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Plenary 8 | Friday, July 31 | 09:00 - 09:45
Baldwin, Maude, Max Planck Institute for Biological Intelligence, Germany

Evolution of the taste system in vertebrates

Short bio: Maude Baldwin studies the evolution of diverse sensory and physiological
innovations across the vertebrate phylogeny. After obtaining an undergraduate degree from
NYU studying English and History, she took science courses through New York’s CUNY
system, and received her PhD in 2015 from Harvard University in the Department of
Organismic and Evolutionary Biology. She is now a director at the Max Planck Institute for
Biological Intelligence in Munich.

Plenary 1: Huber Lecture | Monday, July 27 | 14:00 — 14:45
Dulac, Catherine, Harvard University, USA

Neurobiology of social and sickness behavior

Short bio: Catherine Dulac’s work combines cutting edge genetics, transcriptomics,
physiology, and imaging approaches to uncover the neural basis of instinctive social
behaviors, a set of brain functions typically impaired in mental iliness. She is a member of
the US and French Academy of Sciences, and the American Philosophical Society. She is a
recipient of multiple awards including the Karl Spencer Lashley Award, the Ralph W. Gerard
Prize and the Breakthrough Prize in Life Sciences. She is the Samuel W. Morris University
Professor at Harvard University and a Howard Hughes Medical Institute Investigator.

Plenary 4 | Wednesday, July 29 | 09:00 - 09:45
Fenk, Lisa, MPI for Biological Intelligence, Germany

Mechanisms of active vision in insects

Short Bio: Lisa Fenk is interested in the interaction of sensory processing with active sensor
movements. Her lab focuses on retinal movements in Drosophila as a relatively simple
model for active vision and combines these efforts with comparative experiments in other
species. She studied physics and French before switching to neurobiology for her PhD at
the University of Vienna. She conducted postdoctoral work at the Research Institute for
Molecular Pathology (IMP) in Austria and the Rockefeller University in NY. In 2021, she
became a Lise Meitner Research Group Leader at the MPI for Biological Intelligence.

Plenary 5: Helingenburg Lecture | Wednesday, July 29 | 14:00 - 14:45
ljspeert, Auke, EPFL, Switzerland

Investigating feedforward and feedback control in animal locomotion using robots
and neuromechanical simulations

Short bio: Auke ljspeert’s research interests are at the intersection between robotics and
computational neuroscience. He is interested in using numerical simulations and robots to
gain a better understanding of animal locomotion and movement control, and in using
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inspiration from biology to design novel types of robots and locomotion controllers. He is
also interested in assisting persons with limited mobility using exoskeletons and assistive
furniture. With his colleagues, he has received numerous paper awards. He is a IEEE
Fellow, head of the Biorobotics Laboratory and has a B.Sc./M.Sc. in physics from the
EPFL), and a PhD in artificial intelligence from the University of Edinburgh.

Plenary 9 | Friday, July 31 | 14:00 — 14:45
Long, Michael, NYU Grossman School of Medicine, USA

Neural circuits for interactive communication

Short Bio: Michael Long focuses his attention on the neural circuits underlying skilled
movements, often in the service of vocal interactions. To accomplish this, the Long lab has
taken a comparative approach, examining relevant mechanisms in the songbird, the parrot,
a singing neotropical rodent, and humans. He is the Thomas and Susanne Murphy
Professor of Neuroscience and Vice Chair for Education at the NYU Grossman School of
Medicine. He completed his graduate studies with Barry Connors at Brown University and
his postdoctoral work with Michale Fee at MIT.

Plenary 3 | Tuesday, July 28 | 14:00 — 14:45
Narendra, Ajay, Macquarie University, Australia

Tiny brains, true bearings: finding the way home in a big world

Short bio: Ajay Narendra specializes in invertebrate neuroethology. His research focuses on
how ants, bees, and spiders navigate, learn, and remember spatial information within
various temporal and ecological niches. His group investigates the behavioral, sensory, and
neural adaptations that enable movement at the limits of size and light availability.
Currently, he serves as the Co-Director of the Pollinator Futures Research Centre and holds
the position of Vice-President of the Australasian Society for the Study of Animal Behavior.

Plenary 2 | Tuesday, July 28 | 09:00 - 09:45
Parker, Joseph, California Institute of Technology, USA

The evolution of symbiotic entrenchment

Short Bio: Joseph Parker is an evolutionary biologist who has pioneered the study of rove
beetles to investigate the evolution of symbiosis and species interactions. Originally from
Swansea, Wales, he received a BSc from Imperial College London and a PhD from the
University of Cambridge/MRC Laboratory of Molecular Biology. And was a postdoctoral
fellow at Columbia University. Currently, he is a Professor of Biology and Biological
Engineering at the California Institute of Technology, where he is the director of Caltech’s
Center for Evolutionary Science. He is also a research associate in the Division of
Invertebrate Zoology at the American Museum of Natural History.

Plenary 6 | Thursday, July 30 | 09:00 — 09:45
Quintana, Laura, Instituto de Investigaciones Biologicas Clemente Estable, Uruguay
Neurosteroids regulating year-round aggression: insights from electric fish

Short Bio: Laura Quintana investigates the hormonal regulation of social behavior, with a
focus on seasonal mechanisms underlying aggression. She studies Gymnotus omarorum, a
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wild weakly electric fish that exhibits territorial aggression both during and outside the
breeding season. Her research integrates fieldwork with behavioral pharmacology and
molecular approaches to reveal how seasonal plasticity in neuroendocrine mechanisms -
particularly brain-derived estrogens in the social brain network- regulates this year-round
aggression. She leads the Neural Basis of Behavior Lab at the Instituto Clemente Estable.

Plenary 7 | Thursday, July 30 | 14:00 — 14:45
Standen, Emily, University of Ottawa, Canada

Elongate swimming helps explain relationships between neurocontrol, body
mechanics and the external environment

Short bio: Emily Standen’s recent research focuses on how one neural control system can
drive effective locomotion in both water and on land. To define this, she uses comparative
and evolutionary biomechanics to explore the flexibility of animal systems to locomote
across vastly different environments. She collaborates widely to bring robotics and
computational modeling to her questions and has delivered keynotes at global conferences
on topics from evolutionary plasticity to embodied intelligence.

Il - HIGHLITED TALKS

| Thursday, July 30 | 10:00 - 10:15

Chatterjee, Payel, Princeton Neuroscience Institute, USA

Co-Authors: Dhawan, Serene (Princeton Neuroscience Institute, Princeton, NJ, United
States)

Dickerson, Bradley (Princeton Neuroscience Institute, Princeton, NJ, United States)
pc8144@princeton.edu

Functional organization of haltere projections and neck muscles in Drosophila flight
Across animal taxa, gaze stabilization and redirection are fundamental reflexes for ensuring
efficient stability and maneuverability during locomotion. Flying insects primarily rely on
head motion to stabilize gaze as they have limited ability to move their eyes relative to their
heads. In flies, these reflexes are mediated by vision and mechanosensory input from the
halteres, multifunctional mechanosensory organs that in part function as gyroscopic
sensors. Although it is well-established that the neck motor system receives inputs from the
halteres, it is not known how their activity is modulated during flight. To address this, we
used 2-photon calcium imaging in tethered flying Drosophila melanogaster to investigate
the functional organization of haltere activity in the brain. A pixel-by-pixel correlation and
clustering analysis reveals that the activity can be functionally divided into two clusters,
typically differing in their activity pattern. Further, calcium imaging from two dorsal neck
muscles during flight show that their functional classification is consistent with the haltere
functional division. This therefore leads to the hypothesis that the neck muscles receive
functional inputs from distinct haltere clusters. Connectomics analysis revealed that the
neck motor neurons receive inputs from specific haltere morphological clusters similar to
the haltere’s connections with wing motor system. Initial behavioral and optogenetics
assays indicate that the morphological clusters lead to stereotypical head movements
suggesting functional modules underlying the connectivity. Together, these results shed
light on the functional dynamics underlying the haltere-neck motor system crosstalk.
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| Friday, July 30 | 10:00 - 10:15

Ferretti, Andrea, Max Planck Institute for Biological Intelligence, Germany

Co-Authors: Ferretti, Andrea (Max Planck Institute for Biological Intelligence, Seewiesen,
Starnberg, BAV, Germany)

Libourel, Paul-Antoine (CEFE, Univ Montpellier, CNRS, EPHE, IRD, Montpellier, France)
Dinya, Gergely (E6tvds Lorand University, Budapest, Hungary)

GelencsEr-Horv-th, Anna (Eétvos Lorand University, Budapest, Hungary)

Lorincz, Andr-s (E6tvds Lorand University, Budapest, Hungary)

Martinez-Gonzalez, Dolores (Max Planck Institute for Biological Intelligence, Seewiesen,
Starnberg, BAV, Germany)

Rattenborg, Niels (Max Planck Institute for Biological Intelligence, Seewiesen, Starnberg,
Germany)

andrea.ferretti@bi.mpg.de

Asleep on the move: motor control during sleep in swimming birds

Sleep is a widespread behavioral state typically characterized by immobility and sensory
disengagement. Yet, in cetaceans and otariid seals, unihemispheric sleep allows swimming,
vigilance, and sleep to occur simultaneously. Frigatebirds can sleep during passive flight
(soaring and gliding), but it is unclear whether sleep can occur during active flapping, a
flight mode some birds use throughout long-distance multiday flights. As such birds are too
small for recording sleep-related EEG activity in flight, we investigated whether birds can
sleep while engaging in active locomotion using an alternative experimental approach.
Inspired by field observations of geese swimming with at least one eye closed, we studied
captive juvenile Canada geese imprinted to follow humans, and characterized a previously
undescribed behavioral state that we call "sleep-swimming". By combining behavioral
analysis, EEG recordings, and accelerometer measurements, we show that geese can
perform sustained, coordinated paddling movements while asleep, with one or both eyes
closed. Importantly, motor output was not lateralized with respect to eye closure and
sleeping hemisphere, indicating flexible sensorimotor coordination and a dissociation
between sleep state and limb control. These findings suggest that avian sensorimotor
systems can support continuous locomotion even when both cerebral hemispheres are
asleep. Our results are consistent with the previous finding that the brainstem in
decerebrate geese can support paddling and wing flapping. Sleep-swimming may allow
individuals to maintain group cohesion or relocate while sleeping, and may contribute to
brain-related restorative/maintenance functions and energy management under challenging
environmental conditions. More broadly, this behavior provides a novel model for studying
how motor circuits are modulated across brain states, offering new insights into the neural
mechanisms that allow active locomotion to persist during sleep.

| Thursday, July 30 | 9:45 - 10:00

Fukutomi, Matasaburo, Hokkaido University, Japan

Co-Authors: Diebold, Clarice (Washington University in St. Louis, United States)
Pujol, Mateo (Washington University in St. Louis, United States)

Karacelebi, Eda (Washington University in St. Louis, United States)
Schumacher, Erika (Washington University in St. Louis, United States)

Carlson, Bruce (Washington University in St. Louis, MO, United States)
mfukutomi@sci.hokudai.ac.jp

Ultrafast signaling reflects social hierarchy in interacting mormyrid electric fish

Social animals have evolved to produce signals with diverse temporal structures that play a
critical role in coordinating behavior among individuals. Mormyrid weakly electric fish use
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precisely timed, pulse-type electric organ discharges (EODs) for both active sensing and
social communication. Although diverse patterns and functions have been suggested for
this temporal code, the social rules that govern its use during interactions remain elusive.
Here, we combined a newly developed EOD assignment algorithm with pose tracking to
quantitatively analyze electric signaling and swimming behavior during social interactions in
novel pairs of Brienomyrus brachyistius. In most dyads, one fish consistently chased the
other, resulting in a stable asymmetry in chase directionality that we used to operationally
classify pair roles. Individuals classified as subordinate fish (tended to be chased) showed
shorter inter-pulse intervals during active signaling, as well as a tendency towards signal
cessation as trials progressed. At a finer temporal scale, subordinate fish were more likely
to produce fixed-latency EODs following EODs produced by dominant fish (fish that chased
their social partner), a pattern known as the ‘echo response.’ Notably, the subordinate echo
response depended on the recent EOD history of the dominant fish, becoming entrained
during periods of high and regular dominant EOD rates. Spatial analysis further indicated
that the subordinate echo response typically occurred at the end of dominant chasing,
suggesting that it functions as a submissive signal. Together, our findings demonstrate that
social dominance is reflected in asymmetric signaling dynamics operating across multiple
temporal scales. This work positions weakly electric fish as a model for dissecting how
social context shapes ultrafast sensorimotor signaling, revealing a communication channel
with behavioral structure operating on the order of milliseconds.

| Friday, July 30 | 9:45 - 10:00

Gallio, Marco, Northwestern University, USA

Co-Authors: Capek, Matthew (Northwestern University, Evanston, IL, United States)
Para, Alessia (Northwestern University, United States)

Suhendra, Richard (Northwestern University, Canada)

Kath, William L. (Northwestern University, Canada)

Stensmyr, Marcus (Lund University, Sweden)

marco@northwestern.edu

Mechanisms of adaptation to extreme cold temperature in the snow fly Chionea
alexandriana

The Chionea genus, commonly referred to as the ‘snow flies’, represents a unique group of
wingless crane flies adapted to extreme cold environments. Adult snow flies are active in
winter and can move rapidly across the snow-cover even at temperatures well below the
freezing point. To investigate the molecular mechanisms behind the snow fly’s adaptation
to extreme cold, we sequenced and annotated the genome of Chionea alexandriana; we
then compared it to the genome of related species and to that of Belgica antarctica, a cold-
adapted midge native to the Antarctic continent. Here, we show that ~20 unique and 8
common gene families have expanded in the lineages of Chionea and Belgica
corresponding to functions ranging from sensory signaling to DNA packaging. In the
Chionea genome, we find a variety of antifreeze proteins (AFPs) and demonstrate that
transgenic expression of a highly expressed Chionea AFP in Drosophila is sufficient to
protect fly larvae from freezing death. Our results also reveal a coordinated expansion of
mitochondrial and peroxisomal enzymes, and of regulators of peroxisome-mitochondria
interactions previously associated with mitochondrial thermogenesis in the mammalian
adipose tissue. Remarkably, our experiments show that snow flies can indeed produce brief
bouts of endogenous heat in response to cooling at sub-freezing temperatures, suggesting
the possibility that thermogenesis may contribute to their survival in the cold. Finally, our
results demonstrate that Chionea has evolved specific mechanisms to cope with high levels
of reactive oxygen species (ROS), a hallmark of cold exposure as well as by-products of
mitochondrial activity. These include a 35-fold increase in the threshold for ROS activation
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of the insect nociceptor TRPA1, as measured in vitro by patch-clamp electrophysiology.
Together, our results reveal specific molecular adaptations that endow the snow fly with the
unique ability to thrive in extreme cold conditions and suggest that selective gene family
expansion may represent a key mechanism for the adaptation of insects to cold
environments.

| Tuesday, July 28 | 9:45 — 10:00

Mauduit, Emilie, Carleton University, Canada

Co-Authors: Yack, Jayne (Carleton University, Ottawa, ON, Canada)
mauduit.emilie12@gmail.com

Substrate-bound societies: vibratory sensing and communication in tiny caterpillars
Many larval insects exhibit variation in social herding behaviour, yet the functions and
mechanisms underlying this variation remain largely unexplored. We study the 'how' and
‘why" of caterpillar sociality by comparing two closely related Drepanidae caterpillars that
share similar life histories but differ markedly in social organisation. Neonates of the warty
birch caterpillar (Falcaria bilineata) are solitary whereas neonates of the masked birch
caterpillar (Drepana arcuata) form small social groups. Both of these tiny caterpillars (~2
mm long) produce complex leaf-borne vibratory signals. We first tested whether leaf-borne
vibrations mediate group formation. Social caterpillars signalled more when alone,
suggesting recruitment, and reduced signalling upon group formation whereas solitary
caterpillars decreased signalling upon conspecific departure with no group formation. We
next explored whether that herding behaviour functions to deter predators. If so, we would
expect key differences in antipredator strategies and respective vibratory signalling in
response to natural predators between these two species. Our results show that the two
species differ markedly in their responses to predators, and that antipredator behaviours
are vibratory-mediated. Solitary F. bilineata rely on acoustic crypsis -freezing, escaping, or
dropping from the leaf via silk life-lining- while suppressing vibratory signals. These tiny
solitary larvae also have finely tuned vibratory sensory systems that enable them to
discriminate between predators by their footstep 'signatures' to deploy context-appropriate
defences. In contrast, preliminary observations suggest that social D. arcuata larvae
maintain or increase vibratory signalling in response to predators, suggesting that
communication signals play a role in antipredator defence. Together, these results show
that sociality in these tiny organisms is mediated by finely tuned vibratory senses and
complex communication systems.

| Wednesday, July 29 | 10:00 - 10:15

Petrie, Finn J., Northwestern University, USA

Co-Authors: Maclver, Malcolm A. (Northwestern University, IL, United States)
Nelson, Ximena J. (University of Canterbury, 14, New Zealand)

Li, Daigin (Hubei University, National University of Singapore, China)

Li, Chen (Johns Hopkins University, United States)

Tan, Min (National University of Singapore, Singapore)
finnpetrie2029@u.northwestern.edu

A 3D reconstruction of a Portia jumping spider wild hunt.

