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1 ASSESSING CONSISTENCY IN SOCIAL BEHAVIOR DURING PUBERTAL TRANSITIONS 
 Adaniya K1, Demas GE1,2,4, Wellman CL2,3,4, Cusick JA1,2 

1Department of Biology, 2Center for the Integrative Study of Animal Behavior, 3Department of 
Psychological and Brain Sciences, and 4Program in Neuroscience, Indiana University 

 Animal personality, or consistent individual differences in behavioral traits, is well documented 
across taxa. Recent evidence suggests personality can change across life stages due to effects of 
experience or changes in the physiological mechanisms that underlie behavior (e.g., hormones). 
Puberty, a life stage associated with physical and social changes, could affect individual consistency 
in behavioral traits. We investigated whether individuals were consistent in their social behavior as 
juveniles and again after puberty in Siberian hamsters, Phodopus sungorus. We exposed 15 
individuals (N=11 males, N=8 females) to a 15-minute resident-intruder paradigm twice as juveniles 
and once as adults. For each trial, we calculated their social and avoidance scores. Individuals’ 
avoidance score was repeatable across juvenile and adult stages. As juveniles, individuals displayed 
moderate repeatability in their social score, but did not display repeatability in their social score 
between juvenile and adult stages. These results suggest that some behavioral traits are consistent 
across life stages, while others change as individuals mature.   

2 INVOLVEMENT OF PROTEIN PHOSPHATASE 1 IN CONDITIONED INHIBITION-RELATED REDUCTIONS IN 
EXCITABILITY OF HERMISSENDA CRASSICORNIS TYPE B PHOTORECEPTORS 

 Anderson JB, Cavallo J, Farley J 
Department of Psychological and Brain Sciences and Program in Neuroscience, Indiana University 

 Explicitly unpaired (EU) presentations of light and rotation produce behavioral changes in the sea 
snail Hermissenda crassicornis that satisfy the behavioral criteria for conditioned inhibition (CI) 
learning. This is accompanied by decreased excitability of type B photoreceptors (B cells) due to 
corresponding increases in K+ currents. We’ve previously shown that protein phosphatase 1 (PP1) 
inhibitors: 1) depolarize untrained (UNT) B cells and reduce somatic K+ currents, partially mimicking 
the effects of associative conditioning (light - rotation pairings), 2) blocked the excitability (spike 
frequency) decreases produced by extinction training (a form of learning that overlaps 
mechanistically with EU conditioning). Conversely, injection of catalytically-active PP1 (caPP1) into 
UNT B cells partially mimicked the spike frequency declines produced by extinction training and 
occluded further reductions in spiking by additional extinction training. Additional measurements 
showed that caPP1 increased both the transient and delayed components of K+ current, previously 
shown to mediate the EU-related decrease in B cell excitability. Thus, we hypothesized that PP1 
activity may contribute to EU-training effects on B cells. To test this, we injected B cells from UNT 
and EU-trained animals with the core peptide fragment of the PP1 regulatory G subunit (GM), which 
acts as a competitive inhibitor of PP1. Iontophoresis of 25uM GM increased B cell SSGPs from UNT 
(19.5%; n.s.) and EU-trained (52.7%; p=0.0167) animals. Whereas EU training resulted in a 40.0% 
reduction in B cell SSGP (P<0.001), SSGPs of GM treated B cells from EU-trained animals were 
indistinguishable from untreated B cells from UNT animals. Thus, GM treatment abolished the EU-
related decrease in B cell excitability. Our results suggest that: 1) upregulation of PP1 activity is an 



important component of the EU-mediated decrease in B cell SSGP, 2) PP1 is constitutively active in B 
cells of UNT animals.  

3 THE LOG LESS TRAVELLED: HOW DIFFERENT TEMPORAL CONDITIONS AFFECT THE ROUTE SELECTION 
OF WOODLAND DEER MICE, PEROMYSCUS MANICULATUS GRACILIS 

 Andreasen G, Cramer M 
Department of Biological Sciences, University of Notre Dame 

 For prey animals such as the woodland deer mouse, Peromyscus maniculatus gracilis, behavior that 
reduces their risk of predation is vital for their survival. Anti-predatory behavior, specifically avoiding 
detection by predators, influences every aspect of mouse behavior. This study investigated how anti-
predatory behavior affects mouse route selection. Because mice are nocturnal, two different time 
trials (midnight and midday) were chosen to analyze how the threat of visual detection affects 
routes. The mice (n=16) were captured on 6 grids of similar, mixed hardwood forest with little 
understory, and released on the same grid where they were caught. It was hypothesized that mice 
released during the day would show a preference for coverage, either herbaceous or woody, due to 
the heightened visual detection risk. Mice released at night, however, would show a preference for 
travelling on quieter substrate, such as coarse woody debris, as compared to the louder substrate of 
leaf litter. Due to the lower illumination at night, night trial mice could afford to concern themselves 
with a decrease in auditory detection. However, no preference for coverage was seen in day trial 
mice, and both day and night trial mice showed a preference for the louder substrate. The difference 
in anti-predator behavior between the day and night trial releases was seen in the length and 
tortuosity of the mouse paths – night trials were significantly longer and with more turns than day 
trials. This suggests that prey animals are more concerned with exposure and visual detection than 
route selection or auditory detection. More intensive behavioral research done in the field is 
necessary to fully understand the influence of predation reducing behavior on prey route selection.  

4 MATERNAL ALLOCATION TO OFFSPRING COMPARING RECENTLY MATED AND STORED SPERM 
DERIVED BROODS IN POECILIA LATIPINNA 

 Arnold A, Crawford A, Juergens M, Lashway AJ, Otap S, Walter K, Hankison S 
Department of Zoology, Ohio Wesleyan University 

 Maternal investment in offspring can have long term fitness effects, especially in the trade-off 
between offspring number and offspring size. To better understand this balance and to understand 
how females allocate energy within a reproductive cycle, we observed maternal investment in the 
sailfin molly Poecilia latipinna. We compared females that had access to a mate during the observed 
reproductive cycle with those that relied exclusively on stored sperm to produce a brood. We found 
that females that relied exclusively on stored sperm had fewer offspring compared to females who 
were given the opportunity to remate. However, offspring size and growth rate did not differ 
between groups. This suggests that females did not or could not compensate for decreased offspring 
numbers by having larger offspring or allocating more resources to offspring that could impact their 
growth rates. These results confirm that females can take advantage of stored sperm, which may be 
beneficial in cases such as previously mating with a preferred male or lacking access to mating during 
a reproductive cycle. They do so, however, at a cost to the number of offspring and possibly overall 
fitness.  

5 POPULATION VARIATION IN LEARNING BEHAVIOR IN THREE-SPINED STICKLEBACK 
 Arredondo E, Burger B, Keagy J, Bell A 

Department of Ecology, Evolution, and Behavior, University of Illinois at Urbana-Champaign 
 According to the parental brain hypothesis, parental care selects for increased cognitive abilities and 

brain size. Consistent with this hypothesis, in stickleback fish, males (the caregiving sex) have larger 
brains than females except in an unusual population that has lost paternal care, where sexual 
dimorphism in brain size is reversed. However, brain size is not necessarily equivalent to cognitive 



ability. Here, to more directly test the parental brain hypothesis, we compared the behavior of male 
and female sticklebacks from both Caring and Non-caring populations in a shaping task. To assess the 
role of plasticity, we included a third group: fish from a Caring population that did not receive 
paternal care. Ten food rewards were placed in the bottom of a cup in each individual’s tank and 
were left there for 20-minute trials each day. Our measure of task performance was the number of 
presentations required for a fish to consume at least half of the food within the first 10 minutes in 
three successive presentations. Surprisingly, fish that received paternal care performed worse (ate 
fewer worms) than those who did not receive care, whether from the Caring or Non-caring 
populations. The exception was that males of the Non-caring population performed much worse 
than other fish examined. These results suggest a much more complicated relationship between 
care-giving and cognition that we will further study with association learning and reversal learning 
tasks.  

6 UNIVERSITY LEVEL SUSTAINABLE PALM OIL: A STUDENT INITIATIVE 
 Asbury AM, Boshak DB, Skinner JK, Derby RN, Strong KK, Thompson CJ, Rantala MG, Mayhew JA, 

Sheeran LK 
Primate Awareness Network and Department of Primate Behavior and Ecology, Central Washington 
University 

 Palm oil is a vegetable oil additive commonly found in a variety of processed foods, cleaning 
products, and cosmetics. It is the highest-yielding vegetable oil crop and is considered more 
sustainable compared to similar types of oil. However, the mass amount of palm oil demanded for 
production has devastating impacts on wildlife and wildlife habitats as cultivation is typically 
accomplished after extensive deforestation. Palm oil is a monoculture that is commonly harvested 
through unsustainable means, such as clear cutting and burning existing rainforests, and generates a 
serious conservation threat to 193 species, including orangutans (Pongo spp.), elephants (Elephas 
maximus), and tigers (Panthera tigris). The Primate Awareness Network (PAN) is working to 
transition the Central Washington University (CWU) campus to sustainable palm oil products through 
collaborations with student organizations, our campus sustainability committee, and by holding our 
supply chain vendors accountable with the Roundtable on Sustainable Palm Oil (RSPO). We seek 
assistance from the RSPO as they have stringent certification standards for sustainable palm oil 
production, including the protection of high conservation value forests, re-using already cleared 
land, and engaging in fair-trade employment practices. Additionally, after an oil palm plantation is no 
longer fertile for oil palm trees, the RSPO requires that other tree species are planted to encourage 
rainforest regeneration. PAN is currently facilitating CWU’s transition to sustainable palm oil product 
consumption by reviewing product supply inventories across campus (e.g., in Facilities, Dining, and 
Food Service) and creating educational materials on sustainable palm oil product alternatives for the 
campus and community. Together with campus stakeholders, we are creating 1-, 3-, and 5-year plans 
to make CWU the first university to join the RSPO and work toward using 100% sustainable palm oil 
products on campus. 

