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1 EFFECTS OF DIET ON MACULAR DEGENERATION IN SPIDERS  
 Brafford M, Buschbeck E, Stowasser A 

Department of Biology, University of Cincinnati 
 Jumping spiders are visually guided predators, and as such have among the highest visual acuity in invertebrates. 

Strangely, in some spiders acuity is lost through a degenerative process that mirrors macular degeneration. In humans 
the latter is characterized by a gradual loss of central (macular) photoreceptors that has been linked to energy transport 
and possibly nutritional deficits. As the macula is the part of the retina with a high concentration of photoreceptors, loss 
in this region profoundly impacts visual function. To date there is no good invertebrate model for macular degeneration, 
however, based on surveys with a newly developed micro-ophthalmoscope we observed similar degeneration patterns 
in the rod-like cell structures (called rhabdomeres) of the antero-lateral eyes of the jumping spider, Phidippus audax. To 
further test this parallel we investigated if malnutrition can be a contributing factor for rhabdomere loss, specifically in 
in the dense macula-like region of these spider eyes. A comparison of normally and restriction-diet reared spider siblings 
revealed a clear pattern of enhanced rhabdomere loss in starved spiders. While some loss is observed throughout the 
retina, it is especially prominent in the macular region. Hence a deprivation diet did not only lead to smaller and less 
viable spiders, but also impacted their visual organ. Although we have not yet directly tested impacts on these spider’s 
hunting behavior, we expect that such macular-centric photoreceptor loss can seriously affect their ability to hunt and 
catch prey. These findings shed new light on a possible general mechanism for macular degeneration that could be 
relevant to invertebrates and vertebrates alike. 
 

2 CAN XENOPUS LAEVIS DETECT SOCIAL CHEMICAL CUES? 
 Amo M, Rhodes H 

Department of Biology, Denison University  
 Animals communicate through a wide variety of forms, one being through the release of chemical signals from the body 

and detection by conspecifics. We believe that Xenopus laevis, African clawed frogs, may use chemical cues to understand 
when they should begin mating calls or other social behaviors. X. laevis are a fully aquatic species and have a distinct 
olfactory cavity, the medial cavity, to detect water born odorants. Therefore, we signed an experiment using an 
Electroolfactogram (EOG) to detect a frog’s physiological response to water-borne social stimuli. To do this we 
anesthetized, then double pithed 27 male X. laevis, and exposed their olfactory cavity. We used a stimulus delivery system 
to perfuse saline across the frog’s medial nasal cavity. Additionally, the stimulus delivery system was used to inject serial 
dilutions of our stimuli, both male and female X. laevis cloacal fluids, skin secretions, and amino acids, into the frog’s 
medial nasal cavity. An EOG electrode, was placed on top of bundles of olfactory receptor neurons within the medial 
cavity to detect the activation of olfactory receptor neurons. Amplitudes of the EOG responses to each test stimulus were 
compared to control stimuli responses to determine the general threshold of sensitivity to stimuli. We found that cloacal 
fluids tended to have notable detection up to dilutions of 1/1000 while skin secretions showed notable detection up to 
1/100. This means that these frogs are able to detect these stimuli at fairly diluted amounts. As a result it is evident that 
African clawed frogs have the ability to detect socially relevant chemical cues. We hope to further this study to determine 
exactly what the frogs are detecting in the cloacal fluids and skin secretions. Then we hope to observe if exposure to 
these specific chemicals causes physiological changes within the frog such as initiation of mating behavior. 

 
 
 
 
 
 
 
 



3 ANATOMICAL DIFFERENCES IN ANTERIOR CEREBELLAR VERMIS ARE SEX-DEPENDENT 
 Black K, Baygani A, Webb B, Essex A, Martinez R, Cha W, Mackie K, Kalinovsky A 

Department of Psychological and Brain Sciences, Indiana University 
 Sex-dependent differences have been characterized in the behavioral prevalence and susceptibility to multiple 

neuropsychiatric disorders. Studies aiming to identify the neurological basis of this dichotomy uncovered several sexually 
dimorphic brain structures, including the preoptic area of the hypothalamus and amygdala; however, relationships 
between individual variations in anatomy and behavioral diversity for most brain regions are not well understood. The 
cerebellum is a highly compartmentalized anatomical region of the hindbrain, implicated in motor, cognitive, and 
emotional planning and control. The anterior cerebellar vermis houses a fractured somatomotor map of the limbs, and 
is robustly activated when subjects are engaged in behaviors that require hand dexterity. Interestingly, sex differences 
have been identified in acquisition of handwriting speed and legibility in children. Previous studies characterizing murine 
cerebellar anatomy have not identified gross anatomical differences between sexes, albeit alterations in cerebellar 
structure and function in humans have been associated with neuropsychiatric disorders that have a higher prevalence or 
earlier age of onset in males, including autism spectrum and schizophrenia. We set out to examine sex-dependent 
variability in cerebellar anatomy, development, and function. We found that the majority of male mice have three folds 
(folia) in the midvermal anterior zone, while a majority of females have two. Furthermore, our results demonstrate that 
the rate of cerebellar development, as well as acquisition of proficiency in cerebellar-dependent behaviors differ between 
sexes. It is possible that sex-dependent differences in cerebellar development extend to other mammalian species 
including humans, and could contribute to sex-specific differences in configuration of cerebellar circuits and to gender-
related differences in cerebellar-controlled behaviors and disease susceptibility.  

 
4 THE EFFECT OF EVOLUTIONARY SOCIAL HISTORY ON SOCIAL FACILITATION IN SEVERAL NON-HUMAN ANIMAL 

SPECIES 
 Bowden M, Cook K, Furlong E 

Department of Psychology, Illinois Wesleyan University 
 In the presence of an audience, humans tend to perform better on well-rehearsed tasks than when they are alone. 

However, when it comes to unfamiliar or difficult tasks, humans tend to perform worse when an audience is present 
(Allport, 1924; Zajonc, 1965). This phenomenon, known as social facilitation, can be explained by two opposing theories. 
Zajonc’s drive theory (1965) argues that the mere presence of other individuals increases physiological arousal, which in 
turn induces a dominant response. If we are advanced at a skill, our dominant response would be to perform that skill 
well. If we are a beginner at a skill, our dominant response would be to be slow or inaccurate in our performance. Cottrell 
(1968), however, argues that the mere presence of others is not enough to induce this change in behavior; rather, the 
subject must feel that their audience is invested in their performance and wish to impress that audience. These theories 
make different predictions about audience effects in species with different social histories. Because solitary species would 
be unaccustomed to the presence of conspecifics, Zajonc would predict that those animals would experience increased 
arousal in the presence of an audience, thus demonstrating a greater social facilitation effect than social species. Cottrell  
would predict the opposite outcome, such that social species, because of their deeper comprehension of social dynamics 
and their relationship to their observer, would demonstrate a greater social facilitation effect than a solitary species. To 
test these theories, we evaluated the performance of animals with different evolutionary backgrounds (solitary, 
domestic, and social) in the presence of no audience, a human audience, and a conspecific audience. Preliminary 
evidence suggests that there is an audience effect with social animals. Data from non-social species is forth-coming and 
will provide further insight into this theoretical debate. 

 
 
 
 
 
 
 
 
 
 
 



5 SEX-SPECIFIC DENDRITIC REORGANIZATION AFTER CHRONIC STRESS IN ADULT RATS THAT EXPERIENCED SOCIAL 
INSTABILITY AS ADOLESCENTS 

 Breach M1,2, Moench K1,2,3, Wellman C1,2,3 
1Department of Psychological and Brain Sciences, 2Program in Neuroscience, and 3Center for the Integrative 
Study of Animal Behavior, Indiana University  

 Stressful life experiences increase risk for many psychological disorders including depression and post-traumatic stress 
disorder. Interestingly, women are twice as likely as men to develop these disorders, although the neural mechanisms 
underlying this discrepancy are poorly understood. Dysfunction of prefrontal cortex is often observed in individuals with 
stress-related disorders. In rodent models, medial prefrontal cortex (mPFC) is affected by stress in a sex-dependent 
manner. For example, we have shown that after 10 days of daily stress, male rats have initial dendritic retraction in mPFC, 
followed by outgrowth after 7 days of rest. Conversely, female rats show minimal dendritic remodeling both immediately 
after stress and in the post-stress rest period. However, little is known about how stress in adolescence may influence 
chronic stress-induced dendritic alterations in adulthood. Here, we assessed neuronal morphology following chronic 
restraint stress (3 h/day for 10 d) in adult rats that had experienced social instability stress during adolescence (PND 30-
45). Either on the day after chronic restraint or after a 7-day rest period, rats were perfused and brains were stained 
using a Golgi-Cox method. Pyramidal neurons in layer II-III of prelimbic cortex of males and females were reconstructed, 
and morphology of apical and basilar dendrites was quantified. Males showed apical retraction only after the rest period, 
with no change immediately after chronic stress, suggesting that adolescent stress may delay the effects of chronic stress 
on dendritic morphology. In females, we also found no change in dendritic length immediately after chronic stress, but 
instead dendritic outgrowth after a 7-day rest period. Basilar dendrites were similar across conditions. These findings 
agree with previous evidence of sex-dependent stress responses in the mPFC, and suggest that exposure to stress in 
adolescence may modulate these responses in adulthood. 

