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THE PROXIMATE BASIS OF EVOLUTIONARY DIVERGENCE IN PATERNAL CARE IN STICKLEBACKS

Andrés Bendesky

Zuckerman Mind Brain Behavior Institute, Columbia University

What mechanisms underlie the vast diversity of social behaviors we observe in nature? | will
present how we leverage extreme variation in social behaviors between populations of a species
and between closely related species of vertebrates to discover the genetic, neuronal, and
endocrine bases of this variation. This work has identified unifying principles and a few surprises
about the evolution of social behavior.

KEYNOTE

AUTONOMY, SYNCHRONY, AND SYMBIOSIS: AN EMERGENT VIEW OF BEHAVIORAL DEVELOPMENT
Jeff Alberts

Department of Psychological and Brain Sciences, Indiana University

Investigators and scholars in the field of “developmental psychobiology” address questions of
the ontogenesis of behavior. Typically, we use the tools of the neurosciences, endocrinology,
genetics, and experience-based processes (e.g, sensation, perception, associative learning).
These are precise, powerful tools, but they are reductive. Scientific progress often stalls when
we confront the problem of integrating such reductionistic knowledge to better understand the
higher levels of organismal behavior. | will take you on a tour of some experimental findings
(largely from my lab) that support the utility of using the interdependent phenomena of
autonomy, synchrony, and symbiosis to frame the processes that guide and regulate the
emergence of organismal behavior. We will consider developmental trajectories beginning in
utero and extending through early postnatal life.

ORAL PRESENTATION SESSIONS

(Presenter names in bold)
SESSION I: Social Behavior |

SOCIAL COMPETITION INFLUENCES BRAIN OXIDATIVE STRESS IN A SOCIAL CICHLID FISH

Tyler W Beyett! and Peter D Dijkstra®?

IDepartment of Biology and ?Neuroscience Program, Central Michigan University

The attainment and maintenance of high social rank within a dominance hierarchy via competitive
interactions is stressful for the individuals involved. Persistent social stress promotes oxidative stress in
the brain, which contributes to neurodegenerative disease. Prior research shows that social rank



influences brain oxidative stress in a regional manner; however, it is unclear how competition-induced
social stress influences patterns of oxidative stress in the brain. We leveraged the highly social cichlid
fish Astatotilapia burtoni to assess this knowledge gap. Dominant males of this species have an
upregulated reproductive axis, evidenced by high androgen levels, large gonads, and intense territorial
behavior. Dissimilarly, subordinate males are nonterritorial and reproductively suppressed. We
manipulated the distance between territories to alter the degree of competition pressure within tanks.
To our surprise, this treatment did not influence behavior. However, treatment influenced relative
gonad size in a status-dependent manner - dominant males in close proximity tended to express higher
indices than those with more separation between territories. This suggests that our treatment
influences competition pressure, resulting in enhanced reproductive investment. We found that low-
ranking males exhibited significantly lower total glutathione levels in different divisions of the brain
compared to their high-ranking counterparts, but this effect was generally not influenced by
competition treatment. Further, we found a positive relationship between relative gonad size and total
glutathione levels in the different divisions of the brain. Analyses of oxidative DNA damage (8-OHdG)
and enzymatic antioxidants (SOD) are in progress. Together, these results suggest that brain oxidative
stress in males is influenced by status and competition pressure, providing insight into the link between
the social environment and the regulation of redox homeostasis in the brain.

EXAMINING THE ROLE OF THE CIRCADIAN CLOCK NEURONS IN AGGRESSION

Suryatapa Chatterjee

Department of Biology, Indiana University Bloomington

Aggression is an innate behavior that enables animals to compete for resources, territories, and mating
partners. The intensity and repertoire of patterns of aggressive behavior are fine-tuned by the animal’s
internal state, previous social experience, and environment. Across the animal kingdom, the internal
state is regulated by the brain’s circadian timekeeping system, a network of clock neurons that
orchestrate daily rhythmic changes in behavior and physiology. Despite the well-characterized
molecular mechanisms underlying circadian within clock neurons, how these neurons relay signals to
downstream pathways to generate behavioral rhythms is still not well understood. Among the ~240
Drosophila clock neurons, the functional equivalent of the mammalian suprachiasmatic nuclei, the
small ventrolateral neurons (s-LNys) are considered the most dominant pacemaker cells since they are
crucial for maintaining behavioral rhythms even in constant conditions. These neurons, along with the
large ventrolateral neurons (I-LN,s) secrete the neuropeptide Pigment Dispersing Factor (PDF), which
plays a crucial role in synchronizing the molecular clocks throughout the network and modulating
behavioral outputs. My preliminary data reveals that ablation of Pdf-expressing neurons leads to a
hyperaggressive phenotype in male flies. This finding suggests that PDF+ neurons normally suppress
aggression, revealing an unexpected role beyond circadian timekeeping. Understanding which PDF
neuron population (s-LNys vs. I- LNys) mediates hyper aggression and identifying its downstream targets
might reveal how circadian circuits modulate levels of aggression. This research aims to elucidate how
the brain integrates temporal information to generate appropriate social behaviors. By investigating
how the circadian neural network regulates aggression, this project will enhance understanding of the
mechanisms by which clock neurons control behavior.