7 ENDOCRINE-FECAL BACTERIOME INTERACTIONS IN FEMALE HOWLER MONKEYS (ALOUATTA 
PALLIATA) ON BARRO COLORADO ISLAND, PANAMA 

 Benavidez KM1, Steiniche T1, Westrich BJ2, Chester E1, McClain A3, Wasserman MD1,4 
1Department of Anthropology, Indiana University; 2Indiana Department of Natural Resources; 
3Department of Biology and 4Human Biology Program, Indiana University 

 Most animal lineages rely on residential microbes for a variety of physiological functions, including 
immune system regulation and the digestion of food. Currently, the most well studied portion of the 
gut microbiome is the bacteriome, which is the collective taxa of bacteria that inhabit the gut. 
Health-related outcomes related to the gut bacteriome are in part a product of bidirectional 
communication between bacteria and the host, including those between hormone axes (e.g., HPA, 



HPG) and gut bacteria. Although host endocrine-bacteria relationships are well studied in humans 
and laboratory animals, they have not yet been applied to wild non-human primates. Doing so offers 
a novel method for monitoring the physiological outcomes of disturbances (e.g., habitat 
fragmentation, exposure to pollution) in primates over time. Here, we examine relationships 
between active gut bacterial communities and a suite of host hormone levels, including estradiol (E2), 
thyroid (T3), and cortisol in wild, free-ranging mantled howler monkeys (Alouatta palliata). We 
collected fecal samples (n = 38) from female howlers on Barro Colorado Island, Panama, and then 
identified bacterial communities in these samples using high throughput sequencing and quantified 
targeted hormones using single-antibody enzyme immunoassays. Bacterial communities were 
identified to the phylum and amplicon sequence variant (ASV) level using QIIME2. We found that 
cortisol was inversely correlated and E2 was positively correlated with bacterial diversity at the 
phylum level. These relationships were not detectable at the ASV level. There were no significant 
relationships detected between T3 and gut microbial communities. Future research will focus on 
measuring these variables over time, with the goal of measuring how short and long term 
perturbances influence gut-hormone relationships in primates.  

8 EXAMINING HOMEOSTATIC AND HEDONIC MODELS WITHIN A DIET PREFERENCE CHOICE TASK IN 
FEMALE RATS 

 Cam Y, Gann C, Bodeen J, Brownfield M, Eddy C, Houska T, Sims T, Konrad E, Muscott S, Schachtman 
T, Will M 
Department of Psychological Sciences, University of Missouri 

 Feeding behaviors are controlled by homeostatic and hedonic systems. The homeostatic system is 
driven by negative energy balance, while the hedonic system is driven by highly palatable food types. 
The goal of the study was to examine each model of feeding on a diet choice task, between a highly 
palatable high fat or control diet, in female rats. In the first experiment, we activated the 
homeostatic feeding system through 24hr acute food deprivation followed by a 2hr testing session in 
novel testing cages, during which concurrent access to high- and low-fat food pellets was provided. 
Then, rats were placed back in their home cage with ad libitum 22hr access to chow in home cage. 
The acute food deprivation treatment, compared to non-deprived treatment, had no influence on 
the consumption level of either diet during the initial 2hr choice test; however, there was an increase 
in home cage chow intake during the following 22hr in the home cage. In this first experiment, the 
2hr feeding session was conducted during the light cycle, which is an unnatural feeding time for 
rodents. In the second experiment, 2hr feeding assessment was completed during the first two hours 
of the dark-cycle, in which rats were given concurrent access to high-fat and regular chow pellets. 
Results demonstrated that acute food deprivation treatment increased chow intake, compared to 
non-deprived treatment, suggesting a state of negative energy balance and homeostatic feeding. 
Lastly, to contrast these findings with the hedonic model of feeding, an acute systemic injection of 
4mg/kg morphine or vehicle saline was administered immediately before identical testing conditions 
as just described. Morphine did not increase chow intake, yet interestingly decreased high-fat food 
intake during both 2hr and 4hr post-injection, compared to saline treatment. Ongoing experiments 
are examining the role of non-specific properties of morphine that may be interfering with the 
expected increase in high fat intake.  

9 GREY TREEFROG TADPOLE BEHAVIOR AND DEVELOPMENT ALTERED BY HERBICIDE EXPOSURE 
 Cave A, Burgett A 

Department of Biology, Wittenberg University 
 Roundup has been shown to impact not only amphibian survival, but also their development, 

phenotypic response to predators, and overall behavior. Dicamba, another herbicide, was permitted 
for use by the EPA in 2016. However, less is known about its potential environmental impact. Being 
an extremely volatile chemical, dicamba poses a risk to aquatic organisms in areas that may 



experience runoff or overspray. It can also harm yields of neighboring crops, leading the EPA to ban 
dicamba use part way through this experiment in June 2020. We investigated the effects of an 
environmentally relevant dosage of two forms of dicamba on grey treefrog tadpole development and 
behavior. We also investigated how dicamba impacted the response of tadpoles to predator cues. 
Herbicide treatment significantly decreased growth compared to the control. The presence of 
predator cues also significantly decreased growth, and there was no interaction between herbicide 
treatment and predator treatment. Tadpoles exposed to predator cues generally had wider tails, and 
the introduction of dicamba caused similar morphological changes. Predator cue treated tanks had a 
greater increase in startle response than the control. The presence of herbicides significantly alters 
this trend, with a similar startle increase between predator and control within Roundup treated 
tanks, and a reversal of the trend within dicamba treated tanks. When removing outliers, herbicides 
alone caused a significantly greater increase in startle response compared to the control. Dicamba 
has the potential for sublethal impacts on the development and behavior of tadpoles, and therefore 
should be further studied.  

10 RELATIONSHIP BETWEEN VISUAL STABILIZATION AND VECTOR PROPERTIES IN A SENSORY-HOMING 
MECHANISM IN FIDDLER CRABS, UCA PUGILATOR 

 Chatterji R, Layne JE 
Department of Biological Sciences, University of Cincinnati 

 Animals behave with respect to the space and objects around them, and so must have some 
neural/behavioral mechanism for spatial orientation. One such mechanism is path integration, in 
which animals encode and sum the distance and direction of movements to form a single memory-
stored vector. This is called the ‘home vector’, and as a vector, must be stored using some form of 
coordinates. Coordinates establish a frame of reference for the vector, and thus the animal, which is 
either geocentric or egocentric. Examples of the former have been well-studied, but it is unclear 
what constitutes an egocentric frame of reference; there is no clear idea of what is “front and 
center” in an animal’s spatial perception. Fiddler crabs are excellent for investigating this frame of 
reference because they tend to align the transverse body axis with the direction of home, and it is 
speculated that their home vector is identical to the body axis. This cannot be correct since body axis 
is often not well-aligned with home, but the crabs’ concept of home direction is. The body axis may 
still form the basis for the vector coordinate system if crabs adjust the vector to account for 
deviations from the correct orientation, and we hypothesize that this is the case and, further, that 
the deviation angle is embodied in the angle of the eyes with respect to the body. This eye-body 
angle reflects the deviation of the body axis from home direction due to optokinetic reflexes that 
stabilize the eyes against body rotation. Essentially, the basis for the home vector is eye position. To 
test this hypothesis, eye-burrow and body-burrow angles were compared with homing error with 
and without visual structure in the surround to find the best predictor of homing error. Results show 
that neither eye- nor body-burrow angles can be ruled out as the basis of the vector, but closer 
inspection of eye and body orientation will distinguish these possibilities, and pinpoint how the home 
vector is stored in memory.  

11 EASTERN GRAY SQUIRREL (SCIURUS CAROLINENSIS) RESPONSES TO BLUE JAY (CYANOCITTA 
CRISTATA) PLAYBACK CALLS ON HIRAM COLLEGE CAMPUS 

 Cipa S 
Department of Neuroscience, Hiram College 

 Past research has demonstrated that squirrels are capable of distinguishing and using Jay alarm calls 
as a warning system for nearby predators. This is shown through an increase of anti-predator 
responses in the squirrels. In this study we tested the anti-predator response of Eastern Gray 
Squirrels (Sciurus carolinensis) to the alarm calls of Blue Jays (Cyanocitta cristata) on Hiram College 
Campus. The American robin (Turdus migratorius), Black-capped chickadee (Poecile atricapillus), and 



Red-tailed hawk (Buteo jamaicensis) were used as control calls. Overall, the squirrels displayed the 
strongest behavioral response to the jay and hawk calls. More than half of squirrels exposed to the 
jay call fled the study site outright. Others displayed an increase in vigilance, tail flagging, and 
freezing behaviors. Results indicate that the gray squirrels on Hiram College campus treat both the 
jay and hawk calls as being related to increased predator risk.  

