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Abstract
The gopher tortoise is a fossorial species native to the coastal plain of the southeastern

United States. The species occurs spatially in colonies, or aggregations of individuals on the
landscape, which were recently found to exhibit a complex social structure. Within a social
network, individuals interact with known conspecifics, actively seeking out some individuals
while avoiding others and groups of interacting individuals have been termed social cliques.
Social cliques therefore are behaviorally isolated from other cliques while still sharing
overlapping geographical space within a colony. While it is thought that these social cliques
develop over long periods of time within colonies, clique formation has not yet been studied.
Moreover, gopher tortoises are frequently translocated, often in mixed colony groups, and the
effect of translocation practices on these cliques is unknown.

To address questions about clique formation, I tracked 53 adult gopher tortoises from
June — October 2017 that were translocated to Nokuse Plantation in Walton County, Florida.
The study individuals were from seven source populations across Florida released into an 8.32 ha
enclosure and located via radio telemetry four times per week. Forty-five of the 53 tracked
adults engaged in 155 social interactions. Interactions were recorded as passive (n=27), mate
choice (n=108), or aggressive (n=20) behaviors and classified as positive (passive, mate choice)
or negative (aggressive) interactions. Then, a positive interaction matrix was developed and
Girvan-Newman subgroup analysis of the matrix revealed the presence of eight social cliques
(Q-score = 0.430), of which seven (87.5%) contained individuals from multiple source
populations. Mean number of individuals per social clique was 5.63 (SD+3.12) and mean
number of source populations per clique was 3.38 (SD+1.58). Thus, it appears that the gopher
tortoise can form novel social cliques in a short timeframe, and that source populations do not

remain socially isolated following translocation (y*=65, P<0.001, df=7).
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Chapter 1

Introduction

Translocation, the intentional movement of individuals to augment existing populations,
establish populations in areas where species have become extirpated, or to mitigate loss of
species, is not a new area of study (Griffith et al., 1989; Dodd and Siegel, 1991; Tuberville et al.,
2005; Bauder et al., 2014). Translocation studies on a host of species have been occurring for
decades (Griffith et al., 1989). The main driver of most of these studies is the desire to
determine best practices for establishment of translocated individuals, which requires complete
knowledge of the ecology of the organism prior to it being moved (Dodd and Siegel, 1991).
Those translocations that result in establishment are often called successful translocations.
However, the term “successful” can often be misleading unless it is clearly defined (Riedl et al.,
2008). Two of the most commonly studied aspects of a translocation experiment are site fidelity
(see: Tuberville et al., 2005; Ashton and Burke, 2007; Tuberville et al., 2008; Bauder et al.,
2014) and mating and nesting (see: Burke, 1989; Tuberville et al., 2011), as the retention of
individuals on a new site is paramount to establishing a population, and successful mating is
needed to ensure that newly established populations are going to persist on the landscape (Dodd
and Siegel, 1991). Yet, these are not the only parameters that should be considered during
translocation. Aspects of the ecology of the target organism are often not fully understood prior
to translocation and thus these factors are overlooked — leading to a false sense of success (Dodd
and Siegel, 1991; Riedl, 2008). Furthermore, many studies fall short of the monitoring needed to
confirm the continued long-term persistence of translocated organisms (Burke, 1989). While a

translocation may appear successful in the first year, during the second year, or five years post



establishment, if an aspect of the ecology of the target species is overlooked the newly
established population could fail to persist and thus the translocation would ultimately be
unsuccessful. Therefore, it is important that managers have a comprehensive understanding of
the needs of the target species, and best practices for that species, prior to initiating a
translocation (Dodd and Siegel, 1991).

Gopher Tortoise Life History — The gopher tortoise is one of the most translocated
vertebrates in the world (Ashton and Burke, 2007), and as such there exists a plethora of studies
targeted at establishing best management practices for this species. These studies apply known
aspects of the ecology of naturally occurring gopher tortoise populations to translocation studies
to determine if augmented and artificially established populations exhibit similar population
trends. Therefore, we must first look at the life history of the gopher tortoise, as it pertains to
growth and persistence of a population, prior to delving into the results of translocation studies.
The gopher tortoise is an extremely long-lived species naturally reaching ages well over 40 years
old (Ernst et al., 1994). With this extended life span comes delayed sexual maturity. Male
gopher tortoises become sexually mature around 9-12 years old, while females average 10-21
years of age before sexual maturity is reached (Ernst et al., 1994). Thus, a gopher tortoise must
survive for one to two decades before ever contributing to the population and therefore
population growth is slow. Additionally, recruitment is low for the species as female gopher
tortoises lay a single clutch (averaging 7 eggs) per year (Landers et al., 1980). Depredation of
nests is high as nests are laid in open, sandy areas easily accessible to nest predators (Landers et
al., 1980).

The gopher tortoise mating system is described as scramble competition polygyny

(Johnson et al., 2009). Under this system, through interactions centered on burrows, males and



females both court respective mates (Johnson et al., 2009). As gopher tortoise life is centered
around the burrow, interactions occurring at and between burrows are the primary social
interactions experienced within a colony (Guyer et al., 2014). Colonies are aggregations of
individual tortoises, and their burrows, occurring spatially on the landscape. Males travel to
female burrows, even outside of the mating season and females have been recorded visiting
burrows currently or previously occupied by males (Johnson et al., 2009). This behavior helps
with maintenance of the mating system by both sexes, which requires historical knowledge of
both burrow distribution on the landscape, and which individuals occupy which burrows (Guyer
et al., 2014). However, mating success in the gopher tortoise is density dependent (Guyer et al.,
2012). While females do play a role in maintaining the mating system (Guyer et al., 2014),
males travel further and more often to find females during mating season (Eubanks et al., 2003).
When density falls below approximately 0.4 tortoises/ha the mating system is effected as males
have too far to travel to find mates (Guyer et al., 2012). Thus, maintaining a density above that
threshold is important for providing mating opportunities for male gopher tortoises. Finally, and
most recently reported, gopher tortoises exhibit a highly developed social structure (Guyer et al.,
2014). This structure, or network, consists of cliques that readily engage in intra-clique
interactions while actively avoiding inter-clique interactions. Therefore, tortoise social cliques
share overlapping geographic territory with other cliques occurring within a colony but remain
behaviorally separated. These interactions include burrow sharing (two tortoises occupying the
same burrow at the same time) and burrow chasing (one tortoise occupying a burrow within 24-
hours of the previous occupant leaving) (Johnson et al., 2009). Burrow sharing is seen as a
relatively passive behavior wherein both tortoises are engaged in the interaction. Burrow

chasing is considered a passive behavior, associated with clique maintenance and mate contact,



when occurring between tortoises of opposite sexes. However, burrow chases between tortoises
of the same sex are considered aggressive behaviors, likely associated with defense of territory
or mating opportunities (Johnson et al., 2009, Guyer et al., 2014). Within this network, which
appears tied to the mating system (Guyer et al., 2014), cliques occur in the same geographical
space as other cliques but occupy different social spaces. Furthermore, this study (Guyer et
al.,2014) argued that the reported complex network exhibited in this naturally occurring
population likely took decades to develop. In summary, the gopher tortoise is a long-lived
species, with low fecundity, that experiences density dependent mating success, and exhibits
social cliques.

