el

68-12 Abramyan, Jx; Shaheen, J; University of Michigan -

Dearborn; abramyan@umich. edu

Pseudogenized amelogenin reveals early tooth /oss in the evolution
of true toads

Most anurans exhibit some degree of reduction in their dentition
ranging from a lack of teeth in the lower jaws of frogs to complete
edentulation in the true toads of the family Bufonidae. Tooth loss
in vertebrates is unique in not only eliminating an anatomical
structure, but also leading to the degeneration of a host of tooth-
specific genes. Here we employ amelogenin (AMEL) pseudogenization
as a tool to characterize the onset of tooth loss in toads.
Comparison of AMEL from two members of the family

Bufonidae: Rhinella marina and Bufo bufo with nine extant frog
species revealed disruptive mutations indicative

of AMEL inactivation in toads. dN/dS ratios, as a measure for
selective pressure, confirmed neutral evolution in toad AMEL and
purifying selection in frogs. Nonetheless, toad AMEL sequences were
remarkably similar at 89.13% with a moderate substitution rate,
similar to comparably diverged frogs, while the ancestral branch
leading to bufonids where tooth loss occurred exhibited a high
number of mutations and tenfold higher substitution rate. Our
calculations revealed that toad AMEL remained functional for only 1
- 5 million years after toads diverged from frogs “80-100 million
years ago. In conclusion, we found that AMEL pseudogenization
involved temporary acceleration in substitution rate, rapid
accumulation of inactivating mutations, and tooth loss shortly
after the divergence of toads from frogs, indicative of early tooth
loss in toads being an adaptive evolutionary process.

102-1 Abu-Bader, Lx; Summers, AP; Kruppert, S; Donatelli, CM;
College of William and Mary, University of Washington Friday Harbor
Laboratories; /ayannebader@gmai/l. com

Vertebral column bending and intervertebral space shape in fishes
The development of a calcified vertebral column is the key
distinguishing feature that separates the subphylum vertebrata from
other chordates. During its evolution, the bony vertebrae has taken
many different shapes and sizes. In mammals, the individual
vertebral bodies are completely solid, with soft vertebral disks in
between them to cushion the bony structures as they move within the
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body. In fish, the vertebral column is made of hollow vertebral
bodies that encase the remnants of the soft notochordal tissue. The
faces of fish vertebral bodies are concave, forming an hourglass
shaped opening on the inside when sectioned laterally. The size and
shape of this intervertebral opening varies greatly among bony
fishes and there is little known about how these differences can
affect vertebral bending. We wanted to know how the shape and
volume of the intervertebral material might be influencing
vertebral bending resistance. To answer this question, we performed
bending tests using a material testing system on 3 different sets
of vertebrae. First, we bent sections of the vertebral column of 5
different species of fish to failure. Then, we 3D-printed physical
models of these same species, and tested them at a range of bending
angles. Finally, we created and tested idealized models of the
vertebrae. Using these data, we found that the relative volume of
the intervertebral space relates to bending resistance; we found
that bending resistance decreases as the volume of the
intervertebral space increases. It is possible to use the
relationships found in our data to estimate the bending resistance
in a fish vertebrae by simply measuring the intervertebral volume
from a CT scan. This has the dual benefit of enabling estimates
from fossils and from specimens only available as fixed material.

177-6 Abzhanov, A; Imperial College London,

UK; a. abzhanov@imperial. ac. uk

The many faces of evolution: heterochronic developmental
mechanisms for adaptive radiations

Our planet's biodiversity is the result of countless evolutionary
radiations across a wide range of temporal, geographical and
taxonomic scales. Adaptive radiation is the extensive and often
rapid evolution of morphologically and ecologically diverse species
from a single ancestor. It usually implies two coincidental
processes: multiplication of species number (species richness) and
increased phenotypic disparity (morphological diversification). The
exact mechanisms underlying such taxonomic and morphological
diversifications are still being explored and described. Some of
the most important examples of adaptive radiations representing
different vertebrate clades and taxonomic levels are Darwin’'s
finches (Thraupidae), New World leaf nosed bats (Phyllostomidae)
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and crocodilians (Crocodylia). Cranial diversity in vertebrates is
a particularly inviting research topic for understanding mechanisms
for adaptive radiations as animal heads and faces show many
dramatic and unique adaptive features, which reflect their natural
history. We aim to reveal molecular mechanisms underlying
evolutionary processes that generate such morphological variation.
To this purpose, we employ a synergistic combination of geometric
morphometrics, comparative molecular embryology and functional
exper imentation methods to trace cranial evolution in reptiles,
birds and mammals, some of the most charismatic animals on our
planet. Our research on morphological skull and face diversity in
birds, crocodilians and bats is revealing how particular changes in
development, such as heterochrony, can produce morphological
alterations for natural selection to act upon. We also show that
cranial morphological diversification observed in adaptive
radiations can be explained by differential growth and underlying
dynamic patterns of cell proliferation and differentiation during
craniofacial morphogenesis.

/0-6 Adams, DAx; Bierlich, KC; Dale, J; Johnston, DW; Goldbogen,

JA; Friedlaender, AS; Segre, P; Blob, RW; Price, SA; Glemson
University, Duke University, Stanford University, University of
California Santa Cruz; dsadams@g. c/emson. edu

Control surface-body size relationships in baleen whale species
Maneuverability in the marine environment requires a degree of
controlled instability. Cetaceans move by dorso-ventral oscillation
of their trunk and caudal flukes and have body designs that allow
for efficient, stable, and steady swimming. To maneuver during
behaviors |ike prey capture, their control surfaces (i.e. fluke,
flipper, dorsal fin) are used to create controlled instabilities.
The morphology of cetacean control surfaces is ecologically
important as they constrain hydrodynamic performance, and
subsequently influence the ability of cetaceans to execute
different feeding strategies. To gain insight into evolutionary
patterns of morphological variability in whales that use different
feeding strategies, and to help understand the hydrodynamics of
foraging, we are analyzing control surface morphology across the
cetacean phylogeny. Our initial investigations have focused on the
relationships amongst control surface size, shape, and body size of

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



e4

three mysticete species: humpback, blue, and minke whales. Using
high resolution photographs of planiform control surfaces of
multiple individuals, we measured characteristics of the fluke,
flipper, and caudal peduncle using the MorphoMetriX software
package. We regressed these metrics on body length to understand
scaling differences amongst species. Preliminary results indicate
that the slope and intercept of control surface metrics vary
amongst mysticete species, with some control surface metrics
showing isometry. Differences in size and shape of control surfaces
among these species may suggest they are using these surfaces
differently to harness controlled instability and facilitate
maneuvers.

S2-2 Adema, CM*; McQuirk, KA; Seppala, 0; Castillo, MG; University
of New Mexico, Albuquerque, NM, Research Department for Limnology,
University of Innsbruck, Mondsee, Austria, New Mexico State
University, Las Cruces, NM; coenadem@unm. edu

Fielding freshwater snail immunity

Survival in variable natural environments with (a)biotic stressors
(including parasites) requires effective immunity, also for snails
(Mol lusca, Gastropoda). Gaining in-depth understanding of
immunology across snail phylogeny is challenged by great diversity
of gastropods. Focused lab research, aided by genomics, led to
extensive characterization of molecular immunology of the
freshwater snail Biomphalaria glabrata (family Planorbidae
Hygrophilid snails), vector of Schistosoma mansoni/, human parasite.
Next generation sequencing (NGS) enables immunogenomics, revealing
immune gene complements in genomes of other snail species,
including Lymnaeidae and Physidae, also families of Hygrophila. The
mechanics of snail immune function (mostly studied in vitro, with
genetically similar lab snails) can now be interpreted as some
combination of specific molecules and pathways for pathogen
recognition, signaling, and humoral and cellular effectors,
yielding a degree of pathogen-specificity. Accordingly, snail
molecular immunology can provide a resource for ecoimmunology to
help identify specific immune factors and processes that aid snail
survival in the field when faced with various stressors. A cage-
study is in progress with different populations of mitogenome
haplotype-characterized Physel//a acuta to compare immune
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transcriptomes among |ab-maintained and rewilded snails. Already,
NGS showed that use of particular immune pathways and effectors
varies among individual Lymnaea stagnalis snails of mixed genetic
background. Such studies may inform field studies of snail vectors
of medical relevance and help define the realities of field
immunology of snails.

104-8 Adjerid, Kx; Mayer|, GJ; Gould, FDH; Edmonds, CE; Steer, KE;
Bond, LE; German, RZ; Northeast Ohio Medical University, Rootstown,
OH, Rowan University School of Medicine, Stratford,

NJ; kadjerid@neomed. edu

How do different feeding delivery parameters affect swallowing
behavior in infant pigs?

In infant mammals, feeding is a critical neuromotor behavior that
involves the rhythmic activity of sucking, and swallowing, a
reflexive event triggered by milk accumulation in the valleculae.
We asked how these behaviors respond to variation in sensory input
through the delivery of milk from an automated milk delivery system
as compared with bottle feeding. We varied milk delivery rate (2 -
6 Hz) and aliquot volume (0.2 to 0.6 ml) with several combinations
at a constant volume flow rate (VFR) of 1.2 ml/s. We measured suck
frequency, swallow bolus size, milk transport time, and swal low
frequency in six infant pigs, Sus scrofa. We found that all
measures were constant across automated milk delivery rates.
However, bottle feeding resulted in smaller boluses and lower suck
frequencies. While our results on sucking are consistent with
previous studies, our constant swallow frequency result differs,
likely due to the extreme values used in that study, which did not
control for VFR. Smaller boluses in bottle drinking were likely a
result of sucking for aliquot acquisition versus the automated
feeding where sucking occurs, but doesn’t necessarily correspond to
aliquot formation. Smaller aliquots produced exclusively from
bottle sucking resulted in reduced bolus transit time and swallow
frequencies, suggesting that the efficiency of sucking in infants
is a rate |limiting step in drinking frequency and the formation of
large boluses.

100-8 Afseth, Cx; Hellmann, J; Anderson, S; Shim, A; Bell, A;
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University of Illinois at Urbana—Champaign, University of

Dayton; cafseth20i//inois. edu

The transgenerational effects of personally-acquired and socially-
acquired predation cues in three-spined sticklebacks (Gasterosteus
aculeatus)

There are a variety of mechanisms through which animals are able to
learn about environmental stressors without personally experiencing
them. One such mechanism is transgenerational plasticity, in which
parental experiences can alter offspring phenotype. Another is
social learning, the process of individuals modifying their
behavior by observing conspecifics. In this study, we investigated
the extent to which three-spined stickleback (Gasterosteus
aculeatus) offspring phenotypes are altered when parents have
social ly-acquired information about their environment, in the
context of paternal predation effects on offspring antipredator
behavior. In a full factorial experiment, we independently
manipulated whether fathers were exposed to predation risk or if
they received social cues of predation risk via their neighbors.
Predation risk was simulated through both visual and olfactory
exposure to cues. We then generated offspring and assessed larval
antipredator behavior as well as shoaling behavior later in |ife.
Larval offspring of fathers that encountered socially-acquired cues
of predation froze for less time when chased with a model sculpin
compared to the control and compared to offspring of fathers that
personal ly experienced predation cues. In the adult assays,
offspring of fathers personally exposed to predation took longer to
approach a shoal of conspecifics compared to the control. This
suggests that both socially— and personally-acquired information in
parents can have consequences for offspring. These findings have
implications for our understanding of how information can be
transmitted by individuals within social groups and across
generations.

56-8 Agrawal, S*; Anwar, Z:; Song, J; Hedrick, T:; Luo, H; Tobalske,
B; Cheng, B; Penn State, Royal Veterinary College, University of
London , University of North Carolina at Chapel Hill, Vanderbilt
University, University of Montana; skab623@psu. edu

Functional modeling of hummingbird musculoskeletal system via
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optimization-based synthesis of wing skeletal model, motion
kinematics and muscle forces

The superior flight agility of hummingbirds is partly enabled by
their ability to modulate wing motion via a highly evolved
musculoskeletal system, consisting of a tiny, three-link,
approximately 7-degee-of-freedom forelimb and attached feathers.
However, due to the limitations of /n-v/vo measurement of muscle
activity during free flight, it is challenging to gain insights
into the physical activity of the musculoskeletal system, and to
develop relevant functional model. In this study, we used a novel
method to develop functional models of the hummingbird
musculoskeletal system solely based on noninvasive intrinsic
measurements. Specifically, we synthesized three sources of
existing data, including 1) Computational fluid dynamics (CFD)
simulation data for estimating forces applied to the wing, 2) Wing
skeletal model from ?CT scan, and 3) Skeletal kinematic data from
X-ray videos. The synthesis was conducted by using optimization
methods to estimate the model parameters of a collection of
hypothesized muscle functional models. Based on the identified
models, we are able to gain comprehensive understanding of the
functions of Pectoralis and Supracoracoideus, the two power muscles
that contribute to all degrees of freedom of the lumped wing motion
(i.e., stroke, deviation and pitching), along with two other muscle
groups that contribute to the wing deviation and pitching. In
particular, we gained insights into the physical behavior, e.g.,
stress & strain profiles, elasticity, and work loops of the two
power muscles. In addition, these models also reveal the key design
traits of hummingbird musculoskeletal system that should be
translated to robotic flight for achieving hummingbird-Ilevel
agility.

99-5 Aguinaga, J*; Gomulkiewicz, R; Watts, HE; Washington State
University Pullman, WA; Jjaguinagalucdavis. edu

Effects of social information and social sampling methods on
environmental assessments

Our understanding of social information processing has been |imited
by the fact that observed behaviors conflate information processing
with resulting responses. Here, we develop a mathematical model
that isolates how individuals assess their environment separately
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from individual decision-making. We use this model to examine how
social information affects environmental assessments and consider
the influence of personal and social sampling efforts, social
sampling methods, and types of environmental variation. We show
that social information use often improves but sometimes impairs
environmental assessments and that the magnitude of the effect
increases with environmental variation. Furthermore, while there
may be different ways to collect a given amount of information from
social partners, our analyses suggest these differences have
relatively little impact on the accuracy of environmental
assessments.

56-1 Ahmed, Ix; Faruque, IA; Oklahoma State

University, Stillwater; /shriak. ahmed@okstate. edu

A high speed visual tracking system for analyzing in-flight insect
interactions

Individual insects flying in crowded assemblies perform complex
aerial maneuvers by small changes in their wing motions. To
understand the individual feedback rules that permit these fast,
adaptive behaviors in group flight, a high speed tracking system is
needed that is capable of simultaneously tracking both body motions
and these more subtle wing motion changes for multiple insects,
extending tracking beyond the previous focus on individual insects
to multiple insects. In this system, we have extended our
capability to track multiple insects using high speed cameras (9000
fps). To improve the biological validity of laboratory experiments,
we tested this measurement system with Ao/s me//ifera foragers
habituated to transit flights through a test chamber. Processing
steps consist of data association, hull reconstruction, and
segmentation. We compared the automatic tracker to a manual tracker
to check its performance. An early analysis of multiple flight
trajectories is presented including segmenting the trajectories
into behaviors, and system identification prerequisites.

66-5 Aiello, BRx; Sikandar, UB; Minoguchi, H; Kimball, KC;
Hamilton, CA; Kawahara, AY; Sponberg, S; Georgia Institute of
Technology, University of Idaho, Florida Museum of Natural
History; baiello3@gatech. edu
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The evolution of wing shape and movement in bombycoid moths
reveals two distinct strategies for agile flight

Flapping flight aerodynamics depends both on wing morphology and
movement. However, it is unclear how interspecific variation in
wing shape and movement, especially prominent in insects, relates
to flight strategy. Previously we examined how wing shape evolved
across the phylogenetic split between hawkmoths (Sphingidae) and
wild silkmoths (Saturniidae), which have divergent |ife histories,
but agile flight behaviors. Integrating these results with
kinematics from two exemplar species and a quasi-steady blade
element model, we found evidence that two distinct strategies for
agile flight evolved between the clades. Hawkmoths evolved forewing
shapes favorable for power reduction and use high frequency wing
beats to complete rapid maneuvers. Silkmoths evolved forewing
shapes favorable for maneuverability and reduce power using slow
high-amplitude wing strokes. To examine if inter-clade differences
in kinematic parallel wing shape divergence and extend across the
phylogeny, we next collected kinematics in 7 additional species
from each family to assess inter—-clade aerodynamics. With few
exceptions, wing strokes are slow (<20Hz) and high amplitude
(127%+18 deg.) in silkmoths while rapid (25-70Hz) and low amplitude
(10612 deg.) in hawkmoths, suggesting divergence in wing shape
and movement is both correlated and widespread across clades. We
suggest that, through selection on both wing shape and movement,
performance metrics can be decoupled at evolutionary scales.
Finally, these results are integrated into a wider analysis of
flight dynamics to explore the correlated evolution of neural and
mechanical determinants of flight performance in these diverse
agile organisms.

65-70 Ajayi, OMx; Oyen, KJ; Benoit, JB; University of Cincinnati,
Cincinnati, OH; ajayiom@mail. uc. edu

Timing and severity of stressful temperature exposures influence
egg development and hatching success in multiple Ixodid ticks
Ticks are blood-feeding arthropods which vector several pathogens
that negatively impact the health of humans and |ivestock and,
hence, are among the most costly ectoparasites in the world.
Climate change, habitat fragmentation, and host population shifts
are some of the factors which influence tick abundance.
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Specifically, extreme temperatures may |imit both the geographic
distribution and abundance of tick populations. Although several
studies have investigated the effects of extreme temperature on
mobile |ife stages of ticks, data on egg thermal tolerances are
uncommon. In this study, we measured the influence of cold-shock (-
12.5 to -27.5°C), fluctuating temperatures, cold acclimation (0°C;
then -15 to -27.5°C), and heat shock (42 to 45°C) on the eggs of
four Ixodid tick species: Amb/yomma maculatum, [xodes

scapularis, Dermacentor variabilis and Rhipicephalus sanguineus. We
exposed the eggs to temperature treatments during both early and
late stages (before and after fecal pellet observation) and
assessed larval emergence. More larvae hatched from eggs exposed to
stressful temperatures during later development stages compared
with those exposed in early stages. In addition, we showed that
differences in hatching timing and success are significantly
dependent on the severity of temperature treatments and vary among
tick species. This study provides a baseline for understanding how
the timing and severity of extreme temperature events may influence
tick egg development and subsequent population dynamics.

/72-3 Akanyeti, O0x; Fetherstonhaugh, S; Aberystwyth

University; otal@aber. ac. uk

Can one control strategy unite all carangiform swimmers?
Undulatory fishes display a wide range of body amplitudes and
wavelengths during steady swimming. These kinematics variations can
be associated with differences in morphology (e.g. stiff fish bends
less) and are considered as fine-tuning to maintain high swimming
efficiency. Yet, we still lack a comprehensive theory that brings
biomechanics, physiology, kinematics and hydrodynamics together to
explain the kinematics diversity. We have recently proposed a
method which automatically translates fish movements into
mechanical design guidelines that can be used as a resource for
future robotics work. Here, we show that the same method can help
us perform multi—-species comparisons and generate testable
biological hypotheses. We analyse the steady swimming kinematics of
ten (sub)carangiform swimmers which exhibit vastly different body
shapes and flexural stiffness. We discover that, as diverse as
these fishes are, one control strategy may unite them all. What
separates fishes, however, are the locations where bending moments
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are applied. Once these locations are factored in, we see that the
kinematics diversity collapses into single swimming pattern that is
governed by a simple equation.

36—4 Alencar, LRV*; Friedman, ST; Wainwright, PC; Price, SA;
Clemson University, University of California,

Davis; alencar/rviégmail. com

How fishes change their size and how such changes impact c/ade-
level dynamics

Size is one of the most important features of an organism, as it
affects many physiological and ecological characters. By varying
one or more of the three major size components: maximum body depth,
length, and width, fishes have evolved an amazing variety of body
shapes, from dorsoventrally flattened batfishes and laterally
flattened flatfishes through to more globular pufferfishes and
elongate eels. To understand how this diversity has evolved we
quantify the relationship between these three size components
across 35 orders and 158 families of teleosts. The overall
relationship patterns between standard length and depth or width
comprise slopes close to one and high R? values. However, we also
identified shifts in the slope, intercept, and R? values across the
phylogeny. We also investigated whether these shifts in the
relationship between the three size components impact clade-level
dynamics. To do this, we gathered information on species richness,
diversification rates, and age for each of these clades. We found
that clades which deviate from the general teleost patterns are
species poor and have lower |ineage diversification rates,
especial ly when exploring relationships between body width and
standard length. However, the application of resampling strategies
is still needed to rule out potential statistical bias regarding
poor |y sampled clades. Our preliminary results suggest that the
relationships between the three size components are conserved
across many clades and those clades that evolved altered
relationships potentially incurred a macroevolutionary cost, at
least when considering higher taxonomic levels.

25-2 A fieri, Fx; Nyakatura, JA; Amson , E; Institut fur Biologie,
HU, Berlin, Germany; MfN, Leibniz-Institut fur Evolutions- und
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Biodiversitatsforschung, Berlin, Germany, Institut fir Biologie,

HU, Berlin, Germany, MfN, Leibniz-Institut fir Evolutions— und
Biodiversitatsforschung, Berlin, Germany.; a/fierif@hu-ber/in. de
Evolution of bone cortical compactness in slow arboreal mammals
Ecological and phenotypical convergences are a main aspect of
evolutionary studies. The independent acquisition of slow
arboreality in the two |ineages of ‘tree sloths’ has been
considered explanatory of their convergent low bone Cortical
Compactness (CC). Accordingly, low CC can be expected in other
therians with such ecology but this trait was never investigated in
other slow arboreal taxa. We investigated humeral and femoral CC in
a sample of 47 extinct and extant taxa, informing our statistical
analysis with phylogeny. Together with ‘tree sloths’, other

| ineages which convergently evolved the slow arboreal |ifestyle
were included, namely ‘Lorisidae’, koalas, Palaeopropithecidae

and Megaladapis. Moreover, closely related taxa with differing

| ifestyles, as anteaters, armadillos, galagids, wombats,

‘“indriids’, and lemurids and extinct ‘ground sloths’ were
sampled. ‘Tree sloths’ show the lowest CC in the whole sample and
rather low CC was retrieved in palaeopropithecids
(mainly Palaeopropithecus) and Megaladapis. Low CC in ‘tree
sloths’, palaeopropithecids and Mega/adapis could represent a
convergent trait. However, ‘Lorisidae’ mirror the generalized
mammalian condition of high CC. Koalas do not clearly differ from
their close relatives (wombats) and unexpectedly yielded discrepant
humeral and femoral patterns. Hence, slow arboreality in mammals is
not consistently accompanied with low CC and no direct overall
relationship between ecology and low CC can be established. All
analyzed extinct sloths show high GC, which corroborate the
hypothesis according to which the acquisition of low CC is a recent
convergence event between the two genera of ‘tree sloths’

16-2 Alfonso, CAx; Moore, IT; Virginia Tech; cal/fonsoc@vt. edu
Male-male coalitions and aggression in two species of manakins
Manakins are neotropical birds with a polygynous mating system
where males aggregate in a specific area (lek) to court females,
and direct aggressive interactions are rarely seen. As such,
manakins are often considered non-territorial. Moreover, in some
manakins species, males form coalitions with other males to perform
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coordinated courtship displays. While existing research has
explored these social coalitions and cooperative behavior in
manakins, the behavioral response to territorial intrusions by
novel males is not well understood. To understand territorial
behavior in manakins, we challenged territorial males to simulated
territorial intrusions. We conducted these challenges in two
species on manakins that differ in their social systems. First, we
investigated the wire-tailed manakin “ “Pipra filicauda™, where
males perform cooperatively coordinated displays with other males
and queue for future territorial positions. Subsequently, we
investigated the red-capped manakin “ “Ceratopipra mentalis™, which
has no cooperative behavior, but males can approach other males to
share perches and display little aggression. We tested aggression
in these two species by introducing a taxidermic mount intruder
onto a territorial male and quantifying the individual’ s behavioral
response. While males of both species responded aggressively to the
territorial intrusion, we found no significant differences in the
aggression scores between the species. We concluded that while
manakins' social organization includes a high tolerance to neighbor
males, and in some species, males even cooperate, aggression and
territoriality are still present, at least in these two species.

8-1 Ali, JRx; Stoddard, MC; Princeton University,

NJ; Jali@princeton. edu

The evolution of face plumage patterns in amazon parrots

Parrots (Psittaciformes) are among the most colorful birds on the
planet. Amazon parrots (genus Amazona, n = 34 species) are known
for their vibrant plumage. While various Amazona species share
green plumage covering much of the body, their faces are highly
variable in terms of palette (the range of colors present) and
pattern (the geometry or arrangement of plumage patches). Does face
coloration—which is so variable among Amazona species but shared by
males and females of the same species—aid in species recognition?
While plumage color has been shown to function in species
recognition, previous work has been |imited to relatively small
clades. Here, we use techniques that are relatively unexplored in
animal coloration to document the natural history

of Amazona plumage evolution and to test the intriguing possibility
that face plumage across the Amazona group has evolved to enhance
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species recognition. We collected UV-visible digital photographs of
museum specimens and used avian visual modelling to calculate how
these colors would stimulate avian retinas. Next, we used kernel-
density estimated (KDE) hypervolumes to measure face palette, i.e.,
color space occupancy. We then applied eigenfaces—a technique used
in human face recognition—to measure Amazona face pattern. We show
that convex hulls—which are traditionally used in animal coloration
studies—overestimate color space occupancy and color overlap,
relative to KDE hypervolumes. We demonstrate that KDE hypervolumes
and eigenfaces are powerful tools for the analysis of plumage color
phenotypes. Using our measures of palette and pattern, we provide a
comprehensive description of the evolution of Amazona face plumage
patterns. Finally, we use phylogenetic comparative methods to test
whether Amazona faces have evolved to be more divergent in
sympatry, consistent with a species recognition hypothesis.

§2-3 Allam, B; Stony Brook University; bassem allam@stonybrook. edu
Multi-omic approaches to reveal interactions between the hard c/lam
and its parasite QPX

QPX is a protistan parasite that infects the hard clam, Mercenaria
mercenaria, often leading to the development of inflammatory masses
(nodules) that result from intensive hemocyte infiltration to the
infection site in an attempt to encapsulate and neutralize parasite
cells. Inside nodules, active host-pathogen interactions take place
leading either to the death of the parasite or invasion of
surrounding tissues, infection worsening and in many cases host
death. This presentation will summarize our findings on host-
parasite interactions using a complementary set of high-throughput
genomic, transcriptomic and proteomic methods. Transcriptomic
profiling of nodule tissues and parasite cultures allowed the
identification of QPX transcripts produced in clams during
infection. In parallel, the investigations allowed the
identification of host factors and molecular pathways potentially
involved in clam response to the infection. Proteomic methods
allowed the identification of host plasma factors that recognize
and bind parasite cells in vitro. These included prominent pattern
recognition receptors (PRR) such as complement clg—domain
containing proteins and lectins. Results further showed that these
PRR are induced upon infection. Finally, RADSeq methods contrasting
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allele frequencies between naive clams and clams that survived QPX
epizootics allowed the identification of genetic markers (SNPs)
associated with disease resistance. These markers are being
validated via selective breeding trials. Altogether, these results
provide valuable information on the molecular crosstalk between QPX
and its clam host and open the way for “precision breeding”
approaches to improve aquaculture production and protect natural
resources.

53-2 Allen, JMx; Hodinka, BL; Leonard, KM; Williams, TD; Simon
Fraser University; Jmallen@sfu. ca

Variation in developmental trajectories associated with
facultative pre-fledging mass recession in a common songbird

Many avian species display pre-fledging mass recession, whereby
nestlings routinely lose a significant fraction of their body mass
in the days prior to their first flight. Despite its prevalence,
our understanding of the adaptive function and mechanism for this
process is far from complete. Previous studies have employed weight
treatment experiments to test if nestlings can control pre-fledging
mass recession, producing mixed results and suggesting
interspecific variation in the mechanism. Furthermore, no study has
investigated how this process affects the development of other
somatic and physiological traits, and whether this varies by the
environmental context. To address this, we tracked the somatic and
physiological development of European starlings (Sturnus vulgaris)
in response to an experimental increase in their mass preceding
fledging. We separated four nestlings (n = 97) in each brood (n =
26) into treatment (n = 46) and control (n = 51) groups. Two
nestlings were fitted with 4g (5% BM) weighted backpacks at 15 days
old, six days before fledging age, with two nestlings receiving no
treatment. Weighted nestlings lost significantly more mass than
controls, partially compensating for the weight addition by losing
2.4g on average more between ages 15 to 20. Furthermore, weighted
nestlings lost significantly more mass than controls only in the
days immediately following treatment (i.e. ages 15 - 17), with no
significant difference in mass lost between groups in the latter
stages of the experiment (i.e. ages 17 - 20). This accelerated mass
recession following treatment was associated with increased tarsus
growth and reduced wing growth. Together, our data suggest that
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European starlings can facultatively adjust pre-fledging mass
recession and that experimentally accelerating this process results
in varied developmental trajectories.

26-3 Allen, KN*; Luong, D; Vazquez-Medina, JP; University of
California Berkeley; hnallen@berkeley. edu

Seal endothelial cells mount a rapid and sustained response to
hypoxia

Northern elephant seals deplete blood 0, stores by up to 90% while
diving, exposing the endothelial cell layer in the blood vessels to
repeated acute 0, fluctuations. Similar hypoxia/reoxygenation (H/R)
events drive pathological oxidant generation, inflammation, and
endothelial dysfunction in many terrestrial mammals, including
humans. Seals, however, appear to tolerate inflammation and oxidant
stress, though the specific mechanisms implicated here remain
unclear. We isolated endothelial cells (ECs) from seal and human
placental arteries to study the molecular drivers of hypoxia and
oxidative stress tolerance in seal blood vessels. EGs from seals
proliferate in adherent culture and express canonical EC markers
(PECAM-1, VE-cadherin). Additionally, seal ECs respire, respond to
mitochondrial uncoupling and inhibition, and generate oxidants
after pharmacological activation of NADPH oxidase. Seal ECs rapidly
and robustly activate protective pathways during hypoxia. Seal ECs
upregulated HIF-1a protein levels within 15 min of exposure to 1%
0, (68-fold increase over t=0), while human ECs did not match this
magnitude until 1 hour. Beyond 1 hour, HIF-1a levels in human ECs
declined rapidly (from 73- to 22-fold by 6 hours) while remaining
high (52-fold) in seal ECs. In addition, oxidant generation in
response to H/R or pharmacological stimulation with menadione
increased by 5-fold in human ECs (p=0.027) but was attenuated in
seal ECs (2.5-fold, p=0.18). Furthermore, exposure to lipid
peroxides increased lipid peroxidation in human but not seal ECs.
Together, our data demonstrate that seal ECs mount a rapid,
sustained protective response to H/R, that these cells are adapted
to cope with oxidants, and that this is an effective model system
in which to study hypoxia and oxidative stress tolerance in diving
mammals.
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67-3 Allen, JD; William and Mary; _Jjdal//en@wm. edu

Larval cloning in brittl/estars

The recruitment of new individuals into marine habitats is a
critical determinant of community structure, yet much of our
understanding of the ecology of marine invertebrate embryos and
larvae remains rudimentary. One fundamental assumption of most |ife
histories, that one egg yields one offspring, has been demonstrated
to be false under a number of conditions and in a number of taxa.
In this talk, our understanding of the production of multiple
offspring from a single egg, referred to as polyembryony or
cloning, will be re-examined for ophiuroid echinoderms. New
insights into the mechanisms, induction and frequency of larval
cloning will be provided for the brittlestars, in which larval
cloning has been described, but few details have been reported. In
particular, new data and a new mode of larval cloning will be
described for the daisy brittlestar, Ovhiophol/is aculeata
Preliminary data will also be presented on the ecological
consequences of cloning for brittlestars, focused on the potential
costs of clone production on larval size, development time and
survival to metamorphosis.

108-4 Alston, MA%; Kingsolver, JG; Willett, GS; University of North
Carolina at Chapel Hill, Chapel Hill, NC; meggan. alston@unc. edu
Testing for trans—generational effects of high temperature
exposure in Manduca sexta

Understanding how organisms respond to variation in temperature and
other environmental conditions is increasingly important in light
of global climate change. Thermal plasticity across generations in
addition to within-generation plasticity could have measurable
impacts on survival and performance of organisms. However, few
studies have adequately distinguished between effects due to trans-
generational plasticity and selection (differential survival and/or
reproduction) which could result in similar patterns. Here we

use Manduca sexta to evaluate whether thermal conditions
experienced by parents during development result in any significant
effects (positive or negative) on survival, growth, development
rate, and fecundity of offspring. To discriminate between effects
due to trans-generational plasticity versus selection, we tracked
families across two generations in order to directly compare parent
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performance and fitness to that of their offspring. Larvae in each
generation experienced either control conditions or a 24h heat
shock. Our initial results suggest that parental thermal conditions
did affect offspring development; heat-shocked parent larvae
produced offspring that developed faster than offspring of non-heat
shocked parents. Further analysis will determine whether this
pattern is consistent with trans—generational plasticity -
indicated by offspring showing significantly faster development
than their parents. Ultimately, this will improve our understanding
of how temperature shapes performance and fitness in this system
and contribute to the development of an improved framework for
predicting the effects of extreme heat events on ectotherms.

/71-5 Amplo, HEx; Flammang, BE; Camp, C; Rutgers University-Newark,
NJIT, University of Liverpool; hea/énjit. edu

Flipping frogfish fins.: Using XROMM to study frogfish pectoral
fins during [ocomotion

Frogfishes are capable of three pectoral-based |ocomotor behaviors:
walking, swimming, and jet propulsion. Most fishes have hinge—joint
shoulders and small radials in their pectoral fins. Frogfish
pectoral fins have three elongated radials (R1, R2, and R3) and the
smal|l scapula and coracoid bones fused to the cleithrum form a

bal |-and-socket joint shoulder. Frogfish are noted to have an
extreme range of motion (RoM) around their shoulder joint,

including potential pronation during locomotion. But little work
has been done to quantify this RoM or test how frogfish use the
pectoral skeleton to flip their fins. Manipulations of dissected
frogfish suggests that pronation of the radials is occurring when
frogfish flip their fins. It is unknown whether R1 pronates over R2
and R3 when transitioning from swimming to walking, or if another
mechanism is at play. In this study, we examined the rotation of
pectoral R1 and R3 around the bal |-and-socket joint during
locomotion using X-Ray Reconstruction of Moving Morphology (XROMM),
which allows for /n-vivo analysis of bone motion during a behavior.
We hypothesize that R1 pronates over R3 when reorienting the
pectoral fin from swimming to walking. Live Antennarius

commerson were used for XROMM. Biplanar x-ray videos were analyzed
in XMALab and digital bone models of the left-side cleithrum and
radials from postmortem u-CT scans were animated with Scientific
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rotoscoping. RoM and rotation data were collected and pronation was
defined as R1 distally crossing R3. We found that long axis
rotation was present in R3 while positioning and planting the
pectoral fin during a fin flip. However, more data is needed to
determine if pronation of R1 over R2/R3 occurs along with long-axis
rotation. These preliminary results confirm that XROMM can be used
to measure /n-vivo skeletal kinematics of the frogfish pectoral
radials and test how they are used during locomotion.

25-4 Amson, Ex; Bibi, F; Museum fur Naturkunde - Leibniz-Institut
fur Evolutions- und Biodiversitatsforschung,

Berlin; e/i. amson@mfn. ber/in

Differing effects of size and [ifestyle on bone structure in
mamma | s

The skeleton is involved in most aspects of vertebrate |ife
history. Previous macroevolutionary analyses have shown that
structural, historical, and functional factors influence the gross
morphology of bone. The inner structure of bone has, however,
received comparatively little attention. Here we address this gap
in our understanding of vertebrate evolution by quantifying bone
structure in appendicular and axial elements (humerus and mid-
lumbar vertebra) across therian mammals (placentals + marsupials).
Our sampling captures all transitions to aerial, fully aquatic, and
subterranean |ifestyles in extant mammal clades. We found that
mammal ian inner bone structure is highly disparate. We show that
vertebral structure mostly correlates with body size, but not
lifestyle, while the opposite is true for humeral structure. The
latter also shows a high degree of convergence among the clades
that have acquired specialised |ifestyles. Our results suggest that
radically different extrinsic constraints can apply to bone
structure in different skeletal elements.

BSP-10-5 Anderson, NKx; Schuppe, ER; Gururaja, KV; Hebbar, P;
Mangiamele, LA; Cusi Martinez, JC; von May, R; Preininger, D;
Fuxjager, MJ; Brown University, Cornell University, Indian
Institute of Science, Srishti Institute of Art, Design and
Technology, Indian Institute of Science, Smith College, Universidad
Nacional Mayor de San Marcos, California State University Channel
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Islands, Vienna Zoo, University of Vienna; ni/ge/_anderson@brown. edu
Convergent evolution of an elaborate display behavior in frogs is
associated with similar changes to the androgen hormone system
Convergent evolution—or the emergence of similar traits in
unrelated |ineages—is common in the animal world. Despite many
examples of this phenomenon, we lack a strong understanding of
whether these repeated evolutionary events are facilitated by
similar changes to the animals’ underlying physiology. Our study
addresses this gap by examining whether the convergence of an
elaborate gestural display in frogs, called foot-flagging behavior,
is associated with similar changes to androgen receptor (AR) levels
in hind |imb musculature. We show that repeated evolution of this
novel display across the Anuran phylogeny is associated with an
increase in the expression of AR mRNA in thigh muscles that actuate
the signal. Moreover, this |ink between behavior and a node within
the androgen hormone system evolves in a mosaic fashion, in that
its evolutionary path looks different in each clade. Finally, we
find that species differences in the complexity of foot-flagging
routine are not associated with such variation in thigh muscle AR,
at least within a single genus of foot-flagging taxa. Together, our
results suggest that androgen-muscle interactions provide a common
conduit for convergence in sexual display behavior, but the
dynamics of the physiological systems in these independent
evolutionary events are variable.

43-7 Angelier, F; Centre d Etudes Biologiques de Chizé, CNRS,
France; frederic. angelierO6lgmail. com

What happens when the stressor ends? A study of corticosterone in
wild Antarctic seabirds

In the current context of increased anthropogenic activities and
global disturbance, assessing the impact of stressful events on
wild vertebrates has been a major topic in conservation physiology.
Ecologist have relied on a wide range of behavioral and
physiological measurements to measure individual sensitivity to
stress, and among them, the functioning of the HPA axis (and
especial ly the secretion of glucocorticoids in response to stress)
has often been considered as one of the most reliable proxy of the
stress response. However, very little is known about the duration
of this stress response, and more specifically on the dynamics of
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circulating corticosterone levels when the stressor ends. Using
Antarctic seabirds as model species and a specific standardized
stress protocol, we examined how corticosterone levels increase
during a stressor but also how they change when the stressor ends
during the reproductive period. After the initial rise in
corticosterone levels in response to the stressor, we found that
corticosterone levels decrease quickly at the end of the stressor
in some individuals while they keep increasing for several minutes
in others. In addition to this astonishing variability, we also
found that these corticosterone stress responses and recoveries are
|l inked with individual characteristics such as breeding status,
personality, or even some proxies of reproductive success.
Altogether, these results suggest that all individuals do not
equally react to and recover from a stressor. We believe that these
results emphasize the importance of considering the over|looked
recovery period when focusing on the impact of stressors on wild
vertebrates.

/0-9 Antoniak, G*; Xargay, E; Barton, K; Popa, B-I; Shorter, KA;
University of Michigan, Ann Arbor, CSTAR Pte Ltd,

Singapore; gjantoni@umich. edu

Estimating whole-body kinematics of swimming bott/enose dol/phins
Cetaceans are very efficient swimmers, with estimated propulsive
efficiencies that exceed mechanical propellers. However,

exper iments to verify these efficiencies have been limited because
swimming kinematics and kinetics are difficult to measure due to
the inherent challenges of the marine environment. Biologging tags
are used to measure kinematic data from a single location on the
animal, but information about whole-body kinematics and kinetics is
limited. To address this issue, we present an approach to estimate
sagittal-plane, whole-body kinematics of a bottlenose dolphin
(Tursiops truncatus) from tag data using machine learning
techniques. We segment the dolphin body according to a sagittal-
plane hydromechanical model of bottlenose dolphin swimming, with a
head, torso, and two caudal peduncle segments, to which a flexible,
semi—lunate fluke is attached. The goal is to map the kinematics of
the torso segment that can be measured using biologging tags to the
joint angles of the model. A Temporal Convolutional Network (TCN)
was chosen due to its ability to take into account temporal
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information in a sequence for predictions. To train the TCN, we
used synthetic data from the hydromechanical model. Our results
show that the TCN was able to learn the mapping from the torso
angle to whole-body dynamics (RMSE = 0.097° ). When the TCN trained
on the synthetic data was then applied to whole-body kinematic data
extracted from videos of sagittal-plane swimming, the network made
good predictions of the swimming motion, but with higher error
(RMSE = 0.376° ). This approach will be used to estimate body
posture and swimming kinematics of dolphins in both managed and
wild settings, greatly expanding our ability to investigate dolphin
swimming behavior using biologging tags.

56-6 Anwar, MZ *; Agrawal, S; Cheng, B; Tobalske, BW; Luo, H; Penn
State University, State College, PA, University of Montana,

Missoula, MT; mxal0l0@psu. edu

Escape maneuvers in calliope hummingbirds with visual feedback
removed at varied timings

In this work, we aim to understand the roles of visual feedback on
the flight control and decision making of hummingbirds during
escape maneuvers. We conducted experiments on two male Calliope
hummingbirds where we removed their visual feedback by turning off
the visible lights at various timings during the escape flight, and
use infrared lights invisible to the birds for high-speed camera
recordings. A nominal escape maneuver without the removal of vision
comprises of two phases: a pitch-roll body rotation with backward
translation (0-100ms) followed by a rapid pitch—-down transition to
forward flight. We found that hummingbirds can complete the first
phase of the escape in the absence of visual feedback, but
immediately terminates the escape and transitioned into hovering
flight afterward. Surprisingly, hummingbirds were able to hover
without visual feedback, however, assume a more upright body
posture than normal hovering along with the tail flared to its

max imum extent. With the visual feedback removed at varied timings,
it was found that for trials with vison removed during phase I, the
time that hummingbirds attaining hover flight remained
approximately constant (7200 ms from the onset of the escape),
regardless the timings of vision removal. However, for vison
removed during phase II, the braking time (e.g., the time from
vision-removed to hummingbirds attaining hovering flight) remained
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approximately constant. This result suggests that Phase I of the
escape with body pitch-roll body rotation was either a visually
open loop or the hummingbirds intentionally chose not to terminate,
depending on the amount of the visual delay. For terminating escape
flight, the hummingbirds reduced its flapping frequency to
approximately 90% of that of hovering (60 Hz).

65-12 Aragon Traverso, JH*; Melian, AD; Sanabria, EA; Quiroga, LB;
Espinoza, RE; Instituto de Ciencias Basicas, Facultad de Filosofia
Humanidades y Artes, Universidad Nacional de San Juan,, California
State University, Northridge, UNSJ, ICB, Unversidad Nacional de
Cuyo, Consejo Nacional de Investigaciones Cientificas y Tecnicas,
ICB, UNC, CONICET, CSUN; jwan. aragonytraverso. 798@my. csun. eau
Widow Wars: Testing the Mechanisms Under/ying Invasion Success of
a Globally Invasive Spider

Invasive species pose a threat to global biodiversity by displacing
native species from their habitats. Biological invasions can also
be facilitated by global warming and urbanization, which can
benefit invasives that have higher thermal tolerances or
adaptability. The Brown Widow (Latrodectus geometricus) is an
invasive spider from southern Africa that has displaced native
black widow species in urban environments across the globe. We
hypothesized that L. geometricus outcompetes native congeners
because of its greater tolerance to the higher temperatures
associated with urban environments in San Juan, Argentina, and
Northridge and Palmdale, California, USA. We (1) estimated the
relative abundance of native and invasive widows along transects
spanning urban to natural environments, and (2) compared the
thermal physiologies (critical thermal maximum, CTmax, and climbing
performance from 20-40 ° C) of native and the invasive species on
both continents. We found that Brown Widows were more abundant in
urban and transitional habitats in San Juan and Northridge, CA, yet
Western Black Widows (L. hesperus) were more abundant in all
habitats in Palmdale. There were no differences in GTmax among
species from the same locality, although there were differences
among locations. Finally, there were no differences in thermal
performance among widow species or locations. Our data suggest the
invasive success of Brown Widow in urban areas cannot solely be

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



e24

attributed to advantages in thermal physiology and future studies
should focus on interspecific interactions.

46-1 Arango, BG*; Ensminger, DC; Harfush-Meléndez, M; Lépez—Reyes,
EM; Marmolejo-Valencia, JA; Merchant-Larios, H; Crocker, DE;
Vazquez-Medina, JP; University of California, Berkeley, Centro
Mexicano de la Tortuga, Centro Mexicano de la Tortuga, Universidad
Nacional Auténoma de México, Sonoma State

University; bg arangob@berkeley. edu

Oxidative stress /s a potential cost of synchronized nesting
aggregations in olive ridley sea turtles

Olive ridley sea turtles, Lepidochelys olivacea, exhibit
polymorphic nesting behaviors including a mass nesting behavior
cal led arribada, where thousands of turtles nest at once, and
solitary nesting. Arribada nesting may provide benefits including
mate finding during nearshore aggregations and predator satiation
at the time of hatching, but the potential costs of nesting in
arribada have not been explored. We collected blood from olive
ridley sea turtles after nesting in arribada and solitary. We
measured circulating concentrations of hormones (progesterone,
estradiol, corticosterone, thyroxine, and triiodothyronine),
markers of oxidative damage (4-hydroxynonenal: 4-HNE,
malondialdehyde: MDA, protein oxidation: protein carbonyls, and
protein nitration: 3-nitrotyrosine), and glucose and lactate.
Nesting in arribada was associated with increased levels of
progesterone, thyroid hormones, corticosterone, and glucose
suggesting increased metabolic activity. Moreover, nesting in
arribada was also associated with increased circulating levels of
oxidative damage (4-HNE, MDA, and protein carbonyls). These results
suggest that nesting in arribada is metabolically more expensive
than nesting solitarily and that oxidative damage is a potential
cost of such behavior.

BSP-4-8 Arnaout, B*; Lantigua, KE; Mackenzie, EM; McKinnell, IW;
Maddin, HC; Carleton University, Ottawa, ON,

Canada; bassel. arnaout@car/eton. ca

Comparative histology of developing sutures in the chicken skul/
with implications for the homology of the frontal bone
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The study of vertebrate evolution relies heavily on the
identification of homologs in different |ineages. However, the use
of different definitions of homology has led to controversies
regarding the identity of certain homologs, and consequently
differing proposed evolutionary histories. One such controversy is
the identity of the avian frontal bone. Morphologically the bone
has been defined as a frontal based on its shape and position in
the avian skull. Developmentally, however, it is proposed to be a
fused frontoparietal because it develops from two ossification
centres with embryonic origins similar to the frontal and parietal
of outgroup taxa. To help resolve this controversy we examined the
comparative histology of the region between the frontal bone's two
ossification centres, plus five known sutures in the

developing Gallus domesticus skull. We determined that given the
absence of the middle vascular layer, which commonly occurs within
developing sutures, the gap between the frontal bone's ossification
centres is not a suture, implying that the frontal bone is not
likely to be a fused frontoparietal. Our result is in congruence
with recent comparative anatomical analyses of the skull roof in
Archosauria that reject the frontoparietal hypothesis. Moreover, it
represents the first histological examination of chicken skull
sutures carried out to date.