12 COMMUNICATIVE FUNCTION IN THE UTTERANCES OF TWO SIGNING CHIMPANZEES 
 Collins E1, 2, Jensvold ML2, 3, 4 

1Department of Biology, Concordia University; 2Fauna Foundation; 3Department of Anthropology and 
Museum Studies, Central Washington University; 4Friends of Washoe 

 Tatu and Loulis, two adult chimpanzees, acquired the use of American Sign Language as infants and 
continue to use signs in communication with human caregivers and other chimpanzees. In 2013 Tatu 
and Loulis moved to Fauna Foundation from the Chimpanzee and Human Communication Institute 
(CHCI), in Ellensburg, WA. Caregivers maintained daily sign logs at both locations. Sign logs are 
documentation of the chimpanzees’ signed and non-signed interactions with caregivers and other 
chimpanzees. These records provide a way to understand the communicative function of Tatu and 
Loulis’ utterances and their use of signs to navigate various social situations. Communicative function 
illuminates the intent of utterances. Leeds and Jensvold (2013) categorized utterances that occurred 
at CHCI into one or more of seven categories of communicative function. The current study 
categorized 103 utterances that occurred at Fauna Foundation. Interactions were chimpanzee-
human (CH) or chimpanzee-chimpanzee (CC). In CH interactions, the most frequent categories were 
Response (37%), Request (27%), and Description (21%). In CC interactions the most frequent 
categories were Conversational Device (39%), Performative (22%), and Uninterpretable (19%). As an 
example, when asked if she wanted to enter into another enclosure, Tatu responded HURRY IN 
THERE GO to her caregiver which was Response category. Loulis frequently used Performatives, for 
example, signing CHASE to another chimpanzee to initiate a game. The distribution of categories was 
significantly different between the two types of interactions, CC vs. CH. The distribution of categories 
in the current study period was significantly different than Leeds. Although, Response was the most 
frequent category in CH interactions for both time frames. Our results offer some insight into the 
function of signed interactions. The types of interactions vary with different partners, which is a 
reflection of adjustment to different social relationships.  

13 STEROID-RELATED GENES ARE EXPRESSED IN THE SENSORY BRAIN REGIONS OF TWO SPECIES OF 
APTERONOTIDS THAT DIFFER IN SEXUAL DIMORPHISM 

 Deckard ML1, Freiler MK2, Proffitt MR2, Smith GT2 
1Human Biology Program and 2Department of Biology, Indiana University  

 The production of reproductive communication signals can be modulated by hormones acting on the 
brain regions that regulate these signals. However, less is known about whether perception is 
modulated by hormones. The electrocommunication signals of weakly electric fish are sexually 
dimorphic, sensitive to hormones, and vary across species, making this an excellent model for 
studying how steroids modulate communication. The goals of this study were to examine (1) 
whether hormone receptor genes are expressed in sensory brain regions that process 
electrocommunication signals and (2) whether this expression differs between species that have 
different patterns of sexual dimorphism in their signals. Apteronotus leptorhynchus (brown ghost 
knifefish) and Apteronotus albifrons (black ghost knifefish) produce an electric organ discharge (EOD) 
that is used for communication and electrolocation. These species differ in their sexual dimorphism 
as brown ghost males have a higher EOD frequency (EODf) than females, but in black ghosts, males 
have the lower EODf. Two brain regions, the electrosensory lateral line lobe (ELL) and the torus 
semicircularis (Torus), process EOD signals and chirps, a type of communication signal in which fish 
temporarily increase EODf in aggressive and courtship interactions. Here, we investigate the mRNA 



expression of genes for androgen receptors, estrogen receptors, and aromatase in the ELL and Torus 
in brown ghosts and black ghosts. We extracted RNA from tissue punches from the ELL and Torus 
and performed RT-PCR to confirm expression. Punch locations were verified by staining the brain 
slices. These preliminary results confirm that these steroid-related genes are expressed in sensory 
brain regions. This suggests that hormones may play a role in modulating the perception of EOD 
signals.  

14 INVESTINGATING LANGUAGE COMPREHENSION IN BONOBOS 
 Dings S, Holden C, Schoenemann T 

Department of Anthropology, Indiana University and Ape Initiative 
 Kanzi, a male bonobo, was raised in an English-speaking environment with the goal of assessing how 

proficient he could get with language. Although he does appear to understand individual words or 
symbols, some have questioned his understanding of spoken English syntax. In this experiment, we 
created a new touchscreen task to test Kanzi’s English comprehension in a completely objective 
manner. In this protocol, He was presented with a visual image, while at the same time heard a 
congruent or incongruent audio recording. He was then prompted to choose either the response 
“same” indicating that what he heard was the same as the visual stimuli, or “different” indicating the 
reverse. In a pilot study we found that Kanzi was significantly faster when responding to correct-
congruent than any other data type. I will be exploring his reaction times across the different types 
of stimuli and discussing possible explanations for his pattern of responses.  

15 GOLDEN LANGUR TRACHYPITHECUS GEEI SLEEP SITES IN CENTRAL BHUTAN 
 Dorji K1,2, Barlow K1,3, Englund T4, Lipton J5, Sheeran LK1,3 

1Primate Behavior and Ecology Program, Central Washington University; 2Ugyen Wangchuck Institute 
for Conservation and Environmental Research; 3Department of Anthropology and Museum Studies, 
4College of Sciences, and 5Department of Geography, Central Washington University 

 Golden langurs Trachypithecus geei are among the world’s top 25 most endangered primates and 
are distributed in Bhutan and India. Most data come from India, but golden langurs are more 
abundant in Bhutan. We describe golden langur sleep sites in central Bhutan. KD collected all field 
data. He followed 14 different golden langur groups from 05:30 until they settled to sleep at night. 
He recorded where group members slept, marked GPS location, and documented tree species and 
tree attributes (girth, branching pattern, height, and canopy connectivity). He used direct 
observation and indirect methods to document predators and anthropogenic activity. Our study 
langurs slept only in trees, not on cliffs or in caves. The number of trees used positively correlated to 
group size. One sleep site was reused on three consecutive nights, one site for two consecutive 
nights, and the rest of the sleep sites were used only once. Langurs slept in 28 different tree species, 
and the two most frequently used species were Sapium insigne (9 times) and S. eugeniigolium (4 
times). Langurs most often used trees with a girth of 26-30 cm and a height range of 11-20 m. Sleep 
trees were most often emergent (38 times) and located in the mid-level of the canopy (47 times). 
Sleep sites usually had low connectivity to the surrounding canopy (33 times), and sleeping trees 
often had a spreading, open shape (45 times). Trees used by the langurs were rarely used by local 
people for timber or fuel wood. We documented the presence of domestic dogs, leopards, and 
raptors in the study area. Anthropic activity we observed included grazing, and 17 sleep sites had 
landslides caused by recent road widening. Eleven sleep sites were situated at the periphery of 
farms, and 11 sites showed signs of timber extraction. Golden langurs were at risk of being hit by 
traffic when crossing roads and of electrocution at the juncture of some power lines.  

16 THE IMPACT OF TANK SIZE AND HORMONE CONCENTRATIONS ON THE REPRODUCTIVE TACTIC 
KNOWN AS "MALE-MALE CLASPING" IN XENOPUS LAEVIS 

 Dufresne GP, Rhodes HJ 
Department of Biology, Denison University 



 Male Xenopus laevis participate in a behavior known as male-male clasping. Previous research has 
suggested that male-male clasping may be a way for males to engage in sperm competition by 
increasing their likelihood of passing on their genes. To better understand the conditions under 
which this behavior occurs, we began pilot investigations on two questions. First, we examined 
whether the size of the tank impacted the frequency of clasping behavior. Then we measured the 
levels of testosterone and corticosterone in males to see if either hormone correlated with behavior 
patterns. Based off of previous knowledge in how hormones can affect dominance hierarchies, we 
hypothesized that males with higher concentrations of testosterone may show a higher frequency of 
male-female clasping and a lower frequency of male-male clasping, and those with higher 
concentrations of corticosterone may show a higher frequency of male-male clasping and a lower 
frequency of male-female clasping. The frogs were set up in triads, 2 males and 1 female, and time 
lapse photography was used overnight to monitor the clasping behavior. Once the triads of frogs had 
gone through 2 nonconsecutive nights of recording, the male frogs were anesthetized to collect a 
blood sample through a cardiac puncture. Two different ELISA tests were run on the plasma to 
determine the concentration of corticosterone and testosterone in the frogs. An initial behavioral 
analysis found the male-male clasping behavior to occur in 6 of the 8 trials, indicating that this 
behavior will still show up in the frogs given ample space, and was not an artifact of the small testing 
environments in previous studies. Further behavioral analysis and the results of the ELISA tests will 
be presented. Determining a possible relationship between Xenopus laevis hormone levels and the 
frequency of the clasping behavior will allow us to better understand the mechanisms behind their 
reproductive behaviors.  

