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Fig. 2 Picture of the white particulate layer created at the oxycline in a Mnemiopsis leidyi 

laboratory aquarium. One of the animals can be seen feeding on this material. The water above 

this layer was normoxic and below was hypoxic (Fig. 1). Photo courtesy of J. Daniel (Moss 

Lab), Oxygen readings courtesy of R. Henry and T. Moss.  
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Fig. 3 Experimental cylindrical tank in which an artificially produced oxycline was formed by 

layering air-saturated normoxic sea water (PO2 > 130 Torr; 34‰; 21 °C)  over oxygen-stripped 

hypoxic sea water. Water flow was stopped before animals were added for trials. A 3 cm 

Mnemiopsis is shown to scale. Ctenophore image: (Wood et al. 2015) 
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Fig. 4 Respiration cell used to determine the mass-specific oxygen consumption rates of M. 

leidyi in progressive hypoxia. Ctenophore image: (Wood et al.) 
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Fig. 5 Comparisons of the percent of the tank (21 °C; 34 ‰; sea water) available to M. leidyi 

(n=8) in each location category vs. the percent time that the animals spent in each location during 

the experiments. While the Top (PO2 > 130 Torr) , Bottom (PO2 < 60 Torr), and Interface 

locations each represented less than 4% of the tank, the animals spent approximately 41%, 27%, 

and 24% of their time in these locations, respectively. On the other hand, Travel represented the 

other 91% of the tank, and the animals spent less than 7% of their time in this area. This 

indicates that these animals spent a disproportionate amount of time in some locations and were 

treating the oxycline interface as a specific location.  
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Fig. 6 Manly selectivity ratios (used/available) indicating the extent to which each location in the 

Mnemiopsis leidyi experimental tank was selected for relative to its availability. Values >1 

represent selection for, while values <1 represent selection against that location.  
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Fig. 7 Comparisons of the percent time Mnemiopsis leidyi spent swimming in the water column 

of the tank when the tank contained entirely normoxic water, entirely hypoxic water, or was split 

by an oxycline in the middle of the tank. This increase in swimming represents the excursions 

the animals made from the water’s surface to the oxycline and back to the surface.  

*Significance: p<0.05 

* 
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Fig. 8 Irregular spheres of the white particles collected from the oxycline in the M. leidyi holding 

tank. The particles are seen between ripped pieces of filter. Box A denotes the portion analyzed 

by EDS (Table 5).  
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Fig. 9 Mass-specific oxygen consumption rates in progressive hypoxia for Mnemiopsis leidyi 

(n=6). These rates did not change appreciably (slope = 0.025) over the first 24 hours of oxygen 

consumption. 
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Animal size (cm3) n # of responses 

>15.75 cm3 8 8 

<15.75 cm3 3 0 

Table 1: Results of size-dependent M. leidyi responses to an artificially created oxycline. After 

preliminary trials, specimens <15.75 cm3 were no longer used in experiments or analyses.  
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Location Observed Expected 

Top 40.89 3.77 

Bottom 27.39 3.77 

Travel 6.87 91.13 

Interface 24.86 1.32 

 χ2 = 1011.17 p<0.001 

Table 2 Results of the χ2 analysis, comparing percent of time Mnemiopsis leidyi used each 

location in the tank (observed values) to the percent of the tank which represented each location 

(expected values).  
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 Top Interface Bottom Travel Rank 

Top  0.06975 1.5759 11.3302 3 

Interface -0.06975  1.05735 11.8575 2 

Bottom -1.5759 -1.0575  3.2024 1 

Travel -11.3302 -11.8575 -3.2024  0 

Table 3 Compositional analysis preference ranking matrix for location utilization by Mnemiopsis 

leidyi in an experimental tank containing an artificial oxycline. Each cell displays the values of t, 

in the t-tests comparing the row and column locations. A positive value indicates that the row 

location is used more than would be expected if there were no preference between the row and 

column locations. Rank is a count of total number of positive cells and indicates increasing 

proportional use.  

 

 Top Interface Bottom Travel Rank 

Top  + + +++ 3 

Interface -  + +++ 2 

Bottom - -  +++ 1 

Travel --- --- ---  0 

Table 4 Simplified preference ranking matrix for Mnemiopsis leidyi location selection.  