NONGENOMIC ESTROGEN SIGNALING FACILITATES NONBREEDING AGGRESSION IN FEMALE SIBERIAN
HAMSTERS

Hannah F Fink and Gregory E Demas

Department of Biology and Center for the Integrative Study of Animal Behavior, Indiana University

In seasonally reproductive species, aggression persists during the nonbreeding season despite
relatively low levels of gonadally-derived steroids, indicating that nonbreeding aggression is mediated



by alternative, extra-gonadal neuroendocrine mechanisms. In Siberian hamsters, nonbreeding males
and females exhibit elevated circulating dehydroepiandrosterone (DHEA), an adrenal androgen capable
of crossing the blood-brain barrier and undergoing local conversion to more potent sex steroids. These
seasonal increases in DHEA correspond with elevated expression of estrogen-related genes in
aggression-relevant brain regions, suggesting that nonbreeding aggression may be regulated by
neurally-synthesized estrogens. In classical “genomic” models of steroid signaling, steroids diffuse
across the cell membrane and bind to intracellular receptors that function as transcription factors,
influencing downstream gene expression over hours to days. Alternatively, steroids can act “non-
genomically,” binding to nontraditional membrane receptors and initiating signaling cascades to alter
cell function within seconds to minutes. Here, | provide initial evidence that estrogens contribute to
nonbreeding aggression via rapid, nongenomic mechanisms in female Siberian hamsters. Short-day
housed females received estradiol or vehicle injections 15 minutes prior to resident-intruder assays, a
timeframe considered insufficient for genomic effects. Estradiol-treated hamsters exhibited shorter
attack latencies and greater attack frequencies, with no differences in stress-related or investigative
behaviors. These findings suggest that DHEA may be locally converted to estrogens that act non-
genomically to rapidly elevate nonbreeding aggression, thus representing an “on-demand” strategy for
responding to social challenges during the energetic bottleneck of the winter, non-reproductive
season.

USING LC-MS/MS TO ASSESS STEROID PRODUCTION IN A TERRITORIAL FEMALE BIRD AFTER A GNRH
CHALLENGE

Josephina H Fornara?, Jonathan C Trinidad?, G Troy Smith?, Kimberly A Rosvall*

IDepartment of Biology and ?Department of Chemistry, Indiana University

For territorial species, agonistic interactions are a fact of life. An individual’s level of aggressiveness is
thought to be mediated by its physiology, including its capacity to produce steroid hormones. Past
research has focused on just one or a few hormones as proximate regulators of aggression, yet we
know these hormones do not act in isolation. Here, we applied the tried-and-true method for
measuring an individual’s steroidogenic capacity, the GnRH challenge, to stimulate the HPG axis and
measure all detectable steroid hormones in plasma. We conducted this study in free-living female tree
swallows (Tachycineta bicolor) during the peak of territorial competition. After passively trapping
females in their nest boxes, we collected an initial blood sample, administered either GnRH or saline,
and then took another blood sample thirty minutes later. Separately, we used a standard resident-
intruder assay to quantify aggressiveness in these same individuals. Using liquid chromatography with
tandem mass spectrometry (LC-MS/MS), we then measured each individual’s “cocktail” of steroid
hormones. Together, these data allow us to investigate how variation in territorial behavior relates to
an individual’s baseline hormonal milieu, as well as her steroidogenic capacity.

SESSION II: Environmental Impacts on Behavior

IMPACTS OF AGRICULTURE ON THE GUT MICROBIOME OF RED COLOBUS (PILIOCOLOBUS
TEPHROSCELES) AND BLACK AND WHITE COLOBUS (COLOBUS GUEREZA)

Madison Brown?, Elizabeth MC Coggeshall?, and Michael Wasserman?

10'Neill School of Public and Environmental Affairs and ?Department of Anthropology, Indiana University
Agriculture is a leading driver of biodiversity loss, primarily through deforestation, fragmentation, and
unsustainable farming practices. Primates are particularly affected by these landscape changes, and
populations living near agricultural areas are often exposed to foods contaminated with insecticides
and pesticides. In Uganda, populations of endangered red colobus (Piliocolobus tephrosceles), and
black and white colobus (Colobus guereza), who are classified as Least Concern, are commonly found in



forests adjacent to intensive agriculture. Colobines have a highly specialized gut physiology and
folivorous diet, causing their health to be especially sensitive to environmental change. The gut
microbiome provides a useful indicator of physiological condition by reflecting the balance of beneficial
and/or harmful microbes. Comparing gut microbial communities among groups living across gradients
of disturbance offers a way to assess how habitat change influences primate health. This study
presents data on gut microbial diversity across three forest landscapes (fragment, interior, edge) in red
and black and white colobus in Kibale National Park, Uganda. Between May and July 2023, 110 fecal
samples were collected from Kibale National Park. Microbial DNA was extracted using the Qiagen
Powerlyzer PowerSoil Kit and PCR was used to amplify the V4 region of the 16s rRNA gene using the
515F and 806R primers. They were subsequently sequenced on the Illumia MiSeq V4 platform and
quality filtered and processed in QIIME. Statistical analyses showed significant differences in species
richness, alpha, and beta diversity between and within the colobus species across landscapes. Red
colobus exhibited an average higher alpha diversity. Black and white colobus beta diversity was
significantly impacted by habitat fragmentation in comparison to red colobus.

BEHAVIORAL EFFECTS OF SUBLETHAL CADMIUM EXPOSURE ON A DUNG BEETLE ONTHOPHAGUS
SAGITTARIUS

Miranda Towse, Rebecca Westwick, and Armin Moczek

Department of Biology, Indiana University

Heavy metals have been shown to have a wide range of harmful effects in vertebrates broadly, but
comparatively less is known about sublethal effects on invertebrates. As environmental pollution
increases, invertebrate decomposers may be particularly prone to such effects as they contribute to
vital ecosystem services. This study investigates how exposure to cadmium — an environmentally
abundant and almost universally toxic heavy metal — affects the behavior, health, and development of
a dung beetle (Onthophagus sagittarius). First, we assessed whether O.sagittarius displays avoidance
behaviors when cadmium is present in their food and environment. Second, we determined whether
chronic exposure to cadmium during the adult stage affected aggression, fecundity, and lifespan. This
study improves our understanding of how decomposers respond to toxic environmental pollutants like
heavy metals. In particular, our findings provide new insights into how exposure to sublethal doses of
environmental toxins affects phenotypes such as behavior and fecundity, which are vital to an
organism’s success and ecological function, but have received comparatively less attention than studies
on mortality events.

