tram Rd, 30.48063 -92.9884 2, 25ft., [APH_0060, 

29/10/2006, 1♂, Gary Bellon, AUMNH]; Bossier (Parish): Haughton, 400 ft. N I-20, 1/2 mile 

W Hwy 614, 32.53917 -93.54944 4, 230ft., [APH_0028, 20/10/2002, 1♂, Jimmy Landen, 

AUMNH]; Caddo (Parish): Shreveport, 32.525152 -93.750179 6, 159ft., [AUMS_2449, 

16/5/1996, 1♂, R. Moore, AUMNH]; East Baton Rouge (Parish): Baton Rouge, 30.457702 -

91.14032 6, 49ft., [APH_2610, 1958, 1♂, Leon Rody, AMNH]; La Salle (Parish): Tullos, 

31.819261 -92.329862 5, 121ft., [APH_2612, 1/10/1950, 1♂, W.J. Gerstch, AMNH]; 

Natchitoches (Parish): Kisatchie National Forest, Kisatchie District, along Longleaf Vista Trail, 

31.47644 -92.99622 5, 288ft., [APH_0403, 4/10/2008, 1♂, Brent E. Hendrixson, AUMNH]; 

Vernon (Parish): Near Fort Polk, 31.029236 -93.176675 6, 289ft., [APH_2202, 1957, 1♀, F.E. 

Potter, AMNH]; Missouri: Greene: Springfield, 37.208957 -93.292299 5, 1280ft., [APH_2183, 

1931, 1♂, Truman Smith, AMNH]; [APH_2190, 10/1931, 2♂, Truman Smith, AMNH]; Henry: 

Hartwell, 38.435258 -93.934662 5, 761ft., [APH_2611, 1937, 1♂, J.K. Connolly, AMNH]; 
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Hickory: 4 miles northwest of Wheatland, 37.969377 -93.427109 5, 991ft., [APH_2609, 

2/10/1967, 1♂, W. Ivie, AMNH]; Newton: Joplin , 37.031191 -94.52842 5, 909ft., [APH_2191, 

11/10/1942, 4♂, A.B. Gurney, AMNH]; Ozark: Caney Mountain Conservation Area, along 

Long Bald trail, 36.696831 -92.45143 1, 1193ft., [APH_0591, 25/6/2009, 1♀, Brent E. 

Hendrixson, AUMNH]; Phelps: Rolla, 37.948543 -91.771535 5, 1093ft., [APH_2175, 1/10/1954, 

4♂, L. Bade and Walker, AMNH]; [APH_2177, 10/1960, 1♂, Lee Malone, AMNH]; Ripley: 

between Calm and Gatewood on Hwy 142, 36.560976 -91.117925 1, 786ft., [APH_0874, 6/2008, 

1 juv, Matt Ingrasci, AUMNH]; St. Francois: Bonne Terre, near city lake, 37.912189 -90.55567 

4, 866ft., [APH_0199, 30/9/2007, 1♂, Andrew Rieger, AUMNH]; Taney: Bradleyville, edge of 

floodplains of Breaver Creek, 36.7754 -92.920951 5, 814ft., [APH_2608, 25/9/1955, 1♂, N. and 

J. Crenshaw, AMNH]; near Branson, Ruth and Paul Henning Conservation Area, 36.6627 -

93.293056 1, 1165ft., [APH_0586-0590, 24/6/2009, 5 juv, Brent E. Hendrixson, AUMNH]; New 

Mexico: Bernalillo: Albuquerque, base of Sandia Mtns at Copper Trail, 35.079247 -106.484022 

1, 5948ft., [APH_1437, 12/11/2011, 1♂, Jessica Ashley, AUMNH]; Dona Ana: Aguirre Springs 

Campground, 32.370504 -106.561475 1, 5662ft., [APH_0539-0540, 5/6/2009, 2♀, Brent E. 

Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; CR-72, just off I-25, 32.67635 -

107.012973 1, 4348ft., [APH_0654, 13/7/2009, 1 juv, Brent E. Hendrixson, Nate Davis, 

AUMNH]; Eddy: 0.3 miles W US-62/180 on CR 408 (Dark Canyon Rd), 32.28694 -104.28646 1, 

3320ft., [APH_0363, 21/6/2008, 1 juv, Shasta Michaels, AUMNH]; 1.7 miles W US-62/180 on 

CR-408, 32.293874 -104.309514 1, 3392ft., [APH_0544, 6/6/2009, 1 juv, Brent E. Hendrixson, 

Courtney Dugas, Sloan Click, AUMNH]; Lincoln National Forest, just off Queens Hwy, 

32.20002 -104.67976 1, 5583ft., [APH_0522, 31/8/2008, 1♂, Rick C. West, AUMNH]; Hidalgo: 

10 miles S I-10 on Hwy-338, 32.13267 -108.87908 2, 4210ft., [APH_0795, 22/10/2009, 1♂, 

Clyde Mahan, AUMNH]; 2.64 miles W Hwy-338 on Hwy-9, 31.94331765 -108.8509352 2, 

4403ft., [APH_0728, 18/8/2009, 1♂, Alice Abela, AUMNH]; 4 miles west of Animas, 

31.942746 -108.853622 5, 4400ft., [APH_2628, 26/8/1960, 1♂, unknown, AMNH]; along Hwy-

338, 32.226309 -108.879093 1, 4078ft., [APH_1510-1511, 8/9/2012, 2♂, Brent E. Hendrixson, 

AUMNH]; [APH_1513-1515, 8/9/2012, 3♂, Brent E. Hendrixson, AUMNH]; along Hwy-9, W 

of Animas, 31.94337666 -108.8874883 2, 4407ft., [APH_0726, 18/8/2009, 1♂, Alice Abela, 

AUMNH]; [APH_0729, 18/8/2009, 1♂, Alice Abela, AUMNH]; along US-70, SE of Hwy-92, 

32.612037 -108.984613 1, 4151ft., [APH_0645, 12/7/2009, 1 juv, Brent E. Hendrixson, Nate 
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Davis, AUMNH]; E side of Animas Mtns, 31.560017 -108.499913 6, 4430ft., [APH_0862, 2006, 

1♀, Dave Moellendorf, AUMNH]; NM-9 at Little Hatchet Mtns Rd, W of Hachita, 31.926633 -

108.363083 4, 4480ft., [APH_0408-0410, 11/10/2008, 3♂, Kari McWest, Keisha Hendricks, 

AUMNH]; Luna: 15.5 miles NE Hwy-180 on Hwy-26, 32.430777 -107.566477 1, 4584ft., 

[APH_1572, 29/10/2012, 1♂, Brent E. Hendrixson, AUMNH]; Rio Arriba: along CR 55, 

36.084375 -106.12193 2, 5715ft., [APH_1248, 1/11/2010, 1♂, Chis Tough, AUMNH]; 

Sandoval: Rt 44 (Rt 448), 3.7 miles west of Placitas, 35.269619 -106.605786 4, 5046ft., 

[APH_2198, 16/11/1963, 2♂, William A. Shean, AMNH]; Taos: 70 miles N of Santa Fe, 

36.650692 -105.636765 7, 7832ft., [AUMS_2476, unknown, 1♂, unknown, AUMNH]; 

Oklahoma: Bryan: Calera Golf Center, 2.5 miles S Calera on Hwy-75, 33.9094 -96.462 4, 755ft., 

[APH_0156, 22/7/2007, 1♂, Julianne Smith, AUMNH]; Cimarron: 6.6 miles S Colorado State 

line on US-287, 36.900429 -102.520409 1, 3924ft., [APH_0555-0559, 8/6/2009, 2♀, 3 juv, Brent 

E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; Oklahoma panhandle, Cimarron River, 

just N off Hwy 287-385, N of Boise City, 36.945676 -102.521756 6, 3933ft., [AUMS_2472, 

1/6/1986, 1♂, T.R. Prentice, AUMNH]; Cleveland: Lake Thunderbird State Park, 35.21208 -

97.24742 5, 1085ft., [APH_0052, 25/6/2004, 1♀, Brent E. Hendrixson, AUMNH]; [APH_0150, 

25/6/2004, 1♀, Brent E. Hendrixson, AUMNH]; Comanche: In the Wichita Mtns, 3 miles north 

of Medicine Park, 34.798239 -98.511099 5, 1411ft., [APH_2204, 19/5/1977, 1♀, J.C. 

Colkendolpher, AMNH]; N side of Wichita Mtns, 34.841533 -98.727542 1, 1771ft., [APH_0571-

0574, 11/6/2009, 1♀, 3 juv, Brent E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; 

Wichita National Forest , 37.683896 -97.363593 5, 1302ft., [APH_2176, unknown, 2♂, unknown, 

AMNH]; Wichita Mtns near Mount Scott, 34.767625 -98.724761 6, 1955ft., [APH_2601, 

16/9/1971, 1♀, R. Forbes, AMNH]; Wichita Mtns Wildlife Refuge, 34.709358 -98.623307 6, 

1476ft., [APH_2455, 6/9/1975, 1♂, F. Fryce, AMNH]; Wichita Mtns NWR - Comanche Rd., 

34.780183 -98.598183 1, 1520ft., [APH_0873, 5/2008, 1 juv, Christian Cox, AUMNH]; Wichita 

Mtns NWR - Taylor Ranch Rd., 34.841783 -98.728283 1, 1712ft., [APH_0939, 5/2008, 1♀, 

Christian Cox, AUMNH]; Cotton: in cemetery NW of Walters, approx. 0.4 miles N Hwy-5 on 

CR-N2610, 34.367655 -98.329618 1, 1029ft., [APH_0575, 11/6/2009, 1 juv, Brent E. Hendrixson, 

Courtney Dugas, Sloan Click, AUMNH]; Creek: SW of Tulsa, 35.99622 -96.33341 1, 787ft., 

[APH_0918, 25/4/2008, 1♂, Christian Cox, John Morse, AUMNH]; SW of Tulsa, NE OK off 

route 33, 35.99622 -96.33341 1, 787ft., [APH_0834, 25/4/2008, 1♀, Christian Cox, John Morse, 
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AUMNH]; Jackson: 498 Honeysuckle ave, Altus, Altus Air Force Base, 34.664112 -99.296041 1, 

1372ft., [APH_3124, 15/6/2013, 1♂, David Welch, AUMNH]; Latimer: Along US-270, E of 

Red Oak, 34.950086 -95.054512 1, 571ft., [APH_0585, 24/6/2009, 1 juv, Brent E. Hendrixson, 

AUMNH]; unknown, 34.835035 -95.31025 7, 830ft., [APH_2182, 1931, 4♂, unknown, AMNH]; 

[APH_2193, 6/1931, 1♀, 2♂, 1 juv, unknown, AMNH]; Le Flore: Ouachita Mtns, S of 

Smithville on US 259, 34.418983 -94.676 1, 736ft., [APH_0921, 10/2008, 1♂, Chris A. Hamilton, 

AUMNH]; Ouachita Mtns, S on Hwy 259 from Winding Stair Mountain, 34.600767 -94.6987 1, 

1701ft., [APH_0920, 10/2008, 1♂, Mike Logan, AUMNH]; Ouachita Mtns, Winding Stair 

Mountain, 34.7489 -94.8037 1, 2185ft., [APH_0919, 10/2008, 1♂, Brian Fontenot, AUMNH]; 

Logan: Stillwater , 36.115607 -97.058368 5, 876ft., [APH_2181, 15/9/1969, 1♀, N.V. Horner, 

AMNH]; McCurtain: 1 mile east of Signal Mountain, Fort Hill, 34.333306 -95.024261 4, 

1168ft., [APH_2201, 3/10/1952, 1♀, 2♂, T. Cohn , AMNH]; Oklahoma: Oklahoma 

City/Edmond at intersection of 150th St and Macarrthur, 35.623642 -97.620781 2, 1100ft., 

[APH_0402, 21/9/2008, 1♂, Natalie Ellis, AUMNH]; Osage: between Pahuska and Bartlesville 

(10 miles west of Bartlesville), 36.740071 -96.299699 5, 827ft., [APH_2606, 6/9/1940, 1♀, 1♂, 

A. Clay, AMNH]; Pontotoc: Ada, 34.773126 -96.678772 5, 1007ft., [APH_2607, 10/1981, 1♂, 

unknown, AMNH]; Washington: 2 miles W Bartlesville, Circle Mountain, forested area, 

36.71598 -95.99562 4, 677ft., [APH_0026, 29/9/2002, 1♂, Jerry Tolbert, AUMNH]; 

Woodward: Alabaster Cavern- 9 miles south of Freedom, 36.698679 -99.147057 5, 1742ft., 

[APH_2605, 12/10/1952, 1♂, unknown, AMNH]; Texas: Bastrop: Wolf Lane and Pearce Rd, 

30.140783 -97.5673 5, 555ft., [APH_0960-0964, 22/5/2006, 5♂, Dave Moellendorf, AUMNH]; 

Baylor: 7 miles north of Maybelle, 33.654334 -99.263208 5, 1325ft., [APH_2657, 8/11/1964, 2♂, 

Karl W. Haller, AMNH]; Brewster: 3.5 miles S US-90 on US-395, 30.15626 -103.23608 1, 

4070ft., [APH_1288, 14/5/2011, 1♂, Brent E. Hendrixson, Kate Hall, Austin Deskewies, Alexis 

Guice, AUMNH]; Big Bend, 29.330733 -103.536367 6, 2592ft., [APH_0933, 5/2008, 1♂, Corey 

Roelke, AUMNH]; Black Gap WMA, 29.467633 -102.837333 6, 1833ft., [APH_0868, 2006, 1♀, 

Dave Moellendorf, AUMNH]; [APH_0973, 2006, 1♂, Dave Moellendorf, AUMNH]; 

[APH_0975, 2006, 1♂, Dave Moellendorf, AUMNH]; Big Bend National Park, 0.55 miles S 

park boundary on US-385, 29.67449 -103.17149 1, 2910ft., [APH_1289, 15/5/2011, 1♂, Brent E. 

Hendrixson, Kate Hall, Austin Deskewies, Alexis Guice, AUMNH]; Black Gap WMA, 29.5058 

-102.884817 1, 2205ft., [APH_0932, 5/2008, 1♂, Corey Roelke, AUMNH]; [APH_0972, 6/2006, 
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1♂, Dave Moellendorf, AUMNH]; [APH_0974, 2006, 1♂, Dave Moellendorf, AUMNH]; Black 

Gap WMA, on FM2627, 29.4867 -102.862733 1, 2009ft., [APH_0931, 5/2008, 1♂, Corey Roelke, 

AUMNH]; Carson: Pantex Plant, 35.302672 -101.561938 5, 3534ft., [AUMS_2328, 7/10/1997, 

1♀, Felix Chavez, AUMNH]; Coleman: O.H. Ivie reservoir, 31.60165 -99.5915 1, 1684ft., 

[APH_0832, 9/2008, 1♀, Chris A. Hamilton, AUMNH]; Collin: Anna, 2 miles E of junction of 

FM455 and Hwy 75, 41 miles N of Dallas, 33.344388 -96.552215 5, 659ft., [AUMS_2327, 

7/1988, 1♂, SCJ, AUMNH]; [AUMS_2330, 7/1988, 1♂, SCJ, AUMNH]; Cooke: Moss Lake, 

Sherman, 33.781417 -97.221633 6, 777ft., [APH_3035, unknown, 1♂, Russ Gurley, BMNH]; 

Coryell: Hwy 84, 14 miles W of Gatesville, 31.470143 -97.977296 5, 1041ft., [AUMS_2616, 

27/6/1999, 1♂, M. Buffington, AUMNH]; Dallam: Dalhart, 36.059477 -102.51325 5, 3986ft., 

[AUMS_3291, unknown, 1♂, unknown, AUMNH]; just NE jct Thompson Grove Ln and Tex-

Top Rd, 36.41505 -102.82264 1, 4369ft., [APH_0744, 25/6/2009, 1 juv, Zach Valois, AUMNH]; 

Dallas: 1455 N. Joe Wilson Road, Cedar Hill, 32.62016 -96.925792 1, 731ft., [APH_3125, 

18/6/2013, 1♂, Nikki Miller, AUMNH]; Dallas, 32.802955 -96.769923 6, 515ft., [APH_2200, 

5/1938, 1♀, Ottys Sanders, AMNH]; Dallas, Dallas Zoo, 32.73665 -96.815917 1, 484ft., 

[APH_0839, 5/2008, 1♂, Julie Post, AUMNH]; Dallas, Restland cemetery, 32.924625 -

96.744856 1, 593ft., [APH_0576, 12/6/2009, 1 juv, Brent E. Hendrixson, Courtney Dugas, Sloan 

Click, AUMNH]; [APH_0837-0838, 7/2008, 2♀, Chris A. Hamilton, AUMNH]; [APH_0915-

0916, 7/2008, 2♂, Chris A. Hamilton, AUMNH]; [APH_0951, 7/2008, 1♂, Chris A. Hamilton, 

AUMNH]; Grand Prairie, 32.728783 -96.990383 1, 477ft., [APH_0836, 3/2008, 1♀, Stephanie 

Rudy, AUMNH]; Gaines: Seminole, 0.4 miles NW 11th St on Hwy-214, 32.729362 -

102.661669 1, 3329ft., [APH_0546, 7/6/2009, 1 juv, Brent E. Hendrixson, Courtney Dugas, 

Sloan Click, AUMNH]; Gray: Pampa, approx. 12 miles S Pampa on US-70, 35.35843 -

100.97436 5, 3210ft., [APH_0023, 24/9/2002, 1♂, Kyle Harrison, AUMNH]; Grayson: 6 miles 

southwest of Pottsboro, 33.71582 -96.73669 5, 666ft., [APH_2664, 1/11/1965, 1♂, Karl W. 

Haller, AMNH]; Hartley: Smith Ranch, N side of FM-767, 35.67812 -102.72925 1, 3813ft., 

[APH_0745, 27/6/2009, 1 juv, Zach Valois, AUMNH]; Hays: Buda, Buda High School, 

30.03265 -97.89275 4, 848ft., [APH_0910, 7/2008, 1♂, Dave Moellendorf, AUMNH]; Kyle, 

29.995 -97.893867 5, 801ft., [APH_0835, 7/2006, 1♀, Dave Moellendorf, AUMNH]; 

[APH_0872, 2006, 1♀, Dave Moellendorf, AUMNH]; unknown rd N of FM-3296, 35.82407 -

102.95766 1, 4122ft., [APH_0743, 26/6/2009, 1 juv, Zach Valois, AUMNH]; Hill: 5 miles north 
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of Itasca, 32.22622 -97.156988 5, 659ft., [APH_2185, 16/7/1958, 1♂, P. Carne Jr., AMNH]; Jeff 

Davis: Davis Mtns, 30.8044 -103.8923 1, 4087ft., [APH_0936, 31/9/2008, 1♂, Christian Cox, 

AUMNH]; Davis Mtns State Park, 30.592854 -103.940197 1, 5045ft., [APH_0536, 4/6/2009, 1♀, 

Brent E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; Davis Mtns, Hwy 118 between 

McDonald observatory and Davis Mtns State Park, 30.6638 -104.0317 1, 6154ft., [APH_0934, 

31/9/2008, 1♀, Christian Cox, AUMNH]; Davis Mtns, Hwy 118 between McDonald observatory 

and Hwy 166, 30.7049 -104.1118 1, 5905ft., [APH_0935, 31/9/2008, 1♂, Christian Cox, 

AUMNH]; Davis Mtns, Hwy 166 at the foothills of the Davis Mtns, 30.63155 -104.278117 1, 

5393ft., [APH_0937, 31/9/2008, 1♂, Corey Roelke, AUMNH]; Fort Davis, 30.588211 -

103.894625 5, 4895ft., [APH_2466, 5/1938, 2♂, unknown, AMNH]; Kimble: CR182, Junction, 

30.470278 -99.756389 1, 1743ft., [APH_1066, 15/6/2010, 1♀, Skyler Stevens, AUMNH]; 

McCulloch: Brady, Brady Lake, 31.1235 -99.384517 1, 1759ft., [APH_0827-0831, 7/2008, 4♀, 

1 juv, Chris A. Hamilton, AUMNH]; McLennan: Waco, near Lake Waco, 31.553483 -

97.203633 5, 559ft., [APH_0914, 2006, 1♂, Dave Moellendorf, AUMNH]; Oldham: Boys 

Ranch area, Hwy 385, S of Canadian River, 35.500017 -102.25236 5, 3222ft., [AUMS_2474, 

25/10/1986, 1♂, T.R. Prentice, AUMNH]; Parmer: 2 miles north of Friona, 34.670063 -

102.72741 4, 4029ft., [APH_2184, 5/10/1961, 1♂, W.J. Gertsch, AMNH]; Presidio: Terlingua, 

29.323867 -103.617117 6, 3020ft., [APH_0863, 2006, 1♀, Dave Moellendorf, AUMNH]; 

unknown, 29.948067 -104.100133 7, 4310ft., [APH_0870, 2006, 1♀, Dave Moellendorf, 

AUMNH]; Randall: Canyon, field due west of Canyon Crest Apts., 34.9703 -101.92336 2, 

3602ft., [APH_0041, 24/5/2002, 1♀, Brent E. Hendrixson, AUMNH]; FM Rd 1151 W jct. 

Whitaker Rd near playa lake, 35.09147 -101.75591 4, 3573ft., [APH_0035, 26/9/2006, 1♂, Kari 

McWest, AUMNH]; San Saba: Colorado Bend State Park, 31.095817 -98.501567 1, 1185ft., 

[APH_0822-0826, 6/2008, 5♀, Chris A. Hamilton, AUMNH]; [APH_0909, 6/2008, 1♀, Chris A. 

Hamilton, AUMNH]; [APH_0976, 6/2008, 1 juv, Chris A. Hamilton, AUMNH]; Sherman: 10 

miles south of Texhoma, 36.399192 -101.803752 5, 3510ft., [APH_2645, 9/1967, 1♂, W. Ivie, 

AMNH]; 6 miles south of Stratford, 36.284667 -102.049499 5, 3655ft., [APH_2662, 9/1967, 1♂, 

W. Ivie, AMNH]; Tarrant: 537 Jakmar Rd, Benbrook, 32.6549 -97.47915 2, 800ft., [APH_0361, 

6/2008, 1♂, Laura Gleason, AUMNH]; Travis: 1907 Casa Grande, Austin, 30.34272 -97.86449 

2, 673ft., [APH_0015, 14/9/2002, 1♂, Mike Comai, AUMNH]; 5203 Rico Cove, Austin, 

30.374853 -97.77368 2, 885ft., [APH_0401, 5/10/2008, 1♂, Rhone McCall, AUMNH]; Austin, 
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30.303983 -97.839883 6, 991ft., [APH_0875, 7/2008, 1♀, Dave Moellendorf, AUMNH]; Austin 

- City Park Rd and Pence Ln, 30.354083 -97.832567 1, 843ft., [APH_0812, 6/2008, 1♀, Chris A. 

Hamilton, AUMNH]; [APH_0904, 6/2008, 1♂, Chris A. Hamilton, AUMNH]; Austin - 

Cuernavaca area in West Lake Hills, 30.34478 -97.85278 1, 623ft., [APH_0159, Summer/2007, 

1♂, Chris A. Hamilton, AUMNH]; [APH_0816-0819, 6/2008, 4♀, Chris A. Hamilton, 

AUMNH]; Austin - Red Bud trail in West Lake Hills, 30.2984 -97.80258 1, 784ft., [APH_0158, 

Summer/2007, 1 juv, Chris A. Hamilton, AUMNH]; [APH_0813-0815, 6/2008, 3♀, Chris A. 

Hamilton, AUMNH]; [APH_0906-0907, 6/2008, 2♂, Chris A. Hamilton, AUMNH]; Austin area, 

along Wild Basin Ledge, 30.307721 -97.818971 2, 774ft., [APH_0748, 5/9/2009, 1♂, Claudia 

Cobianchi, AUMNH]; Austin Baseball Field, 30.267153 -97.743061 6, 459ft., [APH_2186, 

29/5/1958, 1♀, W.H. McAlister, AMNH]; [APH_2187, 21/7/1958, 1♂, W.H. McAlister, 

AMNH]; Austin, Duvall and Jolleyville Rd, 30.417283 -97.750033 6, 882ft., [APH_0911, 2006, 

1♂, Dave Moellendorf, AUMNH]; Austin, near 290 and 71 split, 30.2425 -97.874367 6, 941ft., 

[APH_0876, 7/2008, 1♀, Dave Moellendorf, AUMNH]; Jonestown - Reed Park, 30.4779 -

97.94605 1, 860ft., [APH_0160, Summer/2007, 1♀, Chris A. Hamilton, AUMNH]; [APH_0820-

0821, 6/2008, 2♀, Chris A. Hamilton, AUMNH]; [APH_0908, 6/2008, 1♂, Chris A. Hamilton, 

AUMNH]; [APH_0949, 6/2008, 1♀, Chris A. Hamilton, AUMNH]; Val Verde: Comstock, 

29.685683 -101.17145 1, 1580ft., [APH_0833, 7/2008, 1♀, Chris A. Hamilton, AUMNH]; Del 

Rio - Lake Amistad, 29.496167 -101.04455 5, 1147ft., [APH_0927, 2006, 1♀, Dave Moellendorf, 

AUMNH]; Del Rio, 29.370886 -100.895867 6, 995ft., [APH_0971, 2006, 1♂, Dave Moellendorf, 

AUMNH]; Del Rio, on spur 454, 29.460165 -100.948547 5, 1139ft., [APH_0957, 6/2006, 1♂, 

Dave Moellendorf, AUMNH]; Langtry, 29.809722 -101.5525 1, 1272ft., [APH_1063, 18/6/2010, 

1♀, Travis Fisher, AUMNH]; [APH_0958, 6/2006, 1♂, Dave Moellendorf, AUMNH]; Langtry, 

Hwy 90, 29.814633 -101.563317 1, 1372ft., [APH_0867, 5/2008, 1♀, Corey Roelke, AUMNH]; 

N of Langtry on Pandale Dirt Rd, 29.828883 -101.59095 6, 1425ft., [APH_0926, 2006, 1♂, Dave 

Moellendorf, AUMNH]; Pandale, 30.130017 -101.575733 1, 1607ft., [APH_1070, 2/6/2010, 1♂, 

Lynn McCutchen, AUMNH]; [APH_1071, 26/6/2010, 1♂, Roxana Leija, AUMNH]; Wichita: 4 

miles southeast of Burkburnett, 34.067561 -98.541374 5, 994ft., [APH_2665, 4/7/1975, 1♂, J. 

Cokendolpher, AMNH]; unknown, 33.930965 -98.748117 7, 1007ft., [APH_2199, 23/4/1975, 1♀, 

M. Nipper, AMNH]; Wilbarger: 12 miles west of Electra, 34.025734 -99.145057 5, 1171ft., 

[APH_2179, 3/9/1998, 1♀, M.E. Janowski-Bell, AMNH]; [APH_2192, 3/9/1998, 1♂, M.E. 
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Janowski-Bell, AMNH]; Williamson: Cedar Park, 30.5015 -97.847917 5, 1018ft., [APH_0905, 

2006, 1♂, Dave Moellendorf, AUMNH]; Core Hole Cave- 1 mile south Georgetown, 30.607738 

-97.687453 5, 787ft., [APH_2555, 3/11/1963, 1♀, J. Reddell, D. McKenzie, John Porter, 

AMNH]; Leander, 30.57295 -97.850467 5, 972ft., [APH_0896-0897, 2006, 2♂, Dave 

Moellendorf, AUMNH]; Round Rock, Fern Bluff Elementary, 30.517917 -97.719917 4, 806ft., 

[APH_0912, 6/2008, 1♂, Dave Moellendorf, AUMNH]; Taylor, 30.560167 -97.413333 5, 518ft., 

[APH_0913, 6/2008, 1♂, Dave Moellendorf, AUMNH]; Yoakum: unknown rd N of Hwy-380, 

33.35231 -103.01736 1, 3857ft., [APH_0746, 17/6/2009, 1 juv, Zach Valois, AUMNH]. 

 

 Distribution and natural history. Aphonopelma hentzi is the most widely distributed 

species in the United States. Its distribution is bound to the east by the Mississippi River but 

these tarantulas are found in all or parts of Missouri, Arkansas, Louisiana, Kansas, Oklahoma, 

Texas, Colorado, New Mexico and Arizona (Fig. 55). Aphonopelma hentzi thrives in a variety of 

habitats and can be found inhabiting the following Level III Ecoregions: Interior River Valleys 

and Hills, Ozark Highlands, Central Irregular Plains, Alluvial Plain, South Central Plains, 

Ouachita Mountains, Arkansas Valley, Boston Mountains, Western Gulf Coastal Plains, Flint 

Hills, Central Oklahoma/Texas Plains, Western High Plains, Southwestern Tablelands, Central 

Great Plains, Cross Timbers, East Central Texas Plains, Arizona/New Mexico Mountains, 

Chihuahuan Deserts, Edwards Plateau, Southern Texas Plains, Blackland Prairies, Arizona/New 

Mexico Plateau, and Madrean Archipelago. Aphonopelma hentzi can be found in syntopy with a 

number of species across its distribution including A. armada, A. gabeli, A. moderatum, A. 

moellendorfi sp. nov., A. parvum sp. nov., A. peloncillo sp. nov., and vorhiesi. 

 Aphonopelma hentzi exhibits significant variation in burrowing behavior across its 

distribution. This species is known to inhabit free-standing burrows or scrapes (burrows under 

rocks, wood, etc.; see Fig. 2 A-C) depending on the habitat. Aphonopelma hentzi inhabit a wide 

range of habitats and elevations and exhibit phenotypic differences between those (e.g., large and 

robust in lower elevations or plains habitats and a smaller body with longer, thinner legs in rocky 

or higher elevation habitats). Depending on the locality, A. hentzi can exhibit two different 

breeding periods: a spring/summer season (April-August) and a fall season (September-October), 

sometimes at the same location. Additional information about the natural history of A. hentzi is 

provided by Smith (1995). 
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 Conservation status. Aphonopelma hentzi would be considered rare in Arizona due to its 

very limited distribution in the state but this species is probably the most abundant tarantula in 

the United States. These spiders thrive in many different habitats and are not uncommon in major 

metropolitan areas. More than 40 individuals were collected by one of the authors from a single 

residential lawn in suburban Fort Worth, Texas (specimens not reported). Specimens have also 

been collected from well-maintained grounds at a cemetery just outside Downtown Dallas, Texas 

near a busy freeway. This species is secure. 

 

 Remarks. Other important ratios that distinguish males: A. hentzi possess a larger L3 

scopulation extent (69%-86%) than A. armada (48%-63%); by possessing a larger F4/M4 

(≥0.92; 0.92-1.03) than A. armada (≤0.92; 0.86-0.92); by possessing a larger PTl/T4 (>0.65; 

0.65-0.77) than A. gabeli (≤0.64; 0.58-0.64). Other important ratios distinguish females: A. hentzi 

possess a larger L4 scopulation extent (42%-72%) than A. armada (28%-43%; with slight 

overlap); by possessing a smaller L1/L3 (≤1.14; 1.07-1.14) than A. moderatum (>1.14; 1.14-

1.24; with slight overlap). For both males and females, certain morphometrics have potential to 

be useful, though due to the amounts of variation, small number of specimens, and the small 

differences between species, no others are claimed to be significant at this time (see Appendix 2). 

During evaluation of traditional PCA morphospace, males of A. hentzi separate in PCA 

morphological space from A. gabeli, A. moderatum, and A. moellendorfi along PC1~2, but do not 

separate from A. anax, A. armada, A. peloncillo, or A. vorhiesi. Female A. hentzi do not separate 

from A. anax, A. armada, A. gabeli, A. moderatum, A. peloncillo, or A. vorhiesi. Females of A. 

moellendorfi are unknown and cannot be compared. Interestingly, A. hentzi males separate from 

A. gabeli, A. marxi, A. moderatum, A. moellendorfi, A. parvum, and A. peloncillo in three-

dimensional PCA morphospace (PC1~PC2~PC3), but do not separate from A. anax, A. armada, 

A. chalcodes, or A. vorhiesi. Aphonopelma hentzi females separate from A. marxi and A. parvum, 

but do not separate from A. anax, A. armada, A. chalcodes, A. gabeli, A. moderatum, A. 

peloncillo, or A. vorhiesi. PC1, PC2, and PC3 explain ≥87% of the variation in male analyses 

and ≥96% of the variation in female analyses. 

 Of particular note, Warriner (2008) determined that the type locality for A. hentzi was 

near the Wichita Mountains.in Comanche County, Oklahoma where the Marcy Expedition likely 
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camped in May 1852. Even though we have examined material from this area, we have chosen 

not to designate a new neotype at this time because Smith’s (1995) neotype is conspecific with 

this material and we were unable to secure adults. We examined most of the holotypes and/or 

freshly collected topotypic material of A. clarki, A. coloradanum, A. echinum, A. gurleyi, A. 

harlingenum, A. odelli, A. waconum, and A. wichitanum. Our morphological and molecular 

analyses fail to recognize these eight species as separate, independently evolving lineages. As a 

consequence, we consider A. clarki, A. coloradanum, A. echinum, A. gurleyi, A. harlingenum, A. 

odelli, A. waconum, and A. wichitanum junior synonyms of A. hentzi.  It is also important to note 

that the paratype of A. harlingenum that is found in the same jar as the A. harlingenum holotype 

is a female of A. anax (see spermathecae in Fig. 12 C). 

 Mitochondrial DNA (CO1) identifies A. hentzi as a polyphyletic group with respect to A. 

moderatum, A. anax, and A. armada (Fig. 7). A second lineage of A. hentzi is embedded within a 

secondary lineage of A. anax; both lineages were previously identified as putative cryptic species 

(Hamilton et al. 2014). Based on the AE results, it appears that CO1 is not effective at delimiting 

species boundaries within this group. 

 

Aphonopelma icenoglei Hamilton sp. nov. 

Figures 56-60 

 

Aphonopelma mojave Prentice, 1997 (in part): 161. 

 

Types. Male holotype (APH_2396) collected 7.5 miles north of Pipes Canyon Rd., San 

Bernardino Co., California, 34.303363 -116.440492 5, elev. 3133ft., 14.iv.1991, coll. T.R. 

Prentice; deposited in AMNH. Paratype female (APH_1562) from 0.6 miles S Hwy-62 on La 

Contenta Rd., San Bernardino Co., California, 34.126565 -116.368852 1, elev. 3170ft., 25.x.2012, 

coll. Brent E. Hendrixson; deposited in AUMNH. Paratype male (AUMS_2643) from near 

junction of Main Rd. and past Cottonwood Road by Eagle Mtn. mine, 33.828312 -115.756448 5, 

elev. 2476ft., xii.1999, coll. unknown; deposited in AUMNH. Paratype female (APH_2393) 

from Apple Valley, 2 miles south of Highway 18, Milpas Dr., San Bernardino Co., California, 

34.53717 -117.103251 4, elev. 3140ft., 5.v.1992, coll. T.R. Prentice; deposited in AMNH. 
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 Etymology. The specific epithet is a patronym in recognition of Wendell Icenogle, an 

arachnologist and prolific collector of North American mygalomorph spiders. This work 

benefitted substantially from his help collecting specimens and his wealth of knowledge 

concerning tarantulas in the United States. 

 

 Diagnosis. Aphonopelma icenoglei (Fig. 56) is a member of the Paloma species group 

and can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. icenoglei as a strongly supported 

monophyletic lineage (Figs. 7-8) that is a sister lineage to A. mojave, A. atomicum sp. nov., A. 

prenticei sp. nov., and A. joshua. Aphonopelma icenoglei can easily be differentiated from A. 

iodius by its smaller size and limited extent of scopulation on metatarsus IV, and from A. 

atomicum and A. prenticei by locality. The most significant measurements that distinguish male 

A. icenoglei from its closely related phylogenetic and syntopic species are F3 and the extent of 

scopulation on metatarsus IV. Male A. icenoglei can be distinguished by possessing a larger 

F3L/W (≥3.51; 3.51-3.90) than A. atomicum (≤3.40; 2.92-3.40) and A. prenticei (≤3.27; 2.76-

3.27); a larger PTl/F3 (≥0.67; 0.67-0.71) than A. joshua (≤0.61; 0.55-0.61) and A. xwalxwal sp. 

nov. (≤0.63; 0.59-0.63); and a smaller L4 scopulation extent (31%-46%) than A. iodius (62%-

88%). There are no significant measurements that separate male A. icenoglei from A. mojave. 

The most significant measurements that distinguish female A. icenoglei from its closely related 

phylogenetic and syntopic species are M4 and the extent of scopulation on metatarsus IV. 

Female A. icenoglei can be distinguished by possessing a larger F1/M4 (≥1.07; 1.07-1.23) than A. 

joshua (≤1.04; 0.98-1.04); a larger A3/M4 (≥0.63; 0.63-0.70) than A. atomicum (≤0.58; 0.57-

0.58) and A. joshua (≤0.59; 0.50-0.59); a smaller Cl/F1 (≤1.16; 1.07-1.16) than A. prenticei 

(≥1.17; 1.17-1.33); and a smaller L4 scopulation extent (27%-42%) than A. iodius (59%-83%). 

There are no significant measurements that separate female A. icenoglei from A. mojave. 

Aphonopelma icenoglei is most similar (morphologically and geographically) to A. mojave but 

these two species are phylogenetically distinct and probably are not sister taxa (Fig. 7 & 8). 

 

 Description of male holotype (APH_2396; Fig. 57). — Specimen preparation and 

condition: Specimen originally collected from burrow and preserved in unknown percentage of 

ethanol; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 
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removed for measurements and photographs; stored in vial with specimen. No tissue for DNA. 

General coloration: Faded black/brown. Cephalothorax: Carapace 8.228 mm long, 6.965 mm 

wide; densely clothed with faded pubescence, appressed to surface; fringe covered in long setae 

not closely appressed to surface, hirsute appearance; foveal groove medium deep and straight; 

pars cephalica region rises very gradually from foveal groove on a straight plane towards the 

ocular area; AER very slightly procurved, PER recurved; normal sized chelicerae; clypeus 

extends slightly on a curve; LBl 1.051, LBw 1.468; sternum hirsute, clothed with faded, densely 

packed, short setae. Abdomen: Densely clothed in short black/brown pubescence with numerous 

longer, lighter setae interspersed (generally red or orange in situ); dense dorsal patch of black 

Type I urticating bristles (Cooke et al. 1972) - smaller and distinct from large species. Legs: 

Hirsute; densely clothed in faded pubescence. Metatarsus I straight. F1 7.605; F1w 1.786; P1 

2.994; T1 6.779; M1 5.848; A1 4.17; F3 7.202; F3w 1.851; P3 2.613; T3 5.625; M3 6.742; A3 

4.464; F4 8.432; F4w 1.872; P4 2.869; T4 7.231; M4 8.368; A4 4.938; femur III is normal. All 

tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 62.6%; leg IV (SC4) = 

35.1%. Two ventral megaspines on metatarsus III; five ventral megaspines on metatarsus IV; one 

prolateral megaspine on tibia I; one megaspine on the apex on the retrolateral branch of the tibial 

apophysis. Coxa I: Prolateral surface covered by fine, hair-like setae. Pedipalps: Hirsute; 

densely clothed in the same setal color as the other legs, with numerous longer ventral setae; one 

megaspine at the apical, prolateral femur and three prolateral megaspines on the palpal tibia; PTl 

4.938, PTw 1.77. When extended, embolus tapers with a curve to the retrolateral side; embolus 

slender, no keels; distinct dorsal and ventral transition from bulb to embolus. 

 

 Variation (5). Cl 7.326-8.228 (7.831±0.15), Cw 6.609-7.307 (6.976±0.11), LBl 1.031-

1.069 (1.046±0.01), LBw 1.092-1.475 (1.271±0.08), F1 7.605-8.996 (8.292±0.24), F1w 1.703-

1.938 (1.821±0.05), P1 2.909-3.301 (3.067±0.07), T1 6.679-7.727 (7.204±0.21), M1 5.848-7.032 

(6.459±0.22), A1 4.012-4.818 (4.338±0.14), L1 length 27.396-31.441 (29.36±0.78), F3 6.881-

7.558 (7.203±0.14), F3w 1.763-2.145 (1.963±0.08), P3 2.477-2.771 (2.579±0.05), T3 5.625-

6.187 (5.88±0.12), M3 6.742-7.609 (6.986±0.16), A3 4.448-4.952 (4.569±0.1), L3 length 

26.376-28.76 (27.216±0.48), F4 7.919-9.094 (8.46±0.22), F4w 1.691-1.902 (1.836±0.04), P4 

2.549-2.869 (2.77±0.06), T4 6.914-7.825 (7.283±0.16), M4 8.368-9.267 (8.657±0.17), A4 4.702-

5.595 (5.036±0.16), L4 length 30.775-33.887 (32.205±0.65), PTl 4.758-5.115 (4.953±0.07), 
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PTw 1.548-1.77 (1.684±0.04), SC3 ratio 0.626-0.788 (0.704±0.03), SC4 ratio 0.312-0.456 

(0.376±0.02), Coxa I setae = very thin tapered, F3 condition = normal. 

 

 Description of female paratype (APH_1562; Figs. 58-59) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; original 

coloration faded due to preservation. Left legs I, III, IV, and pedipalp removed for photographs 

and measurements; stored in vial with specimen. Right legs III & IV removed for DNA and 

stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae removed and 

cleared, stored in vial with specimen. General coloration: Faded black/brown. Cephalothorax: 

Carapace 7.943 mm long, 6.522 mm wide; Hirsute, densely clothed with short faded 

black/brown pubescence closely appressed to surface; fringe densely covered in slightly longer 

setae; foveal groove medium deep and slightly procurved; pars cephalica region gently rises 

from thoracic furrow, arching anteriorly toward ocular area; AER slightly procurved, PER very 

slightly recurved; chelicerae robust, clypeus extends forward on a curve; LBl 1.353, LBw 1.435; 

sternum hirsute, clothed with short faded setae. Abdomen: Densely clothed dorsally in short 

faded black setae with longer, lighter setae (generally red or orange in situ) focused near the 

urticating patch; dense dorsal patch of black Type I urticating bristles (Cooke et al. 1972) - 

smaller and distinct from large species. Spermathecae: Paired and separate, with capitate bulbs 

widening towards the bases; not fused. Legs: Hirsute; densely clothed in short faded black/brown 

pubescence; F1 6.983; F1w 1.974; P1 2.993; T1 5.757; M1 4.266; A1 3.976; F3 5.884; F3w 

1.834; P3 2.608; T3 4.443; M3 4.682; A3 4.092; F4 7.463; F4w 1.906; P4 2.765; T4 5.853; M4 

6.269; A4 4.678. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 

63.5%; leg IV (SC4) = 27.1%. One ventral and one prolateral megaspine on metatarsus III; four 

ventral megaspines and one prolateral megaspine on metatarsus IV. Coxa I: Prolateral surface 

covered by very thin tapered and fine, hair-like setae. Pedipalps: Densely clothed in the same 

setal color as the other legs; one megaspine on the apical, prolateral femur, four prolateral (two at 

the apical, prolateral border with the tarsus) megaspines and one ventral megaspine on the tibia. 

 

 Variation (5). Cl 7.424-8.188 (7.89±0.13), Cw 6.522-7.385 (6.993±0.16), LBl 1.285-

1.353 (1.322±0.01), LBw 1.368-1.615 (1.453±0.05), F1 6.565-7.644 (6.966±0.18), F1w 1.974-

2.131 (2.049±0.03), P1 2.716-3.161 (2.988±0.08), T1 5.185-6.381 (5.695±0.2), M1 4.163-4.72 
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(4.406±0.1), A1 3.568-3.976 (3.708±0.08), L1 length 22.432-25.667 (23.763±0.54), F3 5.362-

6.315 (5.807±0.16), F3w 1.766-1.979 (1.849±0.04), P3 2.217-2.711 (2.47±0.1), T3 3.995-4.755 

(4.305±0.13), M3 4.216-4.864 (4.54±0.11), A3 3.90-4.389 (4.041±0.09), L3 length 20.101-22.92 

(21.164±0.51), F4 6.84-8.227 (7.376±0.24), F4w 1.766-1.967 (1.897±0.03), P4 2.625-3.112 

(2.836±0.09), T4 5.477-6.325 (5.799±0.14), M4 5.589-6.77 (6.14±0.19), A4 4.174-4.678 

(4.436±0.1), L4 length 25.043-28.961 (26.587±0.68), SC3 ratio 0.636-0.726 (0.691±0.02), SC4 

ratio 0.272-0.419 (0.365±0.03), Coxa I setae = very thin tapered. Spermathecae variation can be 

seen in Figure 59. 

 

 Material Examined: United States: California: Los Angeles: 0.66 miles N Ft Tejon 

Rd on Valyermo Rd, 34.468812 -117.860377 1, 3532ft., [APH_0756-0757, 4/10/2009, 2 juv, 

Brent E. Hendrixson, Thomas Martin, AUMNH]; 0.67 miles S Hwy-18 on 263rd St, 34.48904 -

117.661058 1, 3461ft., [APH_1202, 30/7/2010, 1♀, Brent E. Hendrixson, Brendon Barnes, Nate 

Davis, AUMNH]; 1.15 miles N of Valyermo, Bobs Gap Rd, 34.448937 -117.82921 4, 3920ft., 

[AUMS_2511, 4/10/1992, 1♂, T.R. Prentice, AUMNH]; Piñon Hills off Hwy 138, 34.448134 -

117.668735 5, 4002ft., [AUMS_2515, 1993, 1♂, unknown, AUMNH]; Valyermo, 34.446108 -

117.852286 5, 4403ft., [APH_2400, 28/10/1989, 1♂, T.R. Prentice, AMNH]; Riverside: Eagle 

Mountain area, 2 miles E of Cottonwood Springs, 33.733266 -115.784522 5, 3485ft., 

[AUMS_2464, 4/4/1989, 1♂, T.R. Prentice, AUMNH]; Joshua Tree National Park, 33.82491 -

115.720588 6, 2423ft., [APH_0885, 2007, 1♀, Josh Richards, AUMNH]; near junction of Main 

Rd. and past Cottonwood Road by Eagle Mt. mine, 33.828312 -115.756448 5, 2476ft., 

[AUMS_2643, 12/1999, 1♂, unknown, AUMNH]; San Bernardino: 0.5 miles SE Mikiska Blvd 

along Hwy-247 (NW of Landers), 34.319594 -116.48102 1, 3406ft., [APH_0761-0762, 

5/10/2009, 2 juv, Brent E. Hendrixson, Thomas Martin, AUMNH]; 0.6 miles S Hwy-62 on La 

Contenta Rd, 34.126565 -116.368852 1, 3170ft., [APH_1562, 25/10/2012, 1♀, Brent E. 

Hendrixson, AUMNH]; 1 miles W Ft. Irwin Rd on Irwin Rd, 34.998665 -116.945203 1, 2658ft., 

[APH_1320, 30/7/2011, 1♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, 

AUMNH]; 1.1 miles NE Lucerne Valley Cutoff along Hwy-247 (Barstow Rd), 34.614513 -

116.968992 1, 3239ft., [APH_0760, 5/10/2009, 1 juv, Brent E. Hendrixson, Thomas Martin, 

AUMNH]; 12.2 miles west of junction of 177 and Highway 62, 34.046346 -115.432997 4, 

2205ft., [APH_2391, 12/11/1989, 1♀, T.R. Prentice, AMNH]; [APH_2398, 24/11/1989, 1♂, T.R. 
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Prentice, AMNH]; [APH_2402, 24/11/1989, 1♂, T.R. Prentice, AMNH]; 2.6 miles S Phelan Rd 

on Baldy Mesa Rd, 34.389404 -117.454546 1, 3904ft., [APH_1577-1578, 6/11/2012, 1♀, 1 juv, 

Brent E. Hendrixson, AUMNH]; 3.7 miles north of Pipes Canyon Rd. Highway 247 Access Rd., 

34.243922 -116.440137 4, 3484ft., [APH_2395, 18/4/1991, 1♀, T.R. Prentice, AMNH]; 7.5 miles 

north of Pipes Canyon Rd., 34.303363 -116.440492 5, 3133ft., [APH_2396, 14/4/1991, 1♂, T.R. 

Prentice, AMNH]; along Hwy-62, west of Coxcomb Mtns, 34.090719 -115.424593 1, 1767ft., 

[APH_1584-1585, 7/11/2012, 2♀, Brent E. Hendrixson, AUMNH]; Apple Valley, 2 miles south 

of Highway 18, Milpas Dr., 34.53717 -117.103251 4, 3140ft., [APH_2393, 5/5/1992, 1♀, T.R. 

Prentice, AMNH]; Cadiz Valley, 34.03779 -115.238314 5, 1247ft., [APH_2389, 24/11/1989, 1♂, 

T.R. Prentice, AMNH]; Coxcomb Mtns, Highway 177 and Highway 62 - 12.2 miles west of 

junction, 34.026317 -115.431625 5, 2743ft., [APH_2397, 31/1/1991, 1♀, T.R. Prentice, AMNH]; 

E of Apple Valley, High Rd and Castle Rock Rd, 34.40636 -117.033581 1, 3551ft., [APH_1201, 

30/7/2010, 1 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; Hondo Rd. 

between Pipes canyon Rd. and New Dixie Mine Rd., 1 mile west of highway 247, 34.244106 -

116.456685 5, 3681ft., [APH_2392, 14/4/1990, 1♀, T.R. Prentice, AMNH]; Hwy 177 and 62 Jct, 

12.2 miles west, 34.105603 -115.45904 5, 2100ft., [AUMS_2541, 31/1/1991, 1♂, T.R. Prentice, 

AUMNH]; Joshua Tree National Park, northeast corner west of Coxcomb Mtns, off Highway 62, 

34.026111 -115.404444 5, 2940ft., [APH_2401, 2/11/1991, 1♀, T.R. Prentice, AMNH]; Kramer 

Junction (near jct. Hwy-58 and Hwy-395), 34.999749 -117.528159 1, 2443ft., [APH_1321-1322, 

30/7/2011, 1♀, 1 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, 

AUMNH]; N of Lucerne Valley, off Hwy 247 (Barstow Rd.), 34.5345 -116.943833 1, 2864ft., 

[APH_3117-3118, 3/12/2012, 1♀, 1 juv, Chris A. Hamilton, Jason Bond, AUMNH]; North 

Lucerne Valley, Highway 247, 34.573636 -116.970782 5, 3077ft., [APH_2419, 26/10/1991, 1♂, 

T.R. Prentice, AMNH]; North Lucerne Valley, Highway 247, 20 miles south of Barstow, 

34.598835 -116.966024 5, 3130ft., [APH_2394, 16/10/1990, 1♂, S. Kutcher, AMNH]; 

[APH_2417, 16/10/1990, 1♂, S. Kutcher, AMNH]; North of pipes Canyon Rd., Hondo Rd., 

34.244106 -116.456685 5, 3681ft., [APH_2399, 14/4/1991, 1♀, T.R. Prentice, AMNH]; off Hwy 

247, N of Lucerne Valley, 34.53234 -116.93977 1, 2848ft., [APH_3146-3150, 10/11/2013, 4♀, 1 

juv, Chris A. Hamilton, Brent E. Hendrixson, Molly Taylor, AUMNH]; off Hwy 247, west side 

of road, S of La Brisa Dr and N of Pipes Canyon Rd, 34.20272 -116.44434 1, 3585ft., 

[APH_3151-3153, 10/11/2013, 1♀, 2 juv, Chris A. Hamilton, Brent E. Hendrixson, Molly 
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Taylor, AUMNH]; Rattlesnake Spring Rd., off highway 247 toward Rattlesnake Rd and Two 

Hole Spring, 34.367051 -116.652323 5, 3153ft., [APH_2416, 1/11/1989, 1♀, T.R. Prentice, 

AMNH]; South of Apple Valley, up Coxey Rd. into San Bernardino Mtns, 34.338472 -

117.065683 5, 5761ft., [APH_2418, 4/11/1989, 1♀, T.R. Prentice, AMNH]; W side of La 

Contenta Rd, off Hwy 62, E of Yucca Valley, 34.126055 -116.368585 1, 3297ft., [APH_3154-

3156, 10/11/2013, 2♀, 1 juv, Chris A. Hamilton, Brent E. Hendrixson, Molly Taylor, AUMNH]; 

Yucca Trail (Road), 3 miles east of Yucca Valley, 34.120528 -116.404976 5, 3301ft., 

[APH_2710, 2/8/1973, 1♂, W. Icenogle, AMNH]; Yucca Valley - La Contenta - west side, 

34.11243 -116.370359 5, 3481ft., [APH_2415, 2/11/1991, 1♀, T.R. Prentice, AMNH]. 

 

 Distribution and natural history. Aphonopelma icenoglei is known from portions of the 

southern Mojave (Fig. 1 H) and northwestern Sonoran deserts (Colorado Desert subdivision) in 

California along the northern foothills of the San Gabriel and San Bernardino Mountains, the 

southwestern quadrant of San Bernardino County, and east to the northeastern corner of Joshua 

Tree National Park near the Coxcomb Mountains (Fig. 60). Aphonopelma icenoglei can be found 

inhabiting the Mojave Basin and Range Level III Ecoregion, and are likely restricted by the 

lower elevation Sonoran Basin and Range. The species distribution model suggests that suitable 

habitat for this species is present throughout the Mojave Desert (Fig. 60 B) in areas already 

occupied by closely-related species; more extensive sampling along the bajadas of eastern 

Riverside County is required to determine the southern extent of this spider’s range in the 

Colorado Desert. Specimens have been collected at elevations between 545 and 1220 meters. 

Aphonopelma icenoglei can be found in syntopy with A. iodius throughout much of its range, and 

may also co-occur with A. mojave near Kramer Junction and A. joshua in areas around Joshua 

Tree National Park. Burrow entrances are generally surrounded by a distinct mound or turret 

made of excavated soil and silk (Fig. 2 D-E). Mating occurs during daylight hours in autumn 

(October–November). 

 

 Conservation status. Aphonopelma icenoglei is not morphologically distinct from A. 

mojave but is genetically unique and should be considered important. The species is moderately 

common but may experience threats to some populations due to human encroachment and 

development in portions of the Mojave Desert closest to Los Angeles. 
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 Remarks. Other important ratios that distinguish Aphonopelma icenoglei males: A. 

icenoglei possess a larger F1/M4 (≥0.90; 0.90-1.02) than A. joshua (≤0.84; 0.78-0.84) and A. 

xwalxwal (≤0.84; 0.80-0.84); important ratios that distinguish females: A. icenoglei possess a 

larger A3/T4 (≥0.68; 0.68-0.71) than A. atomicum (≤0.63; 0.59-0.63) and A. joshua (≤0.63; 0.55-

0.63). Certain morphometrics have potential to be useful, though due to the amounts of variation, 

small number of specimens, and the small differences between species, no other are claimed to 

be significant at this time (see Appendix 2). During evaluation of traditional two-dimensional 

PCA morphospace and three-dimensional PCA morphospace (PC1~PC2~PC3), males of A. 

icenoglei separate from A. iodius, A. joshua, and A. xwalxwal along PC1~2, but do not separate 

from A. atomicum, A. mojave, or A. prenticei. Female A. icenoglei do not separate from A. iodius 

or any other miniature species (A. atomicum, A. mojave, or A. prenticei) in two-dimensional 

morphological space, but do separate from iodius in three-dimensional morphospace. There are 

no known female A. xwalxwal at this time to compare. PC1, PC2, and PC3 explain ≥97% of the 

variation in all analyses. 

 

Aphonopelma iodius (Chamberlin and Ivie, 1939) 

Figures 61-67; Appendix 4 

 

Delopelma iodius Chamberlin and Ivie, 1939: 6; male holotype from 2 miles W of Castle Cliffs, 

Washington Co., Utah, 37.072028 -113.919773 4, elev. 3663ft., 27.xi.1936, coll. unknown. 

Paratype males from Zion National Park, Washington Co., Utah, 37.205521 -112.983664 5, elev. 

3973ft., no collecting date, coll. unknown; deposited in AMNH. [examined] 

Delopelma melanius Chamberlin and Ivie, 1939: 5. 

Aphonopelma angusi Chamberlin, 1940: 21. 

Aphonopelma nevadanum Chamberlin, 1940: 12. 

Rhechostica iodius Raven, 1985: 149. 

Aphonopelma angusi Smith, 1995: 72. synonymized by Prentice (1997) 

Aphonopelma iodium Smith, 1995: 115. 

Aphonopelma melanium Smith, 1995: 120. synonymized by Prentice (1997) 

Aphonopelma nevadanum Smith, 1995: 125. synonymized by Prentice (1997) 
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Aphonopelma iodium Prentice, 1997: 162. 

 

Aphonopelma brunnius Chamberlin, 1940: 11; male holotype from Jasper Ridge Biological 

Preserve, W of Stanford University, Palo Alto, Santa Clara Co., California, 37.405240 -

122.242100 4, elev. 378ft., 13.xi.1921, coll. C.D. Duncan; deposited in AMNH. [examined] 

Rhechostica brunnius Raven, 1985: 149. 

Aphonopelma brunnium Smith, 1995: 79. syn. n. 

 

Aphonopelma chamberlini Smith, 1995: 86; female holotype from Camp Roberts, outside of 

Paso Robles, Co., California, 35.790969 -120.743364 5, elev. 642ft., no collecting date, coll. 

Rupert Hazen; deposited in BMNH. [examined] syn. n. 

 

Aphonopelma iviei Smith, 1995: 115; male holotype from Death Valley, Inyo Co., California, 

36.735992 -116.970188 6, elev. 2761ft., 30.ix.1883, coll. Chalmers-Hunt; deposited in BMNH. 

[examined] syn. n. 

 

Aphonopelma lithodomum Chamberlin, 1940: 14; male holotype from House Rock, Coconino 

Co., Arizona, 36.703978 -111.947171 5, elev. 5168ft., 9.ix.1939, coll. D. and S. Mulaik; 

deposited in AMNH. [examined] 

Rhechostica lithodomum Raven, 1985: 149. 

Aphonopelma lithodomum Smith, 1995: 119. syn. n. 

 

Aphonopelma smithi Smith, 1995: 145; male holotype from Frank Raines County Park, off Del 

Puerto Canyon Rd, ~20km W of Patterson, Stanislaus Co., California, 37.422734 -121.380697 5, 

elev. 1153ft., coll. Russell Smith, x.1992; deposited in BMNH. Two male paratypes from 

Patterson, Stanislaus Co., California, 37.471600 -121.129656 5, elev. 107ft., x.1992, coll. Russell 

Smith; deposited in BMNH. [examined] syn. n. 

 

Aphonopelma zionis Chamberlin, 1940: 24; male holotype from Zion National Park, near 

entrance, Washington Co., Utah, 37.205521 -112.983664 4, elev. 3973ft., 16.viii.1925, coll. Dr. 

A.M. Woodbury; deposited in AMNH. [examined] 
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Rhechostica zionis Raven, 1985: 149. 

Aphonopelma zionis Smith, 1995: 157. syn. n. 

 

 Diagnosis. Aphonopelma iodius (Fig. 61) is a member of the Iodius species group and 

can be identified by a combination of morphological, molecular, and geographic characteristics. 

Nuclear DNA identifies A. iodius as a strongly supported lineage that is the sister lineage to A. 

eutylenum, and paraphyletic with regards to the incipient species lineage A. johnnycashi sp. nov. 

(Fig. 8). There are no pronounced measurements or characters that help discriminate male or 

female A. iodius from closely related phylogenetic species in the Iodius species group, except for 

A. johnnycashi sp. nov., which is geographically and morphologically distinct. Males and 

females of A. iodius can easily be differentiated from A. steindachneri by their lighter color and 

greater extent of scopulation on metatarsi III and IV, and from syntopic members of the Paloma 

species group (A. atomicum, A. icenoglei, A. joshua, A. mojave, and A. prenticei) by their larger 

size. Male A. iodius possess a larger L3 scopulation extent (78%-96%) than A. steindachneri 

(40%-54%), and a larger L4 scopulation extent (62%-88%) than A. steindachneri (21%-31%). 

Female A. iodius possess a larger L3 scopulation extent (72%-95%) than A. steindachneri (51%-

61%), and a larger L4 scopulation extent (59%-83%) than A. steindachneri (24%-34%). 

 

 Description. Originally described by Chamberlin and Ivie (1939). 

 

 Redescription of male exemplar (APH_2015; Fig. 62). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Black and 

faded brown. Cephalothorax: Carapace 16.14 mm long, 15.02 mm wide; Hirsute; densely 

clothed with light brown iridescent pubescence mostly appressed to surface; fringe covered in 

long setae not closely appressed to surface; foveal groove medium deep and straight; pars 

cephalica region rises gradually from foveal groove, gently arching anteriorly toward ocular 

area; AER slightly procurved, PER very slightly recurved; normal sized chelicerae; clypeus 

slightly extends forward on a curve; LBl 2.04, LBw 2.56; sternum hirsute, clothed with black, 
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densely packed setae. Abdomen: Densely clothed in short black/brown pubescence with 

numerous longer red/orange setae interspersed; possessing a dense dorsal patch of black Type I 

urticating bristles (Cooke et al. 1972). Legs: Hirsute, particularly ventrally; densely clothed in a 

mix of black or faded black pubescence, femurs are darker. Metatarsus I slightly arched. F1 

16.56; F1w 4.02; P1 6.57; T1 14.65; M1 13.29; A1 8.96; F3 13.95; F3w 4.46; P3 5.58; T3 11.42; 

M3 13.91; A3 8.33; F4 16.27; F4w 3.86; P4 5.79; T4 13.82; M4 17.32; A4 9.16; femur III is 

slightly swollen. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 

93.1%; leg IV (SC4) = 72.1%. One ventral megaspine on metatarsus III; six ventral megaspines 

on metatarsus IV; two prolateral megaspines on tibia I. Coxa I: Prolateral surface a mix of fine, 

hair-like and tapered setae. Pedipalps: Hirsute; densely clothed in the same setal color as the 

other legs, with numerous longer ventral setae; one megaspine on the apical, prolateral femur; 

two megaspines on the prolateral patella; four megaspines on the prolateral tibia; PTl 9.033, PTw 

2.97. When extended, embolus tapers and gently curves to the retrolateral side near apex; 

embolus very slender, no keels. 

 

 Variation (23). Cl 9.69-17.75 (13.959±0.45), Cw 8.51-16.49 (13.019±0.43), LBl 1.21-

2.23 (1.734±0.06), LBw 1.397-2.56 (2.079±0.06), F1 10.336-16.69 (14.442±0.38), F1w 2.13-

4.38 (3.326±0.12), P1 3.916-6.92 (5.704±0.16), T1 9.343-14.65 (12.294±0.28), M1 7.918-14.62 

(11.76±0.34), A1 5.204-9.03 (7.508±0.21), L1 length 36.717-60.79 (51.709±1.33), F3 8.88-

14.81 (12.472±0.34), F3w 2.27-4.51 (3.525±0.12), P3 3.248-6.39 (4.935±0.17), T3 6.934-11.84 

(9.943±0.28), M3 8.446-14.28 (12.058±0.35), A3 5.067-8.63 (7.204±0.21), L3 length 32.69-

54.63 (46.665±1.35), F4 10.308-17.21 (14.341±0.39), F4w 2.127-4.27 (3.258±0.12), P4 3.614-

6.59 (5.277±0.17), T4 8.674-14.44 (12.274±0.31), M4 10.951-18.26 (15.385±0.4), A4 5.39-9.58 

(7.96±0.24), L4 length 39.514-63.97 (55.346±1.51), PTl 6.198-10.293 (8.387±0.22), PTw 2.04-

3.30 (2.687±0.07), SC3 ratio 0.789-0.961 (0.896±0.01), SC4 ratio 0.623-0.876 (0.746±0.01), 

Coxa I setae = thin tapered/tapered, F3 condition = normal/slightly swollen. 

 

 Description of female exemplar (APH_2016; Figs. 63-66) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right leg III removed 
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for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Faded brown/black. 

Cephalothorax: Carapace 18.71 mm long, 17.01 mm wide; Hirsute, densely clothed with light 

brown pubescence closely appressed to surface; fringe densely covered in longer setae; foveal 

groove medium deep and straight; pars cephalica region gently rises from thoracic furrow, 

arching anteriorly toward ocular area; AER slightly procurved, PER very slightly recurved; large 

chelicerae, clypeus extends forward on a curve; LBl 2.48, LBw 3.25; sternum very hirsute, 

clothed with dark brown setae. Abdomen: Densely clothed dorsally in short black setae with 

numerous longer, lighter setae interspersed (generally red or orange in situ); dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972); ventral side with shorter black/dark brown 

setae. Spermathecae: Paired and separate with wide bases, tapering and curving medially 

towards capitate bulbs. Legs: Very hirsute, particularly ventrally; densely clothed in medium and 

long brown pubescence, femurs darker. F1 15.37; F1w 4.45; P1 6.35; T1 11.57; M1 9.73; A1 

7.40; F3 12.78; F3w 3.84; P3 5.79; T3 9.39; M3 9.85; A3 7.72; F4 15.23; F4w 4.28; P4 6.54; T4 

11.62; M4 12.71; A4 8.91. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III 

(SC3) = 87.8%; leg IV (SC4) = 81.4%. Three ventral megaspines on metatarsus III; five ventral 

megaspines on metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and medium 

tapered setae. Pedipalps: Densely clothed in the same setal color as the other legs; two 

megaspines on the apical, prolateral femur, one megaspine on the prolateral patella, and three 

megaspines on the prolateral tibia. 

 

 Variation (19). Cl 8.657-21.4 (15.619±0.68), Cw 7.51-18.6 (14.079±0.6), LBl 1.322-

2.73 (2.086±0.09), LBw 1.578-3.25 (2.414±0.11), F1 7.493-16.71 (12.928±0.54), F1w 2.162-

4.72 (3.69±0.16), P1 3.155-7.60 (5.581±0.26), T1 6.154-13.02 (10.428±0.41), M1 4.613-11.89 

(8.701±0.43), A1 3.861-7.94 (6.577±0.24), L1 length 25.276-56.01 (44.214±1.84), F3 6.452-

13.52 (11.003±0.42), F3w 1.923-4.02 (3.281±0.13), P3 2.599-6.65 (4.898±0.22), T3 4.381-10.07 

(8.138±0.32), M3 4.766-11.50 (8.808±0.36), A3 3.978-7.72 (6.494±0.22), L3 length 22.176-

48.63 (39.341±1.49), F4 7.32-17.23 (13.256±0.53), F4w 1.86-4.28 (3.405±0.14), P4 3.187-6.67 

(5.289±0.21), T4 6.243-12.71 (10.466±0.39), M4 7.325-15.1 (12.038±0.43), A4 4.46-8.91 

(7.111±0.22), L4 length 28.535-58.40 (48.161±1.72), SC3 ratio 0.724-0.949 (0.855±0.02), SC4 
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ratio 0.593-0.829 (0.739±0.02), Coxa I setae = tapered. Spermathecae variation can be seen in 

Figures 64-66. 

 

Material Examined: United States: Arizona: Coconino: House Rock - off 89A, 36.729414 -

112.037386 5, 5337ft., [AUMS_3299, 3/7/89, 1♂, T.R. Prentice, AUMNH]; [AUMS_2386, 

2/7/89, 1♂, T.R. Prentice, AUMNH]; off US-89A, Soap Creek Rd, 36.72439 -111.7556 1, 4211ft., 

[APH_0303, 8/10/07, 1 juv, Zach Valois, AUMNH]; Mohave: Road to Summit Springs, .25 

miles from the UT/AZ border, 36.99566 -113.917793 4, 2533ft., [APH_2216, 19/10/1993, 1♂, 

T.R. Prentice, AMNH]; Beaver Dam Mountains, 0.3 miles S of UT/AZ border, 36.991946 -

113.93678 4, 2450ft., [AUMS_3286, 6/10/93, 1♂, T.R. Prentice, AUMNH]; Beaver Dam 

Mountains, Rd to Summit Springs, Old Hwy 91, 36.985176 -113.920017 5, 2398ft., [APH_2218, 

20/10/1993, 1♂, T.R. Prentice, AMNH]; Beaver Dam Mountains, Rd to Summit Springs, Old 

How 91, .2 miles south of UT/AZ line, 36.996269 -113.918282 5, 2520ft., [APH_2258, 6/10/93, 

1♂, T.R. Prentice, AMNH]; California: Alameda: 5 miles SE of Livermore at jct. of Mines Rd. 

and Del Valle Rd., 37.62253 -121.7028 4, 784ft., [APH_0180-0182, 5/9/07, 1♀, 2♂, Gilbert 

Quintana, AUMNH]; Berkeley, 37.871593 -122.272747 5, 164ft., [APH_2459, 24/9/1935, 1♂, 

unknown, AMNH]; [APH_2460, 15/4/1936, 1♀, W.J. Baerg, AMNH]; Mines Rd, SE of 

Livermore, 37.5896 -121.6233 4, 1860ft., [APH_0404, 10/2008, 1♂, Mike Dame, AUMNH]; 

open area just SW jct Del Valle Rd and Mendenhall Rd [on trail along side of hill]; 37.604004 -

121.686283 4, 1396ft., [APH_0104-0106, 6/5/07, 3♀, Mike Dame, AUMNH]; Contra Costa: Mt. 

Diablo State Park, 37.920733 -121.941483 1, 589ft., [APH_0985-0986, 9/2009, 1♀, 1♂, Kyle 

Dickerson, AUMNH]; [APH_0988-0989, 10/2009, 1♀, 1♂, Cody Will, AUMNH]; [APH_2150, 

10/1966, 3♀, Pat Warner, AMNH]; [APH_2151, 10/1967, 1♂, Pat Warner, AMNH]; Mt. Diablo 

State Park, 1.35 miles E Mt Diablo Scenic Blvd on Summit Rd, 37.868743 -121.923839 2, 

2640ft., [APH_0102-0103, 15/4/2007, 2♀, Mike Dame, AUMNH]; S of Antioch/Brentwood, 

Camino Diablo Rd and Vasco Rd, 37.865167 -121.668233 1, 114ft., [APH_2031, 10/2010, 1♂, 

Mike Marciano, AUMNH]; Fresno: Coalinga, 36.09221 -120.42766 5, 904ft., [APH_0307-0308, 

11/9/07, 2♀, Gilbert Quintana, AUMNH]; Imperial: E of 78/N of Picacho State Recreation Area, 

on Black Mountain Rd, 33.08765 -114.85645 1, 1564ft., [APH_2028, 9/10/10, 1♂, Peter Scott, 

AUMNH]; E of 78/N of Picacho State Recreation Area, on Black Mountain Rd, S of 1128, 

33.06294 -114.83999 1, 1849ft., [APH_2029, 9/10/10, 1♂, Peter Scott, AUMNH]; Hwy 78, 2/10 
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mile E of jct with Ogilby Road (S34); 33.088327 -114.907025 1, 1025ft., [APH_3212, 

15/11/2013, 1♂, W. Icenogle, AUMNH]; Inyo: along Waucoba Rd, 37.14549 -118.13074 2, 

6034ft., [APH_1242-1243, 15/10/2010, 2♂, Anette Pillau, AUMNH]; Death Valley National 

Park, Daylight Pass Rd, near mile 11 marker, Amargosa Mtns, 36.75975 -116.9308 1, 3660ft., 

[APH_1080, 3/10/10, 1♂, Chris A. Hamilton, AUMNH]; [APH_1083, 4/10/10, 1♀, Chris A. 

Hamilton, AUMNH]; Death Valley National Park, Emigrant Canyon Rd, Panamint Mtns, 

36.42383 -117.19048 1, 4064ft., [APH_1078-1079, 3/10/10, 2♂, Chris A. Hamilton, AUMNH]; 

[APH_1081-1082, 4/10/10, 2♀, Chris A. Hamilton, AUMNH]; Death Valley National Park, 

Mesquite Spring Campground Rd, Amargosa Mtns, 36.97597 -117.36693 1, 1930ft., [APH_1084, 

4/10/10, 1♂, Chris A. Hamilton, AUMNH]; Deep Springs Valley, E of summit of Westgard Pass, 

37.331895 -118.037264 5, 5110ft., [AUMS_2351, 16/10/1976, 1♂, Frank Hovore, AUMNH]; 

Westgard Pass Road, 2.3 miles E of Big Pine, 37.204734 -118.242688 4, 4318ft., [AUMS_2450, 

20/10/1993, 1♂, T.R. Prentice, AUMNH]; Kern: 1 mile S of Maricopa, 35.051693 -119.410088 

5, 1000ft., [AUMS_2370, 7/12/69, 1♂, E.K. Slope, AUMNH]; 12 miles WNW McKittrick, 

Temblor Range, 35.34526 -119.80899 4, 3258ft., [APH_0045, 16/4/2000, 1 juv, James Pitts, 

AUMNH]; outside Rosamond, in hills N or Tropico; off Mojave-Tropico Rd, 34.88133 -

118.23144 1, 2637ft., [APH_3103, 19/7/2012, 1♂, Chris Hamilton, Amy Skibiel, AUMNH]; Red 

Mountain, 20 Mule Team Rd., 9.5 miles E of Cal City, 35.194924 -117.774276 5, 2867ft., 

[AUMS_2380, 20/10/1994, 1♂, unknown, AUMNH]; 7.6 miles east of California City on 20 

Mule Team Parkway, 35.161453 -117.863179 4, 2539ft., [APH_2223, 20/10/1994, 1♂, Thomas 

R. Prentice, AMNH]; Lassen: 0.5 miles S of Hwy 395, N of Honey Lake, where Smoke Creek 

Ranch Rd. joins Hwy 395, 40.425413 -120.279483 4, 4539ft., [AUMS_2672, 9/9/00, 1♀, 

Stephan Wiley, AUMNH]; Los Angeles: Lang, 34.44549 -118.37372 5, 1862ft., [APH_0592, 

13/6/2009, 1 juv, Anette Pillau, AUMNH]; E of Hi Vista, Avenue G, 34.734973 -117.765229 5, 

3028ft., [APH_2720, 10/11/1963, 1♂, Geo. R. Wilson, AMNH]; Mono: Benton, 37.819199 -

118.474701 5, 5410ft., [APH_2676, 27/9/1941, 1♂, L.A. Hart, AMNH]; [APH_2679, 7/10/43, 

1♂, W.M. Pearce, AMNH]; Monterey: Arroyo Seco, foothills of Santa Lucia Range, 36.238772 

-121.480529 5, 977ft., [AUMS_2489, 6/11/87, 1♀, T.R. Prentice, AUMNH]; Carmel, 36.555239 

-121.923288 5, 233ft., [APH_2815, 6/1/54, 1♂, unknown, AMNH]; Carmel Valley, 36.479925 -

121.7328 5, 410ft., [APH_2713, 11/1944, 1♂, Fred E. Samson, AMNH]; [APH_2718, 6/10/53, 

1♂, unknown, AMNH]; dry valley 14 miles southeast of Monterey, 36.471026 -121.702876 5, 
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850ft., [APH_2471, unknown, 1♂, E. Ricketts, AMNH]; Hastings Natural History Reservation, 

Robles del Rio, 36.367998 -121.563616 5, 1542ft., [APH_2698, unknown, 1♂, Linsdale, 

AMNH]; [APH_2714, unknown, 1♂, Linsdale, AMNH]; [APH_2721, unknown, 1♂, Linsdale, 

AMNH]; Los Laureles Grade Road, southeast of Monterey, 36.518052 -121.756652 5, 768ft., 

[APH_2696, 8/10/66, 1♂, P. Warner, AMNH]; Santa Lucia Range - Los Padres NF, Arroyo 

Seco (Campground); 36.231711 -121.485187 5, 944ft., [AUMS_3306, 6/11/87, 1♂, T.R. Prentice, 

AUMNH]; Lake Nacimiento, along Nacimiento Lake Dr (Co. Hwy G14); west of Camp Roberts, 

W of San Miguel, 35.69067 -120.79972 1, 1007ft., [APH_2041, 7/12/11, 1 juv, Chris A. 

Hamilton, Jason Bond, AUMNH]; Lake Nacimiento, on Vista Rd at junction with Nacimiento 

Lake Dr (Co. Road 19); west of Camp Roberts, W of San Miguel, 35.79395 -120.8727 1, 646ft., 

[APH_2042, 7/12/11, 1♀, Chris A. Hamilton, Jason Bond, AUMNH]; Riverside: 3 miles W of 

I-10 off Hwy 177, 33.705262 -115.451685 5, 1110ft., [AUMS_3326, 8/10/89, 1♀, T.R. Prentice, 

AUMNH]; Hexie Mountains, 33.830162 -115.983601 6, 3812ft., [APH_2220, 16/4/1989, 1♀, 

T.R. Prentice, AMNH]; Joshua Tree National Monument, Pinto Basin, 33.925009 -115.700823 5, 

1538ft., [AUMS_2371, 10/1962, 1♂, Van Hoose and Rainey, AUMNH]; Joshua Tree National 

Monument, west of Hidden Valley picnic area, 34.010251 -116.173413 5, 4163ft., [APH_2228, 

5/8/87, 1♀, T.R. Prentice, AMNH]; Joshua Tree National Park, Cottonwood Springs area, 

33.74139 -115.811471 1, 3112ft., [APH_1500-1501, 5/9/12, 2♂, Brent E. Hendrixson, 

AUMNH]; [APH_2235, 25/2/1985, 1♂, T.R. Prentice, AMNH]; [APH_2240, 4/4/89, 1♀, T.R. 

Prentice, AMNH]; Joshua Tree National Park, first roadside pullout stop from west entrance 

along Quail Springs Rd, along trail, 34.07156 -116.23954 4, 4040ft., [APH_0332-0334, 8/5/08, 3 

juv, Brent E. Hendrixson, Zach Valois, AUMNH]; Joshua Tree National Park, near Cottonwood 

Campground, 33.740358 -115.812362 1, 3046ft., [APH_1327, 31/7/2011, 1♀, Brent E. 

Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; Joshua Tree National Park, 

off El Dorado Mine Rd/Cottonwood Springs Rd, 1/2 mile N of Porcupine Wash, 33.84946 -

115.78205 1, 2386ft., [APH_1008, 10/5/10, 1♀, Chris A. Hamilton, AUMNH]; Joshua Tree 

National Park, on service rd to maintenance area, off El Dorado Mine Rd, 34.02212 -116.01233 1, 

3624ft., [APH_1005-1006, 10/5/10, 2♀, Chris A. Hamilton, AUMNH]; Joshua Tree National 

Park, picnic area, Covington Flats area, 34.027454 -116.30194 1, 4656ft., [APH_0491, 16/5/2009, 

1 juv, Brent E. Hendrixson, Bernadette DeRussy, Sloan Click, Jason Bond, AUMNH]; 

[APH_1198, 29/7/2010, 1♂, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; 
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Joshua Tree National Park, S border, 3.4 miles E of Cottonwood Springs Rd, 33.66753 -

115.726563 4, 1750ft., [AUMS_2684, 23/8/1993, 1♀, T.R. Prentice, AUMNH]; near Red Cloud 

Mine, 33.621745 -115.463815 6, 2068ft., [AUMS_2369, 25/10/1963, 1♂, unknown, AUMNH]; 

Orocopia Mtns, Joshua Tree National Monument exit, 33.613298 -115.853258 5, 2108ft., 

[AUMS_3288, 16/12/1989, 1♂, T.R. Prentice, AUMNH]; Pleasant Valley, Joshua Tree National 

Park, 33.914434 -116.052056 5, 3292ft., [AUMS_2683, 27/8/1966, 1♂, unknown, AUMNH]; 

Quail Springs Rd (National Park Drive); 3 miles NW of picnic area, 2.7 miles SE of monument 

entrance, Joshua Tree National Park, 34.068483 -116.235733 4, 3976ft., [APH_2247, 3/8/89, 1♂, 

T.R. Prentice, AMNH]; West Palm Springs Village, Cottonwood Rd, 1.4 miles N of I-10, San 

Bernardino Mtns, 33.938417 -116.697217 1, 1621ft., [APH_3136, 20/9/2013, 1♂, W. Icenogle, 

AUMNH]; Whitewater Canyon Rd area NW of Palm Springs, 33.965967 -116.651917 1, 1896ft., 

[APH_2036-2037, 7/27/11, 1♂, 1♀, Warren Burke, AUMNH]; Whitewater Canyon Rd, 3 miles 

N of junction with I-10, San Bernardino Mtns, 33.96385 -116.65105 1, 1878ft., [APH_3135, 

8/9/13, 1♂, W. Icenogle, AUMNH]; San Benito: E of Hollister, off Quien Sabe Rd, E of Tres 

Pinos, 36.80288 -121.30323 1, 805ft., [APH_2001-2003, 10/10/10, 3♂, Chris A. Hamilton, RJ 

Adams, AUMNH]; Hwy 25, 1.5 miles N of Pinnacles turn off, old Horace Bacon Ranch, 

36.535996 -121.148339 5, 1309ft., [AUMS_2495, 8/11/87, 1♀, T.R. Prentice, AUMNH]; just E 

of Hwy-25, vicinity of Pinnacles National Monument, 36.49367 -121.06376 2, 1842ft., 

[APH_0151, unknown, 1 juv, T.R. Prentice, AUMNH]; Pinnacles N. Mon., .25 miles S of Hwy 

25, 36.517091 -121.13235 4, 1197ft., [AUMS_2500, 7/11/87, 1♀, T.R. Prentice, AUMNH]; 

Pinnacles N. Mon., 8 miles N of turnoff from Hwy 25, 36.48708 -121.21392 4, 1458ft., 

[AUMS_2508, 7/11/87, 2♂, T.R. Prentice, AUMNH]; Pinnacles, old Horace Bacon Ranch, 1.5 

miles NE of Pinnacles, 36.535699 -121.148194 5, 1310ft., [AUMS_2494, 8/11/87, 1♀, T.R. 

Prentice, AUMNH]; San Bernardino: 10 miles south of Barstow on Hwy 247, 34.754995 -

117.007841 5, 2877ft., [APH_2252, 7/11/91, 1♂, T.R. Prentice, AMNH]; Coxcomb Mountains, 8 

miles west of Hwy 62, 33.990731 -115.430123 5, 3402ft., [APH_2230, 4/2/90, 1♀, T.R. Prentice, 

AMNH]; NE slope of Coxcomb Mountains, 8 miles west of Hwy 62, 34.048671 -115.335004 5, 

1614ft., [APH_2227, 4/2/90, 1♀, T.R. Prentice, AMNH]; Reche Rd, 4.5 miles east of Landers, 

34.265929 -116.304316 4, 2730ft., [APH_2242, 18/10/1981, 1♂, W. Icenogle, AMNH]; 1.1 

miles NE Lucerne Valley Cutoff along Hwy-247 (Barstow Rd); 34.614513 -116.968992 1, 

3239ft., [APH_0758-0759, 5/10/09, 2 juv, Brent E. Hendrixson, Thomas Martin, AUMNH]; 11 
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miles north of Buelton, 34.677234 -120.157748 5, 745ft., [APH_2701, 23/9/1965, 1♂, Jean and 

Wilton Ivie, AMNH]; 2.6 miles S Phelan Rd on Baldy Mesa Rd, 34.389973 -117.454903 1, 

3974ft., [APH_1575-1576, 6/11/12, 2 juv, Brent E. Hendrixson, AUMNH]; 3-4 miles E of 

Milpas Dr. Hwy, 18 miles S of Hwy by power lines, 34.525984 -116.984374 5, 3028ft., 

[AUMS_2521, 28/10/1989, 1♂, T.R. Prentice, AUMNH]; 36 miles E of Joshua Tree National 

Monument headquarters, 34.124371 -115.408958 5, 1548ft., [AUMS_2540, 12/11/89, 1♂, T.R. 

Prentice, AUMNH]; along Hwy-62, west of Coxcomb Mountains, 34.113767 -115.496503 1, 

2252ft., [APH_1582-1583, 7/11/12, 1♂, 1 juv, Brent E. Hendrixson, AUMNH]; Apple Valley, 

34.500666 -117.172078 5, 2943ft., [AUMS_3312, 07/1973, 1♂, R. Estrada, AUMNH]; Coxcomb 

Mountains, 0.3 miles N of JTNM Boundary, 34.002853 -115.426675 4, 1892ft., [AUMS_2537, 

24/11/1989, 1♂, T.R. Prentice, AUMNH]; E of Twentynine Palms, off Hwy 62 - N side of road, 

near Joshua Tree National Park, 34.11838 -115.89557 1, 1660ft., [APH_3157-3160, 10/11/13, 2♂, 

2 juv, Chris A. Hamilton, Brent E. Hendrixson, Molly Taylor, AUMNH]; Hesperia, 2.5 miles S 

Phelan Rd on Baldy Mesa Rd, 34.389771 -117.453406 1, 3692ft., [APH_1326, 31/7/2011, 1 juv, 

Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; Honda Road, 

34.111948 -116.461021 6, 3403ft., [AUMS_2524, 14/4/1991, 1♀, T.R. Prentice, AUMNH]; 

Joshua Tree National Monument, W of small picnic area, Quail Mtn. area, 33.97058 -

116.299793 5, 3977ft., [AUMS_2467, 10/8/89, 1♂, T.R. Prentice, AUMNH]; Lucerne Valley, 

Hwy 18 - 3 miles SE Hwy 247, High Desert, 34.423672 -116.918691 5, 3077ft., [AUMS_2381, 

1/11/89, 1♂, T.R. Prentice, AUMNH]; off Hwy 247, N of Lucerne Valley, 34.53291 -116.9397 1, 

2850ft., [APH_3145, 10/11/13, 1♀, Chris A. Hamilton, Brent E. Hendrixson, Molly Taylor, 

AUMNH]; 3.6 miles W of Nipton on Nipton Rd., 35.45746 -115.3346 1, 2665ft., [APH_0318, 

6/5/08, 1 juv, Brent E. Hendrixson, Zach Valois, Stephen Rash, AUMNH]; Halloran Summit 

Road, 0.3 miles N I-15, 35.407038 -115.795374 1, 4079ft., [APH_0515, 21/5/2009, 1♀, Brent E. 

Hendrixson, Bernadette DeRussy, Sloan Click, AUMNH]; Kingston Range, Excelsior Mine Rd, 

35.71268 -115.79702 2, 3601ft., [APH_1642, 26/11/2012, 1 juv, Matt Graham, AUMNH]; 100 

yards N Havasu Lake Road, 2 miles SE of jct with Hwy 95, 34.532801 -114.624968 1, 1670ft., 

[APH_3201, 11/11/13, 1♀, W. Icenogle, AUMNH]; Eastern slope of Whipple Mountains, Black 

Landing road across from Gene Wash reservoir, 34.346101 -114.205737 5, 588ft., [AUMS_3310, 

4/2/90, 1♀, T.R. Prentice, AUMNH]; Hwy 95, ~8 miles N of jct with Havasu lake Road, S of 

Lobecks Pass, 34.672525 -114.625747 1, 1578ft., [APH_3202, 16/11/2013, 1♂, W. Icenogle, 
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AUMNH]; near Needles, on River Road, 2.5 miles S of I-40, 34.794722 -114.608835 5, 725ft., 

[AUMS_2349, 22/10/1976, 1♂, W. Icenogle, AUMNH]; off Hwy 62, W of Parker (Whipple 

Mtns); 34.2131 -114.42914 1, 987ft., [APH_1004, 9/5/10, 1♀, Chris A. Hamilton, AUMNH]; 3.1 

miles east of Kramer Jct on Hwy 56, 34.983798 -117.484214 4, 2414ft., [APH_2250, 8/11/92, 1♂, 

Thomas R. Prentice, AMNH]; East Mojave Desert, Mid Hills near Providence Mountain , 

35.22291 -115.457469 6, 4429ft., [APH_2222, 13/5/1989, 1♂, Thomas R. Prentice, AMNH]; 

Kelso-Cina Rd, 11.5 miles north of Kelso, 35.135929 -115.530791 4, 3382ft., [APH_2236, 

1/11/92, 1♂, Thomas R. Prentice, AMNH]; Kelso-Cina Rd, 6.3 miles north of Kelso, 35.083174 

-115.567666 4, 2926ft., [APH_2251, 1/11/92, 1♂, Thomas R. Prentice, AMNH]; Red Mountain, 

1 mile west of Powerline Rd. , 35.357912 -117.623138 5, 3664ft., [APH_2233, 26/10/1991, 1♂, 

Thomas R. Prentice, AMNH]; [APH_2234, 13/10/1992, 1♂, Thomas R. Prentice, AMNH]; Red 

Mountain, 1.5 miles west of Hwy 395, 35.358458 -117.640062 4, 3937ft., [APH_2237, 

20/10/1991, 1♂, Thomas R. Prentice, AMNH]; Red Mountain, 1.5 miles west of Powerline rd., 

35.352194 -117.606607 4, 3802ft., [APH_2221, 13/10/1991, 1♀, Thomas R. Prentice, AMNH]; 

Red Mountain, 19 miles north of Kramer Junction, 1.5 miles west of Hwy 395, 35.361421 -

117.621001 5, 3694ft., [APH_2255, 13/10/1992, 1♀, Thomas R. Prentice, AMNH]; Red 

Mountain, 19 miles north of Kramer Junction, off Hwy 395, 35.353665 -117.617923 5, 3589ft., 

[APH_2238, 14/10/1991, 1♀, Thomas R. Prentice, AMNH]; [APH_2239, 12/10/1991, 1♀, 

Thomas R. Prentice, AMNH]; [APH_2241, 26/10/1991, 1♂, Thomas R. Prentice, AMNH]; 

[APH_2246, 20/10/1991, 1♂, Thomas R. Prentice, AMNH]; Red Mountain, 20 miles north of 

Kramer Jct, 1.5 miles west of Hwy 395, 35.363666 -117.623444 5, 3694ft., [APH_2256, 

22/1/1994, 1♀, Thomas R. Prentice, AMNH]; Red Mountain, 20 miles north of Kramer Jct, on 

Power Rd, 35.361066 -117.615155 5, 3602ft., [APH_2243, 26/10/1991, 1♂, Thomas R. Prentice, 

AMNH]; Red Mountain, off Hwy 395, 35.36059 -117.615889 6, 3664ft., [APH_2231, 

14/10/1991, 1♀, Thomas R. Prentice, AMNH]; East Mojave, Black Canyon Rd., 2 miles N of 

Essex Rd. jct., 34.937755 -115.413054 4, 3180ft., [AUMS_2372, 25/10/1992, 1♂, Thomas R. 

Prentice, AUMNH]; Red Mountain, 35.316678 -117.591078 6, 3164ft., [AUMS_2353, 

14/10/1991, 1♀, Tom Prentice, AUMNH]; Red Mountain, ~19 miles N of Kramer Junction, 

35.271452 -117.630077 5, 3220ft., [AUMS_2373, 3/10/92, 1♀, Thomas R. Prentice, AUMNH]; 

[AUMS_2375, 13/10/1991, 1♂, Thomas R. Prentice, AUMNH]; Red Mountain, ~19 miles N of 

Kramer Junction - Hwy 395, power line rd., 35.262031 -117.612309 5, 3059ft., [AUMS_2374, 
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3/10/92, 1♂, Thomas R. Prentice, AUMNH]; Red Mountain, ~19 miles N of Kramer Junction, 

0.4 W of powerline, 35.250499 -117.616993 5, 3000ft., [AUMS_2378, 20/10/1991, 1♂, Thomas 

R. Prentice, AUMNH]; Red Mountain, 0.6 miles 20 Mule Team Rd., 35.251471 -117.617676 4, 

3011ft., [AUMS_2377, 20/10/1991, 1♂, Thomas R. Prentice, AUMNH]; Red Mountain, 1 mile 

W of power line rd., 35.296474 -117.6267 5, 3230ft., [AUMS_2346, 26/10/1991, 1♂, Thomas R. 

Prentice, AUMNH]; Red Mountain, 19 miles N of Kramer Junction off Hwy 395, power line rd., 

35.266359 -117.612937 5, 3081ft., [AUMS_2343, 17/10/1992, 1♂, Thomas R. Prentice, 

AUMNH]; Red Mountain, 19 miles N of Kramer Junction with 20 Mule Team Rd, 35.265871 -

117.613745 5, 3081ft., [AUMS_2365, 19/10/1994, 1♂, Thomas R. Prentice, AUMNH]; Red 

Mountain, 3.6 miles W of power line road, on 20 Mule Team Rd., 35.25059 -117.620344 4, 

3008ft., [AUMS_2342, 10/10/92, 1♂, Thomas R. Prentice, AUMNH]; Red Mountain, power line 

rd., mining mounds, 35.329506 -117.611623 5, 3364ft., [AUMS_2341, 20/10/1991, 1♂, Thomas 

R. Prentice, AUMNH]; 0.4 miles north of Covington Flats entrance, 34.04764 -116.316153 4, 

4619ft., [APH_2229, 10/8/89, 1♂, T.R. Prentice, AMNH]; San Joaquin: Tracy - Carnegie 

SVRA, 37.653867 -121.627067 1, 1553ft., [APH_0990, 10/2009, 1♂, Cody Will, AUMNH]; San 

Luis Obispo: 7 miles northeast of Cholame, 35.774731 -120.181254 5, 1693ft., [APH_2671, 

31/8/1958, 1♂, V. Roth, AMNH]; 7 miles NW of Paso Robles - Lake Nacimiento, 35.690839 -

120.801114 5, 1108ft., [AUMS_2579, 10/1996, 1♂, Andrew Walters, AUMNH]; Chimineas 

Ranch, 35.17554 -120.01147 4, 2383ft., [APH_0078-0083, 25/3/2007, 1♂, 2♀, 3 juv, Alice 

Abela, AUMNH]; Cayucos, approx. 4 miles E on Old Creek Road, 35.47548 -120.85584 4, 297ft., 

[APH_0016, 15/8/2002, 1♂, Kelly C. Carroll, AUMNH]; E of Santa Maria, Hwy 166, 35.01671 

-120.33505 1, 722ft., [APH_1092-1094, 9/10/10, 2♂, 1♀, Chris A. Hamilton, AUMNH]; Poly 

Canyon, California Polytechnic Univ., San Luis Obispo, 35.31598 -120.65632 4, 701ft., 

[APH_0077, 22/10/2006, 1 juv, Alice Abela, AUMNH]; San Mateo: 1000 block of Porto 

Marino Dr, San Carlos, 37.488576 -122.274238 2, 254ft., [APH_1371, 9/2011, 1♂, Julie Pitre, 

AUMNH]; Jasper Ridge, 37.40524 -122.2421 5, 417ft., [APH_2477, 13/11/1921, 1♀, 4♂, 1 juv, 

C.D. Duncan, AMNH]; Santa Barbara: 12 miles northeast of Los Olivos near Zaca Park, 

34.722266 -120.035831 5, 1296ft., [APH_2709, 29/7/1961, 1♂, Roth and Roth, AMNH]; 5 miles 

south of Buelton, 34.560664 -120.190635 5, 564ft., [APH_2682, 23/9/1965, 1♂, Jean and Wilton 

Ivie, AMNH]; Figueroa Mountain Road, 34.72249 -119.96665 4, 4043ft., [APH_0036, 4/9/06, 

1♂, Alice Abela, AUMNH]; [APH_0039-0040, 4/9/06, 2 juv, Alice Abela, AUMNH]; NE of 
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Buellton, E on 154 at Hwy 101 split, 34.68066 -120.15461 1, 785ft., [APH_1091, 9/10/10, 1♀, 

Chris A. Hamilton, AUMNH]; Sycamore Canyon area, along Figueroa Mountain Rd, 34.727447 

-120.098169 4, 1160ft., [APH_0418, 20/9/2008, 1♂, Anette Pillau, AUMNH]; Santa Clara: 0.37 

miles SW jct Mines Rd on San Antonio Valley Rd, 37.4005 -121.4918 2, 2240ft., [APH_0407, 

10/2008, 1♀, Mike Dame, AUMNH]; Mount Hamilton Area, 37.37888 -121.81057 4, 526ft., 

[APH_0051, 24/8/2001, 1 juv, Katrina Couch, Jerami Myers, AUMNH]; Palo Alto, 37.441872 -

122.143006 5, 30ft., [APH_2695, Spring 1922, 1♂, R.W. Doane, AMNH]; Stanford, 37.424106 -

122.166076 5, 92ft., [APH_2672, 1905, 1♀, unknown, AMNH]; Stanislaus: 0.06 miles W jct 

Adobe Canyon Rd on Del Puerto Canyon Rd, 37.4085 -121.4102 2, 1340ft., [APH_0405, 

10/2008, 1♂, Mike Dame, AUMNH]; Del Puerto Canyon Rd, 37.4 -121.4438 4, 2050ft., 

[APH_0406, 10/2008, 1♂, Mike Dame, AUMNH]; Del Puerto Canyon, 25 miles west of 

Patterson, 37.42119 -121.374632 5, 1188ft., [APH_2677, 23/9/1967, 1♂, W.J. Turner, AMNH]; 

Frank Raines Park, 37.419831 -121.370933 1, 1200ft., [APH_2030, 10/2010, 1♀, Mike Dame, 

AUMNH]; Henry W Coe State Park, 37.18823 -121.54585 1, 2749ft., [APH_1095-1099, 

10/10/10, 3♂, 2♀, Chris A. Hamilton, RJ Adams, AUMNH]; [APH_2000, 10/10/10, 1♂, Chris 

A. Hamilton, RJ Adams, AUMNH]; Nevada: Clark: 0.3 miles N Hwy-161 along dirt road, 

between Jean and Goodsprings, 35.81268 -115.38099 1, 3370ft., [APH_0358-0359, 12/5/08, 2 

juv, Brent E. Hendrixson, Zach Valois, AUMNH]; 1.9 miles E Hwy-160 on Trout Canyon Rd, 

36.122811 -115.817589 1, 3463ft., [APH_1208-1210, 31/7/2010, 3 juv, Brent E. Hendrixson, 

Brendon Barnes, Nate Davis, AUMNH]; 10 miles east of Las Vegas, 36.178731 -114.873725 5, 

1447ft., [APH_2274, 07/1955, 1♂, W.J. Gertsch, AMNH]; 17-19 miles SE of Pahrump on Hwy 

160, 36.029949 -115.702158 5, 3566ft., [APH_2224, 11/10/74, 1♂, W. Icenogle, AMNH]; 4.6 

miles W US-95 (Searchlight) on Hwy-164, 35.488073 -114.996602 1, 3690ft., [APH_1220, 

2/8/10, 1♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; 7.7 miles W 

Searchlight on Hwy-164, 35.50444 -115.04914 1, 4057ft., [APH_0751, 3/10/09, 1♂, Brent E. 

Hendrixson, Thomas Martin, AUMNH]; 8.2 miles west of Searchlight, 2 miles north of Hwy 164, 

35.496212 -115.213376 4, 4665ft., [APH_2248, 7/10/89, 1♀, T.R. Prentice, AMNH]; 8.2 miles 

west of Searchlight, on Hwy 164, 35.508562 -115.066862 4, 4249ft., [APH_2253, 7/10/89, 1♂, 

T.R. Prentice, AMNH]; along dirt road S of Hwy-95, 36.56321 -115.881585 1, 3701ft., 

[APH_1215, 1/8/10, 1♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; Boulder 

City and Hemenway Wash, 36.020585 -114.80798 5, 1575ft., [APH_2458, 10/1939, 5M, B.E. 
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Rees, AMNH]; Desert National Wildlife Refuge, open desert N of Mormon Well Rd, approx. 3 

miles W Alamo Rd, 36.435992 -115.351558 2, 2968ft., [APH_0476, 13/5/2009, 1 juv, Brent E. 

Hendrixson, Bernadette DeRussy, Sloan Click, Jason Bond, AUMNH]; Goodsprings, 35.832479 

-115.434165 5, 3707ft., [APH_2731, 22/12/1946, 1♂, J.C. Madsen, AMNH]; Indian Springs, 1.5 

miles WSW US-95 on Cold Creek Rd (near Southern Desert Correction Center); 36.51153 -

115.570812 4, 3454ft., [APH_0183, 12/9/07, 1♂, Tim Filson, AUMNH]; [APH_0184, 8/8/07, 1♀, 

Tim Filson, AUMNH]; Muddy Mountains, 36.36485 -114.70364 2, 2851ft., [APH_1634, 

10/11/12, 1 juv, Matt Graham, AUMNH]; Pahrump Rd, 17 to 19 miles SE of Pahrump, 36.04757 

-115.726851 5, 3375ft., [AUMS_2608, 11/10/74, 1♀, W. Icenogle, AUMNH]; SE of Pahrump, 

Trout Canyon Rd, 36.12301 -115.82007 1, 3441ft., [APH_1075-1077, 2/10/10, 1♂, 2♀, Chris A. 

Hamilton, AUMNH]; Searchlight, 3 miles south on Hwy 95, 35.418906 -114.907457 5, 3176ft., 

[APH_2245, 2/10/81, 1♂, W. Icenogle, AMNH]; Christmas Tree Pass, Spirit Mtn, Lake Mead 

NRA, 35.26086 -114.73926 1, 3887ft., [APH_0313, 12/10/07, 1♀, Rick C. West, AUMNH]; 

[APH_0517, 24/5/2009, 1♀, Brent E. Hendrixson, Rick C. West, Bernadette DeRussy, 

AUMNH]; [APH_0996-0998, 6/5/10, 3♀, Chris A. Hamilton, Rick West, AUMNH]; Searchlight, 

8.2 miles west on Hwy 164 in the foothills of highlands, 35.49844 -115.056633 4, 4108ft., 

[APH_2261, 7/10/89, 1♀, T.R. Prentice, AMNH]; Lincoln: 8.3 miles S Alamo Canyon Rd on 

Hwy-93, 37.224912 -115.082582 1, 3160ft., [APH_0782, 9/10/09, 1 juv, Brent E. Hendrixson, 

Thomas Martin, AUMNH]; Pioche, 37.929818 -114.451689 5, 6063ft., [APH_2728, 10/1941, 1♂, 

Mrs. Dibble, AMNH]; Nye: 0.8 miles S Hwy-95 along Rd-552, 36.582225 -115.944177 1, 

3728ft., [APH_1547, 23/10/2012, 1 juv, Brent E. Hendrixson, AUMNH]; Mercury, 36.66051 -

115.994475 5, 3796ft., [APH_2724, 1962, 1♂, Gertsch, AMNH]; [APH_2726, 16/10/1961, 1♂, 

unknown, AMNH]; [APH_2729, 10/11/60, 1♂, Gertsch, AMNH]; [APH_2732, 9/10/61, 1♂, 

unknown, AMNH]; White Pine: Ely, 39.247265 -114.88863 5, 6437ft., [APH_2619, 24/8/1952, 

1♂, unknown, AMNH]; Utah: Beaver: Wah Wah Springs, 38.503218 -113.472862 5, 5233ft., 

[APH_2270, 07/1940, 1♂, unknown, AMNH]; unknown, 38.326633 -113.28705 7, 6214ft., 

[APH_2272, 25/8/1946, 1♂, Chamberlin and Ivie, AMNH]; Box Elder: Brigham City, 

41.510213 -112.015502 6, 4439ft., [APH_2283, 1927, 2♂, unknown, AMNH]; Honeyville, 

approx. 2 miles E I-15 at foothills of mtns, 41.63333 -112.04894 4, 5516ft., [APH_0006, 

29/8/2004, 1♂, Andrea Strange, AUMNH]; Cache: Sardine Canyon, 41.581309 -111.932847 5, 

4993ft., [APH_2734, 9/1947, 1♂, unknown, AMNH]; Davis: Centerville, 40.918 -111.87216 5, 
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4393ft., [APH_2269, 3/10/36, 1♂, unknown, AMNH]; Duchesne: Lower part of City Creek 

Canal, 40.202984 -110.413946 5, 5640ft., [APH_2280, 21/9/1942, 1♂, Wilton Ivie, AMNH]; 

Millard: W of Delta on Hwy 6/50, E of House Range Mtns around Antelope Springs Rd and 

Steamboat Springs Rd, 39.05897 -113.24963 1, 4784ft., [APH_2015, 23/9/2010, 1♂, Kelly Parr, 

AUMNH]; [APH_2016, 14/10/2010, 1♀, Chris A. Hamilton, AUMNH]; White Valley, 

38.378831 -113.706023 5, 5682ft., [APH_2271, 12/8/40, 1♂, Chamberlin and Ivie, AMNH]; 

Piute: Marysvale, 38.44942 -112.2302 5, 5892ft., [APH_2736, 8/8/48, 1♂, Edw. Cormolly, 

AMNH]; Salt Lake: Big Cottonwood Canyon, 0.9 miles E Wasatch Blvd on UT-190, 40.62078 -

111.77369 1, 5200ft., [APH_0050, 14/7/2006, 1♀, Brent E. Hendrixson, AUMNH]; Bluffdale, ~3 

miles W I-15 on 14600 S, 40.48621 -111.91835 4, 4466ft., [APH_0004, 10/10/04, 1♂, Tiffany 

Blanchard, AUMNH]; East of Holladay, 40.671407 -111.782393 6, 5650ft., [APH_2267, 

25/8/1941, 1♂, Chamberlin and Ivie, AMNH]; Mill Creek Canyon, 40.69001 -111.777132 5, 

5240ft., [APH_2738, 08/1928, 1♂, R.V. Chamberlin, AMNH]; Mill Creek Canyon, Wasatch 

Mountains, 40.690695 -111.773522 5, 5249ft., [APH_2268, 5/8/42, 1♂, Chamberlin and Ivie, 

AMNH]; [APH_2277, 12/9/45, 1♂, Willis M. Creer, AMNH]; N Salt Lake City , 40.86167 -

111.892803 6, 4902ft., [APH_2263, 210/2008, 2♂, unknown, AMNH]; Salt Lake City, 

40.727231 -112.039815 6, 4245ft., [APH_2207, unknown, 2♂, unknown, AMNH]; [APH_2265, 

22/9/1941, 4♂, Chamberlin and Ivie, AMNH]; [APH_2266, 08/1939, 2♂, unknown, AMNH]; 

[APH_2273, 10/1933, 1♂, unknown, AMNH]; Salt Lake City, Bonneville Shoreline Trail, 

40.763 -111.82 2, 5210ft., [APH_0788-0789, 28/8/2009, 2♂, Will Black, AUMNH]; unknown, 

40.644188 -111.952249 7, 4409ft., [APH_2262, 1934, 3♂, unknown, AMNH]; San Juan: San 

Juan Bulge, 1/2 mile below Mexican Hat, 37.147965 -109.866298 5, 4114ft., [APH_2737, 

18/7/1947, 1♀, Harold Higgins, AMNH]; Sevier: Oak Creek Canyon, 38.526922 -111.85269 5, 

6998ft., [APH_2735, 24/8/1968, 1♂, G.F. Knowetn, AMNH]; Tooele: S of Delle, off I-80, 

40.68329 -112.88853 2, 4920ft., [APH_0790, 17/10/2009, 1♂, DeAnn Neal, AUMNH]; South 

Mountain, 40.4651111 -112.4826666 5, 5406ft., [APH_0163, 19/8/2007, 1♂, Brian Nielsen, 

AUMNH]; South Willow Canyon, 40.5093342 -112.5349121 5, 5679ft., [APH_0161, 2/8/07, 1♂, 

Brian Nielsen, AUMNH]; [APH_0162, 9/8/07, 1♂, Brian Nielsen, AUMNH]; Stansbury 

Mountains, 40.5097653 -112.5324224 5, 5797ft., [APH_0155, 13/7/2007, 1♂, Brian Nielsen, 

AUMNH]; Stockton, 40.452722 -112.360782 6, 5121ft., [APH_2264, 1918, 2♂, unknown, 

AMNH]; Wendover, 40.737095 -114.03751 5, 4295ft., [APH_2733, 15/9/1942, 1♂, Don 
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Nieleson, AMNH]; Utah: Box Elder Canyon, 40.473006 -111.750208 5, 5548ft., [APH_2739, 

2/10/47, 2♂, S. H. Jenaera, AMNH]; Washington: 1 mile N of La Verkin, 37.230736 -

113.271966 4, 3245ft., [APH_2282, 12/10/39, 1♂, unknown, AMNH]; 10 miles south of 

Enterprise, 37.450725 -113.63881 5, 5791ft., [APH_2279, 14/10/1939, 1♂, unknown, AMNH]; 

Beaver Dam Mountains, 37.0764081 -113.8702196 5, 4026ft., [APH_0154, 13/7/2007, 1♂, Brian 

Nielsen, AUMNH]; Beaver Dam Mountains, 0.5 miles W, 37.077649 -113.872749 6, 4135ft., 

[AUMS_2468, 1993, 1♀, T.R. Prentice, AUMNH]; Beaver Dam Mountains, near Bulldog 

Knolls, 37.0184842 -113.8854744 5, 3086ft., [APH_0157, 13/7/2007, 1♀, Brian Nielsen, 

AUMNH]; Beaver Dam Mountains, Old Highway-91, 37.05399 -113.894229 5, 3445ft., 

[APH_0453, 11/10/06, 1♂, Brian Nielsen, AUMNH]; Beaver Dam Mountains, Old Hwy 91, 1.2 

miles N of Utah/AZ line, 37.016981 -113.909332 4, 2960ft., [AUMS_2347, 12/10/93, 1♀, T.R. 

Prentice, AUMNH]; Beaver Dam Mountains, Rd to Summit Springs, Old Hwy 91, 37.028247 -

113.90558 5, 3038ft., [APH_2217, 6/10/93, 1♂, T.R. Prentice, AMNH]; [APH_2225, 19/10/1993, 

1♂, T.R. Prentice, AMNH]; Beaver Dam Mountains, Rd to Summit Springs, Old Hwy 91, .2 

miles north of UT/AZ line, 37.003736 -113.914265 5, 2635ft., [APH_2249, 19/10/1993, 1♂, T.R. 

Prentice, AMNH]; Beaver Dam Mountains, Rd to Summit Springs, Old Hwy 91, 1.7 miles north 

of UT/AZ line, 37.018438 -113.908722 5, 2884ft., [APH_2244, 19/10/1993, 1♂, T.R. Prentice, 

AMNH]; Beaver Dam Mountains, Rd to Summit Springs, Old Hwy 91, 2.5 miles north of 

UT/AZ line, 37.017035 -113.909593 5, 2520ft., [APH_2259, 12/10/93, 1♂, T.R. Prentice, 

AMNH]; Beaver Dam Mountains, Rd to Summit Springs, Old Hwy 91, 2.6 miles north of 

UT/AZ line, 37.036118 -113.902906 5, 3169ft., [APH_2257, 19/10/1993, 1♂, T.R. Prentice, 

AMNH]; Beaver Dam Mountains, Summit Spring, near Old Hwy-91, 37.088438 -113.871915 1, 

4297ft., [APH_0779, 8/10/09, 1 juv, Brent E. Hendrixson, Thomas Martin, AUMNH]; Beaver 

Dam Mountains, Summit Springs, 37.066177 -113.885856 5, 3865ft., [APH_2254, 4/7/89, 1♂, 

T.R. Prentice, AMNH]; [APH_2260, 16/9/1989, 1♂, T.R. Prentice, AMNH]; [AUMS_3320, 

5/10/95, 1♂, T.R. Prentice, AUMNH]; Enterprise, 37.573587 -113.719133 5, 5322ft., 

[APH_2284, 20/9/1939, 1♂, Ronn Hardy, AMNH]; Entrance to Zion National Park, 37.200215 -

112.990135 5, 4006ft., [APH_2278, 16/8/1925, 1♂, A.M. Woodbury, AMNH]; just outside Zion 

National Park, Smith Mesa Road, 37.290592 -113.112587 5, 5230ft., [AUMS_2696, 22/8/1991, 

1♀, 1♂, T.R. Prentice, AUMNH]; just outside Zion National Park, Smith Mesa Road, 37.289355 

-113.114065 5, 5230ft., [AUMS_2698, 23/8/1991, 1♂, T.R. Prentice, AUMNH]; near Beaver 
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Dam Mountains, 37.168672 -113.964461 6, 4852ft., [APH_2214, 10/1931, 1♂, A.M. Woodbury, 

AMNH]; near Gunlock, 37.2465941 -113.7766128 5, 3664ft., [APH_0153, 13/7/2007, 1♂, Brian 

Nielsen, AUMNH]; on Smith Mesa Rd., 1.2 miles W of junction with Kolob Reservoir Rd., 

37.290556 -113.113463 4, 5225ft., [AUMS_2201, 23/9/1989, 1♂, T.R. Prentice, AUMNH]; 

Road to Summit Spring, Old Hwy 91, 2 miles north of UT/AZ line, 37.030356 -113.904284 4, 

3074ft., [APH_2232, 6/10/93, 1♂, T.R. Prentice, AMNH]; Smith Mesa campground, just outside 

Zion National Park boundary, 37.241343 -113.202808 5, 5002ft., [AUMS_2332, 22/8/1991, 1♂, 

T.R. Prentice, AUMNH]; Smith Mesa, .5 miles W of Zion National Park boundary, 37.204674 -

112.993735 5, 3899ft., [AUMS_2580, 22/9/1989, 1♂, T.R. Prentice, AUMNH]; St. George, 

37.095278 -113.578056 6, 2638ft., [APH_2219, 25/10/1939, 1♂, unknown, AMNH]; Summit 

Spring, Old Hwy 91, 37.066904 -113.895177 5, 3773ft., [APH_2226, 5/10/93, 1♀, T.R. Prentice, 

AMNH]; Summit Springs, Beaver Dam Mtns, 37.080788 -113.871741 6, 4140ft., [AUMS_2367, 

3/7/89, 1♂, T.R. Prentice, AUMNH]; Welcome Spring Rd, Beaver Dam Mountains, 37.090134 -

113.945487 5, 3835ft., [APH_2215, 23/11/1989, 1♂, T.R. Prentice, AMNH]; Zion National Park, 

37.208573 -112.982125 5, 3990ft., [APH_2275, unknown, 4♂, A.M. Woodbury, AMNH]; 

[APH_2281, 1927, 1♂, A.M. Woodbury, AMNH]; [AUMS_3300, unknown, 1♀, T.R. Prentice, 

AUMNH]; Zion National Park, at Temple Sinawava site/trail, 37.285417 -112.94755 1, 3865ft., 

[APH_2018, 18/10/2010, 1♀, Chris A. Hamilton, AUMNH]; Zion National Park, field next to 

Watchman employee housing neighborhood, 37.20527 -112.97655 1, 4004ft., [APH_2019-2020, 

18/10/2010, 2♀, Chris A. Hamilton, AUMNH]; Zion National Park, near administrative 

buildings, 37.20841 -112.98188 1, 4010ft., [APH_2017, 18/10/2010, 1♂, Chris A. Hamilton, 

AUMNH]; Zion National Park, road to maintenance bldg. and Oak Creek employee housing 

neighborhood, 37.2099 -112.98579 1, 4031ft., [APH_2021, 18/10/2010, 1♂, Chris A. Hamilton, 

AUMNH]; [APH_2022, 19/10/2010, 1♂, Chris A. Hamilton, AUMNH]; Zion National Park, 

Smith-Mesa Rd, 37.290185 -113.113675 5, 5230ft., [AUMS_4194, 17/9/1989, 1♂, T.R. Prentice, 

AUMNH]. 

 

 Distribution and natural history. Aphonopelma iodius has a wide distribution that 

stretches across several diverse habitats from the Bay Area of California, south along the Coast 

Ranges across the Transverse Ranges, into the Mojave Desert (Fig. 1 H), and north throughout 

the Great Basin Desert of Nevada, northwestern Arizona, and Utah (Fig. 67). Aphonopelma 
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iodius has been found in the following Level III Ecoregions: Sierra Nevada, Central California 

Foothills and Coastal Mountains, Central California Valley, Southern California Mountains, 

Mojave Basin and Range, Sonoran Basin and Range, Central Basin and Range, Arizona/New 

Mexico Plateau, Northern Basin and Range, Wasatch and Uinta Mountains, and Colorado 

Plateaus. Aphonopelma iodius can be found in syntopy with a number of species across its 

distribution including A. atomicum sp. nov., A. eutylenum, A. icenoglei sp. nov., A. johnnycashi 

sp. nov., A. joshua, A. mojave, A. prenticei sp. nov., and A. steindachneri. The breeding season, 

when mature males abandon their burrows in search of females, occurs from late summer to 

early fall (generally August–November). 

 

 Conservation status. Aphonopelma iodius is one of the most widespread and abundant 

species in the United States.  The species is secure. 

 

 Remarks. Aphonopelma iodius is a problematic species. As presently defined, there are 

no major morphological features that can be used to distinguish A. iodius from its sister lineages, 

and there is not enough evidence at this time to allow us to recognize cryptic diversity within the 

A. iodius lineage (except for the geographically, genetically, and morphologically distinct A. 

johnnycashi). During evaluation of traditional two-dimensional PCA morphospace and three-

dimensional PCA morphospace (PC1~PC2~PC3), males and females of A. iodius do not separate 

from any of the other species in the Iodius species group (A. chalcodes, A. eutylenum, A. 

johnnycashi), but do separate from A. steindachneri and their syntopic miniature tarantulas (A. 

atomicum, A. icenoglei, A. joshua, A. mojave, and A. prenticei) (see Appendix 2). PC1, PC2, and 

PC3 explain ≥95% of the variation in all analyses. 

 We examined the holotypes and freshly collected topotypic material of A. brunnius, A. 

chamberlini, A. iviei, A. lithodomum, A. smithi, and A. zionis. We also examined the holotypes 

and freshly collected topotypic material of three species previously synonymized species: A. 

angusi, A. melanium, and A. nevadanum. Our morphological and molecular analyses fail to 

recognize these nine species as separate, independently evolving lineages. As a consequence, we 

consider A. brunnius, A. chamberlini, A. iviei, A. lithodomum, A. smithi, and A. zionis junior 

synonyms of A. iodius and confirm the synonymizations of A. angusi, A. melanium, and A. 
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nevadanum proposed by Prentice (1997). With additional sampling, however, it is possible that A. 

nevadanum will be removed from synonymy.  

 Mitochondrial DNA (CO1) identifies A. iodius, as presently defined, as a polyphyletic 

species with individuals grouping together with members of A. chalcodes and A. johnnycashi 

(Fig. 7). A number of these lineages were previously identified as putative novel species 

(Hamilton et al. 2014). While nuclear DNA also identifies A. iodius as a polyphyletic group, it is 

providing more insight into the evolutionary history of the A. iodius lineages (Fig. 8). 

Aphonopelma iodius comprises two monophyletic groups (one comprising nominotypical A. 

iodius material from Utah and another comprising all remaining material). More specimens need 

to be sequenced for future coalescent species-tree analyses and gene flow evaluation before 

taxonomic change can be recommended. These results once again highlight how CO1 is not 

effective at accurately delimiting species boundaries within this group. 

 

Aphonopelma johnnycashi Hamilton sp. nov. 

Figures 68-72 

 

Types. Male holotype (APH_2007) from NE of Ione, on Sutter Creek/Ione Rd, Amador Co., 

California, 38.37543 -120.90288 1, elev. 570ft., 12.x.10, coll. Chris Hamilton; deposited in 

AUMNH. Paratype female (APH_3080) from Coarsegold, off Hwy 41, behind CAL Fire station, 

Madera Co., California, 37.2507 -119.70392 1, elev. 2226ft., 10.vii.12, coll. Chris Hamilton; 

deposited in AUMNH. Paratype male (APH_2032) from Ione, Amador Co., California, 

38.363017 -120.92695 1, elev. 430ft., 1.x.10, coll. Mike Dame; deposited in AMNH. Paratype 

female (APH_3090) from off Rocky Hill Dr., E of Exeter - off 65, Rocky Hill, Tulare Co., 

California, 36.29807 -119.09829 1, elev. 732ft., 12.vii.12, coll. Chris Hamilton; deposited in 

AMNH. 

 

Etymology. The specific epithet is in honor of the country music legend, Johnny Cash. This 

species can be found near the area of Folsom Prison in California, and like Cash's distinctive 

style of dress (where he was referred to as "the man in black"), mature males of this species are 

generally black in color. 

 



	   256 

 Diagnosis. Aphonopelma johnnycashi (Fig. 68) is a member of the Iodius species group 

and can be identified by a combination of morphological, molecular, and geographic 

characteristics. Nuclear DNA identifies A. johnnycashi as a strongly supported monophyletic 

lineage within the Iodius species group that is the sister lineage to A. eutylenum and the 

paraphyletic A. iodius (Fig. 8). There are no pronounced measurements or characters that help 

differentiate male or female A. johnnycashi from A. iodius (except that adult males of A. 

johnnycashi are generally black whereas males of A. iodius are brown or tan). Males and females 

of A. johnnycashi can easily be differentiated from A. steindachneri by color and the extent of 

scopulation on metatarsi III and IV. 

 Significant measurements that distinguish male A. johnnycashi from its closely related 

phylogenetic and syntopic species are T3 and the extent of scopulation on metatarsus IV. Male A. 

johnnycashi can be distinguished by possessing a larger T1/T3 (≥1.25; 1.25-1.31) than A. 

eutylenum (≤1.23; 1.16-1.23); by possessing a larger A1/T3 (≥0.81; 0.81-0.91) than A. chalcodes 

(≤0.79; 0.67-0.79); and by possessing a larger L4 scopulation extent (70%-76%) than A. 

steindachneri (21%-31%). There are no significant measurements that separate male A. 

johnnycashi from A. iodius. The most significant measurement that distinguishes female A. 

johnnycashi from A. steindachneri is extent of scopulation on metatarsus IV. There are no 

significant measurements that separate female A. johnnycashi from the other members of the 

Iodius species group. Female A. johnnycashi can be distinguished by possessing a larger L4 

scopulation extent (67%-82%) than A. steindachneri (24%-34%). 

 

 Description of male holotype (APH_2007; Fig. 69). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right leg III removed for DNA and stored at -80°C in 

the AUMNH (Auburn, AL). General coloration: Black and faded black/brown. Cephalothorax: 

Carapace 13.71 mm long, 13.19 mm wide; Hirsute; densely clothed with dark brown/black 

iridescent pubescence mostly appressed to surface; fringe covered in long setae not closely 

appressed to surface; foveal groove medium deep and straight; pars cephalica region rises 

gradually from foveal groove, gently arching anteriorly toward ocular area; AER slightly 

procurved, PER very slightly recurved; normal sized chelicerae; clypeus very slightly extends 
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forward on a curve; LBl 1.67, LBw 2.07; sternum hirsute, clothed with black, densely packed 

setae. Abdomen: Densely clothed in short black/brown pubescence with numerous longer 

red/orange setae interspersed; possessing a dense dorsal patch of black Type I urticating bristles 

(Cooke et al. 1972). Legs: Hirsute; densely clothed in a mix of black or faded black pubescence, 

femurs are darker. Metatarsus I slightly arched. F1 13.29; F1w 3.52; P1 5.04; T1 10.58; M1 

10.57; A1 7.60; F3 11.05; F3w 3.55; P3 4.69; T3 8.31; M3 10.24; A3 7.04; F4 12.84; F4w 3.29; 

P4 4.90; T4 10.90; M4 13.72; A4 7.46; femur III is normal - not noticeably swollen or wider than 

other legs. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 75.8%; leg 

IV (SC4) = 70.9%. One ventral and one prolateral megaspine on metatarsus III; three ventral 

megaspines on metatarsus IV; one prolateral megaspine on tibia I; one large megaspine present 

on the retrolateral tibia at the apex of the mating clasper - this can be seen when viewing the 

prolateral face of the mating clasper. Coxa I: Prolateral surface a mix of fine, hair-like and 

tapered/thin tapered setae. Pedipalps: Hirsute; densely clothed in the same setal color as the 

other legs, with numerous longer ventral setae; one megaspine on the apical, prolateral femur and 

four megaspines on the prolateral tibia; PTl 6.646, PTw 2.31. When extended, embolus tapers 

and gently curves to the retrolateral side near apex; embolus very slender, no keels. 

 

 Variation (5). Cl 13.42-13.71 (13.565±0.09), Cw 13.15-13.19 (13.17±0.01), LBl 1.54-

1.67 (1.605±0.04), LBw 1.96-2.07 (2.015±0.03), F1 13.07-13.29 (13.18±0.07), F1w 3.23-3.52 

(3.375±0.09), P1 5.04-5.69 (5.365±0.21), T1 10.58-11.23 (10.905±0.21), M1 10.57-10.74 

(10.655±0.05), A1 7.6-7.69 (7.645±0.03), L1 length 47.08-48.42 (47.75±0.42), F3 11.05-11.16 

(11.105±0.03), F3w 3.43-3.55 (3.49±0.04), P3 4.47-4.69 (4.58±0.07), T3 8.31-8.55 (8.43±0.08), 

M3 10.24-10.74 (10.49±0.16), A3 6.81-7.04 (6.925±0.07), L3 length 41.33-41.73 (41.53±0.13), 

F4 12.77-12.84 (12.805±0.02), F4w 3.16-3.29 (3.225±0.04), P4 4.7-4.9 (4.8±0.06), T4 10.9-

11.33 (11.115±0.14), M4 13.72-14.53 (14.125±0.26), A4 7.46-7.85 (7.655±0.12), L4 length 

49.82-51.18 (50.5±0.43), PTl 6.646-8.429 (7.538±0.56), PTw 2.31-2.801 (2.556±0.16), SC3 

ratio 0.71-0.758 (0.734±0.02), SC4 ratio 0.709-0.762 (0.736±0.02), Coxa I setae = tapered/thin 

tapered, F3 condition = normal. 

 

 Description of female paratype (APH_3080; Figs. 70-71) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; original 
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coloration faded due to preservation. Left legs I, III, IV, and pedipalp removed for photographs 

and measurements; stored in vial with specimen. Right leg III removed for DNA and stored at -

80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae removed and cleared, 

stored in vial with specimen. General coloration: Faded brown/black. Cephalothorax: Carapace 

16.96 mm long, 14.93 mm wide; Hirsute, densely clothed with brown pubescence closely 

appressed to surface; fringe densely covered in longer setae; foveal groove medium deep and 

straight; pars cephalica region gently rises from thoracic furrow, arching anteriorly toward ocular 

area; AER procurved, PER very slightly recurved; large chelicerae, clypeus mostly straight; LBl 

2.16, LBw 2.48; sternum very hirsute, clothed with dark brown setae. Abdomen: Densely clothed 

dorsally in short black setae with numerous longer, lighter setae interspersed (generally red or 

orange in situ); dense dorsal patch of black Type I urticating bristles (Cooke et al. 1972); ventral 

side with shorter black/dark brown setae. Spermathecae: Paired and separate with wide bases, 

tapering and curving medially towards capitate bulbs. Legs: Very hirsute, particularly ventrally; 

densely clothed in medium and long brown pubescence, femurs darker. F1 12.88; F1w 4.03; P1 

5.82; T1 10.26; M1 8.10; A1 6.49; F3 11.38; F3w 3.74; P3 5.14; T3 7.90; M3 8.27; A3 6.31; F4 

13.58; F4w 3.89; P4 5.63; T4 10.18; M4 11.53; A4 7.09. All tarsi fully scopulate. Extent of 

metatarsal scopulation: leg III (SC3) = 88.1%; leg IV (SC4) = 67.4%. One ventral megaspine on 

metatarsus III; five ventral megaspines on metatarsus IV. Coxa I: Prolateral surface a mix of fine, 

hair-like and tapered setae. Pedipalps: Densely clothed in the same setal color as the other legs; 

one megaspine on the apical, prolateral femur, three megaspines on the prolateral patella, and six 

megaspines on the prolateral tibia. 

 

 Variation (6). Cl 15.01-15.81 (15.41±0.23), Cw 13.89-14.01 (13.95±0.03), LBl 1.94-

2.05 (1.995±0.03), LBw 2.47-2.48 (2.475±0), F1 11.56-12.64 (12.1±0.31), F1w 3.63-3.64 

(3.635±0), P1 5.39-5.84 (5.615±0.13), T1 8.76-9.82 (9.29±0.31), M1 7.36-8.22 (7.79±0.25), A1 

5.95-6.29 (6.12±0.1), L1 length 39.36-42.47 (40.915±0.9), F3 9.58-10.20 (9.89±0.18), F3w 3.16-

3.18 (3.17±0.01), P3 4.63-4.64 (4.635±0), T3 6.91-7.52 (7.215±0.18), M3 7.61-7.94 (7.775±0.1), 

A3 5.84-5.86 (5.85±0.01), L3 length 34.57-36.16 (35.365±0.46), F4 11.92-12.28 (12.1±0.1), 

F4w 3.31-3.39 (3.35±0.02), P4 4.97-5.10 (5.035±0.04), T4 9.23-9.58 (9.405±0.1), M4 10.28-

11.11 (10.695±0.24), A4 6.49-6.57 (6.53±0.02), L4 length 42.97-44.56 (43.765±0.46), SC3 ratio 
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0.774-0.917 (0.846±0.04), SC4 ratio 0.741-0.817 (0.779±0.02), Coxa I setae = tapered/thin 

tapered, F3 condition = normal. Spermathecae variation can be seen in Figure 71. 

 

Material Examined: United States: California: Amador: N of Ione/SW of Plymouth, on 

Muller Rd, off Carbondale Rd and Hwy 6, 38.44191 -120.92164 1, 678ft., [APH_2004-2006, 

12/10/10, 1♀, 2 juv, Chris Hamilton, AUMNH]; NE of Ione, on Sutter Creek/Ione Rd, 38.37543 

-120.90288 1, 570ft., [APH_2007-2009, 12/10/10, 3♂, Chris Hamilton, AUMNH]; Ione, 

38.363017 -120.92695 1, 430ft., [APH_2032-2034, 1/10/10, 2♂, 1♀, Mike Dame, AUMNH  & 

AMNH]; on Burke Dr, off Fiddletown Rd, E of Plymouth, 38.47597 -120.82309 1, 1302ft., 

[APH_2038, 16/9/11, 1♂, Molly Taylor, AUMNH]; Calaveras: in between Angel's Camp & 

Copperopolis; off Hwy 4, 38.04767 -120.64017 1, 1517ft., [APH_3062-3064, 7/7/12, 2♂, 1♀, 

Chris Hamilton, AUMNH]; off Hwy 4; SW of Copperopolis, 37.94251 -120.71042 1, 1150ft., 

[APH_3065-3066, 7/7/12, 1♀, 1♂, Chris Hamilton, AUMNH]; Fresno: western foothills of the 

Sierra Nevada mountains, 36.917882 -119.276034 8, 1710ft., [APH_0032, 2005, 1♂, Amy 

Stockman, AUMNH]; Edison Point trailhead; near Pine Flat Reservoir; Trimmer Springs Rd., 

36.8702 -119.2854 1, 1177ft., [APH_3060-3061, 5/5/12, 1♀, 1 juv, Marshal Hedin, Jim Starrett, 

Dean Leavitt, AUMNH]; off Hwy 168 (Tollhouse Rd); near Tollhouse Rd & Sample Rd 

intersection, NE of Clovis & Fresno, 36.90073 -119.52076 1, 598ft., [APH_3081-3084, 11/7/12, 

3♀, 1♂, Chris Hamilton, AUMNH]; off Dunlap Rd. from Hwy 180; E of Squaw Valley, 

36.71181 -119.09888 1, 2333ft., [APH_3085-3086, 11/7/12, 2 juv, Chris Hamilton, AUMNH]; 

Kern: NE of Bakersfield ~20 miles; off Granite Rd, 35.63867 -118.80021 1, 2858ft., 

[APH_3093-3095, 13/7/2012, 2♂, 1♀, Chris Hamilton, AUMNH]; off Whiteriver Rd/Old Stage 

Coach Rd; very close to Kern/Tulare county line, 35.785199 -118.783135 1, 2410ft., [APH_3120, 

5/4/13, 1 juv, Marshal Hedin, Jim Starrett, AUMNH]; Erskine Creek (Canyon), Erskine Creek 

road, 35.593637 -118.445971 5 2933ft., [AUMS_3322, 10/1970, 2♂, 1♀, J. Anderson, 

AUMNH]; Madera: 31901 Cherokee Rd, Coarsegold, 37.211624 -119.680988 2, 2240ft., 

[APH_0197, 2/10/07, 1♂, Lowell Christie, AUMNH]; near entrance to Eastman Lake and Day 

Fee station; off Rd 29, 37.1971 -120.00248 1, 441ft., [APH_3078-3079, 10/7/12, 1♀, 1♂, Chris 

Hamilton, AUMNH]; Coarsegold, off Hwy 41, behind CAL Fire station, 37.2507 -119.70392 1, 

2226ft., [APH_3080, 10/7/12, 1♀, Chris Hamilton, AUMNH]; Mariposa: off Hwy 49; N of 

Coulterville; near Don Pedro Reservoir, 37.7259 -120.20672 1, 1842ft., [APH_3067-3069, 8/7/12, 
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2♂, 1♀, Chris Hamilton, AUMNH]; 5 miles S on Merced Falls Rd., on Hwy 132 - W of Hwy 49, 

intersection with Coronado Dr., 37.62829 -120.30836 1, 1298ft., [APH_3070-3072, 8/7/12, 3♀, 

Chris Hamilton, AUMNH]; off J132; NE of Coulterville ~2 1/2 miles, 37.73476 -120.18259 1, 

2196ft., [APH_3073, 8/7/12, 1♀, Chris Hamilton, AUMNH]; off Hwy 49, N side of Mt. Bullion, 

37.51229 -120.04727 1, 2163ft., [APH_3074, 9/7/12, 1♀, Chris Hamilton, AUMNH]; off Hwy 

140, Catheys Valley, Mariposa County Catheys Valley Park, 37.43761 -120.08519 1, 1420ft., 

[APH_3075, 9/7/12, 1♀, Chris Hamilton, AUMNH]; off Hornitos Rd from Hwy 140; Catheys 

Valley, 37.44179 -120.10249 1, 1350ft., [APH_3076-3077, 9/7/12, 1♂, 1♀, Chris Hamilton, 

AUMNH]; Horseshoe Bend Campground; just S of Hwy 132, 37.701605 -120.243205 1, 948ft., 

[APH_3119, 1/4/13, 1♀, Marshal Hedin, Jim Starrett, AUMNH]; Tulare: Rocky Hill Rd, E of 

intersection with Rd 210; crossing road, 36.29664 -119.10703 1, 485ft., [APH_0192, 14/9/2007, 

1♂, Lorenzo Prendini, Jeremy Huff, AUMNH]; N of Three Rivers; off Hwy 198; near southern 

entrance to Sequoia N.P., 36.47036 -118.85903 1, 1201ft., [APH_3087-3089, 12/7/12, 3♀, Chris 

Hamilton, AUMNH]; off Rocky Hill Dr., E of Exeter - off 65, Rocky Hill, 36.29807 -119.09829 

1, 732ft., [APH_3090-3092, 12/7/12, 1♂, 2♀, Chris Hamilton, AUMNH & AMNH]. 

 

 Distribution and natural history. Aphonopelma johnnycashi has a distribution running 

along the western foothills of the Sierra Nevada Mountains in California (Fig. 72) and can be 

found inhabiting the following Level III Ecoregions: Sierra Nevada, Central California Foothills 

and Coastal Mountains, and Central California Valley. Aphonopelma johnnycashi can be found 

in syntopy with A. steindachneri across the most southern part of its distribution and there may 

be areas in the Tehachapi Mountains where A. johnnycashi and A. iodius co-occur. The breeding 

season, when mature males abandon their burrows in search of females, occurs during the fall 

(generally September–November). 

 

 Conservation status. Aphonopelma johnnycashi is common across its distribution along 

the foothills and lower elevations of the western Sierra Nevada (Fig. 1 D). The species is likely 

secure. 

 

 Remarks. Aphonopelma johnnycashi is a member of the problematic Iodius species 

group. As of now, we only have evidence to split A. johnnycashi from the remaining populations 
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of A. iodius. Other important ratios that distinguish males: A. johnnycashi possess a smaller 

T3/A3 (≤1.27; 1.18-1.27) than A. eutylenum (≥1.30; 1.30-1.35) and A. steindachneri (≥1.33; 

1.33-1.52); by possessing a smaller F3/A3 (≤1.63; 1.56-1.63) than A. chalcodes (≥1.63; 1.63-

1.88); by possessing a larger L3 scopulation extent (71%-82%) than A. steindachneri (40%-54%). 

Other important ratios that distinguish females: A. johnnycashi possess a larger M1/M4 (≥0.70; 

0.70-0.74) than A. steindachneri (≤0.67; 0.62-0.67). For both males and females, certain 

morphometrics have potential to be useful, though due to the amounts of variation, small number 

of specimens, and the small differences between species, no others are claimed to be significant 

at this time (see Appendix 2). During evaluation of traditional two-dimensional PCA 

morphospace, male A. johnnycashi separate from their syntopic species A. steindachneri, but do 

not separate from the other species in the Iodius species group (chalcodes, eutylenum, and 

iodius). Interestingly, when evaluating three-dimensional PCA morphospace (PC1~PC2~PC3), 

male A. johnnycashi separates from A. eutylenum, as well as A. steindachneri. Female A. 

johnnycashi separate in two-dimensional and three-dimensional morphospace from their 

syntopic species A. steindachneri, but do not separate from the other species in the Iodius species 

group. PC1, PC2, and PC3 explain ≥95% of the variation in all analyses. It is important to note 

the tremendous variation in spermathecae shape that can be seen across A. johnnycashi 

populations (Fig. 71). Previous taxonomic work considered this variation enough to split and 

describe separate species; this is clearly not an effective character due to the large amounts of 

subtle variation that is possible. 

 Mitochondrial DNA (CO1) identifies A. johnnycashi as a polyphyletic species with 

individuals grouping variously together with different lineages of A. iodius (Fig. 7), likely 

indicative of past mitochondrial introgression. These results highlight how CO1 is not effective 

at accurately delimiting species boundaries within this group. 

 

Aphonopelma joshua Prentice, 1997 

Figures 73-77 

 

Aphonopelma joshua Prentice, 1997: 150; male holotype from 2.3 mi. below the Covington Flats 

entrance to Joshua Tree National Park, San Bernardino Co., California, 34.045652 -116.315566 4, 

elev. 4683ft., 6.ix.1992, coll. Thomas R. Prentice; deposited in AMNH. Allotype female from 
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5.6 miles into Joshua Tree National Park, in the Upper Covington Flat area, Riverside Co., 

California, 34.017254 -116.318644 4, elev. 5027ft., 21.x.1989, coll. Thomas R. Prentice; 

deposited in AMNH. [examined] 

 

 Diagnosis. Aphonopelma joshua (Fig. 73) is a member of the Paloma species group and 

can be identified by a combination of morphological, molecular, and geographic characteristics. 

Nuclear and mitochondrial DNA identifies A. joshua as a strongly supported monophyletic 

lineage (Figs. 7-8) embedded within the turret-building group (see Hendrixson et al. 2013 and 

Graham et al. 2015) that includes (A. atomicum sp. nov., A. mojave, A. icenoglei sp. nov., and A. 

prenticei sp. nov.). Aphonopelma joshua can easily be differentiated from other turret-building 

species by possessing stout sternal setae, from A. iodius due to its smaller size and reduced extent 

of scopulation on metatarsis III and IV, and from other members of the Paloma species group by 

their locality. The most significant measurement that distinguishes male A. joshua from its 

closely related phylogenetic and syntopic species is A1. Male A. joshua can be distinguished by 

possessing a smaller Cl/A1 (≤1.57; 1.42-1.57) than A. atomicum (≥1.70; 1.70-1.93), A. iodius 

(≥1.64; 1.64-2.23), A. icenoglei (≥1.64; 1.64-1.97), A. mojave (≥1.58; 1.58-1.94), A. prenticei 

(≥1.68; 1.68-1.92), and A. xwalxwal sp. nov. (≥1.64; 1.64-1.75). The most significant 

measurements that distinguish female A. joshua from its closely related phylogenetic and 

syntopic species are F1, A1, and the extent of scopulation on metatarsus IV. Female A. joshua 

can be distinguished by possessing a larger A1/F3 (≥0.57; 0.57-0.64) than A. atomicum (≤0.56; 

0.53-0.56; by possessing a smaller F1/M4 (≤1.04; 0.98-1.04) than A. icenoglei (≥1.07; 1.07-1.23) 

and A. prenticei (≥1.04; 1.04-1.25); by possessing a smaller F1/T3 (≤1.57; 1.47-1.57) than A. 

mojave (≥1.57; 1.57-1.92); and a smaller L4 scopulation extent (34%-40%) than A. iodius (59%-

83%). Females of A. xwalxwal are unknown at this time and cannot be compared. 

 

 Description. Male and female originally described by Prentice (1997). 

 

 Redescription of male exemplar (APH_1476; Fig. 74). — Specimen preparation and 

condition: Specimen collected live wandering, preserved in 80% ethanol; deposited in AUMNH; 

original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp removed for 

measurements and photographs; stored in vial with specimen. Right legs III & IV removed for 
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DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Black or faded 

black. Cephalothorax: Carapace 8.48 mm long, 7.26 mm wide; Hirsute; densely clothed with 

black or faded black pubescence mostly appressed to surface; fringe covered in long setae not 

closely appressed to surface; foveal groove medium deep and straight; pars cephalica region rises 

gradually from foveal groove to ocular area; AER procurved, PER slightly recurved; normal 

sized chelicerae; clypeus extends forward on a curve; LBl 1.153, LBw 1.557; sternum hirsute, 

clothed with short black or faded black, densely packed setae. Abdomen: Densely clothed in 

short black pubescence with numerous longer red/orange setae interspersed; possessing a distinct, 

dense dorsal patch of black Type I urticating bristles (Cooke et al. 1972) - smaller and distinct 

from large species. Legs: Hirsute; densely clothed in black/faded black pubescence. Metatarsus I 

straight. F1 8.73; F1w 1.81; P1 2.84; T1 8.05; M1 7.29; A1 5.41; F3 8.11; F3w 1.97; P3 3.20; T3 

6.76; M3 8.37; A3 5.42; F4 9.42; F4w 1.34; P4 3.12; T4 8.44; M4 10.39; A4 6.30; femur III is 

swollen. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 68.3%; leg IV 

(SC4) = 39.3%. Three ventral and two prolateral megaspines on metatarsus III, with numerous 

medium stout setae throughout; eight ventral megaspines and one prolateral on metatarsus IV, 

with numerous medium stout setae throughout; three prolateral and three ventral megaspines on 

tibia I; one large megaspine is present at the apex on the retrolateral tibia of the mating clasper; 

one megaspine on the prolateral branch of the mating clasper; two megaspines on either side of 

the apex of the retrolateral branch of the mating clasper, with numerous thickened setae 

throughout. Coxa I: Prolateral surface covered by fine, hair-like setae. Pedipalps: Very hirsute, 

particularly ventrally; densely clothed in the same setal color as the other legs; one megaspine 

near the anterior margin of the prolateral palpal femur; one megaspine on prolateral patella; four 

megaspines and two ventral megaspines on the prolateral palpal tibia, with numerous medium 

stout setae throughout; PTl 4.846, PTw 1.548. When extended, embolus tapers and gently curves 

to the retrolateral side; embolus slender, no keels. 

 

 Variation (6). Cl 7.549-8.48 (7.931±0.14), Cw 6.92-7.62 (7.264±0.11), LBl 1.101-1.339 

(1.181±0.04), LBw 1.208-1.709 (1.417±0.08), F1 8.656-9.24 (8.941±0.1), F1w 1.81-2.145 

(1.964±0.05), P1 2.84-3.48 (3.158±0.1), T1 7.899-8.96 (8.302±0.17), M1 7.135-7.868 

(7.461±0.11), A1 5.13-5.41 (5.266±0.05), L1 length 31.749-34.445 (33.127±0.42), F3 8.028-

8.527 (8.23±0.07), F3w 1.97-2.678 (2.5±0.11), P3 2.655-3.20 (2.978±0.1), T3 6.76-7.597 
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(7.071±0.14), M3 8.213-9.248 (8.707±0.16), A3 5.208-6.21 (5.542±0.14), L3 length 30.918-

34.04 (32.527±0.51), F4 9.225-9.93 (9.565±0.11), F4w 1.34-2.084 (1.846±0.12), P4 2.82-3.14 

(3.004±0.06), T4 8.172-9.04 (8.676±0.15), M4 10.39-11.45 (11.005±0.19), A4 5.23-6.30 

(5.862±0.16), L4 length 36.896-39.52 (38.112±0.41), PTl 4.469-5.021 (4.786±0.08), PTw 1.433-

1.58 (1.506±0.03), SC3 ratio 0.532-0.706 (0.628±0.03), SC4 ratio 0.242-0.393 (0.342±0.02), 

Coxa I setae = very thin tapered, F3 condition = swollen. 

 

 Description of female exemplar (APH_2306; Figs. 75-76) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. No tissue for DNA. 

Genital plate with spermathecae removed and cleared, stored in vial with specimen. General 

coloration: Black or faded black. Cephalothorax: Carapace 9.15 mm long, 8.02 mm wide; 

Hirsute, densely clothed with short black or faded black pubescence closely appressed to surface; 

fringe densely covered in slightly longer setae; foveal groove medium deep and straight; pars 

cephalica region rises gradually from foveal groove to ocular area; AER slightly procurved, PER 

recurved; normal chelicerae, clypeus extends forward on a slight curve; LBl 1.36, LBw 1.51; 

sternum hirsute, clothed with short black or faded black setae. Abdomen: Densely clothed 

dorsally in short black or faded black setae with longer, lighter setae (generally red or orange in 

situ) focused near the urticating patch; small but dense dorsal patch of black Type I urticating 

bristles (Cooke et al. 1972) - smaller and distinct from large species. Spermathecae: Paired and 

separate, very simple, with capitate bulbs and wide bases that are not fused. Legs: Hirsute; 

densely clothed in short black or faded black pubescence; F1 7.23; F1w 2.05; P1 2.72; T1 6.30; 

M1 4.48; A1 3.74; F3 6.54; F3w 1.90; P3 2.82; T3 4.88; M3 5.62; A3 4.13; F4 8.11; F4w 2.07; 

P4 2.76; T4 6.58; M4 7.34; A4 4.28. All tarsi fully scopulate. Extent of metatarsal scopulation: 

leg III (SC3) = 66.9%; leg IV (SC4) = 39.9%. Three ventral megaspines on metatarsus III; six 

ventral megaspines and one prolateral on metatarsus IV, with numerous thicker setae throughout. 

Coxa I: Prolateral surface covered by fine, hair-like and very thin tapered setae. Pedipalps: 

Densely clothed in the same setal color as the other legs; one megaspine on the apical, prolateral 

femur, six prolateral (two at the apical, prolateral border with the tarsus) and two ventral 

megaspines (one at the apical, ventral border with the tarsus) on the tibia. 



	   265 

 

 Variation (6). Cl 6.05-9.82 (8.238±0.59), Cw 5.13-8.02 (7.057±0.48), LBl 0.901-1.36 

(1.188±0.07), LBw 1.133-1.52 (1.383±0.07), F1 5.048-8.45 (6.805±0.51), F1w 1.436-2.256 

(1.869±0.14), P1 2.07-3.322 (2.712±0.22), T1 4.231-6.91 (5.813±0.4), M1 2.853-5.35 

(4.235±0.4), A1 2.597-4.16 (3.541±0.22), L1 length 16.909-28.16 (23.106±1.72), F3 4.163-7.21 

(5.864±0.45), F3w 1.319-2.154 (1.732±0.12), P3 1.839-2.92 (2.453±0.2), T3 3.241-5.49 

(4.486±0.32), M3 3.484-5.82 (4.887±0.4), A3 2.98-4.147 (3.718±0.2), L3 length 15.707-25.52 

(21.409±1.55), F4 5.668-8.55 (7.329±0.47), F4w 1.265-2.182 (1.818±0.14), P4 2.175-3.54 

(2.745±0.22), T4 4.788-7.34 (6.271±0.38), M4 5.019-8.15 (6.732±0.48), A4 3.488-4.73 

(4.195±0.22), L4 length 21.138-32.31 (27.766±1.99), SC3 ratio 0.627-0.696 (0.657±0.01), SC4 

ratio 0.345-0.399 (0.368±0.01), Coxa I setae = very thin tapered. Spermathecae variation can be 

seen in Figure 76. 

 

Material Examined: United States: California: Riverside: Joshua Tree National Park, 

34.028757 -116.315665 6, 4880ft., [APH_0883, 2007, 1♀, Josh Richards, AUMNH]; Joshua 

Tree National Park, 1 mile off Keys View Road, 33.87529 -116.038777 5, 3589ft., [APH_2306, 

3/5/1989, 1♀, T.R. Prentice, AMNH]; Joshua Tree National Park, Cottonwood Springs area, 

33.743197 -115.811558 1, 3116ft., [APH_1498-1499, 5/9/2012, 1♂, 1 juv, Brent E. Hendrixson, 

AUMNH]; [APH_2292, 23/8/1989, 1♂, T.R. Prentice, AMNH]; [APH_2300, 23/8/1993, 1♂, 

T.R. Prentice, AMNH]; [APH_2315, 23/8/1989, 1♂, T.R. Prentice, AMNH]; Joshua Tree 

National Park, Covington Flats area, 34.00862 -116.304733 1, 4831ft., [APH_1475-1477, 

29/7/2012, 1♂, 1♀, 1 juv, Brent E. Hendrixson, Brendon Barnes, Austin Deskewies, AUMNH]; 

[APH_2293, 27/7/1992, 1♂, T.R. Prentice, AMNH]; [APH_2301, 2/8/1962, 1♂, Jim Ortez, 

AMNH]; [AUMS_2567, 2/8/1962, 1♂, unknown, AUMNH]; Joshua Tree National Park, Hidden 

Valley Campground, 34.01651 -116.16179 1, 4200ft., [APH_0335-0337, 8/5/2008, 3 juv, Brent E. 

Hendrixson, Zach Valois, AUMNH]; [APH_1200, 29/7/2010, 1♂, Brent E. Hendrixson, Brendon 

Barnes, Nate Davis, AUMNH]; Joshua Tree National Park, off El Dorado Mine Rd, Belle 

Campground, 33.99305 -116.0213 1, 3872ft., [APH_1007, 10/5/2010, 1♀, Chris A. Hamilton, 

AUMNH]; Joshua Tree National Park, picnic area, Covington Flats area, 34.027454 -116.30194 1, 

4656ft., [APH_0492-0494, 16/5/2009, 3 juv, Brent E. Hendrixson, Bernadette DeRussy, Sloan 

Click, Jason Bond, AUMNH]; [APH_1199, 29/7/2010, 1 juv, Brent E. Hendrixson, Brendon 
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Barnes, Nate Davis, AUMNH]; Joshua Tree National Park, Upper Covington Flats Area, near 

back country hiking trail parking area, 34.0085 -116.30694 1, 4800ft., [APH_0329-0331, 

8/5/2008, 3 juv, Brent E. Hendrixson, Zach Valois, AUMNH]; Lower Covington Flats, Joshua 

Tree National Monument, 34.004968 -116.307553 5, 4861ft., [AUMS_2636, 31/7/1972, 1♂, 

Marqua, AUMNH]; [AUMS_2639, 31/7/1972, 1♂, D.G. Marqua, AUMNH]; Pleasant Valley, 

Joshua Tree National Park, 33.903782 -116.043557 5, 4180ft., [APH_2291, 27/4/1965, 1♀, E.L. 

Sleeper and S.L. Jenkins, AMNH]; [APH_2316, 23/9/1967, 1♂, E.L. Sleeper and S.L. Jenkins, 

AMNH]; Smoke Tree Wash, In Joshua Tree National Park, 33.796978 -115.787031 5, 2812ft., 

[APH_2296, 31/8/1989, 1♂, T.R. Prentice, AMNH]; Squaw Tank, Joshua Tree National Park, 

34.087561 -116.153877 5, 3442ft., [APH_2317, 9/9/1966, 1♂, E.L. Sleeper and S.L. Jenkins, 

AMNH]; San Bernardino: Burns Canyon, 8.3 miles west of Hwy 247 , 34.206942 -116.596597 

4, 5400ft., [APH_2290, 2/11/1991, 1♀, T.R. Prentice, AMNH]; [APH_2295, 2/11/1991, 1♀, T.R. 

Prentice, AMNH]; Burns Canyon, 8.3 miles west of Pipes Canyon Rd. , 34.227029 -116.668521 

4, 6096ft., [APH_2289, 2/11/1989, 1♀, T.R. Prentice, AMNH]; Covington Flats, 34.077473 -

116.357061 5, 4587ft., [APH_2302, 10/8/1989, 1♂, T.R. Prentice, AMNH]; [APH_2305, 

10/8/1989, 1♂, T.R. Prentice, AMNH]; [APH_2308, 27/7/1990, 1♂, T.R. Prentice, AMNH]; 

[APH_2311, 27/12/1990, 1♂, T.R. Prentice, AMNH]; [APH_2313, 24/7/1989, 1♂, T.R. Prentice, 

AMNH]; [APH_2314, 3/8/1989, 1♂, T.R. Prentice, AMNH]; [AUMS_2479, 26/7/1990, 1♂, T.R. 

Prentice, AUMNH]; Covington Flats, below Joshua Tree National Park entrance, 34.051039 -

116.342447 5, 4577ft., [APH_2307, 30/7/1992, 1♀, T.R. Prentice, AMNH]; [APH_2312, 

27/7/1992, 1♂, T.R. Prentice, AMNH]; [APH_2304, 28/7/1992, 1♂, T.R. Prentice, AMNH]; 

Covington Flats, area before the entrance, 34.077473 -116.357061 5, 4587ft., [APH_2303, 

28/7/1992, 1♂, T.R. Prentice, AMNH]; Covington Flats, in Joshua Tree National Monument, .5 

miles north of split in the road, 34.071626 -116.367566 5, 4206ft., [APH_2310, 12/8/1992, 1♂, 

T.R. Prentice, AMNH]; Joshua Tree National Monument, 4.5 miles SE of entrance on Quail 

Springs Road., 34.05728 -116.224505 4, 3878ft., [APH_2286, 28/3/1989, 1♂, T.R. Prentice, 

AMNH]; Joshua Tree National Monument, below the entrance, 34.081762 -116.254111 5, 

3996ft., [APH_2309, 27/7/1992, 1♂, T.R. Prentice, AMNH]; Joshua Tree National Monument, 

Lost Horse Valley, 1.1 miles south of Quail Springs Rd on Keys View Rd, then 1 mile west, 

33.968748 -116.184906 4, 4469ft., [APH_2287, 3/5/1989, 1♂, T.R. Prentice, AMNH]; New 

Dixie Mine Rd, 6.3 miles west of Hwy 247, then .5 miles south, 34.264951 -116.5958 4, 5331ft., 



	   267 

[APH_2288, 11/11/1992, 1♀, T.R. Prentice, AMNH]; Pipes Canyon Road, 34.199004 -

116.492984 5, 4065ft., [APH_2294, 4/11/1989, 1♂, T.R. Prentice, AMNH]; Pipes Canyon, 2.5 

miles west of Hwy 247 towards Burns Canyon, 34.194486 -116.479814 4, 4377ft., [APH_2298, 

18/4/1990, 1♂, T.R. Prentice, AMNH]; Pipes Canyon, 4.3 miles north of Hwy 247, 34.246525 -

116.493804 4, 4042ft., [APH_2297, 1/8/1992, 1♂, T.R. Prentice, AMNH]; Pipes Canyon, 5.9 

miles west of Hwy 247 , 34.190832 -116.536894 4, 4288ft., [APH_2299, 13/11/1992, 1♀, T.R. 