17 DEMOCRATIC VOTING BEHAVIOR IN AMERICAN BISON BISON BISON HERD MOVEMENTS 
 Elder M, Eason P 

Department of Biology, University of Louisville 
 Animals that live in groups make decisions about where and when to move, eat, and rest through 

one of two primary mechanisms: despotically, with one or a few dominant individuals making all 
decisions, or democratically, deciding as a group. The American bison Bison bison lives in herds that 
are led by older matriarchs and consist of female adult bison and younger animals of both sexes. 
Adult males typically live in separate smaller bachelor herds. Related ungulates have been shown to 
vote democratically on where to move, with the direction with the most votes being the direction 
the herd moves in. Decision-making in American bison has been poorly researched, but one study 
suggested that herds made movement decisions via despotic matriarchs. My observations of a herd 
at Land Between the Lakes National Recreation Area (LBL) in Kentucky show that these bison are 
using a democratic voting method, voting by standing and orienting themselves in their preferred 
direction near the end of a rest period. The LBL herd was observed in July 2020 and January 2021, 
with individual votes for different directions tallied during rest periods. In 80% of observed voting 
events, the direction with the most votes was the ultimate direction in which the herd moved. 
Behavioral differences were observed between summer and winter observations, as bison in the 
summer tended to vote with minimal movement, while winter voting tended to be more chaotic 
with bison beginning to move and graze in their preferred direction before most other herd 
members voted. Future analyses of herds in Indiana, Illinois, and Ohio are planned to supplement 
these findings but there is support for the initial observation that bison vote democratically on which 
direction to move.  

18 SOCIAL COMPLEXITY IS A WEAK PREDICTOR OF SIGNAL VARIATION AND COMPLEXITY IN 
APTERONOTID WEAKLY ELECTRIC FISHES 

 Freiler MK, Smith GT 
Department of Biology and Center for the Integrative Study of Animal Behavior, Indiana University 



 Social complexity often necessitates signal complexity. Larger repertoires, more diverse signals, or 
individual differences in signaling can reduce uncertainty during communication in species with 
intricate social networks. The ‘social complexity hypothesis’ has mixed support across vertebrates 
due to imprecise or varied definitions of social and signal complexity. This hypothesis has almost 
exclusively been studied in vocalizing animals, so it is unclear whether there is a relationship 
between sociality and signal complexity in other modalities. Weakly electric apteronotid fish show 
significant variation in social behavior across species and have a unique communication system. They 
produce electric organ discharges from their tail and can rapidly modulate the frequency of this 
discharge to produce signals called chirps. Chirps are primarily used during agonistic and courtship 
interactions, but chirp structure and function varies extensively across species. Here, we test the 
‘social complexity hypothesis’ in electric fish by examining chirp complexity across five species that 
vary in sociality: Apteronotus albifrons (territorial), Apteronotus bonapartii (territorial), Apteronotus 
leptorhynchus (semi-social), Adonotsternarchus devenanzii (gregarious), and Adonotsternarchus 
balaenops (gregarious). We measured the number of peaks and inflection points as a proxy for 
complexity in representative chirps collected during artificial playback experiments. PCA was also 
used to assess within and between individual variation in chirp structure across species. Chirp 
duration explained much of the observed variation in complexity, but neither chirp complexity nor 
variation correlated with either species sociality or genus. Thus, suggesting that sociality is not a 
good predictor of signal complexity in apteronotid fishes. These results underscore the importance 
of considering other ecological or social factors than may obscure or underlie patterns of signal 
diversity. 

19 THE EFFECTS OF BLAST-INDUCED MILD TRAUMATIC BRAIN INJURY ON APP21 AND APP+PS1 
TRANSGENIC RAT MODELS OF ALZHEIMER'S DISEASE 

 Gann CL1, Agca C2, Agca Y2, Schachtman T1 
1Department of Psychological Sciences and 2Department of Veterinary Pathobiology, University of 
Missouri-Columbia 

 Traumatic Brain Injury (TBI) is well known to be a risk factor for Alzheimer’s Disease (AD). However, 
the mechanism by which TBI increases the risk of AD is still poorly understood, and research is 
greatly needed to explain the long-term effects of TBI. In the current study, we examined the long-
term effects of a blast-induced mild TBI (mTBI) on two rat models of AD: APP21 (n=7) and APP+PS1 
(n=14). We examined differences among genotype, sex, and condition (blast exposure or no blast 
exposure). Five months after half of the rats were exposed to a low intensity blast, behavioral 
assessment occurred. We examined spatial learning, memory, anxiety levels, locomotor activity, 
willingness to explore, and social motivation through a range of assessments. We hypothesized that 
the APP21 and APP+PS1 rats exposed to a low intensity blast will have lower spatial learning skills, 
poorer memories, and will show more anxious behaviors than the APP21 and APP+PS1 rats that were 
not exposed to a blast. Our results showed that rats with a mTBI showed significantly more impaired 
memory and spatial learning skills, but no anxiety differences were found between the mTBI and the 
control APP21 and APP+PS1 rats.  

20 IMPACT OF ELEVATED TURBIDITY ON THE RESPONSE OF NEOLAMPROLOGUS PULCHER TO A VISUAL 
STIMULUS 

 Gaynor RL, Hamilton IM 
Department of Evolution, Ecology and Organismal Biology, Ohio State University 

 Anthropogenic activity in an area can often result in an associated rise in the turbidity of freshwater 
water ecosystems. Elevated levels of water turbidity alter the visual landscape of a body of water by 
scattering light, reducing the visibility. This reduction in visibility can obscure key visual cues that 
many fish species use in mediating their behavior, resulting in altered or inappropriate behavioral 
responses. Neolamprologus pulcher is a cooperatively breeding cichlid that utilizes a variety of visual 



cues to mediate a range of behaviors including anti-predator responses. To understand how the 
response of N. pulcher to visual stimuli is impacted by elevated turbidity we measured activity and 
side preference in individuals presented with predator or control stimuli at three different levels of 
turbidity. We found that activity decreased with increasing turbidity. Further, at even intermediate 
levels of turbidity control individuals showed a decline in activity while there was only a noticeable 
decline in the activity of the predator treatment at the highest level of turbidity. This suggests that at 
intermediate levels of turbidity, individuals may avoid reducing their activity in order to investigate a 
potential predator. We also found that individuals spent a greater proportion of time in the tank 
region further from the stimulus as turbidity increased. This suggests that individuals were more 
cautious toward any kind of visual stimulus under turbid conditions. Collectively, these results show a 
shift in the response of N. pulcher from more active investigation of visual stimuli at lower levels of 
turbidity to increased avoidance of the same stimuli under elevated turbidity.  

21 THE EFFECTS OF PHOTOPERIOD, STRESS, AND MICROBIOME ON BEHAVIOR OF NON-RESPONDERS 
 Gohmann LD1, Demas GE1,2,4, Wellman CL2,3,4, Cusick JA1,2 

1Department of Biology, 2Center for the Integrative Study of Animal Behavior, 3Department of 
Psychological and Brain Sciences, and 4Program in Neuroscience, Indiana University 

 Physiological systems, like the hypothalamic-pituitary-adrenal (HPA) axis and the gut microbiome, 
interact to affect each other and influence behavior. These physiological systems are also subject to 
additional influence through changes in photoperiod (i.e., day length). Animals that breed seasonally 
experience changes in physiology, gut microbiome composition, and behavior due to changes in 
photoperiod. Experiences that impact the HPA axis or alter the gut microbiome likely affect 
individuals differently across photoperiods. Some individuals exposed to short-day, winter-like 
photoperiods do not display changes in response to photoperiod and instead display physiological 
systems and behaviors similar to individuals in long-day, summer-like photoperiods. These 
individuals are called non-responders, and they may differ in how they respond to experiences that 
cause stress or changes to the microbiome. We investigated how manipulations of the gut 
microbiome and stress affect social behavior of non-responders in adult female Siberian hamsters 
(Phodopus sungorus). Females were housed in either long-day (i.e., “LD,” light:dark: 16h:8h) or short 
day (i.e., “SD,” light:dark: 8h:16h) conditions for 9 weeks. Individuals in each photoperiod condition 
were then exposed to either social stress, a gut microbiome manipulation, or no manipulation (i.e., 
control) for seven days. On day 10 individuals were exposed to a 15-minute resident-intruder trial to 
assess social behavior. We found an effect of photoperiod on behavior. Specifically, female SD non-
responders and females exposed to the LD photoperiod spent less time attacking the intruder 
compared to SD responders, regardless of treatment. These data suggest that responsiveness to 
photoperiod influences the effects of stress and the microbiome on social behavior.  

22 IS BROOD PARASITISM A STRESSOR? MEASURING HEART RATE IN EXPERIMENTALLY BROOD-
PARASITIZED FEMALE SONGBIRDS 

 Hale MJ1, Hauber ME2, Hanley D3, Studer B2, Abolins-Abols M1 
1Department of Biology, University of Louisville; 2Department of Evolution, Ecology, and Behavior, 
University of Illinois Urbana-Champaign; 3Department of Biology, George Mason University 

 In avian obligate brood parasite and host systems, many host species have evolved the ability to 
reject parasitic eggs. Our understanding of the evolution and ecology of this behavioral innovation 
hinges on identifying the mechanisms that regulate them. Here we tested whether brood parasitism 
activates the sympathetic/parasympathetic nervous systems by measuring the heart rate in 
incubating American robin females. We predicted that, if parasitic eggs cause stress-response, 
females should increase their heart rate when exposed to non-mimetic parasite-like (beige) 
compared to mimetic control (blue) model eggs. Alternatively, because a lowering of the heart rate is 
an indicator of attention, parasitic eggs may lower female heart rate if they do not perceive these 



eggs as stressors but nevertheless respond to the color difference between their own and 
nonmimetic eggs. We found that the average heart rate of incubating females did not differ between 
the nonmimetic and mimetic model egg treatments, suggesting that brood parasitic eggs do not 
activate the sympathetic or parasympathetic nervous systems. We discuss the utility of heart rate as 
a metric of stress and attention in response to transient or sustained stressors. 