The salticid genus Portia is an exemplary model for studying computationally expensive
cognition in tiny brains. While previous research suggests these spiders have spatial
memory and may compute plans during their predatory stalks, documenting these
behaviors in the wild is notoriously difficult due to very slow (up to 3 hours) hunting
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sequences that are often aborted. We present the first documented 3D reconstruction of a
complete wild hunt of any Portia species, recorded during a field trip to Malaysia. This
reconstruction allows us to investigate behavioral metrics and statistics to a higher fidelity
than usual for an observed wild hunt. We will also present a preliminary analysis of Portia
labiata’s visual field during the hunt. For the attack at the end of the hunt, we have used
Deep Lab Cut in combination with a constrained model of the spider to faithfully
reconstruct Portia labiata’s motor mechanics at 30 frames per second. This revealed a
novel behavior: in the final moment of the hunt Portia lands on the back of the prey spider
web’s stabilimentum, a disk of silk around the center of the spider’s web. Portia labiata
appears to use the stabilimentum as support while it pulls the prey Argiope spider through
its own web. It is possible that Portia chose to approach from the underside of the prey
spider’s stabilimentum for camouflage purposes.

| Thursday, July 30 | 10:15 - 10:30
Rutledge, Charlotte E., Senior Editor, The Journal of Experimental Biology

Al and the future of scientific publishing

| Wednesday, July 29 | 10:15 - 10:30
Thomsay, Hannah, Science journalist, Canada

Science and storytelling

| Tuesday, July 28 | 10:15 - 10:30
van Griethuijsen, Linnea, Maastricht University, Netherlands

Teaching neuroethology: insights from a worldwide survey

| Friday, July 30 | 10:15 - 10:30
10:15-10:30
Warrant, Eric, past president, Lund University, Sweden

The future of ISN: where are we heading?

| Wednesday, July 29 | 09:45 - 10:00

Zung, Jessica, Columbia University, USA

Co-Authors: Li, Jason (Columbia University, United States)

Botta, William (New Jersey Institute of Technology, United States)
Gong, Ming (Tufts University, United States)

Cury, Kevin M. (Columbia University, United States)

Card, Gwyneth (Columbia University, NY, United States)
jz3772@columbia.edu

Visual detection of jumping spiders by *Drosophila* flies

Innocuous and threatening sensory stimuli often share many similar features that must be
evaluated in a split second to make a life-or-death decision. For example, a looming object
in a fly's field of view may represent an approaching conspecific or a pouncing spider, the
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latter of which should evoke a rapid escape. However, many studies of visual processing
rely on simple stimuli that bear little resemblance to real scenes, often lacking critical
features animals may be using to discriminate. Our work characterizes the rich, naturalistic
visual features of an attack by a jumping spider (Salticidae)--a natural predator of
Drosophila melanogaster flies--then takes advantage of genetic and connectomic tools in
flies to elucidate how their visual systems recognize the threat. We captured high-
resolution, multi-camera videos of interactions between flies and jumping spiders and
documented the complex interplay between predator and prey, including the characteristic
phases of a spider's stalking sequence. We also observed a range of predator-response
behaviours exhibited by flies, including freezing, sidestepping, escape jumps, and
abdominal bobbing (potentially a form of signalling to the predator that it has been
detected). Next, using a novel pipeline to track animals' poses in 3D and animate digital
models, we generated videos of these scenes from a fly's eye view. We used these
reconstructed videos in playback experiments to probe how flies respond to different
attributes of a spider attack, revealing which features may be important for predator
detection and evasion. We will also discuss ongoing calcium imaging experiments in fly
brains to survey the responses of visual feature-detecting neurons to our reconstructed
videos. Altogether, our work will provide insight into how fly brains encode complex,
ethologically relevant visual stimuli to drive an appropriate behavioural response.

Il - SYMPOSIA & CONCURRENT PARTICIPANT TALKS

Chemosensory encoding | Thursday, July 30 | 15:00 - 15:15

Adden, Andrea, The Francis Crick Institute, United Kingdom

Co-Authors: Somers, Jason (The Francis Crick Institute, London, United Kingdom)

Yip, Yew Mun (The Francis Crick Institute, London, United Kingdom)

Nunes, Vanessa (The Francis Crick Institute, London, United Kingdom)

MacRae, James (The Francis Crick Institute, London, United Kingdom)

Getahun, Merid (International Centre of Insect Physiology and Ecology, Nairobi, Kenya)
Prieto-Godino, Lucia L. (The Francis Crick Institute, London, United Kingdom)
andreaadden@gmail.com

Smelling blood: evolution of olfactory receptors in a blood-feeding fly

Tsetse (Glossina sp.) are hematophagous flies native to the tropical regions of sub-Saharan
Africa. All tsetse feed exclusively on blood, but different species have specialised on
different host animals. When blood-feeding, tsetse transmit trypanosomes, parasites that
cause human and animal trypanosomiasis (sleeping sickness and nagana, respectively). To
identify and pursue host animals, tsetse use olfactory receptors to sense volatile odours
emitted by the host.

An evolutionary analysis of the tsetse odorant receptor repertoire revealed that nine
receptor families are expanded as compared to Drosophila melanogaster. The most
dynamic of these is odorant receptor Or67d, which has five copies in tsetse. In contrast, D.
melanogaster has only one copy: a highly selective pheromone receptor tuned to the
volatile sex pheromone 11-cis-vaccenyl acetate (cVA). However, chemical analysis revealed
that neither male nor female tsetse produce cVA. Here we present new results from our
investigation of this enigmatic family of olfactory receptors.

We first performed a novel phylogenetic analysis to track the evolutionary history of the
Or67d family over 130 million years of evolution. Next, using a combination of fieldwork and
chemical ecology, we characterised the odour environment of tsetse. We then used this
knowledge to deorphanise tsetse Or67d orthologs by cloning them into the D.
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melanogaster empty neuron system and conducting single-sensillum recordings,
stimulating with putative pheromones as well as host and environmental odours. Our results
uncover that some Or67d tsetse orthologs have been repurposed in tsetse, revealing
surprising interactions with environmental volatiles. Beyond gaining insights into the
evolution and function of this intriguing olfactory receptor, this study also paves the way for
future innovations in vector control strategies.

Social displays & collective behavior | Thursday, July 30 | 16:00 — 16:15
Aihara, Ikkyu, University of Tsukuba, Japan

Co-Authors: Awano, Hiromitsu (Kyoto University, Japan)

Takeda, Ryu (Osaka University, Japan)

Furukawa, Haruma (Kyoto University, Japan)

Honda, Goki (University of Tsukuba, Japan)

Kominami, Daichi (Osaka University, Japan)

Aoyagi, Toshio (Kyoto University, Japan)

Murata, Masayuki (Osaka University, Japan)

aihara@cs.tsukuba.ac.jp

Temporal structure and its nonlinear mechanism in the choruses of male treefrogs
Male insects and frogs aggregate and produce sounds for mate attraction. Acoustic
communications between males realize the well-organized temporal structures in their
choruses such as call alternation and call synchrony depending on species. We study
calling behavior of Japanese tree frogs (Hyla japonica; Dryophytes japonicus) from the
viewpoint of synchronization. Laboratory experiments and field recordings based on
microphone-array system and sound-imaging system have unveiled various types of
synchronization such as anti-phase synchronization of two frogs, tri-phase synchronization
of three frogs, and call alternation between neighbors in natural environment. In addition,
we model the acoustic communication between males as a system of coupled phase
oscillators (Kuramoto 1984) and identified the model parameters from empirical data
according to a Bayesian approach. Such a data-driven approach allows us to quantify and
infer the behavioral mechanism of synchronization as the form of a mathematical model.
Furthermore, we will explain the project to extend the sound-imaging devices, which are
illuminated by responding to the calls of nearby frogs, and apply the recording system to
the visualization of chorus structures in natural environment.

S$13.2|11:20 - 11:40 | Friday, July 31

Neural basis of acoustic communication across vertebrates

Amador, Ana

Co-Authors: Leites, Fiamma L., University of Buenos Aires & CONICET Argentina
Herbert, Cecilia T., University of Buenos Aires & CONICET Argentina

Boari, Santiago, University of Buenos Aires & CONICET Argentina

Cignoli, Felipe I., University of Buenos Aires & CONICET Argentina

Mindlin, Gabriel B., University of Buenos Aires & CONICET Argentina.
anita@df.uba.ar

Low-dimensional dynamics underlying neural coding of rhythmic vocal behavior in
songbirds

Natural vocal behaviors provide a unique opportunity to study how neural population
dynamics generate structured, learned motor sequences. Here, | present neural recordings
from a telencephalic nucleus of the song system in singing adult male canaries (Serinus
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canaria). Canary song is characterized by a rich syllable repertoire and flexible sequencing,
but also by a striking rhythmic structure: each syllable type is repeated at a stereotyped
rate, generating temporally organized song patterns. Using machine learning approaches to
uncover structure in high-dimensional neural activity, we identified a compact low-
dimensional representation of population dynamics by extracting latent modes from an
autoencoder neural network. These latent modes are tightly coupled to the rhythmic
features of song and to peripheral motor gestures underlying vocal production, including air
sac pressure patterns associated with specific syllables. Our results reveal that rhythmic
vocal behavior emerges from low-dimensional neural dynamics that are closely linked to
motor output. More broadly, this work introduces a powerful framework for extracting
behaviorally meaningful structure from large-scale neural recordings and highlights a tight
coordination between central and peripheral dynamics during natural vocal behavior.

S4.1]11:00 — 11:20 | Tuesday, July 28

Adaptive responses to changing internal and external environments: weathering the
storm

Amaral-Silva, Lara

Co-Authors: Zhang, Tuokai

Ghazi, Mehrad

doamaral@wfu.edu

Overcoming glutamate excitotoxicity during metabolic stress: the bird's-brain view
Efficient energy (ATP) production via oxidative phosphorylation is essential from sensation
to motor output, and all complex processing in between. While this enabled the evolution of
fundamental activities such as rapid neuronal communication and synaptic plasticity, it
makes neurons uniquely vulnerable to metabolic stress. Insufficient ATP supply triggers a
neurotoxic cascade leading to glutamate excitotoxicity, overexcitation, dysfunction, and
ultimately, cell death in most vertebrates, including humans (e.g., stroke, respiratory arrest,
and neurodegenerative diseases). Nonetheless, our lab has discovered a paradoxical model
of neuronal resilience: the avian brain. Despite having the highest metabolic rate and body
temperature among vertebrates, which should increase vulnerability to metabolic
dysfunction, avian neurons do not undergo metabolic excitotoxicity. Instead, they
hyperpolarize or maintain membrane potential and firing under severe energetic stress for
as long as we can record. We hypothesize that integrative mechanisms prevent
excitotoxicity and control network excitability during energetic stress. Here, | will discuss
the characterization of this unexpected energetic resilience and our current work on
mechanisms that prevent glutamate excitotoxicity and promote hyperpolarization as a form
of neuroprotection.

Acoustics & sensory mechanics | Monday, July 27 | 15:45 - 16:00

Andrés, Marta, National Institute for Agricultural and Food Research & Technology, Spain
Co-Authors: Sangbakembi, Claire (Institut Pasteur Bangui, Central African Rep)
Bagi, Judit (University College London, United Kingdom)

Doran, Eve (UCL Ear Institute, London, LOND, United Kingdom)

Tytheridge, Scott (University College London, Canada)

Quinn, Charlotte (Liverpool School Tropical Medicine, Liverpool, United Kingdom)
Gomes, Bruno (Spanish National Research Council, Canada)

Ayala, Diego (Institut Pasteur de Madagascar, Canada)

Nolan, Tony (Liverpool School Tropical Medicine, Liverpool, United Kingdom)
marta.andres@inia.csic.es
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Dieldrin resistance mutations in Rdl enhance auditory function and drive urban
adaptation of malaria mosquitoes

The GABA-gated chloride channel RDL was first identified as the target of the insecticide
dieldrin. Although dieldrin has been discontinued since the 1970s due to resistance and
toxicity issues, Rdl resistance mutations persist in natural populations of the malaria
mosquito Anopheles gambiae. This suggests a selective advantage that remains
uncharacterized. Here, we show that RDL modulates auditory sensitivity and that Rdl-
resistant mutants exhibit enhanced auditory responses. Because the mosquito auditory
system is essential for mating partner recognition, we further demonstrate that individuals
carrying Rdl resistance mutations have increased mating success under noisy laboratory
conditions. These findings led us to hypothesize that Rdl resistance mutations may be
maintained in natural mosquito populations through sexual selection, driven by an
advantage in acoustically detecting mating partners an advantage that may be particularly
relevant in urban environments with high levels of anthropogenic noise. Indeed, field
collections in the Central African Republic revealed a higher abundance of resistance
mutations in the city of Bangui compared to rural areas, and within the city, a higher
abundance in the noisiest locations. Moreover, we show that susceptible females display
greater mating success under lower anthropogenic noise, suggesting that resistance
mutations may compensate for the acoustic masking effects of urban noise. Our results
illustrate an unintended evolutionary consequence of insecticide use to drive persistence of
resistance mutations and urban adaptation of malaria mosquitoes. These findings also
suggest important implications for insecticide implementation strategies.

3D navigation & spatial cognition | Friday, July 31 | 16:00 - 16:15
Angeloni, Christopher, Northwestern University, United States
Co-Authors: Maclver, Malcolm, (Northwestern University, United States);
Lai, Alex, (Northwestern University, United States);

Wink, Gabrielle, (Northwestern University, United States);

Dombeck, Daniel, (Northwestern University, United States)
gabriellewink2025@u.northwestern.edu

A comparison of rodent decision-making under diverse robotic pseudo-predator
strategies

In nature, prey contend with a variety of predatory strategies. Previous work has explored
how the presence of predators and changes in environmental structure influence prey
behavior; however, there exist few ethologically relevant behavioral tasks that investigate
how changes in predator strategy within the task influence prey decision-making behavior.
In a robot-mouse interaction arena, we designed an ethologically relevant predator-prey
interaction task in which mice had to contend with a control strategy uncoupled from the
mouse’s movement and two bioinspired predation strategies: a sit-and-wait ambush
strategy and a strategy in which the predator guards resources within its territory with a
movement pattern intended to increase encounters with prey, termed the patrol strategy.
We found a number of differences in mouse behavior corresponding to predator strategy.
Specifically, we found that when faced with the patrol strategy, behavior was more
deliberative with slower moving speeds, longer wait times to enter the arena, more pauses
and reroutes per trial, and greater path diversity. In contrast, with the ambush strategy,
mice converged to more habitual behaviors, such as retracing cached routes, high moving
speeds, and little pausing. Across the strategies, mice were sensitive to distant sightings of
the predator. More distal observations of the predator predicted more deliberative behavior.
This study provides insight into what matters to prey when making decisions in a dynamic
environment and provides evidence for how the predator’s strategy modulates prey
behavior. Crucially, our findings suggest that plan-based decision-making may only be
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advantageous against certain types of threats, and provides a method to understand how
predator strategy in a naturalistic environment influences decision-making behaviors.

S14.1|11:00 - 11:20 | Friday, July 31

Periphery is key: adaptations to natural scenes in the visual periphery of arthropods &
vertebrates

Arikawa, Kentaro, Research Center for Integrative Evolutionary Science, Japan
arikawa@soken.ac.jp

The colorful lamina of butterflies

The lamina of the Japanese yellow swallowtail, Papilio xuthus, comprises three types of
cartridges, each receiving inputs from nine photoreceptors (PRs) derived from three
spectrally distinct types of ommatidia. These form a complex circuit with five second-order
lamina monopolar cells (LMCs). We identified ~6,500 synapses within the cartridges: 25%
are inter-PR synapses, 55% connect PRs to LMCs, 10% are inter-LMC synapses, and 10%
represent LMC output synapses. Inter-PR connections are absent in the fly lamina but
appear to be common in flower-visiting butterflies and bees. In Papilio, these inter-PR
connections play an essential role in sharpening PR spectral sensitivities, which may
enhance spectral discrimination. In contrast, LMCs pool input from all PRs within a
cartridge, producing broad spectral sensitivity suited for contrast, luminance, and motion
processing. Whether and how LMCs contribute to color vision remains enigmatic.

S$15.2|11:20 - 11:40 | Friday, July 31
Animal architecture
Artiushin, Gregory, Johns Hopkins University, USA

Toward a neuronal understanding of spider orb-weaving behavior

The spiraling webs built by orb weaver spiders are an accessible and elegant example of
animal architecture, made more impressive by the fact that this multi-hour feat is
accomplished by an animal whose brain numbers only in the few tens of thousands of
neurons.

Nevertheless, knowledge of the brain anatomy and connectivity of web-building spiders has
generally lagged behind that of cursorial species, and functional correlates describing
which regions, circuits and signals govern the behavior are essentially unknown.

We present our progress in understanding the brain of the hackled-orb weaver, Uloborus
diversus, using immunofluorescence and fluorescence in situ hybridization in the whole-
mounted central nervous system to describe the locations and innervation patterns of
neurotransmitter and neuromodulator-expressing populations, in both known and unfamiliar
neuropil features. By probing for activity-regulated gene expression, we have also created
an initial mapping of the orientations and identities of populations whose activity correlates
with web-building.

S5.4 | 12:00 - 12:15 | Wednesday, July 29

The neural substrate of animal collective motion
Ayali, Amir, Tel Aviv University, Israel

Co-Authors: Bleichman, Itay, Tel Aviv University
ayali@post.tau.ac.il
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Visual interactions in locust collective motion-related decision making

Swarming locusts are a quintessential example and a powerful model for studying animal
collective motion - the coordinated, synchronized movement patterns exhibited by groups
of animals across species. Collective motion-related decision-making involves the intricate
processing of visual cues in complex and noisy surroundings. Our recent research provides
insights into several aspects of locust swarming-related visual interactions. Using a well-
established experimental setup, we presented carefully controlled visual stimuli to individual
locusts tethered in a natural walking posture, and monitored and analyzed their behavioral
responses to stimuli that varied in specific visual characteristics. Our results indicate that
object number plays the central role in the nymph's decision-making regarding collective
marching. It is the interplay between the number of objects and the moving-edge pixels that
appears to determine the swarming-related behavioral response. We further utilized the
individual locust's head movements as an indicator of attention-related processes involved
in visual perception and integration of multiple simultaneous visual inputs. We identified a
distinct head-movement pattern that occurs mainly during pauses and is associated with
the decision to initiate walking in a particular direction. This movement, induced by the
moving visual stimuli, differs from the head movements accompanying the motor act of
turning. The frequency of monitored head movements was strongly dependent on the
direction of the moving stimuli presented, further supporting their involvement in swarming-
related decision-making. Together, these findings provide new insights into the
fundamental visual-based mechanisms underlying information extraction and processing in
a complex, cluttered social environment, specifically regarding the distinct attributes of the
visual stimuli that are instrumental for collective motion-related decision-making in locusts.

