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WILLIAM TIMBERLAKE THE BIOLOGICAL BEHAVIORIST 
Evan Arnet 
Department of History and Philosophy of Science and Medicine, Indiana University  

Timberlake was, unquestionably, an ethologist’s psychologist--his cross-disciplinary incorporation of 
biology defining his research program. Centering his notion of “biological behaviorism,” I provide a brief 
overview of the life and work of William Timberlake. Timberlake, like other behaviorism-influenced 
researchers, saw value in a detailed understanding of the behavioral structure of organisms without 
necessarily exploring just how, causally, these behaviors are mediated. This framing shaped his work from 
his early training in Hullian behaviorism, to his initial flirtations with ethology, to his pioneering 
disequilibrium account of reinforcement, and ultimately to his trademark behavior systems approach. 
Bringing in new insights about the animal and its ecology allowed for Timberlake’s work on learning to 
achieve marked predictive success. However, there was more to his project, and I conclude by placing 
Timberlake’s animal-centered biological behaviorism in the context of his integrative vision for the 
science of animal behavior (and for CISAB). 
 

  

CONTACT INTERACTIONS BETWEEN LONG-TAILED MACAQUES (MACACA FASCICULARIS) AND VISITORS AT DON 
CHAO POO FOREST, PHANA, THAILAND 
Ashton M. Asbury1, Margaux D. Hingey1,2, Lori K. Sheeran1,3, Kara I. Gabriel1,4, and Lawrence D. Whiting5 
1Primate Behavior and Ecology Program, 2Department of Biological Sciences, 3Department of Anthropology and 
Museum Studies, and 4Department of Psychology, Central Washington University; 5Phana Monkey Project  
 

Human-macaque coexistence may result in altered macaque behaviors when provisioned food is 
available and in the possibility of bidirectional disease transmission through interspecies contact. Don 
Chao Poo forest in Thailand is a conservation site where ~ 1,000 long-tailed macaques (Macaca 
fascicularis) live and interact with people, which includes being provisioned by volunteers and visitors. 
Phana macaques are habituated to human presence as a result of their frequent interactions with 
people. We tested 1) whether adult men and women are equally likely to directly hand-provision 
macaques, 2) whether men and women are equally likely to have contact interactions with macaques, 
and 3) whether adult and immature macaques are equally likely to have contact interactions with people. 
From June 1 to September 13, 2020, recordings were made of 903 human-macaque contact interactions, 
allowing observation of the number of people and macaques present in the frame, age/gender of 
humans, macaque age class, and the presence/absence of provisioned food. Our findings reveal that men 
and women are equally likely to provision the macaques, that macaques’ contacts are evenly distributed 
across human age/gender classes, and that immature macaques are more likely to have contact with 
people (X2 (1, N = 889) = 6.7, p < .0001). Macaques did not respond more aggressively toward men; a 
result contrary to reports at other sites and, perhaps, due to the long history of provisioning at this 
location, the fact that both men and women provision, and visitors’ familiarity with the macaques. 
Immature macaques appeared to be more reactive than were adult macaques, possibly due to curiosity 



that characterizes immature monkeys. Overall, the current findings from this site are distinct from 
reports at other monkey forests, suggesting a need for more extensive study. 
 
 

DIVERGENCE IN REPRODUCTIVE BEHAVIOR BETWEEN TWO POPULATIONS OF THREE-SPINED STICKLEBACK 
Colby Behrens and Alison Bell 
Department of Evolution, Ecology, and Behavior, University of Illinois at Urbana-Champaign 
 

Parental care is vital to the survival and health of offspring in numerous species. Despite its importance, 
little is known about how phenotypic variation in parental care and other reproductive behaviors is 
produced by the genome. To address this, we examine two recently diverged populations of three-spined 
stickleback fish (Gasterosteus aculeatus) that vary extensively in their breeding behaviors. Here, we 
quantify and compare the courtship and parenting behavior of lab-reared males from both populations 
throughout the reproductive cycle. Results show the populations significantly differ in multiple behaviors 
throughout nesting, courtship, and parenting stages. Additionally, the data suggest there is an underlying 
genetic basis to the divergence in breeding behaviors and that it is genetically tractable. These data 
therefore serve as an important foundation for future genetic studies to link behavioral variation to 
specific genomic regions. 
 

 
EXPERIMENTAL COMPETITION INDUCES IMMEDIATE AND LASTING EFFECTS ON THE NEUROGENOME IN FREE-
LIVING FEMALE BIRDS 
Alexandra B. Bentz1,2, Elizabeth M. George1,2, Sarah E. Wolf1,2, Douglas B. Rusch3, Ram Podicheti3, Aaron 
Buechlein3, Kenneth P. Nephew4, and Kimberly A. Rosvall1,2 
1Department of Biology, 2Center for the Integrative Study of Animal Behavior, 3Center for Genomics and 
Bioinformatics, and 4Medical Sciences Program, Indiana University 
 

Periods of social instability can elicit adaptive phenotypic plasticity to promote success in future 
competition. However, the underlying molecular mechanisms have primarily been studied in captive and 
lab-reared animals, leaving uncertainty as to how natural competition among free-living animals affects 
gene activity. Here, we experimentally generated social competition among wild, cavity-nesting female 
birds (tree swallows, Tachycineta bicolor). After territorial settlement, we reduced the availability of key 
breeding resources (i.e., nest boxes), generating heightened competition; within 24hr we reversed the 
manipulation, causing aggressive interactions to subside. We sampled females during the peak of 
competition and 48hr after it ended, along with date-matched controls. We measured transcriptomic and 
epigenomic responses to competition in two socially relevant brain regions (hypothalamus and 
ventromedial telencephalon). Gene network analyses suggest that processes related to energy 
mobilization and aggression (e.g., dopamine synthesis) were upregulated during competition, the latter 
of which persisted 2 days after competition had ended. Cellular maintenance processes were also 
downregulated after competition. Competition additionally altered methylation patterns, particularly in 
pathways related to hormonal signaling, suggesting those genes were transcriptionally poised to respond 
to future competition. Thus, experimental competition among free-living animals shifts gene expression 
in ways that may facilitate the demands of competition at the expense of self-maintenance. Further, 
some of these effects persisted after competition ended, demonstrating the potential for epigenetic 
biological embedding of the social environment in ways that may “prime” individuals for success in future 
social instability. 

