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1 DECODING MOTION: MACHINE-LEARNING DETECTION OF SEX DIFFERENCES IN
ETHOLOGICAL BEHAVIOR OF LONG-EVANS HOODED RATS
Aad A'?3, Volyanyuk M*2>, Wallace D®, Foecking E¥234>
INeuroscience Graduate Program, ?Department of Molecular Pharmacology and
Neuroscience, 3Department of Otolaryngology, and *Burn and Shock Trauma Research
Institute, Loyola University Chicago; >Edward Hines Jr. VA Hospital Research Service;
éDepartment of Psychology, Northern lllinois University

Open-field testing is commonly used to assess locomotion and exploratory behavior in
rodents. Sex differences in distance traveled, velocity, and time moving have been
established in adult Long—Evans rats, with females exhibiting greater locomotion and
higher movement speeds than males. However, these studies rely on conventional
automated tracking approaches that quantify behavior using a single point on the
body’s center, limiting detailed analysis of movement. Temporal coordination of animal
movement, particularly the dynamic relationship between head and body orientation
during spontaneous exploration, has yet to be evaluated. Machine-learning pose
estimation using DeeplLabCut has emerged as a powerful tool that enables markerless
tracking of multiple body parts and provides sensitive, objective kinematic measures
that extend beyond traditional tracking. This study assessed adult male and female
Long—Evans hooded rats in an open-field arena. DeeplLabCut was used to segment
movement into progressions and stops to quantify heading dynamics, including peak
cross-correlation between head and body orientation and the associated peak
correlation lag. Behavioral analyses revealed sex differences in locomotor organization.
Consistent with prior studies, females exhibited greater locomotor output, including
increased distance traveled and higher average and peak speeds. Importantly, novel
coordination-based measures revealed sex differences with females showing stronger
head—-body coupling, tighter temporal coordination, and increased head-turning
behavior, indicating sex-specific differences in the temporal coupling of head and body
movements during exploration. These findings demonstrate that ethological behavior is
sexually dimorphic with head-body coordination. Establishing sex-specific behavioral
patterns is essential for accurate interpretation of open-field data and for improving
rigor and reproducibility in behavioral research.



SEEING BEYOND OUR EYES: HOW HUMMINGBIRD VISION SHAPES FORAGING AND
MATE CHOICE DECISIONS

Arzani A" Frias-Romero A?, Arias-Borja J3, Guevara EA* Duque F?

1Department of Biological Science, Illinois State University; 2Functional Ecology
Laboratory, Universidad del Azuay; 3Aves y Conservacion (BirdLife in Ecuador);
4Conservation Ecology Group, Department of Biology, Marburg University

Color signals are central to hummingbirds’ foraging and reproductive decisions. While
humans have three types of color-sensitive cones, hummingbirds have four, including
one sensitive to UV wavelengths. This tetrachromatic system allows discrimination of a
broader range of colors and detection of signals invisible to humans. Understanding
how this expanded color vision influences ecological interactions requires examining
color through hummingbird vision. We quantified the spectral reflectance of
hummingbird-pollinated flowers within a plant-hummingbird pollination network in the
Andes, measuring reflectance across four spectral ranges: UV (300-400 nm), blue (400-
500 nm), green (500-600 nm), and red (600—700 nm). Although hummingbird-pollinated
flowers are often red, tropical communities display color variation. Linear mixed models
show significant differences among plant species and spectral ranges, indicating that
flowers differ not only in overall brightness but also in reflectance across the spectrum.
Most flowers show strong red reflectance, while UV and blue vary across species.
Because UV may influence avian color processing across other spectral ranges, variation
in UV reflectance may alter how other colors are perceived, potentially generating
distinct visual signals for hummingbirds. Using these data and hummingbird visual
models, we aim to understand how flower colors facilitate foraging. Investigating color
reflectance and hummingbird visual perception may have broader implications for
understanding how visual signals influence decision-making, including species
recognition and mate choice. Moving forward, we will use this methodology to
investigate how plumage reflectance in Oreotrochilus chimborazo facilitates subspecies
recognition, potentially promoting subspecies boundaries. Together, this research
connects sensory ecology with behavioral decision-making and evolutionary divergence
in both feeding and reproductive contexts.

MORPHOLOGICAL CHANGES ASSOCIATED WITH LIVING IN URBAN ENVIRONMENTS IN
INVASIVE CANE TOADS

Bailen D2, Cruser B!, Mularo A?, Mittan-Moreau C?, Bernal XE'3

IDepartment of Biological Sciences, Purdue University; *Kellogg Biological Station,
Michigan State University; 3Smithsonian Tropical Research Institute

Urban development is rapidly altering ecological communities, reshaping predator
assemblages and modifying the selective pressures experienced by wildlife. These
changes can drive shifts in anti-predator traits and behaviors as organisms acclimate or
adapt to novel, human-dominated environments. Previous studies have documented
urban—rural differences in morphology and defensive strategies across taxa, yet the
generality of these patterns and their underlying mechanisms remain poorly
understood. The invasive cane toad (Rhinella marina) provides an ideal system to



examine how anti-predatory phenotypes respond to urbanization. Cane toads possess
prominent parotoid glands, toxin-secreting structures that function as a key defense
against predators, as well as morphological traits associated with locomotion and
escape. Here, we investigated how urban development is associated with shifts in anti-
predatory morphology in cane toads across Florida. We sexed and photographed 250
individuals from urban and rural sites and quantified morphological traits including
body size, hind limb length (a proxy for locomotor performance), and parotoid gland
size using standardized digital measurement protocols. Urbanization intensity was
quantified using an impervious surface index calculated within a 1-km radius of each
collection site based on geospatial raster analysis in ArcGIS. We predicted that toads
from highly urbanized areas would exhibit longer hind limbs and reduced parotoid
gland, reflecting altered predation pressures in urban environments. Our results
provide quantitative evidence that urbanization is associated with morphological
variation in invasive cane toads and highlight how anthropogenic landscape change can
influence anti-predatory trait expression. These findings contribute to a broader
understanding of how urbanization shapes organismal phenotypes and have
implications for predicting evolutionary and ecological responses to continued urban
expansion.

ARE HIGH-FREQUENCY VOCALIZATIONS EFFECTIVE AS AGGRESSIVE SIGNALS IN
MEDIATING HETEROSPECIFIC INTERACTIONS IN HUMMINGBIRDS?

Baruah P, Frias-Romero A?, Arias-Borja J3, Duque FG?!

1School of Biological Sciences, lllinois State University; 2Functional Ecology Laboratory,
Universidad del Azuay; 3Aves y Conservacion, BirdLife International en Ecuador

Some hummingbird species produce High-Frequency (HF) vocalizations (fundamental
frequency above 8 kHz), well beyond the range most birds hear (1-5 kHz). Many HF
vocalizing species live in sympatry with both HF and non-HF vocalizing hummingbird
species in the Andes, forming dominance hierarchies that determine access to food.
Within such networks, hummingbirds direct aggressive displays and vocalizations
towards both conspecifics and heterospecifics. However, the role of HF vocalizations in
mediating hummingbird social interactions remains unknown. We hypothesize that
hummingbirds hear HF sounds in general, and thus HF vocalizations are effective
aggressive signals against both HF and non-HF vocalizers. To begin testing our
hypothesis, we recorded time-calibrated videos and audio of natural hummingbird
interactions from seven sites in the Ecuadorian cloud forests. We then scored the
behavioral data for aggressive interactions (chases and fights) and vocalizations
(directed at various species as well as undirected calls) for each hummingbird species.
Next, we extracted acoustic parameters for each vocalization, including fundamental
and peak frequencies, to determine whether call directionality influences sound
spectral properties. HF and non-HF vocalizing species perform both chases with and
without vocalizations, against both types of species. HF vocalizers may also direct either
HF or non-HF vocalizations in chases against both types of species. Interestingly, some
non-HF vocalizers also produce directional calls with peak frequencies above 8 kHz,



seemingly emphasizing higher frequencies than when producing undirected calls.
Preliminary results thus indicate that HF vocalizations may serve as robust territorial
signals across hummingbird species. Further analyses will include assessing the
proportions of each vocalization type used in undirected contexts vs. directed
aggression against various species, and whether these proportions change with
community structure.

THE ACTIVITY BUDGETS, SOCIAL BEHAVIOR, AND SPACE USE OF CAPTIVE
CHIMPANZEES (PAN TROGLODYTES)

Brock I, Nelson E%>, Cartmill EZ34>, Martin CF>®, Walker 1°

1Paul H. O'Neill School of Public and Environmental Affairs, °Department of
Anthropology, 3Department of Cognitive Science, *Center for the Integrative Study of

Animal Behavior, and °Department of Informatics, Indiana University; Indianapolis Zoo,
Indianapolis, IN

Chimpanzees are a highly intelligent and social species that require a dynamic and
complex environment to support their cognitive and behavioral needs. As zoos work to
meet these needs, structured behavioral observations provide key tools for evaluating
welfare and informing enrichment and management strategies. This study analyzed
behavioral data collected from chimpanzees (Pan troglodytes) at the Indianapolis Zoo
between July-August 2025. Critically, the zoo population had been recently established
only a year previously, and subgroups were still being integrated during our study. We
used focal and scan sampling to record and categorize behaviors in the ZooMonitor
application via a structured ethogram. Both primary and secondary behaviors were
recorded, including resting, locomotion, feeding/foraging, grooming, and play.
Additional variables included vertical space use (height) and enclosure location, and
nearest neighbors. We analyzed the data to look for both group trends and individual
differences. In general, chimpanzees spent the greatest amount of time resting,
followed by feeding/foraging, watching others, and locomoting. We used proximity and
directed social behaviors to measure individual social preferences, and found that the
chimpanzees exhibited stable social bonds, even amongst fluctuating sub-groups.
Patterns of enclosure and vertical space use suggest individual variability in use of
enclosure features, with some areas consistently underused. Our findings provide
insight into the daily behavioral patterns of chimpanzees in a managed-care
environment. They also provide baseline rates of behavior and social relationships to
allow us to measure how behavior, space use, and social preferences shift over time in
response to sub-group integration and expanded access to other enclosure areas.

HYPOXIA TOLERANCE IN AN AFRICAN CICHLID FISH: MITOCHONDRIAL FUNCTION AND
OXIDATIVE STRESS RESPONSES

Buzinsski O, Wojtylko S, Howard M, Beyett T, Dijkstra P

Department of Biology, Central Michigan University

Hypoxia is a common occurrence in aquatic systems, with many species exhibiting
incredible adaptive traits. However, in the face of increasing human disturbances and



climate change, understanding how species will respond to such changes in hypoxia as
an environmental stressor is imperative from an ecological perspective. Additionally,
acute hypoxia is biomedically relevant in the context of conditions such as obstructive
sleep apnea. Fish models are a useful tool for investigating cellular adaptations and
oxidative stress resulting from hypoxia stress due to the incredible diversity observed
across taxa in their response to limited oxygen availability. Here, we investigated
resilience in the highly social fish model system, Astatotilapia burtoni to repeated acute
hypoxia stress. Our results indicate that A. burtoni are a hypoxia-tolerant species,
evidenced by their quick buildup of exposure tolerance and lack of increased brain
oxidative stress following three consecutive exposures. Additionally, our results indicate
that the relationship between mitochondrial function and reproductive investment may
be modulated by acute hypoxia exposure. We are interested in continuing to
investigate how reproductive investment influences bioenergetic adaptations to
hypoxia in A. burtoni.