 
6 LATENCY OF MALE MICE TO PRODUCE COURTSHIP VOCALIZATIONS IS MODIFIED BY REJECTION VOCALIZATION 

STRUCTURE AND CONTEXT 
 Busch ML, Patel MM, Long EV, Hood KE, Hurley LM 

Indiana University 
 House mice produce both audible broadband vocalizations (BBVs) and inaudible ultrasonic vocalizations (USVs) during 

sexual interactions. In those sexual interactions, BBVs are primarily produced by females and occur while females are 
performing other rejection behaviors such as kicking and lunging, while USVs are primarily produced by males as they are 
courting the female. Production of BBVs can modify male courtship behavior, but in a way that is sensitive to contextual 
factors like non-auditory sensory information and prior experience. BBVs vary structurally with reproductive state of the 
female sender and varying this structure in playback results in different changes in USV production by the male. In 
addition to these changes in overall USV production, males also respond by modifying the latency to resume USV 
production after each playback BBV. Males (n = 6) significantly change their latency to resume USV production depending 
on if the BBV playback has been edited for decreased structural non-linearity (average latency = 0.485 seconds), increased 
structural non-linearity (average latency = 0.932 seconds), or unedited BBV playback (average latency = 3.189 seconds). 
Preliminary results from experiments where these stimuli were presented in different contexts indicate that the presence 
or absence of additional olfactory stimulation modifies response to playback. These results provide evidence that males 
are responding to the structure and context of female rejection cues. 

 
 
 
 
 
 
 
 
 
 
 
 
 



7 IMPACTS OF CIRCADIAN DISRUPTION ON ESTROUS CYCLICITY AND FOLLICUGENESIS IN THE FEMALE RAT 
 Chu A1, Katcher KM2,3, Balachandran RC2, Eubig PA2,3, Mahoney MM2,3 

1Department of Molecular and Cellular Biology, 2Department of Comparative Biosciences, and 3Neuroscience 
Program, University of Illinois Urbana-Champaign 

 All animals have behavioral and physiological processes that are synchronized to 24-hour environmental cues. These 
circadian rhythms respond primarily to the daily light/dark cycle. Circadian rhythms are altered by changes to the external 
environment such as traveling across time zones, light at night, and shift work. Circadian disruption (CD) occurs when 
sleep-activity cycles, physiological rhythms, and behaviors are not synchronized to the environment or to each other. 
Previous studies have attempted to identify how the internal clock is modified by external cues, including light at night 
exposure and shift work. However, little is known about the impacts of CD on female reproductive health. Here, female 
rats performed a cognitively demanding task daily for 21 days. Females were tested in one of three conditions: dark 
without light pulse (Control), dark with light pulse (Light at Night model), and light phase (Shift Work model). Estrous 
cycle stages were identified by daily vaginal cytology based on the proportion of four basic cell types. Shift Work animals 
had a significant decrease in their nocturnality compared to Controls within 15 days of testing. While Control and Light 
at Night animals were active around 75% of their time during the dark phase, Shift Work animals spent less than 50% of 
their time active during the dark, demonstrating that Shift Work group experienced a transition from nocturnal to diurnal 
activity patterns in response to cognitive test performance during the resting phase. Additionally, both models of CD 
significantly increased the percentage of time spent in estrus stage compared to Control, as well as significant decrease 
in the percentage of time spent in metestrus and proestrus stages suggesting interrupted estrous cyclicity. We are now 
quantifying ovarian follicles in various stages to investigate histological changes in the ovaries due to disrupted circadian 
rhythms.  

 
8 ENTERING INTO ANIMAL WORLDS: PARTICIPATORY OBSERVATION AS A MODE OF ACCESS TO THE UMWELT OF 

ANIMALS 
 Churchill SD1, Granden M2 

1Department of Psychology, University of Dallas; 2Department of Psychology, University of West Georgia 
 There are overlooked methodological guidelines to be found in the early works of Gestalt researchers as well as 

phenomenologists that might help to re-direct contemporary research into animal-human relations – especially Uexküll’s 
(1909, 1921) writings on “Umwelt-research” describing his method of participatory observation where we reconstruct 
the animal’s Umwelt by means of a vicarious “sharing” of the motor and perceptual processes which occur during the 
organism’s behavioral activities. Heidegger’s own method was one of “transposing oneself” into the animal world. This 
poster will invite the viewer to reflect upon what it means to be the “witness” of behavior - and of how the role of the 
witness changes once we move from “third person” to “second person” perspectives. Second person perspectivity draws 
upon the observer’s entering into a “we-relationship” with the animal observed, where the absolute difference between 
self and other disappears. Sometimes we can even experience ourselves “being addressed” by the animal other. This can 
especially occur with species gifted with higher intelligence, such as apes and dolphins. French philosopher Merleau-
Ponty observes: “… it is precisely my body which perceives the body of another, and discovers in that other body a 
miraculous prolongation of my own intentions, a familiar way of dealing with the world.” While aiming to stop short of 
anthropomorphism, we also wish to avoid the "mechanico-morphism" found in some accounts of animal behavior. 
Wolfgang Köhler (1921) remarked: “If the subject matter of objective psychological observations disappears as soon as 
one tries to describe it analytically beyond a certain point, then there are realities in the animals investigated which are 
perceptible to us only in those total impressions” (p. 206, emphasis added).  

  
 
 
 
 
 
 
 
 
 
 
 



9 PHOTORECEPTOR MEMBRANE RECYCLING IN THIRD INSTAR THERMONECTUS MARMORATUS LARVAE 
 Conley R, Buschbeck E 

Department of Biological Sciences, University of Cincinnati 
 The larvae of Sunburst Diving beetles Thermonectus marmoratus are aggressive, visually guided predators. For them, 

maintaining optimal vision is essential for survival. To keep photoreceptors functional, it is generally necessary to renew 
photoreceptor membranes, this procedure is best understood in vertebrates. In 1967, Dr. Richard Young observed the 
process of photoreceptor recycling in vertebrates. In his experiment, he demonstrated that the discs of the rod are 
assembled at its base. They then, travel distally to the tip, and are shed into the adjacent pigment epithelium. In insects, 
many parallels in the opsin recycling mechanism have been identified, but typically no adjacent pigment cells are present 
into which membrane is shed. We here show that in T. marmoratus larvae, photoreceptor-stack recycling may mirror the 
situation in vertebrates. Based on an extensive transmission electron microscopical study we find that the tips of 
rhabdomere stacks are shed near a giant pigment cell, which appears to endocytose them through filopodia. In addition, 
injection with the endo- and exo-cytosis inhibitor Dynasore leads to the rapid and dramatic swelling of photoreceptor 
stacks, further supporting the involvement of adjacent pigment cells. Taken together, our data suggests that 
photoreceptor recycling in T. marmoratus shares parallels with vertebrates and hence represents an important model 
system. 

 
10 A QUANTITATIVE EXTENSION OF GALEN'S HUMORAL THEORY 
 Dale RHI 

Department of Psychology, Butler University 
 Although many have speculated about the humoral theories of Hippocrates, Galen and others, it seems as though nobody 

has expressed these ideas quantitatively. Given the recent research on the seasonal variations in gene expression, and in 
the immune and endocrine systems, I thought that a simple quantitative model of seasonal humoral variations might be 
interesting. I assumed that each of the four humors would have the same peak volume. Whether assuming sinusoidal 
changes or linear seasonal changes in the 4 humors, with peak levels of blood (Spring), Yellow Bile (Summer), Black Bile 
(Autumn) and Phlegm (Winter) equally spaced at 3-month intervals, the total fluid (humoral) volume remained constant. 
The levels of each of the 4 humors, and their mixtures, changed dramatically over the year. Galen speculated about the 
effects of having an excess or deficiency of each of the four humors (with age, temperament and season). Quantitative 
modeling of such fluctuations showed the dramatic changes in overall humoral content caused by modest humoral 
imbalances. 

 
11 SHORT-TERM MELATONIN ADMINISTRATION ALTERS AGGRESSIVE BEHAVIORS AND ADRENAL STEROID LEVELS 

IN SIBERIAN HAMSTERS 
 Deyoe JE, Logan CG, Demas GE 

Department of Biology, Indiana University 
 Siberian hamsters, Phodopus sungorus, display year-round aggression and increased aggression under short 'winter-like' 

days despite decreased serum levels of sex steroids. Previous findings suggest that, DHEA, an adrenal androgen, is a key 
regulator of short-day (SD) aggression and that melatonin plays an important role in the seasonal transition. SD females 
show a significant increase in serum DHEA in response to an ACTH challenge, whereas long-day (LD) DHEA levels are 
unaffected following the same challenge. Melatonin injections, given to LD animals at a specific time to simulate the 
pattern seen in SD animals and are a useful tool to produce SD phenotypes in LD animals. This paradigm has yet to be 
explored in combination with an ACTH challenge to test whether LD animals treated with timed melatonin will respond 
similarly to SD animals. To test this, LD females were given either timed melatonin (n=30), mistimed melatonin (n=30), or 
a vehicle (n=30) control injection for 14 days. On day 10, same-sex social behavioral trials were conducted. Females given 
timed melatonin showed significant increases in both frequency and duration of attacks when compared to both the 
mistimed melatonin and control females. On day 14, half the animals from each treatment received an injection of ACTH 
and the other half received a control saline injection. Blood samples were taken pre-injection as well as 30, 60 and 120 
minutes after the injection. Adrenal steroid levels were quantified from all samples. There were no significant differences 
in baseline adrenal steroid levels between groups. There was a timed melatonin specific increase in DHEA and an increase 
in cortisol across all groups following the challenge, when compared with controls. These findings are consistent with the 
hypothesis that animals given timed melatonin will respond in a similar manner to SD animals both behaviorally and 
physiologically.  