 
 



EMBRYONIC CARRY-OVER AND PLASTICITY EFFECTS ON ANTI-PREDATOR BEHAVIOR IN LARVAL FATHEAD 
MINNOW (PIMEPHALES PROMELAS) 
Christopher Crowder and Jessica Ward 
Department of Biology, Ball State University 
 

Environmental factors can link life stages through behavioral, morphological, and life-history carry-over 
effects. Such linkages are important because the experiences at one life stage may promote variation 
among individuals at a later life stage, with fitness consequences. Most studies conducted to date have 
focused on the transition between the juvenile and adult life stages. However, environmental cues during 
the egg stage also have potential to affect morphology and behavior later in life. Here, we examined 
whether fathead minnow embryos, Pimephales promelas, adjust their behavior in response to a predator 
cue during the egg stage, and how information learned as embryos contributes to behavioral variation in 
larvae. Newly- laid embryos were kept for 5 days in aged water (control; C), or in water containing 
olfactory cues of a piscivorous predator alone (predator treatment; P), or paired with minnow alarm cue 
(predator + alarm cue treatment; P+AC). Embryonic behavior (i.e., activity level) was measured on day 5, 
before hatching. Larvae were then reared until day 21 under control conditions and tested in factorial 
antipredator behavioral performance and responsiveness assays (3 embryonic rearing conditions x 3 test 
conditions - C, P, P+AC). Embryos reared in a perceived ‘high predation risk’ environment (P+AC) 
exhibited reduced activity compared to the other treatments. In addition, larvae differed in their 
responsiveness to predatory stimuli at 21 days of age. However, we did not detect an effect of the 
embryonic environment on the performance of antipredator evasive behavior. These findings indicate 
that embryonic learning may improve the ability of individuals to respond appropriately to changes in 
environmental context, without a corresponding change in the expression of specific behaviors. 
 

 
BILL TIMBERLAKE’S INSIGHTS ON ADAPTING EXPERIMENTS TO THE ANIMAL 
Jonathon D. Crystal 
Department of Psychological and Brain Sciences, Indiana University 
 

Bill Timberlake often remarked that experimental psychologists were successful at adapting their 
experiments and equipment to the predispositions of the animals being investigated. In this presentation, 
I describe the influence of Timberlake’s keen insight in this regard for two lines of research in my own 
laboratory. One line of research exploits the excellent navigational abilities of rats. The other line of 
research exploits the excellent olfactory abilities of rats. In each line of research, we successfully grafted 
on sometimes complex rules in an effort that was ultimately successful because of Timberlake’s insights. I 
briefly describe applications that derive from each line of research, allowing us to test functions that 
would not otherwise be possible if we did not heed Timberlake’s advice. 

 
 
PRIMATE-PREDATOR INTERACTIONS IN SENEGAL, WEST AFRICA: ESTIMATING SINGLE AND TWO-SPECIES 
OCCUPANCY FOR GUINEA BABOONS (PAPIO PAPIO), LIONS (PANTHERA LEO), PATAS MONKEYS (ERYTHROCEBUS 
PATAS) AND LEOPARDS (PANTHERA PARDUS) 
Stephanie Dotson1, Edgar J. Villeda1, Susan Lappan1, and Zach J. Farris2 
1Department of Anthropology and 2Department of Health and Exercise Science, Appalachian State University 
 

Predator-primate interactions are understudied and poorly understood, despite their ability to influence 
primate behavior, habitat use, population dynamics, and spatial distribution. Here, we present a novel 
approach, combining non-invasive sampling (camera trapping) and modeling (occupancy), to investigate 
how the spatial distribution of primates are influenced by co-occurring predators across the Niokolo-



Koba National Forest (NKNF) in Senegal, West Africa. Using camera trap data collected from February to 
July of 2013, we estimated single-species and two-species occupancy, including a wide-range of habitat 
and landscape variables, for guinea baboons (Papio papio), patas monkeys (Erythrocebus patas), lions 
(Panthera leo), and leopards (Panthera pardus) in the program PRESENCE. We found that patas monkeys 
had the highest probability of occurrence (Ѱ=0.65) for primates, while leopards had the highest 
probability of occurrence (Ѱ=0.78) for predators. Our two-species interaction models revealed a high 
probability of interactions between baboons and lions. Specifically, baboons had a higher probability of 
occupancy (psiBa = 0.86 SE 0.13) and detection (rBa = 0.29 SE 0.05) at sites where lions were absent 
(psiBa) compared to sites where lions were present (psiBA = 0.79 SE 0.13 and rBA = 0.22 SE 0.08, 
respectively). This resulted in a species interaction factor of 0.80 (SE 0.30), revealing evidence of 
“avoidance” by baboons. This novel approach, combining non-invasive sampling with population 
modeling in a two-species occupancy framework provides an effective way to explore understudied 
interactions between rare, elusive primates and their predators. These results will aid in the development 
of effective, targeted management and conservation plans for these threatened species and the NKNF 
protected landscape. 

 
 
MULTISENSORY INTEGRATION SUPPORTS THE CONFIGURAL LEARNING OF A HOME REFUGE IN THE WHIP SPIDER 
PHRYNUS MARGINEMACULATUS 
Kaylyn Flanigan1,2, Daniel Wiegmann1,2, and Verner Bingman2,3 
1Department of Biological Sciences, 2J.P. Scott Center for Neuroscience, and 3Psychology Department, Bowling 
Green State University 
 

Whip spiders (Amblypygi) are a nocturnal order of arachnid that inhabit the tropics and subtropics and 
display a notable ability to navigate back to their home refuge even after displacement. We hypothesized 
that navigation in their structurally complex, natural environment is under integrated, multisensory 
control, yet to date there is no experimental evidence demonstrating whip spiders can integrate multiple 
sensory inputs to guide any element of navigation. In the current study, Phrynus marginemaculatus were 
trained to recognize a home shelter characterized by both discriminative olfactory and tactile stimuli. 
Subjects were successful in learning to approach and locate the paired, configural stimuli characteristic of 
the home shelter. However, testing with either of the component stimuli alone did not support shelter 
recognition. The data are consistent with the hypothesis that whip spiders are capable of using 
multisensory integration to support a configural learning of the terminal phase of their navigational 
behavior, locating the home refuge. We hypothesize that multisensory integration in whip spiders is 
dependent on their brain’s extraordinarily large mushroom bodies, which have been suggested to 
functionally resemble the hippocampus of vertebrates. 
 