23 PRENATAL CIGARETTE SMOKE EXPOSURE: NEUROLOGICAL AND BEHAVIORAL EFFECTS 
 Haubner MK1, Stocke K2, Neal R2, Brown S1, Burciaga I1,2, Corbitt C1 

1Department of Biology and 2Department of Environmental and Occupational Health Sciences, 
University of Louisville 

 Exposure to various teratogens during development can cause birth defects, neurological 
abnormalities, and behavioral impairments. With a composition of nearly 8,000 different 
compounds, cigarette smoke is one of the most prevalent toxins consumed by the human population 
during pregnancy. An increase in development of internalizing behaviors and mood disorders, such 
as anxiety, has been linked with prenatal cigarette smoke exposure (CSE) in humans. We 
hypothesized that litters of mice exposed to cigarette smoke for 6 hours/day during gestation (G1-
G19) would exhibit higher levels of anxiety in adulthood than groups not exposed to cigarette smoke 
during development. We also measured possible interacting effects of sex and diets varying in fat 
content on anxiety in co-occurrence with prenatal CSE, so our three factors were prenatal CSE vs 
sham, male vs female, and high-fat vs low-fat diet from postnatal day 50 (PD 50). Anxiety-like 
behavior was evaluated via elevated plus maze and light-dark box starting at PD 77-80. The data 
collected from these trials includes the number of times each mouse entered the “safe” parts of 
each maze and the duration of time spent in each section. Analysis by one-way ANOVA determined 
no statistically significant differences among the eight treatment groups; however, a three-way 
ANOVA revealed several trends between conditions and interacting factors. The results of this 
project could provide data to further support that prenatal CSE is detrimental to neural development 
and function, and could potentially yield insight into human behavioral irregularities in similar 
conditions.  

24 TRAUMATIC OPTIC NEUROPATHY: MEASURING FUNCTIONAL VISUAL IMPAIRMENT AFTER 
TRAUMATIC BRAIN INJURY IN MALE MICE 

 Hetzer SM1, Evanson NK1,2 
1Department of Pediatrics, University of Cincinnati; 2Division of Rehabilitation Medicine, Cincinnati 
Children's Hospital 

 Vision loss after traumatic brain injury (TBI) leads to symptoms ranging from acuity change to 
blindness. These visual disturbances can occur due to traumatic optic neuropathy (TON - i.e. trauma 
to the optic nerve), which can be direct (by penetration, severance, or crushing) or indirect (by 
compression, swelling, or shearing forces). While only diagnosed in ~5% of TBI patients, there are 
likely many more undiagnosed cases. Moreover, it is increasingly evident that indirect TON is a 
persistent, degenerative injury in both the retina and the brain, lasting up to 35 years after TBI. A 
possible mechanism of TON is endoplasmic reticulum (ER) stress, which is a cellular response 
implicated in retinal diseases and traumatic axonal injury. Indeed, we showed that markers of ER 
stress (e.g., IRE1α, PERK, CHOP, etc.) are elevated acutely after TBI. Our goal is to understand the 
degree of contribution of the various ER stress pathways to this injury mechanism, so we utilized 
various drugs that target the IRE-1 and PERK pathways to parse apart their roles. After TBI, male mice 
were injected with (a) SRT1720, which promotes mitochondrial oxidative metabolism and inhibits the 
downstream pathway of IRE1α mTORC1, (b) Salubrinal, – an inhibitor eIF2α dephosphorylation 
(PERK’s downstream effector) – (c) Integrated stress response inhibitor (ISRIB), which reverses eIF2α 
phosphorylation, or (d) vehicle. We then examined visual function utilizing a behavioral assay for the 
optokinetic response (OKR). Through this assay we determined that a single closed-head TBI results 



in significantly impaired OKR accompanied by progressive, chronic degeneration and gliosis 
throughout the visual system and retina in male mice. We also show that the OKR is sensitive enough 
to discriminate effects of these treatment – SRT1720 exacerbated OKR deficits in both sham and 
injured mice and Salubrinal modestly improved OKR performance in TBI mice within 7 days of injury.  

25 THE EVOLUTION OF COLD NOCICEPTION IN DROSOPHILID LARVAE AND IDENTIFICATION OF A 
NEURAL BASIS FOR COLD ACCLIMATION 

 Himmel NJ, Letcher JM, Sakurai A, Gray TR, Benson MN, Donaldson KJ, Cox DN  
Neuroscience Institute, Georgia State University 

 Cold temperatures can be fatal to insects, but many species have evolved the ability to cold 
acclimate, thereby increasing their cold tolerance. While there is a growing body of knowledge 
concerning the mechanisms underlying cold tolerance, relatively little is known concerning how 
insects sense noxious cold (cold nociception), or how cold nociception might function in cold 
tolerance. It has been previously shown that Drosophila melanogaster larvae perform highly 
stereotyped, cold-evoked behaviors under the control of noxious cold-sensing neurons (nociceptors) 
innervating the barrier epidermis. In the present study, we first sought to describe cold-nociceptive 
behavior among 11 drosophilid species with differing cold tolerances and from differing climates. 
Behavioral analyses revealed that the predominant cold-evoked response among drosophilid larvae 
is a head-to-tail contraction (CT) behavior, which is likely inherited from a common ancestor. 
However, despite lack of phylogenetic signal (suggesting trait lability), the CT behavior was transient 
and there was no clear evidence that cold sensitivity was related to thermal environment; 
collectively this suggests that the behavior might not be adaptive. We therefore sought to uncover 
an alternative way that cold nociception might be protective. Using a combination of cold-shock 
assays, optogenetics, electrophysiology, and methods to genetically disrupt neural transmission, we 
demonstrate that cold sensing neurons in Drosophila melanogaster (Class III nociceptors) are 
sensitized by and critical to cold acclimation. Moreover, we demonstrate that cold acclimation can 
be optogenetically-evoked, sans cold. Collectively, these findings reveal that cold nociception 
constitutes a peripheral neural basis for Drosophila larval cold acclimation. 

26 EXPERIMENTAL EVIDENCE FOR DEFENSIVE COLORATION IN EURYCEA LUCIFUGA 
 Janis S, Eason P 

Department of Biology, University of Louisville 
 The Kentucky cave salamander Eurycea lucifuga is a troglophile that lives in caves in winter, but in 

warmer seasons members of this species can also be found in rock walls along streams and on the 
forest floor near the mouths of caves. Their bright orange dorsal surface with black spots is widely 
considered aposematic. To test this hypothesis, we established and maintained a grid of 120 
plasticine model salamanders for 34 days outside a cave in Louisville, Kentucky. The grid included 60 
models with E. lucifuga’s pattern and 60 control models that were painted dark grey to resemble 
Desmognathus fuscus, a plethodontid salamander that also occurs at the study site. A total of 74 
models were attacked. Of these, 20 were recovered, and 54 were carried away by predators. Of the 
models recovered, 8 of them (40%) were orange (2 attacks by birds, and 6 by larger mammals) and 
12 (60%) were grey (3 attacks by birds, 6 by larger mammals, 3 by rodents). Of the 54 models that 
could not be recovered, 20 were orange (37%) and 34 were grey (63%). Models were considered 
genuinely missing where there was no obvious vandalism at their position. These findings suggest 
that E. lucifuga’s orange and black pattern functions as an aposematic warning against small 
predators, but not large predators.  

27 DO SOCIAL CONDITIONS INFLUENCE EMBRYONIC LEARNING IN A SOCIAL FISH? 
 Karasch B, Ward J 

Department of Biology, Ball State University 



 Animal cognition can be affected by any number of outside factors at many life stages. Several of 
these factors have been previously investigated at them embryonic stage, but social environment 
has been largely ignored, especially in aquatic, oviparous animals. We assessed the influence of 
group size and embryo proximity on learning in embryonic fathead minnows from days 3-5. We 
collected embryos from clutches the day they were laid and raised them until hatching in water with 
both predator and alarm cues. We assigned embryos to group sizes of 1, 2-5, and 10-15, and then 
assigned those groups to be either clustered or dispersed. On days 3, 4, and 5, we placed embryos in 
predator-only water and took 5-minute videos to test whether or not they had learned to associate 
the two cues. We used DanioScope (EthoVision, Noldus) to analyze the percent time active for each 
group. We then performed analysis of variance tests to compare group sizes, arrangements, and day 
of development. Day of development strongly influenced the percent time active (p=1.4e-10), with 
embryos most active on day 3, and least active on day 5. We saw no effect of group size on any day 
(p>0.23). We also saw no effect of arrangement (p>0.06). There was no interaction between 
arrangement and group size (p>0.44). Data collection is ongoing, and we hope that with larger 
sample sizes, we may start to see trends. In particular, we anticipate seeing a trend in arrangement, 
as we initially had with the earliest data. Although this data is preliminary, we expect that this project 
will eventually contribute to a growing body of knowledge on both social learning and embryonic 
learning.  