Habitat and Species Status — The longleaf pine (Pinus palustris) ecosystem was once the
dominant ecosystem of the southeastern coastal plain of the USA; spanning from North Carolina
through peninsular Florida and west to Texas (Moser and Wade, 2005). Today, < 3% of the
ecosystem remains (Gilliam and Platt, 1999). The longleaf pine ecosystem is historically
characterized by sparsely spaced trees, with longleaf being the dominant species, and an open,
savanna-like ground layer (Ashton et al., 2008). The ecosystem was maintained through
frequent low-intensity fires that promoted the recruitment of fire-adapted species (e.g. Pinus
palustris, Aristida [wiregrass] sp.) while inhibiting the growth of fire-intolerant species (Moser
and Wade, 2005; Ashton et al., 2008). Thus, the ecosystem developed under a disturbance
regime characterized by these low-intensity fires. The gopher tortoise is endemic to the longleaf
pine savannas of the region (Hermann et al., 2002), but they occur in other upland systems (e.g.,
sandhills, pine flatwoods, scrub, and altered landscapes including pine plantations and pastures)
across the range. In general, gopher tortoises require open canopy habitats as they are reliant on

sunlight for thermoregulation and nest incubation, as well as the herbaceous ground cover
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promoted under such conditions for foraging (Auffenberg and Franz, 1982; Aresco and Guyer,
1999).

In the early 20" century, fire exclusion policies and practices removed the established fire
disturbance regime (Wade, 1993; Moser and Wade, 2005). These practices led to the decline of
longleaf and the degradation of the remaining longleaf pine habitats throughout the southeast
(Aresco and Guyer, 1999; Shappell and Koontz, 2015). Once open savannas with no midstory
and a dominant, sparse overstory, transition to dense hardwood midstories. Herbaceous ground
cover, dependent on sunlight reaching the forest floor, become shaded out by the midstory and
woody, shade-tolerant shrubs out-compete the savanna flora. These changes to ecosystem
composition and structure alter ecosystem function (Simberloff, 1993; Platt and Rathbun, 1993;
Moser and Wade, 2005).

Human activities resulting in fragmented and degraded habitats are a major driver of
tortoise decline (Aresco and Guyer, 1999; Boglioli et al., 2000, Hermann et al., 2002). Habitat
degradation has been demonstrated to effect gopher tortoise movement patterns and reproductive
success (Guyer et al., 2012). As habitat structure shifts to denser canopy cover and higher stem
density, gopher tortoises abandon burrows and migrate to more open habitats (Aresco and Guyer,
1999). Aresco and Guyer (1999) reported that tortoises will abandon burrows 5 to 7 years post-
canopy closure in slash pine stands while Diemer (1986) reported gopher tortoises moving to
marginal areas such as roads and fire lines in response to habitat structure changes. This
movement of tortoises off-site results in populations with lower densities, which in turn reduces
reproductive success of the remaining individuals. Guyer et al. (2012) reported that a population
of tortoises is functionally isolated when tortoise densities fall below 0.4 tortoises/ha and

recommended translocation as a conservation tool in these situations.
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The fragmentation of the ecosystem began with the conversion of forests to agricultural
fields and pine plantations following harvest of the native longleaf (Aresco and Guyer, 1999;
Hermann et al., 2002). However, urban development and land conversion have, and continue to,
reduced the native habitats of the gopher tortoise even further and is the greatest threat to habitat
conservation today (Diemer, 1986; McCoy et al., 2006). As urban sprawl continues to encroach
on natural areas, land conversion for new construction removes the native habitat of the gopher
tortoise and leaves remaining individuals, not within the construction zone, isolated on habitat
islands. These habitat islands then begin to degrade in ecosystem quality and function as
management tools (i.e. prescribed burning) are reduced due to proximity to human infrastructure.

As a result of habitat degradation and fragmentation, the gopher tortoise is listed as
Threatened under the U.S. Endangered Species Act west of the Mobile and Tombigbee Rivers
and is under some level of state protection in every state in which it occurs east of those rivers.
Furthermore, the species is currently a Candidate for federal listing under ESA in the eastern
portion of the range (USFWS 1987; 2011).

Management and Policy Responses — The gopher tortoise is an ecosystem engineer and
therefore is integral to overall ecosystem function (Catano and Stout, 2015). Over 300 species
use the burrows created by gopher tortoises (Jackson and Milstrey, 1989), and their effect on
small-scale disturbances has been noted (Hermann, 1993). The conservation of this species is of
the utmost importance to maintaining ecosystem function in longleaf pine habitats as the gopher
tortoise is a keystone species (Guyer and Bailey, 1993) and, to conserve the species, habitat
restoration has been initiated through the reintroduction of fire to longleaf habitats. However,
this process can take decades with fire alone and managers have begun to realize that habitat

restoration may not be enough to restore tortoise populations.
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Therefore, gopher tortoise translocations are being undertaken to augment depleted
populations and remove individuals from degraded and fragmented habitats (Ashton and Burke,
2007). In degraded habitats where tortoises persist but fall below the reproductive function
threshold, translocations have been proposed as a conservation tool (Bauder et al., 2014).
Gopher tortoise translocations are implemented to augment existing populations, repatriate areas,
or save individuals from death (e.g. development) (Griffith et al., 1989; Bauder et al., 2014).
These translocations have varied success and are time and effort intensive. However,
particularly in the face of urban development, translocation may be the only means by which
individual tortoises can be saved.