 
UNCOVERING THE BIDIRECTIONAL LINK BETWEEN TESTOSTERONE AND AGGRESSION IN A FEMALE SONGBIRD 
Elizabeth M. George and Kimberly A. Rosvall 
Department of Biology, Indiana University 
 

Social competition is ubiquitous in nature, but social environments are seldom static. Instead, they can 
change as conspecific challengers come and go. Social environments also shift over weeks and months as 
animals move through different life history stages that shape the relative costs and benefits of 
competition. Animals should respond to social competition with phenotypes that enhance their success, 
such as aggression. There is strong evidence in male vertebrates that aggression is mediated by the 
steroid hormone testosterone (T) over multiple timescales, but whether and how this applies to females 
is unclear. We have been systematically testing these ideas in female tree swallows (Tachycineta bicolor), 



an obligate secondary cavity-nesting songbird species in which aggression a) is beneficial for obtaining 
and defending nest sites, b) can interfere with parental care, and c) is at least partially mediated by T. In a 
series of studies, we showed that females rapidly respond with intense aggression to both 
experimentally-enhanced competition and simulated territorial intrusions. Population-average aggression 
decreases with date, and individuals who more plastically adjust aggression across breeding stages have 
higher fitness. Females exhibit greater T production capabilities during breeding stages with more 
frequent social challenges (territory-establishment) and reduced T levels during breeding stages with 
greater parental care demands (incubation, chick rearing). However, even during earlier breeding stages, 
females do not increase T levels following real or simulated contests. Together, these results shed new 
light on the relationship between T and female aggression across contexts and over varying timescales. 
 

 
RAIN NOR SHINE: ENVIRONMENTAL FACTORS DO NOT INFLUENCE EGG ATTENDANCE DURATION IN THE 
EMERALD GLASS FROG ESPADARANA PROSOBLEPON (CENTROLENIDAE) 
Johana Goyes Vallejos1 and Abner D. Hernández-Figueroa2 
1Division of Biological Sciences, University of Missouri; 2Environmental Sciences Department, University of Puerto 
Rico – Rio Piedras 
 

In species with parental care behavior, parents may adjust the intensity and duration of their care if 
environmental variables can affect offspring survival. In the face of environmental changes, many egg-
laying species brood the eggs for longer periods if this behavioral adjustment provides a tangible benefit 
to the offspring. In the glass frog family (Centrolenidae), several species exhibit egg attendance. For some 
of them, changes in environmental variables lead to increased parental care efforts, but for some of the 
species with short-term egg attendance (< 1 day), whether parents adjust their behavior with 
environmental changes is unknown. We studied the egg attendance behavior of the Emerald glass frog 
Espadarana prosoblepon in Costa Rica. Specifically, we tested whether environmental variables such as 
temperature, humidity, rainfall, and mean wind speed influence egg attendance duration. We used 
modified infrared cameras to record the behavior of E. prosoblepon with minimal disturbance. We did 
not find a relationship between egg attendance duration and any of the environmental variables tested. 
Other factors, such as female body condition did not influence egg attendance duration either. Overall, 
our study shows that females of E. prosoblepon do not adjust their behavior based on the environmental 
conditions at the time of oviposition. 

 
 
BONOBO (PAN PANISCUS) COMPREHENSION OF SPOKEN ENGLISH 
Chloe Holden1,2,4,6, Zara Anwarzai1,3,6, Lana Ruck1,2,6, Tom Schoenemann1,2,6, Chung-Lin Martin Yang5, and Sofia 
Dings1 
1Cognitive Science Program, 2Department of Anthropology, and 3Department of Philosophy, Indiana University; 
4Ape Initiative; 5Brain and Cognitive Sciences, University of Rochester; 6Stone Age Institute 

 
Kanzi, a male bonobo (Pan paniscus), was raised in an English-language enriched environment 
comparable to human children. Results from a 1993 study comparing Kanzi to a two-year old child, 
suggested that Kanzi could comprehend simple syntactic structures. However, skeptics argued that 
although he may understand the semantics of individual words, his understanding of grammar was still 
suspect because correct responses rarely relied critically on understanding syntax. We have pioneered a 
new touchscreen paradigm to probe Kanzi’s English comprehension. We are using a multi-modal, match-
to-sample, same-different judgement task, where Kanzi is presented with an image while a short audio 
clip of a spoken English word is played and he must indicate whether the audio is congruent with the 
image. After about 2000 trials, Kanzi appears to be performing at just above chance, however a closer 



look at his reaction times in each trial suggests a more complex story. He is significantly faster when 
responding in correct-congruent trials than any other response type, and an interesting interaction is 
occurring between correct-incorrect, and congruent-incongruent reaction times. In this presentation, I 
will be discussing possible explanations for why his congruent-incongruent responses do not appear to be 
matching his understanding of the task implied by his reaction time data. 