Modulation of social behavior | Friday, July 31 | 15:45 - 16:00
Baciadonna, Luigi, University of Turin, ltaly
luigi.baciadonna@uinito.it

Bumblebees alter their attentional scope under a simulated predator attack

In humans, cognitive processes such as memory, decision-making, and attention can be
influenced by emotions, such as encountering danger, facing unexpected challenges, or
achieving a significant goal. Pleasant events can induce positive emotions, which are
thought to broaden the scope of attention (i.e., ‘seeing the whole forest’), whereas
unpleasant events which elicit negative emotions can narrow it (i.e., ‘missing the forest for
the trees’). Cognitive processing and emotions influence each other in a bidirectional
manner, as demonstrated by the systematic biases that emerge across various cognitive
domains. Whether similar phenomena occur in animals with miniature brains, such as
invertebrates, remains a matter of considerable debate. We assessed bumblebees’
attentional scope using a human inspired paradigm after a simulated predator attack.
Individual free-flying bees (N = 30) were first trained to discriminate hierarchical visual
stimuli in a Y-maze, consisting of global shapes composed of local elements (e.g., a circle
made of small triangles). The bees were then subjected to a conflict test in which global and
local cues were swapped. Bees preferred global information over local information, relying
on the global spatial configuration rather than elemental information. However, bees
exposed a simulated predator attack shifted their preference from global to local
information, suggesting that the induced negative emotional state narrowed their attentional
scope. Furthermore, high-performance liquid chromatography (HPLC) analysis of bee
brains (N = 38) revealed that only bees exposed to a simulated attack had higher levels of
dopamine, while serotonin and octopamine levels remained largely unchanged. Topical
administration of dopamine to bees that had not experienced a simulated attack induced a
shift in attentional scope from global to local processing. Conversely, blocking dopamine
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receptors with a dopamine antagonist (Fluphentix) prior to testing prevented the attack-
induced shift from a global to a local preference. We provide behavioural, cognitive and
neurobiological evidence that negative emotional states alter cognitive processing also in
miniature brain animals

S$16.3 | 11:40 — 12:00 | Friday, July 31
Orientation across modalities
Badalamente, Griffin,

Lund University, Sweden

Two forms, one function: connectomes of head-direction circuits

Navigation is a cornerstone of behavior, and is based on a reliable and constantly updated
estimate of current heading. An internal representation of current direction is compared to
internal goals in order to guide movement. In insects, the head-direction circuit in the
central complex acts as an internal compass, functioning as a ring-attractor circuit that
keeps track of current heading. The central complex is a set of highly conserved mid-line
neuropils, found in all insect brains studied to date. The conservation is, thus far, only
known at the level of cell-types and projections, and it is unknown if the topology of the
circuit constructed by synapses is conserved. It is possible that insects with different
ecologies will have different solutions to the problem of head-direction tracking. We use
synapse-resolution circuit reconstruction to reconstruct the head-direction circuit in the
sweat bee, Megalopta genalis, and compare it to the only other reconstructed adult central
complex, that of the Drosophila melanogaster. Our data shows that over the 300 million
years of evolution since Hymenopterans and Dipterans have diverged, the cell types and
projection patterns of the head-direction circuit are generally conserved in shape and
number. However, reconstruction at the synaptic level reveals fundamental differences in
circuit design. Our reconstructions show that distinct wiring principles have evolved via
homologous neurons, indicating substantial evolvability despite an overall conserved
neuroarchitecture. Computational models directly derived from the two circuit topologies
reveal that both can function as ring-attractor circuits and track rotations in the same
manner. This suggests that multiple stable solutions yielding functional head direction
circuits are possible within the conserved neural repertoire of the central complex. This
degeneracy at the level of neural circuits might be one key factor enabling complex neural
circuits to evolve. Even within the stabilizing constraints placed on the central complex, this
could allow for circuit modifications to adjust for specific ecologies, while maintaining
viability for necessary functions.

Rhythms & homeostatic control | Monday, July 27 | 15:30 - 15:45
Barbosa, Mila Maria Pamplona, Stanford, USA

Co-Authors: Bai, Natalie (Stanford, CA, United States)

Quach, Kevin (Stanford, CA, United States)

O'Connell, Lauren (Stanford, CA, United States)
mmpb@stanford.edu

Through the looking glass: photoreceptive organs in transparent frogs?

Biological rhythms are key components of homeostasis and evolution, as they enable
organisms to synchronize their behavior and physiology with environmental cycles.
Mechanisms of synchronization are mostly known in structures responsible for
photoreception, information processing, or melatonin production (master clocks). Much less
is known about temporal synchronization and communication among peripheral organs, as
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well as possible feedback mechanisms with master clocks. The ability of light to directly set
peripheral clocks in most vertebrates is unclear. However, peripheral organs cannot be
directly exposed to it in most vertebrates. Glass frogs are the only transparent terrestrial
vertebrates as adults. With the advent of new genomic tools, these amphibians are
emerging as potential model organisms for physiology and circadian research. In this study,
we aim to characterize the circadian system in a transparent and a non-transparent tree
frog species. To do so, we recorded the behavior of glass frogs (Hyalinobatrachium
aureoguttatum) and tree frogs (Boana picturata) under constant darkness, followed by an
LD 12:12 cycle. Preliminary results showed that both species free run and resynchronize
with the LD cycle, even though there are behavioral differences among species. Current
experiments involve mapping the expression of clock and opsin-related genes in the brain
and in peripheral tissues. This characterization is key to further investigating if glass frogs'
peripheral organs are truly photosensitive and their mechanisms of whole-body
synchronization, which may lead to important advances in circadian medicine.

S$13.3 | 11:40 - 12:00 | Friday, July 31

Neural basis of acoustic communication across vertebrates
Bass, Andrew, Cornell University, USA

ahb3@cornell.edu

Fishes: antiquity and ubiquity of vocal mechanisms

At the end of Karl von Frisch’s landmark paper reporting a mechanism for hearing among
fishes (1938, Nature), he asks for what purpose fishes are able to hear so well in silent
water’. Referencing the ‘soft piping’ of minnows, he writes ‘we may be sure that it can be
heard by the minnows. There may be much to discover in the future about the language of
fishes. Perhaps fulfilling this prophecy, we (Rice et al., Ichthyol Herpetol 2022) showed that
families with sonic species have about two-thirds of the extant species of ray-finned fishes,
one of two radiations of bony fishes comprised almost entirely of teleosts (the other
radiation, includes lobe-finned fishes which gave rise to tetrapods). We also provided
evidence that, like tetrapods, sound production evolved about 155 Ma among bony fishes,
although independently many more times than tetrapods. Teleosts thus present
opportunities to identify shared ancestral and derived characters underlying the evolution of
acoustic signaling within Actinopterygii and vertebrates in general. They have proven
especially amenable to comparative studies of how the brain selects and sequences vocal
signals, in part, because of the relative simplicity of their highly stereotyped calls which
have a small set of acoustic features determined by topographically discrete brain regions.
For example, we showed that like mammals, midshipman fish (Porichthys notatus) have a
midbrain vocal node (periaqueductal gray, PAG) linking vocally active preoptic-
hypothalamic neurons to hindbrain circuitry that directly determines spectro-temporal call
properties and exhibits differential patterns of neural activation during male courtship and
agonistic calling (Schuppe et al., Nat. Commun. 2024). These and other results support the
hypothesis that lineages within the two major vertebrate radiations (Actinopterygii and
Sarcopterygii) share functionally comparable networks determining acoustic call features.

Vertebrate motor control | Friday, July 31 | 16:00 — 16:15

Bauerle, Simon, University of Tibingen, Germany

Co-Authors: Reetz, Leonie (University of Konstanz, Konstanz, BW, Germany)
Denzinger, Annette (University of Tubingen, Tubingen, BW, Germany)
simon.bauerle@student.uni-tuebingen.de

Complex social vocalizations are integrated into the bat wingbeat cycle during flight
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Acoustic communication plays a central role in animal social behavior and exhibits
remarkable complexity in various taxa. In bats, the emission of echolocation calls is known
to be tightly coupled to wingbeat and respiratory rhythms. However, little is known about
how complex social vocalizations are coordinated with the mechanics of powered flight. We
investigated how complex social calls are integrated into flight of wild Nathusius pipistrelles
(Pipistrellus nathusii). Using synchronized audio and video recordings, we quantified
wingbeat and call rhythms during free flight. We incorporated these data into an inference
model to reconstruct the temporal structure of complex social calls relative to the
underlying wingbeat cycle, and validated the model's predictions through video-tracking of
individuals emitting social calls during flight.

We found that echolocation calls are tightly coupled to the late upstroke phase of the
wingbeat. In contrast, complex social calls span three consecutive wingbeat cycles and are
seamlessly embedded within the sequence of echolocation calls. While social call motif
durations scale with syllable number, motif onsets are phase-locked to narrow, preferential
phases of the wingbeat cycle. Our findings provide evidence that complex social calls in
bats are integrated into the wingbeat during flight, demonstrating that vocal-locomotor
coupling extends beyond echolocation to shape the structure of social communication. By
mitigating the high energetic costs of vocalizing, biomechanical integration may have
facilitated the evolution of complex vocal communication in bats.

Sensory learning & decision-making | Monday, July 27 | 15:00 - 15:15
Bedford, Nicole, University of Wyoming, USA

Co-Authors: Fanelli, Rachel (University of Wyoming, Laramie, WY, United States)
nbedford@uwyo.edu

Torpor depth predicts hippocampal cell density and spatial memory in hibernating
chipmunks

Hibernation involves repeated bouts of torpor during which metabolic rate and body
temperature drop dramatically. Although these physiological changes conserve energy,
they can also alter brain structure, including cell loss and synaptic retraction in the
hippocampus - a brain region critical for learning and memory. Despite these effects, the
consequences of torpor for cognitive function remain poorly understood. This gap limits our
ability to predict how hibernating species will respond to climate change, which is rapidly
altering the timing and severity of winter conditions. Behavioral flexibility may therefore be
essential for persistence in changing environments, and maintaining memory could be
particularly important for scatter-hoarding species that rely on spatial memory to recover
cached food after hibernation. Here, we examined how variation in torpor patterns
influences hippocampal cell density and spatial memory in the least chipmunk (Tamias
minimus), a scatter-hoarding facultative hibernator that enters torpor opportunistically in
response to environmental conditions. Using captive animals housed in outdoor enclosures
that maintain semi-natural social and ecological conditions, we quantified overwinter torpor
patterns with implanted temperature loggers and assessed spatial memory performance
after emergence. Chipmunks that experienced shallow torpor showed significantly better
spatial memory recall than individuals that employed deep torpor. Deep torpor was also
associated with greater cell loss in CA2 and CAS3 - hippocampal subregions linked to social
and spatial memory, respectively. Together, these findings demonstrate that torpor depth
predicts both hippocampal cell density and cognitive performance, linking overwinter
physiology to brain structure and behavior. By integrating behavioral assays with neural
measurements in a naturalistic hibernation system, this work provides insight into how
climate-driven shifts in winter conditions may influence neural plasticity and memory in
facultative hibernators.
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Insect compass systems | Thursday, July 30 | 15:45 - 16:00
Beetz, Jerome, Wirzburg University, Germany
jerome.beetz@uni-wuerzburg.de

A bee's g-force: gravity processing in the compass network of honeybees

The waggle dance of the honeybee is one of the most remarkable forms of animal
communication. It enables foragers to convey the location of a profitable food source to
their nestmates in complete darkness inside the hive. The duration of waggle phases
encodes the distance to the food source, while the dance direction relative to the gravity
axis transmits the angle between the solar azimuth and the food source. The bees must
therefore be able to alternate between a gravity-based compass reference and a solar-
azimuth-based one. While the neural circuitry of the sun compass has been dissected in
numerous insect species, it remains unexplored how gravity information is processed in the
insect compass network. With extracellular tetrode recordings, we here measured the
activity of central-complex neurons while rotating a bee along its longitudinal axis against
the gravity axis. It has been discussed that mechanosensory bristle fields at the bee’s neck
and at the petiolus joint are the primary organs for sensing gravity. By comparing the neural
tuning measured from a bee that was rotated with a restrained head and an unrestrained
head, we can explicitly test the influence of the neck bristles on gravity coding. With this
setup, we found central-complex neurons that increased their firing rate at certain head
directions relative to gravity. Our preliminary results set the starting point to investigate
gravity coding in the compass network of insects and how these signals are integrated with
sun-compass information. The integration between gravity and solar cues is essential to
transfer spatial information extracted from the waggle dance into visual spatial information
used for navigation during foraging flights.

Acoustics & sensory mechanics | Monday, July 27 | 15:30 — 15:45

Bernal, Ximena, Purdue University, USA

Co-Authors: Singh, Richa (Purdue University, West Lafayette, IN, United States)
Tao, Hongcheng (Purdue University, West Lafayette, IN, United States)
Pantoja-Sanchez, Hoover (Purdue University, United States)

Gilbert, James (Purdue University, United States)

Lee, Norman (St. Olaf College, Northfield, MN, United States)
xbernal@purdue.edu

Tiny but precise ears: sound source localization in a frog-biting mosquito

Sound localization in many organisms relies on interaural time (ITDs) and level differences
(ILDs) generated by spatial ear separation. However, in small organisms, such as insects
with tympanal or non-tympanal ears, minimal interaural spacing imposes significant
challenges for encoding directional cues. Despite this limitation, insects with a body size-
to-wavelength ratio below 0.1 demonstrate localization abilities comparable to those of
larger animals. While various adaptations that amplify interaural cues in insects with
tympanic ears are known, the mechanisms underlying sound localization in non-tympanal
insects remain poorly understood. Mosquitoes detect sound through antennal flagellar
displacements that activate Johnston’s organs (JO) at the base of their antennae. With an
inter-antennal distance of just 500 pm, mosquitoes experience an ITD of only 1.5 pys and
this minimal spacing relative to sound wavelength also limits ILDs. Despite these
constraints, many male mosquitoes use hearing for mating, while frog-biting
Uranotaenialowii females eavesdrop on frog calls to locate their amphibian hosts. This
study integrates biomechanical, electrophysiological, and behavioral approaches to
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investigate how Ur. lowii achieves directional hearing. Using Laser Doppler Vibrometry, we
measured antennal vibrations in response to sound, while electrophysiological recordings
assessed neural activity in the JO. Phonotaxis experiments further evaluated behavioral
responses to directional acoustic cues. Our findings reveal how two antennae enable
precise 3D sound localization despite the absence of tympanal ears. These insights provide
a novel broader framework for exploring directional hearing in insects and other small
organisms operating under extreme spatial constraints.

Vision-guided behavior camouflage | Wednesday, July 29 | 15:00 - 15:15
Blake Adam, University of Washington, USA

Co-Authors: Belusic, Gregor (University of Ljubljana, Ljubljana, Slovenia)
Riffell, Jeffrey (University of Washington, WA, United States)
adam@ajblake.info

Odors can shift mosquito color preference even in stimuli of equal brightness
Mosquitos have a wide behavioral repertoire, including floral foraging, vertebrate host
seeking, and oviposition, all of which depend on the combination of vision and olfaction.
Our previous work has shown that odors gate and modulate behavioral responses to
specific visual stimuli. Using wind tunnel bioassays with Aedes aegypti mosquitoes, we
demonstrated that behavioral responses of mosquitoes to visual cues in the presence of
CO2 can be explained through achromatic differences in brightness as mediated the outer
photoreceptors (R1-6) of A. aegypti. This finding was confirmed in new experiments, with
intracellular recordings showing the outer photoreceptors are both green and UV sensitive,
with this sensitivity being inversely proportional to the spectral preferences induced by CO2
alone. However, these achromatic preferences do not explain the mechanisms for odor
modulation of visual preferences in differing behavioral contexts suggesting a role for color
discrimination as mediated by the central (R7,8) photoreceptors, thought to play a role in
color vision in other insects. Our recordings show these photoreceptors have peak
sensitivities in the UV, green, or show a dual peak in the blue and green. Modeling of the
photoreceptor responses to different stimuli suggests that the differing sensitivities among
photoreceptor types could allow for color discrimination through opponent processing.
Next, to investigate olfactory gating of visual behaviors and the R7/R8 inputs, we presented
color choices between stimuli with matching perceptual brightness. In these experiments,
we found that the addition of odor to CO2 shifted the color preferences of mosquitos. The
behavioral results taken in combination with the observed photoreceptor sensitivities
suggest that the odor gating of mosquito behavior may be dependant on color
discrimination.

Chemosensory encoding | Thursday, July 30 | 15:45 - 16:00

Blin, Maryline, CNRS-Université Paris-Saclay

Co-Authors: Rose Tatarsky, Julien Chevreau, Sélene Laignel, Marie Pavie, and Sylvie
Rétaux

blinmaryline13@gmail.com

Decoding neurogenetics of olfactory specialization in blind cavefish

Organisms often display sensory specialization adapted to their environment, yet the
precise genetic mechanisms driving specialization are largely unknown. We investigated
this question in Astyanax mexicanus, a teleost fish species with two distinct ecomorphs,
using quantitative behavioral analyses, quantitative genetics and functional neuroanatomy.
The blind, dark-adapted cavefish morph displays heightened olfactory sensitivity and
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distinctive foraging behavioral strategies in response to low food odor concentrations, as
compared to the river-dwelling, eyed surface morph.

We conducted a high-throughput behavioral assay to examine olfactory behavioral
responses and sensitivity of 400 second generation hybrids (F2) resulting from cave x
surface crosses. We assessed individual animals’ (juveniles) olfactory sensitivity exposing
fish to alanine and computed an olfactory detection behavior “score” for each fish. We then
conducted a quantitative trait loci (QTL) analysis to identify genomic loci and candidate
genes involved in cavefish olfactory specialization.

Previous research has also demonstrated differences between morphs in olfactory
epithelium development and in the proportion of olfactory sensory neuron subtypes
between the two Astyanax morphs. We are also seeking to determine whether, from a
functional neuroanatomy perspective, the difference in behavior and sensitivity between CF
and SF in response to a given amino acid correlates with differences in neuronal activation
(PERK ir) in the olfactory epithelium and in the brain.

By combining behavioral studies with quantitative genetics and functional neuroanatomy,
our research aims to better understand the genetic architecture of sensory behaviors and to
identify new genes and neural circuits involved in olfactory processing and evolutionary
specialization.

Photoreceptors & visual adaptation | Tuesday, July 28 | 15:00 — 15:15

Bok, Michael, Lund University, Sweden

Co-Authors: Porter, Megan (University of Hawai'i at Manoa, HI, United States)
Palecanda, Sitara (University of Helsinki, Finland)

mikebok@gmail.com

Vision in changing waters: adaptation to light environments in predatory zooplankton
Effects of human activity including pesticide and nutrient runoff, climate change, introduced
species, and artificial light can alter many seldom-considered properties of the aquatic light
environment, including colour, polarisation, turbidity, and navigational cues below and
above the surface. How do these changes affect the visual behaviors of aquatic animals?
To answer this, we have examined the optical, molecular, and behavioral adaptations of the
freshwater zooplankton crustacean, Polyphemus pediculus. This water flea is a voracious
predator with a surprisingly-sophisticated cycloptic compound eye that includes four
specialized regions of photoreceptors for color and polarization vision. Furthermore,
Polyphemus is found around the entire northern hemisphere and thus is adapted to diverse
aquatic light environments. We employ new environmental light measurement techniques to
link natural variation and anthropogenic impacts to the dynamic features of freshwater light
fields. We show that changes to the light environment are correlated with the regulation of
over 30 expressed opsin transcripts, morphological features of the eyes, and the efficacy of
predatory and navigational visual behaviors in Polyphemus. Our results suggest that though
the visual system of this water flea is surprisingly adaptable to variable light conditions,
there are some anthropogenic changes to the aquatic lightscape that may be
insurmountable.