DO SPECIES DIFFER IN THEIR RESPONSE TO A HEAT CHALLENGE? A CASE STUDY IN TWO CAVITY-
NESTERS

Atalanta C Ritter, Emily J Levy, Mary J Woodruff, Kimberly A Rosvall

Department of Biology, Indiana University

Wild birds are encountering more intense heat waves, yet some species may be more successful under
warming conditions. Thus, interspecific comparisons of traits relevant to heat tolerance can be
informative in predicting resilience to global change. Here we compared two co-occurring cavity-
nesting songbirds, the tree swallow (Tachycineta bicolor) and Eastern bluebird (Sialia sialis), in their
responses to heat during a critical developmental window. Tree swallows are expanding their breeding
range southward, contrary to many other North American species, suggesting they may be better able
to cope with heat than other species. To evaluate this, we heated nest boxes of tree swallows and
Eastern bluebirds for 4 hours when nestlings were 12 days old. We used air-activated heat packs to
achieve sublethal temperatures within experimental nests and contrasted them with unheated
controls. During the trial, we used cameras to record and quantify thermoregulatory behaviors during
the first hour of the trial, including panting and movement toward cooler microclimates within the nest



box. Forthcoming results will shed light on any species' differences in heat responses, and the degree
to which behavioral coping mechanisms may predict responses to global warming.

PERINATAL EXPOSURE TO ACETAMINOPHEN ALTERS THE PAIN SENSITIVITY AND LOCOMOTOR
PROFILES OF ADULT OFFSPRING

Natalia Murataeva and Alex Straiker

Department of Psychological and Brain Sciences, Indiana University

Introduction: Acetaminophen is a key drug for pain and fever relief. Known under various names
including Tylenol and paracetamol, it is one of the most widely used drugs in the world. Strikingly, the
mechanism of action for acetaminophen remains unknown after 150 years. We have recently reported
a new target for acetaminophen, the enzyme diacylglycerol alpha (DAGLa) that synthesizes 2-
arachidonoyl glycerol (2-AG), one of the two endogenous cannabinoids. Inhibition of this enzyme is
similarly analgesic and may account for some analgesic but not the fever-reducing properties of
acetaminophen. Because of its relatively solid safety record when taken as recommended,
acetaminophen is one of few available pain relievers considered safe for females during pregnancy.
However, only a few studies have examined the consequences for offspring. We examined the
consequences of perinatal exposure to acetaminophen in mice. Pregnant female mice ingested 200mg
acetaminophen daily for a three-week period from embryonic day 18 to postnatal day 10, a period
chosen to span the bulk of murine brain development. We then tested physiological and behavioral
responses of offspring after they reached adulthood. Female acetaminophen-exposed mice display a
significant increase in pain tolerance, comparatively to the vehicle treated counterparts, when
assessed in a hot plate test. Both males and females exhibit increased locomotion relative to controls.
Their olfactory responses appear to be intact since acetaminophen-treated mice spend more time
sniffing in an olfactory discrimination task. Acetaminophen exposure does not alter marble burying or
nestlet shredding behaviors. Perinatal exposure to acetaminophen results in shifted pain responses and
locomotor profiles in adult offspring.

TOASTY TADPOLES: THE EFFECTS OF TEMPERATURE VARIATION ON LARVAL PHENOTYPES IN MESIC-
ADAPTED FROGS SCAPHIOPUS HOLBROOKII

Eleanor Shell and Cris Ledon-Rettig

Department of Biology, Indiana University

Behavioral plasticity during early development plays a central role in how organisms respond to
environmental change, yet it is often shaped by underlying morphology and physiology. Frogs provide a
powerful system for examining these links as the aquatic larval stage represents a critical
developmental window during which environmental conditions can shape traits that influence larval
and adult fitness. To understand how a changing thermal environment may affect anuran population
fitness, it is essential to identify how early-life temperatures alter larval behavior and traits that
mediate these responses. Yet, we lack a clear understanding of how temperature modifies anuran
larval behavior and whether these behavioral responses depend on their evolutionary history with
temperature variation. We compared temperature-induced behavioral and morphological plasticity in
the larvae of two spadefoot toad Family Scaphiopodidae species: desert-adapted Spea bombifrons and
mesic-adapted Scaphiopus holbrookii. We found that ecologically relevant temperature variation alters
larval morphology, which in turn shaped larval behavior, with these differences conserved across two
species adapted to different thermal regimes. Our results indicate that increasing temperatures will
modify larval behaviors through temperature-induced morphological variation, and these modifications
are associated with advanced developmental stage, suggesting short-term fitness benefits by
facilitating earlier metamorphosis and escape from drying ponds. Despite this adaptive temperature-
induced plasticity, body condition declined under exposure to hot temperatures, suggesting that



plasticity alone may be insufficient to buffer anuran populations from heat. Overall, our results
highlight behavior as a key mediator between developmental temperature and fitness, while
illustrating how morphological constraints may limit the ability of behavioral plasticity to buffer anuran
populations from climate change.