64-7 Assis, VRx; Titon Jr, B; Gomes, FR; Ward, CK; Mendonga, MT;
University of Sao Paulo, Sao Paulo, SP, Auburn University at
Montgomery, Montgomery, AL, Auburn University, Auburn,

AL; v. regina. algmail. com

Ectoparasites impact on stress and immune response in Florida
invasive cane toads (Rhinella marina)

Previous studies in a variety of vertebrates predict animals facing
different arrays of stressors can exhibit an acute increase in
circulating plasma glucocorticoid levels and consequent modulation
of the immune response. However, studies investigating how the
presence of parasites (external and internal) can affect the way
toads deal with acute stressors is scarcely explored. In this
study, we investigated if the presence of ectoparasites (ticks)
might impact the stress biomarkers and the immune response in the
Florida invasive cane toads (Khinel/l/a marina). We measured the
corticosterone (CORT) plasma levels and the neutrophil: |ymphocyte
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ratio (NLR), two common stress biomarkers, and the bacterial
killing ability (BKA), a common immune protein component, at
baseline (field) and after a short-term stressor (24h restraint).
Toads with parasites had higher baseline CORT levels, but the
restraint effect was the same for all toads: increased CORT, NLR,
and BKA. We also found a negative correlation between body index
(BI) and GORT only in parasitized toads, indicating that higher
levels of baseline CORT may be associated with a higher energy
demand due to the ticks, which results in Bl reduction.
Nonetheless, ticks presence does not affect how toads respond to
an additional stressor, nor the assembly of the immune response.
Further studies, including different immune protocols and
investigating the presence of endoparasites, might help to
understand these relationships better.

36-8 Atake, 0Jx; Eames, BF; University of

Saskatchewan; o0/a039@mail. usask. ca

Tesseral development provides insights into evolution of
mineralization patterns in jawed vertebrates

Jawed vertebrates fall into one of two |ineages: chondrichthyans
(sharks, skates, and relatives), and osteichthyans (bony fishes and
tetrapods). One of the features that make chondrichthyans unique
among jawed vertebrates is that their endoskeletal elements are
lined with discrete tiles of mineralized tissue called tesserae.
Tesserae exhibit a polygonal mineralization pattern which is
morphologically different from the compact and trabecular
mineralization patterns seen in osteichthyans. Recently, tesserae
were shown to also exhibit a trabecular mineralization pattern that
Is morphologically identical to trabecular mineralization pattern
of osteichthyans. The morphological relationship between polygonal
and trabecular tesseral mineralization patterns remains only
descriptive at this point from adult studies. How tesserae develop
during embryogenesis to exhibit either a trabecular or polygonal
pattern is unclear. With the trabecular tesseral pattern appearing
to be more abundant in the endoskeleton of the adult l|ittle skate
Leucoraja erinacea, we hypothesize that trabecular tesseral pattern
is the primary mineralization pattern during tesseral development.
To test this hypothesis, synchrotron radiation micro-CT imaging and
histological analyses were used to characterize the development of
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tesserae in several endoskeletal regions of the little skate. Data
from these analyses suggest that the trabecular pattern is the
primary mineralization pattern of tesserae, which is retained in
some endoskeletal regions or developed further to a polygonal
pattern in other endoskeletal regions. These preliminary
ontogenetic data from tesserae offer some insights into the
phylogenetic appearance of trabecular mineralization in jawed
vertebrates.

/7-8 Atkins, MLx; Dittmar, K; Dick, C; Lutz, HL; Speer, KA; Davis,
SR; Aardema, ML; Porter, ML; University of Hawai’' i at Manoa,
Honolulu, HI USA, National Science Foundation, Alexandria, VA USA,
Western Kentucky University, Bowling Green, KY USA, Field Museum of
Natural History, Chicago, IL USA, Smithsonian Institution,
Washington, DG USA, American Museum of Natural History, New York,
NY USA, Montclair State University, Montclair, NJ

USA; mlatkins@hawaii. edu

The visual genes associated with eye reduction and /oss in bat
flies (Streblidae, MNycteribiidae)

Although parasitism is often associated with a reduction in eye
structures, the evolutionary processes driving this reduction are
not wel l-known. Bat flies, a group of parasitic species evolved
from fully visual, free-living ancestors, are a unique study system
to address this due to the varying levels of eye reduction observed
throughout the clade, including species with complete eye loss. The
variation in bat fly eye micromorphology (0-54 facets) may also
reflect microstructural changes associated with low light levels
such as rhabdomere rearrangements. In order to investigate changes
in the molecular components associated with these anatomical
changes, we assembled de novo transcriptomes (8 spp.) and de novo
genomes from (b spp.) from a diversity of bat fly species. These
assemblies were annotated for opsin genes, which encode proteins
that are responsible for light detection. Thus far, our analyses of
transcriptomes reveal that a common dipteran rhodopsin, Rhl, is
present in most bat fly species, with the additional Rh6 present

in Basi/ia species. Multi-level analysis using both transcriptomes
and genomes allows for confirmation of sequences and a more
comprehensive understanding of the RNA expression levels
contributing to genetic changes. This work aims to elucidate the
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evolutionary trajectories of broader ectoparasite trends in visual
system reductions.

87-6 Audino, JAAx; Serb, JM; Marian, JEA; Iowa State University,
Department of Ecology, Evolution and Organismal Biology, Iowa, USA,
University of Sado Paulo, Department of Zoology, Sao Paulo,

Brazil; audino@iastate. edu

Gazing at origins and losses. the evolution of mant/e eyes and
eyespots in bivalves (Bivalvia: Pteriomorphia)

Eyes have evolved numerous times with a great diversity of forms,
yet little is known about how eye gain and loss is related to
photic environment. The pteriomorphian bivalves (e.g., oysters,

scal lops, and ark clams) display a remarkable range of
photoreceptor organs and ecologies, making them a suitable system
to investigate the association between eye evolution and ecological
shifts. The present phylogenetic framework was based on amino acid
sequences from transcriptome datasets and nucleotide sequences of
five additional genes. In total, 197 species comprising 22 families
from all five pteriomorphian orders were examined, representing the
greatest taxonomic sampling to date. Morphological data were
acquired for 162 species and |ifestyles were compiled from the

| iterature. Photoreceptor organs occur in 11 families and have
arisen exclusively in epifaunal |ineages, that is, living above the
substrate, at least five times independently. Models for trait
evolution consistently recovered higher rates of loss over gain.
Transitions to crevice-dwelling habit appear associated with
convergent gains of eyespots in some epifaunal |ineages. Once
photoreceptor organs have arisen, multiple losses occurred in

| ineages that shift to burrowing |ifestyles and deep—sea habitats.
The observed patterns provide a basis for future investigations
focusing on the diversification of photoreception in bivalve

mol luscs and the potential ecological factors affecting eye
evolution.

85-1 Augustine, KE*; Cubillos, CA; Roberts, HE; Sinclair, BJ;
Buckley, TR; Manaaki Whenua - Landcare Research, Auckland, New
Zealand, Manaaki Whenua - Landcare Research, Auckland, New Zealand
and University of Auckland, New Zealand, Western University,
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London, ON, Canada; augustinek@/andcareresearch. co. nz

Evolution and plasticity of thermal performance in 12 New Zealand
stick insect species (Phasmatodea)

To better understand how climate change will disturb today’s
distribution of plants and animals, we can use interspecific
studies along with a phylogeny to look at how different thermal
preferences and physiological traits have evolved over time. Here
we present preliminary findings from 12 species of native New
Zealand stick insects (Phasmatodea) that have radiated from
tropical ancestors and now span the full latitudinal range of NZ,
from the warm, northern subtropics to the cool, southern temperate
environments. We find that species from the subtropics have
narrower thermal performance curves (TPCs) for feeding rate than
species that occur in colder, southern NZ that are freeze tolerant.
Using an acclimation treatment, we do not find that many species
shift their thermal optimum suggesting that these species do not
rely on plasticity to tune to their environment and instead
broadened their thermal performance curves when colonizing
temperate New Zealand. To further our understanding about the
transcriptomic regulation of thermal performance in stick insects,
we also present an RNA-seq experiment looking at differential
expression in relation to heat stress in one temperature sensitive
species C/i/tarchus hookeri that occurs throughout New Zealand. In
addition, we propose an experiment using whole genome bisulfite
sequencing to examine how DNA methylation and microRNAs (miRNA)
change in relation to temperature stress and determine the extent
to which thermal performance is controlled by epigenetic
mechanisms.

37-7 Austiff, JK; Harvard University; _Jjkaustifflg. harvard edu

The role of retinoic acid in the development of an unusual tadpole
stomach in the Budgett’'s frog, Lepidobatrachus /aevis

Typical frog tadpoles filter feed and lack a digestively active
stomach. Only during metamorphosis, do they develop a functional
stomach allowing a shift to feeding on larger prey as an adult. The
tadpole of Lepidobatrachus laevis, however, develops an adult-Ilike
stomach during embryogenesis and is capable of feeding on larger
prey as a tadpole. Consequently, [. /aev/s does not undergo a
significant dietary shift at metamorphosis. Earlier studies of /.
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laevis implicate the down regulation of retinoic acid (RA) as a
possible mechanism in this novel adaptation. However, preliminary
research only describes the gross morphology of tadpole stomachs
treated with RA, begging the question what occurs at cellular and
genetic levels during stomach development, and if it in fact
recapitulates plesiomorphic stomach development. This study
compares gut development of L. /agevis treated with exogenous RA to
that of Xenopus tropicalis (a model for typical frog development)
treated with an RA inhibitor. The goals of this study are to assess
iIf L. /aevis stomachs treated with RA recapitulate the
plesiomorphic stomach morphology and gene expression modeled by
untreated X. tropicalis, and it X tropicalis treated with an RA
inhibitor show development of an adult-I|ike stomach as in L.

/laevis stomachs, and gain insight for the roll of modified RA
signaling in stomach evolution. Histological staining is performed
to assess the effect of treatments at a cellular level.
Transcriptome analysis is performed to assess the effect of
treatments at a genetic level. This analysis will provide a greater
understanding of the evolution of developmental modules, their role
in the diversification of amphibian |ife histories, and how that
diversification enables changes in diet and niche.

87-8 Austin, LEx; Graham, G; Vickaryous, MK; University of

Guelph; /austiOl@uoguelph. ca

Injury-mediated neurogenesis in the brain of the leopard gecko
(Eublepharis macularius)

Neurogenesis is the ability to generate new neurons from resident
stem/progenitor populations. Although often understood as a routine
or homeostatic process, various taxa of teleost fish, salamanders,
and lacertid lizards are also capable of replacing neurons lost due
to injury - so called reactive neurogenesis. Here, we investigated
reactive neurogenesis in postnatal leopard geckos (Eub/epharis
macularius). To initiate reactive neurogenesis, a single dose of
the antimetabolite 3-acetylpyridine (3-AP) was administered. Four
days following 3—-AP administration, there is widespread evidence of
cell death and microglia activation within the medial cortex, the
lizard homologue of the mammalian hippocampus. As evidenced by
reduced expression of the neuronal marker NeuN, 3-AP appears to
selectively target mature neurons. Within 30 days following 3AP
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administration, the medial cortex appears to be structurally
restored with a pattern of NeuN expression that closely resembles
the uninjured brain. Together, these data provide evidence that the
capacity for reactive neurogenesis may be more taxonomically
widespread among |izards than previously considered.

108-171 Awde, DNx; Teets, NM; University of

Kentucky; davidawde@gmail. com

Genetic variation in phenotypic plasticity of thermal [imits in
Drosophila me/lanogaster

Thermal conditions are an important determinant of performance and
species distributions, and the ability to cope with temperature
change depends on an organism’ s genotype, previous exposure to
thermal environments, and the combination of these two factors.
Here, we use a subset of isogenic |ines from the Drosophi/a Genetic
Reference Panel (DGRP) to investigate genotype by environment
interactions in thermal limits. To test for developmental and adult
acclimation, individuals from each DGRP |ine were kept at standard
(25° G), hot (30° CG), or cool (18° C) conditions during larval
development or as adults, respectively, and we also tested for
short—-term hardening capacity by rearing flies at standard
conditions and subjecting them to an acute hardening treatment
immediately before testing. We then measured critical thermal
minimum (CT,,») and heat knockdown time of these flies using high
throughput methods developed by our group. Preliminary results
suggest that the adult thermal environment and acute hardening have
strong effects on thermal tolerance, while developmental conditions
have a weak effect. In ongoing experiments, we are testing these
conditions across lines, so that we can quantify genetic variation
in thermal acclimation capacity. Results from this study will
identify DGRP |ines that have particularly plastic or rigid thermal
limits in response to their thermal environment. In the future,
this information will be used in a genome-wide association study to
characterize the genetic architecture underpinning variation in
thermal acclimation capacity and to identify the proximate
molecular mechanisms that drive this variation.

$8-6 Ayoub, NAx; Friend, K; Hayashi, CY; Opell, BD; Washington and
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Lee University, American Museum of Natural History, Virgnia

Tech; ayoubn@w/u. edu

Molecular correlates of spider agueous glue mechanics

The origin of aggregate silk glands and their production of wet
adhesive silks is considered a key innovation of the Araneoidea, a
superfamily of spiders that build orb-webs and cobwebs. Aggregate
glues are humidity responsive biomaterials, but responsiveness
varies considerably among araneoid spiders. Despite a growing
interest in the biomechanics of aggregate glues, very little is
known about their constituent proteins. Here we describe the
material behavior and quantitative proteomics of the aggregate
glues of two cobweb weaving species, the Western black

widow, Latrodectus hesperus, and the common house

spider, Parasteatoda tepidariorum We identified 47 and 33
aggregate glue proteins for the two species, respectively. These
proteins were highly enriched for glycosylation and phosphorylation
relative to proteins found in silk fibers, which likely explains
aggregate glue stickiness. Black widow aggregate glue droplets were
found to be more extensible, and thus tougher, than house spider
aggregate glue droplets, although these differences were not
significant. The toughness of both species’ droplets exceeded those
of most orb-web weaving species that have been characterized. House
spider droplets were more responsive to humidity changes than black
widow droplets. Differences in humidity responsiveness could be
explained by the differences in protein sequence, post-
translational modifications, or the non-protein components of the
glue droplets. The similar material properties may reflect the
conserved protein composition of the two species. Future
comparisons will determine if differences in material properties
between orb-web and cob-web glue mechanics can be explained by
differences in their constituent proteins.

107-6 Azzolini, JLx; DeNardo, DF; Arizona State University, Tempe
AZ; jlazzoli@asu. edu

Dehydrations suppresses digestion—-induced thermophyly in
Children’s pythons, Antaresia childreni

In many reptiles, including pythons, there is an increase in body
temperature during digestion. This is a result of both increased
metabolism and behavioral thermophyly, presumably to increase
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digestive performance. However, increased body temperature also
increases water loss rates, and many reptiles |ive where water
availability in limited for much of the active season. Therefore,
we examined whether hydration state influences digestion-associated
thermophyly. Using implanted temperature loggers and 25-45C°
thermal gradient, we examined the thermal profile of Children s
pythons, Antaresia children, through two feeding events, one while
fully hydrated and the other while dehydrated to an ecologically
relevant state. While A c¢hi/dren/ showed post—-prandial thermophyly
regardless of hydration state, dehydrated snakes returned their
body temperatures to pre-feeding levels sooner than did hydrated
snakes. These results provide early evidence of a physiological
conflict between water balance and digestive performance; however,
further studies are needed to quantify the digestive impact of
reduced thermophyly associated with dehydration.

47-4 Babonis, LS*; Enjolras, C; Foster, BM; Hugosson, F; Ryan, JF;
Martindale, MQ; Cornell University and University of
Florida/Whitney Lab, University of Florida/Whitney

Lab; babonis@whitney. ufl. edu

Knockdown of MvSox2 causes a homeotic shift in cell identity in
Nematostel/a vectensis

Sox genes specify cell identity in many animal |ineages. The sea
anemone MNematostel/la vectensis, has a diverse repertoire of Sox
genes, including orthologs of nearly every Sox subgroup found in
bilaterian taxa. With few exceptions, the functions of these Sox
genes are not known in cnidarians. Using CRISPR/Cas9-mediated
genome editing, we show that knockout of NvSox2 causes a homeotic
transformation of one type of cnidocyte (stinging cell) into
another in A vectensis. In NvSox2 knockout animals, the small
penetrant cnidocytes found in the body wall of the polyp
(basitrichous isorhizas) were completely transformed into robust
spirocytes, an adherent type of cnidocyte. Knockdown of NvSox2 also
resulted in downregulation of cnidocyte-specific transcription
factor PaxA in the body wall only; large PaxA-expressing
basitrichous isorhizas in the tentacles were unaffected in NvSox2
mutant polyps. Our phylogenetic analysis of Sox genes from a broad
sample of cnidarian and bilaterian taxa suggests that NvSox2 is a
SoxD ortholog. As SoxD genes are known to regulate differentiation
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of neuronal subtypes across bilaterians, our results suggest this
homeotic function of SoxD genes may have arisen before cnidarians
and bilaterians diverged from their common ancestor. Robust
spirocytes are common in many species of sea anemone but have not
been reported previously from A vectensis. We suggest the role of
NvSox2 in driving transformation of an adherent cnidocyte into a
penetrant cnidocyte was a key regulatory change that promoted the
evolutionary transition from an attached to a burrowing |ifestyle
in N vectensis.

103-1 Bagby, MW«; Ross, MA; Giammona, F; Wake Forest

University ; bagbmwl70wfu. edu

Ancestral state reconstruction of amphibious species within the
order cyprinodontiformes

The order Cyprinodontiformes contains a wide variety of ray-finned
fish, such as killifish, many of which have been shown to be able
to tolerate a wide range of environmental conditions including
temperature and salinity. In fact, many of the species within this
order have been shown to exhibit terrestrial locomotion. Some
species are able to sustain life on land for several months at a
time. Others will spend only small portions of their lives on land
due to environmental stressors, escaping predators, poor water
conditions, etc. Many species are suspected of exhibiting
amphibious behavior due to shallow water depths and tidal
fluctuations, yet this has often been subject to contention. The
exact number of species which exhibit amphibious traits is also up
for debate; however, the present study seeks to examine the current
background |iterature on each species within the order
Cyprinodontiformes and assign a degree of amphibious—I|ike behavior
to each species. Analysis was performed with confirmed and
suspected amphibious species based on |ife history data. Based on
this analysis, an ancestral state reconstruction using BayesTraits
was conducted to determine the |ikelihood of amphibiousness in a
common ancestor. Phylogenetic analysis and visualization was
conducted using FigTree. Preliminary results suggest "“87%

| ikel ihood the common ancestor of Fundulidae was non-amphibious,
though this figure lowers drastically to 50% when our suspected
amphibious species are included in the analysis. Additional data is
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currently being collected to continue reconstructing amphibious
behavior throughout order Cyprinodontiformes.

/3-9 Bagheri, Hx; Huang, Z; Lentink, D; Marvi, H; Arizona State
University, Stanford University; hbagheri@asu. edu

The role of basilisk lizard toe fringes in effective water running
Passive mechanisms such as toe fringes contribute towards effective
locomotion of lizards. The toe fringes of basilisk |izards have
been hypothesized to assist their bipedal running on terrestrial
and aquatic environments. This study explored how toe fringes
affect the water running of basilisk lizards. Specifically, it
looked into how the presence and absence of toe fringes contribute
towards their kinematics and dynamics when running on water. A
hydrodynamic force platform (HFP) setup was designed and developed
to directly measure the exerted forces of the lizard s strides

(i.e. foot slap, stroke, and recovery) during water running. The
insight gained can be channeled to the fabrication and
incorporation of passive mechanism in bioinspired amphibious robots
for more efficient dynamic walking and running.

87-1 Baker, CM#%; Buckman-Young, RS; Giribet, G; Harvard University,
Cambridge, MA; cmbaker6twisc. edu

It’s the cute ones you have to watch out for.: phylotranscriptomic
analysis of velvet worms (phylum Onychophora) and the continued
recalcitrance of Peripatidae

Velvet worms (Onychophora) are charismatic soil invertebrates known
for their status as a “living fossil” , their phylogenetic
affiliation to arthropods, and their distinctive biogeographic
patterns. However, several aspects of their internal phylogenetic
relationships remain unresolved, |imiting our understanding of the
group s evolutionary history, particularly with regard to changes
in reproductive mode and dispersal ability. To address these gaps,
we used RNA sequencing and phylogenomic analysis of transcriptomes
to reconstruct evolutionary relationships and infer divergence
times within the phylum. We recovered a fully resolved and wel |-
supported phylogeny for the circum-Antarctic family Peripatopsidae,
which retains signals of Gondwanan vicariance and showcases the
evolutionary lability of reproductive mode in the family (with at
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least two transitions to oviparity and multiple forms of
viviparity). Within the Neotropical clade of Peripatidae, though,
we found that amino acid-translated sequence data masked nearly all
phylogenetic signal, resulting in highly unstable and poorly
supported relationships. Analyses using nucleotide sequence data
were able to resolve many more relationships, though we still saw
discordant phylogenetic signal between genes, indicative of a
rapid, Late Cretaceous-early Paleogene radiation in the group.
Finally, we hypothesize that the unique reproductive mode of
placentotrophic viviparity within the Neotropical peripatids may
have facilitated the multiple inferred instances of over-water
dispersal and establishment on oceanic islands.

67-8 Baker, JBx; Saksa, KV; Kashef, NS; Stafford, DM; Sogard, SM;
Hamilton, SL; Logan, CA; Moss Landing Marine Laboratories and CSU
Monterey Bay, Moss Langing Marine Laboratories, Marine Science
Institute UCSC and NMFS South West Fisheries Science Center, Marine
Science Institute UGSC and NMFS South West Fisheries Science
Center, NMFS South West Fisheries Science Center, Moss Landing
Marine Laboratories, CSU Monterey Bay; jabaker@csumb. edu

Maternal environment drives larval rockfish gene expression
patterns

Global climate change is driving shifts in ocean chemistry, which
combined with intensification of coastal upwelling, reduces ocean
pH and dissolved oxygen (DO) content in the nearshore habitats of
the California Current System. Physiological plasticity, within and
across generations, might be especially important for long—-Iived,
late-to—mature species, |ike rockfishes (genus Sebastes), that may
be unable to keep pace with climate change via genetic adaptation.
Rockfishes exhibit matrotrophic viviparity and may be able to
buffer their offspring from environmental stress through early
developmental exposure or transgenerational plasticity (non-genetic
inheritance of phenotypes). We pre—-exposed mother gopher (S
carnatus) and blue (8. mystinus) rockfish to one of four
treatments; 1) ambient conditions, 2) low pH, 3) low DO, or 4)
combined low pH/DO stressor during fertilization and gestation,
followed by a b-day larval exposure after birth in either the same
or different treatment. We used RNA sequencing to determine how the
maternal environment affected larval rockfish gene expression (GE).
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We found that the maternal exposure drove larval GE patterns
regardless of sampling time point or treatment. Furthermore, the
maternal environment continued to strongly influence larval GE for
at least the first five days after birth. These data suggest that
rockfish may not be able to buffer their offspring from
environmental stressors, highlighting the important role of the
maternal environment during gestation.

S§72-14 Balakrishnan, CNx; Baldwin, MW; Wirthlin, M; Toda, Y;
Manakin, RCN; East Carolina University, Max Planck Institute for
Ornithology, Carnegie Mellon University, University of

Tokyo; chrisbalalObgmail. com

Sexual selection and its impacts on genome evolution: Insights
from the Manakin Genomics Research Coordination Network

Sexual selection has long been considered an important driving
force underlying evolutionary novelty. In contrast to ecological
adaptations, sexually selected traits provide a benefit primarily
in the context of securing mates. Although a robust body of theory
supports our understanding of sexual selection, |ittle empirical
data has been brought to bear regarding how strong sexual selection
impacts patterns of genome evolution. A striking example of a clade
under strong sexual selection is the neotropical family Pipridae,
the manakins. These birds feature acrobatic courtship displays,
morphological and endocrine modifications to support these displays
and striking plumage colors, each of which varies across the
manakin phylogeny. In this study we sequenced and assembled the
genomes of five manakin species and compared those genomes to
closely related avian outgroups. Using comparative genomic
approaches, we find evidence of selection on both protein coding
sequences and conserved noncoding elements associated with a
dietary shift towards frugivory, sensory perception and muscle
performance. Functional testing of taste receptors reveal important
changes that occur before the radiation, implicating frugivory as a
key factor promoting sexual selection. Taken together our analyses
characterize patterns of genomic change preceding and during a
radiation under strong sexual selection.

94-70 Balebail, Sx; Sisneros, JA; University of
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Washington; sujaybluw. edu

Using finite element analysis to investigate the role of the swim
bladder in directional hearing by the plainfin midshipman

(Por ichthys notatus)

Unlike terrestrial animals, fish determine the direction of sound
from acoustic particle motion cues. However, sounds coming from
opposite directions generate similar particle motion. Fish
possessing gas filled swim bladders are thought to detect sound
pressure indirectly via the stimulation of the inner ear otoliths
from the sound scattered by the swim bladder. It is believed that
pressure detection aids in distinguishing sounds incident from
opposite directions. However, few experiments have been conducted
to test this hypothesis. Plainfin midshipman have become model
organisms to investigate sound source localization because of the
innate attraction of females to the advertisement calls produced by
type 1 “singing” males. We are using computerized tomography scans
of the inner ear otoliths and the swim bladder in a finite element
mode| to study how the presence of a gas filled swim bladder
modifies the motion of the three paired (left and right) otoliths
of the saccule, lagena and utricle to low frequency monopole sound
sources (within the natural hearing range) in juvenile, adult male
(type I), and adult female plainfin midshipman. In our analysis, we
varied both the frequency and direction of incident sound relative
to the swim bladder. Preliminary investigations indicate that the
presence of the swim bladder amplifies the motion of lagenar
otoliths in the vertical direction. Since the hair cells
corresponding to these otoliths are maximally sensitive to vertical
vibrations, the lagena may function as an indirect pressure sensor,
detecting sound re-radiated from the swim bladder.

56-7 Baliga, VBx; Dakin, R; Altshuler, DL; University of British
Columbia, Carleton University; vbaligal@zoology. ubc. ca

The influence of lateral and frontal optic flow on flight contro/
in Anna’s hummingbirds

Birds rapidly integrate visual information during flight and recent
studies have revealed some of the fundamental algorithms for avian
visual guidance. During hovering flight, hummingbirds respond to
global visual motion (optic flow) in six major axes with
essentially equal strength. In contrast, during forward flight
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hummingbirds respond to vertical but not lateral optic flow.

Lateral position during forward flight is primarily controlled by
balancing the left/right rate of image expansion. Hummingbirds also
have two centers of acute vision (lateral vs. frontal). These
findings raise the question of whether regions of the visual field
contribute equally to guiding locomotion. To address this question,
we measured 3D position and velocity during free flight in a tunnel
for seven male Anna’ s hummingbirds. Across seven experiments, we
varied lateral and/or frontal optic flow or rate of image expansion
by projecting specific patterns on the tunnel walls. When presented
with vertical stripes moving either forward or backward on the
sides, birds tended to reduce forward velocity, with forward motion
yielding a stronger reduction. By presenting birds with a
stationary, looming, or receding spiral in front, we found that
forward velocity can be influenced by frontal optic flow, and more
strongly by receding stimuli. Frontal expansion patterns had little
effect on forward velocity. Moreover, we found that flight altitude
was influenced by horizontal upward motion, but only when this
motion was presented laterally or both laterally and frontally.
Frontal motion alone had |ittle effect on vertical course control.
Collectively, these results suggest a relative importance of
lateral cues over frontal in controlling both speed and altitude of
hummingbird flight.

87-4 Bal lesteros, JAx; Sharma, PP; University of Wisconsin-Madison,
Madison, WI, ; ba/lesterosc@wisc. edu

On consilience and the phylogeny chelicerate arthropods

Consensus about the phylogenetic relationships of chelicerates has
remain elusive despite the growing availability of genomic data.
While the monophyly of orders is universally supported, there is
much less consensus about how these groups relate to each other.
Analyses based on morphological characters are portrayed as
supportive for the monophyly of terrestrial arachnids and for a
basally branching position of scorpions within Arachnida. By
contrast, both of these hypotheses are typically rejected in
molecular based phylogenies, including genomic analyses. Even
within a specific data class, there is no agreement on the
placement of neglected orders such as palpigrades, solifugids, and
pseudoscorpions. We therefore sequenced phylogenetically
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significant |ineages of Chelicerata using a transcriptomic
approach, and thereafter compiled and analyzed a comprehensive
dataset of representative chelicerate |ineages. In addition, we
coded a new morphological character matrix for Chelicerata, with
the goal of characterizing nodes with heightening conflict between
different data classes. Simultaneous analysis of the two data
partitions enabled circumscription of the most recalcitrant parts
of the chelicerate tree of life. The resulting tree topology
facilitated reconstruction of major events in the evolutionary
history of chelicerates, with emphasis on the evolution of
respiratory and visual systems.

58-71 Balzer, EWx; Grottoli, A; Broders, H; University of

Water loo; ebal/zer@uwater/oo. ca

Mass variation pattern differences among temperate hibernating
bats

In Northern ecosystems, |ife history strategies and accompanying
animal behaviours occur in the context of extreme annual thermal
seasonal ity. Like many mammals, the behaviour of temperate
hibernating bats, such as Myotis /ucifugus and Myotis
septentrionalis is influenced by seasonality and intraspecific |ife
history differences. For these species, the imperative to achieve
sufficient pre-hibernation fat stores must be balanced with the
costs of summer reproductive activity. There is evidence that the
phenology and rate of mass change differ within and among these
species, but such differences have not been adequately quantified.
One way to track reproductive and pre-hibernation behaviours may be
body mass, which is affected by reproductive and physiological
activity. [ therefore performed time series clustering on the mass
variation patterns of bats captured between 1999 and 2019 in
Eastern Canada to illustrate differences among their behaviour. I
predicted that pregnancy in females and spermatogenesis in males
would yield notable differentiation among groups during the early
summer, but that the shared need to gain mass in fall would lead to
less distinct differences. When clustered according to dynamic time
warping distance, mass variation patterns were most distinct in the
ear|ly summer, and least so in the late fall. Sex-specific
differences were also most pronounced early in the year. These
results demonstrate that disparate reproductive investments are
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detectable in the mass of these species, and that all ages and
sexes of bats demonstrate similar mass—sequestration patterns prior
to hibernation. The lack of differentiation between juveniles and
adults in fall furthermore indicates that some external factor
likely limits the rate with which juveniles can gain mass prior to
hibernation.

63-70 Bansal, Nx; Sit, B; Singh, A; Hegde, T; Dutta, R; Prasad, NG;
University of Nebraska-Lincoln, I1ISER Mohali; nbansal/Z@un/. edu
Mating enhances immune function of Drosophila melanogaster
populations against bacterial pathogens

Immunity and reproduction are two important processes that
contribute to organismal fitness. Sexual activity has been
previously shown to determine the degree to which organisms are
able to survive infection. While many studies have demonstrated a
trade-off between immune function and reproduction, other studies
have found a synergistic relationship between the two fitness
determinants. It is also generally hypothesised that the sexes may
differ in immunity due to sex—specific costs incurred during
reproduction, with males sacrificing immune function to increase
their reproductive success. In this study, we tested the effect of
immune function on the survival of mated and virgin replicates of a
large outbred baseline 0 melanogaster population that was infected
with four different bacterial infections. We found enhanced
survival of infection in mated flies relative to virgin flies in
response to all four bacterial infections across all replicates. We
also found no evidence for sexual dimorphism in this response, as
there was no difference between males and females in their ability
to survive the imposed bacterial infections. Synergistic
interaction between reproduction and immune function may exist if
It improves overall individual fitness in populations under
selection, and are not necessarily |imited by each other due to
trade-off over finite resources.

49-70 Baran, NM%; Jeong, H; Merritt, JR; Maney, DL; Yi, SV, Emory
University, Georgia Institute of

Technology; nicole. marie. baran@emory. edu

Novel molecular analysis of inversion polymorphism of ZAL3 in
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white-throated sparrow reveals impacts on body condition and gene
expression

Chromosomal polymorphisms such as inversions have been |inked to
the evolution of phenotypic variation, environmental adaptation,
and speciation. Recombination suppression within such polymorphisms
leads to genetic divergence between the two chromosome types and
can enable the evolution of coadapted alleles. The genome of the
white—throated sparrow (Z a/bicol/is) contains two exceptionally
large chromosomal polymorphisms. The rearrangement on the 2nd
chromosome (ZAL2/2™ has been the subject of extensive study and is
| inked to both plumage morph and alternative reproductive
strategies. Here, we describe our early investigations of a
polymorphism on the 3rd chromosome (ZAL3/3%) . Using whole-genome
sequencing data, we estimate that the ZAL3 rearrangement is larger
in physical size compared to the ZAL2 rearrangement, capturing
nearly 1000 genes, but shows less genetic divergence between the
two haplotypes. Fixed differences between the haplotypes are
predicted to disrupt the coding sequences of several genes, as well
as the regulatory sequences of many more. We analyzed both gene
expression and allelic bias in brain, heart, and liver tissues,
uncover ing evidence of regulatory variation on ZAL3 with probable
phenotypic effects. By genotyping hundreds of archived samples, we
found that ZAL32/3% is the most common genotype (77% of samples),
fol lowed by ZAL3/3* (21%), and ZAL3/3 (2%). The frequencies of each
ZAL3 genotype varied by sex, plumage morph, and year, and ZAL3/3
homozygotes had poorer body condition. These findings provide the
first evidence of genetic divergence resulting from the ZAL3
polymorphism and its functional consequences.

84-5 Barbasch, TA%; Branconi, R; Francis, R; Pacaro, M; Srinivasan,
M; Jones, GP; Buston, PM; Boston University, James Gook

University,; tbarbascbu. edu

Negotiations over offspring care: a test of alternative hypotheses
in the clown anemonefish

In species with biparental care, conflict arises over how much each
parent provides to their offspring because both benefit from
shifting the burden of care to the other. Here, we tested
alternative models for how parents negotiate offspring care using a
wild population of clownfish (Amohiorion percul/a). Using 60
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breeding groups, we experimentally handicapped parents by fin-
clipping the female in 20 groups, the male in 20 groups, and
neither parent in 20 groups and measured changes in female, male,
and pair combined effort in response to handicapping. First, we
found that handicapping resulted in a decrease in the number of
eggs laid by fin-clipped females and a decrease in the amount of
parental care by fin-clipped males. Second, contrary to
predictions, female effort did not change in response to the male
being handicapped, or vice versa. Finally, the number of embryos
that matured to hatching, an indicator of pair effort, was not
influenced by the manipulation, suggesting that although the
handicap was effective, clownfish do not face the predicted “cost
to conflict” when one parent is handicapped. Together, these
results question the generality of current theoretical predictions
and expand our understanding of the diverse possible outcomes of
parental conflict.

/7-7 Barreira, SNx; Nguyen, AD; Moreland, RT; Baxevanis, AD;
NHGRI/NIH; sofia. barreira@nih. gov

AniProtDB. A collection of metazoan proteomes for comparative
studies

Comparative genomic and proteomic analyses have provided keen
insights into both the commonalities and differences between
metazoan species, advancing our understanding of phylogenetic
relationships, the evolution of gene families, and the mechanisms
underlying biological diversity. Ultimately, the ability to perform
these kinds of analyses rests on having reliable proteomic data
from which one can confidently make biological conclusions.

However, the quality of publicly available data sets remains highly
variable, with most being comprised of raw sequencing reads that
need to be processed, assembled, and annotated before meaningful
information can be extracted from them. To address the void in the
availability of high—quality proteomic data traversing the animal
tree, we have implemented a pipeline for generating de novo
assemblies based on publicly available data from the NCBI Sequence
Read Archive, yielding a comprehensive collection of proteomes from
108 species spanning 21 animal phyla. These proteomes were
generated using consistent methodologies, quality control
thresholds, and measures of completeness. We have also created the
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Animal Proteome Database (AniProtDB), a resource providing open
access to this collection of high—-quality proteomes, along with
information on predicted proteins and protein domains for each
taxonomic classification. A BLAST-based interface also allows users
to perform sequence similarity searches against all proteomes
generated with this pipeline. This solution vastly increases the
utility of these data by removing the barrier to access for
research groups who do not have the expertise or resources to
generate these data and enables the use of data from non-
traditional research organisms that have the potential to address
key questions in biomedicine.

89-7 Barts, Nx; Nieves, N; Trojan, S; Arias—Rodriguez, L; Kelley,

J; Tobler, M; Kansas State University, Washington State University,
Universidad Juarez Autonoma de Tabasco, Washington State
University; nickrbarts@gemail. com

The role of plasticity in facilitating colonization of novel
environments

Identifying the mechanisms and traits that allow organisms to
colonize and persist under novel environmental conditions remains a
key challenge in biology. There are three theoretical mechanisms
that facilitate the ability of species to invade and adapt to the
presence of novel stressors: 1) organisms may rapidly evolve post-
colonization as a result of natural selection acting on pre-
existing genetic variation, 2) a trait evolved for one function in
the original environment may be co-opted for a new function under
novel conditions (exaptation), and 3) a trait adaptive in the
original environmental context facilitates persistence in another
without changing function (pre—adaptation). Using a comparative
transcriptomics approach, we quantified adaptive and maladaptive
plasticity to infer the potential roles of pre-adaptation and post-
colonization evolution in facilitating colonization of extreme
environments rich in hydrogen sulfide (H2S) by ancestral, sulfide-
intolerant species that differ in their colonization success.
Expression variation indicated that all species respond plastically
respond to H2S exposure, but in largely unique ways. We also found
evidence for adaptive plasticity in all species, regardless of
colonization success, but only a few of these genes were shared
among successful colonizing species. By far, evidence of
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maladaptive plasticity outnumbered evidence of adaptive plasticity
in our dataset. Overall, the findings of this study suggest that
pre—adaptation in key pathways may initially facilitate
colonization of H2S-rich habitats, but post-colonization evolution,
potential ly potentiated by maladaptive plasticity, is necessary to
persist upon exposure to extreme environmental conditions.

39-3 Bastiaans, Dx; Herbst, EC:; Scheyer, TM; University of Zurich,
Switzerland; ay/an. bastiaans@pim. uzh. ch

Bringing fossils back to [ife: 3D cranial reconstructions of the
highly flattened remains of Thalattosauriformes

Computer tomography (CT) is a common tool in palaeontology,
allowing researchers to revisit old descriptions of problematic
taxa in unprecedented detail. However, the nature of fossilisation
can decrease the effectiveness of traditional radiological
approaches. Here we provide new cranial reconstructions of various
thalattosaurs using state-of-art tomographic approaches to
accommodate for the specific preservational characteristics of
their fossil remains. Thalattosauriformes are secondarily aquatic
reptiles from the Triassic. This enigmatic clade is characterized
by high morphological disparity, particularly in their body sizes,
rostral shapes and dentition types. This has raised numerous
questions about their functional ecology and potential competition
with more abundant marine reptile clades. In addition, their
phylogenetic position remains unclear. We focused on the highly
flattened specimens from Monte San Giorgio (Middle Triassic,
Switzerland/Italy) and some new and more 3D finds from the Middle
and Late Triassic of China and North America. We employed a
combination of traditional CT and Computer Laminography (CL) to
solve the problem of low-resolution output when scanning large
flattened specimens. We then created complete 3D cranial models
using segmentation, re-positioning, and retrodeformation. This new
approach not only offers detailed morphological information for
phylogenetic purposes, but also provides 3D data to be used in
quantitative shape analyses and detailed biomechanical studies. In
this manner, the functional ecology of thalattosaurs and their
position relative to the other marine reptile fauna within the
foodweb of the Monte San Giorgio region can be studied.
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30-1 Bauer, CMx; Watts, HE; Swarthmore College, Washington State
University; cbaueri@swarthmore. edu

Preparation, departure, and flight: review of evidence for
corticosterone’s roles in avian migration

Corticosterone (CORT) has long been considered an important and
necessary hormone for avian migration. Exactly how CORT facilitates
migration, however, is under debate. We examined the |iterature to
evaluate three non-mutually exclusive hypotheses for CORT' s role in
migration: 1) CORT facilitates physiological preparations for
migration, 2) CORT stimulates departure from origin or stopover
sites, and 3) CORT supports long—distance migratory flight. To test
these hypotheses, we analyzed both wild and captive studies,
including observational studies and experimental manipulations,
that presented data relevant to predictions of each hypothesis.
Overall, we found weak support for the hypothesis that CORT helps
birds physiologically prepare for migration, and moderate support
for the hypothesis that CORT stimulates migratory departure. We
were unable to adequately test the hypothesis that CORT helps
maintain long-distance flight, as few studies have measured CORT in
actively flying birds. We provide recommendations for approaches
that could be used in future studies to address gaps in our
understanding of CORT s role in migration.

25-7 Baxter, DLx; Tytell, ED; Tufts Univ.; dana. baxter@tufts. edu
Diversification of internal vertebral morphol/ogy of
actinopterygian fishes along the benthic-pelagic habitat axis

Bony fishes live in various marine habitats that can be broadly
classified as demersal (contacting the bottom occasionally but also
venturing into open water), pelagic (swimming continuously in open
water), and benthic (touching the bottom most of the time,
interacting with different substrates). Due to these differences,
swimming and likely vertebral morphology differ between the habitat
parameters. A large contributor to body mechanics is the vertebral
column, consisting of hourglass shaped vertebrae with a canal
through the middle called the notochordal foramen. Internal
morphological features of the vertebrae may contribute to overall
body mechanics, but they have rarely been studied. We hypothesize
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that pelagic fish should be stiffer than others due to their more
constant open water swimming, and smaller foramina would be more
advantageous for this. Thus, we measured the diameters and angles
of each vertebral cone, the notochordal foramen diameters, and the
centrum lengths for 82 actinopterygian fish species found in
various habitats using micro—-computed tomography scans from oVert
downloaded from Morphosource and OSF databases. These measurements
were taken along the length of the body at equidistant points,
standardized by the body length of each respective species. To test
whether vertebral morphology differed for species in different
habitats, controlling for phylogeny, we ran phylogenetic
generalized least squares tests. We found that the notochordal
foramen diameter and posterior cone angle of the pelagic habitat
species were significantly smaller than those in benthic or
demersal habitats. This pattern of pelagic fishes having smaller
foramen diameters and posterior cone angles may contribute to a
stiffer vertebral column that supports their |ifestyle of swimming
in open water.

S$4-70 Beatty, AEx; Ballen, GJ; Driessen , EP; Graze, RM; Schwartz,
TS; Auburn University,; aeb0084@auburn. edu

Skill-building in a molecular biology CURE: A delicate balance of
structure and student /ndependence

Recently, the field of biology has recognized the importance of
ear|ly introduction to authentic research experiences in the
classroom (i.e. Course-based Undergraduate Research Experiences;
CUREs). While studies focused on introductory—level courses
demonstrate the benefits of this teaching methodology on student
outcomes, their efficacy in upper—level courses is understudied.
Upper—level courses typically possess unique elements when compared
to introductory courses including (1) class size, (2) course
complexity, (3) student confidence levels, (4) professional
applicability of learned skills, and (5) the potential for
independence. For instructors, one of the most challenging aspects
of upper—level CUREs is balancing structure and /ndependence to
maximize student outcomes. Here, we compare self-reported student
outcomes from two sections of an upper-level biology CURE over a
period of two years. While both sections focused on molecular
biology research, one section was provided a structured skill-
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building section preceding their independent research, while the
other was offered immediate independence in developing those
skills. Student survey reports of confidence, professional
applicability, and CURE structure indicate that the inclusion of
skill-building led to more positive impacts than when students had
increased independence. We discuss our results in the context of
each unique element of upper-level courses, focusing on how a blend
of skill-building and independence may affect student outcomes.
This work is especially relevant for those who teach upper-level
CUREs or train and employ undergraduates to conduct research.

BSP-5-5 Beavers, Kx; Meiling, S; MacKnight, N; Dimos, B; Brandt, M;
Mydlarz, L; University of Texas at Arlington, University of the
Virgin Islands; ke/sey. beavers@uta. edu

Transcriptome analysis of five coral species infected with
Scleractinian Coral Tissue Loss Disease

Despite an increase in severity and prevalence of coral diseases,
our knowledge of their pathology, etiology and epizootiology is
still limited. One emerging disease in particular, Scleractinian
Coral Tissue Loss Disease (SCTLD), affects over 20 species of reef-
building coral and some of the most susceptible species have been
reduced to less than 3% of their initial population densities in
some locations. Understanding how SCTLD manifests at the molecular
level and how different species are able to respond is necessary to
mitigate further spread and mortality. Five Caribbean coral

species, Orbicella annularis, Colpophyllia natans, Porites
astreosdes, Pseudodiploria strigosa and Montastraea cavernosa ,
were exposed to SCTLD and a spectrum of disease severity as
measured by lesion growth rate was defined. Post-exposure,
transcriptomes were sequenced to identify the gene expression
patterns and biological processes that distinguish SCTLD-
susceptible species from SCTLD-resistant species. Weighted Gene
Correlation Network Analysis was used to find modules of highly
correlated genes in each species to identify candidate biomarkers
for disease severity. In addition, the presence of significant
functional categories within each module was tested using Rank-
based Gene Ontology Analysis. This bioinformatic approach allows us
to link distinct gene expression patterns to varying degrees of
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disease susceptibility, a crucial first step to enhance our
understanding of this emerging disease.

104-9 Beery, SM%; Chubb, E; Olson, R; Montuelle, SJ; Curtis, H;
Williams, SH; Ohio University, Ohio University Heritage College of
Osteopathic Medicine; sb6633118@ohio. edu

Does sensation within the oral cavity determine occl/usal movement
and duration?

During feeding in mammals, the breakdown of food is facilitated by
occlusion between upper and lower postcanine teeth. Constant
monitoring of bolus positioning and reduction is essential to
creating a swallowable bolus and protecting the teeth from damage
and excessive wear. Sensory nerves of the oral cavity, including
the alveolar and |ingual nerves, supplying the teeth and tongue,
respectively, play a role in bolus monitoring to adjust movements
of the jaw during, particularly the occlusal phase of chewing, when
cuspal interactions also assist with guiding movements. Here, we
compare the kinematics of occlusion during chewing using XROMM in
rabbits (N=3) before and after combined superior and inferior
alveolar and lingual nerve blocks. The nerve blocks are
hypothesized to reduce the duration of occlusion and to alter the
spatial dynamics of the movements of the lower teeth relative to
the upper teeth. Occlusion duration (as a % of total cycle
duration) increased and was twice as variable after treatment
(control: mean = 33.0, GV = 18.7; treatment: mean = 41.3, CV =
34.7, p < 0.01). The kinematic measurements of occlusal
displacements indicate that movements in the mesio-distal plane are
smal ler after treatment (control: mean = 1.29, CV = 35.8;
treatment: mean = 1.21, CV = 34.8; p = 0.0026). Displacements in
the buccolingual plane is larger after treatment (control: mean =
2.74, CV = 28.8; treatment: mean = 2.83, GV = 37; p<0.0001).
Altered occlusal dynamics in association with the nerve block
provide further support for the role of oral afferents in
facilitating occlusal interactions during chewing.

20-7 Belanger, RMx; Crile, KG; Abdulelah, SA; University of Detroit
Mercy; belangrabuamercy. edu
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Environmentally relevant atrazine exposure causes chemosensory
deficits, DNA damage and changes in cell morpho/ogy

Atrazine (ATR) is one of the most commonly used herbicide in the
U.S. Midwest in agricultural areas. Excess ATR can enter local
aquatic environments through groundwater seepage and runoff,
causing ATR concentrations to increase and placing non-target
aquatic organisms, |ike crayfish, at risk of ATR exposure.
Concentrations of ATR in local streams and rivers have been shown
to reach over 80 ppb (ug/L). We have shown that acute exposures to
ATR can cause long-term changes in response to both food and
conspecific odors in crayfish. Knowing that ATR causes impairments
of olfactory-mediated behaviors, we determined that ATR-exposures
cause DNA damage to cells of the lateral antennule, in a dose-
dependent manner. Thus, ATR exposure ultimately compromises the
chemosensory abilities of crayfish. Currently, we are investigating
If the hepatopancreas, which is responsible for filtering and
detoxifying the body following xenobiotic exposure, can adequately
remove ATR from the body. Understanding the effects of ATR and
correlating these with accumulation and recovery from exposure to
herbicides |ike ATR will allow us to assess the long-term effects
of ATR on aquatic organisms. Because detoxification of xenobiotics
is energetical ly demanding, responses to and recovery from ATR
exposures may subsequently impact growth, development and
reproduction.