Chemosensory encoding | Thursday, July 30 | 16:00 - 16:15

Brewster, Leisl, University of British Columbia, Canada

Co-Authors: Matthews, Benjamin J. (The University of British Columbia, Vancouver, BC,
Canada)
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Wu, Pei-Hsuan (Shelly) (University of British Columbia, Canada)

Tochor, Nicholas (University of British Columbia, Canada)

Hulai, Oleksandr (University of British Columbia, Canada)

Mark, Cassidy (University of British Columbia, Canada)

Realo, Alyxzelle (University of British Columbia, Canada)
brewster@zoology.ubc.ca

A molecular and cellular mechanism for bitter taste in mosquitoes

An animal’s sense of taste governs the final decision of whether to feed or not. In disease
vectors like the yellow fever mosquito (Aedes aegypti), understanding the taste cues
involved in nectar and blood-feeding may facilitate the development of repellents and
strategies to mitigate their impact. Mosquitoes avoid ingesting bitter compounds and biting
skin that has been covered in bitter compounds. However, we do not yet know the
molecular mechanisms and neural circuits that underly this aversion. In A. aegypti, Gr14 is
an orthologue to the broadly expressed fly bitter receptor Gr66a. Therefore, we wanted to
test whether Gr14 and neurons expressing Gr14 were important in mediating the aversion
to bitter compounds. We found that Gr14 was expressed only in the proboscis and
cibarium of males and females. Two-choice feeding assays revealed that knocking out Gr14
expression reduced but did not fully abolish the aversion to some tested bitter compounds
in a nectar-feeding context, suggesting that several receptors may be involved in the
detection of bitter compounds. Furthermore, we found that silencing Gr14 expressing
neurons had different effects on the aversion to different bitter compounds, ranging from a
complete loss of aversion to partial reductions in aversion, indicating mosquitoes may have
distinct but partially overlapping populations of neurons for detecting different bitter stimuli.
We have therefore identified key molecular and cellular components of mosquito bitter
perception, revealing insights into mosquito taste processing and the evolution of bitter
taste in dipterans.

Mechano- & thermosensation | Wednesday, July 29 | 15:15 - 15:30
Bryant, Astra, University of Washington, USA

Co-Authors: Zhang, Yi (University of Washington, United States)
Gregory, Ben (University of Washington, United States)

Hallem, Elissa (University of California, Los Angeles, United States)
astrab@uw.edu

The molecular basis of thermosensation by soil-transmitted parasitic nematodes
Soil-transmitted parasitic worms infect over a billion people and cause devastating
morbidity, primarily in the world’s most socioeconomically disadvantaged communities.
Despite this massive health burden, we lack basic knowledge about the sensory behaviors
and physiological specializations that enable parasitic worms to locate and infect human’s
processes that could be targets for novel therapeutic interventions.

We have developed Strongyloides stercoralis, a human parasite that infects around 680
million people and can be fatal, as a powerful new model for performing mechanistic
studies of human parasitism and the evolution of sensory behaviors. S. stercoralis infective
larvae live in the soil and display dramatic attraction to mammalian body heat. We
investigated the molecular and cellular basis of this behavior and found that the S.
stercoralis thermosensory system is specialized to enable robust host targeting. We used
CRISPR/Cas9 mutagenesis to show that S. stercoralis heat seeking is dependent on a
cGMP thermosensory signaling pathway that is conserved across free-living and parasitic
nematodes. Next, we combined phylogenetic comparisons, neural imaging, and ectopic
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expression strategies to demonstrate that S. stercoralis thermoreceptors are tuned for
mammalian body heat. Parasitism has evolved multiple times independently in nematodes;
however, we found that temperature-driven host seeking is common across an
evolutionarily broad set of parasitic species. We asked whether parasite-specific
adaptations in thermoreceptor tuning provide a common mechanism for attraction to
mammalian body heat across evolutionarily distinct lineages of mammalian parasites.
Together, our results are the first direct evidence that the sensory neurons of parasitic
worms exhibit molecular and cellular adaptations that allow them to target humans, a
finding with important implications for the evolution of parasitic behaviors in nematodes.

Neural mechanisms of acoustic communication | Tuesday, July 28 | 16:00 - 16:15
Capshaw, Grace, Johns Hopkins University, USA

Co-Authors: Eveland, Keegan (Johns Hopkins University, Baltimore, MD, United States)
Lauer, Amanda M. (Johns Hopkins University School of Medicine, Baltimore, MD, United
States)

Moss, Cynthia (Johns Hopkins University, Baltimore, MD, United States)
gcapshaw@jhu.edu

Auditory resistance to noise damage in the FM-echolocating fruit bat, *Carollia
perspicillata

Sensorineural hearing loss is ubiquitous among mammals, with most species exhibiting
reduced auditory sensitivity over a lifetime due to the accumulation of noise-induced and
age-related cochlear damage. Echolocating insectivorous bats emit high intensity sonar
signals and consequentially are exposed to elevated noise levels. Although bats appear to
have evolved protective mechanisms to prevent cochlear damage, resistance to noise has
primarily been demonstrated in species that rely on sonar for prey tracking. In contrast,
some bat species produce less intense sonar signals, orient and forage using additional
sensory cues (vision, olfaction), and in the case of lingual echolocating Rousettus
aegyptiacus, are more susceptible to cochlear aging. The effects of noise exposure on
hearing sensitivity in laryngeal echolocating fruit bats that rely on vision, olfaction and
hearing to forage has not yet been investigated. Here we studied noise-induced threshold
shifts in Carollia perspicillata, a frugivore that emits FM sonar signals similar to those used
by many insectivorous bats. We exposed bats to 1 hour of 110 dB SPL octave-band noise
centered at 24 kHz and assessed cochlear function at several timepoints following noise
exposure using auditory brainstem response (ABR) recordings. Although we observed no
significant effects on ABR-derived hearing thresholds up to 3 months post-noise exposure,
some bats showed marginal threshold shifts at 48 kHz, which were accompanied by non-
significant reductions to ABR wave 1 amplitudes. We observed no change to outer hair cell
function, measured using distortion product otoacoustic emissions. C. perspicillata shows
robust hearing sensitivity following intense noise exposure, comparable to noise-resistant
insectivorous species. However, we emphasize the importance of long-term post-exposure
tracking to evaluate how auditory protective mechanisms may vary across bat species
depending on the role of hearing-in-noise for survival.

Acoustics & sensory mechanics | Monday, July 27 | 15:00 - 15:15
Chapuis, Lucille, La Trobe University, Australia

Co-Authors: Leedham, Emily (University of Auckland, New Zealand)
Spellauge, Tillmann (University of Auckland, New Zealand)
Shepherd, Jami (University of Auckland, New Zealand)
Vanholsbeeck, Frederique (University of Auckland, New Zealand)
Radford, Craig (University of Auckland, Auckland, 02, New Zealand)
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Visualising hearing in marine invertebrates: sound-driven motion of the statocyst
Growing evidence suggests that some crustaceans can detect low-frequency underwater
sound, yet the mechanisms underlying sound reception in these animals remain poorly
understood. In decapod crustaceans, the statocyst is a key mechanosensory organ used
for orientation and balance. It contains a dense agglomerate of sand grains (the statolith)
resting on mechanosensory hair cells. This configuration resembles the otolithic organs of
fish, which has led to the hypothesis that statocysts may contribute to acoustic detection
by responding to particle motion. However, direct experimental evidence linking sound
stimulation to motion of the statocyst structures is still lacking. Here, we investigate the
mechanical response of the statocyst to acoustic stimulation using synchrotron radiation
imaging. Recent advances in high-speed synchrotron techniques have enabled direct
visualisation of sound-induced motion of otoliths in fishes, providing unprecedented spatio-
temporal resolution of auditory structures in action. Building on this approach, we use the
Australian Synchrotron Micro-Computed Tomography beamline to visualise sound-induced
motion within the statocyst of decapod crustaceans. Preliminary experiments using high-
speed radiography revealed rocking motion of the statolith in situ during acoustic
stimulation. These observations were expanded to four-dimensional imaging (three spatial
dimensions through time), allowing reconstruction of the full dynamics of statocyst motion.
These results provide the first direct observations of sound-induced mechanical responses
in an invertebrate equilibrium organ and offer new insight into the sensory mechanisms
underlying acoustic perception in crustaceans and other invertebrates

Computational sensorimotor control | Wednesday, July 29 | 15:30 - 15:45
Chen, Yuetong, Peking University, China

Co-Authors: Chen, Yuetong (Peking University, Beijing, BJ, China)

Feng, Xuqing (Peking University, Beijing, BJ, China)

Liang, Xitong (Peking University, Beijing, BJ, China)

ytchen@stu.pku.edu.cn

Neural architecture of image generation in cuttlefish camouflage

Cephalopods rapidly change their skin color and pattern for camouflage or communication.
During camouflage, their visual system extracts statistical feature from the environment,
and then their motor system reproduces key visual features as skin patterns. These
patterns are formed by millions of chromatophores, each acting like a pixel in the skin
display. Chromatophores are pigment cells whose size is controlled by brain motoneurons
from posterior chromatophore lobe (PCL). We asked how the PCL generate outputs that
coordinate the spatiotemporal patterns of millions of chromatophores and, as the only
known biological image generator, whether it mirrors visual processing in reverse. As an
analogues to the receptive field mapping of individual visual neurons, we first defined the
effective field of individual motor neurons, by combining whole-cell patch-clamp with high-
speed skin imaging in cuttlefish Sepia pharaonis. We found that the effective fields of PCL
neurons spanned diverse spatial patterns, with size an unexpectedly large range from a
single chromatophore to several hundred. Within these fields, PCL motoneuron firing rate
drove chromatophore expansion size nearly linearly until saturation. The arrangement of
skin fields exhibited a somatotopic trend. To test whether somatotopy is the dominant
organizational principle in the PCL, analogous to retinotopy in the visual system, we first
mapped the anatomical projections from the PCL to the skin. Retrograde tracing from
pallial nerve branches descending from the PCL revealed PCL axes aligned with mantle
anterior-posterior and mediolateral coordinates. We then mapped the functional
connectivity using focal stimulation with two-photon calcium imaging of PCL and
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chromatophore imaging of skin. Together, these results suggest that the PCL combines
scalable single neuron output with a somatotopic organization to generate flexible,
coordinated chromatophore patterns for camouflage.

Active sensing & sensorimotor gating | Thursday, July 30 | 15:00 — 15:15

Chen, Yuhan, Center for Excellence in Brain Science and Intelligence Technology, Chinese
Academy of Sciences, China

Co-Authors: Wang, Yufan (Center for Excellence in Brain Science and Intelligence
Technology, Chinese Academy of Sciences, Shanghai, SG, China)

Du, Jiulin (Center for Excellence in Brain Science and Intelligence Technology, Chinese
Academy of Sciences, Shanghai, SG, China)

chenyh@ion.ac.cn

A brainstem efference copy hub mediates behavior-state-dependent sensory gating
via two parallel subsystems

Efference copy (EC) is known to fine-tune sensory processing during movement, yet its
function has been studied primarily within dedicated pathways linking specific motor
modules to restricted sensory domains, leaving its effects on further sensorimotor
transduction also unclear. During natural behaviors, however, animals coordinate motions
across multiple parts of whole body and precisely extract exafference to maintain coherent,
adaptive behaviors. Whether and how does the brain integrate and interpret multi-origin
motor signals to perform precise sensory filtering that optimizes behavior? Here, using
whole-brain neuronal imaging and whole-body motion tracking in larval zebrafish, we
identify the cholinergic Octavolateralis Efferent Nucleus (OEN) as a hub that integrates EC
from distributed motor modules controlling the trunk, eyes, jaw, gills, and fins, enabling
broad modulations particularly of global hair cells. Within this hub, we further discover two
subtypes: a Routine-Motion type responds to general locomotion, and a Vigorous-Motion
type is selectively recruited during intense movement. With similar innervation patterns, two
subtypes implement divergent forms of sensory gating: the Routine-Motion type maintains
sensory sensitivity, whereas the Vigorous-Motion type globally silences sensation.
Together, these parallel subsystems diversely enable optimization of sensory processing
and behaviors. Our study reveals a dedicated EC hub and demonstrates how parallel
subpopulations within a single hub enable state-dependent sensory filtering--shifting the
EC principle from specific modulation to global, behavior-aware gating.

Insect compass systems | Thursday, July 30 | 15:30 - 15:45
Chen, Hui, Lund University, Sweden
hui.chen@biol.lu.se

Australian Bogong moths employ a light-dependent geomagnetic compass for
nocturnal long-distance migration

During their biannual migration, billions of Bogong moths (Agrotis infusa) migrate up to
1,000 km between their breeding areas and geographically restricted aestivation sites in the
Australian Alps. Recent research has established that Bogong moths can navigate towards
their distant goal using the stars as a compass. Moreover, they continue to navigate
correctly even when the stars are obscured by clouds, suggesting that their previously
discovered magnetic sense likely harnesses the Earth’s magnetic field as a compass.
However, the nature of this compass, and the magnetic sense that supports it, remain
unknown. Here we show that Bogong moths, tethered in a flight arena, navigate in their
inherited migratory direction using the geomagnetic field alone under a full-spectrum
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randomised starry night sky. If the geomagnetic field is turned by 1800 or if its inclination is
flipped, moths fly in the opposite direction. However, if violet-blue light (380 nm < | < 500
nm) is removed from the illumination spectrum, or if tethered moths are exposed to weak
broadband radiofrequency fields (150 kHz - 60 MHz), magnetic orientation is abolished. Our
results confirm that Bogong moths use the geomagnetic field as an inclination compass for
long-distance navigation at night and that they possess a light-dependent magnetic sense
likely based on cryptochromes.

Modulation of social behavior | Friday, July 31| 15:15 - 15:30

Chiba, Yukina, The Rockefeller University, USA

Co-Authors: Kronauer, Daniel (The Rockefeller University, New York, NY, United States)
Bailly, Tiphaine (Rockefeller University, New York, NY, United States)

Valdes Rodriguez, Stephany (The Rockefeller University, New York, NY, United States)
Chemtob, Yohann (The Rockefeller University, New York, NY, United States)

Rossi, Matteo (The Rockefeller University, New York, NY, United States)
ychiba@rockefeller.edu

Social facilitation of feeding in the clonal raider ant

Social interactions are crucial for the survival of social animals. For example, limited social
interactions during the COVID-19 lockdown caused diverse problems, including increased
stress levels and sleep disturbance. The clonal raider ant, Ooceraea biroi, like many other
social animals, lives in highly integrated groups with complex interdependences among
individuals. This complexity makes it challenging to understand how the social environment
influences individuals and how individuals are affected when the social environment is
disrupted. Here, | examined the consequences of social deprivation in the clonal raider ant.
Socially isolated ants had lower survival rates compared to socially enriched controls.
Physiologically, socially isolated ants showed reduced melanization and decreased levels of
cuticular hydrocarbons, the lipid-based layer on the exoskeleton that mediates desiccation
tolerance and non-nestmate discrimination. At the neural level, socially isolated ants had
decreased levels of inotocin, a neuropeptide homolog of vertebrate oxytocin and
vasopressin, which is known to be critical for social behaviors. Behaviorally, socially
enriched ants explored novel environments more than isolated ants. Notably, fewer ants fed
when isolated than when housed in groups. Moreover, isolated individuals showed high
variability in feeding events, whereas ants in groups exhibited coordinated feeding. This
coordination likely arises from social facilitation of food finding and ingestion. A few ants
are sufficient to initiate feeding by increasing the probability of feeding in consecutive
encounters, suggesting positive feedback. Rescue experiments of feeding suggest that the
social isolation phenotypes stem from this deficiency in feeding. Together, these
experiments reveal that clonal raider ants, and possibly other group-living animals, rely on
social facilitation of feeding. Disruption of the social context can therefore lead to striking
deficits in nutrient intake and, therefore, a range of downstream phenotypes that affect
physiology, behavior and, ultimately, survival.

Evolution of sensory & motor systems | Wednesday, July 29 | 16:00 — 16:15
Citron, Sara, University of Lethbridge, Canada

Co-Authors: Benson, Roger (American Museum of Natural History, Canada)
Hipsley, Christy (University of Copenhagen, Denmark)

James, Helen (Smithsonian Institution, United States)

Hosner, Peter (University of Copenhagen, Denmark)

Kalman, Czeibert (University of Copenhagen, Denmark)

Keirnan, Aubrey (Flinders University, Australia)
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Cecilia Castro Rodriguez Silva, Ana (Federal University of Sao Carlos, Brazil)
Walsh, Stig (National Museums Scotland, Edinburgh, United Kingdom)
Weisbecker, Vera (Flinders University, Australia)

Iwaniuk, Andrew (University of Lethbridge, Canada)

sara.citron@uleth.ca

New insights into the sensory niches of the Dodo and Solitaire

The Dodo (Raphus cucullatus) is one of the most recognized symbols of extinction.
Endemic to Mauritius, the Dodo generated awareness of the anthropogenic impact on the
planet. Yet, despite its cultural and scientific prominence, its sensory biology remains
poorly studied. Because sensory systems affect how species perceive and interact with
their environment, reconstructing sensory abilities provides a critical framework for inferring
behaviour in extinct taxa. Here, we use a quantitative approach to study the cranial and
endocranial anatomy of the Dodo and its relative, the extinct Rodriguez Solitaire
(Pezophaps solitaria). Using data from 36 extant Columbiform species, we assess variation
in neuroanatomical and skull features associated with sensory systems to place these
extinct taxa within a broader ecological and behavioural context. The Solitaire’s sensory
niche appears consistent with that of extant pigeons. The Dodo, in contrasts, departs from
typical pigeons and doves in several respects. In particular, the Dodo has pronounced
differences in visual processing abilities, that might be correlated with changes in activity
patterns. Such divergent sensory niches in these two closely related species provide new
insights for reconstructing their behaviour and ecologies.

Mechano- & thermosensation | Wednesday, July 29 | 16:00 — 16:15
Clémencon, Paul, CEA-Leti, France

Co-Authors: Steinmann, Thomas, CNRS/University of Tours, France
Anton, Sylvia, UMR IGEPP INRA, France

Lazzari, Claudio, CNRS/University of Tours, France

Casas, Jérome, CNRS/University of Tours, France

Perception of aerodynamical looming stimuli

An approaching predator generates a distinct temporal sensory signature, a looming
stimulus, alerting a prey. Although the mechanisms for visual looming detection have been
thoroughly investigated, those associated with aerodynamic looming— air movements
induced by an approaching predator—remain largely unexamined. Given that both types of
looming involve a non-linear increase in certain signal characteristics with decreasing
distance, we tested whether the mechanisms of perception of aerodynamic looming are
analogous with those of visual perception. We stimulated the cercal system of the cricket, a
well-established model for airflow sensing, with spider-mimicking translating spheres. The
size and velocity of the looming object, the two critical parameters in visual looming
perception, significantly enhanced the activity of wind-sensitive interneurons and the
escape reaction. Moreover, the timing of peak firing occurred after a small delay after
crossing a flow threshold, a physiological property typical of visual looming-sensitive
neurons. These findings suggest the existence of convergent computational principles of
looming detection across different sensory modalities.