EFFECTS OF TRAUMATIC BRAIN INJURY AND CHRONIC ALCOHOL-USE ON LEARNING
AND MEMORY

Carr J3, Williams BB?3, Hoffman J?

IDepartment of Molecular Pharmacology and Neuroscience, Loyola University Chicago;
’Department of Psychiatry and 3Bowles Center for Alcohol Studies, University of North
Carolina, Chapel Hill

Traumatic brain injuries (TBIs) are injuries to the brain; the most common of which is a
mild TBI often called a concussion. Previous work has shown that TBIs are linked with an
increased risk of alcohol use and alcohol use disorder (AUD). Drinking alcohol, especially
in binge or heavy drinking patterns, causes neuroinflammation, an increase in neural
apoptosis, cognitive impairments, and an imbalance in GABA and glutamate
neurotransmitters. These effects are similarly seen in TBIl. Understanding the shared
pathophysiology of these two brain disorders will be critical in mitigating potentially
compounding harm. In addition to understanding the mechanisms, understanding how
alcohol use may prolong post concussive symptoms would allow better clinical
education and potential treatment. This study investigated the interaction of repetitive
mTBI and alcohol exposure on mouse hippocampal dependent learning and memory.
Using the Morris Water Maze (MWM) test, we examine the effect these treatments
have on spatial learning and recall. Adult male C57BI/6J mice (n=36) received rmTBI (or
sham) via a weight-drop procedure and were then exposed overnight to vaporized
alcohol (or air) for four consecutive days for three weeks total. Following this exposure,
the MWM test was conducted over a 6-day period with 4 trials per day for the
habituation day, 4 acquisition days, and a single trial on the probe day. Preliminary
analysis suggests changes in learning and recall in mice as a result of TBI and alcohol
exposure. Expanding on this work to investigate the shared molecular mechanisms
driving these changes in behavior will be critical to future therapeutic development.



ACUTE STRESS DISRUPTS REDOX HOMEOSTASIS IN A CICHLID FISH

Chamily F!, Wojtylko S, Dijkstra P12 3

IDepartment of Biology, 2Program in Neuroscience, and 3Institute for Great Lakes
Research, Central Michigan University

Stress increases metabolic activity in the brain, elevating the production of reactive
oxygen species, which are typically buffered by antioxidant systems to maintain redox
homeostasis. However, how animals cope with acute oxidative insults while preserving
redox balance in the brain is relatively unknown. Using the African cichlid Astatotilapia
burtoni, we examined temporal changes in oxidative status following an acute stressor.
Individually housed males were exposed to 3 minutes of air exposure and sampled at
15-, 30-, and 60-minutes post-stress. Acute stress did not affect lipid peroxidation, a
marker of oxidative damage, at any time point. However, antioxidant capacity,
measured as the ratio of reduced to oxidized glutathione (GSH/GSSG), showed a
significant interaction between treatment and time. This interaction was driven by a
marked reduction in the GSH/GSSG ratio in stressed males at 60 minutes post-stress
compared with controls, indicating impaired redox balance and increased oxidative
stress. These findings demonstrate that acute air exposure disrupts cellular redox
homeostasis in dominant A. burtoni males. In future, we will examine how animals
respond to stressors within social environments, with a focus on oxidative stress
dynamics and physiological coping capacity.

CORTISOL-SOCIAL INTERACTION DOES NOT AFFECT COMMUNICATIVE BEHAVIORS IN
TERRITORIAL ELECTRIC FISH, APTERONOTUS ALBIFRONS

Claar A%, Smith T2

IWashington & Jefferson College; *Center for the Integrative Study of Animal Behavior
and Department of Biology, Indiana University

Communication is shaped by social experience, physiological state, and social context.
Hormones such as cortisol act as a potential mechanistic link. This study investigates the
effect that social experience has on cortisol levels and how cortisol affects
communicative behavior in the highly aggressive and territorial weakly electric fish
species, the black ghost knifefish (Apteronotus albifrons). In the semi-social weakly
electric fish brown ghost knifefish (Apteronotus leptorhynchus), social interactions with
conspecifics increase plasma cortisol levels, and cortisol increases production of
electrocommunication signals known as chirps. However, cortisol’s role in species of
differing sociability remains unclear. Two experiments were conducted. In the first
experiment, pairs were housed together; plasma cortisol concentrations and chirp
production were measured. In the second experiment, isolated A. albifrons were
implanted with a slow-releasing cortisol implant, then exposed to a playback simulating
another A. albifrons, while their chirping was recorded. In experiment one, social
pairing significantly increased chirping compared to the socially isolated group.
However, there was no significant change in cortisol levels 11 to 14 days after pairing.
Thus, while social pairing increases chirping behavior, cortisol levels were not elevated.
In experiment two, A. albifrons implanted with cortisol did not chirp more than
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controls. However, the cortisol implants did not raise plasma cortisol significantly 8 to
11 days after implantation, limiting our ability to definitively conclude cortisol’s
influence on chirping. Nevertheless, the absence of correlation between chirping and
cortisol levels provides partial support that cortisol does not increase chirping. Overall,
both experiments indicate that cortisol does not play the same role in A. albifrons as it
does in A. leptorhynchus. Further experimentation is required for more concrete
evidence.

TESTING FOR SEXUAL DIMORPHISM IN THE SCALY-BREASTED WREN (MICROCERCULUS
MARGINATUS)

Cohen D, Duque F, Rodriguez-Saltos C

School of Biological Sciences, Illinois State University

Sexual dimorphism is a common phenomenon in the animal world and occurs
frequently among birds. While many birds exhibit extreme differences in plumage
between the sexes, this is not always the case. Subtle dimorphism in body size or
feather coloration, for example, has been detected using multivariate analysis in
songbirds and in parrots. In many cryptic ground-dwelling birds, both male and female
birds have dull plumage, appearing sexually monomorphic. That is the case of the Scaly-
breasted Wren (Microcerculus marginatus), a bird that shows remarkable precision in
timing its song. However, it is not known whether this behavior is sexually dimorphic.
Based on a close examination of museum specimens of this species, we tested for
sexual dimorphism in body measurements and feather coloration. Using this
information, future studies will be able to investigate sexual selection in the timing of
their song.

DIFFERENTIAL EXPRESSION OF CHEMORECEPTOR GENES IN ARMS AND TENTACLES OF
BOBTAIL SQUID

Collie E, Day V, Rhodes H

Department of Biology, Denison University

While chemoreception has been determined to occur in cephalopod suckers, the
specific genes and receptors that allow chemical detection are still being determined.
This is especially interesting in squid which have 8 arms and 2 tentacles that have
different form and function. In this study, we focused on Euprymna berryi, which is
more commonly known as the hummingbird bobtail squid. We investigated a group of
genes, which included ionotropic receptors, chemoreceptors, and glutamate receptors
to attempt to determine if these genes are expressed in the suckers and whether they
are differentially expressed in arms and tentacles. We collected sucker tissue from five
animals and extracted RNA before sending the samples off for sequencing.
Bioinformatic analysis has revealed the expression of putative chemoreceptor
expression in the suckers with some differential expression among different tissue
types.
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THE IMPACT OF SOCIAL MALE STATUS ON VAGINAL SECRETORY RESPONSES IN MICE
Crook S!, Murataeva N2, Mattox S?, Straiker Al

1Gill Institute for Neuroscience, Indiana University; 2Indiana University School of
Medicine

Using a unique murine model of vaginal secretion, we determined that female mice
experience a vaginal secretory response to the scent of males, a response regulated by
circadian and estrous factors since females did not respond during their sleep phase,
nor when in metestrus. Female mice can distinguish the social status of a male by scent
cues and show preference for the scent of dominant males. We tested whether vaginal
responses to male scent differ by the social status of that male. A related question deals
with the identity of the chemical messenger. Several preputial gland-derived
messengers have been proposed to serve as female attractants. We previously showed
that alpha/beta farnesenes evoked a strong vaginal response in female mice and here
test whether hexadecanol mimics this effect. We now report that the female vaginal
secretory response differs according to the social status of the male: the urine-borne
scent of dominant males elicited a vaginal response while samples from non-dominant
males did not. In odor-preference tests we confirmed that female mice spend more
time investigating the urine scent of dominant males. We tested whether a second
putative female attractant hexadecanol would elicit a vaginal secretory response. Like
the alpha/beta farnesenes, hexadecanol is volatile, derived from preputial glands and
induces an investigatory response in females. However female mice did not experience
a vaginal secretory response to the scent of hexadecanol. We did confirm that females
spent more time investigating hexadecanol over vehicle, indicating that there can be a
disconnect between behavioral measures of interest and a vaginal preparatory
response. In summary we find that vaginal secretory responses differ by male social
status and that not all putative female attractants elicit a vaginal response. These
findings underscore the potential value of this murine model and indicate that even in
the mouse, vaginal responses are under complex regulation.

HUNTING MODALITIES IN BOBTAIL SQUID
Day V, Rhodes H
Department of Biology, Denison University; Grass Lab, Marine Biological Laboratory

While it’s known that squid utilize their visual system to target prey with ballistic
strikes, it is possible that they also use multimodal signals to improve prey targeting.
Nocturnal squid are good candidates for utilizing non-visual sensory modalities, such as
chemosensation and mechanosensation, for prey targeting given the conditions in
which they typically hunt. We tested hunting and feeding behavior of Euprymna berryi,
also known as the hummingbird bobtail squid, by providing different combinations of
visual, mechanosensory, and chemosensory stimuli. We found that E. berryi can
successfully hunt with only visual or mechanosensory stimuli, but that chemosensory
signals alone aren’t sufficient for prey targeting. While chemosensory signals don’t
seem to be necessary for prey targeting, they do seem to be important for rejecting
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non-food items or initiating feeding with captured prey. E berryi likely hunts most
effectively when receiving a combination of visual and mechanosensory cues from prey.

DISENTANGLING THE ROLES OF NEURAL AND PERIPHERAL ANDROGEN SIGNALING IN
PATERNAL CARE IN BIRDS

Duffey DM*?, Fornara JHY, Rosvall KA?

IDepartment of Biology and Center for the Integrative Study of Animal Behavior, Indiana
University; 2Department of Evolution, Ecology and Organismal Biology, The Ohio State
University

Androgens play an important role in regulating suites of traits, from reproductive
physiology to parental behavior. Androgens affect these traits by binding to androgen
receptors (ARs) expressed in neural and peripheral tissues. However, it remains unclear
how independent versus coordinated androgenic signaling across tissues shapes the
phenotype. We used pharmacological agents to strategically block ARs in free-living
male tree swallows (Tachycineta bicolor) during the chick-rearing period, when males
regularly provision offspring. We accomplished this using subcutaneous implants
containing either flutamide (FLUT), which blocks ARs throughout the brain and body, or
bicalutamide (BICAL), which cannot cross the blood-brain barrier and thus acts on ARs
in the periphery but not the brain. We measured the effect of each treatment on the
frequency of male provisioning visits in order to test three non-mutually exclusive
hypotheses: (1) If paternal care is sensitive to androgen signaling in the brain, FLUT
males should provision differently than BICAL and placebo males; (2) If paternal care
depends on androgen signaling in the periphery, BICAL and FLUT males should provision
differently than placebos; (3) If paternal care depends on coordinated androgen
signaling between the brain and body, BICAL males should provision differently than
FLUT and placebo males. Preliminary results support our final hypothesis, suggesting
coordinated androgen signaling in the brain and body plays an important role in
orchestrating the phenotype of paternal males.