SESSION III: Reproduction & Parenting

POSTPARTUM RESOURCE SCARCITY DISRUPTS SEX-SPECIFIC MATERNAL BEHAVIOR AND REORGANIZES
STEROID-SENSITIVE NEURAL CIRCUITS

Dario Aspesi', Erin P Harris %, Sarah A Ku!, Mohamed Y Mahrous?, Samar N Chehimi?, Richard C Crist?,
Mary M Jung?*, Keerthi Krishnan?, Kiran K Soma?#, Benjamin C Reiner3, and Debra A Bangasser?
INeuroscience Institute and Center for Behavioral Neuroscience, Georgia State University; 2Department
of Biochemistry & Cellular and Molecular Biology, University of Tennessee Knoxville; 3Department of
Psychiatry, Perelman School of Medicine, University of Pennsylvania; “Department of Psychology,
University of British Columbia

Maternal behavior is essential for offspring survival, and its disruption can have lasting
neurodevelopmental consequences. Postpartum environmental adversity, including resource scarcity,
alters caregiving and reorganizes maternal brain circuits. Using the limited bedding and nesting (LBN)
model in rats, we examined how resource scarcity affects maternal behavior and underlying steroid-
sensitive mechanisms. Maternal behavior was assessed from postnatal day (PND) 2—10. Caregiving
guantity and predictability were quantified using transitional probability and entropy analyses. LBN
dams exhibited increased behavioral entropy and altered transitions between behaviors, reflecting
more fragmented and unpredictable care. Although LBN dams increased overall pup-directed behavior,
they showed disrupted temporal organization of caregiving. To assess sensory-guided maternal
motivation, we examined pup retrieval and Y-maze performance, where dams chose between a
vocalizing pup emitting ultrasonic vocalizations (USVs) and a silent anesthetized pup. LBN dams showed
a strong male-biased retrieval preference, with males retrieved earlier in the sequence. In the Y-maze,
LBN altered sex-dependent sensitivity to USVs: dams increased sniffing toward vocalizing males but
showed greater investigation of silent females. These findings indicate disrupted sex-specific sensory
encoding and cue-guided decision-making. Threat responsiveness was measured using the light-
enhanced acoustic startle test. LBN dams initiated startle responses earlier and with greater intensity
than controls, without differences in peak amplitude or duration, indicating heightened threat
sensitivity. At the neuroendocrine level, LBN increased expression of neurosteroidogenic enzyme in the
preoptic area and altered estrogen receptor a expression region-specifically (decreased in the
basolateral amygdala; increased in the dorsal BNST), implicating steroid signaling in caregiving
reorganization.

ENHANCED ENRICHMENT IMPACTS WELFARE, BREEDING BEHAVIOR, AND AGGRESSION IN A CICHLID
FISH

Ethan B Burka® and Peter D Dijkstra®?3

IDepartment of Biology, and ?Department of Neuroscience, Central Michigan University; 3Institute for
Great Lakes Research

Aggression is a major welfare issue among captive animals. In the wild, animals may choose between
escape and disengaging when faced with an aggressor; however, the confines of an enclosure may not
allow for this, potentially elevating the severity of aggressive interactions. The inclusion of physical
enrichment items can provide shelter and mitigate the negative impacts of aggression; however,
enrichment may also promote territoriality due to its effects on resource value. The African cichlid fish
Astatotilapia burtoni displays a lek-like social structure in which aggressive males compete for



territories used for mating. In captive environments, aggression from territorial males can lead to
injuries and death amongst subordinates. Here, we tested the impact of enhanced enrichment using
artificial aguarium plants on welfare, aggression, and reproductive behavior in A. burtoni. We found
that communities with plants experienced lower female mortality but no change in the accumulation of
fin injuries. The treatment also impacted reproduction amongst females, with those in planted tanks
carrying larger broods of eggs than those in unplanted tanks. Male aggression was higher in planted
tanks and we found that elevated male aggression led to decreased reproductive output of females.
Our findings suggest that using plastic aquarium plants as a form of enrichment for A. burtoni may
improve welfare but also alter reproductive and territorial behavior.

MOLECULAR CORRELATES OF MONOGAMY: TRANSCRIPTOMIC PROFILES OF THE PRAIRIE AND
MEADOW VOLE HIPPOCAMPUS

Kimberly Long

Department of Psychology, University of lllinois Urbana Champaign

Social attachments are central to every level of human interaction, from relationships between parents
and children to enduring partnerships with mates. However, still little is known about the mechanisms
that govern the formation and maintenance of social attachments in the brain. An ideal model for the
study of attachment behaviors is the prairie vole (Microtus ochrogaster), a socially monogamous
rodent that forms enduring pair bonds between mates. In the prairie vole, the neural encoding of a
partner’s identity is integrated with downstream circuits for reward and affiliation, suggesting that
social attachment is facilitated by plasticity in brain regions mediating social recognition, social
memory, and behavior. Here, | will discuss my recent findings from comparisons of the transcriptomes
of the hippocampus — a brain region increasingly recognized for its role in social memory and social
behavior — from monogamous prairie voles and closely related, but promiscuous, meadow voles
(Microtus pennsylvanicus) to identify molecular correlates of monogamy. Using single-nucleus RNA
sequencing, | show that vole hippocampal nuclei transcriptomically map to mouse hippocampal cell
types. | demonstrate that specific genes, such as that of the oxytocin receptor, are enriched in
hippocampal subregions of the promiscuous meadow vole compared to the monogamous prairie vole.
Using hybridization chain reaction fluorescent in situ hybridization (HCR) for targeted transcripts, |
further demonstrate potential sex and species differences in spatial expression patterns of these genes.
These studies shed light potential mechanisms that shape hippocampal circuits to support social
attachment and provide insight into the molecular evolution driving phenotypic divergence of
monogamous behavior.

REPRODUCTIVE COSTS OF PRIOR AND CURRENT PATHOGEN INFECTION VARY BETWEEN SEXES

Katie M Talbott'?, Arietta E Fleming-Davies?!, Francis E Tillman?, Julia Weil?, Dana M Hawley3, and James
S Adelman?