 
 
SONG NOTE DIVERSITY AND PATTERNS IN FREQUENCY RATIOS IN THE CAROLINA CHICKADEE 
Jonathan B. Jenkins and Jeffrey R. Lucas 
Department of Biological Sciences, Purdue University 
 

Song is a vocal signal used in many avian species to either attract a mate or defend a territory. Songs are 
usually culturally inherited and may illustrate a geographic separation of dialects. To better understand 
the cultural differences in song we gathered song data from Carolina chickadees (Poecile carolinensis) in 
central Indiana. Carolina chickadees have not been as extensively studied as their cousins, the black-
capped chickadee. Black-capped chickadees have been shown to convey information relating to 
individual quality in their two-note song by altering the frequency of the song but nonetheless 
maintaining the ratio between the first (higher frequency) note and the second (lower frequency) note. 
Carolina chickadees differ from black-capped chickadees in their production of a four-note song with 
little evidence they use ratios in the same way. However, our preliminary data indicate that some 
populations of Carolina chickadees in Indiana may use ratios to convey quality while others may be 
communicating with a larger diversity of song notes. With a total of 21 note types found so far, we have 
found populations that have as few as four song types and others with as many as nine, far more song 
types than previously thought for single populations of Carolina chickadees. We performed a cluster 
analysis to construct a phylogeny of song dialects. We found that chickadee populations in the Lafayette 
area have a unique dialect and may be using interval ratios. In contrast, populations to the east and south 
of Lafayette have dialects that are more similar to each other than they are to the Lafayette populations. 
With more study we hope to gain a better understanding of why this diversity and variation in song has 
occurred in Indiana. 

 
 
BIRDS UTILIZE NEST-BUILDING MATERIALS LESS EFFICIENTLY WITH AGE 
Ipek G. Kulahci1,2, Gabrielle L. Davidson2,4, Iván de la Hera2,5, Michael S. Reichert2,5, and John L. Quinn2,3 
1Department of Biological Sciences, University of Notre Dame; 2School of Biological, Earth and Environmental 
Sciences and 3Environmental Research Institute, University College Cork; 4Department of Psychology, University of 
Cambridge; 5Department of Integrative Biology, Oklahoma State University 
 

Originally thought to be driven purely by instinct, nest-building decisions among birds are increasingly 
recognized as being driven by learning and previous experience. However, individual differences in nest 
material choices and how those choices change across life stages are currently unknown in wild 
populations. We presented wild female passerines with controlled quantities and types (length and 
thickness) of wool yarn, a good insulator that is frequently used in Parid nests. We expected that it would 
be more profitable to select long or thick pieces over short or thin pieces, in order to increase the 
amount of nesting material brought to the nest, even though the latter may be easier to carry or 
integrate into the nest-lining. As such, we predicted that if previous experience influences material 
choices, such that experienced birds are more skilled at picking suitable materials, then adults rather 
than juveniles (who do not have previous building experience) would use a higher proportion of long or 
thick yarn than short or thin yarn. We also predicted that adults would be more likely than juveniles to 
integrate the yarn into the nest-lining instead of leaving them loose, as loose materials can get tangled on 



chicks' feet. Contrary to our predictions, however, it was the juveniles who used long or thick yarn more 
than short or thin yarn, and also the ones who integrated yarn rather than leaving them loose. 
Furthermore, despite using long and thick pieces, juveniles used more pieces than adults, which 
consequently increased the weight of the nest-lining, and may explain the increased hatching success 
observed among juveniles. Our results suggest that birds' nest-building material choices change with age, 
but it remains to be seen whether the observed decline in building performance is due to cognition or 
due to a life history trade-off that changes with age. 

 
 
THE COGNITIVE ECOLOGY OF STIMULUS AMBIGUITY: A PREDATOR–PREY PERSPECTIVE 
Brian C. Leavell1 and Ximena E. Bernal1,2 
1Department of Biological Sciences, Purdue University; 2Smithsonian Tropical Research Institute 
 

Organisms face the cognitive challenge of making decisions based on imperfect information. Predators 
and prey, in particular, are confronted with ambiguous stimuli when foraging and avoiding attacks. These 
challenges are accentuated by variation imposed by environmental, physiological, and cognitive factors. 
While the cognitive factors influencing perceived ambiguity are often assumed to be fixed, contemporary 
findings reveal that perceived ambiguity is instead the dynamic outcome of interactive cognitive 
processes. Here, we present a framework that integrates recent advances in neurophysiology and 
sensory ecology with a classic decision-making model, signal detection theory, to understand the 
cognitive mechanisms that shape perceived stimulus ambiguity in predators and prey. Since stimulus 
ambiguity is pervasive, the framework discussed here provides insights that extend into nonforaging 
contexts. 
 

 
LOUD AND PROUD? SQUEAK LOUDLY AND CARRY A BIG KICK 
Sierra M. McAlister and Laura M. Hurley 
Department of Biology, Indiana University 
 

Signals are often context-dependent and contain structured elements that reveal specific information 
pertaining to the signaler’s identity and state. These elements may contribute to the significance of the 
signal and help relay its importance or the signaler's motivation (i.e., salience). House mice (Mus 
musculus) have a dynamic multi-component courtship in which the auditory and olfactory systems are 
crucial mediators. During opposite sex interactions, males produce ultrasonic vocalizations (USVs) while 
females produce broadband vocalizations (BBVs or squeaks) that are typically accompanied by physical 
rejection of the male (e.g., kicking, lunging, and running). While many studies have explored various 
aspects of USVs there is still much to learn about which aspects of female acoustic signals are salient for 
males. We hypothesized that if males recognize higher effort female calls as more salient, then increasing 
call elements such as duration, intensity, and rate should decrease male courtship behavior (USV 
emission). Using a unique behavioral paradigm, we were able to find that the most intense calls within 
the natural amplitude range had the greatest suppressive effect on male USV production whereas calls 
10 dB or 20 dB less intense had a smaller effect. When BBV rate is either evenly spaced or reduced to 
half, males appear to produce more USVs than the control playback, suggesting that amount of BBVs and 
that rate at which they occur does contribute to call salience. 
 