THE EFFECT OF STRESS ON FEMALE PREFERENCE AND PERCEPTION OF A SOCIALLY
RELEVANT STIMULUS

Enevold A, Duque FG

School of Biological Sciences, Illinois State University

Animals must adaptively respond to social cues for survival, but stress can alter how
they perceive and respond to these stimuli. The stress hormone corticosterone (CORT)
helps the body respond to stressors and serves as a measure of stress levels. Our study
investigates the impact of stress on non-breeding female zebra finches (Taeniopygia
guttata). Females underwent three different stress conditions (control, acute-AS, and
chronic-CS) before being tested in a three-chamber setup. We measured circulating
CORT as a proxy for stress levels by collecting blood samples on day zero and day ten of
the experiment. In the apparatus, females were presented with a choice between a
social stimulus and a non-social stimulus. Females also had the option to remainin a
neutral zone (no stimulus). Social preference was assessed by the time spent near each
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stimulus. We also assessed movement by quantifying how many times they moved
across stimuli, and grooming by quantifying the number of times they groomed with
their bill or scratched with their feet. We found no significant differences in stress
levels, preference, or grooming between the three treatments. However, we found that
all groups preferred the social stimulus. The birds also moved the least to the non-social
stimulus, suggesting avoidance of that stimulus. Interestingly, we also found a positive
correlation between CORT levels and movement, indicating some anxiety-like behaviors
in the animals. This research offers insight into how stress influences the perception of
social cues, thereby affecting decision-making and social interactions.

THE ROLE OF VASOACTIVE INTESTINAL POLYPEPTIDE ON SOCIAL ENGAGEMENT IN
MICE

Ferreira DN?, Waters CE?, Hurley LM?

IDepartment of Anatomical Sciences and Neurobiology, University of Louisville;
’Department of Biology, Indiana University

Social behaviors can be strongly influenced by internal physiological state, including
levels of hormones in the body. One example is vasoactive intestinal polypeptide (VIP),
which has been shown to affect affiliative and aggressive behaviors in birds; however,
its role in mammalian social behavior remains largely understudied. To investigate this,
we compared behavior between mice in a control group and a group given systemic VIP
in two paradigms: opposite-sex direct interaction and same-sex resident—intruder
encounters. We first tested whether elevated VIP alters social engagement as measured
by vocal output, since acoustic communication is a key component of mouse social
interaction. We found that VIP-injected mice vocalized less than controls in both
paradigms. We then extended our analysis to non-vocal social measures by comparing
the duration of investigative behaviors. In both male—female and male—male
encounters, mice display investigative behaviors including face-to-face and anogenital
sniffing. These behaviors allow mice to gather chemical and sensory information about
another individual, such as identity, sex, and reproductive status. Preliminary findings
indicate that these behaviors, particularly anogenital sniffing, are reduced in male—
female interactions when VIP levels are elevated, suggesting that VIP may decrease
overall social motivation rather than vocal output alone. Importantly, locomotion in an
open field test was unchanged by VIP treatment, indicating that the reduction in social
behavior is not due to decreased activity overall. Together, these findings support a role
for VIP in modulating mammalian social engagement.

AN EXPERIMENTAL STUDY OF IRIS COLORATION AS CAMOUFLAGE IN NOCTURNAL
OWL SPECIES

Flick S, Badore AM, Young M, Flamion I, Gall BG

Department of Biology, Hanover College

Camouflage serves as an important adaptation to many animals, helping prey and
predator alike resemble their background and avoid detection or recognition. Many
nocturnal avian predators use camouflage to remain undetectable from prey, and it has
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been proposed that iris color in nocturnal predators may serve to camouflage the eye
and prevent the detection of these predators, yet this hypothesis remains untested. We
tested this hypothesis by exposing wild-caught mice to simulated owl eyes with an iris
of various color shades (white, gray, and black). Mice were trained in an experimental
arena for 4 days before testing. Food was withheld 9 hours before training to encourage
natural foraging behavior. Mice delayed emergence, decreased time out of shelter, and
consumed less food when exposed to the white iris treatment, relative to gray or black
irises. These results suggest that high contrast eye coloration increases prey animals
perceived risk of predation, facilitating less activity and foraging behaviors, with
background matching iris color having the opposite effect. Our results lend support to
the hypothesis that iris color may serve to camouflage the eye, although a larger
sample size is necessary to confirm the trends observed in this study. The potential role
of iris coloration in providing camouflage remains understudied and could yield
valuable insights into the evolutionary drivers of iris color variation and the
development of nocturnality in these species.

INVESTIGATING THE NEURAL CIRCUITRY OF LEARNED SAFETY EXPRESSION IN RATS
Foor EB?, Reichert AN?, Ramesh H, Quinn JJ*

IDepartment of Psychology and Center for Neuroscience & Behavior, Miami University;
’Department of Psychology, Doane University

The prevalence of clinical conditions rooted in anxiety and trauma, such as
posttraumatic stress disorder (PTSD), underscores the need for better understanding of
the neural mechanisms involved with fear/threat and safety expression. The neural
circuitry of fear learning and memory expression is well understood. However,
investigations of the neural mechanisms of safety learning and its expression are
limited. The paraventricular nucleus of the thalamus (PVT) and the lateral septum (LS)
both contribute to resolving motivational conflict. There are robust, bidirectional
projections between the PVT and the LS and both regions are implicated in the
expression of learned safety. In the present project, we first demonstrated safety
learning in a large sample of rats using a discrete safety stimulus in the presence of a
threatening context. Male and female rats showed reduced freezing in the threatening
context in the presence of the safety stimulus. Next, we selected a subset of males and
females from threat and safety training conditions based on their performance.
“Threat” animals were not trained using the safety stimulus, and we selected a subset
of animals that showed no change in freezing during the safety stimulus presentation in
the test session. The “high safety” subset of animals were those safety-trained animals
that showed the greatest decrease in freezing during the presence of the safety
stimulus, compared to the context-alone period. The “low safety” subset of animals
were those safety-trained animals that showed the least change in freezing during the
safety stimulus, compared to the context-alone period. We evaluated c-Fos
immunoreactivity in specific subregions of the PVT and LS. In the anterior and posterior
PVT and dorsal/intermediate regions of LS, safety-trained animals showed reduced
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c-Fos expression compared to threat-trained animals, regardless of whether they
demonstrated “high-safety” or “low-safety” in their freezing behavior during the test.

GEOGRAPHIC VARIATION IN THE TIMING OF SONG IN THE GENUS MICROCERCULUS
Geyer T, Duque F, Rodriguez-Saltos C
Department of Biology, lllinois State University

Geographic variation in birdsong presents opportunities for the study of cultural and
biological evolution of this behavior. Though geographic variation has been extensively
studied across songbirds, little is known about variation in note timing. We investigated
variations in note timing across the genus Microcerculus. Using crowd-sourced
databases, we obtained recordings across the entire geographic range of multiple
Microcerculus species. By measuring inter-note interval durations, we classified songs
into known timing variants or identified novel variants where necessary. We then
tested whether these variants are separated across geographically distinct populations.
This project will shed light on the evolution of timing in birdsong by studying a group of
birds with wide variation in the timing of their songs.

INVESTIGATING THE ROLE OF THE NEUROPEPTIDE PIGMENT DISPERSING FACTOR ON
TEMPERATURE ENTRAINED SLEEP RHYTHMS IN DROSOPHILA MELANOGASTER
Gonzalez M?, Lakshman A2, Shafer O?

IDepartment of Biology, Indiana University, ?Department of Chemistry, University of
Texas Rio Grande Valley

Disrupted timing of sleep is a common outcome of internal circadian clocks being out of
sync with environmental time cues and has been implicated in a multitude of disorders
including insomnias, sleep paralysis, and Alzheimer’s, among others. Therefore,
understanding the mechanisms in clock neurons that affect the timing and quality of
sleep is critical. While still complex, using the fruit fly Drosophila melanogaster serves as
a useful model to study human circadian and sleep mechanisms. This is because flies
and humans have similar organization in their circadian clock networks. A main
component of the fly’s clock network is the neuropeptide Pigment Dispersing Factor
(PDF), which is an important factor in circadian rhythm and entrainment to
environmental cues like light and temperature. However, its role in sleep regulation is
unknown. In this study, we examine how sleep is affected under temperature jetlag in
four different fly genotypes with varying expression of the neuropeptide PDF. We
hypothesize that loss of PDF function will likely cause disruptions to sleep under
temperature jetlag conditions, especially during circadian misalignment, given its role in
synchronizing the clock to environmental time cues. Our findings aim to reveal how
internal clock network communication contributes to sleep regulation.
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IS CLIMATE CHANGE AFFECTING THE POPULATION AND MIGRATORY DYNAMICS OF
DARK-EYED JUNCOS?

Good A?Y, Kleinman J!, Wanamaker S?, Keith R3, Ketterson E*, Kumar H?

1Department of Biology and ?Statistics Consulting Department, Indiana University,
3Kalamazoo Valley Bird Observatory, Kalamazoo Nature Center

Migratory connectivity refers to how populations are spatially associated across the
annual cycle and has important implications for conservation and understanding
population dynamics. As the climate warms and average temperatures increase at
lower latitudes, species must adjust and adapt to these changes, and some are doing so
by shifting their ranges northward. Dark-eyed juncos are differential migrants,
exhibiting within-species variation in migratory distance by sex. Female juncos migrate
farther than male juncos, giving rise to geographic variation in the sex ratio of winter
populations. Populations located closer to the breeding range have sex ratios biased
toward males, whereas populations located farther away are biased toward females.
A recently published study documented that the overwintering range of dark-eyed
juncos has shifted northward, closer to the breeding range, as a result of climate
change. We hypothesized that if climate change is altering migratory distance, and
females continue to migrate farther than males, then the sex ratios of populations
located closer to the breeding range should be less male-biased than they were
historically, as has been documented in other species. In general, understanding
migratory connectivity—how species and sexes are spatially associated—and how
habitat and migration may have changed has important implications for conservation
and population dynamics, as different threats often affect differential migrants in
different ways. Any undocumented patterns of distribution could result in insufficient
protection for a portion of the species, resulting in flawed conservation efforts.

LISTENING THROUGH THE NOISE: HOW A FROG-BITING MOSQUITO FINDS HOSTS IN
URBAN ENVIRONMENTS

Hall N?, Singh R, Bernal XE?

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

In addition to dealing with natural background noise, animals are increasingly exposed
to anthropogenic noise such as road traffic. To cope with these auditory challenges,
animals possessing pressure-difference ears have developed distinct strategies to
overcome the problem of acoustic masking. However, how insects with flagellar ears
are affected by noise remains largely unknown. In this study, we examine if mosquitoes
are impacted by traffic noise and analyze how they compensate for it. We used
Uranotaenia lowii, a unique species of mosquito that relies on auditory cues to locate
anuran hosts for blood meals. While this host-seeking behavior is well documented,
little is known about how environmental noise impacts this ability. One possible
mechanism that could help Ur. lowii overcome noisy conditions is Spatial Release from
Masking (SRM), a phenomenon in which sounds are more easily detected when they
originate from a different spatial location than competing background noise. We
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hypothesize that these frog-biting mosquitoes are influenced by noise and use SRM to
improve their ability to detect frog calls. We performed behavioral experiments with
speakers playing road traffic noise and frog calls to determine how Ur. lowii females
respond to noise coming from spatially different sources. We predict that their ability to
locate frog hosts will be reduced when background noise originates from the same
direction as the frog call. Investigating if Ur. lowii relies on SRM can reveal how it
continues to locate hosts in increasingly noisy environments and deepens our
understanding of how urbanization may alter species interactions.