As such, many policies have been instituted regarding the translocation of gopher
tortoises in the face of rapid habitat loss due to urbanization. In Florida, the Florida Fish and
Wildlife Conservation Commission (FWC) instituted a permitting system for land developers in
a first attempt to provide long-term viability to gopher tortoises. This policy, later dubbed
“Incidental Take Permits”, provided a legal route for land developers to obtain permits that
authorized the relocation of naturally occurring gopher tortoises to areas within the same
property outside of the development footprint, or the legal entombment of tortoises occurring
within the development footprint. While money generated from the sale of these permits was
used to purchase suitable gopher tortoise habitat for conservation, the loss of individuals in
development zones from legal entombment and public pressure lead to the FWC changing their
policy. The updated FWC Gopher Tortoise Permitting Policy

(https://myfwc.com/wildlifehabitats/wildlife/gopher-tortoise/) then set into motion the current

translocation practices within Florida. The new policy ended the Incidental Take Permits, while

also creating new permits and translocation guidelines. FWC requires that land developers now
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purchase Mitigation Permits that require movement of gopher tortoises within the development
footprint off-site, through authorized agents, to long-term protected sites at cost to the developer.
These long-term protected sites act as gopher tortoise mitigation banks and provide habitat to
those tortoises moved from lands slated for development. However, the original Incidental Take
Permits that were issued under the initial permitting policies were grandfathered in as they did
not have an expiration date and were legally allowed to be passed to new ownership. The new
FWC policy allows for the movement of tortoises, falling under Incidental Take Permits, off-site
to a long-term protected site through addendums to the original permit at cost to the long-term
protected site. Thus, translocations of gopher tortoises are occurring across Florida under both
the old and new permitting systems. This has created a need for long-term protected sites willing
to accept Mitigation Permitted tortoises at cost to the developer as well as those sites willing to
spend money to receive tortoises translocated under the old, Incidental Take Permits (FWC
2007; 2012).

Nokuse Plantation — Founded in 2007, Nokuse Plantation is a 21,853-ha private
conservation site in Walton Co., Florida, USA. Nokuse Plantation was founded under the core
ideas of “Preserve. Restore. Protect.” and as such has developed an extensive gopher tortoise
translocation program as well as initiated longleaf pine savanna restoration to convert the land
back to a natural state following past agricultural practices. Since 2007, Nokuse Plantation has
received over 4,500 gopher tortoises under both Incidental Take and Mitigation Permits (Matt
Aresco, pers. comm.) as the site did not support a large, native population due to past land use
practices. The Nokuse translocation program utilizes permanent large pens (~32 ha) into which
gopher tortoises are deposited for soft release (See: Translocation Studies). As the majority of

the tortoises translocated to the site have been done under Incidental Take Permits, these pens are
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cost effective since the Plantation does not know how many tortoises will be translocated within
a single season (Matt Aresco, pers. comm.). Thus, large pens allow for the deposition of
numerous tortoises over the span of many months without needing to continually create new
enclosures.

Translocation Studies — Ecological aspects of the gopher tortoise have shaped the way
translocation studies have been conducted, focusing those studies on key factors that influence
the success of translocations — such as site fidelity and mating success. The gopher tortoise
requires translocations with a soft release, wherein the individuals undergoing translocation are
first released into a penned area after arriving on-site (Tuberville et al., 2005). As site fidelity is
crucial to population establishment, numerous studies have examined the effects of soft-release,
or penning, duration and have found, in general, that longer penning durations result in higher
site fidelity (Tuberville et al., 2005; Bauder et al., 2014). Thus, it has been recommended that
gopher tortoises be held under penned conditions for at least 9 months post-translocation
(Tuberville et al., 2005). In the absence of soft-release, site fidelity significantly decreases
(Tuberville et al., 2005). While the reason for gopher tortoise dispersal following translocation
is not explicitly known, it is speculated that tortoises are attempting to return to their previous
site (Sharon Hermann, pers. comm.).

The other often studied factor influencing the success of translocations is mating success.
For populations to persist, successful mating must be present as a precursor to fecundity. Thus,
numerous studies have focused on determining best management practices to promote mating
success. Of interest to this thesis is the finding that mating success for males with prior

residency was higher than that for larger, newly introduced, males (Tuberville et al., 2011). This
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suggests that other factors are important to female mate selection besides potential mate size as
those males that were previously in the population outcompeted larger males for mates.

One potential other factor for mating success following translocation is the development
of a social network during penning. As stated above, the gopher tortoise exhibits a well-defined
social network consisting of interconnected cliques. Since these cliques are likely to have taken
years to form (Guyer et al., 2014), and given the need for penning to promote site fidelity
(Tuberville et al., 2005), it is possible that these cliques are re-established within the first-year
post-translocation. Furthermore, as scramble competition polygyny includes female-choice and
females are more likely to mate with males they have previously interacted with (i.e. occur in the
same social clique; Johnson et al., 2009), the findings of Tuberville et al. (2011) appear to
support the idea social cliques re-establish during penning and thus the larger males introduced
to the population later were unsuccessful during their first year. However, no previous study has
reported on social network formation as it relates to translocation of the species and thus, we can
only speculate.

While mating success following translocation may be influenced by the establishment of
a social network, there are other impacts social networks might have on the success of
translocations. In the case of Incidental Take Permitted tortoises, often the individuals are being
removed from the last few acres of undeveloped habitat within a larger neighborhood
development. Thus, those individuals are likely to know each other and could potentially have
an established social network in place. Once translocated to a large holding pen, as part of
established soft release techniques, these individuals could socially isolate themselves from other
translocated populations — thereby reducing the chances of a cohesive population establishing.

Alternatively, individuals removed from a site at the start of a development project could be
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members of different social cliques and thus not have an interaction history prior to
translocation. Once deposited within a translocation pen, these individuals could disperse from
each other in order to avoid conflict, which would decrease the likelihood of establishing a
cohesive population at the long-term protected site.

Social Network Formation in Translocated Gopher Tortoises — The recent reporting of
Guyer et al. (2014) brought to light the complex social network of a naturally occurring
population of gopher tortoises. As gopher tortoises are currently Federally Threatened in the
western portion of their range and are a Candidate species throughout the remainder to that
range, it is important to understand all aspects of the ecology of the organism to better inform
decision makers and managers. Due to the nature of translocations in Florida it is an ideal
location to study the effects of translocation on this newly described social network as we can
study the effect of multiple source populations being aggregated within one translocation pen on
social networks. This study then sought to determine if translocating multiple source populations
to one location results in the formation of a single, cohesive population, or the formation of
multiple social networks based on source population using the methods of Girvan-Newman

(2002, see: Chapter 2).

17



Literature Cited

Aresco, M.J., and C. Guyer. 1999. Burrow abandonment by gopher tortoises in slash pine
plantations of the Conecuh National Forest. Journal of Wildlife Management 63:26-35.

Ashton, K.G., and R.L. Burke. (2007). Long-term retention of a relocated population of gopher
tortoises. Journal of Wildlife Management 71(3):783-787.