 
 



12 WARBLER'S BEHAVIOR IN ORIENTATION CAGE: DOES IT MIRROR MIGRATION PATTERNS? 
 Downey J1, Szulc J3, Kraszpulski M1,2 

1Department of Biology and 2Department of Neuroscience, Cell Biology, and Physiology, Wright State 
University; 3Bird Migration Research Station, University of Gdańsk 

 The earth’s magnetic field is an accepted form of orientation information. Birds such as reed warblers (Acrocephalus 
scirpaceus) and willow warblers (Phylloscopus trochilus) are able to use this information to guide them during their 
migratory journey. A common and reliable way to test orientation in birds is using an orientation cage. Using this method 
reed warblers and willow warblers were tested on the southern coast of the Baltic Sea to investigate if the pecks made 
in the orientation cage mirrored their autumn migration pattern. The first hypothesis stated that reed warblers and willow 
warblers would peck the most in the western direction. Secondly, there would be no difference in number of pecks made 
at any direction between the two species. Statistical analysis has revealed neither species pecked the most in the west. 
Therefore, the first hypothesis was not supported. Both studied species also did not show any statistically significant 
preference regarding the directions. Therefore, hypothesis two was supported. 

 
13 FACEBOOK FOR SQUIRRELS: MARKING POINT VISITATION AND BREEDING IN THE EASTERN GRAY SQUIRREL 

(SCIURUS CANADENSIS) 
 Ewing SJ, Sullivan ME 

Department of Environmental Conservation and Horticulture, Finger Lakes Community College  
 Our understanding of chemical communication in mammals still holds many mysteries. Eastern gray squirrels (Sciurus 

canadensis) are known to deposit scent produced in sebaceous glands located in the oral region, via tree bark biting and 
cheek rubbing. Marking points (MP) are the most conspicuous sign of this behavior. MP are often located near the base 
of large-diameter, thick-barked trees which squirrels have marked repeatedly creating a vertical area of discoloration 
noticeable to the trained eye. Although MP are abundant wherever gray squirrels are found, their function is little 
understood. An investigation into the seasonal use of MP by gray squirrels may shed light on this form of communication. 
Research on other mammals known to leave scent on trees, such as the white-tailed deer (Odocoileus virginianus) and 
American black bear (Ursus americanus), show an increase in marking behavior during their breeding seasons. Camera 
traps were set at MP sites from December 2017 to March 2018 to determine if there is a change in visitation frequency 
by gray squirrels during their winter breeding season. Also, the project aims to look at the viability of using camera traps 
to learn more about chemical communication in a ubiquitous mammal.  

 
14 THE ROLE OF TESTOSTERONE IN STRESS-INDUCED ΔFOSB INDUCTION IN MEDIAL PREFRONTAL CORTEX IN 

MALES 
 Fender E1, Bollinger JL1,2,3, Wellman CL1,2,3 

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

 Chronic stress produces different effects on cognitive processes in males and females. For instance, chronic stress impairs 
behaviors mediated by medial prefrontal cortex (mPFC) such as working memory in male but not female rats. This 
differential effect may be mediated by the sex specific impact of stress on mPFC structure and function. For instance, the 
effects of chronic stress on mPFC neurons differ in males and females, such as lengthening of dendrites in females versus 
excessive pruning of dendrites in males. To begin to investigate the mechanisms underlying this sex difference, we 
examined the potential modulatory impact of testosterone (T) on stress-induced neuronal activation in mPFC in males. 
Male rats received sham surgery (SHAM), castration (CAST), or CAST with testosterone replacement (CAST + T). After a 
recovery period, rats received daily restraint stress (3 h/day, 10 days) or were left unhandled except for weighing. Twenty-
four hours after the final day of restraint, brains were extracted, sectioned, and stained for ΔFosB which accumulates 
over extended periods of neuronal activation. ΔFosB-positive (+) cells were classified as either lightly stained or darkly 
stained and counted in four sections equally spaced through the rostral caudal extent of mPFC. ΔFosB-positive cell density 
and the ratio of darkly to lightly stained cells were examined. Testosterone had no impact upon ΔFosB+ cell density or 
the proportion of darkly stained cells in mPFC. Chronic stress increased ΔFosB induction in mPFC but did not change the 
proportion of darkly stained cells, regardless of hormone state. These findings suggest that testosterone does not 
modulate stress induced increases in neuronal activation as reflected in ΔFosB expression. 

 
 
 
 



15 FEMALE MICE DO NOT USE HARMONIC SYLLABLES AS HONEST SIGNALS FOR ESTROUS STAGE 
 Fentz C, Ronald KL, Hurley L 

Department of Biology, Indiana University 
 Honest signals, which are reliable signals that a sender conveys to a receiver, are used by a multitude of animal species 

to convey many meanings, including estrous stage. The vocal signals of house mice (Mus musculus) are used during a 
variety of social interactions, including for mating. While most research has focused on the male production of ultrasonic 
vocalizations (USVs) in an intersexual interaction, females also use and produce their own USVs in these interactions. 
Here we investigated whether the USVs of female mice honestly convey whether the female mice are in estrus or in 
diestrus. We did this by presenting male urine to females in estrus and diestrus and then recording the number of USVs 
produced and the type of USVs produced. This allowed us to determine whether USVs change when a female is in estrus 
or diestrus. There were no strong correlations between estrous stage and the number of harmonic syllables produced, 
nor were there any correlations between estrous stage and number of USVs. These findings suggest that the amount of 
USVs and harmonic syllables were not honest signals as to whether a female was in estrus or diestrus. While there wasn't 
evidence that the number of USVs and harmonic syllables contain information about estrous state, a next step might be 
to look at other types of USV syllables as honest signals of estrous phase.  
 

16 DATA COLLECTION AND VALIDATION OF A NEW ULTRA-LIGHTWEIGHT LOGGER FOR STUDYING ANIMAL 
BEHAVIOR 

 Gaughan D1,2, Brown G3, Chen J3, Marvel Z3, Himbaugh B3, Ketterson E1,2, Fudickar AM1,2 
1Environmental Resilience Institute, 2Department of Biology, and 3School of Informatics, Computing, and 
Engineering, Indiana University 

 Technological advances are often a catalyst for new scientific discoveries. Lightweight tracking and logging devices have 
provided researchers opportunities to study the behavior of free-living animals that would otherwise be impossible to 
study. Loggers, which are deployed on animals and recovered to download collected data, have made a significant impact 
on avian behavioral studies. When used on birds, tags can be cost and weight prohibitive. We are currently developing 
and testing ultra-lightweight loggers for studying daily and seasonal behavior in free-living birds. By logging acceleration 
in 3 axes, we hope to be able to observe a range of behaviors in birds (e.g. rest and flight). We are running a series of 
experiments to test the accuracy of the loggers currently being developed. Here we present the logger method and 
preliminary validation results. 

 
17 CANINE BEHAVIOR: DISPARITIES BETWEEN HUMAN PERCEPTIONS AND LEVELS ON A STANDARDIZED BEHAVIOR 

ASSESSMENT 
 Gits M1, Cohen SE2, Todd PM2 

1Department of Biology and 2Department of Psychological and Brain Sciences, Indiana University 
 Most people believe that their dog is the best-behaved compared to others’, but it is unclear whether these perceptions 

are based on actual behavior. In this work, we test whether people can accurately judge the behavior of a dog they intend 
to adopt as compared to behavior on a behavior assessment test. We surveyed 75 people in the process of adopting dogs 
at Bloomington Animal Care and Control, who rated their chosen animal on perceived levels of barking, aggression 
towards other dogs, playfulness, and willingness to follow commands. The results were compared to the frequency of 
corresponding behaviors during the Match-Up II test, a common standardized behavior assessment for canines. We 
found each pet’s relative levels of each category of behavior by comparing its assessment to a sample of 1400 
assessments completed in the shelter. We found that, overall, individuals’ perceptions of their dogs do not line up with 
objective measures of that behavior. There was no significant correlation between adopter-perceived levels and 
behavior-assessment levels of barking (Pearson’s R, r=0.092, p=0.433, n=75), behaving aggressively towards other dogs 
(Pearson’s R, r=0.074, p=0.529, n=74), and ignoring human commands (Pearson’s R, r=0.092, p=0.437, n=74). However, 
there was a weak but significant correlation between adopter-perceived levels and behavior-assessment levels of 
playfulness (Pearson’s R, r=0.276, p=0.017, n=75). This may suggest that people cannot accurately assess their dog’s 
perceived aggressiveness, ignoring human command, and barking behavior. 

 
 
 
 
 



18 IMPACT OF ACUTE EARLY LIFE STRESS AND ADOLESCENT ALCOHOL EXPOSURE ON ADULT STRESS-ENHANCED-
FEAR-LEARNING AND ALCOHOL-SEEKING BEHAVIOR 

 Held IT, Radke AK, Quinn JJ 
Department of Psychology, Miami University 

 The latest estimates using the criteria of the DSM-V suggest post-traumatic stress disorder (PTSD) has a lifetime 
prevalence rate of 8.3%. Individuals suffering from PTSD show a heightened vulnerability to alcohol use disorder (AUD), 
possibly because the neural substrates mediating vulnerability in PTSD and AUD are similar. Individuals with comorbid 
PTSD/AUD are also more likely to have suffered childhood adversities than those with only one of these conditions, 
pointing to childhood trauma as an important vulnerability factor for comorbid PTSD/AUD. The present study addressed 
whether infant stress exposure (footshock) on postnatal day (PND) 17 increases alcohol consumption in adolescence and 
then in adulthood, using an intermittent two-bottle choice procedure. In addition, we addressed whether the stress 
exposure results in faster progression to compulsive alcohol drinking, by using a quinine testing to examine if ethanol 
was still preferred to water, even when tasting bitter. Finally, we addressed whether the enhanced adult fear conditioning 
that is observed in animals previously exposed to the infant footshock stress correlates with the amount of alcohol 
consumed during adolescence and/or adulthood. The results of this experiment lead to the conclusion that early-life 
stress produces stress-enhanced fear learning, regardless of sex or the amount of adolescent alcohol consumed. 
Additionally, we can conclude that female rats exposed to early life stress appeared to become compulsive in their adult 
alcohol consumption faster than male and unstressed rats. These data are consistent with previous research suggesting 
heightened vulnerability for substance use disorders in females. 
 