IDepartment of Biology, University of San Diego,; *Department of Biological Sciences, University of
Memphis; 3Department of Biological Sciences, Virginia Tech

Novel pathogens are emerging in wildlife populations with increasing frequency, often reducing
survival probability for infected individuals. These pathogens likely also impose reproductive costs on
their new hosts, which could further compound their population-level impacts, though few studies
have probed for such effects on reproduction. Here we investigate the reproductive costs of infection
in a wildlife disease system: house finches (Haemorhous mexicanus) and the bacterial pathogen,
Mycoplasma gallisepticum (MG), which emerged in the 1990s. MG circulates year-round in wild finch
populations, exhibiting seasonal epidemics that often peak in winter. Although MG reduces host
survival in the wild, many finches survive initial infection and can become reinfected as immune
protection wanes. However, whether MG infection during the winter and/or spring decreases



reproductive capacity remains unknown. Here we inoculated MG-naive finches twice, first while held
on a winter (non-breeding) photoperiod, and again while on a spring (breeding) photoperiod, allowing
for recovery between inoculations. We found that 1) females infected during the spring and/or winter
were less likely to develop a brood patch or lay eggs than control females and 2) males infected during
the spring had higher levels of circulating testosterone than control males. These results suggest the
reproductive costs of past (winter) and present (spring) MG infection are substantial in seasonally-
breeding songbirds but may be unequal between the sexes. Such differential reproductive costs would
have important implications for the selective pressures and population-level consequences of this and
other emerging infectious diseases.

SESSION IV: Communication

DO YOU SMELL THAT SMELL? CHEMICAL COMMUNICATION IN SOUTHERN TWO-LINED LARVAE AND
STREAMSIDE LARVAE

Abigail M Badore, Shane H Flick, Marieke R Young, and Brian G Gall

Biology Department, Hanover College

Larval amphibians often face intense intraguild predation, yet antipredator responses can vary based
on local predation regime. We investigated predator-prey dynamics between streamside salamander
Ambystoma barbouri larvae and northern two-lined salamander Eurycea bislineata larvae in sympatric
and allopatric populations. In a palatability assay, streamside salamander larvae readily consumed two-
lined salamander larvae, confirming their role as voracious intraguild predators. In a subsequent
behavioral experiment, we tested activity responses of two-lined salamander larvae from a population
that is sympatric with streamside salamander larvae and one that is allopatric (naive to the predator).
Larvae from the sympatric population were less active overall (fewer moves and crossing fewer lines)
compared to the allopatric population, but larvae significantly reduced activity in response to
streamside salamander kairomones relative to controls, with no significant interaction between
population origin and chemical treatment. These results indicate that two-lined salamander larvae
innately recognize and respond to streamside salamander kairomones with generalized antipredator
behavior (reduced activity), while prior sympatry may enhance overall caution or lower activity
thresholds, potentially reflecting local adaptation or learned components in this system. This study
highlights how geographic proximity and predator exposure shape behavioral plasticity in larval
salamanders facing intraguild predation risk.

ANDEAN HUMMINGBIRDS AS A MODEL TO STUDY EVOLUTIONARY INNOVATIONS IN COMMUNICATION
SYSTEMS

Fernanda G Duque

School of Biological Sciences, Illinois State University

Acoustic communication mediates social interactions in a wide range of taxa. In birds, vocal
communication is used in various social contexts, including mating and territoriality, having a direct
impact on the individual’s fitness. Some Andean hummingbirds produce high-frequency (HF)
vocalizations with fundamental frequencies (&gt;8 kHz) that surpass the typical avian hearing range.
These hummingbirds use HF vocalizations in various social contexts, including courtship displays and
agonistic encounters. Moreover, these species share a relatively recent evolutionary history, have
rapidly diversified into new habitats, and are part of rich avian communities. These conditions provide
opportunities to understand the ultimate and proximate mechanisms underlying the evolution and
diversification of HF vocalizations. Currently, we are exploring how these signals are used in various
social contexts with conspecifics and heterospecifics, and how the avian auditory system has adapted
to facilitate communication using HF sounds. Our research contributes to understanding the



coevolution of sensory systems and communication signals. Finally, we underscore the importance of
expanding research efforts in the Neotropics to unveil novel behaviors and their mechanisms.

SINGING FAST AND SLOW: UNCOVERING EVOLUTIONARY CONSTRAINTS AND INNOVATIONS IN
BIRDSONG TEMPO

Carlos A Rodriguez-Saltos

School of Biological Sciences, Illinois State University

Birdsong shows wide variation in tempo across species. On one extreme, sparrows and nightjars
produce trills with more than 50 notes per second. At the other extreme, Microcerculus wrens produce
pauses of silence between notes that can last longer than 10 s. These extremes likely reflect distinct
selection regimes. Fast songs depend on fast reactivity and the ability to vigorously accelerate cycles of
beak movement and muscular contraction. Slow songs depend on the ability to reliably and precisely
produce long intervals of silence. In my laboratory, | am implementing a research program that
leverages crowdsourced video and audio recordings of birdsong to study innovations and constraints in
song tempo across diverse lineages. The program benefits from recent advances in computer vision
and bioacoustics and integrates scientific disciplines as diverse as interval timing and animal
communication. Initial results show that the relationship between vocal gestures and acoustics varies
even among closely related lineages of sparrows, and that wrens produce long intervals of silence in
geographically distinct patterns. This research will allow us to identify lineages of birds that serve as
candidate models for uncovering mechanisms that allow birds to sing fast, vigorous songs or precisely
timed ones.

SESSION V: Cognition & Learning

ODOR IN THE COURT: EFFECTS OF CONFLICTING AND NOVEL INFORMATION ON MOUSE OLFACTORY
MEMORY

Holly Sampson and Douglas Wallace

Department of Psychology, Northern Illinois University

Neurological disorders such as Alzheimer’s disease and traumatic brain injury have been found to
impair olfactory identification and memory processes. Previous experiments have utilized
olfactometers and operant chambers for odor discrimination tasks to examine olfactory encoding and
memory in mice. String-pulling, a widely used tool to assess cognitive and motor abilities in a variety of
species, has yet to be used in an olfactory discrimination task in mice until now. In the current study, 12
C57BL/J6 mice were trained on a two-scent odor discrimination task, then all mice were assigned to
either receive a new odor pair or a reversal of the previous odor pair. A week later mice received a five-
minute probe test to examine which scented string of the original pair the mice would spend time
pulling. Mice exhibited a significant difference in the time spent pulling each string during the probe
test, with mice in the new condition pulling the previously rewarded odor significantly more than
chance but not the reversal condition. These results are consistent with different levels of memory
interference during the retrieval process and can be used to investigate olfactory dysfunction as
observed in Alzheimer’s and traumatic brain injury.