28 EXAMINING THE ACTIVITY BUDGET AND EXHIBIT USE BY A CAPTIVE AARDVARK ORYCTEROPUS AFER 
 Kirsch A1, Kao A2, Wark J2 

1School for Environment and Sustainability, University of Michigan; 2Lincoln Park Zoo 
 Animal activity budgets vary both between species and within them, based on factors such as an 

animal’s diet, size, and seasonal breeding patterns and food availability. Particularly in zoos, they can 
tell zookeepers if an animal is exhibiting natural behaviors. Additionally, recording spatial use of an 
exhibit can raise an alarm if an animal is exhibiting stressed, pacing behavior so that keepers can 
provide additional or different enrichment. I conducted observations of a single adult female 
aardvark Orycteropus afer at Lincoln using video review to analyze behavior at randomized times 
from 5 p.m. to 7 a.m. over a period of 14 nights. I found that the aardvark spent the vast majority of 
her time (55%) engaged in locomotion, followed by focused investigation on an object or food item 
(15%) and feeding or drinking (9%). Pacing made up a small portion of time (7%). However, there was 
somewhat of a repetitive pattern in exhibit use based on a map made from data points, although this 
is subjective. More research is needed on aardvarks both in the wild and in captivity to determine 
whether the activity budget demonstrated by this aardvark is natural. 

29 EARLY-LIFE VARIATIONS IN TEMPERATURE EXPOSURE AND SUPPLEMENTAL TACTILE STIMULATION 
AFFECT MATERNAL CARE PROVISIONING IN FEMALE RAT OFFSPRING 

 Lauby SC1,2, McGowan PO1,2,3,4 
1Department of Biological Sciences, 2Department of Cell and Systems Biology, 3Department of 
Psychology, and 4Department of Physiology, University of Toronto Scarborough  
The early-life maternal environment has a profound effect on offspring behavior, including the 
transmission of maternal care across generations, in part due to changes in the oxytocinergic and 
dopaminergic systems. While previous work has focused on the intergenerational transmission of 
maternal licking or licking-like tactile stimulation in rats, there are other early-life environmental 
factors that could propagate across generations of offspring. We previously found that early-life 
variations in temperature exposure can affect oxytocin production in week-old female rat pups and 
hypothesized that early-life variations in temperature exposure would also affect maternal care 
provisioning later in life, specifically time spent on the nest and retrieval behavior. Here, we briefly 
separated F1 female rats in either ambient room temperature conditions or thermoneutral nest 
temperature conditions and provided half the litters with supplemental tactile stimulation in the first 



week of life. We then measured maternal care provisioning towards their F2 pups later in life. We 
found that both early-life room temperature exposure and supplemental tactile stimulation 
increased later-life maternal licking provisioning. Although we did not find significant differences 
between groups on the time spent on the nest or retrieval latency, mothers with early-life nest 
temperature exposure performed more pup carrying behavior than mothers with early-life room 
temperature exposure. These findings show that early-life room temperature exposure can alter 
maternal care provisioning, though it is still unknown if early-life room temperature exposure can be 
transmitted across generations and how this could occur. Future work is also needed to understand 
the underlying changes in the oxytocinergic and dopaminergic systems in the maternal brain in 
response to these early-life factors.  

30 THE PREFRONTAL CORTEX IN INTERACTION WITH FOOD AND OBJECTS 
 Monfalcone SA, Roberts NL, Grimes AN, White W, White IM 

Neuroscience Program and Department of Psychology, Morehead State University 
 The prefrontal cortex is thought to mediate interaction with the surrounding environment. In 

particular, studies show that damage to the medial part of the prefrontal cortex (mPfc) may increase 
or decrease food hoarding. In the present study, we examined the role of the rat mPfc in interaction 
with food in familiar vs. novel environments. Our hypothesis was that mPfc lesions would decrease 
interaction with food in a familiar environment, but not in a novel environment. Rats received sham 
or excitotoxic lesions in the mPfc. Following a recovery period, the animals’ interactions with food in 
familiar and novel environments were examined across two days. Compared to sham controls, rats 
with Pfc lesions markedly decreased interaction with food in a familiar environment, but their food 
consumption was unaffected. An interesting observation was that lesioned rats showed a 
disorganized pattern similar to a pattern of scatter-hoarding for food. Although our findings support 
the notion that damage in the mPfc may decrease an animal’s interaction with food, specific aspects 
of food interaction may be mediated by the mPFc. Currently, we are examining mPfc involvement in 
interaction with food in a novel environment. 

31 DEATH FEIGNING IN A PARASITOID WASP (HYMENOPTERA: PTEROMALIDAE): INFLUENCE OF 
ENVIRONMENT AND CORRELATION WITH METABOLIC RATE 

 Morris RD1, King B1, Machtinger E2 
1Department of Biology, Northern Illinois University; 2Department of Entomology, Pennsylvania State 
University 

 Death feigning in a parasitoid wasp (Hymenoptera: Pteromalidae): influence of environment and 
correlation with metabolic rate. 1. Death feigning is more accurately called tonic immobility or 
thanatosis and is a motionless posture that an organism adopts for several seconds to a few hours 
when threatened or harassed, e.g., by a predator, competitor, or mating attempts. During tonic 
immobility, an organism may be unable to respond to many types of stimuli. Tonic immobility has 
been documented in a taxonomically diverse array of insects but studied in detail in relatively few. 2. 
In the present study, tonic immobility was examined in the parasitoid wasp Spalangia cameroni 
(Hymenoptera: Pteromalidae). When disturbed, e.g., by contact, Spalangia cameroni and some 
confamilials fall onto their back, retract their legs and antennae, and remain immobile for seconds to 
minutes. 3. S. cameroni was subject to several experimental treatments: low temperature versus 
room temperature, differences in food availability, presence versus absence of conspecifics, food 
availability, and access to cover or not. Each wasp was poked up to five times until it exhibited tonic 
immobility, and the duration of the tonic immobility was recorded. Whether wasps with lower 
resting metabolic rate had higher expression of tonic immobility was also examined. Metabolic rate 
was measured in multiple wasps simultaneously with an inexpensively made respirometer. 
  



32 MILD TRAUMATIC BRAIN INJURY IMPAIRS SPATIAL WORKING MEMORY IN RATS 
 Nah G, Port N, Crystal JD 

Program in Neuroscience and Department of Phycological and Brain Sciences, Indiana University 
 Mild Traumatic Brain Injury (mTBI), or concussion, is the most common form of traumatic brain 

injury, which may lead to cognitive impairment. We used the Wayne State University closed-skull 
weight-drop model (WDM) in which a 450-g weight is dropped from a height of 1 m. The weight 
produces rapid acceleration of the head, neck and torso, causing the rat to fall through an aluminum 
sheet, undergo a 180-degree rotation, and land on a foam pad. Sham rats were treated the same as 
the mTBI rats but were not administered the injury. Rats were trained in an 8-arm radial maze to 
assess spatial working memory before and after manipulation. In the study phase, food was available 
at four randomly selected accessible arms. The trial continued after a brief delay in the test phase 
with all runways accessible. Food was available at previously inaccessible arms. After injury, accuracy 
in avoiding previously baited locations declined in mTBI rats relative to sham rats. This study suggests 
the WDM model produces a deficit in spatial working memory in rats. 

33 A ROLE FOR BACTERIA IN OVULATION SIGNALING? 
 Nonnamaker E1, Archie E1,2  

1Department of Biological Sciences, University of Notre Dame; 2Institute of Primate Research, 
National Museum of Kenya 

 In many vertebrates, individuals use olfactory cues to communicate information within societies. In 
the last few years, new evidence has emerged that these cues are generated by host-associated 
microbial communities (i.e. microbiomes), rather than compounds directly produced by the animal 
itself. This idea is encapsulated by the fermentation hypothesis, which posits that the unique 
microbiome of each host produces volatile compounds, or volatiles, used by the host to 
communicate. These volatiles signal animals’ identities, relatedness, and even fitness. Such 
communication is important in the context of primate reproduction: female primates’ reproductive 
tracts contain diverse microbiomes that change across ovarian cycles and have the potential to 
produce volatiles that males may use to judge female ovulation and fertility. As such, microbial 
communities likely serve as key intermediaries in mammalian communication, conveying information 
important to their host’s evolutionary fitness. Despite the evolutionary and behavioral importance of 
this hypothesis, we still do not know how female scents change across ovarian cycles, whether 
microbes are involved in volatile production, or if males use this information to choose mates. Filling 
this gap will help us understand how bacterial communities contribute to host mating behavior.  