62-5 Benoit, JBx; Bose, J; Talbott, H; Lewis, DA; Polak, M;
University of Cincinnati, Cincinnati, OH; Jjoshua. benoit@uc. edu
Resistance to ectoparasitic mites yields metabolic trade-offs in
fruit flies

Host fitness is reduced by parasites, and hence parasites often are
influential agents of natural selection. Traits that confer
parasite resistance typically have significant genetic variation,
which may be maintained if host fitness is reduced by resistance
when parasites are absent. To test for costs associated with
resistance, we examined interactions between parasitic

mites, Gamasodes quees/andicus, in the host, Drosophi/a
melanogaster. Selection for resistance increased the ability of
flies to prevent mite infestation. Differential gene expression
profiling revealed that ectoparasite resistance altered transcript
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expression patterns associated with metabolic processes. These
expression differences were supported by decreased starvation
resistance, likely arising from increased utilization of nutrient
reserves by selected flies. Behavioral activity of the selected
flies was increased during the night, which yielded increased
nighttime oxygen consumption. Substantial day and night movement
of G quees/andicus mites was noted, suggesting increased
resistance could be from increased fly activity during the night
when flies would normally be least active. Importantly, flies that
were restrained showed no increase in resistance, highlighting that
movement is a critical factor in behavioral resistance to the
ectoparasitic mite. Our studies provide evidence that ectoparasite
resistance imposes costs in the absence of mites, manifested as
increased host metabolism and activity at night, leading to
decreased starvation resistance.

30-5 Benowitz-Fredericks, ZMx; Lacey, LM; Whelan, S; Will, AP;
Hatch, SA; Kitaysky, AS; Bucknell U, Bucknell U, Penn State U,
McGill U, U Alaska Fairbanks, Inst. Seabird Res and

Cons; zmbf001@Bucknel . edu

Telomere length explains interindividual variation in
physiological and behavioral responses to experimental/ly—induced
declines in local food availability in free-/iving seabirds
Release of glucocorticoids is considered a primary mediator of
energy reallocation in response to challenges in vertebrates; many
studies have measured or manipulated them on acute and chronic time
scales to study effects on physiology, behavior, reproduction and
survival. Fewer have explored potential sources of variation in the
magnitude and consequences of glucocorticoid elevation, but
telomere length may help explain interindividual variation in
responses to challenges. We assessed the effects of acute
reductions in food availability on behavior and physiology of free-
living kittiwakes (K/ssa tridactyl/a ) by withholding a food

supp lement from incubating males after feeding for “30 days. We
assessed movement behavior for 48hrs pre— and post— withdrawal, and
changes in body mass and corticosterone (CORT). We also tested the
hypothesis that relative telomere length, a proxy for individual
quality, explains variation in response to food withdrawal. Despite
uninterrupted ability to forage at sea, birds responded to food
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withdrawal by increasing the number and duration of foraging trips,
losing more weight and increasing GORT compared to continuously fed
controls. However, overall, birds with longer telomeres made more
trips and spent more time off the colony, while experiencing

smal ler increases in CORT. Longer telomere birds were more |ikely
to fledge a chick among controls, and to return the next year
regardless of treatment. This study supports the hypothesis that in
this long-lived seabird, individuals with longer telomeres are
higher quality, but under challenging conditions, prioritize
investment in self over chicks.

4-4 Berberi, Ix; Segre, PS; Altshuler, DL; Dakin, R; Carleton
University, Stanford University, University of British

Columbia; ///asberberi@email. com

Unpredictable hummingbirds: Flight path entropy is constrained by
speed and wing loading

Unpredictable movement can provide an advantage when animals avoid
predators and other threats. Previous studies have examined how
varying environments can elicit unpredictable movement, but the
intrinsic causes of complex, unpredictable behavior are not yet
known. We addressed this question by analyzing >200 hours of flight
performed by hummingbirds, a group of aerial specialists noted for
their extreme agility and escape performance. We used information
theory to calculate unpredictability based on the positional
entropy of short flight sequences during 30-min and 2-hour trials.
We show that a bird s entropy is repeatable, with stable
differences among individuals that are negatively correlated with
wing loading: birds with lower wing loading are less predictable.
Unpredictability is also positively correlated with a bird s
overal| acceleration and rotational performance, and yet we find
that moment-to-moment changes in acceleration and rotational
velocities do not directly influence entropy. This indicates that
biomechanical performance must share an underlying basis with a
bird s ability to combine maneuvers into unpredictable sequences.
Contrary to expectations, hummingbirds achieve their highest
entropy at relatively slow speeds, pointing to a fundamental trade-
off whereby individuals must choose to be either fast or
unpredictable.
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53-70 Berger, GAx; Steinberg, DK; Tarrant, AM; Woods Hole
Oceanographic Institution, MA and MIT-WHOI Joint Program in
Oceanography/Applied Ocean Science & Engineering, Cambridge and
Woods Hole, MA, Woods Hole Oceanographic Institution, MA, Virginia
Institute of Marine Science, VA caberger@mit. edu

Conserved molecular responses to starvation in two Southern Ocean
copepod’s

Copepods are crustacean zooplankton that collectively form one of
the most abundant groups of animals on Earth. In the polar oceans,
some copepods store large amounts of |ipids, making them a critical
food resource for higher trophic levels. In this study, we focus on
two dominant Southern Ocean copepods that differ in the chemical
makeup of their lipid stores. Cal/anoides acutus is predominantly
herbivorous and primarily stores wax esters, while Ca/anus
propinguus is more omnivorous and stores triglycerides. Adult
females of both species were subject to a shipboard experiment,
where they were either fed or starved for 9 days and characterized
with RNA-seq. We use these experimental data in conjunction with a
phylogenetic gene family—level approach to compare the
transcriptomic starvation responses of these species. At a broad
level, starved individuals of both species downregulate genes
related to |ipid metabolism and transport, including hydrolases and
| ipases that catalyze steps in lipid degradation. By explicitly
considering the homologous relationships between genes, we test
whether, and to what extent, the starvation response is mediated by
the same orthologs and gene families. We characterize a conserved
starvation response, which may be shared among diverse pelagic
copepods, as well as differences in gene expression underlying the
two divergent modes of |ipid storage.

59-2 Ber low, Mx; Derryberry, E; Wada, H; University of Tennessee,
Knoxville, Auburn University; mae. ber/ow@gmail. com

Noise as a potential mechanism under/ying the effects of
urbanization on the avian gut microbiome

The rapid effects of human land development and urbanization
present relatively recent but stark changes in the environment,
which can have consequences for wild animals. For example, recent

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



e54

work suggests that urbanization affects the composition of animal
gut bacteria. One evolutionarily unprecedented consequence of
urbanization is noise, and noise pollution is most likely a
biologically relevant stressor in urban environments. Noise
pollution can interfere with many aspects of an animal' s |ife by
changing social behaviours, interfering with foraging and predator
identification, and changing stress hormone levels. Sustained
increases in stress hormones can have wide ranging physiological
repercussions and may change the substrate for intestinal bacteria
through alterations in gut physiology such as increased intestinal
mobility, permeability, and inflammation, leading to changes in the
composition and relative abundances of gut microbiota. We
experimental ly examine this relationship between noise and the gut
microbiome through measurements of stress hormones and feeding
behaviour.

37-10 Bernhard, MC; Hirsch, SE; Perrault, JP; Lasala, JA; Mote
Marine Laboratory, Loggerhead Marinelife Center; mbernhard@mote. org
Impacts of a geotextile container on [oggerhead sea turtle nesting
in the Gulf of Mexico

Due to coastal development and sea level rise, sandy beaches in
Florida, USA are disappearing due to coastal squeeze. This is a
cause for concern for wildlife such as sea turtles, which use the
habitat for nesting. Solutions include beach nourishment (sand
placement) and beach armoring (stabilization structures), both of
which have the potential to impact sea turtle nesting and long—term
beach stability. As an alternative to the more traditional
hardening structures (such as seawalls), a third option, a
geotextile tube (geocore) system can be buried to promote a
“natural” dune system. However, research on how these structures
may impact sea turtles is scarce. Loggerhead sea turtles (Caretta
caretta) emerge at night to lay their eggs on the sandy beach. A
nesting female can abandon her nesting attempt (i.e., false crawl)
due to a variety of factors such as the beach slope, sand quality,
or disturbance by human presence, lighting, or obstacles. False
crawls can waste precious energy reserves that could be used for
reproduction. Once eggs are deposited in the sand, they are at the
mercy of the local microhabitat for the duration of their
incubation. Thus, beach quality is crucial for the development of
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successful hatchlings. The goal of this study was to investigate
how the presence of stabilization structures installed on Casey
Key, Florida impacts loggerhead nesting. We aim to compare the
nesting success (ratio of nests to false crawls) at a natural
control site, a geocore site, and site with a seawall. Furthermore,
we will investigate loggerhead hatching and emergence success at
each site.

57-4 Berning, DJx; Powers, AK; Garita-Alvarado, CA; Rodiles-
Hernandez, R; Gross, JB; Ornelas—-Garcia, CP; University of
Cincinnati, Department of Biological Sciences, Gincinnati, OH,
Harvard Medical School, Department of Genetics, Boston, MA,
Universidad Auténoma de Mexico, Instituto de Biologia, Ciudad
Mexico, Mexico, El Colegio de la Frontera Sur; berninde@gmai/l. com
Evolution of craniofacial morphology in a cline of Mesoamerican
fishes

Diverse geological and environmental pressures can impact
morphological evolution. Yet, it remains unclear how ecological
factors affect similar species sharing a trophic niche. Here, we
investigate populations of Bramocharax and Astyanax fishes, two
morphs inhabiting lakes in Mexico and Central America. Using
geometric morphometric analyses of micro-CT scanned skulls, we
found both groups exhibit craniofacial variation along a
latitudinal cline of four lake populations. This ecomorphological
divergence evolved between both morphs despite their sympatry.
Southern Nicaraguan populations demonstrate tooth and cranial
differences between the morphs while two northern Mexican
populations exhibit similarity in dentition and cranial shape.
Southern lake populations are geologically much older, possibly
enabling evolution and elaboration of more diverse feeding niches.
This resulted in southern Bramocharax populations displaying more
streaml ined cranial structure with longer, more numerous unicuspid
maxi|lary teeth compared to Astyanax. Further, northern Mexican
populations inhabit geologically younger lakes, showing more
similarity in morphology. We propose this may be due to a shorter
divergence time compared to the Nicaraguan lakes. Patterns of
morphological evolution across all four lakes, however,

suggest Bramocharax fish evolve similar physiological traits

to Astyanax via parallel evolution. This work provides an important
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case study for differential effects of geological and ecological
pressures on morphological divergence in closely-related animals.

44-4 Bersin, TB*; Cordova, KL; Journey, ML; Beckman, BR; Lema, SC;
Cal Poly, San Luis Obispo, NOAA Fisheries, NOAA

Fisheries; tbersin@calpoly. edu

Fasting inhibits GH stimulation of [GF-1 synthesis pathways in the
[iver of gopher rockfish (Sebastes carnatus)

Growth hormone (GH) regulates growth in fishes by stimulating liver
synthesis of insulin-like growth factor-1 (IGF-1), which then
mediates growth-promoting pathways in peripheral tissues. However,
under conditions of food |imitation, fish with low IGF-1 and slow
growth can still exhibit elevated circulating GH, suggesting that
nutritional stress may alter liver sensitivity to GH. However, the
exact mechanism(s) of this inhibition are not well understood. In
this study, we explored how food deprivation affected GH induction
of liver IGF-1 production in juvenile gopher rockfish, Sebastes
carnatus. Fish were either fed at a rate of 9% per g body mass or
fasted for 14 d and then given a single injection of either
recombinant sea bream GH or saline (control). GH injection
increased |iver IGF-1 mRNA levels in fed rockfish but did not alter
IGF-1 gene expression in fasted rockfish. Fasted fish exhibited
lower gene transcript abundance for l|iver GH receptors and reduced
mRNA levels for several intracellular proteins involved in the
pathway mediating GH induction of |iver IGF-1 synthesis, including
janus kinase 2 (JAK2) signal transducer and activator of
transcription (STAT5b) and hepatocyte nuclear factor 33 (HNF3j3).
Protein phosphorylation levels of JAK2 and STATbb were also lower
in fasted fish as compared to fed fish, suggesting fasting reduced
activation of the IGF-1 synthesis pathways mediated by these
proteins. Overall, these findings indicate that food deprivation
downregulates hepatic pathways critical for GH stimulation of IGF-1
production and support liver GH resistance as one mechanism
contributing to reduced growth of fish during food deprivation
stress.

90-7 Bertram, MGx; Tomkins, P; Saaristo, M; Martin, JM;
Michelangeli, M; Tomkins, RB; Wong, BBM; Swedish University of
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Agricultural Sciences, Umed, Vasterbotten, Sweden, Monash
University, Melbourne, Victoria, Australia, University of
California, Davis, Davis, California, United States, Department of
Environment, Land, Water and Planning (DELWP), Melbourne, Victoria,
Australia; michael. bertram@s/u. se

Disruption of male mating strategies in a chemically compromised
environment

Pharmaceuticals are accumulating in environments globally. This
includes trenbolone, a growth promoter that enters waterways in
agricultural run-off. However, whether and how drugs |ike
trenbolone impact complex behaviours in wildlife remain largely
unknown. We exposed male guppies (Poecilia reticulata) to
trenbolone and compared the response of exposed and unexposed males
to sequentially presented large and small females. Due to a
positive size-fecundity relationship, larger females are generally
expected to be preferred by males. While we found no evidence that
the size of a previously encountered female affected the amount of
mating behaviour performed by males during the second presentation,
males from both exposure treatments conducted more frequent
courting events towards larger females during both presentations,
suggesting an absolute preference for greater female size. Further,
across both presentations, trenbolone exposure caused a shift in
male mating strategy towards increased sneaking behaviour, although
male sequential investment into mating effort was not impacted. Our
findings contribute to a growing understanding of impacts of
pharmaceuticals on wildlife behaviour.

42-1 Bertucci, EM%; Bae, J; Bock, SL; Hale, MD; Moore, JA;
Wilkinson, PM; Rainwater, TR; Bowden, JA; Koal, T; PhamTuan, H;
Parrott, BB; U. of Georgia, Augusta U., U. of Virginia, Benedict
College, Tom Yawkey Wildlife Center, Clemson U., U. of Florida,
Biocrates Life Sciences, Biocrates Life

Sciences ; emily. bertucci@uga. edu

Intrinsic and extrinsic factors contributing to variation in
te/omere length in neonatal alligators

Intrinsic and extrinsic factors interact to produce variation in
individual |ife history and aging trajectories. Telomeres are
structures at the ends of eukaryotic chromosomes that serve
critical roles in maintaining genome integrity. In the absence of
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active maintenance, telomeres shorten with age and serve as a
marker of age-related functional declines. Variation in early life
telomere length is associated with fitness traits such as
reproduction and survival, allowing telomeres to provide insight
into the long-term consequences of developmental environments.

Here, we assess the influence of extrinsic and intrinsic factors on
telomere dynamics in hatchling American alligators (A///gator
mississippiensis) which were incubated under eight different

exper imental treatments. We measured telomere length and a panel of
eight steroid hormones involved in glucocorticoid signaling and
synthesis. We find that both extrinsic and intrinsic factors
influence variation in hatchling telomere length. Incubation
temperature and exposure to the contaminant DDE interacted to
affect telomere length. Clutch was an important driver of variation
in both telomere length and body size. Interestingly, body mass was
negatively associated with telomere length both across and within
clutches. We further examined the potential of glucocorticoid
signaling to mediate organismal responses to extrinsic factors and
found that contaminant exposure elicits increases in circulating
levels of cortisol, which trends negatively, although not
significantly, with telomere length. Together, these findings
advance our understanding of how environmental factors interact
with developing embryos to persistently affect telomere biology in
a long-lived species.

25-70 Betterton, LM; Shirk, MT; Pirtle, JM; Rohlf, P; Stover, KKx;
WVSOM, Aviagen Turkeys Inc.; kstover@osteo. wvsom. edu

Limb bone mineral density and morphology affected by more than
Just body mass in domestic turkeys

As vertebrates increase in body mass, during growth or across
generations, the |imb bones supporting their mass must also undergo
changes to avoid fracture. Some vertebrates have seen large
increases in body mass over relatively short evolutionary time
scales, for example, meat producing animals and certain human
populations. A recent study showed that heavier domestic turkeys
have relatively shorter and more robust hind |imb bones than their
wild counterparts, however, it is unknown how the bone tissue
itself might be changing in response to increased body mass. In
this study we examined cortical bone mineral density in the
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humerus, femur and tibiotarsus as well as bone strength and
distribution in the tibiotarsus. From ages 10 to 18 weeks, male
turkeys were repeatedly CT scanned in vivo (n=100/line). We found
that in line A, selected for reproductive traits, bone mineral
density increased in all three bones measured as the birds grew
(P<0.05). However in line B, with no selection for reproductive
traits, bone density decreased as body mass increased (P<0.001).
The polar moment of area in the tibiotarsus, a measure of bending
strength, increased during growth in line A (P<0.0001) but was not
significantly different from zero in Line B (P=0.2117).
Interestingly forelimb and hind |imb bones exhibited similar trends
in bone density, even though the forelimbs presumably undergo very
little loading in the largely flightless domestic turkeys. Calcium
is mobilized from cortical bone during egg laying, which is |ikely
why the reproductive selected |ine exhibits increased cortical bone
density with growth, providing a secondary biomechanical advantage.
Our future work will include females of these |ines to further
evaluate the factors influencing bone density.

$4-4 Bhatti, HA*; Ruopp, R; McPherson, A; Full, RJ; University of
California, Berkeley; haideralibhatti@berkeley. edu

Early technology-based intervention promotes self-efficacy in a
bioinspired design course

Often, undergraduate STEM courses overlook the potentially
impactful role of early course experiences on psychosocial
variables that affect students’ academic achievement, retention,
and persistence. In our Bioinspired Design course open to all
majors and levels of STEM expertise, we designed a 3D printing
activity meant to promote students’ academic self-efficacy by
leveraging the democratization of invention within the maker
movement. We developed this activity based on student requests for
an ear |y makerspace experience during pilot versions of the course.
Inspired by these requests and utilizing an open-source, 3D printed
prosthetic hand designed for children affected by symbrachydactyly,
each student in the course (Year 1: n=173; Year 2: n=178) 3D
printed a prosthetic finger. Each finger was then used in the

col laborative, team-based assembly of all parts of the 3D printed
prosthetic hand, resulting in a fully functional final product.
Survey data from students showed a widespread unfamiliarity with
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both makerspace activities and 3D printing before engaging in the
course activity. After completing the activity, survey data showed
students were more comfortable using makerspace equipment, more
interested in learning about other makerspace equipment, as well as
a general sentiment that 3D printing a prosthetic finger was not a
technical ly difficult exercise. Students felt a sense of inclusion
and belonging to a technological community. Results support the
overarching course objective of integrating bioinspired design with
the maker movement to empower all students to be makers,
specifically through the utilization of technologies like digital
fabrication to build societal ly-beneficial designs.

66-9 Billah, MAx; Faruque, IA; Oklahoma State University,
Stillwater; arif. billahlokstate. edu

A model for multi-agent group motion inspired by insect visuomotor
feedback

Numerous studies have recorded and modeled the optomotor feedback
response of individual insects in corridor-|ike environments over
the last few decades. The question of whether these responses
contribute to or inhibit group flight/swarming behaviors has not
been equally explored. To consider the problem of how biological
agents incorporate visual feedback in multi-agent environments,
this study extends a wide-field integration model of insect optic
flow sensing and visual feedback in a corridor—Ilike environment to
feedback in multi—-agent dynamic systems. Theoretical analysis and a
robotic experiment are conducted for an individual agent operating
in an established group formation of other agents. The results
indicate feedback from wide-field integration of optic flow input
can help participate in established swarms and demonstrate the
importance of relative motion between agents in maintaining the
swarm.

40-7 Biondi, AAx; Kellogg, JE; Ruane, S; Amplo, HE; Crawford, CH;
Flammang, BE; New Jersey Institute of Technology, Rutgers
University; aabb3@njit. edu

Morphological based relationships of the Mo/idae family supported
by molecular phylogeny and 3D geometric morphometrics
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The Molidae family (Order: Tetraodontiformes) is comprised of 3
genera and 5 species which have record-breaking developmental
growth. To analyze the relationships among the Molidae family
throughout ontogeny, we created a molecular phylogeny and used 3D
geometric morphometrics. We used Mitochondrial D-Loop DNA collected
from the GenBanke database. The reconstructed tree shows over 98%
nodal support for each species (69 Masturus lanceolatus, 46 Mol/a
alexandrini, 21 Mol/a mola, 23 Mola tecta, 1 Ranzania /aevis, and 61
pufferfish, (7etraodon nigroviridis as the outgroup) present in
this analysis. We collected ontogenetic series of Mo/a

mola, Masturus lanceolatus, and Ranzania /aevis from museum
collections to investigate the morphological characteristics of
each genera throughout development. Using a combination of uCT
scanning, PTA staining, gross dissection, and quantitative 3D
geometric morphometrics, we have been able to compare three species
of molids (one of each genus) lending an ontogenetic perspective to
the molecular phylogeny.

67-1 Birch, S*; Plachetzki, D; University of New Hampshire,

Durham; s/jbl1061@wi /dcats. unh. edu

A hierarchy of sensory cues control larval sett/ement in the
actinula larvae of Ectopleura crocea (Hydrozoa)

Community dynamics in benthic marine ecosystems are largely driven
by larval settlement, which relies on larvae selecting suitable
environments based on the integration of sensory cues. The task of
selecting habitable substrates by larvae is crucial for the fitness
and success of adult individuals since most sessile stages
permanent|y attach to substrates. The colonial hydrozoan Ectop/eura
crocea is an economically important fouling species in the New
England fisheries, however, the sensory cues that determine where
larvae settle are poorly understood. Here we examine the settlement
response of £ c¢rocea actinula larvae by leveraging a factorial
larval settlement study that examines the effects of |ight,
chemical, and mechanical (texture) cues together with a
developmental transcriptome study investigating sensory gene
expression. We found evidence for sensory control over larval
settlement with chemical cues having the strongest influence on
settlement, followed by mechanical cues with a negative effect on
settlement. Photosensory cues influenced settlement in the absence
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of chemical and mechanical cues. Additionally, we found significant
differential gene expression across various developmental stages
and found that candidate sensory gene sets reach their peak
expression just prior to the stage where larvae are competent to
settle. Our findings reveal a hierarchy of sensory control over
larval settlement in £ crocea and demonstrate that actinula have
the capacity to integrate sensory information from multiple sensory
modal ities when making settlement decisions.

46-2 Birrell, JHx; Woods, HA; Univ.

Montana; jackson. birrel/l@umontana. edu

Do aquatic insects exploit microclimates of temperature, oxygen,
and flow to mitigate low-oxygen availability?

Ectotherms often avoid abiotic stress by moving among
microcl|imates. Such behaviors may al low populations to persist
within refugia even when macro-conditions are stressful. Whether
aquatic insects exploit locally available microclimates, however,
has received little attention. For stream insects, life in water is
shaped by the scarcity of oxygen. In principle, behavior may allow
insects to mitigate oxygen shortages - by choosing local regions of
lower temperature, higher dissolved oxygen, and higher flow
velocity in ways that increase ratios of oxygen supply:demand.
However, because water has such a high heat capacity and is
typically well-mixed, temperature and oxygen are not |ikely to vary
strongly over small spatial scales - although they can vary in some
systems due to upwelling groundwater or inputs from other sources.
By contrast, flows are highly heterogenous, often ranging from

< .05 m/s within the substrate to > 1 m/s in the free-stream
environment. Exploiting micro-variation in flow may, therefore, be
the most reliably available option for aquatic insects to mitigate
oxygen shortages. Here, we examine choice-preferences of giant
stonefly nymphs, Pteronarcys californica, to experimental gradients
in temperature, oxygen, and flow. In alignment with our
predictions, P. californica nymphs show |ittle ability to exploit
laboratory gradients in temperature and oxygen; they made weak
choices and only when presented with unrealistically large
gradients. Flow-choice experiments are ongoing. We predict that
stonefly nymphs will exploit micro-variation in flow much more
readily - choosing higher water velocities when temperatures are
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high or when oxygen levels were low. These behaviors may allow
stoneflies, and other aquatic nymphs, to survive in streams during
bouts of low-oxygen availability, which may increase in frequency
under climate change.

75-7 Bishop, PJx; Falisse, A; De Groote, F; Hutchinson, JR; Royal
Veterinary College, UK, KU Leuven, Belgium; pbishop@rve. ac. uk
Dynamic optimization estimation of maximum running speed capacity
in bipedal archosaurs

Archosaurs (crocodiles, birds and relatives) have included many
locomotor habits throughout their history. They are notable in the
repeated evolution of obligate bipedality - rarely achieved by
other clades - with birds inheriting their bipedal stance from
dinosaurs. Yet, owing to marked anatomical transformations, birds
may not be suitable for interpreting locomotor function and
evolution in all bipedal archosaur |ineages. Computational
musculoskeletal models and simulations of extinct species can
provide an avenue to exploring these questions, using established
biomechanical principles. Here, we used in silico predictive
simulations to explore musculoskeletal function and performance
using dynamic optimization; under the assumption that a behaviour
maximizes some performance objective, this can generate simulations
of behaviours de novo. We developed simulations of maximum speed
running in the extinct dinosaur Coel/ophysis (15 kg), as well as a
modern ground bird, a tinamou (7600 g). Using a subject-specific
musculoskeletal model of the tinamou, combined with a Hill-type
muscle model, we generated simulations of walking and running gait
that were comparable to prior empirical data, and a maximum speed
of 3.45 m/s was predicted. Given that soft tissues are not
preserved in the fossil record, we also identified the requirements
for a simple muscle model (ignoring force-length-velocity effects)
that would permit the same level of performance. We then applied
this validated framework to Coe/ophysis, demonstrating that it was
capable of speeds >6.5 m/s, consistent with data from fossil
footprints. These are the first fully 3-D muscle-driven simulations
of locomotion in an extinct dinosaur, and pave the way forward for
exploring the evolution of bipedality in Archosauria.
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52-712 Black, CR#*; Armbruster, JW; Auburn University,

AL; coriblack@auburn. edu

Automated landmarking captures complex shapes in armored catfish
Jjaws

Geometric morphometrics has been integral to understanding how form
and function have evolved. However, traditional landmarking methods
are restrictive, which can be a challenge to capture complex three-
dimensional shapes. Automated landmarking can alleviate some of
these chal lenges by placing pseudo-landmarks across an entire
surface to capture variation in bones with few homologous regions.
The neotropical loricariid catfishes (suckermouth armored catfishes
or plecos) have ventrally placed oral jaws that are used to scrape
food particles from surfaces. The upper jaw consists of a highly
mobile premaxilla that is controlled by the maxillary motion via a
unique branch of the adductor mandibulae that rotates the upper jaw
around a process of the mesethmoid. The lower jaw is comprised of
medially separated mandibles that rotate around the long axis
within a shallow socket at the anteroventral articulation of the
quadrate, which can be operated separately. Across 1006 species of
the Loricariidae, jaw shape is highly variable and structurally
complex, ranging from short jaws with less than five teeth to long
jaws with over 200 teeth. The resulting differences in key
characteristics of the jaws compound the difficulty of assessing
homologous locations on the jaws for traditional geometric
morphometrics. To test the effectiveness of automated landmarking,
we isolated oral jaws from 36 species distributed across the
phylogeny of armored catfishes from CT scans obtained from the
MorphoSource database. Morphospace and phylomorphospace comparisons
suggest that automated landmarking methods are better able to group
| ike shapes compared to traditional methods. Nonetheless, automated
methods require similar regions to automatically align models and
are more susceptible to flipping shapes, which may cause issues in
further shape analyses.

$8-4 Blackledge, TA*; Alicea, A; Onyak, A; Htut, K; Singla, S;
Dhinojwala, A; The University of Akron; b/ack/edge@uakron. edu
Viscid spider silk shows robust adhesion on varied natural
surfaces
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The viscid capture threads produced by most of the world s orb-
weaving spiders are both a key innovation in spider diversification
and an attractive model for synthetic adhesives. The sticky
aggregate silk glue in capture threads maximizes adhesion through a
beads-on-a-string morphology that by allows multiple glue droplets
to simultaneously resist pul |-off. These glue droplets are
suspended in a cocktail of low molecular mass compounds (LMMC),
which modulates glue viscosity to optimize the contributions of
spreading and bulk cohesion to adhesion. Recent research suggests
that LMMC mediated variation in viscosity helps to specialize
spider species for foraging in different microhabitats by improving
adhesion up to 10x at specific humidity. However, most of this
research is conducted on smooth, hydrophilic glass. In contrast,
orb spiders are largely generalists, capturing insects whose
cuticles vary from smooth to rough and hair-covered, and which
range from hydrophilic to hydrophobic. Here, we present evidence
that aggregate silk glue functions as a remarkably robust adhesive
across both varied surface roughness and a broad range of
hydrophobicity through small changes in spreading and pul |-off
behavior. This robust performance is important for the generalist
predatory strategy of orb spiders and may reduce the probability of
insects evolving cuticular defenses against sticking to spider orb
webs.

84-1 Bloch, I*; Troupin , D; Sapir, N; University of

Haifa; /taiblochZbgmail. com

Do females work harder? Sexual differences in parental care in the
Little swift (Apus affinis), a monomorphic species

Differences in parental care in birds have been mostly examined in
species characterized by sexual dimorphism, and data is scarce
regarding the roles of the two sexes in monomorphic birds.
Differences between males and females in parental care may include
bird movement, foraging, flight behavior, and food provisioning to
the young. In this study, we examined the movement characteristics
of the Little Swift (Apus arffinis), a small (25 g) highly aerial
and monomorphic species that breed in colonies. [ explored the
details of bird movement using an advanced tracking system in the
Hula Valley of northeastern Israel and found differences between
the sexes in movement and parental behavior during the breeding
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season. Specifically, nest residence time, foraging range, number
of visits to the colony during the day, and the times of entry and
exit to the colony, as well as nocturnal bird activity, differed
between females and males. During the night, more females stayed in
the colony and males perform more nocturnal movements. During the
day, females flew longer distances and their rate of visitation to
the breeding colony was lower than that of males. In addition, the
peak activity of the females was in the middle of the day compared
to the peak activity of males which occurred in the early morning.
Our findings help clarify how sexual monomorphism/ dimorphism
influences parental care, including how it may affect movement,
foraging and caring for the young during the breeding season. A
future study quantifying the distribution of insects in time and
space will assist in elucidating whether the two sexes respond
differently to the abundance and distribution of insects in space
and time.

38-8 Bloom, EJ; California State University,

Northridge; e//iott. bloom 308my. csun. edu

Ecomorpho/ogy of penguins in the genus Spheniscus

The interaction between functional morphology and behavior impact
the ecology of organisms. Penguins (Family Spheniscidae)
effectively fly underwater using their flippers as wings, a result
of the penguin wing stroke being virtually identical to that of a
volant bird. Wing and beak morphology are both important
determinants of foraging ecology. Wing morphology is strongly
correlated with foraging ecology in flying birds and due to the
similarity in wing stroke, it is likely that differences in penguin
wing morphology select for different foraging strategies as they do
in flying birds. Beak morphology and bite force are determinants of
prey type and size that can be procured. The Humboldt Penguin
(Spheniscus humbol/dti/) and the Magellanic Penguin (S. magel/anicus)
breed along the coast of South America. Their breeding ranges are
mostly allopatric, but they occur in sympatry on a few islands off
the coast of southern Chile. Given that these two species have
similar body sizes and share a primary food resource, we explored
morphological differences within and between species in allopatry
and sympatry to determine whether there is evidence for character
displacement. I predict that variations in wing and beak morphology
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will allow these species to co-exist in sympatry via exploiting
different resources and thus alleviating competition. Penguins were
captured near their nests and measurements included three beak
dimensions, bite force, body mass, wingspan, and wing area. [ (1)
characterized the wing and beak parameters within each of the two
penguin species throughout their range and (2) determined if there
Is evidence for character displacement in their wing and beak
morphology in the area of sympatry. Preliminary results indicate
there are both inter- and intra-specific morphological differences.

/8-5 Bobo, JB*; Vernasco, BJ; Watts, HE; Cornelius, JM; Eastern
Michigan University, Washington State University, Oregon State
University; Jbobol@emich. edu

Social cues advance timing of migratory preparations in a seasonal
nomad

One of the most widely recognized natural phenomena are the
migrations of billions of animals each year. The timing of
migrations is crucial for the fitness of mobile organisms because
mistimed migration can lead to a lack of resources or difficult
conditions. As a result, much work has been done on better
understanding the influence of photoperiod and endogenous rhythms
on the timing of migration. However there has been little work
focused on the importance of social cues in the fine-tuning of
migratory timing. The goal of this study is to determine if birds
use social cues from conspecifics to fine-tune their initiation of
migratory behavior. Red crossbills (Loxia curvirostra) are
gregarious, nomadic migrants that specialize on patchily-
distributed conifer seeds. Previous studies have described the
effects of social cues on physiology and behavior, but no work has
yet explored the influence of social cues on migratory processes
that are regulated by seasonal mechanisms (i.e., photoperiod).
Captive, pre-migratory focal birds were housed in individual cages
and one month prior to the normal migratory period we paired birds
from 2 of the 3 treatment groups with a neighboring cage containing
two stimulus birds. Stimulus birds were either on the same
photoperiod as focal birds or had been advanced into migratory
condition through photoperiod manipulations. We discuss the changes
observed in body condition (i.e., fat, mass, and muscle condition)
and activity levels in the three treatment groups and examine
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support for the hypothesis that crossbills are using social cues
from conspecifics to fine-tune the timing of migratory behavior.

26-712 Bogl , Mx; Roussel, D; Voituron, Y; Lyon 1 University - CNRS
- UMR 5023, Villeurbanne, France; mel/anie. boel/@univ-/yonl. fr

A three—quarter reduction of muscular metabolism in mammals. A
universal mitochondrial threshold for reactive oxygen species
release?

Until now, the studies focused on mitochondrial ROS production have
essential ly reported on basal non-phosphorylating and maximal
phosphorylating states. Such double assessment is useful to compare
species, populations or individuals facing environment variations
but does not fully reflect the interplay between oxygen consumption
and ROS formation, particularly at intermediate activity levels.
ROS generation remains low until a threshold value of mitochondrial
activity is reached, at which point this production abruptly
increases. On the whole, the variation of mitochondrial thresholds
for H202 generation is globally unknown in animals. The aim of the
present study was to i) evaluate the interplay between
mitochondrial respiration and H202 release during the transition
from basal to maximal phosphorylating states in different mammals’
skeletal muscle mitochondria in presence of a mixture of substrates
(pyruvate, malate and succinate), ii) estimate the range of
variation of the resulting threshold values and iii) assess the
allometry of these parameters in mammal species ranging from 5 g to
500 kg. Our results showed a substrate—-dependent allometric
relationship, with small mammals having higher mitochondrial
radical production than larger ones (except for the smallest
species, Mus mattheyr). Despite these interspecific differences,

all species exhibited identical burst of H202 release at a low rate
of oxidative phosphorylation, essentially once the activity of
mitochondrial oxidative phosphorylation reached 26% of the maximal
respiration. This identical value in every species studied suggests
that the threshold for H202 generation is a general characteristic
of skeletal muscle mitochondria in mammalian species.

26-1 Bogan, SN%; Strader, ME; Hofmann, GE; University of
California, Santa Barbara, Auburn University; snbogan@ucsb. edu
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Gene regulatory roles of DNA methylation during transgenerational
plasticity in the sea urchin Strongylocentrotus purpuratus
Epigenetic processes have been proposed as a mechanistic basis for
transgenerational plasticity (TGP). In the sea

urchin Strongylocentrotus purpuratus, maternal environments can
induce 3-6x greater differential CpG methylation in offspring
larvae relative to effects of larval developmental environments,
suggesting a role for DNA methylation in TGP. However, negligible
over lap has been observed between differentially methylated and
differential ly expressed genes (Strader et al. 2019, 2020). This
prompts the question: What gene regulatory roles does DNA
methylation possess during TGP, if any? We quantified DNA
methylation and gene expression in S purpuratus larvae exposed to
different ecologically relevant conditions during gametogenesis
(maternal conditioning) or embryogenesis (developmental
conditioning). Using a Bayesian approach, we modeled differential
gene expression (DGE), alternative splicing, and transcriptional
homeostasis as functions of variation in DNA methylation across
distinct genomic features and chromatin accessibility states. In
response to maternal conditioning, a positive effect of
differential intron methylation on DGE exhibited the highest effect
strength and probability relative to other regulatory modes. This
effect was significantly stronger for genes with accessible
transcription start sites and low transcript abundance.
Differential exon methylation induced by maternal conditioning
showed a significant but weak relationship with spurious intragenic
transcription, revealing a possible role for DNA methylation in
preserving transcriptional homeostasis. Our results support
functional roles for DNA methylation during TGP and context-
dependence in these effects related to genic architecture and
chromatin state.

/7-2 Boggs, TEx; Gross, JB; University of Cincinnati, Department of
Biological Sciences, Cincinnati, OH; boggste@mail. uc. edu

Potential genomic [oss of hemoglobin genes in the blind Mexican
caverfish, Astyanax mexicanus as a consequence of [ife in hypoxic
caves

Gene duplication is considered an essential mechanism of adaptive
molecular evolution. One labile region of many gnathostome genomes
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that undergoes changes via duplication is a cluster comprised

of hemoglobin (hb) family members. Gnathostome g/ob/n genes
originated from a single proto-/Ab gene and duplicated individually,
or in multiples, to generate expanded /b repertoires. Thus, genomic
intervals of /b genes provide the opportunity to evaluate gene
diversification in the context of selective environmental

pressures. Hb clusters, however, diversify through both gene
duplication and loss. Important examples of gene loss have been
shown to be preceded by environmental change. Therefore, to
determine how an environmental shift can impact a /b repertoire, we
evaluated the genomic structure of a Ab cluster in Astyanax
mexicanus, a species supporting two morphotypes: a surface— and a
cave—dwelling form. Prior studies indicated reduced oxygen levels
in the caves of the Sierra de El Abra, suggesting that cave-
dwelling forms have adapted to low levels of environmental oxygen.
Based on public annotations of the genomes of both morphs, cavefish
appear to have lost several Ab family members compared to surface
fish. We predicted which family members (or duplicates) were
differentially lost in cavefish based on structural and
phylogenetic analyses. We presume Ab gene loss in cavefish is the
result of selective pressures maintaining those hemoglobin proteins
optimally suited for low oxygen conditions in the cave. This work
showcases /b clusters as important tools for understanding
adaptation to low oxygen in the natural world, and showcases gene
loss as an adaptive evolutionary mechanism.

23-6 Bolmin, 0x; Alleyne, M; Wissa, AA; University of Illinois at
Urbana—-Champaign; obo/min2@i//inois. edu

Mobility power flow: How click beetl/es transmit and dissipate
mechanical power

Click beetles use complex systems of springs and latches to
generate extremely high accelerations (from 10* m/s? and bend their
body around a thoracic hinge very rapidly in a “clicking” fashion.
When unconstrained, this fast bending motion results in a legless
jump. The clicking motion can be divided into three phases:
latching, loading, and energy release. In this presentation, we
answer the following question: How is power transmitted and
dissipated throughout the click beetle’ s body during the fastest
and most dynamic phase, i.e., the energy release phase? We develop
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a novel modeling framework based on impedance and mobility methods
to model the power flow in click beetles. The click beetle body is
modeled as a global structure with coupled substructures. We
consider different levels of fidelity for each body substructure
and various connectivity and constraints between the substructures
and the substrate. For example, initially, the click beetle
prothorax and abdomen are modeled as rigid masses. Then, the body
masses are modeled as beam elements to account for strain energy
storage. The overall|l goal of this modeling approach is to determine
the power transmitted and dissipated through each substructure.
Experimental and analytical methods, such as high-speed x-ray
recordings and non—1|inear system identification models, are
combined to uncover the governing physics of the energy release and
inform the substructures’ design for the mobility power flow
approach. The mobility framework developed here aims to understand
the energy dissipation strategies click beetles use to mitigate
damage during ultra-fast energy release.

716-6 Bolton, P Ex; Balakrishnan, CN; Ryder, T B; Dakin, R; Moore, I
T; Horton, B M; East Carolina University, Smithsonian Institution,
Smithsonian Institution, Virginia Tech, Millersville

University; peri. bolton@gmail. com

Gene expression in neuroendocrine tissues of a cooperatively
lekking bird, the wire-tailed manakin

Testosterone (T) is an important modulator of trade-offs in social
traits in vertebrates, where high T is typically associated with
increased aggression at the expense of prosocial behaviors such as
parental care. In the wire-tailed manakin (Pipra filicauda),
territorial males participate in cooperative lekking displays with
subordinate floater males who generally have lower circulating T.
Cooperative behavior positively predicts paternity among
territorial males, and ascension of floaters to territorial rank.
Recent work has demonstrated that T modulates individual variation
in cooperative behavior, with status specific effects. In this
study we sought to characterize social status specific gene
expression and regulatory networks using RNAseq across steroid
responsive tissues in the avian Hypothalamic-Pituitary—Gonadal
axis, and the Social Behavior Network of the brain. Across tissues,
we identified a ‘landscape’ of differential expression -
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differences in the numbers of differentially expressed genes. These
landscapes varied according to each of the behavioral and hormonal
traits measured, showing different tissues have different roles
within the SBN and HPG depending on the trait regulated. We also
identified tissue and status specific patterns of gene expression
using weighted gene co-expression network analysis. We find

enr ichment for behavioral and neuroendocrine related gene ontology
categories, including known key regulators of social behavior such
as androgen receptor, and prolactin expression. Qur study is the
first to use transcriptomics across multiple tissues to address
complex social behaviors in a wild animal. Our results are
discussed in the context of an integrative understanding of the
evolution of androgen mediated phenotypes in birds.

BSP-9-5 Borsuk, AM#%; Roddy, AB; Theroux-Rancourt, G; Brodersen, CR;
Yale School of the Environment, New Haven CT, Florida International
University, Miami FL, University of Natural Resources and Life
Sciences, Vienna; al/eca. borsuk@yale. edu

Structural organization of the spongy mesophy!! in laminar [eaves
with reticulate venation

Plant leaves typically have two layers of photosynthetic tissue,
the palisade and spongy mesophyll. While palisade mesophyl |
consists of tightly packed columnar cells, spongy mesophyll is
often treated as a random assemblage of irregularly shaped cells.
Here, we characterized the three-dimensional structure of the
spongy mesophyll in laminar leaves with reticulate venation in 40
species representing 30 genera. In most species, lobed cells gave
rise to an ordered structure with the topological and functional
properties of a honeycomb. A subset of species with small cells,
high cell packing densities, and closely spaced veins had an
irregular morphology associated with high surface—-area—to-volume
ratios and maximum photosynthetic rates. Morphological variation
fol lowed al lometric scaling laws with constraints imposed by cell
and genome size. Our study suggests that simple biophysical
principles may govern the patterning of the spongy mesophyll,
providing a platform for spatially explicit analyses of leaf
development, physiology, and biomechanics.
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44-7 Bottini, CLJ*; MacDougal |-Shackleton, SA; University of
Western Ontario, London, Ontario, Canada; cbottin@uwo. ca

Can exposure to methylmercury affect songbirds’ seasonal response
to spring photoperiod?

Birds" seasonal transitions between annual cycle stages are
regulated by several interacting hormones inducing physiological
changes. In spring, lengthening photoperiod induces the expression
of deiodinase enzyme in birds’ hypothalamus, transforming the
thyroid hormone T4 into T3. In turn, T3 is thought to facilitate
the release of gonadotropin-releasing hormones (GnRH) by acting at
the median eminence. This activation of the hypothalamic-pituitary-
gonad (HPG) axis results in gonad maturation and increases
circulating sex steroid hormones. Environmental stressors such as
exposure to methylmercury (MeHg) contamination could block
deiodinase enzyme actions and lead to inhibition of GnRH synthesis
or secretion. Such GnRH disruption could strongly impact avian
seasonal timing, physiological adjustment and reproductive output.
We experimentally determined if MeHg can affect songbirds’ seasonal
timing through disruption of endocrine balance during the
transition to spring phenotype. We captured male song sparrows
(Melospiza melodia) and exposed them to an environmentally relevant
dose of MeHg for 90 days before photostimulation, and kept them for
post—-exposure observations for 23 days. Preliminary results
indicate that testis volume (measured post—-mortem) was not affected
by MeHg exposure. We will present results of thyroid hormones and
testosterone levels measured throughout this experiment.

69-2 Boudina, M; Gosselin, FPx; Etienne, S; Polytechnique Montreal,
Montreal, Quebec, Canada; frederick. gosselin@polymt/. ca

Soft corals vibrating under flow to improve food capture?

Sea plume Anti//ogorgia bipinnata is a soft coral species endemic
to the Caribbean Sea, which forms arborescent colonies. On the sea
floor, a whole colony of A bi/pinnata sways back and forth at the
low frequency of surface wave action, while its branches exhibit a
peculiar motion vibrating at high frequency transverse to the flow.
In this presentation, we investigate the nature of these unreported
high frequency vibrations and hypothesise on their biological
implication with regards to food interception. We use computational
fluid dynamics to simulate the particle interception of fixed
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cylinders and spring-mounted cylinders. We find that vibrating
cylinders can capture up to 40% more particles than fixed ones when
the frequency of the vortices shed in the wake of the cylinder
matches with the natural frequency of the spring mounted cylinder.
Whereas engineers have developed numerous inventions to prevent
chimney stacks, risers, and other structures from vibrating due to
vortex shedding; our results indicate that soft corals potentially
benefit from this same phenomenon. Vortex—induced vibrations allow
coral to sweep more water and possibly capture more food particles.
Our theoretical results open the door for field and lab experiments
for validation, and they provide another example of how natural
structures differ from engineer—-made ones.

29-8 Bouguerche, Cx; Tazerouti , F; Delphine, G; Justine, JL;
Université des Sciences et de la Technologie Houari Boumediene,
Faculté des Sciences Biologiques, Laboratoire de Biodiversité et
Environnement: Interactions - Génomes, Alger, Algérie, Service de
Systématique Moléculaire, Muséum National d Histoire Naturelle,
Paris, France, Institut Systématique Evolution Biodiversité, Muséum
National d Histoire Naturelle, Paris,

France; chahinezbouguerche@email. com

No vagina, one vagina, or multiple vaginae? An integrative study
of Pseudaxine trachuri (Monogenea, Gastrocotylidae) leads to a
better understanding of the systematics of Pseudaxine and related
genera

The presence/absence and number of vaginae is essential for the
systematics of the Monogenea. Two genera share similar morphology
and anatomy but are distinguished by this

character: Pseudaxine Parona & Perugia, 1890 has no

vagina, Pseudaxinoides Lebedev, 1968 has multiple vaginae. During a
study of Pseudaxine trachuri Parona & Perugia 1890, we found
specimens with structures resembling multiple vaginae; compared
them with specimens without vaginae in terms of both morphology and
molecular, and found that they belonged to the same species. We
investigated its male copulatory organ and found that it is armed
with a single circle of 12 hooks and a central stylet which is
probably involved in traumatic insemination. We

redescr ibed Pseudaxine trachuri based on newly collected specimens
from off Algeria and Museum specimens from off France. Specimens

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



e75

from the type-host, 7rachurus trachurus, were found to be similar,
for molecular sequences and morphology to those found on Aoops
boops. We confirm that B boops is a host of this parasite. We
consider that Pseudaxinoides was erected on the basis of an
erroneous interpretation of structures which are not vaginae and
propose the transfer of most of its species to Pseudaxine.