INVESTIGATING COGNITION ACROSS SCALES IN POLYMORPHIC BEETLE ONTHOPHAGUS TAURUS: FROM
BRAINS TO BIOLOGICAL INVASIONS

Rebecca R Westwick and Armin P Moczek

Department of Biology, Indiana University

Individual variation in behavior and cognition can have important consequences for an animal’s ability
to survive and reproduce. This variation arises from many factors, ranging from sex and nutrition to



social interactions and the microbiome, among others. While quantifying the influence of each of these
factors in isolation can be challenging enough, understanding their interactions is often beyond the
reach of most studies, let alone accounting for how these factors might shape different cognitive skills
or the ecological and evolutionary consequences of this variation. | used the bull-headed dung beetle
(Onthophagus taurus)—a species with a pronounced sexual dimorphism and nutritionally-cued
alternate male reproductive morphs—to test whether sex, body size, and reproductive morph are
associated with variation in performance on multiple cognition tests. | additionally assessed baseline
brain gene expression in the same individuals using RNAseq and tested how cognition diverges along a
biological invasion gradient. | found that males outperformed females (regardless of size and morph)
on a spatial cognition assay. Conversely, | found that large (i.e. high nutrition) individuals outperformed
small (i.e. low nutrition) individuals on a detour test regardless of sex. RNAseq results in turn allowed us
to identify both distinct and shared brain gene expression repertoires across our groups, with
regulators of gene expression emerging as a particularly important theme. Next, | found that beetles
from their native range showed higher performance on the spatial cognition assay initially, while
beetles from the invasive range (particularly the invasion front) showed greater cognitive flexibility
during reversal learning. Similarly, beetles from the invasive range used a more exploratory strategy on
the detour test than beetles from the native range. | conclude by contextualizing these results in light
of their behavioral and ecological relevance for this species.

RATS REPLAY EPISODIC MEMORIES IN CONTEXT

Siyan Xiong, Cassandra L Sheridan, Tess Harrison, Evanelly Rosas-Victoriano, Jakob Meisner, Taylor
Butts, Ryleigh Loper, Kobe Ross, and Jonathon D Crystal

Department of Psychological and Brain Sciences, Indiana University

Vivid episodic memories in people have been characterized as the replay of multiple unique events in
sequential order. Prior research shows that rats remember multiple items and the contexts in which
they occurred using episodic memory (Panoz-Brown et al., 2016 (Current Biology) and replay the
sequence of episodic memories (Panoz-Brown et al., 2018 (Current Biology). However, whether rats
remember the specific contexts in which event sequences occurred is not known. Here, we show that
rats remember the flow of events and the contexts in which those events occurred. We trained rats to
identify the third-to-last odor from lists presented in two distinct arenas using trial-unique odors of
unpredictable lengths. We first established that rats remember (1) ordinal information about two lists
and (2) the encoding context of the lists. Next, we showed that rats simultaneously remember the
order of events and the contexts in which they occurred. Finally, by interleaving contexts at
unpredictable points in the lists, we demonstrated that rats replay episodic memories in a context-
specific manner, with memory performance remaining robust even when the interleaving of lists was
interrupted by a 30-minute delay. We conclude that rats replay streams of episodic memories within
specific contexts.

EMBRYONIC SOCIAL LEARNING STRATEGIES: AN AGE-BASED AND COPY-THE-MAJORITY STRATEGY IN
FATHEAD MINNOWS (PIMEPHALES PROMELAS)

Abigail Yake and Jessica Ward

Department of Biology, Ball State University

The ability of organisms to learn and adapt their behavior based on experience is critical for survival in
changing environments. Provided that the information is accessible and reliable, evolution should favor
the ability of organisms to observe and learn from other individuals (social learning) in addition to
learning first-hand (asocial learning)—especially when the costs of an inappropriate response are
significant in terms of energy and/or risk. Although substantial research has demonstrated the adaptive
benefits of social learning for both juveniles and adults in diverse taxa, less is known about how social



learning develops or the extent to which it occurs during the embryonic stage of life. This research
tested for evidence of two social learning strategies in embryonic fathead minnows (Pimephales
promelas). Previous research has shown that minnow embryos respond to environmental cues as early
as 3 days-post-fertilization (dpf), and copy the behavior of neighbors by 4 dpf under conditions of
perceived risk, Here, we investigated whether embryos attend to and copy the behavior of neighboring
conspecific based on specific characteristics of individuals (i.e., age-based copying) or show conformist
copying based on the number of individuals expressing a response (Copy the Majority). In the first
experiment, 3- and 4-day-old embryos were reared in contact with older (5 days) conspecific eggs, and
both activity levels and onset of hatching were observed. In the second experiment, we measured the
activity levels of focal embryos in groups that varied in the proportion of active individuals. Data
collected to date suggests that embryos do not copy the behavior of older conspecifics or follow a
conformist copying strategy. These findings advance our knowledge of embryonic learning in oviparous
aquatic vertebrates by showing that socially influenced embryonic responses may be influenced more
by context than the number or types of individuals performing the behavior.

SESSION VI: Sensory Ecology

TESTING THE GENERALIST ASSUMPTION: DO GENERALIST NEMATODES DIFFER IN THEIR CHEMOTAXIS
BEHAVIOR AND INSECT-HOST UTILIZATION?