34 DO DROSOPHILA MELANOGASTER FEMALES CHANGE THEIR SPERM USE PATTERNS IN RESPONSE TO 
PERCEIVED CHANGES IN MALE QUALITY? 

 Peckenpaugh B, Moyle L 
Department of Biology, Indiana University 

 In addition to premating choices, females that mate multiply make postcopulatory choices about 
which sperm fertilize their eggs (cryptic female choice). However, it remains unclear how females 
make these choices, and what impact they have on female fitness. In this study, we test whether 
Drosophila melanogaster females adjust their sperm use patterns in response to altered 
precopulatory indicators of male quality—male pheromones—even when male postcopulatory 
contributions remain the same. To do this, we manipulated male pheromones to resemble either 
heterospecific D. yakuba males—thereby reducing their perceived quality as a mate—or to resemble 
their own genotype (as controls). We compare second male paternity (proportion of offspring sired) 
between treatment vs. control males by mating each with females that have previously mated with a 
GFP-labelled tester genotype. We find that females of some genotypes use proportionally less sperm 
from males that are perceived as lower quality mates, suggesting that D. melanogaster females can 
make adaptive choices about sperm use based on their premating perception of male quality.  



35 BEATEN BLACK AND BLUE: ASSESSING THE ROLE OF MELANIZATION IN TERRITORIAL ENCOUNTERS 
OF THE EASTERN FENCE LIZARD 

 Reuter M1, Wetherell B1, Ury D1, Hornung N1, Seich A1, Wheeler S1, Martins E2, Ossip-Drahos A3 
1Department of Natural Sciences, Middle Georgia State University; 2 Department of Biology, Arizona 
State University; 3 Department of Chemistry and Physical Sciences, Marian University 

 Color signals are often used across taxa to convey information during aggressive male-male 
encounters. Most male lizards in the genus Sceloporus have paired blue belly patches rimmed with 
black borders that are displayed during territorial disputes. Previous work examined how receivers 
interpret the size of the blue belly patches, but it is unclear whether the black borders convey 
information. Here, using territorial male Sceloporus undulatus lizards in the field, we examined 
receiver response to intruders with different sized black borders (manipulated with paint) to 
determine (a) if melanization conveys information assessed during aggressive encounters, and (b) 
how receivers respond to these putative signals. We found that when presented with intruders with 
small black borders, free-ranging males had higher frequencies of attacks. There were no differences 
in information-gathering behaviors (headbobs and latency to respond) when free-ranging males 
were presented with intruders with large and small black borders. This indicates that the black 
borders do convey meaningful information assessed during aggressive encounters, and the transfer 
of this information is immediate.  

36 DECEPTION AS A NATURAL INDICATOR OF THEORY OF MIND 
 Riina N 

Department of Psychological and Brain Sciences, Indiana University 
 Alongside humans, only a few animals capable of recognizing themselves in mirrors and passing false 

belief tests in lab were endowed with a Theory of Mind (ToM). Commonly defined as the ability to 
detect mental states, ToM research is plagued with controversy regarding the methods of identifying 
animals capable of attributing beliefs and desires to others. I wish to offer a rich concept analysis of 
ToM, and a proposal for improving methodologies. Much of the current research utilizes a coarse 
and ambiguous characterization of ToM, which caused researchers to talk passed each other. I will 
propose a multi-layer theory of mind, which combines with observational data to create a hierarchy 
for the attribution of ToM, from a simple recognition of one’s own mental state, to figuring out the 
beliefs and desires of another, all the way to fitness enhancing deception (e.g. manipulating 
another’s beliefs). Empirically, by remaining in the realm of laboratory interactions, we have not 
allowed animals to shine in their own environments. Examples of trickery in spiders, spouse-stealing 
cuttlefish, and brilliant avian acting, will drive home my second point, that naturalistic observation of 
deception sheds new light on animal cognition research. Current research has focused on observing 
behavior that falls within the lowest levels of this scale, deceptive behavior demonstrates a clear 
attribution of beliefs and desires to other animals, and the knowledge of how to change these beliefs 
given the deceiver’s goals. The analysis of animal deception will expand the attribution of ToM across 
the animal kingdom and help construct a hierarchy of relevant cognitive abilities that would assist in 
generating common ground for researching animal cognition.  

37 A COMPARISON OF CHIRPING AS AN AGONISTIC SIGNAL IN GREGARIOUS AND TERRITORIAL SPECIES 
OF WEAKLY ELECTRIC FISH 

 Saunders A, Freiler MK, Smith GT 
Department of Biology, Indiana University 

 Communication signals are essential to information transfer among conspecifics and are key 
components of social systems. Signal diversity within populations signal use can vary greatly 
depending on characteristics of social systems. For example, ground-dwelling sciurids produce alarm 
calls to alert conspecifics of predators. Alarm calls are beneficial for gregarious species survival, but 
for solitary species alarm calls may be unnecessary or even dangerous and therefore are not often 



observed. In this study, we explore the possibility that evolution of signal variation in weakly electric 
fish may be due in part to differences in sociality. Gymnotiform fish produce continuous electric 
organ discharges (EODs) used for electrolocation and communication. The chirp is a common EOD 
modulation used in communication that consists of a transient rise in EOD frequency. Chirps have 
been observed during a variety of social contexts including courtship and agonistic interactions. 
Variation in chirp use has been studied from perspectives such as species, sex, and social status. 
Here, we explore use of chirps from another perspective: species sociality. If the function of chirps is 
agonistic, then gregarious species should be less likely than territorial species to produce chirps, and 
chirp rate should decrease as social familiarity increases. During this study, the gregarious species 
Adontosternarchus clarkae and the territorial species Parapteronotus hasemani were observed. We 
analyzed chirping and aggressive behavior during free-swimming dyadic trials and chirping behavior 
during overnight recordings of long-term group housing trials. Preliminary results suggest that during 
dyadic interactions gregarious species chirp significantly less than territorial species and that chirp 
and attack times are correlated in territorial species. Additionally, gregarious species chirp rate 
decreases as social familiarity increases.  

38 THE EFFECTS OF THE PRESENCE OF CARERS ON GEOFFREY’S SPIDER MONKEYS (ATELES GEOFFROYI) 
IN WILDLIFE REHABILITATION SPACES 

 Sharma A 
Department of Anthropology, Colorado College 

 The Geoffrey’s Spider Monkey (Ateles geoffroyi) is an endangered species native to Central America, 
of which nineteen are housed at Wildtracks, a wildlife rehabilitation center in Sarteneja, Belize. As 
spider monkey releases have so far been unsuccessful, it is important to assess whether prolonged 
human care has been detrimental to their release prospects. I examined whether having human 
carers in proximity to the monkeys at and around feeding times was significantly affecting the 
monkeys’ behavior. For this study, I hypothesize that the presence of humans would significantly 
alter their social and self-directed behaviors. The more time an animal would spend at a 
rehabilitation facility, the greater the frequency and intensity of their interactions with carers during 
feeds. To test this prediction, I performed a group scan on four troops (called “satellites”) over the 
course of forty-five-minute intervals for three hours each day. I would take note of the monkeys' 
behavior according to an ethogram as well as the intensity of their interactions with humans 
according to a 5-point scale. Utilizing the 5-point scale and the frequencies of interaction, I have 
found weak positive associations between intensity of interaction and age (r = .154), frequency of 
interaction and percent of life spent in care (r = .247), and frequency of interaction and age (r = 
.359). Other associations between age, sex, time spent in care, frequency of interaction, and 
intensity of interaction are negligible. So far, results suggest that an increased time spent in 
rehabilitation care does not have a direct association with monkeys soliciting greater periods of 
interaction with humans. Analysis regarding the changes in frequencies of social and self-directed 
behavior has yet to be completed. In analyzing the frequencies of behaviors, I predict that carers 
would have some impact on the monkeys' behaviors by decreasing social and self-directed behaviors 
while increasing active state behaviors.  

39 REPRODUCTIVE STATE PREDICTS GUT MICROBIOME FEATURES IN FEMALE BABOONS 
 Southworth CA1, Dasari M1, Altmann J2, Alberts SC3, Barriero L4, Blekhman R5, Tung J3, Archie EA1 
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of Minnesota 

 The mammalian gut microbiome both shapes and is shaped by host behavior, endocrine hormones, 
immunity, and metabolism. Because all of these traits change substantially with female reproduction, 



mammalian gut microbiomes should be an important bellwether of reproductive changes and may 
mediate the success of female reproduction. Gut microbiomes are also highly personalized 
communities; hence some reproductive changes to the microbiome may be host-specific. Despite 
these potentially important patterns, research linking the gut microbiome to female reproduction is 
extremely limited. We propose to address these gaps by tracing longitudinal changes in female gut 
microbiomes, using 16S rRNA gene sequencing-based microbiome profiles generated from 7,116 
fecal samples collected from 184 adult female baboons (Papio cynocephalus) in the Amboseli 
ecosystem of Kenya from 2000-2013. Baboons are ideal for this work because, unlike many 
mammals, female baboons exhibit easily observable external signs of ovarian cycling, including 
ovulation, and pregnancy. Using field observations, each sample was classified as belonging to either 
cycling, pregnant, or lactating. Each of these three states was further divided into biologically 
relevant stages, including the 1st, 2nd, and 3rd trimesters, the different ovarian cycle phases, and 
infant developmental periods during lactation. Here, we present preliminary results from this 
unprecedentedly large and rich dataset that reveal features of the female baboon gut microbiome 
that are affected by reproductive state. Specifically, we report differences in alpha diversity, beta 
diversity, relative abundances of taxa, and identities of indicator taxa that are connected to 
reproductive state.  