PLAYING CHAT AND MOUSE: IMPACTS OF NONLINEAR SQUEAK PLAYBACK ON MALE
MOUSE NONVOCAL BEHAVIOR

Hildreth M, Martinez FF, Rowlands CR, Keesom SM

Biology Department, Utica University

Across species, animals use a variety of sensory modalities to relay information. For
example, the house mouse (Mus musculus) utilizes multiple vocalization types, such as
squeaks and ultrasonic vocalizations, to communicate with conspecifics. Despite this
diverse vocal repertoire, less than one-fifth of primary research articles on M. musculus
vocalizations have included squeaks. This disparity is not without fundamental findings,
however, as prior inquiries have demonstrated that male nonvocal behavior is altered
in response to female squeaks. Additionally, previous research has shown that during
estrus, the acoustic structure of female squeaks possess longer-duration nonlinear
segments. This suggests that nonlinearities within squeaks may convey dynamic
information on reproductive state. However, the extent to which these nonlinearities
affect nonvocal behavior in male receivers is unknown. Thus, we conducted an
experiment to test the hypothesis that nonlinearities within female M. musculus
squeaks convey sexual receptivity and subsequently influence male nonvocal behavior.
This was tested by pairing male mice (n = 6) with novel females in a split-cage assay
under one of four treatments: silence, background noise, linear squeaks, or nonlinear
squeaks. Each trial consisted of a five-minute baseline period, a five-minute playback
period, and a five-minute recovery period. Video analysis of nonvocal behaviors was
conducted offline using BORIS. Based on our hypothesis, we predict that there will be
an increase in nose-to-barrier investigation by male mice following nonlinear squeak
playback when compared to linear squeak playback. Ultimately, our goal is to cultivate
a more holistic understanding of M. musculus vocalizations, with implications for
research that employs the house mouse as a model organism. This is especially relevant
for fields such as the applied study of communication disorders.

QUANTIFYING SENSORY EXPECTATION IN A RAT MODEL OF FRAGILE X SYNDROME
USING A PROBABILISTIC DEVIANT DETECTION TASK

Gauthier, DW¥%3, Hong E%, James N2, Auerbach®?3

IDepartment of Molecular and Integrative Physiology, School of Molecular and Cellular
Biology, 2 Beckman Institute for Advanced Science & Technology, and 3 Neuroscience
Program, University of lllinois Urbana-Champaign
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Disambiguating bottom-up and top-down contributions to sensory perception remains
a difficult challenge in neuroscience. Predictive coding frameworks propose that
perception relies on internal models that generate predictions about sensory input,
with disruptions in this process theorized to contribute to autism spectrum disorders
(ASD) and other neuropsychiatric conditions. Here we show that a probabilistic oddball
detection task provides a useful framework for differentiating these perceptual
components. By leveraging an inferential sensory task design, we require the rats to
integrate information that is not directly accessible from the physical sensory stream
alone. This approach enables rats to form an experimentally specified internal model.
This internal model can be quantitatively derived from behavior. Importantly, we can
directly observe the current state of an animal’s internal model via covert probe trials.
Moreover, we can manipulate these internal models independent from task rules and
incoming sensory stimuli. We further validate our findings by fitting rat behavior with a
decision-making model. To test whether this task can detect theoretically predicted
deficits in internal modeling, we examined Fmr1KO rats, a model of Fragile X Syndrome,
the leading inherited cause of ASD. We find that Fmr1KO rats exhibit more imprecise
and unstable internal models. These results align with current theoretical predictions
from active inference frameworks, further exemplifying the utility of this task in
understanding the principles of perception.

FROM PIXELS TO DATA: AN OPEN-SOURCE PYTHON TOOL FOR INTEGRATING
EMBRYONIC ACTIVITY AND SPATIAL CLUTCH STRUCTURE

Johnson J, Ward J

Department of Biology, Ball State University

Embryonic behavioral studies of fish are possible using expensive, proprietary software
that requires high quality microscopic videos of embryos. However, the flexibility and
functional use of these commercial products is sometimes limited when applied under
suboptimal or varied lighting conditions (such as infrared), or in more complex settings.
To address these limitations, we used Python to develop free, open-source, and highly
customizable software that allows for a more complex collection of embryo behavior
data and the spatial structure of the egg clutch. At its core, the software quantifies the
behavior by tracking pixel changes with user-defined sensitivity and detection
thresholds. It primarily generates three types of data; Activity summary data: Provides
an aggregate overview of embryo activity, including the number of activity bouts,
activity strength, total time active, mean interburst intervals, and the onset and offset
of activity. Temporal activity data: Offers high-resolution logs of burst start and stop
times, frame-by-frame pixel change values, and a binary ‘active flag’ to denote all
periods where the embryo was active. Network data: Moving beyond traditional tools,
the software treats the egg clutch as a social network. It enables users to map the
spatial structure of the clutch to obtain metrics such as the net degree for each embryo
and edge lengths between all embryos. By integrating both the aggregate and temporal
nature of embryo activity with the spatial network structure of the clutch, this tool
provides new and exciting possibilities for studies of embryonic behavior. Provided as a
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free and open-source resource, our goal is to promote embryonic behavioral research
by making data collection tools accessible to a wider scientific community.

EYE TO EYE: SCALING PATTERNS AND ECOLOGICAL FUNCTIONS IN MOSQUITO VISION
Jurkovic G%, Singh R?, Bernal XE*?

1Department of Biological Sciences, Purdue University; °Smithsonian Tropical Research
Institute

Flying animals rely on ocular structures that promote efficient navigation of 3D
environments. The development and maintenance of these ocular structures require
considerable energetic investment. These organs can also increase the mass of the
individual, a limiting factor for small flying organisms. In flying insects, eye sensitivity
and spatial resolution are constrained both by energetic costs and body size, yet there
is variation among species in eye size relative to body size. In mosquitoes, disparities in
both the number and size of ommatidia have been documented among a few species,
but it is unclear how such variation is associated with the ecological challenges faced by
those species. We hypothesize that differences in the scaling of the compound eyes,
and the dimensions of the ommatidia, across sexes and species are driven by ecological
function. To assess this hypothesis, we focused on mosquitos with different host
preferences to analyze the allometric scaling of compound eyes across 10 species
characterized by distinct natural histories. Considering that mosquitoes frequently
exhibit pronounced sexual dimorphism in foraging behavior, we also scrutinized the
scaling patterns of the ocular structures in males and females within each species. Using
light microscopy, we quantified ocular dimensions and characterized the structural
attributes of the eyes. Visual investment reflected functional ecological demands rather
than body size alone, as increases in body size did not correspond to greater eye
investment. Hierarchical clustering revealed that mosquito species grouped according
to shared eye morphology, with closely related species and sexes clustering together. A
distinct lower cluster exhibited reduced visual investment suggesting ecological
divergence in sensory specialization. This research augments our understanding of
visual adaptations, the influence of body size and behavioral strategies on the
architectural configuration of compound eyes.

EUSOCIALITY AND GENOME ARCHITECTURE IN SPONGE-DWELLING SYNALPHEUS
SHRIMPS

Kim CM

Department of Biology, Denison University

An organism's genome provides crucial instructions for its function, but traits of an
organism, like social organization, may also affect genome architecture. To understand
the genomic consequences of different levels of sociality, we compared eusocial and
communally living species of Synalpheus shrimp. We hypothesized that eusocial species
would have a greater genomic proportion of TEs, especially among TE families with a
more recent transposition activity. From Belize and Florida, communal and eusocial
shrimps were collected from two individual sponges. DNA extracted underwent low-
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coverage sequencing and was analyzed using DNAPipeTE to identify and quantify the
TEs. Supporting our hypothesis, TEs occupied a larger percentage of the genome of
eusocial species. Also, several TE families expanded recently only in eusocial species.
These results provide a concrete demonstration that social organization affects genome
architecture. Future studies should elucidate the mechanism of such changes.

BOBTAIL SQUID ARMS AND TENTACLES RESPOND TO DIFFERENT CHEMICAL STIMULI
Hrivnak G, Kim E, Day V, Rhodes H
Denison University

Previous research has provided solid documentation for octopus using chemoreceptors
in limbs to navigate their environment; however, limited findings exist on the ability of
squids to do the same. Squids have both arms and tentacles which have different
morphology and function, leading us to hypothesize that they may respond differently
to chemical stimuli. We sought to determine how arms and tentacles of the nocturnal
bobtail squid, Euprymna berryi, respond to various chemical stimuli associated with
environmental cues. We made electrophysiological recordings from the arm nerve cord
of isolated arms and tentacles while applying chemical stimuli. Our data support that
arms respond to more types of stimuli than tentacles, indicating that arms and
tentacles do respond to different chemical stimuli. The more limited responses of
tentacles may correspond to their more limited and specialized function in squid
behavior.

WHO ARE YOU AND WHAT ARE YOU DOING? RESPONSE TO SOCIAL INFORMATION
DURING A SHELTER CHOICE EXPERIMENT IN A COOPERATIVELY BREEDING FISH
Kroeger K, Hamilton |

Department of Evolution, Ecology, and Organismal Biology, The Ohio State University

Social learning is a crucial form of information transfer in group living animals. However,
in hierarchical groups where individuals have different ranks and thus different life
experiences and resource access, rank is likely to influence who is watched and learned
from. The cooperatively breeding cichlid Neolamprologus pulcher forms dominance
hierarchies largely based on size. Individuals are liable to receive aggression from other
higher ranked fish. Attention should be paid to them so that an individual can modulate
their behavior to reduce aggression. We hypothesized that individuals would change
their behavior more after the opportunity to watch a higher ranked subordinate versus
a lower ranked subordinate. To test this, we performed a series of shelter choice
experiments. First, a focal individual was allowed to observe two novel shelters with
one shelter occupied by a demonstrator from their group. Demonstrators were either
the largest (most dominant) female, a larger (higher ranked) subordinate than the
observer, or a smaller (lower ranked) subordinate. The demonstrator was then
removed, and the focal allowed to access both shelters. We found that focal observers
used the area around shelters demonstrated by dominant females more frequently
than expected, indicating they paid attention to a higher ranked individual and changed
their behavior. When demonstrators were lower ranked, both shelters (demonstrated
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and not) were used less frequently than when demonstrators were higher ranked.
Lower ranked individuals are often relegated to the worst resources or are the first to
be evicted from a group. Their presence could indicate poor shelter quality or non-
group territory, thus an individual may prefer to avoid that area. Lower ranked
individuals may also confer poor information regarding risk relevant to the focal who
may not be susceptible to similar predators due to size differences.