 
MHC-BASED OLFACTORY SIGNALS AND MATE CHOICE IN DARTERS (ETHEOSTOMA) 
Kara M. Million1, Melissa R. Proffitt1, and Sierra J. Reese2 
1Department of Biology, Indiana University; 2Department of Biology, Howard University 



 

Genes of the Major Histocompatibility Complex (MHC) have been implicated in mate choice in a wide 
range of vertebrate taxa, with females of many species tending to prefer mates with MHC genotypes 
dissimilar to one’s own. However, this preference has not been observed in all taxa studied, and the 
factors that influence MHC-based mate choice in vertebrates is still an open question. We hypothesized 
that differing reproductive behaviors between species may affect whether females make MHC-based 
mate choices and what their preferences may be. We tested this hypothesis using two co-occurring 
species of Darters (small North American native fishes) with differing reproductive behaviors. In Fantail 
Darters (Etheostoma flabellare), males provide parental care, while in Rainbow Darters (Etheostoma 
caeruleum) no parental care is provided. We performed mate choice experiments in which we presented 
females of both species with pairs of identical painted male models along with olfactory stimuli from live 
males with differing MHC genotypes, one with an MHC genotype similar to the focal individual’s and one 
with a dissimilar genotype. We measured the focal individuals’ preference for the males using the 
amount of time the individual spent in each of two preference zones. Our early results indicate that 
female Fantail Darters tend to prefer the scent of males with a similar MHC genotype while Rainbow 
Darter females are split in their preferences, and the strength of preference differs between the species. 
We are currently evaluating our follow-up experiment testing whether females of either species prefer 
males with rare or common MHC genotypes within their local populations. Our research will provide 
insight into whether female MHC-mediated mate choice is influenced by differing reproductive behaviors 
and differing criteria for mates. 

 
 
TRANSGENERATIONAL MICROBIOME PERTURBATION LINKED TO BEHAVIORAL CHANGES IN HAMSTERS 
Elizabeth Morrison1,2, Taylor Deckard1,2, Kate Adaniya1,2, Irene Newton1, and Gregory Demas1,2 
1Department of Biology and 2Center for the Integrative Study of Animal Behavior, Indiana University 
 

The acquisition of microorganisms by a newborn mammal during birth and thereafter prime the infant 
gastrointestinal tract and may have both immediate and lasting effects throughout the lifespan of the 
offspring. However, this transfer of beneficial microorganisms from mother to infant is highly dependent 
on the condition of the maternal gut microbiome. Inadequate establishment of the infant gut 
microbiome has been linked to lasting health concerns, and dysbiosis within the adult gut microbiome via 
antibiotic administration has been linked to behavioral and physiological changes. Therefore, maternal 
intake of antibiotics during breastfeeding may alter the maternal gut microbiome and subsequently 
impact the offspring. We investigated the consequences of maternal antibiotic administration on 
behavior and physiology of both dams and offspring Siberian hamsters. Hamsters were given an oral dose 
of broad-spectrum antibiotic daily from parturition for one week. Offspring from these mothers were 
then raised to adulthood and mated. We show that maternal care was not directly affected by antibiotic 
administration. However, the offspring of antibiotic-administered mothers exhibited disrupted gut 
microbiome composition and aberrant behavior. Collectively, these findings suggest that maternal gut 
dysbiosis via oral antibiotics has transgenerational effects on offspring when exposed during a sensitive 
period of development. 
 

 
ADRENAL MELATONIN 1A RECEPTOR (MEL1AR) SIGNALING IS LINKED WITH SEASONAL VARIATION IN SOCIAL 
BEHAVIOR IN MALE SIBERIAN HAMSTERS 
Kathleen M. Munley1,2, Sohini Dutta3, Aaron M. Jasnow3,4, and Gregory E. Demas1,2 
1Department of Biology and 2Center for the Integrative Study of Animal Behavior, Indiana University; 3Department 



of Psychological Sciences, Kent State University; 4Department of Pharmacology, Physiology and Neuroscience, 
University of South Carolina School of Medicine 
 

Many animals exhibit pronounced changes in physiology and behavior on a seasonal basis, and these 
adaptations have evolved to promote survival and reproductive fitness among conspecifics. While the 
neuroendocrine pathways mediating seasonal reproduction are generally well-studied, far less is known 
about the mechanisms underlying seasonal changes in social behavior, particularly outside of the context 
of the breeding season. Previous work from our lab suggests that seasonal shifts in secretion of the pineal 
hormone melatonin (MEL) are important in regulating territorial aggression in Siberian hamsters 
(Phodopus sungorus); it is unclear, however, how MEL signaling at the level of the receptor modulates 
this behavior. In this study, we infused MEL 1a receptor (Mel1aR)-overexpressing (EXP) or control (CON) 
lentivirus bilaterally into the adrenal glands of male Siberian hamsters. We then housed animals in long-
day (LD) or short-day (SD) photoperiods (characteristic of the breeding and non-breeding seasons, 
respectively), administered timed MEL or control injections, and quantified aggressive and non-
aggressive social behaviors (i.e., investigation, self-grooming) following 10 weeks of treatment. LD 
animals infused with EXP virus had significantly higher adrenal Mel1aR expression than LD CON animals, 
as determined via quantitative PCR. While MEL injections were sufficient to induce SD-like reductions in 
body and relative reproductive mass, only LD animals that were infused with EXP virus displayed SD-like 
changes in social behavior, including increased aggression and decreased investigation and grooming. 
Despite these differences in behavior, SD CON animals and LD animals administered either MEL injections 
or EXP virus exhibited similar relationships between adrenal Mel1aR expression and aggression. 
Collectively, our findings suggest a role for adrenal Mel1aR signaling in regulating social behavior, but not 
energetics or reproduction in seasonally breeding species. 