33-3 Bove, CB*; Davies, SW; Ries, JB; Umbanhowar, J; Castillo, KD;
UNC Chapel Hill and Boston University, Boston University,
Northeastern University, UNC Chapel Hill; co//eenbovelgmail. com
Physiological and transcriptomic responses of Caribbean corals
under global change

Continued ocean acidification and warming is a major concern for
marine organisms, especially for reef-building corals that rely on
their symbiotic relationship with algae, which is highly
susceptible to perturbation. Coral physiological responses to
global change stressors, at the individual and species levels, will
ultimately determine the future of tropical reefs. Here, we
investigated the combined effects of chronic acidification

(2809 3300 patm) and warming (28, 31 ° C) (95 days) on the
physiological responses of three species of coral hosts and their
algal symbionts (S/iderastrea siderea, Pseudodiploria strigosa,
Porites astreoides) from the Belize Mesoamerican Barrier Reef
System. To explore the molecular underpinnings of these responses,
gene expression of S siderea was profiled. Warming more negatively
impacted S s/derea host physiology, while symbiont physiology
declined under acidification. Preliminary gene expression analyses
suggest transcriptome resilience to stressors. Warming negatively
impacted the majority of P. strigosa host and symbiont traits,
while host traits and chlorophyl| a concentrations in P

astreos/des were negatively affected by increasing acidification.
Principal component analyses revealed that differences in overall
coral physiology of all three species were affected by ocean
acidification, while warming only impacted P strigosa. These
results demonstrate that while ocean warming is a severe acute
stressor that will have dire consequences for coral reefs globally,
chronic exposure to acidification may be impacting coral physiology
to a greater extent than previously assumed. Understanding
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variation in responses is critical to predicting the future of
Car ibbean reefs as global change unfolds.

34-6 Bow, HFx; Campbell, TM; Gonzales, ES; Michels, LG; Schwartz,
SR; Liwanag, HEM; Strand, CR; Cal Poly State U; cstrand@calpoly. edu
All in? No effect of meal size on postprandial metabolic rates in
Children’s pythons

The postprandial increase in metabolism is well documented but can
be highly variable between and within species depending on many
factors. Larger meals typically cause a larger increase in
metabolism. To further investigate this process, we studied the
postprandial change in metabolic rate in Children's

pythons, Antaresia childrenii. We used closed—-system respirometry
to measure standard metabolic rate (SMR) as mass-specific V02 (mL
hr' g at 29° C in fasted snakes (n=14) and following feeding of
a rodent meal that was 10% or 25% body weight (n=7/group).
Measurements were taken 1-3 days before and 0.5, 1, 2, 4, 6, 10,
and 14 days post-feeding. Unexpectedly, SMR after feeding was not
significantly different between the two meal sizes. Collectively,
SMR rapidly increased within 0.5 days after feeding, peaked at one
day post-feeding, slowly decreased, and was not significantly
different from baseline by 10 days post-feeding. The mean maximum
postprandial response was a 4-fold increase in SMR. Animals that
feed infrequently tend to have a higher metabolic response to
feeding than animals that feed more frequently, presumably due in
part to mobilization of energy to grow the organs necessary for
digestion and absorption of the meal. While our snakes were fasted
for 2.5 weeks prior to the experiment, perhaps the duration of the
fast was not sufficient to induce atrophy of the GI tract, thus
less energy was required to mobilize the GI tract, even for a
larger meal. Alternatively, it may be that these snakes expend
energy to a similar extent, regardless of meal size. Future work
will examine the fuel source (i.e., RER) associated with the
postprandial response in this species.

108-9 Box, ICH%; Marshall, KE; University of British Columbia,
Department of Zoology, Vancouver, BC; box@zoo/ogy. ubc. ca
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lce-binding proteins and freeze tolerance in the bay musse/
Mytilus trossulus)

Many intertidal invertebrates in temperate regions, including the
bay mussel (Mytil/us trossulus) experience freezing temperatures
during low tide in the winter. While # trossul/us can tolerate
freezing of body fluids throughout the year, individuals collected
in the winter and higher in the intertidal zone can survive lower
temperature exposures. While the mechanisms of freeze tolerance in
intertidal species are poorly understood, many other freeze
tolerant organisms use ice-binding proteins (IBPs) to modulate
internal ice formation. IBP functions can include preventing ice
formation, controlling ice crystal growth and encouraging ice
formation. We hypothesized that ice-binding proteins exist in
intertidal species and play a role in the variation in freeze
tolerance seen both seasonally and between intertidal regions. We
used bioinformatic methods to investigate whether IBPs are found in
mussel genomes, resulting in putative IBPs being found in various
mussel species as well as multiple other intertidal organisms.
Putative sequences were then further investigated to determine if
they evolved through refunctionalization, non-sense DNA, or lateral
gene transfer. We then collected M trossu/us monthly from both the
high and the low intertidal zone. Using ice shell purification, we
then successful ly isolated putative IBPs from ¥ trossul/us and
characterized their activity. This is the first description of IBPs
in intertidal animals and adds to our knowledge of the evolution of
IBPs.

BSP-10-3 Boyette, JLx; Bell, RC; Fujita, MK; Thomas, KN; Streicher
JW; Gower, DJ; Schott, RK; Berry College, Rome GA, California
Academy of Sciences, San Fransisco, University of Texas, Arlington,
Natural History Museum, London, National Museum of Natural History,
Wahington, DC; _Jjack. boyette@vikings. berry. edu

Evolution of non-visual opsin genes across [ife history
transitions in frogs

Non-visual opsins are |ight-sensitive proteins expressed in the
eyes, skin, and brain of many animals and are involved in various
non-visual |ight detection functions, including circadian rhythm
regulation, melatonin release, and pupillary responses. Previous
research has primarily explored the function of non-visual opsins,
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with few studies investigating their molecular evolution. This
project explored molecular evolution of non-visual opsin genes in
frogs. From burrowing to aquatic and arboreal |ifestyles, frogs
inhabit a diverse array of |ight environments, which makes them a
compel | ing system for studying the evolution of |ight detection
mechanisms. Using whole eye transcriptomes from 84 frog species,
and whole genome data from 16 species, we set out to 1) identify
which non-visual opsin genes are expressed in the eyes of frogs; 2)
compare selective pressure (dN/dS) among non-visual opsin genes;
and 3) test for potential adaptive evolution by comparing selection
between discrete ecological and life history classes (e.g.

nocturnal vs. diurnal). We consistently recovered 12 non-visual
opsin genes from frog eye transcriptomes, compared to 18 genes that
we recovered genome-wide. Positive selection was detected in a
subset of these genes. We also found variation in selective
constraint between discrete ecological and |ife history classes,
which may reflect functional adaptation in frog non-visual opsin
genes. Although non-visual opsins remain poorly understood, these
findings provide insight into their molecular evolution and
potential function across frog diversity.

716-3 Boyle, WAx; Bodony, DJ; Shogren, EH; Nguyen, L; Day, EB;
Kansas State University; aboy/ebksu. edu

More than meets the eye. high-speed video reveals aerobatic
performance and the production of mechanical sounds in mating
displays

Male manakins attract mates with diverse physical and acoustic
displays. Understanding details of these displays has revealed
novel mechanisms of sound production, the functional significance
of other traits, and afforded insight into the process of sexual
selection. However, some behaviors remain a mystery due to their
high speeds including those of Corapipo altera. Most of this
species’ displays are performed at speeds resolvable by the human
eye, occurring silently on or near an understory log. However,
final, pre-copulatory elements involve an above—canopy flight
followed by a high-speed dive and hop-about-face involving three
distinct sounds (“flap-chee-wah” ) produced in unknown ways. We
recorded 94 high-speed video clips capturing sub-canopy portions of
this display, performed by nine males at four logs, and
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synchronized video with audio recordings. The flap occurs as the
male emerges from a >35 m/s head-first dive by opening wings and
rippling a gap through the primaries in a “Spock” move. The sound
likely results from the unsteady aerodynamic force created by the
sudden wing motion, a mechanism of sound production previously
undocumented in Pipridae. Speed decreases to “20 m/s via a
“parachute, ” then the male swoops over the log, twisting, head-
down, opening wings to bank and land backwards; the “chee” occurs
during this twist. The final “wah” is vocal, occurring during the
apex of an aerial cartwheel. Individuals were remarkably consistent
in flight paths and landing locations when displaying alone, yet
respond flexibly to female location. Individual differences hint at
the ontogeny of performance and variation associated with female
choice.

23-711 Boyle, Mx; Schulz, A; Hu, D; Georgia Tech, School of
Mechanical Engineering, Atlanta, GA, Georgia Tech, Schools of
Mechanical Engineering and Biological Sciences, Atlanta,

GA ; mboylelgatech. edu

Elephant Trunks expand in volume when reaching for distant objects
Elephant trunks, mammalian tongues, and octopus arms are all
examples of muscular hydrostats, structures composed mainly of
muscles with no skeletal support. In 1985, biologist Bill Kier
stated that since that muscles are mostly made of water, muscular
hydrostats should be incompressible and satisfy volume
conservation. In many organisms, this is the case: for example, an
earthworm extends only by undergoing radial compression. In this
exper imental study, we high speed film an elephant reaching for
distant objects. Using image analysis, we divide the trunk into
four equal sections and find that all segments increase in length
while maintaining girth, which is contrary to that suggested by
conservation of volume. We discuss possible rationale for this
phenomenon, from flow of blood into the trunk to expansion of nasal
passages.

177-7 Braasch, [x; Spotted Gar Genome Consortium, ; Bowfin Genome
Consortium, ; Michigan State University, Department of Integrative
Biology, East Lansing, MI; braasch@msu. edu
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Odyssey of strange fish: [nvestigating ‘ancient fish’ genomes and
development to illuminate vertebrate evolution

Ray-finned fishes - especially teleosts |ike zebrafish - are used
to investigate the genomic basis of vertebrate development and
evolution. However, teleosts are derived from a whole genome
duplication (WGD) that had major impact on their genome and gene
functions. Together with the two earlier vertebrate WGDs, this
compl icates macroevolutionary comparisons among vertebrates: WGDs
led to |ineage-specific genome reshuffling and gene losses,
obscuring the distinction of orthologs vs. paralogs and hiding the
origins of gene functions and developmental processes. We show that
so—called ‘ancient’ holostean fishes (gars and bowfin), teleosts’
sister lineage, have very informative genomes and body plans
providing unique opportunities for comparative investigations.
Holosteans serve both as ‘unduplicated” outgroup to the 30, 000
teleost species as well as an outgroup to lobe-finned vertebrates
including 30,000 tetrapod species. Using examples from diverse
developmental pathways and processes, we show that comparative
genomic, developmental, transcriptomic, and epigenomic analyses
with holosteans as “bridge species” are indispensable for
connecting the often disparate sets of genes, gene regulatory
elements, and morphologies among distant vertebrate |ineages. The
genome of our main holostean model species, the spotted gar
(Lepisosteus oculatus), is representative of the bony vertebrate
ancestor and retained numerous genes differentially lost in other
| ineages. The ‘evolutionary inertia’ of holosteans facilitates to
find deep homology of regulatory elements across vertebrate

| ineages. Rearing gars in the laboratory, we developmentally test
hypotheses about the evolutionary origins of vertebrate gene
functions. Holosteans are thus integrative Evo-Devo models that

I | luminate vertebrate biology.

$5-12 Bradley, Sx; Bailey, CDC; Bent, L; Howe, E; Vickaryous, MK;
University of Guelph, ON, CAN, UofG, ON, CAN; sbrad/0l@uoguelph. ca
Nervous system compensation following tail |loss and regeneration
in the leopard gecko (Eublepharis macularius)

As for many lizards, leopard geckos (fubl/epharis macularius) can
voluntary self-amputate (autotomize) a portion of their tails in
response to threatening stimuli. Tail loss results in a sudden
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reduction of body mass, changes in posture, and a shift of the
center of mass. Over time a new tail is regenerated, but the
position of the center of mass is never fully restored. As a
result, lizards present a unique opportunity to investigate how the
nervous system compensates when faced with mass-related
perturbations. Here, we performed a spatiotemporal examination
(before, during, and after tail regeneration) of cutaneous tactile
sensitivity (mediated via the peripheral nervous system; PNS) and
Purkinje cell neuromorphology (a key cell type of the central
nervous system; CNS). We hypothesized that following tail loss and
regeneration, the PNS and CNS would demonstrate evidence of
somatosensory and neuromorphological changes to compensate for the
alterations in mass. Using Semmes-Weinstein monofilaments, we
identified regional differences in tactile sensitivity across the
ventral surface of the original tail; the tail base is more
sensitive than the tail tip. Within 30 days of tail loss, the tail
is fully regenerated and tactile sensitivity restored. Using a
modified Golgi—-Cox staining method, we characterized and quantified
the neuromorphology of Purkinje cells, the sole output cells of the
cerebel lum. We found there were localized changes to the dendritic
arbor of Purkinje cells following tail regeneration. These data
suggest that neuroplasticity may play a role in long—term
compensation following tail regeneration. Together, these findings
represent the first evidence of compensatory roles of both the PNS
and CNS in a tail regenerating species.

80-8 Brainerd, EL*; Jimenez, YE; Weller, HI; Brown

University,; ebrainerd@brown. edu

Impact of whole-muscle shear and fascicle curvature on
architectural gear ratio

Muscle fascicles in pennate muscles lie at an angle to the |ine of
action of the muscle. When pennate muscles contract, the fascicles
rotate as well as shorten, increasing the gear ratio of the whole
muscle. Current pennate muscle models have added the effects of
changes in muscle thickness (i.e. bulging) to the traditional
planar models, demonstrating that muscle bulging can increase the
architectural gear ratio (AGR) of pennate muscles as well as enable
variable gearing under variable loading conditions. Most analytical
models of muscle architecture assume that the fascicles start in a

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



e82

planar configuration and remain in that plane during muscle
contraction, and they also assume straight, rather than curved,
fascicles. Here, we introduce new models to demonstrate that these
assumptions mask the impact of whole-muscle shearing and changes in
fascicle curvature on AGR. These new analytical models lead to a
generalized principle of dynamic architectural gearing in whole
muscles: any deformation of a muscle that does not occur along the
line of action, yet causes the muscle fascicles to lengthen along
the line of action, will increase AGR. Conversely, any orthogonal
deformation that causes the muscle fascicles to shorten along the
line of action will decrease AGR. Whole muscle torsion can be added
to the |ist of deformations that likely affect AGR, along with
bulging, shear, and changes in fiber curvature, all of which can
happen at the same time. To model real-world muscle contraction,
this principle could be applied iteratively throughout the 3D
volume of muscles with complex fascicle architectures to develop
finite element models for AGR and variable gearing.

PREZ-1 Brainerd, EL; Brown University,; ebrainerd@brown. edu
Welcome to the SICB Virtual Meeting!

The SICB President, Beth Brainerd, will introduce the SICB 2021
Virtual Annual Meeting and demonstrate some features of the online
meeting platform. The meeting will begin with |ive symposia,
plenary events and student prize presentations from January 3-7.
Then it will continue for all of January and February with pre-
recorded contributed papers and posters, live discussions for the
contributed paper and poster sessions, social events, divisional
business meetings, committee meetings, workshops and social events.
All content will be recorded for viewing and text chat throughout
all of January and February. President Brainerd will demonstrate
the powerful features of the virtual platform for professional
networking and catching up with friends and colleagues. This is
still your familiar SICB meeting, just with more flexibility, more
access to the scientific content and opportunities for broader
participation from scientists and students everywhere.

BSP-7-5 Branam, Ex; Wong, JY; Xu, K; Chan, BKK; Koehl, MAR; Chan,
KYK; Swarthmore College, PA, Academia Sinica, Taipei, Taiwan,
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University of California, Berkeley, University of California,
Berkeley; ebranaml@swarthmore. edu

Biomechanical role of dorsal thoracic spine in swimming of
barnacle nauplii

Many marine invertebrates have complex |ife histories that begin
with a planktonic larval stage. These larval invertebrates often
possess protruding body extensions, but their function beyond
predator deterrence is not well documented. For example, the
planktonic nauplius larval form of Crustaceans have both spines and
setae. Using the epibiotic pedunculate barnacle Octo/asmis spp. as
a model species, we investigated the hydrodynamic consequences of
the dorsal thoracic spine on swimming nauplii. Video motion
analysis was used to compare Octol/asmis spp. naupliar swimming
behaviors with their spines intact and with their spines removed.
Our analysis showed that Octo/asmis spp. without spines swam more
slowly than those with spines. Larvae whose spines had been removed
showed an alteration in |limb beat pattern suggesting compensation
for the loss of the spine. Nonetheless, nauplii without spines
showed more backward motion during the recovery stroke and had
jerkier trajectories than individuals with spines. The dorsal spine
appears to affect feeding as well as locomotion. Preliminary
particle image velocimetry of flow around dynamically-scaled
physical models of nauplii of Octol/asmis spp. with and without the
dorsal thoracic spine indicated greater flux of prey-carrying water
through the capture zone of the model with a spine. Thus, body
extensions in planktonic larvae can affect key ecological functions
such as locomotion and feeding.

BSP-9-4 Branch, HA%; Moxley, DR; Anstett, DN; Angert, AL;
University of British Columbia; Aaley. branch@biodiversity. ubc. ca
Rapid evolution of leaf characteristics in response to drought
stress in populations of scarlet monkeyflower Mimulus cardinalis)
As global temperatures rise, extreme weather events are becoming
more frequent. Between 2011-2016, the American west coast
experienced a severe drought, creating a particular chal lenge for
plants, especially those in riparian areas. This study seeks to
understand how scarlet monkeyflower, Mimulus cardinalis, which
occurs throughout Oregon and California, is adapted to diverse
climates across their range, from historically wet environments in
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the north and drier in the south. This study examines how these
populations responded to this severe perturbation and whether
certain populations are better adapted to respond to future
climatic change. We collected seeds of M cardinalis from
populations across the species’ range prior to this drought and
during the peak of the drought and used these seeds in a
resurrection common garden experiment, where plants were exposed to
either wet or dry treatments. By examining physiological and
morphological characteristics of the leaves, we evaluate rapid
evolutionary and plastic responses, as well as the evolution or
loss of plasticity.

3-7 Brandley, NCx; Gilbert, FR; College of

Wooster; nbrand/ey@wooster. edu

Does eye morphology predict predator avoidance behavior in the
Carolina grasshopper (Dissosteira carolina)?

Sensory organs are notoriously expensive to develop and maintain,
and therefore face strong selective pressures to maximize detection
of relevant information. As such, researchers often believe that an
organism' s sensory systems should match their behavioral needs.
However, the behavioral responses are often left untested, and
sensory specializations may not act uniformly across all behavioral
tasks. For example, Carolina grasshoppers (0/ssosteira carolina)
have unusual eyes that are both 1) sexually dimorphic (females have
larger eyes with finer visual acuity) and 2) specialized for vision
in the vertical axis. However, it is unknown whether either of
these visual characteristics predict their behavior in response to
approaching predators. Here, we present Carolina grasshoppers
(n=67) with a series of computer—generated stimuli designed to
exploit these visual differences while simultaneously recording
their response via the EthoVision XT tracking system. Our results
will elucidate whether particular characteristics of Carolina
grasshopper’' s eyes are matched to their predator avoidance
behavior.

5-5 Brandt, EEx; Duke, S; Wang, L; Mhatre, N; University of Western
Ontario; ebrandt3@uwo. ca
Baffling behavior: why don’t more crickets use acoustic tool/s?

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



e85

Why is tool use rare among insects? For example, a few species of
tree crickets build acoustic baffles that nearly double their
calling efficiency. Such baffle use could benefit many of the > 900
known cricket species, yet, no other crickets make baffles. It has
been hypothesized that tool-use in insects is rare because tool-use
Is stereotyped and derived from similar pre-existing behaviors, and
appropriate behaviors are rarely available. An alternative
explanation is that tool-use lacks sufficient utility to drive its
evolution in the first place. Here, to quantify the utility of
acoustic tools, we investigated the sound production efficiency of
cricket wings across the phylogeny. First, we measured wing sizes,
shapes, and calling frequencies for species across the gryllid
phylogeny. Next, we used finite element analysis to model the sound
field emanating from cricket wings and song frequencies lying
within the natural range. By mapping data from real crickets onto
our predicted landscape of efficiency, we determined the
theoretical highest maximum efficiency achievable at a given
frequency, Finally, since the environment also dramatically affects
how a call is propagated, we created a second set of models which
incorporated acoustic transmission losses in different habitats and
modeled sound propagation with different sender and receiver
positions. Using these models, we could predict and quantify the
probable utility of acoustic tool use among crickets, providing
insight into the drivers behind the rarity of acoustic tools in
crickets

107-5 Breit, AMx; Levesque, DL; University of

Maine; ana. breit@maine. edu

Not all endotherms are homeotherms: the importance of high-
quality, accurate thermoregulatory datasets

All mammals are endothermic and capable of maintaining stable body
temperatures. However, because of the high energetic cost of
defending high body temperatures, many mammals vary their body
temperature in response to changes in ambient temperature to save
energy. The breadth and |imits of the thermoneutral zone, the range
of environmental temperatures where minimal energy is required to
thermoregulate, vary among species. Early studies of the
thermoneutral zone focused predominantly on species found in the
northern hemisphere and relatively few physiological studies have
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been conducted in the tropics, leading to biased generalizations of
thermoregulation. Contrary to holarctic species, tropical mammals
evolved within a narrow range of temperatures, potentially leading
to alternative thermoregulatory phenotypes. By fluctuating body
temperature with changing ambient temperatures, species can save
energy in response to changing weather conditions. We hypothesize
that by increasing their flexibility of body temperature
regulation, tropical species can effectively expand their
thermoneutral zone, resulting in greater thermolability and thus a
greater range of inhabitable temperatures. To test this and other
hypotheses on the evolution of mammalian thermoregulation, we are
assembling a high—-quality database containing thermoregulatory data
from hundreds of mammals, which can be used to test predictions of
different species’ reactions to climate change. The dataset
contains species’ body temperature in relation to the upper and
lower |imits of the thermoneutral zone and metabolic rates at those
limits. Our dataset quantifying the upper and lower limits to the
thermoneutral zone in species across latitudes allows us to better
understand the evolution of mammalian thermoregulation.

88-10 Breitenbach, AT*; Paitz, RT; Bowden, RM; Illinois State
University, atbreit@i/stu. edu

Do thermal fluctuations affect gene expression differently than
constant conditions?

The complexity of environmental factors is often greatly simplified
in ecological studies, which may result in outcomes that do not
accurately reflect biological responses under natural
circumstances. For example, in many turtle species with
temperature—dependent sex determination (TSD), cooler incubation
temperatures induce the expression of genes necessary for testis
development (i.e. DOmrtl7), while warmer temperatures induce the
expression of genes necessary for ovary development (i.e. Cyp79A7).
However, these patterns were characterized using constant
temperatures, which do not accurately reflect the thermal
fluctuations experienced during natural incubation conditions. We
hypothesized that the timing of upregulation for genes involved in
sexual differentiation differs between constant and fluctuating
temperatures. We predicted that fluctuating incubation conditions
would delay the induction of sexual differentiation because embryos
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receive thermal cues for both sexes. To investigate this, we
exposed red-eared slider (7rachemys scripta) embryos to two
conditions that produce all male hatchlings (26 ° C and 26 =+

3 ° C) and two that produce all female hatchlings (31 ° C and 31 =+
3 ° C). Gonads were sampled during multiple points across the
middle third of development, when sex is sensitive to temperature
effects, and the expression of Omrt/ and Cyp79A7 was quantified.
From these data, we will be able to determine how the expression of
gonad-specific genes varies between constant and fluctuating
temperatures. Designing experiments with high ecological relevancy
will prove critical in understanding how biological systems operate
outside the laboratory.

$3-2 Brennan, PLR*; Sterett, M; DiBuono, M; Klo, K; Marsden, R;
Schleinig, P; Tanner , L; Purdy, S; Mount Holyoke

College; pbrennan@mtholyoke. edu

When the uterus is a vagina: Intra-horn insemination in the alpaca
and consequences to genital morphology coevolution and 3-0D shape
Alpacas are among the few mammalian species where insemination is
reportedly transcervical. Transcervical insemination is expected to
be be rare in mammals, because the penis can be a vehicle for
disease transmission, and female upper reproductive tract immunity
is typically downregulated for pregnancy to succeed. However,
evidence for transcervical insemination in alpacas was only
circumstantial. Here we performed mating experiments with females
that were going to be culled at a meat farm, and determined that
the penis tip of the male enters not only the cervix, but travels
the entire length of the reproductive tract all the way to the end
of the uterine horns. We further studied the 3-D morphology of male
and female genitalia and report oddities of their morphology that
may be associated with this unusual insemination mode. The cranial
vagina varies between bulbous and straight, while the caudal vagina
is typically narrower. The cervix consists of a series of 2-3
spirals, and it is in an open state most of the time. The uterus
and uterine horns have a complex shape with multiple constrictions.
The male alpaca has a cartilaginous penis tip and a keratinized
nail that may help to push against these constrictions, resulting
in extensive damage to the female tract. In effect, the entire
female reproductive tract of the female is behaving |ike a vagina,
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and its modifications |ikely extend beyond the morphology, into
immune adaptations to manage uterine wounding, and potential
pathogen exposure.

4-8 Bressman, NRx; Morrison, CH; Ashley-Ross, MA; Chapman
University, Orange, CA; Wake Forest University, Winston-Salem, NC,
Wake Forest University, Winston-Salem, NC; noahbressman@gemail. com
Reffling: a novel locomotor behavior used by Neotropical armored
catfishes (Loricariide) in terrestrial environments

Armored catfishes (Loricariidae) are known to exhibit terrestrial
behaviors, but these have been poorly described. The goals of this
study are to describe (1) the terrestrial locomotion of 4
loricariid species (3 Pterigoplichthys, 1 Hypostomus), (2) how
their armored morphology may affect terrestrial locomotion, and (3)
how behavior, performance, and kinematics relate to species and
endurance. The terrestrial locomotion of the 4 species was recorded
using high-speed cameras. Videos were digitized in MATLAB and
Imaged to compare performance and kinematics between species and
subsequent locomotor sequences. Morphology was described using
&microCT scans and dissections. Loricariids use a novel, highly
asymmetric form of axial-appendage-based terrestrial locomotion
involving their mouth, paired fins, posterior axial body, and tail.
As this behavior is so unlike any other described locomotor
behavior, we have created a new word to describe it: reffling.
These species have numerous unique morphological traits that may
greatly reduce body and fin flexibility. Because loricariids are so
inflexible, they may be constrained into reffling as their only
means of terrestrial locomotion, but their stiffness may improve
force transmission, allowing them to be among the fastest fishes on
land. Overall, all 4 species had very similar terrestrial
kinematics and performance. Their performance generally declined
over time, but different species had different endurance levels.
Because many loricariid species are invasive throughout the world,
It is Important to consider their capacity to disperse into new
bodies of water overland in management plans and risk assessments.

BSP-5-4 Brianik, CJx; Geraci—-Yee, S; Collier, J; Allam, B; Stony
brook university:; christopher. brianik@stonybrook. edu
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completing the [ife cycle of QPX.: evidence of zoospores and
description of a new replication pathway

Quahog parasite unknown (QPX) is an opportunistic thraustochytrid
parasite of the hard clam, Mercenaria mercenaria, that has been
attributed to millions of dollars in losses due to numerous mass
mortality events. Despite QPX being recognized for over 50 years
and maintained in culture for over 20 years, the complete |ife
cycle of this parasite has remained elusive precluding thorough
understanding of its biology. In particular, presence or absence of
a zoospore stage (motile dispersal stage) similar to that of other
thraustochytrids remained unclear. By modulating culture
conditions, QPX zoospores have been successfully and reliably
produced from |ines maintained in culture for extended periods, as
well as newly isolated lines. In addition to the confirmation of
zoospores, new stages in QPX replication were also observed with a
possible |ife cycle proposed. The factors that primarily influence
zoosporulation in QPX include the removal of mucus from cultured
cells, culture age, and temperature. Preliminary infection trials
using bath exposure demonstrated no direct infectivity of
zoospores, implying that additional stressors are required to
produce infections, however, this requires further testing. These
findings provide valuable information on the basic biology of the
parasite, enabling a better understanding of mechanisms controlling
QPX dynamics in the environment and in clams.

/1-6 Bribiesca-Contreras, Fx; Daley, MA; Badri-Sprowitz, A; Max
Planck Institute for Intelligent Systems, University of California,
Irvine; bribiescalis. mpg. de

Effects of tendon-network mechanisms on avian terrestrial

locomot ion

Bipedalism has evolved independently in archosaurs and primates,
represented today in birds and humans. Birds show exceptional
terrestrial locomotor agility and great variety of lifestyles. Yet,
the basic arrangement of their hindlimb skeleton and patterns of
walking, running, and even hopping, are highly conserved across
species. Musculoskeletal morphology of the pelvis and hindlimb have
been investigated in a variety of birds, spanning from small
crouched (e.g. passerines) to large upright-leg stance (e.g.
ratites) species. Birds can generate high muscle power necessary
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for propulsion through a multi—jointed system of interconnected
multi-articulated muscles, functionally connecting the proximal and
distal leg. This tendon-network configuration supports energy
transfer between the joints for self-stabilisation of striding
gaits and self-organisation of the system dynamics, which allows
for correction of angular motions with no explicit feedback
control. In this work, we will investigate the effect of multi-
articular muscles in avian terrestrial locomotion. This will be
done in a comparative framework between birds with crouched and
upright—1imb posture to identify mechanisms of body weight support
and control of distal leg mechanics used during gait. 3D time-lapse
imaging will be used to investigate joints 3D position in a series
of postures representing different stages of the gait cycle. In
addition, the full ranges of flexion and extension angles of multi-
articular muscles will be quantitatively assessed via tendon travel
method.

/2-5 Brocklehurst, RJ*; Fahn-Lai, P; Regnault, S; Pierce, SE;
Harvard University, Cambridge, MA, USA, University of Surrey,
Guildford, UK; rbrocklehurstlras. harvard. edu

Stepping up. Musculoskeletal model/ing of spraw/ing and erect
forelimbs

Extant mammals are ecologically diverse, having evolved a
remarkable array of locomotor ecologies. Evolution of the therian-
type forelimb was a key innovation, and musculoskeletal
reorganization of the forelimb in therians is also associated with
the acquisition of upright posture. Despite a rich fossil record,
disagreement persists over when major functional changes in
forelimb use and posture occurred during the evolution of mammals,
exacerbated by lack of data from extant analogues. To investigate
the functional impacts of forelimb reorganization in therians, we
created digital musculoskeletal models of three extant taxa which
span the sprawling-erect transition; Sa/vator merianae, a sprawling
reptile; Tachygl/ossus aculeatus a sprawling monotreme mammal ;

and Didelphis virginiana, an upright therian mammal. From the
musculoskeletal models we estimated and compared osteological range
of motion (ROM) as well as muscle moment arms (MMA) at the shoulder
joint. Based on published /n vivo data, we predicted that ROM and
MMA would be highest for forelimb long-axis rotation in sprawling
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taxa, and for flexion in upright taxa. The upright D/de/phis did
have the highest MMA for forelimb flexion, but our other
predictions regarding long-axis rotation were not met; the

sprawl ing taxa, J7achyg/ossus and Salvator, were better
characterized by greater abduction MMA and high abduction-adduction
ROM. Our data reveal a complex overall pattern, with each taxon
showing a unique combination of biomechanical traits. We suggest
that the sprawling—erect transition in the mammalian |ineage was

| ikely not straightforward, and there is important biomechanical
variation within each of these broad |ocomotor categories.

96-170 Brokaw, AFx; Page, RA; Smotherman, M; Texas A&M University,
College Station, TX, Smithsonian Tropical Research Institution,
Gamboa, Panama; afbrokaw@tamu. edu

Finding fruit: 0lfactory search strategies in a neotropical bat
Animals rely on chemical signals to detect, identify, discriminate,
and find the resources critical for their survival and fitness,
including food, shelter, and mates. Detecting and following
chemical cues is challenging, and animals that search using smell
display a diversity of morphological, physiological and behavioral
adaptations. A decrease in speed and an increase in sampling rates
are commonly used behavioral strategies when odor tracking in a
turbulent olfactory environment. As flying, echolocating mammals,
bats face constraints related both to change in speed and sampling
(sniffing), yet odors cues are thought to be important for fruit
and nectar feeding bat. Using a behavioral assay combined with
three-dimensional tracking software, we quantified the olfactory
search behaviors in flying Jamaican fruit-eating bats (Arti/beus
Jjamaicensis). Wild individuals were trained to seek out an odor
reward (banana) or odor only (banana extract) from among five
potential options in a flight cage. Bats were highly successful at
choosing the scented platform for both banana and odor only
treatments. However, bats rarely investigated the correct platform
first, and instead investigated an average of three out of the five
platforms before making a choice. During these investigation
flights, bats did not significantly reduce their speed, but did get
very close to the odor. Together, this suggests that rather than
using odor plume information for locating odor source, bats use a
serial sampling strategy to locate, discriminate and then choose an
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odor source. Understanding the role of olfactory cues in foraging
decisions and search behaviors of bats may have important
implications for understanding how bats use the landscape, and how
habitat loss may influence search behaviors.

99-8 Brunner, LR*; Hurley, LM; Indiana University; /aribrun@iu. edu
The effects of unfamiliar male odor during squeak playback on male
mouse vocalizations

During courtship interactions, house mouse vocal behavior is highly
context—dependent. Ultrasonic vocalizations (USVs) are prosocial
signals used by male house mice during courtship. Males modulate
their USV production in response to external factors, including
signals from conspecifics. Female house mice often produce
negatively valenced broadband vocalizations (BBVs), or squeaks,
when rejecting the advances of a male during courtship. In response
to female BBVs, male mice decrease their USV production. Using a
paradigm that allows us to observe male behavior and vocalizations
during a courtship interaction with |imited contact between the
male and female, we measured the response of dominant and
subordinate males to situations with varying conspecific odor cues.
We employed a 15-minute playback consisting of 5 minutes of
silence, followed by 5 minutes of exemplar BBV playback, and
finally another 5 minutes of silence to see how USV production
changes in response to playback of BBVs. Both dominant and
subordinate males experienced this playback in two different
conditions: the female control (F) condition in which odor cues (in
the form of soiled bedding) from a female mouse were present, and
the female plus male (FM) condition in which odor cues from a
female and from unfamiliar male mice were present. We hypothesized
that dominants would decrease their USV output less than
subordinates in the FM condition due to dominants expending more
energy in response to a potential social competition threat. All
males except one, regardless of their social hierarchical status,
decreased their total USV production during the interaction in
which unfamiliar male odor was present. This indicates that
unfamiliar male scent during perception of courtship rejection
signals decreases male mouse vocal output, and this effect is
independent of hierarchical status.
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S§77-5 Bryce, CM; University of California, Santa

Cruz; cbrycelucsc. edu

Dogs as pets and pests: Global patterns of dog activity and health
Dogs (Canis familiaris) were the first domesticated species and, at
an estimated population of 1 billion individuals, are globally
ubiquitous today. Describing the tremendous morphometric diversity
and evolutionary origins of dogs is a scientific endeavor that
predates Darwin, yet our interdisciplinary understanding of the
species is just beginning. Here, [ present global trends in dog
activity and health. While the human-dog relationship has for
millennia been close, it is also complicated. As pets, companion
dogs are often treated as family and constitute the largest sector
of the ever-growing $300 billion USD global pet care industry. As
pests, feral dogs are an emerging threat to native species via both
predation and non-consumptive effects (e.g. chasing, harassment,
competition for resources). Furthermore, I briefly discuss mounting
evidence of dogs as not only infectious disease reservoirs but also
as bridges for the transmission of pathogens between wild animals
and humans in zoonotic spillover events. Dog mobility across the
urban-wildland interface is an important driver for this and other
adverse effects of canines on wildlife populations and is an active
topic of disease ecologists and conservation biologists. Other
canine scientists, including veterinary clinicians and
physiologists, study more mechanistic aspects of dog mobility: the
kinetics, kinematics, mechanics, and energetics of dog |locomotion.

[ outline the prevalent methodological approaches and breed-
specific findings within dog activity and health research, then
conclude by recognizing promising technologies that are bridging
disciplinary gaps in canine science.

88-1 Bryla, Ax; Zagkle, E; Sadowska, ET; Cichon, M; Bauchinger, U;
Jagiellonian University, Krakow, Poland, Jagiellonian University,
Krakow, Poland; Nencki Institute of Experimental Biology, Warsaw,
Poland ; amadeusz. bryla@doctoral. uj. edu. p/

Body temperature as indicator and driver for costs associated with
avian humoral immune response
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From an eco—-immunological perspective, the resistance to a pathogen
Is a costly trait for an organism, but efforts to qualify and
quantify these costs are ambiguous. The humoral immune response is
relatively slow and complex so that the quantification of its
energy cost through a single time-point metabolic measurement is
questionable. Here, we compared immune challenged and control zebra
finches (7aeniopygia guttata) and estimated costs of the mounted
humoral immune response through a combination of three different
measurements, core body temperature, energy metabolism at rest, and
markers for oxidative stress in the plasma. Body temperature was
recorded continuously through implanted data loggers, whereas we
measured resting metabolic rate and oxidative status only on day 7
post—chal lenge, at the expected peak of antibody production. The
immune chal lenged birds revealed higher oxidative damage, a result
that was not driven by the energy metabolism immediately measured
before the blood sampling. Core body temperature, however, was
higher during the first three nights in the challenged birds versus
controls suggesting a higher metabolism during the initial phase of
the immune response and was neither different after this, nor
during the daytime throughout the experiment. The continuous
measurement of body temperature provides indirect evidence for
elevated energy metabolism associated with an immune response only
in the very first days. In addition, elevated oxidative stress
represents another cost associated with the immune response that is
presumably driven by the energetic costs of this response.

53-6 Brzek, Px; Roussel, D; Konarzewski, M; University of
Biatystok, Poland, University of Lyon, France; brzek@uwb. edu. p/
Divergent selection for basal metabol/ic rate in [aboratory mice
affected organ size rather than mitochondrial activity
Intra-specific variation in basal metabolic rate (BMR) has profound
evolutionary, ecological, and biomedical consequences. However,
functional mechanisms responsible for this variation are still not
ful ly understood. Theoretically, variation in BMR can reflect
differences in either the mass of internal organs, and/or in the
rate of organ mass-specific metabolic processes. Here, we compared
parameters quantifying mitochondrial metabolic activity in two

|l ines of laboratory mice, divergently selected for either high (H-
BMR) or low (L-BMR) level of BMR. H-BMR mice had larger liver and
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kidneys, i.e. organs that are important predictors of BMR. On the
other hand, our preliminary data offer little evidence that
selection affected intrinsic properties of mitochondria |ike
mitochondrial activity and efficiency, or activity of mitochondrial
enzymes |ike citrate synthase and cytochrome ¢ oxidase. We conclude
that variation in BMR observed between both selected |ines reflects
mainly changes in organ size rather than in mitochondrial-specific
metabolic rate. These results, together with earlier analyses of
cell membrane composition, suggest that divergent selection for BMR
either did not affect metabolic parameters at molecular level or
modified them in counter—intuitive direction. We discuss other
potential mechanisms of difference in BMR between these |ines.

92-72 Buchinger, TJ*; Fissette, SD; Bussy , U; Li, K; Huerta, B;
Buchinger, EG; Brant, CO; Johnson, NS; Li, W; Michigan State
University , US Geological Survey Hammond Bay Biological

Station; tjbuchinger@gmail. com

A pheromone antagonist deters female sea [amprey from more
senescent mates

Male sea lamprey (Petromyzon marinus) release a multi—-component sex
pheromone that attracts females and elicits courtship behaviors.
Previous research indicates the male pheromone mimics a nonsexual
larval cue, but that females discriminate between the larval cue
and male pheromone — which each consist, in part, of the attractant
3kPZS — using the larval compound PZS as a behavioral antagonist of
3kPZS. Although PZS is the more abundant component in the larval
cue and 3kPZS the more abundant component in the male pheromone,
males produce high physiological concentrations of PZS as a
precursor to 3kPZS and release small quantities of PZS into the
water. To test the hypothesis that male variation in PZS release
guides female mate choice, we 1) characterized male variation in
release of 3kPZS and PZS and 2) determined whether females can
discriminate among males’ pheromone signals using variation in PZS
release. Wild males sampled off spawning nests released 3kPZS and
PZS at ratios ranging from 1.5:1 to 263:1 (3kPZS: PZS; n = T77).
Repeated sampling from the onset of sexual maturation until death,
which occurs naturally at the end of lamprey’'s single spawning
season, revealed that males gradually released more PZS. In an in-
stream behavioral assay, females preferred mixtures of 3kPZS and
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PZS at ratios typical of recently matured males (90:1) over males
nearer to death (30:1). Sperm analyses indicated that males with
the most preferred 3kPZS: PZS ratio had lower quality sperm than
less preferred males. We postulate that avoidance of PZS arose as a
mechanism to prevent orientation towards larvae, but incidentally
biases female choice away from males closer to senescence.

67-3 Buckley, LB; University of Washington:; /buck/ey@uw. edu
TrEnCh.: Tools for translating environmental change into organismal
responses

Many efforts to forecast ecological responses to climate change are
based on air temperatures at coarse spatial (degrees) and temporal
(months) resolutions, but animals respond to multiple aspects of
the environment at scales of minutes and meters. We aim to improve
ecological and evolutionary forecasts by providing computational
and visualization tools to address these discrepancies. The TrenchR
R package facilitates microclimate modelling to translate weather
station data into the environmental conditions experienced by
organisms and biophysical modelling to predict organismal body
temperatures given the environmental conditions. Interactive
visualizations explore organismal responses to environmental
conditions. Several use biophysical modelling to explore body
temperatures and regions of thermal stress for a variety of taxa.
Another leverages a database of insect development traits to
predict phenology. TrEnCh-ed includes interactive R Shiny
applications and associated tutorials to allow students and others
interested to explore the ecological and evolutionary impacts of
climate change through interacting with data. A series of tutorials
introduces graduate students and other researchers to biophysical
ecology. We aim to improve ecological and evolutionary forecasting
tools for education, policy, and research and welcome your ideas
and input.

6-4 Buendia Castillo, Dx; Stanley, C; Naidugari, J; McCubbin, S;
Nethery, B; Dupont-Versteegden, E; Cooper, R L; University of
Kentucky ; buendiad@uky. edu

Conducting authentic curriculum undergraduate research experiences
(ACUREs) in teaching |aboratories
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Modifying typical physiological laboratory protocols to not only
teach, but also conduct authentic research aimed for scientific
publications, is very engaging for students. However, there are
caveats in conducting experiments in a reproducible manner within a
teaching lab with multiple student-driven stations. One approach
that appears to offer an authentic research experience while still
providing reliable results is to conduct a series of experiments
prior to the course to be taught, and have students in the course
run the same experiments to compare the novel findings. To reduce
biases in analysis, the students are blind to the treatments and
can analyze the novel data collected before the teaching lab, as
well as their own data collected in class. Knowledge that their
data will be peer-reviewed has resulted in students’ heightened
attention to detail in conducting the experiments and analyses.
When presenting the results for publication, the data collected
prior to the class is used, as it is tightly controlled to reduce
experimental and analysis variability. The classroom results are
presented separately with explanations for variation in the

exper imentation and analysis. We have conducted this approach for
six different ACUREs. Student and teaching assistant evaluations of
this approach are provided. This approach is also useful for
repository data sets provided in scientific publications.

44-8 Bukovich, IMGx; Friesen, CR; Parker, MR; James Madison
University, Harrisonburg, VA, University of Wollongong, NSW,
Australia; bukoviim@dukes. jmu. edu

Influence of testosterone on pre— and post-copulatory dimensions
of male-male competition in the red-sided garter snake, Thammnophis
sirtalis parietalis

Intense competition drives male vertebrates to adopt alternative
reproductive strategies to outcompete other males. Thousands of
male red-sided garter snakes (7hamnophis sirtalis parietalis)
emerge every spring in Manitoba, Canada, and engage in robust
competition to mate with females. Sexual selection has facilitated
the evolution of post-copulatory mechanisms in male garter snakes
(e.g., sperm competition) as well as alternative reproductive
strategies (e.g., female pheromone production, other forms of
female mimicry). Female mimics in this species benefit from known
thermoregulatory advantages; however, unidentified evolutionary
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advantages may result from the three-fold higher circulating
androgens found in female mimics versus normal males. To test this,
male garter snakes were implanted in July 2019 with either a SHAM
or testosterone-containing silastic implant (n=15 per group).
Snakes were bled monthly for implant validation then artificially
hibernated in December. In May 2020, snakes were tested in the
laboratory for courtship intensity using established scoring
metrics in simulated mating aggregations. Sperm analyses were then
conducted to investigate potential differences in sperm count and
morphology between the treatments. Testosterone treatment is
predicted to invigorate courtship behavior by its known actions in
sexual ly dimorphic regions of the male vertebrate brain. Previous
exper iments on testosterone effects on testis function in reptiles
vary, so our study will clarify whether testosterone enhances sperm
characteristics. Our results may reveal previously unknown
advantages in female mimics activated by higher concentrations of
circulating androgens.

717-7 Bukovich, IMG*; Richard, SA; Tillman, EA; Jayamohan, S;
Humphrey, JS; Carrington, PE; Bruce, WE; Kluever, BM; Avery, ML;
Parker, MR; James Madison University, Harrisonburg, VA, USDA APHIS
NWRC, Gainesville, FL, USDA APHIS NWRC, Gainesville,

FL; bukoviim@dukes. jmu. edu

Conspecific chemical cues facilitate mate trailing by invasive
Argentine black and white tegus

Squamate reptiles (snakes and lizards) rely on chemical cues from
conspecifics to search the environment for potential mates. How
such cues are used by invasive species in reproduction is a key
qguestion in multiple, independent invasions throughout the
Southeastern U.S. The Argentine black and white tegu |izard
(Salvator merianae) is an invasive reptile species in south Florida
threatening native fauna in biodiverse regions such as Everglades
National Park. By testing both male (n = 7) and female (n = 7)
tegus in a Y-maze apparatus, we assessed if either sex follows
chemical trails left by conspecifics and if behaviors were sex— or
season-specific. We conducted three types of trials where
conspecifics created odor trails: Male-only (male scent only in
base and one arm of Y), Female-only, and Male vs. female. Males did
not preferentially follow scent trails from either sex, but they
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did differentially investigate conspecific scent from both sexes.
Males also had reduced turning and pausing behavior while trailing
in the spring and showed seasonal upregulation of chemosensory
sampling in spring. Female tegus exhibited stronger conspecific
trailing abilities than males, following both male and female scent
trails, and they explored the maze less before making an arm
choice. Females also investigated the scent trails intensely
compared to males (more passes in scented arms, more time with
scent trails). Our results demonstrate for the first time than
females of an invasive reptile species can fol low conspecific scent
trails and provide potential avenues for development of control
tools.

BSP-7-6 Burford, BPx; Robison, BH; Stanford University, Monterey
Bay Aquarium Research Institute; bburford@stanford edu
Bioluminescent backlighting il//uminates the visual signals of a
social squid in the deep sea

Visual signals rapidly relay information, facilitating behaviors
and ecological interactions that shape ecosystems. However, most
known signaling systems can be restricted by low light levels—a
pervasive condition in the deep ocean, the largest inhabitable
space on the planet. Resident, visually—-cued animals have therefore
been hypothesized to have simple signals with limited information-
carrying capacity. We used cameras mounted on remotely operated
vehicles to study the behavior of the Humboldt squid, Dosidicus
gigas in its natural deep—sea habitat. We show that specific
pigmentation patterns from its diverse repertoire are selectively
displayed during foraging and in social scenarios, and we
investigate how these behaviors may be used syntactically for
communication. We additionally identify the probable mechanism by
which D gigas, and related squids, illuminate these patterns to
create visual signals that can be readily perceived in the deep,
dark ocean. Numerous small subcutaneous photophores (bioluminescent
organs) embedded throughout the muscle tissue make the entire body
glow, thereby backlighting the pigmentation patterns. Equipped with
a mechanism by which complex information can be rapidly relayed
through a visual pathway under low light conditions, our data
suggest that the visual signals displayed by 0. g/gas could share
design features with advanced forms of animal communication. Visual
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signaling by deep-living cephalopods will likely be critical in
understanding how, and how much, information can be shared in one
of the planet’s most challenging environments for visual
communication.