Prentice, AMNH]; Upper Morongo Valley, 5.1 miles north of the Post Office off Hwy 62., 

34.093965 -116.512293 4, 2799ft., [APH_2285, 6/9/1993, 1♀, T.R. Prentice, AMNH]; San 

Bernardino Mtns., Pipes Canyon road, 3.2 miles W of jct with Hwy 247, 34.198916 -116.486393 

5, 4000ft., [AUMS_3323, 6/9/1978, 1♂, W. Icenogle, AUMNH]. 

 

 Distribution and natural history. Aphonopelma joshua has a rather limited distribution 

within Joshua Tree National Park and surrounding areas in south-central San Bernardino and 

north-central Riverside Counties, California (Fig. 77). These spiders have been collected from 

elevations between 850 and 1500 meters in habitats characteristic of the Mojave and Sonoran 

deserts including the Eastern Mojave Low Ranges and Arid Footslopes Level III Ecoregion. The 

species distribution model suggests that suitable habitat may be present well beyond the 

boundaries of Joshua Tree National Park (Fig. 77 B), but many of these regions are either 

unrealistically discontinuous (e.g., Arizona and northern Baja California) or already occupied by 

close relatives (e.g., A. xwalxwal near the San Jacinto and Santa Rosa Mountains and A. prenticei 

in Mojave National Preserve). Consequently, we feel that our sampling of A. joshua provides a 

reasonable estimate of the extent of its distribution. This species is syntopic with A. iodius 

(burrows of both species have been located within several meters of each other) and probably 

shares portions of its range with A. icenoglei in the vicinity of Yucca Valley. Burrow entrances 

are generally surrounded by a distinct mound or turret made of excavated soil and silk (Fig. 2 D-

E). Mating is nocturnal and occurs during the summer (July-September, earlier in the 

northwestern portion of its range and later in the southeastern portion). A more extensive account 

of the natural history of A. joshua is provided by Prentice (1997). 
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 Conservation status. Despite its narrow distribution, A. joshua is largely protected by 

Joshua Tree National Park. Recreational activities may pose some concern but this species is 

common throughout the park and is likely secure. 

 

 Remarks. Aphonopelma joshua is one of the larger species of miniature Aphonopelma 

and is morphologically very similar to the new species A. xwalxwal. Other important ratios that 

distinguish males: A. joshua possess a smaller F1/M4 (≤0.84; 0.78-0.84) than A. atomicum 

(≥0.89; 0.89-0.91), A. iodius (≥0.89; 0.89-1.04), A. icenoglei (≥0.90; 0.90-1.02), A. mojave 

(≥0.87; 0.87-0.94), A. prenticei (≥0.91; 0.91-0.95); by possessing a smaller L1/L3 (≤1.03; 0.99-

1.03) than A. iodius (≥1.05; 1.05-1.20), A. mojave (≥1.06; 1.06-1.11), A. prenticei (≥1.05; 1.05-

1.11), A. xwalxwal (≥1.07; 1.07-1.12); by possessing a smaller L3 scopulation extent (53%-71%) 

than A. iodius (78%-96%); by possessing a smaller L4 scopulation extent (24%-39%) than A. 

iodius (62%-88%); by possessing a smaller M1/F3 (<0.92; 0.88-0.92) than A. xwalxwal (>0.98; 

0.98-1.02). Other important ratios that distinguish females: A. joshua possess a larger Cl/P1 

(≥2.77; 2.77-3.53) than A. atomicum (≤2.50; 2.43-2.50); by possessing a smaller L1/Cl (≤2.87; 

2.67-2.87) than A. icenoglei (≥2.92; 2.92-3.13); by possessing a smaller Cl/M3 (≤1.74; 1.62-

1.74) than A. prenticei (≥1.77; 1.77-2.20); by possessing a smaller A1/T4 (≤0.59; 0.54-0.59) than 

A. mojave (≥0.58; 0.58-0.67; small overlap). For both males and females, certain morphometrics 

have potential to be useful, though due to the amounts of variation, small number of specimens, 

and the small differences between species, no others are claimed to be significant at this time 

(see Appendix 2). During evaluation of traditional PCA morphospace, males of A. joshua 

separate in PCA morphological space from A. atomicum, A. iodius, A. icenoglei, A. mojave, and 

A. prenticei but do not separate from A. xwalxwal. Female A. joshua separate from A. iodius and 

A. prenticei in morphological space, but do not separate from A. atomicum, A. icenoglei, and A. 

mojave. Interestingly, A. joshua males separate from A. iodius and A. xwalxwal, as well as A. 

atomicum, A. icenoglei, A. mojave, and A. prenticei in three-dimensional PCA morphospace 

(PC1~PC2~PC3). Aphonopelma joshua females separate from A. iodius and A. prenticei but do 

not separate from A. atomicum, A. icenoglei, or A. mojave. PC1, PC2, and PC3 explain ≥97% of 

the variation in all analyses. 

 

Aphonopelma madera Hamilton & Hendrixson sp. nov. 
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Figures 78-82 

 

Types. Male holotype (APH_3177) from Madera Canyon, Coronado National Forest, on road to 

Bog Springs Campground, Pima Co., Arizona, 31.72812 -110.878818 1, elev. 4809ft., 12.xi.2013, 

coll. Chris A. Hamilton and Brent E. Hendrixson; deposited in AUMNH. Paratype female 

(APH_1393) from Madera Canyon, Mt. Wrightson picnic area, Santa Cruz Co., Arizona, 

31.71273 -110.874936 1, elev. 5401ft., 5.x.2011, coll. Brent E. Hendrixson and Thomas Martin; 

deposited in AUMNH. Paratype male (APH_1627) from Madera Canyon, Madera Picnic Area, 

Cochise Co., Arizona, 31.72722 -110.880812 1, elev. 4809ft., 15.xi.2012, coll. Brent E. 

Hendrixson; deposited in AMNH. Paratype female (APH_1571) from Madera Canyon, Bog 

Springs Campground, Santa Cruz Co., Arizona, 31.72733 -110.875018 1, elev. 5051ft., 27.x.2012, 

coll. Brent E. Hendrixson; deposited in AMNH. 

 

 Etymology. The specific epithet is a noun in apposition taken from type locality, Madera 

Canyon, in the Santa Rita Mountains where this species was first discovered. 

 

 Diagnosis. Aphonopelma madera (Fig. 78) is a member of the Marxi species group and 

can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. madera as a phylogenetically 

distinct monophyletic lineage (Figs. 7-8), supported as the sister lineage to A. catalina sp. nov. (a 

species endemic to the Santa Catalina Mountains) and A. chiricahua sp. nov. (a species endemic 

to the Chiricahua Mountains). The significant measurements that distinguish male A. madera 

from its closely related phylogenetic and syntopic species are Cl and A3. Male A. madera can be 

distinguished by possessing a larger Cl/M3 (≥1.51; 1.51-1.60) than A. catalina (≤1.42; 1.26-

1.42), A. peloncillo sp. nov. (≤1.40; 1.20-1.40), A. vorhiesi (≤1.43; 1.24-1.43), and A. chalcodes 

(≤1.44; 1.15-1.44); and a larger Cl/A3 (≥1.86; 1.86-2.18) than A. chiricahua (≤1.74; 1.53-1.74). 

Significant measurements that distinguish female A. madera from its closely related phylogenetic 

and syntopic species are M3 and A4. Female A. madera can be distinguished by possessing a 

smaller M3/A4 (≤1.07; 0.96-1.07) than A. catalina (≥1.07; 1.07-1.10), A. chalcodes (≥1.12; 

1.12-1.49), and A. peloncillo (≥1.11; 1.11-1.23), but larger than A. chiricahua (0.80 ± (only 1 

specimen). 
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 Description of male holotype (APH_3177; Fig. 79). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right legs II & III removed for DNA and stored at -

80°C in the AUMNH (Auburn, AL). General coloration: Generally black or faded black. 

Cephalothorax: Carapace 7.81 mm long, 7.48 mm wide; densely clothed with black/faded black 

pubescence, slightly appressed to surface and longer than lower elevation species; fringe covered 

in long setae not closely appressed to surface; foveal groove medium deep and straight; pars 

cephalica region rises gradually from foveal groove, gently arching anteriorly toward ocular 

area; AER slightly procurved, PER very slightly recurved; normal sized chelicerae; clypeus 

slightly extends forward on a curve; LBl 0.99, LBw 1.14; sternum hirsute, clothed with short 

black, densely packed setae. Abdomen: Densely clothed in short black pubescence with 

numerous longer, lighter setae interspersed (generally red or orange in situ); dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972); ventral setae same as dorsal. Legs: 

Hirsute; densely clothed with short, similar length black setae, and longer setae interspersed. 

Metatarsus I very slightly arched. F1 8.37; F1w 1.92; P1 3.28; T1 7.32; M1 5.01; A1 3.85; F3 

6.21; F3w 1.96; P3 2.58; T3 4.98; M3 5.04; A3 4.14; F4 7.52; F4w 1.83; P4 2.60; T4 6.76; M4 

7.04; A4 4.83; femur III is normal - not noticeably swollen or wider than other legs. All tarsi 

fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 45.9%; leg IV (SC4) = 28.4%. 

Three ventral megaspines, two prolateral megaspines and one retrolateral megaspine on 

metatarsus III; eight ventral megaspines, and one prolateral megaspine on metatarsus IV; three 

ventral megaspines on tibia I; one large megaspine is present on the retrolateral tibia at the apex 

of the mating clasper - this can be seen when viewing the prolateral face of the mating clasper. 

Coxa I: Prolateral surface a mix of fine, hair-like and very thin tapered setae. Pedipalps: Hirsute; 

densely clothed in the same setal color as the other legs, with numerous longer ventral setae; one 

megaspine at the apical, prolateral femur and three megaspines on the prolateral tibia; PTl 4.947, 

PTw 2.158. Embolus shorter and stockier than lower elevation species; when extended, embolus 

gently and quickly tapers and curves to the retrolateral side near apex; embolus slender, no keels. 
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 Variation (6). Cl 7.815-9.43 (8.488±0.22), Cw 7.478-8.57 (7.861±0.16), LBl 0.986-

1.138 (1.065±0.03), LBw 1.139-1.449 (1.321±0.06), F1 8.374-9.78 (8.918±0.22), F1w 1.917-

2.11 (2.012±0.03), P1 3.016-3.59 (3.302±0.08), T1 7.321-8.89 (7.813±0.23), M1 4.977-5.52 

(5.213±0.1), A1 3.542-4.84 (4.135±0.22), L1 length 27.831-32.29 (29.38±0.7), F3 6.215-7.06 

(6.611±0.12), F3w 1.9-2.13 (1.991±0.03), P3 2.581-3.136 (2.851±0.09), T3 4.618-5.70 

(5.029±0.15), M3 5.038-5.89 (5.467±0.12), A3 3.945-4.56 (4.29±0.1), L3 length 22.958-26.13 

(24.247±0.46), F4 7.521-8.92 (8.154±0.21), F4w 1.82-1.99 (1.905±0.03), P4 2.603-3.234 

(2.983±0.09), T4 6.379-7.51 (6.92±0.16), M4 7.043-8.20 (7.58±0.2), A4 4.288-5.89 

(5.027±0.25), L4 length 28.706-33.63 (30.663±0.83), PTl 4.947-6.201 (5.447±0.17), PTw 1.79-

2.158 (2.043±0.06), SC3 ratio 0.459-0.702 (0.548±0.03), SC4 ratio 0.238-0.481 (0.339±0.03), 

Coxa I setae = very thin tapered, F3 condition = normal. 

 

 Description of female paratype (APH_1393; Figs. 80-81) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol. Left legs I, III, 

IV, and pedipalp removed for photographs and measurements; stored in vial with specimen. 

Right leg III removed for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate 

with spermathecae removed and cleared, stored in vial with specimen. General coloration: 

Black/faded black and brown. Cephalothorax: Carapace 15.72 mm long, 13.73 mm wide; 

Hirsute, densely clothed with black/faded black, pubescence closely appressed to surface; fringe 

densely covered in longer setae; foveal groove medium deep and straight; pars cephalica region 

gently rises from thoracic furrow, arching anteriorly toward ocular area; AER very slightly 

procurved, PER slightly recurved; robust chelicerae, clypeus very slightly extends forward on a 

curve; LBl 1.76, LBw 2.19; sternum very hirsute, clothed with longer black/faded black setae. 

Abdomen: Densely clothed dorsally in short black setae with numerous longer, lighter setae 

interspersed (generally red or orange in situ); dense dorsal patch of black Type I urticating 

bristles (Cooke et al. 1972); ventral setae same as dorsal. Spermathecae: Paired and separate, 

very basic, very slight taper curve medially towards capitate bulbs, with wide bases that appear 

fused. Legs: Very hirsute; densely clothed with longer setae colored similarly as the long 

abdominal setae; F1 12.62; F1w 3.82; P1 5.31; T1 9.22; M1 6.56; A1 5.58; F3 8.79; F3w 3.34; 

P3 4.52; T3 6.84; M3 6.81; A3 5.73; F4 12.38; F4w 3.58; P4 4.87; T4 9.55; M4 9.91; A4 6.47. 

All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 59.9%; leg IV (SC4) = 
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33.2%. Three ventral megaspines on metatarsus III; eight ventral megaspines, two retrolateral 

megaspines (one near the basal border with the tibia), and one prolateral megaspine on 

metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and tapered/thin tapered setae. 

Pedipalps: Densely clothed in the same setal color as the other legs; one megaspine on the apical, 

prolateral femur, six prolateral megaspines and one ventral megaspine on the tibia (three at the 

apical border with the tarsus). 

 

 Variation (5). Cl 9.17-15.72 (12.176±1.11), Cw 8.43-13.73 (10.914±0.95), LBl 1.18-

1.76 (1.475±0.09), LBw 1.51-2.19 (1.781±0.11), F1 7.332-12.62 (9.914±0.86), F1w 2.342-3.82 

(3.088±0.25), P1 3.046-5.31 (4.265±0.39), T1 5.999-9.22 (7.798±0.57), M1 3.416-6.56 

(5.147±0.55), A1 3.951-5.58 (4.83±0.27), L1 length 23.744-39.29 (31.955±2.62), F3 7.36-8.79 

(8.203±0.34), F3w 2.46-3.34 (2.845±0.19), P3 3.34-4.52 (3.768±0.27), T3 5.07-6.84 

(5.898±0.37), M3 5.11-6.81 (6±0.38), A3 4.69-5.73 (5.253±0.22), L3 length 25.67-32.69 

(29.12±1.5), F4 7.514-12.38 (9.841±0.8), F4w 2.188-3.58 (2.816±0.25), P4 3.234-4.87 

(4.003±0.29), T4 6.137-9.55 (7.823±0.59), M4 6.197-9.91 (8.183±0.66), A4 4.842-6.47 

(5.694±0.29), L4 length 27.924-43.18 (35.545±2.61), SC3 ratio 0.483-0.684 (0.595±0.04), SC4 

ratio 0.296-0.348 (0.33±0.01), Coxa I setae = tapered/thin tapered. Spermathecae variation can 

be seen in Figure 81. 

 

 Material Examined: United States: Arizona: Cochise: Carr Canyon Rd, 31.449658 -

110.282028 1, 5257ft., [APH_1595, 8/11/2012, 1♂, Brent E. Hendrixson, AUMNH]; Copper 

Canyon, Huachuca Mtns, 31.363172 -110.29979 5, 6082ft., [APH_0881, 2007, 1 juv, Josh 

Richards, AUMNH]; [APH_0980, 2007, 1♀, Josh Richards, AUMNH]; Huachuca Mtns, Ash 

Canyon, 31.38339 -110.24486 2, 5290ft., [APH_1249, 11/2010, 1♂, Jim Murray, AUMNH]; 

Huachuca Mtns, Garden Canyon Rd, 31.47306 -110.35111 2, 5360ft., [APH_1250-1251, 

4/12/2010, 2♂, Jillian Cowles, AMNH]; Huachuca Mountains, Miller Canyon, primitive 

campsite, 31.42476 -110.26082 2, 5238ft., [APH_3218, 20/5/2014, 1 juv, Brent E. Hendrixson, 

Dustin Garig, Harrison Olinger, AUMNH]; Pima: 0.67 miles N Santa Cruz County line on 

Madera Canyon Rd, 31.73588 -110.88232 2, 4601ft., [APH_1434, 8/11/2011, 1♂, June 

Olberding, AUMNH]; [APH_1435, 11/11/2011, 1♂, June Olberding, AUMNH]; Madera 

Canyon Rd, 31.728908 -110.880462 1, 4803ft., [APH_1624, 15/11/2012, 1♀, Brent E. 
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Hendrixson, AUMNH]; [APH_1626, 15/11/2012, 1♂, Brent E. Hendrixson, AUMNH]; Madera 

Canyon, Bog Springs Campground, 31.72733 -110.875018 1, 5051ft., [APH_1571, 27/10/2012, 

1♀, Brent E. Hendrixson, AMNH]; [APH_1628, 15/11/2012, 1♂, Brent E. Hendrixson, 

AUMNH]; [APH_1630, 15/11/2012, 1♂, Brent E. Hendrixson, AUMNH]; Madera Canyon, 

Coronado National Forest, on road to Bog Springs Campground, 31.72812 -110.878818 1, 

4809ft., [APH_3177, 12/11/2013, 1♂, Chris A. Hamilton, Brent E. Hendrixson, AUMNH]; 

Madera Canyon, Madera Picnic Area, 31.72722 -110.880812 1, 4809ft., [APH_1625, 15/11/2012, 

1♀, Brent E. Hendrixson, AUMNH]; [APH_1627, 15/11/2012, 1♂, Brent E. Hendrixson, 

AMNH]; [APH_1629, 15/11/2012, 1♂, Brent E. Hendrixson, AUMNH]; Madera Canyon, 

Madera Trailhead Picnic Area, 31.726945 -110.8804 1, 4758ft., [APH_0618, 10/7/2009, 1 juv, 

Brent E. Hendrixson, Jon Davenport, Nate Davis, AUMNH]; Madera Canyon, Whitehouse 

Picnic Area, 31.733397 -110.88249 1, 4640ft., [APH_1631, 15/11/2012, 1♂, Brent E. 

Hendrixson, AUMNH]; Santa Cruz: Madera Canyon, Bog Springs Campground, 31.72633 -

110.87473 2, 5088ft., [APH_1436, 11/11/2011, 1♂, June Olberding, AUMNH]; Madera Canyon, 

Mt. Wrightson picnic area, 31.71273 -110.874936 1, 5401ft., [APH_1223, 5/8/2010, 1♀, Brent E. 

Hendrixson, Ashley Bailey, Andrea Reed, AUMNH]; [APH_1393, 5/10/2011, 1♀, Brent E. 

Hendrixson, Thomas Martin, AUMNH]; Madera Canyon, on road across from Santa Rita Gift 

Shop, 31.72527 -110.880051 1, 4851ft., [APH_1594, 8/11/2012, 1♂, Brent E. Hendrixson, 

AUMNH]; Madera Canyon, picnic area, 31.72662 -110.879835 2, 4886ft., [APH_1523, 

10/9/2012, 1 juv, Brent E. Hendrixson, AUMNH]; Pajarito Mtns, 31.43263 -111.18977 6, 4050ft., 

[APH_0136, unknown, 1♀, David Kandeyeli, AUMNH]; Patagonia, Pennsylvania Avenue, 

31.54024 -110.758528 2, 4046ft., [APH_1442, 18/12/2011, 1♂, Brent E. Hendrixson, Thomas 

Martin, AUMNH]; Santa Rita Mtns, along Mt. Hopkins Rd, 31.676321 -110.883409 1, 6904ft., 

[APH_1197, 28/7/2010, 1 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; 

Upper Madera Canyon picnic area, 31.712488 -110.876839 1, 5467ft., [APH_1342-1343, 

4/8/2011, 2 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]. 

 

 Distribution and natural history. Aphonopelma madera is known from the Huachuca, 

Pajarito, and Santa Rita Mountains in southeastern Arizona at elevations ranging from 1230 to 

2110 meters, inhabiting the Madrean Archipelago Level III Ecoregion. The species has been 

collected from riparian, oak-grassland, oak woodland, and pine-oak woodland communities (Figs. 
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1 C & 82). Like other sky island endemics (e.g., A. catalina and A. chiricahua), A. madera is 

thought to be the only species found at higher elevations within these mountain ranges but might 

be syntopic with A. chalcodes and A. vorhiesi at lower elevations. Despite several field trips to 

the type locality to search for adults of this species, only a single burrow (of an adult female, 

APH_1393, Fig. 78) was ever observed. The burrow entrance was located along the base of a 

slope and had a thin layer of silk along its edges; the burrow itself was fairly shallow and was 

sheltered by a large rock that was removed to reveal the spider inside its retreat. All other adults 

(males and females) were found walking along canyon roads during daylight hours. All 

immature specimens were located underneath large rocks with no obvious burrow entrances. The 

breeding period for this species is similar to other high-elevation species in the region (late 

autumn, early winter). Adult males examined in this study were found during the months of 

November and December; unconfirmed adult males (no voucher specimens available, 

identification tentatively assigned based on a photograph and locality data) have been found in 

Madera Canyon in October (http://bugguide.net/node/view/154224/bgimage; 

http://bugguide.net/node/view/665106/bgpage). 

 

 Conservation status. Of the three sky island endemics, A. madera is represented by the 

most specimens, has the largest distribution, and is the only species that is not restricted to a 

single mountain range. The species appears to be fairly common in Madera Canyon but we 

would not argue that the conservation status for this species is secure at the moment. Our 

sampling of mitochondrial haplotypes (Hendrixson et al. 2015) indicates that each mountain 

range is genetically unique and should be further evaluated for the presence of evolutionary 

significant units for conservation purposes. Additional sampling throughout the region (e.g., 

Canelo Hills, Patagonia Mountains, northern Sonora) is required to gain a better assessment of 

the potential for gene flow between populations. These mountain ranges are fairly rugged and 

benefit from management by the federal government (Coronado National Forest, Nogales and 

Sierra Vista Ranger Districts; United States Army), but have also been subjected to habitat 

degradation from recent urban encroachment (e.g., Nogales, Sierra Vista, Tucson), human-

caused forest fires, off-road driving, recreational activities, human immigrants, and illegal drug 

trafficking (Coronado Planning Partnership 2008). Climate change in the sky island region 
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(Brusca et al. 2013; Mitchell and Ober 2013; Moore et al. 2013; Hendrixson et al. 2015) also 

poses a potential threat to the survival of A. madera. 

 

 Remarks. Aphonopelma madera is morphologically similar to other high-elevation 

species in the Marxi species group, especially A. catalina (see Hendrixson et al. 2015). Other 

important ratios that distinguish males: A. madera possess a larger PTl/M3 (≥0.94; 0.94-1.05) 

than A. peloncillo (≤0.82; 0.71-0.82), A. vorhiesi (≤0.87; 0.71-0.87), and A. chalcodes (≤0.75; 

0.67-0.75); by possessing a larger A3/M4 (≥0.54; 0.54-0.60) than A. catalina (≤0.52; 0.47-0.52) 

and A. chalcodes (≤0.50; 0.43-0.50), but smaller than A. chiricahua (≥0.65; 0.65-0.72). Other 

important ratios that distinguish females: A. madera possess a larger F1/T3 (≥1.74; 1.74-1.84) 

than A. catalina (≤1.66; 1.63-1.66); by possessing a larger Cl/P1 (≥2.71; 2.71-3.01) than A. 

chiricahua (2.21 ± (only 1 specimen)); by possessing a larger A3/T4 (≥0.60; 0.60-0.68) than A. 

peloncillo (≤0.60; 0.57-0.60), but smaller than A. chiricahua (0.71 ± (only 1 specimen)); by 

possessing a smaller L3 scopulation extent (48%-68%) than A. chalcodes (78%-93%); by 

possessing a smaller L4 scopulation extent (29%-35%) than A. chalcodes (63%-81%) and A. 

catalina (37%-46%). For both males and females, certain morphometrics have potential to be 

useful, though due to the amounts of variation, small number of specimens, and the small 

differences between species, no other are claimed to be significant at this time (see Appendix 2). 

During evaluation of traditional PCA morphospace, males of A. madera separate from A. 

chalcodes, A. peloncillo, and A. vorhiesi along PC1~2, but do not separate from A. catalina and 

A. chiricahua. Females of A. madera separate from A. chiricahua and A. chalcodes along PC1~2, 

but do not separate from A. catalina, A. peloncillo, and A. vorhiesi. Interestingly, A. madera 

males separate from A. chalcodes, A. peloncillo, and A. vorhiesi in three-dimensional PCA 

morphospace (PC1~PC2~PC3), but do not separate from A. catalina, A. chiricahua, and A. marxi. 

Aphonopelma madera females separate from A. chalcodes, A. chiricahua, and A. marxi, but do 

not separate from A. catalina, A. peloncillo, and A. vorhiesi. PC1, PC2, and PC3 explain ≥96% 

of the variation in all analyses. An important note on morphology, when viewing the A. madera 

types and investigating the amount of variation across the measured specimens, one can see the 

large size differences possible between mature males and mature females of certain 

Aphonopelma species. 
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Aphonopelma mareki Hamilton & Hendrixson sp. nov. 

Figures 83-87; Appendix 4 

 

Types. Male holotype (APH_1615) collected 0.4 miles E Hwy-89 on Stanton Rd, Yavapai Co., 

Arizona, 34.18203 -112.818862 1, elev. 2852ft., 12.xi.2012, coll. Brent E. Hendrixson; deposited 

in AUMNH. Paratype female (APH_1590) from Bartlett Dam Rd, Maricopa Co., Arizona, 

33.847258 -111.793291 1, elev. 2793ft., 7.xi.2012, coll. Brent E. Hendrixson; deposited in 

AUMNH. Paratype male (APH_1569) from just outside N boundary of Montezuma Well 

National Monument, along Beaver Creek Rd, Yavapai Co., Arizona, 34.653811 -111.757497 1, 

elev. 3596ft., 27.x.2012, coll. Brent E. Hendrixson; deposited in AMNH. Paratype female 

(APH_0297) from Mazatzal Mtns, Four Peaks, Pigeon Spring Rd. junction, Gila Co., Arizona, 

33.72156 -111.33753 1, elev. 5780ft., 6.x.2007, coll. Zach Valois, deposited in AMNH. 

 

 Etymology. The specific epithet is a patronym in recognition of our friend, colleague, 

and myriapod biologist Paul Marek, who collected several important specimens examined as part 

of this revision. 

 

 Diagnosis. Aphonopelma mareki (Fig. 83) is a member of the Paloma species group and 

can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear DNA identifies A. mareki as a strongly supported, phylogenetically-

distinct monophyletic lineage (Fig. 8) that is a sister lineage to A. parvum sp. nov., A. saguaro sp. 

nov., and A. superstitionense sp. nov. Aphonopelma mareki can easily be differentiated from 

syntopic populations of A. chalcodes and A. marxi by their smaller size, and can be differentiated 

from other members of the Paloma species group (A. parvum, A. paloma, and A. saguaro) by 

locality. Aphonopelma mareki males can possess either a normal or slightly swollen femur III 

(different from than the swollen femur III in A. paloma and A. saguaro). The most significant 

measurements that distinguish male A. mareki from its closely related phylogenetic and syntopic 

species are F1 and the extent of scopulation on metatarsus III. Male A. mareki can be 

distinguished by possessing a larger F1/M1 (≥1.41; 1.41-1.58) than A. chalcodes (≤1.36; 1.11-

1.36) and A. prenticei (≤1.34; 1.25-1.34), and smaller than A. marxi (≥1.69; 1.69-1.94); a larger 

L3 scopulation extent (50%-56%) than A. paloma (21%-41%), and smaller than A. chalcodes 
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(65%-86%), A. parvum (60%-65%), A. prenticei (60%-73%), and A. superstitionense (40%-

48%). There are no significant measurements that separate A. mareki and A. saguaro. The most 

significant measurements that distinguish female A. mareki from its closely related phylogenetic 

and syntopic species are F1L/W and the extent of scopulation on metatarsus IV. Female A. 

mareki can be distinguished by possessing a larger F1L/W (≥2.94; 2.94-3.17) than A. saguaro 

(2.58 ± (only 1 specimen)); a smaller L4 scopulation extent (21%-27%) than A. chalcodes (56%-

81%), A. marxi (33%-51%), A. parvum (33%-42%), and A. prenticei (27%-38%). There are no 

significant measurements that separate female A. mareki from A. paloma or A. superstitionense. 

 

 Description of male holotype (APH_1615; Fig. 84). — Specimen preparation and 

condition: Specimen collected wandering and preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right legs III & IV removed for DNA and stored at -

80°C in the AUMNH (Auburn, AL). General coloration: Faded black/brown. Cephalothorax: 

Carapace 6.394 mm long, 5.504 mm wide; densely clothed with faded pubescence, appressed to 

surface; fringe covered in longer setae not closely appressed to surface; foveal groove medium 

deep and straight; pars cephalica region rises very gradually from foveal groove on a straight 

plane towards the ocular area; AER very slightly procurved - mostly straight, PER very slightly 

recurved - mostly straight; normal sized chelicerae; clypeus extends forward on a slight curve; 

LBl 0.777, LBw 1.16; sternum hirsute, clothed with faded, densely packed, short setae. 

Abdomen: Densely clothed in short black/brown pubescence with numerous longer, lighter setae 

interspersed (generally red or orange in situ); dense dorsal patch of black Type I urticating 

bristles (Cooke et al. 1972) - smaller and distinct from large species. Legs: Hirsute; densely 

clothed in faded pubescence. Metatarsus I arched. F1 6.534; F1w 1.306; P1 2.406; T1 5.473; M1 

4.137; A1 3.196; F3 5.046; F3w 1.451; P3 1.869; T3 4.008; M3 4.271; A3 3.358; F4 6.121; F4w 

1.268; P4 1.928; T4 5.333; M4 5.494; A4 3.808; femur III is normal - not noticeably swollen or 

wider than other legs. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 

54.1%; leg IV (SC4) = 42.1%. Three ventral megaspines on metatarsus III; four ventral and four 

retrolateral megaspines on metatarsus IV; two prolateral megaspines and two ventral megaspines 

on tibia I; one megaspine present on the retrolateral tibia, at the apex of the mating clasper; two 

megaspines on the apex on the retrolateral branch of the tibial apophysis, one megaspine on the 
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apex of the prolateral branch, and one megaspine on the prolateral base of the prolateral branch 

of the tibial apophysis. Coxa I: Prolateral surface covered by fine, hair-like setae. Pedipalps: 

Hirsute; densely clothed in the same setal color as the other legs, with numerous longer ventral 

setae; one megaspine at the apical, prolateral femur and two prolateral megaspines on the palpal 

tibia; PTl 3.915, PTw 1.416. Palpal bulb is very short and stout. When extended, embolus tapers 

with a curve to the retrolateral side; embolus slender, no keels; distinct dorsal and ventral 

transition from bulb to embolus. 

 

 Variation (5). Cl 5.41-6.411 (5.981±0.19), Cw 4.751-5.844 (5.348±0.18), LBl 0.711-

0.858 (0.78±0.02), LBw 0.857-1.16 (0.981±0.06), F1 6.017-6.875 (6.501±0.14), F1w 1.306-

1.622 (1.449±0.05), P1 1.995-2.609 (2.382±0.1), T1 5.392-5.782 (5.62±0.08), M1 4.137-4.531 

(4.352±0.07), A1 2.729-3.457 (3.183±0.13), L1 length 20.39-22.933 (22.039±0.47), F3 4.776-

5.561 (5.248±0.15), F3w 1.451-1.875 (1.655±0.07), P3 1.726-1.975 (1.86±0.04), T3 3.732-4.434 

(4.098±0.12), M3 4.271-5.129 (4.66±0.16), A3 3.092-3.607 (3.39±0.09), L3 length 17.686-

20.706 (19.256±0.53), F4 5.849-6.639 (6.296±0.14), F4w 1.268-1.589 (1.399±0.06), P4 1.757-

2.207 (2.022±0.08), T4 4.729-5.931 (5.475±0.21), M4 5.494-6.687 (6.158±0.24), A4 3.463-

4.148 (3.858±0.12), L4 length 21.575-25.57 (23.808±0.74), PTl 3.542-4.044 (3.793±0.09), PTw 

1.285-1.499 (1.392±0.03), SC3 ratio 0.502-0.563 (0.533±0.01), SC4 ratio 0.186-0.421 

(0.286±0.04), Coxa I setae = very thin tapered, F3 condition = normal & slightly swollen. 

 

 Description of female paratype (APH_1590; Figs. 85-86) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; original 

coloration faded due to preservation. Left legs I, III, IV, and pedipalp removed for photographs 

and measurements; stored in vial with specimen. Right legs III & IV removed for DNA and 

stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae removed and 

cleared, stored in vial with specimen. General coloration: Faded black/brown. Cephalothorax: 

Carapace 7.744 mm long, 6.839 mm wide; Hirsute, densely clothed with short faded 

black/brown pubescence closely appressed to surface; fringe densely covered in slightly longer 

setae; foveal groove medium deep and straight; pars cephalica region gently rises from thoracic 

furrow, arching anteriorly toward ocular area; AER very slightly procurved, PER very slightly 

recurved; chelicerae robust, clypeus extends on a slight curve; LBl 1.153, LBw 1.364; sternum 
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hirsute, clothed with short faded setae. Abdomen: Densely clothed dorsally in short faded black 

setae with longer, lighter setae (generally red or orange in situ) focused near the urticating patch; 

dense dorsal patch of black Type I urticating bristles (Cooke et al. 1972) - smaller and distinct 

from large species. Spermathecae: Paired and separate, with capitate bulbs, narrow necks 

widening towards the bases; not fused. Legs: Hirsute; densely clothed in short faded black/brown 

pubescence; F1 6.467; F1w 2.193; P1 3.075; T1 5.425; M1 4.04; A1 3.742; F3 5.576; F3w 

1.855; P3 2.736; T3 3.906; M3 3.986; A3 3.504; F4 6.708; F4w 1.959; P4 2.786; T4 5.56; M4 

5.788; A4 4.188. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 

56.9%; leg IV (SC4) = 25.1%. Four ventral megaspines and one prolateral megaspine on 

metatarsus III; sixteen ventral megaspines on metatarsus IV (though five are clustered near the 

row of megaspines that line the margin with the tarsus). Coxa I: Prolateral surface covered by a 

mix of thin tapered/very thin tapered and fine, hair-like setae. Pedipalps: Densely clothed in the 

same setal color as the other legs; one megaspine on the apical, prolateral femur, six prolateral 

(two at the apical, prolateral border with the tarsus) megaspines and one ventral megaspine on 

the tibia. 

 

 Variation (6). Cl 7.315-8.778 (7.717±0.22), Cw 6.021-7.405 (6.649±0.19), LBl 1.012-

1.195 (1.116±0.03), LBw 1.171-1.364 (1.281±0.03), F1 5.83-7.175 (6.362±0.18), F1w 1.839-

2.276 (2.067±0.07), P1 2.412-3.416 (2.8±0.16), T1 4.712-5.646 (5.159±0.14), M1 3.348-4.089 

(3.684±0.13), A1 2.981-3.742 (3.318±0.11), L1 length 19.528-23.553 (21.323±0.62), F3 4.494-

5.928 (5.185±0.21), F3w 1.669-2.058 (1.794±0.06), P3 1.856-2.736 (2.341±0.13), T3 3.194-

4.041 (3.647±0.12), M3 3.336-4.525 (3.859±0.16), A3 3.127-3.606 (3.455±0.07), L3 length 

16.007-20.751 (18.487±0.66), F4 5.886-7.124 (6.504±0.17), F4w 1.679-2.053 (1.842±0.06), P4 

2.285-3.222 (2.617±0.14), T4 4.687-5.565 (5.247±0.14), M4 4.705-5.878 (5.463±0.18), A4 

3.636-4.188 (3.958±0.09), L4 length 21.384-25.866 (23.789±0.64), SC3 ratio 0.429-0.617 

(0.554±0.03), SC4 ratio 0.218-0.273 (0.241±0.01), Coxa I setae = thin tapered. Spermathecae 

variation can be seen in Figure 86. 

 

 Material Examined: United States: Arizona: Coconino: Schnebly Hill Road, Sedona, 

34.86533 -111.753003 5, 4328ft., [AUMS_2272, 15/5/1992, 1♂, unknown, AUMNH]; Gila: 1.1 

miles NW AZ-87 on Barnhardt Trail Rd (FR 419), 34.09815 -111.36165 1, 3200ft., [APH_0345, 



	   280 

10/5/2008, 1 juv, Brent E. Hendrixson, Zach Valois, Josh Richards, AUMNH]; 1.4 miles E US-

87 on Control Rd, 34.35949 -111.40302 1, 5430ft., [APH_0347, 10/5/2008, 1 juv, Brent E. 

Hendrixson, Zach Valois, Josh Richards, AUMNH]; Mazatzal Mtns, Four Peaks, Pigeon Spring 

Rd. junction, 33.72156 -111.33753 1, 5780ft., [APH_0297, 6/10/2007, 1♀, Zach Valois, 

AMNH]; Payson, Payson rodeo grounds at southern edge of town, 34.2189 -111.33695 1, 5000ft., 

[APH_0299, 6/10/2007, 1♀, Zach Valois, AUMNH]; S side of Payson, 34.194017 -111.330517 5, 

6000ft., [APH_0941, 2007, 1♀, Josh Richards, AUMNH]; Maricopa: 2.5 miles E North Cave 

Creek Rd on Bartlett Dam Rd, 33.84746 -111.79369 1, 2700ft., [APH_0343, 9/5/2008, 1 juv, 

Brent E. Hendrixson, Zach Valois, Josh Richards, AUMNH]; [APH_0433-0440, 16/11/2008, 6♀, 

2 juv, Brent E. Hendrixson, AUMNH]; Bartlett Dam Rd, 33.847258 -111.793291 1, 2793ft., 

[APH_1570, 27/10/2012, 1♀, Brent E. Hendrixson, AUMNH]; [APH_1588-1593, 7/11/2012, 6♀, 

Brent E. Hendrixson, AUMNH]; Bartlett Dam Rd, past Cave Creek ranger station, N of Carefree, 

Tonto National Forest, 33.84689 -111.79397 1, 2703ft., [APH_3161-3165, 11/11/2013, 4♀, 1♂, 

Chris A. Hamilton, Brent E. Hendrixson, Molly Taylor, AUMNH]; Bartlett Dam, Bartlett Dam 

road, 33.809017 -111.65097 5, 1637ft., [APH_0884, 2007, 1♀, Josh Richards, AUMNH]; 

Constellation Road near Rodeo Grounds northeast of Wickenburg, 33.980107 -112.71139 5, 

2221ft., [APH_2554, 14/2/1982, 1♂, John Rowley, AMNH]; Four Peaks Area, 33.72099 -

111.33759 1, 5769ft., [APH_0138, 15/6/2007, 1 juv, Mike Dame, Zach Valois, AUMNH]; 

Mazatzal Mtns, Tonto National Forest, Mount Ord, 33.91131 -111.40861 1, 6735ft., [APH_0190, 

6/9/2007, 1♂, Lorenzo Prendini, Jeremy Huff, AUMNH]; Yavapai: 0.4 miles E Hwy-89 on 

Stanton Rd, 34.18203 -112.818862 1, 2852ft., [APH_1615-1617, 12/11/2012, 1♂, 2♀, Brent E. 

Hendrixson, AUMNH]; 5.4 miles NE Hwy 93, 0.6 miles S of cattle guard in Hieroglyphic Mtns., 

Constellation, 34.008657 -112.646455 4, 2900ft., [AUMS_2572, 1/4/1990, 1♂, T.R. Prentice, 

AUMNH]; 5.4 miles NE Hwy 93, Hieroglyphic Mtns., Constellation, 34.017615 -112.635409 4, 

3060ft., [AUMS_2577, 1/4/1990, 1♂, T.R. Prentice, AUMNH]; 8 miles S of Sedona, 34.753621 

-111.761997 5, 3895ft., [AUMS_2534, 29/10/1983, 1♂, B. and M.W. Sanderson, AUMNH]; 

Constellation, 34.065643 -112.581652 5, 3404ft., [AUMS_2573, 24/11/1991, 1♂, T.R. Prentice, 

AUMNH]; [AUMS_2574, 10/11/1990, 1♂, T.R. Prentice, AUMNH]; [AUMS_2575, 

17/11/unknown, 1♂, T.R. Prentice, AUMNH]; [AUMS_2551, 18/3/1995, 1♀, T.R. Prentice, 

AUMNH]; Constellation Rd., 5.4 miles NE of Wickenburg, 34.0145 -112.645736 4, 2950ft., 

[AUMS_2570, 1/4/1990, 1♂, T.R. Prentice, AUMNH]; [AUMS_2578, 10/11/1990, 1♂, T.R. 
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Prentice, AUMNH]; Joshua Forest Parkway, ~31 miles N of Wickenburg, 34.199956 -

113.094405 5, 2700ft., [AUMS_2565, 19/1/1992, 1♂, T.R. Prentice, AUMNH]; just outside N 

boundary of Montezuma Well National Monument, along Beaver Creek Rd, 34.653811 -

111.757497 1, 3596ft., [APH_1569, 27/10/2012, 1♂, Brent E. Hendrixson, AMNH]; Prescott, 

34.540024 -112.468502 5, 5394ft., [AUMS_2525, 1999, 1♀, Lee Trout, AUMNH]; Prescott 

Valley, 34.610024 -112.315721 5, 5005ft., [AUMS_2248, 11/1998, 2♂, Denis Watson, 

AUMNH]; Prescott, Antelope Villa Circle, 34.647138 -112.434386 2, 5042ft., [APH_1568, 

12/10/2012, 1♂, Timothy Tilney, AUMNH]; Prescott, on rock next to Hazy Library at Embry-

Riddle Aeronautical University, 34.615964 -112.448841 2, 5170ft., [APH_1618, 9/11/2012, 1♂, 

Greg Rice, AUMNH]; West Clear Creek Wilderness, 34.53555 -111.67659 1, 3600ft., 

[APH_1441, 27/10/2011, 1♂, Paul E. Marek, Charity Hall, AUMNH]. 

 

 Distribution and natural history. Aphonopelma mareki can be found inhabiting the 

Arizona/New Mexico Mountains and Sonoran Basin and Range Level III Ecoregions of central 

Arizona (Fig. 87). This species is syntopic with A. chalcodes and A. marxi, and flanks the 

distributions of A. prenticei sp. nov. and A. superstitionense sp. nov.. The breeding season, when 

mature males abandon their burrows in search of females, occurs during the fall (generally 

September–November). 

 

 Conservation status. Aphonopelma mareki are very common throughout their 

distribution but can be difficult to find due to the cryptic nature of their burrows and small 

window of activity during the year. The species is secure. 

 

 Remarks. Other important ratios that distinguish Aphonopelma mareki males: A. mareki 

possess a larger T1/M1 (≥1.26; 1.26-1.33) than A. chalcodes (≤1.13; 0.99-1.13) and A. prenticei 

(≤1.16; 1.07-1.16), and smaller than A. marxi (≥1.39; 1.39-1.52); a larger PTl/M1 (≥0.83; 0.83-

0.95) than A. chalcodes (≤0.79; 0.67-0.79), A. prenticei (≤0.82; 0.72-0.82), and A. 

superstitionense (≤0.82; 0.79-0.82); a larger T3/M3 (≥0.85; 0.85-0.94) than A. paloma (≤0.85; 

0.79-0.85) and A. prenticei (≤0.85; 0.80-0.85); a smaller PTl/F1 (≤0.61; 0.53-0.61) than A. 

saguaro (≥0.61; 0.61-0.64). Other important ratios that distinguish A. mareki females: A. mareki 

possess a larger F3L/W (≥2.66; 2.66-3.00) than A. saguaro (2.41 ± (only 1 specimen)); a larger 
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M3/M4 (≥0.66; 0.66-0.77) than A. superstitionense (0.62 ± (only 1 specimen)); a smaller M4/A4 

(≤1.48; 1.23-1.48) than A. chalcodes (≥1.61; 1.61-1.98); a smaller f1/M3 (≤1.75; 1.58-1.75) than 

A. marxi (≥1.76; 1.76-1.91). Certain morphometrics have potential to be useful, though due to 

the amounts of variation, small number of specimens, and the small differences between species, 

no other are claimed to be significant at this time (see Appendix 2). During evaluation of 

traditional two-dimensional PCA morphospace and three-dimensional PCA morphospace 

(PC1~PC2~PC3), males of A. mareki separate from A. chalcodes and A. marxi along PC1~2, but 

do not separate from A. paloma, A. parvum, A. prenticei, A. saguaro, or A. superstitionense. 

Male A. mareki separate from all compared species except A. parvum and A. saguaro in three-

dimensional morphospace. Female A. mareki separate from A. chalcodes, A. marxi, and A. 

paloma, but do not separate from A. parvum, A. prenticei, A. saguaro, or A. superstitionense in 

two-dimensional morphological space, yet when three-dimensional morphospace is plotted, A. 

mareki separates from A. chalcodes, A. marxi, and A. parvum, but not A. paloma, A. prenticei, A. 

saguaro or A. superstitionense. PC1, PC2, and PC3 explain ≥98% of the variation in all analyses. 

 Mitochondrial DNA (CO1) identifies A. mareki as a polyphyletic group with some 

members grouping with the A. superstitionense lineage (Fig. 7). Both species were previously 

identified as putative novel species (Hamilton et al. 2014). Nuclear DNA identifies what we feel 

is a more accurate evolutionary history of the A. mareki lineage and highlights how CO1 is not 

effective at accurately delimiting species boundaries within this group possibly due to 

mitochondrial introgression. 

 

Aphonopelma marxi (Simon, 1891) 

Figures 88-92 

 

Eurypelma marxi Simon, 1891: 324; no original labeled types known to exist; male neotype 

designated (Prentice 1997) from Punta del Aqua, Torrance Co., New Mexico, 34.600061 -

106.283907 5, elev. 6576ft., unknown collecting date, coll. Geo. Marx; deposited in NMNH. 

Delopelma marxi Petrunkevitch, 1939: 252. 

Delopelma simulatum Chamberlin and Ivie, 1939: 8. 

Aphonopelma (Delopelma) simulatum Chamberlin, 1940: 26. 

Rhechostica marxi Raven, 1985: 149. 
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Rhechostica simulatum Raven, 1985: 149. 

Aphonopelma marxi Smith, 1995: 119.  

Aphonopelma simulatum Smith, 1995: 144. synonymized by Prentice (1997) 

Aphonopelma marxi Prentice, 1997: 147. 

 

Aphonopelma behlei Chamberlin, 1940: 26; male holotype and male paratype from Grand 

Canyon Village, Coconino Co., Arizona, 36.054444 -112.140111 4, elev. 6882ft., 15.ix.1939, coll. 

Dr. W.H. Behle; deposited in AMNH. [examined] 

Rhechostica behlei Raven, 1985: 149. 

Aphonopelma behlei Smith, 1995: 76. syn. n. 

 

Aphonopelma vogeli Smith, 1995: 154; male holotype from Aztec, San Juan Co., New Mexico, 

36.822226 -107.992846 6, elev. 5657ft., 20.x.1982, coll. W.A. Drew; deposited in Oklahoma 

State University collection [presumed lost] 

Aphonopelma vogelae - male neotype designated (APH_1431) from 0.4 miles E. CR-7635 along 

dirt road, San Juan Co., New Mexico, 36.28073 -107.8757 2, elev. 6721ft., 4.xi.2011, coll. 

Amber Williams; deposited in AUMNH. [examined] syn. n. 

 

 Diagnosis. Aphonopelma marxi (Fig. 88) is a member of the Marxi species group and can 

be identified by a combination of morphological, molecular, and geographic characteristics. 

Nuclear and mitochondrial DNA identifies A. marxi as a strongly supported monophyletic 

lineage (Figs. 7-8). Aphonopelma marxi is morphologically most similar to species in the 

Madrean sky island but has a different distribution. This species can easily be differentiated from 

syntopic species due to its black (or faded black) color, overall hirsute appearance, size, and 

habitat. The most significant measurement that distinguishes male A. marxi from its closely 

related phylogenetic and syntopic species is M1. Male A. marxi can be distinguished by 

possessing a larger F1/M1 (≥1.69; 1.69-1.94) than A. chalcodes (≤1.36; 1.11-1.36), A. hentzi 

(≤1.47; 1.32-1.47), A. mareki sp. nov. (≤1.58; 1.41-1.58), and A. vorhiesi (≤1.63; 1.25-1.63). The 

most significant measurement that distinguishes female A. marxi from its closely related 

phylogenetic and syntopic species is F1. Female A. marxi can be distinguished by possessing a 

larger F1/M3 (≥1.76; 1.76-1.91) than A. chalcodes (≤1.66; 1.41-1.66), A. hentzi (≤1.61; 1.44-
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1.61), and A. mareki (≤1.75; 1.58-1.75); and a larger F1/T4 (≥1.32; 1.32-1.43) than A. vorhiesi 

(≤1.25; 1.17-1.25). 

 

 Description. Male originally described by Simon (1891). No labeled types were known 

to exist. Two specimens from the Geo. Marx collection are now deposited in the USNM: a male 

non-type from the San Bernardino Mountains, California and a male non-type from Punta del 

Aqua, Torrance Co., New Mexico. Prentice (1997) examined the non-types and designated the 

New Mexico male as the neotype. 

 

 Redescription of male exemplar (APH_1396; Fig. 89). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Black and 

faded black. Cephalothorax: Carapace 9.50 mm long, 8.98 mm wide; Very hirsute; densely 

clothed with black, slightly iridescent, pubescence mostly appressed to surface; fringe covered in 

long setae not closely appressed to surface; foveal groove medium deep and straight; pars 

cephalica region rises gradually from foveal groove, gently arching anteriorly, reaches peak 

before ocular area; AER very slightly procurved - mostly straight, PER recurved; normal sized 

chelicerae; clypeus slightly extends forward on a curve; LBl 1.228, LBw 1.376; sternum very 

hirsute, clothed with black, densely packed setae. Abdomen: Densely clothed in short black 

pubescence with numerous longer red/orange setae interspersed; possessing a dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972). Legs: Very hirsute, particularly ventrally; 

densely clothed in black or faded black pubescence. Metatarsus I straight. F1 10.683; F1w 2.563; 

P1 3.868; T1 8.649; M1 6.048; A1 4.776; F3 7.862; F3w 2.353; P3 3.401; T3 5.858; M3 6.311; 

A3 5.758; F4 9.913; F4w 2.349; P4 3.494; T4 8.04; M4 8.761; A4 6.426; femur III is normal - 

not noticeably swollen or wider than other legs. All tarsi fully scopulate. Extent of metatarsal 

scopulation: leg III (SC3) = 66.3%; leg IV (SC4) = 46.5%. Five ventral megaspines on 

metatarsus III; eleven ventral megaspines on metatarsus IV; one large megaspine is present on 

the retrolateral tibia at the apex of the mating clasper; one large megaspine at the apex of the 

retrolateral branch of the mating clasper. Coxa I: Prolateral surface a mix of fine, hair-like and 
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thin tapered setae. Pedipalps: Very hirsute, particularly ventrally; densely clothed in the same 

setal color as the other legs; two megaspines on the prolateral tibia; PTl 6.409, PTw 2.11. When 

extended, embolus tapers and gently curves to the retrolateral side. 

 

 Variation (8). Cl 8.32-10.53 (9.348±0.24), Cw 8.03-10.55 (8.854±0.28), LBl 1.087-

1.397 (1.235±0.03), LBw 1.222-1.64 (1.446±0.05), F1 9.556-12.45 (10.532±0.36), F1w 1.957-

2.89 (2.444±0.11), P1 3.546-4.81 (3.896±0.15), T1 7.366-10.21 (8.463±0.3), M1 4.912-7.33 

(5.847±0.26), A1 4.61-6.05 (5.051±0.17), L1 length 30.157-40.85 (33.79±1.2), F3 7.184-9.23 

(7.864±0.24), F3w 2.12-2.67 (2.315±0.06), P3 2.768-3.66 (3.179±0.11), T3 5.386-7.37 

(5.985±0.22), M3 5.247-7.27 (6.183±0.23), A3 4.902-5.964 (5.421±0.14), L3 length 26.005-

33.32 (28.632±0.86), F4 8.677-11.04 (9.536±0.28), F4w 2.04-2.79 (2.268±0.09), P4 2.943-4.11 

(3.398±0.13), T4 7.058-9.39 (8.073±0.25), M4 7.548-9.74 (8.539±0.24), A4 5.573-6.80 

(6.247±0.15), L4 length 32.388-41.08 (35.791±1), PTl 5.663-6.774 (6.152±0.13), PTw 1.94-2.49 

(2.134±0.06), SC3 ratio 0.524-0.668 (0.605±0.02), SC4 ratio 0.38-0.465 (0.411±0.01), Coxa I 

setae = thin tapered, F3 condition = normal. 

 

 Description of female exemplar (APH_0452; Figs. 90-91) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Black/faded black. 

Cephalothorax: Carapace 15.30 mm long, 14.04 mm wide; Very hirsute, densely clothed with 

black/faded black, slightly iridescent, pubescence closely appressed to surface; fringe densely 

covered in longer setae; foveal groove medium deep and straight; pars cephalica region gently 

rises from thoracic furrow, arching anteriorly toward ocular area; AER very slightly procurved, 

PER very slightly recurved; robust chelicerae, clypeus straight; LBl 1.74, LBw 2.09; sternum 

very hirsute, clothed with long black/faded black setae. Abdomen: Densely clothed dorsally in 

short black setae with numerous longer, lighter setae interspersed (generally red or orange in 

situ); dense dorsal patch of black Type I urticating bristles (Cooke et al. 1972); ventral side with 

shorter black setae. Spermathecae: Paired and separate, short, tapering and curving medially 
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towards capitate bulbs, with wide bases that are not fused. Legs: Very hirsute, particularly 

ventrally; densely clothed in medium and long black pubescence, with longer setae colored 

similarly as the long abdominal setae; F1 12.84; F1w 4.33; P1 6.29; T1 10.29; M1 6.88; A1 6.58; 

F3 10.16; F3w 3.56; P3 5.04; T3 7.18; M3 6.72; A3 6.54; F4 11.94; F4w 3.77; P4 5.21; T4 9.54; 

M4 9.66; A4 7.51. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 

70.0%; leg IV (SC4) = 50.6%. Three ventral megaspines on metatarsus III; seven ventral 

megaspines on metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and 

tapered/medium tapered setae. Pedipalps: Densely clothed in the same setal color as the other 

legs; one megaspine on the apical, prolateral femur and two megaspines on the prolateral tibia. 

 

 Variation (5). Cl 13.49-15.30 (14.454±0.34), Cw 12.85-15.02 (13.714±0.38), LBl 1.49-

2.27 (1.86±0.13), LBw 1.95-2.31 (2.148±0.07), F1 11.48-13.62 (12.498±0.36), F1w 3.68-4.47 

(4.004±0.16), P1 5.24-6.76 (5.95±0.26), T1 9.17-10.91 (9.914±0.31), M1 6.22-7.23 (6.76±0.16), 

A1 5.58-7.13 (6.276±0.27), L1 length 37.69-44.70 (41.398±1.17), F3 8.87-10.83 (9.832±0.32), 

F3w 2.94-4.06 (3.39±0.2), P3 4.36-5.54 (4.912±0.19), T3 6.36-7.93 (6.958±0.28), M3 6.49-7.30 

(6.818±0.14), A3 5.45-6.66 (6.182±0.23), L3 length 31.67-38.0 (34.702±1.04), F4 10.85-13.28 

(11.936±0.4), F4w 3.36-3.81 (3.566±0.1), P4 4.35-5.50 (4.936±0.21), T4 8.64-9.54 (9.146±0.18), 

M4 8.71-10.69 (9.734±0.32), A4 6.18-7.61 (7.124±0.28), L4 length 38.73-46.55 (42.876±1.26), 

SC3 ratio 0.597-0.74 (0.674±0.02), SC4 ratio 0.339-0.51 (0.438±0.04), Coxa I setae = 

tapered/medium tapered. Spermathecae variation can be seen in Figure 91. 

 

Material Examined: United States: Arizona: Apache: 0.75 miles NE Hwy-191 on Hwy-61, 

34.908575 -109.227341 1, 6251ft., [APH_1408, 9/10/2011, 1♂, Brent E. Hendrixson, Thomas 

Martin, AUMNH]; 9.5 miles N Hwy-61 on Hwy-191, 35.030934 -109.254585 1, 6415ft., 

[APH_1423, 12/10/2011, 1 juv, Brent E. Hendrixson, Thomas Martin, AUMNH]; Ganada, 

35.711279 -109.542049 5, 6398ft., [APH_2576, 5/10/1962, 1♂, Charles Supplee, AMNH]; 

Navajo Indian Reservation, Chuska Mtns, Roof Butte, 2.8 miles on IR-68/road to Roof Butte 

lookout tower from IR-13, 36.45784722 -109.0942889 1, 9304ft., [APH_0452, 30/8/2008, 1♀, 

Zach Valois, AUMNH]; Coconino: 1 mile north of Cosimo and east of Flagstaff, 35.237379 -

111.465593 5, 6348ft., [APH_2514, 1/11/1978, 1♂, B. and M.W. Sanderson, AMNH]; 5 miles 

south of Lindbergh Spt. And south of Flagstaff on 89A, 35.010414 -111.738008 5, 5587ft., 
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[APH_2520, 19/10/1977, 1♂, B. and M.W. Sanderson, AMNH]; FH-3 (Lake Mary Road) south 

of Flagstaff, 35.132647 -111.612736 5, 6873ft., [APH_2516, 4/10/1977, 1♂, B. and M.W. 

Sanderson, AMNH]; Grand Canyon - river side, 36.091658 -112.131436 7, 3668ft., [APH_2522, 

25/10/1982, 1♂, V. Roth, AMNH]; Leupp Road (510) east of Flagstaff toward Doney Peak, 

35.304918 -111.20856 5, 5469ft., [APH_2519, 5/10/1977, 1♂, B. Sanderson, AMNH]; Northeast 

of Flagstaff about 1/4 mile east of Highway 89A on Leupp Road, 35.238083 -111.42633 5, 

6207ft., [APH_2530, 30/9/1977, 1♂, F.B. and M.W. Sanderson, AMNH]; Northeast of Flagstaff 

in pine-oak forest, 35.241395 -111.555125 6, 6824ft., [APH_2515, 24/9/1977, 1♂, B. and M.W. 

Sanderson, AMNH]; [APH_2517, 10/10/1977, 1♂, B. and M.W. Sanderson, AMNH]; On road 

north of Mormon Lake, 34.997156 -111.453915 5, 7175ft., [APH_2518, 9/10/1978, 1♂, B. and 

M.W. Sanderson, AMNH]; Schnebly Hill Road northeast of Sedona in pines north Highway 17, 

34.914247 -111.640255 5, 6506ft., [APH_2523, 21/10/1976, 1♂, M.W. Sanderson, AMNH]; 0.1 

miles NW Mormon Lake Rd on FS Rd 240, 34.946366 -111.490839 1, 7175ft., [APH_0764, 

6/10/2009, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; 0.54 miles E Spruce St on 

Hwy-180, 35.604503 -112.040946 1, 6126ft., [APH_0772, 7/10/2009, 1♂, Brent E. Hendrixson, 

Thomas Martin, AUMNH]; 0.63 miles W Spruce St on Hwy-180, 35.609818 -112.060954 1, 

6095ft., [APH_0773, 7/10/2009, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; 0.9 miles 

E Hwy-64/180 on FS Rd 320, 35.804115 -112.115103 1, 6185ft., [APH_0769, 7/10/2009, 1♂, 

Brent E. Hendrixson, Thomas Martin, AUMNH]; 1.1 miles S FS Rd 320 on Hwy-64/180, 

35.787285 -112.129924 1, 6095ft., [APH_0770-0771, 7/10/2009, 2♂, Brent E. Hendrixson, 

Thomas Martin, AUMNH]; 1.5 miles S Mormon Lake Rd on Lake Mary Rd, 34.962886 -

111.437062 1, 7298ft., [APH_1403-1404, 9/10/2011, 2♂, Brent E. Hendrixson, Thomas Martin, 

AUMNH]; 1.55 miles N FR-234 on Lake Mary Rd, 34.673922 -111.380134 1, 6893ft., 

[APH_1406, 9/10/2011, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; 1.66 miles W 

Lake Mary Rd on Mormon Lake Rd, 34.983545 -111.474974 1, 7251ft., [APH_0765, 6/10/2009, 

1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; 2.33 miles N Mormon Lake Rd on Lake 

Mary Rd, 35.014623 -111.451737 1, 6910ft., [APH_0766-0767, 6/10/2009, 1♂, 1♀, Brent E. 

Hendrixson, Thomas Martin, AUMNH]; 3.5 miles north of Flagstaff on 89A, then 1 mile 

northeast on Land Fill road, 35.286659 -111.537408 5, 6726ft., [APH_2556, 21/10/1977, 1♂, 

M.W. Sanderson, AMNH]; 5.4 miles N Mormon Lake Rd on Lake Mary Rd, 35.056801 -

111.462549 1, 6913ft., [APH_0768, 6/10/2009, 1♂, Brent E. Hendrixson, Thomas Martin, 
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AUMNH]; 6 miles north of Flagstaff-east of Highway 89A, 35.286052 -111.534536 5, 6739ft., 

[APH_2558, 4/10/1977, 1♂, B. and M.W. Sanderson, AMNH]; 8 miles north of Flagstaff on 

89A, 35.270113 -111.545071 5, 6732ft., [APH_2545, 5/11/1977, 1♂, B. and M.W. Sanderson, 

AMNH]; along FR-47 near Kaibab Lake, 35.276468 -112.156744 1, 6885ft., [APH_1427, 

15/10/2011, 1♂, Brent E. Hendrixson, Krissy E. Rehm, AUMNH]; along FS-126, 34.982005 -

111.27115 2, 6382ft., [APH_0750, 20/9/2009, 1♂, Tyler P. McKee, AUMNH]; Disc Cave, 

35.246593 -111.746956 5, 7690ft., [APH_2054, 1/11/1953, 1♂, R. deSaussure, AMNH]; E of 

junction of I-17 and Rocky Park Road, 34.808426 -111.598321 5, 6463ft., [AUMS_2274, 

12/1991, 1♀, Chuck Kristensen, AUMNH]; east side of Upper Lake Mary, 35.048834 -

111.456544 5, 6860ft., [APH_2563, 9/10/1978, 1♂, B. and M.W. Sanderson, AMNH]; Grand 

Canyon, 36.090161 -112.123683 7, 3540ft., [APH_2592, 3/10/1935, 1♂, unknown, AMNH]; 

Grand Canyon National Park, South Rim Trail, 36.060569 -112.124309 1, 6987ft., [APH_1425-

1426, 14/10/2011, 1♂, 1♀, Brent E. Hendrixson, Krissy E. Rehm, AUMNH]; Grand Canyon 

Village, 36.054444 -112.140111 5, 6880ft., [APH_2047, 15/9/1939, 1♂, W.H. Behle, AMNH]; 

Grand Canyon - Colorado river side, 36.090969 -112.128235 7, 3675ft., [APH_2564, 23/10/1982, 

1♂, V. Roth, AMNH]; Grand Canyon, S rim, 5.5 miles E of Hwy 64/180 off Hwy 64, 36.006329 

-112.03996 5, 7160ft., [AUMS_2270, 7/10/1995, 1♀, T.R. Prentice, AUMNH]; Grand Canyon, S. 

Rim - 7.7 E of Hwy 64/180 jct off Hwy 64, 35.993894 -112.02127 4, 7370ft., [AUMS_2393, 

6/10/1996, 1♂, T.R. Prentice, AUMNH]; Grand Canyon, S. Rim 5.7 E of Hwy 64/180 jct, 

35.996859 -112.032781 5, 7295ft., [AUMS_2291, 6/10/1996, 1♂, T.R. Prentice, AUMNH]; 

Highway 180, 0.1 miles E of marker 258, 35.59363 -112.000625 4, 6280ft., [AUMS_2271, 

17/10/1998, 1♂, T.R. Prentice, AUMNH]; Highway 180, 1.6 miles E of marker 258, 35.594031 -

112.000933 5, 6280ft., [AUMS_2269, 17/10/1998, 1♂, T.R. Prentice, AUMNH]; Hwy 64, 1.5 

miles S of Hwy 64 and 180 junction, 36.050233 -112.067007 4, 6033ft., [AUMS_3290, 

18/10/1998, 1♀, T.R. Prentice, AUMNH]; just east of Lake Mary Rd on unnamed Forest Rd, 

34.695292 -111.372356 1, 6908ft., [APH_1405, 9/10/2011, 1♀, Brent E. Hendrixson, Thomas 

Martin, AUMNH]; Kaibab Lake, 0.5 miles W of Hwy 64, 0.75 miles N of I-40, 35.27411 -

112.157105 4, 6933ft., [AUMS_2275, 22/10/1999, 1♂, T.R. Prentice, AUMNH]; Kaibab 

National Forest, along Benham Trail, 35.203242 -112.179256 1, 7307ft., [APH_1428, 

15/10/2011, 1♂, Brent E. Hendrixson, Krissy E. Rehm, AUMNH]; Lake Mary Rd, along Lower 

Lake Mary, 35.086973 -111.533713 1, 6773ft., [APH_1529, 4/10/2012, 1♂, Brent E. Hendrixson, 
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AUMNH]; Lake Mary Rd, near Jct with CR-209, 34.976885 -111.446262 1, 7126ft., [APH_1530, 

4/10/2012, 1♂, Brent E. Hendrixson, AUMNH]; Lakeview Trail at Double Springs Campground, 

34.940291 -111.493418 1, 7213ft., [APH_0509-0510, 20/5/2009, 2 juv, Brent E. Hendrixson, 

Bernadette DeRussy, Sloan Click, AUMNH]; Leupp Road (510) west of Doney Park, 35.23797 -

111.426361 5, 6207ft., [APH_2562, 9/10/1977, 1♂, B. and M.W. Sanderson, AMNH]; 

[APH_2571, 9/10/1977, 1♂, B. Sanderson, AMNH]; Leupp Road east of Flagstaff, 4 miles west 

of turnoff to Leupp, 35.299775 -111.028763 5, 4767ft., [APH_2569, 8/10/1977, 1♂, B. and M.W. 

Sanderson, AMNH]; Lower Lake Mary, Lake Mary Rd., 0.75-1 mile N of dividing dam, 

35.094464 -111.542495 4, 6840ft., [AUMS_2280, 8/10/1995, 1♀, T.R. Prentice, AUMNH]; 

Lower Lake Mary, Lake Mary Rd., S of dividing dam, 35.08059 -111.5309 6, 6826ft., 

[AUMS_2282, 22/10/1995, 1♂, T.R. Prentice, AUMNH]; Mogollon Rim, along Hwy-260, E of 

Payson, 34.29877 -110.86005 5, 7574ft., [APH_0171-0172, unknown, 2 juv, Brandon Anderson, 

AUMNH]; Munds Park, along Pinewood Blvd between Maverick Circle and Stallion Circle, 

34.939587 -111.629052 1, 6639ft., [APH_0763, 6/10/2009, 1♂, Brent E. Hendrixson, Thomas 

Martin, AUMNH]; NE Flagstaff in Ponderosa pine-oak forest, 35.33044 -111.52799 6, 6801ft., 

[AUMS_3350, 5/10/1978, 1♂, Mary Lou Olivier, AUMNH]; near entrance to Lindbergh Spring 

on Highway 89A - a few miles south of Flagstaff, 35.108374 -111.722211 5, 6919ft., [APH_2512, 

28/9/1977, 1♂, B. and M.W. Sanderson, AMNH]; NE of Flagstaff in pine-oak forest, 35.254193 

-111.566811 6, 7005ft., [APH_2541, 4/11/1977, 1♂, Mary Lou Olivier, AMNH]; NE of Flagstaff 

on Leupp road between 89A and Lindsey Road, 35.318653 -111.250668 5, 5607ft., [APH_2557, 

4/10/1977, 1♂, B. and M.W. Sanderson, AMNH]; NE of Flagstaff on Lindsey Road off of Leupp 

Road, 35.241864 -111.553488 5, 6811ft., [APH_2572, 28/9/1977, 1♂, Palmer Child, AMNH]; 

Oak Creek Canyon at Slide Rock, 34.944142 -111.752462 5, 4944ft., [APH_2574, 7/10/1977, 1♂, 

B. and M.W. Sanderson, AMNH]; Oak Creek Canyon- 3 miles south of Pine Flat campground, 

34.994615 -111.737614 5, 5443ft., [APH_2573, 9/10/1977, 1♂, B. and M.W. Sanderson, 

AMNH]; off SR-260, unmarked forest road, 34.48289 -111.45219 1, 7043ft., [APH_0302, 

7/10/2007, 1♀, Zach Valois, AUMNH]; on FH-3, 0.5 miles south of Upper Lake Mary dam, 

35.078386 -111.529309 5, 6844ft., [APH_2560, 9/10/1978, 1♂, B. and M.W. Sanderson, 

AMNH]; on FH-3, 1/2 mile south of curve to Mormon Lake Village, 34.897979 -111.438392 5, 

7310ft., [APH_2546, 9/11/1978, 1♂, B. and M.W. Sanderson, AMNH]; on FH-3, 13.5 miles 

north of Highway 87, 34.858355 -111.437038 5, 7392ft., [APH_2566, 31/10/1978, 1♂, B. and 
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M.W. Sanderson, AMNH]; on FH-3, 4 miles north of Upper Lake Mary dam, 35.095012 -

111.544621 5, 6864ft., [APH_2537, 9/11/1978, 1♂, B. and M.W. Sanderson, AMNH]; on FH-3, 

5 miles south of Upper Lake Mary dam, 35.06553 -111.506179 5, 6844ft., [APH_2536, 

9/11/1978, 1♂, B. and M.W. Sanderson, AMNH]; on FH-3, east of Upper Lake Mary, north of 

Mormon Lake Village, 35.022747 -111.452029 5, 6909ft., [APH_2561, 12/11/1977, 1♂, B. and 

M.W. Sanderson, AMNH]; [APH_2570, 12/11/1977, 1♂, B. and M.W. Sanderson, AMNH]; on 

FH-3, near Upper Lake Mary, 35.032127 -111.453127 5, 6890ft., [APH_2542, 9/11/1978, 1♂, B. 

and M.W. Sanderson, AMNH]; on road north of Flagstaff near Buffalo Park, 35.21067 -

111.633677 5, 7090ft., [APH_2568, 4/10/1977, 1♂, M.W. Sanderson, AMNH]; on road to 

Mormon Lake Village-west of FH-3, 34.901168 -111.444089 5, 7234ft., [APH_2565, 9/10/1978, 

1♂, B. and M.W. Sanderson, AMNH]; on road west of Mormon Lake, 34.937277 -111.48767 5, 

7198ft., [APH_2544, 9/11/1978, 1♂, B. and M.W. Sanderson, AMNH]; Ponderosa pine-oak 

forest northeast of Flagstaff, 35.291744 -111.487715 6, 6598ft., [APH_2559, 10/10/1978, 1♂, B. 

and M.W. Sanderson, AMNH]; S Rim of Grand Canyon, 4.2 miles E of Hwy 180 and Ring Rd 

junction, 36.005413 -112.046599 4, 7258ft., [AUMS_2288, 5/10/1996, 1♂, T.R. Prentice, 

AUMNH]; S rim of Grand Canyon, BLM road between Grandview and Moran Points, 

35.975297 -111.94644 6, 7124ft., [AUMS_2266, 21/9/1989, 1♂, T.R. Prentice, AUMNH]; 

Schnebly Hill Road, 34.867375 -111.746206 5, 4495ft., [APH_2538, 27/11/1978, 1♂, B. and 

M.W. Sanderson, AMNH]; south of Flagstaff on FH-3 (Lake Mary Road), 35.137983 -

111.644481 5, 6969ft., [APH_2547, 4/11/1977, 1♂, B. and M.W. Sanderson, AMNH]; Tusayan - 

jct. rd. 302, 35.926944 -112.048164 5, 6840ft., [AUMS_2392, 21/10/1999, 1♂, T.R. Prentice, 

AUMNH]; Tusayan, 0.7 miles E of Hwy 64/180 on FR302, 35.967188 -112.115484 4, 6701ft., 

[AUMS_2279, 21/10/1999, 1♀, T.R. Prentice, AUMNH]; Tusayan, 2.1 miles E of Hwy 64/180 

on FR302, 35.954709 -112.091883 4, 6754ft., [AUMS_2283, 6/10/1996, 1 juv, T.R. Prentice, 

AUMNH]; Tusayan, 4.6 miles SE on Rd 302, 1 mile W off 302 on dirt road, 35.9315 -

112.076389 4, 6805ft., [AUMS_2618, 13/10/2001, 2♂, T.R. Prentice, AUMNH]; Tusayan, 

campsite 1/2 mile N, 35.980154 -112.121266 5, 6660ft., [AUMS_2286, 6/10/1996, 1♀, T.R. 

Prentice, AUMNH]; Tusayan, campsite 5 miles E of town, 35.930788 -112.056647 4, 6812ft., 

[AUMS_2284, 5/10/1996, 1♂, T.R. Prentice, AUMNH]; Tusayan, Hwy 180/64, 1.2 miles E of 

Tusayan on Rd. 302, 35.963569 -112.106672 4, 6729ft., [AUMS_2292, 7/10/1995, 1♂, T.R. 

Prentice, AUMNH]; Upper Lake Mary, Lake Mary Road- 0.2 miles S of Marshall Lake Road, 
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35.090485 -111.53677 4, 6842ft., [AUMS_2273, 22/10/1995, 1♀, T.R. Prentice, AUMNH]; 

[AUMS_2287, 22/10/1995, 1♀, T.R. Prentice, AUMNH]; Upper Lake Mary, Lake Mary Road- 

0.25 miles S of Marshall Lake Road, 35.089915 -111.535904 4, 6845ft., [AUMS_2277, 

22/10/1995, 1♀, T.R. Prentice, AUMNH]; [AUMS_2290, 22/10/1995, 1♀, T.R. Prentice, 

AUMNH]; Upper Lake Mary, Lake Mary Road- 2 miles S of boat landing, 35.05728 -

111.471341 4, 6840ft., [AUMS_2276, 8/10/1995, 1♂, T.R. Prentice, AUMNH]; Upper Lake 

Mary, Lake Mary Road- directly across rd. L.M. boat landing, 35.072195 -111.522194 4, 6847ft., 

[AUMS_2289, 22/10/1995, 1♂, T.R. Prentice, AUMNH]; Upper Lake Mary, Lake Mary Road, 

0.5 miles S of northern boat landing, 35.067884 -111.513956 4, 6851ft., [AUMS_3292, 

8/10/1995, 1♂, T.R. Prentice, AUMNH]; Upper Lake Mary, Lake Mary Road, just S of northern 

L. M. boat landing, 35.070238 -111.520417 5, 6843ft., [AUMS_2466, 8/10/1995, 1♂, T.R. 

Prentice, AUMNH]; Upper Lake Mary, S end of lake (Tusayan), 35.043271 -111.465698 5, 

6860ft., [AUMS_2659, 17/10/1998, 1♂, T.R. Prentice, AUMNH]; W. side of San Francisco 

Mountain (near Sugarloaf Mtn), 35.342816 -111.737946 6, 8510ft., [APH_2049, 4/10/1970, 1♂, 

R.H. Russell, AMNH]; West of Mormon Lake on road, 34.915288 -111.470848 5, 7123ft., 

[APH_2502, 9/10/1978, 1♂, W. S and BBS, AMNH]; Gila: along FR-512, 34.19 -110.7925 2, 

6600ft., [APH_1239-1241, 24/10/2010, 3♂, Tyler P. McKee, AUMNH]; [APH_1246-1247, 

24/10/2010, 1♀, 1♂, Tyler P. McKee, AUMNH]; Mazatzal Mtns, Four Peaks, Pigeon Spring Rd. 

junction, 33.72156 -111.33753 1, 5780ft., [APH_0296, 6/10/2007, 1 juv, Zach Valois, AUMNH]; 

Mount Ord, 33.908542 -111.406922 1, 6864ft., [APH_1533, 4/10/2012, 1 juv, Brent E. 

Hendrixson, AUMNH]; Strawberry, 34.444717 -111.453017 6, 7079ft., [APH_0878-0879, 2007, 

2 juv, Josh Richards, AUMNH]; [APH_0882, 2007, 1♀, Josh Richards, AUMNH]; Maricopa: 

Mount Ord, 33.91722 -111.40972 5, 6338ft., [APH_0137, unknown, 1 juv, David Kandeyeli, 

AUMNH]; Navajo: 0.55 miles W Hwy-260 on unmarked Forest Rd, 34.430555 -110.652986 1, 

6827ft., [APH_1407, 9/10/2011, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; 1.35 

miles SW Apache County Line on Elmer's Way, 34.212947 -109.869137 1, 7020ft., [APH_1424, 

12/10/2011, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; Heber, 34.435921 -

110.599701 5, 6575ft., [APH_2053, 18/10/1950, 1♂, G.M. Bradt, AMNH]; Yavapai: 1005 N 

Zuni Ln, Prescott, 34.55229 -112.26907 2, 4738ft., [APH_0030, 23/10/2005, 1♂, Shane Yoder, 

AUMNH]; 2.1 miles of junction Copper Basin Rd./89a S along Hwy 89, 34.499381 -112.480383 

4, 5801ft., [AUMS_2522, 17/11/1987, 1♂, F.C. Baptista, AUMNH]; Bradshaw Mtns, 34.41407 -



	   292 

112.403407 6, 7480ft., [AUMS_3294, unknown, 1♀, unknown, AUMNH]; Bradshaw Mtns, 

above Crown King, 34.223851 -112.319382 6, 6074ft., [AUMS_2268, 22/9/1990, 1♂, T.R. 