EXAMINING THE RELATIVE USE OF AFFILIATIVE AND AGONISTIC BEHAVIORS BY MONK
PARAKEETS MYIOPSITTA MONACHUS IN THE CHICAGO AREA

Kulikauskaite GM, Appelt W

Department of Biological Sciences, Saint Xavier University

Group living has many benefits, such as antipredatory behaviors and cooperative
breeding. However, such close proximity means that species must balance affiliative
and agonistic behaviors. Monk parakeets Myiopsitta monachus are a highly social
species that usually nest in colonies. They often display affiliative behaviors, but they
occasionally exhibit agonistic behaviors. We observed individual monk parakeets and
scored their behavior on a scale from -3 to +3 based on how agonistic or affiliative it
was. A score of -3 included agonistic behaviors, such as biting, pecking, and chasing. A
score of -2 included threat display behaviors, such as wing spreading and vocal threats.
A score of -1 included avoidance behaviors, such as moving away from another
individual. A score of 0 was when no interaction was observed. A score of +1 was when
an individual was near another individual but did not interact with them. A score of +2
included active socialization, such as preening or vocalizing together. A score of +3
included allopreening behavior. A score of +1, or slightly affiliative, was observed most
frequently across different locations and times of day. Strong agonistic behavior was
rare but not absent. We also recorded the number of individuals in the flock engaged in
specific behaviors. Our results showed that the percentage of individuals in the flock
near another individual was higher than the percentage of individuals in the flock alone
across different locations and times of day. Exhibiting more affiliative behaviors than
agonistic behaviors towards one another would better enable monk parakeets to live in
large colonies, which provides many benefits, such as being able to work together to
build a communal nest, which likely allows them to successfully colonize diverse areas.

BEHAVIORAL RESPONSES TO CONSPECIFIC ALARM SUBSTANCE EXPOSURE IN GUPPIES
(POECILIA RETICULATA)

Lasco N?, Olson V?, Saszik S?

IDepartment of Psychology and ?Department of Counselor Education, Northeastern
lllinois University

Environmental cues provide insight that can alter the level of vigilance needed in a
novel setting as individuals engage in social activity. To understand the impact of
information provided by these cues, the current study proposes to examine behavioral
changes in guppies (Poecilia reticulata) after exposure to olfactory cues generated to
warn conspecifics of potential nearby danger. Groups of 3 guppies (n=30) are randomly
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selected from unique home tanks and placed in a test tank (15x15 cm). Swim behavior
is recorded for 2 minutes of acclimation to the testing environment. At the end of 2
minutes, conspecific alarm substance (CAS) is administered and swim behavior is
recorded for another 3 minutes. Behavioral response post-CAS exposure will be
assessed by examining distance to release location (cm) and erratic swimming (average
swim velocity, ASV (cm/sec)), while social behavior will be analyzed by measuring shoal
cohesion (neighbor distance, ND (cm) and shoal area, SA (cm?3)). Preliminary results
support the prediction that, post-CAS exposure, there will be an increase in distance to
the release site with subjects unwilling to swim near the area where the CAS is
released. Additionally, erratic swimming behavior will be demonstrated by an increase
in the ASV. The increase in ASV is consistent with an increase in stress, which will drive
stronger shoal cohesion, decreasing average ND and SA measured post-CAS exposure.
Observed avoidance of simulated threat via CAS and changes in swim behavior and
social cohesion support future exploration of the role of hormones (e.g., cortisol and
isotocin) in threat detection that result in changes to the levels of vigilance. Next steps
include exploring the potential similarities between CAS and cortisol detection and the
potential mediating effect of isotocin. Moreover, the research provides insight into how
perceived threat might relate to the underlying hormonal state altering threat
detection and mediation via social buffering.

A MATTER OF PAW-FERENCE: EXPLORING MOVEMENT ORGANIZATION IN MICE
PERFORMING STRING-PULLING TO INVESTIGATE ASYMMETRICAL COMPONENTS
Little K, Murillo I, Sampson H, Roblin (Rybarczyk) L, Wallace D

Department of Psychology, Northern lllinois University

Spontaneous string-pulling has been used to examine fine motor control and bimanual
coordination in humans, non-human primates, and rodents. Previous studies have
provided evidence that rodents exhibit similar arm and hand movement organization;
however, there is a lack of knowledge on whether the organization of string-pulling
behavior is influenced by a hand dominance. It is hypothesized that there will be a hand
dominance preference for individual mice, but the preferred hand will vary across mice.
For this study, ten mice were habituated and tested for string-pulling behavior over a
three-day period with three trials per mouse on each day. The footage was analyzed by
a machine learning software that labels hands and nose for a bout of string pulling to
examine asymmetry with measures such as speed, heading consistency, and distance.
The results of this study show that strength and side of preference varied across mice.
Understanding hand dominance in mice provides a model for future research to
examine the effects of traumatic brain injuries, stroke, and neurodegenerative
disorders such as Alzheimer's disease.

EFFECTS OF NONLINEAR PHENOMENA IN FEMALE MOUSE SQUEAKS ON MALE MOUSE
VOCALIZATIONS

Martinez FF, Hildreth M, Rowlands CR, Keesom SM

Department of Biology, Utica University
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Many animal species use sounds to communicate. The model organism Mus musculus
produces vocalizations that range from human-audible squeaks to ultrasonic
vocalizations (USVs). While mouse USVs have thus far received greater attention in the
literature, recent research suggests that squeaks also have an important
communicative function for mice. For example, male mice behaviorally respond to the
playback of squeaks, and female mice produce structurally different squeaks across the
estrous cycle. However, less is known regarding whether male mice respond to squeaks
differently depending on squeak structure. We therefore conducted this experiment to
investigate how male mouse vocalizations change in response to playbacks of female
squeaks that vary in one structural characteristic: vocal nonlinearities. To do this, we
implemented a split-cage assay to present male mice with a novel female mouse
through a perforated barrier during one of four playback treatments: nonlinear
squeaks, linear squeaks, background noise, or silence. Spectrograms of the audio
recordings were analyzed using Raven Pro. Based on the observation that female
squeaks during estrus show extended durations of nonlinearities, we predict that male
mice will emit more USVs during the nonlinear squeak playback compared to fewer
USVs during the linear squeak playback. We also expect male mice to produce more 50-
kHz harmonic USVs in response to nonlinear squeak playback because this type of call
has been demonstrated to be functionally distinct in opposite-sex interactions and are
associated with copulation in this species. By studying squeaks in this regard, we will
begin to elucidate the function of nonlinearities in mouse squeaks, thus contributing to
a more comprehensive understanding of the social dynamics of this commonly studied
laboratory animal.

THE CAUSES AND CONSEQUENCES OF VARIATION IN PHYSIOLOGICAL HEAT
RESPONSES IN WILD NESTLINGS

Meschen MG, Ritter AC, Rosvall KA

Department of Biology, Indiana University

As climate change accelerates, organisms must cope with increasingly common and
intense heat challenges. A key physiological mechanism organisms use to cope with
heat is the increased expression of heat shock proteins (HSPs), which help maintain
cellular homeostasis under stressful conditions. However, we still do not fully
understand what factors contribute to natural variation in this expression, and how this
natural variation relates to fitness outcomes in the wild. Here, we leverage four years of
previous and ongoing heat experiments on wild tree swallow nestlings (Tachycineta
bicolor) to investigate genetic factors influencing baseline and stress-induced
expression of HSP90AA1, the most transcribed HSP in tree swallow blood. We exposed
individuals to a sublethal 4-hour heat challenge and collected RNA samples from
nestling blood to assess HSP gene expression. Based on the variation in HSP expression
among nestmates, | assessed whether genetic relatedness predicts similarity in HSP
gene expression phenotype by comparing the difference in HSP expression between
half-siblings and full siblings. Then, | examined whether early life exposure to short-
term heat affects long-term fitness by utilizing longitudinal data from adults exposed to
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past heat experiments as chicks (2021-2024) and comparing their adult body mass and
their number of fledged offspring to those of control adults. Our results provide insight
into the role of genetics in shaping natural variation in HSP gene expression and the
fitness consequences of short-term heat exposure.

INFLUENCE OF HABITAT CLUTTER ON ECHOLOCATION CALL CHARACTERISTICS OF
INSECTIVOROUS BATS (MYOTIS SPP. AND EPTESICUS SPP.) IN MONTEVERDE, COSTA
RICA

Miller J

Center for the Integrative Study of Animal Behavior, Indiana University

Structural complexity of habitats can mediate the behavior of many species, including
insectivorous bats. The echolocation characteristics of bat calls in the genera Myotis
and Eptesicus have been shown to be variable in both open and closed environments,
but information on how these species are able to adapt to environments that are not
clearly defined as open or closed is scarce. This study examines the relationship
between varying degrees of forest clutter in two locations in Monteverde, Costa Rica on
the duration and bandwidth of pulses in insectivorous bat calls. | hypothesized that
there would be a negative correlation between increasing habitat clutter and pulse
duration and a positive correlation between increasing habitat clutter and bandwidth.
Data recorded using acoustic devices revealed that bandwidth was not significantly
impacted by forest clutter for Myotis (p = 0.85) or Eptesicus (p = 0.32), and that forest
clutter only had a significant impact on pulse duration in the genus Myotis (p = 2.0 x 10°
%), but not Eptesicus (p = 0.065). The results indicate that Myotis are able to adapt only
the duration of their pulses to varying conditions of clutter, and Eptesicus was not
observed adjusting either feature. Echolocation is used for foraging and navigation, so
the inability to adjust features of this behavior to effectively suit their current
environment would have negative implications for their future success if they
experience loss of suitable foraging environments. Conservation of diverse forest
habitats with various conditions of clutter is essential to protecting the biodiversity of
bat species.

CELLULAR TRANSCRIPTOMIC EVOLUTION OF NOVEL ELECTRICAL SENSORY SYSTEM IN
ELECTRIC FISH

Miller-Crews 1%, Gallant JR?, Orger MB3, Hahn MW?, Zakon HH?, Smith GT?
IDepartment of Biology, Indiana University; 2Department of Integrative Biology,
Michigan State University; 3Champalimaud Neuroscience Programme, Champalimaud
Centre for the Unknown, Lisbon, Portugal; *Department of Integrative Biology, The
University of Texas at Austin

Animals exist in both dynamic physical and social environments that require a constant
back and forth of external integration and internal adjustments to navigate. Organisms
have evolved many novel solutions to this problem, maybe none so enthralling as the
electrical signals that several groups of fishes use to communicate in agonistic and
reproductive contexts. These electric fish use a derived electrical organ to generate an
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electrical field that serves to both illuminate their world and as a modality for
communicating with conspecifics. The production and detection of these electrical
signals are controlled by specialized brain regions. To understand what makes these
neural systems unique requires an understanding of how the individual cells that make
up these brain regions evolved. Both the region that senses electrocommunication
signals, the electrosensory lateral line lobe (ELL), and the region that controls their
production, the pacemaker nucleus (PN), are in the hindbrain. While the common
ancestor of the South American lineage of electric fishes has both regions, channel
catfish (Ictalurus punctatus) have a less expanded ELL but no PN, as they sense but do
not generate electric fields. Likewise, the giant zebrafish (Devario aequipinnatus) has
neither the ELL nor the PN. These species thus represent a stepwise evolution of the
neural mechanisms that regulate and sense the electric fields. Here we show how the
cellular transcriptomes of the hindbrain evolved by comparing single-nucleus
sequencing from giant zebrafish and channel catfish to two electric knifefish species,
Apteronotus albifrons and Brachyhypopomus gauderio. We found that the electric fish
species have unique neuronal cell types that we putatively identified as part of the ELL
and PN. Additionally, we explore the role of gene family expansion in the evolution of
novel cell types. Taken together, our results demonstrate how transcriptomic evolution
can lead to functionally novel cell phenotypes.