Ashton, K.G., B.M. Engelhardt, and B.S. Branciforte. 2008. Gopher tortoise (Gopherus
polyphemus) abundance and distribution after prescribed fire reintroduction to Florida
scrub and sandhill at Archbold Biological Station. Journal of Herpetology 42(3):523-529.

Auffenberg, W., and R. Franz. 1982. The status and distribution of the gopher tortoise (Gopherus
polyphemus). In Bury, R.B. (ed.) North American Tortoises: Conservation and Ecology.
U.S. Fish and Wildlife Service. Wildlife Research Report 12: 95-126.

Bauder, J.M., C. Castellano, J.B. Jensen, D.J. Stevenson, C.L. Jenkins. 2014. Comparison of
movements, body weight, and habitat selection between translocated and resident gopher
tortoises. Journal of Wildlife Management 78(8):1444-1455.

Boglioli, M.D., W.K. Michener, and C. Guyer. 2000. Habitat selection and modification by the
gopher tortoise, Gopherus polyphemus, in Georgia longleaf pine forest. Chelonian
Conservation and Biology 3(4):699-705.

Burke, R.L. (1989). Florida gopher tortoise relocation: overview and case study. Biological
Conservation 48:295-309

Catano, C.P., and I.J. Stout. 2015. Functional relationships reveal keystone effects of the gopher
tortoise on vertebrate diversity in a longleaf pine savanna. Biodiversity Conservation 24:

1957-1974.

18



Diemer, J.E. 1986. The ecology and management of the gopher tortoise in the southeastern
United States. Herpetologica 42: 125-133.

Dodd Jr., K., and R.A. Seigel. (1991). Relocation, repatriation, and translocation of amphibians
and reptiles: are they conservation strategies that work? Herpetologica 47(3): 336-350.

Ernst, C.H., J.E. Lovich, and R.W. Barbour. 1994. Turtles of the United States and Canada.
Smithsonian Institute Press, Washington, D.C.

Eubanks, J.O., W.K. Michener, and C. Guyer. 2003. Patterns of movement and burrow use in a
population of gopher tortoises (Gopherus polyphemus). Herpetologica 59(3): 311-321.

Florida Fish and Wildlife Conservation Commission [FWC]. 2007. Gopher tortoise management
plan.

Florida Fish and Wildlife Conservation Commission [FWC]. 2012. Gopher tortoise management

plan. https://myfwc.com/wildlifehabitats/wildlife/gopher-tortoise/management-

plan/#:~:text=The%20ultimate%20g0al%200f%20the,n0%20longer%20warrants%20stat

£%20listing.&text=Minimize%20the%201055%200f%20gopher,and%20improve%20gop

her%?20tortoise%20habitat.

Gilliam, F.S., and W.J. Platt. 1999. Effects of long-term fire exclusion on tree species
composition and stand structure in an old-growth Pinus palustris (Longleaf pine) forest.
Plant Ecology 140:15-26.

Girvan, M., and M.E.J. Newman. 2002. Community structure in social and biological networks.
Proceedings of the National Academy of Science 99(12): 7821-7826.

Griffith, B., J.M. Scott, J.W. Carpenter, C. Reed. 1989. Translocation as a species conservation

tool: status and strategy. Science 245: 477-480.

19


https://myfwc.com/wildlifehabitats/wildlife/gopher-tortoise/management-plan/#:~:text=The%20ultimate%20goal%20of%20the,no%20longer%20warrants%20state%20listing.&text=Minimize%20the%20loss%20of%20gopher,and%20improve%20gopher%20tortoise%20habitat.
https://myfwc.com/wildlifehabitats/wildlife/gopher-tortoise/management-plan/#:~:text=The%20ultimate%20goal%20of%20the,no%20longer%20warrants%20state%20listing.&text=Minimize%20the%20loss%20of%20gopher,and%20improve%20gopher%20tortoise%20habitat.
https://myfwc.com/wildlifehabitats/wildlife/gopher-tortoise/management-plan/#:~:text=The%20ultimate%20goal%20of%20the,no%20longer%20warrants%20state%20listing.&text=Minimize%20the%20loss%20of%20gopher,and%20improve%20gopher%20tortoise%20habitat.
https://myfwc.com/wildlifehabitats/wildlife/gopher-tortoise/management-plan/#:~:text=The%20ultimate%20goal%20of%20the,no%20longer%20warrants%20state%20listing.&text=Minimize%20the%20loss%20of%20gopher,and%20improve%20gopher%20tortoise%20habitat.

Guyer, C., and M.A. Bailey. 1993. Amphibians and reptiles of long leaf pine communities. In:
Hermann, S.M. (ed) Proceedings of the 18" Tall Timbers Fire Ecology Conference. Tall
Timbers Research Station, Tallahassee, pp 139-158

Guyer, C., S.M. Hermann, and V.M. Johnson. 2014. Social behaviors of North American
tortoises. In Biology and Conservation of North American Tortoises: 102-109.Rostal, D.
C. (Ed.); E. D. McCoy (Ed.); H. R. Mushinsky (Ed.). Baltimore: John Hopkins University
Press

Guyer, C., V.M. Johnson, and S.M. Hermann. 2012. Effects of population density on patterns of
movement and behavior of gopher tortoises (Gopherus polyphemus). Herpetological
Monographs 26:122-134.

Hermann, S.M. 1993. Small scale disturbances in longleaf pine forests. Proceedings of the 18"
Tall Timbers Fire Ecology Conference. Tall Timbers Research Station, Tallahassee,
pp.265-274

Hermann, S.M., C. Guyer, J.H. Waddle, M.G. Nelms. 2002. Sampling on private property to
evaluate population status and effects of land use practices on the gopher tortoise,
Gopherus polyphemus. Biological Conservation 108:289-298.

Jackson, D.R., and Milstrey E.G. (1989) The fauna of gopher tortoise burrows. In: Diemer J.,
Jackson D.R., Landers J.L., Layne J.N., Wood D.A. (eds) Gopher tortoise relocation
symposium proceedings. Florida Game and Freshwater Fish Commission Nongame
Wildlife Program Technical Report 5, USA, pp 86-98

Johnson, V.M., C. Guyer, S.M. Hermann, J. Eubanks, W.K. Michener. (2009). Patterns of
dispersion and burrow use support scramble competition polygyny in Gopherus

polyphemus. Herpetologica 65(2): 214-218.

20



Landers, J.L., J.A. Garner, and W.A. McRae. 1980. Reproduction of gopher tortoises (Gopherus
polyphemus) in southwest Georgia. Herpetologica 36: 353-361.

McCoy, E.D., H.R. Mushinsky, and J. Lindzey. 2006. Declines of gopher tortoise on protected
lands. Biological Conservation 128: 120-127.