Chemosensory-guided behavior | Friday, July 31 | 15:45 - 16:00

Collin, Shaun, La Trobe University, Australia

Co-Authors: Dutka, Travis (La Trobe University, Bundoora, VI, Australia)
Chapuis, Lucille (La Trobe University, Bundoora, VI, Australia)

Pepperell, Julian (Pepperell Research and Consulting, Doonan, Q, Australia)
Kerr, Caroline (La Trobe University, Bundoora, VI, Australia)
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Olfaction in pelagic southern bluefin tuna: impacts of hydrodynamic flow on
sensitivity

The morphology of the peripheral olfactory system directly affects the hydrodynamic
conditions and delivery of water-borne odorants to the olfactory receptor neurons (ORNS) in
aquatic environments. In this study, the morphology of the olfactory chamber and the
olfactory epithelium is examined in the southern bluefin tuna, Thunnus maccoyii, to
understand the impacts of hydrodynamic flow on the abundance and distribution of
olfactory receptor neurons in a pelagic teleost that swims continuously in the open ocean.
Using morphometrics, scanning electron microscopy, magnetic resonance imaging and
theoretical biophysics, T. maccoyii is found to possess a thick boundary layer above the
nostrils, a circular olfactory rosette and radiating olfactory lamellae in addition to a
ventilatory sac. In addition to a new and unique distribution pattern of olfactory sensory
epithelia, which changes with growth and likely adapts to variable hydrodynamic
conditions, the distribution of ORNs is highly variable. Ciliated ORNs are dominant over
microvillous ORNs with mean densities of 86,000 mm-2 and 5,600 mm-2, respectively.
Ciliated non-sensory cells that are thought to propel mucus are also present in the
periphery of the olfactory epithelium, with a mean density of 900 mm-2. The mORNs
display a distinct, heterogeneous spatial distribution, being highly concentrated in the
rostral region of the lamellar surface, especially at the entry of the interlamellar space.
Based on the hydrodynamics of the incoming flow of seawater and the topography of the
olfactory epithelium, the rostral distribution of mMORNSs is organised to optimise interactions
with water-borne stimuli. The mean density of both types of ORNs (92,000 mm-2) is one of
the highest among teleosts, which may serve as an anatomical indicator of high olfactory
ability, despite the olfactory bulb in this obligate ram-ventilatorconstituting only 1% of the
total brain volume.

S$8.5|12:15 - 12:30 | Wednesday, July 29

Neurosustainability: how brain science is revolutionizing environmental design and
policy

Cortesi, Fabio, The University of Queensland, Australia

Eyes that adapt: visual plasticity as a lifeline for reef fishes in a rapidly changing world
The visual systems of coral reef fishes are inherently highly variable, maximising
performance in different light environments and generally fitting ecological demands. As the
light environment on coral reefs shifts naturally over the day, between seasons, with depth,
or due to changes in suspended sediments and organic matter, visual plasticity
(development) or flexibility (reversible within an individual's lifetime) is likely to be a
widespread trait that increases a fish’s survival. However, the underwater visual habitat is
also increasingly changing due to human-induced pressures. More frequent and severe
storms, algal blooms, artificial light at night, and reef degradation all shift the visual habitat
that fishes experience. Here, | will present our latest efforts to assess whether visual
flexibility can buffer against such ‘unnatural’ anthropogenic changes. Using clownfish,
Amphiprion ocellaris and its close sister species A. percula, as representatives of small,
site-attached coral reef fishes, we exposed adult fish to UV-rich and green light, simulating
a clear and an algal bloom environment, respectively, for 10 days. Bulk retinal RNA-seq and
enzymatic methyl-sequencing provided insights into the molecular regulation of key visual
genes, including opsins and modulators of the visual pathway. Histological analyses of
photoreceptor length revealed the morphological underpinnings, while colour-discrimination
experiments demonstrated the link between gene expression and visual behaviour. Much to
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our surprise, A. ocellaris vision readily adapted to changes to the light environment, while A.
percula’s did not. Hence, our work provides critical insights into rapid sensory adaptation,
highlighting species-specific differences that may prove crucial for survival in the face of
environmental change.

S$12.4|12:00 - 12:15 | Thursday, July 30

The neuroscience of emotion

Coupeau, Roman, University of Caen, Normandy, France
Co-Authors: Dickel, Ludovic

Bacqué-Cazenave, Julien

Bourget, Juliette

Baglin, Emile

Launay, Adrien

Chronic stress impacts decision-making and neuro-behavioural plasticity in crayfish
Crustaceans represent emerging biological models for exploring the evolution of cognitive
processes. Their ability to integrate environmental information and adjust their behavioral
strategies suggests a high level of neuro-behavioural plasticity. However, the underlying
cognitive and emotional states that modulate these responses remain poorly understood.
Understanding how these animals process persistent environmental challenges is essential
to deciphering the mechanisms of invertebrate cognition.

Studies have shown that crayfish can exhibit anxiety-like behaviours, naturally during
moulting or after an acute stress exposure. During these events, a negative emotional state
induces behavioural adaptations, such as anxiety-like responses, which prompt individuals
to avoid dangerous situations and thus enhance their survival and overall fitness. We
hypothesise, however, that during prolonged stress exposure, further neurobehavioural
adaptations could take place, such as depressive-like states reminiscent of disorders
observed in mammals.

To investigate whether chronic stress exposure induces such states, we adapted a well-
established vertebrate protocol — Unpredictable Chronic Mild Stress (UCMS) — to the
crayfish Procambarus alleni. Animals were randomly exposed to mild stressors several
times per day over several weeks. To validate this state, key markers of cognitive and
behavioural flexibility, such as anxiety, social behaviour, anti-predatory responses,
decision-making, and daily activity budget, were evaluated. Further analysis of the
neurophysiological mechanisms should elucidate these observations by measuring markers
of inflammation, stress (glucocorticoids, glucose), and brain serotonin levels.

These results provide new criteria for monitoring crayfish welfare, a better understanding of
their emotional states, and insights into the phylogeny and adaptive value of depressive-like
behaviours.

S$9.4 | 12:00 — 12:15 | Thursday, July 30

Peripheral circuits that shape descending commands to modulate motor programs
Dallmann, Chris J.

chris.dallmann@uni-wuerzburg.de

Descending motor pathways for flexible walking in Drosophila
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Walking is a flexible motor behavior fundamental for exploration, foraging, and courtship. Its
initiation, speed, and direction are controlled by neural circuits in the brain. | will discuss
recent work revealing the organization and function of these circuits in Drosophila. | will
present evidence for a functional module in the fly brain that controls forward walking
independently of turning and other aspects of movement. This module is layered, with
central brain neurons encoding a high-level walking drive and a population of descending
neurons conveying this drive to motor circuits in the nerve cord, where it is flexibly
integrated to support the animal's behavioral goal. The module interacts with sensory
pathways at multiple levels, integrating multimodal feedback in the brain and tuning
mechanosensory feedback in the nerve cord. Together, these findings add to a growing
body of evidence that functional modules are a general principle through which the brain
flexibly controls movement.

3D navigation & spatial cognition | Friday, July 31 | 15:30 - 15:45
Daniel, Martha M. M., Macquarie University, Australia
Co-Authors: Santon, Matteo (University of Padova, Italy)

How, Martin J. (University of Bristol, United Kingdom)

Narendra, Ajay (Macquarie University, Sydney, N, Australia)
martha.daniel@hdr.mqg.edu.au

Navigation in a three-dimensional marine landscape by wild mantis shrimp

Central place foragers, such as smasher-type mantis shrimp (Stomatopoda), must return to
their home burrows after a foraging journey. However, most stomatopod behaviors have
been studied under laboratory conditions, in simplistic arenas with limited natural context.
Here, we studied peacock mantis shrimp (Odontodactylus scyllarus) in the wild, off Kuredu
Island, Maldives, to describe their foraging and navigation behaviors. For this purpose, we
developed a new methodology based on filming the animals whilst SCUBA diving. Two
SCUBA divers each followed individual mantis shrimp with a GoPro camera on an
adjustable selfie-stick, maintaining low profiles to minimize disturbances to the animals. We
also collected swim-over footage of the reef with a bespoke photogrammetry rig, by filming
overlapping transects, then reconstructed the 100m2 habitat in three-dimensions. Full
routes taken by stomatopods were manually tracked into the 3D model. In total, we
collected 20 hours of footage, encompassing 121 excursions, of four individuals navigating
their shared reef habitat. The trajectories of these individuals provide a first glimpse into
spatial use by stomatopods in a 3D marinescape. Our preliminary results showcase the
navigational behaviors of mantis shrimp, including overlap in the trip ranges of individuals,
with certain paths and temporary shelters utilized more frequently than others. Two
individuals were able to travel ca. 20 meters in 7 minutes, and the longest excursion we
recorded lasted longer than an hour. Our footage captures the intricate behavioral
repertoires of these mantis shrimp, including competitive interactions, courtship, and
suspected mating attempts. The results of this study establish a foundational dataset
describing both the behaviors and spatial knowledge of peacock mantis shrimp in their wild
habitat. Furthermore, our simple methods can be adapted for use in other terrestrial or
aquatic environments.

Computational sensorimotor control | Wednesday, July 29 | 15:00 - 15:15
Devineni, Anita, Emory University, USA

Co-Authors: PeOa Garcia, Marco (Emory University, United States)

Walts, James (Emory University, United States)

Koeppel, Alex (Emory University, Canada)

Berman, Gordon (Emory University, United States)
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Behavioral strategies underlying foraging decisions in Drosophila

Foraging behavior - finding and choosing appropriate food sources in the environment - is
critical for survival and provides an ethological model to study the neural mechanisms of
decision making. The fruit fly Drosophila melanogaster offers unique tools to uncover these
mechanisms, but it is essential to first understand the animal’s behavioral strategy. We
established a paradigm where individual flies choose between food patches containing
different sugar concentrations. We found that flies continually explore the environment and
engage with many different patches over time, and they modulate their engagement with
each patch based on its relative value compared to other patches. Food engagement
varied over time and corresponded with three locomotor states: initial exploration (fast
movement, short patch visits) followed by patch exploitation (slow movement, longer patch
visits) and finally resting.

To explain how flies learn the value of food options in their environment and use this
information to bias food engagement, we propose a ‘reward expectation’ model. In this
model, flies store and continually update a running average of the sugar concentrations
they have experienced, and this expectation is compared with the value of the current
option to bias food engagement. This model provides a compact representation of past
experiences that could be efficiently stored in the brain, unlike alternative models requiring
animals to remember individual experiences. The expectation model makes several
predictions that are supported by experimental data. We then integrated the reward
expectation framework with a drift-diffusion model to create a mathematical model that
predicts how long flies stay on each patch. Model simulations reproduce the experimental
data and make predictions for how hunger state and other variables act mechanistically to
alter foraging strategy. In ongoing work, we are using genetic manipulations to uncover the
neuronal underpinnings of these computations.

S9.1|11:00 — 11:20 | Thursday, July 30

Peripheral circuits that shape descending commands to modulate motor programs
Dickerson, Bradley

bdicker@princeton.edu

Functional organization of haltere feedback for Drosophila flight control

Sensory feature maps are a key building block in the information-processing infrastructure
of the nervous system. However, our understanding of how such maps interface with motor
circuits to produce behavior remains poor. Here, we examine this problem through the lens
of flight control in Drosophila melanogaster. Underlying the extraordinary aerial agility of the
fruit fly is mechanosensory feedback from the haltere, which are tiny club-shaped
structures evolved from the hindwings that help regulate the wing steering system.
Although the halteres are critical for flight stability and maneuverability, the principles
governing how haltere information is centrally organized remains an open question. We
used a genetically encoded calcium indicator to visualize activity changes in the
mechanosensors embedded in the haltere during active, visually mediated flight. We find
that—contrary to decades-old hypotheses regarding haltere function-haltere feedback is
continuously modulated during flight to help flies actively maneuver. We then leveraged the
Female Adult Nerve Cord (FANC) electron microscopy dataset to identify and fully
reconstruct the haltere’s primary afferents. Morphology-based clustering analyses revealed
5 neuronal subtypes—putatively corresponding to the different haltere campaniform sensilla
fields and chordotonal organ. Intriguingly, we find that each haltere afferent subtype
comprises cells from multiple campaniform fields and preferentially synapses onto modules
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of wing-steering motor neurons that innervate muscles with related biomechanical
functions. We then designed genetic driver lines that allowed us to test these functional
connections in freely flying flies. Our behavioral data support the hypothesis that the haltere
subtypes control specific aspects of wing motion and thus flight behavior. Through our
holistic approach, we have developed an atlas of the structure-function relationship
between rapid mechanosensory feedback and motor systems.

Insect compass systems | Thursday, July 30 | 16:00 - 16:15
Dickinson, Michael, California Institute of Technology, USA

Flies use gyroscopes to increase the precision of their internal compass

The insect order Diptera is widely acknowledged as the most ecologically diverse groups of
insects’. Although two other orders are larger in terms of the number of described species,
the ~160,000 species of flies are noteworthy with respect to their astonishing behavioral
diversity and ability to converge upon the natural history and morphology of other insects.
In contrast, the members of other insect orders are far less successful at encroaching upon
the life histories at which flies excel. What are the unique specializations that may have
allowed dipterans to succeed at so many different flight behaviors compared to other insect
orders? In this work, we show that flies use angular velocity measurements from their
halteres to increase the precision on their navigational compass, thus providing them with
unique capabilities that may have catalyzed their remarkable behavioral diversification.

Halteres function as gyroscopes to encode angular velocity during flight. Their likely
ancestral role was to detect perturbations about the yaw, pitch, and roll axes during flight
and initiate rapid compensatory reflexes via rapid local connections to steering motor
neurons in the ventral nerve cord. Here, we show that the haltere sensory pathway also
provides critical input to the animal’s navigation system within the specialized region of the
brain called the Central Complex. By exploiting the underlying physics, we implemented a
method for accurately simulating angular velocity using micro-oscillation of the fly’s body
that is phase-locked to the haltere stroke cycle?, allowing us to perform 2-photon imaging
and whole cell patch recording of individual neurons in the brain of flying animals subjected
to rotations exceeding 2000 deg s™'. Because the mechanosensory-based halteres can
encode high angular velocities that are well beyond the temporal resolution of the visual
system, flying flies can accurately update their compass heading during rapid turns,
providing a distinct performance advantage over all other insects. We propose that this
unique role of the halteres in the compass system is responsible for the extraordinary
ecological diversity of flies.

1. Grimald, D & Engel, M (2005). Evolution of the Insects. Cambridge.
2. Nalbach G, and Hengstenberg, R (1994). J. Comp. Physiol. A, 175, pp.695-708.

S4.3|11:40 - 12:00 | Tuesday, July 28

Adaptive responses to changing internal and external environments: weathering the
storm

Diebold, Clarice

Co-Authors: Allen, Kathryne M., Johns Hopkins University
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Filling in the gaps: the auditory midbrain supports flexible navigation behaviors in bats
In daily life, sensorimotor coordination demands the continuous integration of dynamic
sensory input with adaptive motor commands. Although visually guided tracking has been
studied extensively, auditory-guided behavior remains less understood, leaving major gaps
in how the brain encodes auditory motion and transforms it into action. The inferior
colliculus (IC) has been implicated in sensorimotor integration and stimulus tracking, but the
mechanisms by which it supports auditory-guided behavior under natural conditions remain
unclear. To address this, we leveraged the echolocating big brown bat, Eptesicus fuscus, a
mammal specialized for pursuing erratically moving insect prey in three-dimensional,
cluttered environments. Its tightly coupled audiomotor feedback system offers a powerful
model for dissecting how the brain sustains goal-directed behavior in the face of sensory
challenges. We quantified adaptive flight behavior in bats following DREADDs
manipulations that transiently suppressed IC activity during a naturalistic obstacle-
navigation task. We found that while bats showed navigation performance deficits following
DREADDs treatment, they manage to navigate around an obstacle by making dynamic
modifications to their flight behavior that compensated for missing sensory cues. These
behavioral findings motivated a deeper interrogation of the circuit-level mechanisms
supporting this adaptive motor control. We recorded large-scale IC population activity while
bats listened to naturalistic call-echo sequences simulating auditory objects moving toward
or away from the bat, along with shuffled controls. Responses reflected sensitivity to both
echo timing and the broader temporal organization of auditory motion cues, consistent with
a rich population code for dynamic sensory scenes. Together, these experiments
demonstrate that the IC contributes to the flexible coordination of the sensorimotor
computations underlying robust, real-world tracking behavior.

Developmental plasticity & evolution | Tuesday, July 28 | 15:30 — 15:45
Doi, Manami, Keio University, Japan

Co-Authors: Hotta, Kohji (Keio University, Yokohama, 2, Japan)

Totsuka, Nozomu (Keio University, Yokohama, 2, Japan)
manaminion@keio.jp

Elucidation of the neural circuit regulating the initiation of ascidian metamorphosis
The metamorphosis of ascidian Ciona intestinalis type A can be artificially induced by
continuous mechanical stimulation of the papillae, leading to early metamorphic events
such as tail regression, backward movement of epidermal cells, and mesenchymal cell
extravasation from epidermis (Wakai et al., 2021; Totsuka et al., 2023). According to the
connectome, primary sensory neurons (PSNs) in the papillae sensing mechanical
stimulation connected to neurons in the brain vesicle (BV) ‘the central nervous system’ via
rostral trunk epidermal neurons (RTENSs). Our previous study revealed that the specific
activation of PSNs by optogenetics is enough to induce the initiation of metamorphosis
(Totsuka et al., 2025). The aim of this study is to elucidate the neural circuits controlling
metamorphosis initiated from PSNs through imaging analysis of neuronal activity before
and after the onset of metamorphosis. We applied mechanical stimulation to Ciona
embryos expressing GCaMP6s in neurons and measured neural activity before and after
the onset of metamorphosis. In PSNs, intracellular Ca++ levels increased immediately after
mechanical stimulation and gradually decreased thereafter. In contrast, in RTENs, sporadic
increases in Ca++ were observed during mechanical stimulation until the onset of
mesenchymal cell extravasation. Furthermore, in BV neurons, an increase in Ca++ was
observed prior to the backward movement of epidermal cells. These results revealed
differences in the response of each neuronal subtype at the onset of metamorphosis.
Considering the relationship between timings of each neural activity, the metamorphic
events and neuronal connectivity, it was suggested that different neuronal subtypes may
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control the different initiation of early metamorphic event. Future studies using optogenetics
will clarify the roles of these neurons in metamorphosis initiation.

S7.2|11:20 - 11:40 | Wednesday, July 29
The evolutionary, behavioral, and neural bases of synchrony
Donaldson, Zoe

Co-Authors: Brusman, Liza E.