DIMINISHING RETURNS: HUMMINGBIRD VISITATION AND AGGRESSION AT FEEDERS
OF VARYING SUGAR CONCENTRATIONS IN AN ECUADORIAN CLOUD FOREST RESERVE
Mitton-Fry A

Department of Evolution, Ecology, and Organismal Biology, The Ohio State University;
Department of Biology, Carleton College; School for International Training, Brattleboro,
vT

Maximizing net energy gain from a food source is essential for survival, particularly in
organisms with high metabolic needs. As such, food sources of better quality are
thought to be more valuable, and all else being equal should receive higher levels of
exploitation. Similarly, organisms may be more likely to defend higher quality food
resources. Hummingbirds (Family Trochilidae) face high metabolic costs and rely on
frequent feeding bouts, typically at flowers or human supplied feeders filled with sugar
water. Many hummingbirds also perform aggressive behaviors to defend food sources,
since access to a high-quality food source may be worth the additional energy
expended while defending that source. This study manipulated sugar concentration
(20%, 10%, 5%) in three closely located hummingbird feeders to investigate the impact
of resource quality on hummingbird visitation and aggression. The study was conducted
in the northwestern cloud forest region of Ecuador, and recorded visits from 12
different species of hummingbirds. | predicted that the feeder with the highest
concentration of sugar water would receive the highest number of hummingbird visits,
and that there would be a higher proportion of aggressive actions per visit at this
feeder. There was a significant difference in the number of visits at the 20% nectar
feeder compared to both the 10% and 5% nectar feeders. The ratio of aggressions per



38

39

visit was highest at the 20% nectar feeder and was significantly different than that of
the 5% nectar feeder. This indicates that higher quality resources are exploited more
and suggests that resource guarding may only be beneficial when the difference in
energy gain between the two resources is large. These results provide insights into the
impact of resource quality on hummingbird aggression and can be used to better
understand hummingbird foraging behavior.

DEAD END? ALTERNATIVE LIFE STRATEGIES FOR NEMATODES WHO LOSE THEIR
SYMBIONT

Moore K, Familo M, Bashey-Visser F

Department of Biology, Indiana University

Symbiotic relationships can range from flexible to extremely specific, with some
organisms becoming so dependent on their partners that they can’t survive or
reproduce without them. In the obligate mutualism between insect-pathogenic
nematodes (Steinernema spp.) and their bacterial partners (Xenorhabdus spp.), the
nematodes typically associate with one bacterial strain. However, the bacteria can and
will often associate with multiple nematode hosts. This asymmetry raises an important
guestion: what happens when a nematode loses its bacterial partner? There are no
barriers for coinfection and once inside the insect, the symbiont bacteria and the
associated nematodes separate, creating an opportunity where the nematode may lose
access to its native symbiont. In previous work, Steinernema affine nematodes grew
and developed on non-native bacterial symbionts equally well as when on their own but
were more likely to leave the host environment without a bacterial symbiont over
carrying out a non-native symbiont. In this study, we are seeing if there are alternative
strategies for nematodes that lose their bacterial partner and how these strategies
affect reproductive success and virulence. We tested three hypotheses: first, the
nematodes who have no bacteria will be faced with a “dead end” and won’t be able to
reinfect an insect essentially ending their line, secondly the nematodes that carry no
bacteria can be “rescued” if exposed to their bacterial symbiont and reproduce
successfully. Lastly, bacteria-free nematodes will be able to co-op a non-natively
infected insect host, but at lower levels of success compared to those carrying a native
symbiont. The nematodes with no bacteria and that had no opportunity to find a new
bacterial partner didn’t infect a new host therefore unable to reproduce. The
nematodes without bacteria who were placed with their native and non-native
bacterium were able to reinfect a host which potentially means they were “rescued.”

SLEEP COMPRESSION PRESERVES FUNCTION THROUGH DEEP SLEEP IN DROSOPHILA
Patel V, Shaw P
Department of Neuroscience, Washington University School of Medicine

Chronic sleep loss is associated with cognitive impairment and neurodegeneration.
However, across species, there are cases of natural short sleepers who function without
impairment despite sleeping less. Understanding these cases may offer insight into
sleep mechanisms and may offer strategies for treating neurodegenerative diseases.
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Sleep is difficult to quantify and highly sensitive to external and intrinsic signals. To
address this problem, we used calibrated sleep fragmentation (CAL-SF). In this protocaol,
flies are awoken at fixed intervals, forcing compensation through sleep depth rather
than duration. At a 35-minute interval (CSF35), sleep debt accrual is balanced by sleep
dissipation, producing a deeper but stable sleep state. Compared to controls, wild-type
flies in CAL-SF showed increased temperature preference but no significant sleep
rebound or memory impairment, indicating physiological perturbation without
functional impairment. We then applied CAL-SF to the clock mutant period (per01).
Compared to wild-type, per01 mutants dissipate sleep pressure faster and exhibit STM
impairments in constant darkness. We hypothesized this occurs because per01 flies
dissipate sleep too quickly, preventing deep sleep. Under CSF35, however, per01 flies
showed restored STM without sleep rebound or elevated temperature preference,
indicating a stable state of deep sleep. To explore further, we head/proboscis-glued
per01 flies to interfere with deep sleep. STM was restored in head-glued but not
proboscis-glued flies under both Gaboxadol and CSF35 conditions, while sleep
architecture remained unchanged. Together, these findings demonstrate that
functionality can be preserved under reduced sleep via deep sleep, identifying sleep
compression as a critical determinant of adaptive sleep resilience.

EARLY LIFE STRESS-INDUCED INCREASES IN ADULT FEAR LEARNING ARE MAINTAINED
OVER TIME IN MALE AND FEMALE RATS

Croskey BW, Ramesh H, Blessing AJ, Wittwer MM, Horstman TK, Wirtz GW, Jones C,
Quinn JJ

Department of Psychology, Miami University

Globally, many individuals experience stress-related disorders, such as posttraumatic
stress disorder (PTSD), at some point during their lives. Early adverse experiences are
associated with increased vulnerability to psychiatric and somatic health conditions in
adulthood. Rodent models are commonly used to examine the neurobiological
mechanisms underlying stress-related disorders. We have previously demonstrated that
acute ELS (aELS) exposure leads to fear memory incubation following adult fear
conditioning in mice. Importantly, mice that were not exposed to aELS did not
demonstrate this incubation. The present study aimed to replicate this effect in rats
while also harvesting tissue at both early and late retention timepoints to address
potential mechanisms underlying maladaptive fear incubation. Rats were exposed to
either 0 or 15 footshocks on postnatal day 17. In adulthood, all rats received 1-
footshock fear conditioning in a novel context and were tested for freezing in that
context either 1 day or 30 days later. Ninety minutes following the test session, rats
were intracardially perfused with phosphate buffered saline followed by 4%
paraformaldehyde. Brains were extracted and stored for subsequent analysis of c-Fos
immunoreactivity. The behavioral data demonstrate robust stress-enhanced fear
learning (SEFL) in both males and females at the 1-day and 30-day retention intervals,
with no evidence of fear memory incubation. Thus, we demonstrate maintenance of
SEFL over time in rats, which differs from the pattern we saw previously in mice.
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Ongoing c-Fos analyses are targeting to the dorsal hippocampus and medial prefrontal
cortex, given their established roles in recent versus remote memory expression,
respectively.

DIFFERENTIAL EFFECTS OF ETHANOL ON VAGINAL AND EXOCRINE SECRETION IN A
MURINE MODEL

Ramani S, Murataeva N, Straiker A

Department of Psychological and Brain Sciences, Indiana University

Alcohol consumption is widespread in many parts of the world. The effects of alcohol
have been studied intensely for decades, partly due to the accompanying adverse
health consequences of overuse. Few studies have examined the effects of ethanol on
exocrine function. Secretions of the exocrine pancreas are reduced by ethanol,
contributing to autodigestion by unsecreted enzymes, but the underlying mechanism or
the extent to which ethanol acts on other glands is unclear. Several dozen exocrine
glands have been identified, many of them serving key functions in the body such as
tearing, salivation and sweating. Regulation of vaginal moisture occurs in part through
the action of exocrine glands. We have developed assays for salivation and vaginal
secretion in mice and so may assess the consequence of ethanol treatment on tearing,
salivation, and vaginal secretion. We find that female mice exposed to acute ethanol
experienced a rapid but differential effect on tearing, salivation and vaginal moisture.
Both tearing and salivation were reduced at 15 and 30 minutes. We hypothesize that
ethanol inhibits the secretory function of these glands. Notably, the same treatment
caused a striking increase in vaginal moisture, the vaginal secretory response. No
additive effects were seen in the vaginal responses to ethanol and pheromone
stimulation. If ethanol broadly inhibits the function of exocrine glands, learning the
mechanism by which this occurs may offer insight into the regulation of these
understudied glands and into an underappreciated but pervasive consequence of
ethanol intake. Understanding the mechanism by which ethanol increases vaginal
moisture may help identify therapies to counter vaginal dryness. In conclusion, we find
that ethanol exposure produces a previously unappreciated effect on exocrine gland
secretion, in the cases of basal salivation and tearing but, in contrast, a marked increase
in vaginal secretory function.

EFFECTS OF ENVIRONMENTAL ENRICHMENT OR CHRONIC UNPREDICTABLE MILD
STRESS ON MOTIVATED BEHAVIORS IN MALE AND FEMALE ADOLESCENT RATS
Ramesh H, Puppel LP, Wittwer MM, Kasicki-Rodriguez CJ, Quinn JJ

Department of Psychology and Center for Neuroscience & Behavior, Miami University

Environmental enrichment has positive influences on brain physiology and behavior,
including enhanced plasticity and improved cognitive, emotional, and social
performance. Conversely, stressful environments (especially when unpredictable)
impair these functions. In this study, we use a 2 (sex: male, female) X 3 (housing:
standard, enriched, stressful) factorial design. Enriched environments are larger than
standard cages to allow for 4-6 rats per cage (social enrichment), and the addition of
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objects for exploration/play. The stressful environment occurs in standard caging and
includes a series of mildly stressful, unpredictable, daily events. The housing
manipulations occur from postnatal day 21-42. At the end of this three-week period, all
rats are pair-housed in standard cages for the remainder of the experiment. Behavioral
assessments for anxiety, pain sensitivity, and fear are conducted during adolescence
using an open field test, hot plate testing, and auditory fear conditioning/extinction.
Preliminary results indicate that females demonstrate lower hot plate latencies
independent of housing, suggesting increased sensitivity to pain. In the open field,
enriched males spend less time in the thigmotaxic zone compared to all other males
and females. This suggests that enrichment reduces anxiety in males but not females.
Male rats, regardless of housing condition, demonstrate greater contextual fear
conditioning. During the first tone extinction session, enriched animals trend toward
greater freezing while rats from the stressful housing condition trend toward less
freezing compared to standard housing. The rate of within-session extinction does not
differ as a function of either sex or housing condition. When comparing freezing during
the first tone on each of the four extinction days (between-session extinction), standard
housing rats tend to freeze more compared to the enriched and stressful housing
groups. Additional analyses are ongoing.