+ indicates preference for the row category to the column category, while - indicates the row 

location was not preferred to the column location. Tripled signs indicate significance (p<0.05). 
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n PO2 in Top Half of 
Tank (Torr) 

PO2 in Bottom Half 
of Tank (Torr) 

# responses to 
oxycline 

6 150 150 0 

6 150 100 0 

6 150 80 0 

6 150 70 0 

6 150 60 6 

Table 5 Results of experiments determining the PO2 threshold at which Mnemiopsis leidyi 

begins displaying hypoxia-associated behaviors (e.g. avoidance, refusal to cross oxycline, etc). 

These results indicate that the animals respond behaviorally to hypoxia at a PO2 from 70 – 60 

Torr (21 °C; 34 ‰; sea water). 
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Element Percent 

Sulfur 19% 

Carbon* 75% 

Oxygen 5% 

Gold* 1% 

Table 6 EDS analysis the percent of each element found in Box A of Fig. 7 of the particles from 

the oxycline in the M. leidyi holding tank. * The carbon and gold were deemed to be artifacts of 

the SEM stub and method of preparation.  
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Chapter 3. Locomotory behavioral response of Mnemiopsis leidyi to a focal, discrete, artificial 

oxygen source 

3.1 Introduction 

Although the availability of oxygen is often taken for granted in terrestrial environments, 

breathing can be a persistent struggle for marine organisms. Oxygen (O2) is not as readily 

available in aquatic environments as in air. Slower diffusion, lower concentrations, and faster 

local consumption by aerobic organisms all lead to variability in O2 availability for those marine 

creatures. Oxygen concentrations can range from 0 mg L-1 to approximately 8 mg L-1 (0-100% 

air saturation) depending on salinity and temperature, photosynthetically active organisms can 

increase the oxygen concentrations in shallow estuaries to >16 mg L-1 (>200% air saturation). 

Both sessile and mobile estuarine organisms have evolved physiological and behavioral 

responses to what can be a changeable, challenging environment. While O2 availability has been 

heavily researched in many marine systems (Helly and Levin, 2004), it is not well understood 

how many species - especially invertebrates - respond when confronted with low oxygen 

(hypoxic) environments. Hypoxia is generally defined as oxygen concentrations below 2.0 mg L-

1 (approximately 30% air saturation), though species-specific physiological O2 thresholds are 

highly variable (Mangum and van Winkle, 1973; Steckbauer et al., 2011; Vaquer-Sunyer and 

Duarte, 2008). The vertical distributions and diel migrations of cnidarian medusea and 

ctenophores (referred to henceforth simply as jellies) in areas of low dissolved O2 have been 

studied in multiple marine habitats (Ilamner and Hauri, 1981; Purcell et al., 2014, 2001b; 

Kolesar, 2010). However, recent publications suggest a need for more hypoxia-induced 

behavioral information in order to better elucidate the ecological impacts of gelatinous organisms 

in low oxygen conditions (Gray et al., 2002; Spicer, 2014).  
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The occurrence of both episodic (minutes to days) and persistent (months to years) 

hypoxia is an important physical feature of many habitats populated by jellies such as estuaries, 

bays, shallow coastlines, and marine lakes (Breitburg, 1992; Breitburg et al., 2003; Hamner et 

al., 1982a; Purcell et al., 2001b). Warm weather, microbial degradation of organic matter,  and 

shallow water may create ephemeral hypoxia by stratifying the water column by density, 

preventing the re-aeration of bottom waters (Officer et al., 1984; Rabalais et al., 1994). O2 

depletion may also be intensified by acidification and excess nutrient input from anthropogenic 

sources, which enhances microbial activity and O2 consumption (Justić et al., 2003; Melzner et 

al., 2012). These effects are predicted to increase worldwide, thus artificially inflating the 

prevalence, frequency, and intensity of temporary hypoxic events (Altieri and Gedan, 2015; 

Conley et al., 2011; Diaz and Rosenberg, 2008; Legović, 1987; May, 1973). Ephemeral hypoxic 

episodes may last from minutes to days and are common and widely dispersed along the Atlantic 

coasts of North and South America (Breitburg, 1990; Diaz and Rosenberg, 2008), as well as in 

the Gulf of Mexico and the Black Sea (Gupta et al., 1996; Zaitsev, 1992). These areas represent 

both the natural and invasive habitats of the ctenophore Mnemiopsis leidyi (Purcell et al., 2001a).  