66-7 Burnett, NPx; Badger, MA; Combes, M; University of California,
Davis; burnettnplemail. com

Shooting the gap. how bees protect their wings in windy, dynamic
obstacle courses

Bees frequently forage in habitats with cluttered, wind-blown
vegetation. Collisions with clutter and other obstacles can cause
irreversible wing damage that impairs future flight performance and
leads to mortality. We know |ittle about the strategies that bees
use to protect their wings when transiting narrow gaps between
obstacles, |ike those in cluttered vegetation. We tested how the
Valley Carpenter Bee AXy/ocopa varipuncta protects its wings while
transiting a dynamic obstacle course that mimicked wind-blown
vegetation, using a factorial design that varied obstacle motion
(stationary or moving) and wind (still air, head- or tailwinds). We
filmed bees flying through obstacle fields with gaps that were
approximately equal to their wingspan, and quantified flight speed,
yaw angle (relative to flight tunnel axis), and number of wing
collisions with obstacles. Bees often increased their body yaw
(i.e. turned sideways) during transits, and larger yaw angles were
associated with fewer wing collisions. Bees reached higher maximum
yaw angles when transiting stationary obstacles or when flying in
still air, and as a result, they experienced fewer wing collisions
in these conditions. On average, bees maintained similar ground
speeds across all wind and obstacle conditions, but trials with
faster ground speeds were associated with more wing collisions,
possibly because bees had less time to turn their bodies before
transiting the obstacles. When controlling for variation in body
yaw and ground speed, there were similar numbers of wing collisions
across all obstacle and wind conditions. This suggests that the
high rate of wing collisions associated with wind and obstacle
motion is driven mostly by the extent to which these conditions
prevent bees from enacting their strategy of yawing to avoid wing
damage.
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$8-1 Burns, M«; Stellwagen, SD; University of Maryland, Baltimore
County, University of North Carolina, Charlotte; burnsm@umbc. edu
The ties that stick.: an introduction to sticky biomaterials
Adhesion is a chemical or mechanical effect of substances used by
organisms to construct domiciles, capture prey, secure offspring,
and navigate complex environments. This symposium has been curated
to showcase creative research on sticky biomaterial properties,
production, and applications by incorporating speakers with diverse
study systems, including plants, mollusks, arthropods, and
vertebrates. With new progress in sequencing technologies,
increasing knowledge of the natural history of organisms that
produce adhesive materials, and the development of flexible methods
and instrumentation for measuring fine forces, we hope that this
symposium will encourage progress on biomimetics and appreciation
for the biochemical array of adhesives found in nature.

67-5 Busby, MKx; Davidowitz, G; Bronstein, JL; The University of
Arizona, Tucson, AZ; mkbusby@email. arizona. edu

Will carpenter bee (Xylocopa californica) nest temperatures exceed
larval Clmax?

As climate warms, temperatures are more |ikely to exceed organisms’
upper thermal |imits, especially in already hot and arid regions.
Species whose |ife histories expose them to temperature extremes
will experience the hottest temperatures, and unlike broader-scale
climate patterns, microclimate changes are harder to predict. But
microcl|imates are often the proper scale for considering
temperatures of insect habitats. Despite the importance of this
fact in predicting whether insects will survive extremes, in-nest
temperatures experienced by developing bees are largely unknown.
The desert carpenter bee (Xy/ocopa californica) is an aboveground-
nesting bee and a common pollinator in desert ecosystems. We asked
what temperatures carpenter bees experience inside their nests, and
whether the nest substrate insulates against temperature extremes.
To test this, we installed 8 paired thermocouple probes inside and
outside 60 active carpenter bee nests in southern Arizona and
compared internal and external temperatures. We also compared
temperatures within nest substrates to air temperatures from a
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nearby weather station. Larval CT,. was determined using flow-
through respirometry. Nest temperatures were measured during 2020,
the hottest summer on record in southern Arizona, and are presented
in the context of larval thermal tolerance.

719-5 Bush, JMx; Ellison, M; Simberloff, D; University of Tennessee
Knoxville, Oklahoma State University: Jjbushib@vols. utk. edu
Territory owners, floaters, and sneaker males use different
behavioral strategies in green anole lizards (Anolis carolinensis)
Many studies have explored the mechanisms behind territory
establishment and dominant-submissive dynamics in Ano//s |izards.
Much of this work has focused on the behaviors of large territorial
males, with little attention paid to non-territorial floaters and
smal| “sneaker” males. In this study, we explored behavioral
differences between males exhibiting different territorial
behaviors, particularly focusing on their interactions with each
other and with females. We recorded the behaviors of 12 captive
populations of green anole lizards (Ano/is carolinensis) with 12
individuals each (6 males, 6 females) housed in semi—natural
enclosures. We categorized males as territory owners, floaters, or
sneakers using criteria of site fidelity and defensive behaviors
and compared interactions within and between each category using

| inear mixed effects models. Half of the males in our populations
displayed non-territorial phenotypes, demonstrating that these
males likely make up an important component of anoles’ social
landscape in the wild. Furthermore, each category was characterized
by different behaviors, with territory owners engaging in the most
behavioral interactions and sneakers behaving more similarly to
females than to other males across all variables measured. Females
also differentiated between territorial and non-territorial males,
directing more displays at territory owners despite high home range
overlap with floaters and sneakers. This study supports the female
mimicry hypothesis for sneaker males in anoles and indicates the
importance of considering the diversity of territorial strategies
employed by green anole lizards in studies of their spatial and
social behaviors.

90-5 Buss, N*; Nelson, KN; Hua, J; Relyea, RA; Binghamton
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University, Biological Sciences Department, Binghamton, NY ,
Rensselaer Polytechnic Institute, Department of Biological

Sciences, Troy, NY . nickrbuss@gmail. com

Effects of different roaaway deicing salts on host-parasite
Interactions. the importance of salt type

The application of roadway deicing salts is increasing the salinity
of freshwater systems around the worl|d. Increased salinization from
deicing salts such as NaCl|, CaCl, and MgCl, can have direct,
negative impacts on freshwater organisms at concentrations found in
nature. Yet, our understanding of how these salts can indirectly
impact freshwater organisms by altering important ecological
interactions, such as those between host and parasite, are less
understood. Using an amphibian (Kana syl/vatica) -trematode
(Echinostoma spp.) model, we examined whether exposure to NaCl,
CaCl, or MgCl, 1) influences trematode mortality; 2) alters
amphibian-trematode interactions; and 3) alters larval amphibian
activity (behavior associated with parasite avoidance). We found
that exposure to CaCl, greatly reduced trematode survival across
all Cl~ concentrations (230, 500, 860 and 1000 mg CI~ L") while

NaCl and MgCl, had no effect. Conversely, when both host and
parasites were exposed to salts, NaCl, but not CaCl, or MgCl,,
increased infection. The lack of effect of CaCl, on infection was
likely driven by CaCl, reducing trematode survival. Exposure to
NaCl increased infection at 500 mg Cl~ L', but not 230 or 860 mg
Cl~ L. However, unlike previous studies, this increase of
infection was not due to salt exposure altering tadpole behavior.
Overall, our results suggest that NaCl at environmentally relevant
concentrations can negatively impact amphibian populations
indirectly by increasing their susceptibility to parasites.

$9-6 Butler, JMx; Maruska, KP; Louisiana State University and
Stanford University, Louisiana State

University,; Jmbutl/er@stanford eadu

Reproductive state—-dependent visual plasticity in a cichlid fish
Animals use visual communication to convey crucial information
about their identity, reproductive status, and sex. Plasticity in
the auditory and olfactory systems has been wel|-documented,
however, fewer studies have tested for plasticity in the visual
system, a surprising detail since courtship and mate choice are
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largely dependent on visual signals across taxa. We used
behavioral, gene expression, neural activation, and
electrophysiology techniques to test for reproductive state-
dependent plasticity in the eye of the cichlid fish Astatot//apia
burtoni/. Males court ovulated females more intensely than gravid
females, and ovulated females were behaviorally more responsive to
male courtship than gravid females. Using electroretinography to
measure visual sensitivity, we found that gravid females had
greater visual sensitivity at wavelengths corresponding to male
courtship coloration compared to non-reproductively-receptive
females. Hormonal ly—inducing ovulation further increased female's
spectral sensitivity compared to pre—injection measurements in
gravid females only, suggesting an ovulation-triggered increase in
visual sensitivity. Ovulated females had higher mRNA expression
levels of neuromodulatory receptors (e.g sex—steroids;
gonadotropins) in the eye than nonovulated females, and female
affiliative behaviors positively correlated with expression of
gonadotropin system receptors in the eye. We also compare how opsin
levels in the eye vary with reproductive state in males and
females. Collectively, these data provide crucial evidence |inking
endocrine modulation of visual plasticity to mate choice behaviors
in females.

102-8 Button, DJ*; Porro, LB; Barrett, PM; Natural History Museum,
London, UK, University College London, UK; d button@nhm. ac. uk
Finite-element model/ing of fossil taxa: how close is close enough?
Sensitivity analyses on the skull of Megapnosaurus

Finite-element analysis (FEA) is widely-used in paleontology, but
accurately modeling extinct taxa is difficult. In particular,
properties of sutural tissues are poorly characterized, and

model ing them is time-consuming. Validation studies on extant taxa
indicate suture inclusion may have little impact on overall strain
patterns. However, these have mostly been performed on mammals,
whose box-Ilike skulls are unlike those of sauropsids, which include
many long, overlapping sutures. We present FEA of the skull of the
Early Jurassic theropod Megapnosaurus kayentakatae which retains
many unfused sutures. These include a loose premaxilla-maxilla
joint, hypothesized to have either modified local strain
transmission, or facilitated passive kinesis, during biting. The
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skul | was restored in Avizo, with jaw muscles reconstructed from
osteological correlates. FEA models were built in Strand/, with
material properties based on extant analogs. Models were solved
with and without sutures for unilateral and bilateral bites along
the toothrow. Model comparison shows that including sutures yields
significant differences in absolute magnitudes of stress and strain
in the skull of Megapnosaurus. Further, the loose premaxilla-
maxilla articulation redistributes local strains, but high bending
stresses in the nasals prevent kinesis. Nonetheless, global
comparison reveals that sutures have little impact on overall
patterns of relative stress and strain distribution. Consequently,
iIf relative performance is of interest, excluding cranial sutures
is a reasonable compromise, but fine-scale information will be
lost. This highlights the importance of considering research
questions thoroughly before designing model complexity.

$70-71 Byron, ML; Murphy, DW+«; Santhanakrishnan, A; Penn State
University, University of South Florida, Oklahoma State
University; mzb50256psu. edu

Introduction to the symposium

Decades of research on the fluid dynamics of individual appendages
and propulsors have increased our overall understanding of flying
and swimming. However, investigating the fluid dynamics of
coordinated appendages sequentially beating in a metachronal
pattern can require different approaches and frameworks, since
fluid structures can synergistically interact to produce forces
that could not be predicted from each appendage alone. This tactic
is used by a large number of invertebrate animals (including
crustaceans, polychaetes, ctenophores, and insect nymphs) during a
variety of functional behaviors (e.g. swimming, feeding, and
pumping). Because these animals are so dissimilar in other ways,
there has been no prior opportunity for researchers to come
together to discuss the salient commonal ity of metachronal motion.
The purpose of this symposium is to bring together the heretofore
disparate community of researchers working on the fluid dynamics of
coordinated appendages in order to begin building a cross-specific
and cross—disciplinary knowledge base. Speakers and attendees
include biologists, engineers, and mathematicians from all career
stages, working on a wide variety of model systems. The overall
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goal of the symposium is to establish a multifaceted foundation for
what will become a robust and thriving community centered on
metachronal swimming and pumping.

92-77 Cabiguin, MMx; Meriez, MAJ; Marine Science Institute
University of the Philippines QC, PH; mcabiguin@msi. upd. edu. ph
Winners versus losers. reproductive characteristics of a nonnative
and native mussel species in Bolinao, Pangasinan, Philippines
Mytella charruana a native mussel species found in South America,
Atlantic and Pacific coastlines. Recently, this species was
observed to co-occur with a native mussel Perna viridis, in
Bolinao, Pangasinan, Philippines. Nonnative mussels in novel
environments may pose a threat to native mussels since they can
compete for food and space. One way of assessing which species may
dominate and persist over time is by comparing the reproductive
parameters of both natural populations exposed to the same local
environmental conditions. This was conducted through monthly
sampling per mussel species in experimental mussel lines in
traditional culture area of P viridis. The size frequency
distribution of both populations was compared over time to
determine timing of recruitment. Samples per size frequency was
dissected to determine size at sexual maturity and sex ratios.
Initial results showed that spats of M charruana was highest
during the month of June while spats of P viridis were highest in
July. Dissected samples showed that ¥ charruana matures earlier
(9mm) compared to P viridis (11mm). Since M. charruana recruit
first, it could limit the space available for of P viridis to
settle and grow. If growth, survival rates and reproductive period
of M charruana is higher over time, this could give it a
competitive advantage over P v/iridis. Further studies determining
physiological resilience to the seasonal variability as well as
changing environmental conditions associated with climate change
will be essential to evaluate the ecological and economic impacts
of M charruana in Bolinao, Pangasinan and other recently reported
areas i.e. SE Asia.

7-70 Cabrera—Cruz, SA*; Larkin, RP; Gimpel, ME; Gruber, JG; Buler,
JJ; University of Delaware, Newark, DE, University of Illinois,
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Champaign, IL, Washington College, Chestertown, MD, Washington

Col lege, Chestertown, MD; scabrera@udel. edu

Do ground-based. downward-facing artificial [ights affect the
flight behavior of nocturnally migrating birds?

Artificial lights at night (ALAN) have multiple effects on night-
migrating birds due to positive phototaxis. Flight paths of
migrating birds can be curved or circular rather than straight near
bright beams of light aimed skywards, and near |ights on
communication towers. ALAN installations |ike these, however, are
uncommon. For example, luminaries on communication towers account
for 70.1% of outdoor lighting in the US, while parking lights
account for >30%. To test whether ground-based, downwards-pointing
lights also affect the flight behavior of migrating birds, we
instal led three LED spotlights (22000-Lumen each) pointing ~45°
downward on top of bm poles in a dark, sparsely lit rural
landscape. We turned these lights on and off sequentially
throughout three consecutive bird migration seasons. During ~70
nights we collected >1800 high-resolution 3D flight paths, up to
5km long, of free—flying nocturnally migrating birds using a
tracking radar. We predict that low flight altitudes and proximity
to our downcast experimental |ights relate to a greater probability
of behavioral reactions during flight. Nocturnal migrants in North
America overfly cities and many other areas with widespread
downcast lights. This work will inform us if the most common but
often dismissed ALAN installations affect the flight behavior of
nocturnal ly migrating birds.

84-12 Cadney, MD#*; Schwartz, NL; Schmill, MP; Castro, AA; McNamara,
MP; Hillis, DA; Garland, TJR; Univ. of California, Riverside,

UCR; mecadn0016ucr. edu

Early post-natal maternal effects on voluntary physical activity,
exercise physiology, and associated traits in mice

During the suckling period, mammals progress through critical
periods for the central nervous, musculoskeletal, and
cardiovascular systems. As a result, various aspects of maternal
behavior and physiology can affect offspring in ways that have
lasting effects. We tested for possible maternal effects on adult
physical activity and exercise physiology using one of 4 replicate
lines of mice that have been selectively bred for 90 generations
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for high voluntary wheel-running behavior (High Runner; HR) and one
of 4 non-selected Control (C) lines. Adult HR mice run "“3-fold the
daily distances of C mice and have evolved various other
differences associated with exercise capacity, including elevated
maximal aerobic capacity (V02max). At birth, we cross—fostered
offspring to create 4 experimental groups: C pups to other C dams,
HR pups to other HR dams, C pups to HR dams, HR pups to C dams (all
individuals were fostered). Mice were weaned 3 weeks later and
adult testing began at “6 weeks of age. As expected, adult HR mice
weighed less than their G counterparts and females weighed less
than males; in addition, mice raised by HR females had reduced body
masses. Also as expected, adult HR mice ran approximately 3-fold
more than their C counterparts and females ran more than males, but
fostering did not statistically affect running. Similarly, with
body mass as a covariate, HR mice had higher V02max than C, and
males had higher V02max than females, but fostering did not affect
running. With body mass as a covariate, both triceps surae muscle
mass and |iver mass had a 3-way interaction. Analyses of home-cage
activity, food consumption, body fat, and other organ masses are in
progress. NSF DEB-1655362 to TG.

28-11 Cahill, AEx; Rollinson, EJ; Corona-Avila, I; Ferrero, K;
Holmer, K; Mayo, P; Deecher, E; Billman, B; Siryani, N; Biology
Department, Albion College, Department of Biological Sciences, East
Stroudsburg University, Department of Entomology, Penn State
University — and — Department of Biological Sciences, East
Stroudsburg University; acahi//@albion. edu

Abundance and genetic variation in populations of the introduced
mi lkweed aphid in eastern North America

Aphis nerii, the oleander or milkweed aphid, is a widespread
introduced species in North America. In the northern part of their
introduced range, they specialize on milkweed plants. The species
Is obligately parthenogenetic and can quickly reach high densities,
leading to speculation that aphids may lead to a decline in

mi lkweed quality. Parthenogenesis is also expected to lead to low
spatial genetic variation, a pattern supported by previous
research. However, aphids do not overwinter in northern
populations, which are therefore recolonized every year. Little is
known about the geography of recolonization, and this pattern might
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produce patterns of genetic variation that are stronger temporally
than spatially. We measured aphid density and plant traits in
Michigan and Pennsylvania and found a positive relationship between
aphid number and leaf number. However, there was no clear
relationship between monarch caterpillars (which were rare in both
locations) and aphids. To test predictions of low genetic
diversity, we collected individuals in both regions and sequenced
them using the COI gene. We found low spatial genetic diversity,
including when comparing Michigan and Pennsylvania, as predicted by
the aphids’ clonal lifestyle. We did detect changes between years,
as expected given the recolonization pattern of A ner//. Together,
the results present a picture of aphid ecology and genetics on a
regional scale.

29-6 Cai, Lx; Arnold, B; Xi, Z; Khost, D; Patel, N; Hartmann, C;
Manickam, S; Sasirat, S; Nikolov, LA; Mathews, S; Sackton, T,
Davis, CGC; Harvard University, Sichuan University, University of
Connecticut, University of Malaya, Queen Sirikit Botanic Garden,
University of California Los Angeles, Louisiana State

University; /imingc@ucr. edu

Deeply altered genome architecture in the iconic endoparasitic
flowering plant Rafflesiaceae

Despite more than two-thousandfold variation in genome size, key
features of genome architecture are largely conserved across
flowering plants. Parasitic plants have elucidated the many ways in
which genomes can be modified, yet we still lack comprehensive
genome data for species that represent the most extreme form of
plant parasitism. Here, we report the genome of the endophytic
parasitic angiosperm Sapria himalayana Griff. (Rafflesiaceae),
which lacks a typical plant body and chal lenges several fundamental
assumptions of plant genome conservation. 44% of the genes
conserved in eurosids are lost in Sapria, dwarfing any previously
reported level of gene loss in vascular plants. These losses
demonstrate remarkable functional convergence when compared to
other parasitic plants, suggesting a common genetic roadmap
underlying the evolution of plant parasitism. Meanwhile, at least
1.2% of the Sapria genome, including both genic and intergenic
content, is inferred to be derived from host-to—parasite horizontal
gene transfers (HGTs) and includes genes potentially adaptive for
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parasitism. Focused phylogenomic reconstruction of these HGTs
reveal a hidden history of former host-parasite associations
involving close relatives of their modern hosts in the grapevine
family. Our findings offer a unique perspective into how deeply
angiosperm genomes can be altered to fit an extreme form of plant
parasitism. These results also demonstrate the utility of HGTs as
DNA fossils to investigate extinct symbioses.

28-2 Calhoon, JAx; Dobkowski, K; Bates College; Jjcal/hoon@bates. edu
Feeding preferences of red sea urchins (Mesocentrotus
franciscanus) in the Salish Sea

In the Salish Sea, red sea urchins (Mesocentrotus franciscanus) are
influential herbivores in subtidal ecosystems. They consume a
variety of macroalgae but often prefer MNereocystis /uetkeana .
These urchins may play a vital role in regulating the macroalgae
composition of the ecosystem, however Sargassum muticum has become
an influential presence in the ecosystem, possibly competing with
local macroalgal species growing around the Salish Sea. It has not
yet been established how the presence of S muticum affects the
feeding behavior of M franciscanus and if they will consume this
common, but non-native, species. In this study I investigated this
relationship and found that the urchins will feed on N

luetkeana over S. muticum but will consume S. muticum when there is
no other choice. If & muticum continues to spread throughout the
Salish Sea, the feeding preferences of M franciscanus will |ikely
compound the competition between S. muticum and N

luetkeana adversely affecting the native species.

§7-8 Camacho, E*; Anglero—Rodriguez, Y; Smith, DFQ; Jacobs, E;
Dong, Y; Cordero, RJB; Dimopoulos, G; Casadevall, A; Bloomberg
School of Public Health, Johns Hopkins University, Baltimore, MD ,
Bloomberg School of Public Health, Johns Hopkins University,
Baltimore, MD; ecamachZéjhu. edu

Parallels of melanization in Cryptococcus neoformans and Anopheles
gamb i ae

Melanins are natural pigments synthesized by organisms in all
biological kingdoms. In fungi, melanins are components of the cell
wall that provide protection against biotic and abiotic elements.
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In insects, these biopolymers are essential on wound healing and
innate immunity. Melanin biosynthesis in both fungi and insects is
mediated by a phenoloxidase that catalyzes the oxidation of
phenolic substrates. A better understanding of the chemical nature
of melanin and its role in critical physiological processes of
malaria—-transmitting mosquitoes is highly valuable to the
development of novel biocontrol strategies. In this study, we used
spectroscopy, high-resolution microscopy, proteomics, and
biochemical methodologies to analyze mosquito melanin involved in
immune defense (melanotic capsules) and structural barriers
(cuticle). Our data showed that A gambiae melanotic capsules are
characterized by signature properties of eumelanins closely
associated with proteins. Furthermore, we observed that a
polyphenol diet reduces susceptibility to the human malaria
parasite and enhances cuticular pigmentation and heat absorption.
These features are remarkably similar between fungi and insects
melanization that highlight a functional importance for melanins in
the evolution of |ife.

7102-3 Camp, AL; University of Liverpool,

UK; ariel. camp@/iverpool. ac. uk

Rainbow trout use 3D vertebral flexion during suction feeding

The intervertebral joints (IVJs) of fish were initially viewed as
hinges that only allowed lateral flexion, and most studies of their
motion and mechanics have focused on 2D flexion during swimming.
But in feeding many fish dorsally rotate the neurocranium,
elevating it relative to the body to expand the mouth cavity.
Cranial elevation requires dorsal flexion of at least the cranio-
vertebral joint, and |ikely some IVJs. It is unknown which IVJs
contribute to cranial elevation because dorsal flexion of these
joints is challenging to measure. [ used X-ray Reconstruction of
Moving Morphology (XROMM) to measure 3D motion of the neurocranium
and anterior 24 vertebrae in Rainbow Trout, Oncorhynchus mykiss,
during feeding (28 strikes, 3 fish). Trout used forward swimming
and suction to capture food pellets, with maximum cranial elevation
ranging from 2 to 18 degrees (measured as dorsal rotation of the
neurocranium relative to a body plane). Lateral flexion was highly
variable during cranial elevation, depending on the swimming
behavior, and occurred across the IVJs. The vertebral column also
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flexed dorsally as the neurocranium elevated. Dorsal flexion
extended beyond the cranio-vertebral joint as expected, but the
magnitude varied across the IVJs. At maximum cranial elevation, the
magnitude of dorsal flexion usually increased rostrocaudally over
the first 8 IVJs, then decreased to reach a minimum around the 11th
postcranial IVJ. Dorsal flexion over the remaining caudal IVJs was
variable and usually lower magnitude. Thus, a substantial region of
anterior [VJs flexed dorsally and laterally in trout, although not
all IVJs appeared to contribute equally to cranial elevation. These
data provide a new perspective on the functional and evolutionary
morphology of the vertebral column in fish.

44-7 Campbel |, Mx; Alderman, S; Van Der Kraak, G; Trent University,
University of Guelph; micampbell@trentu. ca

The effects of ethinylestradiol on estrogen-regul/ated neurogenic
pathway in adult zebrafish (Danio rerio)

While previous studies have demonstrated the presence of estrogenic
compounds in waste water effluent, there is limited knowledge of
how these compounds impact the regulatory pathways of the brain in
mature fish. These studies illustrated that fish exposed to
exogenous estrogens exhibit decreased proliferation of the brain
and elevated expression of aromatase B (cyp19alb) and estrogen
receptor 2b (esr2b). In this study, male zebrafish (n=12) were
exposed to exogenous ethinylestradiol (EE2), at environmentally
relevant concentrations (0, 2.5, and 25 ng/L), for seven-days, to
examine its effect on the regulatory pathways which controls neural
progenitors proliferation in the hypothalamus and telencephalon.
The liver of each fish was examined for changes in the expression
of vitellogenin (vtg), to confirm that the EE2 was taken up by the
fish at levels that would upregulate vtg expression. Changes in the
estrogen regulated proliferation pathway were monitored via the
expression of esr2b, cyl9alb, and proliferating cellular nuclear
antigen (pcna) (n=8). Although l|iver vtg expression was
significantly upregulated when exposed to the high treatment, no
differences in the expression of cyl9alb, esr2b, or pcna in the
brain were detected. The lack of change in proliferation, noted by
differences in the expression of pcna between treatments is
predicted to be due to EE2 not effecting the expression of cyl9alb
and esr2b, which control early steps of the regulatory pathway.
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Estrogen regulated pathways are an important part of the physiology
of brains and should be examined further in case higher
concentrations can induce proliferation of the brain by impacting
cyp19alb and esr2b expression.

BSP-10-6 Camper, BT*; Friedman, ST; Wainwright, PC; Price, SA;
Clemson University, University of California,

Davis; bcamper@g. cl/emson. edu

Evaluation of body size and shape variation across latitude in
teleost fishes

Bergmann's Rule is an ecogeographical trend describing the tendency
in body size to increase towards higher elevations and either high-
latitude extreme. This pattern is well-supported intraspecifically
in endotherms and is often explained by an underlying negative body
size-temperature relationship, driven by heat conservation in
colder environments. In contrast, at broader taxonomic scales

(i.e., interspecific evaluations) and within ectotherms,
evaluations of Bergmann's Rule yield conflicting results. Proposed
mechanisms facilitating body size-latitude trends in ectotherms are
also more varied, including increased longevity at higher latitudes
and cell size variation induced by temperature. Body shape
modifications in the surface area to volume ratio may drive the
frequently observed positive body size-latitude relationship in
endotherms, but body shape variation across latitude has not been
well-evaluated in ectotherms. Moreover, body shape is indicative of
locomotion, trophic niche, and/or thermoregulatory performance, and
selective pressures on these complex traits may systematically
differ with latitude. We therefore looked for trends in size and
shape associated with latitude and water depth, across 3194 marine
species (266 families; 35 orders) of teleost fishes, using a
rigorous phylogenetic comparative approach. Shape variables were
constructed from |inear morphometric measurements of length, depth,
and width. Our analyses reveal that shape, but not size, changes
systematical ly with latitude across the full teleost dataset. At
higher latitudes fishes are more elongate and wider. A latitudinal
cline in fish body shape suggests that body size trends observed in
other taxa may only serve as correlates for selective gradients on
other morphological features.
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$9-4 Gampos, SM; Swarthmore College; scampos3@swarthmore. edu
Chemical signals control our social [ives: Lessons from [izards
Chemical signals in the body, in the brain, and semiochemicals
excreted into the environment control the social |ives of animals,
impacting reproductive opportunities and competitive outcomes. I
use lizards to examine the role of both endocrine and exocrine
signals in regulating male-male and male-female interactions from
an evolutionary standpoint. Territorial male |izards compete for
access to females and other resources and the hormone arginine
vasotocin (vasopressin) modulates competitive interactions via the
visual sensory system, as demonstrated by the life's work of Walt
Wilczynski, but vasotocin may also impact chemosensory behavior
during social interactions. Here, | demonstrate how vasotocin
impacts chemosensory behavior during male-male interactions in
green anole lizards, then compare these data to the impact of
vasotocin in females on male-female interactions. I also discuss
the future of the field of endocrine modulation of chemical
communication in lizards.

48-4 Cantley, JT*; McDonnell, AJ; Branson, J; Kobara, JR; Long, S;
Garnett, W; Martine, CT; San Francisco State University, Chicago
Botanical Garden, Bucknell University, Wiliwili Native

Plants; cant/ey@sfsu. eau

Temperate Eurasian origins of Hawaiian Chenopodum

(Amaranthaceae), plus description of a new subspecies endemic to
Moloka ‘i

Hawaiian taxa of Chenopodium are tetraploids and are distinguished
from other members of the circumglobally distributed genus byminute
morphological characters. Because of these reasons, the geographic
origin of Hawaiian Chenopodium has remained unclear. Across the
Hawaiian Archipelago, taxa of Chenopodium are morphologically
variable and grow in highly disparate xeric habitats, especially in
terms of precipitation, temperature, wind, salt spray, and solar
irradiation. Habitats include dry subalpine shrublands, sandy beach
strands on atolls in the Northwest Hawaiian Islands, dry to mesic
forests, and precipitously tall sea cliffs of northwestern

Moloka ‘i. From the Moloka ‘i sea cliffs, we describe C
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oahuense subspecies ///oensis as segregated from the widespread
Hawaiian C oahuense sensu lato. Morphometric analyses

distinguish C oahuense subsp. ///oensis by its strongly prostrate
to scandent habit, thick succulent leaves, smaller average |eaf
size, limited lobing of the laminar margins, and smaller seeds.
Phylogenetic analyses using two DNA regions (the plastid gene
rpl32-trnL and nuclear ITS) of newly sequenced individuals of C.
oahuense s. |. and C. oahuense subsp. ///ioensis plus outgroup taxa
support the monophyly of Hawaiian Chenopodium and reveal a
geographic origin of temperate Eurasia. Two equivocal hypothetical
scenarios are discussed regarding the |ikely sequence of events
leading to the arrival of Chenopodium in Hawaiian Islands fol lowed
by possible in situ speciation of the Moloka ‘i endemic C.
oahuense subsp. ///oensis. This presentation will include an update
of ongoing physiological and genomic projects.

98-12 Capano, JGx; Kaczmarek, EB; Lomax, JJ; Turner, ML; Brainerd,
EL; Ryerson, WG; Brown University, Providence, RI, Brown
University, Saint Anselm Col lege, Manchester,

NH; _John _capano@brown. edu

Reticulated pythons roll their hemimandibles and splay their
quadrates to engulf enormous prey

Macrostomy in snakes enables these gape—|imited predators to

swal low enormous prey that have large cross—sectional areas. This
is permitted by the combination of their extensible soft tissues
and highly kinetic cranial skeletons. Although previous studies
hypothesized how cranial bones displace during ingestion, no direct
measurements have been made. We used XROMM to quantify motions of
the braincase, maxilla, palatines, pterygoids, quadrates, and
hemimandibles during intraoral prey transport in reticulated
pythons, Mal/ayopython reticul/atus. We confirmed previous hypotheses
that the ipsilateral maxilla and palatopterygoid jaw operate as a
functional unit to anchor the braincase during contralateral
protraction. We found that maximal gape and mandibular advancement
were associated with substantial pitch (elevation), substantial yaw
(protraction), and moderate roll (long-axis) rotations of the
quadrate. Our data confirmed other hypotheses of moderate yaw
rotation between the dentary and compound of each hemimandible.
Similar to previous studies, we also found large long-axis
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rotations of the hemimandibles during advancement, which disengage
the teeth from the prey. These roll rotations then reversed to re-
engage the toothrow and grasp the prey before contralateral
advances. We hypothesize these rotations prevent tooth engagement
during hemimandible swings and reduce ingestion time. We
unexpectedly found that, during hemimandible roll, the saddle joint
between the quadrate and mandible dislocated, with displacements
greater than 10 millimeters. These data suggest that hemimandibular
long-axis rotations may be more ubiquitous than assumed within
vertebrate feeding mechanisms and integral to the evolution of
macrostomy in snakes.

2-2 Caplins, SA; University of California,

Davis; sacap/ins@ucdavis. edu

Evolve and resequence for egg size in a sea slug with striking
[ife-history plasticity

Developmental mode consists of suites of phenotypic and behavioral
traits that can influence micro— and macro—-evolutionary patterns
and processes including gene-flow, local adaptation, and speciation
and extinction. In marine invertebrates there are typically two
discrete types of developmental mode: large non-feeding, non-
dispersive lecithotrophic larvae and small feeding and highly
dispersive planktotrophic larvae. A few species exhibit
intraspecific variation for developmental mode (termed poecilogony)
and provide powerful systems to identify the minimum number of
genetic changes and environmental influences that underlie
developmental mode evolution. I used an evolve and resequence
approach to identify the genomic response to selection for
increased proportions of lecithotrophy in the poecilogonous sea
slug Alderia willowi. Lecithotrophy increased from 36% to 60-70%
after 5 generations of selection in low (16 ppt) and high salinity
(32 ppt) across 6 replicate populations. In a genome-wide test of
association I found 10 loci on 8 scaffolds to be associated with
developmental mode, showing the polygenic nature of developmental
mode in A. willowi. Sequencing the replicate |lines after selection
I found a significant change in allele frequency for these loci
that was shared across replicate lines. These results show that
there is standing genetic variation for developmental mode in A.
willowi that may be maintained via phenotypic plasticity.
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BSP-8-8 Gapshaw, G#; Soares, D; Christensen-Dalsgaard, J; Carr, CE;
University of Maryland, College Park, New Jersey Institute of
Technology, University of Southern Denmark,

Odense; gcapshaw@umd. edu

Directional hearing in salamanders

The evolution of the vertebrate auditory system, prior to the
development of acoustic communication, was driven to enhance the
detection of biologically relevant sounds within the environment
and to associate them with their source in order to construct an
auditory scene of their surroundings. The ability to localize
sounds confers a clear fitness advantage for species that can use
acoustic cues to facilitate navigation within a complex
environment, detect prey, and avoid predators. In many terrestrial
species, the tympanic middle ear is a key sensory feature enabling
the encoding of directional cues from sound sources; however,
fossil evidence reveals a delay between the water—-to-land
transition and the emergence of tympanic middle ears during which
the ancestral tetrapod ear was largely unspecialized for
terrestrial hearing. Inherently directional otolithic ears emerged
early in vertebrate evolutionary history, however, indicating that
peripheral encoding of directional acoustic cues may be an
ancestral feature of the tetrapod auditory system. Here, we used
atympanic salamanders to test the hypothesis that extratympanic
mechanisms for hearing are sufficient to confer directionality in a
terrestrial environment. We performed auditory brainstem response
recordings to investigate the peripheral encoding of directional
information in the auditory nerve from free-field sound pressure
stimuli. We combined these measurements with laser vibrometry to
assess the contributions of bone conduction mechanisms for
directional hearing in these atympanic species.

57-3 Cardenas—Posada, Gx; Iwaniuk, AN; Fuxjager, MJ; Brown
University Providence, RI/Wake Forest University Winston-Salem, NC,
University of Lethbridge, Alberta, Canada, Brown University
Providence, RI; cardgi6@wfu. edu

Brain size evolution precedes innovations in foraging strategy
among woodpeckers
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Understanding the correlated evolution of brain size and behavior
has interested biologists for decades. Many studies have
investigated the relationship between brain size and behavior, but
the majority of these, are correlational and therefore do not test
whether evolutionary changes in brain size precede behavior, or
vice versa. Here we address this gap by using phylogenetic
generalized least squares (PGLS) regression to test for
associations between brain size and foraging tactics in
woodpeckers. We then explore various evolutionary scenarios through
discrete trait modeling and reversible jump Markov chain Monte
Carlo (rjMCMC) analyses. This last method allowed us to estimate
evolutionary timelines by assessing |ikelihoods of certain
evolutionary transitions between states of binary traits. We show
that woodpecker species that rely heavily on extractive foraging
techniques, specifically those that feed on wood-boring larvae from
trees, have a larger brain relative to body size. Moreover,
extractive foraging and brain size coevolve, such that the ability
to feed on these larvae only arises in species that retained an
ancestral large brain. Thus, larger brains ‘evolve first' and
could provide the computational capacity needed to evolve
extractive foraging behavior and occupy new ecological niches.

55-9 Carr, EMx; Cohen, KE; Summers, AP; University of South
Florida, Friday Harbor Labs, University of

Washington; emi/ycarri@mail. ust. edu

The fate of tooth replacement in Pacific Lingcod (Ophiodon
elongatus) with pulse-chase experiments

Tooth replacement is difficult to assess in polyphyodont
vertebrates, but we used a pulse-chase technique to track tooth
replacement rate and location in oral and pharyngeal jaws. Pacific
Lingcod (Ophiodon elongatus) were immersed in Alizarin Red S dye
for 12 hours, then maintained in flow—through seawater for 2-10
days, and finally put in calcein dye for 12 hours. We used
fluorescence microscopy to reveal which teeth had both red and
green dye and which had only green dye; fluorescent green teeth
were newly replaced, and teeth with red or a combination of red and
green fluorescence predated the Alizarin treatment. The average
replacement rate across the dentary, premaxilla, vomer (palatine
included), and upper and lower pharyngeal jaws was determined to be
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3.6% per day. Replacement rate was significantly higher in the
lower pharyngeal jaw, leading to the hypothesis that feeding was a
driver of tooth replacement. However, when a similar 10 day pulse-
chase experiment was repeated for two groups of feeding and non-
feeding specimens there was no significant difference between the
replacement rates. We found that |ingcod teeth have a size and
location fate; smaller teeth at a certain jaw position will not
grow to replace larger teeth at another position. This was
determined by the presence of large green teeth (new) next to large
red teeth (old) in one position of the jaw, while other red teeth
in a different position remained small. We also found increased
rates of replacement at the anterior of the lower pharyngeal jaw
relative to the posterior. This leads to an appearance of more wear
on posterior teeth. We propose that teeth are not moving from front
to back on pharyngeal jaws, but the appearance of this motion is
due to differential replacement.

59-7 Carrasquillo, ALx; Crawford, DL; Oleksiak, MF; University of
Miami Rosenstiel School of Marine and Atmospheric

Sciences; alc251@miami. edu

Heritability of critical thermal maximum temperature in Fundulus
heteroc/itus

Global climate change caused by human activity over the course of
the last hundred years has altered our natural environment. One of
the largest anthropogenic changes is increase in temperature. These
anthropogenic increases in temperature, may require animals to
adapt to be more tolerant to heat stress. This adaptation requires
heritable variation in phenotypic traits that mitigate the effect
of increase in global temperature. One trait of susceptibility to
heat stress is critical thermal maximum temperature (CTmax). CTmax
Is measured as the temperature at which an animal displays loss of
equilibrium. CTmax is a phenotype that has been found to be highly
variable in Funaulus heteroc/itus a species of brackish killifish,
however, there have been no published measures on the heritable
this trait is in this species. These data are important because
they will give us insight into how fish species will change as
environmental temperatures increase. To quantify the heritability
of CTmax, individuals with highest and lowest CT Max will be
selectively bred. These selected offspring will be raised until
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they are mature and then tested for CTmax. Narrow sense
heritability (H?) is determine by the response (AR) to this
selective breeding (S) as defined by the breeder’s equation R=hS.
To determine heritability, this equation will be used.

102-4 Carter, AMx; Johnson, EH; Hsieh, S-T; Dodson, P; University
of Pennsylvania, Philadelphia, Cornell University, Ithaca, Temple
University, Philadelphia; caja@seas. upenn. edu

Range-of-motion in dorsal vertebra of ancient tetrapods

Ancient tetrapods evolved a diverse array of complex vertebrae 360
million years ago. These complex vertebrae—composed of separate
non-fused elements, or persistent notochords—were ubiquitous in
every major stem tetrapod |ineage. Nevertheless, paleobiologists
have struggled to come to a consensus on the role of complex
vertebrae on single vertebral joint range-of-motion (ROM), and in
turn, overall spinal flexibility. This disagreement is in part due
to the difficulty of modeling multipartite forms. Additionally,
only three families of extant animals (Lacertidae, Xantusi idae,
Gekkonidae) have complex vertebrae, the homology of their vertebral
elements, and applicability as modern analogs to understanding stem
tetrapod vertebrae remain unknown. However, with advances in 3D
digital modeling and printing, modeling complex vertebrae with
fidelity are now possible. To estimate vertebral ROM and passive
stiffness in ancient tetrapods, we used both 3D virtual models and
printing to investigate the form-function relationships of single
intervertebral joints in five well-preserved and understood ancient
tetrapods. These taxa represent different habitats, vertebral

forms, and maximum sizes. We hypothesized that multipartite
vertebrae would have greater ROM than taxa with fused elements but
persistent notochords (monospondylous). Contrary to expectations, we
found complex vertebrae have smaller ROM than monospondylous
vertebrae. Conversely, we find stiffness is related to habitat, not
vertebral composition. Finally, our results showed |inear and
angular measurements that are correlated with vertebral ROM in
extant taxa are not correlative in our Permian taxa, demonstrating
a need for more empirical studies.

30-6 Casbourn, GWx; Posl|iff, G; Henry, GC; MacDougal[-Shackleton, E;
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MacDougal |-Shackleton, S; University of Western Ontario,

London; gcasbour@uwo. ca

The role of testosterone in regulating the movement behaviours of
Juvenile migrant songbirds

The post-fledging period is a critical stage in the |ife of a
juvenile migrant songbird. Juveniles must develop their foraging
skills, as well as the flight, navigation, and orientation skills
that will allow them to make their first migration. Movement across
the landscape is critical to developing all of these skills, and
there is likely individual variation in the propensity to move.
Testosterone is related to individual differences in migration
distance in adult sparrows, but it has not been studied in the
context of other movement behaviours. This study used juvenile Song
Sparrows (Melospiza melodia) to investigate the relationships among
movement propensity in a novel environment, juvenile prospecting
movements, and testosterone profile. Testosterone profile is here
defined as the maximal level of circulating testosterone produced
in response to an injection of GnRH. We introduced fledged, free-
living juvenile birds to an artificial chamber (2.4 x 2.4 x 1.8 m)
containing 5 artificial trees, and recorded activity for 10 minutes
as an index of exploration behaviour. Following this, we injected
birds with GnRH to trigger a surge in circulating testosterone, and
col lected blood samples 30 minutes post-injection. Finally, we
radiotagged birds for 2-4 weeks to assess prospecting movements.
OQur findings will thus test for a relationship between individuals’
movement/exploration propensity within a novel environment and on
the natal landscape, and individual regulation of testosterone.

19-7 Cavagnaro, JW; Arizona State Univerity; ge/cothetoad@aol. com
Can fluorescence in reptiles and amphibians have a visual
signalling function?

Recent reports from diverse taxonomic groups have made it clear
that biofluorescence is widespread in terrestrial vertebrates. It
Is often presumed that this fluorescent coloration has a visual
signalling function, however this hypothesis is not well supported
by behavioral experiments or visual models, especially in reptiles
and amphibians. The striking glow of these animals under intense UV
I | lumination is misleading, as in natural lighting conditions the
low relative proportion of UV wavelengths means that fluorescent
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emissions will generally be overwhelmed by reflected |ight and thus
not visible. By modelling gecko perception of fluorescent color
patches measured with and without sunblock, [ show that the
fluorescent emissions of the palmatogecko, Pachydactyl/us ranger,
are imperceptible to conspecifics when viewed in daylight. [ also
describe previously unreported fluorescence from ten species of
reptile and one amphibian, primarily from the Namib desert of
Namibia and Angola. There is a notable correlation between
fluorescent reptile species and desert environments, as well as
latitude. Finally, 1 propose alternative hypotheses for the
function of external biofluorescence in reptiles and amphibians,
including UV absorbance and |ight sensing.

20-6 Caves, EM«x; Johnsen, S; University of Exeter, Penryn, UK, Duke
University, Durham NC, USA; e.m caves@exeter. ac. uk

The sensory impacts of climate change: Bathymetric shifts and
visual ly-mediated interactions in aquatic species

Animals use color in contexts ranging from mate choice to prey
detection to mutualistic partner choice. Color perception is a
function of the reflectance of a colour patch, the optical
properties of the medium, the viewer's visual system, and the
ambient illumination spectrum. In aquatic environments, ambient

i | lumination is dependent upon both depth and the optical
properties of the water, both of which can be altered by
anthropogenic processes. Many aquatic species have shifted deeper
in response to warming surface waters (known as bathymetric shifts)
at rates as high as 2 m/year, and dissolved and particulate
compounds are increasing in many bodies of water. Changes in water
color due to increased turbidity are well-described and can affect
interactions mediated by color signals. Bathymetric shifts can
result in similarly large changes to a species optical

environment, but no studies have yet focused on how bathymetric
shifts may impact visually-mediated interactions. Here, we draw
attention to a potential |ink between changes in temperature and in
an organism s visual world. We synthesize information on color
vision, optical environments in aquatic habitats, and signal
coloration. We discuss (1) the conditions under which bathymetric
shifts may impact color signaling; (2) what interactions might be
affected by bathymetric shifts; and (3) how organisms might respond
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to these changes. As oceans warm, and temperature fluctuations grow
more extreme, many species may be forced into deeper waters. Such
shifts can affect an organism's visual world, thus interfering with
a variety of behavioral processes, with important consequences for
fitness, population dynamics, and community structure.

100-3 Cavigelli, SAx; McMahon, EK; Farhan, S; Pennsylvania State
University, sac34@psu. edu

Consistency of behavioral phenotypes and underlying physiology
Behavioral phenotypes (BP) (personality, temperament) can be
relatively consistent within an individual over time and across
situations, and BPs can predict individual fitness and survival.
Several BPs have been identified, for example, some individuals are
reliably more exploratory, bold, active, or social than others.
While much research has characterized these BPs in different
species, their relative consistency across time and situations, and
the physiology that may drive their consistency is not well
understood. The objectives of this study were to determine relative
consistency of BPs across different situations and time, and to
determine associations of BPs with physiological processes. To
measure BPs, we used 3 different behavioral tests (Novel Social
Arena, Novel Object Arena, Partner Preference Task), each conducted
three times with 54 Sprague-Dawley rats. To assess physiological
processes, we measured glucocorticoid (GC) responses to acute
restraint, innate immune responses to |ipopolysaccharide, and
adaptive immune responses to keyhole |impet hemocyanin. Results
indicate that Social Boldness and Activity behaviors were
individual ly consistent across tests and time, whereas Exploration
behaviors were less consistent. Of the different physiological
responses, GC responses were most frequently associated with BPs.
Social Boldness and Exploration were associated with lower stress-
induced GCs and enhanced innate immune responses, whereas Activity
was associated with elevated GC reactivity, elevated basal pro-
inflammatory circulating cytokines, and lower innate immune
reactivity. The results indicate that certain behavioral phenotypes
are more consistent across time and situations than others, and
that underlying physiology may partially drive BP consistency. This
|l ine of research requires further investigation.
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BSP-2-3 Gellini, B*; Mongeau, J-M; The Pennsylvania State
University: bocb244@psu. edu

The critical influence of head movements on wing steering
responses in fly flight

Many animals move their eyes to direct and stabilize gaze. In
flight, insects stabilize gaze via a pattern of head and body
movements, yet their interaction remains unclear. We used a control
theoretic framework to study how head and wing movements are
coordinated and quantified how head movements shaped visual inputs
in tethered fruit flies. Head movements reduced retinal slip error
by up to 60% slowing down visual inputs. Head movements responded
to the visual stimulus in as little as 10 ms—which was more than
four times faster than wing movements—suggesting a temporal order
in the flow of visual information such that the head filters visual
information which then elicits downstream wing steering responses.
By comparing the responses of head-free and head-fixed flies, we
revealed that head movements increased the strength of downstream
wing steering efforts and improved coordination between the wings
and visual stimulus. Fixing the head of flies had a detrimental
effect on flight performance, decreasing wing gain, flapping
frequency, and overall thrust, thus reducing the total mechanical
power generated by the flight motor. To reveal how head movements
modulate visual inputs entering the brain, we simulated an
Elementary Motion Detector on a moving “head” . Head movements
shifted the effective visual input dynamic range onto the
sensitivity optimum of the motion vision pathway, allowing flies to
encode visual motion speeds two times faster than previously
thought. Overall, our findings reveal the critical role of active
vision in insect flight control.