CANNABINOID EFFECTS IN A GALVANIC SKIN RESPONSE MODEL OF SWEATING IN
MICE

Rao Y, Youkilis J, Straiker A, Murataeva N

Department of Psychological and Brain Sciences and Gill Institute of Neuroscience,
Indiana University

Cannabinoid CB1 receptors regulate glands responsible for tearing and salivation.
Dozens of exocrine glands play key roles including the control of body temperature via
sweating. Malfunction of sweat glands can be deeply problematic or —in the case of
anhidrosis — life-threatening. Prevalence of sweating disorders is high, affecting
millions. Available therapies are few and limited. Few studies have examined sweating
in mice, which rely on their tails for thermoregulation, but do have eccrine sweat glands
in their paws. We developed a galvanic skin response-based assay to investigate
cannabinoid regulation of sweating in awake unanesthetized mice. The muscarinic
agonist pilocarpine increased conductance while the antagonist glycopyrrolate reduced
conductance. The cannabinoid receptor agonist CP55940 substantially reduced
conductivity in wild type and CB2 but not CB1 receptor knockout mice. The
phytocannabinoid THC also reduced conductivity while CBD did not. Using
immunohistochemistry we detected CB1 receptors in axon-like processes, the
anandamide-synthesizing enzyme NAPE-PLD in myoepithelial cells, and the anandamide
metabolizing enzyme FAAH in acinar cells. This suggests a local circuit, however, topical
CP55940 and intraperitoneal FAAH blocker URB597 did not alter conductance. In
summary, we propose that a galvanic skin response-based assay provides useful
insights into sweating in mice. Using this model, we determined that cannabinoid CB1
receptors reduce conductance, likely reflecting negative regulation of sweating.
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BARRIERS TO PET ADOPTION AND RECOMMENDATIONS FOR OVERCOMING SHELTER
OVERPOPULATION

Richardson E

Department of Psychology, Earlham College

In 2024, 5,766,000 companion animals entered shelters; of those, 748,000 died (Shelter
Animals Count, 2025). Pet overpopulation is a concern nationally, and Richmond, IN, is
no exception. HELP the Animals, an animal shelter in Richmond, is currently 50% over
capacity, with over 100 animals in their care (HELP the Animals, personal
communication, February 2025). This leaves resources to be thin. In Richmond, it is not
rare to see a loose dog or a stray cat running around. There were a total of 2,003 calls
to Wayne County animal controls in 2023 (TeamShelterUSA.com, 2024). With shelters
at over capacity, there is currently little that animal control can do when these animals
cannot be returned to their homes. | explored what barriers exist that prevent people
from adopting a pet and if there are patterns in the length of stay for certain types of
animals. | conducted two studies: one was a survey of the community on barriers to
adoption, and the other was an analysis of shelter data on patterns in length of stay. In
the survey, | analyzed closed-response and open-response answers and found that the
biggest barriers to adoption were expenses (mainly vet care), too many pets in the
home or incompatible pets, as well as the complicated adoption process. My analysis of
the shelter data revealed that older animals, pitbulls, mixed-breed dogs, and large to
medium-sized dogs all had a longer length of stay in the shelter. These results were
consistent with current findings on animal shelters. Based on these findings and
previous literature, | suggest that to combat shelter overpopulation, improving the
photos and bios of the animals, as well as increasing foster awareness, applying for
grants, conducting more surveys, and collaborating with local colleges can make
meaningful contributions to improving animal welfare and adoption rates from shelters.

THE INTERACTIONS BETWEEN CHROMOSOMAL AND GONADAL SEX AFFECT LUNG
FUNCTION AFTER SUB-CHRONIC OZONE EXPOSURE

Rousselle D, Ekpruke D, Silveyra P

Department of Environmental and Occupational Health, Indiana University

Epidemiological studies have shown that when exposed to ambient ozone, women
typically have worse lung health outcomes compared to men. Animal models of acute
ozone exposure have recapitulated sex differences in pulmonary responses; however,
data remain conflictive. Previously, our lab found that hormone status modulates lung
responses to acute ozone exposure. The contributions of sex hormones and the sex-
specific responses to sub-chronic exposures remain understudied. To address this gap,
we are using the Four-Core Genotype (FCG) mice, a mouse model where gonadal sex
and chromosomal sex are independent of each other, to understand how same-sex and
opposite-sex hormones alter the response to sub-chronic ozone. We exposed adult FCG
mice to 1.5 ppm of ozone for 2 hours, twice a week, for 6 weeks (9 mice per
experimental group). At 24 hours after the last exposure, mice were anesthetized,
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administered a paralytic, and attached to a rodent ventilator. Baseline lung function
data was recorded, including PV loops, inspiratory capacity, airway resistance,
elastance, and compliance. Multi-comparison tests (with adjustment) were used for
statistical analyses with significance at p-value < 0.05. Our results indicate lung function
in the FCG mouse model varied after exposure to ozone depending on their combined
chromosome and gonad composition. All groups showed an increase in volume for the
given pressures in the PV loops (suggesting development of emphysema), with mice
with the XX sex-chromosome complement and ovaries having the largest change to
their PV loops (more severe emphysema). The XX mice with ovaries also showed a
significant decrease in elastance. These mice and the XY mice with testes had significant
increases in compliance and inspiratory capacity. In conclusion, our data show that the
combination of gonads and hormones affect lung function after sub-chronic exposure
to ozone, as changes were not dependent on either hormonal or chromosomal status
alone.

VARIATION IN BEAK MOVEMENTS DURING BIRDSONG
Scott J, Rodriguez-Saltos C
Department of Biology, lllinois State University

Birdsong is produced through the coordinated movements of multiple moving
structures, including the head, neck, and beak. Although beak movements are known to
influence song acoustics in some species, this relationship is variable, and the
evolutionary and functional drivers of this variation remain poorly understood. In this
study, we quantify species- and individual-level differences in beak use during song and
test how the relationship between these movements, peak frequency, and bandwidth
change across different note types. Using Macauley Library’s publicly available videos
taken from the field, we trained machine learning models with DeeplLabCut to track
beak movements during song across several songbird species, with a focus on New
World sparrows. By integrating kinematic and acoustic measurements from wild
individuals, this work provides new insight into the biomechanical and evolutionary
factors underlying variation in song production.

FAMILY MATTERS: INVESTIGATING THE ROLE OF PHYLOGENETIC SIMILARITY IN
SYMBIOTIC COMPATIBILITY

Seifert H, Moore K?, Bashey-Visser F2, Familo M?

'Department of Biology, Miami University; 2Department of Biology, Indiana University

Symbiotic relationships are ancient, widespread, and impact an organism’s
development, reproduction, and ecological interactions. In many long-term mutualisms,
hosts tend to associate with a narrow range of symbionts, often resulting in aligned
evolutionary histories. However, Steinernema nematodes and their bacterial symbiont
Xenorhabdus bovienii break this pattern, as multiple nematode species associate with
the same bacterium, and the mechanisms behind this flexibility remain unclear. In this
study, we investigated whether the success of symbiotic partnerships between
nematodes and bacteria is more strongly influenced by the host nematode or by the
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bacterial strain, and whether phylogenetic similarity (how closely related the organisms
are) predicts the outcome of new pairings. We conducted a cross-inoculation
experiment using two species of Steinernema, both belonging to clade 1, and 13
genetically diverse strains of X. bovienii, spanning 4 associated nematode species, and
measured the associational success of each pairing through qualitative development
scoring, and quantifying reproductive output from each experimental pairing. Our
results show that nematode host identity plays a significant role in determining
symbiotic success, and generality, associating with a broad range of symbionts, seems
to be a trait shared across clade 1 Steinernema nematodes. These findings overall
suggest that partner compatibility in this system may be shaped more by host traits,
such as mechanisms for bacterial recognition and uptake, than by bacterial
characteristics alone. By combining behavioral, developmental, and phylogenetic
perspectives, this research sheds light on how symbiotic relationships are maintained or
reshaped in nature, even in systems that appear tightly co-evolved.

BEHAVIOR TOPOGRAPHY IN EARTHWORMS CLASSICALLY CONDITIONED WITH
VIBRATION AND LIGHT

Singh N, Claflin D

Department of Psychology, Wright State University

Common composting earthworms (Eisenia Fetida) were classically conditioned using a
vibration conditioned stimulus (CS) and a bright light unconditioned stimulus (US). The
behavioral topography of the earthworm responses to both CS and US were coded from
collected videos in an effort to identify the most reliable indicator of conditioning.
Based on a reading of the literature, we focused on extension, freezing, and retraction
behaviors. Traditionally, conditioning studies using a light US have focused on
earthworm retraction behavior. However, preliminary data from our lab suggested that
freezing behavior preceding retractions may be more indicative of conditioning. Twelve
earthworms (0.3 - 0.5 grams in weight; clitellum present) were evenly divided into two
groups: the experimental paired conditioning group (PRD) and an unpaired control
group (UP). Both groups received daily training over five days consisting of a 10-minute
adaptation period followed by PRD or UP schedules. PRD training consisted of 45 CS-US
paired delay conditioning trials (6s vibration co-terminating with 2s light) and five CS-
alone test trials, one occurring on every tenth trial. The average intertrial interval (ITl)
was 15 +3 seconds. The UP group experienced 50 CS-alone and 45 US-alone
presentations in pseudorandom order to match the number of stimulus presentations
during PRD training. The UP ITl was 743 seconds to maintain the overall session length
of 17 minutes. We hypothesized that we would see an increase in freezing for the PRD
group relative to the UP control group indicating conditioning. Additionally, we
expected a shift in latency for freezing behavior with earlier freezing indicating
anticipatory responding. We were unsure whether there would be a corresponding shift
in retraction latency until later in training. Data will be presented comparing freezing
and retraction during the final day of conditioning.
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URBANIZATION AND THE ULTRASONIC VOCALIZATIONS OF WILD DEER MICE
(PEROMYSCUS MANICULATUS)

Thomas L, del Barco-Trillo J

School of Biological Sciences, Illinois State University

Urbanization is a source of great concern regarding its influence on surrounding
wildlife. Anthropogenic activity in urban areas affects many aspects of wildlife ecology,
including physiology, demography, morphology, and behavior. The impact of
urbanization on acoustic communication by wildlife has been a subject of particular
interest. The influence of urbanization on vocalizations that are outside the range of
human hearing (greater than 20 kHz), however, has not been rigorously investigated.
Mice in the genus Peromyscus produce these vocalizations, known as ultrasonic
vocalizations (USVs). Peromyscus use USVs in three main social contexts: courtship,
competition, and maternal care. These vocalizations have been thoroughly
characterized in wild brush mouse (P. boylii) and California mouse (P. californicus)
systems; however, little work has been done investigating Peromyscus vocalizations in
controlled social contexts and in the context of urbanization. This project aims to (1)
contribute to the characterization of wild Peromyscus USVs, (2) determine if the USVs of
urban and rural mice differ, and (3) assess how captivity impacts these vocalizations.
For this project, deer mice (P. maniculatus) were trapped in highly urban and highly
rural areas within the locales of Chicago, IL and Bloomington-Normal, IL. We recorded
USVs of urban and rural mice in the lab within courtship and competitive social
contexts. Recordings were then analyzed, identifying different vocalization types, and
qguantifying their number and their spectral traits. Sex, social context, and urbanization
have emerged as potential determinants of variation in the types, number and
characteristics of USVs. Ongoing work includes analyzing recordings of captive-born
individuals, illuminating the degree to which these vocalizations can respond plastically
to environmental input. This study will help reveal the effects of urbanization on wildlife
and mitigate future human-wildlife conflict.

AGE- & SEX-ASSOCIATED BEHAVIOR DIFFERENCES IN AFRICAN SAVANNA ELEPHANTS
LOXODONTA AFRICANA

Torres R?, Shull PD?, Morales C%, Olivier L2, Kalande K?, Chisaka L2, Kasango M?,
Mwaanga W2, Iruri-Tucker A%, Chusyd DE?