Moser, W.K., and D.D. Wade. 2005. Fire exclusion as a disturbance in the temperate forests of
the USA: Examples from longleaf pine forests. Scandinavian Journal of Forest Research
20(6):17-26

Platt, W.J., and S.L. Rathbun. 1993. Dynamics of and old-growth longleaf pine population.
Proceedings of the 18" Tall Timbers Fire Ecology Conference pp. 275-297.

Riedl, S.C., H.R. Mushinsky, and E.D. McCoy. 2008. Translocation of the gopher tortoise:
difficulties associated with assessing success. Applied Herpetology 5:145-160.

Shappell, L.J., and S.M. Koontz. 2015. Fire reintroduction increased longleaf pine (Pinus
palustris L.) recruitment and shifted pine demographics in a long-unburned xeric sandhill
assemblage. Forest Ecology and Management 354: 344-352.

Simberloff, D. 1993. Species-area and fragmentation effects on old-growth forests: Prospects for
longleaf pine communities. Proceedings of the 18" Tall Timbers Fire Ecology
Conference. Tall Timbers Research Station, Tallahassee, pp.1-13.

Tuberville, T.D., E. E. Clark, and K.A. Buhlman; J. W. Gibbons. 2005. Translocation as a
conservation tool: site fidelity and movement of repatriated gopher tortoises (Gopherus
polyphemus). Animal Conservation 8: 349-358.

Tuberville, T.D., T.M. Norton, B.D. Todd, J.S. Spratt. 2008. Long-term apparent survival of
translocated gopher tortoises: A comparison of newly released and previously established

animals. Biological Conservation 141: 2690-2697.

21



Tuberville, T.D., T.M. Norton, B.J. Waffa, C. Hagen, T.C. Glenn. 2011. Mating system in a
gopher tortoise population established through multiple translocations: Apparent
advantage of prior residence. Biological Conservation 144: 175-183.

United States Fish and Wildlife Service [USFWS]. 1987. Endangered and threatened wildlife
and plants; determination of threatened status for the gopher tortoise (Gopherus
polyphemus). Federal Register 52:25376-25380.

United States Fish and Wildlife Service [USFWS]. 2011. Endangered and threatened wildlife
and plants; 12-month finding on a petition to list the gopher tortoise as threatened in the
eastern portion of its range. Federal Register 76:45130-45162.

Wade, D. 1993. Societal influences on prescribed burning. Proceedings of the 18" Tall Timbers

Fire Ecology Conference. Tall Timbers Research Station, Tallahassee, pp.351-355.

22



Chapter 2

Detecting Social Networks in Translocated Gopher Tortoises

Introduction

Translocations are implemented to remove individuals from areas where they are
imperiled (i.e. urban development), and to place them where reestablishment of previously lost
populations or augmentation of existing populations are reasonable conservation strategies
(Bauder et al., 2014). Successful translocations require knowledge of population and social
structure of the target species to ensure the best chance of establishment and persistence of a
population following translocation (Dodd and Siegel, 1991). However, the term “successful”
can often be misleading unless it is clearly defined (Riedl et al., 2008). For example, bighorn
sheep (Ovis canadensis) that were translocated to areas where the species was previously
extirpated, took decades to establish historic migration routes due to the time lag required for
cultural evolution to recreate migratory movement patterns (Jesmer et al., 2018). Thus, it is
imperative that managers understand key aspects of population ecology and social structure of a
target species prior to initiating translocation projects.

The gopher tortoise (Gopherus polyphemus) has experienced significant habitat losses
for over 25 years (cf. Diemer 1986) and recent range-wide population declines have resulted in
the species being one of the most commonly translocated reptiles (Ashton and Burke, 2007).
This is largely due to attempts by conservation groups and land managers to save individuals and
populations threatened by habitat loss (cf. Ashton and Burke, 2007; Diemer 1986). Because
gopher tortoises are translocated so frequently, data have accumulated that allow establishment

of best management practices for the species. Such practices emerge by comparison of patterns
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of site fidelity (see: Ashton and Burke, 2007; Tuberville et al., 2005; 2008; Bauder et al., 2014)
and mating and nesting success (see: Burke, 1989; Tuberville et al., 2011) at translocation sites
to similar data reported from natural populations (see: Auffenberg and Franz, 1982; Landers and
Speake, 1980; Landers et al., 1980; Ernst et al., 1994; Hermann et al., 2002; Eubanks et al.,
2003; Guyer et al., 2012).

Guyer et al. (2014) reported that a naturally occurring population of gopher tortoises
exhibits non-random social structure characterized by the presence of subgroups, or social
cliques, within the social network. These social cliques form because individual tortoises choose
to interact with certain neighbors and not others. The social network that emerges from such
interactions results from scramble competition polygyny exhibited by males seeking mates and
from agonistic interactions of females seeking exclusive access to nest sites at burrows (Johnson
et al. 2009; Guyer et al., 2014). These social interactions are documented from instances of
burrow sharing (two tortoises in the same burrow at the same time) and instances of presumed
chases (one tortoise occupying a burrow that was previously occupied by another tortoise)
(Johnson et al., 2009). Within the network, individuals from the same social clique readily
interact while actively avoiding individuals from other social cliques, or subgroups (Guyer et al.,
2014). These interactions were reported for a population of tortoises that had been on the
landscape for decades, and so it is possible that these complex networks of inter- and
disconnected subgroups take decades to develop and may reform following disturbances (Guyer
etal., 2014).

While gopher tortoises have been the subject of numerous translocation studies (cf.
Burke, 1989; Ashton and Burke, 2007; Tuberville et al., 2005; 2008; 2011), no study has

considered the effect of translocation on social networks. Furthermore, few studies have looked
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at the effect of aggregating multiple populations of gopher tortoises at one site — an increasingly
common practice (Matt Aresco, pers. comm.; Porter et al., 2019). Guyer et al. (2014) provide
preliminary data describing social networks among free-ranging gopher tortoises. | used this
baseline to evaluate creation of social cliques, using burrow interaction behaviors (see: Johnson
et al., 2009) and network analyses (Girvan-Newman, 2002), within a translocated population. |
predicted that social structure within the translocated population would be composed of cliques,
as in native populations. Because the translocated population was created by aggregating
individuals from multiple source populations, | predicted that social cliques would only contain
individuals from the same source populations because they likely retain a social history with
each other. In assessing these predictions, | addressed the following questions: Do social
networks, containing subgroups as documented in Guyer et al. (2014), develop in gopher
tortoises following translocation? If so, do subgroups contain individuals from multiple source

populations?