19 PRIMATES, PEOPLE, AND PROKARYOTES: ASSESSMENT OF HUMAN INTERACTION WITH WILD COSTA RICAN 
PRIMATES USING ANTIBIOTIC RESISTANCE AND BEHAVIORAL ANALYSES 

 Iruri-Tucker A1,2, Webb A3, Steiniche T1, Brondizio ES1, Bashey-Visser F2, Beck P4, Wasserman MD1,2,4 
1Department of Anthropology and 2Center for the Integrative Study of Animal Behavior, Indiana University; 
3Department of Biological Sciences, Boise State University; 4Environmental Management & Sustainability 
Program, St. Edward’s University 

 Anthropogenic interaction with ecosystems has a wide variety of consequences, including a shifting diversity of resistance 
genes, as microbial resistance to modern antibiotics may originate from anthropogenic selective pressure. Emerging 
resistotypes can subsequently be dispersed or arise in wildlife populations via antibiotic pollutants, spillover events, 
bacterial translocation, and transfer of mobile resistance genes. Given this, sampling the abundance and diversity of 
resistotypes and recording behavioral data of wildlife populations may allow researchers to determine the dispersal of 
the resistance genes, determine health risks associated with reservoirs, and draw correlations with sites where resistance 
may have originated. We used fecal culture methods to determine the presence of resistant bacteria in wild populations 
of mantled howler monkeys (Alouatta palliata), white-faced capuchins (Cebus capucinus), and Geoffroy’s spider monkeys 
(Ateles geoffroyi) living across a series of forest fragments in Costa Rica. Seven clinically relevant antibiotics representing 
five classes were tested (aminoglycocides, penicillins, macrolides, fluoroquinolones, and tetracyclines). Fecal samples 
were collected non-invasively and opportunistically over a 10-week period with GPS coordinates recorded at the location 
of each sample. GIS analysis was then used to locate areas near the primates that may be sources of resistance, such as 
streams, residential, urban, or agricultural areas, or trash dumps. Behavioral results indicated that primates, particularly 
C. capucinus, demonstrate a variety of behaviors which can cause resistance to enter a population, such as habitually 
consuming food from anthropogenic sources through crop-raiding or provisioning. As a result, stricter regulations on 
primate-tourist interactions or provisioning of food may be needed to protect both non-human primates and humans 
from the spread of antibiotic resistance bacteria. 

 
 
 
 
 
 
 
 
 
 
 



20 HOW INFECTIVE BEHAVIOR OF PARASITES CHANGE IN DIFFERENT ENVIRONMENTS 
 Jones T1, Bashey-Visser F2, Ramesh A3 

1Biology Department, Mary Baldwin University; 2Department of Biology and 3Center for the Integrative Study 
of Animal Behavior, Indiana University  

 Many parasites have a free-living stage, and when infecting, decide their future host and habitat. How are these decisions 
influenced by parasite density and host availability within in the environment? The theory of optimality states that 
irrespective of the number of hosts and parasites in an environment, parasites will aim to infect at an optimal number 
that will allow them to maximize their reproductive fitness. We focus on the obligate killing entomopathogenic 
nematodes (EPNs) as the parasites and the moth caterpillar, G. mellonella as the host. We use two EPN species, S. kraussei 
and S. costaricense. Prior research indicates that free-living S. costaricense are short lived and highly mobile relative S. 
kraussei. In a soil mesocosm experiment, each species was exposed to two levels of host availability (low/high) at two 
specific parasite doses (low/high) for 72 hours. Daily mortality was recorded and hosts were dissected to estimate number 
of infecting nematodes. It was hypothesized that if the theory of optimality holds true, then parasite group sizes should 
be uniform across all treatments for a given species, but species-specific differences could arise owing to their different 
longevity and mobility. Overall, our results show that S. costaricense has a higher probability of killing and faster host 
mortality rate relative to S. kraussei. Higher nematode dose resulted in greater total infection, irrespective of species and 
host availabilities. Increasing total infection resulted in decrease in average female nematode size, indicating a potential 
fitness cost to the EPNs. Thus, our experiment showed that across two species that differ in their behavior in the free-
living stage, EPN parasites tend to aggregate, deviating from the expected optimum- and at a potential cost to individual 
fitness.  

 
21 ROLE OF CRH-TYPE 1 RECEPTORS IN STRESS ENHANCEMENT OF ADOLESCENT FEAR LEARNING 
 Lab RS, Pascoe EJ, Quinn JJ  

Department of Psychology, Miami University 
 Research in early life stress (ELS) has shown persistent psychological effects of these early experiences. The brain is highly 

plastic during development, and excessive amounts of stress can increase an individual’s susceptibility to adolescent and 
adult psychopathologies, such as anxiety disorders, mood disorders, and substance use disorders. This increased 
susceptibility has physiological bases believed to be changes in brain function resulting from stress exposure in early life. 
Previous research shows that a common effect of ELS is stress-enhanced fear leaning (SEFL) that is observed well into 
adulthood. The mechanisms underlying SEFL are not well understood, but are thought to involve increased excitation of 
the amygdala. Given the role of corticotrophin releasing hormone (CRH) in stress responding, it is possible that CRH 
receptor signaling is necessary for this stress-enhancement effect. The current experiment addresses whether 
antagonism of CRH-type 1 receptors at the time of infant acute ELS exposure eliminates subsequent enhancement in 
adolescent fear learning. In addition, this experiment addresses whether infant fear learning depends on CRH-type 1 
receptors. In the current experiment, a CRH-type 1 receptor antagonist, CP-152,526, was administered 30 minutes prior 
to the 15 footshock stress exposure in Context A on postnatal day 17. The next day, rats were tested for their memory of 
the stress exposure context. During adolescence, animals were re-tested for their fear memory of the stress exposure 
context. The next day, they were fear conditioned with one footshock in a novel context (Context B). One day later, 
animals were tested for fear memory of Context B. Overall, the brain’s highly plastic state during development increases 
the development of SEFL after an early life stress exposure, a mechanism that is yet to be fully understood. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
22 CANINE BEHAVIORS ON A STANDARDIZED ASSESSMENT AND THEIR IMPACT ON LENGTH OF STAY 
 Lindahl KN, Cohen SE, Todd PM 

Department of Psychological and Brain Sciences, Indiana University 
 It is common for animal shelters to conduct a behavioral assessment on dogs to determine the temperament and needs 

of each dog. The assessment could reveal behaviors that are relevant to adopters, with some being attractive, such as 
social behaviors, and some unattractive, such as fearful and aggressive behaviors. The dogs that exhibit more attractive 
behaviors could be adopted sooner than those showing unattractive behaviors. I hypothesized that dogs that exhibited 
more social behaviors would have a shorter length of stay (the time from when they are brought to the shelter to the 
time they are adopted), and dogs that exhibited more fearful or aggressive behaviors would have a longer length of stay. 
To test this hypothesis, I used the results from the Match Up II behavior evaluation conducted at Bloomington Animal 
Care and Control and the total length of stay for 1068 dogs. The Match Up II is a behavioral evaluation system conducted 
in a standardized environment with identical test stimuli. It consists of eleven subtests, such as possessive behavior, that 
evaluate the frequency of certain behaviors. I tested whether the frequency of eleven social, seven fearful, and twelve 
aggressive behaviors affected the dog’s length of stay. I found no significant correlation between any of the behaviors 
and length of stay (Pearson’s R, Aggression: r = 0.017, Social: r = 0.005, Fear: r = 0.013; p>0.05 for all). The results suggest 
that the behavior on the evaluations does not directly relate to how attractive the dogs appear to adopters in terms of 
length of stay. I will discuss possible reasons for this relationship. 

 
23 MATRILINEAL INFLUENCE ON AN AFRICAN ELEPHANT ADOLESCENT’S SOCIAL BEHAVIOR  
 Machado J, Dale B 

Department of Psychology, Butler University  
 We conducted an observational study of the social behavior of an African elephant (Loxodonta africana) adolescent in a 

unique group context. Our study examines the social interactions between a female adolescent (Zahara), her 5 years 
younger sister (Nyah), an unrelated 4 years younger juvenile (Kalina), and an unrelated senior female elephant (Sophi). 
We compared the behavior of Zahara towards her maternal sister Nyah and the unrelated Kalina. We made digital video 
recordings of these four animals in an outdoor yard at the Indianapolis Zoo. In our analysis of the recordings, we examined 
Zahara’s social interactions: time spent in proximity to each conspecific, which animal was responsible for maintaining 
contact, and the number of aggressive behaviors displayed to each juvenile. Zahara spent significantly more time herding 
and tusking Kalina in comparison to Nyah. The results of this study informs how matrilineal ties influence adolescent 
elephant social behavior.  

 
24 MALE MICE DO NOT CHANGE ULTRASONIC VOCALIZATION COMPLEXITY IN THE PRESENCE OF ESTROUS OR 

DIESTROUS FEMALE URINE 
 Miller R, Ronald KL, Hurley L 

Department of Biology, Indiana University 
 An honest signal is one that reliably relays the message from the sender to the receiver. For instance, a male may use its 

“best,” or most honest, signal in a mating scenario that the male deems especially valuable. Male mice use a variety of 
ultrasonic vocalization (USV) syllables during courtship interactions with females. Previous research has shown that male 
mice may produce more complex USV songs in mating contexts with greater probability of conception. In this 
investigation, we tested the possibility that male complex USVs are honest mating signals. We predicted that male mice 
would produce a greater proportion of complex USVs in the presence of estrous female urine compared to diestrous 
female urine as estrous urine presents a superior mating scenario. We presented isolated male mice (Mus musculus, 
CBA/J) with estrous or diestrous female urine and recorded USV production. We counted both total USVs produced and 
complex USVs produced. We found that male mice produce a similar total amount of USVs in the presence of either urine 
type, but the male mice produced a greater proportion of USVs after urine presentation when presented with estrous 
urine compared to diestrous urine. However, the proportion of complex USVs to total USVs is not significantly different 
in the presence of estrous or diestrous urine. These data suggest that male mice can distinguish estrous stage from urine 
alone and adjust courting behavior accordingly. While this experiment does not give credence to the idea of honest 
complex USV syllables, it does show that USV production as a whole is an honest signal.  