Jonathan Enriquez?!, Manuel Romero?, Luca Kim?, Farrah Bashey-Visser?!

IDepartment of Biology, Indiana University; ’Animal Science Department, Cornell University

Resource specialization is a key mechanism of niche partitioning allowing for species coexistence.
Entomopathogenic nematodes (EPNs) are noted for their broad host ranges, able to kill and reproduce
inside a wide range of insect species. However, this generalist ability does not preclude specialization in
host use. Here, we test whether differences in host usage by five different EPN species may be
facilitating local coexistence in nature. Host preference behavior of different EPN species was tested on
four different insect species using chemotaxis assays, where EPNs are introduced to the scent of
different insect species, and either move towards the scent (showing a preference) or move away from
the scent (showing avoidance). Further, the infection ability of each EPN species towards different
insect species was tested by experimental inoculations. EPN reproductive success requires insect
death, thus we monitored the proportion of insects killed, whether any nematode progeny emerged
from the hosts, and how many. Chemotaxis results showed that only two of the five EPN species
portrayed a host preference. These two EPN species both showed preference for the same insect
species (waxworm and hornworm). Infection assays showed that all EPN species had greater infection
ability on these two insects and had more progeny on waxworms. Differences in preference and
infection ability towards different insect species does not seem to be an avenue by which these
different EPN species may be co-occurring. Host preference might be influenced by other factors, such
as if a host is already infected by con- or heterospecific EPNs. Future work will test these other factors.

THE "EGG-STRODINARY" SOCIAL NETWORK: HOW FISH EMBRYQS USE SIGHT AND TOUCH TO INTERACT
IN THE NEST

Jewel Johnson and Jessica Ward

Department of Biology, Ball State University

For an oviparous organism, the egg stage is a highly vulnerable period of life. Being immobile, embryos
cannot flee from risk, and mortality is high at this stage. Thus, embryos face strong selective pressure
favoring traits that mitigate risks. Although research has shown that embryos can respond to
environmental cues in adaptive ways, most studies have focused on the embryo's direct sampling of
threat cues. However, social interactions between embryos, specifically the social cues used for these



interactions, may also provide embryos with information that allows them to respond appropriately to
external threats. In this study, we investigated the sensory mechanisms that facilitate embryonic social
interactions in a model species, the fathead minnow (Pimephales promelas). These fish lay transparent
eggs in a single layer that adheres to a substrate, and previous research indicates that they exhibit
social behaviors that intensify under predation threat. We conducted a factorial experiment comparing
the behavior (activity) levels of embryos with access to visual only, mechanosensory only, both, or no
social cues from nestmates, before and after a simulated predator attack. Our results indicate that
embryos are sensitive to mechanosensory cues from neighboring eggs in both the absence and
presence of cues indicative of risk. However, when under risk, visual access to clutch mates in addition
to mechanosensory cues from neighboring eggs leads to greater behavioral response. In addition,
preliminary data suggest that there is behavioral synchrony when embryos have access to these social
cues. Together, our data suggest that both visual and mechanosensory cues play context-dependent
roles in embryonic social interactions.

THE EFFECT OF TRAFFIC NOISE AND ARTIFICIAL LIGHT AT NIGHT ON MALE CALLING BEHAVIOR

Ana M Ospina-Larrea?, Jabez Shin?, and Ximena E Bernal*?

IDepartment of Biological Sciences, Purdue University; °Smithsonian Tropical Research Institute,
Republic of Panamd

As urbanization transforms the landscape, it has profound effects on biodiversity. In addition to causing
fragmentation and loss of natural land cover, urbanization alters the sensory environment by creating
unnatural lighting and noise conditions. Artificial light at night (ALAN) and noise pollution, common
sensory pollutants in urban environments, can negatively affect animal communication by interfering
with the production and responses to sexual signals. While our understanding of animals' responses to
traffic noise and ALAN has increased in the last few decades, little is known about the combined effects
of these sensory pollutants, despite their often co-occurrence. Here, we investigated the independent
and combined effects of ALAN and traffic noise on the calling behavior of frogs, a nocturnal group that
relies on acoustic signals for reproduction. We examined how these sensory pollutants affect male
calling behavior in two anuran species. To do so, we broadcast ALAN, traffic noise, or both combined to
individual males while recording their calls before, during, and post-exposure. Male Gray treefrogs
(Dryophytes versicolor) produced longer calls during noise and combined sensory treatments, with a
stronger effect size in noise, and delayed more starting to call when exposed to both sensory
pollutants. In contrast, male Green frogs did not change their call structure in response to sensory
pollutants. However, some males stopped or delayed calling during noise and combined sensory
treatments, with a stronger effect when exposed to both pollutants. Our work reveals species-specific
changes in calling structure and behavior elicited by ALAN and traffic noise highlighting the need for
further investigation of the combined effects of these sensory pollutants to understand and predict
their impact on biodiversity.

THE SENSORY ECOLOGY OF NET-CASTING SPIDERS

Jay A Stafstrom?, Eileen A Hebets?, Ronald R Hoy?

IDepartment of Biology, Indiana University; °Department of Biological Sciences, University of Nebraska;
3Department of Neurobiology and Behavior, Cornell University

Sensory systems lie at the interface of an organism and its environment, and are thus a gateway to
understanding how environmental pressures shape life on earth. While sensory systems are integral to
every animal’s survival and reproduction, these systems are energetically costly to develop and
maintain, and are therefore shaped to maximize benefits in sensory perception while also minimizing
metabolic costs. How these costs and benefits are balanced across multiple scales of biology (i.e.
genes, tissue, organism, population) remain poorly understood. The broad goal of my research



program is to investigate the interplay between sensory system costs and benefits across different
scales of organization with the aim of uncovering the proximate and ultimate drivers of sensory form
and function. Such investigations would benefit from comparisons across closely related species
exhibiting large differences in sensory systems. However, such examples are rare. One exceptional case
can be found in the net-casting spiders (Family: Deinopidae), where closely related species display
extreme differences in sensory morphology. Through a combination of behavioral, morphological, and
neurobiological studies, | have built up a foundation of neuroethological research to develop
Deinopidae into a model clade for exploring sensory ecology in a comparative context, offering exciting
opportunities to elucidate the evolutionary dynamics and trade-offs that govern sensory adaptations.