 
 
SEXUALLY DIMORPHIC LATERAL MOVEMENT ORGANIZATION DOES NOT INFLUENCE SELF-MOVEMENT CUE 
PROCESSING IN RATS DURING OPEN FIELD BEHAVIOR 
Jenna R. Osterlund Oltmanns1, Megan H. Lipton1, Natalie Adamczyk1, Rami I. Lake1, Ashley A. Blackwell1, Ericka A. 
Schaeffer1, Shih-Yen Tsai2,3, Gwendolyn L. Kartje2,3, and Douglas G. Wallace1 
1Department of Psychology, Northern Illinois University; 2Health Sciences Division, Loyola University; 3Edward 
Hines Jr. Veterans Affairs Hospital 
 

From rats to humans, males consistently outperform females on many navigational tasks. While the 
explanation for these differences continue to be debated, little work has evaluated whether sexual 
dimorphisms in movement organization may play a role. For example, rats exhibit sex differences in pivot 
points during lateral movement when protecting a food item. This lateral movement generates angular 
and linear information in the vestibular system, a critical source of self-movement cues. Self-movement 
cues are used to organize open field behavior into non-circuitous progressions, changes in heading during 
stops, and frequent returns to one position in the environment called the home base. Previous work has 
demonstrated that this movement organization is disrupted in animals with vestibular pathology. 
Therefore, it is possible that sexual dimorphisms in lateral movement may influence self-movement cue 
processing, resulting in sexually dimorphic performance in the open field. The current study examined 
lateral movement, home base establishment, and measures sensitive to self-movement cue processing in 
80-day old female and male rats after moving in an open field under completely dark conditions. Sexual 
dimorphisms were observed in lateral movements in the open field; however, sexual dimorphisms were 
not observed in measures of general locomotion nor those specific to self-movement cue processing. 
These results do not support a role for self-movement cue processing in mediating the sexual 
dimorphisms observed in navigational tasks. 

 



 
EPISODIC MEMORY IMPAIRMENT IN A TRANSGENIC RAT MODEL OF ALZHEIMER’S DISEASE 
Danielle E. Panoz-Brown and Jonathon D. Crystal 
Department of Psychological and Brain Sciences and Program in Neuroscience, Indiana University 
 

Our lab has developed animal models of episodic memory with odor cues to capitalize on rats’ rich 
olfactory system and exceptional olfactory abilities. In people, the loss of episodic memory is the most 
debilitating impairment in Alzheimer’s disease (AD). Despite advances in the development of animal 
models of episodic memory and genetic models of AD, an AD animal model that recapitulates an age-
related decline specifically in episodic memory (under conditions in which non-episodic memory is 
precluded) remains elusive. Therefore, we developed a model of episodic memory decline in transgenic 
rats that carry some of the genes associated with AD (TgF344-AD). We used our items-in-context 
approach (Panoz-Brown et al 2016, Current Biology) to dissociate episodic memory function from 
judgements of familiarity. Here we show that episodic memory in TgF344-AD and age-matched wildtype 
(WT) controls is intact at an early timepoint and selectively impaired in TgF344-AD rats at a late 
timepoint. Control conditions suggest that the impairment in TgF344-AD rats was selective for episodic 
memory and not dependent on familiarity or non-specific factors. Histological and biochemical analyses 
confirmed that TgF344-AD rats had more amyloid beta (Aβ), a hallmark of AD, than WT rats. Moreover, 
Aβ was negatively correlated with cognitive decline in memory at the late timepoint. Our work provides a 
model that may be used to test novel therapeutics for AD that specifically target episodic memory 
function. 

 
 
NON-KIN ADOPTION IN THE COMMON VAMPIRE BAT 
Imran Razik1,2, Bridget K.G. Brown1,2, Rachel A. Page2, and Gerald C. Carter1,2 
1Department of Evolution, Ecology and Organismal Biology, The Ohio State University; 2Smithsonian Tropical 
Research Institute 
 

Individual animals across many different species occasionally ‘adopt’ unrelated, orphaned offspring. 
Although adoption may be best explained as a byproduct of adaptive traits that enhance parental care or 
promote the development of parental skills, one factor that is possibly important for the likelihood of 
adoption is the history of cooperative interactions between the mother, adopted offspring, and adopter. 
Using 652 hours of behavioral samples collected over four months, we describe patterns of allogrooming 
and food sharing before and after an instance of non-kin adoption between two adult female common 
vampire bats (Desmodus rotundus) that were captured from distant sites (340 km apart) and introduced 
to one another in captivity. The first female died from an illness 19 days after giving birth. The second 
female groomed and regurgitated food to the mother more often than any other group member, then 
groomed, nursed, and regurgitated food to the orphaned, female pup. The substantial increase in 
alloparental care by this female after the mother’s death was not observed among the 20 other adult 
females that were present in the colony. Our findings corroborate previous reports of non-kin adoption 
in common vampire bats and are consistent with the hypothesis that non-kin adoption can be motivated, 
in part, by a history of cooperative interactions. Ongoing work is now determining if and to what extent 
consistent individual differences in cooperativeness affect pairwise cooperative interactions and social 
bonding in this species. 

 
 
SEX-SPECIFIC EFFECTS OF HATCHING ORDER ON BASELINE CORTICOSTERONE IN HOUSE WRENS 
Madison A. Rittinger, Charles F. Thompson, and Scott K. Sakaluk 
Department of Biology, Illinois State University 



 

Female songbirds hatch their eggs synchronously (within 24 hours) or asynchronously (over 2-3 days) by 
altering the onset of incubation. In house wrens Troglodytes aedon, these different hatching patterns 
have sex-specific effects on the size and body condition of nestlings, and females appear to allocate the 
sex of their offspring across the laying order to capitalize on these effects. We hypothesized that levels of 
circulating corticosterone, the primary metabolic hormone in birds, is the proximate mechanism 
mediating these sex-specific effects in nestlings. We also experimentally created ‘asynchronously’ 
hatching broods by reciprocally cross-fostering nestlings at different stages of development to determine 
if baseline corticosterone levels are affected by the post-natal environment. Baseline corticosterone 
levels decreased significantly across the hatching order in female nestlings, but was similar across the 
hatching order in males, in partial support of the hypothesis. Baseline corticosterone was not affected by 
cross-fostering nestlings at different developmental stages, suggesting that sex-specific effects of 
hatching order on baseline corticosterone are determined earlier in development. However, the sex-
specific effects of hatching order on baseline corticosterone were independent of the degree of hatching 
synchrony. Nonetheless, it may be that differential sex allocation, in conjunction with the sex-specific 
effects of hatching order on nestling baseline corticosterone documented here, accounts for the 
differential effect of the degree of hatching synchrony on nestling mass and body condition, but further 
work is required to test this possibility. 
 