 
 
 
 



25 THE EFFECTS OF TWO MODELS OF CIRCADIAN DISRUPTION ON GENE EXPRESSION IN THE SUPRACHIASMATIC 
NUCLEUS OF ADULT LONG-EVANS RATS 

 Molina L1, Patel Y2, Hatcher K3,4, Balachandran R3, Eubig P3,4, Mahoney M3,4 
1Department of Animal Sciences, 2Department of Integrative Biology, 3Department of Comparative 
Biosciences, and 4Neuroscience Program, University of Illinois at Urbana-Champaign 

 Circadian rhythms are physiological and behavioral changes in an organism that last approximately 24 hours. In mammals, 
the brain region known as the suprachiasmatic nucleus (SCN) plays a critical role in maintaining circadian rhythmicity. 
Light, food, and other exogenous factors synchronize the SCN to the environment. These factors are referred to as 
Zeitgebers (i.e. time givers). In this study, we manipulated the light cycle, and then quantified clock gene expression in 
the SCN. Adult male and female Long-Evans rats were individually housed in a 12 hr light-12 hr dark cycle and performed 
the Five-Choice Serial-Reaction Time Task for 21 days. This cognitively demanding task measures attention and 
impulsivity. The rats were randomly assigned to either the control group or one of two circadian disruption groups. The 
light-tested group (Shift Work model) was tested 4 hours after lights-on (ZT4). The dark-tested group was tested 4 after 
lights-off (ZT16) and was exposed to ambient light (Light at Night model). The control group tested at ZT16, but was not 
exposed to ambient light during testing. Daily locomotor activity was monitored for the duration of testing. After 21 days, 
the SCN were collected at ZT4, 8 hours after lights-on (ZT8), ZT16, and 8 hours after lights-off (ZT20). In our males, we 
found a decrease in total activity and anticipatory behavior in both circadian disruption models. In addition, we found a 
decrease in nocturnal behavior in our Shift Work model in both males and females. We are currently analyzing SCN gene 
expression of clock genes central for the regulation of circadian rhythms (Bmal1, Per1, Per2, Cry1, Cry2, AVP). These 
results will provide insight into which genes play an important role in regulating the disrupted locomotor activity patterns 
observed in our models. 

 
26 MALE USV RESPONSE TO FEMALE USVS, BBVS, AND URINE IN THE HOUSE MOUSE MUS MUSCULUS 
 Morrison V, Ronald KL, Hurley L 

Department of Biology, Indiana University  
 Multimodal communication is prevalent throughout animal taxa. It is defined as communication of information that can 

be received by multiple sensory modalities. Both male and female mice produce squeaks and ultrasonic vocalizations 
(USVs) as a form of auditory signal, and their urine serves as an olfactory cue. Males produce USVs when attempting to 
court a female and urine when displaying dominant behavior towards females and other males. Females produce USVs 
as a way to indicate receptivity during courtship and use squeaks when rejecting a courting male. Though male response 
to female olfactory signals has been well documented, we know little about male response to female auditory or 
multimodal signaling. We investigated male USV and behavioral response when presented with female squeaks, USVs, 
urine, and multimodal combinations of these stimuli in the house mouse Mus musculus. We predicted that males would 
produce more USVs in response to female stimuli that included USVs rather than urine as USVs would be a better indicator 
of the female’s increased receptivity. Each instance of a USV from a male while the stimulus was present was tallied. It 
was found that males responded at a much lower rate to female auditory signals than to female urine cues. These results 
suggest that male mice may not be able to discern male vocalizations from female vocalizations and would therefore be 
less willing to respond as there would be an increased chance of mis-sexing the signaler. This may also indicate that male 
mice rely more heavily on olfactory rather than auditory signals to discern the sex of an individual.  

 
 
 
 
 
 
 
 
 
 
 
 
 



27 EFFECTS OF MELATONIN ON SEASONAL SHIFTS IN ANDROGEN LEVELS AND AGGRESSION IN MALE SIBERIAN 
HAMSTERS 

 Munley KM1, Deyoe JE1, Jalabert C2, Ma C2, Ren C1, Soma KK2, Demas GE1 
1Department of Biology, Center for the Integrative Study of Animal Behavior, and Program in Neuroscience, 
Indiana University; 2Department of Psychology, Department of Zoology, and Djavad Mowafaghian Centre for 
Brain Health, University of British Columbia 

 Classic neuroendocrine studies have demonstrated a positive correlation between gonadal steroids and territorial 
aggression during the breeding season. However, some species exhibit equivalent or increased levels of aggressive 
behavior during the short-day photoperiods of the non-breeding season, despite gonadal regression and reduced levels 
of circulating androgens. While the mechanisms underlying short-day increases in territorial aggression are not well 
understood, previous work from our group suggests that pineal melatonin and the adrenal androgen 
dehydroepiandrosterone (DHEA) are important in facilitating non-breeding aggression in Siberian hamsters (Phodopus 
sungorus). In the present study, we manipulated photoperiod and circulating melatonin levels to distinguish the role of 
melatonin in modulating seasonal changes in territorial aggression in male Siberian hamsters. Furthermore, we assessed 
circulating and neural hormone levels in these animals during the transition period between breeding and non-breeding 
condition. Males were housed in long or short days and treated with either timed exogenous melatonin or saline, and 
aggression, circulating androgens, and neurosteroid levels in brain nuclei associated with aggression and reproduction 
were quantified following 3 weeks, 6 weeks, and 9 weeks of photoperiodic housing. Short-day hamsters showed 
increased aggression and exhibited reductions in paired testes and body mass relative to long-day hamsters across 
photoperiodic treatment. Interestingly, long-day hamsters administered melatonin exhibited intermediate levels of 
gonadal and body mass reduction and aggressive behavior. Neural and circulating androgen levels will also be presented. 
Collectively, this study provides insight into the roles of melatonin and DHEA in mediating seasonal aggression. 

 
28 GENERALIZED AGGRESSION ACROSS ENVIRONMENTS IN OWNER RELINQUISHED AND STRAY DOGS IN ANIMAL 

SHELTERS 
 Mysliwy SN, Cohen SE, Todd PM 

Department of Psychological and Brain Sciences, Indiana University 
 Aggression is generally not a desired trait in a companion animal, and individuals may think that animals relinquished to 

animal control are more prone to aggressive behavior. Even if relinquished dogs have exhibited more aggression in their 
previous homes, it is unclear whether this behavior will generalize to a new environment: aggression may be driven by 
the environment rather than temperament. We evaluate whether relinquished dogs are more likely than stray dogs and 
whether those relinquished to the shelter that exhibited aggression in their previous homes exhibit aggressive behavior 
during a standardized behavioral evaluation. Partnering with a local animal shelter, we assessed in-shelter aggression 
using the Meet-Your-Match II canine behavior evaluation system, using the results of 11 behavior assessments. In shelter 
aggression towards a group was measured as the presence of at least one of five “aggressive” responses towards adults, 
children, or other dogs on up to 11 subtests. We compared these results to reports of whether the relinquishing owner 
reported any aggression toward the three groups. We found no significant variation between strays and owner 
relinquishes in terms of in-shelter aggression towards any group (Fisher’s Exact, p>0.05). Comparing owner-relinquished 
dogs with previous reported aggression to those that had not, dogs who had previous aggression reports towards adults 
were slightly more likely to exhibit aggression on adult-related subtests of the behavior evaluation. (Fisher’s Exact, 
p=0.047), but for the corresponding analysis for aggression towards children and dogs found no significant difference 
(Fisher’s Exact, p>0.05). These results suggest that a stigma against owner-relinquished pets based on possible aggression 
may be unfounded and that among those that do exhibit aggression, it may not present in new environments such as an 
adoptive home.  

 
 
 
 
 
 
 
 
 
 



29 SQUIRRELS DO THE MATH: FLIGHT TRAJECTORIES IN EASTERN GREY SQUIRRELS 
 Eason P, Nason L, Alexander J 

Department of Biology, University of Louisville 
 Animals are under strong selective pressures to make correct decisions when attempting to escape an approaching 

predator, and not surprisingly many studies have shown that animals adjust their flight initiation behavior in response to 
risk. However, we have a poor understanding of animals’ capability to select an appropriate flight trajectory. We 
investigated whether eastern grey squirrels would adjust the direction in which they fled based on the relative locations 
of the squirrel, the approaching threat, and potential refuges. We used a person running toward a focal squirrel (n=122) 
as the threat and considered the three trees nearest the squirrel and taller than 8 m to be potential refuges. Squirrels 
were strongly affected by the angle formed by locations of person, squirrel, and the three nearest trees. A squirrel was 
less likely to run to the nearest tree when the angle for that tree was relatively acute (p=.00001), but also less likely to 
run to the nearest tree when the angle for Tree 2 was relatively obtuse, making Tree 2 a more attractive refuge (p=0.001). 
A squirrel was more likely to run to the nearest tree if it was close and if Tree 2 was relatively distant (p=0.01). Thus both 
distances and angles contributed to squirrels’ selection of refuges from potential predators, revealing the complex bases 
of their decisions. 