BSP-8-6 Chai, CMx; Wen, C; Wong, WR; Park, HN; Cohen, SM;
Sternberg, PW; Caltech; cchailcaltech. edu

Discovery of a highly-conserved behavioral role for an interneuron
neuropeptide receptor

Throughout the animal kingdom, neuropeptide signaling mediates many
survival-promoting behaviors including foraging and the escape
response. Even in traditional model|l organisms |ike Caenorhabditis
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el/egans, however, the expression and function of several
neuropeptide G-protein coupled receptors (GPCRs) remain
uncharacterized. Here, we combine molecular genetics and high-
throughput behavioral screening to reveal a novel conserved
behavioral role for the nematode interneuron neuropeptide receptor
FRPR-14. We systematically screened 21 CRISPR/Cas9-generated
putative GPCR null mutants using two behavioral paradigms, the
posterior |ight touch-induced response and freely-moving locomotion
tracking assays. Although a third of mutants had at least one
phenotype, only the 7rpor-74 mutant was defective in both. A fror-
74 GFP reporter was expressed in the AVJ and AIB interneurons, both
of which are presynaptic to several command interneurons. However,
only AVJ-specific frpr-74 cDNA expression was sufficient to rescue
the full repertoire of mutant phenotypes. We next applied a
comparative approach by studying the homologous Cbr-frpr-

14 in Caenorhabditis briggsae. A Cbr-frpr—14 GFP reporter showed
expression in a single pair of interneurons with strikingly similar
morphology and relative anatomical position as the C. e/egans AVJ
neurons. While C e/egans AVJd-specific expression of Cbr-frpr-

74 cDNA rescued all mutant phenotypes, a putative Cbr-frpr-i14 null
mutant was only defective in the posterior |ight touch-induced
response. We conclude that although FRPR-14"s function at the
cellular level is evolutionarily—conserved, this is less evident at
the organismal level |ikely due to differing gene expression
patterns and neural architecture between species.

47-13 Chal lener, RC; Bellarmine University, Louisville,

KY. rchallener@bellarmine. edu

Teaching a women—in-science course. [essons from a biologist

There are many courses offered to undergraduates on the history of
women in the sciences (WIS) and the current conditions and issues
that WIS face. It is a timely topic to offer to our students, both
male and female, in the Sciences, Technology, Engineering and Math
(STEM) disciplines to increase their awareness and understanding of
the challenging and celebratory moments WIS have had and will have.
Most of these courses, if available, are offered through Gender and
Women' s Studies departments. The purpose of this talk is to
highlight that it is quite possible for a scientist to teach this
course and thus to encourage others to offer it at their
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institutions. In the Spring of 2020, I designed and co-taught an
Honors seminar on WIS to undergraduate students (n = 15) whose
majors were highly diverse (Biology, Biochemistry and Molecular
Biology, Psychology, Math, Music, Nursing, and Exercise Science).
The course was divided into four sections: the history of WIS, the
current issues WIS face, the cultural contexts surrounding WIS and
what the future might look like for WIS. Students found the
material and diversity of topics highly engaging and relevant to
their current and future personal and professional lives. This talk
will discuss recruiting co—instructors, syllabus design, and the
major ‘takeaway’ lessons learned from this endeavor. Ultimately,
from readings and topics to the size of the class (large or small),
there are many options and possibilities for a course of this
nature.

23-4 Chal lita, EJ*; Acharya, R; Krugner, R; Bhamla, S; Georgia
Institute of technology, United States Department of

Agriculture; elio. challitab@gatech. edu

Peeing one drop at a time. How sharpshooter insects use
superpropulsion to launch their fluid excreta and why
Shaprshooters are sap-sucking insects that use biological springs
located at their anal stylus to fling droplet excreta at high
speeds and accelerations. Here, we investigate the unique
catapulting mechanism used by these insects to eject the fluid
drops. Unlike the propulsion of rigid projectiles, where their
maximum speed is set by the speed of the underlying actuator, we
discover that sharpshooters exploit the elastic properties of water
droplets to fling them at 2 to 3 times faster speed than the

under lying actuator. We uncover how this ‘superpropulsion’ is
achieved due to a fine tuning between the catapulting frequency of
the anal stylus and the Rayleigh frequency of a liquid droplet.
Through mathematical modeling and scaling analysis, we outline the
biological and physical limits of superpropulsion, in comparison to
other fluid pumping techniques. We finally discuss the potential of
superpropulsion in engineering applications.

90-77 Chan, JKx; Thornton, JA; Riffell, JA; University of
Washington, department of Biology, University of Washington,
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department of Atmospheric Sciences; _Jjhkchan@uw. edu

Nighttime atmospheric oxidation of floral scent impacts the
ability of hawkmoths to locate a floral scent source

Floral scent is important to pollinators for locating flowers as it
relays information to pollinators regarding the quality of floral
food resources. Pollinators need to track floral scent in a dynamic
chemical environment, and these scent signals are vulnerable to
interference by degradation in the atmosphere. Nitrate radicals are
a dominant atmospheric oxidant at night in human polluted
environments, and here we simulate oxidation conditions at 120 ppb
ozone and 60 ppb nitrogen dioxide corresponding to a highly
polluted industrial environment. We investigate the impact of
nighttime nitrate radical atmospheric oxidation on floral scent
composition, and how this impacts pollination behavior by the
hawkmoths Hyl/es /ineata and Manduca sexta. Using gas chromatograph
mass spectrometry and electroantennographic detection we created an
artificial floral scent blend of the primrose Oenothera

pallida which is pollinated by these hawkmoths in the field. No-
choice wind tunnel behavior assays indicate that Manduca sexta is
attracted to the floral scent blend at a high rate both before and
after nitrate radical oxidation, however the time taken to locate
the scent source was significantly longer with the oxidized scent
due to a delay in the initiation of “cast and surge” scent
tracking behavior. Chemical analysis of the atmospheric oxidation
of the floral scent blend by nitrate radicals suggests significant
changes to floral scent composition after 90 seconds of atmospheric
oxidation. Together, these suggest that conditions generated by
human air pollution can significantly disrupt pollinator odor
navigation, which may impact pollinator services.

95-5 Chandrasegaran, K#%; Vinauger, C:; Virginia Polytechnic
Institute and State University (Virginia Tech), Blacksburg,

VA, karthikeyanovt. edu

Deciphering the mechanistic [inks between larval ecology and host-
seeking behavior in mosquitoes

Mosquitoes are important vectors that claim about a million |ives
every year worldwide by transmitting a range of diseases. As
larvae, they occupy diverse habitats and are influenced by a suite
of ecological factors that impact their adult life. Interestingly,
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the magnitude of these effects differs between males and females.
Female mosquitoes show great plasticity of body size in response to
environmental variability. Also, body size in females strongly
correlates with their adult behavior and reproductive traits. Here,
we varied levels of intraspecific competition to quantify how
larval conditions impacted olfactory responses of adult females
seeking hosts for blood. The preliminary results suggest that host-
seeking preferences are strongly linked to variability in female
body size. Analysis of the head transcriptome of large and small-
sized females reveals differences in genes |inked to the onset of
host-seeking and olfactory sensitivity. Using these results, we are
pursuing electrophysiological investigations to understand the
neural bases of the observed size-dependent variability in mosquito
host-seeking behavior. These results will be discussed in the
context of mosquito population dynamics and the ensuing disease
consequences.

29-4 Chang, ESx; Travert, M; Sanders, SM; Klompen, AML; Gonzalez,
P; Barreira, SN; Cartwright, P; Baxevanis, AD; NHGRI/NIH, U.
Kansas, U. Pittsburgh; sa/ly. chang@nih. gov

Insights from the draft genome assembly for the hydrozoan
Podocoryna carnea: Just the tip of the tentacle

Cnidarians are an excellent system for studying the evolution of
complexity and novelty given their diversity in body plan
organization and |ife history strategy. Building on the advances
made possible by the Hydractinia genome sequencing project, we are
generating a high-quality genome sequence for the closely related
hydrozoan, Podocoryna carnea which, unlike Hydractinia, has a
pelagic medusae (jellyfish) phase. These genomic data will
significantly advance comparative genomics studies aimed at
identifying the genomic toolkit specific to production of the
medusa |ife cycle stage and its constituent cell types, some of
which are stage-specific and potentially convergent to bilaterian
cell types such as striated muscle and photoreceptor cells. We will
also extend our current studies on allorecognition and sex
determination in Hydractinia to P. carnea, with a focus on whether
possessing a pelagic life cycle stage alters the genetic
architecture of these processes. Our initial sequencing of P
carnea laboratory strains reveals that its genome is highly
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heterozygous, leading us to adopt a trio-binning strategy for
assembling a fully phased genome of P carnea by long-read
sequencing of an F1 individual and short-read sequencing of both of
its parents. The preliminary Illumina assemblies of the parental
genotypes and PacBio assembly of the F1 (N50 > 1.5 Mbp) have
already proved useful for identification of medusa-specific genes
and potential allorecognition sequences. Ongoing improvements to
the P. carnea genome sequence, along with current and planned
stage— and tissue-specific single-cell RNA sequencing efforts, will
advance the tractability of P carnea as a model for evolutionary
genomics.

63-3 Chang van Oordt, DA%; Taff, CC; Ryan, TA; Vitousek, MN; Dept.
of Ecology and Evolutionary Biology, Cornell

University; dac385@cornell. edu

Context-based costs of innate immunity? Irade-offs between
reproductive effort and bactericidal capacity vary with timing of
breeding in a migratory bird

Immunity against pathogens comes at an energetic cost and organisms
often have to balance investment in immunity with other important
processes. For migratory birds, these trade-offs might be
especially apparent during the breeding season because of the
resources needed for demanding processes |ike egg—laying or
nestling provisioning. We searched for evidence of trade-offs
between immunity and investment in costly processes including the
corticosterone stress response and reproductive effort and success
in a breeding bird. We assayed bacteria killing ability (BKA) of
wild female Tree Swallows nesting in boxes, and measured both
baseline and stress—induced corticosterone levels. We found no
evidence of a trade—-off between BKA and the stress response.
However, we found that individuals with stronger BKA fed their
nestlings at slower rates. Among Tree Swallows, high quality birds
breed early in the season, while low quality birds breed later, lay
fewer eggs, and fledge fewer young. We found that late-breeding
individuals that had stronger BKA laid fewer eggs, while immune
capacity was not related to clutch size in early breeders. Despite
these differences in reproductive effort, there was ultimately no
association between BKA and nestling survival to fledging or number
of young fledged. The results suggest that birds in a population do
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not experience immune trade-offs equally, either because of
intrinsic differences among individuals, variation in overall
resource availability at different times in the season or shifting
resource-al location priorities throughout the year.

27-4 Chapman, TLx*; Bidwell, JR; East Tennessee State

University,; chapmant/@goldmail. etsu. edu

Field and behavioral analysis of microhabitat preference in two
species of Plethodontid salamanders in the Southern Appalachian
Mountains

This study examines the behavioral and physiological mechanisms
that restrict the northern gray-cheeked salamander (P/ethodon
montanus) to high elevation habitats. Slimy salamanders (P/ethodon
glutinosus) serve as a potential competitor with P montanus where
their distributional boundaries overlap. Plot surveys at Rocky Fork
(RFSP) and Roan Mountain (RMSP) State Parks, Tennessee, were used
to identify elevation |limits and habitat environmental conditions
for each species. A novel system was constructed to test behavioral
preference for temperature and relative humidity in a controlled
setting for each species. Habitat environmental conditions were
significantly different between the species at both study
locations. In controlled trials, P montanus behavioral preference
was strongly correlated with average night temperature of
collection day. We used a recently developed, non-invasive method
of measuring cortisol (CORT) from dermal swabs to measure the CORT
response during behavioral trials and when exposed to acute stress
in the field. The next phase of this study will involve testing the
CORT response of both species during a reciprocal transplant study
at RMSP.

6-3 Chase, HT; University of Montana; A//atzipora@gmail. com
Decolonizing through interdisciplinarity.: roots-based integration
In our pursuit to assuage issues of science and society, we often
separate between outreach to underserved communities and issues of
diversity inside academia. When minority students from these
communities must assimilate to succeed in the dominant academic
system, this harms the student, distances them from their
community, increases distrust in academia, and invalidates the

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



e131

goals of diversity initiatives. Systemic reform like decolonizing
academia is thus necessary to allow minorities to not only access
careers but affect the system itself. In order to address such
complex and integrated issues, however, we need a deeply
integrative paradigm; Roots-Based Integration (RBI) seeks to meet
this need. RBI uses a systems-based, relational approach to find
and use existing connections rather than artificially “bridge”
categorized disciplines. It provides hands-on training for the
design, execution, and impact of integrative work, and forms a
network of resources and support far beyond academia. In Spring
2020 I created a seminar called “Integrating Art and Science” as a
pilot to apply RBI, with a cohort of 11 students from 9
disciplines. The course included both practical training in
professional skills and theoretical training in relational
thinking, non-Western approaches to knowledge, and other RBI
principles. This enabled students to create interdisciplinary
projects with extensive impacts that benefited their careers and
design and pursue this work in a way that consciously and
holistically aids in the decolonization and diversification of
academia. A key factor in facilitating this was training students
from a basis of respect: respect for different disciplinary
approaches within the dominant academic system, and respect for
different cultural approaches to learning and knowledge that
promote exchange and collaboration, rather than the “bestowal”
mode| often used in serving minority communities.

25-13 Chase, HT*; Tobalske, BW; University of

Montana; A/latzipora@email. com

Trying to understand bird bone? You’|l need reinforcements!
Though birds have long been admired by biologists and engineers
alike for having “lightweight” bones with specialized
“reinforcements,” little work has been done to investigate the
internal structure of wing bones. This internal matrix (trabecular
bone) is a complex system of struts and plates found in epiphyses
across vertebrates. While birds are not unique in having extensive
trabecular matrices, they do appear unique in having larger,
sparser structures that extend into the diaphysis. Long assumed to
act |ike trusses, these “reinforcing structures” (RS) also seem to
be a continuous part of the trabecular matrix, a highly complex
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structure more akin to a cellular solid. Recent studies model RS in
the bird wing as either torsion-adapted ridges or bending-adapted
struts. But observations of actual variation in RS across a broad
phylogenetic sample of microCT scans shows far higher structural
diversity than ever reported. We thus used a holistic, phylogenetic
approach to investigate the mechanical role of these structures in
the bird wing. Comparative, anatomical samples of bone containing
RS were 3D printed and mechanically tested under both bending and
torsion, paired with “hollow” versions (RS removed). Initial tests
of a small flapping and large soaring species showed no obvious
congruence with previous models— both performed better under
bending than torsion, and neither showed significant differences in
stiffness in hollow vs. intact trials. However, variation in
stiffness was significantly lower in hollow than intact samples
across both species and conditions. Ongoing work across species
will better elucidate the complex mechanical role of wing-bone RS,
and along with concurrent analyses on cortical-trabecular
tradeoffs, these more holistic approaches will provide crucial
insight into the functional morphology of bird flight.

BSP-17-8 Chaumel, J#*; Schotte, M; Bizzarro, JJ; Zaslansky, P;
Fratzl, P; Baum, D; Dean, MN; MPIKG, ZUSE, University of
California, Charité Hospital; _Jju/ia. chaumel@mpikg mpg. de

Do the cells in stingray mineralized cartilage perform the roles
of bone cells? Quantitative analysis of the |acuno-canalicular
network in stingray tesserae

In most vertebrates the embryonic cartilaginous skeleton is
replaced by bone during development. During this process, cartilage
cells (chondrocytes) mineralize the matrix and mostly die, giving
way to bone cells (osteocytes). In contrast, sharks and rays
(elasmobranchs) have cartilaginous skeletons throughout |ife, where
only the surface mineralizes, forming a layer of tiles (tesserae).
Unlike other vertebrates, elasmobranch chondrocytes survive
cartilage mineralization and are maintained alive within tesserae.
However, the roles of the chondrocytes remain unknown. Analyzing
synchrotron microCT scans of tesserae, we characterize variations
in the morphologies and arrangements of stingray chondrocyte
lacunae. We show that the cell density and cell volume do not
differ between the unmineralized and mineralized tissue and,
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indicating they do not proliferate, hypertrophy and die as in other
taxa. The cell density increases near pores passing through the
tesseral layer, suggesting these may constitute a nutrients source.
Tessera lacunae show distinct zonal variation in their shapes -
being flatter further from the cartilage matrix and spherical in
the center of tesserae—, and a strong orientation toward
neighbouring tesserae, perhaps providing a fingerprint of the
tesserae development, while indicating local variation in tissue
strain and cell function. Lacunae are |inked by small passages
(canaliculi) in the matrix, connecting lacunae in series and
creating a rich connectivity among cells and tesserae. These
results indicate that these cells may interact and manage
mineralization differently from chondrocytes in other vertebrates,
perhaps performing analogues roles to osteocytes in bone

47-3 Cheatle Jarvela, AMx; Trelstad, CS; Pick, L; University of
Maryland Col lege Park; ajarvel/a@umd. edu

Genome editing in mosquitoes reveals evolutionary handover of
regulatory gene function

Gene regulatory networks are the programs that translate genomic
information into body plans and structures during development.
Regulatory genes that compose such networks are often highly
multifunctional and constrained, which results in evolutionary
conservation. It is difficult to understand how a regulatory gene
could be lost from the genome of one species when it is essential
for viability in closely related species. The segmentation gene
paired is a classic Drosophil/a pair-rule gene, required for
formation of alternate body segments. pa/red is highly conserved;
it is required for pair-rule patterning in distantly-diverged
insects from flies to beetles. Surprisingly, pa/red was lost in
mosquitos without morphological consequence on body patterning.
Here, we demonstrate that a pa/red family member, gooseberry, has
acquired paisred-1ike expression in Anopheles stephensi, the Asian
malaria mosquito. Using CRISPR-Cas9, we generated a targeted knock-
out of Anophel/es-gooseberry and found that mutants display pair-
rule phenotypes similar to those seen for Drosophi/a-paired.
Further, this loss-of-function mutation in gooseberry resulted in
the same alteration of downstream target gene expression observed
in Drosophil/a and beetle pa/red mutants. Thus, pa/red was
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functional ly replaced by the related gene, gooseberry, in mosquito
| ineages. Our findings document a rare example of a functional
replacement of an essential regulatory gene and provide a
mechanistic explanation of how the loss of regulatory genes can
occur during evolution.

105-11 Chen, Wx; Zhu, J; Stankovic, J; Lauder, GV; Bart-Smith, H;
University of Virginia, Harvard University; wecbqd@virginia. edu
Tuna robotics: using machine learning and inertial measurement
sensors for sensory feedback during swimming

Sensory feedback information is essential for fish to explore and
inhabit various habitats or survive predator—-prey encounters.
Inspired by fish lateral |ine sensory systems, numerous flow
sensors have been successfully developed based on MEMS technology
which has the potential for applications on autonomous underwater
vehicles. However, many challenges, such as robustness against
extreme underwater conditions, installation, and signal readout,
need to be overcome to realize this promise. To overcome the

chal lenges, we present Vibot, the first non-invasive inertial
measurement unit (IMU) method to understand and recognize fluid
interactions with the robotic fish. Vibot works by using a
commercial off-the-shelf IMU to study interactions between a tuna-
inspired robotic platform, the Tunabot, and a variety of flow
conditions including laminar flow, a Karman vortex street, and wall
effects. We propose a vibration model of fluid Interactions and
utilize an Artificial Neural Network (ANN) to analyze and recognize
different water flow conditions. Experiments are carried out in a
water channel with the Tunabot platform. Results will be presented
and compared with previous results using MEMS flow sensors.

/3-4 Chen, Y; Dedong, JT; Jaeger, RA; Martinez, A*; University of
California Davis, CGalifornia Department of Water

Resources; amart@ucdavis. eau

Scaling of burrowing resistances with sediment depth: a
geomechanical perspective

Burrowing by animals such as marine worms, earthworms, and clams
requires overcoming sediment resistances. Two of the resistances
that influence an animal’ s burrowing ability are the soil
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penetration resistance experienced at the burrow tip and the radial
expansion pressure on the burrow walls. The magnitude of these
depends on the sediment properties and depth. We perform numerical
simulations to investigate the dependency of the penetration and
radial expansion pressures on depth in soil of varying density. We
use a ‘tip and anchor’ template, where the tip is advanced
longitudinal ly and the anchor is expanded radially. We perform
simulations using a cavity expansion (CE) analytical solution and a
discrete element modeling (DEM) code calibrated to model the
behavior of a sandy soils. The simulation results show that the
relationship between penetration resistance, anchor radial
pressure, and depth can be described using power—-law relationships.
The radial pressure increases at a greater rate as the depth is
increased (exponent of 0.74 from CE and of 0.82 from DEM) than the
penetration resistance (exponent of 0.69 from CE and of 0.69 from
DEM) for sediments with high density. However, as the density is
decreased, the rate of increase in both pressures becomes
comparable (exponent of 0.79 for both from CE in low-density
sediment). These results suggest that as the ‘tip and anchor’
burrowing strategy becomes more advantageous at greater depths.
These results support previously—published observations indicating
that marine worms that burrow at greater depth use variations of
the ‘tip and anchor’ template such as peristalsis and the so-
called ‘dual-anchor’ strategy, while animals that burrow at

shal lower depths use different strategies.

7103-9 Cheu, AYx; Bergmann, PJ; Clark University; acheulc/arku. edu
Choose your own adventure: Performance and kinematics of multiple
climbing and swimming strategies in [izards

Based on the physical composition of their environment, animals are
often required to perform various modes of |locomotion. However,
within each mode there may be several different strategies that an
animal can employ. It is unknown whether these strategies differ in
the level of performance and how such potential differences are
mediated by body and |imb kinematics. Such performance differences
may have behavioral and ecological implications where, for example,
IT one strategy had a higher velocity and the other has higher
acceleration an animal may use the former to pursue prey and the
latter to escape predators. In basilisk |izards (Bas/i/iscus
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vittatus), climbing can be achieved with either the |imbs being
used synchronously, akin to hopping up a vertical surface, or
asynchronous |y, where the left and right hind |imbs are out of
phase. In swimming locomotion, these lizards will often perform
swimming by axial undulation with their |imbs folded against their
body, but they can also adopt paraxial swimming, using their
hindlimbs to kick. Here we address the question: How do the
different strategies within each mode of locomotion differ in their
performance and kinematics? This study aims to address (1) if the
maximum and average velocities and accelerations and axial
kinematic variables differ between synchronous versus asynchronous
gaits in climbing and between paraxial and axial swimming
strategies and (2) if higher performance in one strategy correlates
with increased frequency of use of that strategy over the other.

58-4 Chiari, Yx; Moreno, N; Roy, R; Kostanecki, A; Brockman, S;
Holl, C; Solhaug, EM; Minami, A; Hampton, M; Bee, M; Hegeman, A;
Carter, G; George Mason University, University of Minnesota,
University of Minnesota; ychiari@emu. edu

Preference for colored nectar in Phelsuma |aticauda

Many flowering plants rely on pollinators to spread their pollen.
Although insects are the most common pollinators of flowering
plants, other animals, including bats and l|izards, also perform
this role. Depending on their main pollinators, plants may evolve
different floral color to attract the pollinators and nectar and
pollen to reward them. Among the flowering plants that have nectar,
only a few of them have colored nectar, which may also work to
attract pollinators. In Mauritius, the flowering plant Nesocodon
maur itianus has blood-red nectar — which stands out as a color
contrast from its flower - and is pollinated by day geckos
belonging to the genus Phelsuma. These flowers are found on
vertical cliffs in areas within the distribution of at least one
species of Phelsuma day geckos. Previous studies have shown that
some Phelsuma geckos prefer red-colored nectar over clear nectar
with the same composition. Here we present our results on
visitation and feeding of colored vs. non-colored nectar for
another species of Phelsuma, P. laticauda — which does not occur in
the same environment as N. mauritianus. Our results indicate a
clear preference in terms of visitation and feeding for the colored
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nectar suggesting that preference for red-colored nectar may be
widespread in the genus Phelsuma.

36-70 Childers, JL*; Bowie, RCK; Museum of Vertebrate Zoology, UC
Berkeley: _Jjchilders@berkeley. edu

Evolution of elaborate nest design in the 0/d World weavers
(Ploceidae)

Nest structures are widespread across animals and yet are one of
the most understudied components of avian |ife history. Some of the
most remarkable examples of elaborate nest design are within the
Weaverbirds (Ploceidae), an 0ld World family of Passerine birds
containing 117 species in 17 genera, making them an ideal model
system for studying evolutionary patterns of biodiversity. While it
is known that each species constructs a uniquely designed nest, the
evolutionary factors that influence design are unknown. Previous
work on Weaverbird nests has focused on qualitative descriptions of
nest design and shape within the subfamily Ploceinae, and no study
to date has attempted to include fine-scaled nest character data
using continuous and meristic measures of nest design within a
phylogenetic framework. For this study we collected data for 30
morphological variables related to nest size, shape and material
composition from 576 nest specimens housed in several natural
history collections in North America and Europe (NHM, WFVZ, ZMB).
Our sampling includes representatives from 82 species in 13 genera,
representing over 70% of the taxonomic diversity across the
Ploceidae. Comparative statistics have resulted in the
identification of 9 highly informative nest character traits that
vary significantly between species including overall nest volume,
egg chamber length, entrance diameter size, and entrance tube
length. Currently our research involves taking these initial
results and placing them within a phylogenetic context by combining
our nest character data with existing DNA sequence data for the
Ploceidae to perform ancestral state reconstruction and trait-
dependent diversification analyses.

$4-76 Childress, MJ%; Tallapragada, M; Prosser, KL; GClemson
University, Temple University, Educational
Entertainment; mchi/dr@c/emson. edu
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Something Very Fishy.: An ocean [iteracy STEAM exhibit impacts how
children, teachers, and university students think about science
Informed by the theory of change for public engagement and decades
of research in communication and education, we present a
quantitative assessment of a marine science themed STEAM exhibit
focused on ocean conservation and climate change. Our target groups
included elementary school students and their teachers who attended
a musical theatrical production and companion science exhibit
manned by university student docents. The school children were
provided an SVF student workbook in advance of attending the
exhibit and were asked to complete assessments pre and post-exhibit
including: (1) a drawing of what it looks |ike under the sea, (2)
choosing their three favorite careers survey, and (3) gauging their
feelings and interests in the program survey. For teachers and
docents, we used a post exhibit survey to assess their attitudes,
knowledge, norms, careers, and intentions toward science, climate
change, and ocean |iteracy. After attending the exhibit children
demonstrated an increased awareness of the role that humans have on
our oceans and an increased interest in STEM related career
options. Elementary teachers showed a positive attitude toward
teaching marine conservation and climate change and willingness to
participate in further training in these subjects. University
student docents that participated in the exhibit as instructors
demonstrated an efficacy for teaching marine science and an
identity toward science communication as a career. These results
have implications for researchers exploring the impact from
informal experiences on attitudes, knowledge, norms, intentions,
and careers of students, and for practitioners and teachers
exploring ways to use art to teach about the environment.

37-5 Chinn, SM%; Kilgo, JC; Vukovich, M; Beasley, JC; University of
Georgia, USDA Forest Service Southern Research Station, New
Ellenton, SC ; sarahchinn@uga. eau

Intrinsic effects on neonate survival of an invasive large mamma/
An understanding of factors influencing survival of neonate wild
species is important for successful management, particularly for
determining drivers of population dynamics. Wild pigs (Sus scrofa)
are non-native in the U.S., where populations are rapidly
increasing in part due to high reproductive capacity. Survival of
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adults is generally high and less variable than younger age
classes. However, survival of piglets, and particularly neonates,
Is largely unknown due to difficulty in capturing and tracking
individuals. Our objectives were to locate neonates at the natal
nest and quantify survival to six weeks in relation to individual
biological attributes and stochastic environmental variables.
During 2017-2020, we captured 50 neonates from 15 litters and
documented 26 mortalities (52%) over six weeks. Survival was
positively influenced by wild pelage coloration, |ikely as a form
of camouflage from predators, as well as sow condition where sows
may have higher lactation capacity and flexibility to decrease
foraging immediately after birth to remain attentive at the nest.
Larger sows may also be better able to defend neonates from
predators. Using average temperature of the natal nest area (within
25m), average nest area luminosity and percent canopy cover we
created a second set of candidate extrinsic models to assess
survival to 10 days. None of these parameters showed a significant
influence on survival as the null model was included in the top-
ranked models. These are the first data for neonate wild pig
survival and will inform population models for the development of
management strategies to reduce negative impacts of this
destructive invasive species on native ecosystems.

47-2 Chipman, AD; The Hebrew University; ariel. chipmanthuji. ac. i/
The developmental basis of insect tagmatization

The segmented body plan is one of the hallmarks of arthropod
structure. Morphological segments are formed during embryogenesis,
through a complex procedure involving the activation of a series of
gene regulatory networks. The segments of the arthropod body are
organized into functional units known as tagmata, and these tagmata
are different among the arthropod classes (e.g. head, thorax and
abdomen in insects; prosoma and opisthosoma in arachnids). Recent
work has shown that the process of segmentation varies for
different tagmata within the same embryo, and that these
differences appear to be consistent across arthropods. For example,
in many insects, gnathal and thoracic segments are generated
simultaneously during an early developmental stage, whereas
abdominal segments are generated sequentially from a posterior
growth zone during the germband stage. 1 will focus on work
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on Oncopeltus fasciatus, but also compare to work carried out on
additional species. Looking back at the arthropod fossil record
with this embryological insight, allows us to understand the
functional changes underlying major transitions in the evolution of
the arthropod body plan.

65-9 Chmura, HEx; Burrell, G; Buck, CL; Barnes, BM; Williams, CT;
University of Alaska Fairbanks, Northern Arizona

University,; hchmura@alaska. edu

Soil| freeze date and onset of sub-zero heterothermy in hibernating
arctic ground squirrels track climate change in Arctic Alaska
Hibernation evolved as a means of energy conservation during
periods of resource scarcity. By depressing metabolic rate and body
temperature, animals reduce energy demand and persist on endogenous
and stored reserves. Arctic ground squirrels are extreme
hibernators, exhibiting sub-zero body temperatures while
hibernating in burrows that may be as cold as -20C. To survive such
low ambient temperatures, arctic ground squirrels exhibit
thermogenic torpor, which means they defend low torpid body
temperature set points through the expenditure of fat reserves. Two
reliable signals of climate change in the Arctic are soil warming
and changes in the timing of seasonal soil freeze-thaw cycles.
These changes have the potential to affect arctic ground squirrels,
and other hibernators, by warming burrow temperatures and changing
the duration of the sub-zero heterothermic season. Here we examine
long-term records of soil temperature and the phenology of
hibernation in free-living arctic ground squirrels collected at two
field sites on the North Slope of Alaska for signatures of rapid
climatic warming. We show that over the last twenty-five years, the
duration of seasonally frozen soil has shortened. At the same time,
the onset of sub-zero heterothermy is occurring later in
hibernating ground squirrels. We discuss the implications of these
results for hibernating animals and hibernation as a |ife history
strategy given continued climate change.

9-3 Chow, Ax; Lord, N; Louisiana State University AgCenter
Department of Entomology, Baton Rouge, LA; ab/echow?9@gmail. com
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Jewels of iridescence: Mechanisms of structural color and its
significance in insect systematics

Taxonomy defines the basic categories on which all biological
research operates. In Jewel Beetles (Coleoptera: Buprestidae), the
8th most speciose Coleopteran family with >15, 000 species, color is
often utilized to distinguish between morphologically similar
species. The taxonomically difficult genus Chrysochroa is assembled
of several morphological ly conserved species—complexes that exhibit
a diversity coloration, and differential interpretations of
perceived color have furthered taxonomic instability. Colors in the
members of Chrysochroa are produced through organized, alternating
layers of melanin and chitin in the epicuticle, forming Bragg
stacks which selectively reflect specific wavelengths of light and
change with the angle of |ight and the observer. In this research,
we investigate color as an extended phenotype in the form of
spectral reflectance measured through spectrophotometry, and as
ultrastructural morphology analyzed through transmission electron
microscopy (TEM) and scanning electron microscopy (SEM). The
resulting color data was combined with morphological and
biogeographical analysis to produce a revision of the

subgenus Chrooxantha (Buprestidae: Chrysochroa). Superficially
similar taxa previously classified as the same species were
revealed to possess distinctly different spectral reflectance
patterns produced by divergent epicuticle ultrastructure.
Dissection further revealed species level differences in internal
morphology, and distributional boundaries indicative of allopatric
speciation were discovered through biogeographical analysis. The
ability to evaluate color objectively at multiple levels has opened
up new suites of highly informative characters previously
unavailable to taxonomists enabling further research in evolution
and systematics.

80-1 Christensen, BAx; Schwaner, MJ; Lin, DC; McGowan, CP;
University of Idaho, Moscow , University of Idaho, Moscow,
Washington State University, Pullman ; chri4094@vandals. uidaho. edu
Elastic energy storage across speeds during steady state hopping
of desert kangaroo rats (Dipodomys deserti)

While effective “biological springs” are present across species,
large bipedal hoppers (i.e., kangaroos and wallabies) offer model

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



el142

examples of elastic energy storage and return mechanisms. For
example, for these species, oxygen consumption during steady-state
hopping does not increase linearly with speed as expected, but
rather stabilizes as speed increases. Despite body design
similarities, smaller bipedal hoppers, such as desert kangaroo
rats, do not exhibit this energetic benefit. They are also thought
to not benefit from analogous elastic energy storage due to
comparatively thick tendons. However, recent material properties
research reports a lower elastic modulus for the species’ ankle
extensor tendons than originally assumed. These new elastic modul i
values prompted our inquiry into how an increase in speed
influences elastic energy recovery by kangaroo rats. For direct /n-
vivo measurements, a buckle force transducer was surgically
attached to the ankle extensor tendons as animals (¥ = 3) hopped
across a range of speeds (1.3 - 1.9 m/s). Increased speed resulted
in increased tendon stress, rising from 2.69 MPa to 3.49 MPa, and
increased energy storage, ranging from 0.88 mJ to 1.5 mJ. Based on
estimated mechanical power requirements, results indicate energetic
return is optimized at specific speeds, with percent energy savings
increasing from 3.85% at 1.3 m/s to 5.19% at 1.7 m/s, but then
falling to 4.38% at 1.9 m/s. Future analysis will include /n-

vivo strain assessments of individual ankle extensor muscles to
better understand the patterns underlying labor division between
muscle work production and elastic energy storage during hopping.

BSP-8-9 Chugh, S#*; Maruska , K; Louisiana State University, Baton
Rouge, LA; schughl@/su. edu

Role of nesfatin-1 in energetic state and maternal mouthbrooding
in a cichlid

Role of nesfatin-1 in energetic state and maternal mouthbrooding in
a cichlid .Chugh, S and Maruska, K Schughl@lsu. edu Louisiana State
University, Baton Rouge, LA. Feeding and energetics are fundamental
processes in all species that must be balanced with reproductive
investment. The regulation of reproduction and feeding is complex,
with many hormones that act via central and peripheral

mechanisms. While many regulatory molecules are well studied, a
relatively new candidate peptide, nesfatin-1 (encoded by

the nucb? gene), has emerged as a key player involved in both
feeding and reproduction across vertebrates. Studies in diverse
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vertebrate taxa show that it reduces appetite via central and
peripheral regulation and has effects on reproduction. How nesfatin-
1 might help regulate trade-offs between feeding and reproduction,
however, is unexplored. The female cichlid fish Astatot//apia
burtoni/ is an ideal system to examine the role of nesfatin-1 in
feeding and reproduction because it cycles between a gravid feeding
state while preparing to mate, and a forced starvation state while
carrying the developing young in their mouths for "2 weeks. To test
whether female energetic state associated with mouthbrooding was

| inked with changes in the central nesfatin-1 system, we compared
the number and size of nucbZ-expressing cells in the brain of
mouthbrooding, starved and fed females using /n-situ hybridization.
Using gPCR we measured nucb? mRNA levels, also testing for similar
differences in peripheral tissues(stomach, liver and intestine).
Examining central and peripheral nucb? levels in the same females
helps explain the role of nesfatin-1 in allocating energy during
the female reproductive cycle. Our study will lead to a better
understanding of the evolution of nesfatin-1 regulatory pathways,
which also has biomedical implications for treatment of obesity and
diabetes.

$§2-9 Churches, N; Chancellor, J; Chang, P; Nuzhdin , S%; Univ.
Southern California, Seedoffshore, LLC; snuzhdin@usc. edu

Pacific oysters (Crassostrea gigas) dramatically recalibrate the
mode/ for the upper [imit of the eukaryotic mutation rate

The study of bivalves is currently enjoying a significant increase
in both private and scientific interest, and duly so. Bivalves have
historically been implemented in studies investigating strange
evolutionary phenomenon (e.g. Sweepstakes Reproductive Success),
rare genetic transmission mechanisms (e.g. doubly-uniparental
mitochondrial inheritance), sentinel species for ocean
acidification response, and more recently as a sustainable food
source for the future and domestication target. The generational
mutation rate in the emerging bivalve model organism the Pacific
oyster, Crassostrea gigas, had previously been hypothesized to be
among the highest yet estimated in eukaryotes, however empirical
proof was absent. The study presented for consideration here uses
whole genome sequencing data from trios (mother, father, and a set
of offspring) to directly and empirically estimate per nucleotide
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mutation rate for the first time in mollusks, using the Pacific
oyster. We found that the Pacific oyster has a mutation rate that
Is 2-3 orders of magnitude larger than any yet reported among
eukaryotes (T10-5 per base per generation). This finding shifts the
upper limit of hypothesized mutation rate for eukaryotes,

similarly, 2-3 orders of magnitude, and indicates that perhaps
organisms undergoing type III/r-selected survivorship within
chaotic oceanic environments may be under selective pressure to
decrease or eliminate basic molecular functions, including DNA
replication fidelity. Our findings implicate the use of the Pacific
oyster an ideal system for studying novel DNA replication
machinery, and will have a significant impact for evolutionary
theory studies and selective breeding programs alike.

/2-1 CGieri, RLx; Dick, TJM; Clemente, CJ; University of the
Sunshine Coast, Sippy Downs, Queensl!and,

Australia; bob.cierilgemail. com

Ground reaction forces in monitor [izards (Varanidae) and the
scaling of locomotion in sprawling tetrapods

Geometric scaling predicts a major constraint for legged,
terrestrial locomotion. Locomotor support requirements scale
isometrically with body mass (a M), while force generation
capacity should scale a M¥® as it depends on cross-sectional area.
Mammals compensate with more erect postures at larger sizes, but it
remains unknown how sprawling tetrapods deal with this constraint.
Varanid lizards are an ideal group to address this question because
they cover an enormous body size range while maintaining similar
posture and body proportions. This study reports the scaling of
ground reaction forces and duty factor from varanid lizards ranging
from 7-37,000 g. Impulses (o M®%13) and peak forces (a M 72709%)
scaled higher than expected. Duty factor scaled a M*% and was
higher in the hindlimb than in the forelimb. The proportion of
vertical impulse to total impulse increased with body size, and
impulses decreased while peak forces increased with speed. Muscle
parameters (fascicle length, muscle mass, and physiological cross-
sectional area) were also found to scale with positive allometry in
varanids, suggesting that varanid |izards respond to predicted
biomechanical demands of increased body size with both anatomical
and kinematic adjustments. Peak forces scale O M?3), suggesting
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that muscle and skeletal strength increases with positive
allometry, but (< M), suggesting that larger varanids also
increase duty factor to spread body support over a longer period.
These results provide insight into the biomechanics of extinct,
sprawl ing megafauna.

55-2 Clardy, TR#*; Deary, AL; Natural History Museum of Los Angeles
County, Alaska Fisheries Science Center, NOAA; tc/ardy@nhm. org
Ontogeny of the feeding apparatus of the white croaker, Genyonemus
| ineatus (Sciaenidae)

The anatomy of the feeding apparatus of fishes, including the oral
and pharyngeal jaws, is closely linked with ecology. Elements of
the jaws can undergo drastic changes during development as species
transition from larval diets to specialized adult diets. The timing
of feeding apparatus specialization can be crucial for species that
differentiate into specialized foraging habitats. The family
Sciaenidae is a species—-rich group of nearshore fishes with varied,
specialized diets as adults and can be classified into three broad
foraging guilds: benthic, generalist, and pelagic. Ontogenetic
trajectories of jaw development have been evaluated for sciaenids
in the Northwestern Atlantic but have not been evaluated for
sciaenids in the Northeastern Pacific. Here, we examine jaw
development of the White Croaker, Genyonemus /ineatus, a generalist
sciaenid that ranges from Baja, Mexico to Northern California, USA,
and is exploited recreationally. A developmental series of &
[ineatus, ranging from 4.1 to 43.2 mm TL, was cleared and stained.
Anatomical features of the oral and pharyngeal jaws and gill arches
were measured to assess development of the feeding apparatus. The
observed patterns for G //neatus then were compared against
sciaenids from the Northwestern Atlantic from benthic, generalist,
and pelagic guilds to test whether Northeastern Pacific sciaenids
share similar developmental trajectories. Ecomorphological studies
such as this one are robust and applicable to fisheries management.
Once links are established between an individual species’ anatomy
and stage-specific ecology, essential fish habitat requirements can
be forecast for less studied, but exploited, fishes throughout
their life history.
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$3-4 Glark, GJ; University of California, Riverside; ccl/ark@ucr. edu
Seven ways that wings produce sound in flight

Acoustic communication sounds evolve when receivers begin to attend
to sounds that were previously an incidental byproduct of another
process. Here, we review the physical acoustic mechanisms by which
wings intrinsically produce sound. The first mechanism intrinsic to
all flapping wings is the aerodynamic reaction to |ift and drag, in
the form of low frequency, tonal sound. This mechanism is
responsible for hummingbird humming and the tonal wing whine of
mosquitoes and other insects. The second mechanism is production
and scattering of turbulence by the wing, which usually generates
atonal sound. The third mechanism is friction: elements within a
wing (i.e., feathers) slide against each other, generating
localized vibrations that are transmitted to the air as sound that
is broadband (atonal). This effect appears to be widespread in bird
flight, and possibly in some large insects such as grasshoppers.
The fourth mechanism is collisions (percussion), such as when a
wing collides with another object, and generates impulsive, atonal
sound. A few birds and possibly one bat produce communication sound
in this way. The fifth mechanism is a stiff element that can snap
back and forth between two stable states (a tymbal). Insect cuticle
is predisposed to do this, and this usually atonal mechanism has
evolved several times in insects such as grasshoppers and
butterflies. The sixth mechanism is flutter: an element activated
by airflow oscillates at a natural frequency. Feathers are
predisposed to flutter and this mechanism is widespread in birds.
We finish with examples of sounds for which the physical acoustic
mechanism is not yet understood, including the drumming sound made
by Ruffed Grouse, and clapping (such as of dove wings). These
sounds might be the product of a seventh mechanism, trapped air
escaping from a confined space, similar to the mechanism produced
by clapping human hands.

97-171 Clark, AEx; Meredith, TL; Porter, ME; Florida Atlantic
University, Florida Atlantic University ; c/arka20140fau. edu
Using diceCl to quantify in situ olfactory rosette morphol/ogy
among e lasmobranchs

Although the general morphology of the olfactory system in
elasmobranchs (sharks, rays, and skates) is structurally similar
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among species, there is variation in the shape and structure of the
paired olfactory rosettes. Previous studies on the morphology of
olfactory rosettes, which are composed of soft tissue that is
situated within a rigid cartilaginous capsule in the cranium,
involved the dissection of the organs from the cranium. A
limitation of this method is that the organs do not retain their
natural positioning and shape because they lose the structure that
is provided by the capsule. The goal of this study was to provide
quantification of /n s/tu rosette morphology through diffusible
iodine-based contrast-enhanced computed tomography (diceCT), which
uses Lugol's iodine as a contrast agent. Fresh whole—-head specimens
from order Carcharhiniformes were fixed in 10% buffered formalin,
then placed into 5% Lugol's iodine solution for several days. Scans
were performed using a Bruker SkyScan 1173 and 3D reconstructions
were made using Bruker NRecon and CTVox software. Rosette length
and width, fineness ratio (a 2D representation of shape), and
capsule volume were measured using CTAn software. Rosettes were
clearly visible after being stained for five days in Lugol’s
solution. Using Welch's t-test, we found that fineness ratios
measured on the dissected organs were not significantly different
than those obtained /n s/tu Volume measurements taken /n s/tu were
also not significantly different than the values from dissected
organs. The data collected from this study can be used to create 3D
models to examine the effects of capsule and rosette shape on water
flow throughout the elasmobranch olfactory system.

5-9 Clark, DLx; Hauber, ME; Anderson, PSL; University of Illinois
at Urbana-Champaign; d/c/ark2021@gmail. com

Nest substrate and tool shape significantly affect mechanics and
energy requirements of avian eggshell puncture

Some host species of avian obligate brood parasites reject the
parasitic eggs whereas others accept them, even though they
recognize them as foreign. One hypothesis to explain this seemingly
maladaptive behavior is that acceptors are unable to pierce and
remove the parasitic eggshell. Previous studies reporting on the
force and energy required to break brood parasites’ eggshells were
typical ly static tests performed against hard substrate surfaces.
Here, we considered host nest as a substrate to simulate this
potentially critical aspect of the natural context for egg puncture
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to occur while testing the energy required to break avian
eggshells. Specifically, as a proof of concept, we punctured
domestic chicken eggs under a series of conditions: varying tool
shape (sharp vs. blunt), tool dynamics (static vs. dynamic), and
the presence of natural bird nests (of three host species). The
results show a complex set of statistically significant
interactions between tool shapes, puncture dynamics, and nest
substrates. Specifically, the energy required to break eggs was
greater for the static tests than for the dynamic tests, but only
when using a nest substrate and a blunt tool. In turn, in the
static tests, the addition of a nest significantly increased energy
requirements for both tool types, whereas during dynamic tests, the
increase in energy associated with the nest presence was
significant only when using the sharp tool. Characterizing the
process of eggshell puncture will help in understanding whether and
how hosts of brood parasites evolve to reject parasitic eggs.

105-7 Glark, AD*; Tytell, ED; Tufts

University; andrew. clark3@tufts. eau

Fin kinematics during acceleration and turning in fishes. using a
novel method to regularly produce irregular behaviors

In a natural setting, many fish species will regularly turn,
accelerate, and perform other unsteady behaviors, while
occasionally swimming steadily in one direction. Even though such
irregular maneuvers make up the majority of underwater |ife, we
know |ittle about them because it is difficult to repeatedly
reproduce such behaviors in a laboratory setting. Here we ask how
specific fins move to contribute to turning in fishes using a novel
device to repeatedly elicit specific unsteady maneuvers. We have
developed a programmable “car” with an attached flow-through
chamber mounted within the working section of a flow tank. The car
can move backwards and forwards in a controlled manner, which
causes the fish to turn around, back up, or slow down. By
manipulating the speed of the car as well as the speed of the flow
in the flow tank, we are able to consistently produce many
different unsteady behaviors, allowing an in-depth look into
behaviors that are otherwise not very repeatable. Our method is
robust and elicits repeated actions that are consistent among
trials within one individual, between trials of different
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individuals of the same species, and even between trials of
different species. We quantify fin movements including tail
flaring, pectoral fin movement, and movement of the dorsal and anal
fins in both bluegill sunfish and largemouth bass, using a computer
vision technique cal led DeepLabCut. Our work is one step along the
path to better understanding unsteady maneuvers in fishes and will
improve our knowledge regarding the mechanics, morphology, and
control systems behind behaviors that have previously proved
difficult to observe in a consistent and controlled manner.

108-10 Glaunch, NM%; Goodman, CM; Reed, RN; Romagosa, CM; Taylor,
EN; University of Florida, University of South Florida, United
States Geological Survey, Fort Collins, CO, California Polytechnic
State University, San Luis Obispo; nmec/aunc@ncsu. edu

Invaders sourced from islands.: thermal matching, potential or
plasticity?

Invasive species originating from islands are released from native-
range constraints such as thermal or geographic barriers. Climate
matching may thus underestimate |ikely invasion sites for island
natives. Physiological limits determine survival at thermal
extremes, but rapid physiological adaptation may occur in species
introduced to new environments. Le/iocephalus carinatus is a |izard
native to the Bahamas and Cuba and has established multiple
disjunct populations in Florida, including populations north of its
native range. Competing hypotheses may explain the successful
invasive distribution of L. carinatus: 1) Distribution in both
native and invaded ranges is constrained by the thermal conditions
of the native range (Thermal Matching); 2) Distribution in the
native range is constrained by geographic barriers rather than
thermal conditions; lizards can tolerate environments with thermal
extremes not observed in the native range (Thermal Potential); 3)
Introduction to environments with differing thermal extremes l|eads
to physiological adaptation/acclimatization to one or both extremes
(Thermal Plasticity). We rejected the Thermal Matching hypothesis
by comparing ecological niche models developed from the native-only
range to models including invasive populations. We investigated the
Thermal Potential and Thermal Plasticity hypotheses by comparing
critical thermal limits of 35 L. carinatus from each of two
established Florida populations, one matching latitudes in the
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native range, and another 160 km north of the native range.
Critical thermal minima in the northern population were lower than
in the south, supporting the Thermal Plasticity hypothesis for
thermal minima.