Sadino, Julie M.

Fultz, Allison C.

Kelberman, Michael A.

Watanabe, Yurika

Dowell, Robin D.

Allen, Mary A., University of Colorado Boulder
zoe.donaldson@colorado.edu

Neural synchrony and transcriptional concordance in relationships

As relationships mature, partners share common goals, improve their ability to work
together, and experience coordinated emotions. However, the neural underpinnings
responsible for this unique, pair-specific experience remain largely unexplored. Here, we
used recordings of neural activity and single nucleus RNA-sequencing to examine
alignment of biology between bonded partners. Using monogamous prairie voles, which
form selective and enduring pair bonds, we show that bonding drives dynamic changes in
interbrain synchrony: paired voles exhibit greater prefrontal cortical calcium co-activity with
a partner than with a stranger. We developed an unsupervised machine-learning classifier
for freely interacting voles and applied a Bayesian modeling framework, which revealed that
interbrain synchrony remains modulated by relationship type across behavioral states,
suggesting that relationship history shapes coordinated neural activity even when behavior
is held constant. Performing single nucleus RNA-sequencing to examine the transcriptional
landscape of the nucleus accumbens (NAc), we further show that prairie voles exhibit
transcriptional concordance with a bonded partner, identifying genes expressed in
oligodendrocyte progenitor cells that are concordant between partners and correlated with
dyadic behavior. Transcriptional concordance is disrupted by forming a new primary
relationship but is not eroded by partner separation. Together, our data indicate that the
pair-specific environment shapes transcription in the NAc, superceding other factors such
as pair type and sex. These studies provide a potential biological mechanism by which
shared experience reinforces and strengthens relationships.

Arthropod locomotion & motor programs | Tuesday, July 28 | 15:45 - 16:00
Doshna, Ben, Georgia Institute of Technology, USA

Co-Authors: Chandler, G. Steven (Georgia Institute of Technology, United States)
Yang, Haoming (Duke University, United States)

Liao, Junyi (Duke University, United States)

Wu, Zihao (Duke University, United States)

Bin Sikandar, Usama (Georgia Institute of Technology, United States)

Tarokh, Vahid (Duke University, United States)

Sponberg, Simon (Georgia Institute of Technology, GA, United States)
bdoshna3@gatech.edu

Adapting a comprehensive, spike-resolved motor program to changing body mass
Mass perturbations are ubiquitous in nature, and nervous systems must adapt their motor
output to maintain control. Many such perturbations, such as pregnancy and ontogeny,
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happen on timescales long enough for muscle physiology to adjust alongside them.
Changes from feeding, however, can be rapid and drastic and the nervous system cannot
rely on physiological changes and must instead adapt behavior through motor output. The
foraging hawkmoth Manduca sexta provides an excellent system for exploring how the
nervous system adapts to such perturbations because it increases its body mass by 50% in
just 60 seconds while simultaneously hovering, feeding from, and tracking a moving flower.
Moreover, in Manduca we can record the set of all muscle action potentials that primarily
control the wings, a comprehensive, spike-resolved flight motor program. While subsets of
muscles are coordinated in the control of turns, a large portion of behavioral variance
remains unexplained without the full population of muscles. Therefore, in response to a
mass perturbation, we hypothesize that the moths’ behavioral change will manifest as
coordinated changes in spike timings across the entire motor program. In free flight,
Manduca responds to added mass with a consistent increase in sensorimotor gain across
all frequencies at which it tracks the flower. We observe this response in a tethered, open-
loop experiment as well. We find certain pairs of muscles with coordinated timing
relationships that covary both with turning behavior and lift produced, however, these
relationships still only explain portions of the behavioral variability we observe. Looking
beyond pairwise relationships, we find more intricate patterns of timing coordination
distributed across the full motor program. Together, these results show how a relatively
simple behavioral response to a mass perturbation can manifest as complex changes in the
precise spike timings of a comprehensive motor program for insect flight.

Rhythms & homeostatic control | Monday, July 27 | 15:45 - 16:00
Duvall, Laura, Columbia University, USA
Ibd2126@columbia.edu

A signaling hub in the mosquito rectum coordinates host-seeking behavior and blood
nutrient utilization

Female Aedes aegypti mosquitoes require a blood meal to develop eggs and are highly
motivated to feed on humans, transmitting pathogens in the process. However, host
seeking is transiently suppressed after a female feeds to repletion and remains low until egg
laying several days later. Building on our previous finding that conserved Neuropeptide Y-
related signaling suppresses human attraction after blood feeding, we investigated how
Neuropeptide Y-like Receptor 7 (NPYLR7) regulates this behavioral switch. NPYLR?7 is most
closely related to mammalian receptors that signal satiety and suppress feeding and are
broadly expressed in the nervous system and gut.

Although npylr7 mutant females consume normal-sized blood meals, they fail to properly
provision their eggs with protein and exhibit persistent host seeking and blood feeding after
a nutritive meal, consistent with a loss of satiety signaling. Using a transgenic driver line, we
identified npylr7-expressing cells and found that, unlike related receptors in other species,
Aedes aegypti npylr7 expression is highly restricted to the rectal pads, a poorly
characterized hindgut tissue. In cell-based assays, NPYLR7 responds to multiple peptide
ligands, including RYamide. RYamide-expressing neurons project from the ventral nerve
cord to the rectal pads, and npylr7-expressing cells show RYamide-induced calcium
responses that are abolished in mutants. These cells also respond to amino acids,
suggesting potential integration of nutrient and neuropeptide signals.

Despite being non-neuronal, rectal pad cells display neuron-like features, including calcium
excitability and expression of secretory and neurotransmitter synthesis machinery. Electron
microscopy reveals structural changes consistent with vesicle release following blood

feeding. Together, these findings identify a previously unknown gut-based signaling system
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in which neuron-like rectal pad cells use NPYLRY7 to regulate host-seeking behavior and
nutrient allocation, revealing a novel peripheral-to-brain pathway controlling mosquito biting
and reproductive investment.

Young investigator symposium | Monday, July 27 | 11:00 - 11:20
England, Sam, Museum fir Naturkunde - Leibniz Institute for Evolution and Biodiversity
Science, Germany

The ecology of electrostatics: pollination, parasitism, and predator-prey interactions
Electricity, a fundamental force in the universe, is all around us. The potential for this force
to play a role in ecological interactions, moving organisms and objects in the environment,
or being sensed, is therefore a promising avenue for biomechanical and neuroethological
research. Here, | put forth my case for naturally occurring static electricity to be considered
a driver of ecology and perhaps even evolution. | present our findings that pollen is
attracted by the natural static charges of butterflies and moths, and similarly how ticks are
electrostatically pulled onto hosts. From this, | build to our new evidence of an electrostatic
sense in insects, in the context of predator detection by caterpillars and treehoppers -
showing that this sense may be widespread and even a driver of morphological evolution.

Social displays & collective behavior | Thursday, July 30 | 15:30 — 15:45
Fan, Mengyu, Peking University, China

Co-Authors: Zhu, Dan (Peking University, Beijing, BJ, China)
fanmengyu68@gmail.com

Neural and behavioral basis of individual-level social recognition in fire ants

Social recognition, the ability to identify other individuals during interaction, is a foundation
of social behavior. In eusocial insects such as ants, social recognition is largely mediated
by cuticular hydrocarbons (CHCs). Differences in CHC profiles allow ants to discriminate
nestmates from non-nestmates and to distinguish workers of different castes or task roles.
To what extent ants can recognize one another, whether they can distinguish every
individual within colonies that may contain millions of members, and how social recognition
contributes to coordinating colony organization and division of labor remain key questions
in social biology. To address these questions, we developed a pipeline to systematically
compare the behavioral outcomes after social interactions, neural representations of
chemosensation, and CHC profiles in fire ants Solenopsis invicta. We developed a head-
fixed in vivo calcium imaging approach that monitored large populations of mushroom body
Kenyon cells at single-neuron resolution, while keeping the antennae freely moving for
natural social interactions. We found that mushroom body Kenyon cells showed sparse and
distinct responses to different odor stimuli and to CHC extracts from different individuals.
This finding was further complemented by quantitative behavioral measurements. By
tracking movements of antennae and mandibles during encounters with other individuals,
including nestmates versus non-nestmates and workers with different tasks, we found that
ants exhibited distinct behavioral signatures toward different individuals, indicating higher
recognition resolution than previously reported. Furthermore, recognition ability varied
across individuals, which might correspond to their differences in division of labor.
Together, these results revealed unexpectedly high-resolution social recognition in fire ants
and began to elucidate its role in organizing division of labor in ant societies.

S3.4|12:00 — 12:15 | Tuesday, July 28
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Evolution of sleep: A comparative perspective to unravel the biological function of
sleep?

Fenk, Lorenz A.

lorenz.fenk@bi.mpg.de

Sleep, Dragons, CPGs

Sleep occupies roughly a third of our lifetime, yet an understanding of its mechanisms and
functions, its evolution, or of how precisely it differs from awake states, remains
rudimentary at best. Typically associated with physical inactivity and rest, the sleeping brain
expresses rich patterns of activity that are relatively unconstrained by active motor
behaviour or sensory drive, providing a unique window into the internal dynamics and
functional organization of neural circuits. | will discuss our neuroethological approach and
describe a series of recent experiments that start to reveal the unexpected complexity,
coordination, and generation of sleep activity in the brain of a reptile, the Australian dragon
Pogona vitticeps.

S7.3| 11:40 - 12:00 | Wednesday, July 29

The evolutionary, behavioral, and neural bases of synchrony
Fernandez-Duque, Facundo

Co-Authors: Lipshutz, Sara E., Duke University

Bell, Alison M., University of lllinois Urbana-Champaign

Hauber, Mark E., City University of New York
facundof@sas.upenn.edu

Synchronizing care: neuroendocrine networks underlying avian facultative biparental
care

Parental care is costly yet vital for offspring survival, driving variation in how care is
expressed across sexes and contexts. In facultatively biparental species, where one sex
cares obligately and the other conditionally, the neural mechanisms enabling transitions into
caregiving remain poorly understood. We investigated the neuroendocrine architecture
underlying flexible parental care in red-winged blackbirds (Agelaius phoeniceus), where
females always provision nestlings while males range from none to rates rivaling females.
Previously, we showed that circulating multihormone profiles are strongly structured by
breeding stage and sex, yet provisioning and non-provisioning males overlap broadly in
hormonal space, consistent with a shared permissive milieu rather than discrete hormonal
“types.” This raised a critical question: if circulating hormones do not categorically
distinguish caregiving males, does the neural transcriptome? Using the same individuals,
we use bulk RNA sequencing of the preoptic area (POA), a conserved region central to
parental behavior across vertebrates, to compare courtship-stage males, nestling-stage
provisioning and non-provisioning males, and provisioning females. Through differential
expression, pathway enrichment, and co-expression network analyses, we characterized
the POA transciptomic landscape across groups. While we will save the full reveal for the
talk (a speaker has to keep some intrigue for the live audience), we will present how POA
transciptomic architecture maps onto the behavioral and endocrine variation in this system,
graded modulation within shared networks, or sex-specific wiring of conserved pathways.
By integrating field behavior, multihormone profiling, and brain transciptomics from the
same individuals, this work offers a mechanistic account of how synchrony and flexibility in
biparental care are organized at the neuroendocrine level.

S6.2 | 11:20 — 11:40 | Wednesday, July 29
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Brains in the wild A
Fernandez-Ruiz, Antonio
afr77@cornell.edu

Neural mechanisms of rodent foraging and social natural behaviors

Most animals live in complex, perpetually changing environments. To search for food, or
shelter, animals learn how to navigate those environments by displaying a remarkable array
of flexible behaviors. These behaviors are supported by cognitive operations including
learning and remembering food sources, navigating and planning routes. Furthermore, for
animals that live in social groups, like rats and mice, these behaviors are strongly influenced
by the presence and interactions with other conspecifics. Traditional neuroscience studies
aimed at investigating the neural mechanisms of navigation, foraging or social interactions
in rodents typically employed highly simplified behavioral paradigms and reduced
laboratory apparatus that cannot capture the richness and complexity of rodent spatial and
social natural behaviors. To bridge this gap, we have developed a first-of-its-kind
experimental platform to conduct mechanistic studies of the neural basic of rodents’ natural
behaviors in outdoor environments. We performed wireless large-scale neural recordings in
groups of mice and rats living in outdoor enclosures, while continuously tracking their
spatial and social behaviors. In this talk, | will describe our recent findings on how natural
environments are represented in the brain, how rodents encode the social structure of the
environment and the neural mechanisms that support navigation and social group
behaviors in these settings. These experiments have uncovered previously unobserved
mechanisms of spatial navigation, foraging and social interactions that were not feasible to
study in traditional laboratory paradigms. | will also describe technological developments
we made for long-term, low-weight, wireless neural interfaces and our plans to disseminate
them to the broader community.

S5.3|11:40 — 12:00 | Wednesday, July 29

The neural substrate of animal collective motion
Ferreira, Clara Howcroft

Co-Authors: Gongalves, Rui, Northumbria University
Heinemans, Mirjam, Champalimaud Foundation
Colnaghi, Marco, Champalimaud Foundation

Saa, Juan Castifieiras de, Champalimaud Foundation
Renart, Alfonso, Champalimaud Foundation

Moita, Marta A, Champalimaud Foundation
clara.ferreira@northumbria.ac.uk

Mechanisms of social cue integration underlying the safety in numbers effect in flies
A major benefit of being in a group is the possibility of integrating social information with
directly-perceived information about the environment to guide behaviour. Across the animal
kingdom, social information acquired via specific signals or cues is used for decisions in
reproduction, foraging and protection against predation. Acute fitness benefits of the usage
of social information are flagrant in the context of a response to a potential threat: failure to
detect a predator can lead to an animal’s immediate demise, whereas needless
engagement in metabolically costly defence responses can unnecessarily impact fitness.
Given its role as a primordial driver of group formation, and its importance for immediate
survival, we study social modulation of behaviour in groups in the context of predation
threat. We previously showed that female flies exposed to a predator-mimicking visual
threat in groups show a ‘safety in numbers’ effect — they decrease their active immobility
defence responses (freezing) compared to when they are alone. Crucially, by exposing wild-
type female flies to surrounding flies whose movement we could control, we uncovered
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social motion cues as key mediators of the ‘safety in numbers’ effect. Recently, we have
shown that an evidence accumulation model accurately predicts our freezing data, a crucial
step for understanding the underlying neuronal mechanisms. Furthermore, we have
identified that flies scale their responses to social motion cues with group size, hence
uncovering a complex interplay between detection of biological movement and numerosity
in group-modulated behaviour. Interestingly, these two aspects of the perception of social
cues seem to be mediated by different sensory modalities. Our work opens up the
possibility to study sensory-motor transformations in the context of group behaviour in
detail, providing insight into the evolution of social behaviour.

Urban stressors & adaptation | Monday, July 27 | 15:15 - 15:30

Fifer, James, University of California San Diego, USA

Co-Authors: Rose, Noah (University of California San Diego, San Diego, CA, United States)
Jhen Alaras, Glennalyn (University of California San Diego, Canada)
James.e.fifer@gmail.com

Human specialization and predator avoidance: trade-offs for the dengue mosquito
The arbovirus transmitting mosquito Aedes aegypti has African origins where it maintains
generalist and human specialist feeding ecotypes, the latter of which has expanded their
range worldwide in the last 200 years. In the native range the generalist primarily resides in
forest or more rural habitats whereas the human specialist dominates urban areas. While
host preference has received the most attention, successful adaptation to respective urban
or forest environments likely represents a blank of trait divergence, spanning different life
stages. Here we focus on predator avoidance behavior, with the hypothesis that the human
specialist form should be worse at escaping predation due to relaxed selection in urban
environments. With a combination of survival assays and video tracking, we test this
hypothesis and evaluate whether differential predation reflects evolutionary changes in
escape behavior or life-history evolution influencing survival capacity.

Insect compass systems | Thursday, July 30 | 15:00 — 15:15

Fleischmann, Pauline N., Carl von Ossietzky Universitat Oldenburg, Germany
Co-Authors: Tenneriello, Chiara (Carl von Ossietzky Universitat Oldenburg, Germany)
Grob, Robin (Norwegian University of Science and Technology, Norway)

Wegmann, Johanna W. (University of Wirzburg, Germany)

Fuchs, Maximilian (Norwegian University of Science and Technology, Norway)
Gribel, Kornelia (University of Wirzburg, Germany)

Rdéssler, Wolfgang (University of Wirzburg, Germany)
pauline.fleischmann@uni-oldenburg.de

Neuroethological evidence for particle-based magnetoreception in Cataglyphis ants
Cataglyphis desert ants are solitary central place foragers. At the start of their foraging
career outside the nest, they perform learning walks during which they learn the nest’s
panoramic surroundings and calibrate their celestial compass systems. The ants use the
geomagnetic field to align their gaze directions accurately and precisely towards the nest
entrance while performing pirouettes, rotational body movements during learning walks.
Consequently, Cataglyphis ants use their magnetic sense for path integration, a non-
migratory navigational task over short distances. In contrast to many migratory species
such as e.g. Lepidoptera that rely on the inclination of the geomagnetic field, desert ants
have a polarity-sensitive magnetic compass. We show that desert ants can sense the
magnetic field already in darkness, for example before leaving the nest to perform learning
walks. Furthermore, a brief, strong magnetic pulse disrupts both the ants’ behavior and
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related neuroplasticity in the central complex and in the mushroom bodies. Both results are
highly suggestive that sensory reception of the magnetic field in Cataglyphis ants is most
likely particle based.

S$16.5|12:15 - 12:30 | Friday, July 31

Orientation across modalities

James Foster, University of Konstanz, Germany

Co-Author: Hildebrandt, Frida (Universitat Konstanz, Konstanz, BW, Germany);

Honeybees at high noon keep their celestial compass accurate

The honeybee’s celestial compass makes use of the position of the sun and the associated
pattern of polarized skylight [1], helping them to navigate between the hive and distant food
sources. As the sun approaches high elevations, orientation accuracy decreases as the
sun’s direction becomes harder to discern [2]. Under these conditions, the pattern of
skylight approaches rotational symmetry, making polarized light information directionally
ambiguous [3]. East African lowland honeybees, Apis mellifera scutellata, regularly
experience high sun elevations in their native range during the Summer months, and must
therefore navigate under these challenging conditions.

We present data from field experiments, investigating how honeybee celestial orientation is
affected by high sun elevations. We recorded repeated waggle-dances by returning
foragers presented with a controlled view of the clear midday sky. We also recorded full-sky
polarization images, to quantify the available celestial compass information. We find that
while bees with a restricted view are indeed unable to distinguish the solar and antisolar sky
at midday, they orient accurately when viewing the broader polarization pattern. These
results indicate critical roles for minor asymmetries in the skylight polarization pattern for
orientation during high sun elevations.