 
30 REPLAY OF EPISODIC MEMORIES IN THE RAT 
 Panoz-Brown D1, Iyer V1, Carey LM1, Sluka CM1, Rajic G1, Kestenman J1, Gentry M1, Brotheridge S1, Somekh I1, 

Corbin HE1, Tucker KG1, De Almeida BG1, Hex SB1, Garcia KD1, Hohmann AG1,2, Crystal JD1 
1Department of Psychological and Brain Sciences and 2Gill Center for Biomolecular Science, Indiana University 

 Vivid episodic memories in people have been characterized as the replay of multiple unique events in sequential order. 
Research in people and in rodents has shown that the hippocampus plays a critical role in episodic memories. Although 
rats remember multiple episodic memories, it is currently unknown if animals replay episodic memories. Therefore, we 
developed an animal model of episodic memory replay. Here we show that rats can remember a trial-unique stream of 
multiple episodes and the order in which these events occurred by engaging hippocampal-dependent episodic memory 
replay. We document that rats rely on episodic memory replay to remember the order of events rather than relying on 
non-episodic memories. Replay of episodic memories survives a long retention-interval challenge and interference from 
the memory of other events, which documents that replay is part of long-term episodic memory. The chemogenetic 
activating drug clozapine N-oxide (CNO), but not vehicle, reversibly impairs episodic memory replay in rats previously 
injected bilaterally in the hippocampus with a recombinant viral vector containing the inhibitory chemogenetic actuator 
AAV8-hSyn-hM4Di-mCherry. By contrast, two non-episodic memory assessments were unaffected by CNO, showing 
selectivity of this hippocampal-dependent impairment. We propose that our approach provides an animal model of 
memory replay, a process by which the rat searches its representations in episodic memory in sequential order to find 
information. Our findings suggest that the ability to replay a stream of episodic memories is quite old in the evolutionary 
timescale.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



31 DEVELOPMENTAL IMPACTS OF POLYGENIC SEX DETERMINATION IN A CICHLID FISH 
 Peterson E, Lamm M, Elias A, Roberts R 

Department of Biological Sciences, Program in Genetics, and W.M. Keck Center for Behavioral Biology, North 
Carolina State University 

 Sex determination is a fundamental process in sexually reproducing organisms that can be determined by a number of 
different factors. A diversity of genetic sex determination systems exist, including polygenic sex determination (PSD), 
which relies on the epistatic interaction of multiple genes. The species-rich East African cichlid fishes underwent an 
explosive adaptive radiation, and display extensive variation in many traits including high diversity in their sex 
determination systems. Among species from this group, we have identified both single-gene and polygenic systems, 
spanning multiple distinct chromosomes, providing the opportunity to explore how sex determiners can evolve and 
impact sexual development. One of these species, Astatotilapia burtoni, an East African riverine cichlid used historically 
for social and reproductive behavior studies, relies upon PSD. Three different sex determining systems have been mapped 
in this species, all novel relative to the most recent common ancestor of the African cichlid fish radiation. We study two 
sex determination loci in this species: a male heterogametic system (XX-XY) on chromosome 5-14, and a female 
heterogametic system (ZZ-ZW) on chromosome 13. Using a combination of gene expression and developmental analyses, 
we are examining mechanisms for the epistatic interaction of these loci. We hypothesize that the male-determining “Y” 
on chromosome 5-14 is dominant to the female-determining “W” on chromosome 13, potentially due to earlier 
expression of the XY sex determining system. A previous study found sex was determined by 11 days post fertilization in 
XY males. We aim to temporally define the window of sex determination, and thus action of the sex determining gene, 
in families segregating only the ZZ-ZW system on chromosome 13. We will create an integrated genetic, transcriptional, 
and developmental understanding of complex sex determination in A. burtoni, and its impacts on evolution and fitness. 

 
32 OBSERVING COGNITIVE ABILITIES IN EUROPEAN WARBLERS 
 Powers A1, Jakubas D4, Kraszpulski M2,3 

1Department of Biology, 2Department of Neuroscience, Cell Biology, and Physiology, and 3Department of 
Psychology, Wright State University; 4Department of Vertebrate Ecology and Zoology, Faculty of Biology, 
University of Gdańsk 

 The subjects for this study were 2 species of European warblers: the reed warbler (Acrocephalus scirpaceus) and the 
sedge warbler (Acrocephalus schoenobaenus). Cognitive ability was tested as a warbler’s ability to escape a cage after 
opening the door. Possible differences in frequency or quickness of escapes may suggest differences in the cognitive 
ability between two studied species. It was found that one species did not escape more frequently than the other. It was 
also found that one species did not escape more quickly than the other. Nevertheless, the ability to escape and the time 
required to escape varied between individuals of both species. It could be the result of differences in personality, 
environmental pressures, or genetics. These findings highlight differences in how individuals respond to environmental 
changes and challenges. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



33 NOVEL PROBLEM-SOLVING AND EXPLORATORY BEHAVIORS, REGARDING HUMAN SOCIALIZATION, IN THE 
FAMILY CANIDAE 

 Reid AM1,2, Tousignant A3 
1Pawling High School; 2University in the High School Program, SUNY Albany; 3Millbrook Zoo, Trevor School 

 Canids, or animals in the Canidae family, use sensory behaviors to interact with and gain information about their 
environment. In captivity, canids are housed in facilities including zoos and conservation centers, and are exposed to 
various degrees of human interaction, which may impact learned behaviors. As habitat destruction leaves many species 
endangered, it is relevant to better understand captive management practices and their effects on the animals. In the 
Canidae family, wolves and domestic dogs are often compared; however, the socialization of other canids has not been 
widely studied. This research examined the relationship between problem-solving behaviors towards a novel stimulus 
and human socialization. We presented a puzzle-box to canine subjects across the genera Canis, Vulpes, and Chrysocyon, 
while recording the exhibited exploratory behaviors in an ethogram. For certain subjects, corticosterone concentrations 
were measured from fecal collections before and after the trials to analyze the benefits of the apparatus as cognitive and 
sensory enrichment. The results suggest a correlation between a canid’s likeliness to approach the puzzle-box and their 
level of human socialization. Furthermore, foxes (Vulpes) were found to exhibit more exploratory behaviors towards the 
apparatuses and were more successful completing the task regardless of their human socialization. The genera exhibited 
exploratory behaviors in different frequencies, reflecting their different innate scavenging behaviors. The corticosterone 
concentrations increased during the testing period and were associated with greater activity, suggesting the puzzle box 
is a “good stressor” and a beneficial type of enrichment. Therefore, there is a relationship between a canid’s approach 
to a novel problem in their environment and the amount of human interaction received, which should be considered in 
captive management practices, including enrichment implementation. 

 
34 PHOTOPERIOD MODULATES GUT MICROBIOME AND BEHAVIOR IN SIBERIAN HAMSTERS (PHODOPUS 

SUNGORUS) 
 Ren C, Deyoe J, Sylvia K, Munley K, Demas G 

Department of Biology, Indiana University  
 The human gut microbiome is composed of about 10 trillion microbial cells that play a vital role in metabolism, immune 

function, and health. An unbalanced gut microbiome has been linked to a myriad of diseases from irritable bowel 
syndrome to obesity, autism, multiple sclerosis, and depression. Although the gut microbiome has been more extensively 
studied in mice, few studies have examined more comparative species, such as Siberian hamsters (Phodopus sungorus), 
which are unique in their physiological and behavioral changes to photoperiod. The goal of the current study was to 
investigate the gut microbiome’s response to photoperiod and to determine if gut microbial changes are correlated with 
behavioral alterations across the sexes. To study the effects of photoperiod on gut microbiome, both female and male 
Siberian hamsters were placed in 10 weeks of either long day or short day photoperiod. Long day represents the summer 
season while short day simulates the winter non-breeding season when Siberian hamsters regress their reproductive 
organs and decrease in size. Fecal samples were collected and social behavior was recorded throughout the 10 weeks. 
As expected in photoperiod studies, aggression was significantly increased in responding short day males and females at 
the end of 10 weeks. Along with the gut microbiome profile, this will serve as a strong foundation for future gut 
microbiome studies using long day and short day Siberian hamsters.  

 
 
 
 
 
 
 
 
 
 
 
 
 



35 SEX DIFFERENCES IN- AND CHRONIC STRESS EFFECTS ON- MICROGLIAL MORPHOLOGY AND ∆FOS B INDUCTION 
IN MEDIAL PREFRONTAL CORTEX 

 Salinas I1, Bollinger J2, Wellman C2 
1Department of Biology, St. Mary’s University; 2Department of Psychological and Brain Sciences and Program 
in Neuroscience, Indiana University Bloomington  

 Microglia play a critical role in modeling and refining the central nervous system. There are region- and sex-specific 
differences in microglial morphology and function early in development that are hormone-dependent. These hormonally 
mediated alterations in microglia are associated with lasting sex differences in brain and behavior. We recently 
demonstrated a sex difference in microglial morphology in medial prefrontal cortex (mPFC) in adult rats, and sex 
dependent effects of chronic stress on microglial activation. Microglia are sensitive to neurotransmitters, including 
glutamate. Chronic stress reduces glutamatergic signaling in mPFC in males, but has no effect on glutamate in females. 
In male rats, ∆Fos B induction, indicative of repeated glutamatergic cell signaling, correlates with chronic stress-induced 
microglial remodeling in mPFC. This has yet to be studied in females. Therefore, we examined the relationship between 
chronic stress-induced ∆FosB induction and microglial morphology, and the potential mediatory role of estradiol in mPFC 
in female rats. Animals underwent sham surgeries, ovariectomy (OVX), or ovariectomy with estradiol replacement 
(OVX+E). Following recovery, animals were handled or subjected to chronic restraint stress. Brains were then removed, 
sectioned, and immunohistochemically stained for ∆FosB or microglia. Immunolabeled cells in mPFC were stereologically 
counted with microglial morphology assessed using densitometric analysis. Chronic stress decreased microglial activation 
in sham and OVX+E females, but had no effect on microglia in OVX animals. Stress reduced the number of ∆FosB 
expressing cells in sham animals, but increased ∆FosB induction in OVX+E females. There were no effects of stress on 
∆FosB induction in OVX animals. Microglial activation and ∆FosB induction were not correlated in females. These data 
indicate that stress induced microglial deactivation in mPFC is estradiol dependent in female rats. 