24-4 Clemente, CJx; Schultz, JS; Beck, HK; Haagensen, T; Proost, T;
University of the Sunshine Coast, Hochschule

Bremen; cc/ement@usc. edu. au

Using a biologically mimicking c/imbing robot to expl/ore the
performance [andscape of climbing in /izards

The |ife and death of an organism often depends on its ability to
perform well at some ecologically relevant task. Yet despite this
significance we have little idea how well species are optimised for
competing locomotor tasks. Most scientists generally accept that
the ability for natural systems to become optimised for a specific
task is limited by structural, historic or functional constraints.
Climbing lizards provide a good example of constraint where
climbing ability requires the optimization of conflicting tasks
such as speed, stability, or efficiency. Here we reconstruct
multiple performance landscapes of climbing locomotion using a 10-
DOF robot based upon the lizard bauplan, including an actuated
spine, shoulders, and feet, the latter which interlock with the
surface via claws. This design allows us to independently vary
speed, foot angles, and range of motion, while simultaneously
collecting data on climbed distance, stability and efficiency. We
first demonstrate a trade-off between speed and stability with high
speeds resulting in decreased stability and low speeds an increased
cost of transport. By varying foot orientation of fore and hindfeet
independently, we found geckos converge on a narrow optimum for
both speed and stability, but avoid a secondary wider optimum
highlighting a possible constraint. Modifying the spine and |imb
range of movement revealed a gradient in performance. Evolutionary
modifications in movement among extant species appear to fol low
this gradient towards areas which promote speed and efficiency.
This approach can give us a better understanding about |ocomotor
optimization, and provide inspiration for industrial and search-
and-rescue robots.
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76-4 Clunis, P*; Ryder, TB; Dakin, R; Garleton University, Bird
Conservancy of the Rockies; pais/eycl/unis@cmail. carleton. ca
Reciprocity is a pathway to social network stability

Social reciprocity can promote the evolution of cooperation and
long-term social bonds. However, the causes and consequences of
partner reciprocation within a social network are not well
understood. We studied social reciprocity in the wire-tailed
manakin (Pipra filicauda), a bird species in which the males
establish partnerships and perform coordinated displays on lek
territories. When two territory holders interact, the visiting bird
forgoes potential mating opportunities by leaving his own
territory. These directed social network interactions present an
opportunity to test whether social reciprocation occurs, and
whether it is associated with partnership strength and stability in
the broader social network. We used automated telemetry to track
social behavior over three years in a large population, observing
far more reciprocated partnerships than expected in a null model of
territory visitation. The reciprocated partnerships were stronger
(i.e., partners interacted more frequently) than non-reciprocated
partnerships independent of spatial proximity. Using an individual-
level analysis, we show that a male’s donation to a given partner
was also positively correlated with the number of social
interactions he received from that partner, controlling for other
factors. Finally, we show that reciprocated partnerships retained
greater strength than one-directional partnerships a year later.
These results suggest that reciprocity can act as a pathway to
stability in cooperative social partnerships, and by extension, the
broader social network.

35-7 Cochrane, PVx; Jonz, MG; Wright, PA; University of Guelph, ON,
Canada , University of Ottawa, ON, Canada; cochranp@uoguelph. ca
Deve/opment of the 02 sensing system in an amphibious fish

Proper development of the 0, sensing system is essential for
survival. However, the development of the 0, sensing system in
animals can be altered by exposure to high/low 0, levels during
early life. We characterized the development of the 0, sensing
system in the mangrove rivulus (Aryptol/ebias marmoratus), an
amphibious fish that transitions between hypoxic aquatic
environments and O0,-rich terrestrial environments. We found that
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the development of serotonergic 0,-sensitive chemoreceptors
(neuroepithelial cells; NECs) on the gills of A marmoratus is
accelerated relative to the only other species of fish studied to
date, zebrafish, and that cutaneous NECs are retained from the
larval stage to adulthood. We also found that the hyperventilatory
response to acute hypoxia is present in embryonic A marmoratus,
indicating that functional 0,-sensing pathways are formed during
embryonic development. We then exposed embryos to aquatic normoxia,
aquatic hyperoxia, aquatic hypoxia, or terrestrial conditions for
the first 30 days of development and tested the hypothesis that
environmental 0, availability during embryonic development
modulates the development of the 0, sensing system in amphibious
fishes. Surprisingly, we found that 0, availability during
embryonic development did not influence the development or
morphology of NECs on the gills and skin of A marmoratus.
Collectively, our results demonstrate that, unlike zebrafish, the
development of the 0, sensing system is insensitive to
environmental 0, levels during the embryonic stage, suggesting that
|ife history differences may underlie interspecies variation in
plasticity.

68-5 Coffin, JL*; Onnen, J; Tobler, M; Kansas State

University,; Jj/coffin3@gmail. com

Maternal effects throughout development in fishes inhabiting
extreme environments

Extreme environments characterized by harsh physiochemical
stressors provide ideal natural l|aboratories for testing a

priori/ hypotheses about the mechanisms behind adaptation and
ecological speciation. Hydrogen sulfide (H,S) is a potent
respiratory toxicant that inhibits aerobic ATP production. H,S-rich
springs throughout Latin America have been independently colonized
by fishes within the family Poeciliidae, mediated largely by
convergent adaptation to physiochemical stress from H,S exposure.
Mounting evidence suggests that environmental conditions
experienced by the mother prior to birth can shape the phenotype of
offspring through maternal effects. Maternal effects can lead to
adaptive change if the mother s environment leads to a shift in
offspring phenotype that improves the match between offspring
phenotype and its own environment, but these effects can also be

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



e153

neutral or maladaptive if this match is not affected or worsened.
In this study, we quantified the impact of maternal food access
during gestation and maternal population of origin (sulfidic or
non-sulfidic) on numerous life history (size at birth, growth rate,
and age at sexual maturity) and behavioral phenotypes (boldness,
predator avoidance, and feeding efficiency) related to competitive
ability throughout development in Atlantic mollies (Poeci/ia
mexicana). We predicted that, for each phenotype tested, neonates
from non-sulfidic mothers would perform significantly better than
neonates from sulfidic mothers, and that neonates from wel|-fed
mothers would outperform those from poorly fed mothers,
representing a tradeoff between tolerance to abiotic stress and
competitive ability in the sulfidic population. This work
represents a novel approach to investigating the impacts of
maternal effects on adaptation to environmental stress.

47-3 Cohen, REx; Land, AM; Martensen, BF; Sharlin, DS; Smith, BA;
Minnesota State University, Mankato; rachel/. cohentmnsu. edu
[ransforming the undergraduate curriculum - engaging first year
students in authentic research experiences

The Department of Biological Sciences at Minnesota State
University, Mankato has recently implemented a first-year
undergraduate research experience (called the Research Immersive
Scholastic Experience in Biology program; RISEbio) designed to
improve student success and engagement in biology. In this program,
first year students exchange introductory biology labs for the
RISEbio curriculum, where they learn basic laboratory, analytical
and scientific reasoning skills before beginning authentic mentored
research projects in their second and third semesters. Students in
one of three research tracks examine the neural control of
reproductive behavior by examining gene expression in the brain of
the seasonally breeding green anole lizard (Ano/is carol/inensis)
Working in groups, students gain experience with bioinformatics by
examining preliminary RNA-seq data and selecting a gene of
interest. Then, students design and test primers to amplify their
gene of interest, followed by isolating RNA from the hypothalamus
of breeding and non-breeding lizard brains. Lastly, students
utilize their isolated RNA samples and validated primers in
quantitative RT-PCR studies to determine if their gene of interest
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is differentially expressed in the anole brain. Preliminary work
has identified melatonin receptor 1A (MTNR1A) as more highly
expressed in the breeding compared to non-breeding anole
hypothalamus, while corticotropin releasing hormone binding protein
(CRHBP) expression does not differ seasonally. Together with other
aspects of the RISEbio program, these early research experiences
have led to increased student outcomes, including increased
academic success and enhanced scientific motivation.

712-71 Colin, SPx; Costello, JH; Sutherland, KR; Gemmell|, BJ; Dabiri
JO; DuClos, K; Roger Williams University, Bristol, RI, Providence
Col lege, Providence, RI, University of Oregon, Eugene, OR,
University of South Florida, Tampa, FL, CalTech, Pasadena,

CA; scolin@rwu. edu

The role of suction thrust in the metachronal paddles of swimming
invertebrates

An abundance of swimming animals have converged upon a common
swimming strategy using multiple propulsors coordinated as
metachronal waves. The shared kinematics suggest that even
morphological ly and systematically diverse animals use similar
fluid dynamic relationships to generate swimming thrust. We
quantified the kinematics and hydrodynamics of a diverse group of
small swimming animals who use multiple propulsors, e.g. |imbs or
ctenes, which move with antiplectic metachronal waves to generate
thrust. Here we show that even at these relatively small scales the
bending movements of |imbs and ctenes conform to the patterns
observed for much larger swimming animals. We show that, |ike other
swimming animals, the propulsors of these metachronal swimmers rely
on generating negative pressure along their surfaces to generate
forward thrust (i.e., suction thrust). Relying on negative
pressure, as opposed to high pushing pressure, facilitates
metachronal waves and enables these swimmers to exploit readily
produced hydrodynamic structures. Understanding the role of
negative pressure fields in metachronal swimmers may provide clues
about the hydrodynamic traits shared by swimming and flying
animals.

6—6 Collins, S; Zidek, J; Flower, N; Moore, M; Lambie, J; Thurmond,
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J; Oberle, B; Diaz-Almeyda, E*; New College of

Florida; ediazalmeyda@nct. edu

Follow the college student: The Florida Urban Microbiome Project
Today' s students are part of a pivotal generation shaped by the
climate crisis. Empowering them with a solid evidence-based

wor ldview is key to creating a better future. Here we present a
framework for engaging students, beginning with the development of
a research project and ending with delivery of results back to the
community. We started by identifying students’ passions, skills,
and interests and connecting with local organizations to find
research opportunities. Students did research projects and

col laborated with community stakeholders. We partner with —-0-the
Florida House Institute (FHI), a sustainable demonstration home in
Sarasota, FL. FHI showcases ways for homeowners to improve home
energy efficiency, land fertility, and watershed health. We formed
the FL Urban Microbiome Project in response to a lack of
understanding about how land management impacts the urban
microbiome. Since then, our team has gained valuable data on soil
characteristics, land management, plant diversity, and soil
microbial community composition at FHI. Students devised sampling
methods, conducted plant inventories, assessed management
activities, sampled for soil microbial diversity, and measured soil
carbon content. As a result, students documented that FHI's one-
acre lot housed 98 unique plant species, displayed differential
soi| carbon storage across plant species and management types, and
experienced drastic seasonal changes in soil bacterial communities.
Students presented these findings to members of the community,
gaining professional experience and broadening their career
perspectives.

85-3 Col lins-Jencarel |i, C*; Green, L; Hranitz, J; Venn, GC;
Klinger, T, Bloomsburg University; cait/yncol/lins6lgmail. com
Thermal tolerances of the Caribbean sea urchins Eucidaris
tribuloides, Echinometra [ividis, and Echinometra [ucunter
(Echinodermata- Echinoidea): Potential impacts of climate change
With warming oceans, the physiological functions of organisms may
be altered due to thermal stress. The sea urchins Eucidaris
tribuloides and Echinometra /ucunter are both ecosystem engineers.
A laboratory study was conducted to measure the feeding rates and
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behaviors of £ tribuloides and E. /ucunter at 26° G, 29° C, 32° C
and 35° C. Feeding rates for £ /ucunter or E. tribuloides did not
differ (p=0.301) at different temperatures. Similarly, righting
responses for individuals placed on their aboral surface did not
differ (p=0.299) at different temperatures. Temperature affected
the number of £ tribuloides able to right themselves at higher
temperatures, starting at 32° G (p= 0.012), but not of £

lucunter (p=0.598). We conducted field studies in Honduras to
determine natural environments inhabited by £ tribul/oides and the
congener Echinometra viridis. Eucidaris tribuloides showed a
distinct association with rubble and an environmental temperature
of 26° C (p=0.001). Echinometra viridis was found associated with
rubble, Mi//epora complanata, Montastraea annularis, and Agaricia
tenuifolia at temperatures ranging from 26° C to 29° C. Eucidaris
tribuloides appears to be stenothermal in the lab and field

whereas £ /uncunter and E. viridis appear to be eurythermal in the
lab and field, respectively. These results suggest responses by sea
urchin communities to thermal stress will be complex because each
species of sea urchin will be impacted by thermal stress
differently. As a result, both community structure of and ecosystem
services by sea urchins may shift dramatically with climate change.

712-7 Golon, DAx; Ford, MP; Santhanakrishnan, A; Oklahoma State
University; askrish@okstate. eau

Dumb it down.: A simplified metachronal [ocomotion mathematical
mode /

Metachronal swimming is a locomotion strategy used by freely-
swimming crustaceans such as krill. Krill and other crustaceans
that use metachronal swimming paddle their swimming legs at
Reynolds numbers ranging from approximately 10" to 10* dependent on
body size and swimming behavior, where asymptotic methods used to
analytically solve fluid dynamic problems do not apply. We
developed a mathematical model of this locomotion strategy using a
system of nonlinear ordinary differential equations. We approximate
the swimming legs as pairs of two—-dimensional hinged oscillating
plates following simple harmonic trajectories with background flow
equal to the body velocity. The model accounts for forces on the
paddles and on the body to predict the general planar motion in the
sagittal plane. Propulsive forces on each paddling limb are
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calculated using drag-coefficient models, where the relationship
between drag force and the Reynolds number is obtained from 2D
computational fluid dynamics simulations. The model is currently

| imited based on the assumption that the total force produced is
the sum of the forces produced by individual paddles, neglecting
any fluid dynamic interactions that could augment force. A
comparison of the swimming speed predicted by the model to that of
a robotic model will be presented.

BSP-7-10 Conkling, Mx; Pomponi, SA; Harbor Branch Oceanographic
Institute, Florida Atlantic University, Fort Pierce,

FL; mconk!i20fau. edu

A sponge cell culture biobank for habitat restoration,
biotechnology applications, and pharmaceutical deve/opment
Sponges (Phylum Porifera) are one of the most diverse and abundant
benthic components in marine ecosystems. They provide important
ecosystem services (e.g., water filtration, nutrient cycling,
refuge for other organisms), and they are indicators of
environmental conditions. But sponges are susceptible to diseases,
abrupt cold-water events, and harmful algal blooms, resulting in
massive sponge die-offs; in the deep sea, sponges can be destroyed
or damaged from fishery and mining activities. We have recently
reported rapid cell division of marine sponge cells cultured in
optimized nutrient media and the first marine invertebrate (sponge)
cell lines. This discovery forms the basis for the development of a
biobank of cryopreserved sponge cells that can be used as a
repository for sponge biodiversity, as well as to support future
research in habitat restoration, biotechnology applications, and
sponge—-der ived drug development. We have established a biobank of
cryopreserved cells from more than 200 individual sponges,
representing more than 50 species, 26 families, 15 orders, and 2
classes of shallow and deep water sponges. Of these, exceptionally
rapid cell division rates (a two— to ten—-fold increase in cell
number in 48 hours) occurs in more than one-third of the species
tested. This is the first bio-bank of living marine invertebrate
cells. Research continues on optimization of nutrient media, as
well as development of methods for culture scale-up.
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54-1 Constantin, MLx; Farina, SC; Gignac, PM; Uyeno , TA; Clark ,
AJ; Howard University, Oklahoma State University, Valdosta State
University, College of

Char leston; me/issa. constantin@bison. howard. edu

3D anatomical reconstruction of the feeding apparatus in Myxine
using diceCl

Hagfish apprehend food items with cyclically protracting and
retracting dental plates: an elaborate, bilaterally symmetric array
of raptorial keratinous teeth mounted on thin, flat cartilaginous
plates situated in the rigid anterior half of the hagfish feeding
apparatus (HFA). Lying beneath the dental plates are robust
cartilaginous basal plates, however, these rigid tissues
collectively comprise only 15% of the total mass of the HFA. When
feeding on large or tethered food items, seized portions of flesh
can be forcefully retracted into the mouth. Retraction is powered
by a muscular hydrostat located in the posterior half of the HFA.
The hydrostat is cylindrical and contains three-dimensionally
complex arrangements of longitudinal, semicircular, and transverse
muscle fibers. Recently, diffusible iodine contrast enhancement
micro—-CT was successfully implemented in reconstructing the 3D
morphology of the HFA in Eptatretus stouti/, a species from the
subfami ly Eptatretinae. Our goal was to reconstruct the 3D HFA
morphology in representatives of the Myxininae: Myxine

hubbsi and M. glutinosa. Using 3D slicer and Avizo software, we
segmented the dental plates, palatal teeth, basal plate cartilages
and the whole muscles comprising the muscular hydrostat. These data
were compared to previously gathered data on £ stout// and a
metamorphosed sea l|lamprey Petromyzon marinus. The conserved
morphology in the HFA across these hagfishes suggests these species
procure functionally similar prey. Furthermore, the HFA contains
significantly larger muscles and dramatically fewer supportive
cartilages than the jawless feeding apparatus of metamorphosed

| ampreys.

50-8 Conway, SJx; Kramer, EK; Harvard University, Cambridge,

MA; sconwayOlgmail. com

The long and short of it: the plant hormone brassinosteroid
regulates petal spur length in Aguilegia by controlling cell
elongation
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The model flowering plant Aquilegia produces elongated, three-
dimensional petal spurs that fill with nectar to attract
pollinators. Previous studies have found that the spur develops
with two major phases, firstly cell division concentrated around
the incipient nectary, followed by a secondary switch to cell
elongation to produce the lengthened spur. This second phase of
rapid, anisotropic cell elongation determines the final length of
the spur, a character which shows surprising diversity within the
genus. Transcriptomic studies on the petal spur revealed the
upregulation of the Aquilegia homolog of BEH4, a known response
transcription factor to the plant hormone Brassinosteroid (BR). In
Arabidopsis and rice, brassinosteroids have been shown to regulate
a wide range of developmental processes, including cell elongation.
These data suggest that BR signaling may play a critical role in
the switch from cell division to cell elongation that leads to the
formation and length of the petal spur in Aquilegia. In this study
we are investigating the role of BR transcription factors in the
Aquilegia petal spur using a combination of gene expression
studies, hormone applications and gene silencing.

80-9 Cook, Ax; Pandhigunta, K; Didcock, RL; Castro, JT; Acevedo,
MA; Walker, A; Acharya, R; Crofts, SB; Bhamla, MS; Anderson, PSL;
Patek, SN; Ilton, M; Harvey Mudd Col lege, Georgia Institute of
Technology, University of Illinois at Urbana—Champaign, Duke
University; mi/ton@hme. edu

Open-source software for modeling biological latch mediated spring
actuated systems

A variety of organisms employ Latch Mediated, Spring Actuation
(LaMSA) to achieve velocities, accelerations, and power outputs
unmatched in either directly actuated muscle-driven systems or
synthetic systems of a comparable size and repeatability. Previous
efforts to model the mechanics of LaMSA systems have assumed |inear
constitutive relations for the system elements (spring, latch, and
loading motor). We present a simplified “toy model” of LaMSA
systems, and an associated open-source software package, that
allows for the selection of different nonlinear forms for the
constitutive equations of each element. The graphical user
interface associated with our model also allows users to plot
performance metrics across one— or two-dimensional cross-sections
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of the overall parameter space. This tool allows us to determine
parameter space regions in which a LaMSA system is more effective
than a purely motor—-driven system. The nonlinear capabilities of
the model allow us to better probe the properties of LaMSA systems
than might be possible with |inear models.

BSP-17-5 Coombs, Ex; Clavel, J; Felice, R; Bennion, R; Beatty, B;
Goswami, A; Park, T; Churchill, M; Geisler, J; University College
London, Université Claude Bernard, University of Liege, NYIT

Col lege Of Osteopathic Medicine, Natural History Museum, The
Natural History Museum, University of Wisconsin-Oshkosh, New York
Institute of Technology ; ELLEN COOMBS. 140UCL. AC. UK

Influences on cranial morphology in whales: Investigating the
evolutionary history and diversity of the cetacean skul/
Odontoceti (toothed whales) and Mysticeti (baleen whales) diverged
“39 Ma. Odontocetes evolved high-frequency echolocation and shifted
cranial bones posteriorly, while mysticetes evolved larger masses
and filter—feeding. Despite an excellent fossil record, little
quantitative study of shape evolution spanning cetacean diversity
has been done. Here, we quantify morphological disparity and
evolutionary rate in cranial shape to identify the major factors
driving its evolution, including ecological traits and
palaeoc|imate. We scanned 88 living and 111 Eocene to Pliocene
fossil cetaceans, representing the largest 3D dataset for cetaceans
ever constructed. We used 123 3D coordinate-based landmarks and
1905 curve semilandmarks to capture cranial shape and analyzed data
within a phylogenetic framework. The largest component of cranial
variation (PC1 = 41.6%) reflects a posterior shift in the nares,

fol lowed by rostrum length (PC2 = 23.0%) with dolichocephalic

(e.g., Pontoporia blainvillei) and brachycephalic (e.g., Kogia
sima) crania representing the extremes. After accounting for
phylogeny, habitat had no significant effect on skull shape, but
diet, feeding, and tooth type did. The highest morphological
disparity is in the premaxilla and nasal, with the highest
evolutionary rate ( 2 mult) in the frontal. Disparity rises rapidly
in the Middle-Late Oligocene and peaks in the Middle-Late Miocene.
A model with rate of cranial evolution tracking paleotemperature
outperformed Brownian motion and Early Burst models and suggests
highest rates in the Latest Eocene and Early-Mid Oligocene (during
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periods of global cooling) with a further peak in evolutionary
rates during the Mid-Miocene warming period.

BSP-1-5 Coomes, CMx; Derryberry, EP; University of Tennessee
Knoxville; ccoomes@vols. utk. edu

Some [ike it hot: Do female songbirds discriminate between songs
produced under hot and cold temperatures?

Heat waves are increasing in number, length, and intensity around
the globe, causing more animals to experience extreme temperatures.
Small songbirds are particularly vulnerable to high temperatures as
they are active during the day and produce a high amount of
metabolic heat. One songbird behavior that has been shown to be
impacted by high temperatures is song production. Often, male
songbirds sing a species—specific song, which serves as a signal of
quality to a potential mate. While it has been shown that male
songbirds sing less when temperatures are higher, we do not know if
the information contained within these songs changes. As an
observer, it can be difficult to visually identify changes in
birdsong, even when other birds can tell the difference. Therefore,
the first step to test whether heat stress influences song salience
is to ask the signal receivers: female songbirds. Here we tested
whether 17 female zebra finches ( 7aeniopygia guttata) could
discriminate between songs produced by males under heat stressed
(43° C) and thermal neutral conditions (35° C). We found that male
zebra finches reproduce their songs less accurately. While females
exhibited a range of individual variation for songs produced under
different temperature treatments, we found no evidence that our
population preferred songs produced by males under thermal neutral
or control temperatures.

38-10 Goon, Tx; Peragine, P; Chase, HT; Tobalske, B; University of
Montana, Montana State ; teakett/ebookshelflgmail. com
Un-sheathed: ungual vs. keratin structure and function in raptors
An accurate understanding of structures in extant taxa can be used
to determine function and behavior in extinct species.
Interpretation of the enlarged second pedal claw (C2) present in
Dromaeosaurids, an extinct theropod, remains unclear despite
multiple approaches that consider claw structure in extant birds.
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Using only the ungual bone of Dromaeosaurid fossils, information
will always be lacking with regard to the functional morphology of
a claw. But potential similarities can be understood between the
claws of extant raptors and their extinct cousins if the
relationship between ungual structure and sheath structure can be
found. To analyze this relationship, we used high resolution
microCT scans of G2 of five extant birds of prey (golden eagle,
great horned owl, goshawk, osprey, red-tailed hawk). Measurements
of the inner and outer curvature of both sheath and ungual, and the
tip—to-tip length from sheath to ungual, were determined using
longitudinal slices. Five cross—-sectional slices were used to
compare the ungual and sheath morphology along the length of the
claw. High morphological variation was found across species. In
cross—sectional shape, the eagle differed largely from both hawks,
which may conflict with previous interpretations of dromaeosaur
predatory behavior based on similarities to Accipitrid curvature.
Some talons brandished sharp, ridge—|ike structures, which have
previously not been described. Preliminary results demonstrate
extensive and previously undescribed morphological variation
between ungual and sheath structure across species. Ongoing work
using 3D prints and mechanical tests of both sheath and ungual will
provide better insight into the functional implications of this
structural variation, as well as of unique features |ike the
keratinous ridge.

36-2 Corn, KA%; Friedman, ST; Martinez, CM; Larouche, 0; Price, SA;
Wainwright, PC; Univ. of California, Davis, Yale University, Rice
University, Clemson University; kacorn@ucdavis. edu

Feeding mode under/ies the major axis of body shape diversity in
reef fishes

The exceptional morphological diversity of reef-associated species
Is a long—appreciated feature of teleost fishes. However, the major
factors that influence the body shape of reef fishes are poorly
known. Feeding mode is a good candidate for affecting body shape,
as it determines many aspects of a fish's life. We explored the
effect of feeding mode on body shape in 1,530 species of reef
fishes. We used a dataset of 8 |inear measurements capturing body
depth, width, and length using specimens from the National Museum
of Natural History. Species were categorized by how they capture
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their prey, including those that capture most of their prey with
direct biting actions on the substrate; species that capture prey
only with suction; and species that regularly use both methods. A
fourth category, “ram biting” , included species for whom direct
biting actions of the jaws play a major role in pelagic prey
capture. We found that the major axis of body shape variation,
which describes a spectrum ranging from eels to triggerfishes,
aligns closely with a gradient associated with the method of prey
capture. Attached prey biters and species that use both feeding
modes have deeper, more laterally compressed body shapes. In
contrast, ram biters typically have more elongate body shapes that
are nearly absent among species that use any amount of attached
prey biting. Furthermore, feeding mode affects diversity of body
shapes, as suction feeders had nearly twice the disparity as the
most exclusive biters or species that use both feeding modes. Our
results demonstrate that transitions to any use of biting result in
a deeper body shape, revealing that prey capture method is a major
determinant of body shape in reef fishes.

92-710 Cornelius, JMx; Hahn, TP; Oregon State University, University
of CA-Davis; _Jjamie. cornelius@oregonstate. eau

Drivers of seasonal opportunistic breeding in the north temperate
zone

Annual schedules reflect an evolved balance of survival and
reproduction. Seasonality of food in the temperate zone is a strong
selective force underlying scheduling in birds, and release from
this through exploitation of non-seasonal food is presumed to have
led to opportunistic breeding. Red crossbills (Loxia curvirostra)
feed on conifer seeds that can persist through an entire annual
cycle and are highly flexible in that they can often breed in the
north-temperate winter. Prior research on one crosshill ecotype
suggests that, despite this flexibility, crossbills remain seasonal
in some important aspects of their reproductive physiology.

Further, different ecotypes that forage on different conifers-
including some that produce more stable seed crops - may display
different temporal patterns of breeding in the wild. Here we show
that while four different eco-types of red crossbill demonstrate
some quantitative variation in winter breeding activity, they all
exhibit clear bi-modal and highly seasonal breeding patterns. We
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discuss these results in the context of photoperiod, temperature
and food to examine selective pressures on the evolution of
opportunism in the temperate zone.

64-4 Cornelius Ruhs, Ex; Becker, DJ; Oakey, SJ; Droke, HF;
Ogunsina, 0; Fenton, MB; Simmons, NB; Martin, LB; Downs, CJ;
University of South Florida, Indiana University, Bloomington,
Western University, American Museum of Natural History, SUNY
College of Environmental Science and Forestry; ecruhs@usft. edu
Body size shapes immune cell proportions in birds and non-volant
mammals, but not bats

Powered flight has evolved several times in vertebrates and
constrains physiology in ways that |ikely shape how animals cope
with pathogens and parasites. Understanding how the evolution of
flight may inform relationships between body size and immunity
could shed light on the ability of some taxa to harbor many
virulent viruses without showing clinical disease. In this study,
we used an allometric framework to quantify the scaling
relationships between body mass and the proportions of two types of
white blood cells, |ymphocytes and neutrophils/heterophils, across
60 bat species, 414 bird species, and 256 non-volant mammal
species. To do this, we combine data from (1) field studies of
Neotropical bats, (2) published |iterature on other wild bat
species, and (3) zoo-captive birds and non-volant mammals. Using
phylogenetical ly-informed Markov Chain Monte Carlo generalized

| inear mixed models (MCMCglmm), we show that lymphocyte and
neutrophil| proportions do not scale with body mass among bats. By
contrast, larger birds and non-volant mammals have higher heter-
/neutrophil proportions, respectively, than smaller species in
these taxa. However, flying endotherms (bats and 400 bird species)
have disproportionately higher neutr—/heterophil proportions
compared to non—-flying endotherms (mammals and 14 bird species).
Taken together, these results imply some differences between this
aspect of cellular immunity in bats compared to birds and non-
volant mammals.

/75-5 Coughlin, DJx; Santarcangelo, K; Wilcock, EB; Ellerby, DJ;
Widener University, Chester, PA, Wellesley Col lege,
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MA; djcoughl!in@widener. edu

Muscle power production during intermittent swimming in bluegil/
Locomotion is essential for the survival and fitness of animals.
Fishes have evolved a variety of mechanisms to minimize cost of
transport. For instance, bluegill sunfish have recently been shown
to employ intermittent swimming in nature and in l|aboratory
conditions. We focused on understanding the functional properties
of the power-producing muscles that generate propulsive forces in
bluegil| to understand the implications of intermittent activity.
We report on the muscle activity parameters (e.g. oscillation
frequency, muscle strain, timing of activation) of the aerobic
muscle of bluegill during intermittent swimming. We also used those
parameters in muscle physiology experiments to examine muscle power
output during intermittent vs. steady swimming in these fish.
Intermittent propulsion involves swimming at relatively slow speeds
with short propulsive bursts alternating with gliding episodes. The
propulsive bursts are at higher oscillation frequencies than would
be predicted for a given average swimming speed. The muscle
physiology experiments demonstrated that intermittent activity
allows muscle to produce sufficient power for swimming compared to
imposed steady swimming conditions. This work lends support to the
fixed-gear hypothesis that suggests that there are preferred
oscillation frequencies that optimize efficiency in muscle use and
minimize cost of transport.

88-6 Cowart, JRx; Collins, DM; Mignucci—Giannoni, AA; Alejandro-
Zayas, T,; Rivera—-Guzman, AL; Larkin, IV; Aquatic Animal Health
Program, University of Florida, Gainesville, FL, Department of
Animal Sciences, University of Florida, Gainesville, FL, Caribbean
Manatee Conservation Center, Inter American University of Puerto
Rico, Bayamon, PR, Caribbean Manatee Conservation Center, Inter
American University of Puerto Rico, Bayamon, PR; jrc84620uf/. edu
First collection and characterization of semen in a West Indian
manatee (Trichechus manatus)

While the West Indian manatee (7r/chechus manatus) is one of the
most well-studied sirenian species, there is limited information on
many aspects of male reproductive physiology. Currently, no
information on semen parameters exists in this species. Therefore,
the aim of the study was to characterize semen parameters of
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ejaculates collected from a single West Indian manatee. A total of
seven ejaculates were analyzed for the following parameters:
volume, agglutination, pH, osmolality, viscosity, concentration,
total sperm number, motility and kinematic parameters, morphology,
plasma membrane integrity, acrosome integrity, chromatin
condensation, and chromatin maturation. Of the samples, total and
progressive motility were highest for ejaculates 2 to 5, exceeding
97% and 89%, respectively, but decreased in ejaculates 6 and 7.
Sperm characteristics, including acrosome integrity (79.8%),
chromatin condensation (93.1%), and chromatin maturation (99.5%)
were high; however, large numbers of morphologically abnormal sperm
were present (52.9%) and plasma membrane integrity was low (45.1%).
While interpretation of the data is |imited due to sample size,
these results are the first of their kind for this species and
provide preliminary insight into the reproductive physiology of
male West Indian manatees.

717-2 Cox, CLx; Logan, ML; Florida International University,
University of Nevada Reno, Georgia Southern

University; ccox@fiu. eadu

Using integrative biology to infer adaptation from comparisons of
two (or a few) species

Phylogenetic comparative methods represent a major advance in
integrative and comparative biology and have al lowed researchers to
rigorously test hypotheses about trait divergence in an
evolutionary framework. However, phylogenetic comparative methods
require trait data for many species, which can be impractical for
certain taxonomic groups and trait types. We suggest that the
philosophical principles of severity and strong inference can be
employed in an integrative framework to infer adaptation in studies
that compare only a few populations or species. This approach
requires 1) ensuring that the study system contains species that
are relatively closely related, 2) the formulation of a specific,
clear, overarching hypothesis that can be subjected to integrative
testing across the biological hierarchy (e.g., ecology, behavior,
morphology, physiology, genetics), 3) the application of severe
tests that avoid statistical underdetermination, and 4) the
systematic refutation of alternative hypotheses. While difficult to
collect for more than a few species, detailed and integrative data
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can be used to differentiate among several potential agents of
selection. In this way, integrative studies of small numbers of
closely related species can complement and even improve upon broad-
scale phylogenetic comparative studies by revealing the specific
drivers of adaptation.

80-3 Cox, SMx; DeBoef, A; Salzano, MQ; Katugam, K; Piazza, SJ;
Rubenson, J; The University of California, Irvine, The Pennsylvania
State University, University of California,

Irvine; suzannmec@uci. edu

Restricting jumping during growth does not alter energy storage
capacity

The storage and release of elastic strain energy can sidestep the
force-velocity constraints of muscle. While energy stored in a
muscle tendon unit depends on relative muscle and spring
properties, we do not know whether muscle-tendon units (MTU)
systematical ly adapt to functional demand. To test whether jumping
during maturation alters adult MTU properties, we restricted
jumping in a group of guinea fowl (Numida Meleagris, n=8) during
growth. At maturity, we compared the jump performance of our
treatment group to controls (n=8) and measured the morphological
characteristics of the muscle, tendon and lever system of the
gastrocnemius MTU. We found restricted birds jumped with lower
takeoff velocities, yet there were no significant differences in
the components of the elastic system between groups. Further, we
quantified the energy storage capacity by measuring tendon
potential energy when simulating 100% activation of the
gastrocnemius muscle of a flock of subject—specific musculoskeletal
models that integrated individuals' morphological measurements. We
found no difference in energy storage capacity between groups or
any correlation with experimental ly measured jump performance. We
conclude that gastrocnemius elastic system in the guinea fowl
displays little to no plastic response to decreased demand during
growth and that neural control of elastic systems may constrain
performance more than morphology.

BSP-3-2 Crain, DDx; Karpovich, S; Quakenbush, L; Polasek, L; Baylor
University, Waco, TX, Alaska Department of Fish and Game,
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Fairbanks, AK, Alaska Department of Fish and Game, Juneau,

AK; ddiancrain@email. com

Using claws to compare reproduction, stress, and diet of female
bearded and ringed seals in the Bering and Chukchi seas, Alaska,
between 1953-1968 and 1998-2014

Rapid climate warming is decreasing sea ice thickness, extent, and
duration. Marine mammals such as bearded (£rignathus barbatus) and
ringed (Pusa hispida) seals may be negatively affected because they
use sea ice for pupping, molting and resting. Claws from bearded
and ringed seals store up to 14 and 12 years of sequential analyte
data, respectively. In this study, we compare progesterone,
cortisol, and carbon and nitrogen stable isotopes in female bearded
and ringed seals during 1954-1968 (pre-1968, a period prior to sea
ice decline) to 1998-2014 (post-1998, a period during sea ice
decline). When comparing these periods, bearded seals had
statistically higher cortisol concentrations post-1998, and for
both species & 13C was more negative post-1998. There was a
positive relationship between progesterone and cortisol Z-scores
for both species, except for ringed seals post-1998. A negative
relationship between cortisol and & 13C in bearded seals suggests a
shift to higher prey diversity, possibly due to changes in sea ice
in the Pacific Arctic evident post-1998. Progesterone Z-scores
corresponded to expected differences among non-pregnant,
unimplanted, implanted, and post-partum individuals. Using these
data, pregnancy history was determined for reproductive years for
each individual female sampled which could allow for yearly
pregnancy rates to be calculated given a large enough
representative sample of the population. These results combine
decades of observational studies with chemical analytes to infer
changes and connections in reproduction, stress, and diet.

22-2 Grane, RLx; Denny, MW; Stanford University, Stanford,

CA; r/crane@stanford. edu

Mussels maintain repair during chronic mechanical fatigue
Bivalve shells, |ike other hard external armors, protect not just
from single, potentially shattering forces, but also from a
|ifetime of threats. Even non-lethal forces can weaken and damage
shells through the process of fatigue. The long-term danger posed
by these threats depends on the animal’ s capacity for repair, and
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their ability to maintain repair against ongoing threats.
Therefore, we tested the ability of California mussels (Myti/us
californianus) to repair damage from chronic fatiguing forces.
Every week for seven months, we compressed |ive mussels for 15
cycles at a moderate force ("50% of shells’ predicted one-time
breaking force). We measured the final strength as well as the
initial and final morphology of the fatigued shells and a group of
non-fatigued control shells that were maintained under the same
intertidal-simulating lab conditions. Despite months of fatigue,
the fatigued and control shells did not differ in final strength.
However, the fatigued shells were significantly thicker and had
significantly more internal repair. These findings suggest that
even a nonlethal fatiguing force, when chronic, can be sufficient
to trigger a repair response, and that this response is sufficient
to maintain shell strength. Maintenance of strength had
consequences for shell shape, however. Fatigued shells showed
significantly less increase in width compared to non-fatigued
shells. In summary, mussels were able repair and maintain strength
in response to ongoing mechanical threats, which is likely
important to their success on exposed rocky coasts, surviving
failed predator attacks and wave— and debris—-caused damage.
However, the long-term consequences of morphological changes
associated with chronic damage and repair require further
investigation.

BSP-2-7 Crawford, CHx; Cerrato-Moralse, CL; Webber-Schultz, AC;
Hart, PB; Randall, ZS; Chakrabarty, P; Page, LM; Suvarnaraksha, A;
Flammang, BE; New Jersey Institute of Technology, Rutgers
University, Louisiana State University, Florida Museum of Natural
History, Maejo University: chc24@njit. edu

Kinematics of terrestrial walking in balitorid /oaches

Balitorid loaches exhibit morphological adaptations to living in
fast flowing rivers and streams, including robust pectoral and
pelvic girdles. These adaptations may also facilitate the
terrestrial locomotion seen in the family. We collected high-speed
video of walking in six balitorid species, Bal/itora sp., Cryptotora
thamicola, Homalopteroides sp., Homalopteroides

modestus, Homalopteroides smithi/, and Pseudohomaloptera
sexmaculata in the field, and one, Homaloptera parc/itel//a in the
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laboratory. Videos were digitized using DeeplLabCut (DLC), with 29
points digitized for each fish. Using the DLC output, we analyzed
the duty factor, paired diagonal couplet overlap, fin rotation,
body curvature, and distance (in body lengths) traveled over time
and per step cycle. Walking performance varies among the balitorids
analyzed here. The range of fin rotation for all species was
greater in the pelvic fins than pectoral fins (p<0.0001 for each
species). Cryptotora thamicol/a had significantly greater fin
rotations than all other species in the pectoral fins while the
greatest pelvic fin rotation was seen in C

thamicola and Homalopteroides sp. Duty factor was greatest in C
thamicol/a and all four species in the Balitorinae subfamily had a
higher duty factor than the three Homalopteroidinae species. The
same pattern between subfamilies was seen in the overlap between
paired diagonal couplets. Cryptotora thamicol/a traveled the
greatest body lengths per stride, although stride rate was lower
than other species resulting in reduced body lengths per second.
Here we examine the walking kinematics of recently collected
balitorids and compare those with previous studies of terrestrial
tetrapodal walking.

93-771 Cribellier, Ax; Spitzen, J; Straw, AD; van Leeuwen, JL;
Muijres, FT; Wageningen University, Wageningen, The Nether land,
Freiburg University, Freiburg, Germany,; antoine. cribellier@wur. n/
Escape flight performances of night-active malaria mosquitoes. the
role of visual and airflow cues of an approaching object

Female malaria mosquitoes have to blood feed on humans for egg
development. In response, humans have developed defensive behaviors
and therefore mosquitoes need to avoid being swatted while seeking
for a blood meal. But the evasive maneuver dynamics of mosquito has
not yet been studied. In contrast, various other species of flying
insects have been shown to have great abilities in evading
threatening objects. These studies focused on how insects responded
to visual or auditory cues, and the role of airflow produced by the
approaching object has been mostly ignored. Because malaria
mosquitoes are night-active, airflow cues and airflow induced
passive maneuvers might be particularly important. Here, we studied
how malaria mosquitoes Anopheles coluzzii use airflow to evade a
rapidly moving object in low light condition. For this, we build a
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flight arena with a real-time insect tracking system and an
automated mosquitoes swatter. By systematically changing |ight
intensity in the arena and the swatter disk type, we tested how
escape performance changed with variations in visual cues and
airflow cues generated by the swatter. We found that mosquito
escape velocities were higher in bright light condition and when
the swatter generated high air movements. This suggest that
mosquitoes do use both airflow and visual cues to trigger their
evading responses. Finally, we investigated if those maneuvers are
passively induced by the airflow.

$3-8 Crofts, SB; College of the Holy Cross ; scrofts@hol/ycross. edu
What is the point of defensive spines?

Spines are ubiquitous in both plants and animals, and while most
spines were likely originally used for defense, over time many have
been modified in a variety of ways. These modifications may alter
the mode of defense or may allow spines to serve entirely different
functions. Here, we review the biomechanics underpinning defensive
spine use and modification. In order to understand the biomechanics
of spines as puncturing tools we will explore how both the gross
morphology of a spine affects its puncturing ability, as well as
more fine-scaled surface morphology. In addition to puncture, many
spines also deliver toxins as a part of their defense. While these
spines often depend on puncture as part of their function, the mode
of toxin delivery will vary between organisms. In other cases
defensive spines don’'t have to puncture at all in order to defend
the organism. The defensive action of these non-puncturing spines
may still stem from interactions with the predator, or the spines
may interact with the environment to deter predation. In many fish,
for example, spines serve to make the animal larger and therefore
more difficult to swallow. In other cases, organisms that live or
hide in burrows and crevices, |ike sea urchins, may use spines to
wedge themselves in place and prevent predator access. Finally, in
some cases, while spines still serve to deter predators they also
have been modified to serve secondary functions unrelated to
predation or defense. For example, some cactus spines have
modifications that help facilitate clonal reproduction. Alternately
the hollow spines of hedgehogs both serve to deter predators and
can also act as cushioning from falls and impacts.
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35-4 Growder, Cx; Ward, J; Ball State University; cjcrowder@bsu. edu
Embryonic environmental cues alter behavioral responsiveness but
not performance in larval fathead minnow (Pimephales promelas)
Environmental factors can link |ife stages through behavioral,
morphological, and |ife-history carry-over effects. Such |inkages
are important because the experiences at one |ife stage may promote
variation among individuals at a later |ife stage, with fitness
consequences. Most studies conducted to date have focused on the
transition between the juvenile and adult |ife stages. However,
environmental cues during the egg stage also have potential to
affect morphology and behavior later in life. Here, we examined
whether fathead minnow embryos, Pimephales promel/as, adjust their
behavior in response to a predator cue during the egg stage, and
how information learned as embryos contributes to behavioral
variation in larvae. Newly-laid embryos were kept for 5 days in
aged water (control; CG), or in water containing olfactory cues of a
piscivorous predator (predator treatment; P), or paired with minnow
alarm cue (predator + alarm cue treatment; P+AC). Embryonic
behavior (i.e., activity level) was measured on day 5, before
hatching. Larvae were then reared until day 21 under control
conditions and tested in factorial antipredator behavioral
performance and responsiveness assays [3 embryonic rearing
conditions x 3 test conditions (C, P, P+AC)]. Embryos reared in a
perceived ‘high predation risk’ environment (P+AC) exhibited
reduced activity compared to the other treatments. In addition,
larvae differed in their responsiveness to predatory stimuli at 21
days of age. However, we did not detect an effect of the embryonic
environment on the performance of antipredator evasive behavior.
Findings indicate that embryonic learning may improve the ability
of individuals to respond appropriately to changes in environmental
context, without a corresponding change in the expression of
specific behaviors.

49-6 Cruz, T+, Bower, C; Leese, JM; DeSales University, DeSales
University ; tc0l159@desales. edu
Effect of habitat quality on aggression in convict cichlid pairs
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For many animals, habitat quality is one of the most significant
factors in determining access to resources and general safety, and
becomes even more important when the habitat serves as a potential
breeding ground. As a result, many animals invest a great deal of
time and energy defending their territories from conspecific and
heterospecific intruders that compete for suitable habitats. The
convict cichlid (Amatit/ania nigrofasciata) is an aggressive member
of the Cichlidae family in which monogamous pairs defend
territories that include nest sites by chasing and harassing
intruders. As such, we hypothesized that pairs may be sensitive to
the quality of a given habitat and capable of altering their
defensive behavior in response. To test our hypothesis, two
different environments were created in experimental aquaria. A
‘high—quality’ tank contained an opaque PVC nest site that hid
individuals and eggs/fry inside while a ‘low-quality’ tank had a
clear PVC nest site with a visible interior. Subjects were given
time to form pairs, and then assessed for their levels of
aggression in one of the two habitat treatments by introducing a
Juvenile conspecific intruder. The number of aggressive behaviors
(bites, chases, displays) demonstrated from each pair was monitored
and recorded. Preliminary data suggests that convict cichlid pairs
can adjust their defensive behavior and will invest less in
defending a lower quality habitat than a higher quality one.

107-9 Cubillos, CA%; Augustine, KE; Sinclair, BJ; Buckley, TR;
University of Auckland, Auckland, Landcare Research, Auckland,
Western University, Ontario, Landcare

Research; ccublb1@auck/anduni. ac. nz

Temperature, nutrition and [ife history among New Zealand stick
insects

Temperature constrains the kinetics of enzyme-catalyzed reactions
and shapes the performance of whole-organism physiology and |ife
history traits. Additionally, the environmental temperature can set
the boundaries to a species’ distribution and abundance. Therefore,
an integrative understanding of the mechanisms by which an organism
can adjust its physiology and life history in response to thermal
changes, is crucial to advance our knowledge of the observed
ecological patterns. In this context, due to their phylogenetic and
biogeographical history, New Zealand stick insects are an ideal
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study model. Despite their tropical ancestry, they occur on a wide
altitudinal and latitudinal gradient, encompassing different
temperate and alpine habitats. Here we estimate the thermal
sensitivity of digestive efficiency and quantify the thermal
reaction norm of growth rate and size at maturity, among different
species of New Zealand phasmids. The preliminary results show that
proteins are absorbed more efficiently around 10° G. This is
consistent with the hypothesis that cold temperatures slow down the
transit of food along the gut, allowing more time for digestion. On
the other hand, among the four species studied, only Acanthoxy/a
geisovii reaches a larger size at maturity when its development
take place at a colder temperature than individuals reared at a
warm temperature. These results give valuable insights into the
evolution of different life histories and physiological strategies
that allowed stick insects expand their tropical ancestral habitats
to temperate ones.