Methods

Field Study — This study was conducted at Nokuse Plantation, a 21,853-ha private
conservation site in Walton Co., Florida, USA. In May 2017, an 8.32-ha translocation pen was
established, using silt fence attached to wooden stakes, as part of the Plantation’s ongoing
restoration and conservation efforts. This study was conducted in conjunction with an already
established translocation program but necessarily included several unpredictable factors such as
when tortoises would arrive on site and how many individuals would be placed within the
translocation pen. Eighteen “starter” burrows, initial digs to facilitate natural burrowing

behavior, were created within the pen along the western perimeter to provide immediate refuge
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from heat for incoming gopher tortoises. All starter burrows were numbered using aluminum
tree-tags staked into the ground directly adjacent to the mouth of the burrow and coordinates
recorded using a Garmin® Oregon 450t GPS.

There were 10 release events from 19 June to 26 September 2017 (Table 1). Individuals
represented 7 source populations from 5 Florida counties. In total, 61 individuals (30 females,
23 males, and eight subadults) were released into the study pen for a final density of 7.3
tortoises/ha(Appendix I). Of the 61 individuals released, 46 adults were outfitted with a radio
transmitter. Tortoises with carapacial scutes too small to accommodate a transmitter did not
receive one, thus seven adult tortoises were not outfitted with a transmitter. The eight subadults

were excluded from the study.

Table 1. The number of gopher tortoises translocated to Nokuse Plantation from 19 June — 26
Sept. 2017 and released into the study pen by source population and county (n=61). The total
number of adult tortoises that were tracked (n=53) and the total that were tracked via radio
telemetry (n=46) by source population and county.

Source County # # #
Population Translocated Transmitters Tracked

Cherry Lake Lake 15 10 14
Nocatee St. Johns/Duval 13 9 11
Charlotte Harbor St. Johns/Duval 1 1 1
Avila Hillsborough 3 3 3
Sawyer’s Landing Volusia 5 4 5
Alta Lakes Duval 19 14 14
Cascades Lake 5 5 5
Totals 61 46 53

All tortoises moved to Nokuse Plantation as part of this study were processed and
released within 48 hours of arrival. Upon arrival, individuals were measured for total length,
carapace length, plastron length, plastron concavity, height, width, and mass. Sex was

determined for adult tortoises measuring >190 mm carapace length using plastron concavity, as
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adult males generally have a more pronounced plastron concavity compared to females (McRae
etal., 1981). Individuals were marked with a unique identification number by drilling holes in
marginal scutes per Nokuse’s numbering scheme. To further facilitate research, the number was
also painted on the posterior and lateral sections of the carapace using non-toxic paint for visual
identification when using burrow scopes. Adult tortoises were then fitted with a radio
transmitter (American Wildlife Enterprises, Inc.) attached to a single carapacial scute using JB
Water Weld®. Once intake procedures were completed for all individuals within an arriving
group, tortoises were released into the translocation pen.

For each release event, or group of incoming tortoises, an individual tortoise was placed
at the mouth of the first unoccupied starter burrow encountered by the researcher. As starter
burrows became occupied, more were created to ensure all individuals had access to at least one
unoccupied starter burrow. Starter burrow number and time of release were recorded for all
animals.

Tracking of tortoise movements began 24-hours following release and continued 4 times
per week from 20 June 2017 until 31 October 2017. For each tracking episode, all individuals
outfitted with a transmitter were found using radio telemetry and location and time were
recorded. Burrow numbers were recorded if tortoises were found within a burrow and GPS
coordinates were recorded for those individuals found outside a burrow. The seven adult
tortoises not able to be outfitted with a transmitter were located using a burrow scope
(Environmental Management Systems, Adult Tortoise Camera System), and location recorded as
above.

Data Analysis — Tracking data were analyzed to determine the number of burrow sharing,

burrow chasing, and burrow influence events recorded. Burrow sharing was defined as two or
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more tortoises occupying the same burrow at the same time and a burrow chasing event occurred
when one tortoise moved into a previously occupied burrow within 24-hours of a previous
occupant exiting (see Johnson et al., 2009). A “burrow influence” was when one tortoise moved
into a previously occupied burrow during 25 to 48-hours of a previous occupant exiting. This
final category was created due to the large number of these events recorded during movement
tracking and expands on the previous definitions for movement behaviors established in Johnson
et al. (2009). Burrow sharing was considered a passive behavior when occurring between
individuals of the same sex, and indicative of mate-choice when occurring between individuals
of the opposite sex. Burrow chasing and, for the current study, burrow influences were
considered an aggressive behavior when occurring between individuals of the same sex, and
indicative of mate-choice when occurring between individuals of the opposite sex (Johnson et
al., 2009). | was thus able to determine the number of passive, aggressive, and mate-choice
interactions for all individual tortoises and record the identity of each tortoise engaging in an
interaction. As passive and mate-choice behaviors are indicative of positive social interactions,
these behaviors were lumped and classified as “positive interactions”.

Once all interactions were identified, a positive interaction matrix was created using only
those behaviors classified as passive or mate-choice, as described above. The matrix was
established such that, for every interaction where tortoise i acted on tortoise j, a 1 was recorded
in the cell (i,j). As burrow shares involved two tortoises in the same burrow at the same time
these interactions were, for the purpose of matrix building, considered reciprocated ties such that
both interactions (i,j) and (j,i) were recorded. For burrow chase and burrow influence events, the
tortoise that was found in the burrow previously occupied (j) was considered to have acted on the

previous occupant (i) and was not considered a reciprocated tie thus only the cell (j,i) was
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recorded. The matrix was visualized using the NetDraw® function of UCINET® software
(Figure 1; Borgatti et al., 2002) and then symmetrized in order to run the Girvan-Newman (2002)
algorithm to test for presence of subgroups within the network (Borgatti et al., 2013).

The Girvan-Newman (2002) algorithm is an iterative process used to identify cohesive
subgroups through indirect means. The process calculates the edge with the highest edge
betweenness score and then deletes that edge with the highest value. The algorithm makes an
assessment of each partition created, by comparing the number of internal links in the subgroup
to what would be expected for a random distribution, expressed as a numerical score called
modularity and denoted by Q, The higher the Q-score the more significant the groupings are that
are created through edge deletion as the algorithm iterates (Borgatti et al., 2013).

Once social cliques were identified using the Girvan-Newman (2002) algorithm function
in UCINET® software (Borgatti et al., 2002), clique composition was analyzed to determine the

number of source populations present and the sex ratios in each clique.