Prentice, AUMNH]; Bradshaw Mtns, Coal Camp Spring, 34.152809 -112.273775 6, 6192ft., 

[AUMS_2249, 19/9/1992, 1♂, T.R. Prentice, AUMNH]; Bradshaw Mtns, Lane Mtn. area, 

eastern slope - power line, 34.156773 -112.316443 6, 6703ft., [AUMS_2389, 21/9/1990, 1♂, T.R. 

Prentice, AUMNH]; Crown King by Ranger Station, 34.210431 -112.336055 6, 5721ft., 

[AUMS_2281, 25/10/1992, 1♀, Fred Jenson, AUMNH]; [AUMS_2634, 24/10/1992, 1♂, Fred 

Jenson, AUMNH]; Crown King ranger station, 34.206888 -112.34151 5, 5885ft., [AUMS_3276, 

19/10/1992, 1♀, Fred Jenson, AUMNH]; [AUMS_3287, 18/9/1992, 1♂, unknown, AUMNH]; 

Granite Basin Rd, near Prescott, 34.613078 -112.543108 2, 5624ft., [APH_1608-1611, 

12/10/2012, 4♂, Tim Cota, AUMNH]; Ranger Station, Bradshaw Mtns, 34.468075 -112.514445 

7, 5884ft., [AUMS_2207, 18/9/1992, 1♂, T.R. Prentice, AUMNH]; Seligman, 0.75 miles from I-

40 BI on CR-5, 35.313373 -112.86772 1, 5225ft., [APH_1429, 15/10/2011, 1♂, Brent E. 

Hendrixson, Krissy E. Rehm, AUMNH]; Seligman, along CR-5, 35.295749 -112.867876 1, 

5211ft., [APH_1544, 23/10/2012, 1♂, Brent E. Hendrixson, AUMNH]; Colorado: Archuleta: 6 

miles S Hwy 160 on Cat Creek Rd, 37.15957 -107.16641 5, 6953ft., [APH_0009, 8/10/2004, 1♂, 

Rich Fuller, AUMNH]; Conejos: along Hwy-142, 37.17546 -105.849954 1, 7750ft., 

[APH_1526-1527, 2/10/2012, 2♂, Brent E. Hendrixson, AUMNH]; Dolores: 0.25 miles NW 

CR-N on Hwy-491 (Hwy-666), 37.700308 -108.836649 1, 6673ft., [APH_1412, 10/10/2011, 1♂, 

Brent E. Hendrixson, Thomas Martin, AUMNH]; 0.6 miles E CR-15 on Rd N, 37.70015 -

108.76392 2, 7005ft., [APH_1238, 17/10/2010, 1♂, Bob De Groff, AUMNH]; 10 miles SE Dove 

Creek, 0.5 miles E CR 15 on Rd N, 37.69978 -108.76347 4, 7028ft., [APH_0787, 8/10/2009, 1♂, 

Robert De Groff, AUMNH]; 11 miles SE Dove Creek, 37.639983 -108.80134 2, 6744ft., 

[APH_1433, 4/11/2011, 1♂, Bob De Groff, AUMNH]; Dove Creek, 37.7661 -108.905939 5, 

6861ft., [AUMS_2632, 8/10/2002, 1♂, Dessie Watson and La Veta Martin, AUMNH]; 

[AUMS_2640, 28/10/2001, 1♂, Emullest, AUMNH]; [AUMS_2657, 4/10/2002, 1♂, E & R 

Summers, AUMNH]; [AUMS_2658, 30/9/2002, 1♀, E & J Crawford, AUMNH]; [AUMS_2661, 

25/10/2001, 1♂, Jake Holley, AUMNH]; [AUMS_2662, unknown, 1♂, unknown, AUMNH]; 

[AUMS_2663, 7/10/2001, 1♂, unknown, AUMNH]; [AUMS_2665, 9/10/2002, 1♂, J. Fury, 

AUMNH]; [AUMS_2666, 28/10/2001, 1♂, Glenda Holley, AUMNH]; [AUMS_2656, 9/10/2002, 

1♀, Jeff Martinez and Buddy Banks, AUMNH]; Montezuma: Town of Cortez, 0.4 miles N CR-
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G on Creek 22.6, 37.31811 -108.62973 2, 5930ft., [APH_1237, 3/10/2010, 1♂, Bob De Groff, 

AUMNH]; Montrose: Nucla, 38.24624 -108.545593 5, 5840ft., [APH_2604, 8/10/1964, 1♂, L. 

Anderson, AMNH]; Nucla, 5 miles N CO-97, 38.26991 -108.54767 5, 5816ft., [APH_0008, 

9/10/2004, 1♂, Peggy Case, AUMNH]; New Mexico: Catron: 0.4 miles E Hwy-180 on Hwy-12, 

33.694408 -108.855012 1, 6344ft., [APH_1396, 6/10/2011, 1♂, Brent E. Hendrixson, Thomas 

Martin, AUMNH]; 0.7 miles E Hwy-180 on Hwy-12, 33.69624 -108.849978 1, 6312ft., 

[APH_1397, 6/10/2011, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; 11.4 miles N 

Hwy-12 on Hwy-32, 33.975757 -108.674004 1, 7560ft., [APH_1399, 6/10/2011, 1♂, Brent E. 

Hendrixson, Thomas Martin, AUMNH]; 3.8 miles E Hwy-180 on Hwy-12, 33.717351 -

108.803131 1, 6086ft., [APH_1398, 6/10/2011, 1 juv, Brent E. Hendrixson, Thomas Martin, 

AUMNH]; 9.1 miles S Hwy-60 on Hwy-32, 34.222511 -108.541725 1, 7299ft., [APH_1400, 

6/10/2011, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; Swingle Canyon Rd, 

34.179194 -107.896824 1, 7639ft., [APH_1534, 5/10/2012, 1♂, Brent E. Hendrixson, AUMNH]; 

Cibola: El Morro National Monument, along Hwy-53, 35.043388 -108.343568 1, 7182ft., 

[APH_1410, 9/10/2011, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; Grant: 3.6 miles 

E Hwy-15 on Hwy-35 (Ruins Vista Trail), 33.034239 -108.163433 1, 6165ft., [APH_1401, 

7/10/2011, 1 juv, Brent E. Hendrixson, Thomas Martin, AUMNH]; Gila National Forest, 

33.32663 -108.334031 6, 7802ft., [APH_2575, 20/8/1975, 1♂, Riectert, AMNH]; Meadow Creek, 

33.034779 -108.184903 5, 5928ft., [APH_2621, 16/10/1978, 1♂, MH♂, AMNH]; [APH_2634, 

4/12/1977, 1♂, M.H. Muma, AMNH]; Los Alamos: 0.45 miles SE Bandelier National 

Monument entrance on Hwy-4, 35.791144 -106.267812 1, 6614ft., [APH_1422, 11/10/2011, 1♂, 

Brent E. Hendrixson, Thomas Martin, AUMNH]; McKinley: Zuni, 0.44 miles W CR-8 on Hwy-

53, 35.068318 -108.859058 1, 6272ft., [APH_1409, 9/10/2011, 1♂, Brent E. Hendrixson, 

Thomas Martin, AUMNH]; Rio Arriba: 2.75 miles E CR-247 on Hwy-111/554, 36.349489 -

106.146003 1, 7122ft., [APH_1536, 6/10/2012, 1♂, Brent E. Hendrixson, AUMNH]; 2.8 miles S 

El Rito on Hwy-554, 36.304638 -106.183638 1, 6741ft., [APH_1535, 6/10/2012, 1♂, Brent E. 

Hendrixson, AUMNH]; Chama Canyon Road, 8 miles west of Hwy 84, 36.585467 -106.725334 5, 

6821ft., [APH_2051, 6/10/1963, 1♂, William A. Shean, AMNH]; Valencia Canyon, Carson 

National Forest, 36.5850096 -107.2461544 5, 6745ft., [APH_2050, 25/10/1963, 1♂, William A. 

Shean, AMNH]; [APH_2052, 26/10/1963, 1♂, William A. Shean, AMNH]; San Juan: 0.4 miles 

E CR-7635 along dirt road, 36.28073 -107.8757 2, 6721ft., [APH_1431-1432, 4/11/2011, 2♂, 
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Amber Williams, AUMNH]; along dirt road just W of Rio Arriba County line, 36.29967 -

107.63205 2, 7236ft., [APH_1430, 1/11/2011, 1♂, Amber Williams, AUMNH]; Sandoval: 

Jemez Springs, 35.768636 -106.692258 5, 6204ft., [APH_2320, unknown, 1♀, 1♂, Gertsch, 

AMNH]; Santa Fe National Forest, River's Bend Rec Area, off Hwy-4, 35.713267 -106.723601 1, 

5827ft., [APH_1524, 1/10/2012, 1♀, Brent E. Hendrixson, AUMNH]; [APH_1542, 7/10/2012, 1 

juv, Brent E. Hendrixson, AUMNH]; Taos: 10.4 miles SE Hwy-285 on Hwy-64, 36.582832 -

105.798461 1, 7388ft., [APH_1417, 11/10/2011, 1♀, Brent E. Hendrixson, Thomas Martin, 

AUMNH]; 2.4 miles SE Hwy-285 on Hwy-64, 36.632836 -105.927053 1, 7942ft., [APH_1413, 

11/10/2011, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; 2.87 miles E Hwy-285 on 

Hwy-567, 36.361557 -105.846664 1, 7057ft., [APH_1537, 6/10/2012, 1♂, Brent E. Hendrixson, 

AUMNH]; 3.7 miles E Rio Grande Gorge on Hwy-64, 36.465284 -105.66766 1, 7087ft., 

[APH_1421, 11/10/2011, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; 5.2 miles SE 

Hwy-285 on Hwy-64, 36.615257 -105.881934 1, 7708ft., [APH_1414, 11/10/2011, 1♂, Brent E. 

Hendrixson, Thomas Martin, AUMNH]; 7.5 miles N Hwy-64 on Hwy-285, 36.75308 -

105.982277 1, 8229ft., [APH_1525, 2/10/2012, 1♂, Brent E. Hendrixson, AUMNH]; 8.6 miles 

SE Hwy-285 on Hwy-64, 36.594161 -105.827864 1, 7502ft., [APH_1415-1416, 11/10/2011, 2♂, 

Brent E. Hendrixson, Thomas Martin, AUMNH]; along Hwy-64, 36.479505 -105.748914 1, 

6906ft., [APH_1539-1541, 6/10/2012, 3♀, Brent E. Hendrixson, AUMNH]; along Hwy-64, Taos 

Plateau Access Road, 36.561091 -105.769216 1, 7356ft., [APH_1528, 2/10/2012, 1♀, Brent E. 

Hendrixson, AUMNH]; Hwy-570 at the bottom of the Rio Grande Gorge, 36.319072 -

105.755713 1, 6388ft., [APH_1538, 6/10/2012, 1♂, Brent E. Hendrixson, AUMNH]; near jct. 

Sheep Herder Rd and Upper Rim Rd (0.9 miles W Rio Grande Gorge on Hwy-64), 36.480253 -

105.747771 1, 7031ft., [APH_1418-1420, 11/10/2011, 1♀, 2♂, Brent E. Hendrixson, Thomas 

Martin, AUMNH]; Utah: San Juan: along Mustang Rd, near Blanding, 37.676633 -109.403537 

1, 6478ft., [APH_1411, 10/10/2011, 1♂, Brent E. Hendrixson, Thomas Martin, AUMNH]; Black 

Ridge area, south of Moab, 38.389 -109.372 6, 6706ft., [APH_1444, 2/9/2011, 1♂, Corina Smith, 

AUMNH]. 

 

 Distribution and natural history. Aphonopelma marxi has a wide distribution across 

higher elevation areas of northern Arizona (Fig. 1 B), northwestern New Mexico, southwestern 

Colorado, and southeastern Utah (Fig. 92) in the following Level III Ecoregions: Arizona/New 
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Mexico Plateau, Arizona/New Mexico Mountains, Colorado Plateaus, and Southern Rockies. 

These tarantulas have been found in a variety of habitats including mixed conifer forests and 

sagebrush steppe. Aphonopelma marxi can be found syntopic with A. chalcodes and A. mareki. 

The breeding season, when mature males abandon their burrows in search of females, occurs 

during the fall (generally September–November). Additional details about the natural history of 

this species (discussed under the section on A. behlei) are provided by Smith (1995). 

 

 Conservation status. Aphonopelma marxi has a wide distribution across higher elevation 

habitats centered on the Four Corners region of Arizona, Colorado, New Mexico, and Utah. 

Some populations appear to be restricted to isolated mountains (e.g., Mount Ord) but are 

otherwise very common (but can be quite difficult to find due to the cryptic nature of their 

burrows). The species is likely secure. 

 

 Remarks. Because no labeled types existed, Prentice (1997) examined additional 

material at the NMNH and designated a neotype, a New Mexico male, based on measurements 

matching Simon’s (1891) original description. We use this designation as the basis for our 

definition of A. marxi. Efforts to locate the holotype of A. vogelae (from Aztec, New Mexico) in 

the Oklahoma State University collection were unsuccessful and the specimen is presumed lost 

(Richard Grantham pers. comm. 2013); the identity of this species, however, is not in question so 

we have designated a neotype from northwestern New Mexico (see above; deposited in 

AUMNH). We examined the holotype and freshly collected topotypic material of A. behlei as 

well as the neotype of A. vogelae. Our morphological and molecular analyses fail to recognize 

these two species as separate, independently evolving lineages. As a consequence, we consider A. 

behlei and A. vogelae junior synonyms of A. marxi. 

 Other important ratios that distinguish males: A. marxi possess a larger T1/M1 (≥1.39; 

1.39-1.52) than A. chalcodes (≤1.13; 0.99-1.13), A. hentzi (≤1.24; 1.08-1.24), A. mareki (≤1.33; 

1.26-1.33), A. vorhiesi (≤1.36; 1.09-1.36); by possessing a larger PTl/M3 (≥0.92; 0.92-1.16) than 

A. chalcodes (≤0.76; 0.65-0.76), A. hentzi (≤0.81; 0.71-0.81), A. mareki (≤0.92; 0.76-0.92), and 

A. vorhiesi (≤0.87; 0.71-0.87). Other important ratios that distinguish females: A. marxi possess a 

larger L1/L3 (≥1.17; 1.17-1.21) than A. hentzi (≤1.15; 1.07-1.15); by possessing a larger T1/T4 

(≥1.06; 1.06-1.14) than A. hentzi (≤1.05; 0.85-1.05), A. mareki (≤1.01; 0.94-1.01), and A. 
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vorhiesi (≤0.98; 0.93-0.98); by possessing a larger L4 scopulation extent (33%-51%) than A. 

mareki (21%-27%) and smaller than A. chalcodes (56%-81%). For both males and females, 

certain morphometrics have potential to be useful, though due to the amounts of variation, small 

number of specimens, and the small differences between species, no others are claimed to be 

significant at this time (see Appendix 2). During evaluation of traditional PCA morphospace, 

males of A. marxi separate in PCA morphological space from A. chalcodes, A. hentzi, A. mareki, 

A. peloncillo sp. nov., and A. vorhiesi but do not separate from the sky island species A. catalina 

sp. nov., A. chiricahua sp. nov., and A. madera sp. nov.. Female A. marxi separate from A. 

chalcodes, A. chiricahua, and A. mareki in morphological space, but do not separate from A. 

catalina, A. madera, A. hentzi, A. peloncillo, and A. vorhiesi. Interestingly, A. marxi males 

separate from A. catalina, A. chalcodes, A. hentzi, A. peloncillo, and A. vorhiesi in three-

dimensional PCA morphospace (PC1~PC2~PC3), but do not separate from A. chiricahua or A. 

madera. Aphonopelma marxi females separate from A. catalina, A. chalcodes, A. chiricahua, A. 

hentzi, A. mareki, A. peloncillo, but do not separate from A.  madera or A. vorhiesi. PC1, PC2, 

and PC3 explain ≥96% of the variation in all analyses. 

 

Aphonopelma moderatum (Chamberlin and Ivie, 1939) 

Figures 93-97; Appendix 4 

 

Delopelma moderatum Chamberlin and Ivie, 1939: 9; male holotype from 5 miles E of Rio 

Grande City, Starr Co., Texas, 26.342436 -98.728749 5, elev. 231ft., 1.v.1937, coll. S. Mulaik; 

deposited in AMNH. Paratype male from 32 miles SW of Laredo, Webb Co., Texas, 27.305342 -

100.013223 7, elev. 636ft., 10.iv.1936, coll. S. Mulaik; deposited in AMNH. [examined] 

Rhechostica moderatum Raven, 1985: 149. 

Aphonopelma moderatum Smith, 1995: 122. 

 

Aphonopelma heterops Chamberlin, 1940: 29; female syntypes from Edinburg, Hidalgo, Co., 

Texas, 26.30173 -98.16335 5, elev. 96ft., ix-xii.1933, coll. S. Mulaik; deposited in the AMNH. 

[examined] syn. n. 
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 Diagnosis. Aphonopelma moderatum (Fig. 93) is a member of the Moderatum species 

group can be identified by a combination of morphological, molecular, and geographic 

characteristics. Nuclear DNA identifies A. moderatum as a phylogenetically distinct 

monophyletic lineage (Fig. 8), supported as the sister lineage to A. gabeli and A. moellendorfi sp. 

nov. Females and subadult males are morphologically unique and can be readily identified by 

possessing an orange body disrupted by distinctly darkened (black or dark brown) banding on the 

patellae, metatarsi, and tarsi (Fig. 93). Aphonopelma moderatum can be distinguished from A. 

anax by the shapes of its spermathecae and palpal bulbs; from A. armada by lacking flared 

metatarsal scopulae and the unique pattern of setae on coxa I; and from A. gabeli and A. hentzi 

by phenotypic appearance. The most important measurement that distinguishes male A. 

moderatum from its closely related phylogenetic and syntopic species is the article M1. Male A. 

moderatum can be distinguished by possessing a larger M1/M4 (≥0.76; 0.76-0.81) than A. 

armada (≤0.73; 0.63-0.73), A. gabeli (≤0.74; 0.70-0.74), and A. hentzi (≤0.75; 0.67-0.75); by 

possessing a smaller CL/M1 (≤1.30; 1.13-1.30) than A. anax (≥1.36; 1.36-1.63) and A. armada 

(≥1.36; 1.36-1.47); and a smaller PTl/M1 (≤0.69; 0.61-0.69) than A. armada (≥0.73; 0.73-0.83) 

and A. hentzi (≥0.74; 0.74-0.88). There are no significant measurements that separate male A. 

moderatum from A. moellendorfi. Significant measurements that distinguish female A. 

moderatum from its closely related phylogenetic and syntopic species are Cl and T3. Female A. 

moderatum can be distinguished by possessing a smaller Cl/A3 (≤2.46; 2.36-2.46) than A. 

armada (≥2.48; 2.48-2.64); a smaller T3/T4 (≤0.70; 0.63-0.70) than A. gabeli (≥0.73; 0.73-0.79); 

and a smaller P1/T3 (≤13.12; 8.14-13.12) than A. anax (≥13.88; 13.88-19.15). There are no 

significant measurements that separate female A. moderatum from A. hentzi. Females of A. 

moellendorfi are unknown and cannot be compared. 

 

 Description. Male originally described by Chamberlin and Ivie (1939). 

 

 Redescription of male exemplar (APH_0890; Fig. 94). — Specimen preparation and 

condition: Specimen collected live from burrow, kept alive until mature, preserved in 80% 

ethanol; deposited in AUMNH; original coloration faded due to preservation. Left legs I, III, IV, 

and left pedipalp removed for measurements and photographs; stored in vial with specimen. 

Right leg III removed for DNA and stored at -80°C in the AUMNH (Auburn, AL). General 
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coloration: Generally black or faded to brown. Cephalothorax: Carapace 15.55 mm long, 13.92 

mm wide; densely clothed with black/brown iridescent pubescence appressed to surface; fringe 

covered in long setae not closely appressed to surface; foveal groove medium deep and straight; 

pars cephalica region rises gradually from foveal groove, gently arching anteriorly toward ocular 

area; AER slightly procurved, PER slightly recurved; normal sized chelicerae; clypeus extends 

forward on a curve; LBl 1.93, LBw 2.31; sternum hirsute, clothed with short length black, 

densely packed setae. Abdomen: Densely clothed in short black/brown pubescence with 

numerous longer, lighter setae interspersed (generally red or orange in situ); possessing a dense 

dorsal patch of black Type I urticating bristles (Cooke et al. 1972). Legs: Hirsute, particularly 

ventrally; densely clothed in a mix of short black/brown setae. Metatarsus I slightly arched. F1 

16.48; F1w 3.33; P1 6.42; T1 13.45; M1 12.91; A1 7.57; F3 13.5; F3w 3.72; P3 5.52; T3 10.78; 

M3 12.89; A3 7.51; F4 15.26; F4w 3.45; P4 5.83; T4 13.53; M4 16.91; A4 8.18; femur III is 

normal - not noticeably swollen or wider than other legs. All tarsi fully scopulate. Extent of 

metatarsal scopulation: leg III (SC3) = 65.6%; leg IV (SC4) = 31.3%. Two ventral megaspines 

on metatarsus III; seven ventral megaspines on metatarsus IV; one megaspine on the anterior 

margin of retrolateral tibia I. Coxa I: Prolateral surface a mix of fine, hair-like and tapered/thin 

tapered setae. Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, with 

numerous longer ventral setae; one megaspine at the apical, prolateral femur; one megaspine on 

the prolateral patella; five megaspines on the prolateral tibia; PTl 7.919, PTw 2.53. When 

extended, embolus tapers with a gentle curve to the retrolateral side near apex; embolus very 

slender, no keels; distinct dorsal groove where the bulb transitions to the embolus. 

 

 Variation (9). Cl 11.46-16.06 (14.409±0.52), Cw 9.49-14.51 (12.722±0.57), LBl 1.52-

1.99 (1.811±0.05), LBw 1.7-2.36 (2.019±0.09), F1 12.35-17.39 (15.218±0.51), F1w 2.66-3.84 

(3.453±0.12), P1 4.99-7.03 (6.133±0.23), T1 10.23-14.28 (12.43±0.43), M1 10.1-13.38 

(11.754±0.35), A1 6.29-7.76 (6.957±0.18), L1 length 43.96-59.84 (52.491±1.65), F3 10.11-

13.82 (12.24±0.43), F3w 2.88-4.21 (3.611±0.14), P3 4.17-6.13 (5±0.25), T3 7.62-10.88 

(9.55±0.41), M3 9.45-13.75 (11.829±0.44), A3 5.36-7.51 (6.729±0.24), L3 length 36.71-52.05 

(45.348±1.72), F4 11.54-16.23 (14.024±0.47), F4w 2.67-3.84 (3.347±0.14), P4 4.27-6.10 

(5.234±0.24), T4 9.97-13.53 (12.232±0.38), M4 12.82-17.54 (15.129±0.52), A4 6.62-8.18 

(7.478±0.21), L4 length 45.64-61.46 (54.098±1.77), PTl 6.258-8.692 (7.7±0.23), PTw 2.033-
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2.70 (2.441±0.07), SC3 ratio 0.481-0.782 (0.646±0.03), SC4 ratio 0.313-0.503 (0.411±0.02), 

Coxa 1 setae = tapered/thin tapered, F3 condition = normal/slightly swollen. 

 

 Description of female exemplar (APH_0532; Figs. 95-96) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Mostly appearing 

orange/brown with a mix of medium and longer length setae covering body, with black banding 

on the coxa, patella and metatarsi, and black tarsi. Cephalothorax: Carapace 15.6 mm long, 

13.01 mm wide; densely clothed with brown/orange pubescence closely appressed to surface; 

fringe densely covered in long setae; foveal groove medium deep and slightly procurved; pars 

cephalica region rises from thoracic furrow more steeply than male, gently arching anteriorly 

toward ocular area; AER slightly procurved, PER recurved; clypeus extends forward on a curve; 

LBl 1.98, LBw 2.37; sternum hirsute, clothed with short, black/brown setae. Abdomen: Densely 

clothed in short black pubescence and longer gold/orange setae; dense dorsal patch of black Type 

I urticating bristles (Cooke et al. 1972); ventral transition to black setae. Spermathecae: Paired 

and separate, quickly tapering to capitate bulbs, with wide bases that are fused. Legs: Hirsute, 

particularly ventrally; densely clothed in a mix of yellow/orange pubescence with numerous 

longer setae, and black setae forming bands (either complete or incomplete) around the patella, 

metatarsus, and tarsus. Coxa I: Prolateral surface a mix of fine, hair-like and tapered/thin tapered 

setae. F1 13.14; F1w 3.86; P1 5.74; T1 10.17; M1 8.26; A1 6.13; F3 10.15; F3w 3.62; P3 5.45; 

T3 7.38; M3 8.57; A3 6.41; F4 12.66; F4w 3.64; P4 5.6; T4 10.42; M4 11.91; A4 6.69. All tarsi 

fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 70.1%; leg IV (SC4) = 42.9%. 

One ventral megaspine on metatarsus III; four ventral megaspines on metatarsus IV. Pedipalps: 

Densely clothed in the same setal color and patterns as the other legs; one megaspine on the 

apical, prolateral femur, one megaspine on the prolateral patella, and five megaspines on the 

prolateral tibia. 
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 Variation (9). Cl 9.98-15.62 (12.719±0.67), Cw 8.33-13.47 (10.64±0.61), LBl 1.37-2.23 

(1.701±0.1), LBw 1.53-2.37 (1.914±0.1), F1 7.936-13.14 (10.457±0.6), F1w 2.497-3.98 

(3.17±0.17), P1 3.662-6.09 (4.812±0.28), T1 6.485-10.17 (8.135±0.4), M1 4.719-8.26 (6.4±0.4), 

A1 3.974-6.27 (5.317±0.25), L1 length 26.776-43.44 (35.122±1.9), F3 5.974-10.15 (8.053±0.51), 

F3w 2.164-3.62 (2.766±0.19), P3 2.982-5.45 (3.686±0.33), T3 4.486-7.38 (5.541±0.35), M3 

5.15-8.57 (6.447±0.45), A3 4.086-6.41 (5.171±0.32), L3 length 22.678-37.96 (28.898±1.92), F4 

7.761-12.66 (10.041±0.54), F4w 2.287-3.66 (2.976±0.16), P4 3.37-5.76 (4.291±0.29), T4 6.417-

10.42 (8.373±0.43), M4 7.353-11.91 (9.486±0.52), A4 4.808-6.91 (5.836±0.26), L4 length 

29.709-47.28 (38.028±2.01), SC3 ratio 0.657-0.736 (0.699±0.01), SC4 ratio 0.334-0.486 

(0.413±0.02), Coxa 1 setae = tapered/thin tapered. Spermathecae variation can be seen in Figure 

96. 

 

 Material Examined: United States: Texas: Dimmit: Picnic area 3 miles NW Catarina 

on US-83, 28.375443 -99.64811 1, 566ft., [APH_0471-0472, 11/4/2009, 2 juv, Brent E. 

Hendrixson, AUMNH]; Hidalgo: Edinberg, 26.290053 -98.155073 5, 92ft., [APH_2208, 12/1937, 

1♀, S. Mulaik, AMNH]; Jim Hogg: 1.4 miles W FM-649 on TX-16, 27.087044 -98.946036 1, 

594ft., [APH_1132, 16/3/2010, 1 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, 

AUMNH]; Kinney: 0.59 miles E US-277 on FM-693, 29.17044 -100.673259 1, 972ft., 

[APH_1163, 17/3/2010, 1 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; 

4.6 miles SW US-90 on FM-1572, 29.21789 -100.260058 1, 1002ft., [APH_1157-1160, 

17/3/2010, 4 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; 7.8 miles W 

Hwy-131 on Hwy-90 (W of Brackettville), 29.33578 -100.53469 2, 1075ft., [APH_1448, 

28/1/2012, 1 juv, Stanley A. Schultz, AUMNH]; Picnic area, 7.9 miles W FM-1572 on US-90, 

29.280556 -100.323946 1, 1074ft., [APH_0474-0475, 11/4/2009, 2 juv, Brent E. Hendrixson, 

AUMNH]; Maverick: 11.1 miles N Webb County Line on FM-1021, 28.303931 -100.219328 1, 

775ft., [APH_1140-1142, 16/3/2010, 3 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, 

AUMNH]; 4.55 miles S Kinney County Line on FM-1908, 29.020109 -100.569423 1, 913ft., 

[APH_1161-1162, 17/3/2010, 2 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, 

AUMNH]; 4.6 miles ESE Eagle Pass (jct US-57) on US-277, 28.69567 -100.39303 1, 833ft., 

[APH_0054, 17/7/2006, 1♀, Brent E. Hendrixson, AUMNH]; [APH_0057, 17/7/2006, 1♀, Brent 

E. Hendrixson, AUMNH]; [APH_0149, 17/7/2006, 1♀, Brent E. Hendrixson, AUMNH]; 5.2 
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miles N FM-2644 on FM-1021, 28.572348 -100.347434 1, 751ft., [APH_1143-1146, 16/3/2010, 

4 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; 9.0 miles NE US-57 on 

FM-481, 28.928198 -100.262798 1, 787ft., [APH_1147-1148, 17/3/2010, 2 juv, Brent E. 

Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; off dirt road near Hwy-277, 28.67713 -

100.32325 2, 830ft., [APH_1452-1453, 24/1/2012, 2 juv, Stanley A. Schultz, AUMNH]; 

McMullen: 0.7 miles S FM-624 on TX-16, 28.123878 -98.59089 1, 389ft., [APH_1118-1121, 

14/3/2010, 4 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; Starr: 0.4 

miles SW Ranch Rd on FM-755, 26.52287 -98.69055 1, 482ft., [APH_1276, 12/5/2011, 1 juv, 

Brent E. Hendrixson, Kate Hall, Austin Deskewies, Alexis Guice, AUMNH]; 3.2 miles E FM-

2360 on US-83, 26.289361 -98.593355 1, 177ft., [APH_0464-0465, 10/4/2009, 2 juv, Brent E. 

Hendrixson, AUMNH]; 4.1 miles N US-83 on FM-3167, 26.429482 -98.850094 1, 279ft., 

[APH_1126-1128, 15/3/2010, 3 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, 

AUMNH]; 5 miles east of Rio Grande City, 26.377617 -98.789218 5, 151ft., [APH_2649, 

29/4/1939, 1 juv, D. Mulaik, AMNH]; Falcon Reservoir, 26.574767 -99.128433 5, 370ft., 

[APH_0890, 2006, 1♂, Dave Moellendorf, AUMNH]; Rio Grande City, 26.379787 -98.820305 5, 

161ft., [APH_2321, 29/9/1939, 1♀, 4♂, S. Mulaik, AMNH]; Uvalde: 1.93 miles NE Zavala 

County Line on FM-481, 29.095431 -99.961871 1, 855ft., [APH_1153-1156, 17/3/2010, 4 juv, 

Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; Uvalde, near Nueces River, 

29.067017 -99.84935 5, 783ft., [APH_0930, 2006, 1♂, Dave Moellendorf, AUMNH]; Val 

Verde: 0.25 miles N Kinney County Line on Hwy-277, 29.25733 -100.75319 2, 897ft., 

[APH_1447, 26/1/2012, 1 juv, Stanley A. Schultz, AUMNH]; [APH_1456-1457, 26/1/2012, 2 

juv, Stanley A. Schultz, AUMNH]; Amistad National Recreation Area, US-277 North 

Campground, 29.511963 -100.907314 1, 1135ft., [APH_1168-1170, 17/3/2010, 3 juv, Brent E. 

Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; Comstock, 29.685333 -101.170783 1, 

1550ft., [APH_0891, 15/7/2008, 1♀, Chris A. Hamilton, AUMNH]; [APH_0893-0894, 

15/7/2008, 1♂, 1♀, Chris A. Hamilton, AUMNH]; Comstock Cemetery, 29.685451 -101.170515 

2, 1565ft., [APH_0535, 4/6/2009, 1♀, Brent E. Hendrixson, Courtney Dugas, Sloan Click, 

AUMNH]; Del Rio - Hwy 90 W of Lake Amistad, 29.56805 -101.0745 5, 1293ft., [APH_0929, 

2006, 1♂, Dave Moellendorf, AUMNH]; Del Rio - Lake Amistad, 29.561667 -101.03155 1, 

1149ft., [APH_0892, 15/7/2008, 1♀, Chris A. Hamilton, AUMNH]; Del Rio - Lake Amistad, 

29.4704 -100.952283 5, 1112ft., [APH_0877, 7/2008, 1♀, Chris A. Hamilton, AUMNH]; Del Rio, 
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0.3 miles N Hwy-90 on Hwy-377, 29.4315 -100.908 2, 1104ft., [APH_1445-1146, 31/1/2012, 2 

juv, Stanley A. Schultz, AUMNH]; Lake Amistad Rec Area, Spur 406, 29.59828 -101.06573 1, 

1380ft., [APH_1291, 15/5/2011, 1 juv, Brent E. Hendrixson, Kate Hall, Austin Deskewies, 

Alexis Guice, AUMNH]; Lake Amistad Rec Area, Spur 454, 29.469723 -100.950532 1, 1127ft., 

[APH_0534, 4/6/2009, 1 juv, Brent E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]; 

Lake Amistad Rec Area, US-277N campground, 29.51043 -100.90765 1, 1125ft., [APH_1292, 

15/5/2011, 1♂, Brent E. Hendrixson, Kate Hall, Austin Deskewies, Alexis Guice, AUMNH]; 

Langtry, along road that leads to dump, 29.81062 -101.56441 1, 1325ft., [APH_1290, 15/5/2011, 

1 juv, Brent E. Hendrixson, Kate Hall, Austin Deskewies, Alexis Guice, AUMNH]; Seminole 

Canyon State Park, N of campground, 29.6962 -101.32285 1, 1400ft., [APH_1286-1287, 

13/5/2011, 2 juv, Brent E. Hendrixson, Kate Hall, Austin Deskewies, Alexis Guice, AUMNH]; 

Webb: 0.64 miles E FM-2895 on US-59, 27.699808 -99.027114 1, 562ft., [APH_1122-1124, 

14/3/2010, 3 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; 1.45 miles W 

FM-3338 on FM-1472, 27.661125 -99.584458 1, 562ft., [APH_1133-1134, 16/3/2010, 2 juv, 

Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; 10.15 miles SE Maverick 

County Line on Eagle Pass Rd, 28.100947 -99.993316 1, 615ft., [APH_1138-1139, 16/3/2010, 2 

juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; 3.6 miles NW I-35 on US-

83, 27.80051 -99.46291 1, 760ft., [APH_1283-1284, 13/5/2011, 2 juv, Brent E. Hendrixson, Kate 

Hall, Austin Deskewies, Alexis Guice, AUMNH]; 4.3 miles E Loop-20 on US-59 at Los Tios 

Creek, 27.561599 -99.390339 1, 467ft., [APH_0467-0470, 11/4/2009, 4 juv, Brent E. Hendrixson, 

AUMNH]; 7.35 miles NW Mines Rd on FM-1472, 27.838017 -99.832079 1, 531ft., [APH_1135-

1137, 16/3/2010, 3 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; Laredo, 

27.530614 -99.480215 5, 453ft., [APH_2319, 10/3/1936, 1♂, S. Mulaik, AMNH]; near Jct. Hwy-

83 and I-35, 27.75556 -99.43975 2, 711ft., [APH_1450-1451, 19/1/2012, 2 juv, Stanley A. 

Schultz, AUMNH]; roadside park, 5.7 miles E Loop-20 on Hwy-59, 27.5684 -99.36855 2, 549ft., 

[APH_1454-1455, 18/1/2012, 2 juv, Stanley A. Schultz, AUMNH]; Zapata: 12.3 miles N FM-

3169 (San Ygnacio) on Hwy-83, 27.21819 -99.41825 2, 339ft., [APH_1449, 21/1/2012, 1 juv, 

Stanley A. Schultz, AUMNH]; 2.0 miles SE FM-3169 on US-83, 27.025086 -99.411585 1, 364ft., 

[APH_0466, 10/4/2009, 1 juv, Brent E. Hendrixson, AUMNH]; Falcon State Park, 26.59031 -

99.15428 1, 306ft., [APH_0031, 15/3/2005, 1♂, Brent E. Hendrixson, AUMNH]; Zavala: 1.5 

miles E Maverick County Line on FM-481, 29.054763 -100.087256 1, 809ft., [APH_1151-1152, 
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17/3/2010, 2 juv, Brent E. Hendrixson, Gerri Wilson, Thomas Martin, AUMNH]; just S of Rest 

Area near Nueces River, 29.070874 -99.842183 1, 844ft., [APH_0532-0533, 3/6/2009, 1♀, 1♂, 

Brent E. Hendrixson, Courtney Dugas, Sloan Click, AUMNH]. 

 

 Distribution and natural history. Aphonopelma moderatum is widely distributed in 

counties bordering the Rio Grande in Texas from Langtry (Val Verde County) to Edinburg 

(Hidalgo County) to more interior areas such as McMullen County (Figs. 1 I & 97). The species 

distribution model predicts suitable habitat for this species along the Rio Grande throughout 

northeastern Mexico in Coahuila, Nuevo Leon, and Tamaulipas (Fig. 97). Specimens collected 

by the authors were found at elevations from 50 to 475 meters in the Southern Texas Plains 

(particularly in Texas-Tamaulipas Thornscrub), Western Gulf Coast Plains, and Chihuahuan 

Deserts Level III Ecoregions. This species has been found in syntopy with A. anax throughout 

much of its range and probably overlaps with A. armada, A. hentzi, and A. moellendorfi in the 

extreme northwestern portion of its distribution near Amistad Reservoir in Val Verde County. 

Burrows are typical of that for North American tarantulas (i.e., circular and generally covered by 

a thin veil of silk) and specimens can be readily collected by pouring a small amount of water 

into their burrows. In areas with shallow soils (e.g., Chihuahuan Desert habitats west of Amistad 

Reservoir), these spiders have been found under large flat rocks. Adult males wander during the 

spring (March-June) and have been observed shortly before sunset. 

 

 Conservation status. The type specimens of A. heterops (considered a synonym of A. 

moderatum) were collected from Edinburg (Hidalgo County) in 1933. In the 80+ years since 

their collection, much of the land in this section of the Lower Rio Grande Valley has been 

converted for agricultural use. It is no surprise then that we failed to find these spiders near 

Edinburg despite traveling to the area numerous times. Consequently, A. moderatum may be 

extirpated from the Edinburg-McAllen-Mission Metropolitan area, but these spiders may have 

never been particularly abundant in these parts in the first place given that the location is near the 

easternmost portion of their range. These tarantulas are among the most attractive species in the 

United States (Fig. 93) and are highly sought after by collectors for the pet trade. There is no 

evidence, however, that collectors have had any discernable impact on the numbers of this 

species. Aphonopelma moderatum is the most frequently encountered tarantula species at 



	   304 

roadside picnic areas and along highway shoulders from Amistad Reservoir (Val Verde County) 

to Falcon Reservoir (Starr County), a distance of nearly 400 kilometers. Much of this area is 

surrounded and protected by privately owned ranches so the species appears to be secure. 

 

 Remarks. Aphonopelma moderatum exhibits considerable sexual dimorphism in 

coloration. Adult females and immature specimens of both sexes possess perhaps the most 

distinctive color pattern of any species in the United States (i.e., tan to orange body with 

distinctly darker leg patellae, metatarsi, and tarsi). Adult males, on the other hand, are often solid 

black or dark brown. We suspect that Chamberlin and Ivie (1939) and Chamberlin (1940) 

described A. moderatum and A. heterops, respectively, due to these incredible differences in 

coloration (i.e., the description of A. moderatum was based on adult male material whereas the 

description of A. heterops was based on female or immature material). Our examination of the 

types and our extensive fieldwork throughout South Texas demonstrate that these two species are 

indeed conspecific. As a consequence, we consider A. heterops a junior synonym of A. 

moderatum.  

 Mitochondrial DNA (CO1) identifies A. moderatum as a polyphyletic species with two 

divergent lineages spread across the tree (Fig. 7); both lineages were previously identified as 

separate species, one of which was cryptic, by Hamilton et al. (2014). Results from the AE 

analysis demonstrate that CO1 is not effective at accurately delimiting species boundaries within 

this group due to deep mitochondrial divergence. Interestingly, the mtDNA genetic break 

between these two divergent lineages coincides with the area near Amistad Reservoir, at the 

convergence of the Tamaulipan Scrublands, Chihuahuan Desert, and Edwards Plateau. The 

apparent biogeographical shift between mtDNA lineages may be indicative of past Pleistocene 

fragmentation as proposed by Hamilton et al. (2011). 

 Other important ratios that distinguish males: A. moderatum possess a larger L1/L4 

(≥0.95; 0.95-0.99) than A. gabeli (≤0.95; 0.90-0.95). For both males and females, certain 

morphometrics have potential to be useful but due to the amounts of variation, small number of 

specimens, and/or the small differences between species no others are claimed to be significant 

at this time (see Appendix 2). During evaluation of traditional PCA morphospace, males of A. 

moderatum separate from A. anax, A. armada, and A. hentzi along PC1~2, but do not separate in 

PCA morphological space from A. gabeli or A. moellendorfi. Females separate from A. anax 
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along PC1~2, but do not separate from A. armada, A. gabeli, or A. hentzi. Interestingly, A. 

moderatum males separate from A. anax, A. armada, and A. hentzi in three-dimensional PCA 

morphospace (PC1~PC2~PC3), but do not separate from A. gabeli and A. moellendorfi. 

Aphonopelma moderatum females separate from A. anax, but do not separate from A. armada, A. 

gabeli, and A. hentzi. PC1, PC2, and PC3 explain ≥87% of the variation in male analyses and 

≥96% of the variation in female analyses. It is important to note the tremendous variation in 

spermathecae shape that can be seen across moderatum populations (Fig. 96). Previous 

taxonomic work considered this variation enough to split and describe separate species; this is 

clearly not an effective character due to the large amounts of subtle variation that is possible. 

 

Aphonopelma moellendorfi Hamilton sp. nov. 

Figures 98-99 

 

Types. Male holotype (APH_0925) from N of Del Rio on Hwy 277, Val Verde Co., Texas, 

29.488717 -100.907633 5, elev. 1190ft., 2006, coll. Dave Moellendorf; deposited in AUMNH. 

Paratype male (APH_0928) from Del Rio - Hwy 90 W of Lake Amistad, Val Verde Co., Texas, 

29.618868 -101.104385 5, elev. 1406ft., 2006, coll. Dave Moellendorf; deposited in AMNH. 

 

 Etymology. The specific epithet is a patronym in recognition of Dave Moellendorf, a 

friend and mentor to CAH. Moellendorf introduced CAH to the tarantula fauna of Texas and 

encouraged and fostered CAH’s early research on the genus Aphonopelma. Moellendorf has also 

spent countless hours educating the public on the importance of spiders on our planet. 

 

 Diagnosis. Aphonopelma moellendorfi belongs to the Moderatum species complex and 

can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. moellendorfi as a phylogenetically 

distinct monophyletic lineage (Figs. 7-8), supported as the sister lineage to A. gabeli and closely 

related to A. moderatum. Immature and penultimate males of A. moellendorfi can be 

distinguished from A. moderatum and A. gabeli due to their overall phenotypic appearance (i.e., 

A. moellendorfi closely resemble A. hentzi; D. Moellendorf, pers. comm.). Mature male A. 

moellendorfi can be distinguished from A. anax by the shape of their palpal bulbs. The 
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significant measurement that distinguishes male A. moellendorfi from its closely related 

phylogenetic and syntopic species is M1. Male A. moellendorfi can be distinguished by 

possessing a larger M1/M3 (≥0.95; 0.95-1.00) than A. gabeli (≤0.94; 0.90-0.94); by possessing a 

smaller PTl/M1 (≤0.69; 0.60-0.69) than A. armada (≥0.73; 0.73-0.83) and A. hentzi (≥0.74; 0.74-

0.88); and a smaller CL/M1 (≤1.31; 1.10-1.31) than A. anax (≥1.36; 1.36-1.63) and A. armada 

(≥1.36; 1.36-1.47). There are no significant measurements that separate male A. moellendorfi 

from A. moderatum. Females of A. moellendorfi are unknown at this time. 

 

 Description of male holotype (APH_0925; Fig. 98). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right leg III removed for DNA and stored at -80°C in 

the AUMNH (Auburn, AL). General coloration: Generally black or faded to brown. 

Cephalothorax: Carapace 17.23 mm long, 15.48 mm wide; densely clothed with black/brown 

pubescence, with slight iridescence, appressed to surface; fringe covered in long setae not closely 

appressed to surface; foveal groove medium deep and straight; pars cephalica region rises 

gradually from foveal groove, gently arching anteriorly toward ocular area; AER slightly 

procurved, PER slightly recurved; normal sized chelicerae; clypeus straight; LBl 1.96, LBw 

2.21; sternum hirsute, clothed with short black/brown, densely packed setae. Abdomen: Densely 

clothed in short black/brown pubescence with numerous longer, lighter setae interspersed 

(generally red or orange in situ); dense dorsal patch of black Type I urticating bristles (Cooke et 

al. 1972). Legs: Hirsute; densely clothed with short, similar length black/brown setae, and longer 

setae dorsally. Metatarsus I slightly arched. F1 17.53; F1w 4.15; P1 7.25; T1 13.73; M1 13.11; 

A1 8.20; F3 14.27; F3w 4.52; P3 5.79; T3 11.18; M3 13.14; A3 7.48; F4 15.96; F4w 4.35; P4 

5.88; T4 13.78; M4 16.62; A4 8.77; femur III is normal - not noticeably swollen or wider than 

other legs. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 67.3%; leg 

IV (SC4) = 40.2%. One ventral megaspine on metatarsus III; five ventral megaspines on 

metatarsus IV. The prolateral branch of the tibial apophysis possesses a very large megaspine 

that projects anteriorly. Coxa I: Prolateral surface a mix of fine, hair-like and thin tapered setae. 

Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, with numerous 

longer ventral setae; one megaspine at the apical, prolateral femur; one megaspine on the 



	   307 

prolateral patella; two megaspines on the prolateral tibia; PTl 9.125, PTw 2.051. When extended, 

embolus tapers with a gentle curve to the retrolateral side near apex; embolus slender (i.e., more 

stout than hentzi), no keels. 

 

 Variation (5). Cl 15.05-17.56 (16.192±0.51), Cw 13.27-15.48 (14.308±0.39), LBl 1.65-

2.04 (1.9±0.07), LBw 1.84-2.28 (2.124±0.09), F1 16.36-18.10 (17.338±0.32), F1w 3.42-4.15 

(3.81±0.14), P1 6.31-7.25 (6.698±0.17), T1 13.57-15.75 (14.396±0.41), M1 13.11-15.27 

(13.814±0.42), A1 7.68-8.49 (8.126±0.14), L1 length 57.15-64.29 (60.372±1.25), F3 13.56-

15.47 (14.28±0.34), F3w 3.7-4.52 (4.034±0.14), P3 4.84-5.79 (5.36±0.18), T3 10.02-11.79 

(10.972±0.38), M3 13.11-15.48 (14.032±0.45), A3 7.04-8.47 (7.678±0.24), L3 length 49.71-

56.88 (52.322±1.34), F4 17.29-15.38 (16.23±0.31), F4w 4.35-3.51 (3.846±0.15), P4 6.02-5.14 

(5.536±0.17), T4 12.52-14.12 (13.38±0.31), M4 16.04-18.88 (17.518±0.54), A4 8.14-9.17 

(8.616±0.17), L4 length 58.64-64.39 (61.28±1.15), PTl 8.6-9.175 (8.898±0.12), PTw 2.051-2.67 

(2.418±0.11), SC3 ratio 0.571-0.785 (0.674±0.03), SC4 ratio 0.341-0.481 (0.409±0.03), Coxa I 

setae = thin tapered, F3 condition = normal. 

 

 Material Examined: United States: Texas: Presidio: Hwy 169, 29.938343 -

104.034011 6, 3992ft., [APH_0948, 2006, 1♂, Dave Moellendorf, AUMNH]; Sierra Vieja Mtns, 

13 miles west Valentine, 30.723313 -104.669391 4, 4127ft., [APH_0938, 2006, 1♂, Dave 

Moellendorf, AUMNH]; [APH_0969, 2006, 1♂, Dave Moellendorf, AUMNH]; Val Verde: Del 

Rio - Hwy 90 W of Lake Amistad, 29.618868 -101.104385 5, 1406ft., [APH_0928, 2006, 1♂, 

Dave Moellendorf, AMNH]; N of Del Rio on Hwy 277, 29.488717 -100.907633 5, 1190ft., 

[APH_0925, 2006, 1♂, Dave Moellendorf, AUMNH]. 

 

 Distribution and natural history. Aphonopelma moellendorfi is presently known from 

only a handful of localities in southwestern Texas, along the border with Mexico from Del Rio 

west to the Sierra Vieja Mountains (Fig. 99), where they can be found inhabiting the following 

Level III Ecoregions: Southern Texas Plains and Chihuahuan Deserts. Aphonopelma 

moellendorfi can be found in syntopy with a handful of other species across its distribution 

including A. armada, A. hentzi, and A. moderatum. The breeding season, when mature males 

abandon their burrows in search of females, seems to limited to late spring and summer (May–
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July). Extensive sampling throughout extreme West Texas and northern Mexico will be 

necessary to fully understand the distribution of this species. 

 

 Conservation status. This enigmatic species is only known from a handful of localities 

in the United States so it would be premature to comment on its conservation status. Fieldwork 

in West Texas and northern Mexico is necessary to more fully understand the abundance and 

extent of this species. 

 

 Remarks. Aphonopelma moellendorfi males are morphologically similar to A. gabeli and 

A. moderatum, and lack the characteristic shiny copper or bronze carapace found in A. hentzi.  

But interestingly, while females of A. moellendorfi remain unknown, it should be noted that 

immature males closely resemble A. hentzi (D. Moellendorf, pers. comm., collected and raised 

immature males to maturity). Other important ratios that distinguish males: A. moellendorfi 

possess a larger L1/L4 (≥0.96; 0.96-1.00) than A. gabeli (≤0.95; 0.90-0.95) and A. anax (≤0.94; 

0.88-0.94); by possessing a larger M1/F4 (≥0.81; 0.81-0.88) than A. anax (≤0.75; 0.69-0.75) and 

A. hentzi (≤0.77; 0.68-0.77). Certain morphometrics have potential to be useful, though due to 

the amounts of variation, small number of specimens, and the small differences between species, 

no other are claimed to be significant at this time (see Appendix 2). During evaluation of 

traditional PCA morphospace, males of A. moellendorfi separate from A. armada, A. hentzi, and 

A. anax along PC1~2, but do not separate from A. gabeli or A. moderatum. Interestingly, A. 

moellendorfi males separate from A. anax, A. armada, and A. hentzi in three-dimensional PCA 

morphospace (PC1~PC2~PC3), but do not separate from A. gabeli and A. moderatum. Females 

of A. moellendorfi are unknown at this time. PC1, PC2, and PC3 explain ≥96% of the variation 

in male analyses. Unfortunately, at this time we do not have photos of live specimens. 

 

Aphonopelma mojave Prentice, 1997 

Figures 100-104 

 

Aphonopelma mojave Prentice, 1997: 157; male holotype and female allotype from S of Red 

Mountain, 20 miles N of Kramer Jct. on Hwy 395, 1-2 miles W of Hwy 395, San Bernardino and 
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Kern Co. line, California, 35.310573 -117.644350 4, elev. 3405ft., 28.x.1989 (male), 20.x.1991 

(female), coll. Thomas R. Prentice; deposited in AMNH. [examined] 

 

 Diagnosis. Aphonopelma mojave (Fig. 100) is a member of the Paloma species group 

and can be identified by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. mojave as a strongly supported 

monophyletic lineage (Figs. 7-8) that is a sister lineage to A. atomicum sp. nov., A. icenoglei sp. 

nov., A. prenticei sp. nov., and A. joshua. Aphonopelma mojave can easily be distinguished from 

syntopic populations of A. iodius by their smaller size and limited extent of scopulation on 

metatarsi III and IV, and from other members of the Paloma species group by locality. The most 

significant measurements that distinguish male A. mojave from its closely related phylogenetic 

and syntopic species are F4, PTl, and the extent of scopulation on metatarsus IV. Male A. mojave 

can be distinguished by possessing a larger PTl/F4 (≥0.57; 0.57-0.62) than A. joshua (≤0.51; 

0.48-0.51); and by possessing a smaller L4 scopulation extent (30%-44%) than A. iodius (62%-

88%). There are no significant measurements that separate male A. mojave from A. atomicum, A. 

icenoglei, or A. prenticei, although A. mojave males do not possess the swollen femur III 

condition that is known in A. atomicum and A. prenticei). The most significant measurements 

that distinguish female A. mojave from its closely related phylogenetic and syntopic species are 

Cl, F3, T3, and the extent of scopulation on metatarsus IV. Female A. mojave can be 

distinguished by possessing a larger A1/F3 (≥0.56; 0.56-0.67) than A. atomicum (≤0.56; 0.53-

0.56); a larger F1/T3 (≥1.57; 1.57-1.92) than A. joshua (≤1.57; 1.47-1.57); by possessing a 

smaller Cl/M4 (≤1.31; 1.20-1.31) than A. prenticei (≥1.31; 1.31-1.52); and a smaller L4 

scopulation extent (34%-52%) than A. iodius (59%-83%). There are no significant measurements 

that separate female A. mojave from A. icenoglei. Aphonopelma mojave and A. icenoglei are 

morphologically very similar but are not sister lineages (Fig. 8) and have allopatric distributions. 

 

 Description. Male and female originally described by Prentice (1997). 

 

 Redescription of male exemplar (APH_1561; Fig. 101). — Specimen preparation and 

condition: Specimen collected live wandering, preserved in 80% ethanol; deposited in AUMNH; 

original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp removed for 
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measurements and photographs; stored in vial with specimen. Right legs III & IV removed for 

DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Faded black or 

brown. Cephalothorax: Carapace 7.454 mm long, 6.979 mm wide; Very hirsute; densely clothed 

with faded black pubescence mostly appressed to surface; fringe covered in long setae not 

closely appressed to surface; posterior region of carapace with long setae; foveal groove medium 

deep and straight; pars cephalica region rises gradually from foveal groove to ocular area; AER 

very slightly procurved, PER recurved; normal sized chelicerae; clypeus extends forward on a 

curve; LBl 1.03, LBw 1.266; sternum hirsute, clothed with faded black, densely packed, short 

setae. Abdomen: Densely clothed in short black pubescence with numerous longer red/orange 

setae interspersed; possessing a dense dorsal patch of black Type I urticating bristles (Cooke et 

al. 1972) - smaller and distinct from large species. Legs: Hirsute; densely clothed in faded black 

pubescence. Metatarsus I straight. F1 8.246; F1w 1.77; P1 2.873; T1 7.339; M1 6.254; A1 4.705; 

F3 7.408; F3w 2.013; P3 2.564; T3 5.684; M3 7.373; A3 4.672; F4 8.639; F4w 1.754; P4 2.468; 

T4 7.362; M4 9.201; A4 4.984; femur III is normal. All tarsi fully scopulate. Extent of metatarsal 

scopulation: leg III (SC3) = 64.3%; leg IV (SC4) = 34%. Two ventral and one prolateral 

megaspines on metatarsus III; four ventral megaspines and one prolateral on metatarsus IV; two 

prolateral megaspines on tibia I; one large megaspine is present at the apex on the retrolateral 

tibia of the mating clasper. Coxa I: Prolateral surface covered by fine, hair-like setae. Pedipalps: 

Very hirsute, particularly ventrally; densely clothed in the same setal color as the other legs; one 

megaspine near the anterior margin of the prolateral palpal femur and five megaspines on the 

prolateral palpal tibia; PTl 5.132, PTw 1.612. Palpal bulb is short and stout; distinct transition 

between bulb and embolus; embolus tapers and gently curves to the retrolateral side, no keels. 

 

 Variation (6). Cl 7.374-8.988 (7.862±0.25), Cw 6.689-8.035 (7.185±0.2), LBl 1.03-

1.206 (1.079±0.03), LBw 1.22-1.371 (1.272±0.02), F1 7.352-9.266 (8.251±0.25), F1w 1.764-

2.218 (1.908±0.07), P1 2.873-3.421 (3.16±0.08), T1 6.69-8.041 (7.323±0.19), M1 6.01-7.277 

(6.492±0.17), A1 3.87-4.994 (4.451±0.17), L1 length 27.868-32.999 (29.677±0.76), F3 6.577-

7.938 (7.23±0.19), F3w 1.915-2.449 (2.081±0.08), P3 2.537-2.931 (2.686±0.07), T3 5.162-6.539 

(5.683±0.19), M3 6.462-7.865 (7.072±0.2), A3 4.293-5.387 (4.685±0.17), L3 length 25.19-30.66 

(27.355±0.77), F4 8.283-9.518 (8.682±0.18), F4w 1.754-2.14 (1.874±0.06), P4 2.468-3.188 

(2.791±0.11), T4 6.99-8.241 (7.506±0.17), M4 8.358-9.946 (8.998±0.23), A4 4.446-5.929 
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(4.984±0.24), L4 length 30.958-36.657 (32.961±0.83), PTl 4.866-5.584 (5.153±0.1), PTw 1.536-

2.029 (1.75±0.08), SC3 ratio 0.601-0.792 (0.666±0.03), SC4 ratio 0.303-0.438 (0.377±0.02), 

Coxa I setae = very thin tapered, F3 condition = normal. 

 

 Description of female exemplar (APH_1558; Figs. 102-103) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right legs III & IV 

removed for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with 

spermathecae removed and cleared, stored in vial with specimen. General coloration: Faded 

black or brown. Cephalothorax: Carapace 7.687 mm long, 7.094 mm wide; Hirsute, densely 

clothed with short faded black or brown pubescence closely appressed to surface; fringe densely 

covered in slightly longer setae; foveal groove medium deep and slightly procurved; pars 

cephalica region gently rises from thoracic furrow, arching anteriorly toward ocular area; AER 

very slightly procurved - mostly straight, PER recurved; chelicerae slightly robust, clypeus 

extends forward on a curve; LBl 1.281, LBw 1.41; sternum hirsute, clothed with short faded 

black or brown setae. Abdomen: Densely clothed dorsally in short black, faded black setae with 

longer, lighter setae (generally red or orange in situ) focused near the urticating patch; dense 

dorsal patch of black Type I urticating bristles (Cooke et al. 1972) - smaller and distinct from 

large species. Spermathecae: Paired and separate, short, with capitate bulbs and wide bases that 

are not fused. Legs: Hirsute; densely clothed in short faded black or brown pubescence; F1 

6.846; F1w 1.957; P1 2.985; T1 5.697; M1 4.34; A1 3.591; F3 5.573; F3w 1.837; P3 2.536; T3 

4.24; M3 4.45; A3 4.218; F4 7.245; F4w 1.888; P4 2.433; T4 5.975; M4 6.167; A4 4.753. All 

tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 76.8%; leg IV (SC4) = 

34.3%. One ventral megaspine on metatarsus III; seven ventral megaspines on metatarsus I. 

Coxa I: Prolateral surface covered by fine, hair-like setae. Pedipalps: Densely clothed in the 

same setal color as the other legs; one megaspine on the apical, prolateral femur, seven prolateral 

(three at the apical, prolateral border with the tarsus) and two ventral megaspines on the tibia 

(one at the apical, ventral border with the tarsus). 
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 Variation (7). Cl 6.911-8.471 (7.803±0.21), Cw 6.203-7.648 (6.858±0.2), LBl 1.071-

1.48 (1.24±0.05), LBw 1.263-1.70 (1.453±0.06), F1 5.84-7.52 (6.877±0.21), F1w 1.66-1.962 

(1.873±0.04), P1 2.15-3.163 (2.774±0.12), T1 4.72-6.53 (5.642±0.21), M1 3.73-4.66 

(4.242±0.12), A1 3.16-4.18 (3.588±0.12), L1 length 19.6-25.75 (23.122±0.72), F3 5.311-6.34 

(5.747±0.13), F3w 1.37-1.849 (1.666±0.07), P3 2.06-2.774 (2.426±0.1), T3 3.38-4.76 

(4.153±0.17), M3 4.05-4.87 (4.477±0.12), A3 3.08-4.218 (3.737±0.13), L3 length 18.14-22.45 

(20.54±0.56), F4 6.68-7.76 (7.196±0.14), F4w 1.29-1.942 (1.771±0.09), P4 2.433-2.93 

(2.673±0.08), T4 5.37-6.26 (5.767±0.12), M4 5.68-6.65 (6.192±0.14), A4 3.56-4.753 

(4.238±0.15), L4 length 23.73-28.17 (26.067±0.56), SC3 ratio 0.653-0.768 (0.706±0.02), SC4 

ratio 0.343-0.525 (0.407±0.03), Coxa I setae = very thin tapered. Spermathecae variation can be 

seen in Figure 103. 

 

Material Examined: United States: California: Kern: 7 miles north of Johannesburg, 35.4804 

-117.654683 5, 3412ft., [APH_2669, 9/10/1968, 1♂, W. Icenogle, AMNH]; 8 miles NW San 

Bernardino County Line along Hwy 395, 35.469394 -117.65434 1, 3482ft., [APH_0754-0755, 

4/10/2009, 2 juv, Brent E. Hendrixson, Thomas Martin, AUMNH]; 8.1 miles into Kern county 

on Hwy 395, 35.480904 -117.67768 4, 4003ft., [APH_2390, 20/10/1991, 1♂, T.R. Prentice, 

AMNH]; 8.2 miles E Hwy-14 on Hwy-58, 35.016745 -118.035457 1, 2596ft., [APH_1323-1325, 

30/7/2011, 3♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; 9.7 

miles W US-395 on Randsburg-Mojave Rd (Osdick Rd becomes Randsburg-Mojave Rd), 

35.26131 -117.75031 1, 3287ft., [APH_0326-0327, 7/5/2008, 2 juv, Brent E. Hendrixson, Zach 

Valois, AUMNH]; along power line road west of Hwy-14, 35.462553 -117.971773 1, 3199ft., 

[APH_1204-1207, 31/7/2010, 4 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, 

AUMNH]; E of Mojave, near Hwy 58, off Cache Creek Rd, 35.1261 -118.18484 1, 3252ft., 

[APH_3101, 18/7/2012, 1♀, Chris A. Hamilton, Amy Skibiel, AUMNH]; E of Mojave, near 

Hwy 58, off Randsburg Cutoff Rd, 35.11755 -118.15001 1, 2974ft., [APH_3102, 19/7/2012, 1♂, 

Chris A. Hamilton, Amy Skibiel, AUMNH]; Jawbone Canyon area, 35.32137 -118.11149 5, 

2900ft., [APH_1355, 21/8/2011, 1♀, Warren Burke, AUMNH]; Ransburg-Inyokern Rd., 1 mile 

W of Hwy 395, 35.641784 -117.874597 5, 2855ft., [AUMS_2530, 20/10/1991, 1♂, T.R. Prentice, 

AUMNH]; Sage canyon, 35.600649 -117.814267 5, 2554ft., [AUMS_2576, 26/10/1975, 1♂, Ray 

Jillison, AUMNH]; SE of Walker's Pass, NE side of SR-178/Walker's Pass Rd, 35.62323 -
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117.95274 1, 3985ft., [APH_0399, 4/8/2008, 1♀, Zach Valois, AUMNH]; Walker Pass, Hwy 178, 

35.687958 -118.051992 5, 4605ft., [AUMS_2526, 20/10/1990, 1♂, T.R. Prentice, AUMNH]; 

west Mojave, 35.04916 -118.217596 7, 2985ft., [AUMS_2462, 1997, 1♂, T.R. Prentice, 

AUMNH]; San Bernardino: 0.25 miles E Hwy-395 on Cuddeback Rd, 35.255317 -117.608121 

1, 3016ft., [APH_1555-1556, 25/10/2012, 1♀, 1 juv, Brent E. Hendrixson, AUMNH]; 10 to 17 

miles S of Johannesburg, 35.172459 -117.59183 5, 2787ft., [AUMS_3317, 10/10/1974, 1♂, W. 

Icenogle, AUMNH]; [APH_2403, 10/10/1974, 1♀, W. Icenogle, AMNH]; [APH_2406, 

10/10/1974, 1♂, W. Icenogle, AMNH]; 8.1 miles south of Kelso on Kelbaker Rd., 34.899855 -

115.649338 4, 2825ft., [APH_2439, 1/11/1992, 1♂, T.R. Prentice, AMNH]; Red Mountain, 

35.358297 -117.616726 6, 3609ft., [AUMS_2513, 14/10/1990, 1♀, T.R. Prentice, AUMNH]; 

[AUMS_2527, 20/10/1994, 1♀, Geogr, AUMNH]; Red Mountain, 1 mile west of Powerline Rd. , 

35.128369 -116.794985 4, 1972ft., [APH_2413, 26/10/1991, 1♂, T.R. Prentice, AMNH]; Red 

Mountain, 1.2 miles west of 20 Mule Team Rd., 35.247194 -117.652967 4, 3005ft., [APH_2412, 

26/10/1991, 1♂, T.R. Prentice, AMNH]; Red Mountain, 19 miles N of Kramer Junction, 

35.254038 -117.553643 5, 3262ft., [AUMS_2514, 3/10/1992, 1♂, T.R. Prentice, AUMNH]; 

[AUMS_2535, 13/10/1991, 1♂, T.R. Prentice, AUMNH]; [APH_2388, 28/10/1989, 1♂, T.R. 

Prentice, AMNH]; [APH_2405, 25/1/1992, 1♀, T.R. Prentice, AMNH]; [APH_2407, 13/10/1997, 

1♀, T.R. Prentice, AMNH]; [APH_2408, 26/10/1991, 1♂, T.R. Prentice, AMNH]; [APH_2410, 

14/10/1991, 1♂, T.R. Prentice, AMNH]; [APH_2411, 20/10/1991, 1♀, T.R. Prentice, AMNH]; 

[APH_2414, 26/10/1991, 1♂, T.R. Prentice, AMNH]; Red Mountain, 20 miles N of Kramer 

Junction, 35.301692 -117.614683 5, 3220ft., [AUMS_2510, 16/10/1992, 1 juv, T.R. Prentice, 

AUMNH]; Red Mountain, 20 miles N of Kramer Junction, Hwy 395, W side, 35.305756 -

117.615541 5, 3256ft., [AUMS_2512, 4/10/1992, 1♂, T.R. Prentice, AUMNH]; Red Mountain, 

campsite W of power line road, 35.331378 -117.612816 5, 3389ft., [AUMS_2364, 20/10/1991, 

1♂, T.R. Prentice, AUMNH]; Red Mountain, campsite, 19 miles north , 35.358297 -117.616726 

5, 3602ft., [APH_2404, 4/10/1992, 1♀, T.R. Prentice, AMNH]; Red Mountain, junction of 20 

Mule Team Rd. and PL Rd., 35.25197 -117.611916 5, 2999ft., [APH_2409, 26/10/1991, 1♂, T.R. 

Prentice, AMNH]; Red Mountain, South of Power Line Road, 35.321067 -117.611791 5, 3409ft., 

[AUMS_2531, 28/10/1989, 1♂, T.R. Prentice, AUMNH]; W of Hwy 395 along Twenty Mule 

Team Pkwy, 35.253597 -117.615238 1, 3013ft., [APH_1558-1561, 25/10/2012, 2♀, 2♂, Brent E. 

Hendrixson, AUMNH]. 
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 Distribution and natural history. The redefined A. mojave has a narrow distribution 

centered on the western Mojave Desert and extreme southeastern foothills of the Sierra Nevada 

Mountains in eastern Kern and northwestern San Bernardino Counties, California (Fig. 104), 

inhabiting the Western Mojave Basins Level III Ecoregion. Accurately georeferenced specimens 

have been collected at elevations between 775 and 1225 meters. The species distribution model 

suggests that suitable habitat may be present in adjacent sections of southwestern Inyo and 

northeastern Los Angeles Counties (Fig. 104 B). Additional sampling is required to assess the 

northern extent of the distribution of A. mojave along the Highway-395 corridor. Aphonopelma 

mojave is syntopic with A. iodius (burrows of both species have been located within one meter of 

each other) and may overlap its range with A. icenoglei in the vicinity of Kramer Junction. 

Burrow entrances are generally surrounded by a distinct mound or turret made of excavated soil 

and silk (Fig. 2 D-E). Mating takes place during daylight hours in the autumn (October-

November). The natural history of A. mojave and its close relatives is discussed in more detail in 

Prentice (1997). 

 

 Conservation status. In addition to having a relatively narrow distribution, habitat 

degradation due to Off-Highway Vehicle (OHV) recreational activity probably poses the greatest 

threat to A. mojave. However, these spiders are abundant (especially near the type locality), with 

several areas within the western Mojave Desert that are managed by the State of California or 

Bureau of Land Management (e.g., West Mojave Desert Ecological Reserve, Fremont Valley 

Ecological Reserve, Red Rock Canyon State Park, Desert Tortoise Natural Area). This species is 

likely secure. 

 

 Remarks. Prentice (1997) noted that A. mojave comprised two different geographic 

“races” (i.e., western and eastern lineages) but he did not describe two different species. Our 

results (also see Hendrixson et al. 2013; Graham et al. 2015) demonstrate that these two 

populations are indeed distinct species, but perhaps even more interesting is that the western and 

eastern groups comprise additional species-level diversity. We now recognize four different 

species that were all previously considered A. mojave (A. atomicum, A. icenoglei, A. mojave, and 

A. prenticei). For both males and females, certain morphometrics have potential to be useful, 
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though due to the amounts of variation, small number of specimens, and the small differences 

between species, no others are claimed to be significant at this time (see Appendix 2). During 

evaluation of traditional PCA morphospace and three-dimensional PCA morphospace 

(PC1~PC2~PC3), males of A. mojave separate in morphological space from A. iodius, A. joshua, 

and A. xwalxwal, but do not separate from A. atomicum, A. icenoglei, and A. prenticei. Female A. 

mojave separate from A. iodius in morphological space, but do not separate from A. atomicum, A. 

icenoglei, and A. prenticei. There are no known female A. xwalxwal at this time to compare. PC1, 

PC2, and PC3 explain ≥96% of the variation in all analyses. 

 

Aphonopelma paloma Prentice, 1993 

Figures 105-111 

 

Aphonopelma paloma Prentice, 1993: 189; male holotype and female allotype from 3 miles NE 

exit 151 off I-8 (jct with Hwy 84), Pinal Co., Arizona, 32.856167 -112.086609 2, elev. 4310ft., 

17-18.xi.1989, coll. Tom Prentice; deposited in AMNH. [examined] 

Apachepelma paloma Smith, 1995: 45. 

Aphonopelma paloma Prentice, 1997: 140. 

 

 Diagnosis. Aphonopelma paloma (Fig. 105) is a member of the Paloma species group 

and can be identified by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. paloma as a strongly supported 

monophyletic lineage (Figs. 7-8) supported as the sister lineage to all other members of the 

Paloma species group. Aphonopelma paloma is the smallest species in the United States (Fig. 

106) and can easily be differentiated from syntopic species by its much smaller size and reduced 

extent of scopulation metatarsi III and IV; it can be distinguished from other members of the 

Paloma species group by locality. The most significant measurements that distinguish male A. 

paloma from its closely related phylogenetic and syntopic species are M1 and the extent of 

scopulation of metatarsus III. Male A. paloma can be distinguished by possessing a larger M1/T3 

(≥1.11; 1.11-1.16) than A. parvum sp. nov. (≤1.09; 0.99-1.09), A. saguaro sp. nov. (≤1.05; 0.99-

1.05), A. superstitionense sp. nov. (≤1.04; 0.98-1.04), and A. xwalxwal sp. nov. (≤1.11; 1.09-

1.11); and by possessing a smaller L3 scopulation extent (21%-41%) than A. chalcodes (75%-
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86%), A. mareki sp. nov. (50%-56%), and A. vorhiesi (44%-62%). The most significant 

measurements that distinguish female A. paloma from its closely related phylogenetic and 

syntopic species are Cl and the extent of scopulation on metatarsus IV. Female A. paloma can be 

distinguished by possessing a smaller L4 scopulation extent (0-25%) than A. chalcodes (63%-

81%), A. parvum (33%-42%), and A. vorhiesi (26%-37%); and by possessing a larger Cl/M4 

(≥1.44; 1.44-1.60) than A. superstitionense (1.25 ± (only 1 specimen)). There are no significant 

measurements that separate female A. paloma from A. mareki or A. saguaro. 

 

 Description. Male and female originally described by Prentice (1993). 

 

 Redescription of male exemplar (APH_1603; Fig. 107). — Specimen preparation and 

condition: Specimen collected live wandering, preserved in 80% ethanol; deposited in AUMNH; 

original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp removed for 

measurements and photographs; stored in vial with specimen. Right legs III & IV removed for 

DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Faded black or 

grey. Cephalothorax: Carapace 5.13 mm long, 4.73 mm wide; Very hirsute; densely clothed with 

grey pubescence mostly appressed to surface; fringe covered in long setae not closely appressed 

to surface; posterior region of carapace with long, stout setae; foveal groove medium deep and 

straight; pars cephalica region rises gradually from foveal groove to ocular area; AER very 

slightly procurved - mostly straight, PER straight; normal sized chelicerae; clypeus extends 

forward on a curve; LBl 0.732, LBw 0.878; sternum hirsute, clothed with grey, densely packed 

setae. Abdomen: Densely clothed in short black pubescence with numerous longer red/orange 

setae interspersed; possessing a dense dorsal patch of black Type I urticating bristles (Cooke et 

al. 1972) - smaller and distinct from large species. Legs: Hirsute; densely clothed in grey or 

faded black pubescence. Metatarsus I arched. F1 5.417; F1w 1.246; P1 2.083; T1 4.034; M1 

4.058; A1 2.838; F3 4.565; F3w 1.74; P3 1.648; T3 3.51; M3 4.367; A3 2.884; F4 5.508; F4w 

1.386; P4 1.733; T4 4.72; M4 5.454; A4 3.264; femur III is swollen. All tarsi fully scopulate. 

Extent of metatarsal scopulation: leg III (SC3) = 36.8%; leg IV (SC4) = 9.4%. Two ventral and 

two prolateral megaspines on metatarsus III, with numerous medium stout setae throughout; five 

ventral megaspines and one prolateral on metatarsus IV, with numerous medium stout setae 

throughout; two prolateral megaspines on tibia I, one ventral megaspine at the posterior margin 
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of tibia I; one large megaspine is present at the apex on the retrolateral tibia of the mating 

clasper; one large megaspine at the apex of the retrolateral branch of the mating clasper. Coxa I: 

Prolateral surface covered by fine, hair-like setae. Pedipalps: Very hirsute, particularly ventrally; 

densely clothed in the same setal color as the other legs; one megaspine near the anterior margin 

of the prolateral palpal femur; one megaspine on the ventral palpal tibia, with numerous medium 

stout setae throughout; PTl 3.619, PTw 1.329. Palpal bulb is very short and stout; embolus tapers 

and gently curves to the retrolateral side, no keels; distinct dorsal and ventral transition from bulb 

to embolus. 

 

 Variation (6). Cl 5.126-5.502 (5.343±0.06), Cw 4.468-5.124 (4.824±0.1), LBl 0.675-

0.797 (0.741±0.02), LBw 0.868-0.898 (0.878±0), F1 5.289-6.208 (5.723±0.15), F1w 1.176-1.402 

(1.27±0.04), P1 1.741-2.44 (2.047±0.1), T1 4.034-5.248 (4.839±0.18), M1 3.62-4.297 

(4.017±0.11), A1 2.785-2.876 (2.827±0.01), L1 length 18.374-20.949 (19.453±0.47), F3 4.466-

4.958 (4.737±0.08), F3w 1.456-1.831 (1.673±0.06), P3 1.528-1.804 (1.694±0.04), T3 3.244-

3.795 (3.532±0.09), M3 4.019-4.569 (4.332±0.09), A3 2.658-3.047 (2.837±0.06), L3 length 

15.988-17.891 (17.131±0.33), F4 5.308-5.984 (5.703±0.11), F4w 1.112-1.445 (1.313±0.05), P4 

1.532-2.102 (1.829±0.08), T4 4.578-5.096 (4.847±0.08), M4 5.412-6.102 (5.71±0.13), A4 3.042-

3.374 (3.28±0.05), L4 length 20.357-22.272 (21.37±0.4), PTl 3.273-3.706 (3.53±0.07), PTw 

1.159-1.431 (1.263±0.04), SC3 ratio 0.219-0.41 (0.309±0.03), SC4 ratio 0.056-0.245 

(0.12±0.03), Coxa I setae = very thin tapered, F3 condition = swollen/slightly swollen. 

 

 Description of female exemplar (APH_1255; Figs. 108-110) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right legs III & IV 

removed for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with 

spermathecae removed and cleared, stored in vial with specimen. General coloration: Grey. 