SESSION VII: Social Behavior |l

WAS HOMO NALEDI A COOPERATIVE BREEDER?

Shawn D Hurst! and Kevin D Hunt?

IDepartment of Biology, University of Indianapolis; ?Department of Anthropology, Indiana University
Cooperative breeding is rare in animal species, however southern Africa is a cradle for this behavior,
where it is seen in several species of insects, spiders, birds, and mammals there, including mole-rats,
meerkats, mongooses, rock hyraxes, savanna elephants, and African wild dogs. Here we show several
traits associated with southern African cooperatively breeding species are also associated with the
fossil remains of Homo naledi from the Dinaledi chamber of the Rising Star cave system in South Africa.
We then discuss the implications of this for the evolution of the brain in Homo sapiens, another
cooperatively breeding hominin.

FREQUENT ERRORS ARE MOST DETRIMENTAL: ROBUSTNESS TO INDIVIDUAL ERRORS IN COLLECTIVE
FORAGING

Chinmay Hemant Joshi, Kenneth J Chapin, and Anna Dornhaus

Department of Ecology and Evolutionary Biology, University of Arizona

Social insects carry out different tasks, such as foraging in a decentralized fashion, where individual
workers discover and collect resources, and may communicate the resource location to their
nestmates using a variety of communication signals. While foraging, workers can make several kinds of
errors that could then get magnified through communication, which can affect the entire colony. Using
an agent-based model developed in NetLogo, we examined how different error types affect collective
foraging performance, whether communication among workers mitigates or exacerbates the effect of
these errors, and how increasing error rates affect foraging robustness under different error and
communication types. We found that the most frequently occurring errors (i.e., false positive and
forgetting errors) were the most detrimental to both resource exploration and exploitation. Contrary to
our expectations, communication increased spatial exploration. In addition to this, communication
among workers significantly enhanced resource collection in the presence of errors, highlighting its role
in mitigating rather than amplifying individual mistakes. Different errors led to varying amounts of
decline in the colony’s resource collection with increasing error probability. Together, these findings
suggest that the evolution of communication systems in social insects may have been shaped by
selection for robustness against errors alongside improved foraging efficiency.

EFFECTS OF PERINATAL OPIOID EXPOSURE ON ADOLESCENT SOCIAL BEHAVIOR IN MALE AND FEMALE
RATS

Rachel Bond, Varsha Sudharsan, and Anne Z Murphy

Neuroscience Institute, Georgia State University



Opioid exposure during pregnancy, or perinatal opioid exposure (POE), oftentimes leads to diagnoses
of Neonatal Abstinence Syndrome (NAS) in which infants exhibit symptoms of withdrawal at birth.
Treatment and postnatal care for these infants has been well characterized in the clinical field, but the
long-term effects of POE throughout adolescence remains elusive. Clinically, diagnoses of NAS at birth
correlate with diagnoses of Autism Spectrum Disorder (ASD) during childhood, where children
experience sensory issues and difficulties with prosocial behaviors. Preclinical models of POE have
evaluated effects on rodent social play behaviors and found inconsistent results, most likely due to
variability in dosing and type of opioid used. The Murphy lab has developed a novel POE model that
encompasses morphine use before, during, and after pregnancy using programmable infusion pumps
implanted subcutaneously in young female rats. Using this model, our lab has previously found a
decrease in play behaviors across adolescence. We hypothesize that this play deficit extends to other
prosocial behaviors. Using various behavioral assays, including a 3-chamber and social self-
administration protocol, we found that adolescent morphine-exposed rats do not show differences in
sociability or social novelty, but show deficits in social reward behaviors, specifically in females. We also
see changes in the oxytocin and endogenous opioid systems in areas associated with social behaviors
and within the reward center of the brain, possibly contributing to the effects we see in adolescent
social reward.

CHIMPANZEE-VISITOR INTERACTIONS: DIFFERENTIATION AND PREFERENCES OF HUMAN TYPES

Emma K Nelson'?, Christopher F Martin*>, and Erica Cartmillt234

IDepartment of Anthropology, Department of Cognitive Science, 3Center for the Integrative Study of
Animal Behavior, and *Department of Informatics, Indiana University; *Indianapolis Zoo, Indianapolis
Great apes in zoo environments are exposed to a wide variety of human observers and actions, yet the
effects of visitors on welfare have yielded a wide range of results and largely focused on stereotypic
behavior. Apes have also been found to differentiate between familiar and unfamiliar human faces and
modify their behavior in response. However, beyond only the familiar/unfamiliar (e.g., visitor/staff)
categories, it remains unclear whether and how they respond to other characteristics such as age, sex,
group size, and behavior. Using a human-directed behavior ethogram and protocol adapted from prior
work, the present study recorded all instances of human-directed behavior by chimpanzees Pan
troglodytes and accompanying visitor characteristics to further clarify these chimpanzee-visitor
interactions. Chimpanzees showed differences in behavior depending on the demographics, group size,
and actions of the target, suggesting an ability to estimate age and sex as well as form interaction
preferences. Individual differences also emerged, highlighting variation in social and welfare needs and
the importance of tailored management strategies to best support chimpanzees in a zoo setting.



	TALK abstracts
	2026 ANIMAL BEHAVIOR CONFERENCE