Results

There were 73 tracking days resulting in 1,507 unique locations recorded. Interactions
were recorded for 45 of the 53 adult tortoises tracked, for a total of 155 interactions. Of these
interactions, 27 were considered passive behaviors and 108 were considered mate-choice
behaviors and a positive interaction matrix was developed using these 135 interactions
(Appendix I1). The graph theoretical layout of the matrix was visualized using the NetDraw
function of UCINET® software (Borgatti et al., 2002; Figure 1).

Girvan-Newman (2002) subgroup analysis of the positive interaction matrix revealed the

presence of 8 social subgroups (Q-score = 0.430, Figure 1). Social subgroups ranged in number
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of individuals from 2 — 11, and the mean number of individuals within a subgroup was 5.63 (SD
+ 3.12). Cliques were mostly composed of even numbers of males and females. Seven
subgroups (87.5%) contained individuals from multiple source colonies and the mean number of
source colonies within a subgroup was 3.38 (SD £ 1.58, Figure 1). The number of source
populations per clique differed significantly than predicted (x?=65, P<0.001, df=7). Seven
tortoises were not recorded engaging in any social interaction and are represented as isolates

(Figure 1).

Discussion

Gopher tortoises appeared to form social networks, similar to those reported for a free-
ranging population, within the first year of translocation while held under penned conditions.
The social network observed in the current study contained interconnected subgroups of
tortoises, as well as isolated individuals, however it did not consist of both interconnected and
disconnected subgroups as reported by Guyer et al. (2014). While | predicted that gopher
tortoises would form social cliques comprised only of individuals from the same source
population, the majority of subgroups found contained tortoises from multiple source populations
and therefore | cannot support the hypothesis that gopher tortoise populations, following
translocation and aggregation in a pen, will remain social isolated from other populations (x*=65,
P<0.001, df=7).

Of interest to this network is the conditions under which it was formed. All 61
individuals were held within an 8.32-ha study pen for the duration of the study. This led to an
artificially high density of 7.3 tortoises/ha compared to the reported tortoise density at the Guyer

et al. (2014) study site of 0.8 tortoises/ha (Guyer et al., 2012). However, unlike the Guyer et al.
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(2014) network, the current study reported seven tortoises that were not recorded engaging in
any social interactions. This suggests that tortoises had the ability to choose to engage or not
engage in social interactions and that social interactions following translocation may not be
density dependent; however, the current study was unable to control for density and thus I cannot
say whether it influences social engagement outside of this study pen.

Individuals from the same source populations, released at the same time, did not always
interact and this was reflected in that most observed cliques (87.5%) were comprised of
individuals from multiple source populations. While I cannot say whether individuals from the
same source population interacted or not prior to being translocated, | was able to look at the
conditions prior to translocation for each source population by looking at the translocation
permits. For example, three individuals were translocated from the last 1-acre lot of a
subdivision at Avila and thus it is highly likely that these individuals were familiar with each
other. However, these three individuals were found in three separate social cliques following
analysis which could be due to previous social history and clique dynamics prior to translocation.
Guyer et al. (2014) document that tortoise cliques share overlapping geographical space and thus
the three Avila individuals could, historically, be from three separate social cliques despite being
confined to a 1-acre lot. This lack of pre-translocation movement and interaction data highlights
one of the major problems for translocation studies (Riedl et al., 2008). Future studies would
benefit from being able to determine social structure of source populations slated to be
translocated prior to those translocations occurring.

The aggregation of multiple source populations at one site did not appear to impede
development of a social network. However, while tortoises were capable of forming new social

groups within a remarkably short time span, that does not mean that these populations are
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therefore viable for the long-term. As previously addressed, the networks observed in gopher
tortoises appear to be related in part to the mating system of the species (Guyer et al., 2014;
Johnson et al., 2009) and thus a developed social network may be a precursor to mating success,
and thus long-term viability, following translocation. This could explain the apparent advantage
of prior residency in mating success of males reported by Tuberville et al. (2011). However, no
study has been published linking the two, and thus it would be an overstatement to claim such
based on these results.

It must be noted that the current study reports on a five-month study period during the
first year of a translocation when all tortoises were held in a pen. As such, the information
provided falls short of the long-term monitoring efforts required to assess the success of a
translocation (Ashton and Burke, 2007). Further research is required to determine factors such
as network stability, if site fidelity is influenced by network interactions, and if mating success is
tied to subgroup formation, and requires long-term monitoring following the removal of the pen.
Future projects should also look to establishing more controlled systems, as possible, to assess
the effect of those significant relationships reported herein. Finally, future research should focus
on determining factors that influence gopher tortoise social interactions and subgroup
membership in naturally occurring, free-ranging populations so that managers have a better
benchmark to determine the success of translocations in establishing populations that behave

normally.
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Tables and Figures
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Figure 1. Visualization of the social network of 53 adult gopher tortoises (individually
numbered) formed from 19 June — 31 October 2017 while held in a translocation pen.
Circles denote females, squares denote males, and node size correlates to mass of the
individual. Node color denotes source population (see: Legend) such that tortoise 606 is a
large male from the Avila population. Arrows represent the direction of the interaction tie.
Dashed orange lines enclose the eight social subgroups found via the Girvan-Newman
(2002) algorithm of which seven (87.5%) contain individuals from multiple source
populations. The seven isolate gopher tortoises not connected by a tie were not recorded
in any social interactions.
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Appendix |. Details for each of 61 gopher tortoises released into the study pen at Nokuse

Plantation from 19 June — 26 September 2017. Table includes morphology data, donor site,

county of origination, and release date.