Cephalothorax: Carapace 5.141 mm long, 4.393 mm wide; Hirsute, densely clothed with short 

grey pubescence closely appressed to surface, with short, stout setae throughout; fringe densely 

covered in slightly longer setae; foveal groove medium deep and procurved; pars cephalica 

region gently rises from thoracic furrow, arching anteriorly toward ocular area; AER very 
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procurved, PER very slightly recurved; anterior margin of carapace broad, robust chelicerae, 

clypeus extends forward on a curve; LBl 0.807, LBw 0.963; sternum hirsute, clothed with short 

grey setae. Abdomen: Densely clothed dorsally in short black, faded black, and grey setae with 

longer, lighter setae (generally red or orange in situ) focused near the urticating patch; small but 

dense dorsal patch of black Type I urticating bristles (Cooke et al. 1972) - smaller and distinct 

from large species. Spermathecae: Paired and separate, short, very simple, with capitate bulbs 

and wide bases that are not fused. Legs: Hirsute; densely clothed in short grey pubescence; F1 

4.192; F1w 1.303; P1 1.748; T1 3.323; M1 2.151; A1 2.074; F3 3.249; F3w 1.123; P3 1.463; T3 

2.154; M3 2.25; A3 2.102; F4 4.301; F4w 1.181; P4 1.634; T4 3.248; M4 3.27; A4 2.408. All 

tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 29.1%; leg IV (SC4) = 

9.7%. Three ventral megaspines and one prolateral on metatarsus III, with numerous thicker 

setae throughout; three ventral megaspines and one prolateral on metatarsus IV, with numerous 

thicker setae throughout. Coxa I: Prolateral surface covered by fine, hair-like setae. Pedipalps: 

Densely clothed in the same setal color as the other legs; two megaspines on the anterior margin 

of prolateral/ventral tibia, with numerous thicker setae throughout. 

 

 Variation (12). Cl 4.635-7.058 (5.66±0.24), Cw 4.192-6.092 (5.023±0.21), LBl 0.763-

1.197 (0.904±0.04), LBw 0.903-1.346 (1.074±0.04), F1 3.597-5.573 (4.52±0.19), F1w 1.186-

1.884 (1.508±0.07), P1 1.494-2.461 (1.971±0.09), T1 2.968-4.516 (3.726±0.14), M1 1.911-3.189 

(2.499±0.12), A1 1.927-2.705 (2.295±0.08), L1 length 11.984-18.261 (15.01±0.61), F3 2.973-

4.507 (3.635±0.16), F3w 1.037-1.809 (1.346±0.07), P3 1.318-2.141 (1.687±0.08), T3 2.035-

3.057 (2.523±0.1), M3 2.067-3.361 (2.607±0.13), A3 2.031-2.976 (2.401±0.09), L3 length 

10.438-15.884 (12.853±0.55), F4 3.883-5.675 (4.735±0.18), F4w 1.088-1.864 (1.374±0.07), P4 

1.521-2.33 (1.911±0.09), T4 3.135-4.529 (3.799±0.14), M4 3.083-4.612 (3.718±0.16), A4 2.308-

3.263 (2.741±0.1), L4 length 13.93-20.232 (16.904±0.65), SC3 ratio 0.26-0.496 (0.392±0.02), 

SC4 ratio 0-0.247 (0.169±0.02), Coxa I setae = very thin tapered. Spermathecae variation can be 

seen in Figures 109-110. 

 

Material Examined: United States: Arizona: Maricopa: 1.2 miles S Aqueduct on Aguila-

Wickenburg Rd, 33.571504 -112.818108 1, 1306ft., [APH_0432, 16/11/2008, 1 juv, Brent E. 

Hendrixson, AUMNH]; 4.65 miles N I-8 (Sentinel) on Agua Caliente Rd, 32.908339 -
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113.262179 1, 584ft., [APH_0430, 16/11/2008, 1 juv, Brent E. Hendrixson, AUMNH]; just NW 

of Jct. Vulture Mine Rd and Aguila Rd, 33.719699 -112.8824 1, 1716ft., [APH_1612-1613, 

12/11/2012, 2♂, Brent E. Hendrixson, AUMNH]; just S of White Tank Mtn Rd, 33.56397 -

112.49147 2, 1360ft., [APH_1101-1103, 30/11/2009, 3 juv, June Olberding, AUMNH]; Pima: 

0.75 miles S Ball Rd in Why along Hwy-85, 32.25235 -112.745206 1, 1765ft., [APH_0424, 

15/11/2008, 1 juv, Brent E. Hendrixson, AUMNH]; [APH_0426-0427, 15/11/2008, 1♀, 1♂, 

Brent E. Hendrixson, AUMNH]; Bates Well Rd, S of Ajo, 32.27002 -112.86087 2, 1673ft., 

[APH_1114-1116, 15/12/2009, 2♀, 1♂, June Olberding, AUMNH]; in desert east of Bates Well 

Rd, about 7 miles W of Why, AZ, 32.28612 -112.85435 4, 1720ft., [APH_0442-0449, 12/2008, 

3♀, 5 juv, June Olberding, AUMNH]; Tucson area, near Catalina State Park, N side of 

Tangerine Rd and E of Tangerine Crossing, E of Marana, 32.42413 -111.03427 1, 2631ft., 

[APH_3170-3172, 12/11/2013, 3♀, Chris A. Hamilton, Brent E. Hendrixson, AUMNH]; W of 

Why, 32.26683 -112.847 2, 1650ft., [APH_1253-1258, 1/12/2010, 2♂, 4♀, June Olberding, 

AUMNH]; Saguaro National Park (West) - western portion, 32.32247 -111.12608 2, 2790ft., 

[APH_1675, 1/12/14, 1♂, Derrick Smith, AUMNH; Pinal: 0.7 miles S Skyline Dr on Quail Run 

Ln, 33.180864 -111.496516 2, 1552ft., [APH_1671-1674, 6/12/2012, 4♀, June Olberding, Tim 

Cota, AUMNH]; in desert NW jct of Hwy-84 and Amarillo Valley Rd (3.2 miles NW I-8), 

32.856511 -112.085564 1, 1541ft., [APH_0421-0423, 15/11/2008, 3 juv, Brent E. Hendrixson, 

Paul Marek, Charity Hall, Kojun, AUMNH]; [APH_1603-1606, 10/11/2012, 3♂, 1♀, Brent E. 

Hendrixson, AUMNH]; off Florence-Kelvin Hwy, BLM land E of Florence, 32.99957 -

111.26484 1, 1968ft., [APH_3195, 15/11/2013, 1♀, Chris A. Hamilton, Brent E. Hendrixson, 

AUMNH]; [APH_3197-3198, 15/11/2013, 2♀, Chris A. Hamilton, Brent E. Hendrixson, 

AUMNH]; off Hwy 79 around 1/2 way between 77 split and Florence at Tom Mix Rest Area, 

32.818271 -111.204751 1, 2338ft., [APH_3194, 15/11/2013, 1♀, Brent E. Hendrixson, Chris A. 

Hamilton, AUMNH]; off Hwy 79, E side of road, N of Tucson past Hwy 77 split, near Ninety 

Six hills, 32.682347 -111.072531 1, 2972ft., [APH_3189-3190, 14/11/2013, 2♀, Chris A. 

Hamilton, Brent E. Hendrixson, AUMNH]; W of Chuck's Corner off S. Amarillo Valley Rd, off 

Hwy 84, N of I-8, 32.85665 -112.08419 1, 1501ft., [APH_3166, 11/11/2013, 1♀, Brent E. 

Hendrixson, Chris A. Hamilton, AUMNH]; [APH_3168, 11/11/2013, 1 juv, Chris A. Hamilton, 

Brent E. Hendrixson, AUMNH]. 
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 Distribution and natural history. Aphonopelma paloma is widely distributed across 

lower elevation sections of southern and southwestern Arizona (Figs. 1 G & 111) in the Sonoran 

Basin and Range Level III Ecoregion. Aphonopelma paloma can be found in syntopy with A. 

chalcodes throughout its entire distribution and with A. vorhiesi north of Tucson. The breeding 

season, when mature males abandon their burrows in search of females, is limited to late fall and 

early winter (November–December). Burrow entrances of A. paloma are unique among species 

in the United States, in that individuals frequently create a distinct crescent-shaped mound made 

from excavated soil and silk (Fig. 2 F); this behavior has not been observed in other similar 

species (e.g., A. mareki, A. parvum, A. saguaro, and A. superstitionense) The natural history of A. 

paloma is discussed in more detail by Prentice (1993). 

 

 Conservation status. Aphonopelma paloma abundant throughout its distribution but can 

be difficult to find due to the cryptic nature of their burrows and narrow window of activity 

during the year. This species is secure. 

 

 Remarks. Other important ratios that distinguish Aphonopelma paloma males: possess a 

smaller L3 scopulation extent (21%-41%) than A. parvum (60%-65%) and A. xwalxwal (65%-

95%); by possessing a larger PTl/M1 (≥0.81; 0.81-0.92) than A. chalcodes (≤0.75; 0.67-0.75) 

and A. xwalxwal (≤0.64; 0.57-0.64); by possessing a larger M3/A3 (≥1.46; 1.46-1.61) than A. 

mareki (≤1.42; 1.27-1.42) and A. parvum (≤1.41; 1.21-1.41), but smaller than A. xwalxwal 

(≥1.66; 1.66-1.91); by possessing a larger Cl/M3 (≥1.17; 1.17-1.31) than A. superstitionense 

(≤1.12; 1.05-1.12) and A. xwalxwal (≤1.01; 0.91-1.01). Other important ratios that distinguish 

females: A. paloma possess a larger Cl/A4 (≥1.92; 1.92-2.21) than A. parvum (≤1.91; 1.63-1.91), 

but smaller than A. chalcodes (≥2.32; 2.32-2.64); by possessing a smaller L3 scopulation extent 

(25%-50%) than A. chalcodes (78%-93%), A. parvum (62-67%), A. superstitionense (64% ± 

(only 1 specimen)), and A. vorhiesi (49%-69%; with slight overlap). For both males and females, 

certain morphometrics have potential to be useful, though due to the amounts of variation, small 

number of specimens, and the small differences between species, no others are claimed to be 

significant at this time (see Appendix 2). During evaluation of traditional PCA morphospace, 

males of A. paloma separate in PCA morphological space from A. chalcodes, A. vorhiesi, A. 

parvum, and A. xwalxwal but do not separate from A. mareki, A. saguaro, and A. superstitionense. 
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Female A. paloma separate from A. chalcodes, A. mareki, A. parvum, A. saguaro, A. 

superstitionense, and A. vorhiesi in morphological space. Interestingly, A. paloma males separate 

from A. chalcodes, A. parvum, A. superstitionense, and A. vorhiesi in three-dimensional PCA 

morphospace (PC1~PC2~PC3), but do not separate from A. mareki or A. saguaro. Aphonopelma 

paloma females separate from A. chalcodes, A. mareki, A. parvum, A. saguaro, A. 

superstitionense, and A. vorhiesi. PC1, PC2, and PC3 explain ≥96% of the variation in all 

analyses. 

 

Aphonopelma parvum Hamilton & Hendrixson sp. nov. 

Figures 112-116 

 

Types. Male holotype (APH_1264) collected along CR-C078, Hidalgo Co., New Mexico, 

32.0679 -108.94608 2, elev. 4296ft., 6.xii.2010, coll. June Olberding; deposited in AUMNH. 

Paratype female (APH_1622) from 0.2 miles N Hwy-533 (Portal Rd) on Stateline Rd., Hidalgo 

Co., New Mexico, 31.874121 -109.047377 1, elev. 4107ft., 14.xi.2012, coll. Brent E. 

Hendrixson; deposited in AUMNH. Paratype male (APH_1106) from 0.11 miles N Portal Rd 

(Hwy 533) on State Line Rd, Hidalgo Co., New Mexico, 31.87232 -109.04787 2, elev. 4127ft., 

28.xi.2009, coll. June Olberding; deposited in AMNH. Paratype female (APH_1600) from 

Tanque Rd., Graham Co., Arizona, 32.606785 -109.680286 1, elev. 4158ft., 9.xi.2012, coll. Brent 

E. Hendrixson; deposited in AMNH. 

 

 Etymology. The specific epithet is Latin for “small” or “little” and is in reference to the 

diminutive size of this new tarantula species. 

 

 Diagnosis. Aphonopelma parvum (Fig. 112) is a member of the Paloma species group 

and can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. parvum as a strongly supported 

monophyletic lineage (Figs. 7-8) that is a sister lineage to A. mareki sp. nov., A. saguaro sp. 

nov., and A. superstitionense sp. nov. Aphonopelma parvum can easily be differentiated from 

syntopic populations of A. chalcodes, A. gabeli, A. hentzi, and A. vorhiesi by their much smaller 

size, and can be differentiated from other members of the Paloma species group by locality. 
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Importantly, A. parvum males do not possess a swollen femur III as is seen in A. paloma, A. 

saguaro, A. superstitionense, and some specimens of A. mareki. The most significant 

measurements that distinguish male A. parvum from its closely related phylogenetic and syntopic 

species are Cl and the extent of scopulation on metatarsi III and IV. Male A. parvum can be 

distinguished by possessing a smaller Cl/PTw (≤4.22; 3.79-4.22) than A. chalcodes (≥5.06; 5.06-

6.05), A. gabeli (≥5.93; 5.93-6.56), A. hentzi (≥4.87; 4.87-6.16), and A. vorhiesi (≥4.61; 4.61-

5.58); a larger L3 scopulation extent (60%-65%) than A. mareki (50%-56%); and a larger L4 

scopulation extent (36%-44%) than A. paloma (5%-24%), A. saguaro (14%-26%), and A. 

superstitionense (14%-20%). The most significant measurements that distinguish female A. 

parvum from its closely related phylogenetic and syntopic species are F3 and the extent of 

scopulation on metatarsus IV. Female A. parvum can be distinguished by possessing a smaller 

F3/A4 (≤1.28; 1.21-1.28) than A. chalcodes (≥1.44; 1.44-1.80), A. gabeli (≥1.37; 1.37-1.65), A. 

hentzi (≥1.36; 1.36-1.66), and A. vorhiesi (≥1.37; 1.37-1.63); and a larger L4 scopulation extent 

(33%-42%) than A. chiricahua sp. nov. (28% ± (only 1 specimen)), A. mareki (21%-27%), A. 

paloma (0-25%), A. saguaro (21% ± (only 1 specimen)), and A. superstitionense (26% ± (only 1 

specimen)). 

 

 Description of male holotype (APH_1264; Fig. 113). — Specimen preparation and 

condition: Specimen collected wandering and preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right legs III & IV removed for DNA and stored at -

80°C in the AUMNH (Auburn, AL). General coloration: Faded black/brown. Cephalothorax: 

Carapace 6.544 mm long, 6.019 mm wide; densely clothed with faded pubescence, appressed to 

surface; fringe covered in long setae not closely appressed to surface, hirsute appearance; foveal 

groove medium deep and slightly recurved; pars cephalica region rises very gradually from 

foveal groove on a straight plane towards the ocular area; AER slightly procurved, PER 

recurved; normal sized chelicerae; clypeus extends forward on a slight curve; LBl 0.829, LBw 

0.989; sternum hirsute, clothed with faded, densely packed, short setae. Abdomen: Densely 

clothed in short black/brown pubescence with numerous longer, lighter setae interspersed 

(generally red or orange in situ); dense dorsal patch of black Type I urticating bristles (Cooke et 

al. 1972) - larger than other miniature species. Legs: Hirsute; densely clothed in faded 
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pubescence. Metatarsus I arched. F1 7.966; F1w 1.529; P1 2.427; T1 6.919; M1 4.861; A1 

4.182; F3 6.228; F3w 1.649; P3 2.157; T3 4.869; M3 5.41; A3 4.143; F4 7.436; F4w 1.461; P4 

2.297; T4 6.65; M4 6.86; A4 4.963; femur III is normal - not noticeably swollen or wider than 

other legs. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 61.4%; leg 

IV (SC4) = 40.4%. Three ventral megaspines on metatarsus III; six ventral megaspines on 

metatarsus IV; one prolateral megaspine and two ventral megaspines on tibia I; one megaspine 

present on the retrolateral tibia, at the apex of the mating clasper; one megaspine on the apex on 

the retrolateral branch of the tibial apophysis. Coxa I: Prolateral surface covered by fine, hair-

like setae. Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, with 

numerous longer ventral setae; one megaspine at the apical, prolateral femur and three prolateral 

megaspines on the palpal tibia; PTl 4.618, PTw 1.664. Palpal bulb is very short and stout. When 

extended, embolus tapers with a curve to the retrolateral side; embolus slender, no keels; distinct 

dorsal and ventral transition from bulb to embolus. 

 

 Variation (7). Cl 5.702-7.057 (6.333±0.19), Cw 5.141-6.376 (5.836±0.2), LBl 0.764-

0.889 (0.829±0.02), LBw 0.888-0.989 (0.958±0.01), F1 6.212-7.966 (7.063±0.25), F1w 1.312-

1.704 (1.54±0.05), P1 1.967-2.597 (2.35±0.09), T1 5.269-6.919 (6.012±0.21), M1 3.837-4.863 

(4.483±0.16), A1 3.282-4.182 (3.593±0.13), L1 length 20.633-26.355 (23.501±0.76), F3 4.964-

6.228 (5.631±0.2), F3w 1.305-1.865 (1.637±0.08), P3 1.806-2.173 (2.025±0.05), T3 3.791-4.869 

(4.318±0.14), M3 4.408-5.41 (4.817±0.14), A3 3.141-4.143 (3.758±0.13), L3 length 18.197-

22.807 (20.548±0.63), F4 6.055-7.436 (6.741±0.2), F4w 1.226-1.634 (1.453±0.06), P4 2.085-

2.476 (2.214±0.05), T4 5.104-6.65 (5.772±0.2), M4 5.78-6.86 (6.336±0.18), A4 3.915-4.963 

(4.374±0.13), L4 length 23.105-28.206 (25.438±0.71), PTl 3.619-4.618 (4.139±0.13), PTw 

1.377-1.673 (1.567±0.05), SC3 ratio 0.601-0.649 (0.63±0.01), SC4 ratio 0.368-0.442 

(0.399±0.01), Coxa I setae = very thin tapered, F3 condition = normal. 

 

 Description of female paratype (APH_1622; Figs. 114-115) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; original 

coloration faded due to preservation. Left legs I, III, IV, and pedipalp removed for photographs 

and measurements; stored in vial with specimen. Right legs III & IV removed for DNA and 

stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae removed and 
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cleared, stored in vial with specimen. General coloration: Faded black/brown. Cephalothorax: 

Carapace 7.147 mm long, 6.51 mm wide; Hirsute, densely clothed with short faded black/brown 

pubescence closely appressed to surface; fringe densely covered in slightly longer setae; foveal 

groove medium deep and slightly procurved; pars cephalica region gently rises from thoracic 

furrow, arching anteriorly toward ocular area; AER very slightly procurved - mostly straight, 

PER slightly recurved; chelicerae robust, clypeus extends on a slight curve; LBl 1.136, LBw 

1.271; sternum hirsute, clothed with short faded setae. Abdomen: Densely clothed dorsally in 

short faded black setae with longer, lighter setae (generally red or orange in situ) focused near 

the urticating patch; dense dorsal patch of black Type I urticating bristles (Cooke et al. 1972) - 

larger than other miniature species. Spermathecae: Paired and separate, with capitate bulbs, 

narrow necks widening towards the bases; not fused. Legs: Hirsute; densely clothed in short 

faded black/brown pubescence; F1 6.016; F1w 1.935; P1 2.504; T1 4.616; M1 2.927; A1 3.144; 

F3 4.951; F3w 1.674; P3 2.168; T3 3.466; M3 3.703; A3 3.027; F4 6.277; F4w 1.733; P4 2.396; 

T4 5.001; M4 4.984; A4 4.017. All tarsi fully scopulate. Extent of metatarsal scopulation: leg III 

(SC3) = 64.2%; leg IV (SC4) = 40.4%. Two ventral megaspines on metatarsus III; six ventral 

megaspines and one retrolateral megaspine on metatarsus IV. Coxa I: Prolateral surface covered 

by very thin tapered and fine, hair-like setae. Pedipalps: Densely clothed in the same setal color 

as the other legs; one megaspine on the apical, prolateral femur, four prolateral (two at the apical, 

prolateral border with the tarsus) megaspines and one ventral megaspine on the tibia. 

 

 Variation (5). Cl 6.181-7.326 (6.974±0.21), Cw 5.827-6.86 (6.28±0.2), LBl 0.964-1.136 

(1.074±0.03), LBw 1.072-1.295 (1.206±0.04), F1 5.344-6.154 (5.849±0.14), F1w 1.777-2.043 

(1.896±0.05), P1 2.291-2.693 (2.453±0.07), T1 4.492-5.026 (4.721±0.1), M1 2.927-3.487 

(3.099±0.1), A1 2.777-3.283 (3.027±0.09), L1 length 18.064-20.322 (19.149±0.4), F3 4.621-

5.077 (4.851±0.1), F3w 1.515-1.742 (1.646±0.04), P3 2.127-2.267 (2.168±0.03), T3 3.192-3.467 

(3.369±0.05), M3 3.221-3.703 (3.44±0.09), A3 3.027-3.573 (3.227±0.1), L3 length 16.258-

17.782 (17.056±0.29), F4 5.735-6.537 (6.147±0.15), F4w 1.598-1.764 (1.696±0.03), P4 2.255-

2.544 (2.383±0.05), T4 4.539-5.438 (4.98±0.16), M4 4.592-5.153 (4.942±0.1), A4 3.603-4.035 

(3.886±0.08), L4 length 21.215-23.343 (22.339±0.46), SC3 ratio 0.629-0.672 (0.651±0.01), SC4 

ratio 0.338-0.422 (0.397±0.02), Coxa I setae = very thin tapered. Spermathecae variation can be 

seen in Figure 115. 
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 Material Examined: United States: Arizona: Cochise: 0.8 miles SE Hwy-191 on 

connecting road, 32.384654 -109.654269 1, 4231ft., [APH_1619, 14/11/2012, 1♀, Brent E. 

Hendrixson, AUMNH]; Cave Creek, 1 mile south of Ranger Station, 31.888981 -109.16895 4, 

5067ft., [AUMS_2247, 28/11/1990, 1♂, Barney Tomberlin, AUMNH]; on Portal Rd going 

towards Cave Creek Canyon, 31.91472 -109.146262 1, 4763ft., [APH_3187, 13/11/2013, 1♂, 

Chris A. Hamilton, Brent E. Hendrixson, AUMNH]; on Portal Rd, just past the state line, 

31.87769 -109.060587 1, 4195ft., [APH_3186, 13/11/2013, 1♂, Chris A. Hamilton, Brent E. 

Hendrixson, AUMNH]; Portal, 31.913703 -109.14145 5, 4770ft., [APH_2209, 20/11/1963, 1♂, V. 

Roth, AMNH]; [APH_2210, 1/12/1964, 1♂, V. Roth, AMNH]; San Simon, E of Kennedy Rd, 

32.296735 -109.18536 1, 3703ft., [APH_1620, 14/11/2012, 1♀, Brent E. Hendrixson, AUMNH]; 

Graham: 0.25 miles E Hwy-191 on Tanque Rd, 32.605235 -109.682418 1, 3873ft., [APH_1350, 

5/8/2011, 1 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; 0.4 

miles E Hwy-191 on Tanque Rd, 32.606204 -109.681524 1, 3891ft., [APH_1183, 25/7/2010, 1 

juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; off Tanque Rd, off Hwy 191 

to Safford, near Swift Trail Junction, 32.60887 -109.678738 1, 3833ft., [APH_3178-3180, 

13/11/2013, 2♀, 1♂, Chris A. Hamilton, Brent E. Hendrixson, AUMNH]; Tanque Rd, 

32.606785 -109.680286 1, 4158ft., [APH_1599-1601, 9/11/2012, 3♀, Brent E. Hendrixson, 

AUMNH & AMNH]; [APH_1623, 14/11/2012, 1♀, Brent E. Hendrixson, AUMNH]; Greenlee: 

0.4 miles N Hwy-75 on Goat Camp Rd, 32.755403 -109.110492 1, 3726ft., [APH_1354, 5/8/2011, 

1 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; New Mexico: 

Hidalgo: 0.11 miles N Portal Rd (Hwy-533) on State Line Rd, 31.87232 -109.04787 2, 4127ft., 

[APH_1106, 28/11/2009, 1♂, June Olberding, AMNH]; [APH_1109, 28/11/2009, 1♀, June 

Olberding, AUMNH]; 0.18 miles N Portal Rd (Hwy-533) on State Line Rd, 31.87333 -

109.04758 2, 4129ft., [APH_1105, 28/11/2009, 1 juv, June Olberding, AUMNH]; 0.19 miles N 

Portal Rd (Hwy-533) on State Line Rd, 31.87347 -109.04763 2, 4130ft., [APH_1111, 28/11/2009, 

1 juv, June Olberding, AUMNH]; 0.2 miles N Hwy-533 (Portal Rd) on Stateline Rd, 31.874121 -

109.047377 1, 4107ft., [APH_1596-1598, 8/11/2012, 3♀, Brent E. Hendrixson, AUMNH]; 

[APH_1621-1622, 14/11/2012, 1♂, 1♀, Brent E. Hendrixson, AUMNH]; 0.2 miles NW Hwy-80 

on CR-C078, 32.1046 -108.96062 2, 4493ft., [APH_1260-1261, 4/12/2010, 2♂, June Olberding, 

AUMNH]; [APH_1265-1266, 4/12/2010, 2♀, June Olberding, AUMNH]; 0.20 miles N Portal 
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Rd (Hwy-533) on State Line Rd, 31.8737 -109.04763 2, 4130ft., [APH_1108, 28/11/2009, 1♀, 

June Olberding, AUMNH]; 0.21 miles N Portal Rd (Hwy-533) on State Line Rd, 31.8738 -

109.04768 2, 4130ft., [APH_1110, 28/11/2009, 1♀, June Olberding, AUMNH]; 0.22 miles N 

Portal Rd (Hwy-533) on State Line Rd, 31.87392 -109.04793 2, 4131ft., [APH_1104, 28/11/2009, 

1♀, June Olberding, AUMNH]; [APH_1107, 28/11/2009, 1 juv, June Olberding, AUMNH]; 0.5 

miles W Hwy-80 on road near Rusty's RV Ranch, 31.92755 -109.0443 2, 4170ft., [APH_1259, 

5/12/2010, 1♂, June Olberding, AUMNH]; [APH_1262-1263, 5/12/2010, 2♂, June Olberding, 

AUMNH]; [APH_1267, 5/12/2010, 1♀, June Olberding, AUMNH]; along CR-C078, 32.0679 -

108.94608 2, 4296ft., [APH_1264, 6/12/2010, 1♂, June Olberding, AUMNH]; [APH_1268-1269, 

6/12/2010, 2♀, June Olberding, AUMNH]; Animas, 31.949 -108.8073 2, 4400ft., [APH_0794, 

14/10/2009, 1♀, Clyde Mahan, AUMNH]; off State Line Rd, off Portal Rd, 31.873052 -

109.048122 1, 4134ft., [APH_3183-3185, 13/11/2013, 1♂, 2♀, Brent E. Hendrixson, Chris A. 

Hamilton, AUMNH]; S on Hwy 80, S of Granite Gap, 32.054494 -109.009828 1, 4038ft., 

[APH_3181-3182, 13/11/2013, 2♂, Chris A. Hamilton, Brent E. Hendrixson, AUMNH]. 

 

 Distribution and natural history. Aphonopelma parvum can be found inhabiting the 

Chihuahuan Desert and Madrean Archipelago Level III Ecoregions of southeastern Arizona and 

southwestern New Mexico (Figs. 1 F & 116). Due to its distribution that is in close proximity to 

the Cochise Filter Barrier (an important biogeographic region where biota from different 

ecoregions converge), A. parvum is syntopic with several other tarantula species including A. 

chalcodes, A. chiricahua, A. gabeli, A. hentzi, and A. vorhiesi. The breeding season, when mature 

males abandon their burrows in search of females, is limited to late fall and early winter 

(November–December). Excavated soil near burrow entrances is generally haphazardly scattered 

and not arranged into a distinct crescent-shaped mound or turret. 

 

 Conservation status. Aphonopelma parvum is very common throughout their 

distribution but can be difficult to find due to the cryptic nature of their burrows and narrow 

window of activity during the year. This species is likely secure. 

 

 Remarks. Other important ratios that distinguish males: A. parvum possess a larger 

F1/M3 (≥1.40; 1.40-1.53) than A. chalcodes (≤1.31; 1.13-1.31), A. gabeli (≤1.24; 1.18-1.24), A. 
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hentzi (≤1.40; 1.20-1.40), A. paloma (≤1.38; 1.24-1.38), A. saguaro (≤1.37; 1.22-1.37), and A. 

superstitionense (≤1.33; 1.22-1.33). Other important ratios that distinguish A. parvum females: A. 

parvum possess a larger F3L/W (≥2.85; 2.85-3.05) than A. saguaro (2.41 ± (only 1 specimen)); a 

smaller P1/F3 (≤0.54; 0.47-0.54) than A. chiricahua (0.69 ± (only 1 specimen)) and A. 

superstitionense (0.58 ± (only 1 specimen)); a smaller Cl/A4 (≤1.91; 1.63-1.91) than A. paloma 

(≥1.92; 1.92-2.21); a smaller Cl/F4 (≤1.17; 1.07-1.17) than A. gabeli (≥1.20; 1.20-1.32), A. 

hentzi (≥1.20; 1.20-1.40), and A. vorhiesi (≥1.23; 1.23-1.37); a smaller L4 scopulation extent 

than A. chalcodes (56%-81%). Certain morphometrics have potential to be useful, though due to 

the amounts of variation, small number of specimens, and the small differences between species, 

no other are claimed to be significant at this time (see Appendix 2). During evaluation of 

traditional two-dimensional PCA morphospace and three-dimensional PCA morphospace 

(PC1~PC2~PC3), males of A. parvum separate from A. chalcodes, A. gabeli, A. hentzi, A. 

paloma, A. saguaro, A. superstitionense, and A. vorhiesi along PC1~2, but do not separate from 

A. chiricahua or A. mareki. Male A. parvum separate from all compared species, except A. 

mareki, in three-dimensional morphospace. Female A. parvum separate from A. chalcodes, A. 

gabeli, A. hentzi, A. paloma, and A. vorhiesi, but do not separate from A. chiricahua, A. mareki, 

A. saguaro, or A. superstitionense in two-dimensional morphological space, yet when three-

dimensional morphospace is plotted, A. parvum separates from all compared species. PC1, PC2, 

and PC3 explain ≥97% of the variation in all analyses. 

 

Aphonopelma peloncillo Hamilton & Hendrixson sp. nov. 

Figures 117-121; Appendix 4 

 

Types. Male holotype (APH_0672) from along Hwy-338, Hidalgo Co., New Mexico, 31.607079 

-108.867081 1, elev. 4934ft., 14.vii.2009, coll. Brent E. Hendrixson and Nate Davis; deposited in 

AUMNH. Paratype female (APH_1296) from Coronado National Forest, Peloncillo Mtns, 

Clanton Draw Area, Hidalgo Co., New Mexico, 31.518665 -108.982597 1, elev. 5435ft., 

25.vii.2011, coll. Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms; deposited in 

AUMNH. Paratype male (APH_1190) from along Hwy-338, Hidalgo Co., New Mexico, 

31.607079 -108.867081 1, elev. 4934ft., 26.vii.2010, coll. Brent E. Hendrixson, Brendon Barnes, 

Nate Davis; deposited in AMNH. Paratype female (APH_1181) from Coronado National Forest, 
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Peloncillo Mtns, Hidalgo Co., New Mexico, 31.518665 -108.982597 1, elev. 5435ft., 26.vii.2010, 

coll. Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms; deposited in AMNH. 

 

 Etymology. The specific epithet is a noun in apposition taken from type locality, the 

Peloncillo Mountains in southwestern New Mexico, where this species was first discovered. 

 

 Diagnosis. Aphonopelma peloncillo (Fig. 117) is a member of the Marxi species group 

and can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. peloncillo as a phylogenetically 

distinct monophyletic lineage (Figs. 7-8), supported as a sister lineage to the clade that includes 

A. catalina sp. nov., A. chiricahua sp. nov., and A. madera sp. nov. The significant 

measurements that distinguish male A. peloncillo from its closely related phylogenetic and 

syntopic species are Cl, PTl, and the extent of scopulation on metatarsus III. Male A. peloncillo 

can be distinguished by possessing a larger Cl/PTw (≥4.67; 4.67-5.59) than A. catalina (≤4.26; 

3.96-4.26), A. chiricahua (≤4.05; 3.32-4.05), and A. parvum sp. nov. (≤4.22; 3.79-4.22), but 

smaller than A. gabeli (≥5.93; 5.93-6.56); by possessing a smaller PTl/M3 (≤0.82; 0.71-0.82) 

than A. madera (≥0.94; 0.94-1.05); and a smaller L3 scopulation extent (52%-68%) than A. 

chalcodes (75%-86%) and A. hentzi (69%-86%). There are no significant measurements that 

separate male A. peloncillo from A. vorhiesi. Significant measurements that distinguish female A. 

peloncillo from its closely related phylogenetic and syntopic species are Cl, A4, and the extent of 

scopulation on metatarsus IV. Female A. peloncillo can be distinguished by possessing a larger 

Cl/T1 (≥1.56; 1.56-1.77) than A. catalina (≤1.51; 1.44-1.51) and A. parvum (≤1.55; 1.45-1.55); a 

larger M3/A4 (≥1.11; 1.11-1.23) than A. chiricahua (0.80 ± (only 1 specimen)) and A. madera 

(≤1.07; 0.96-1.07); and by possessing a smaller L4 scopulation extent (32%-39%) than A. 

chalcodes (63%-81%), A. hentzi (42%-72%), and A. gabeli (39%-53%). There are no significant 

measurements that separate female A. peloncillo from A. vorhiesi. 

 

 Description of male holotype (APH_0672; Fig. 118). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right leg III removed for DNA and stored at -80°C in 
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the AUMNH (Auburn, AL). General coloration: Generally black/faded black or brown. 

Cephalothorax: Carapace 12.27 mm long, 11.42 mm wide; densely clothed with black, faded 

black or brown pubescence, appressed to surface; fringe covered in long setae not closely 

appressed to surface; foveal groove medium deep and straight; pars cephalica region rises 

gradually from foveal groove, gently arching anteriorly toward ocular area; ocular quadrangle 

distinct and round; AER procurved, PER strongly recurved; normal sized chelicerae; clypeus 

slightly extends forward on a curve; LBl 1.51, LBw 1.84; sternum hirsute, clothed with short 

black, densely packed setae. Abdomen: Densely clothed in short black pubescence with 

numerous longer, lighter setae interspersed (generally red or orange in situ); dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972). Legs: Hirsute; densely clothed with short, 

similar length black setae, and longer setae interspersed. Metatarsus I slightly arched. F1 13.45; 

F1w 3.02; P1 4.88; T1 11.17; M1 8.31; A1 5.87; F3 10.01; F3w 3.16; P3 4.43; T3 7.87; M3 9.06; 

A3 6.04; F4 12.19; F4w 3.04; P4 4.52; T4 10.45; M4 12.53; A4 7.11; femur III is normal - not 

noticeably swollen or wider than other legs. All tarsi fully scopulate. Extent of metatarsal 

scopulation: leg III (SC3) = 58.4%; leg IV (SC4) = 34.4%. Two ventral and two prolateral 

megaspines on metatarsus III; eleven ventral megaspines, and one prolateral megaspine on 

metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and thin tapered setae. 

Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, with numerous 

longer ventral setae; one megaspine at the apical, prolateral femur and three megaspines on the 

prolateral tibia; PTl 7.36, PTw 2.47. When extended, embolus tapers and gently curves to the 

retrolateral side; embolus slender, no keels. 

 

 Variation (9). Cl 10.23-14.90 (12.567±0.44), Cw 9.15-14.10 (11.582±0.46), LBl 1.32-

1.95 (1.46±0.06), LBw 1.4-2.07 (1.651±0.07), F1 11.148-14.86 (13.352±0.4), F1w 2.423-3.795 

(3.059±0.12), P1 4.151-5.594 (4.945±0.18), T1 9.699-12.83 (11.482±0.36), M1 7.331-10.436 

(8.77±0.29), A1 5.179-6.889 (6.104±0.18), L1 length 37.508-50.297 (44.654±1.31), F3 9.27-

12.369 (10.739±0.32), F3w 2.766-4.012 (3.286±0.12), P3 3.629-4.891 (4.129±0.14), T3 6.674-

9.573 (8.172±0.3), M3 7.465-10.86 (9.588±0.34), A3 5.712-7.983 (6.445±0.25), L3 length 

33.029-45.454 (39.073±1.25), F4 10.549-14.471 (12.599±0.38), F4w 2.469-3.765 (2.996±0.12), 

P4 3.44-4.991 (4.353±0.16), T4 9.249-12.388 (10.832±0.35), M4 10.683-14.17 (12.768±0.4), A4 

6.65-8.656 (7.43±0.24), L4 length 40.656-54.24 (47.981±1.42), PTl 6.119-8.133 (7.382±0.24), 
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PTw 2.027-2.91 (2.507±0.1), SC3 ratio 0.526-0.685 (0.594±0.02), SC4 ratio 0.274-0.442 

(0.338±0.02), Coxa 1 setae = tapered/thin tapered, F3 condition = normal. 

 

 Description of female paratype (APH_1296; Figs. 119-120) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol. Left legs I, III, 

IV, and pedipalp removed for photographs and measurements; stored in vial with specimen. 

Right leg III removed for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate 

with spermathecae removed and cleared, stored in vial with specimen. General coloration: 

Black/faded black and brown. Cephalothorax: Carapace 19.32 mm long, 16.76 mm wide; 

Hirsute, densely clothed with black/faded black, pubescence closely appressed to surface; fringe 

densely covered in longer setae; foveal groove medium deep and straight; pars cephalica region 

gently rises from thoracic furrow, arching anteriorly toward ocular area; AER very slightly 

procurved, PER slightly recurved; robust chelicerae, clypeus slightly extends forward on a curve; 

LBl 1.74, LBw 2.02; sternum very hirsute, clothed with longer black/faded black setae. 

Abdomen: Densely clothed dorsally in short black setae with numerous longer, lighter setae 

interspersed (generally red or orange in situ); dense dorsal patch of black Type I urticating 

bristles (Cooke et al. 1972). Spermathecae: Paired and separate, basic, slightly tapers and curves 

medially towards capitate bulbs, with wide bases that do not appear fused. Legs: Very hirsute; 

densely clothed with longer setae colored similarly as the long abdominal setae; F1 14.51; F1w 

4.60; P1 6.72; T1 10.91; M1 8.45; A1 6.34; F3 11.88; F3w 3.98; P3 5.73; T3 8.62; M3 8.94; A3 

6.68; F4 14.42; F4w 4.13; P4 6.40; T4 11.27; M4 11.61; A4 7.56. All tarsi fully scopulate. 

Extent of metatarsal scopulation: leg III (SC3) = 67.7%; leg IV (SC4) = 38.5%. Two ventral and 

two prolateral megaspines on metatarsus III; five ventral megaspines and one prolateral 

megaspine on metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and tapered setae. 

Pedipalps: Densely clothed in the same setal color as the other legs; two megaspines on the 

apical, prolateral femur, one megaspine on the prolateral patella, six prolateral megaspines and 

one ventral megaspine on the tibia (two at the apical border with the tarsus). 

 

 Variation (5). Cl 15.33-19.32 (16.912±0.69), Cw 13.1-16.76 (14.756±0.65), LBl 1.74-

2.33 (1.992±0.1), LBw 2.02-2.65 (2.224±0.11), F1 12.25-14.51 (13.252±0.43), F1w 3.81-4.60 

(4.086±0.14), P1 5.3-6.72 (5.9±0.28), T1 9.47-10.97 (10.376±0.27), M1 6.68-8.45 (7.686±0.31), 
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A1 5.95-6.34 (6.2±0.07), L1 length 39.65-46.93 (43.414±1.28), F3 9.48-11.88 (10.484±0.43), 

F3w 3.14-3.98 (3.51±0.14), P3 4.54-5.73 (4.956±0.21), T3 7.01-8.62 (7.748±0.31), M3 7.51-

8.94 (8.262±0.3), A3 5.7-6.68 (6.234±0.17), L3 length 34.5-41.85 (37.684±1.26), F4 12.26-

14.42 (13.224±0.41), F4w 3.5-4.13 (3.718±0.11), P4 5.09-6.40 (5.444±0.25), T4 9.66-11.27 

(10.602±0.26), M4 9.91-12.05 (11.294±0.39), A4 6.63-7.56 (7.118±0.18), L4 length 43.84-51.26 

(47.682±1.31), SC3 ratio 0.586-0.676 (0.64±0.02), SC4 ratio 0.324-0.386 (0.357±0.01), Coxa I 

setae = tapered. Spermathecae variation can be seen in Figure 120. 

 

 Material Examined: United States: Arizona: Cochise: 0.03 miles N Hunt Canyon Rd 

on Leslie Canyon Rd, 31.64689064 -109.4732291 2, 4927ft., [APH_0718, 17/8/2009, 1♂, Alice 

Abela, AUMNH]; 0.51 miles N Davis Ranch Rd on Leslie Canyon Rd, 31.52685642 -

109.5446671 2, 4389ft., [APH_0719, 17/8/2009, 1♂, Alice Abela, AUMNH]; 0.83 miles SW 

Price Canyon Rd on Hwy-80, 31.62561536 -109.2064459 2, 4656ft., [APH_0724, 18/8/2009, 1♂, 

Alice Abela, AUMNH]; 19.8 miles NE of Douglas along Highway 80, 31.53231 -109.294192 5, 

4562ft., [AUMS_2246, 23/7/1989, 1♂, F.C. Baptista, AUMNH]; along Hwy-80, 31.46999359 -

109.3591602 2, 4346ft., [APH_0723, 18/8/2009, 1♂, Alice Abela, AUMNH]; New Mexico: 

Hidalgo: along CR C001, 31.608773 -108.86636 1, 4966ft., [APH_1227, 7/8/2010, 1♂, Brent E. 

Hendrixson, Ashley Bailey, Andrea Reed, AUMNH]; along CR C004, 31.527331 -108.905731 1, 

5262ft., [APH_1226, 7/8/2010, 1♂, Brent E. Hendrixson, Ashley Bailey, Andrea Reed, 

AUMNH]; along Geronimo Trail, 31.528707 -108.900331 1, 5032ft., [APH_1516, 8/9/2012, 1♀, 

Brent E. Hendrixson, AUMNH]; along Hwy-338, 31.607079 -108.867081 1, 4934ft., 

[APH_0671-0673, 14/7/2009, 2♂, 1 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; 

[APH_1188-1191, 26/7/2010, 4♂, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH 

& AMNH]; Clanton Draw area, 31.522379 -108.98037 1, 5406ft., [APH_0666-0669, 14/7/2009, 

1♀, 3 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; [APH_0681-0685, 16/7/2009, 3♀, 1♂, 1 

juv, Brent E. Hendrixson, Nate Davis, AUMNH]; Coronado National Forest, Peloncillo Mtns, 

31.518665 -108.982597 1, 5435ft., [APH_1181-1182, 26/7/2010, 2♀, Brent E. Hendrixson, 

Brendon Barnes, Nate Davis, AUMNH & AMNH]; Coronado National Forest, Peloncillo Mtns, 

Clanton Draw Area, 31.518665 -108.982597 1, 5435ft., [APH_1296-1297, 25/7/2011, 2♀, Brent 

E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; CR-C004, 0.8 miles SW 

Hwy-338, 31.544499 -108.882007 1, 5112ft., [APH_0670, 14/7/2009, 1♂, Brent E. Hendrixson, 
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Nate Davis, AUMNH]; NM-9 at Little Hatchet Mtns Rd, W of Hachita, 31.926633 -108.363083 5, 

4480ft., [APH_0411, 11/10/2008, 1♂, Kari McWest, Keisha Hendricks, AUMNH]. 

 

 Distribution and natural history. Aphonopelma peloncillo can be found inhabiting the 

Madrean Archipelago Level III Ecoregion where it resides in lower to mid elevation habitats in 

and around the Peloncillo Mountains in southeastern Arizona and southwestern New Mexico 

(Fig. 121). Aphonopelma peloncillo can be found in syntopy at the lower elevations of its 

distribution with A. chalcodes, A. gabeli, A. hentzi, A. parvum, and A. vorhiesi. The breeding 

season, when mature males abandon their burrows in search of females, occurs during the 

summer (July–August) coinciding with the summer monsoon season. 

 

 Conservation status. Aphonopelma peloncillo has a somewhat narrow distribution in the 

United States that is restricted to middle and lower elevations in and around the Peloncillo 

Mountains of Arizona and New Mexico. These tarantulas are fairly common but this region is 

subject to grazing, illegal immigration, and other modes of habitat degradation. Future climate 

change throughout the sky island region is also a concern (Brusca et al. 2013). 

 

 Remarks. This species was originally recognized by Hendrixson et al. (2015). 

Aphonopelma peloncillo males and females are similar looking to other species in the sky islands, 

though generally possessing a more hirsute appearance. Aphonopelma peloncillo can be 

differentiated from A. chalcodes, A. gabeli, A. hentzi, and A. vorhiesi by phenotypic appearance, 

and from A. parvum by appearance and size. An interesting note, in both mtDNA and nuDNA 

datasets, A. peloncillo is inferred as sister to a lineage in the Huachuca Mountains (that is not A. 

madera), putatively identified as a novel species.  Unfortunately, at this time we do not have 

additional support for this single specimen to be recognized and formally described. 

 Other important ratios that distinguish males: A. peloncillo possess a smaller PTl/M3 

(≤0.82; 0.71-0.82) than A. catalina (≥0.86; 0.86-0.98), A. chiricahua (≥0.94; 0.94-1.10) and A. 

parvum (≥0.81; 0.81-0.88; with slight overlap), but larger than A. gabeli (≤0.63; 0.57-0.63); by 

possessing a larger L3 scopulation extent (52%-68%) than A. catalina (48%-53%; with slight 

overlap); by possessing a smaller F1/M4 (≤1.11; 0.99-1.11) than A. catalina (≥1.15; 1.15-1.22) 

and A. madera (≥1.12; 1.12-1.22), but larger than A. chalcodes (≤0.99; 0.92-0.99) and A. gabeli 



	   333 

(≤0.97; 0.92-0.97); by possessing a larger T1/P4 (≥2.47; 2.47-2.94) than A. hentzi (≤2.46; 1.96-

2.46). Other important ratios that distinguish females: A. peloncillo possess a larger M3/A4 

(≥1.11; 1.11-1.23) than A. catalina (≤1.10; 1.07-1.10) and A. parvum (≤0.92; 0.86-0.92); by 

possessing a smaller L3 scopulation extent (58%-68%) than A. chalcodes (78%-93%), A. hentzi 

(67%-95%; with slight overlap), and A. gabeli (72%-80%). For both males and females, certain 

morphometrics have potential to be useful, though due to the amounts of variation, small number 

of specimens, and the small differences between species, no other are claimed to be significant at 

this time (see Appendix 2). During evaluation of traditional PCA morphospace, males of A. 

peloncillo separate from A. chalcodes, A. gabeli, A. madera, and A. parvum along PC1~2, but do 

not separate from A. catalina, A. chiricahua, A. hentzi, and A. vorhiesi. Females of A. peloncillo 

separate from A. chiricahua and A. parvum along PC1~2, but do not separate from A. catalina, A. 

chalcodes, A. gabeli, A. hentzi, A. madera, and A. vorhiesi. Interestingly, A. peloncillo males 

separate from A. catalina, A. chiricahua, A. madera, and A. parvum in three-dimensional PCA 

morphospace (PC1~PC2~PC3), but do not separate from A. chalcodes, A. gabeli, A. hentzi, and 

A. vorhiesi. Aphonopelma peloncillo females separate from A. chiricahua, A. madera, and A. 

parvum, but do not separate from A. catalina, A. chalcodes, A. gabeli, A. hentzi, and A. vorhiesi. 

PC1, PC2, and PC3 explain ≥96% of the variation in all analyses. 

 

Aphonopelma phasmus Chamberlin, 1940 

Figures 122-123 

 

Aphonopelma (Delopelma) phasmus Chamberlin, 1940: 28; male holotype from Phantom Ranch, 

Grand Canyon, Coconino Co., Arizona, 36.105315 -112.095201, elev. 2536ft., 26.vii.1934, coll. 

Dr. Lutz; deposited in AMNH. [examined] 

Rhechostica phasmus Raven, 1985: 149. 

Aphonopelma phasmus Smith, 1995: 129. 

 

 Diagnosis. Based on carapace length (a proxy for body size) and evaluation of 

morphospace, Aphonopelma phasmus probably belongs to the Paloma species group but 

molecular data is needed to confirm its phylogenetic placement. Although the tip of the embolus 

is broken, the palpal bulb is unique (Fig. 122) compared to other species found in the region (i.e., 
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A. iodius, A. marxi, and A. prenticei). The carapace is distinctly more round than A. prenticei; A. 

phasmus possess a larger F3L/W ratio (3.59 ± (only 1 specimen)) than A. prenticei (≤3.27; 2.76-

3.27), and larger L3 scopulation extent (81.7% ± (only 1 specimen)) than A. prenticei (60%-

73%). Aphonopelma phasmus can be differentiated from A. marxi by comparing the PTl, Cl, and 

metatarsus measurements; A. phasmus possess a smaller PTl/M1 (0.79 ± (only 1 specimen)) than 

A. marxi (≥0.92: 0.92-1.23) and a smaller Cl/M1 (1.21 ± (only 1 specimen)) than A. marxi 

(≥1.43; 1.43-1.89). 

 

 Description. Male originally described by Chamberlin (1940). 

 

 Redescription of male holotype (Fig. 122). — Specimen preparation and condition: 

unknown collecting information; deposited in AMNH; original coloration faded due to 

preservation. Specimen badly fragmented, with legs stored in vial with specimen; most setae 

have fallen off over time. Specimen was pieced together for measurements. General coloration: 

Faded brown. Cephalothorax: Carapace 7.89 mm long, 6.84 mm wide; foveal groove medium 

deep and straight; pars cephalica region rises gradually from foveal groove to ocular area; AER 

very slightly procurved, PER straight; normal sized chelicerae; clypeus extends forward on a 

curve; LBl 1.072, LBw 1.315. Abdomen: Devoid of setae - lost over time. Legs: Metatarsus I 

very slightly arched. F1 8.88; F1w 1.917; P1 3.598; T1 8.124; M1 6.523; A1 4.773; L1 length 

31.898; F3 7.338; F3w 2.046; P3 2.635; T3 5.979; M3 6.902; A3 4.369; L3 length 27.223; F4 

8.59; F4w 1.79; P4 2.93; T4 missing/damaged; M4 missing/damaged; A4 missing/damaged; L4 

incomplete; femur III is slightly swollen. All tarsi fully scopulate. Extent of metatarsal 

scopulation: leg III (SC3) = 81.7%; leg IV (SC4) = missing/damaged. Two ventral megaspines 

and one prolateral on metatarsus III; five ventral megaspines and one prolateral megaspine on 

metatarsus IV; one prolateral megaspine on tibia I; one large megaspine is present at the apex on 

the retrolateral tibia of the mating clasper. Coxa I: Prolateral surface covered by thin tapered and 

fine, hair-like setae. Pedipalps: One megaspine near the anterior margin of the prolateral palpal 

femur; three megaspines on the prolateral palpal tibia (one near the anterior/ventral margin), one 

ventral megaspine towards the anterior margin; PTl 5.188, PTw 1.768. Palpal bulb is unique; 

embolus is broken; distinct ventral transition from bulb to embolus; unique process extending 

posteriorly. 



	   335 

 

 Distribution and natural history. Aphonopelma phasmus is known from a single adult 

male collected at Phantom Ranch (770 meters) near the Colorado River in Grand Canyon 

National Park in Coconino County, Arizona (Fig. 123); Phantom Ranch is characterized by 

riparian habitat surrounded by desert. The July collection date for the holotype indicates a 

summer breeding period for this species. Aphonopelma phasmus is the only species known to 

inhabit the bottom of Grand Canyon; A. marxi is abundant along the South Rim in ponderosa 

pine forest, some 1300 meters higher in elevation and A. prenticei can be found in desert habitats 

north and west of Grand Canyon. 

 

 Conservation status. Aphonopelma phasmus probably has a very restricted distribution 

along the Colorado River in Grand Canyon National Park. Although the species is protected by 

the boundaries of the park, the Phantom Ranch area is prone to habitat degradation due to foot 

traffic and other recreational activities. New collecting efforts to find this species need to be 

taken before its conservation status can be assessed. 

 

 Species concept applied. Morphological Species Concept. 

 

 Remarks. Very little is known about this enigmatic species. Despite our extensive 

fieldwork throughout Arizona and surrounding areas, we have not encountered any other 

specimens that appear to be conspecific with A. phasmus. Focused collection efforts at Phantom 

Ranch and other locations along the Colorado River are necessary to fully grasp the validity of 

this species and to determine its phylogenetic placement. A handful of measurements 

demonstrate that A. phasmus likely is not conspecific with other species in the surrounding area 

(i.e., A. iodius, A. marxi, and A. prenticei) but new material is needed to confirm this hypothesis. 

Unfortunately, the holotype is badly damaged, fragmented, and missing multiple pieces, and 

because we lack more specimens, we are not able to understand the possible morphological 

variation that exists within this species. During evaluation of traditional PCA morphospace and 

three-dimensional PCA morphospace (PC1~PC2~PC3), A. phasmus groups with the other 

species in the Paloma species group (see Appendix 2). 
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Aphonopelma prenticei Hamilton & Hendrixson sp. nov. 

Figures 124-128 

 

Aphonopelma mojave Prentice, 1997 (in part): 161. 

 

Types. Male holotype (AUMS_2557) collected Alamo Rd., off I-40 and Yucca, 0.4 miles SE of 

campsite, Mohave Co., Arizona, 34.604435 -113.751233 4, elev. 3300ft., 13.x.1993, coll. T.R. 

Prentice; deposited in AUMNH. Paratype female (APH_0319) from 0.4 miles S of Kelso Dunes 

Rd on Kelbaker Rd, San Bernardino Co., California, 34.89574 -115.65016 1, elev. 2825ft., 

6.v.2008, coll. Brent E. Hendrixson and Zach Valois; deposited in AUMNH. Paratype male 

(APH_0415) from Mojave National Preserve, San Bernardino Co., California, 35.173875 -

115.609553 1, elev. 4130ft., 25.x.2008, coll. Anette Pillau; deposited in AMNH. Paratype female 

(AUMS_2554) from Chicken Springs Rd., 2 miles N of Alamo rd. crossing, Mohave Co., 

Arizona, 34.609856 -113.77401 5, elev. 3250ft., 20.ix.1992, coll. T.R. Prentice; deposited in 

AMNH. 

 

 Etymology. The specific epithet is a patronym in recognition of arachnologist Thomas R. 

Prentice for his work on the genus Aphonopelma. Prentice's (1993, 1997) studies inspired our 

interest in the genus and greatly influenced the way we approached this revision. This project 

benefited tremendously from his help collecting specimens, donating his personal collection to 

the AUMNH, and sharing his encyclopedic knowledge of North American Aphonopelma. 

 

 Diagnosis. Aphonopelma prenticei (Fig. 124) is a member of the Paloma species group 

and can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. prenticei as a strongly supported 

monophyletic lineage (Figs. 7-8) that is the sister lineage to A. atomicum sp. nov., A. icenoglei 

sp. nov., A. mojave, and A. joshua. Aphonopelma prenticei can easily be differentiated from 

syntopic populations of A. iodius and A. chalcodes due to their smaller size and limited extent of 

scopulation on metatarsus IV. Aphonopelma prenticei can also be differentiated from other 

turret-building members of the Paloma species group by locality. The most significant 

measurements that distinguish male A. prenticei from its closely related phylogenetic and 
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syntopic species are F3 and the extent of scopulation on metatarsus IV. Male A. prenticei can be 

distinguished by possessing a larger PTl/F3 (≥0.63; 0.63-0.73) than A. joshua (≤0.61; 0.55-0.61) 

and A. xwalxwal sp. nov. (≤0.63; 0.59-0.63); a larger A1/F3 (≥0.58; 0.58-0.65) than A. atomicum 

(≤0.56; 0.53-0.56); a smaller F3L/W (≤3.27; 2.76-3.27) than A. icenoglei (≥3.51; 3.51-3.90); and 

a smaller L4 scopulation extent (30%-42%) than A. iodius (62%-88%) and A. chalcodes (42%-

76%). There are no significant measurements that separate male A. prenticei from A. mojave, 

although A. mojave males do not possess a swollen femur III (as seen in A. atomicum and A. 

prenticei). The most significant measurements that distinguish female A. prenticei from its 

closely related phylogenetic and syntopic species are Cl, M4, and the extent of scopulation on 

metatarsus IV. Female A. prenticei can be distinguished by possessing a larger Cl/M4 (≥1.31; 

1.31-1.52) than A. atomicum (≤1.28; 1.21-1.28); a larger P4/M4 (≥0.46; 0.46-0.58) than A. 

mojave (≤0.45; 0.39-0.45) and A. joshua (≤0.43; 0.37-0.43); a larger Cl/F1 (≥1.17; 1.17-1.33) 

than A. icenoglei (≤1.16; 1.07-1.16); and a smaller L4 scopulation extent (27%-38%) than A. 

chalcodes (56%-81%) and A. iodius (59%-83%). 

 

 Description of male holotype (AUMS_2557; Fig. 125). — Specimen preparation and 

condition: Specimen originally collected wandering and preserved in unknown percentage of 

ethanol; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. No tissue for DNA. 

General coloration: Faded black/brown. Cephalothorax: Carapace 7.177 mm long, 6.592 mm 

wide; densely clothed with faded pubescence, appressed to surface; fringe covered in long setae 

not closely appressed to surface, hirsute appearance; foveal groove medium deep and very 

slightly recurved; pars cephalica region rises very gradually from foveal groove on a straight 

plane towards the ocular area; AER very slightly procurved, PER mostly straight; normal sized 

chelicerae; clypeus mostly straight; LBl 0.948, LBw 0.933; sternum hirsute, clothed with faded, 

densely packed, short setae. Abdomen: Densely clothed in short black/brown pubescence with 

numerous longer, lighter setae interspersed (generally red or orange in situ); dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972) - smaller and distinct from large species. 

Legs: Hirsute; densely clothed in faded pubescence. Metatarsus I straight. F1 7.655; F1w 1.721; 

P1 3.184; T1 6.597; M1 5.7; A1 4.08; F3 6.623; F3w 2.298; P3 3.007; T3 5.36; M3 6.482; A3 

4.205; F4 7.724; F4w 1.884; P4 2.909; T4 6.59; M4 8.022; A4 4.271; femur III is swollen. All 
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tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 60.4%; leg IV (SC4) = 

35.4%. Three ventral megaspines and one retrolateral on metatarsus III; eight ventral megaspines 

and one retrolateral on metatarsus IV; two prolateral megaspines on tibia I; one megaspine 

present on the retrolateral tibia, at the apex of the mating clasper; one megaspine on the apex on 

the retrolateral branch of the tibial apophysis. Coxa I: Prolateral surface covered by fine, hair-

like setae. Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, with 

numerous longer ventral setae; one megaspine at the apical, prolateral femur and three prolateral 

megaspines on the palpal tibia; PTl 4.426, PTw 1.41. When extended, embolus tapers with a 

curve to the retrolateral side; embolus slender, no keels; distinct dorsal and ventral transition 

from bulb to embolus. 

 

 Variation (5). Cl 6.478-7.787 (7.244±0.24), Cw 5.42-6.948 (6.448±0.27), LBl 0.848-

1.106 (0.992±0.05), LBw 0.933-1.204 (1.058±0.05), F1 6.693-8.289 (7.534±0.27), F1w 1.547-

1.883 (1.744±0.06), P1 2.612-3.597 (3.022±0.17), T1 6.131-6.931 (6.536±0.17), M1 5.269-6.296 

(5.817±0.18), A1 3.654-4.532 (4.094±0.14), L1 length 24.359-29.645 (27.003±0.87), F3 5.915-

7.23 (6.599±0.22), F3w 1.806-2.612 (2.24±0.13), P3 2.104-3.078 (2.612±0.19), T3 4.631-5.693 

(5.237±0.17), M3 5.727-6.952 (6.322±0.2), A3 3.64-4.396 (4.125±0.13), L3 length 22.017-

27.275 (24.896±0.87), F4 6.814-8.616 (7.66±0.31), F4w 1.367-2.119 (1.778±0.12), P4 2.314-

3.262 (2.688±0.17), T4 6.244-7.306 (6.722±0.2), M4 7.223-8.964 (8.075±0.28), A4 4.037-4.64 

(4.326±0.11), L4 length 26.632-32.291 (29.471±0.93), PTl 4.305-4.746 (4.485±0.08), PTw 

1.367-1.754 (1.53±0.07), SC3 ratio 0.604-0.728 (0.647±0.02), SC4 ratio 0.308-0.416 

(0.355±0.02), Coxa I setae = thin/very thin tapered, F3 condition = swollen. 

 

 Description of female paratype (APH_0319; Figs. 126-127) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; original 

coloration faded due to preservation. Left legs I, III, IV, and pedipalp removed for photographs 

and measurements; stored in vial with specimen. Right legs III & IV removed for DNA and 

stored at AUMNH (Auburn, AL). Genital plate with spermathecae removed and cleared, stored 

in vial with specimen. General coloration: Faded black/brown. Cephalothorax: Carapace 7.85 

mm long, 6.56 mm wide; Hirsute, densely clothed with short faded black/brown pubescence 

closely appressed to surface; fringe densely covered in slightly longer setae; foveal groove 
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medium deep and procurved; pars cephalica region gently rises from thoracic furrow, arching 

anteriorly toward ocular area; AER very slightly procurved, PER slightly recurved; chelicerae 

robust, clypeus mostly straight; LBl 1.256, LBw 1.224; sternum hirsute, clothed with short faded 

setae. Abdomen: Densely clothed dorsally in short faded black setae with longer, lighter setae 

(generally red or orange in situ) focused near the urticating patch; dense dorsal patch of black 

Type I urticating bristles (Cooke et al. 1972) - smaller and distinct from large species. 

Spermathecae: Paired and separate, with bulbs widening towards the bases; not fused. Legs: 

Hirsute; densely clothed in short faded black/brown pubescence; F1 6.135; F1w 1.931; P1 2.555; 

T1 5.051; M1 3.732; A1 3.092; F3 5.587; F3w 1.843; P3 2.489; T3 3.996; M3 4.414; A3 3.447; 

F4 6.967; F4w 1.937; P4 2.702; T4 5.796; M4 5.845; A4 4.04. All tarsi fully scopulate. Extent of 

metatarsal scopulation: leg III (SC3) = 64.1%; leg IV (SC4) = 27.3%. Two ventral megaspines 

and one retrolateral on metatarsus III; five ventral megaspines on metatarsus IV. Coxa I: 

Prolateral surface covered by very thin tapered and fine, hair-like setae. Pedipalps: Densely 

clothed in the same setal color as the other legs; one megaspine on the apical, prolateral femur, 

five prolateral (three at the apical, prolateral border with the tarsus) megaspines on the tibia. 

 

 Variation (6). Cl 7.186-8.426 (7.795±0.18), Cw 6.143-6.991 (6.582±0.14), LBl 1.115-

1.415 (1.225±0.04), LBw 1.216-1.564 (1.308±0.05), F1 5.971-6.94 (6.296±0.15), F1w 1.803-

2.093 (1.955±0.04), P1 2.51-3.35 (2.884±0.13), T1 4.764-5.732 (5.26±0.16), M1 3.692-4.337 

(3.936±0.11), A1 3.018-3.856 (3.353±0.12), L1 length 20.434-23.665 (21.728±0.57), F3 4.845-

5.662 (5.262±0.16), F3w 1.706-2.31 (1.868±0.09), P3 2.211-2.595 (2.458±0.05), T3 3.47-4.381 

(3.878±0.13), M3 3.385-4.414 (4.008±0.17), A3 3.246-3.751 (3.44±0.07), L3 length 17.427-

20.562 (19.047±0.52), F4 6.25-7.168 (6.744±0.17), F4w 1.736-1.993 (1.878±0.04), P4 2.474-

3.124 (2.852±0.1), T4 5.215-6.022 (5.586±0.15), M4 4.96-5.997 (5.531±0.16), A4 3.519-4.473 

(3.874±0.14), L4 length 22.644-26.604 (24.587±0.58), SC3 ratio 0.641-0.711 (0.671±0.01), SC4 

ratio 0.273-0.384 (0.332±0.02), Coxa I setae = thin tapered. Spermathecae variation can be seen 

in Figure 127. 

 

 Material Examined: United States: Arizona: La Paz: 0.4 miles NNW Alamo Rd on 

Low Mtn Rd, 33.92798 -113.54573 2, 2321ft., [APH_1113, 2/11/2009, 1♂, June Olberding, 

AUMNH]; 0.6 miles NE Alamo Rd on Low Mountain Rd, 33.91962 -113.53957 2, 2262ft., 
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[APH_1112, 3/11/2009, 1♂, June Olberding, AUMNH]; 0.7 miles E Alamo Rd on 77th St, 7 

miles N Wenden, 33.928133 -113.530933 2, 2319ft., [APH_1586, 10/4/2011, 1♂, June Olberding, 

AUMNH]; 16 miles N US-60 on Alamo Rd (Mile Marker #16), 34.04226 -113.566527 1, 1948ft., 

[APH_0495, 17/5/2009, 1 juv, Brent E. Hendrixson, Bernadette DeRussy, Sloan Click, 

AUMNH]; 5.5 miles S La Posa Rd on Plomosa Rd (S of Bouse), 33.85678 -114.02833 2, 1160ft., 

[APH_0798-0799, 2/11/2009, 2♀, June Olberding, AUMNH]; [APH_1100, 17/10/2009, 1♀, 

June Olberding, AUMNH]; 6.9 miles N US-60 on Alamo Rd, 33.9214 -113.5416 2, 2280ft., 

[APH_0797, 1/11/2009, 1♂, June Olberding, AUMNH]; 6.9 miles N US-60 on Alamo Rd (near 

Base of Harcuvar Mtns N of Wenden), 33.92479 -113.54419 1, 2285ft., [APH_0338-0339, 

9/5/2008, 2 juv, Brent E. Hendrixson, Zach Valois, AUMNH]; Harcuvar Mtns, 1.6 miles W Low 

Mtn Rd along powerline road, 33.938266 -113.530166 1, 2462ft., [APH_1563, 26/10/2012, 1♀, 

Brent E. Hendrixson, June Olberding, Doug Olberding, AUMNH]; [APH_1565-1567, 

23/10/2012, 3♀, June Olberding, AUMNH]; Harcuvar Mtns, Low Mountain Rd, 33.91962 -

113.53957 2, 2261ft., [APH_1252, 18/11/2010, 1♂, June Olberding, AUMNH]; Kofa National 

Wildlife Refuge, 33.4672 -113.80513 2, 1686ft., [APH_1659-1661, 23/11/2012, 1♀, 2 juv, June 

Olberding, AUMNH]; Maricopa: 3.7 miles S US-60 (Aguila) on Eagle Eye Rd, 33.891289 -

113.184713 1, 2323ft., [APH_0496-0497, 17/5/2009, 2 juv, Brent E. Hendrixson, Bernadette 

DeRussy, Sloan Click, AUMNH]; Mohave: 12 miles NW Chicken Springs Rd, 34.593079 -

113.813486 5, 3020ft., [AUMS_2552, 18/10/1992, 1♀, T.R. Prentice, AUMNH]; 21 miles NW 

Chicken Springs Rd on Alamo Rd, 34.80901 -114.04903 1, 2350ft., [APH_0350, 11/5/2008, 1 

juv, Brent E. Hendrixson, Zach Valois, AUMNH]; 4.7 miles SE US-93/AZ-66 on Hualapai 

Mountain Rd, 35.162771 -113.961704 1, 4285ft., [APH_0521, 24/5/2009, 1 juv, Brent E. 

Hendrixson, Bernadette DeRussy, AUMNH]; 5.6 miles NE Alamo Rd on Chicken Springs Rd, 

34.66005 -113.74667 1, 3860ft., [APH_0348-0349, 11/5/2008, 2 juv, Brent E. Hendrixson, Zach 

Valois, AUMNH]; 7.4 miles NE Hwy-93 on CR-25 in Dolan Springs, 35.60418 -114.253563 1, 

3638ft., [APH_1310-1312, 28/7/2011, 3♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, 

Jake Storms, AUMNH]; Alamo Crossing Rd. 12 miles north of Chicken Springs Rd. jct, 

34.716434 -113.941424 5, 3001ft., [AUMS_2549, 24/10/1992, 1♀, T.R. Prentice, AUMNH]; 

Alamo Rd., 34.547893 -113.754441 6, 2852ft., [APH_3115, unknown, 1♀, T.R. Prentice, 

AUMNH]; [AUMS_2544, 25/10/1994, 1♀, T.R. Prentice, AUMNH]; [AUMS_2545, 27/10/1994, 

1♀, T.R. Prentice, AUMNH]; [AUMS_2548, 29/9/1994, 1♀, T.R. Prentice, AUMNH]; 
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[AUMS_2561, 25/10/1994, 1♂, T.R. Prentice, AUMNH]; [AUMS_2562, 29/9/1994, 1♂, T.R. 

Prentice, AUMNH]; [AUMS_2568, unknown, 1♀, T.R. Prentice, AUMNH]; [AUMS_2569, 

25/10/1994, 1♂, T.R. Prentice, AUMNH]; Alamo Rd., 0.5 miles NW of Alamo Rd., 34.614423 -

113.794758 4, 3220ft., [AUMS_2555, 13/10/1993, 1♂, T.R. Prentice, AUMNH]; Alamo Rd., 0.5 

miles S of campsite, 34.580474 -113.785733 6, 3083ft., [AUMS_2559, 29/9/1994, 1♂, T.R. 

Prentice, AUMNH]; Alamo Rd., off I-40 and Yucca, 0.4 miles SE of campsite, 34.604435 -

113.751233 4, 3300ft., [AUMS_2557, 13/10/1993, 1♂, T.R. Prentice, AUMNH]; Alamo Road, 

12 miles W of Chicken Springs jct, 34.593874 -113.787242 5, 3120ft., [AUMS_2563, 30/3/1993, 

1♂, T.R. Prentice, AUMNH]; along Hualapai Mountain Rd, 35.162658 -113.961419 1, 4315ft., 

[APH_0775-0778, 7/10/2009, 4 juv, Brent E. Hendrixson, Thomas Martin, AUMNH]; campsite, 

Alamo rd. crossing, 34.597711 -113.796962 5, 3100ft., [AUMS_2564, 29/3/1993, 1♂, T.R. 

Prentice, AUMNH]; Chicken Springs Rd., 34.607061 -113.767613 6, 3250ft., [AUMS_2566, 

23/6/1992, 1♂, T.R. Prentice, AUMNH]; Chicken Springs Rd., 1.4 miles W of Alamo rd. 

crossing, 34.582903 -113.813953 4, 3060ft., [AUMS_2558, 20/9/1992, 1♂, T.R. Prentice, 

AUMNH]; Chicken Springs Rd., 1.5 miles E of jct, 34.6148 -113.769604 5, 3300ft., 

[AUMS_2560, 23/6/1992, 1♂, T.R. Prentice, AUMNH]; Chicken Springs Rd., 1.7 miles N of 

Alamo Rd. jct., 34.607695 -113.771849 4, 3250ft., [AUMS_2556, 23/6/1992, 1♂, T.R. Prentice, 

AUMNH]; Chicken Springs Rd., 2 miles N of Alamo rd. crossing, 34.609856 -113.77401 5, 

3250ft., [AUMS_2553-2554, 20/9/1992, 2♀, T.R. Prentice, AUMNH & AMNH]; East Mojave, 

Alamo Rd, 34.605396 -113.811652 6, 3028ft., [AUMS_2550, unknown, 1♀, unknown, 

AUMNH]; just N I-40 on Silver Springs Rd, 35.161716 -113.564676 1, 3927ft., [APH_1306-

1308, 28/7/2011, 1♀, 2 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, 

AUMNH]; Mt Wilson Wilderness, W of Hwy-143, 35.8885 -114.53848 2, 2074ft., [APH_1635-

1638, 24/11/2012, 4 juv, Matt Graham, AUMNH]; Secret Pass Wash, along CR-10, 35.060369 -

114.231182 1, 2238ft., [APH_0518-0520, 24/5/2009, 1♀, 2 juv, Brent E. Hendrixson, Rick C. 

West, Bernadette DeRussy, AUMNH]; Summit Springs, 0.9 miles S. of UT/AZ line, 36.99089 -

113.940466 4, 2433ft., [AUMS_2350, unknown, 1♀, unknown, AUMNH]; SW of Kingman in 

Black Mtns along Rt. 66, 35.06994 -114.21444 1, 2287ft., [APH_0314, 11/10/2007, 1♀, Rick C. 

West, AUMNH]; Wikieup, S of Kingman on Chicken Springs Rd, 34.70215 -113.622317 5, 

2123ft., [APH_0942, 2007, 1♀, Josh Richards, AUMNH]; [APH_0978-0979, 2007, 2 juv, Josh 

Richards, AUMNH]; Yavapai: 12.1 miles SE AZ-97 on US-93, 34.29077 -113.11067 1, 2625ft., 
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[APH_0139-0140, 11/6/2007, 2 juv, Brent E. Hendrixson, AUMNH]; 6.4 miles NW AZ-97 on 

US-93, 34.47677 -113.32877 1, 3348ft., [APH_0141, 11/6/2007, 1 juv, Brent E. Hendrixson, 

AUMNH]; Yuma: Kofa National Wildlife Refuge, 33.2939 -113.9764 2, 1858ft., [APH_1656-

1658, 27/11/2012, 3 juv, June Olberding, AUMNH]; Little Horn Mtns near Hovatter Ranch, 

33.352408 -113.691248 6, 1624ft., [APH_2500, 8/5/1980, 1♀, V. Roth, AMNH]; California: 

Inyo: Death Valley National Park, 0.45 miles NE Hwy-178 on Skidoo Rd, 36.387424 -

117.144511 1, 4924ft., [APH_0487-0490, 14/5/2009, 4 juv, Brent E. Hendrixson, Bernadette 

DeRussy, Sloan Click, Jason Bond, AUMNH]; Death Valley National Park, Harrisburg Flats jct 

with Skidoo Rd, Panamint Mtns, 36.354921 -117.130963 5, 5000ft., [AUMS_2678, 18/10/1963, 

1♂, R. Hardy, AUMNH]; Panamint Mtns, Butte Valley Rd, 35.98438 -117.01727 2, 3959ft., 

[APH_1640, 18/11/2012, 1 juv, Matt Graham, AUMNH]; San Bernardino: 0.25 miles W NV 

State Line on Nipton Rd, 35.475186 -115.229851 1, 3557ft., [APH_0752, 3/10/2009, 1 juv, Brent 

E. Hendrixson, Thomas Martin, AUMNH]; 0.35 miles W Morning Star Mine Rd on Morning 

Star Mine Cutoff (dirt road), 35.36247 -115.42249 1, 3200ft., [APH_0356, 11/5/2008, 1 juv, 

Brent E. Hendrixson, Zach Valois, AUMNH]; 0.4 miles S of Kelso Dunes Rd on Kelbaker Rd, 

34.89574 -115.65016 1, 2825ft., [APH_0319-0321, 6/5/2008, 3 juv, Brent E. Hendrixson, Zach 

Valois, AUMNH]; 100 yards S Havasu Lake Road, 2 miles SE of jct with Hwy 95, 34.529018 -

114.627926 1, 1640ft., [APH_3204, 16/11/2013, 1♀, W. Icenogle, AUMNH]; 2.5 miles north of 

Essex Rd. junction on Black Canyon Rd., 34.937357 -115.424716 4, 3202ft., [APH_2438, 

11/10/1992, 1♀, T.R. Prentice, AMNH]; 2.9 miles west on Powerline Rd. from Cima Rd. 

junction, 35.233597 -115.558759 4, 4636ft., [APH_2452, 11/10/1992, 1♀, T.R. Prentice, 

AMNH]; 7.6-7.9 miles N of Kelso, 35.116271 -115.652408 4, 2984ft., [AUMS_2528, 

22/10/1994, 1♂, T.R. Prentice, AUMNH]; [AUMS_2538, 22/10/1994, 1♂, T.R. Prentice, 

AUMNH]; [AUMS_2542-2543, 22/10/1994, 2♀, T.R. Prentice, AUMNH]; [AUMS_2546-2547, 

22/10/1994, 2♀, T.R. Prentice, AUMNH]; Black Canyon Road- 2.8 miles north of Essex Road 

Junction, 34.917059 -115.42027 4, 3005ft., [APH_2442, 25/10/1992, 1♀, T.R. Prentice, AMNH]; 

Cima - 2 miles north of Cedar Canyon Rd., 35.18127 -115.348115 5, 5125ft., [APH_2441, 

31/10/1992, 1♂, T.R. Prentice, AMNH]; Cima-Kelso Rd., 10 miles north of Kelso, 35.121413 -

115.540532 5, 3232ft., [APH_2447, 1/11/1992, 1♂, T.R. Prentice, AMNH]; East of Nipton - 

Nevada border, 35.468365 -115.219492 5, 3665ft., [APH_2426, 1/11/1992, 1♂, T.R. Prentice, 

AMNH]; Halloran Summit Road, 0.3 miles N I-15, 35.407038 -115.795374 1, 4079ft., 
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[APH_0516, 21/5/2009, 1♀, Brent E. Hendrixson, Bernadette DeRussy, Sloan Click, AUMNH]; 

Halloran Summit, I-15, 35.387482 -115.792505 5, 4170ft., [APH_2430, 24/9/1989, 1♀, T.R. 