40 TOUCHING AND CALLING: TACTILE AND ACOUSTIC STIMULI DURING THE COMPLEX COURTSHIP OF A 
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 Animal communication is mediated by different signals that are highly dependent on social context. 
In frogs, courtships are rarely observed, thus courtship calls and tactile stimuli performed during this 
behavior are still poorly known. Herein, we describe these behaviors for a pair of the gladiator tree 
frog Bokermannohyla ibitiguara from the Brazilian savanna. We used video and sound recordings of 
the behaviors (advertisement and courtship calls; tactile stimuli) and statistically compared acoustic 
parameters (dominant frequency, minimum and maximum frequency, call duration, pulse rate) of 
different call types. We found that the female also touches the male during courtship, which was 
previously only reported for males. These tactile stimuli from both sexes likely involve chemical 
signals from specialized sexually dimorphic skin glands that are known in this and other related 
species. The courtship call is overall similar to the long note of the advertisement call, but call 
frequencies and pulses of both call types emitted by the same individual were statistically different. 
Courtship call had lower dominant frequency and fewer pulses. This ability to modify call parameters 
from the advertisement call is consistent with aggressive calls, which also show lower dominant 
frequencies. Since frequency correlates negatively with male body size in this species, our results 
indicate that males likely advertise larger sizes to females during courtship, and not only to potential 
male competitors. Our results highlight sexual selection as a strong mechanism shaping call variation 
in B. ibitiguara, but further studies are needed to expand our knowledge about communication 
involving multiple signals in Neotropical anurans, especially those emitted during male-female 
interactions. 

41 HERBICIDE IMPACTS ON LARVAL (EURYCEA CIRREGERA) BEHAVIORS 
 Ulrich A1, Burgett A2 
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 Agricultural herbicides, like Roundup®, have been shown to impact not only survival, but also the 

development and behavior of organisms. Many amphibians are known indicator species that can 
alert us to changes in their environments, like the introduction of Roundup®, so we are interested in 
determining if a non-lethal dosage of Roundup® will alter the behavior of southern two lined 



salamander larvae. We used the larval stage of the species Eurycea cirregera to examine the impacts 
that Roundup® has on their behavior, specifically their activity levels and their latency to food when 
predator chemical cues are present. We hypothesized that Roundup would decrease salamander 
activity and could alter their typical response time to a food item when predator chemical cues were 
present. We exposed 15 larval salamanders to a sublethal dose of Roundup, while 15 salamanders 
were maintained in aged tap water. Larval salamander latency to food and overall activity level was 
variable. On average, there was a trend towards larval salamanders under control conditions finding 
prey items quicker than when predators were present. Roundup impacts on behavior were variable. 
If Roundup® causes a change in behavior, there could be impacts on the ecosystem structure and its 
dynamics.  

42 COMPENSATION FOR WIND DRIFT IN MIGRATING DABBLING DUCKS 
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 Wind affects the energetics and orientation of migrating birds in meaningful ways. Though most 

birds time their movements to maximize wind assistance, they must also deal with the inevitable 
challenges of wind vectors that contain some lateral component. Existing studies have documented a 
variety of behavioral responses to lateral wind components, that includes full wind drift, partial 
compensation, and full compensation. However, the broad-scale study of these behaviors in many 
avian species has proven challenging due to the scale of the associated movements. We used 
weather surveillance radar to measure the departure tracks of ducks emigrating from a major 
stopover along the Illinois River in autumn of 2007, 2008, and 2009. We compared these tracks to 
the directions of winds aloft measured at a nearby weather station. Departure tracks were highly 
consistent within years, with a strong and significant directional preference. Passive orientation in 
which migrants were drifted by the wind would have resulted in a distribution of departure tracks 
similar to the distribution of winds aloft within the corresponding season. In contrast, we found a 
clear and significant difference between distributions of departure tracks and the distributions of 
wind vectors. Subsequent correlation analyses also indicated the possibility of pseudodrift, 
suggesting that the relationship observed between wind direction and migration direction may be 
partially explained by the behavioral selection of nights with desired wind directions. Overall, we 
found that dabbling ducks in this system likely possess the capacity to compensate for lateral wind 
drift and to preferentially select nights with desirable migratory conditions. These finding align with 
the sophisticated migratory faculties currently documented in this important taxon.  
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 In humans and other long-lived species, harsh conditions in early life often lead to profound 
differences in adult life expectancy. In response, natural selection is expected to accelerate the 
timing and pace of reproduction in individuals who experience some forms of early life adversity. 
However, the adaptive benefits of reproductive acceleration following early adversity remain 
untested. Here we test a recent version of this theory, the internal predictive adaptive response 
(iPAR) model, by assessing for the first time whether accelerating reproduction following early life 
adversity leads to higher lifetime reproductive success. We do so by leveraging 48 years of 
continuous, individual-based data from wild female baboons in the Amboseli ecosystem in Kenya, 
including prospective, longitudinal data on multiple sources of nutritional and psychosocial adversity 
in early life, reproductive pace, and lifetime reproductive success. We find that while early life 



adversity led to dramatically shorter lifespans, individuals who experienced early adversity did not 
accelerate their reproduction compared to those who did not experience early adversity. Further, 
while accelerated reproduction predicted increased lifetime reproductive success overall, these 
benefits were not specific to females who experienced early life adversity. Instead, females only 
benefited from reproductive acceleration if they also led long lives. Our results call into question the 
theory that accelerated reproduction is an adaptive response to both nutritional and psychosocial 
sources of early life adversity in baboons and other long-lived species.  
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 Animal communication is studied because of its divergence across species. However, although 
mating signals evolve rapidly, social integration signals often evolve more slowly. For example, traits 
of infant distress vocalizations and parental responses are widely shared across mammals. Because 
social integration signals are more cooperative than competitive, there aren’t many selection 
pressures that influence its diversification, which could explain why some similarities can be seen 
across species. We studied the signals involved in cooperative foraging in treehoppers, which are 
group-living insects that live and feed on plant sap and communicate using plant-borne vibrations. In 
Tylopelta gibbera (Hemiptera: Membracidae) treehopper nymphs, we have recognized a pattern in 
their social signals. While walking to search for a new feeding site, T. gibbera often use a signal 
similar to a purr, and occasionally pause; we call this individual the searcher. During this pause, 
individuals already at a feeding site produce short ‘ticks’ in response to the purr, and the searcher 
uses these ticks to locate and join the group. We hypothesize that treehoppers have a fundamental 
signaling structure, episodic walking guided by short signals from settled individuals, that represents 
a widely shared, slowly evolving social integration system in treehoppers. Preliminary analysis of an 
archive of recordings made by one of the authors reveals that the first prediction is met: multiple 
treehopper species share the pattern of walking bouts (with or without signals) followed by short 
‘tick’ signals from other individuals. We next plan to run playback experiments to test whether 
searching T. gibbera nymphs will orient to tick signals from related species. The findings of this 
experiment can help us better understand the evolution of social integration signals in treehoppers 
and can give us more insight to the divergence of animal communication as a whole.  
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 Many behaviors involve trade-offs for organisms attempting to maximize their own fitness by 

balancing risks (i.e., reproduction, feeding, predators). Reproductive display behaviors have been 
characterized in a wide variety of organisms and have been found to vary predictably in response to 
differing environmental conditions (i.e., season and illumination). Calling by males to attract females 
is a particularly risky reproductive behavior which must be timed to correspond with optimal 
conditions (including both male and female reproductive readiness and minimal predation risk) to 
increase reproductive success. Chorusing, which involves coordinated calling activity of more than 
one individual and is known to vary seasonally in many species, is thought to increase male mating 
success but also may elevate the danger of predation. Barking geckos of the genus Ptenopus 
represent an opportunity to study calling and chorusing behaviors under particularly harsh 
environmental conditions; considerable annual and daily temperature variation, consistently low 
humidity, and variable light conditions may present challenging conditions year-round, however 
geckos can be observed calling during every month of the year. We analyzed calling patterns of two 
Namibian barking geckos (P. garrulus and P. kochi) by characterizing overnight patterns of chorusing 



over several years in order to determine the effect of season and light conditions on chorusing 
intensity. 
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 Exploration of unfamiliar environments is a behavior animals developed to increase their chances of 

survival. Some vertebrate studies have suggested that the presence of food or conspecifics can affect 
exploration behavior, but little is known about how invertebrates explore their world. We used the 
white-lipped globe snail (Mesodon thyroideus) as a model organism, which is a Kentucky native 
species that is generally common across its range but has been poorly studied. We tested the effects 
of snail size, the presence of food, and the previous presence of a conspecific on snail exploratory 
behavior. We predicted that each of these factors would affect snail movement behavior, such as 
directionality, path length, and their tendency to delay movement or stop moving while traveling. 
We found that snails’ movement was affected by the presence of food, but snails of different sizes 
reacted differently to food. Our data suggest that when food was present, large and medium snails 
had more sinuous paths but also shorter paths than small and medium snails. They also suggest the 
second snail in trials started moving sooner than did the first, but took shorter, more sinuous paths. 
This study revealed that snails have complex responses to environmental signals, such as the scent of 
food or a conspecific, and that their size affects their responses to those signals.  

 