Tortoise ID Transmitter Sex Mass(kg) TL(mm) MCL(mm) MPL(mm) PC(mm) Width(mm) Height(mm) Donor Site Donor County Permit Date Rel d
578 150.0660 M 4.19 283 290 15 208 122 Cherry Lake Lake LAK-274 19-Jun-17
579 150.4236 F 5.26 324 323 6 232 136 Cherry Lake Lake LAK-274 19-Jun-17
580 151.2152 F 5.47 315 316 5 229 138 Cherry Lake Lake LAK-274 19-Jun-17
581 F 1.59 214 210 5 158 89 Cherry Lake Lake LAK-274 19-Jun-17
582 M 1.65 218 220 8 156 89 Cherry Lake Lake LAK-274 19-Jun-17
583 M 2.33 233 235 7 168 100 Cherry Lake Lake LAK-274 19-Jun-17
584 SA  0.74 171 170 4 123 72 Cherry Lake Lake LAK-274 19-Jun-17
585 F 1.79 251 241 237 3 172 97 Cherry Lake Lake LAK-274 22-Jun-17
586 150.9970 F 3.98 291 276 273 6 211 116 Cherry Lake Lake LAK-274 22-Jun-17
587 151.3652 M 3.96 306 285 288 14 199 127 Cherry Lake Lake LAK-274 22-Jun-17
588 151.7560 M 4.33 314 291 295 14 213 125 Cherry Lake Lake LAK-274 22-Jun-17
589 151.7994 M 3.16 277 266 262 11 199 109 Cherry Lake Lake LAK-274 22-Jun-17
591 151.0754 F 2.90 269 257 259 4 182 102 Cherry Lake Lake LAK-274 22-Jun-17
592 150.9686 F 2.55 257 246 238 5 187 95 Cherry Lake Lake LAK-274 22-Jun-17
616 150.6782 F 4.21 312 296 297 7 223 120 Cherry Lake Lake FLA-015 28-Jun-17
594 F 1.39 215 209 209 4 152 78 Nocatee BC StJohns/Duval FLA-015 28-Jun-17
595 151.1228 M 3.02 275 259 261 10 188 109 Nocatee BC St Johns/Duval FLA-015 28-Jun-17
596 150.5330 M 3.82 293 272 284 13 201 115 Charlotte Harbour StJohns/Duval FLA-015 15-Jul-17
597 150.9420 F 3.50 313 291 292 5 208 117 Nocatee BC St Johns/Duval FLA-015 15-Jul-17
601 151.5986 SA  1.06 192 192 179 2 140 81 Nocatee BC St Johns/Duval FLA-015 15-Jul-17
603  150.2280 F 4.30 304 287 287 4 213 118 Avila Hillsborough  HIL-138 24-Jul-17
605 150.9462 F 5.97 333 321 315 2 248 134 Avila Hillsborough  HIL-138 24-Jul-17
606 150.9992 M 5.46 325 308 309 14 223 131 Avila Hillsborough  HIL-138 24-Jul-17
607 150.8620 F 1.93 229 218 220 3 171 96 Nocatee BC St Johns/Duval FLA-015 6-Aug-17
608 151.0050 F 3.52 289 282 271 5 203 112 Sawyer's Landing  Volusia VOL-098 14-Aug-17
609 150.5255 M 3.28 283 259 273 9 195 110 Sawyer's Landing Volusia VOL-098 14-Aug-17
610 F 1.59 219 206 211 5 156 88 Sawyer's Landing Volusia VOL-098 14-Aug-17
725 150.7205 F 4.05 313 293 293 3 218 118 Sawyer's Landing Volusia VOL-098 14-Aug-17
727 151.6542 F 3.77 302 283 280 4 214 118 Sawyer's Landing Volusia VOL-098 14-Aug-17
618 151.0660 F 4.09 303 287 276 4 209 120 Nocatee BC StJohns/Duval FLA-015 7-Sep-17
619 151.0890 M 2.25 235 229 225 8 174 98 Nocatee BC St Johns/Duval FLA-015 7-Sep-17
620 151.4642 F 341 285 274 273 4 204 108 Nocatee BC St Johns/Duval FLA-015 7-Sep-17
622 151.1630 M 4.32 302 290 283 14 229 117 Nocatee BC StJohns/Duval FLA-015 7-Sep-17
726 151.3800 M 3.52 289 271 277 13 212 107 Nocatee BC StJohns/Duval FLA-015 7-Sep-17
613 151.1123 M 4.68 305 292 293 6 222 125 Alta Lakes Duval DUV-169 7-Sep-17
614 1519132 M 3.52 266 258 251 15 200 114 Alta Lakes Duval DUV-169 7-Sep-17
615 151.0380 M 3.95 303 283 289 14 212 120 Alta Lakes Duval DUV-169 7-Sep-17
617 151.0945 F 4.01 288 283 271 6 214 116 Alta Lakes Duval DUV-169 7-Sep-17
621 151.2255 F 4.79 318 299 304 6 220 125 Alta Lakes Duval DUV-169 7-Sep-17
719 151.7000 F 4.09 299 276 281 0 207 116 Alta Lakes Duval DUV-169 7-Sep-17
728 151.1432 F 3.98 292 277 274 7 202 115 Alta Lakes Duval DUV-169 7-Sep-17
625 M 159 216 209 209 5 156 82 Nocatee BC StJohns/Duval FLA-015 9-Sep-17
626 SA 117 193 188 183 2 144 78 Nocatee BC StJohns/Duval FLA-015 9-Sep-17
624 151.0200 F 2.02 238 232 229 4 168 94 Nocatee BC St Johns/Duval FLA-015 9-Sep-17
623 151.1720 M 2.03 235 227 225 6 166 92 Alta Lakes Duval DUV-169 9-Sep-17
100 SA 113 196 192 188 2 140 80 Alta Lakes Duval DUV-169 9-Sep-17
200 SA  1.03 184 180 172 4 136 79 Alta Lakes Duval DUV-169 9-Sep-17
400 SA  0.95 184 179 178 2 133 77 Alta Lakes Duval DUV-169 9-Sep-17
627 151.7188 M  2.09 241 230 229 8 168 94 Alta Lakes Duval DUV-169 9-Sep-17
628 151.7230 M 5.08 319 304 301 13 227 130 Cascades Lake LAK-092 26-Sep-17
629 151.7504 F 2.92 292 275 274 5 204 115 Cascades Lake LAK-092 26-Sep-17
630 151.0468 M 2.16 262 246 248 8 185 102 Cascades Lake LAK-092 26-Sep-17
631 151.8276 F 3.13 290 270 279 4 204 110 Cascades Lake LAK-092 26-Sep-17
729 151.4935 F 6.40 345 325 319 5 246 142 Cascades Lake LAK-092 26-Sep-17
731 151.5915 F 3.70 294 283 272 2 205 123 Alta Lakes Duval DUV-169 26-Sep-17
732 1516925 M 4.50 268 288 250 15 216 122 Alta Lakes Duval DUV-169 26-Sep-17
733 150.7038 F 4.40 298 279 273 5 220 127 Alta Lakes Duval DUV-169 26-Sep-17
734 1514710 F 4.40 302 287 289 4 217 121 Alta Lakes Duval DUV-169 26-Sep-17
735 151.2255 M 3.04 288 270 275 9 188 112 Alta Lakes Duval DUV-169 26-Sep-17
737 SA 210 235 222 223 8 165 97 Alta Lakes Duval DUV-169 26-Sep-17
760 SA 170 228 215 218 6 157 89 Alta Lakes Duval DUV-169 26-Sep-17
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Appendix Il. Positive interaction matrix developed from observed gopher tortoise interactions,

from June — October 2017, indicative of passive (n=27) or mate-choice(n=108) behaviors.
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