Prentice, AMNH]; Highway 164-1.2 miles north of Nipton, 35.46981 -115.260352 4, 2999ft., 

[APH_2444, 1/11/1992, 1♂, T.R. Prentice, AMNH]; just S of Havasu Lake Rd, 1 mile SE of jct 

with Hwy 95, 34.543104 -114.638538 1, 1680ft., [APH_3203, 16/11/2013, 1♀, W. Icenogle, 

AUMNH]; Kelbaker Rd. 9.4 miles south of Kelso, 34.874762 -115.64445 4, 3123ft., [APH_2449, 

31/10/1992, 1♂, T.R. Prentice, AMNH]; Kingston Range, Excelsior Mine Rd, 35.71268 -

115.79702 2, 3601ft., [APH_1641, 26/11/2012, 1 juv, Matt Graham, AUMNH]; Mojave National 

Preserve, 35.173875 -115.609553 1, 4130ft., [APH_0415, 25/10/2008, 1♂, Anette Pillau, 

AMNH]; Mojave National Preserve, Kelbaker Rd, 35.1728 -115.7756 2, 3231ft., [APH_1564, 

21/10/2012, 1♂, June Olberding, Anette Pillau, AUMNH]; Morning Star Mine Rd., 3.1 miles 

south of Ivanpah Rd., 35.375084 -115.405867 4, 3018ft., [APH_2423, 1/11/1992, 1♂, T.R. 

Prentice, AMNH]; Powerline Rd. west of Cima, 35.235418 -115.551832 5, 4606ft., [APH_2448, 

11/10/1992, 1♀, T.R. Prentice, AMNH]; Powerline Road- 4.6 miles west of Cima, CA, 

35.225338 -115.574018 4, 4570ft., [APH_2443, 10/10/1992, 1♂, T.R. Prentice, AMNH]; 

Nevada: Clark: 0.3 miles N Hwy-161 along dirt road, between Jean and Goodsprings, 35.81268 

-115.38099 1, 3370ft., [APH_0357, 12/5/2008, 1 juv, Brent E. Hendrixson, Zach Valois, 

AUMNH]; 0.5 to 3 miles west of Searchlight, Highway 164, 35.474673 -114.953305 4, 3530ft., 

[APH_2425, 23/10/1976, 1♂, W. Icenogle, AMNH]; [APH_2437, 23/10/1976, 1♂, W. Icenogle, 

AMNH]; 0.75 miles S Blue Diamond Rd near Bonnie Springs, 36.020622 -115.356856 4, 3300ft., 

[APH_0304, 20/10/2007, 1♂, Deric Murcer, AUMNH]; 1.5 miles W Searchlight (US-95) on 

NV-164, 35.472017 -114.944686 1, 3480ft., [APH_0511-0514, 21/5/2009, 4♀, Brent E. 

Hendrixson, Bernadette DeRussy, Sloan Click, AUMNH]; 2.1 miles W Searchlight (US-95) on 

Hwy-164 (Nipton Rd), 35.4753 -114.95528 1, 3500ft., [APH_0354-0355, 11/5/2008, 2 juv, Brent 

E. Hendrixson, Zach Valois, AUMNH]; 2.9 miles SW Hwy-95 on Cold Creek Rd, 36.500528 -

115.592032 1, 3790ft., [APH_1216-1218, 1/8/2010, 3♀, Brent E. Hendrixson, Brendon Barnes, 

Nate Davis, AUMNH]; 3.1 miles E Hwy-160 on Trout Canyon Rd, 36.12435 -115.796265 1, 

3646ft., [APH_1211-1212, 1/8/2010, 2♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, 

AUMNH]; 4.6 miles W US-95 (Searchlight) on Hwy-164, 35.488073 -114.996602 1, 3690ft., 

[APH_1219, 2/8/2010, 1♀, Brent E. Hendrixson, Brendon Barnes, Nate Davis, AUMNH]; 5.7 

miles E US-95 on Hwy-163, 35.1708 -114.75875 1, 2850ft., [APH_0351-0353, 11/5/2008, 3 juv, 
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Brent E. Hendrixson, Zach Valois, AUMNH]; 8.2 miles W of SL (Searchlight), 4.1 miles N of 

Hwy 164, 35.562049 -115.084771 4, 4436ft., [AUMS_3270, 7/10/1989, 1♂, T.R. Prentice and W. 

Icenogle, AUMNH]; 8.2 miles west of Searchlight, on Hwy 164 - road to Highland Spring and 

Highland Range, 35.510402 -115.055526 4, 4157ft., [APH_2422, 7/10/1989, 1♀, T.R. Prentice, 

AMNH]; Desert National Wildlife Refuge, near Mormon Well Rd, 36.47675 -115.22656 2, 

4963ft., [APH_1579-1581, 4/11/2012, 2♀, 1 juv, Matt Graham, AUMNH]; Searchlight - 8.2 

miles west of Searchlight Highway 164, 0.2 miles north of 164, 35.509718 -115.056348 4, 

4163ft., [APH_2434, 12/10/1990, 1♀, T.R. Prentice, AMNH]; Searchlight - 8.2 miles west of 

Searchlight Highway 164, 2.1 miles north toward Highland Range, 35.548501 -115.049262 4, 

4551ft., [APH_2432, 12/10/1991, 1♀, T.R. Prentice, AMNH]; Searchlight - 8.2 miles west off 

highway 164, 35.507713 -115.057128 4, 4163ft., [APH_2424, 12/10/1991, 1♀, T.R. Prentice, 

AMNH]; [APH_2436, 12/10/1991, 1♀, T.R. Prentice, AMNH]; Searchlight, 8.2 miles west of 

Searchlight, 1.1 mile north of highway 164, 35.523072 -115.055713 4, 4196ft., [APH_2428, 

7/10/1989, 1♀, T.R. Prentice, AMNH]; Searchlight, 35.465268 -114.9197 5, 3551ft., 

[AUMS_2536, unknown, 1♂, unknown, AUMNH]; Esmeralda: 7.7 miles NW Nye County line 

on US-95, 37.551762 -117.197071 1, 4960ft., [APH_0482-0483, 13/5/2009, 2 juv, Brent E. 

Hendrixson, Bernadette DeRussy, Sloan Click, Jason Bond, AUMNH]; Highway 95, 8 miles 

south of Goldfield Summit, 37.565959 -117.200255 5, 5075ft., [APH_2431, 28/10/1978, 1♂, W. 

Icenogle, AMNH]; Lincoln: 0.6 miles N Clark County Line on Carp Rd, 36.852419 -

114.374019 1, 3072ft., [APH_1318, 29/7/2011, 1 juv, Brent E. Hendrixson, Brendon Barnes, 

Nate Davis, Jake Storms, AUMNH]; 8.3 miles S Alamo Canyon Rd on Hwy-93, 37.224912 -

115.082582 1, 3160ft., [APH_0783-0786, 9/10/2009, 1♂, 3 juv, Brent E. Hendrixson, Thomas 

Martin, AUMNH]; along Carp Rd, just south of jct. with Snow Valley Rd, 37.138416 -

114.379434 1, 3361ft., [APH_1316-1317, 29/7/2011, 2♀, Brent E. Hendrixson, Brendon Barnes, 

Nate Davis, Jake Storms, AUMNH]; along Snow Valley Rd, 37.180151 -114.117812 1, 3562ft., 

[APH_1315, 29/7/2011, 1 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, 

AUMNH]; Nye: 0.8 miles S Hwy-95 along Rd-552, 36.582173 -115.944696 1, 3735ft., 

[APH_1545-1546, 23/10/2012, 1♀, 1 juv, Brent E. Hendrixson, AUMNH]; 22 miles SW jct. 

Hwy-267 on US-95, 37.073519 -116.783474 1, 3994ft., [APH_0478-0480, 13/5/2009, 3 juv, 

Brent E. Hendrixson, Bernadette DeRussy, Sloan Click, Jason Bond, AUMNH]; 6.6 miles SE 

Esmeralda County Line along Hwy-95, 37.351878 -117.119118 1, 4336ft., [APH_1554, 
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24/10/2012, 1♀, Brent E. Hendrixson, AUMNH]; along dirt road just E of Hwy-160, 36.409822 

-116.066403 1, 3237ft., [APH_1213-1214, 1/8/2010, 1♀, 1 juv, Brent E. Hendrixson, Brendon 

Barnes, Nate Davis, AUMNH]; Highway 95, 10 miles south of Scotty's Junction, 37.186208 -

116.93858 5, 4039ft., [APH_2429, 28/10/1978, 1♂, W. Icenogle, AMNH]; [APH_2433, 

28/10/1978, 1♂, W. Icenogle, AMNH]; Highway 95, 5.5 miles south Lida Junction (Highway 

266 turnoff), 37.424395 -117.158462 4, 4629ft., [APH_2453, 28/10/1978, 1♂, W. Icenogle, 

AMNH]; just NE Death Valley National Park boundary along Hwy-374, 36.832413 -116.8774 1, 

3531ft., [APH_1552, 24/10/2012, 1 juv, Brent E. Hendrixson, AUMNH]; Searchlight, 0.5 to 3 

miles west on highway 164, 35.474673 -114.953305 4, 3530ft., [APH_2421, 23/10/1976, 1♂, W. 

Icenogle, AMNH]; [APH_2435, 23/10/1976, 1♂, W. Icenogle, AMNH]; Utah: Washington: 3.5 

miles north of Utah-Arizona state line - road to Beaver Dam and Summit Springs, 37.04535 -

113.593792 4, 2526ft., [APH_2420, 20/10/1993, 1♂, T.R. Prentice, AMNH]; Beaver Dam Mtns, 

2.1 miles W Old Hwy-91 on Lytle Ranch Rd, 37.070155 -113.924059 1, 3570ft., [APH_0780-

0781, 8/10/2009, 2 juv, Brent E. Hendrixson, Thomas Martin, AUMNH]; Beaver Dam Mtns, 

Summit Springs, 37.089996 -113.872526 5, 4380ft., [AUMS_2539, 27/8/1992, 1♀, T.R. Prentice, 

AUMNH]; Beaver Dam Mtns, Summit Springs campsite, 37.152929 -113.886935 5, 6332ft., 

[APH_2446, 12/10/1993, 1♀, T.R. Prentice, AMNH]; Beaver Dam Mtns, Summit Springs 

campsite- 1.5 miles west of highway, 37.152929 -113.886935 4, 6332ft., [APH_2445, 12/10/1993, 

1♀, T.R. Prentice, AMNH]; Beaver Dam Mtns, Summit Springs, .25 miles below Summit 

Springs tank, 37.07197 -113.874595 4, 3960ft., [AUMS_3279, 12/10/1993, 1♂, T.R. Prentice, 

AUMNH]; Beaver Dam Slope, 37.119205 -113.847796 6, 5335ft., [APH_2740, 23/11/1939, 2♂, 

A.M. Woodbury, AMNH]; Road to Summit Spring - campsite of Summit Spring, Beaver Dam 

Mtns, 37.115133 -113.864841 5, 5299ft., [APH_2440, 6/10/1993, 1♀, T.R. Prentice, AMNH]; 

Road to Summit Springs - Beaver Dam Mtns, 3 miles north of Utah-Arizona line, 37.044575 -

113.835773 5, 5013ft., [APH_2450, 19/10/1993, 1♂, T.R. Prentice, AMNH]; Road to Summit 

Springs, 2.7 miles north of UT/AZ line, 37.042419 -113.830789 4, 5276ft., [APH_2451, 

19/10/1993, 1♂, T.R. Prentice, AMNH]; Summit Springs off old Hwy 91, 1.86 miles W of Hwy, 

37.045214 -113.918874 5, 3181ft., [AUMS_2529, 19/10/1993, 1♂, T.R. Prentice, AUMNH]; 

vicinity of St. George, 37.095278 -113.578059 6, 2654ft., [APH_2741, 19/10/1939, 1♂, Harold 

Higgins, AMNH]; Welcome Spring Rd. - 2.35 miles west of Welcome Spring Rd. turnoff, 

37.071925 -113.961751 4, 3284ft., [APH_2427, 19/10/1993, 1♂, T.R. Prentice, AMNH]; western 
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portion of Beaver Dam Mtns, 37.120212 -113.954005 1, 3803ft., [APH_1313-1314, 29/7/2011, 2 

juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]. 

 

 Distribution and natural history. Aphonopelma prenticei has a large range throughout 

the eastern Mojave (southeastern California, southern Nevada, southwestern Utah, northwestern 

Arizona) and northwestern Sonoran (western Arizona) deserts at elevations between 350 and 

1525 meters. Much of the distribution is east of the Death Valley drainage system with the 

exception of a few populations along the Panamint Range (Fig. 128). Aphonopelma prenticei can 

be found inhabiting the following Level III Ecoregions: Mojave Basin and Range, Eastern 

Mojave Basins, Eastern Mojave Low Ranges and Arid Footslopes, Arizona/New Mexico 

Mountains, and Sonoran Basin and Range.  The species distribution model suggests that the 

habitat is largely unsuitable for these spiders in the surrounding Great Basin Desert, Las Vegas 

metropolitan area, Amargosa Desert, and Lower Colorado River Valley (Fig. 128 B). Additional 

fieldwork in northwestern Arizona, particularly along the extreme western end of Grand Canyon 

National Park, is needed to fully assess the distribution of this species. Aphonopelma prenticei is 

syntopic with A. iodius (California, Nevada, and Utah) and A. chalcodes (Arizona); its 

distribution may overlap with A. atomicum in southern Nye County, Nevada and southeastern 

Inyo County, California. Burrow entrances are generally surrounded by a distinct mound or 

turret made of excavated soil and silk (Fig. 2 D-E). Mating occurs during daylight hours in 

autumn (September-November). 

 

 Conservation status. Aphonopelma prenticei is the most abundant and widespread 

turret-building tarantula species in the United States and has recently expanded its range into the 

more northern portions of its distribution (Graham et al. 2015). The species does exhibit high 

levels of phylogeographic structuring (Hendrixson et al. 2013; Graham et al. 2015) and should be 

evaluated for the presence of evolutionary significant units, but the conservation status of A. 

prenticei is doubtlessly secure. 

 

 Remarks. Other important ratios that distinguish females: A. prenticei possess a larger 

Cl/M4 (≥1.31; 1.31-1.52) than A. mojave (≤1.31; 1.20-1.31) and A. joshua (≤1.25; 1.20-1.25). 

Certain morphometrics have potential to be useful, though due to the amounts of variation, small 
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number of specimens, and the small differences between species, no other are claimed to be 

significant at this time (see Appendix 2). During evaluation of traditional two-dimensional PCA 

morphospace and three-dimensional PCA morphospace (PC1~PC2~PC3), males of A. prenticei 

separate from A. chalcodes, A. iodius, A. joshua, and A. xwalxwal along PC1~2, but do not 

separate from A. atomicum, A. mojave, or A. icenoglei. Female A. prenticei separate from A. 

chalcodes, but do not separate from A. iodius or any other miniature species (A. atomicum, A. 

mojave, and A. icenoglei) in two-dimensional morphological space. Females do separate from A. 

iodius in three-dimensional morphospace. There are no known female A. xwalxwal at this time to 

compare. PC1, PC2, and PC3 explain ≥97% of the variation in all analyses. 

 

Aphonopelma saguaro Hamilton sp. nov. 

Figures 129-132; Appendix 4 

 

Types. Male holotype (APH_3220) collected from Sabino Canyon, Tucson, Pima Co., Arizona, 

32.322533 -110.809561 2, elev. 2774ft., 23.xi.2014, coll. Philip MacDuff; deposited in AUMNH. 

Paratype female (APH_3176) from Saguaro National Park - Saguaro East (Rincon Mountain 

District), off Cactus Forest Loop Dr., before the Mica View picnic area, Pima Co., Arizona, 

32.198568 -110.735614 1, elev. 2944ft., 12.xi.2013, coll. Brent E. Hendrixson and Chris A. 

Hamilton; deposited in AUMNH. Paratype male (APH_2540) from Sabino Canyon, Tucson, 

Pima Co., Arizona, 32.316614 -110.81745 5, elev. 2818ft., date unknown, coll. O. Bryant; 

deposited in AMNH. 

 

 Etymology. The specific epithet is a noun in apposition taken from type locality, Saguaro 

National Park, where this new species can be found in and around the foothills of the Santa 

Catalina and Rincon Mountains. 

 

 Diagnosis. Aphonopelma saguaro (Fig. 129) is a member of the Paloma species group 

and can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear DNA identifies A. saguaro as a strongly supported, phylogenetically-

distinct lineage (Fig. 8) that is a sister lineage to A. mareki sp. nov., A. parvum sp. nov., and A. 

superstitionense sp. nov. Aphonopelma saguaro can easily be differentiated from syntopic 
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populations of A. chalcodes, A. catalina, and A. vorhiesi by their smaller size, and can be 

differentiated from other members of the Paloma species group by locality. Importantly, A. 

saguaro males either possess a swollen or slightly swollen femur III, which is different from the 

normal femur found in A. parvum. The most significant measurements that distinguish male A. 

saguaro from its closely related phylogenetic and syntopic species are F1, Cl, and the extent of 

scopulation on metatarsus IV. Male A. saguaro can be distinguished by possessing a larger 

Cl/M3 (≥1.17; 1.17-1.25) than A. superstitionense (≤1.12; 1.05-1.12); a smaller F1/T3 (≤1.51; 

1.42-1.51) than A. catalina (≥1.69; 1.69-1.97) and A. paloma (≥1.54; 1.54-1.69); a smaller 

Cl/PTw (≤4.27; 3.13-4.27) than A. vorhiesi (≥4.61; 4.61-5.58); and a smaller L4 scopulation 

extent (14%-26%) than A. chalcodes (42%-76%) and A. parvum (36%-44%). There are no 

significant measurements that separate male A. saguaro and A. mareki. The most significant 

measurement that distinguishes female A. saguaro from its closely related phylogenetic and 

syntopic species is T1. Female A. saguaro can be distinguished by possessing a larger T1/M4 

(1.02 ± (only 1 specimen)) than superstitionense (0.84 ± (only 1 specimen)); a smaller F1/T1 

(1.13 ± (only 1 specimen)) than A. catalina (≥1.21; 1.21-1.22), A. chalcodes (≥1.25; 1.25-1.42), 

A. marxi (≥1.19; 1.19-1.27), A. parvum (≥1.18; 1.18-1.30), A. superstitionense (1.30 ± (only 1 

specimen)), and A. vorhiesi (≥1.24; 1.24-1.32). There are no significant measurements that 

separate female A. saguaro and A. paloma. 

 

 Description of male holotype (APH_3220; Fig. 130). — Specimen preparation and 

condition: Specimen collected wandering and preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right legs I-IV removed for DNA and stored at -80°C 

in the AUMNH (Auburn, AL). General coloration: Faded black/brown. Cephalothorax: 

Carapace 6.165 mm long, 5.719 mm wide; densely clothed with faded pubescence, appressed to 

surface; fringe covered in longer setae not closely appressed to surface; foveal groove medium 

deep and recurved; pars cephalica region rises very gradually from foveal groove on a straight 

plane towards the ocular area; AER slightly procurved, PER very slightly recurved - mostly 

straight; normal sized chelicerae; clypeus extends forward on a slight curve; LBl 0.961, LBw 

1.148; sternum hirsute, clothed with faded, densely packed, short setae. Abdomen: Densely 

clothed in short black/brown pubescence with numerous longer, lighter setae interspersed 



	   349 

(generally red or orange in situ); dense dorsal patch of black Type I urticating bristles (Cooke et 

al. 1972) - smaller and distinct from large species. Legs: Hirsute; densely clothed in faded 

pubescence. Metatarsus I slightly arched. F1 6.232; F1w 1.593; P1 2.444; T1 5.62; M1 4.346; A1 

3.053; F3 5.31; F3w 1.985; P3 2.071; T3 4.241; M3 4.952; A3 3.449; F4 6.314; F4w 1.736; P4 

2.216; T4 5.541; M4 6.215; A4 3.704; femur III is swollen. All tarsi fully scopulate. Extent of 

metatarsal scopulation: leg III (SC3) = 38.0%; leg IV (SC4) = 19.2%. Three ventral megaspines, 

two prolateral, and one retrolateral megaspine on metatarsus III; seven ventral megaspines and 

one retrolateral on metatarsus IV; two prolateral megaspines and three ventral megaspines on 

tibia I; one ventral megaspine on patella I; one megaspine present on the retrolateral tibia, at the 

apex of the mating clasper; two megaspines on the apex on the retrolateral branch of the tibial 

apophysis. Coxa I: Prolateral surface covered by fine, hair-like setae. Pedipalps: Hirsute; 

densely clothed in the same setal color as the other legs, with numerous longer ventral setae; one 

megaspine at the apical, prolateral femur; one megaspine on the prolateral patella; four prolateral 

megaspines and one ventral on the palpal tibia; PTl 3.953, PTw 1.445. Palpal bulb is very short 

and stout. When extended, embolus tapers with a curve to the retrolateral side; embolus slender, 

no keels; distinct dorsal and ventral transition from bulb to embolus. 

 

 Variation (6). Cl 4.554-6.165 (5.362±0.25), Cw 4.074-5.719 (4.998±0.23), LBl 0.576-

0.961 (0.745±0.06), LBw 0.816-1.148 (0.997±0.05), F1 4.764-6.232 (5.717±0.21), F1w 1.121-

1.593 (1.387±0.07), P1 1.732-2.444 (2.106±0.1), T1 4.33-5.674 (5.158±0.2), M1 3.394-4.346 

(3.964±0.14), A1 2.542-3.241 (2.949±0.1), L1 length 16.76-21.695 (19.894±0.74), F3 3.941-

5.31 (4.772±0.21), F3w 1.268-1.985 (1.666±0.11), P3 1.481-2.071 (1.777±0.09), T3 3.289-4.241 

(3.892±0.15), M3 3.643-4.952 (4.449±0.21), A3 2.633-3.581 (3.156±0.15), L3 length 14.985-

20.023 (18.046±0.79), F4 4.683-6.314 (5.591±0.23), F4w 1.037-1.736 (1.306±0.09), P4 1.541-

2.216 (1.917±0.09), T4 4.435-5.664 (5.152±0.19), M4 4.675-6.393 (5.661±0.25), A4 3.212-

3.993 (3.497±0.12), L4 length 18.545-23.99 (21.817±0.82), PTl 3.036-3.953 (3.612±0.14), PTw 

1.238-1.644 (1.449±0.06), SC3 ratio 0.306-0.521 (0.402±0.03), SC4 ratio 0.146-0.263 

(0.202±0.02), Coxa I setae = fine & thin hair-like, F3 condition = slightly swollen/swollen. 

 

 Description of female paratype (APH_3176; Fig. 131) — Specimen preparation and 

condition: Specimen collected live from burrow, preserved in 80% ethanol; original coloration 
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faded due to preservation. Left legs I, III, IV, and pedipalp removed for photographs and 

measurements; stored in vial with specimen. Right legs I-IV removed for DNA and stored at -

80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae removed and cleared, 

stored in vial with specimen. General coloration: Faded black/brown. Cephalothorax: Carapace 

6.86 mm long, 6.033 mm wide; Hirsute, densely clothed with short faded black/brown 

pubescence closely appressed to surface; fringe densely covered in slightly longer setae; foveal 

groove medium deep and recurved; pars cephalica region gently rises from thoracic furrow, 

arching anteriorly toward ocular area; AER slightly procurved, PER very slightly recurved; 

chelicerae robust, clypeus extends on a curve; LBl 1.087, LBw 1.239; sternum hirsute, clothed 

with short faded setae. Abdomen: Densely clothed dorsally in short faded black setae with longer, 

lighter setae (generally red or orange in situ) focused near the urticating patch; dense dorsal 

patch of black Type I urticating bristles (Cooke et al. 1972) - smaller and distinct from large 

species. Spermathecae: Paired and separate, with capitate bulbs, short, widening towards the 

bases; not fused. Legs: Hirsute; densely clothed in short faded black/brown pubescence; F1 

5.361; F1w 2.073; P1 2.34; T1 4.718; M1 3.253; A1 3.049; L1 length 18.721; F3 4.431; F3w 

1.838; P3 2.042; T3 3.361; M3 3.261; A3 3.124; L3 length 16.219; F4 5.828; F4w 1.782; P4 

2.412; T4 4.814; M4 4.607; A4 3.521; L4 length 21.182. All tarsi fully scopulate. Extent of 

metatarsal scopulation: leg III (SC3) = 49.0%; leg IV (SC4) = 21.8%. Two ventral megaspines 

and two prolateral megaspines on metatarsus III; seven ventral megaspines and one prolateral on 

metatarsus IV. Coxa I: Prolateral surface covered by very thin tapered and fine, hair-like setae. 

Pedipalps: Densely clothed in the same setal color as the other legs; one megaspine on the apical, 

prolateral femur; five prolateral megaspines (two at the apical, prolateral border with the tarsus) 

and one ventral megaspine on the tibia. 

 

 Material Examined: United States: Arizona: Pima: Sabino Canyon, Tucson, 

32.316614 -110.81745 5, 2818ft., [APH_2540, date unknown, 1♂, O. Bryant, AMNH]; 32.3132 -

110.811875 2, 2718ft., [APH_3219, 22/11/2014, 1♂, Philip MacDuff, AUMNH]; 32.322533 -

110.809561 2, 2774ft., [APH_3220, 23/11/2014, 1♂, Philip MacDuff, AUMNH]; Bear Canyon, 

Tucson, 32.315814 -110.79015 2, 2857ft., [APH_3221, 3/12/2014, 1♂, Philip MacDuff, 

AUMNH]; 32.31655 -110.788878 2, 2871ft., [APH_3222, 3/12/2014, 1♂, Philip MacDuff, 

AUMNH]; 32.314594 -110.794006 2, 2814ft., [APH_3223, 3/12/2014, 1♂, Philip MacDuff, 
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AUMNH]; Saguaro National Park, off Cactus Forest Loop Dr, before Mica View picnic area, 

32.198568 -110.735614 1, 2944ft., [APH_3176, 12/11/2013, 1♀, Brent E. Hendrixson, Chris A. 

Hamilton, AUMNH]. 

 

 Distribution and natural history. Aphonopelma saguaro can be found inhabiting the 

Madrean Archipelago and Sonoran Basin and Range Level III Ecoregions in southeastern 

Arizona where their distribution occurs in the foothills and lower canyons of the Santa Catalina 

and Rincon Mountains (Fig. 132). Aphonopelma saguaro can be found in syntopy with A. 

catalina, A. chalcodes and A. vorhiesi. The breeding season, when mature males abandon their 

burrows in search of females, occurs during the late fall and early winter (November–December). 

 

 Conservation status. Aphonopelma saguaro appears to have a limited distribution 

restricted to the foothills and lower canyons in and around the Santa Catalina and Rincon 

Mountains. As evidenced by only one specimen previously collected and deposited in a museum 

collection prior to this study, A. saguaro can be difficult to find due to the cryptic nature of their 

burrows and narrow window of activity during the year. The Tucson Metropolitan area is 

experiencing rapid growth and recreational activities in the Santa Catalina and Rincon Mountains 

threaten suitable habitat for this species. The status of Aphonopelma saguaro seems secure (e.g., 

protection in Saguaro National Park) but should be monitored. 

 

 Remarks. Other important ratios that distinguish males: A. saguaro possess a larger 

T3/F4 (≥0.67; 0.67-0.71) than A. paloma (≤0.64; 0.57-0.64) and A. parvum (≤0.66; 0.61-0.66); a 

larger PTl/F4 (≥0.62; 0.62-0.66) than A. chalcodes (≤0.62; 0.52-0.62), A. superstitionense 

(≤0.59; 0.55-0.59), and A. vorhiesi (≤0.62; 0.55-0.62); a smaller Cl/M3 (≤1.25; 1.17-1.25) than A. 

catalina (≥1.26; 1.26-1.42); a smaller F1/T3 (≤1.51; 1.42-1.51) than A. parvum (≥1.56; 1.56-

1.70); a smaller Cl/PTw (≤4.27; 3.13-4.27) than A. chalcodes (≥5.06; 5.06-6.05) and A. 

superstitionense (≥4.40; 4.40-4.72); a smaller L3 scopulation extent (30%-52%) than A. 

chalcodes (65%-86%), A. parvum (60%-65%), and A. vorhiesi (53%-62%). Other important 

ratios that distinguish females: A. saguaro possess a smaller F3L/W (2.41 ± (only 1 specimen)) 

than A. catalina (≥2.93; 2.93-2.99), A. chalcodes (≥2.84; 2.84-3.15), A. mareki (≥2.66; 2.66-

3.00), A. parvum (≥2.85; 2.85-3.05), A. superstitionense (2.75 ± (only 1 specimen)), and A. 
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vorhiesi (≥2.77; 2.77-3.11). Certain morphometrics have potential to be useful, though due to the 

amounts of variation, small number of specimens, and the small differences between species, no 

other are claimed to be significant at this time (see Appendix 2). During evaluation of traditional 

two-dimensional PCA morphospace and three-dimensional PCA morphospace (PC1~PC2~PC3), 

males of A. saguaro separate from A. catalina, A. chalcodes, A. vorhiesi and A. parvum, but do 

not separate from A. paloma, A. mareki, or A. superstitionense. Female A. saguaro separate from 

A. catalina, A. chalcodes, and A. vorhiesi, but do not separate from A. mareki, A. paloma, A. 

parvum, or A. superstitionense in two-dimensional morphological space, yet when three-

dimensional morphospace is plotted, A. saguaro will separate from A. parvum. PC1, PC2, and 

PC3 explain ≥98% of the variation in all analyses. While mtDNA (CO1) identifies saguaro as a 

unique and independent lineage, its placement with regards to its sister lineages is not well 

supported. 

 

Aphonopelma steindachneri (Ausserer, 1875) 

Figures 133-137 

 

Eurypelma steindachneri Ausserer, 1875: 199; male holotype from Wruck Canyon, SE San 

Ysidro, San Diego Co., California, 32.548946 -117.006135 4, elev. 237ft., unknown collection 

date, coll. Dr. Steindachner; deposited in NHMW. [examined by Prentice pers. comm. and see 

Prentice (1997)] 

Delopelma steindachneri Petrunkevitch, 1939: 253. 

Rhechostica steindachneri Raven, 1985: 160. 

Aphonopelma steindachneri Smith, 1995: 147. 

Aphonopelma steindachneri - male neotype designated (APH_1023) from Wruck Canyon, San 

Ysidro, off Cactus Rd., San Diego Co., California, 32.55002 -116.99192 1, elev. 398ft., 

16.v.2010, coll. Chris A. Hamilton, Xavier Atkinson, Jordan Satler; deposited in AUMNH. 

 

Aphonopelma phanus Chamberlin, 1940: 24; male holotype from Laguna Beach, Orange Co., 

California, 33.542248 -117.783110 5; elev. 18ft., vii.1931, coll. unknown; deposited in AMNH. 

[examined] 

Rhechostica phanus Raven, 1985: 149. 
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Aphonopelma phanus Smith, 1995: 128. 

Aphonopelma phanum. syn. n. 

 

Aphonopelma reversum Chamberlin, 1940: 8; male holotype, male paratype, three female 

paratypes from San Diego, San Diego Co., California, 32.715738 -117.161085 6, elev. 54ft., 1935, 

coll. unknown; deposited in AMNH. [examined] 

Rhechostica reversum Raven, 1985: 149. 

Aphonopelma reversum Smith, 1995: 133. syn. n. 

 

 Diagnosis. Aphonopelma steindachneri (Fig. 133) is the only member of the 

Steindachneri species group in the Unite States and can be identified by a combination of 

morphological, molecular, and geographic characteristics. Nuclear DNA identifies A. 

steindachneri as a strongly supported phylogenetically distinct monophyletic lineage, supported 

as the sister lineage to all other species of Aphonopelma in the United States (Fig. 8). 

Aphonopelma steindachneri males and females are easily differentiated from all other species in 

California by the combination of their reduced scopulation on metatarsi three and four, their 

black color, and size. The most significant measurement that distinguishes male and female A. 

steindachneri from its closely related phylogenetic and syntopic species is the extent scopulation 

on metatarsus IV. Male A. steindachneri possess a smaller L4 scopulation extent (21%-31%) 

than A. eutylenum (62%-74%), A. iodius (62%-88%), and A. johnnycashi sp. nov. (70%-76%). 

Female A. steindachneri possess a smaller L4 scopulation extent (24%-34%) than A. eutylenum 

(62%-75%), A. iodius (59%-83%), and A. johnnycashi (67%-82%). 

 

 Description. Originally described by Ausserer (1875). 

 

 Description of male neotype (APH_1023; Fig. 134). — Specimen preparation and 

condition: Specimen collected live from burrow, kept alive to mature, preserved in 80% ethanol; 

deposited in AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and left 

pedipalp removed for measurements and photographs; stored in vial with specimen. Right leg III 

removed for DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Black 

and faded black. Cephalothorax: Carapace 17.21 mm long, 16.01 mm wide; Hirsute; densely 
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clothed with faded black iridescent pubescence mostly appressed to surface; fringe covered in 

long setae not closely appressed to surface; foveal groove medium deep and straight; pars 

cephalica region rises gradually from foveal groove toward ocular area; AER slightly procurved, 

PER strongly recurved; normal sized chelicerae; carapace much more round than syntopic 

species; clypeus slightly extends forward, but mostly straight; LBl 2.01, LBw 2.29; sternum 

hirsute, clothed with black, densely packed setae. Abdomen: Densely clothed in short black 

pubescence with numerous longer red/orange setae interspersed; possessing a dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972). Legs: Hirsute, particularly ventrally; 

densely clothed in a mix of black or faded black pubescence, femurs are darker. Metatarsus I 

slightly arched. F1 17.01; F1w 4.03; P1 6.89; T1 14.86; M1 12.95; A1 7.88; F3 13.76; F3w 4.47; 

P3 6.11; T3 11.59; M3 13.73; A3 7.60; F4 16.28; F4w 4.08; P4 6.25; T4 14.12; M4 18.43; A4 

8.42; femur III is slightly swollen. All tarsi fully scopulate. Extent of metatarsal scopulation: leg 

III (SC3) = 54.2%; leg IV (SC4) = 31.4%. Three ventral megaspines on metatarsus III; eight 

ventral megaspines on metatarsus IV. Coxa I: Prolateral surface a mix of fine, hair-like and 

tapered/thin tapered setae. Pedipalps: Hirsute; densely clothed in the same setal color as the 

other legs, with numerous longer ventral setae; one megaspine on the apical, prolateral femur and 

two megaspines on the prolateral tibia; PTl 9.855, PTw 2.95. When extended, embolus tapers 

and gently curves to the retrolateral side near apex; embolus very slender, no keels. 

 

 Variation (7). Cl 12.74-19.08 (15.197±0.84), Cw 12.19-17.33 (14.029±0.75), LBl 1.53-

2.20 (1.77±0.09), LBw 1.77-2.91 (2.123±0.15), F1 13.84-17.76 (15.367±0.59), F1w 3.1-4.31 

(3.621±0.17), P1 5.69-7.38 (6.231±0.25), T1 12.58-15.12 (13.684±0.4), M1 10.6-14.12 

(11.837±0.5), A1 6.64-8.71 (7.49±0.26), L1 length 49.48-63.09 (54.61±1.96), F3 11.58-14.89 

(12.794±0.47), F3w 3.43-4.89 (4.053±0.2), P3 4.66-6.22 (5.437±0.23), T3 9.39-11.77 

(10.309±0.39), M3 11.31-14.94 (12.511±0.52), A3 6.58-8.72 (7.356±0.27), L3 length 43.72-

56.54 (48.407±1.83), F4 13.38-17.36 (14.827±0.58), F4w 3.06-4.52 (3.624±0.2), P4 4.96-6.38 

(5.604±0.21), T4 11.63-15.45 (12.823±0.54), M4 15.04-20.16 (16.714±0.73), A4 7.31-9.01 

(7.997±0.23), L4 length 52.75-68.36 (57.966±2.26), PTl 8.359-10.514 (9.091±0.31), PTw 2.45-

3.05 (2.708±0.08), SC3 ratio 0.401-0.542 (0.479±0.02), SC4 ratio 0.22-0.314 (0.282±0.01), 

Coxa I setae = tapered/thin tapered, F3 condition = slightly swollen. 
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 Description of female exemplar (APH_1022; Figs. 135-136) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 

removed for photographs and measurements; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Black/faded black. 

Cephalothorax: Carapace 20.22 mm long, 17.96 mm wide; Hirsute, densely clothed with 

black/grey pubescence closely appressed to surface; fringe densely covered in longer setae; 

foveal groove medium deep and slightly procurved; pars cephalica region rises from thoracic 

furrow more strongly than syntopic species, arching anteriorly toward ocular area; AER and PER 

not normal due to apparent developmental issues, with what appears to be an extra ALE merged 

with the ALE on the left side (see Fig. 135 A); broad anterior margin of carapace; large 

chelicerae, clypeus extends forward on a curve; LBl 2.33, LBw 2.77; sternum very hirsute, 

clothed with dark black setae. Abdomen: Densely clothed dorsally in short black setae with 

numerous longer, lighter setae interspersed (generally red or orange in situ); dense dorsal patch 

of black Type I urticating bristles (Cooke et al. 1972); ventral side with shorter black setae. 

Spermathecae: Paired and separate, tapering and curving medially towards capitate bulbs, 

relatively shorter than other syntopic species, with wide bases that are not fused. Legs: Very 

hirsute, particularly ventrally; densely clothed in medium and long black/faded black pubescence, 

femurs darker. F1 14.61; F1w 4.73; P1 7.18; T1 11.86; M1 8.74; A1 6.32; F3 12.18; F3w 4.35; 

P3 5.78; T3 8.37; M3 9.44; A3 6.33; F4 14.79; F4w 4.49; P4 5.93; T4 11.13; M4 13.10; A4 7.09. 

All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 60.8%; leg IV (SC4) = 

30.7%. Three ventral megaspines on metatarsus III; ten ventral megaspines on metatarsus IV. 

Coxa I: Prolateral surface a mix of fine, hair-like and tapered/thin tapered setae. Pedipalps: 

Densely clothed in the same setal color as the other legs; three megaspines on the prolateral tibia. 

 

 Variation (6). Cl 16.59-20.22 (18.295±0.53), Cw 14.55-17.96 (16.215±0.52), LBl 1.97-

2.43 (2.178±0.09), LBw 2.27-2.77 (2.458±0.09), F1 11.91-14.61 (13.75±0.39), F1w 3.98-4.73 

(4.41±0.12), P1 5.57-7.18 (6.538±0.24), T1 8.95-12.03 (11.19±0.47), M1 7.46-8.74 (8.207±0.23), 

A1 6.24-7.33 (6.608±0.16), L1 length 40.13-48.99 (46.293±1.35), F3 10.46-12.21 (11.417±0.29), 

F3w 3.71-4.35 (3.967±0.09), P3 4.79-6.50 (5.662±0.23), T3 7.62-8.91 (8.312±0.17), M3 7.87-
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9.44 (8.897±0.24), A3 6.33-6.93 (6.595±0.1), L3 length 37.25-43.66 (40.882±0.89), F4 12.85-

14.79 (13.858±0.29), F4w 3.94-4.49 (4.157±0.08), P4 5.08-6.89 (5.93±0.25), T4 10.37-11.44 

(11.083±0.16), M4 11.71-13.73 (12.688±0.32), A4 6.86-7.54 (7.175±0.1), L4 length 47.11-52.78 

(50.735±0.89), SC3 ratio 0.513-0.608 (0.574±0.01), SC4 ratio 0.245-0.344 (0.3±0.01), C1 setae 

= tapered/thin tapered. Spermathecae variation can be seen in Figure 136. 

 

Material Examined: United States: California: Kern: above Frazier Park Ranger Station, 

34.800403 -118.996582 5, 5700ft., [AUMS_3298, 18/7/1987, 1♀, T.R. Prentice, AUMNH]; 

Caliente Creek, 20 miles N Hwy 58 + 2.5 mils N of Twin Oaks country store, Piute Mtns, 

35.345195 -118.386352 5, 3348ft., [AUMS_2603, 11/6/1989, 1♀, T.R. Prentice, AUMNH]; 

Erskine Creek (Canyon), Erskine Creek road, 35.593637 -118.445971 5, 2933ft., [AUMS_3322, 

10/1970, 1♀, J. Anderson, AUMNH]; N of Tehachapi, off Tehachapi Loop (Woodford-

Tehachapi Rd), 35.20873 -118.55061 1, 2821ft., [APH_3100, 17/7/2012, 1♀, Chris A. Hamilton, 

Amy Skibiel, AUMNH]; near Lake Isabella, off Kern River Canyon Rd, near Bodfish and Lake 

Isabella Blvd intersection, 35.5912 -118.51563 1, 2662ft., [APH_3096-3098, 14/7/2012, 3♀, 

Chris A. Hamilton, Jim Starrett, Amy Skibiel AUMNH]; S of Tehachapi, off Sand Canyon Rd - 

off Hwy 58, 35.16025 -118.32507 1, 4144ft., [APH_3099, 17/7/2012, 1♂, Chris A. Hamilton, 

Amy Skibiel, AUMNH]; Los Angeles: 27832 Stonehill Way, Canyon Country, 34.42464 -

118.45257 2, 1525ft., [APH_0362, 6/7/2008, 1♂, Anette Pillau, AUMNH]; [APH_0413, 

23/8/2008, 1♀, Anette Pillau, AUMNH]; Azusa, 3 miles west in Fish Canyon, 34.135573 -

117.940972 5, 581ft., [APH_2694, 23/9/1956, 1♂, V. Roth, AMNH]; Benedict Canyon, Santa 

Monica Mtns, 34.092508 -118.42897 5, 548ft., [APH_2722, 1967, 3♂, unknown, AMNH]; 

Canyon Country, Fitch Ave, 34.44963 -118.43426 2, 1820ft., [APH_1632, unknown, 1♀, Anette 

Pillau, AUMNH]; Chatsworth, 34.250636 -118.61481 5, 1007ft., [APH_2342, 24/7/1962, 1♂, 

Chamberlin, AMNH]; [APH_2350, 14/8/1966, 1♀, Chamberlin, AMNH]; [APH_2353, 

25/9/1966, 1♀, W. Icenogle, AMNH]; corner of Avenue 50 and Figueroa Street, Los Angeles, 

34.104913 -118.202204 4, 502ft., [APH_2673, 10/10/1962, 1♂, C. Feldmeth, AMNH]; E of 

Valyermo (Angeles National Forest), junction of Big Pines Hwy and Big Rock Creek Rd, 

34.43123 -117.83439 1, 4074ft., [APH_1044, 30/5/2010, 1♀, Chris A. Hamilton, AUMNH]; 

Placerita Canyon, 34.373899 -118.450673 5, 2188ft., [APH_2670, 23/9/1965, 1♂, J. Kelley, 

AMNH]; San Fernando Valley, 34.182785 -118.43996 6, 702ft., [APH_2715, 8/1959, 1♂, 
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unknown, AMNH]; Sierra Madre, 34.161673 -118.052846 7, 955ft., [APH_2465, unknown, 1♂, 

Chas Camp, AMNH]; Orange: Laguna Beach, 0.5 miles from Hwy-133 and CA-1, 33.54846 -

117.78093 4, 84ft., [APH_0043, 31/8/2003, 1 juv, Felix Martin, AUMNH]; Limestone Canyon, 

Limestone Canyon Reserve, 33.764025 -117.710106 5, 806ft., [AUMS_2296, 22/7/1997, 1♀, 

unknown, AUMNH]; N of Laguna Beach, off Hwy 133, Laguna Coast Wilderness Park, James 

Dilley Greenbelt Preserve, off Mariposa Trail, 33.59678 -117.75917 1, 350ft., [APH_3104-3105, 

20/7/2012, 2♀, Chris A. Hamilton, Amy Skibiel, AUMNH]; San Juan ranger station, up trail 

toward Chiquito Spring, 33.647262 -117.433319 6, 2537ft., [AUMS_2595, 25/6/1989, 1♂, T.R. 

Prentice, AUMNH]; Santiago Canyon Road at Limestone SPVR gate, 33.752467 -117.691955 6, 

971ft., [AUMS_2630, 22/7/1997, 1♂, unknown, AUMNH]; Riverside: 1 mile W of Winchester, 

Icenogle residence, 33.707049 -117.101768 4, 1461ft., [AUMS_2304, 17/7/1989, 1♂, W. 

Icenogle, AUMNH]; 2163 Mt. Vernon Ave, Riverside, 33.990875 -117.316626 2, 1372ft., 

[AUMS_2589, 7/1991, 1♂, T.R. Prentice, AUMNH]; 3231 October Ct, Corona, 33.875017 -

117.505452 2, 790ft., [APH_1369, 7/9/2011, 1♂, Alan Bond, AUMNH]; Box Spring Mtns- 

backside toward 215 Freeway, 33.956553 -117.285374 6, 1923ft., [AUMS_2311, 19/7/1992, 1♂, 

T.R. Prentice, AUMNH]; Box Spring Mtns, North Side, 34.005987 -117.302515 6, 1773ft., 

[AUMS_2584, 6/8/1989, 1♂, T.R. Prentice, AUMNH]; Myrtle Rd. and California, Calimesa, 

33.9973 -117.03894 5, 2535ft., [AUMS_2648, 8/2002, 1♂, unknown, AUMNH]; Calvert St, 

Winchester, Green Acres community, W of Hemet, 1/2 mile NE of Hwy 79 and 74 junction, 

33.7425 -117.067883 4, 1619ft., [APH_1047, 15/7/2009, 1♀, W. Icenogle, AUMNH]; floor of 

Icenogle shop (at his home), 33.713802 -117.091508 4, 1545ft., [AUMS_2592, 7/7/1997, 1♂, W. 

Icenogle, AUMNH]; Gavilon Hills-Amalfi Ave and Loonsberry, 33.82904 -117.379834 5, 

1559ft., [AUMS_2307, 25/8/1998, 1♀, M. Blva, AUMNH]; Lake Skinner-below U5 toward lake, 

33.603475 -117.056291 5, 2040ft., [AUMS_2312 , 28/9/1997, 1♂, T.R. Prentice, AUMNH]; 

Lake Skinner, 0.3 miles S of loop road to B7, 33.620919 -117.014227 4, 2068ft., [AUMS_2313, 

17/7/1997, 1♂, T.R. Prentice, AUMNH]; Lake Skinner, 0.3 miles W of road to Ultz, 33.571286 -

117.067755 5, 1500ft., [AUMS_2305, 17/7/1997, 1♀, T.R. Prentice, AUMNH]; Lake Skinner, 

0.4 miles south of Loop Road, 33.569122 -117.060326 4, 1475ft., [AUMS_2253, 18/8/1999, 1♂, 

T.R. Prentice, AUMNH]; Lake Skinner, just W of B9, No Shore Crossing Road, 33.580192 -

117.036497 5, 1516ft., [AUMS_2306, 4/8/1997, 1♀, T.R. Prentice, AUMNH]; Lake Skinner, 

Rawson Canyon, 0.4 miles S of Loop Rd, 33.596439 -117.022658 4, 1550ft., [AUMS_3302, 
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4/8/1997, 1♀, unknown, AUMNH]; [AUMS_2303, 4/8/1997, 1♀, T.R. Prentice, AUMNH]; 

Lake Skinner, Rawson Canyon, 0.45 miles S of loop rd., N side of Black Mtn., 33.631487 -

117.004912 4, 2136ft., [AUMS_3314, 21/7/1997, 1♂, T.R. Prentice, AUMNH]; Lake Skinner, 

Rawson Rd., on way out to Hwy 79, 33.628617 -117.062839 5, 1597ft., [AUMS_2596, 

28/9/1997, 1♂, T.R. Prentice, AUMNH]; Lamb Canyon off Hwy 79, ~1 mile N junction Gilman 

Springs Road, 33.859831 -117.006355 5, 2188ft., [AUMS_2318, 21/3/1989, 1♂, T.R. Prentice, 

AUMNH]; Mockingbird Canyon (Mockingbird reservoir), 33.891344 -117.412145 5, 981ft., 

[AUMS_2664, unknown, 1♂, unknown, AUMNH]; Morena Valley, 33.943057 -117.229709 6, 

1627ft., [AUMS_2295, 4/8/1997, 1♂, Rob Vellu, AUMNH]; Mt. Vernon Ave, 33.991438 -

117.316665 5, 1387ft., [AUMS_2591, 20/8/1991, 1♂, Lisa Fry, AUMNH]; Mt. Vernon area of 

Riverside, 34.004119 -117.313596 5, 1139ft., [AUMS_2308, 6/7/1997, 1♂, Michael Adams, 

AUMNH]; S of Hemet, NE of Lake Skinner, off De Portola Rd and Crown Valley Rd, 33.64249 

-116.99219 1, 2329ft., [APH_1039, 27/5/2010, 1♀, Chris A. Hamilton, Tom Prentice, AUMNH]; 

San Jacinto Mtns, .5 miles W of Pinyon Pines Fire Station, .5 miles S Hwy 74 (Ribbonwood CP 

GR), 33.569305 -116.493135 4, 4469ft., [AUMS_2621, 9/7/2003, 1♂, W. Icenogle, AUMNH]; 

W side Box Spring Mtns, Mt. Vernon Ave-2163 M. Adams, 33.991205 -117.316559 5, 1380ft., 

[AUMS_2316, 28/7/1992, 1♂, unknown, AUMNH]; Winchester, 33.706966 -117.084473 5, 

1486ft., [APH_2325, 9/8/1968, 1♂, W. Icenogle, AMNH]; [APH_2351, 4/8/1968, 1♂, 

Chamberlin, AMNH]; [AUMS_2586, 7/1991, 1♂, W. Icenogle, AUMNH]; Winchester, Double 

Butte area, 33.713817 -117.0916 4, 1558ft., [APH_1048, 16/6/2009, 1♀, W. Icenogle, AUMNH]; 

Winchester, Grand Ave., .5 miles E of jct of Leon Rd, 33.71436 -117.111327 4, 1508ft., 

[AUMS_2597, 9/8/1999, 1♂, T.R. Prentice, AUMNH]; Winchester, Icenogle home, 33.706838 -

117.084548 4, 1475ft., [AUMS_2299, 5/5/1992, 1♂, W. Icenogle, AUMNH]; [AUMS_2309, 

26/7/1997, 1♂, W. Icenogle, AUMNH]; [AUMS_2310, 3/7/1985, 1♀, W. Icenogle, AUMNH]; 

[AUMS_2598, 17/8/1999, 1♀, W. Icenogle, AUMNH]; [AUMS_2601, 1/9/1997, 1♀, W. 

Icenogle, AUMNH]; [AUMS_2645, 22/7/1996, 1♂, W. Icenogle, AUMNH]; San Bernardino: 

San Bernardino (San Bernardino National Forest), in hills N of city, off Quail Canyon Rd and 

Del Rosa, 34.17506 -117.24981 1, 2402ft., [APH_1046, 1/6/2010, 1♀, Chris A. Hamilton, 

AUMNH]; San Diego: 4670 Vista St., San Diego, 32.762575 -117.103569 4, 367ft., [APH_2354, 

23/6/1931, 1♀, Major Duncan, AMNH]; 7808 Vista Lazanja, San Diego, 32.978869 -

117.161645 2, 327ft., [APH_0441, 18/11/2008, 1 juv, Sandy Lamb, AUMNH]; Camp Pendleton, 
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33.313998 -117.314552 6, 359ft., [AUMS_2298, 1999, 1♀, Dan, AUMNH]; Camp Pendleton, 

Santa Margarita Rd., 33.32354 -117.325895 5, 107ft., [AUMS_2599, 17/8/1999, 1♂, T.R. 

Prentice, AUMNH]; Daley Ranch, Escondido, 33.20605 -117.070667 1, 1550ft., [APH_0987, 

9/2009, 1♀, Kyle Dickerson, AUMNH]; E of Alta Rd on Otay Mountain Truck Rd, 32.575022 -

116.893226 4, 1524ft., [APH_0178, 8/2007, 1♂, Dorian LaPaglia, AUMNH]; El Cajon, 

32.794773 -116.962527 5, 436ft., [APH_2332, 18/7/1930, 1♂, E. Pearson, AMNH]; El Monte 

County Park, NE of Flinn Springs, off El Monte Park Rd, 32.88992 -116.84796 1, 540ft., 

[APH_1030, 19/5/2010, 1♀, Chris A. Hamilton, Xavier Atkinson, AUMNH]; Elliot Reserve, 

Elliot Chaparral Reserve, 32.891876 -117.095075 5, 651ft., [AUMS_2297, 8/8/1997, 1♂, 

unknown, AUMNH]; Encanto, 32.711739 -117.061755 5, 318ft., [APH_2326, unknown, 1♀, 

unknown, AMNH]; Escondido, at jct I-15 and Deer Springs Rd, 33.19611 -117.12774 5, 1006ft., 

[APH_0047, 2/2/2002, 1♀, Garth Hansen, AUMNH]; Jamul, off Jamul Dr, 32.72953 -116.87247 

1, 882ft., [APH_0991-0992, 4/5/2010, 2♀, Chris A. Hamilton, AUMNH]; Jamul, off Millar 

Ranch Rd, next to San Diego National Wildlife Refuge, 32.72892 -116.93993 1, 374ft., 

[APH_0993, 4/5/2010, 1♀, Chris A. Hamilton, AUMNH]; La Jolla, 32.84722 -117.27333 5, 

105ft., [APH_2340, 8/11/1930, 1♂, unknown, AMNH]; [APH_2689, 26/8/1945, 1♂, Gardell 

Marshall, AMNH]; Lake Morena County Park, off Buckman Springs Rd, 32.684 -116.52038 1, 

3091ft., [APH_0994-0995, 5/5/2010, 2♀, Chris A. Hamilton, AUMNH]; MNAS - 6C8, 

33.093381 -116.608165 7, 3414ft., [AUMS_2492, 12/8/1997, 1♀, T.R. Prentice, AUMNH]; 

MNAS - 6C8, W exposure hill slope, 33.093381 -116.608165 7, 3414ft., [AUMS_2593, 6/6/1997, 

1♂, unknown, AUMNH]; N of I-8 and E of Alpine, on Viejas Grade Rd, 32.86061 -116.6763 1, 

2966ft., [APH_1072, 12/8/2010, 1♂, Peter Scott, AUMNH]; near Lake Henshaw, on Co. Hwy 

57, E of Palomar Mtn and W of Lake Henshaw, 33.26411 -116.76653 1, 3347ft., [APH_1074, 

14/8/2010, 1♂, Peter Scott, AUMNH]; near Palomar Mountain, on Co. Hwy 57, 33.29249 -

116.82854 1, 4559ft., [APH_1073, 14/8/2010, 1♂, Peter Scott, AUMNH]; off Kitchen Creek Rd, 

N of I-8 (N of Pacific Crest Natl. Scenic Trail), 32.75287 -116.45063 1, 3896ft., [APH_1026-

1027, 18/5/2010, 2♀, Chris A. Hamilton, Xavier Atkinson, AUMNH]; Otay, 32.559473 -

116.973468 6, 486ft., [APH_2333, 5/7/1930, 1♀, J.L. Keltner, AMNH]; Otay Mesa, San Ysidro, 

32.559473 -116.973468 5, 488ft., [AUMS_4192, 30/7/1994, 1♂, T.R. Prentice, AUMNH]; Pine 

Valley, 32.82144 -116.529184 5, 3763ft., [APH_2347, 25/7/1927, 1♂, Kelsey, AMNH]; Point 

Loma, 32.70003 -117.246684 5, 318ft., [APH_2323, 1/8/1928, 1♀, Fred L. Keltuer, AMNH]; 
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[APH_2338, 13/4/1936, 1♀, N.L. Johnson, AMNH]; Poway, 32.94456 -117.04873 1, 745ft., 

[APH_1011-1012, 12/5/2010, 2♀, Chris A. Hamilton, Xavier Atkinson, AUMNH]; Ramona, 

Eben-Haezer Nevarez chicken farm, 33.00327 -116.87647 1, 1574ft., [APH_1013, 13/5/2010, 1♀, 

Chris A. Hamilton, Xavier Atkinson, AUMNH]; San Diego, 32.715329 -117.157255 6, 59ft., 

[APH_2324, 1932, 1♀, unknown, AMNH]; [APH_2327, 17/10/1934, 2♀, unknown, AMNH]; 

[APH_2330, 1935, 2♂, unknown, AMNH]; [APH_2331, 16/8/1926, 1♂, unknown, AMNH]; 

[APH_2334, 16/6/1932, 1♀, unknown, AMNH]; [APH_2335, 2/1/1925, 1♀, unknown, AMNH]; 

[APH_2336, 20/8/1927, 1♀, unknown, AMNH]; [APH_2337, 1/6/1927, 1♀, unknown, AMNH]; 

[APH_2339, unknown, 2♂, unknown, AMNH]; [APH_2344, 7/8/1932, 1♂, unknown, AMNH]; 

[APH_2345, unknown, 4♀, unknown, AMNH]; [APH_2346, 27/9/1920, 1♀, unknown, AMNH]; 

[APH_2348, unknown, 1♂, E. Denton, AMNH]; [APH_2349, 21/5/1932, 1♀, unknown, 

AMNH]; San Diego Wild Animal Park, 33.09325 -116.98494 1, 642ft., [APH_0396-0397, 

31/7/2008, 2♂, Zach Valois, AUMNH]; 54th and Montezuma, San Diego, 32.771159 -

117.079432 5, 400ft., [APH_2343, 23/8/1960, 1♂, D. Irwin, AMNH]; San Diego, Mission Trails 

Regional Park, 32.84078 -117.04901 1, 585ft., [APH_1032, 20/5/2010, 1♂, Chris A. Hamilton, 

AUMNH]; San Luis Rey picnic area off 76, across San Luis Rey river on E hill slope, 33.249722 

-116.7892 5, 2578ft., [AUMS_2300, unknown, 1♂, T.R. Prentice, AUMNH]; San Ysidro area, 

just W of Cactus Rd., N of Calle la Linea, Wruck Canyon, SW slope, 32.550384 -116.99306 5, 

387ft., [AUMS_2600, 14/9/1997, 1♂, T.R. Prentice, AUMNH]; San Ysidro area, Wruck Canyon, 

W of Cactus Rd, 32.550352 -116.998292 5, 359ft., [AUMS_2293, 16/9/1997, 1♀, T.R. Prentice, 

AUMNH]; [AUMS_2302, 16/9/1997, 1♀, T.R. Prentice, AUMNH]; San Ysidro, Otay Mesa, 0.5 

miles E of school, 32.559473 -116.973468 5, 488ft., [AUMS_2646, 30/7/1994, 1♂, unknown, 

AUMNH]; Santee, in hills N of where Carlton Hills Blvd ends, 32.86146 -116.99485 4, 780ft., 

[APH_0145, 9/7/2007, 1 juv, Gilbert Quintana, AUMNH]; [APH_0146, 5/2007, 1♀, Gilbert 

Quintana, AUMNH]; [APH_0147, 7/7/2007, 1♂, Gilbert Quintana, AUMNH]; [APH_0148, 

9/7/2007, 1♂, Gilbert Quintana, AUMNH]; South Coronado Island, 32.685885 -117.183089 5, 

7ft., [APH_2328, 19/8/1928, 1♂, C. Searl, AMNH]; SW of San Marcos (Lake San Marcos area), 

off Rancho Santa Fe Rd and Melrose Dr, 33.1095 -117.22002 1, 538ft., [APH_1033, 21/5/2010, 

1♀, Chris A. Hamilton, Xavier Atkinson, AUMNH]; Sweetwater, 32.633742 -117.079092 5, 

81ft., [AUMS_2301, 8/unknown, 1♀, unknown, AUMNH]; Sweetwater Reserve/Sweetwater 

Regional Park, 32.672235 -117.021893 5, 96ft., [AUMS_2294, 9/97, 1♂, unknown, AUMNH]; 
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[AUMS_2602, 13/8/1997, 1♂, unknown, AUMNH]; Torrey Pines State Preserve, 32.91788 -

117.25008 1, 352ft., [APH_1034, 21/5/2010, 1♀, Chris A. Hamilton, Xavier Atkinson, 

AUMNH]; W of Alta Rd, S of Donovan State Prison Rd, 32.5755 -116.920052 4, 625ft., 

[APH_0179, 31/8/2007, 1♂, Dorian LaPaglia, AUMNH]; Wilderness Gardens Preserve, E of 

Pala, off Hwy 76 E of I-15, 33.35043 -117.0287 1, 557ft., [APH_1036, 24/5/2010, 1♀, Chris A. 

Hamilton, AUMNH]; Wruck Canyon, San Ysidro, 32.550352 -116.998292 5, 359ft., 

[AUMS_3347, 10/8/1998, 1♂, T.R. Prentice, AUMNH]; Wruck Canyon, San Ysidro, off Cactus 

Rd, 32.55002 -116.99192 1, 398ft., [APH_1022-1024, 16/5/2010, 2♀, 1♂, Chris A. Hamilton, 

Xavier Atkinson, Jordan Satler, AUMNH]; Ventura: 1958 Smokey Ridge Ave, Westlake 

Village, 34.19675 -118.78803 2, 1349ft., [APH_0012, 14/7/2005, 1♂, Roy Dunn, AUMNH]; Los 

Padres National Forest, Dry Creek, 8 miles off I-5 thru Hungry Valley, 34.726379 -118.933743 5, 

4629ft., [AUMS_3295, 1/8/1987, 1♂, T.R. Prentice, AUMNH]; Los Padres National Forest, off 

Gold Hill Rd, W of Hungry Valley State Vehicle Recreation Area, 34.72644 -118.92672 1, 

4766ft., [APH_1043, 29/5/2010, 1♀, Chris A. Hamilton, AUMNH]; Thousand Oaks, 34.21538 -

118.80325 1, 1402ft., [APH_0317, 7/10/2007, 1♀, Anette Pillau, AUMNH]; 1640 Calle Yucca, 

Thousand Oaks, 34.20203 -118.90031 2, 751ft., [APH_0011, 25/7/2005, 1♂, Tracy Kolnick, 

AUMNH]. 

 

 Distribution and natural history. Aphonopelma steindachneri is distributed from 

northern Baja California, north into California along the Southern Californian Coast Ranges, 

bounded by the Mojave Desert, across the Tehachapi Mountains, and into the southern portions 

of the Sierra Nevada Mountains (Fig. 137). This species is found in the following Level III 

Ecoregions: Southern California/Northern Baja Coast, Southern California Mountains, and Sierra 

Nevada. Aphonopelma steindachneri can be found in syntopy with A. eutylenum, A. iodius, and 

A. johnnycashi across its distribution. The breeding season, when mature males abandon their 

burrows in search of females, occurs during the summer (July–August). 

 

 Conservation status. Aphonopelma steindachneri is widely distributed across Southern 

California and is very common. The species is likely secure although some localized populations 

in urbanized areas (e.g., Los Angeles and San Diego) are likely threatened by human 

encroachment and development. 
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 Remarks. Other important ratios that distinguish males: A. steindachneri possess a 

smaller L3 scopulation extent (40%-54%) than A. eutylenum (72%-93%), A. iodius (78%-96%) 

and A. johnnycashi (71%-82%); by possessing a larger T1/F3 (≥1.01; 1.01-1.11) than A. 

eutylenum (≤1.00; 0.93-1.00) and A. johnnycashi (≤1.02; 0.95-1.02; with slight overlap). Other 

important ratios that distinguish females: A. steindachneri possess a smaller L3 scopulation 

extent (51%-61%) than A. eutylenum (77%-91%), A. iodius (72%-95%), and A. johnnycashi 

(69%-92%); by possessing a smaller M1/M4 (≤0.67; 0.62-0.67) than A. eutylenum (≥0.67; 0.67-

0.78) and A. johnnycashi (0.70-0.74). For both males and females, certain morphometrics have 

potential to be useful, though due to the amounts of variation, small number of specimens, and 

the small differences between species, no others are claimed to be significant at this time (see 

Appendix 2). During evaluation of traditional two-dimensional PCA morphospace and three-

dimensional PCA morphospace (PC1~PC2~PC3), male and female A. steindachneri separate 

from all of their syntopic species in the Iodius species group (A. eutylenum, A. iodius, and A. 

johnnycashi). PC1, PC2, and PC3 explain ≥95% of the variation in all analyses. 

 Prentice (1997) determined the type locality of A. steindachneri by examining Dr. 

Steindachner’s collection notes and through communication with Dr. Jurgen Gruber (NHMW). 

Aphonopelma steindachneri is the oldest name available for this species but the types were 

apparently lost at some point following Prentice's (1997) rediscovery and confirmation of them 

as A. steindachneri. Prentice examined these types and recorded various measurements, spine 

patterns, and made note of the deformed eye pattern of the female specimen from Austria. The 

specimens had been mislabeled, but Prentice was informed that the museum records indicated 

they had been the types of A. steindachneri. According to Prentice, every measurement and other 

descriptive value given by Ausserer (1875) matched precisely those of the specimens in his 

possession. Prentice had Ausserer's work translated which indicated that the types collected by 

Dr. Steindachner were from a site near the Mexican border in San Diego (perhaps Otay Mesa or 

Wruck Canyon). Based on this information, we have designated a neotype for A. steindachneri 

from APH_1023 (see above). Aphonopelma steindachneri has been mentioned in the literature 

numerous times but interestingly, always from localities outside of California. Specimens from 

New Mexico, redescribed by Smith (1995), were apparently part of the Koch collection now 

residing at the BMNH but these specimens are not A. steindachneri. Of particular note, the 
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original A. steindachneri female described by Ausserer (1875) had an ocular deformity, a 

condition also present in our female exemplar (APH_1022; see Fig. 135 A). This is an 

uncommon feature in Aphonopelma and suggests that perhaps both Ausserer’s and our 

specimens originated from the same population (Otay Mesa/Wruck Canyon). Additionally, we 

examined the holotypes and freshly collected topotypic material of A. phanum and A. reversum. 

Our morphological and molecular analyses fail to recognize these two species as separate, 

independently evolving lineages. As a consequence, we consider A. phanum and A. reversum 

junior synonyms of A. steindachneri. 

 

Aphonopelma superstitionense Hamilton & Hendrixson sp. nov. 

Figures 138-141 

 

Types. Male holotype (APH_1443) collected from the Superstition Mtns, Flat Iron, just above 

Flat Bowl Siphon Draw, 33.440386 -111.457602 1, elev. 3450ft., 1.xii.2011, coll. Tim Cota; 

deposited in AUMNH. Paratype female (APH_0504) from 0.25 miles S Crimson Rd on Usery 

Pass Rd., 33.479188 -111.625608 1, elev. 2009ft., 19.v.2009, coll. Brent E. Hendrixson, 

Bernadette DeRussy, Sloan Click; deposited in AUMNH. Paratype male (APH_1607) from the 

Superstition Mtns, Peralta Canyon Trail, 33.408937 -111.354086 1, elev. 2982ft., 11.xi.2012, coll. 

Brent E. Hendrixson, Tim Cota, Molly Taylor; deposited in AMNH. 

 

 Etymology. The specific epithet is a noun in apposition taken from type locality, the 

Superstition Mountains, where this species was first discovered. 

 

 Diagnosis. Aphonopelma superstitionense (Fig. 138) is a member of the Paloma species 

group and can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear DNA identifies A. superstitionense as a strongly supported, 

phylogenetically-distinct lineage (Fig. 8) that is a sister lineage to A. mareki sp. nov., A. parvum 

sp. nov., and A. saguaro sp. nov. Aphonopelma superstitionense can easily be differentiated 

from syntopic populations of A. chalcodes by its much smaller size, and can be differentiated 

from other members of the Paloma species group by locality. Importantly, A. superstitionense 

males possess a slightly swollen femur III, which is different from the normal condition of the 
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femur in A. parvum). The most significant measurements that distinguish male A. 

superstitionense from its closely related phylogenetic and syntopic species are Cl and the extent 

of scopulation on metatarsus IV. Male A. superstitionense can be distinguished by possessing a 

smaller Cl/M3 (≤1.12; 1.05-1.12) than A. mareki (≥1.18; 1.18-1.50), A. paloma (≥1.17; 1.17-

1.32), A. parvum (≥1.20; 1.20-1.39), and A. saguaro (≥1.17; 1.17-1.25); and a smaller L4 

scopulation extent (14%-20%) than A. chalcodes (42%-76%) and A. parvum (36%-44%). The 

most significant measurements that distinguish female A. superstitionense from its closely 

related phylogenetic and syntopic species are T1 and the extent of scopulation on metatarsus IV. 

Female A. superstitionense can be distinguished by possessing a smaller T1/M4 (0.84 ± (only 1 

specimen)) than A. paloma (≥0.93; 0.93-1.10), A. parvum (≥0.91; 0.91-1.00), and A. saguaro 

(1.02 ± (only 1 specimen)); and a smaller L4 scopulation extent (26% ± (only 1 specimen)) than 

A. chalcodes (56%-81%) and A. parvum (33%-42%). There are no significant measurements that 

separate female A. superstitionense and A. mareki. 

 

 Description of male holotype (APH_1443; Fig. 139). — Specimen preparation and 

condition: Specimen collected wandering and preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right legs II-IV removed for DNA and stored at -

80°C in the AUMNH (Auburn, AL). General coloration: Faded black/brown. Cephalothorax: 

Carapace 5.594 mm long, 5.171 mm wide; densely clothed with faded pubescence, appressed to 

surface; fringe covered in longer setae not closely appressed to surface; foveal groove medium 

deep and straight; pars cephalica region rises very gradually from foveal groove on a straight 

plane towards the ocular area; AER slightly procurved, PER very slightly recurved - mostly 

straight; normal sized chelicerae; clypeus extends forward on a slight curve; LBl 0.824, LBw 

1.028; sternum hirsute, clothed with faded, densely packed, short setae. Abdomen: Densely 

clothed in short black/brown pubescence with numerous longer, lighter setae interspersed 

(generally red or orange in situ); dense dorsal patch of black Type I urticating bristles (Cooke et 

al. 1972) - smaller and distinct from large species. Legs: Hirsute; densely clothed in faded 

pubescence. Metatarsus I slightly arched. F1 6.804; F1w 1.308; P1 2.234; T1 6.002; M1 4.755; 

A1 3.455; F3 5.475; F3w 1.698; P3 1.878; T3 4.567; M3 5.127; A3 3.571; F4 6.418; F4w 1.335; 

P4 2.061; T4 5.902; M4 6.571; A4 3.871; femur III is swollen. All tarsi fully scopulate. Extent of 
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metatarsal scopulation: leg III (SC3) = 47.7%; leg IV (SC4) = 20.4%. Three ventral megaspines 

and one prolateral megaspine on metatarsus III; nine ventral megaspines and one prolateral on 

metatarsus IV (though two are clustered near the row of megaspines that line the margin with the 

tarsus); two prolateral megaspines and two ventral megaspines on tibia I; one ventral megaspine 

on patella I; one megaspine present on the retrolateral tibia, at the apex of the mating clasper; 

two megaspines on the apex on the retrolateral branch of the tibial apophysis; one megaspine at 

the base of the prolateral branch of the tibial apophysis. Coxa I: Prolateral surface covered by 

fine, hair-like setae. Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, 

with numerous longer ventral setae; one megaspine at the apical, prolateral femur; two 

megaspines on the prolateral patella; four prolateral megaspines and one ventral on the palpal 

tibia; PTl 3.787, PTw 1.236. Palpal bulb is very short and stout. When extended, embolus tapers 

with a curve to the retrolateral side; embolus slender, no keels; distinct dorsal and ventral 

transition from bulb to embolus. 

 

 Variation (3). Cl 5.594-6.586 (5.961±0.31), Cw 5.171-6.302 (5.592±0.36), LBl 0.824-

0.93 (0.869±0.03), LBw 1.006-1.044 (1.026±0.01), F1 6.624-7.28 (6.903±0.2), F1w 1.308-1.469 

(1.37±0.05), P1 2.234-2.382 (2.32±0.04), T1 5.731-6.501 (6.078±0.23), M1 4.719-4.839 

(4.771±0.04), A1 3.387-3.764 (3.535±0.12), L1 length 22.843-24.729 (23.607±0.57), F3 5.475-

6.065 (5.708±0.18), F3w 1.592-1.923 (1.738±0.1), P3 1.878-2.021 (1.957±0.04), T3 4.545-4.916 

(4.676±0.12), M3 5.127-5.883 (5.473±0.22), A3 3.398-3.622 (3.53±0.07), L3 length 20.618-

22.234 (21.345±0.47), F4 6.418-6.966 (6.753±0.17), F4w 1.294-1.538 (1.389±0.08), P4 2.061-

2.265 (2.149±0.06), T4 5.902-6.666 (6.193±0.24), M4 6.571-7.264 (6.983±0.21), A4 3.871-

3.929 (3.902±0.02), L4 length 24.823-27.09 (25.98±0.65), PTl 3.786-3.951 (3.841±0.05), PTw 

1.236-1.394 (1.308±0.05), SC3 ratio 0.404-0.477 (0.429±0.02), SC4 ratio 0.147-0.204 

(0.185±0.02), Coxa I setae = very thin tapered, F3 condition = slightly swollen/swollen. 

 

 Description of female paratype (APH_0504; Fig. 140) — Specimen preparation and 

condition: Specimen collected live from burrow, preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I-IV, and pedipalp removed for photographs and 

measurements; stored in vial with specimen. Right legs III & IV removed for DNA and stored at 

-80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae removed and cleared, 
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stored in vial with specimen. General coloration: Faded black/brown. Cephalothorax: Carapace 

6.972 mm long, 6.823 mm wide; Very hirsute, densely clothed with short faded black/brown 

pubescence closely appressed to surface; fringe densely covered in slightly longer setae; foveal 

groove medium deep and slightly recurved; pars cephalica region gently rises from thoracic 

furrow, arching anteriorly toward ocular area; AER procurved, PER mostly straight; chelicerae 

robust, clypeus extends on a curve; LBl 1.139, LBw 1.384; sternum hirsute, clothed with short 

faded setae. Abdomen: Densely clothed dorsally in short faded black setae with longer, lighter 

setae (generally red or orange in situ) focused near the urticating patch; dense dorsal patch of 

black Type I urticating bristles (Cooke et al. 1972) - smaller and distinct from large species. 

Spermathecae: Paired and separate, with capitate bulbs, short, widening towards the bases; not 

fused. Legs: Hirsute; densely clothed in short faded black/brown pubescence; F1 6.151; F1w 

1.943; P1 2.792; T1 4.708; M1 3.561; A1 3.15; L1 length 20.362; F3 4.789; F3w 1.741; P3 2.13; 

T3 3.566; M3 3.458; A3 3.065; L3 length 17.008; F4 6.308; F4w 1.826; P4 2.677; T4 4.939; M4 

5.544; A4 3.807; L4 length 23.275. All tarsi fully scopulate. Extent of metatarsal scopulation: leg 

III (SC3) = 64.2%; leg IV (SC4) = 26.3%. Three ventral megaspines and one prolateral 

megaspine on metatarsus III; nine ventral megaspines on metatarsus IV (though two are 

clustered near the row of megaspines that line the margin with the tarsus). Coxa I: Prolateral 

surface covered by tapered, thin tapered, and fine, hair-like setae. Pedipalps: Densely clothed in 

the same setal color as the other legs; one megaspine on the apical, prolateral femur; five 

prolateral megaspines (two at the apical, prolateral border with the tarsus) and two ventral 

megaspines on the tibia (one at the apical, prolateral border with the tarsus). 

 

 Material Examined: United States: Arizona: Maricopa: 0.25 miles S Crimson Rd on 

Usery Pass Rd, 33.479188 -111.625608 1, 2009ft., [APH_0504, 19/5/2009, 1♀, Brent E. 

Hendrixson, Bernadette DeRussy, Sloan Click, AUMNH]; Apache Trail, 33.540608 -

111.345427 2, 2651ft., [APH_1643, 29/11/2012, 1♂, Tim Cota, AUMNH]; Pinal: Superstition 

Mtns, Flat Iron, just above Flat Bowl Siphon Draw, 33.440386 -111.457602 1, 3450ft., 

[APH_1443, 1/12/2011, 1♂, Tim Cota, AUMNH]; Superstition Mtns, Peralta Canyon Trail, 

33.408937 -111.354086 1, 2982ft., [APH_1607, 11/11/2012, 1♂, Brent E. Hendrixson, Tim Cota, 

Molly Taylor, AMNH]. 
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 Distribution and natural history. Aphonopelma superstitionense can be found 

inhabiting the Arizona/New Mexico Mountains and Sonoran Basin and Range Level III 

Ecoregions of central Arizona east of the Phoenix Metropolitan Area (Fig. 141), specifically in 

and around the foothills of the Superstition Mountains and may be present in or near the Pinal 

Mountains. Aphonopelma superstitionense can be found in syntopy with A. chalcodes and 

perhaps A. marxi at higher elevation. The breeding season, when mature males abandon their 

burrows in search of females, occurs during the late fall and early winter (November–December). 

 

 Conservation status. Aphonopelma superstitionense appears to have a limited 

distribution restricted to the foothills and area in or around the Superstition Mountains. These 

diminutive tarantulas are probably common but can be incredibly difficult to find due to the 

cryptic nature of their burrows and narrow window of activity during the year. The Phoenix 

Metropolitan area is experiencing rapid growth and recreational activities in the Superstition 

Mountains threaten suitable habitat for this species. The status of A. superstitionense seems 

secure (e.g., it is probably common in remote sections of the Superstition Wilderness Area) but 

should be monitored. 