 
36 NOVEL MOUSE MODEL OF EARLY LIFE STRESS-ENHANCED FEAR LEARNING AND ITS IMPLICATIONS FOR THE 

DEVELOPMENT OF POST-TRAUMATIC STRESS DISORDER 
 Schleicher DC, Radke AK, Quinn JJ 

Department of Psychology and Center for Neuroscience & Behavior, Miami University 
 Post-traumatic stress disorder (PTSD) is a serious and potentially debilitating disorder that can cause a range of cognitive, 

emotional, and behavioral issues. This study is a preliminary investigation on the mechanism by which early life trauma, 
a known risk factor for PTSD (Kessler et. al., 2017), contributes to the development of the disorder later in life. To simulate 
early life trauma, this study adapted the early life stress-enhanced fear learning (SEFL) protocol of Quinn et. al 2013, 
which has proven successful in rats, to a novel mouse model. On postnatal day (PND) 17, male and female C57BL/6J mice 
were exposed to early life stress, which consisted of 15 foot shocks delivered over the course of an hour, followed by a 
period of maternal separation. The mice were then allowed to reach maturity undisturbed. In adulthood (PND60-90), the 
mice underwent contextual fear conditioning (CFC) in a novel context. CFC consisted of a single foot shock delivered 180 
seconds after the mouse had been introduced to the chamber. Freezing (a typical fear response of rodents marked by a 
lack of motion) was monitored and assessed during the first 180 seconds to establish a baseline fear level. The following 
day, the mice were re-introduced to the CFC context to test fear memory expression. During the test, freezing behavior 
was measured for a period of eight minutes, and no shocks were delivered. The test was performed each day for an 
additional three days, in order to measure the rate of extinction of the fear response. Following this, the same procedure 
was employed to evaluate fear memory expression in the original early life stress context. Open field to examine anxiety-
like behavior. Results are forthcoming. If the model proves to be valid, it is expected mice exposed to early life stress will 
exhibit a statistically significant higher level of freezing compared to control animals. 

 
 
 
 
 
 
 
 
 
 



37 SOCIAL BUFFERING REDUCES PLASMA CORTICOSTERONE LEVELS AND AMYGDALA ACTIVITY FOLLOWING 
STRESS EXPOSURE IN JUVENILE RATS 

 Costello AM, Shoemaker AP, Koraym AA, Gallimore DM, Hennessy MB, Claflin DI  
Department of Psychology, Wright State University 

 Stress exposure results in elevated plasma corticosterone (CORT) in 17-day-old pre-weanling rats. Rats who received 
social support (social buffering) by being returned to their cage mates and mother following the stress exposure had 
significantly lower levels of CORT relative to rats who are deprived of social support (e.g. social isolation) by being placed 
in a novel environment (Gallimore et al., 2015). Because the amygdala plays a crucial role in mother-infant attachment, 
and fear processing, the present study examined activation of amygdala in response to a stress exposure followed by 
either social support or social isolation. The stress exposure consisted of repeated unilateral stimulation delivered to the 
left side of the face using periorbital shock. Activation in the central nucleus of amygdala was measured using 
immunohistochemical analysis of brain tissue for production of the immediate early gene, zif-268. Rats placed in isolation 
following stress exposure showed significantly higher activation of both the left and right amygdala relative to home cage 
controls, though activation on the non-stimulated right side was considerably less. Social buffering immediately after the 
stress exposure resulted in significantly lower amygdala activation on the left side compared to isolated animals. 
Amygdala activation following social buffering was not significantly different from that of home cage controls. These data 
contribute to the literature on social buffering as a powerful psychological and physiological method of reducing stress 
in young mammals. Supported by NIH/NIGMS R25GM090122, IMSB BioSTAR 

 
38 OXYTOCIN DECREASES IMPULSIVE CHOICE IN RATS 
 Singstock M, Tapp D, McMurray M 

Department of Psychology, Miami University 
 Gambling disorders are characterized by an increase in risky behavior due to progressive loss of impulse control, even in 

the presence of negative financial and social consequences. Despite their prevalence in society and the severity of their 
consequences, few targeted pharmacological therapies exist to combat them, and current treatments are not widely 
effective. Alternative approaches to its treatment need to be considered, which rely on new pharmacological targets. 
One such target may be the oxytocin system. Oxytocin is a hormone primarily associated with social and maternal 
behavior, but it also modulates dopaminergic neurons in the mesocorticolimbic system. Its modulation of the dopamine 
system suggests that oxytocin may play a role in impulsive decision-making, although this has yet to be investigated. The 
purpose of this study was to determine if oxytocin administration influences impulsive decision-making in rats. Given its 
effect on the dopamine systems, we predicted that increased oxytocin receptor activation would significantly decrease 
impulsive decisions. To assess its effect on impulsivity, animals were tested daily on either probabilistic or delay 
discounting tasks. In the probability discounting task, animals chose between a small certain reward or a large risky 
reward, which paid off at declining probabilities across days of testing. In the delayed discounting task, animals chose 
between a small immediate reward or a large reward delivered after increasingly longer delays across days. Animals 
received oxytocin or vehicle immediately prior to testing (0.1ug, 10ug, or vehicle intracerebroventricular; or 6mg/kg or 
vehicle intraperitoneal). We found that the highest dose of oxytocin (regardless of administration route) significantly 
decreased impulsivity. These results suggest that oxytocin could be an effective treatment for gambling disorders and 
other impulse control disorders. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



39 INCIDENTAL SPATIAL MEMORY IN THE DOMESTIC DOG (CANIS FAMILIARIS) 
 Sluka CM1, Stanko K2, Campbell A1, Caceres J1, Panoz-Brown D2, Wheeler A1, Bradley J1, Serpell JA3, Crystal J2, 

Allen C4,5 
1Department of Biology and 2Department of Psychological and Brain Sciences, Indiana University; 3School of 
Veterinary Medicine, University of Pennsylvania; 4Cognitive Science Program, Indiana University; 5Department 
of History and Philosophy of Science, University of Pittsburgh  

 We build upon previous work by Fujita et al. to create an experiment that investigates the presence of incidental memory 
for the spatial location of uneaten food in the domestic dog. This experiment had the purpose of dissociating potentially 
incidental spatial memory from incidental memory for the characteristics of objects, in this case food bowls. 18 household 
domestic dogs of various breeds and age were presented with four bowls in an exposure phase. Each bowl contained 
either a rock, treats they were allowed to consume, treats they were not allowed to consume, or was left empty. 
Following a delay the dogs returned to the lab and were presented with empty bowls in the same spatial orientation as 
the initial exposure and their first five responses were recorded. We hypothesized that domestic dogs would be able to 
remember the location of uneaten food when presented with an unexpected memory test. This experiment also required 
no previous training outside of basic obedience and so avoids the possibility that performance on the test was a 
conditioned response. We found that dogs in this study showed no evidence that they had encoded spatial location in 
the absence of other cues that could be used to distinguish the food bowls at those locations. This suggests that dogs in 
previous experiments were more dependent on encoding the “what” of incidental memory than the “where”.  

 
40 COMPULSIVE-LIKE ALCOHOL CONSUMPTION IN MALE AND FEMALE MICE 
 Sneddon EA, White RD, Radke AK 

Department of Psychology, Miami University 
 Males and females differ in many behaviors, including vulnerability for addictive disorders. In the United States, about 16 

million people have alcohol use disorder (AUD), including 9.8 million men and 5.3 million women. A characterizing factor 
of AUD is compulsive alcohol use or drinking that persists despite negative consequences (e.g. broken relationships, 
health problems, etc.). As a result of this prevalent issue in society, it is imperative to understand the sex differences in 
alcohol consumption behavior. The present study researched compulsive-like behavior in both male and female mice 
(C57BL/ 6) using a two-bottle, limited access drinking in the dark (DID) paradigm in two different experiments. Experiment 
1 (n=12 males and 12 females) assessed ethanol (EtOH) self-administration and aversion-resistant intake. The subjects 
self-administered EtOH in a two-bottle limited access protocol for five days a week for three weeks. In the fourth week, 
quinine hemisulfate (a bitter tasting substance) was added to the EtOH bottle in escalating doses (0-250μM) over three 
consecutive days. Experiment 2 (n=9 males and 10 females) assessed self-administration of EtOH with quinine. The 
protocol was consistent with Experiment 1 except that 100μM quinine was added to the EtOH bottle during all drinking 
sessions. Overall, we found that females consumed more EtOH than males. Experiment 1 revealed equal levels of 
aversion-resistant intake in male and female mice, confirming both males and females exhibited compulsive-like 
behavior. In Experiment 2, 100μM of quinine suppressed total intake in male and female mice although the mice still 
escalated EtOH consumption. These data also revealed a sex difference with female mice consuming more EtOH than 
male mice despite the quinine. The results of this study provide insight into female alcohol consumption behavior and 
support further study of the neural mechanisms underlying sex differences in alcohol drinking behaviors. 