 
CONSTRAINTS IMPOSED BY MIGRATING WARBLERS ON BREEDING WARBLER SIGNAL SPACE 
Joanna M. Sblendorio, Maarten J. Vonhof, and Sharon A. Gill 
Department of Biological Sciences, Western Michigan University 
 

Signals evolve under multiple selective pressures, including conspecifics, heterospecifics and the 
environment. With respect to heterospecifics, co-existing species could compete for signal space, but 
instead inhabit well-defined acoustic niches, which minimize signal overlap among males of different 
species. While partitioning of signal space has been envisioned as the result of competition among 
syntopically breeding species, reports of species singing during migration suggest additional, unexplored 
constraints on song detection and selection for partitioning in signal space. We hypothesized that 
migrant warblers constrain signal space available to resident, breeding warblers and that patterns of 
competition vary over time depending on the migrants present in the community. We recorded songs of 
30 warbler species, including 19 migrant species, in southwest Michigan to analyze acoustic niches, and 
downloaded eBird data to determine temporal co-occurrence among warblers. Migrant warblers were 
present for much of the breeding season, with a maximum of 28 warbler species co-occurring over this 
period. Within the overall community, most species inhabited distinct acoustic niches, with only 11% of 
warbler pairs overlapping each other, yet migrant-breeding niche overlaps were twice as common as 
overlaps between breeding species. The degree of pairwise overlap ranged from 0 to 41%. On average, 
breeding species experienced 13.3% niche overlap from migrants (range: 0-81%), and 20.7% overlap 
from other breeding species (range: 0-49%). Our study is the first to explore whether migrants influence 
partitioning of acoustic space and finds that transient members of communities may have important 
influences on competition for acoustic space and signal evolution. 

 
 
 
 
 



RELATIONSHIPS BETWEEN ANTHROPOGENIC CHEMICAL POLLUTANTS AND FECAL HORMONE METABOLITES 
ACROSS FOUR PRIMATE SPECIES IN KIBALE NATIONAL PARK, UGANDA 
Tessa Steiniche1, Shaorui Wang2, Emily Chester1, Jessica Rothman3, Richard Mutegeki4, Marta Venier2, and 
Michael Wasserman1 
1Department of Anthropology and 2O’Neill School of Environmental and Public Affairs, Indiana University; 3City 
University of New York, Hunter College; 4Makerere University Biological Field Station 

Despite the thousands of anthropogenic chemicals on the market today and an increasing awareness of 
the hazards associated with their discharge into the environment, our understanding of predicted 
physiological health effects of wildlife exposure to chemical pollutants is limited. The application of 
wildlife biomonitoring provides an alternative to laboratory-based toxicity tests, integrating ecological 
factors and real-world complexities unattainable in controlled settings. In this study, we use noninvasive 
biomonitoring to examine relationships between fecal concentrations of over 100 chemical pollutants, 
including pesticides and flame retardants, and fecal hormone metabolites of the HPA (e.g., cortisol), HPG 
(e.g., testosterone, estradiol), and HPT (e.g., T3) axes across four species of wild nonhuman primates 
inhabiting Kibale National Park in western Uganda. Our goals are to examine 1) variation in fecal pollutant 
concentrations across species and age/sex categories, and 2) associations between pollutants and HPA, 
HPG, and HPT hormones. Given the critical role of these hormone axes on fitness, understanding 
exogenous chemical stressors on this network can aid in conservation efforts of wildlife populations, 
while also providing insight into health threats in other species, including humans. 

 
 
PATTERNS OF SPATIAL CO-OCCURRENCE AMONG NATIVE AND EXOTIC CARNIVORES IN NORTHEASTERN 
MADAGASCAR 
Kimberly Todd and Zach Farris 
Department of Health and Exercise Science, Appalachian State University 
 

Mounting human encroachment on remaining natural habitats globally is eliciting greater numbers and 
larger ranges of commensal exotic carnivores (e.g., cats and dogs), and thus heightened interactions with 
native wildlife. In Madagascar, knowledge is limited regarding the effects of free-roaming cats and dogs 
on native carnivore populations. We combined camera trapping across seven sites with two-species 
occupancy modeling to provide the first assessment of the spatial co-occurrence of native and exotic 
carnivores in Madagascar, as well as an examination of the habitat variables that explain these 
relationships. Our surveys from 2008 to 2013 accumulated 2991 photo-captures of native and exotic 
carnivores in 8854 trap nights. We found that native carnivores are selecting habitat where fewer exotics 
are present and that exotic carnivores may be replacing native carnivores, especially in forested areas 
nearest villages. Six of the native carnivores in this study exhibited higher site use in the absence of exotic 
carnivores and their species interaction factors (SIF) revealed an avoidance relationship (SIF < 1.0). We 
found that nocturnal and/or crepuscular native carnivores were less likely to co-occur with exotic 
carnivores. We demonstrate the efficacy of combining camera trapping with co-occurrence modeling as a 
means of exploring the impacts of exotic carnivores on native carnivore communities. Our study 
highlights the strong negative effect of exotic carnivores which can span competitive exclusion to 
complete replacement of native carnivores. It is exigent that targeted educational programs be coupled 
with exotic carnivore removal to attenuate the influx of exotic carnivores. These results provide a 
baseline against which future surveys can be compared so that we might obtain a more comprehensive 
picture of native-exotic carnivore interactions, and how they shape the behaviors of native prey species 
in turn. 
 