 

 Remarks. Other important ratios that distinguish males: A. superstitionense possess a 

smaller PTl/M3 (≤0.74; 0.67-0.74) than A. mareki (≥0.76; 0.76-0.92), A. paloma (≥0.77; 0.77-

0.85), A. parvum (≥0.81; 0.81-0.88), and A. saguaro (≥0.78; 0.78-0.84); a smaller L3 scopulation 

extent (40%-48%) than A. chalcodes (65%-86%), A. mareki (50%-56%), and A. parvum (60%-

65). Other important ratios that distinguish females: A. superstitionense possess a smaller 

M3/M4 (0.62 ± (only 1 specimen)) than A. mareki (≥0.66; 0.66-0.77), A. parvum (≥0.67; 0.67-

0.74), and A. saguaro (0.70 ± (only 1 specimen)); a smaller Cl/M4 (1.25 ± (only 1 specimen)) 

than A. paloma (≥1.44; 1.44-1.60); a larger L1/L3 (1.19 ± (only 1 specimen)) than A. parvum 

(≥1.09; 1.09-1.14); a larger F1/T1 (1.30 ± (only 1 specimen)) than A. saguaro (1.13 ± (only 1 

specimen)). Certain morphometrics have potential to be useful, though due to the amounts of 

variation, small number of specimens, and the small differences between species, no other are 

claimed to be significant at this time (see Appendix 2). During evaluation of traditional two-

dimensional PCA morphospace and three-dimensional PCA morphospace (PC1~PC2~PC3), 

males of A. superstitionense separate from A. chalcodes and A. parvum, but do not separate from 
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A. mareki, A. paloma, or A. saguaro. Female A. superstitionense separate from A. chalcodes, but 

do not separate from A. mareki, A. paloma, A. parvum, or A. saguaro in two-dimensional 

morphological space, yet when three-dimensional morphospace is plotted, A. superstitionense 

appears to separate from A. parvum (though we only have 1 female A. superstitionense to 

compare). PC1, PC2, and PC3 explain ≥99% of the variation in all analyses. Mitochondrial DNA 

(CO1) identifies A. superstitionense as a polyphyletic group with some members grouping with 

the A. mareki lineage (Fig. 7). Both species were previously identified as putative novel species 

(Hamilton et al. 2014). Nuclear DNA identifies what we feel is a more accurate evolutionary 

history of the A. superstitionense lineage and highlights how CO1 is not effective at accurately 

delimiting species boundaries within this group possibly due to mitochondrial introgression. 

 

Aphonopelma vorhiesi (Chamberlin and Ivie, 1939) 

Figures 142-146; Appendix 4 

 

Delopelma vorhiesi Chamberlin and Ivie, 1939: 7; male holotype and male paratype from 

Tucson, Pima Co., Arizona, 32.221743 -110.926479 6, elev. 2473ft., no collecting date, coll. Prof. 

C.T. Vorhies; deposited in AMNH. [examined] 

Rhechostica vorhiesi Raven, 1985: 149. 

Aphonopelma vorhiesi Smith, 1995: 155.  

 

Aphonopelma jungi Smith, 1995: 116; male holotype from Portal Rd., Portal, Cochise Co., 

Arizona, 31.914142 -109.141676 5, elev. 4761ft., viii.1992, coll. A. Smith and Michael Sullivan; 

deposited in BMNH. [examined] syn. n. 

 

Aphonopelma punzoi Smith, 1995: 131; male holotype from Swift Trail (Jct), 5 miles S of 

Safford, Graham Co., Arizona, 32.729897 -109.713921 5, elev. 3161ft., mid-August, coll. A. 

Smith and Michael Sullivan; deposited in BMNH. [examined] syn. n. 

 

 Diagnosis. Aphonopelma vorhiesi (Fig. 142) belongs to the Marxi species group and can 

be identified by a combination of morphological, molecular, and geographic characteristics. 

Nuclear DNA identifies A. vorhiesi as a strongly supported monophyletic lineage (Fig. 8). It can 
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easily be distinguished from syntopic populations of A. parvum sp. nov., A. paloma, and A. 

saguaro sp. nov. by its larger size. The most significant measurements that distinguish male A. 

vorhiesi from its closely related phylogenetic and syntopic species are PTl and the extent of 

scopulation on metatarsus III. Male A. vorhiesi can be distinguished by possessing a smaller 

PTl/M1 (≤0.90; 0.76-0.90) than A. catalina sp. nov. (≥0.90; 0.90-1.03), A. chiricahua sp. nov. 

(≥0.96; 0.96-1.18), and A. madera sp. nov. (≥0.98; 0.98-1.12), and larger than A. chalcodes 

(≤0.75; 0.67-0.75) and A. gabeli (≤0.68; 0.61-0.68); and a smaller L3 scopulation extent (44%-

62%) than A. chalcodes (76%-86%) and A. hentzi (69%-86%). There are no significant 

measurements that separate male A. vorhiesi from A. peloncillo sp. nov. Significant 

measurements that distinguish female A. vorhiesi from its closely related phylogenetic and 

syntopic species are Cl and the extent of scopulation on metatarsus IV. Female A. vorhiesi can be 

distinguished by possessing a larger Cl/Cw (≥1.11; 1.11-1.21) than A. catalina (≤1.09; 1.07-

1.09) and A. chiricahua (1.02 ± (only 1 specimen)); and by possessing a smaller L4 scopulation 

extent (26%-37%) than A. chalcodes (63%-81%), A. gabeli (39%-53%) and A. hentzi (42%-72%). 

There are no significant measurements that separate female A. vorhiesi from A. peloncillo and A. 

madera. 

 

 Description. Male originally described by Chamberlin and Ivie (1939). 

 

 Redescription of male exemplar (APH_0177; Fig. 143). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and left pedipalp 

removed for measurements and photographs; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). General coloration: Black and 

faded brown. Cephalothorax: Carapace 13.61 mm long, 12.95 mm wide; Hirsute; densely 

clothed with black, slightly iridescent, pubescence mostly appressed to surface; fringe covered in 

long setae not closely appressed to surface; foveal groove medium deep and slightly recurved; 

pars cephalica region rises gradually from foveal groove, gently arching anteriorly toward ocular 

area; AER slightly procurved, PER slightly recurved; normal sized chelicerae; clypeus extends 

forward on a curve; LBl 1.48, LBw 1.88; sternum hirsute, clothed with short black, densely 

packed setae. Abdomen: Densely clothed in short black pubescence with numerous longer 
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red/orange setae interspersed; possessing a dense dorsal patch of black Type I urticating bristles 

(Cooke et al. 1972). Legs: Hirsute; densely clothed in a mix of short and medium length black or 

faded black pubescence, slightly longer ventrally. Metatarsus I mostly straight. F1 13.70; F1w 

3.62; P1 5.85; T1 11.31; M1 10.20; A1 6.65; F3 11.52; F3w 4.09; P3 4.41; T3 9.25; M3 10.89; 

A3 6.97; F4 13.94; F4w 3.64; P4 4.56; T4 11.74; M4 14.66; A4 7.83; femur III is swollen. All 

tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 55.9%; leg IV (SC4) = 

28.2%. Two ventral megaspines on metatarsus III; seven ventral megaspines on metatarsus IV; 

one large ventral megaspine at the base of the tibia I near the patella; one large megaspine is 

present on the retrolateral tibia at the apex of the mating clasper - this can be seen when viewing 

the prolateral face of the mating clasper. Coxa I: Prolateral surface a mix of fine, hair-like and 

thin tapered setae. Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, 

with numerous longer ventral setae; one megaspine on the apical, prolateral femur; one 

megaspine on the prolateral patella; four megaspines on the prolateral tibia; PTl 7.791, PTw 2.61. 

When extended, embolus tapers and gently curves to the retrolateral side; bulb is shorter and 

more stout than chalcodes. 

 

 Variation (11). Cl 10.018-13.98 (11.663±0.4), Cw 9.18-12.95 (10.722±0.4), LBl 1.11-

1.658 (1.404±0.06), LBw 1.24-1.921 (1.62±0.07), F1 10.15-14.51 (11.867±0.42), F1w 2.51-3.62 

(2.917±0.1), P1 4.1-5.88 (4.885±0.18), T1 8.69-12.39 (10.09±0.36), M1 6.877-10.20 (8.296±0.3), 

A1 4.74-6.70 (5.584±0.21), L1 length 35.23-49.06 (40.541±1.51), F3 8.37-11.57 (9.858±0.34), 

F3w 2.65-4.09 (3.18±0.14), P3 3.3-4.47 (3.794±0.12), T3 6.49-9.25 (7.619±0.28), M3 7.717-

10.89 (8.927±0.34), A3 5.35-6.97 (6.075±0.17), L3 length 31.4-43.04 (36.647±1.26), F4 10.09-

13.94 (11.696±0.41), F4w 2.32-3.64 (2.831±0.13), P4 3.46-4.56 (4.129±0.11), T4 8.996-11.74 

(10.128±0.31), M4 10.33-14.66 (12.131±0.44), A4 5.43-7.83 (6.606±0.25), L4 length 38.39-

52.73 (44.469±1.57), PTl 6.167-8.125 (6.983±0.18), PTw 1.919-2.611 (2.334±0.06), SC3 ratio 

0.45-0.619 (0.554±0.01), SC4 ratio 0.201-0.358 (0.3±0.01), Coxa 1 setae = tapered/thin tapered, 

F3 condition = slightly swollen. 

 

 Description of female exemplar (APH_1488; Figs. 144-145) — Specimen preparation 

and condition: Specimen collected live from burrow, preserved in 80% ethanol; deposited in 

AUMNH; original coloration faded due to preservation. Left legs I, III, IV, and pedipalp 
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removed for photographs and measurements; stored in vial with specimen. Right leg III removed 

for DNA and stored at -80°C in the AUMNH (Auburn, AL). Genital plate with spermathecae 

removed and cleared, stored in vial with specimen. General coloration: Black/faded black. 

Cephalothorax: Carapace 16.38 mm long, 14.63 mm wide; Hirsute, densely clothed with 

black/faded black, slightly iridescent, pubescence closely appressed to surface; fringe densely 

covered in longer setae; foveal groove medium deep and straight; pars cephalica region gently 

rises from thoracic furrow, arching anteriorly toward ocular area; AER procurved, PER recurved; 

robust chelicerae, clypeus extends forward on a curve; LBl 1.99, LBw 2.10; sternum hirsute, 

clothed with shorter black/faded black setae. Abdomen: Densely clothed dorsally in short black 

setae with numerous longer, lighter setae interspersed (generally red or orange in situ); dense 

dorsal patch of black Type I urticating bristles (Cooke et al. 1972); ventral side with shorter 

black setae. Spermathecae: Paired and separate, tapering and slightly curving medially towards 

capitate bulbs, with wide bases that are not fused. Legs: Hirsute, particularly ventrally; densely 

clothed in short and medium black pubescence, with longer setae colored similarly as the long 

abdominal setae; F1 12.61; F1w 4.06; P1 6.22; T1 9.97; M1 8.17; A1 6.37; F3 10.52; F3w 3.79; 

P3 4.53; T3 7.70; M3 8.13; A3 6.72; F4 12.91; F4w 3.81; P4 5.19; T4 10.69; M4 11.47; A4 7.32. 

All tarsi fully scopulate. Extent of metatarsal scopulation: leg III (SC3) = 69.0%; leg IV (SC4) = 

33.9%. One ventral megaspine on metatarsus III; six ventral megaspines on metatarsus IV. Coxa 

I: Prolateral surface a mix of fine, hair-like and tapered setae. Pedipalps: Densely clothed in the 

same setal color as the other legs; one megaspine on the apical, prolateral femur, one megaspine 

on the prolateral patella, and four megaspines on the prolateral tibia. 

 

 Variation (8). Cl 11.23-16.38 (13.636±0.64), Cw 9.77-14.63 (11.819±0.59), LBl 1.48-

1.99 (1.778±0.08), LBw 1.77-2.42 (2.06±0.09), F1 8.86-12.61 (10.74±0.52), F1w 2.86-4.06 

(3.401±0.16), P1 4.17-6.22 (5.001±0.24), T1 7.09-9.97 (8.447±0.38), M1 5.08-8.17 (6.301±0.38), 

A1 4.46-6.37 (5.274±0.23), L1 length 29.66-43.34 (35.763±1.72), F3 7.54-10.52 (8.761±0.42), 

F3w 2.45-3.79 (2.978±0.15), P3 3.26-4.93 (3.99±0.22), T3 4.87-7.70 (6.312±0.38), M3 5.24-

8.13 (6.611±0.39), A3 4.65-6.72 (5.367±0.25), L3 length 25.56-37.60 (31.041±1.6), F4 8.93-

12.91 (10.773±0.56), F4w 2.67-3.81 (3.076±0.14), P4 3.39-5.35 (4.438±0.22), T4 7.54-10.69 

(8.885±0.4), M4 7.87-11.47 (9.504±0.46), A4 5.44-7.32 (6.122±0.25), L4 length 33.76-47.58 
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(39.721±1.85), SC3 ratio 0.495-0.69 (0.604±0.02), SC4 ratio 0.269-0.369 (0.332±0.01), Coxa I 

setae = tapered. Spermathecae variation can be seen in Figure 145. 

 

Material Examined: United States: Arizona: Cochise: 0.45 miles NNE Cazador Trl on Hwy 

80, 31.4724344 -109.4502641 2, 4554ft., [APH_0720-0721, 17/8/2009, 2♂, Alice Abela, 

AUMNH]; 1 mile west of Portal, 31.914744 -109.162506 5, 5026ft., [APH_2130, 24/9/1963, 1♂, 

V. Roth, AMNH]; [APH_2135, 30/10/1963, 1♀, V. Roth, AMNH]; 10 miles south of Apache, 

31.572141 -109.17493 5, 4669ft., [APH_2132, 10/9/1965, 1♂, W.J. Gertsch, AMNH]; 10 miles 

west of Douglas, 31.363766 -109.696872 5, 4150ft., [APH_2108, 8/9/1964, 1♂, R. Hastings and 

M. Hastings, AMNH]; 10-20 mile south of Apache, 31.494756 -109.166548 5, 4459ft., 

[APH_2123, 11/10/1963, 1♀, V. Roth, AMNH]; 12 miles south of Apache, 31.55928 -

109.183506 5, 4590ft., [APH_2106, 8/10/1964, 3♂, V. Roth , AMNH]; 12-16 miles south of 

Apache, 31.42937 -109.152669 5, 4383ft., [APH_2125, 23/7/1963, 3♂, V. Roth, AMNH]; 2 

miles northeast of Portal, 31.938743 -109.172137 5, 5938ft., [APH_2140, 10/2/1962, 1♀, Cazier 

and Mortenson, AMNH]; 2 miles south of Rodeo, 31.921206 -109.050959 5, 4209ft., [APH_2141, 

20/6/1962, 1♀, N.M. , AMNH]; 2 miles south of Southwestern Research Station, 31.862638 -

109.228246 5, 6499ft., [APH_2137, 20/7/1959, 1♀, G.M. Happ and F.A. McKittrick, AMNH]; 

Deer Creek Ranch, 32.252852 -109.832012 5, 4173ft., [APH_2126, 19/7/1956, 1♀, J. Anderson, 

AMNH]; Galeyville, 31.943827 -109.213586 5, 5469ft., [APH_2124, 28/8/unknown, 1♂, Scotty 

Anderson, AMNH]; Portal, 31.913703 -109.14145 5, 4770ft., [APH_2110, 23/10/1972, 1♂, W.J. 

Gertsch, AMNH]; [APH_2112, 24/8/1964, 2♂, R. Hastings and M. Hastings, AMNH]; 

[APH_2116, 15/11/1962, 1♂, V. Roth, AMNH]; [APH_2118, 1965, 1♂, W.J. Gertsch, AMNH]; 

[APH_2129, 15/7/1963, 1♀, V. Roth, AMNH]; [APH_2136, 8/1965, 1♀, W.J. Gertsch, AMNH]; 

Sierra Vista, just outside city limits, near and around residential areas near Ft. Huachuca Military 

Base, 31.47973 -110.24666 1, 4643ft., [APH_0187, 24/8/2007, 1♂, Dean Pittman, AUMNH]; 

[APH_0188, 3/8/2007, 1♀, Dean Pittman, AUMNH]; Graham: 0.25 miles E Hwy-191 on 

Tanque Rd, 32.605235 -109.682418 1, 3873ft., [APH_1331-1335, 1/8/2011, 1♀, 4 juv, Brent E. 

Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; [APH_1346, 5/8/2011, 1♀, 

Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; [APH_1348, 

5/8/2011, 1 juv, Brent E. Hendrixson, Brendon Barnes, Nate Davis, Jake Storms, AUMNH]; 

[APH_1480, 1/8/2012, 1♀, Brent E. Hendrixson, Brendon Barnes, Austin Deskewies, AUMNH]; 
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[APH_1490-1491, 4/9/2012, 1♀, 1 juv, Brent E. Hendrixson, AUMNH]; [APH_1506-1508, 

7/9/2012, 1♀, 2♂, Brent E. Hendrixson, AUMNH]; 0.4 miles E Hwy-191 on Tanque Rd, 

32.606204 -109.681524 1, 3891ft., [APH_1185-1187, 25/7/2010, 1♀, 2 juv, Brent E. Hendrixson, 

Brendon Barnes, Nate Davis, AUMNH]; dirt road S of US-70, 32.744869 -109.344099 1, 4088ft., 

[APH_0639-0640, 12/7/2009, 2♀, Brent E. Hendrixson, Nate Davis, AUMNH]; Klondyke Rd, 

SW of Hwy-70, 32.914146 -109.975734 1, 3110ft., [APH_0700, 18/7/2009, 1 juv, Brent E. 

Hendrixson, Nate Davis, AUMNH]; Swift Trail, along Hwy-366, 32.67433 -109.78367 2, 4885ft., 

[APH_1361-1364, 3/9/2011, 4♂, Brandon La Forest, AUMNH]; Tanque Rd, near Hwy-191, 

32.604126 -109.681695 1, 3887ft., [APH_0624-0625, 11/7/2009, 2 juv, Brent E. Hendrixson, 

Nate Davis, AUMNH]; Pima: 4405 W Speedway Blvd, Tucson, 32.236347 -111.059977 2, 

2600ft., [APH_1359, 4/9/2011, 1♂, Lee and Denise Roberts, AUMNH]; 6928 N. Northpoint Dr, 

Tucson, 32.33242 -111.03403 2, 2320ft., [APH_0400, 7/9/2008, 1♂, Linda Lanan, AUMNH]; 

9095 E. Arbab Ct., Tucson, 32.11585 -110.79889 2, 2907ft., [APH_0177, 29/8/2007, 1♂, Sandi 

Sowers, AUMNH]; Arivaca Creek (AZ-289/Ruby Rd), 31.59577 -111.36337 4, 3560ft., 

[APH_0294-0295, 3/10/2007, 2♂, Manny Rubio, AUMNH]; Catalina State Park, Romero 

Canyon Trail, 32.4253 -110.8994 2, 2850ft., [APH_1488, 22/7/2011, 1♀, Ken Macneil, 

AUMNH]; jct. I-10 and Hwy 83, 32.004689 -110.689365 5, 3448ft., [AUMS_2212, 19/8/1995, 

1♂, Jeremy Huff, AUMNH]; Santa Catalina Mountains, Mt. Lemmon Highway, Gordon 

Hirabayashi Recreation Area, 32.339509 -110.717456 2, 4845ft., [APH_3217, 1/7/14, 1 juv, 

Brent E. Hendrixson, AUMNH]; Mt. Lemmon Hwy, 0.3 miles S of Molino Basin, S of Catalina 

Mtns, 32.326961 -110.702536 4, 4101ft., [AUMS_3278, 16/9/1974, 1♂, W. Icenogle, AUMNH]; 

SE of Tucson, 3.5 miles N I-10 on Houghton Rd, 32.1125 -110.77611 2, 2950ft., [APH_0791, 

unknown, 1♀, Jon Camp, AUMNH]; SE of Tucson, just N of I-10 and Hwy 83 jct., 32.012461 -

110.690131 5, 3433ft., [AUMS_2205, 19/8/1995, 2♂, J. Huff and Thomas R. Prentice, 

AUMNH]; [AUMS_2213, 19/8/1995, 1♂, R. Portillo and Thomas R. Prentice, AUMNH]; 

[AUMS_2225, 19/8/1995, 1♂, Thomas Mason, AUMNH]; Tucson, 32.221743 -110.926479 6, 

2470ft., [APH_2318, 1♂, T. Vorhies, AMNH]; off Hwy 79, N of Tucson just past Hwy 77 split, 

E side of road, 32.57446 -110.94732 1, 3445ft., [APH_3188, 14/11/2013, 1♀, Chris A. Hamilton, 

Brent E. Hendrixson, AUMNH]; Santa Cruz: 0.1 miles SE FS-184 on Mt. Hopkins Rd, 

31.69358253 -110.9889079 2, 3684ft., [APH_0732, 20/8/2009, 1♂, Alice Abela, AUMNH]; 0.13 

miles NW FS-184 on Mt. Hopkins Rd, 31.69571757 -110.9927435 2, 3630ft., [APH_0731, 
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20/8/2009, 1♂, Alice Abela, AUMNH]; 0.37 miles NE FR-4099 on Mt. Hopkins Rd, 

31.67437255 -110.9370608 2, 4406ft., [APH_0734, 20/8/2009, 1♂, Alice Abela, AUMNH]; 1.6 

miles E I-19 Frontage Rd along Amado-Mentosa Rd (FS Rd 184), 31.70242578 -111.0435914 2, 

3156ft., [APH_0382, 28/7/2008, 1 juv, Alice Abela, AUMNH]; Patagonia Mtns, Harshaw Road, 

31.528093 -110.711410 4, 4215ft., [APH_0185, 9/9/2007, 1♂, Manny Rubio, AUMNH]; 

Patagonia Mtns, Harshaw Road, 31.531246 -110.718179 4, 4231ft., [APH_0186, late/8/2007, 1♂, 

Manny Rubio, AUMNH]; New Mexico: Dona Ana: Aguirre Springs Rd, 32.399191 -

106.548438 1, 4905ft., [APH_0656-0658, 13/7/2009, 3♂, Brent E. Hendrixson, Nate Davis, 

AUMNH]; [APH_0660-0661, 13/7/2009, 2♂, Brent E. Hendrixson, Nate Davis, AUMNH]; Just 

outside Las Cruces, on Aguirre Spring Road, 32.431202 -106.54921 5, 5306ft., [APH_0001, 

8/2003, 1♂, Roy Thibodeau, AUMNH]; Organ Mtns, Aguirre Springs Rec Area, 32.387276 -

106.551429 1, 5061ft., [APH_1176, 22/7/2010, 1♂, Brent E. Hendrixson, Brendon Barnes, Nate 

Davis, AUMNH]; Hidalgo: 1 mile west of Animas, 31.948038 -108.828004 5, 4403ft., 

[APH_2119, 26/8/1960, 1♂, unknown, AMNH]; 11 miles south of Road Forks, 32.208574 -

108.798363 5, 4341ft., [APH_2128, 26/8/1960, 1♂, unknown, AMNH]; 3 miles W of Animas on 

Hwy-9, 31.942609 -108.856771 1, 4400ft., [APH_0292, 10/2007, 1♂, Kari McWest, AUMNH]; 

3.1 miles E Hwy-80 on Hwy-9, 31.93239033 -108.9869393 2, 4135ft., [APH_0725, 18/8/2009, 

1♂, Alice Abela, AUMNH]; 4.1 miles E Hwy-80 on Hwy-9, 31.936704 -108.970448 1, 4187ft., 

[APH_0679, 16/7/2009, 1 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; along Hwy-338, 

32.0242 -108.866316 1, 4297ft., [APH_1512, 8/9/2012, 1♂, Brent E. Hendrixson, AUMNH]; 

[APH_1517, 8/9/2012, 1♂, Brent E. Hendrixson, AUMNH]; along Hwy-80 at Granite Gap, 

32.088477 -108.973445 1, 4450ft., [APH_1484, 1/8/2012, 1♀, Brent E. Hendrixson, Brendon 

Barnes, Austin Deskewies, AUMNH]; along Hwy-80, 2.3 miles S I-10, 32.204378 -108.949722 1, 

4227ft., [APH_0674-0675, 15/7/2009, 1♀, 1 juv, Brent E. Hendrixson, Nate Davis, AUMNH]; 

along Hwy-9, W of Animas, 31.94331229 -108.8738359 2, 4386ft., [APH_0727, 18/8/2009, 1♂, 

Alice Abela, AUMNH]; Clanton Draw, Geronimo Gap - Peloncillo Mtns, 31.517505 -

108.984343 4, 5441ft., [APH_0886, 2006, 1♀, Dave Moellendorf, AUMNH]; Luna: Cookes 

Canyon Rd, A019, 0.7 miles NW NM-26, 32.424 -107.583806 1, 4545ft., [APH_0394, 28/7/2008, 

1 juv, Kari, Hunter McWest, AUMNH]; Little Florida Mtns, 1 miles SE on Bonita Rd from 

turnoff on Gap Rd, 32.15817 -107.58858 1, 4480ft., [APH_0195-0196, 3/9/2007, 2♂, Lorenzo 

Prendini, Jeremy Huff, AUMNH]. 
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 Distribution and natural history. Aphonopelma vorhiesi is widely distributed across 

southeastern Arizona and southern New Mexico (Fig. 146) and can be found in the following 

Level III Ecoregions: Madrean Archipelago, Sonoran Basin and Range, Chihuahuan Deserts, and 

Arizona/New Mexico Mountains. Aphonopelma vorhiesi can be found in syntopy with a large 

number of different species across its distribution including A. catalina, A. chalcodes, A. 

chiricahua, A. gabeli, A. hentzi, A. madera, A. paloma, A. parvum, A. peloncillo, and A. saguaro. 

The breeding season, when mature males abandon their burrows in search of females, occurs 

during the summer and fall (July–October). 

 

 Conservation status. Aphonopelma vorhiesi is very common throughout its distribution 

in southeastern Arizona and southern New Mexico. The species is secure. 

 

 Remarks. Mitochondrial DNA identifies A. vorhiesi as a paraphyletic group with respect 

to A. chalcodes (Fig. 7). The secondary lineages outside of the A. vorhiesi clade were previously 

identified as putative cryptic species by Hamilton et al. (2014), due to deep mitochondrial 

divergence. Results from the AE analysis demonstrate that CO1 is not effective at accurately 

delimiting species boundaries within this group. Other important ratios that distinguish males: A. 

vorhiesi possess a smaller L4 scopulation extent (20%-36%) than A. chalcodes (66%-76%) and A. 

gabeli (36%-47%). Other important ratios that distinguish females: A. vorhiesi possess a larger 

T1/M3 (≥1.22; 1.22-1.39) than A. gabeli (≤1.20; 1.13-1.20) and smaller than A. chiricahua (1.53 

± (only 1 specimen)). For both males and females, certain morphometrics have potential to be 

useful, though due to the amounts of variation, small number of specimens, and the small 

differences between species, no others are claimed to be significant at this time (see Appendix 2). 

During evaluation of PCA morphospace, males of A. vorhiesi separate from their syntopic 

species A. catalina, A. chalcodes, A. chiricahua, A. gabeli, A. madera, and members of the 

miniature tarantulas (A. paloma, A. parvum, and A. saguaro), but do not separate from A. hentzi 

or A. peloncillo. Female A. vorhiesi separate in two-dimensional morphological space from A. 

chalcodes, A. chiricahua, and members of the miniature tarantulas, but do not separate from A. 

catalina, A. gabeli, A. hentzi, A. madera, or A. peloncillo. Interestingly, A. vorhiesi males 

separate from A. catalina, A. chalcodes, A. chiricahua, A. gabeli, A. hentzi, A. madera, A. 
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parvum, A. paloma, and A. saguaro in three-dimensional PCA morphospace (PC1~PC2~PC3), 

but do not separate from A. peloncillo. Aphonopelma vorhiesi females separate from A. 

chiricahua, A. parvum, A. paloma, and A. saguaro, but do not separate from A. catalina, A. 

chalcodes, A. gabeli, A. hentzi, A. madera, and A. peloncillo. PC1, PC2, and PC3 explain ≥98% 

of the variation in all analyses. 

 We examined the holotypes and freshly collected topotypic material of A. jungi and A. 

punzoi. Our morphological and molecular analyses fail to recognize these two species as separate, 

independently evolving lineages. As a consequence, we consider A. jungi and A. punzoi junior 

synonyms of A. vorhiesi. 

 

Aphonopelma xwalxwal Hamilton sp. nov. 

Figures 147-149 

 

Types. Male holotype (APH_3134) collected on Hwy S22 (Montezuma Valley Rd), 3.3 miles S 

junction with Palm Canyon Dr. (Borrego Springs), Anza-Borrego State Park, San Diego Co., 

California, 33.225633 -116.414633 1, elev. 1710ft., 4.x.2013, coll. Wendell Icenogle; deposited 

in AUMNH. Paratype male (APH_3133) from Hwy S22 (Montezuma Valley Rd), 4 miles S 

junction with Palm Canyon Dr. (Borrego Springs), Anza-Borrego State Park, San Diego Co., 

California, 33.224618 -116.424232 1, elev. 1935ft., 5.x.2013, coll. Wendell Icenogle; deposited 

in AMNH. 

 

 Etymology. The specific epithet is a noun in apposition, referencing the word for “a type 

of small spider” in the language of the Cahuilla Native Americans, whose traditional territory 

includes the distribution of this species (from the Coachella Valley to Borrego Springs). 

Pronounced "hwalhwal"; xw - sounds like a light raspy sound when blowing out a candle; a - 

sounds like "a" in father; l - sounds like "l" in light. 

 

 Diagnosis. Aphonopelma xwalxwal (Fig. 147) is a member of the Paloma species group 

and can be distinguished by a combination of morphological, molecular, and geographic 

characteristics. Nuclear and mitochondrial DNA identifies A. xwalxwal as a phylogenetically 

distinct monophyletic lineage, supported as the sister lineage to the remaining members of the 
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Paloma species group (Figs. 7-8). Aphonopelma xwalxwal is the largest of the miniature 

Aphonopelma, and while they are very similar looking to A. joshua, A. xwalxwal are slightly 

larger and has a different mating period (fall versus summer). Aphonopelma xwalxwal can be 

distinguished from A. eutylenum and A. paloma by its smaller size, general phenotypic 

appearance, and the extent of scopulation on metatarsus IV, and from all other members of the 

Paloma species group by locality. Like A. joshua, A. xwalxwal possess unique stout setae on the 

sternum. The significant measurement that distinguishes male A. xwalxwal from its closely 

related phylogenetic and syntopic species is F4. Male A. xwalxwal can be distinguished by 

possessing a smaller F4/T4 (≤1.05; 1.00-1.05) than A. eutylenum (≥1.14; 1.14-1.22), A. icenoglei 

sp. nov. (≥1.14; 1.14-1.18), A. joshua (≥1.07; 1.07-1.15), and A. paloma (≥1.14; 1.14-1.24). 

Females of xwalxwal are unknown at this time. 

 

 Description of male holotype (APH_3134; Fig. 148). — Specimen preparation and 

condition: Specimen collected live crossing road, preserved in 80% ethanol; original coloration 

faded due to preservation. Left legs I, III, IV, and left pedipalp removed for measurements and 

photographs; stored in vial with specimen. Right legs II & III removed for DNA and stored at -

80°C in the AUMNH (Auburn, AL); missing leg IV right side. General coloration: Black. 

Cephalothorax: Carapace 10.49 mm long, 9.92 mm wide; densely clothed with black/faded 

black pubescence, slight iridescence, appressed to surface; fringe covered in long setae not 

closely appressed to surface; foveal groove medium deep and straight; pars cephalica region rises 

gradually from foveal groove on a straight plane towards the ocular area; AER procurved, PER 

slightly recurved; normal sized chelicerae; clypeus slightly extends forward on a curve; LBl 1.45, 

LBw 1.50; sternum hirsute, clothed with black, unique setae; setae are stout like joshua. 

Abdomen: Densely clothed in short black pubescence with numerous longer, lighter setae 

interspersed (generally red or orange in situ); dense dorsal patch of black Type I urticating 

bristles (Cooke et al. 1972) - smaller and distinct from large species; ventral setae same as dorsal. 

Legs: Hirsute; densely clothed with mostly short black setae, and numerous long, stout 

megaspines throughout. Metatarsus I straight. F1 11.85; F1w 2.67; P1 4.80; T1 11.72; M1 10.68; 

A1 6.36; F3 10.49; F3w 3.30; P3 3.74; T3 9.92; M3 11.21; A3 6.05; F4 12.65; F4w 2.81; P4 

4.19; T4 12.01; M4 14.37; A4 6.80; femur III is swollen. All tarsi fully scopulate. Extent of 

metatarsal scopulation: leg III (SC3) = 94.7%; leg IV (SC4) = 34.8%. No distinct ventral 
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megaspines on metatarsus III, though numerous medium stout setae throughout; five ventral, one 

prolateral, and two retrolateral megaspines - one near the margin with the tibia, on metatarsus 

IV; three prolateral megaspines and one ventral on tibia I; two megaspines present on the 

retrolateral tibia, at the apex of the mating clasper; two megaspines on either side of the apex on 

the retrolateral branch of the tibial apophysis. Coxa I: Prolateral surface covered by fine, hair-

like setae. Pedipalps: Hirsute; densely clothed in the same setal color as the other legs, with 

numerous longer ventral setae; one megaspine at the apical, prolateral femur; one megaspine on 

the prolateral patella; six prolateral megaspines and two ventral on the palpal tibia, along with 

numerous medium stout setae throughout; PTl 6.382, PTw 1.744. When extended, embolus 

tapers with a curve to the retrolateral side; embolus slender, no keels; distinct dorsal and ventral 

transition from bulb to embolus. 

 

 Variation (5). Cl 8.389-10.491 (9.24±0.36), Cw 7.387-9.92 (8.664±0.45), LBl 1.142-

1.454 (1.24±0.06), LBw 1.211-1.503 (1.361±0.06), F1 9.357-11.849 (10.398±0.43), F1w 2.233-

2.672 (2.407±0.09), P1 3.656-4.797 (4.099±0.21), T1 8.907-11.723 (10.242±0.49), M1 7.681-

10.68 (9.069±0.51), A1 4.786-6.363 (5.39±0.27), L1 length 34.436-45.412 (39.197±1.9), F3 

7.71-10.492 (9.045±0.47), F3w 2.537-3.297 (2.854±0.13), P3 3.217-3.743 (3.398±0.1), T3 

7.011-9.921 (8.28±0.49), M3 8.272-11.209 (9.72±0.5), A3 4.884-6.055 (5.419±0.22), L3 length 

31.169-41.42 (35.861±1.74), F4 9.182-12.649 (10.644±0.59), F4w 2.179-2.81 (2.357±0.11), P4 

3.471-4.192 (3.708±0.14), T4 9.03-12.006 (10.39±0.51), M4 11.074-14.367 (12.661±0.57), A4 

5.047-6.798 (5.724±0.31), L4 length 38.048-50.012 (43.127±2.02), PTl 4.878-6.382 (5.53±0.25), 

PTw 1.309-1.744 (1.532±0.07), SC3 ratio 0.651-0.947 (0.773±0.07), SC4 ratio 0.348-0.485 

(0.405±0.02), Coxa I setae = very thin tapered, F3 condition = swollen. 

 

 Material Examined: United States: California: Riverside: Carrizo Creek, .25 miles S 

of Hwy 74 bridge, 4 miles S of Palm Desert or Hwy 111, 33.643993 -116.400317 4, 2572ft., 

[AUMS_3319, 27/3/1972, 1♂, W. Icenogle, AUMNH]; Deep Canyon, 33.669056 -116.367683 5, 

699ft., [AUMS_2668, 23/10/1963, 1♂, E. Schlinger, AUMNH]; on Hwy 74, 2.5 miles S of 

Carrizo Creek bridge, 6.5 miles S of Palm Desert or Hwy 111, 33.627668 -116.40353 4, 2925ft., 

[AUMS_3318, 15/10/1976, 1♂, W. Icenogle, AUMNH]; P.L. Boyd Deep Canyon Reserve 

Center, 3.5 miles S of Palm Desert, 33.674866 -116.371261 4, 639ft., [AUMS_2670, 13/10/1969, 
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1♂, Saul Frommer, AUMNH]; P.L. Boyd Deep Canyon Reserve, 0.4 miles N of reserve station, 

33.653477 -116.37419 4, 891ft., [AUMS_2348, 22/9/1995, 1♂, T.R. Prentice, AUMNH]; P.L. 

Boyd Deep Canyon Reserve, 0.5 miles below reserve gate, 33.677408 -116.370109 4, 613ft., 

[AUMS_2345, 27/9/1995, 1♂, T.R. Prentice, AUMNH]; P.L. Boyd Deep Canyon Reserve, 1.1 

miles below reserve gate, 33.684368 -116.364817 4, 558ft., [AUMS_2352, 21/9/1995, 1♂, T.R. 

Prentice, AUMNH]; P.L. Boyd Deep Canyon Reserve, at reserve gate - North, 33.670726 -

116.372949 4, 684ft., [AUMS_2344, 21/9/1995, 1♂, T.R. Prentice, AUMNH]; P.L. Boyd-Deep 

Canyon Reserve, 0.2 miles below reserve gate, 33.586027 -116.276451 4, 613ft., [AUMS_3280, 

27/9/1995, 1♂, T.R. Prentice, AUMNH]; San Diego: Hwy S22 (Montezuma Valley Rd), 1.6 

miles S junction with Palm Canyon Dr. (Borrego Springs), Anza-Borrego State Park, 33.2409 -

116.403283 1, 1148ft., [APH_3132, 5/10/2013, 1♂, W. Icenogle, AUMNH]; Hwy S22 

(Montezuma Valley Rd), 2.8 miles S junction with Palm Canyon Dr. (Borrego Springs), Anza-

Borrego State Park, 33.231167 -116.411606 1, 1474ft., [APH_3130, 4/10/2013, 1♂, W. Icenogle, 

AUMNH]; Hwy S22 (Montezuma Valley Rd), 3.2 miles S junction with Palm Canyon Dr. 

(Borrego Springs), Anza-Borrego State Park, 33.225583 -116.413067 1, 1673ft., [APH_3131, 

4/10/2013, 1♂, W. Icenogle, AUMNH]; Hwy S22 (Montezuma Valley Rd), 3.3 miles S junction 

with Palm Canyon Dr. (Borrego Springs), Anza-Borrego State Park, 33.225633 -116.414633 1, 

1710ft., [APH_3134, 4/10/2013, 1♂, W. Icenogle, AUMNH]; Hwy S22 (Montezuma Valley Rd), 

4 miles S junction with Palm Canyon Dr. (Borrego Springs), Anza-Borrego State Park, 

33.224618 -116.424232 1, 1935ft., [APH_3133, 5/10/2013, 1♂, W. Icenogle, AMNH]. 

 

 Distribution and natural history. Aphonopelma xwalxwal is presently known from only 

two areas along the foothills and mountains west of Palm Springs and Borrego Springs (Fig. 149). 

The species can be found inhabiting the Sonoran Basin and Range Level III Ecoregion, in 

particular this species appears to be restricted to the Western Sonoran Mountains and Western 

Sonoran Mountain Woodland and Shrubland. Aphonopelma xwalxwal can be found in syntopy 

with A. eutylenum. The breeding season, when mature males abandon their burrows in search of 

females, occurs during the fall (October). 

 

 Conservation status. The distribution of Aphonopelma xwalxwal appears to be restricted 

to the mountains and foothills of the Western Sonoran Mountains. In historical collections, this 
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species appears to have been collected somewhat infrequently. Based on our own fieldwork in 

search of females of this species, we found burrows to be incredibly difficult to find due to the 

steep, rocky nature of their habitat, and the harsh, dry environments that likely keeps them 

inactive for most of the year. The species is likely secure, but populations should be monitored 

due to the continued expansion of human activity and development in Southern California. 

 

 Remarks. Other important ratios that distinguish males: A. xwalxwal possess a larger 

T3/A3 (≥1.41; 1.41-1.64) than A. eutylenum (≤1.35; 1.30-1.35), A. icenoglei (≤1.37; 1.24-1.37), 

A. joshua (≤1.37; 1.19-1.37), and A. paloma (≤1.31; 1.21-1.31); by possessing a larger L4 

scopulation extent (34%-48%) than A. paloma (5%-24%) and smaller than A. eutylenum (62%-

77%). Certain morphometrics have potential to be useful, though due to the amounts of variation, 

small number of specimens, and the small differences between species, no other are claimed to 

be significant at this time (see Appendix 2). During evaluation of PCA morphospace, males of A. 

xwalxwal separate from A. eutylenum and all other miniature species along PC1~2, except for A. 

joshua. Interestingly, A. xwalxwal males also separate from A. eutylenum and all other miniature 

species, except for A. joshua, in three-dimensional PCA morphospace (PC1~PC2~PC3). PC1, 

PC2, and PC3 explain ≥97% of the variation in all analyses. 
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Figures 
 
Figure 3.1. Breadth of diversity of Aphonopelma species habitat types across the United States. 
A- grassland prairie, Otero Co., Colorado; B - high-elevation pine/conifer in Coconino Co., 
Arizona; C - mid-elevation oak woodland throughout the "sky islands" of southeastern Arizona 
(e.g. Madera Canyon in the Santa Rita Mountains); D - grass/oak foothills of the Sierra Nevada 
Mountains, Mariposa Co., California; E - Zion National Park, Utah; F - Chihuahuan Desert 
below the Chiricahua Mountains in Cochise Co., Arizona; G - Sonoran Desert in Pinal Co., 
Arizona; H - Mojave Desert in San Bernardino Co., California; I - Chihuahuan Desert in Starr 
Co., Texas. 
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Figure 3.2. Representation of Aphonopelma burrows in different habitats across the United States. 
A-C - a typical "scrape" (burrow under rock) of A. hentzi in rocky habitat across their 
distribution; D-E - a turreted mound around the burrow of A. icenoglei (also atomicus, mojave, 
and prenticei); F - the distinct crescent mound burrow of A. paloma; G-I - typical free-standing 
burrows of A. chalcodes, eutylenum, iodius, or johnnycashi in desert, grassland, or rocky habitats. 
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Figure 3.3. Diagrammatic representation of informative quantitative measurements. A-B - 
carapace, labium length and width; C - retrolateral palpal tibia length and width; D - retrolateral 
lengths of leg 1 femur, patella, tibia, metatarsus, tarsus, and width of femur; E - prolateral 
lengths of leg 3 femur, patella, tibia, metatarsus, tarsus, and width of femur; F - prolateral lengths 
of leg 4 femur, patella, tibia, metatarsus, tarsus, and width of femur; G - ventral length of 
scopulation (line), ventral length of metatarsus III (dashed line); H - ventral length of scopulation 
(line), ventral length of metatarsus IV (dashed line).	   	  
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Figure 3.4. Examples of boxplots from male quantitative measurements, used in species 
diagnosis (x-axis represents species). A, B, & D are ratios: A - carapace length/metatarsus III 
length, B - palpal tibia length/metatarsus III length, D - extent of scopulation on metatarsus IV; C 
is carapace length (a proxy for body size), clearly showing the size differences between the 
pygmy species and all other species (y-axis in mm). Additional boxplots can be viewed in 
Appendix 2.	   	  



	   398 

	  

an
ax

ar
m
ad
a

at
om

ic
us

ca
ta
lin
a

ch
al
co
de
s

ch
iri
ca
hu
a

eu
ty
le
nu
m

ga
be
li

he
nt
zi

ic
en
og
le
i

io
di
us

jo
hn
ny
ca
sh
i

jo
sh
ua

m
ad
er
a

m
ar
ek
i

m
ar
xi

m
od
er
at
um

m
oe
lle
nd
or
fi

m
oj
av
e

pa
lo
m
a

pa
rv
um

pe
lo
nc
illo

ph
as
m
us

pr
en
tic
ei

ra
di
nu
m

sa
gu
ar
o

st
ei
nd
ac
hn
er
i

su
pe
rs
tit
io
ne
ns
is

vo
rh
ie
si

xw
al
xw
al

1.
0

1.
2

1.
4

1.
6

Cl/M3 ratio

0.
6

0.
7

0.
8

0.
9

1.
0

1.
1

PTl/M3 ratio

an
ax

ar
m
ad
a

at
om

ic
us

ca
ta
lin
a

ch
al
co
de
s

ch
iri
ca
hu
a

eu
ty
le
nu
m

ga
be
li

he
nt
zi

ic
en
og
le
i

io
di
us

jo
hn
ny
ca
sh
i

jo
sh
ua

m
ad
er
a

m
ar
ek
i

m
ar
xi

m
od
er
at
um

m
oe
lle
nd
or
fi

m
oj
av
e

pa
lo
m
a

pa
rv
um

pe
lo
nc
illo

ph
as
m
us

pr
en
tic
ei

ra
di
nu
m

sa
gu
ar
o

st
ei
nd
ac
hn
er
i

su
pe
rs
tit
io
ne
ns
is

vo
rh
ie
si

xw
al
xw
al

an
ax

ar
m
ad
a

at
om

ic
us

ca
ta
lin
a

ch
al
co
de
s

ch
iri
ca
hu
a

eu
ty
le
nu
m

ga
be
li

he
nt
zi

ic
en
og
le
i

io
di
us

jo
hn
ny
ca
sh
i

jo
sh
ua

m
ad
er
a

m
ar
ek
i

m
ar
xi

m
od
er
at
um

m
oj
av
e

pa
lo
m
a

pa
rv
um

pe
lo
nc
illo

pr
en
tic
ei

sa
gu
ar
o

st
ei
nd
ac
hn
er
i

su
pe
rs
tit
io
ne
ns
is

vo
rh
ie
si

5
10

15
20

Carapace Length

0.
0

0.
2

0.
4

0.
6

0.
8 Leg 4 Scopulation ratio

an
ax

ar
m
ad
a

at
om

ic
us

ca
ta
lin
a

ch
al
co
de
s

ch
iri
ca
hu
a

eu
ty
le
nu
m

ga
be
li

he
nt
zi

ic
en
og
le
i

io
di
us

jo
hn
ny
ca
sh
i

jo
sh
ua

m
ad
er
a

m
ar
ek
i

m
ar
xi

m
od
er
at
um

m
oj
av
e

pa
lo
m
a

pa
rv
um

pe
lo
nc
illo

pr
en
tic
ei

sa
gu
ar
o

st
ei
nd
ac
hn
er
i

su
pe
rs
tit
io
ne
ns
is

vo
rh
ie
si

A B

C D



	   399 

Figure 3.5. Examples of PCA morphospace plotted from quantitative measurements of males, 
used in species diagnosis. A - a plot of males from all species in the United States; B - a plot of 
males in the Sky Islands species group.	   	  



	   400 

	  

●

●

●

●
●

●

●

●

●

●

● ●
●

●

●
●

●

●

●

●

●

● ● ●

●

●

●

●
●

●

●

●

●

●
●

●
●

●
●

ï�
��
�

ï�
��
�

��
��

��
��

��
��

ï�
�

�
4

PC
1

3&�

sp
ec
ie
s

● ● ● ●

an
ax

ar
m
ad
a

at
om

ic
us

ca
ta
lin
a

ch
al
co
de
s

ch
iri
ca
hu
a

eu
ty
le
nu
m

ga
be
li

he
nt
zi

ic
en
og
le
i

io
di
us

jo
hn
ny
ca
sh
i

jo
sh
ua

m
ad
er
a

m
ar
ek
i

m
ar
xi

m
od
er
at
um

m
oe
lle
nd
or
fi

m
oj
av
e

pa
lo
m
a

pa
rv
um

pe
lo
nc
illo

ph
as
m
us

pr
en
tic
ei

sa
gu
ar
o

st
ei
nd
ac
hn
er
i

su
pe
rs
tit
io
ne
ns
is

vo
rh
ie
si

xw
al
xw
al

●

●

●

●

●

●

●

●

ï�
��
�

ï�
��
�

��
��

��
��

ï�
ï�

�
1

�
PC

1

3&�

sp
ec
ie
s

●

ca
ta
lin
a

ch
iri
ca
hu
a

m
ad
er
a

m
ar
xi

pe
lo
nc
illo

vo
rh
ie
si

A
B



	   401 

Figure 3.6. A generalized distribution map of all unique collecting localities from across the 
United States, used in this revision. Colors represent species.  See each species description for a 
more detailed map and distribution of each species.	   	  
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Figure 3.7. Maximum Likelihood inferred CO1 gene tree phylogeny for the 1,032 specimen 
dataset of all United States Aphonopelma. Species delimitations followed the integrative 
methodological approach outlined in Hamilton et al. (2014). Black circles denote bootstrap 
support ≥ 80%; white squares denote bootstrap support ≤ 80%. White triangles indicate species 
clades supported with ≥ 80% bootstrap support; grey triangles indicate lineages with putative 
mitochondrial introgression events. Asterisks at the tips of branches indicate undescribed 
diversity.	    
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Figure 3.8. Species tree of all United States Aphonopelma, inferred from the 455 loci Anchored 
Enrichment dataset. Species delimitations correspond to our final integrative approach outlined 
herein. Black circles denote 100% bootstrap support; black squares denote bootstrap support 
between 99-80%; white squares denote bootstrap support less than 80%. Node support values = 
support based on the RAxML bootstrap support from all trees and all loci. All genealogically 
exclusive species are identified with a grey bar; A. iodius, a paraphyletic species as presently 
defined, is identified by the black boxes. All major species groups are identified by colored 
boxes. 
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Figure 3.9. Aphonopelma anax (Chamberlin, 1940) specimens, live photographs. Female (L) - 
APH_0524; Male (R) - APH_3122. 
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Figure 3.10. Aphonopelma anax (Chamberlin, 1940), (A-I) male specimen, APH_0924. A - 
dorsal view of carapace [#???], scale bar = 5mm; B - prolateral view of coxa I [#???]; C - dorsal 
view of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 4mm; E - ventral 
view of metatarsus IV [#???], scale bar = 4mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 3mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
6mm. 
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Figure 3.11. Aphonopelma anax (Chamberlin, 1940), (A-E) female specimen, APH_0857. A - 
dorsal view of carapace [#???], scale bar = 8mm; B - prolateral view of coxa I [#???]; C - ventral 
view of metatarsus III [#???], scale bar - 4mm; D - ventral view of metatarsus IV [#???], scale 
bar = 5.5mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.12. Aphonopelma anax (Chamberlin, 1940), (A-H) cleared spermathecae. A - anax 
allotype [#???]; B - breenei holotype [#???]; C- harlingenum paratype [#???]; D - APH_0056 
[#???]; E - APH_0529 [#???]; F - APH_0857 [#???]; G - APH_0858 [#???]; H - APH_0859 
[#???]. 
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Figure 3.13. Aphonopelma anax (Chamberlin, 1940), (A-E) cleared spermathecae. A - 
APH_0871 [#???]; B - APH_0899 [#???]; C- APH_0902 [#???]; D - APH_1278 [#???]; E - 
APH_1280 [#???]. 
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Figure 3.14. Aphonopelma anax (Chamberlin, 1940). A - distribution of known specimens, B - 
predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence.	   	  
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Figure 3.15. Aphonopelma armada (Chamberlin, 1940) specimens, live photographs. Male (L) - 
APH_1064; Female (R) - APH_3214. 
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Figure 3.16. Aphonopelma armada (Chamberlin, 1940), (A-I) male specimen, APH_0950. A - 
dorsal view of carapace [#???], scale bar = 6.5mm; B - prolateral view of coxa I [#???]; C - 
dorsal view of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 4mm; E - 
ventral view of metatarsus IV [#???], scale bar = 3mm; F - prolateral view of L pedipalp and 
palpal tibia [#???], scale bar = 3mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view 
of palpal bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale 
bar = 2mm. 
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Figure 3.17. Aphonopelma armada (Chamberlin, 1940), (A-E) female specimen, APH_0848. A - 
dorsal view of carapace [#???], scale bar = 6mm; B - prolateral view of coxa I [#???]; C - ventral 
view of metatarsus III [#???], scale bar - 3mm; D - ventral view of metatarsus IV [#???], scale 
bar = 3mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.18. Aphonopelma armada (Chamberlin, 1940), (A-G) cleared spermathecae. A - 
armada holotype [#???]; B - APH_0547 [#???]; C- APH_0548 [#???]; D - APH_0807 [#???]; E - 
APH_0848 [#???]; F - APH_1049 [#???]; G - APH_1068 [#???]. 
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Figure 3.19. Aphonopelma armada (Chamberlin, 1940). A - distribution of known specimens, B 
- predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability 
of occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.20. Aphonopelma atomicum nov. sp., live photograph. Female - APH_1478. Do not 
have a photograph of a live male specimen. 
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Figure 3.21. Aphonopelma atomicum nov. sp., (A-I) male holotype, APH_2727-2. A - dorsal 
view of carapace [#???], scale bar = 2mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 3mm; E - ventral view 
of metatarsus IV [#???], scale bar = 3mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 3mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
2.5mm.	    
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Figure 3.22. Aphonopelma atomicum nov. sp., (A-E) female paratype, APH_3267-2. A - dorsal 
view of carapace [#???], scale bar = 2mm; B - prolateral view of coxa I [#???]; C - ventral view 
of metatarsus III [#???], scale bar - 1.5mm; D - ventral view of metatarsus IV [#???], scale bar = 
1.5mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.23. Aphonopelma atomicum nov. sp., (A-C) cleared spermathecae. A - APH_2727 
[#???]; B - APH_3267 [#???]; C- APH_3267-2 [#???]. 
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Figure 3.24. Aphonopelma atomicum nov. sp. distribution of known specimens. There is no 
predicted distribution map due to the limited number of sampling localities and restricted 
distribution this species possesses. 
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Figure 3.25. Aphonopelma catalina nov. sp. specimens, live photographs. Female paratype (L) - 
APH_1602; Male (R) - APH_1438. 
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Figure 3.26. Aphonopelma catalina nov. sp., (A-I) male holotype, APH_1440. A - dorsal view of 
carapace [#???], scale bar = 4mm; B - prolateral view of coxa I [#???]; C - dorsal view of femur 
III [#???]; D - ventral view of metatarsus III [#???], scale bar - 3mm; E - ventral view of 
metatarsus IV [#???], scale bar = 4mm; F - prolateral view of L pedipalp and palpal tibia [#???], 
scale bar = 4mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal bulb 
[#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 4.5mm. 
	    



	   442 

	  

A
ph
on
op
el
m
a

ca
ta
lin
a

A B C

D

E

F

G H

I



	   443 

Figure 3.27. Aphonopelma catalina nov. sp., (A-E) female paratype, APH_1602. A - dorsal view 
of carapace [#???], scale bar = 6mm; B - prolateral view of coxa I [#???]; C - ventral view of 
metatarsus III [#???], scale bar - 3mm; D - ventral view of metatarsus IV [#???], scale bar = 
3mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.28. Aphonopelma catalina nov. sp., cleared spermathecae. A - APH_1602 [#???]; B - 
AUMS_2615 [#???]. 
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Figure 3.29. Aphonopelma catalina nov. sp. distribution of known specimens. There is no 
predicted distribution map due to the limited number of sampling localities and restricted 
distribution this species possesses. 
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Figure 3.30. Aphonopelma chalcodes Chamberlin, 1940 specimens, live photographs. Female (L) 
- APH_0697; Male (R) - APH_0600. 
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Figure 3.31. Aphonopelma chalcodes Chamberlin, 1940, (A-I) male specimen, APH_0954. A - 
dorsal view of carapace [#???], scale bar = 5mm; B - prolateral view of coxa I [#???]; C - dorsal 
view of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 4mm; E - ventral 
view of metatarsus IV [#???], scale bar = 3.5mm; F - prolateral view of L pedipalp and palpal 
tibia [#???], scale bar = 3mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of 
palpal bulb [#???], scale bar = 1.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale 
bar = 4.5mm. 
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Figure 3.32. Aphonopelma chalcodes Chamberlin, 1940, (A-E) female specimen, APH_0887. A 
- dorsal view of carapace [#???], scale bar = 8mm; B - prolateral view of coxa I [#???]; C - 
ventral view of metatarsus III [#???], scale bar - 4.5mm; D - ventral view of metatarsus IV [#???], 
scale bar = 5mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
	    



	   454 

	  

CA

A
ph
on
op
el
m
a

ch
al
co
de
s

B

E

D



	   455 

Figure 3.33. Aphonopelma chalcodes Chamberlin, 1940, (A-F) cleared spermathecae. A - 
chalcodes allotype [#???]; B - APH_0608 [#???]; C- APH_0887 [#???]; D - APH_1485 [#???]; E 
- AUMS_2605 [#???]; F - AUMS_3282 [#???]. 
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Figure 3.34. Aphonopelma chalcodes Chamberlin, 1940, (A-D) cleared spermathecae. A - 
APH_0168 [#???]; B - APH_0500 [#???]; C- AUMS_2339 [#???]; D - AUMS_2692 [#???]. 
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Figure 3.35. Aphonopelma chalcodes Chamberlin, 1940. A - distribution of known specimens, B 
- predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability 
of occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.36. Aphonopelma chiricahua nov. sp., live photograph. Male holotype - APH_3191. Do 
not have a photograph of a live female specimen. 
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Figure 3.37. Aphonopelma chiricahua nov. sp., (A-I) male holotype, APH_3191. A - dorsal view 
of carapace [#???], scale bar = 5mm; B - prolateral view of coxa I [#???]; C - dorsal view of 
femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 3mm; E - ventral view of 
metatarsus IV [#???], scale bar = 4mm; F - prolateral view of L pedipalp and palpal tibia [#???], 
scale bar = 3.5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal bulb 
[#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 5mm. 
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Figure 3.38. Aphonopelma chiricahua nov. sp., (A-F) female paratype, APH_2097. A - dorsal 
view of carapace [#???], scale bar = 3.5mm; B - prolateral view of coxa I [#???]; C - ventral 
view of metatarsus III [#???], scale bar - 2mm; D - ventral view of metatarsus IV [#???], scale 
bar = 2mm; E - prolateral view of L pedipalp and palpal tibia [#???]; F - cleared spermathecae 
[#???]. 
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Figure 3.39. Aphonopelma chiricahua nov. sp. distribution of known specimens. There is no 
predicted distribution map due to the limited number of sampling localities and restricted 
distribution this species possesses. 
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Figure 3.40. Aphonopelma eutylenum Chamberlin, 1940 specimens, live photographs. Male (L) - 
APH_3207; Female (R) - APH_3108. 
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Figure 3.41. Aphonopelma eutylenum Chamberlin, 1940, (A-I) male specimen, APH_1088. A - 
dorsal view of carapace [#???], scale bar = 6mm; B - prolateral view of coxa I [#???]; C - dorsal 
view of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 5mm; E - ventral 
view of metatarsus IV [#???], scale bar = 4.5mm; F - prolateral view of L pedipalp and palpal 
tibia [#???], scale bar = 3mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of 
palpal bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale 
bar = 6mm. 
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Figure 3.42. Aphonopelma eutylenum Chamberlin, 1940, (A-E) female specimen, APH_1031. A 
- dorsal view of carapace [#???], scale bar = 8mm; B - prolateral view of coxa I [#???]; C - 
ventral view of metatarsus III [#???], scale bar - 4.5mm; D - ventral view of metatarsus IV [#???], 
scale bar = 5mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.43. Aphonopelma eutylenum Chamberlin, 1940, (A-H) cleared spermathecae. A - 
eutylenum allotype [#???]; B - eutylenum paratype [#???]; C- APH_1018 [#???]; D - APH_1031 
[#???]; E - APH_1045 [#???]; F - APH_2035 [#???]; G - AUMS_3303 [#???]; H - cryptethum 
allotype [#???]. 
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Figure 3.44. Aphonopelma eutylenum Chamberlin, 1940. A - distribution of known specimens, B 
- predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability 
of occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.45. Aphonopelma gabeli Smith, 1995 specimens, live photographs. Female (L) - 
APH_1481; Male (R) - APH_0628. 
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Figure 3.46. Aphonopelma gabeli Smith, 1995, (A-I) male specimen, APH_1054. A - dorsal 
view of carapace [#???], scale bar = 5mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 4.5mm; E - ventral view 
of metatarsus IV [#???], scale bar = 4mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
5mm. 
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Figure 3.47. Aphonopelma gabeli Smith, 1995, (A-E) female specimen, APH_0680. A - dorsal 
view of carapace [#???], scale bar = 7mm; B - prolateral view of coxa I [#???]; C - ventral view 
of metatarsus III [#???], scale bar - 4mm; D - ventral view of metatarsus IV [#???], scale bar = 
4mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.48. Aphonopelma gabeli Smith, 1995, (A-F) cleared spermathecae. A - APH_0044 
[#???]; B - APH_0642 [#???]; C- APH_0680 [#???]; D - APH_0946 [#???]; E - APH_1338 
[#???]; F - Jung's "portal" paratype [#???]. 
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Figure 3.49. Aphonopelma gabeli Smith, 1995. A - distribution of known specimens, B - 
predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.50. Aphonopelma hentzi (Girard, 1854) specimens, live photographs. Female (L) - 
APH_0576; Male (R) - APH_3216. 
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Figure 3.51. Aphonopelma hentzi (Girard, 1854), (A-I) male specimen, APH_0921. A - dorsal 
view of carapace [#???], scale bar = 6mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 4mm; E - ventral view 
of metatarsus IV [#???], scale bar = 5mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 4.5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
5mm. 
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Figure 3.52. Aphonopelma hentzi (Girard, 1854), (A-E) female specimen, APH_0812. A - dorsal 
view of carapace [#???], scale bar = 6mm; B - prolateral view of coxa I [#???]; C - ventral view 
of metatarsus III [#???], scale bar - 4.5mm; D - ventral view of metatarsus IV [#???], scale bar = 
4.5mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.53. Aphonopelma hentzi (Girard, 1854), (A-I) cleared spermathecae. A - APH_0052 
[#???]; B - APH_0571 [#???]; C- APH_0743 [#???]; D - APH_0812 [#???]; E - APH_0813 
[#???]; F - APH_0833 [#???]; G - APH_0838 [#???]; H - APH_0862 [#???]; I - APH_0867 
[#???]. 
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Figure 3.54. Aphonopelma hentzi (Girard, 1854), (A-F) cleared spermathecae. A - APH_0868 
[#???]; B - APH_0927 [#???]; C- APH_0934 [#???]; D - APH_1063 [#???]; E - APH_1353 
[#???]; F - harlingenum holotype [#???]. 
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Figure 3.55. Aphonopelma hentzi (Girard, 1854). A - distribution of known specimens, B - 
predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.56. Aphonopelma icenoglei nov. sp., live photograph. Female - APH_3146. Do not 
have a photograph of a live male specimen. 
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Figure 3.57. Aphonopelma icenogeli nov. sp., (A-I) male holotype, APH_2396. A - dorsal view 
of carapace [#???], scale bar = 2.5mm; B - prolateral view of coxa I [#???]; C - dorsal view of 
femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 2.5mm; E - ventral view of 
metatarsus IV [#???], scale bar = 2.5mm; F - prolateral view of L pedipalp and palpal tibia [#???], 
scale bar = 3mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal bulb 
[#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
2.5mm. 
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Figure 3.58. Aphonopelma icenoglei nov. sp., (A-E) female paratype, APH_1562. A - dorsal 
view of carapace [#???], scale bar = 3mm; B - prolateral view of coxa I [#???]; C - ventral view 
of metatarsus III [#???], scale bar - 2mm; D - ventral view of metatarsus IV [#???], scale bar = 
2.5mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.59. Aphonopelma icenoglei nov. sp., (A-E) cleared spermathecae. A - APH_0761 
[#???]; B - APH_0885 [#???]; C- APH_1562 [#???]; D - APH_2393 [#???]; E - APH_3118 
[#???]. 
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Figure 3.60. Aphonopelma icenoglei nov. sp. A - distribution of known specimens, B - predicted 
distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.61. Aphonopelma iodius (Chamberlin & Ivie, 1939) specimens, live photographs. 
Female (L) - APH_3201; Male (R) - APH_3202. 
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Figure 3.62. Aphonopelma iodius (Chamberlin & Ivie, 1939), (A-I) male specimen, APH_2015. 
A - dorsal view of carapace [#???], scale bar = 7mm; B - prolateral view of coxa I [#???]; C - 
dorsal view of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 5mm; E - 
ventral view of metatarsus IV [#???], scale bar = 4.5mm; F - prolateral view of L pedipalp and 
palpal tibia [#???], scale bar = 4.5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral 
view of palpal bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], 
scale bar = 4.5mm. 
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Figure 3.63. Aphonopelma iodius (Chamberlin & Ivie, 1939), (A-E) female specimen, 
APH_2016. A - dorsal view of carapace [#???], scale bar = 5.5mm; B - prolateral view of coxa I 
[#???]; C - ventral view of metatarsus III [#???], scale bar - 4mm; D - ventral view of metatarsus 
IV [#???], scale bar = 5mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.64. Aphonopelma iodius (Chamberlin & Ivie, 1939), (A-H) cleared spermathecae. A - 
APH_0313 [#???]; B - APH_0985 [#???]; C- APH_0996 [#???]; D - APH_0997 [#???]; E - 
APH_1004 [#???]; F - APH_1006 [#???]; G - APH_1082 [#???]; H - APH_1083 [#???]. 
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Figure 3.65. Aphonopelma iodius (Chamberlin & Ivie, 1939), (A-H) cleared spermathecae. A - 
APH_1091 [#???]; B - APH_1094 [#???]; C- APH_1220 [#???]; D - APH_2010 [#???]; E - 
APH_2016 [#???]; F - APH_2018 [#???]; G - APH_2030 [#???]; H - APH_3201 [#???]. 
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Figure 3.66. Aphonopelma iodius (Chamberlin & Ivie, 1939), (A-C) cleared spermathecae. A - 
AUMS_2386 [#???]; B - AUMS_3310 [#???]; C- angusi allotype [#???]. 
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Figure 3.67. Aphonopelma iodius (Chamberlin & Ivie, 1939). A - distribution of known 
specimens, B - predicted distribution; warmer colors (red, orange, yellow) represent areas of high 
probability of occurrence, cooler colors (blue shades) represent areas of low probability of 
occurrence. 
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Figure 3.68. Aphonopelma johnnycashi nov. sp., live photographs. Female (L) - APH_3073; 
Male (R) - APH_3063. 
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Figure 3.69. Aphonopelma johnnycashi nov. sp., (A-I) male holotype, APH_2007. A - dorsal 
view of carapace [#???], scale bar = 4mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 4mm; E - ventral view 
of metatarsus IV [#???], scale bar = 3.5mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 4.5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
5.5mm.	    
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Figure 3.70. Aphonopelma johnnycashi nov. sp., (A-E) female paratype, APH_3080. A - dorsal 
view of carapace [#???], scale bar = 7mm; B - prolateral view of coxa I [#???]; C - ventral view 
of metatarsus III [#???], scale bar - 3.5mm; D - ventral view of metatarsus IV [#???], scale bar = 
4mm; E - prolateral view of L pedipalp and palpal tibia [#???].	    
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Figure 3.71. Aphonopelma johnnycashi nov. sp., (A-F) cleared spermathecae. A - APH_2006 
[#???]; B - APH_3064 [#???]; C- APH_3073 [#???]; D - APH_3080 [#???]; E - APH_3090 
[#???]; F - APH_3094 [#???]. 
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Figure 3.72. Aphonopelma johnnycashi nov. sp. A - distribution of known specimens, B - 
predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence.	   	  
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Figure 3.73. Aphonopelma joshua Prentice, 1997 specimens, live photographs. Female (L) - 
APH_1475; Male (R) - APH_1476. 
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Figure 3.74. Aphonopelma joshua Prentice, 1997, (A-I) male specimen, APH_1476. A - dorsal 
view of carapace [#???], scale bar = 3mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 3mm; E - ventral view 
of metatarsus IV [#???], scale bar = 3mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 3mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
2.5mm. 
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Figure 3.75. Aphonopelma joshua Prentice, 1997, (A-E) female specimen, APH_2306. A - dorsal 
view of carapace [#???], scale bar = 3mm; B - prolateral view of coxa I [#???]; C - ventral view 
of metatarsus III [#???], scale bar - 2mm; D - ventral view of metatarsus IV [#???], scale bar = 
2mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.76. Aphonopelma joshua Prentice, 1997, (A-F) cleared spermathecae. A - joshua 
allotype [#???]; B - APH_2307 [#???]; C- APH_1007 [#???]; D - APH_2306 [#???]; E - 
APH_2285 [#???]; F - APH_2289 [#???]. 
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Figure 3.77. Aphonopelma joshua Prentice, 1997. A - distribution of known specimens, B - 
predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.78. Aphonopelma madera nov. sp., live photographs. Female paratype (L) - APH_1393; 
Male (R) - APH_1434. 
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Figure 3.79. Aphonopelma madera nov. sp., (A-I) male holotype, APH_3177. A - dorsal view of 
carapace [#???], scale bar = 2.5mm; B - prolateral view of coxa I [#???]; C - dorsal view of 
femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 2.5mm; E - ventral view of 
metatarsus IV [#???], scale bar = 3mm; F - prolateral view of L pedipalp and palpal tibia [#???], 
scale bar = 2mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal bulb 
[#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 3mm. 
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Figure 3.80. Aphonopelma madera nov. sp., (A-E) female paratype, APH_1393. A - dorsal view 
of carapace [#???], scale bar = 5.5mm; B - prolateral view of coxa I [#???]; C - ventral view of 
metatarsus III [#???], scale bar - 2.5mm; D - ventral view of metatarsus IV [#???], scale bar = 
3mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.81. Aphonopelma madera nov. sp., (A-E) cleared spermathecae. A - APH_1393 [#???]; 
B - APH_0136 [#???]; C- APH_0881 [#???]; D - APH_1571 [#???]; E - APH_1624 [#???]. 
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Figure 3.82. Aphonopelma madera nov. sp. distribution of known specimens. There is no 
predicted distribution map due to the limited number of sampling localities and restricted 
distribution this species possesses. 
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Figure 3.83. Aphonopelma mareki nov. sp., live photographs. Female (L) - APH_1617; Male 
holotype (R) - APH_1615. 
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Figure 3.84. Aphonopelma mareki nov. sp., (A-I) male holotype, APH_1615. A - dorsal view of 
carapace [#???], scale bar = 2.5mm; B - prolateral view of coxa I [#???]; C - dorsal view of 
femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 2mm; E - ventral view of 
metatarsus IV [#???], scale bar = 2mm; F - prolateral view of L pedipalp and palpal tibia [#???], 
scale bar = 3mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal bulb 
[#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
2.5mm. 
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Figure 3.85. Aphonopelma mareki nov. sp., (A-E) female paratype, APH_1590. A - dorsal view 
of carapace [#???], scale bar = 3mm; B - prolateral view of coxa I [#???]; C - ventral view of 
metatarsus III [#???], scale bar - 1.5mm; D - ventral view of metatarsus IV [#???], scale bar = 
2mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.86. Aphonopelma mareki nov. sp., (A-E) cleared spermathecae. A - APH_1590 [#???]; 
B - APH_0297 [#???]; C- APH_0941 [#???]; D - APH_1589 [#???]; E - APH_1617 [#???]. 
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Figure 3.87. Aphonopelma mareki nov. sp. A - distribution of known specimens, B - predicted 
distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.88. Aphonopelma marxi (Simon, 1891) specimens, live photographs. Male (L) - 
APH_0769; Female (R) - APH_1418. 
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Figure 3.89. Aphonopelma marxi (Simon, 1891), (A-I) male specimen, APH_1396. A - dorsal 
view of carapace [#???], scale bar = 3.5mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 3.5mm; E - ventral view 
of metatarsus IV [#???], scale bar = 3mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 3mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
3.5mm. 
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Figure 3.90. Aphonopelma marxi (Simon, 1891), (A-E) female specimen, APH_0452. A - dorsal 
view of carapace [#???], scale bar = 7mm; B - prolateral view of coxa I [#???]; C - ventral view 
of metatarsus III [#???], scale bar - 3mm; D - ventral view of metatarsus IV [#???], scale bar = 
3mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.91. Aphonopelma marxi (Simon, 1891), (A-E) cleared spermathecae. A - APH_0452 
[#???]; B - APH_1540 [#???]; C- APH_1541 [#???]; D - APH_2249 [#???]; E - APH_2266 
[#???]. 
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Figure 3.92. Aphonopelma marxi (Simon, 1891). A - distribution of known specimens, B - 
predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.93. Aphonopelma moderatum (Chamberlin & Ivie, 1939) specimens, live photographs. 
Female (L) - APH_0532; Male (R) - APH_0890.	    
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Figure 3.94. Aphonopelma moderatum (Chamberlin & Ivie, 1939), (A-I) male specimen, 
APH_0890. A - dorsal view of carapace [#???], scale bar = 5mm; B - prolateral view of coxa I 
[#???]; C - dorsal view of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 
4.5mm; E - ventral view of metatarsus IV [#???], scale bar = 5.5mm; F - prolateral view of L 
pedipalp and palpal tibia [#???], scale bar = 3mm; G - dorsal view of palpal bulb [#???]; H - 
retrolateral view of palpal bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating 
clasper) [#???], scale bar = 3.5mm. 
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Figure 3.95. Aphonopelma moderatum (Chamberlin & Ivie, 1939), (A-E) female specimen, 
APH_0532. A - dorsal view of carapace [#???], scale bar = 6.5mm; B - prolateral view of coxa I 
[#???]; C - ventral view of metatarsus III [#???], scale bar - 3.5mm; D - ventral view of 
metatarsus IV [#???], scale bar = 3.5mm; E - prolateral view of L pedipalp and palpal tibia 
[#???]. 
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Figure 3.96. Aphonopelma moderatum (Chamberlin & Ivie, 1939), (A-I) cleared spermathecae. 
A - APH_0057 [#???]; B - APH_0532 [#???]; C- APH_0877 [#???]; D - APH_0891 [#???]; E - 
APH_0892 [#???]; F - APH_0894 [#???]; G - APH_1123 [#???]; H - APH_1136 [#???]; I - 
APH_1283 [#???]. 
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Figure 3.97. Aphonopelma moderatum (Chamberlin & Ivie, 1939). A - distribution of known 
specimens, B - predicted distribution; warmer colors (red, orange, yellow) represent areas of high 
probability of occurrence, cooler colors (blue shades) represent areas of low probability of 
occurrence. 
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Figure 3.98. Aphonopelma moellendorfi nov. sp., (A-I) male holotype, APH_0925. A - dorsal 
view of carapace [#???], scale bar = 6mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 4.5mm; E - ventral view 
of metatarsus IV [#???], scale bar = 3mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 4mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
5.5mm. 
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Figure 3.99. Aphonopelma moellendorfi nov. sp. distribution of known specimens. There is no 
predicted distribution map due to the limited number of sampling localities and restricted 
distribution this species possesses. 
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Figure 3.100. Aphonopelma mojave Prentice, 1997 specimens, live photographs. Female (L) - 
APH_3101; Male (R) - APH_3102. 
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Figure 3.101. Aphonopelma mojave Prentice, 1997, (A-I) male specimen, APH_1561. A - dorsal 
view of carapace [#???], scale bar = 2.5mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 2mm; E - ventral view 
of metatarsus IV [#???], scale bar = 2mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 2.5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
3mm. 
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Figure 3.102. Aphonopelma mojave Prentice, 1997, (A-E) female specimen, APH_1558. A - 
dorsal view of carapace [#???], scale bar = 3mm; B - prolateral view of coxa I [#???]; C - ventral 
view of metatarsus III [#???], scale bar - 2.5mm; D - ventral view of metatarsus IV [#???], scale 
bar = 2.5mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.103. Aphonopelma mojave Prentice, 1997, (A-F) cleared spermathecae. A - mojave 
allotype [#???]; B - APH_1355 [#???]; C- APH_1558 [#???]; D - APH_3101 [#???]; E - 
AUMS_2364 [#???]; F - AUMS_2512 [#???].	    
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Figure 3.104. Aphonopelma mojave Prentice, 1997. A - distribution of known specimens, B - 
predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.105. Aphonopelma paloma Prentice, 1993 specimens, live photographs. Male (L) - 
APH_1254; Female (R) - APH_3166. 
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Figure 3.106. A generalized comparison of the largest species in the United States, an adult 
female Aphonopelma anax, and the smallest species in the United States, an adult female A. 
paloma. 
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Figure 3.107. Aphonopelma paloma Prentice, 1993, (A-I) male specimen, APH_1603. A - dorsal 
view of carapace [#???], scale bar = 2mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 1.5mm; E - ventral view 
of metatarsus IV [#???], scale bar = 2mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 2mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
1.5mm. 
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Figure 3.108. Aphonopelma paloma Prentice, 1993, (A-E) female specimen, APH_1255. A - 
dorsal view of carapace [#???], scale bar = 2mm; B - prolateral view of coxa I [#???]; C - ventral 
view of metatarsus III [#???], scale bar - 1mm; D - ventral view of metatarsus IV [#???], scale 
bar = 1mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.109. Aphonopelma paloma Prentice, 1993, (A-I) cleared spermathecae. A - paloma 
allotype [#???]; B - APH_0422 [#???]; C- APH_1102 [#???]; D - APH_1114 [#???]; E - 
APH_1115 [#???]; F - APH_1255 [#???]; G - APH_3170 [#???]; H - APH_3171 [#???]; I - 
APH_3172 [#???]. 
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Figure 3.110. Aphonopelma paloma Prentice, 1993, cleared spermathecae. A - APH_3189 
[#???]; B - APH_3190 [#???]; C- APH_3194 [#???]. 
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Figure 3.111. Aphonopelma paloma Prentice, 1993. A - distribution of known specimens, B - 
predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.112. Aphonopelma parvum nov. sp., live photographs. Male (L) - APH_3181; Female 
(R) - APH_3185. 
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Figure 3.113. Aphonopelma parvum nov. sp., (A-I) male holotype, APH_1264. A - dorsal view 
of carapace [#???], scale bar = 3mm; B - prolateral view of coxa I [#???]; C - dorsal view of 
femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 2mm; E - ventral view of 
metatarsus IV [#???], scale bar = 2.5mm; F - prolateral view of L pedipalp and palpal tibia [#???], 
scale bar = 2mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal bulb 
[#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 3mm. 
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Figure 3.114. Aphonopelma parvum nov. sp., (A-E) female paratype, APH_1622. A - dorsal 
view of carapace [#???], scale bar = 2.5mm; B - prolateral view of coxa I [#???]; C - ventral 
view of metatarsus III [#???], scale bar - 1.5mm; D - ventral view of metatarsus IV [#???], scale 
bar = 2mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.115. Aphonopelma parvum nov. sp., (A-E) cleared spermathecae. A - APH_1104 
[#???]; B - APH_1109 [#???]; C- APH_1599 [#???]; D - APH_1600 [#???]; E - APH_1622 
[#???]. 
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Figure 3.116. Aphonopelma parvum nov. sp. A - distribution of known specimens, B - predicted 
distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.117. Aphonopelma peloncillo nov. sp., live photographs. Male (L) - APH_1300; Female 
(R) - APH_1296. 
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Figure 3.118. Aphonopelma peloncillo nov. sp., (A-I) male holotype, APH_0672. A - dorsal 
view of carapace [#???], scale bar = 4mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 3.5mm; E - ventral view 
of metatarsus IV [#???], scale bar = 4mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
4mm. 
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Figure 3.119. Aphonopelma peloncillo nov. sp., (A-E) female paratype, APH_1296. A - dorsal 
view of carapace [#???], scale bar = 5.5mm; B - prolateral view of coxa I [#???]; C - ventral 
view of metatarsus III [#???], scale bar - 3.5mm; D - ventral view of metatarsus IV [#???], scale 
bar = 4mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.120. Aphonopelma peloncillo nov. sp., (A-E) cleared spermathecae. A - APH_1296 
[#???]; B - APH_0681 [#???]; C- APH_0683 [#???]; D - APH_1181 [#???]; E - APH_1297 
[#???]. 
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Figure 3.121. Aphonopelma peloncillo nov. sp. A - distribution of known specimens, B - 
predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.122. Aphonopelma phasmus Chamberlin, 1940, (A-I) male holotype. A - dorsal view of 
carapace [#???], scale bar = 1mm; B - prolateral view of coxa I [#???]; C - dorsal view of femur 
III [#???]; D - ventral view of metatarsus III [#???], scale bar - 2.5mm; E - ventral view of 
metatarsus IV [#???]; F - prolateral view of L pedipalp and palpal tibia [#???], scale bar = 
3.5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal bulb [#???]; I - 
prolateral view of tibia I (mating clasper) [#???], scale bar = 2mm. 
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Figure 3.123. Aphonopelma phasmus Chamberlin, 1940 distribution of known specimens. There 
is no predicted distribution map due to the limited number of sampling localities and restricted 
distribution this species possesses. 
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Figure 3.124. Aphonopelma prenticei nov. sp., live photographs. Female (L) - APH_3202; Male 
(R) - APH_1569. 
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Figure 3.125. Aphonopelma prenticei nov. sp., (A-I) male holotype, AUMS_2557. A - dorsal 
view of carapace [#???], scale bar = 3mm; B - prolateral view of coxa I [#???]; C - dorsal view 
of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 2mm; E - ventral view 
of metatarsus IV [#???], scale bar = 2mm; F - prolateral view of L pedipalp and palpal tibia 
[#???], scale bar = 2.5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal 
bulb [#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 
2.5mm. 
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Figure 3.126. Aphonopelma prenticei nov. sp., (A-E) female paratype, APH_0319. A - dorsal 
view of carapace [#???], scale bar = 2mm; B - prolateral view of coxa I [#???]; C - ventral view 
of metatarsus III [#???], scale bar - 2mm; D - ventral view of metatarsus IV [#???], scale bar = 
2mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.127. Aphonopelma prenticei nov. sp., (A-E) cleared spermathecae. A - APH_0319 
[#???]; B - APH_0786 [#???]; C- AUMS_2554 [#???]; D - AUMS_3270 [#???]; E - 
AUMS_3279 [#???]. 
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Figure 3.128. Aphonopelma prenticei nov. sp. A - distribution of known specimens, B - 
predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability of 
occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
	   	  