 
41 THE EFFECTS OF CHEMOTHERAPY ON REVERSAL LEARNING AND SAVINGS IN THE RAT 
 Somekh IC1, Panoz-Brown D1, Slivicki S1, Weaver C1, Hohmann A1,2, Crystal JD1 

1Department of Psychological and Brain Sciences and 2Gill Center for Biomolecular Science, Indiana University 
 Chemotherapy is used daily to treat those with systematic cancer. When individuals are treated with chemotherapy, 

toxins enter the body and cross the blood-brain barrier, producing cognitive deficits in cancer survivors. These cognitive 
deficits, a phenomenon known as "chemobrain," are responsible for a wide range of impairments, including disruption 
to learning and memory. Previous studies have documented a reversal-learning impairment after chemotherapy 
treatment, while measures of old and new learning were spared. In the current study, twelve Sprague Dawley rats were 
used to determine its impact on old learning, new learning, reversal learning and savings (i.e. learning to learn). Six rats 
were treated with paclitaxel, a specific chemotherapeutic agent, while the other six were treated with vehicle. Animals 
were trained on a simple discrimination task and were given multiple reversals to determine if savings was compromised 
via paclitaxel treatment. This study documented an impairment with reversal learning and documented that savings was 
spared after treatment. This study also documented that old and new learning were not impaired. After the first reversal 
was administered, no additional impairments in reversal learning between groups was observed.  



42 TESTING THE IMPACT OF PHOTOPERIODIC CUES ON THE DEVELOPMENT OF MIGRATORY BEHAVIOR IN A 
GLOBAL AGRICULTURAL PEST, BLACK CUTWORM AGROTIS IPSILON 

 Stratton SM1,2, Chen J3, Fudickar AM1,2 
1Environmental Resilience Institute, 2Department of Biology, and 3School of Informatics and Computing, 
Indiana University 

 Insect migration constitutes one of the largest movements of biomass in the world, resulting in billions of individuals 
dispersing across the globe. Among these migrants consists hallmark species such as Monarchs Danaus plexippus and 
agricultural pests such as Black Cutworm Agrotis ipsilon. Throughout their yearly cycle, multiple generations of Monarchs 
and Black Cutworms move north followed by subsequent generations moving south. Our lab is currently focused on 
understanding the mechanisms that dictate the generational shift in migratory heading of the Black Cutworm. Due to the 
fixed nature of the annual shifts in photoperiod, we hypothesize that exposure to incremental changes in photoperiod 
during juvenile development determines the migratory heading of adults. Radar observations of similar noctuid moths 
have demonstrated that individuals who developed under both increasing and decreasing photoperiods (near the 
summer equinox) exhibit an indistinguishable migratory heading. Therefore, we are currently raising moths under both 
increasing and decreasing photoperiods, and, by utilizing a flight simulator that encodes the moth’s changes in flight 
orientation, will measure their preferred flight direction. We will also investigate changes in reproductive condition as it 
relates to the differing photoperiod treatments. Overall, the main goal of this study is to better understand the proximate 
mechanisms that control the migratory behavior of the Black Cutworm. As climate change becomes an ever-encroaching 
threat, we hope that the data generated from this study will be useful in predicting how populations of this global 
agricultural pest will alter their seasonal movements. 

 
43 EARLY-LIFE SICKNESS MAY PREDISPOSE INDIVIDUALS TO BEHAVIORAL CHANGES FOLLOWING GUT DYSBIOSIS IN 

ADULTHOOD 
 Sylvia KE, Deyoe JE, Demas GE 

Department of Biology and Center for the Integrative Study of Animal Behavior, Indiana University 
 Although it is well-established that the immune system plays an important role in the development of physiology and 

behavior, the gut microbiome has recently become of interest in the study of developmental origins of behavior. Some 
studies suggest that the effects of early-life immune activation may not occur until a secondary stressor is introduced, 
though the precise nature and timing of the stressor may be critical in the response. In order to test the hypothesis that 
early-life immune stress makes an individual more vulnerable to future insults, we mimicked an early-life infection by 
injecting pups at postnatal day 3 and 5 with lipopolysaccharide (LPS; cell wall component of gram-negative bacteria) or 
saline, and subsequently exposed the same animals to antibiotic treatment (known to influence microbial community 
composition ad behavior) or water in adulthood. We tracked physiology across development, and paired males and 
females with a novel individual of the same sex in adulthood to score behavior before antibiotic treatment, immediately 
following treatment, and after recovery from antibiotics. LPS-treated females exhibited impaired reproductive physiology 
and function in adulthood, and gut microbial communities were strongly affected by antibiotic treatment in adulthood in 
both sexes, but only slightly affected by postnatal LPS alone. Interestingly, LPS-treated males exhibited more robust 
changes in their behavioral response following adult antibiotic treatment. These data suggest that males may be more 
vulnerable than females to behavioral abnormalities after being predisposed to an immune challenge early in life. 
Collectively, these results provide evidence that some of the sex-specific behavioral consequences of a stressor may not 
transpire until an individual is faced with a secondary stressor, and the context in which an individual is exposed can 
greatly influence the response. 

 
 
 
 
 
 
 
 
 
 
 



44 SEASONAL AND ELEVATIONAL DIFFERENCES IN PREVALENCE OF VECTORS AND PATHOGENS ASSOCIATED WITH 
A SEDENTARY POPULATION OF DARK-EYED JUNCOS  

 Talbott K, Ketterson E  
Department of Biology, Indiana University 

 Ectoparasites, and their associated pathogens, have the potential to affect a population's evolutionary trajectory. As 
distributions of these invertebrate vectors shift in response to climate change, the selective pressures they pose are also 
expected to shift; specifically, invertebrate populations are predicted to spread to higher elevations on mountain 
landscapes. The dark-eyed junco (Junco hyemalis) exhibits partial migration, with sedentary populations restricted to 
higher elevations. To better understand the selective pressures of ectoparasites and their associated pathogens on the 
non-migratory junco population on Salt Pond Mountain, near Pembroke, Virginia, we will conduct a survey of potential 
vectors (mosquitoes, blackflies, hippoboscid flies, and ticks) and their associated pathogens along elevational and 
seasonal clines. We will collect ectoparasites in addition to blood samples from juncos along the clines in order detect 
the presence of the malaria-causing parasites Haemoproteus and Leucocytozoon, and the bacterium causing Lyme 
disease, Borrelia burgdorferi. These data will allow us to identify competent vector species for each pathogen, 
characterize seasonal and elevational trends in vector abundance and diversity, and determine if these trends are 
predictive of infection patterns in juncos. Results from this observational study will inform future studies investigating 
the potential impacts of climate change on vector and host distribution, as well as historical shifts in infection prevalence 
on Salt Pond Mountain.  

 
45 ENDOCANNABINOIDS MEDIATE STRUCTURAL PLASTICITY IN CEREBELLAR BASKET CELL SYNAPSES AND 

REGULATE ANXIETY AND MOTOR COORDINATION BEHAVIORS 
 Webb B, Black K, Martinez R, Baygani S, Brunet M, Metcalf T, Margetits T, Burke T, Mackie K, Kalinovsky A 

Department of Psychological and Brain Sciences, Indiana University 
 The cerebellum plays an important role in automation and sequencing of motor, cognitive and emotional behaviors 

including language, attention, anxiety, and reward. Cerebellar Purkinje cells (PCs) are the primary cerebellar co-incidence 
detectors, integrating all excitatory inputs and generating the pattern of cerebellar output. PCs are wrapped by axons of 
GABAergic basket cells (BCs), forming a dense web of inhibitory synapses around PC somata, i.e. the pericellular basket, 
and the axon initial segments (AIS) – i.e. the pinceau structure. Pinceau synapses are placed in a key position - around 
the point of action potential initiation - to control the pattern of Purkinje cell activity, and consequently – cerebellar 
output. However, very little is known about molecular mechanisms regulating activity and plasticity of BC/PC 
synapses.Endocannabinoids (eCB’s) have been implicated in synaptic plasticity in both inhibitory and excitatory synapses. 
In the cerebellum, eCB signaling has been shown to regulate both activity-dependent and homeostatic synaptic plasticity 
in excitatory synapses. However, in the mature cerebellum, cannabinoid receptor 1 (CB1), the most abundant neuronal 
cannabinoid receptor, is most prominently expressed in BC pericellular and pinceau synapses.In this study we show that 
BC/PC synapses undergo structural plasticity, which is regulated by eCB signaling. Strikingly, the effect of CB1 ablation 
has binary effect on BC/PC synapse structure in males versus females, matched by sexually dimorphic alterations in 
cerebellar-controlled behaviors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



46 HOW DOES ULTRASONIC VOCALIZATIONS CORRELATE WITH NON VOCAL BEHAVIORS DURING UNIMODAL AND 
MULTIMODAL COMMUNICATION? 

 Zhang X, Ronald KL, Hurley L 
Department of Biology, Indiana University 

 Many animals, including rodents, respond to multimodal signals (a combination of acoustic, olfactory and visual signals). 
Mice, for example, communicate through olfactory signals such as urine and acoustic signals such as ultrasonic 
vocalizations (USVs). However, not enough studies have been done on how nonvocal behaviors relate to vocalizations. I 
hypothesize behaviors and vocalizations have correlations with each other and these correlations are different between 
unimodal and multimodal communication. I predict that male mice exhibit more exploration than digging when emitting 
USVs, since investigation indicates that mice may be searching for potential mates. At the same time, I predict that the 
correlation between vocalizations and nonvocal behaviors when mice are presented with multimodal (olfactory + 
acoustic) signals will be higher than the correlations between vocalizations and nonvocal behaviors under unimodal 
signals since male mice can get more information about the females from multimodal signals than unimodal signals. To 
test these predictions, we used a repeated measures design where each male was randomly exposed to each of three 
treatments twice (e.g., USVs only, urine+USVs, urine only), for a total of ten trials. We recorded both nonvocal behaviors 
and the vocalizations emitted by the male mice. We then analyzed both behavioral videos and sound files. The results 
suggest that the positive correlation under the USV + urine treatment is higher than that of urine alone treatment or the 
USV alone treatment. At the same time, the correlation between digging time and USVs numbers under all three different 
treatments is not significant. Our study will help us understand what types of multimodal signals play the most important 
role during opposite sex interactions. In the future, we compare how different individuals behaving differently under 
unimodal and multimodal signals influence their mating behaviors. 
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