1. Rossel S, Wehner R & Lindauer M (1978) E-Vector Orientation in Bees. J Comp Physiol
A 125, 1-12.

2. Lindauer M (1959) Angeborene und erlernte Komponenten in der Sonnenorientierung
der Bienen. Z Vergl Physiol 42, 43-62.

3. Kolyfetis G, Gkanias E, Aliyam AA, Jie V, Baird E, Galizia CG, Webb B, Foster JJ. From
eye anatomy to navigation: a biologically accurate model of bees’ polarisation vision.
BioRxiv https://doi.org/10.64898/2026.06.01.729196

S8.1|11:00 - 11:20 | Wednesday, July 29

Neurosustainability: how brain science is revolutionizing environmental design and
policy

Freeman, Sara

Co-Authors: Kovalaskas, Sarah A., Utah State University

Schultz, Jeffrey T., National Wildlife Research Center Predator Research Facility, USDA
Ranglack, Dustin H., National Wildlife Research Center Predator Research Facility, USDA
sara.freeman@usu.edu

Can the study of coyote pair-bonding improve public perception and predator
management?

Canidae is one clade of highly social mammals that has been understudied with respect to
the biological basis of social attachment. While monogamy is relatively rare in mammals (3-
9% of mammals; 16% of carnivores; 15-25% of primates), all wild canid species studied to
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date exhibit monogamy. In no other group of mammals is the pair bond this prevalent. This
feature renders canids particularly suitable for the biological study of social attachment. In
particular, coyotes (Canis latrans) form lasting pair bonds as a feature of a genetically
monogamous mating structure, providing the unique opportunity to investigate this rare and
strict form of long-lasting social attachment. Like humans, coyotes are highly intelligent and
adaptable and have expanded rapidly across North America. They have successfully
infiltrated nearly all available ecological niches—a rare achievement for a carnivore. Despite
our similarities, coyotes have a tumultuous relationship with humans, who often consider
coyotes to be pests. Nationally, coyotes are responsible for most predator-related losses of
livestock, and the number of breeding pairs of coyotes in an area is positively associated
with incidences of sheep depredation. As a result, livestock producers are motivated to
remove coyotes, despite decades of research showing that most lethal efforts to remove
coyotes fail to control population numbers. Advancing our understanding of the biological
drivers of coyote pair bonding and translating that knowledge to the public may inform
population control strategies and increase the public’s understanding of their capacity to
form life-long pair bonds, potentially leading to increased support for and use of non-lethal
management tools as part of an integrated management strategy.

Chemosensory-guided behavior | Friday, July 31 | 15:30 — 15:45

Galindo-Martinez, Claudia Tatiana, University of California San Diego, USA
Co-Authors: Rangarajan-Paul, Maitri (Scripps Institution of Oceanography, University of
California San Diego, La Jolla, CA, United States)

Swinhoe, Natalie (Molecular and Cell Biology, University of California Berkeley, CA, United
States)

Engelke, Ty (Molecular and Cell Biology, University of California Berkeley, CA, United
States)

Kenkel, Carly (Department of Biological Sciences, University of Southern California, Los
Angeles, CA, United States)

Cleves, Phillip (Molecular and Cell Biology, University of California Berkeley, CA, United
States)

Lovett-Barron, Matthew (University of California, San Diego, La Jolla, CA, United States)
Hamilton, Trevor (MacEwan University, Department of Psychology, Edmonton, AB, Canada)
Kline, David (Scripps Institution of Oceanography, University of California San Diego, La
Jolla, CA, United States)

Wangpraseurt, Daniel (Scripps Institution of Oceanography, University of California San
Diego, La Jolla, CA, United States)

Tresguerres, Martin (Scripps Institution of Oceanography, University of California San
Diego, La Jolla, CA, United States)

cgalindomartinezQucsd.edu

Neural mechanisms of chemosensory-guided settlement and feeding in reef-building
corals

Coral survival depends on critical behavioral transitions, including larval settlement and
adult feeding, yet the neural mechanisms underlying environmental cue detection in reef-
building corals remain poorly understood. As reefs face accelerating environmental change,
understanding how corals sense, integrate, and respond to chemical signals is essential.
Here, we investigate the neural circuits mediating chemosensory-guided behaviors across
life stages in Galaxea fascicularis, Acropora cervicornis and Stylophora pistillata. In larvae,
immunohistochemistry (IHC) revealed a dense population of FMRFamide-positive neurons
within the aboral epidermis of G. fascicularis and A. cervicornis, forming an organized nerve
net positioned to detect settlement cues. Ongoing neural mapping using additional
antibodies against various neuropeptides, including newly developed GLWamide-specific
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antibodies, is expanding our characterization of larval neuronal subtypes. Hybridization
Chain Reaction Fluorescence In Situ Hybridization (HCR-FISH) and single-nuclei RNA
sequencing are being used to identify molecular markers of neural cell types and candidate
chemosensory receptors. To link circuit structure to function, we are developing GCaMP-
based calcium biosensors to measure neural activity in freely behaving larvae exposed to
ecologically relevant cues. In adults, we examine how corals detect feeding-related signals.
Pharmacological manipulation with fluoxetine (Prozac), a selective serotonin reuptake
inhibitor, altered tentacle extension behavior, implicating serotonergic modulation in feeding
responses. In S. pistillata, IHC revealed FMRFamide-positive neurons in the epidermis,
WLWamide-positive neurons, and serotonin in the gastrodermis adjacent to symbiotic
dinoflagellates. This spatial organization suggests potential coordination between neural
signaling, feeding behavior, and host-symbiont interactions. Together, these findings
provide a comparative framework linking molecular identity, circuit architecture, and
behavioral output in early-diverging metazoans. By integrating larval settlement and adult
feeding, this work advances neuroethological theory on how simple nerve nets support
ecologically essential decision-making in changing environments.

Evolution of sensory & motor systems | Wednesday, July 29 | 15:30 — 15:45
Gallant, Jason, Michigan State University, USA
jgallant@msu.edu

Electric signal polymorphism predicts dietary niche partitioning in a weakly electric
fish

Electric organ discharge (EOD) waveform diversity in African elephantfish is often attributed
to sexual selection, yet EODs also mediate active electrolocation during prey detection,
raising the possibility that natural selection on foraging ecology contributes to waveform
divergence. Paramormyrops kingsleyae exhibits an intraspecific polymorphism where
certain populations emit biphasic (BP) EODs whereas other populations emit triphasic (TP)
waveforms. The genes underlying this polymorphism show signatures of selection; the
polymorphism persists despite gene flow, and is behaviorally discriminable by the fish
themselves. If waveform differences influence prey detection during active electrolocation,
biphasic and triphasic fish should consume systematically different prey. We tested this
prediction using DNA metabarcoding of gut contents from 186 mormyrids representing 16
species across eight sites in Gabon, employing two independent COI primer sets for cross-
validation and pairing dietary data with environmental invertebrate sampling to distinguish
active prey preference from passive availability. At the community level in the diverse Balé
Creek mormyrid assemblage, species identity was the dominant predictor of diet
composition (R<24%), consistent with phylogenetic signal in foraging ecology. Within P.
kingsleyae, waveform type was the strongest independent predictor of dietary composition
(R< = 5-6%), explaining variance independently of geographic region, sex, body size, and
parasitism status - a result concordant across both primer sets. Dietary differences were
driven by prey species turnover rather than differential abundance of shared prey, and prey
selectivity analyses confirmed that waveform types differ in which prey they actively prefer,
not merely in what is locally available. These findings are consistent with natural selection
on foraging ecology contributing to the maintenance of EOD waveform polymorphism,
though the sensory mechanisms linking subtle waveform differences to prey detection
remain an open question.

Photoreceptors & visual adaptation | Tuesday, July 28 | 16:00 — 16:15
Garm, Anders, University of Copenhagen, Denmark
Co-Authors: Moestrup, yjvind (University of Copenhagen, HOVE, Denmark)
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Bok, Michael (Lund University, Sweden)
Ljungholm, Mikael (Lund University, Sweden)
algarm@bio.ku.dk

Vision in a single cell

The discovery of eye-like structures, ocelloids, with both lens and retina, in unicellular
dinoflagellates challenges the notion that vision and visually guided behaviors require a
multicellular eye and a nervous system for image processing. Working with the North-
Atlantic species of dinoflagellate Nematodinium parvum we used micro-interferometry and
ray tracing to investigate the optics and image forming capacity of ocelloids. Our results
show that the lens-like hyalosome of the ocelloid has a refractive-index gradient much like
the lenses in many camera-type eyes and that it projects an image onto a retina-like
structure. We model the spatial resolution and visual field to approx. 10 and 50 degrees,
respectively, and this acuity is high enough to detect their phytoplankton prey items within
realistic attack range. Behavioural experiments verify that the swim patterns of the cells are
largely guided by the light environment and they display fast directional swimming in
straight lines putatively guided by the ‘eyes’. Curiously, the ocelloid vanishes at night where
the cells divide and then a new one is built in the morning. The discoveries raise questions
of how a single cell manages to build structures that otherwise require numerous
coordinated cell types and accomplish functions that normally involve information
processing in a brain.

S$12.5|12:15 - 12:30 | Thursday, July 30
The neuroscience of emotion
George, Zaria, University of lllinois, USA

Context-driven behavior operates independent of physiological responses in R.
aegyptiacus

The socio-emotional context of sound is essential to how we communicate throughout our
day-to-day lives. However, how we as mammals contextually modulate those auditory cues
and assign them social value remains largely unknown. A tractable mammalian model for
investigating this knowledge gap is the bat Rousettus aegyptiacus. R. aegyptiacus, like
most bats, is an auditory specialist that can emit echolocation calls used for navigation, as
well as social communication calls used to convey their internal state. Using physiological
methods, we investigate the distinct mechanisms underlying the perception of different
calls from the repertoire of R. aegyptiacus. Heart rate monitoring during playback
experiments was used to identify the physiological valences of specific call types within

R. aegyptiacus's repertoire. We further employed in vivo electrophysiological recordings of
the primary auditory cortex (A1) to investigate the neuronal mechanisms underlying the
perception of these calls. Both physiological practices provided direct insight into how
social sounds are processed independent of a social setting. The speaker test, a playback
experiment, allowed us to determine the role of context on the behavioral valence of
distress calls in this species. This work establishes foundational links between contextual
modulation and auditory processing of social communication in mammals.

S$16.1 | 11:00 - 11:20 | Friday, July 31

Orientation across modalities

Gkanias, Evripides, Lund University, Sweden
Co-Author: Dacke, Marie, Lund University, Sweden
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Mapping polarised sky views to the behaviour of oriented animals under clouds and
trees.

Many navigating animals must be able to extract reliable directional information from visual
scenes cluttered by vegetation and clouds. Building on a computational model of the insect
polarised light compass, | combine behavioural experiments, polarisation and colour
imaging, anatomical reconstruction and modelling to uncover how ball rolling dung beetles
cope with such environmental noise. Using pCT based 3D reconstructions of individual
ommatidia, | quantify spatial resolution across the visual field and simulate how eye design
limits access to celestial compass cues. In parallel, | challenge the orientation of Kheper
lamarcki under natural clouds and foliage in South Africa, while simultaneously recording
the skylight and surrounding scene with a polarisation camera, providing a matched
description of the beetles’ available visual input in the field. By integrating these skylight
statistics with my anatomical model and trajectory data, | test how beetles reweight
allothetic celestial information and idiothetic self-motion cues when the sun and polarised
light pattern are degraded. Preliminary results show that foliage has little impact on
compass performance, whereas clouds strongly disrupt celestial guidance. When allothetic
and idiothetic cues are in conflict, the beetles climb onto their dung ball and rotate,
remapping their internal compass to the current skylight. The beetles seem to rely more
heavily on celestial cues under a clear sky and more heavily on idiothetic cues under
overcast skies to maintain straight paths. This work provides the first mechanistic
framework that links natural skylight structure, eye anatomy and behaviour in dung beetles,
and outlines general principles for robust celestial compasses that could inspire
autonomous systems operating in visually variable outdoor environments.

Mechano- & thermosensation | Wednesday, July 29 | 15:00 — 15:15
Gompel, Nicolas, University of Bonn, Germany
Co-Authors: Ray, Vijayaditya (University of Bonn, Germany)
Bracker, Lasse B. (LMU Munich, Germany)

Kourtidis, Alexandros (LMU Munich, Germany)

Rosher, Charlie (LMU Munich, Germany)

Dinges, Gesa F. (University of Cologne, Germany)
Pierzchlinska, Anna (University of Cologne, Germany)
B.,schges, Ansgar (University of Cologne, Germany)

Feng, Kai (University of Queensland, Australia)

Cury, Kevin M. (Columbia University, United States)
ngompel@uni-bonn.de

The TRP-channel painless mediates substrate stiffness sensing during Drosophila
oviposition

The distinct textural properties of fruits in varying stages of ripening present unique
ecological opportunities for several species of fruit flies, resulting, over evolutionary times,
in specialized egg-laying behaviors. We identified a TrpA channel-dependent
mechanosensory pathway in the legs, through the gene painless, that modulates the
discernment of softer patches for oviposition in gravid D. melanogaster females. We report
that the stiffness-sensing role of tarsi is mediated through external sensory organs housed,
namely ventral mechanosensory bristles and subsets of campaniform sensilla present
primarily at the joints between tarsomeres. Our findings provide new evidence that
campaniform sensilla function as indirect stiffness sensors of oviposition substrates, owing
to their placement at joints that experience maximal cuticular distortion. We show that
Painless is expressed in mechanosensory neurons innervating peripheral organs where it
likely participates in the transduction of stiffness-evoked stimuli. Furthermore, we observed
that overexpression of painless in both campaniform sensilla and mechanosensory bristles
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partially rescues preference for the softer substrates in painless mutants, indicating that
painless activity in these organs is necessary to mediate the preference. We propose that
different interactions with a soft vs. a hard substrate (compression of the cuticle,
distribution of contacts) results in differential mechanotransduction in painless-expressing
neurons, determining oviposition preferences.

S7.4112:00 — 12:15 | Wednesday, July 29

The evolutionary, behavioral, and neural bases of synchrony
Goolshy, Billie

Co-Authors: Reddy, A. Zachary, Stanford University

Callan, Ashlyn A., Stanford University

Baker, Penelope R., Stanford University

Soong, Marc, Stanford University

Dailey, Melody J., Stanford University

O'Connell, Lauren A., Stanford University
bgoolsby@stanford.edu

Neural mechanisms underlying family coordination in poison frogs

Parenting is one of the most common forms of social behavior across Life. In extreme
environments, biparental care — mothers and fathers working together as a team - evolves
as a strategy to improve offspring survival, but the behavioral and neural mechanisms
driving teamwork within families remain relatively understudied. Here, we use biparental
poison frogs (Ranitomeya imitator) as a model for understanding how synchrony improves
familial communication and offspring fithess. We identified variable parenting effort across
families, with high or low-investment corresponding to care efforts of fathers rather than
mothers. Finally, we describe a highly conserved opioidergic cell type between amphibians
and mammals residing in the hypothalamus that likely underlies this caring behavior,
highlighting the ancestry of this circuit in caregiving over vertebrates that may contribute to
synchrony between partners.

S11.5|12:15 - 12:30 | Thursday, July 30

The neuroethology of water stress: thirst, desiccation risk and water-seeking
behavior

Gordon, Deborah M

dmgordon@stanford.edu

The role of dopamine in the resilience of collective behavior to water stress

Water stress is an urgent and growing problem for all organisms. Drought conditions, with
high temperatures and low humidity, cause evaporative water loss with physiological costs.
The project examines how dopamine mediates variation among ant colonies in the
collective regulation of foraging, through individual forager decisions about the risk of water
loss. Selection on variation among colonies in neurophsyiology may allow colonies to adapt
to increasingly severe conditions. A >30-year long-term study of a population of colonies of
the desert red harvester ant (Pogonomyrmex barbatus) shows that colonies must spend
water to obtain water and food. Ants lose water while foraging but gain it by metabolizing
fats from collected seeds. A forager inside the nest decides whether to leave the nest on
the next trip, by integrating social, olfactory encounters with returning foragers, a cue to
food availability, and its assessment of desiccation risk from its previous foraging trip
outside. Colonies differ in forager decisions. Risk-averse (RA) colonies reduce foraging in
dry conditions to conserve water, sacrificing food intake. Risk tolerant (RT) colonies
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continue foraging despite the cost. Previous transcriptomic and pharmacological studies
showed that dopamine (DA) mediates forager decisions. Higher DA is associated with
increased foraging in dry conditions. We are measuring DA titers in forager brains from RA
and RT colonies using near-infrared fluorescence assays in pooled brain samples.
Experimental and lab studies indicate that RT colonies upregulate DA to support risky
foraging under desiccation stress. We mapped dopaminergic neurons (DANSs) in P.
barbatus using tyrosine hydroxylase immunolabeling and confocal microscopy.
Comparison with Drosophila reveals conserved DAN clusters. Differences between RA and
RT colonies in DAN cluster architecture and downstream synaptic projections can mediate
dopamine release and thus forager decisions about the risk of water lo

S11.1|11:00 - 11:20 | Thursday, July 30

The neuroethology of water stress: thirst, desiccation risk and water-seeking
behavior

Gracheva, Elena, Yale University, USA

Neurophysiological mechanisms of thirst suppression during hibernation

Vertebrate motor control | Friday, July 31 | 15:30 — 15:45

Grassler, Abigail, Emory University, USA

Co-Authors: Vargas, César (Emory University, Atlanta, GA, United States)
Kilic, Sumeyra (Emory University, Atlanta, GA, United States)

Zhao, Ziran (UT Southwestern Medical Center, Dallas, TX, United States)
Trusel, Massimo (UT Southwestern Medical Center, Dallas, TX, United States)
O'Brien, Tyler (UT Southwestern Medical Center, Dallas, TX, United States)
Pascual, Leila (Emory University, Atlanta, GA, United States)

Cooper, Brenton (Texas Christian University, Fort Worth, TX, United States)
Roberts, Todd (UT Southwestern Medical Center, Dallas, TX, United States)
Sober, Samuel J (Emory University, Atlanta, GA, United States)
abi.grassler@emory.edu

Dual control of feeding and singing in the songbird motor system

Many skilled behaviors rely on the same muscles to produce functionally distinct
movements. How the nervous system has evolved to selectively coordinate muscle activity
to flexibly execute discrete behaviors is unknown. Zebra finches are an excellent model to
study this question, as they rely primarily on their highly adapted beaks to perform a large
repertoire of skilled behaviors. Although beak movement is critical for both vocalization and
eating in songbirds, relatively little is known about the neuromuscular control of the jaw
muscles during these behaviors. Using electromyography (EMG), we recorded high-
resolution muscle activity from the output of these motor systems to understand how
muscles are utilized in different motor control strategies. We collected chronic EMG
recordings from the adductor (jaw closer) and depressor (jaw opener) muscles during
undirected song and seed-handling, revealing that both muscles are rhythmically active
during both singing and eating. We observed that adductors and depressors alternate
activity in individual gape cycles for both song and eating, suggesting a potential shared
motor pattern across these naturalistic behaviors. In parallel with these behavioral and
electrophysiological studies, heuroanatomical studies revealed projections from the lateral
arcopallium (Ail) to motor nuclei involved in innate vocalizations, raising the possibility that
shared brain circuits have evolved for feeding and vocalization. Overall, this work aims to
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identify how patterns of muscle activity drive diverse behaviors that may have evolved from
a single circuit.