 



THE EFFECTS OF CHRONIC PRECONCEPTION STRESS ON AFFECTIVE, PAIR-BONDING, AND PARENTAL CARE 
BEHAVIORS IN PRAIRIE VOLES: A MULTIVARIATE APPROACH 
W. Tang Watanasriyakul, Alecia M. Santuzzi, Marigny C. Normann, Miranda Cox, Thomas Miller, Kal Nastek, 
Elizabeth Viveros, and Angela J. Grippo 
Department of Psychology, Northern Illinois University 
 

Social and environmental stressors may influence couple interactions and parenting styles. Similar to 
humans, prairie voles are socially monogamous, exhibit biparental care, and are sensitive to social 
stressors, making them an ideal translational model to study social changes. However, behavioral 
responses to stress are complex and can be difficult to interpret; therefore, the current study used a 
multivariate approach to examine clusters of potentially related affective and social behaviors following 
stress. Adult male and female prairie voles were exposed to either 4 weeks of social isolation, with 
concurrent exposure to unpredictable environmental stressors during the last 2 weeks, or pair housing 
with a same-sex sibling. Depressive- and anxiety-like behaviors were assessed after this 4-week period. 
Male and female animals of the same condition were subsequently paired to assess pair-bonding and 
parental care quality. Using principle component analyses, behavioral outcomes were grouped into 3 
main factors: affective, pair-bonding, and parenting, with supplemental and proactive as subfactors 
under parenting. Chronic stress did not influence affective behaviors; however, stressed couples showed 
a significant delay in pair-bonding. Stressed mothers exhibited significantly more supplemental parenting, 
whereas stressed fathers exhibited significantly less supplemental and less proactive parenting, 
compared to unstressed animals. These preliminary findings suggest that chronic preconception stress 
may impair pair-bonding between male and female prairie voles, without influencing affective behaviors. 
Interestingly, preconception stress may affect parental care in a sex-specific manner. Multivariate 
analyses are a useful tool to understand and interpret the complexity of behavioral outcomes, and may 
increase the translational value of this animal research. 
 

 
THE TELOMERE REGULATORY GENE POT1 PREDICTS BEHAVIORAL RESILIENCE TO STRESS AND MEDIATES CHICK 
PERFORMANCE IN THE TREE SWALLOW (TACHYCINETA BICOLOR) 
Sarah E. Wolf1,2, Sol E. Beltran2, Tiana L. Sanders2, and Kimberly A. Rosvall1,2 
1Department of Biology and 2Center for the Integrative Study of Animal Behavior, Indiana University 
 

Long telomeres have become nearly synonymous with a variety of fitness-related traits and may be 
mediators of ecologically relevant variation in life history strategies and behavior. Growing evidence 
showing that telomere dynamics are more predictive of performance than telomere length points to 
telomere regulators as key mediators of performance in nature. Here, we combine observational and 
experimental datasets from free-living tree swallows (Tachycineta bicolor) to assess how performance is 
predicted by the telomere regulatory gene POT1, which encodes a shelterin protein that sterically blocks 
telomerase from repairing the telomere. First, we show that lower POT1 gene expression was associated 
with higher female reproductive quality, i.e. earlier breeding, and heavier body mass during the difficult 
period of chick-rearing. We next challenged mothers with an immune stressor (lipopolysaccharide 
injection) that led to ‘sickness’ in mothers and 24h of food restriction in their offspring. Stressed females 
with lower POT1 gene expression best maintained control-like feeding rates, suggesting that telomere 
regulators contribute to behavioral resilience to stress. Maternal injections also generated a one-day 
stressor for chicks, who responded with decreased POT1 gene expression and elongated telomeres. 
However, we found no effect on other putatively stress-responsive mechanisms in chicks (i.e. 
glucocorticoids, antioxidants). Interestingly, change in telomere length and POT1 gene expression both 
predicted which chicks returned to breed. Together, these findings provide evidence that telomere 



 

regulatory mechanisms not only shape resilience to stress but also contribute to variation in reproduction 
and survival. 

 
ASSESSING THE FUNCTIONAL CONSEQUENCES OF CLIMATE CHANGE: TISSUE-SPECIFIC RESPONSES TO HEAT IN A 
WILD BIRD 
Mary J. Woodruff and Kimberly A. Rosvall 
Department of Biology, Indiana University 
 

As the Earth continues to dramatically warm, experiments on the mechanisms facilitating thermal 
tolerance can offer important insights into the functional effects of climate change. Previous work, 
largely studying ectotherms, has established that heat induces various stress responses, including the 
upregulation of heat shock proteins (HSPs) that counteract cellular damage. However, tissue-level 
variation in HSP responses remains unclear, leaving uncertainty as to which tissues, and by extension 
which traits, are more or less buffered from heat. To test the hypothesis that tissues vary in the degree of 
protection against heat, we experimentally simulated a naturalistic 7-day heat wave inside the nestboxes 
of wild tree swallows (Tachycineta bicolor). Using air-activated warmers, we elevated nest temperatures 
by at least 2°C, starting when chicks were 6 days old. In heated and control nests, we collected 
morphological data and measured HSP gene expression in the blood every third day. At the end of the 
experiment, we collected additional tissues, including the brain, and used qPCR to measure HSP gene 
expression. We compared tissues to begin exploring which physiological functions may be most affected 
by heat. We also assessed the degree to which HSP gene expression is correlated with other fitness-
related traits, such as mass and wing length. Exploring mechanisms of thermal tolerance in tree swallows 
is particularly relevant because these birds are currently undergoing a unique southward range shift, 
breeding in warmer climates, suggesting they may be adapted to heat. More broadly, this experiment 
informs our understanding of how endotherms cope with the rising temperatures of climate change. 

 
 
A PUZZLE FOR OPTIMAL FORAGING THEORY: PIGEONS PREFER A RARE SIGNAL FOR A HIGH VALUED OUTCOME 
OVER A MORE OPTIMAL FREQUENT SIGNAL FOR A LOWER VALUED OUTCOME 
Thomas R. Zentall 
Department of Psychology, University of Kentucky 
 

Human gambling generally involves choice of a low probability high outcome alternative over the more 
economically-optimal high-probability lower-outcome alternative (not gambling). Surprisingly, although 
animals should be sensitive to the overall probability of reinforcement, the results of many experiments 
suggest otherwise. For example, pigeons prefer an alternative that 50% of the time provides them with a 
stimulus that always predicts reinforcement over an alternative that 100% of the time provides them 
with a stimulus that always predicts reinforcement. Preference appears to depend on the predictive 
value of the stimulus that follows choice as well as on the contrast between what is expected and what 
occurs. Similar mechanisms likely account for suboptimal choice when humans engage in unskilled 
commercial gambling. 