	   646 

	  

A

B



	   647 

Figure 3.129. Aphonopelma saguaro nov. sp., live photographs. Female paratype (L) - 
APH_3176; Male holotype (R) - APH_3220. 
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Figure 3.130. Aphonopelma saguaro nov. sp., (A-I) male holotype, APH_3220. A - dorsal view 
of carapace [#???], scale bar = 2.5mm; B - prolateral view of coxa I [#???]; C - dorsal view of 
femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 2mm; E - ventral view of 
metatarsus IV [#???], scale bar = 2mm; F - prolateral view of L pedipalp and palpal tibia [#???], 
scale bar = 2.5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal bulb 
[#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 2mm. 
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Figure 3.131. Aphonopelma saguaro nov. sp., (A-F) female paratype, APH_3176. A - dorsal 
view of carapace [#???], scale bar = 3mm; B - prolateral view of coxa I [#???]; C - ventral view 
of metatarsus III [#???], scale bar - 1.5mm; D - ventral view of metatarsus IV [#???], scale bar = 
1.5mm; E - prolateral view of L pedipalp and palpal tibia [#???]; F - cleared spermathecae [#???]. 
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Figure 3.132. Aphonopelma saguaro nov. sp. distribution of known specimens. There is no 
predicted distribution map due to the limited number of sampling localities and restricted 
distribution this species possesses. 
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Figure 3.133. Aphonopelma steindachneri (Ausserer, 1875), live photographs. Female (L) - 
APH_3105; Male neotype (R) - APH_1023. 
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Figure 3.134. Aphonopelma steindachneri (Ausserer, 1875), (A-I) male neotype, APH_1023. A - 
dorsal view of carapace [#???], scale bar = 7mm; B - prolateral view of coxa I [#???]; C - dorsal 
view of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 5mm; E - ventral 
view of metatarsus IV [#???], scale bar = 3.5mm; F - prolateral view of L pedipalp and palpal 
tibia [#???], scale bar = 5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of 
palpal bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale 
bar = 5.5mm. 
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Figure 3.135. Aphonopelma steindachneri (Ausserer, 1875), (A-E) female specimen, APH_1022. 
A - dorsal view of carapace [#???], scale bar = 7.5mm; B - prolateral view of coxa I [#???]; C - 
ventral view of metatarsus III [#???], scale bar - 3mm; D - ventral view of metatarsus IV [#???], 
scale bar = 4.5mm; E - prolateral view of L pedipalp and palpal tibia [#???]. Notice the eye 
deformity, a feature seen in the original species description. 
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Figure 3.136. Aphonopelma steindachneri (Ausserer, 1875), (A-G) cleared spermathecae. A - 
reversum allotype [#???]; B - APH_1022 [#???]; C- APH_1030 [#???]; D - APH_1034 [#???]; E 
- APH_3104 [#???]; F - APH_3105 [#???]; G - APH_3098 [#???]. 
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Figure 3.137. Aphonopelma steindachneri (Ausserer, 1875). A - distribution of known specimens, 
B - predicted distribution; warmer colors (red, orange, yellow) represent areas of high probability 
of occurrence, cooler colors (blue shades) represent areas of low probability of occurrence. 
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Figure 3.138. Aphonopelma superstitionense nov. sp., live photographs. Female paratype (L) - 
APH_0504; Male (R) - APH_1607. 
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Figure 3.139. Aphonopelma superstitionense nov. sp., (A-I) male holotype, APH_1443. A - 
dorsal view of carapace [#???], scale bar = 2.5mm; B - prolateral view of coxa I [#???]; C - 
dorsal view of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 2mm; E - 
ventral view of metatarsus IV [#???], scale bar = 2mm; F - prolateral view of L pedipalp and 
palpal tibia [#???], scale bar = 2mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view 
of palpal bulb [#???], scale bar = 0.5mm; I - prolateral view of tibia I (mating clasper) [#???], 
scale bar = 2.5mm. 
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Figure 3.140. Aphonopelma superstitionense nov. sp., (A-F) female paratype, APH_0504. A - 
dorsal view of carapace [#???], scale bar = 3mm; B - prolateral view of coxa I [#???]; C - ventral 
view of metatarsus III [#???], scale bar - 1.5mm; D - ventral view of metatarsus IV [#???], scale 
bar = 1.5mm; E - prolateral view of L pedipalp and palpal tibia [#???]; F - cleared spermathecae 
[#???]. 
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Figure 3.141. Aphonopelma superstitionense nov. sp. distribution of known specimens. There is 
no predicted distribution map due to the limited number of sampling localities and restricted 
distribution this species possesses. 
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Figure 3.142. Aphonopelma vorhiesi (Chamberlin & Ivie, 1939), live photographs. Female (L) - 
APH_3188; Male (R) - APH_1520. 
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Figure 3.143. Aphonopelma vorhiesi (Chamberlin & Ivie, 1939), (A-I) male specimen, 
APH_0177. A - dorsal view of carapace [#???], scale bar = 3.5mm; B - prolateral view of coxa I 
[#???]; C - dorsal view of femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 
4mm; E - ventral view of metatarsus IV [#???], scale bar = 4mm; F - prolateral view of L 
pedipalp and palpal tibia [#???], scale bar = 4mm; G - dorsal view of palpal bulb [#???]; H - 
retrolateral view of palpal bulb [#???], scale bar = 1mm; I - prolateral view of tibia I (mating 
clasper) [#???], scale bar = 4mm. 
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Figure 3.144. Aphonopelma vorhiesi (Chamberlin & Ivie, 1939), (A-E) female specimen, 
APH_1488. A - dorsal view of carapace [#???], scale bar = 5mm; B - prolateral view of coxa I 
[#???]; C - ventral view of metatarsus III [#???], scale bar - 4mm; D - ventral view of metatarsus 
IV [#???], scale bar = 3.5mm; E - prolateral view of L pedipalp and palpal tibia [#???]. 
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Figure 3.145. Aphonopelma vorhiesi (Chamberlin & Ivie, 1939). (A-H) cleared spermathecae. A 
- APH_0639 [#???]; B - APH_0640 [#???]; C- APH_0674 [#???]; D - APH_0886 [#???]; E - 
APH_1488 [#???]; F - APH_1506 [#???]; G - Jung's "cochise" female paratype [#???]; H - 
APH_2137, a Jung "cochise" specimen. 
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Figure 3.146. Aphonopelma vorhiesi (Chamberlin & Ivie, 1939). A - distribution of known 
specimens, B - predicted distribution; warmer colors (red, orange, yellow) represent areas of high 
probability of occurrence, cooler colors (blue shades) represent areas of low probability of 
occurrence. 
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Figure 3.147. Aphonopelma xwalxwal nov. sp., live photograph. Male paratype - APH_3133. 
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Figure 3.148. Aphonopelma xwalxwal nov. sp., (A-I) male holotype, APH_3134. A - dorsal view 
of carapace [#???], scale bar = 3.5mm; B - prolateral view of coxa I [#???]; C - dorsal view of 
femur III [#???]; D - ventral view of metatarsus III [#???], scale bar - 4mm; E - ventral view of 
metatarsus IV [#???], scale bar = 4.5mm; F - prolateral view of L pedipalp and palpal tibia [#???], 
scale bar = 2.5mm; G - dorsal view of palpal bulb [#???]; H - retrolateral view of palpal bulb 
[#???], scale bar = 1mm; I - prolateral view of tibia I (mating clasper) [#???], scale bar = 4mm. 
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Figure 3.149. Aphonopelma xwalxwal nov. sp. distribution of known specimens. There is no 
predicted distribution map due to the limited number of sampling localities and restricted 
distribution this species possesses. 
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Abstract 

 Despite considerable effort, progress in spider molecular systematics has lagged behind 

many other comparable arthropod groups, thereby hindering resolution of a resolved family-level 

classification and tests of numerous macroevolutionary hypotheses. Recently, competing 

targeted sequence capture techniques provided molecular systematics a powerful tool for 

resolving relationships across the Tree of Life (TOL). One of these approaches, Anchored 

Enrichment (AE), is designed to recover hundreds of unique orthologous loci from across the 

genome, for resolving both shallow and deep-scale evolutionary relationships within non-model 

systems. Herein we present a modified approach of Lemmon et al. (2012) that expands AE for 

use in spiders - an important group of predatory arthropods lacking reference genomes. Our aim 

was to design a set of probes that effectively capture loci informative at a diversity of 

phylogenetic timescales. Following development of the 585 target loci in the Spider Probe Kit, 

we applied AE across three taxonomic depths: deep-level family relationships (327 loci); family 

and generic relationships within the family Euctenizidae (403 loci); and species relationships in 

the North American tarantula genus Aphonopelma (455 loci). Both supermatrix and species tree 

inference produce robust relationships, with minimal nodes exhibiting low support. The Spider 

Probe Kit will accelerate an understanding of the spider tree of life by providing a mechanism 

whereby different researchers can confidently and effectively use the same loci for independent 

projects, yet allowing synthesis of data across independent research groups. 
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Introduction 

 Spiders (Order Araneae) constitute a highly diverse radiation of generalist predatory 

arthropods with over 45,000 nominal species (World Spider Catalog 2015) placed among 3,961 

genera and 114 families; with some estimates suggesting the group may comprise as many as 

120,000 species (Agnarsson et al. 2013). The order represents an ancient group that has been 

diversifying since the Devonian (over 380 million years ago) (Bond et al. 2014). By filling a 

dominant predatory role in almost every terrestrial ecosystem on the planet, spiders hold 

substantial ecological importance. In addition to remarkable ecology, diversity, and abundance, 

spiders are known for their extraordinary biomolecules like venoms and silks, and have become 

models for behavioral and evolutionary studies (see reviews in Agnarsson et al. 2013, Platnick 

and Raven 2013). 

The consensus view of spider phylogeny, summarized by Coddington (2005), has 

changed relatively little over the past decade. The Order Araneae is divided into two suborders 

that comprise the Mesothelae and Opisthothelae. The Mesothelae, uniquely identified by the 

median position of their spinnerets on the venter of the abdomen, are unique from all other 

spiders because they retain the abdominal segmentation common to more ancestral arachnid 

orders (e.g., scorpions), and are limited to one family (Liphistiidae) found only in Southeast Asia. 

The Opisthothelae comprises the infraorders Mygalomorphae and Araneomorphae. 

Mygalomorphae (e.g., trapdoor spiders, tarantulas, funnel web spiders and their relatives) is less 

diverse (~6% of the total number of species) and has retained a number of features considered 

plesiomorphic among spiders (two pairs of book lungs, production of few, and biomechanically 

weak silk types). Within the Araneomorphae (e.g., jumping spiders, wolf spiders, orb-weaving 

spiders, etc.), the monophyly of the major Haplogynae and Entelegynae clades is weakly to 

moderately supported on the basis of a relatively few morphological features. The Haplogynae 

lack a sclerotized epigyne (external female genitalic structure) and their monophyly is weakly 

based on characters from the chelicerae, palp, and spinnerets. Entelegynes possess a more 
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complex reproductive system (a scleritized epigyne with external copulatory openings), and 

comprise the vast majority of diversity in spiders.  The entelegynes consist of multiple 

hyperdiverse groups, including the RTA clade and Dionychans (e.g., wolf, fishing, and jumping 

spiders; Ramirez 2014) and the Orbiculariae (the lineage that contains orb weaving spiders and 

their relatives; see Hormiga and Griswold 2014). 

 Continuing to obscure our understanding of evolutionary relationships is the fact that 

important characters have been secondarily lost a numbers of times across the phylogeny (e.g. 

the cribellum and cribellate silk). The presence or absence of a cribellum, an auxiliary spinning 

plate that produces sticky cribellate silk, has been used to classify araneomorph spiders into two 

main groups:  cribellate for those possessing cribellate silk and ecribellate for those that do not. 

The presence or absence of a cribellum has been thought to be incredibly important towards 

understanding relationships because of the vastly different kinds of silk produced. Ecribellate 

silk is produced from silk spigots on the spinnerets, where the silk is covered with multiple balls 

of a sticky, viscous liquid used to capture prey. Cribellate silk is produced from thousands of silk 

spigots on a modified flat, sclerotized plate (from the fusion and reduction of the anterior median 

spinnerets) producing very fine, dry silk strands whose stickiness is derived largely from van der 

Waals forces (Hawthorn & Opell 2002). Interestingly, many families have members possessing 

both types.  

 Despite considerable effort, progress in spider molecular systematics has lagged behind 

the advances made in other comparable arthropod groups, hindering resolution of family-level 

classification and tests of important macroevolutionary hypotheses like the origin of sticky silks 

and various web types. Until very recently, only 15 markers (13 of which are independent) had 

previously been used in spiders for phylogeny inference, very few of which are effective at the 

species level (Table 4.1; for examples of which loci and how they were used see Gillespie et al. 

1994, Hedin 1997, Agnarsson et al. 2007, Ayoub et al. 2007, Vink et al. 2008, Blackledge et al. 

2009, Hamilton et al. 2011, Bond et al. 2012, Satler et al. 2013). A major problem with the 

traditional markers is that they have often produced misleading or contradictory results 

(Agnarsson et al. 2013). The poor resolution often seen in traditional markers indicate it will take 

more than a handful of loci (markers that easily amplify and sequence, regardless of their 

phylogenetic information) to overcome the stochasticity of sequence evolution and the 

incongruence of gene trees. 
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Phylogenomics 

 Phylogenomic datasets, enabled by next-generation high-throughput sequencing (NGS), 

are transforming systematic biology by allowing systematists to confidently resolve many 

branches on the Tree of Life (TOL) (Lemmon and Lemmon 2013) via the ability to gather vast 

quantities of genomic data with relative ease. Very recently, phylogenomic analyses based on 

transcriptome data (Bond et al. 2014, Fernández et al. 2014) have for the first time been applied 

to deeper-level spider relationships. These studies clearly indicate relationships among spider 

families require a major overhaul (e.g., the non-monophyly of orb weavers). Using a large 

genomic dataset comprising > 300 loci, with minimal missing data, Bond et al. (2014) identify 

the non-monophyly of the Orbiculariae and suggest that the orb web is likely plesiomorphic for 

entelygyne spiders. 

 Unfortunately, the use of transcriptome data (mRNAs) in phylogenomics is not a 

panacea; there are multiple problems that these data could pose for phylogenetic inference. 

Transcriptome sequences have been shown to be good for deeper-level relationships of spiders 

(Bond et al. 2014, Fernández et al. 2014), but due to the generally conserved nature of those 

protein-coding genes being transcribed they are not appropriate for resolving relationships 

towards the tips of the spider TOL, and it remains expensive to prep and sequence a large 

number of individuals for RNAseq. Transcriptome data come from fewer genomic locations than 

alternative methodologies (see below), are dependent on expression patterns of the tissue 

sampled, have potential issues with contamination and paralogy, and importantly, large amounts 

of missing data can be associated with transcriptome sequencing following quality control and 

assembly as taxon specific loci drop out during the loci filtering process (see Bond et al. 2014). 

In particular, Lemmon (2009) and three other recent papers call attention to the negative impact 

of missing data often seen in large phylogenomic (transcriptome-based) datasets (Roure et al. 

2012, Dell'Ampio et al. 2014, Xia 2014). Issues with conflicting signals have also been raised 

between transcriptome datasets and targeted sequence capture (see Brandley et al. in press). 

Phylogenetic inference may be misled by recombination, especially in genes with exons 

separated by long introns, an issue in spiders (i.e. spider genomes are large with short exons and 

long introns, reminiscent of mammalian genomes; Sanggaard et al. 2014). When adjacent sites in 

an alignment reside large distances from each other in the genome, this may contribute to gene 
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tree discordance (Rannala and Yang 2008). Moreover, transcriptome sequencing also requires 

high quality mRNA, generally tissue that has been flash frozen in liquid nitrogen and stored at -

80° C, or immediately taken and extracted. In our experience, we have had difficulties extracting 

the quantity and quality of spider RNA needed from tissues stored in RNAlater. This 

unfortunately precludes the use of the genetic resources existing in museum samples in natural 

history collections.  

 The publications of Lemmon et al. (2012), Faircloth et al. (2012), and Li et al. (2013) 

provided competing targeted sequencing approaches that focused on discovering and utilizing 

conserved regions throughout the genome. This significant change in the numbers of loci 

available for phylogenetic inference provided a powerful mechanism for resolving both deep and 

shallow relationships across the animal TOL. Rather than sequencing expressed portions of the 

genome, targeted sequence capture or targeted hybrid enrichment involves enriching DNA 

libraries for hundreds or thousands of loci from across the genome and sequencing these 

conserved regions (Anchored Enrichment - Lemmon et al. 2012), highly conserved regions 

(Ultraconserved Elements - Faircloth et al. 2012), or protein-coding genes (Li et al. 2013), along 

with their flanking regions using massively parallel high-throughput sequencing. Whereas the 

efficacy of these approaches has been demonstrated for vertebrate taxa (Lemmon et al. 2012, 

Crawford et al. 2012, McCormack et al. 2012, Faircloth et al. 2013, McCormack et al. 2013, 

Leaché et al. 2014, Pyron et al. 2014, Crawford et al. 2015, Brandley et al. in press), the vast 

majority of invertebrate taxa lack reference genomes and possess considerable variation in 

genome size and complexity.  For example, spiders exhibit vast differences in chromosome 

number and genome size between and even within families (Král et al. 2013, Sanggaard et al. 

2014), an issue that has slowed the development of these resources in arthropods. 

 

Anchored Enrichment in spiders 

 Anchored Enrichment (AE) (Lemmon et al. 2012) is a relatively new DNA sequencing 

methodology designed to recover hundreds of unique orthologous loci (i.e., single copy, 

phylogenetically-informative markers) from across the genome, for resolving both shallow and 

deep-scale evolutionary relationships within non-model systems. In its first incarnation, 

assembled, annotated vertebrate genomes were employed to build a scaffold from which probes 

were designed in conserved anchor regions that neighbored variable flanking regions spread 
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throughout the genome, creating a diverse set of probes that include exons, introns, intergenic, 

and conserved regions of the genome (see Lemmon & Lemmon 2013). Anchored Enrichment 

aims to increase phylogenetic power by providing access to datasets that allow for the sampling 

of more loci than what is currently available for most taxonomic groups, allow for an increase in 

number of taxa sampled (via multiplexing), and include loci informative at varying evolutionary 

time scales. Multiple factors make AE an attractive and useful approach for systematists, 

including, but not limited to:  its high efficiency in non-model species, the high phylogenetically-

informative content of the loci across shallow to deep taxonomic scales, the potentially low 

levels of missing data, rapid data collection, and cost effectiveness (see Lemmon and Lemmon 

2013). 

 By generating a genomic dataset that is one order of magnitude larger than those 

produced by traditional approaches, we show that AE will provide a high-throughput sequencing 

approach that can be used to answer longstanding questions regarding the relationships and 

diversification of major groups of spiders and can provide the phylogenetic framework to serve 

as a robust evolutionary context for addressing many interesting and important questions (e.g., 

the evolution of silk use and the evolution of spinning structures like the cribellum). As proof of 

concept, we apply AE across three taxonomic depths within the Spider TOL to infer highly 

supported phylogenies:  1) deep-level family relationships; 2) family and intergeneric 

relationships spanning the mygalomorph family Euctenizidae; 3) and finally species level 

relationships in the North American tarantula genus Aphonopelma. 

 

 

Methods 

 We present a modified approach of Lemmon et al. (2012) that expands AE for species 

lacking reference genomes. As described in Lemmon et al. (2012; pg. 741), "Fully assembled 

genomes are not necessarily required for this effort; because probe regions were chosen based on 

conservation and uniqueness, low-coverage genome sequencing could potentially provide 

enough reads overlapping with probe regions to facilitate inclusion of underrepresented groups in 

the probe design." With this in mind, our aim was to design a set of probes to capture loci that 

are informative at a diversity of timescales across the evolutionary history of spiders. 
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 Following the original paper, a target of >500 loci was chosen because recent simulation 

studies suggest the number of loci needed to resolve a phylogeny can range from tens to 

hundreds depending on the phylogenetic content of the loci (e.g., population size, and time 

between speciation events) (Knowles and Kubatko 2010, Leaché and Rannala 2011, Liu and Yu 

2011). A dataset of this size should be sufficient to resolve difficult nodes (e.g., short branch 

lengths relative to population size), as in the case of rapid radiations and recent divergences, 

while also accounting for deep coalescence, incomplete lineage sorting, and/or hybridization 

(Maddison and Knowles 2006, Edwards et al. 2007, Huang et al. 2010, Leaché and Rannala 2011, 

Liu and Yu 2011). We focused on producing a set of markers that balanced the number of loci to 

be sequenced per individual with the need for high coverage of high-throughput sequencing per 

sample from multiplexed individuals in a single Illumina lane, at the same time efficiently 

capturing the anchor regions needed for informative sequence variation. 

 

Probe design 

 Anchored Enrichment involves hybridizing short probe sequences to genomic DNA with 

subsequent enrichment of those regions of interest prior to sequencing. This allows the target loci 

to be separated from non-target regions of the genome (Lemmon et al. 2012). With capture 

efficiency dependent on the similarity between probe and target, and because our aim was to use 

the same probe set across a very old taxonomic group, we maximized the chance of success by 

targeting highly conserved regions across spider genomic data using long, 120bp capture probes, 

with dense tiling. Due to the genome size and complexity issues (outlined above), a large 

quantity of genomic sequence data was needed, from across the spider TOL. For probe design, 

we utilized genomic sequences: 'genome scans' with ≥15x sequencing coverage of the 

mygalomorph taxa Aliatypus and Aphonopelma (Araneae, Mygalomorphae), three araneomorph 

genome raw sequencing reads downloaded from the i5k genome project, Latrodectus, Loxosceles, 

and Parasteatoda (Araneae, Araneomorphae), 17 transcriptomes from across all spiders, and the 

tick Ixodes genome (Ixodida, Ixodidae) (Table 4.2). Whole genomic sequencing of the 

mygalomorph taxa was performed in the Translational Science Laboratory in the College of 

Medicine at Florida State University. Araneomorph sequence reads were downloaded from the 

i5K Initiative website (Robinson et al. 2011, i5K Consortium 2013; 

www.arthropodgenomes.org/wiki/i5K). The Ixodes reference genome was downloaded from 
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NCBI (http://www.ncbi.nlm.nih.gov/genome/523). Transcriptome sequencing was conducted at 

the Genomic Services Lab at the HudsonAlpha Institute for Biotechnology (Huntsville, AL). 

Extraction of RNA (mRNAs) and subsequent processing of transcriptome sequences is detailed 

in Bond et al. (2014). The very recently published Stegodyphus and Acanthoscurria genomes 

(Sanggaard et al. 2014) were not included in the development of the Spider Probe Kit due to their 

availability occurring only after the kit was designed. Development of the Spider Probe Kit 

follows the new Arthropod pipeline developed by ARL, detailed in a forthcoming publication 

(Lemmon et al. in prep), but modified for spiders based on the knowledge that groups with large, 

highly repetitive genomes present special challenges because repetitive elements can reduce 

capture efficiency (Bashiardes et al. 2005, Fu et al. 2010, Mamanova et al. 2010).  

Spider genome sizes have been reported to range from an estimated <1 Gb to ≥11 Gb (Gregory 

2015 and Sanggaard et al. 2014), and our own genomic sequencing of the mygalomorph genera 

Aliatypus and Aphonopelma estimates the genome sizes to be 2.5Gb and 16Gb respectively. 

Included in the Spider Probe Kit were deep evolutionary arthropod-wide markers, gathered from 

concurrent probe kit designs in other arthropod groups, in order for spiders to be included in 

future research that seeks to understand the deeper Arachnida, Chelicerata, and Arthropoda tree 

of life relationships. 

 

Sampling for sequencing 

 Following probe design, we employed the newly developed AE probe set to evaluate 

efficacy at three taxonomic depths were across the Spider TOL (see Table 4.3 for list of 

sequenced taxa). To look at deep-level family relationships, 33 taxa were selected including 

Liphistius (Mesothelae) and lineages throughout the Opisthothelae (both Mygalomorphae and 

Araneomorphae). The second taxonomic depth investigated a family and intergeneric 

relationships across the mygalomorph family Euctenizidae, where 25 taxa were sequenced. The 

Euctenizidae were rooted with the family Idiopidae, its putative sister lineage (Bond et al. 2012). 

To evaluate the ability to resolve species level relationships, we investigated a putative recent 

radiation into the United States, the North American tarantula genus Aphonopelma. Provided 

there was enough material, two specimens of each CO1 species proposed in Hamilton et al. 

(2014) were sequenced thereby sampling specimens that likely encompassed the geographic and 

genetic breadth of each putative species. Unfortunately, at the time of sequencing, some of these 
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CO1 species were singletons or lacked good nuclear DNA for sequencing (i.e., old specimens 

whose tissue was not well preserved for genomic sequencing), so only one specimen represented 

that species. Specimens of the Central American Aphonopelma and Sericopelma genera were 

included to test monophyly of the genus. 

 To evaluate the utility of AE sequencing on specimens in natural history collections, we 

extracted and sequenced six specimens in differing states of preservation. Specimens that were 

designated as old tissue (see Table 4.3) included taxa that were either ≥10 years old and stored in 

≥95% EtOH in a -20oC freezer (AUMS_11407, AUMS_11458, MY_2873), taxa ≥10 years old 

and stored in 80% EtOH on a shelf in the AUMNH collection (EU_80, MY_3548), or taxa 

collected ≤10 years old, initially preserved in Isopropyl EtOH, transferred to ≥95% EtOH and 

stored in a -80oC freezer (APH_0948). High-quality genomic DNA (≥1µg) was extracted using a 

Qiagen DNeasy Blood & Tissue kit, drawn from leg tissue that had been preserved using 

RNAlater or ≥95% EtOH and stored in a -80° C freezer, within the AUMNH cryo-collection. 

DNA concentration was evaluated through agarose gel electrophoresis and spectrophotometry 

using a NanoDrop ND-1000. 

 

Library preparation, enrichment, and sequencing 

 Anchored Enrichment data were collected through the Center for Anchored 

Phylogenomics at Florida State University (www.anchoredphylogeny.com) following the general 

methods of Lemmon et al. (2012) and modified in Lemmon et al. (in prep). High-quality 

genomic DNA (≥1µg) was extracted and quantified in the manner described above. Briefly, each 

genomic DNA sample was sonicated to a fragment size of ~300-800 bp using a Covaris E220 

Focused-ultrasonicator with Covaris microTUBES. Subsequently, library preparation and 

indexing were performed on a Beckman-Coulter Biomek FXp liquid-handling robot following a 

protocol modified from Meyer and Kircher (2010). One important modification is a size-

selection step after blunt-end repair using SPRIselect beads (Beckman-Coulter Inc.; 0.9x ratio of 

bead to sample volume).  Indexed samples were then pooled at equal quantities (typically 12-16 

samples per pool), and enrichments were performed on each multi-sample pool using an Agilent 

Custom SureSelect kit (Agilent Technologies), described herein as the Spider Probe Kit, that 

contained the probes designed for anchored loci from the spider genomic data detailed above. 

After enrichment, each set of enrichment reactions were pooled in equal quantities for 
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sequencing on PE150 Illumina HiSeq2000 lanes. Sequencing was performed in the Translational 

Science Laboratory in the College of Medicine at Florida State University. 

 

Data Processing 

 Downstream bioinformatic analyses (e.g., paired-end sequencing read assembly, quality 

filtering, and orthology prediction were conducted using the pipeline developed by Lemmon et al. 

(2012) and modified in Lemmon et al. (in prep). Scripts were written in Java or R by ARL. 

Scripts can be downloaded from Dryad (http://datadryad.org, doi:???) and at 

http://www.anchoredphylogeny.com. 

 Paired-Read Merging (Merge.java) - Typically, between 50% and 75% of sequenced 

library fragments had an insert size between 150bp and 300bp. Because 150bp paired-end 

sequencing was performed, the majority of the paired reads overlap and thus should be merged 

prior to assembly. The overlapping reads were identified and merged following the methods of 

Rokyta et al. (2012). In short, for each degree of overlap for each read, we computed the 

probability of obtaining the observed number of matches by chance, and selected degree of 

overlap that produced the lowest probability, with a p-value less than 10-10 required to merge 

reads. When reads are merged, mismatches are reconciled using base-specific quality scores, 

which were combined to form the new quality scores for the merged read (see Rokyta et al. 2012 

for details). Reads failing to meet the probability criterion were kept separate, but still used in the 

assembly. The merging process produces three files, one containing merged reads and two 

containing the unmerged reads. 

 Assembly (Assembler.java) - The reads were assembled into contigs using an assembler 

that makes use of both a divergent reference assembly approach to map reads to the probe 

regions and a de-novo assembly approach to extend the assembly into the flanks. The reference 

assembler uses a library of spaced 20-mers derived from the conserved sites of the alignments 

used during design of the Spider Probe Kit. A preliminary match was called if at least 17 of 20 

matches exist between a spaced kmer and the corresponding positions in a read. Reads obtaining 

a preliminary match were then compared to an appropriate reference sequence used for probe 

design to determine the maximum number of matches out of 100 consecutive bases (all possible 

gap-free alignments between the read and the reference were considered). The read was 

considered mapped to the given locus if at least 55 matches were found. Once a read is mapped, 
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an approximate alignment position was estimated using the position of the spaced 20-mer, and 

all 60-mers existing in the read were stored in a hash table used by the de-novo assembler. The 

de-novo assembler identifies exact matches between a read and one of the 60-mers found in the 

hash table.  Simultaneously using the two levels of assembly described above, the three read files 

were traversed repeatedly until an entire pass through the reads produced no additional mapped 

reads. 

 For each locus, mapped reads were then grouped into clusters using 60-mer pairs 

observed in the reads mapped to that locus. In short, a list of all 60-mers found in the mapped 

reads was compiled, the 60-mers were clustered if found together in at least two reads. The 60-

mer clusters were then used to separate the reads into clusters for contig estimation. Relative 

alignment positions of reads within each cluster were then refined in order to increase the 

agreement across the reads. Up to one gap was inserted per read if needed to improve the 

alignment. Note that given sufficient coverage, and an absence of contamination, each single-

copy locus should produce a single assembly cluster. Low coverage (leading to a break in the 

assembly), contamination, and gene duplication, can all lead to an increased number of assembly 

clusters. Whole genome duplication, for example, would increase the number of clusters to two 

per locus. 

 Consensus bases were called from assembly clusters as follows. For each site, an 

unambiguous base was called if the bases present were identical or if the polymorphism of that 

site could be explained as sequencing error, assuming a binomial probability model with the 

probability of error equal to 0.1 and alpha equal to 0.05. If the polymorphism could not be 

explained as sequencing error, the ambiguous base was called that corresponded to all of the 

observed bases at that site (e.g., 'R' was used if 'A' and 'G' were observed). Called bases were 

soft-masked (made lowercase) for sites with coverage lower than five. A summary of the 

assembly results is presented in Appendix A (AssemblySummary.xlsx). 

 Contamination Filtering (IdentifyGoodSeqsViaReadsMapped.r, 

GatherALLConSeqsWithOKCoverage.java) - In order to filter out possible low-level 

contaminants, consensus sequences derived from very low coverage assembly clusters (<10 

reads) were removed from further analysis. After filtering, consensus sequences were grouped by 

locus (across individuals) in order to produce sets of homologs. 
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 Orthology (GetPairwiseDistanceMeasures.java, plotMDS5.r) - Orthology was 

determined for each locus as follows. First, a pairwise distance measure was computed for pairs 

of homologs. To compute the pairwise distance between two sequences, we computed the 

percent of 20-mers observed in the two sequences that were found in both sequences. Note that 

the list of 20-mers was constructed from consecutive 20-mers as well as spaced 20-mers (every 

third base), in order to allow increased levels of sequence divergence. Using the distance matrix, 

we clustered the sequences using a Neighbor-Joining algorithm, but allowing at most one 

sequence per species to be in a given cluster. Clusters containing fewer than 50% of the species 

were removed from downstream processing.  

 Alignment (MAFFT) - Sequences in each orthologous set were aligned using MAFFT 

v7.023b (Katoh 2013), with --genafpair and --maxiterate 1000 flags utilized. All alignments were 

visually investigated in Geneious Pro v5.6 (www.geneious.com, Kearse et al. 2012) for 

consistency, and to remove problematic sequences (e.g., short sequences or potential paralogy). 

 

Phylogenetic inference 

 To test the performance of the AE Spider Probe Kit, we performed phylogenetic analyses 

on each of the three different taxonomic depth datasets.  For each taxonomic dataset, a 

concatenated supermatrix of all loci was constructed to infer relationships using Maximum 

Likelihood (ML) phylogenetic inference in RAxML v7.3.1 (Stamatakis 2006, Stamatakis and 

Aberer 2013). Because RAxML is limited in the choice of models of sequence evolution that can 

be chosen, we used the (GTR + Γ) model. Based on evaluating the most appropriate model of 

sequence evolution, on a subsample of the Spider Probe Kit loci using jModelTest v2.1.7 

(Darriba et al. 2012), the GTR + Γ model was found to only slightly over-parameterize most loci. 

Parameters for the concatenated RAxML analyses were based on 1000 random addition 

sequence replicates (RAS), with branch support values computed via 1000 non-parametric 

bootstrap replicates, and partitions were set for each locus. Aphonopelma belindae (APH_3001) 

was designated as the outgroup. Prior analyses (Turner et al. in review), and our preliminary 

analyses have inferred Sericopelma to be more closely related to the Aphonopelma in the United 

States and Mexico, than to the Central American Aphonopelma. 

 With the knowledge that a single gene tree almost certainly will not reflect the true 

evolutionary history of a lineage (Maddison 1997), we wanted to attempt to infer the species tree 
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for our three taxonomic depth investigations. Knowing that modern species tree inference 

methods that jointly estimate gene trees and the species tree under the coalescent model are 

unable to feasibly utilize phylogenomic datasets of this size (both computationally and 

temporally, e.g. *BEAST), we inferred phylogenies for each individual locus using RAxML, 

under the same guidelines as above. Subsequent species tree estimation was inferred using 

ASTRAL v4.7.6 (Mirarab et al. 2014), from all individual unrooted gene trees (and bootstrap 

replicates), under the multi-species coalescent model. ASTRAL attempts to find the species tree 

that agrees with the largest number of quartet trees, from a set of gene trees. A quartet tree is an 

unrooted tree comprising four taxa. It is the most basic component of unrooted phylogenetic 

information and quartet-based supertree methods combine many quartet trees into a single and 

coherent tree, over the complete set of taxa (see Reaz et al. 2014). ASTRAL has been shown to 

be statistically consistent under the multi-species coalescent model, and more accurate than other 

shortcut coalescent methods like MP-EST (Mirarab et al. 2014). 

 Investigations into simulated and empirical datasets have shown that, if there is strong 

incongruence between loci, concatenated supermatrices are likely to return incorrect trees that 

are strongly supported (Kubatko and Degnan 2007). For deep phylogenetic problems, the utility 

of a coalescence approach has been debated (see Gatesy and Springer 2014), with shortcut 

coalescence methods (e.g., STEM, STAR, and MP-EST) shown to perform poorly when 

individual gene trees are inferred and subsequently used to sort deep coalescences among gene 

trees (Gatesy and Springer 2014). Through investigation of simulated and empirical datasets, 

Mirabab et al. (2014) have shown that concatenation can be more accurate than phylogenetic 

inference under the multi-species coalescent, if low amounts of incomplete lineage sorting are 

present. Yet under biologically realistic conditions, coalescent-based methods can be more 

accurate than concatenation, a possibility that suggests the conflicts seen in Gatesy and Springer 

(2014), between coalescent-based analyses and concatenation, might be the result of the use of a 

poorly performing coalescent-based method. All investigations were carried out on the CASIC 

HPC at Auburn University and the Florida State University HPC. 

 

 

Results & Discussion 
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 Following design of the Spider Probe Kit, a total of 585 orthologous target loci were 

chosen on the basis of conservation and uniqueness, capable of assembling a dataset with over 

400,000bp (each locus averaging ~600bp; Figure 4.1). Based on the dating from Bond et al. 

(2014), the taxa used as genomic models to develop the Spider Probe Kit encompass an 

estimated divergence spanning 400Ma to 6 Ma, the widest implementation of targeted hybrid 

enrichment to date. Remarkably, within two years the number of orthologous loci available for 

targeted sequencing and phylogenetic inference in spiders has been increased from 13 loci to 585 

with the development of this new methodology. 

 

Order Araneae 

 Following hybrid enrichment, sequencing, and implementation of the AE bioinformatics 

pipeline (outlined above), a dataset of 327 loci comprising 67,870bp was selected for 

phylogenetic inference. This dataset contains 30,340 variable sites, 25,871 informative sites, and 

16% total missing characters. Liphistius was used to root the phylogeny (Bond et al. 2014). 

Analyses of the concatenated AE supermatrix and ASTRAL species tree estimation were largely 

congruent, with high bootstrap support among most nodes. The supermatrix phylogeny recovers 

all three major spider lineages with high bootstrap support, the Mesothelae, Mygalomorphae, and 

Araneomorphae. The species tree estimation places Liphistius ambiguously as sister to the 

mygalomorphs with low support, an outcome also seen in the species tree analyses of Bond et al. 

(2014). This dataset consists of a sparsely sampled Araneomorphae clade and a Mygalomorphae 

clade consisting of 14 out of the 16 families (missing the Dipluridae and Microstigmatidae), 

Within the Araneomorphae, the Entelegynae clade is represented by the orb-weaver genus 

Verrucosa (Araneidae) and the wolf spider genus Schizocosa (Lycosidae). The clade is 

monophyletic, sister to the Haplogynae (represented by Hypochilus), and Schizocosa 

relationships are highly supported (>95 bootstrap support (bs)) across our sample of North 

American taxa. Though only represented by three families of Araneomorphae, relationships are 

consistent with Bond et al. (2014). More taxa are needed before we can begin to further test 

some of the long-standing questions regarding the placement of uncertain families throughout the 

Haplogynae or Entelegynae, and the monophyly of certain group of spiders (e.g., orb-weavers) 

and other problematic families. 
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 Within the Mygalomorphae, not enough taxa are represented to allow for a direct 

comparison with the findings of Bond et al. (2012), however major, long-hypothesized lineages 

such as the Atypoidea (Atypidae ((Antrodiaetidae)(Mecicobothriidae))), Avicularioidea (all other 

mygalomorph families), and Theraphosoidina are well supported (Figs. 4.2-4.3). Within the 

Avicularioidea, one highly supported, monophyletic clade consists of lineages comprising the 

Nemesiidae family (Stanwellia, Pionothele, Kiama, Chenistonia, and Ixamatus), the 

Cyrtaucheniidae genus Fufius, and a specimen from Panama that appears to be morphologically 

associated with the genus Linothele in the Dipluridae family. This particular specimen was 

supposed to represent the Dipluridae family, however its placement in the phylogeny clearly 

identifies it as a member of the Nemesiidae.  We recovered a highly supported, monophyletic 

Theraphosoidina that includes a monophyletic clade of the cyrtaucheniid genera Ancylotrypa and 

Homostola, sister to the Barychelidae (Psalistops) and Theraphosidae (Aphonopelma). Though 

largely congruent between the two phylogenies, there is conflicting placement of the families 

Actinopodidae, Ctenizidae, Euctenizidae, Hexathelidae, Idiopidae, Migidae, and Paratropididae 

at intermediate depth in the phylogeny. Both analyses indicate the Ctenizidae are polyphyletic 

with respect to the placement of the genus Stasimopus. There is high support for certain 

relationships in both the supermatrix and species tree analyses:  1) a sister relationship between 

Actinopodidae (Actinopus) and the Hexathelidae genus Atrax; 2) a sister relationship between the 

Ctenizidae genera Ummidia and Hebestatis). There is significant disagreement between the 

supermatrix and species tree analyses in the placement of the Paratropididae (Paratropis), the 

Ctenizidae genus Stasimopus, and the Hexathelidae genus Bymainiella. The supermatrix analysis 

provides high support for the placement of Bymainiella (Hexathelidae) and Paratropis 

(Paratropididae) as the sister lineages to the vast majority of mygalomorph diversity, consistent 

with Bond et al. (2012). Three polyphyletic families (Ctenizidae, Cyrtaucheniidae, and 

Hexathelidae) represent strong examples of the taxonomic problems with homoplasy and 

plesiomorphic characters common throughout the Mygalomorphae. We are confident that 

increased sampling will provide better support for relationships and placement of taxa. Finally, 

both analyses confirm the elevation of the Euctenizidae to family level (Bond et al. 2012), 

separating it from Cyrtaucheniidae. It is still unknown which family is sister to the Euctenizidae 

(supermatrix = Idiopidae, species tree = Migidae) (Figs. 4.2-4.3). Comparison of the two 

phylogenetic inferences identifies that robust support for deep nodes in the supermatrix analysis 
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is possibly due to hidden signal detailed in Gatesy and Springer (2014). Unfortunately, the low 

support within certain medium-depth nodes prevents a better understanding of mygalomorph 

families (e.g., the Crassitarsae and whether the Nemesiidae are sister to the Theraphosoidina). 

 

Euctenizidae 

 The 25 taxa sequenced included family and intergeneric relationships spanning the 

mygalomorph family Euctenizidae (Table 4.3). Following hybrid enrichment, sequencing, and 

implementation of the AE bioinformatics pipeline, a dataset of 403 loci comprising 133,614bp 

was selected for phylogenetic inference. The dataset contains 42,046 variable sites, 22,548 

informative sites, and 12.5% total missing characters. The family Idiopidae, a putative closely 

related sister lineage based on preliminary data, was used to root the phylogeny, a result not 

confirmed when more taxa were included (see above). Based on our sampling, the lineages most 

closely related to the Euctenizidae are the families Idiopidae (supermatrix) or Migidae (species 

tree). The supermatrix and species tree analyses inferred virtually identical topologies, with high 

bootstrap support among nearly all nodes, producing strongly supported relationships within the 

family and genus Aptostichus (Figs. 4.5-4.6). All deep and intermediate node support was high 

(>80 bs). The outgroup Idiopidae causes minor discordance likely due to the possession of a very 

long branch. This likely lowers support for the placement of Myrmekiaphila due to long-branch 

attraction (see unrooted phylogeny, Fig. 4.7). Within the Euctenizidae, the species tree analysis 

identifies two major clades: one comprising the genera Apomastus and Aptostichus, and another 

containing all others (Eucteniza, Entychides, Myrmekiaphila, Neoapachella, Promyrmekiaphila, 

and a novel undescribed genus). The supermatrix analysis supports the placement of 

Myrmekiaphila as the sister lineage to all other Euctenizidae, however with slightly lower in 

support than the species tree analysis. All species and intergeneric relationships throughout 

Aptostichus are highly supported (>90 bs), with only minor discordance (low support) seen 

between Aptostichus atomarius and A. stephencolberti (65 bs) in the supermatrix analysis, and 

between A. atomarius and A. stephencolberti (65 bs) and A. aguacaliente and A. edwarabbelyi 

(58 bs) in the species tree analysis. 

 Comparison of the phylogenies herein with the Aptostichus morphological phylogeny of 

Bond (2012) identifies discrepancies in the relationships among species of the genus. Aptostichus 

is an example of a group of species that possess high levels of plesiomorphic characters 
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(discussed above), and if used to infer phylogeny can mislead our understanding of evolutionary 

relationships. We also see that relationships between other genera included in Bond (2012) are 

drastically different (Entychides, Eucteniza, Myrmekiaphila, Neoapachella, and 

Promyrmekiaphila). In Bond (2012), Myrmekiaphila is closely related to Aptostichus, whereas 

our supermatrix analysis places Myrmekiaphila at the base of the Euctenizidae phylogeny (Fig. 

4.5). Within Aptostichus, the non-monophyly of the Hesperus group and the Atomarius group is 

strongly supported. The Hesperus group is rendered polyphyletic due to the removal of A. 

hedinorum, the sister lineage to all other species in the morphological Hesperus group, and 

placing it as the sister lineage to all other sampled Aptostichus, except for the basal A. simus 

lineage. Our strongly supported Aptostichus phylogenies also identify a paraphyletic Atomarius 

group, with the placement of a monophyletic clade from the morphological Hesperus group 

inside the Atomarius clade (Figs. 4.5-4.6). Within the Atomarius group, A. angelinajolieae is 

strongly supported as the sister lineage to a strongly supported A. miwok and A. stanfordianus 

clade; as well, A. dantrippi is strongly supported as the sister lineage to a (weakly supported) A. 

stephencolberti and A. atomarius clade. Another novel placement is the yet undescribed species, 

A. sp. Madera, representing a strongly supported sister lineage to the Atomarius group. As in 

Bond (2012), shifts in habitat type have occurred multiple times across Aptostichus. One shift in 

particular, was the psammophilic morphological adaptations needed for living in sand dunes (i.e., 

lighter coloration) (Fig. 4.6). By choosing a more appropriate outgroup (Migidae), future 

analyses should provide better support for relationships and placement of taxa. 

 

Aphonopelma 

 Following hybrid enrichment, sequencing, and implementation of the AE bioinformatics 

pipeline, a dataset of 455 loci comprising 229,854bp was selected for phylogenetic inference. 

The dataset contains 40,719 variable sites, 21,467 informative sites, and 7% total missing 

characters. To evaluate the monophyly of the genus three Central American taxa (Aphonopelma 

belindae (APH_3001), A. sp. burica (APH_3012), and Sericopelma sp. (APH_3004)) were 

included. Both analyses indicate that Aphonopelma, as presently defined, is not monophyletic. 

The Central American genus Sericopelma, highly morphologically divergent from Aphonopelma, 

renders the genus paraphyletic. 
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 As in the Euctenizidae, analyses of the supermatrix and species tree estimation inferred 

virtually identical topologies, with high bootstrap support throughout (Figs. 4.8-4.9). There are 

four major, highly supported (100 bs), monophyletic lineages:  1) eastern, 2) western, 3) "sky 

islands", and 4) a group of miniature Aphonopelma. All 28 of the recently revised species 

(Hamilton et al. in review) are strongly supported as representing genealogically exclusive, 

independently evolving lineages, with one exception, Aphonopelma iodius (details below).  

Aphonopelma steindachneri is strongly supported (100 bs) as the sister lineage to all other 

Aphonopelma in the United States. All deep and intermediate nodes are highly supported in the 

supermatrix analysis. Both analyses strongly support A. steindachneri as the sister lineage to the 

rest of the species found in the United States. The species tree analysis provides high support in 

most of these same nodes, however the node that infers the eastern clade of species as sister to all 

other species is not well supported. In the supermatrix analysis, each species clade or lineage is 

monophyletic or genealogically exclusive, and highly supported (≥95 bs), except A. iodius. 

Though monophyletic in the supermatrix analysis with medium support (82 bs), A. iodius is a 

known problematic species. In the species tree analysis, all species are genealogically exclusive, 

with medium to high support (≥80 bs), except A. iodius. Aphonopelma iodius, as presently 

defined, resides within the western species group. The species tree analysis renders A. iodius 

paraphyletic when A. johnnycashi, a highly supported, morphologically and geographically 

distinct novel species, splits A. iodius into two well-supported clades (100 bs & 87 bs). One 

lineage comprises specimens from Utah, with the other inhabiting a large distribution throughout 

the Mojave and Great Basin Deserts of California and Nevada. By investigating more specimens 

in order for gene flow to be investigated across a large number of populations, it would not be 

surprising to discover that A. iodius is in fact multiple species. Both analyses infer A. chalcodes 

as the sister lineage to the remaining species, with A. eutylenum as the sister lineage to the A. 

iodius species complex. Within the eastern group of species, both analyses infer a highly 

supported, monophyletic clade that includes A. anax, A. armada, and A. hentzi and a highly 

supported, monophyletic clade that comprises A. gabeli, A. moderatum, and A. moellendorfi. In 

both, A. armada is the sister lineage to A. hentzi and A. anax, whereas the second clade consists 

of A. moderatum sister to A. gabeli and A. moellendorfi.  

 The only major differences in topology seen across both analyses correspond to the 

placement of A. marxi and A. vorhiesi. The supermatrix dataset strongly supports the placement 
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of A. marxi as the sister lineage to a large clade that includes A. vorhiesi, species in the Hamilton 

et al. (in review) Iodius species group (A. chalcodes, A. eutylenum, A. iodius, and A. johnnycashi), 

and species in the Hamilton et al. (in review) Sky Islands species group (A. catalina, A. 

chiricahua, A. madera, A. peloncillo, and two undescribed species). In comparison, the species 

tree dataset places both A. marxi and A. vorhiesi inside the Sky Islands species group, with high 

support (100 bs). Figure 4.10, the unrooted supermatrix tree, clearly identifies the four major 

clades of Aphonopelma in the United States, and the divergence that both A. steindachneri and A. 

marxi possess with respect to all other species in the analysis. Within the Sky Islands group, the 

species tree analysis infers a highly supported, monophyletic clade that includes A. catalina, A. 

chiricahua, A. madera, A. marxi, A. peloncillo, and A. vorhiesi, with A. vorhiesi the sister lineage 

to all other sky islands species. The supermatrix analysis also infers a highly supported, 

monophyletic clade that includes those species, though excludes A. marxi (detailed above). The 

two major clades that comprise the lineages in this group are isolated in the Madrean 

Archipelago region of southeastern Arizona and southwestern New Mexico. The species tree 

analysis infers one clade of three lineages endemic to mid-high elevation montane habitat as 

sister to each other (A. catalina, A. chiricahua, and A. madera), with a lineage (a single 

undescribed specimen (APH_0622)) from the lower elevation desert habitat as sister to those 

lineages; a second clade consists of A. peloncillo (a mid elevation endemic to the Peloncillo 

Mountains area) as sister to a single specimen from another mountain range (APH_0880, the 

Huachuca Mountains). The supermatrix approach infers a similar topology with A. madera the 

sister lineage to A. chiricahua, and an undescribed species  (APH_0622) hypothesized as sister to 

A. catalina. 

 Yet perhaps the most interesting of these species groups is the miniature Aphonopelma. 

As a strongly supported monophyletic lineage, it appears that an ancestral lineage miniaturized at 

some point in their evolutionary past. Both analyses infer virtually identical phylogenies. As a 

highly supported monophyletic clade, this group includes A. atomicus, A. icenoglei, A. joshua, A. 

mareki, A. mojave, A. paloma, A. parvum, A. phasmus, A. prenticei, A. saguaro, A. 

superstitionensis, and A. xwalxwal. In both analyses, A. xwalxwal is the sister lineage to all other 

species in the group, with A. paloma its direct sister lineage.  There are two major clades within 

this group:  1) species in the Mojave and Great Basin Deserts (A. atomicus, A. icenoglei, A. 

joshua, A. mojave, and A. prenticei) and 2) species throughout Arizona (A. mareki, A. parvum, A. 
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saguaro, and A. superstitionensis). The supermatrix provides strong support for all interspecific 

and deeper relationships (≥89 bs), except for the sister relationship of A. mojave and A. atomicus. 

Low support (69 bs) is also seen in the species tree analysis, but it represents the sister 

relationship between A. icenoglei and A. atomicus, with A. mojave the sister lineage to those two 

species (Figs. 4.8-4.9). The lineages across this clade have a particularly interesting natural 

history. Wherever these species are found across the Sonoran and Mojave Deserts, they always 

reside in sympatry with a larger species (mostly species in the Hamilton et al. (in review) Iodius 

species group), yet are never sympatric with other miniature species (except for one instance). 

This particular case includes A. joshua and A. icenoglei, two species with very different 

distributions. Aphonopelma icenoglei is widespread throughout the western Mojave Desert and A. 

joshua is severely restricted to the area in and around Joshua Tree National Park. Another 

interesting note, the large species possess distributions that extend beyond sympatry with 

miniature species, and large species can be found in sympatry with multiple miniature species in 

different habitats across their distribution. 

 When we compare the mitochondrial (CO1) species outlined Hamilton et al. (2014), most 

of these putative species hypotheses correspond to lineages considered cryptic species. Yet when 

viewed in the light of the AE data they are no longer distinct, illuminating how deep 

mitochondrial divergence and introgression has obscured our understanding of the true 

evolutionary history of these lineages. One particular example is the low support and the inferred 

sister relationship between A. vorhiesi (Sky Islands species group) and A. chalcodes (Iodius 

species group) in the face of radically divergent morphology and phenotype. Aphonopelma 

vorhiesi is a medium size black spider and A. chalcodes is large bodied with contrasting light and 

dark (see Hamilton et al. in review). The eastern species group are all highly supported, 

genealogically exclusive lineages whose loci appear to have sorted, even in the face of 

mitochondrial introgression occurring in the A. anax, A. hentzi, and A. moderatum lineages (see 

Hamilton et al. 2014). These findings are not surprising given the large number of papers 

showing how the use of a single locus, like mtDNA data, to delimit species can be very 

misleading (e.g., Rubinoff et al. 2006, Petit and Excoffier 2009). The placement of the sky 

islands species A. marxi and A. vorhiesi has always been problematic when using mitochondrial 

data, their residency within the Sky Islands species group is strongly supported, providing a nice 

biogeographic story in this species group. With a putative ancestral lineage residing in the lower 
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elevations, it appears multiple shifts occurred into the mid to high elevations of the "sky islands" 

throughout the Madrean Archipelago, and while in both the A. peloncillo and A. vorhiesi lineages 

(both low- to mid-elevation inhabitants) mitochondrial introgression and deep mitochondrial 

divergence previously obscured our understanding of species boundaries and relationships (see 

Hamilton et al. 2014), it is important to point out that none of the species found to reside in mid- 

to high-elevation habitats, and thus isolated, were invalidated by the nuclear and morphological 

data (catalina, chiricahua, and madera). As in the previous analyses, we are confident that an 

increase in sampling, in particular more specimens per species as well as taxa from Mexico, will 

provide better resolution for the few nodes with moderate to low support. 

 

Conclusions 

 By specifically targeting 585 phylogenetically informative target loci across the Order 

Araneae, the Spider Probe Kit provides an order of magnitude larger dataset than any previously 

generated by traditional targeted sequencing approaches. Thus, Anchored Enrichment delivers 

phylogenetic utility at both deep and shallow taxonomic depths to address the many interesting 

and important questions regarding the evolution of spiders. The introduction of this cost-

effective and rapid method for obtaining genomic sequence data needed to produce highly 

resolved phylogenies across the spider tree of life should eliminate the need for future marker 

development. We believe the Spider Probe Kit will accelerate an understanding of the spider tree 

of life by providing a mechanism whereby spider researchers can confidently and effectively use 

the same loci, allowing for future meta-analyses to help us to better understand evolutionary 

questions, such as:  1) the patterns and drivers of spider diversification, and 2) the evolution of 

silk use and web spinning behavior in relation to their underlying morphological features (e.g., 

spinnerets, spigots, silk glands, and the evolution of spinning structures like the cribellum). 

 Though our research is not the first to implement this methodology in invertebrates, two 

studies in divergent groups throughout the Class Insecta are currently in review (Lepidoptera - 

Breinholt and Kawahara in review, and Hymenoptera - Faircloth et al. in review), it is the first 

implementation of this methodology in the Class Arachnida. It is important to note, a major 

benefit of this approach is that specimens from natural history collections can be sequenced, 

provided good DNA can be retrieved. All of our test specimens (see Methods and Table 4.3) 

captured moderate to exceptional number of loci. This finding opens many new avenues of 
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investigation by allowing for the placement of extinct taxa into a phylogeny, or examining 

evolutionary response over time to an environmental pressure. The initial cost for the 

development of the Spider Probe Kit was high, however costs of the kit, extraction, library 

preparation, and sequencing are continuing to decrease, making this approach suitable for large-

scale projects or collaborations between researchers. Future users will find that the amount and 

quality of data recovered is remarkable and the cost per specimen low (see Lemmon et al. 2012 

and Lemmon and Lemmon 2013 for detailed cost information). Not only will this and future 

datasets be informative to our understanding of spider evolution, the deep arthropod-wide 

markers included in the probe design allows the Order Araneae to be included in future research 

that seeks to understand the deeper Arachnida, Chelicerata, and Arthropoda tree of life 

relationships. 

 This repeatable approach attempts to keep missing data low, compared to large 

comparable transcriptome datasets (see Bond et al. 2014 and Fernández et al. 2014), and does not 

randomly obtain only those sequence data (mRNAs) being expressed in a particular tissue/s and 

at a particular time of extraction. Not all loci should be expected to capture, enrich, and sequence 

properly for all individuals (as can be seen above); loci are lost due to a number of possibilities, 

including sequence change in the probe region, poor quality DNA, library preparation failure, 

poor sequencing, and issues during assembly. The biological reality, as seen in Lemmon et al. 

(2012) and herein, is that a smaller number of loci are going to be captured from deeper 

taxonomic depths. This decline in capture efficiency can be seen within our own increasing 

taxonomic depth (or evolutionary age), as the 455 loci in the Aphonopelma dataset decreases to 

327 in the Mesothelae, Mygalomorphae, and Araneomorphae dataset. Decline in number of loci 

does not correspond with a loss in informativeness as evidenced by the robust support throughout 

our phylogenies. Though the number of captured orthologs shared across our sampled taxa 

decreases as evolutionary distances among the lineages increases, a simple count of the numbers 

of loci used for phylogeny inference should not be compared to the numbers of loci one can 

obtain from transcriptome data. We now know the argument that the more loci used in an 

analysis, the better the outcome is not necessarily the best case for robust phylogeny inference, 

and that an ideal approach is to utilize informative loci for your particular question (Philippe et al. 

2011). The datasets of the sizes recovered herein should be sufficient to resolve difficult nodes 

throughout the phylogeny (Leaché and Rannala 2011). By creating datasets of this size and 
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quality, the limiting factors for answering those particular evolutionary questions found to be 

most interesting, now consist of issues such as computing power, the need for novel coalescent-

based species tree inference methodologies that can utilize phylogenomic data in a practical time 

period, and better models of molecular (see Doyle et al. in press) and genome evolution. 

 A potential explanation for the conflict and/or lack of resolution we see in our three 

datasets is that phylogenetic methods presently cannot adequately model the complex processes 

of molecular evolution inherent in such large data sets (see Doyle et al. in press). Thus we feel it 

is important to analyze datasets such as these herein using both a combined supermatrix and 

species tree phylogenetic inference, providing opportunities to more thoroughly detect and 

investigate gene tree discordance or hidden signal throughout the dataset. We know the use of 

AE is not a panacea because certain nodes in the Tree of Life are beyond resolution (Delsuc et al. 

2005, Rokas and Carroll 2006, Dunn et al. 2008), but we feel the development of the Spider 

Probe Kit holds great promise for gathering the types and quantities of molecular data needed to 

understand the evolution of spiders. 
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Figures 

 

Figure 4.1. Variation in capture efficiency and consensus sequence length, per our 135 initial 

samples, across the 585 loci in the Spider Probe Kit. 
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Figure 4.2. Maximum Likelihood analysis of the 33 Araneae taxa concatenated supermatrix. The 

dataset comprises 327 loci and 67,870bp. Black circles denote 100% bootstrap support; black 

squares denote bootstrap support between 99-80%; white squares denote bootstrap support less 

than 80%. Inset key denotes some historical taxonomic groupings recovered with our sampling. 
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Figure 4.3. ASTRAL species tree inference based on the Maximum Likelihood inferred 

individual gene trees from the 327 loci Araneae dataset. ASTRAL analyzes unrooted gene trees; 

tree was subsequently rooted at the branch leading to the outgroup. Black circles denote 100% 

bootstrap support; black squares denote bootstrap support between 99-80%; white squares denote 

bootstrap support less than 80%. Node support values = support based on the RAxML bootstrap 

support from all trees and all loci. Inset key denotes some historical taxonomic groupings 

recovered with our sampling. 
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Fig. 4.4. The unrooted Araneae RAxML phylogeny. 
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Figure 4.5. Maximum Likelihood analysis of the 25 taxa Euctenizidae family/genus level 

concatenated supermatrix. The dataset comprises 403 loci and 133,614bp. Black circles denote 

100% bootstrap support; black squares denote bootstrap support between 99-80%; white squares 

denote bootstrap support less than 80%. The non-monophyly of the morphological Atomarius 

and Hesperus species groups is identified. Novel taxa are denoted by an asterisk. 
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Figure 4.6. ASTRAL species tree inference based on the Maximum Likelihood inferred 

individual gene trees from the 403 loci Euctenizidae dataset. ASTRAL analyzes unrooted gene 

trees; tree was subsequently rooted at the branch leading to the outgroup. Black circles denote 

100% bootstrap support; black squares denote bootstrap support between 99-80%; white squares 

denote bootstrap support less than 80%. Node support values = support based on the RAxML 

bootstrap support from all trees and all loci. The non-monophyly of the morphological Atomarius 

and Hesperus species groups is identified. Novel taxa are denoted by an asterisk. 
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Fig. 4.7. The unrooted Euctenizidae RAxML phylogeny. 
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Figure 4.8. Maximum Likelihood analysis of the 80 OTU species-level Aphonopelma 

concatenated supermatrix. The dataset comprises 455 loci and 229,854bp. Black circles denote 

100% bootstrap support; black squares denote bootstrap support between 99-80%; white squares 

denote bootstrap support less than 80%. If more than two specimens are included in a species, 

the species is identified with a grey bar to encompass all sampled specimens. 
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Figure 4.9. ASTRAL species tree inference based on the Maximum Likelihood inferred 

individual gene trees from the 455 loci Aphonopelma dataset. ASTRAL analyzes unrooted gene 

trees; tree was subsequently rooted at the branch leading to the outgroup. Black circles denote 

100% bootstrap support; black squares denote bootstrap support between 99-80%; white squares 

denote bootstrap support less than 80%. Node support values = support based on the RAxML 

bootstrap support from all trees and all loci. All genealogically exclusive species are identified 

with a grey bar; A. iodius, a paraphyletic species as presently defined, is identified by the black 

boxes. 
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Fig. 4.10. The unrooted RAxML species-level phylogeny of Aphonopelma. 
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Tables 

 

Table 4.1. The 13 molecular markers used throughout spiders, previous to the usage of next-

generation sequencing for phylogenomics. nuDNA = genomic DNA, mtDNA = mitochondrial 

DNA 

 

nuDNA mtDNA 
5.8S 16s-ND1 
18S 12S 
28S CO1 

Actin 5C  
'Anonymous'  

EF-1α  
EF-1γ  

H3  
ITS-1  
ITS-2  
Mid-1  

'wingless'  
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Table 4.2. Taxa and type of genomic data used in development of the Anchored Enrichment 

Spider Probe Kit. 

 

Order suborder infraorder Family Genus Genome Transcriptome 
Ixodida   Ixodidae Ixodes ★  
Araneae Mesothelae  Liphistiidae Liphistius  ★ 
Araneae Opisthothelae Mygalomorphae Antrodiaetidae Aliatypus ★ ★ 
Araneae Opisthothelae Mygalomorphae Atypidae Sphodros  ★ 
Araneae Opisthothelae Mygalomorphae Ctenizidae Cyclocosmia  ★ 
Araneae Opisthothelae Mygalomorphae Ctenizidae Hebestatis  ★ 
Araneae Opisthothelae Mygalomorphae Ctenizidae Ummidia  ★ 
Araneae Opisthothelae Mygalomorphae Dipluridae Microhexura  ★ 

Araneae Opisthothelae Mygalomorphae Euctenizidae Aptostichus 
(x5 spp.)  ★ 

Araneae Opisthothelae Araneomorphae Hypochilidae Hyphochilus  ★ 
Araneae Opisthothelae Mygalomorphae Mecicobothriidae Megahexura  ★ 
Araneae Opisthothelae Mygalomorphae Nemesiidae Calisoga  ★ 
Araneae Opisthothelae Mygalomorphae Paratropididae Paratropis  ★ 
Araneae Opisthothelae Araneomorphae Sicariidae Loxosceles ★  
Araneae Opisthothelae Mygalomorphae Theraphosidae Aphonopelma ★ ★ 
Araneae Opisthothelae Araneomorphae Theridiidae Latrodectus ★  
Araneae Opisthothelae Araneomorphae Theridiidae Parasteatoda ★  
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Table 4.3. List of sequenced taxa (A = Araneae; B = Euctenizidae; C = Aphonopelma). * denotes 

a tissue as old (explained above). 

 

Specimen Family Genus species epithet dataset  
MY_2873 Actinopodidae Actinopus sp. A * 

AUMS_4177 Antrodiaetidae Antrodiaetus unicolor A  
AUMS_11407 Araneidae Verrucosa sp. Guatemala A * 

AUMS_719 Atypidae Sphodros sp. A  
AUMS_11401 Barychelidae Psalistops sp. Panama A  

MY_2635 Ctenizidae Hebestatis theventi A  
MY_565 Ctenizidae Stasimopus sp. A  

AUMS_4566 Ctenizidae Ummidia sp. North Carolina A  
MY_515 Cyrtaucheniidae Ancylotrypa sp. A  

MY_3399 Cyrtaucheniidae Fufius sp. A  
MY_530 Cyrtaucheniidae Homostola paradalina A  

AUMS_11400 Dipluridae (?) Linothele (?) sp. Panama A  
MY_2485 Euctenizidae Apomastus sp. B  
MY_2519 Euctenizidae Aptostichus aguacaliente B  
MY_3630 Euctenizidae Aptostichus angelinajolieae B  
MY_0741 Euctenizidae Aptostichus atomarius B  
MY_3029 Euctenizidae Aptostichus barackobamai B  
MY_2521 Euctenizidae Aptostichus cahuilla B  
MY_0730 Euctenizidae Aptostichus dantrippi B  
MY_2279 Euctenizidae Aptostichus edwardabbeyi B  
MY_0265 Euctenizidae Aptostichus hedinorum B  
MY_2496 Euctenizidae Aptostichus hesperus B  
MY_2512 Euctenizidae Aptostichus icenoglei B  
MY_3771 Euctenizidae Aptostichus madera B  
MY_3524 Euctenizidae Aptostichus miwok B  
MY_3081 Euctenizidae Aptostichus simus A,B  

AUMS_11458 Euctenizidae Aptostichus sp. Baja - MX B * 
MY_3486 Euctenizidae Aptostichus stanfordianus B  
MY_3492 Euctenizidae Aptostichus stephencolberti B  

AUMS_11404 Euctenizidae Entychides sp. Arizona B  
MY_3548 Euctenizidae Entychides sp. Mexico B * 

EU_80 Euctenizidae Eucteniza sp. B * 
AUMS_053 Euctenizidae Moss Landing gen. nov. sp. B  
AUMS_081 Euctenizidae Myrmekiaphila tigris B  

MY_272 Euctenizidae Neoapachella sp. B  
MY_3688 Euctenizidae Promyrmekiaphila sp. B  
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MY_2049 Hexathelidae Atrax sp. A  
MY_2045 Hexathelidae Bymainiella sp. A  

AUMS_156 Hypochilidae Hypochilis sp. A  
AUMS_6747 Idiopidae Idiops sp. Namibia A,B  
AUMS_5743 Liphistiidae Liphistius sp. A  

AUMS_11467 Lycosidae Schizocosa crassipes A  
AUMS_5112 Lycosidae Schizocosa duplex A  
AUMS_5615 Lycosidae Schizocosa ocreata A  
AUMS_5605 Lycosidae Schizocosa rovneri A  

salt-a Lycosidae Schizocosa saltatrix A  
AUMS_5604 Lycosidae Schizocosa stridulans A  
AUMS_0548 Mecicobothriidae Hexura sp. A  

MY_2138 Migidae Heteromigas sp. A  
MY_2096 Nemesiidae Chenistonia sp. A  
MY_2139 Nemesiidae Ixamatus sp. A  
MY_2094 Nemesiidae Kiama sp. A  

AUMS_6720 Nemesiidae Pionothele sp. Namibia A  
MY_2092 Nemesiidae Stanwellia hoggi A  

AUMS_6256 Paratropididae Paratropis sp. Columbia A  
APH_0856 Theraphosidae Aphonopelma anax C  
APH_3121 Theraphosidae Aphonopelma anax C  
APH_0871 Theraphosidae Aphonopelma anax C  
APH_0889 Theraphosidae Aphonopelma anax C  
APH_0554 Theraphosidae Aphonopelma armada C  
APH_0922 Theraphosidae Aphonopelma armada C  
APH_1478 Theraphosidae Aphonopelma atomicum C  
APH_1479 Theraphosidae Aphonopelma atomicum C  
APH_3001 Theraphosidae Aphonopelma belindae C  
APH_1438 Theraphosidae Aphonopelma catalina C  
APH_1602 Theraphosidae Aphonopelma catalina C  
APH_0174 Theraphosidae Aphonopelma chalcodes C  
APH_0954 Theraphosidae Aphonopelma chalcodes C  
APH_1003 Theraphosidae Aphonopelma chalcodes C  
APH_0049 Theraphosidae Aphonopelma chalcodes C  
APH_3128 Theraphosidae Aphonopelma chalcodes C  
APH_3191 Theraphosidae Aphonopelma chiricahua C  
APH_1009 Theraphosidae Aphonopelma eutylenum C  
APH_3143 Theraphosidae Aphonopelma eutylenum C  
APH_0850 Theraphosidae Aphonopelma gabeli C  
APH_3126 Theraphosidae Aphonopelma gabeli C  
APH_0645 Theraphosidae Aphonopelma hentzi A,C  
APH_0934 Theraphosidae Aphonopelma hentzi C  
APH_1063 Theraphosidae Aphonopelma hentzi C  
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APH_0586 Theraphosidae Aphonopelma hentzi C  
APH_3118 Theraphosidae Aphonopelma icenoglei C  
APH_0756 Theraphosidae Aphonopelma icenoglei C  
APH_2000 Theraphosidae Aphonopelma iodius C  
APH_2029 Theraphosidae Aphonopelma iodius C  
APH_2016 Theraphosidae Aphonopelma iodius C  
APH_0006 Theraphosidae Aphonopelma iodius C  
APH_2020 Theraphosidae Aphonopelma iodius C  
APH_3103 Theraphosidae Aphonopelma iodius C  
APH_1075 Theraphosidae Aphonopelma iodius C  
APH_1078 Theraphosidae Aphonopelma iodius C  
APH_2013 Theraphosidae Aphonopelma iodius C  
APH_0997 Theraphosidae Aphonopelma iodius C  
APH_1004 Theraphosidae Aphonopelma iodius C  
APH_2032 Theraphosidae Aphonopelma johnnycashi C  
APH_2008 Theraphosidae Aphonopelma johnnycashi C  
APH_3094 Theraphosidae Aphonopelma johnnycashi C  
APH_1007 Theraphosidae Aphonopelma joshua C  
APH_1498 Theraphosidae Aphonopelma joshua C  
APH_3177 Theraphosidae Aphonopelma madera C  
APH_0136 Theraphosidae Aphonopelma madera C  
APH_1618 Theraphosidae Aphonopelma mareki C  
APH_3161 Theraphosidae Aphonopelma mareki C  
APH_0297 Theraphosidae Aphonopelma mareki C  
APH_0772 Theraphosidae Aphonopelma marxi C  
APH_1535 Theraphosidae Aphonopelma marxi C  
APH_0890 Theraphosidae Aphonopelma moderatum C  
APH_0930 Theraphosidae Aphonopelma moderatum C  
APH_0892 Theraphosidae Aphonopelma moderatum C  
APH_0894 Theraphosidae Aphonopelma moderatum C  
APH_0948 Theraphosidae Aphonopelma moellendorfi C * 
APH_0754 Theraphosidae Aphonopelma mojave C  
APH_3101 Theraphosidae Aphonopelma mojave C  
APH_3166 Theraphosidae Aphonopelma paloma C  
APH_3190 Theraphosidae Aphonopelma paloma C  
APH_3178 Theraphosidae Aphonopelma parvum C  
APH_3187 Theraphosidae Aphonopelma parvum C  
APH_0683 Theraphosidae Aphonopelma peloncillo C  
APH_0723 Theraphosidae Aphonopelma peloncillo C  
APH_0350 Theraphosidae Aphonopelma prenticei C  
APH_0352 Theraphosidae Aphonopelma prenticei C  
APH_3176 Theraphosidae Aphonopelma saguaro C  
APH_0622 Theraphosidae Aphonopelma sp. nov .1 C  
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APH_0880 Theraphosidae Aphonopelma sp. nov. 2 C  
APH_3012 Theraphosidae Aphonopelma sp. burica C  
APH_1023 Theraphosidae Aphonopelma steindachneri C  
APH_3096 Theraphosidae Aphonopelma steindachneri C  
APH_1443 Theraphosidae Aphonopelma superstitionense C  
APH_0185 Theraphosidae Aphonopelma vorhiesi C  
APH_0186 Theraphosidae Aphonopelma vorhiesi C  
APH_0717 Theraphosidae Aphonopelma vorhiesi C  
APH_0674 Theraphosidae Aphonopelma vorhiesi C  
APH_3188 Theraphosidae Aphonopelma vorhiesi C  
APH_3132 Theraphosidae Aphonopelma xwalxwal C  
APH_3134 Theraphosidae Aphonopelma xwalxwal C  
APH_3004 Theraphosidae Sericopelma sp. Panama C  
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