Ctenophores, like Mnemiopsis leidyi, are gelatinous zooplankton found in all oceans and 

characterized by eight locomotory rows of ciliated comb plates known as ctenes. M. leidyi uses 

two oral lobes to entrap zooplankton and other small prey items. The ecological significance of 

this species has been widely recognized since the introduction of the North American 

Mnemiopsis leidyi to the Black Sea in the 1980s, where they collapsed the food web and 

devastated fisheries. M. leidyi, while precise and exacting in movement, is functionally 

planktonic (Haddock, 2007). Unable to escape currents and tides, they are at the mercy of their 

environment, and are have accordingly evolved mechanisms to adapt to many conditions. Like 
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cnidarians, ctenophores lack the ability to control the mass-transfer of oxygen and other gases 

through their body tissues. Diffusion across their outer epithelium, which is only one cell thick, 

is their only known mechanism of respiration (Purcell et al., 2001b), though ventilation via 

pumping of their comb plates may provide additional oxygen exposure. They are also highly 

tolerant of hypoxic conditions, possibly as a result of high surface area for gas exchange, and are 

able to survive and function at levels lethal to many fishes and other gelatinous zooplankton 

(Finenko et al., 2006; Purcell et al., 2001b) 

For highly mobile animals the most frequently observed response to hypoxia is 

avoidance. Fish will generally avoid areas of low oxygen, while even sea cucumbers will creep 

along the benthic substrate to find sites of higher oxygenation (Farrell and Richards, 2009; 

Newell and Courtney, 1965). When confronted with inescapable hypoxia, many species of 

fishes, crabs, and amphibious snails will partially or entirely emerge from the water onto land 

where they are able to partially respire through their skin, gills, or modified lungs (Jones, 1961; 

Taylor et al., 1977; Yoshiyama and Cech, 1994; Yoshiyama et al., 1995). Other fishes may even 

gasp at the surface of the water to gulp air for added respiration (Sloman et al., 2008). Perhaps 

the most highly derived behavioral response to hypoxia is that of the bulb-tentacle sea anemone 

(Entacmaea quadricolor), which is oxygenated throughout the night by the fanning motion of its 

mutualistically symbiotic two-banded anemonefish (Amphiprion bicinctus) (Szczebak et al., 

2013). All of these behaviors provide a competitive advantage over animals unable to 

compensate for the low availability of oxygen in their environment. 

Recent observations suggest the functionally planktonic Mnemiopsis leidyi may be able 

to survive hypoxia by utilizing temporary, localized, discrete sources of oxygen (e.g., 

photosynthesizing aquatic plants and macroalgae). Accounts of M. leidyi in the West Falmouth 
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Harbor, (Falmouth, MA, USA) describe animals sliding down blades of benthic seagrass, 

presumably collecting organisms for food and possibly photosynthetically derived oxygen (Moss 

pers. obs. 2011). This presumption was further supported by laboratory Mnemiopsis leidyi in 

Auburn University (Auburn, AL, USA) repeatedly associating with the bubbles found 

underneath floating mats of green algae (Fig. 1). This behavior only occurred when the tanks 

contained excessive amount of decomposing material and were hypoxic (<2.0 mg L-1). This 

study was then performed to test (1) if M. leidyi is able to detect a discrete, focal source of 

oxygen. And if so (2) do they associate with this source in a manner indicative of utilization of 

the oxygen? 

 

3.2 Materials and Methods 

3.2.1 Specimen collection and husbandry 

Specimens of Mnemiopsis leidyi were collected via plankton net from the Gulf of Mexico 

off the coast of Dauphin Island (AL, USA) and driven to Auburn University (Alabama, USA) in 

sealed 5-gallon buckets. Other specimens were ordered from Gulf Specimen Marine 

Laboratories, Inc. (Panacea, FL, USA) and shipped to Auburn overnight in water from their 

habitat. Animals were transferred to 50 gallon kreisel tanks with sumps and overhead reservoirs 

(21 °C; 34 ‰; sea water) and the tanks were cycled and aerated by pump every 12 hours. 

Animals were fed brine shrimp (Artemia salina) nauplii every morning and allowed to feed ad 

libitum. Prior to experiments, specimens were placed in 50mL of the experimental water and 

allowed to acclimatize for at least 1 hr. 
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3.2.2 Localized Oxygen Source Experiments  

Mnemiopsis leidyi was tested for response to a discrete oxygen source by use of O2 

diffusion through dialysis tubing. We built an apparatus composed of two glass pipes connected 

by a 4 cm length of dialysis tubing (16mm diameter, MWCO 12-14,000, Spectra/por, Spectrum 

Labs) in a “U” configuration (Fig. 2). The tops of these glass pipes were used as the inflow and 

outflow connections for water pumped from reservoirs. Glass rods and silicone sealant 

reinforced the structural integrity of the apparatus, termed “Leafyi” after its association with 

aquatic leaves and M. leidyi.    