S$15.4|12:00 - 12:15 | Friday, July 31

Animal architecture

Guillette, Lauren

Co-Authors: Self, Julia L, University of Alberta
Camacho-Alpizar, Andrés, University of Alberta
Binwal, Priya, University of Alberta

Mir, Umama, University of Alberta

Stanescu, Stefan, University of Alberta
Whittaker, Benjamin A, University of Alberta
guillett@ualberta.ca

Is nest building in birds a cultural behaviour?

Culture, learned behaviours that are shared among members of a group and persist over
time, are documented across diverse species. For culture to persist, newcomers must
adopt the norms of the group, a process called conformity. We examined conformity in
zebra finches (Taeniopygia guttata) by testing whether newly introduced males (n = 75; the
primary nest-builders) conform to the nest material preferences of an established
population. Each male’s preferred colour (blue or yellow) was identified as the colour of
string he interacted with most, and bias strength was measured as the percentage of total
interaction time spent with his preferred colour. Each male, with a female partner, was then
introduced into a population of birds using nests that either matched, clashed, or were
neutral to his initial preference. After observing the population for three days, males were
given access to both string colours to build a nest. We found that nest material use
depended on the interaction between bias strength and population composition. More
weakly biased males in populations that clashed with their preference conformed, while
more strongly biased males maintained their preference, regardless of population
composition. These findings suggest that individual biases influence conformity and may
affect the spread and persistence of culture.

Vertebrate motor control | Friday, July 31 | 15:00 — 15:15

Gutiérrez Ibanez, Cristian, University of Alberta, Canada

Co-Authors: Faunes, Macarena (Escuela de Medicina Veterinaria, Pontificia Universidad
Cattolica de Chile, Santiago, Chile)

Vicera, Clara (Department of Biological Sciences, University of Alberta, Edmonton, AB,
Canada)

Iwaniuk, Andrew (University of Lethbridge, Canada)

Wylie, Douglas (Department of Biological Sciences, University of Alberta, Edmonton, AB,
Canada)

cgutierrQualberta.ca

Neural correlates of seed dehusking in songbirds

Seeds are highly nutritious but also hard and enclosed by an indigestible testa. Some
songbirds process seeds intraorally and remove the hard seed husk before swallowing.
Seed dehusking in songbirds is a complex sensorimotor task that requires precise
coordination of the beak and tongue and extensive tactile feedback from the orofacial
region. Whether this behavior is correlated with changes in the brain of birds is currently
unknown. We tested whether this behaviour is associated with predictable changes in
brainstem somatosensory and motor nuclei. We measured the volumes of the principal
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sensory nucleus of the trigeminal nerve (PrV), the trigeminal motor nucleus (MV), and the
facial motor nucleus (MVII) across 92 passerine species and combined these data with
information on diet and beak morphology. Using phylogenetic comparative analyses, we
found that species belonging to families that dehusk seeds exhibit a selective enlargement
of PrV relative to brain size, whereas MV and MVII show smaller differences. This
enlargement is best predicted by the presence of seed dehusking behaviour rather than by
overall seed consumption or beak shape alone. Moreover, seed-husking species display a
disproportionate expansion of the lingual representation within PrV, indicating enhanced
somatosensory processing of tactile inputs from the tongue. These results suggest that the
evolution of seed dehusking in songbirds is primarily associated with increased sensory,
rather than motor, specialization in the trigeminal system. More broadly, our findings
highlight convergent principles linking dexterous food manipulation and the expansion of
neural substrates for haptic feedback across vertebrates.

Photoreceptors & visual adaptation | Tuesday, July 28 | 15:15 - 15:30
Haverkamp, Silke, Max-Planck-Institute for Neurobiology of Behavior, Germany
Co-Authors: Hauzman, Einat (University of S,,0 Paulo, Brazil)

Puller, Christian (Max-Planck Institute for Neurobiology of Behavior, Canada)
Guenther, Anja (Max-Planck-Institute for Neurobiology of Behavior, Germany)
Watkins, Paul (Max-Planck-Institute for Neurobiology of Behavior, Germany)
Gower, David J. (Natural History Museum London, Canada)
silke.haverkamp@mpinb.mpg.de

Comparative connectomics provides new insights into the rod pathway of vertebrate
retinas

To explore the anatomical similarities and the potential evolution of the rod bipolar cell
(RBC) pathway in the vertebrate retina, we analyzed 3D EM datasets from seven vertebrate
species: two nocturnal and two diurnal snakes, a diurnal turtle and chicken, and a nocturnal
owl. We first focused on the snake retina. PKC-a labelling revealed a rod-selective ON
bipolar cell in nocturnal snakes, and an LWS-cone-selective bipolar cell in diurnal snakes.
Our large-scale EM reconstruction showed that in the nocturnal snakes, RBCs contacted
about 20 rod terminals and appeared like typical mammalian RBCs, whereas in the diurnal
snakes, RBCs contacted only two to three rod terminals, similar to what has been show in
the diurnal ground squirrel retina. As in zebrafish and in mammals, RBCs primarily synapse
onto All-like and A17-like amacrine cells. In addition, however, we found ganglion cells with
highly selective RBC input in all four species. This is the first time that RBC-selective
ganglion cells have been found in a vertebrate retina, and our ongoing studies will show
whether this is specific to snakes or evolved in other vertebrates as well. The datasets from
central chicken and turtle retina provide no evidence for a rod-specific bipolar cell pathway.
The owl retina is under investigation, and datasets from two fish and two amphibian
species are in preparation.

S$6.3 | 11:40 — 12:00 | Wednesday, July 29
Brains in the wild A

Hoffmann, Susanne
susanne.hoffmann@bi.mpg.de

Neurophysiology in wild songbirds reveals the neural mechanisms of duet singing

Cooperation is an important key for success in any social animal system. A prerequisite for
cooperative behavior is the ability to coordinate motor actions with other individuals. Mated
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pairs of the cooperatively breeding white-browed sparrow weaver (Plocepasser mahali), for
instance, precisely coordinate their vocalizations to generate duet songs, which they use for
territory defence. While the ecological benefit of cooperative behavior has widely been
studied in different animal taxa, the underlying neural mechanisms are still poorly
understood. We try to fill this gap by investigating the brain’s role in duet singing. We
perform telemetric recordings of vocal motor or auditory activity in parallel with recordings
of the individual vocal activity in wild and free-ranging male and female white-browed
sparrow weavers while they sing duet songs in their natural habitat, the South African
Kalahari. We found that this bird species produces one of the most complex duet songs
amongst songbirds. The male and the female duet partner precisely alternate sex-specific
song syllables without large gaps or overlaps, which requires a rapid auditory-to-vocal
motor translation. White-browed sparrow weavers don’t repeat song elements in their duet
songs, but seem to exploit a syllable categorization system to choose the syllable type that
corresponds to the last syllable sung by the partner. Neurons in the vocal motor brain area
HVC show different activity patterns prior and during the production of syllables of different
categories. While in both sexes the partner’s contributions to the duet elicit auditory activity
in the forebrain, which indicates that both sexes listen to their partner during duetting, only
females can adjust their song to syntax changes in the male duet part. Our study
encompasses the first extracellular neural recordings done in wild animals outside a
laboratory setting and empathizes the importance of studying brain function in natural
social settings.

Vertebrate motor control | Friday, July 31 | 15:15 - 15:30
Hou, Helen, Cold Spring Harbor Laboratory, USA
hou@cshl.edu

Neuromuscular organization and the geometry of facial motor control

A central challenge in systems neuroscience is understanding how neural circuits generate
coordinated, multi-muscle motor output. Facial movements provide a powerful model
because dozens of small muscles generate high-dimensional yet structured and rapid
movements under the control of compact brainstem circuits. At the same time, the same
set of muscles supports multiple ethologically relevant behaviors, offering a rare window
into how circuits flexibly repurpose a single motor apparatus. Yet how neuromuscular
organization shapes the space of possible movements and how circuits exploit this
structure remains largely unexplored.

We combine quantitative behavioral analysis, anatomy, and physiology to dissect the circuit
logic of facial motor control in mice. Using Cheese3D, a calibrated six-camera 3D tracking
system, we capture whole-face kinematics with high temporal and spatial resolution. We
will present new results revealing the geometric structure of facial movement and its
neuromuscular basis, uncovering the space of facial patterns constrained by neuromuscular
organization.

We further use this framework to systematically map facial motor programs across sensory-
driven behaviors. These experiments uncover structured variation across conditions that is
conserved across individuals. Together, this work establishes facial motor control as a
tractable system for uncovering general principles of sensorimotor transformation.

S$10.1|11:00 - 11:20 | Thursday, July 30
Brains in the wild B
Huber, Daniel, Geneva University, Switzerland
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Co-Authors: Wolf, Fred University of Géttingen, Germany

From branch to branch: visually guided navigation in early primates

Arboreal foraging and leaping were likely defining features of early primates, placing strong
demands on visuomotor control and thus shaping key primate traits ranging from forward-
facing eyes and grasping hands to advanced cognition. To safely leap from branch to
branch, animals must estimate distance, transform it into precise take-off parameters, and
commit to a high-risk ballistic trajectory that cannot be corrected mid-flight. This tight
coupling of vision, action, and outcome offers a unique window into how the primate brain
computes internal models that map whole-body motion onto future states.

We study these processes in the gray mouse lemur (Microcebus murinus), one of the
smallest living primates and likely the closest extant proxy for early primates, using a
deliberately integrated wild—-lab approach. Rather than adapting behaviors to the laboratory,
we bring quantitative ethology into the animal’s natural context. Using high-speed 3D
tracking and wireless automated reward systems, we first established highly reproducible
leaping behavior directly in the canopy of trees in a deciduous dry forest in Madagascar.
This “lab in the wild” paradigm preserves the ecological validity of natural behavior while
achieving the precision and repeatability typically restricted to laboratory settings. We then
close the loop by recreating the same 3D foraging task in a large-scale, naturalistic
laboratory environment, enabling systematic manipulation of key variables such as
distance, branch compliance, lighting, and perceived risk (e.g., predator cues).

Across both settings, mouse lemurs systematically tune their take-off in ways consistent
with an internal model of projectile motion. Rather than minimizing immediate effort, they
balance the mechanical costs of take-off and landing within clear biomechanical
constraints. These findings reveal precise predictive control over future trajectory and
landing state.

Overall, our findings demonstrate that combining field-based ethology with controlled
laboratory neuroscience can uncover fundamental computational principles of behavior.
They support the idea that visually guided leaping played a key role in the evolution of
forward models linking vision and action in the primate lineage.

S4.5|12:15 - 12:30 | Tuesday, July 28

Adaptive responses to changing internal and external environments: weathering the
storm

Jacquerie, Kathleen

Co-Authors: DiMartino, James

Zeng, Ji

Dalal, Ananya

Marder, Eve

kathleen.jacquerie@gmail.com

Temperature compensation across neural and neuromuscular functions in Cancer
borealis

Understanding how warming affects life-critical physiological processes is increasingly
important as ocean temperatures rise at unprecedented rates. We studied the
stomatogastric system of the crab Cancer borealis, focusing on the pylorus, involved in
food filtering. In this system, muscle contraction depends on multiple temperature-sensitive
levels of organization, from motor pattern generation to neuromuscular transmission and
the contractile machinery. Previous studies examined these levels separately: warming
increases pyloric rhythm frequency until the rhythm crashes at extreme temperatures. How
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the neuromuscular system responds to this increase in motor pattern remained unknown.
Here, we jointly measured neuronal motor input and muscle responses using simultaneous
recordings of nerve activity, muscle fiber membrane potential, and contraction. As
temperature increased, rhythmic nerve activity and excitatory junctional potentials were
maintained, whereas contraction declined and failed first. When muscles were stimulated at
a fixed low frequency mimicking cold neuronal activity, contraction decreased with
warming. Increasing stimulation frequency to mimic warm neuronal activity partially rescued
contraction, showing that the temperature-dependent rise in neuronal firing provides partial
compensation, but not enough to fully prevent the loss of contraction at high temperatures.
We further show that warming hyperpolarizes muscle fibers, moving membrane potential
farther from contraction threshold, protecting against over-excitability. However, high-
potassium induced contraction reveals that the contractile machinery remains functional at
high temperature. These results show that warming acts differently across levels of
organization and that temperature-dependent compensatory overlap to preserve function
over a broad temperature range.

S$13.4|12:00 - 12:15 | Friday, July 31

Neural basis of acoustic communication across vertebrates
James, Logan S.

Co-Authors: Hoffman, Benjamin, Earth Species Project
Liu, Jen-Yu, Earth Species Project

Sakata, Jon T, McGill University

Ryan, Michael J, University of Texas at Austin

Chemla, Emmanuel, Earth Species Project

Pietquin, Olivier, Earth Species Project

Woolley, Sarah C, McGill University
logansmithjames@gmail.com

Rules underlying vocal exchange across species

Vocal interactions are widespread across animals, including humans, and are important for
many social behaviors. The rules underlying these exchanges remain poorly understood,
partly because of limitations in data and analysis tools, while emerging Al technologies offer
promising avenues for discerning communication dynamics. We analyzed >1,000 hours of
vocal exchanges between pairs of female zebra finches, and found consistent patterns of
rapid structural modulation, response selectivity, and vocal covariation during interactions.
We leveraged generative Al-based playbacks as well as non-interactive playbacks to test
the factors driving this vocal flexibility observed during live interactions. We then applied
this same analysis framework to data from other species (including other birds, as well as
frogs) to compare the strength of these vocal flexibility metrics across species. Together,
these results reveal central rules underlying vocal exchanges across species and
demonstrate how Al can be leveraged to understand animal communication.

Sensory learning & decision-making | Monday, July 27 | 16:00 - 16:15
Jaroszewski, Magdiel, Johns Hopkins University, USA

Co-Authors: Moss, Cynthia (Johns Hopkins University, Baltimore, MD, United States)
Finger, Nikita (Johns Hopkins University, Baltimore, MD, United States)

Eveland, Keegan (Johns Hopkins University, Baltimore, MD, United States)
Drieskens, Davi (Johns Hopkins University, Baltimore, MD, United States)
jjarosz4@jh.edu

Cue-guided decision-making in the echolocating bat
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Goal-directed navigation requires flexible decision-making. Sensory cues acquired during
navigation may guide decision-making strategies to assess potential outcomes. Bats,
known for their reliance on sonar for 3D orientation, provide powerful research models for
investigating decision-making during cue-guided navigation. Vicarious trial and error (VTE),
a future-oriented decision-making process characterized by head-scanning in rodents, has
been observed following navigational errors. While the cognitive processes underlying VTE
remain debated, it is not known whether bats exhibit comparable overt decision-making
behaviors during navigation. Here, we investigate whether big brown bats increase head-
scanning and modulate sensory sampling via echolocation following navigational errors and
under conditions that vary the temporal delay between cue onset and action. Four bats
were trained to locate a landing perch in the dark and associate distinct sensory cues with
the perch’s physical location. We systematically varied the working memory demands
required to maintain cue information prior to action by manipulating the delay between cue
presentation and choice. We compared sonar beam direction, call rate, and head angular
displacement between successful trials, those following invalid trials that misdirected the
animal, and across delay conditions. The directional aim of the bat’s sonar beam and head
angular displacement at the choice point served as a metric for deliberative decision-
making. This research offers insight into future-oriented decision-making behavior in
echolocating bats and memory demands on adaptive navigation strategies.

Developmental plasticity & evolution | Tuesday, July 28 | 16:00 — 16:15

Jarzyna, Martin, Washington University in St. Louis, USA

Co-Authors: Carlson, Bruce (Washington University in St. Louis, MO, United States)
Fukutomi, Matasaburo (Hokkaido University, Sapporo, 4, Japan)

Greenberg, Lance (Washington University in St. Louis, United States)
martinjarzyna26@gmail.com

Plasticity and evolution coordinate predictions and behavior through a sensorimotor
hub

Mormyrid fish communicate using an electric organ discharge (EOD) produced with a
variable sequence of interpulse intervals (IPls). EOD duration varies widely across species
and, in some species, is reversibly elongated by testosterone (T) in males during breeding
periods. It is unclear how patterns of IPI production relate to differences in EOD duration.
Both species differences and T-induced differences in EOD duration are matched precisely
by delays in a corollary discharge circuit that mediates sensory predictions of the timing of
responses to self-generated EODs. This circuit also projects to inhibitory neurons that
regulate the timing of EOD production through recurrent feedback, but the effects of these
shifts on IPI patterns are unknown. Based on this shared circuitry, we hypothesized that
long-EOD fish have larger baseline IPIs. To test this, we treated Brienomyrus brachyistius
with T to induce EOD elongation and corollary discharge plasticity, and recorded IPIs of
individual, freely swimming fish during treatment. We also recorded IPIs in two
Campylomormyrus species with dramatically different EODs: one with short-duration EODs
(~0.2 ms), and one with long EODs and pronounced ontogenetic plasticity of EOD duration
(2-26 ms). Using spike train analysis, we quantified species differences and hormonal
effects on baseline IPIs and burst displays. Consistent with our hypothesis, long-EOD
groups had larger baseline IPls than short-EOD groups. However, EOD bursts were more
frequent in long-EOD groups. Curiously, these long-EOD bursts were more stereotyped and
shorter compared to short-EOD fish, which had more infrequent bursts that were longer
and more variable in duration. Our results suggest that motor pathways modify patterns of
signal production to accommodate both evolutionary and plastic change in signal duration.
Further, our results suggest that a single locus in the brain regulates sensory predictions
and motor output to match changes in signal duration.
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Impact of social isolation on the neural responses of a wasp with identity recognition
Polistes fuscatus wasps possess individually distinctive color patterns on their face, which
they can use to visually recognize and discriminate each other. The development of this
ability is dependent upon social experience. Previously, we found a localized physiological
population of neurons in Polistes fuscatus that are selective to forward-facing wasp images
in the lateral protocerebrum. Additionally, the synaptic volumes of high-order visual centers
in these same brain areas are differentially impacted by social exper