1Department of Environmental and Occupational Health, Indiana University; ’Game
Rangers International

Kafue National Park, home to Zambia’s largest elephant population, supports roughly
3,000 free-roaming individuals. Elephants are a highly intelligent social species that
demonstrate complex social learning and group-specific behavioral patterns. There are
known differences in life history traits, physiological needs, and social roles of African
savanna elephants by sex and age. Thus, this study investigated wild elephant behavior
to identify specific behavioral differences by age class and sex. In our study, we
decoded behaviors of four independent herds (i.e., family unit comprised of genetically
related adult females and their immature offspring) via continuous video sampling to
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analyze time-weighted general activity budgets (i.e., drinking, standing, grazing,
foraging, mud bathing, dusting, and locomotion). We categorized individuals in the
herds into six classes: adult female/male (>15 years), subadult female/male (8-15
years), juvenile (4-8 years), and infant (<4 years), with age estimations based on
observed developmental and morphological features. Across four herds, we analyzed
38 focal individuals (herd sizes: n =11, 13, 7, and 7, respectively). Observations
occasionally included non—herd associates, such as adult males that transiently join
groups during periods of reproductive activity. Preliminary observations across the four
herds suggest that time-weighted general activity budgets vary by age class and sex. In
particular, juvenile individuals and subadult females appeared to devote more time to
drinking, adult females more time to standing, and adult males more time to
locomotion. These variations may be driven by differences in developmental stages and
physiological demands within elephant populations at large.

DOES LIMONENE AFFECT PHEROMONE RESPONSE IN MALE GRYLLODES SIGILLATUS
Uwase F!, Weston E2, Murphy M?

1Department of Psychological and Brain Sciences and 2Department of Biology, Indiana
University

As the world population increases, so does the demand for food and new food sources
to combat the shortage. Crickets are a sustainable source of protein, but cricket farms
require alternative pesticides to control pest populations without harming crickets. We
tested the effect of Limonene on male Gryllodes sigillatus crickets’ ability to respond to
female pheromones. Limonene is an aversive odor to field crickets; in this experiment,
the source of imonene was sweet orange essential oil with 96% limonene. We used a Y-
maze model to test the relative preference for two odors. We randomly assigned 30
male crickets to one of these groups: control vs pheromone, control vs citrus and citrus
vs pheromone. We observed each cricket for one minute, tracking how long they spent
on the source of each odor. Preliminary results suggest no significant effect of limonene
on crickets’ response pheromones. More testing will be done to confirm the preliminary
results. | hope my research contributes to known knowledge about sustainable
limonene-based pesticides and how they can be utilized in low-income countries on
cricket farms without disrupting any pheromone detection process cricket mating
utilize for reproduction.

SOCIAL ISOLATION DOES NOT INDUCE ANXIETY-LIKE BEHAVIOR IN MIDDLE-AGED
RATS

Venegas JJ!, Mathan M?, Miller RM?, Luarca EN?, Lacey TE?, Davis AR?, llankovan T?,
Liang N1234

IDepartment of Psychology, ’Neuroscience Program, 3Division of Nutritional Sciences,
and “Personalized Nutrition Initiative, University of lllinois Urbana-Champaign

Studies in rodents have shown that social isolation (SI) during early life increases
anxiety-like behavior, yet its effects during middle age remain largely unknown. This
gap should be addressed, as middle age is associated with an increased risk of Sl in
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humans. Previous experiments in our lab found that, contrary to the literature of
isolation in early life, SI for two months during middle age did not increase anxiety-like
behavior on the elevated plus maze (EPM), open field, novelty-suppressed feeding, or
marble burying tasks in male and female rats. Given these unexpected findings, we
proposed that middle-aged rats may have adapted during prolonged isolation, leading
to the absence of increased anxiety-like behavior. Thus, here we hypothesized that
increased anxiety-like behavior would occur following acute SI. To test this hypothesis,
anxiety-like behavior on the EPM and in the light—dark box (LDB) was assessed after
middle-aged male and female rats were housed individually versus as groups of four for
3 —7 days. Performance on the EPM was measured during the light cycle to align with
our previous study and in the LDB during the dark cycle to increase task engagement.
Preliminary results revealed that isolated and group housed rats performed similarly in
both EPM and LDB tasks. There were no effects of housing condition on open-arm
entries or percent open-arm time on the EPM nor were there housing effects on latency
to enter the dark compartment or the number of transitions between compartments in
the LDB. These results align with our previous findings that chronic SI during middle age
does not increase anxiety-like behavior. Follow up experiments should determine
whether acute Sl during middle age increases the level of stress hormones, such as
corticosterone, despite the absence of increased anxiety-like behavior.

FEMALE REJECTION SIGNALS SUPPRESS A SUBPOPULATION OF EXCITATORY NEURONS
IN THE INFERIOR COLLICULUS

Waters CE, Hurley LM

Department of Biology, Indiana University

The ability to process and appropriately respond to communication signals from
conspecifics during courtship interactions is essential to the reproductive success of an
individual. In house mice (Mus musculus), females will signal rejection to male advances
through behaviors like kicking, lunging, and producing broadband vocalizations (BBVs or
“squeaks”). These BBVs are salient cues that induce robust behavioral changes in males,
in which they will suppress production of ultrasonic vocalizations (USVs), a high
frequency vocalization commonly made by males in opposite-sex interactions.
However, not much is known about how male mice process BBVs. A subpopulation of
excitatory neurons in the inferior colliculus (IC) that produce vasoactive intestinal
polypeptide (VIP) has recently been characterized, but the functional role of these
neurons is unknown. We predicted that VIP neurons in the IC may be involved in
processing squeaks based on their morphology, distribution across the IC, and
projections to other brain regions involved in vocalization and defense like the
periaqueductal gray (PAG). To this end, male mice were exposed to playback of female
BBVs or silence. We then used fluorescence in situ hybridization (FISH) to tag mRNA
encoding for VIP and FOS in the IC as a proxy for activity in VIP-expressing neurons.
Males exposed to playback showed a significant reduction in the proportion of cells co-
expressing VIP and FOS compared to males in silence, while there was no change in the
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proportion of non-VIP cells that expressed FOS across conditions. These results suggest
that BBV playback selectively suppresses VIP neurons in the IC of male mice.

NEST BUILDING INITIATION IN AMERICAN ROBINS (TURDUS MIGRATORIUS)
Watson K, Villalona C, Abolins-Abols M
Department of Biology, University of Louisville

For seasonally-breeding animals, including most birds, the timing of breeding is
regulated by day length, with temperature serving as a supplementary cue that fine-
tunes reproductive timing. Urban environments disrupt both light and temperature
regimes. In particular, anthropogenic development is associated with elevated light
pollution and the so-called “urban heat islands” — urban areas that are hotter than the
surrounding environments. Both artificial light and elevated urban temperatures may
change the timing of breeding in urban areas compared to rural locations. In birds, a
change in the timing of breeding may, in turn, affect the survival of eggs and nestlings
due to higher ambient temperatures and food availability. Here we report on a new
survey effort that will investigate timing of breeding, its regulation by environmental
factors, and reproductive success in urban and rural American Robins (Turdus
migratorius). We selected locations spanning an urban-rural gradient in Louisville, KY,
that differ in heat severity and exposure to artificial light. We show that the earliest
robin nest in urban areas was initiated 3 weeks earlier than the earliest rural robin nest,
on par with differences in timing of breeding observed across urban-rural gradients in
other species in the same genus. Future work in this system will investigate long-term
patterns in reproductive timing and assess the fitness consequences of earlier breeding
urban birds.

PERSISTENT EFFECTS OF NEONATAL HYPOXIA ON RAT ULTRASONIC VOCALIZATIONS
Wei Y, Long K, Granston A, Rodriguez-Contreras A
Department of Communication Sciences and Disorders, Northwestern University

Rodents are important models for studying communication, emotional changes, and
language development. In recent years, researchers have begun investigating the
effects of neonatal hypoxia on communication behaviors by analyzing ultrasonic
vocalizations (USVs) emitted by rodents. However, most existing studies focus on
changes in USVs at a single time point, leaving limited understanding of whether
hypoxia causes persistent alterations in USVs. This makes it difficult to determine
whether neonatal hypoxia leads to persistent vocalization changes or if its effects
fluctuate or recover over time. Furthermore, it remains unknown whether hypoxia
severity correlates with USV counts and frequency ranges. To explore these questions,
we exposed neonatal rats to 12 minutes of 11% or 5% oxygen on postnatal days PO and
P1, then elicited USVs during P10-P15 using a maternal separation paradigm.
Preliminary results suggest that rat pups exposed to neonatal hypoxia exhibited
persistently lower USV counts than controls during P10—P15, with this difference
remaining largely stable across all observation days. We also observed that a higher
severity of hypoxia correlated with fewer USV counts and lower frequency ranges.
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These findings contribute to understanding the persistent and multidimensional effects
of neonatal hypoxia on early vocalization behavior, supporting the use of USVs as a
potential indicator for assessing risks of early communication disorders.

AUDITORY PRIMING TO INCREASE RISK PERCEPTION OF BLACKBIRDS TO
APPROACHING DRONES

Wilson NH?, Duttenhefner JL?, Klug PE2

IDepartment of Biological Sciences, North Dakota State University; ?Animal and Plant
Health Inspection Service, Wildlife Services, and National Wildlife Research Center,
United States Department of Agriculture

To mitigate damage by blackbird flocks in agricultural fields, many producers and
researchers have turned to using drones as pest management tools. Evaluating what
added or modified features make drones appear more risky to blackbirds is paramount
to increasing the effectiveness of this method in future use. Here, we tested the
impacts of auditory priming with threatening bird calls on the subsequent risk
perception towards an approaching drone by mixed-species blackbird flocks in
sunflower fields across North Dakota. We assessed risk perception to a priming
broadcast by observing behavioral changes to restlessness (i.e. liftoffs) and to
subsequent drone approaches by measuring flight initiation distance (FID). A greater
FID indicates a greater perceived risk. We analyzed the effects of priming and approach
broadcasts, along with flock size and environmental factors (e.g. ambient light,
temperature, or day of year) to understand which factors influence blackbird risk
perception of drones. Our results suggest that exploiting innate antipredator behavior
of blackbirds can increase the effectiveness of drones in pest management strategies.

A COMPARISON OF FIELD AND EXPERIMENTAL OBSERVATIONS OF ARBOREAL
BEHAVIOR IN MULTIPLE SPECIES OF FOSSORIAL SALAMANDERS

Young MR, Gall BG

Department of Biology, Hanover College

Salamanders provide a critical link in food webs between leaf-litter invertebrates and
higher vertebrates such as small mammals and birds. While their perception as
secretive and fossorial is well deserved, observations from night-time field excursions
suggest that many species frequently exhibit arboreal behavior. Arboreal activity in
multiple species of salamanders was evaluated in a laboratory study and compared to
field observations. All species climbed vertical structures in the lab, but the propensity
to climb differed between species and genera. During nocturnal surveys, multiple
genera, including Desmognathus, Eurycea, and Plethodon were observed climbing
vertical structures. Four of these species were consistently observed on vertical tree
trunks and rocky structures, with some species climbing up to a meter above the
substrate. Both experimental and field observations suggest that many species of
salamander are likely to exhibit arboreal behavior during nocturnal activity, despite
being primarily considered terrestrial or fossorial. While observational in nature, these



results suggest that arboreal behavior is common among terrestrial salamanders with
climbing behavior likely corresponding to the ecology and natural history of each clade.
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