For each hypoxic experimental trial, a 1 cm-thick acrylic cylinder (60 cm tall x 10 cm 

internal diameter) was filled (21 °C; 34 ‰; sea water) and bubbled with nitrogen to scavenge 

oxygen until the partial pressure of oxygen (PO2) in the tank reached hypoxia (<40 Torr; 25 % 

air saturation). Normoxic water was air-saturated (>130 Torr; 83 % air saturation) with a bubble 

stone and pumped through the Leafyi apparatus. Preliminary trials showed that the water within 

4 cm of the dialysis tubing increased in PO2 by 15 Torr  (approx. 10% air saturation) in 30 

minutes without appreciably increasing the PO2 of the entire cylinder (1 Torr; 0.6% air 

saturation). All experiments and controls were performed as such (outlined in Table 1): 

Hypoxic Experiment: Animals were placed in the cylindrical tank of hypoxic water and 

normoxic water was run through the Leafyi apparatus.  

Hyperoxic Experiment: Animals were placed in normoxic water in the cylinder and 

oxygen gas was used to create hyperoxic sea water (> 400 Torr; 289% air saturation) to test their 

association with an oxygen source in normoxic conditions.  
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Normoxic Control: To control for any animal response to the movement of water 

through the Leafyi, the animals were placed in a normoxic cylinder and normoxic water was run 

through the Leafyi.  

Hypoxic Control: To control for any animal response to a negative oxygen gradient 

(oxygen being removed from the water), the animals were placed in a normoxic cylinder and 

hypoxic water was pumped through the Leafyi.  

Materials Control: A materials-only control was created by wrapping a length of empty 

dialysis tube around a straight piece of glass pipe. The tube was secured with silicone sealant to 

mimic all substances found on the Leafyi. This control pipe was presented to animals in a 

normoxic cylinder.  

 

Once the PO2 of the Leafyi and cylinder water were stable, animals were gently added to 

the top of the tank. To prevent the animals from obtaining oxygen from the surface of the water a 

thin circle of plastic aquarium mesh was secured 1 cm below the surface. To account for the 

effect of the Leafyi’s distance from the surface, the dialysis tube of the apparatus was either 

placed in the top half of the tank approximately 20 cm from the surface of the water (designated 

the “Upper” position) or in the bottom half of the tank approximately 40 cm from the surface of 

the water (designated the “Lower” position) (Fig. 3). Once an animal had maintained contact 

with the dialysis tubing or had stayed within 2 cm of the tubing for over a minute, the trial was 

considered a successful response and was ended. Each animal was exposed to the Leafyi in the 

Upper and Lower positions multiple times (Table 1). If the animal failed to associate with the 

Leafyi within 1 hour the trial was considered a non-response. Between each trial the animals 
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were removed and the cylinder was momentarily bubbled with either nitrogen gas or air to 

homogenize O2 concentrations throughout.   

Water samples were collected via 1 mL syringe and PO2 measurements were made by 

two Clark-type polargraphic O2 electrodes (E5046; Radiometer) connected to a dual chamber O2 

meter (OM 200, Cameron Instruments). Two identical chambers were used to confirm readings, 

and electrodes were calibrated to 0 Torr with sodium sulfite and to 155 Torr with air-saturated 

sea water. Recent studies demonstrated the possibility of an intrinsic circadian rhythm in 

Mnemiopsis leidyi (Sasson and Ryan, 2016); therefore, all experiments were conducted during 

daylight hours. It was discovered in earlier experiments that specimens under 15.75 cm3 (as 

measured by calipers along three planes of symmetry) rarely leave the surface of the water, and 

thus only larger animals were used for these trials.  

  

3.2.3 Analyses 

A binomial logistic regression was used to detect deviation from a null hypothesis of no 

effect of Upper and Lower locations of the Leafyi apparatus. Further binomial logistic 

regressions tested the relative effects of treatments on the odds M. leidyi would associate with the 

dialysis tubing of the “Leafyi.” We also compared the control treatments to each other to test for 

significance within those treatments. As each individual was tested multiple times, a random 

statement was used in each regression to account for psuedoreplication. All analyses were 

performed using statistical software package R version 3.1.3. 
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3.3 Results  

75 trials were performed on 30 individual Mnemiopsis leidyi. Out of the 27 experimental 

trials, 17 associations with the Leafyi oxygen source were observed. The majority of the 

interactions consisted of the animals wrapping their oral lobes around the dialysis tubing (Fig. 4). 

These individuals would maintain contact until the apparatus was gently shaken to remove them. 

In each of the controls, at least one animal was observed lingering within 3 cm the dialysis 

tubing of the Leafyi long enough to be considered an association (Table 2). However, none of 

these control interactions consisted of the animals wrapping their oral lobes around the dialysis 

tube. Results also indicated no significant difference between likelihood of responses between 

any of the control treatments (p>0.5).  

Results of the binomial logistic regression showed that the animals in the experimental trials 

were (outlined in Table 2):  

(A) Hypoxic Experiment animals were 8.5 (1.49-48.54, ± 95% C.I.) times as likely to 

interact with the dialysis tubing as Hyperoxic Experiment specimens (p=0.0140). This 

indicates that the animals’ association with an oxygen source occurred only when the 

animal was exposed to hypoxic conditions.  

(B) Hypoxic Experiment animals were 18.7 (1.99-174.92, ± 95% C.I.)  times as likely to 

associate with the Leafyi oxygen source as Normoxic Control animals (p=0.0088), 

indicating that the animals only associated with Leafyi when it was providing oxygen to 

the tank.  

(C) Hypoxic Experiment animals were 18.7 (1.99-174.92, ± 95% C.I.)  times as likely to 

associate with the Leafyi as animals in Hypoxic Control trials (p=0.0088). This suggests 
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that the specimens did not associate with the oxygen gradient created by the hypoxic 

Leafyi removing oxygen from the cylinder.  

(D) Hypoxic Experiment animals were 18.7 (1.99-174.92, ± 95% C.I.) times as likely to 

respond to the apparatus as animals exposed to the Materials Control (p=0.0088), 

meaning the animals were not attracted to the substances used to create  

(E) Hypoxic Experiment animals were 14.6 (4.25-50.33, ± 95% C.I.) times as likely to 

interact with the Leafyi as animals in all other control and experimental trials combined 

(p=1.43e-05).  

 

3.4 Discussion 

Despite the frequent efforts of researchers to explore the physiological tolerances and 

effects of hypoxia (low oxygen) on the ctenophore Mnemiopsis leidyi and other marine 

invertebrates, hypoxia-induced behaviors of these creatures are still not well understood (Gray et 

al., 2002; Spicer, 2014). While highly mobile animals are often able to escape temporary hypoxia 

that lasts only minutes to days, physiological adaptations are generally required for the survival 

of creatures trapped in hypoxic events. We suggest that M. leidyi is able to detect and possibly 

utilize for oxygen an apparatus analogous to in situ small-scale oxygen sources (e.g., 

photosynthesizing aquatic leaves and macroalgae).   

Specimens immersed in hypoxic water were significantly more likely to associate closely 

with a dialysis tube providing oxygen than specimens in normoxic water, suggesting such 

oxytaxis (movement towards oxygen) is likely triggered by exposure to hypoxia (Table 2). This 

is further supported by the animals’ lack of response to a hyperoxic oxygen source while in 

normoxic water. While the “Leafyi” did not appear to be increasing the PO2 of the entire cylinder 
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in these experiments, the responses of the animals suggest that the gradient was present but not 

detectable by our instruments. The physiological mechanism by which these animals sensed the 

oxygen source is not clear, but may be elucidated by future studies.  

While hypoxia can lead to large reductions in abundance and diversity of fishes and 

marine invertebrates, this extreme form of oxytaxis may represent a Mnemiopsis-specific form of 

relief from ephemeral hypoxic events. Other studies observed Mnemiopsis leidyi’s hypoxia 

tolerance allowing for the exploitation of hypoxic waters for refuge from predators and for 

facilitated capture of disabled prey (Decker et al., 2004; Keister et al., 2000; Purcell et al., 

2001b). However, while resilient to death via hypoxia, ctenophores are not invulnerable to the 

stresses of low oxygen exposure. In experimental studies, ctenophores exposed to low dissolved 

O2 had significantly reduced growth and egg production as compared to air-saturated control 

animals (Grove and Breitburg, 2005). M. leidyi is also only tolerant down to about 5 Torr  (3% 

air saturation), below which they die quickly (Thuesen et al., 2005b). While oceanic oxygen is 

generally derived from atmospheric and environmental input, using oxygen directly from the 

photosynthetic source may allow M. leidyi to survive and even thrive in conditions of severe or 

prolonged hypoxia. While these results indicate that the presence of seagrass or macroalgae may 

provide a microhabitat for the ctenophores, it is unlikely this method of hypoxia relief is viable 

for weeks or months in persistent hypoxic zones. However, future studies may prove otherwise.  

Should Mnemiopsis leidyi’s oxytaxis provide a competitive advantage over its prey and 

predator species the implications could be significantly adaptive for such populations. M. leidyi 

is known to have a powerful perturbing effect on the plankton populations in Chesapeake Bay, 

where ephemeral hypoxia is a nearly daily occurrence in summer (Breitburg, 1990; Purcell and 

Decker, 2005; Purcell et al., 2001a). In the frequently hypoxic Black Sea, invasive M. leidyi was 
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responsible for decimating entire ecosystems and devastating already overharvested fisheries 

(Purcell et al., 2001a; Shiganova, 1998). While these hypoxic events are natural features of the 

world’s oceanic coasts and estuaries, anthropogenic influences (e.g., nutrient input and ocean 

acidification) are already increasing the severity, prevalence, and frequency of such phenomena 

(Altieri and Gedan, 2015; Justić et al., 2003; Melzner et al., 2012). Worldwide populations of 

jellies are also booming as a result of overfishing and other anthropogenic stressors on marine 

ecosystems (Purcell, 2012). Our observation of ctenophore oxytaxis reavels expanded 

chemosensory capabilities in this ancient sister taxon to all of Metazoa (Whelan et al., 2015). 

Therefore, this new behavior carries not only interest to species-specific science, but also 

evidence of the vast manners by which some creatures are able to thrive over others in our 

increasingly disturbed oceans. 
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Fig. 1 Three Mnemiopsis leidyi ctenophores associating with the bottom of a floating mat of 

green algae in a laboratory holding aquarium at Auburn University. Bubbles from this mat can be 

seen near the top of the picture.   
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Fig. 2 Leafyi localized oxygen source apparatus  
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Fig. 3 Two positions (Upper, Lower) of the Leafyi apparatus during trials. Each animal was 

introduced to both positions at least once. Mesh was placed at the surface of the water to prevent 

the animals from obtaining oxygen there. One 3 cm Mnemiopsis leidyi is shown to scale. 

Ctenophore image: (Wood et al.) 
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Fig. 4 Picture of Mnemiopsis leidyi wrapping its oral lobes around the dialysis tubing of the 

Leafyi apparatus during an experimental trial.  
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 Leafyi water Cylinder water n Total # trials 

Hypoxic 
Experiment Normoxic Hypoxic 6 27 

Hyperoxic 
Experiment Hyperoxic Normoxic 6 12 

Normoxic 
Control Normoxic Normoxic 6 12 

Hypoxic  
Control Hypoxic Normoxic 6 12 

Materials 
Control Materials only Normoxic 6 12 

Table 1 Outline of experiments and controls for Leafyi apparatus to test localized oxygen source 

behaviors in Mnemiopsis leidyi. Normoxia was defined as being >140 Torr, while hypoxia was 

<40 Torr.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

89 

 Leafyi 
Water 

Cylinder 
Water 

n 
Total 

# 
trials 

Total # 
associations 

Beta estimate 
(Hypoxic 

Experimental 
animals were 
___ times as 

likely to 
associate) 

p-
value 

Hypoxic 
Experiment Normoxic Hypoxic 6 27 17 NA NA 

Hyperoxic 
Experiment 

(A) 
Hyperoxic Normoxic 6 12 2 8.5 0.0140 

Normoxic 
Control 

(B) 
Normoxic Normoxic 6 12 1 18.7 0.0088 

Hypoxic 
Control 

(C) 
Hypoxic Normoxic 6 12 1 18.7 0.0088 

Materials 
Control 

(D) 

Materials 
only 

Normoxic 6 12 1 18.7 0.0088 

All 
Treatments 

except 
Hypoxic 

Experiment 
(E) 

NA NA 24 48 5 14.6 1.43e-05 

Table 2 Results of binomial logistic regressions comparing the likelihood of Mnemiopsis leidyi 

associating with the Leafyi apparatus oxygen source under variable states of oxygenation (A-D). 

(E) Indicates comparison of Hypoxic experimental responses to all other treatments combined.                 

 

 

 