87-5 Cunha, Fx*; Gutiérrez-Ibariez, G; Wylie, DR; Iwaniuk, AN; Univ.
of Lethbridge, Canada, Univ. of Alberta,

Canada; fe/ipebrcunhatgmail. com

oculomotor nuclei size reflects behavior in nocturnal and diurnal
raptors

Eye movements are a critical component of visually guided behaviors
in animals. Although the control of these movements by cranial
nerve nuclei is conserved across clades, species variation in
visually guided behavior and eye morphology could lead to variation
in the size of oculomotor nuclei. Here, we test for differences in
the size of the oculomotor nuclei among bird clades that vary in
behavior and eye morphology. The volumes and neuron numbers of the
oculomotor (nIIl), trochlear (nIV), abducens (nVI) and Edinger-
Westphal nuclei were quantified across 60+ bird species. Our
comparative analyses show that owls and New Wor|d vultures have
relatively smaller nllI, nIV and nVI nuclei and hawks have
relatively large nIIl and nVI nuclei compared with other clades.
The relatively small oculomotor nuclei of owls are likely due to
their unique tubular eye shape, which markedly constrains eye
movements to a few degrees at most. Hawks are somewhat unique among
birds in that the retina has two foveae located centrally and
temporal ly. Hawks need to visually target in pursuit of moving
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prey, and likely require binocular frontal vision upon the grasping
of the prey. Such behavior is |ikely dependent on extensive eye
movements, resulting in the evolution of an enlarged nIlI. Although
vultures are closely related to hawks and have two areas of
specialization in the retina, the temporal area is not a fovea and
has lower spatial resolving power. Vultures only scavenge carrion
and therefore are unlikely to rely as much on extensive eye
movements. We conclude that the relative size of the oculomotor
nuclei reflects visually guided behavior in birds, but more data is
needed on eye movements in birds to better understand the evolution
of their visual system.

97-8 Cunha, TdJx; Pavéon, A; Espinosa, F; Garcia—Gomez, JC; Giribet,
G; de Medeiros, B; Museum of Comparative Zoology, Harvard
University, Cambridge MA, USA | Smithsonian Tropical Research
Institute, Panama City, Panama, Departamento de Zoologia, Facultad
de Biologia, Universidad de Sevilla, Sevilla, Spain, Museum of
Comparative Zoology, Dept. Organismic and Evolutionary Biology,
Harvard University, Cambridge MA, USA; Cunhal@si. edu

Population connectivity of an endangered gastropod across the
Medi terranean

Dispersal capacity and population connectivity have direct impacts
on species distributions and susceptibility to extinction,
especially in the face of anthropological disturbance. Pate//a
ferruginea, a Mediterranean giant |impet, was an abundant

patel logastropod on rocky coasts throughout the western
Mediterranean. Harvesting and habitat destruction have caused
drastic fragmentation and reduction of its populations. P
ferruginea is an endemic species and the most endangered marine
invertebrate in the Mediterranean. Here we sampled tissues of
populations from the Strait of Gibraltar to Sardinia and Tunisia,
and used ddRADseq to investigate the genetic structure along its
current range. Contrary to expectations based on the relatively
short larval phase and the fragmented nature of the distribution,
populations have little genetic structure across more than 1500 km.
We also use this genome-wide data to infer recent demographic
changes. Our results offer a promising perspective for future
actions towards recovering the species, such as translocating
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individuals to help restore areas where it has been locally
extinct.

§7-5 D Alba, Lx; Jeon, DJ; Yeo, JS; Manceau, M; Shawkey, MD;
Universiteit Gent, EON- Department of Biology, Gent, Yonsei
University, School of Integrated Technology, Seoul, Collége de
France, Center for Interdisciplinary Research in Biology,

Paris; ///iana. dalbalugent. be

Optics and development of highly iridescent feathers.: the case of
hummingbird melanosomes

Color is a phenotypic trait of particular significance to birds,
which are known for their diverse color signals and color-producing
mechanisms including pigments, |ight scattering from nanostructured
feather tissues and combinations of the two. Hummingbirds are a
highly diversified lineage with bright, iridescent plumage colors.
The physical bases of this bright coloration are the arrays of

hol low, melanin—-containing platelets (melanosomes) within feather
barbules that produce color through multilayer interference. Almost
nothing is known of either how these unusual melanosomes form or of
how they are arranged into highly organized nanostructures. Such
knowledge is critical to understand their evolution and may provide
inspiration for new synthetic optically active materials. Here, we
assembled a developmental time series of growing feathers and used
optical and electron microscopy to determine the sequential steps
of platelet development and self-assembly into organized layers. We
show that hummingbird platelets contain air bubbles early in their
development inside melanocytes and, surprisingly, expand up to four
times their initial size before completion of development.
Organization occurs through apparently passive mechanisms driven by
the high density of melanosomes inside the highly flattened
barbules. Three—-dimensional reconstructions using electron
tomography affirm the precise organization of these fully developed
nanostructures. Our data, in conjunction with data from other
species, suggest that diverse developmental pathways guide the
production of highly derived pigment organelles and the
nanostructures they create.

716-9 Dakin, Rx; Moore, IT; Horton, BM; Vernasco, BJ; Ryder, TB;
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Carleton University, Virgnia Tech, Millersville University,
Washington State University, Bird Conservancy of the

Rockies; ros/yn. dakin@gmail. com

lTestosterone—-mediated behavior shapes social networks in wire-
tailed manakins

Social networks are ubiquitous in animals and humans. Variation in
social network structure can affect many biological processes, from
the spread of pathogens to the evolution of cooperation.
Testosterone is a key mediator of social behavior and studies have
established that testosterone can often influence how individuals
interact with their social partners. We investigated whether
testosterone could also predict group—-level social network dynamics
in the wire-tailed manakin (Pipra filicauda), a lekking bird in
which males perform complex coordinated displays with other males.
We used an automated proximity system to longitudinally monitor
male behavior several leks and we collected repeated samples of
each male’ s circulating testosterone. We found that social networks
that were composed of high-testosterone dominant males were less
specialized, less stable, and had more negative behavioral
assortment. These results support our main hypothesis that hormone
physiology can predict group—level dynamics. We also observed that
larger leks with more interacting individuals had more positive
behavioral assortment, suggesting that small groups may constrain
the processes of homophily and behavior-matching. Overall, these
results provide evidence that hormone-mediated behavior can shape
the broader architecture of entire social groups, and that
testosterone—-mediated behavior can impede the evolution of stable
cooperation.

BART-1 Dakin, R; Carleton University; ros/yn. dakin@gmai/l. com

The scaling of behavior: insights into competitive and cooperative
systems

From dodging collisions to choosing your friends, behavior provides
a means for animals to respond to diverse challenges. In my group,
we study the dynamics of behavior with the goal of understanding
how behaviors work and how they have evolved. In this talk, 1 will
present two examples from our recent work on competitive and
cooperative birds. The first study focuses on the evolution of
agility in hummingbirds - a group of birds that uses flight to
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compete for food and mates. By examining the performance of flight
maneuvers within and across species, and how this variation scales
with muscle performance and morphology, we gain insight into how
maneuverability evolves. In the second part of my talk, I will
shift to a species of bird that is more cooperative than
competitive, and a different kind of problem: how does an
individual’ s behavior change with the scale of the social network?
This work focuses on wire—tailed manakins, a neotropical bird that
(like us) cooperates to attain status. Although these two studies
cover very different questions and approaches in biology, they both
I | lustrate how patterns of scaling in behavior can help us
understand the mechanisms that drive complex systems.

S710-72 Daniels, Jx; Aoki, N; Havassy, J; Mushegian, N; Katija, K;
Osborn, K; MBARI, Moss Landing, CA, National Museum of Natural
History, Smithsonian Institution, Washington, DC; Jjoosté@mbari. org
Metachronal moves in the midwater: Swimming of the polychaete
Tomopteris

Tomopterids are a family of highly-derived, holopelagic, gelatinous
polychaetes found throughout the ocean. They are distinguished from
other polychaetes by their lack of internal segmentation and
chaetae, combined with large paddle-1|ike appendages (parapodia).
Paddl ing of the fleshy parapodia and lateral body movement al low
these animals to swim with a strikingly elegant motion that is
visually distinct from other swimming polychaetes, such as nereids.
We collected living tomopterids using remotely operated vehicles in
California’s Monterey Bay National Marine Sanctuary, and used high-
speed particle image velocimetry (PIV) and brightfield imaging to
study their swimming kinematics. We found that during straight,
forward swimming, thrust is generated by active paddling of the
parapodia, as well as a forward-directed body wave. This body wave
also increases the range of motion of the parapodia, resulting in
increased advancement of the body per stroke. The characteristics
of the stroke deviate from existing simplified metachronal models
for polychaetes and crustaceans, and PIV measurements revealed
fluid interactions between adjacent appendages. Compared to other
mar ine polychaetes which tend to have smaller parapodia, the body
wave in tomopterids provides less direct thrust, and locomotion is
dominated by active paddling of parapodia. Compared to euphausiids,
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stroke angle and frequency were similar, but flexible appendages,
planar body symmetry and the body wave result in distinct
kinematics.

37-2 Danziger, AM%; Frederich, M; University of New

England ;. adanzigerl@une. edu

Can eDNA be used to estimate biomass? A Case Study for Using
Carcinus maenas

Environmental DNA (eDNA) has been proven as an effective tool for
the detection and monitoring of absence or presence of rare and
invasive species. Furthermore, eDNA analysis has been used to
quantify biomass in vertebrates, particularly fish species.
However, this has rarely been studied in invertebrates. This study
tested whether eDNA can be used to determine the biomass of the
wor ld-wide invasive green crab, Carcinus maenas. In a controlled
lab study, we tested how biomass affects the eDNA concentration
collected in context of different biotic and abiotic parameters.
Our data show that eDNA concentration did not correlate with
biomass, as it did with vertebrate species. When incubating 1, 3,
or 6 crabs in 4 gallons of sterile saltwater for 1 to 7 days no
dose-response effect was observed. eDNA concentration peaked around
day 3, indicating time-dependent shedding and degradation events
affecting the respective data. Temperature, motor activity, and
aggression levels were varied and were shown to also impact the
concentration of recovered eDNA. Our results show that biomass,
temperature, activity, and potentially many more parameters affect
shedding and degradation rates for eDNA, which impact the
recoverable eDNA concentration. Therefore, eDNA analysis cannot be
used to reliably determine the biomass of the invasive invertebrate
species C maenas. Funded in part by NSF EPSCoR Maine eDNA grant#
1849227.

271-4 Darin, EA; California State University Long Beach and Cabrillo
Marine Aquarium, San Pedro, CA; emily. darin@student. csulb. edu
Effects of bisphenol-A on the morphol/ogy and survival of larvae of
the sand dol/ar Dendraster excentricus (Echinodermata, Echinoidea)
Bisphenol-A (BPA) is an ingredient in the majority of plastics
produced today. When plastics enter aquatic environments, BPA can
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leach out and affect the development and physiology of marine
organisms. Comparisons of temperate and tropical species suggest
that temperature has an impact on the sensitivity of marine
organisms to BPA, but this hypothesis requires further testing,
ideal ly using a single species that can be reared in a wide range
of temperatures. The sand dollar Dendraster excentricus, which
inhabits shallow waters from Baja California to Alaska, is one such
species. In this preliminary study, I aimed to understand the
effects of relatively low BPA concentrations on the larvae of 0
excentricus. 1 exposed embryos and larvae of 0. excentricus to four
treatment solutions (no additives, vehicle control, 50 pg/L BPA,
and 500 pg/L BPA) for seven days. The two BPA treatment
concentrations are higher than have usually been detected in
coastal marine waters, but lower than most other studies of BPA
effects on echinoderm development. After exposure, [ measured
larval midline body length and postoral arm length, survivorship,
and the frequency of normal development. Midline body length,
postoral arm length, survivorship, and the frequency of normal
development all decreased in the presence of BPA, in a dose-
dependent manner. Relatively low concentrations of BPA can thus
have strong effects on the development of sand dollar larvae.
Larvae of this species, which can develop over a temperature range
of at least "12-22 ° C, are thus a useful model for testing how
sensitivity to Bisphenol-A (and possibly other pollutants) varies
with temperature.

§6-2 Datta, SR; Harvard Medical School Department of Neurobiology,
Boston, MA; srdattalhms. harvard. edu

Defining neural principles underlying naturalistic behavior
through Motion Sequencing

The Datta lab studies how natural behavior supports cognition. Here
we describe a method that combines 3D machine vision with
unsupervised machine learning, to characterize the underlying
structure of mouse behavior. We refer to this approach as Motion
Sequencing (MoSeq). Using MoSeq we have discovered that mouse
behavior can be segmented into a fundamental set of components that
we call “behavioral syllables.” Each behavioral syllable is a
brief and well-defined motif of 3D behavior that the brain places
in into specific sequences via definable transition statistics (or
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behavioral “grammar” ) to flexibly create complex patterns of
action. By characterizing mouse behavior in terms of its component
parts, we can use our behavioral characterization technique to
identify subtle differences in the pattern of motor output under
different experimental conditions with an unprecedented level of
sensitivity. By combining MoSeg with in vivo imaging of neural
circuits in behaving animals, we have identified context—-dependent
neural correlates for the sub-second structure, and have identified
the dorsolateral striatum as a key node for implementing
naturalistic behavioral sequences. We have developed a closed-Ioop
version of MoSeq that enables us to trigger optogenetic
interventions based upon the expression of targeted syllable or
sequences; using this system to pulse dopamine during the
expression of targeted behavioral syllables reveals rules and
principles that constrain naturalistic learning. We have also
developed extensions of MoSeq that enable characterization of
multiple animals in complex environments. These experiments
demonstrate that MoSeq can serve as a quantitative prism useful for
characterizing relationships between neural circuit activity and
naturalistic behavior.

107-3 David, ZA*; Owen, MA; Durrant, B; Choun, V; Officer, K;
Griego, M; Whiteman, J; Old Dominion University, Virginia,
Institute for Conservation Research, San Diego Zoo Global, Free the
Bears, Cambodia, University of Massachusetts—Amherst,

Massachusetts; zdav/008Codu. edu

Metabolic rate of two co-existing Ursidae species. Asiatic black
bears and sun bears

Metabolic rate is a fundamental property that reflects the total
energy demand for all aspects of organismal function, from immune
performance to reproduction. Metabolic rate scales allometrically
with body mass and varies with diet, tending to be lower for
herbivores and large-bodied insectivores, and higher for carnivores
specializing in vertebrate prey. In this study, we are examining
the resting metabolic rate (RMR) of two Ursidae species at the
Cambodia Bear Sanctuary supported by Free the Bears and located
within the Phnom Tamao Wildlife Rescue Center in Cambodia. We are
focused on two species that are divergent in body size and |ife
history traits - the Asiatic black bear (Ursus thibetanus) and sun
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bear (Helarctos malayanus). Asiatic black bears are larger (110 kg
versus 50 kg for sun bears) and are less insectivorous than sun
bears, suggesting that their RMR may be lower. However, RMR may
also be affected by the climate at our study site. Asiatic black
bears are primarily distributed in temperate regions and our study
site is close to their most southern and tropical extent, whereas
sun bears primarily occur in tropical regions and are thus
presumably better—adapted to the study site climate. This raises
the possibility that the warm climate at our study site may result
in a higher RMR for Asiatic black bears. Using flow through
respirometry we are collecting measurements of resting V02 and VCO2
of both species at the Rescue Center. We are repeating measurements
on the same individuals within field seasons to assess intra-
individual variation, and between seasons (December, cooler; May,
warmer) to test for seasonal variation.

57-3 Davies, SWx; Kanke, MR; Aglyamova, GA; Matz, MV; Boston
University, Cornell University, UT Austin, UT

Austin; daviesswdbu. edu

Heritability of dispersal-related traits and gene expression in a
coral

Range shifts are one mechanism by which corals can escape the
adverse effects of climate change. To determine if genotypes
capable of longer-range dispersal could be selected for under
climate change, we quantified additive genetic variation

in Acropora millepora larval dispersal-related traits. Using twenty
full-sib families, we estimated heritability of four phenotypic
traits relevant to larval dispersal: responsiveness to settlement
cue, rates of lipid and protein loss, and red fluorescence.
Significant variation in settlement and fluorescence was observed,
with mean broad-sense heritability >0.45. RNA-seq identified genes
whose expression was associated with these traits and assessed gene
expression heritability across |ife history stages. Many larval
genes showed differential expression across sires and the strongest
effects were observed in genes implicated in genome stability and
stress response, a |likely consequence of heritable variation in
condition. Expression profiles associated with variation in
settlement included receptor activity and cell|l surface components,
suggesting the heritable variation in sensory machinery. Gene

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



e183

expression associated with larval red fluorescence indicated that
redder larvae exhibited differential regulation of genes associated
with growth, metabolism, and stress response. We are now in the
process of analyzing gene expression profiles of recruits from
these same coral families to determine if this heritability of gene
expression of larvae is maintained across |ife history stages.
Overal| these data demonstrate that significant heritable variation
is available within coral populations that may serve as fuel for
natural selection shaping novel adaptations under climate change.

S77-8 Davis, MS; Oklahoma State University,

Stillwater; michael. davislokstate. edu

If you want to run with the big dogs, you need to not be so human
Dogs are some of nature’ s most capable athletes. When blessed with
the appropriate anatomic form to facilitate exercise and the
appropriate environment and opportunity for conditioning, they can
perform exercise far in excess of all other domestic animals. A
well-trained dog may have an aerobic capacity 4-5 times greater
than an elite human athlete, and a dog's endurance capacity (when
quantified as sustained caloric expenditure) may also be 4-5 fold
greater than an elite human endurance athlete. Unsurprisingly,
their specific exercise physiology is iconoclastic relative to
other lesser athletes such as humans - a dog’ s superlative exercise
capacity is in many instances due to having developed metabolic
strategies that circumvent the “rules” that limit human
performance. Probably the most unexpected finding is that despite
years of belief that dogs were fat-adapted (excelled at burning fat
to support their exercise), recent work has demonstrated precisely
the opposite: a well-conditioned dog is highly dependent on
carbohydrates to fuel their exercise, and their extensive
physiological responses to improve exercise capacity are directed
towards increasing the availability of glucose for skeletal muscle
uptake. These responses not only include the expected increase in
insulin— and contraction-sensitive glucose transporters (GLUT4),
but also a 2.5 fold increase in the expression of constitutively-
active glucose transporters (GLUT1). This corresponds to the 2.5
fold increase in insulin-independent glucose clearance previously
reported in well-conditioned athletic dogs and illustrates the
extent to which exercising dogs convert their basic metabolic
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machinery to consider exercise performance as their basal metabolic
state.

9-2 Davis, AL*; Thomas, KN; Goetz, FE; Robison, BH; Johnsen, S;
Osborn, KJ; Duke University, Natural History Museum, Smithsonian
Institution, MBARI, Smithsonian Institution; a/. davis@auke. edu
Hiding in the deep. ultra-black camouflage in fishes

In the mesopelagic and bathypelagic realms of the ocean there is
little light from the sun, but light is provided by bioluminescent
organisms. Unlike sunlight, which is diffuse, bioluminescent
sources are directed, leading to surface reflections from
transparent or mirrored animals that can reveal them to predators.
Pigment-based camouflage can reduce surface reflection below that
of transparent organisms by absorbing >99.5% of |ight. We assessed
this possibility in 18 species of deep—-sea fishes from seven
orders. Of the 18 species, 16 had ultra-black skin (reflectance
<0.5%). Ultra-black skin was found across the entire body in some
species (e.g. Oneirodes sp.) but only on parts of the body, such as
the gut, in others (e.g. Cyclothone acclinidens). In all 16
species, the skin had a continuous layer of melanosomes just
beneath the basement membrane of the epidermis that lacked the
unpigmented gaps found in other darkly colored fishes.
Additionally, unlike most fishes, there was no reflective collagen
between the melanosomes and basement membrane. Using electron
microscopy we measured the size and shape of the melanosomes to
determine if they exhibited similar geometry to other fishes. We
found that the melanosomes in ultra-black fishes were larger and
had a higher aspect ratio than melanosomes in other fishes.
Computational modeling of melanosome layers confirmed that the
me|lanosome geometry in ultra-black fishes is optimized to reduce
reflectance. Compared to layers of typical fish melanosomes,
simulated layers of ultra-black fish melanosomes have less than
half the reflectance. This reduction in reflectance is predicted by
a mathematical model to reduce the sighting distance of these
animals by predators up to six-fold, making ultra-black skin a
powerful form of camouflage in the deep-sea.

9-6 Davis, SNx; Clarke, JA; The University of Texas at
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Austin; sdavis6@utexas. edu

Carotenoid coloration in non-passerine birds and expectations of
carotenoid expression in extinct Dinosauria

Carotenoids are among the most ubiquitous pigments that produce
bright colors in animals, and create most of the vibrant yel lows,
oranges, and reds in living birds. While they are comparatively
well| characterized in the plumage of many species, these pigments
are also common in avian bare parts (e.g. skin, beak) but their
phylogenetic distribution has not been investigated. The
instability of carotenoids, coupled with the difficulty of
detecting them in skin, makes investigating their distribution
difficult. However, insight into this distribution would have
implications for understanding the evolutionary pathways of
carotenoid acquisition in birds, as well as informing the search
for this coloration in extinct dinosaurs. We investigate the
expression of carotenoid-consistent color across tissue types in
all extant, non-passerine bird species (n= 4,022) and include
archelosaur outgroups in a phylogenetic framework. We also
investigate how dietary carotenoid intake relates to tissue
expression for a subset of birds. We find that expression in skin
and non-plumage keratin has a 50% probability in the most recent
common ancestor of Archosauria. Consistent with previous studies we
recover multiple gains of plumage expression within neognaths.
However, including carotenoid-consistent color in bare parts
reveals that expression in these areas arises much sooner and more
often in crown clade Aves. We also found that diets high in
carotenoid content correspond to color expression in more body
regions and tissue types. If carotenoid-consistent colorations are
to be found in non-avian dinosaurs our results suggest they would
most likely be found in bare skin regions with potential for
further elaboration into keratinous tissues. However, carotenoids
in non—-feather structures in birds are less stable and can degrade
rapidly, limiting their preservation potential.

6-1 Davis—Berg, EC*; Rafacz, ML; Columbia College Chicago,
Chicago; edavisberglcol/um. edu

Using zoos and webcams to incorporate research into an
undergraduate animal behavior course
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Incorporating independent student research projects into the
curriculum of survey-level biology courses can be a difficult task.
In our non-majors animal behavior class we have developed a
semester—long research project assignment that introduces,
assesses, and applies many of the concepts covered in the class.
This project can easily be adapted for non-majors biology, majors
biology, or other more general survey classes, including remote
classes in the midst of the global pandemic. The project involves a
trip for data collection at our local zoo, additional data

col lection through the use of web cams, and writing of a scientific
report. Students must use the scientific method to design their
research project and formulate a hypothesis. Throughout the
semester, students learn about different behavioral sampling
methods and how to develop and use an ethogram in class using
animal webcams from zoos. At the zoo, students conduct a
comparative behavior project by collecting data from a main animal
and two related animals. We use multiple trials so students can
observe differences in behavior over time. Students then write a
report after practicing data analysis and graphing in Excel and
learn how to explain and interpret their own scientific data. This
poster will explain how others can design and implement project-
based learning in their class and will cover tips and tricks we ve
learned from our experiences over the years.

§72-7 Day, LBx; Harvey, MC; Helmhout, W; Olsson, U; Pano, G;
Hoeksema, JD; Lindsay, WR; University of MS, Goteborg

University; /ainyday@olemiss. edu

Sexual selection for acrobatic courtship compl/exity drives
Increases in cerebellum volume and body size

Manakin males (Aves: Pipridae) attract females with acrobatic
displays varying in complexity across species. Previously, we found
that brain mass (BrM) and body mass (BdyM) increase with display
complexity. We suspect the BdyM relationship is due to muscle
hypertrophy and dense bones associated with acrobatics. If so, body
size measured by tarsus length cubed (Tar®) is unlikely to relate
to complexity. We predict that BrM is driven by mosaic evolution of
the the cerebellum (CB), which is essential for procedural

learning, and the arcopallium (AP), a sensorimotor region that
includes a motivation-linked limbic nucleus (taeniae, Tn). In 12
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manakin species and a closely related flycatcher, we measured the
volume (Vol) of Br, AP, Tn, CB, and a visual thalamic nucleus as a
control (rotundus, Rt). Brain regions were adjusted for bird size
and these adjusted values and the raw values for BrVol and

Tar® were corrected for phylogeny. Tar® and Vols of Br, CB, and AP
but not Tn or Rt were each positively associated with display
complexity. To determine which variables best explain variation in
complexity, we ran 3 mixed models with two random effects; species
and a phylogeny covariance matrix. The best brain region model
included CB, AP minus Tn, Tn, and Rt; CB had a positive association
and Tn had a negative association with complexity. While BdyM is
positively associated with complexity, in models with Tar3 or BrM,
it is redundant. Tar® is the best predictor of complexity, but BrM
also predicts a unique portion of the variation in complexity.
Phylogeny does not explain complexity. Thus, sexual selection for
acrobatic complexity boosts the capacity for procedural learning
via enlargement of CB Vol and increases Tar® size, possibly in
relation to the link of Tar® with body condition.

98-7 Deakin, WJx; Anderson, PSL; den Boer, W; Hill, JJ; Rucklin, M;
Donoghue, PCJ; Rayfield, EJ; University of Bristol, Bristol,
University of Illinois, Urbana, Swedish Museum of Natural History,
Stockholm, Smithsonian Institution, Washington, DC, Naturalis
Biodiversity Center, Leiden; wd15899@bristol. ac. uk

Theoretical functional morphology reveals morphol/ogical evolution
of the first jaws tracks a Pareto optimal front

The Siluro-Devonian adaptive radiation of gnathostomes, which
underpins almost all living vertebrate biodiversity, is
characterised by the evolutionary innovation of the jaw. Previous
work revealed stasis in jaw mechanics through the Devonian,
following an initial burst in the late Silurian. Here we focus on
the constraints on jaw morphology through the investigation of the
form and functional performance of jaws across theoretical
morphospace. This was achieved by generating a grid of theoretical
shapes which encapsulates the range of early gnathostome jaw shape
using Elliptical Fourier Analysis (EFA). The functional optimality
of each shape was assessed based on resistance to stress and a
metric of rotational efficiency, which were combined using a novel
Pareto ranking framework. The resultant adaptive landscape was used
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to interrogate the patterns of jaw morphospace exploration in early
gnathostomes. We find that the mandibles of early jawed vertebrates
exhibit increasing morphological variance over time contrasting
with static functional variety. Gnathostome jaws evolved from
initial morphologies that were already optimised for stress
resistance and speed of jaw closure, criteria incompatible with
Jaws evolving first to enhance ventilation. Later jawed vertebrate
| ineages expand into less optimal regions of shape space, possibly
because of additional conflicting selection pressures, but most
jaws are Pareto optimal. Functional constraints on early jaw
evolution may have become more flexible through time.

BSP-3-8 Deal, CKx; Volkoff, H; Memorial University of

Newfoundland; ckdeal/@mun. ca

Response of the thyroid axis and appetite-regulating peptides to
fasting and overfeeding in goldfish, Carassius auratus

The thyroid axis is a major regulator of metabolism and energy
homeostasis in vertebrates. There is conclusive evidence in mammals
for the involvement of the thyroid axis in food intake, but in
fish, this link is inconclusive. In order to assess the effects of
nutritional status on the thyroid axis in goldfish, Carassius
auratus, we examined brain and peripheral transcript expressions of
genes associated with the thyroid axis [thyrotropin-releasing
hormone (TRH), thyrotropin-releasing hormone receptors (TRH-R type
1 and 2), thyroid stimulating hormone (TSH), deiodinase enzymes
(DI02, DIO3) and UDP-glucoronsyltransferase (UGT)] and appetite
regulators [Neuropeptide Y (NPY), proopiomelanocortin (POMC),
agouti-related peptide (POMC) and cholecystokinin (CCK)] in fasted
and overfed fish for 7 and 14 day periods. We show that there was a
strong response of the thyroid axis to overfeeding, with an
increase of brain TRH and TSHB expressions after 14 days. In
fasted fish, hepatic DIO3 and UGT transcripts were down-regulated
from 7 to 14 days, suggesting an increase in thyroid hormone
degradation. Nutritional status had no effect on circulating levels
of thyroid hormone. Central appetite-regulating peptides exhibited
temporal changes in expression, with decreased expression of the
appetite-inhibiting peptide POMC, and increased expression of the
appetite-stimulating peptide AgRP, from 7 to 14 days for both
fasted and overfed fish, with no change in NPY. Intestinal CCK
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expression was elevated in fasted compared to overfed fish, in
contrast to the typical anorexigenic role of this peptide. These
results indicate that nutritional status time-dependently affects
the thyroid axis. Our study helps to fill a knowledge gap in
current fish endocrinological research on the effects of energy
balance on thyroid metabolism and function.

93-4 deCastro , Nx; Marguerite, NT; Bernard, J; Harris, D; Cooper ,
RL; University of Kentucky. Lexington, KY, 520 Ruddles Mill Rd,
Paris, KY; ndecastro333@email. com

Behavioral effects to heat in larval Drosophila with and without
TRPAT receptors in sensory neurons and the medicinal blow fly
(Phaenicia sericata)

Larvae of Drosophila and other related insects, such as the
medicinal blow fly (Phaenicia sericata), demonstrate a thermal
preference. What drives the differences in behavioral response
among species is not fully understood but is likely driven by
evolutional adaptive pressures. Larval Drosophila melanogaster with
over expression of genes coding for the TRPA1 receptor (i.e. the
capsaicin or heat receptor) in sensory neurons are repelled by
capsaicin or high heat (>280C) whereas the non-over expressers show
no behavioral response to capsaicin. The larvae of Phaenicia
sericata are attracted to heat when placed in cold environment
(100C) ; however, this response is not as robust in larval
Drosophila with or without over expression of the TRPA1 receptor.
The larvae of P. sericata are attracted to heat over a food source
when placed in a cold environment. Comparisons with larval
Drosophila, with over expression of TRPA1 receptor, reveal robust
avoidance of the heat or capsaicin. An interesting phenomenon
occurs when P. sericata are placed at 4oC, they huddle which is not
seen with Drosophila even when overexpressing the TRPA1 receptor.

Is this an evolutionary survival skill for P. sericata to find
decaying animal material and a cooperative group survival when
exposed to cold?

170-7 Deconinck, ADx; Willett, CS; University of North Carolina at
Chapel Hill; aimeed@/ive. unc. edu
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The odd un-couple.: Hypoxia tolerance uncorrelated with acid
tolerance in populations of Tigriopus californicus

Organisms living in the intertidal habitat must cope with co-
occurring stressors as a result of daily fluctuations of exposure
and submergence. Hypoxia (low oxygen) and low pH occur at the same
time when the rate of photosynthesis is low and respiration is
high, such as overnight. To test whether these correlated stressors
resulted in correlated traits, we measured survival of

adult 7/griopus californicus to acute hypoxia exposure or acute
acid exposure. 7. californicus copepods live in shallow pools of
the high intertidal from Baja California to Alaska. Low levels of
migration between populations has led to large differences in
thermal tolerance at different latitudes. After testing copepods
from 6 populations that spanned a wide latitudinal range, we found
no correlation between hypoxia tolerance and acid tolerance at the
population level, and further investigation into other predictors
for stress tolerance such as sex, body length, and time since
collection, were dissimilar for the two traits. Our results suggest
that temporal correlation between hypoxia and low pH is less
influential in driving coevolution of environmental stress
tolerances than stressors that co-occur geographically.

BSP-7-8 Del Olmo, I%*; Alvarez—Campos, P; Universidad Aut6noma de
Madrid; /renedelolmoblgmail. com

On the hormonal control of regeneration and reproduction in
Pristina leidyi (Annelida)

Regeneration, the ability to replace lost body parts, is a
widespread phenomenon in the animal kingdom that has been studied
by biologists for a long time in a wide range of animals. This
ability has been often connected to asexual reproduction, since the
only difference between them appear to be the stimulus that
triggers both processes. Hormones such as dopamine, melatonin and
serotonin has been also related to control regeneration and asexual
reproduction in many invertebrates. In particular, in annelids it
has been proposed a hormonal control from the brain regulating both
processes in a disjunctive way, but, up to now, any experiments
with alive animals have been done. To shed light into this aim, we
have investigated the hormonal control of these two trajectories

in Pristina leidy, a freshwater oligochaete typically used as a
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model in developmental biology. The species exhibits huge
regenerative abilities and routinely undergoes agametic
reproduction by paratomic fission, i.e. the new animal is formed in
the middle of a worm' s body before detachment. Based on previous
studies, we have morphologically characterized both trajectories
into different stages, stablishing 4 stages for anterior
regeneration, 3 stages for posterior regeneration, and 5 stages for
asexual reproduction. Finally, we have tested the influence of
dopamine, melatonin and serotonin hormones on the regulation of
regeneration and fission of the specie. We have also considered
some environmental factors, such as light conditions, that seems to
be decisive in hormone synthesis and release of other

invertebrates. Our preliminary results show that both regeneration
and asexual reproduction are slow down or even completely inhibited
in the presence of hormone and in darkness.

719-8 Delamare, IMx; Olson, RA; Provini, P; Center for Research and
Interdisciplinarity (CRI); /rina. delamare@cri-paris. org

How do birds modulate sound with their vocal tract?

Birds are able to produce a great diversity of sounds. They
vocalize with a specific vocal organ, the syrinx, producing the
primary vibration. However, it is not fully understood how the
produced sound is filtered afterward by the vocal tract (trachea,
upper part of the esophagus, oral cavity, and beak). We know that
in songbirds, motions of the vocal tract help modulate the sound.
When producing low pitch sounds, the throat and breast area expend
visual ly, and the beak stays fairly closed. CGonversely, while
making high pitch sounds, the neck elongates and the beak opens
widely. We hypothesize that all birds can filter the sound by
changing the length and volume of their vocal tract. To determine
how the different parts of the vocal tract modulate sound in
songbird and non-songbird species, we filmed birds vocalizing with
| ight cameras and synchronously recorded their sound with
microphones to quantify the motions of the beak, neck, and pouch,
while birds produced different sounds. Our results suggest a
correlation between vocal pitch and the motions of the beak, neck,
and pouch, supporting previous observations. This work shows that
the complexity of bird vocalizations is not only related to the
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syrinx, but also to the entire upper vocal tract, which provides
elements to better understand birdsong functional morphology.

68-4 Delaney, DMx; Hoekstra, LA; Janzen, FJ; University of Colorado
Boulder, Oklahoma State University, Kellogg Biological

Station; david delaney@col/orado. edu

Age predicts risky investment better than residual reproductive
value in a long—/ived vertebrate

Life-history theory predicts that investment into reproduction
should increase as future reproductive opportunities (i.e.,

residual reproductive value, RRV) decrease. Researchers have thus
intuitively used age as a proxy for RRV and assume RRV decreases
with age when interpreting age-specific investment. Yet, age is an
imperfect proxy for RRV and may even be a poor correlate in some
systems. We used a 30-year study of the nesting ecology of painted
turtles (Chrysemys picta) to assess how age and RRV compare in
explaining variation in a risky investment behavior. We predicted
that RRV would be a better predictor of risky investment than age
because RRV accounts for variation in future reproductive potential
across |ife. We found that RRV increased after initial reproduction
for a few years, slowly decreased until midlife, and then steadily
decreased to terminal reproduction. However, age predicted risky
behavior better than RRV. This finding suggests stronger correlates
of age (e.g., size) may be more responsible for this behavior in
turtles. This study highlights that researchers should not assume
that age-specific investment is driven by RRV and that future work
should quantify RRV to more directly test this key element of |ife-
history theory.

80-5 DelLap, SJCx; Rimkus, B; Shehaj, A; Taylor-Burt, K; Konow, N;
UMass Lowell, Harvard U.; Samuel/_Delap@student. um/. edu

The effect of recruitment intensity on the plateau width of the
muscle force-/ength relationship

Skeletal muscle powers joint movements via force production that is
length—-dependent. The force-length (FL) relationship is often
measured from maximally activated muscle preparations, but muscles
are rarely maximally recruited /n-vivo. Increased joint range-of-
motion and stride frequency that accompany increases in movement
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speed |ikely require muscle to produce greater force over a broader
range of muscle-tendon unit lengths. Accordingly, we hypothesized
that increasing activation duration, from a twitch (single
stimulus) to a tetanic (train of stimuli) contraction, would
broaden the plateau of the FL curve: the range of operating lengths
where muscle reaches near-maximal force. We tested this hypothesis
in two mouse hindlimb muscles, soleus and tibialis anterior, which
differ in fiber type composition (slow vs fast), fiber architecture
(parallel vs pennate), mechanical function (plantar vs
dorsiflexor), and size (small vs large). To broaden our comparison,
we also included muscles from other species (rat and duck). Our
hypothesis was supported by evidence of increased FL plateau width
from twitch to tetanic contractions in mouse soleus (n =5, 38.1 =+
10.6%; mean = S.E.M.) and tibialis anterior (n =5, 22.7 +

12.1%), as well as the rat medial gastrocnemius (n =17, 17.9 =+
3.8%) and by preliminary results from duck lateral gastrocnemius
(n=1, 29.8%), both of which are large, mixed—fibered, and pennate
plantar flexors. We anticipate these data from muscles with varying
form and function to help determine if muscle structure, size, or
function is the better predictor of FL plateau width.

§7-7 Delevoye, G; Institut Curie, PSL Research University, CNRS,
UMR144, Structure and Membrane Compartments and Cell and Tissue
Imaging Facility (PICT-IBiSA), 75005 Paris,

France; cedric. delevoye@curie. fr

BLOC-dependent regulation of melanocyte pigmentation and its
defects in the Hermansky-Pud/ak Syndromes

Skin color and photoprotection depend on two epidermal cell types,
melanocytes and keratinocytes. Melanocytes are the melanin pigment-
producing cells and form a unique membrane—enclosed organel le,
called the melanosome, in which melanin is synthesized, stored and
ultimately transferred to keratinocytes. The biogenesis and
function of the pigmented melanosome relies on membrane trafficking
pathways, some of which are targeted in the Hermansky—Pudlak
Syndromes (HPS) — a group of rare genetic disorders characterized
by oculocutaneous albinism, excessive bleeding, and other systemic
defects. Most of the genes that are mutated in HPS patients encode
protein subunits of molecular complexes called BLOCs that play some
roles in regulating trafficking pathways. However, the cellular and
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molecular functions of the BLOCs remain poorly understood. I will
discuss here some of our recent studies illustrating how the BLOCs,
particularly BLOC-1 and its partners, control membrane trafficking
events in and out of the melanosomes. A better understanding of the
cell biology of BLOCs elucidates how their malfunction leads to

me lanosome dysfunction in HPS, and could identify potential novel
gene candidates targeted in uncharacterized forms of this syndrome.

57-8 Dempsey, BLx; Bidwell, JR; East Tennessee State

University; Dempseyb@etsu. edu

Predator-avoidance response In larval black-bellied salamanders
(Desmognathus quadramaculatus) to predator cues from native and
nonnative salmonids

The introduction of nonnative salmonids into Southern Appalachia
may pose a threat to resident salamander populations. In recent
years, the stocking and encroachment of rainbow trout (Oncorhynchus
mykiss) into headwaters where the black-bellied salamander
(Desmognathus quadramaculatus) and brook trout (Salvelinus
fontinalis) naturally coexist has raised concern. Black-bellied
salamanders lack a strong evolutionary relationship with rainbow
trout and |ikely lack the appropriate predator—avoidance responses.
In aquatic prey, these responses are primarily influenced through
the detection of chemical cues released from predators. The
objective of this study was to determine how co-occurrence with a
predator influences black-bellied salamander predator recognition.
To evaluate this, salamander activity metrics were recorded before
and after exposure to either native trout predator cue (brook),
introduced trout predator cue (rainbow), or conditioned tap water
(control). Larvae from different trout predator assemblages were
tested and larvae all reduced their activity when exposed to brook
trout predator cue, but their response to rainbow trout predator
cue depended on their previous co—occurrence. Larvae from only
areas with brook trout exhibited a weak predator—avoidance when
exposed to rainbow trout predator cue. A follow-up test to
determine the influence of alarm cue on predator response in these
larvae indicated that the alarm cue enhanced the response to the
rainbow trout predator.
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87-9 Deng, LC+*; Edsinger, E; Salk Institute; /o/adengc@gmail. com
BUSCO-based phy/logenomics resolves major cephalopod clades and
placement of new pygmy [ab models

Cephalopods have evolved sophisticated biological systems but how
they are engineered and function is poorly understood. Cephalopod
genomes and transcriptomes provide detailed |ists of genetic
components underlying cellular and anatomical parts and can yield
novel hypotheses. Testing these ideas using genetic models may soon
be possible, as different species are being explored, including
pygmy octopus Octopus chierchiae and pygmy squid /diosepius
paradoxus. Understanding how their biological systems, parts, and
components integrate in building and operation, or might relate to
human, can be enhanced by comparative approaches. However, critical
branches in the cephalopod tree are unclear, including pygmy
octopus and pygmy squid. BUSCO gene sets represent gene families
with typically a single member per species, making gene orthology
calls more accurate. Newly-released BUSCO Mol lusca HMMs offer
identification of nearly 5,300 genes. To resolve deep branches in
cephalopods and placement of new pygmy lab models, we have taken a
BUSCO-based phylogenomics approach. We produced diverse cephalopod
transcriptomes, including PacBio sequencing of pygmy squid and
pygmy octopus, and, in combination with public data, leveraged
maximum |ikelihood and Bayesian inference supermatrix and supertree
methods. Transcriptomes were annotated by clustering and sequence
features identified. Data are now available at the Cephalopod
Sequence Evolution and Analysis portal, CephalopodSEA. io.
Phylogenetic analyses place pygmy squid as sister to all other
decapodiformes, while pygmy octopus are sister to blue rings, mimic
octopus, Octopus vulgaris, and kin. This work provides an important
tool for comparative and genomic approaches in cephalopods and for
establ ishment of new pygmy lab models in development, physiology,
and neuroscience.

2-13 Dennis, ABx; Inaebnit, T; University of Potsdam, Potsdam,
Germany,; a//icebdennis@email. com

Physiological and genomic variation among cryptic species of a
marsh snail (Melampus bidentatus)

The coffee bean snail (Mel/ampus bidentatus) is a common detritivore
in salt marshes on the US Atlantic coast. Using single gene
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sequencing, three cryptic species have been identified within #
bidentatus. Despite their high potential for dispersal as larvae,
the three species have very different range extents, especially
their northern limits. We are exploring physiological differences
that may help explain this. Surprisingly, we have found that all
three species have similar abilities to survive freezing
conditions. We are now using tests of multiple stressors to examine
the relationship between freeze tolerance and oceanic salinity. At
the same time, we are using whole genome sequencing to more fully
understand the relationship among cryptic species. Interestingly,
karyotyping work from half a century ago suggests that chromosomal
differences could exist between taxa.

S7-9 Deravi, LF; Northeastern University; /. deravi@northeastern. edu
Protein-pigment interactions facilitate dynamic color change in
cephalopod chromatophores

Color is ubiquitous in nature; however, the ability to rapidly
change color in response to environmental cues is unique to few
biological systems and has captured the imagination of scientists
and the public for decades. Cephalopods, including squid, octopus,
and cuttlefish, are one such system that can rapidly camouflage in
different underwater environments by employing a sophisticated
ensemble of optical organs. While these animals have been a subject
of research for many years, the fundamental physics and chemistry
underlying their color modulation is still not well understood and
the reality of creating a material that mimics such outstanding
capabilities remains elusive. A recent study of their dermal
chromatophore organ revealed an abundance of lens—crystallin
proteins confined within nanostructured pigment granules,

indicating a functional convergence between the eyes and skin of
the animals that has yet to be explored. This talk will build off
this exciting finding and discuss a potential role of these
proteins in facilitating signal transduction during camouflage.

63-6 DeRogatis, AMx; Klasing, KC; University of California,
Davis,; amderogatis@ucdavis. edu

Evaluation of the trade—-off between molt and innate immunity in
the domestic chicken (Gallus gallus domesticus)
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Life history theory predicts that nutritionally costly |ife stages
must be timed and balanced with the competing costs of self-
maintenance. In birds, molt is known to be very expensive in terms
of nutrient requirements due to the metabolic costs associated with
producing high quality feathers quickly. The trade-offs between
investments in self-maintenance and immunity are known to be
important, but the relationship between molt and immunity remains
unclear. Because both molt and the ability to mount an immune
response are essential for survival, there is |ikely a trade-off
wherein molt negatively impacts the ability of a bird to mount an
immune response. The objective of this study was to use chickens
(Gallus gallus domesticus) to clarify the impacts of molt on
nutritional investment in immunity using an expensive innate immune
system challenge. We used a 2x2 factorial arrangement of treatments
(n=7):1) No molt control 2) No molt control + challenge 3) Molt
and 4) Molt + challenge. To induce molt, chickens went from a long
day schedule to a short-day schedule along with oral thyroxine. An
injection of |ipopolysaccharide (LPS) was administered three weeks
after the onset of molt to initiate an acute phase response. Four
hours after the LPS injection; tissue samples were collected for
evaluation of cytokine expression using gPCR. Molt led to a
significant increase in the size of both the spleen (p < 0.001) and
the thymus (p < 0.001). Chickens undergoing molt generally had the
lowest inflammatory response to LPS compared to the other treatment
groups. This research clarifies the trade-off between molt and
immunity and helps us understand one of the factors likely to
motivate the variance in molt strategies among avian species.

8-4 Derryberry, EPx; Phillips, JN; Derryberry, GE; Blum, MJ;
Luther, D; University of Tennessee, Texas A&M San Antonio, George
Mason University; //z@utk. edu

Singing in a silent spring.: birds respond to a half-century
soundscape reversion aduring the COVID-19 shutdown

Actions taken to control the COVID-19 pandemic have conspicuously
reduced motor vehicle traffic, potentially alleviating auditory
pressures on animals that rely on sound for survival and
reproduction. Here we evaluate whether a common songbird
responsively exploited newly emptied acoustic space by comparing
soundscapes and songs across the San Francisco Bay Area prior to
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and during the recent statewide shutdown. We show that noise levels
in urban areas were dramatically lower during the shutdown,
characteristic of traffic in the mid-1950s. We also show that birds
responded by producing higher performance songs at |ower
amplitudes, effectively maximizing communication distance and
salience. These findings illustrate that behavioral traits can
change rapidly in response to newly favorable conditions,

indicating an inherent resilience to long-standing anthropogenic
pressures |ike noise pollution.

82-4 Desdardins, NS*; Fisher, AL; Harrison, JF; Smith, BH; Arizona
State University,; ndesjard@asu. edu

A common fungicide, Pristinee, impairs olfactory associative
learning in honey bees (Apis mellifera)

Honey bees are exposed to agrochemicals such as insecticides,
fungicides, herbicides, and spray adjuvants while foraging on
treated crops. Fungicides have traditionally been considered bee-
safe as they are designed to target the basic biochemical processes
of fungal cells, but recent studies have suggested that they can
cause death and, at lower concentrations, sublethal effects on bee
behavior and physiology. Here, we focus on the fungicide

Pristine® (active ingredients: 25.2% boscalid, 12.8%
pyraclostrobin), which is sprayed during the blooming period on a
variety of crops, and is known to poison honey bee mitochondria at
ppm levels. We tested whether chronic consumption of pollen
containing Pristine®, at a range of field-relevant and higher
concentrations, impairs olfactory associative learning in honey
bees. Learning performance was reduced at higher but not lower
Pristine® doses, with negative impacts occurring within the higher
range of concentrations measured in the field. We next exposed bees
to Pristine® at larval, adult, or both |ife stages. We found that
significant suppression of learning performance occurred when bees
were exposed during both larval and adult |ife stages, and non-
significant reductions occurred when they were exposed during only
one stage. The reductions in learning could not be explained by
effects on hunger or motivation, as sucrose responsiveness was not
affected by Pristine® exposure. Our study provides strong evidence
that Pristine” impairs olfactory learning, potentially affecting
the foraging and pollination capacities of bees and raising renewed
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concern that standard methods to test the toxicity of agrochemicals
to pollinators may need to be reevaluated. Supported by USDA-2017-
68004-26322.

90-3 Desplat, Y*; Warner, JF; Smith, E; Vijayan, N; Blackwelder, P;
Lopez, JV; Nova Southeastern University, Fort Lauderdale, FL ,
University of North Carolina at Wilmington, Wilmington,

NC; yvain. desplat@gmail. com

Physiological and genetic effects of deepwater horizon oil and
dispersant on a developing marine sponge mode!/ (Cinachyrella sp)
Sponges (Phylum Porifera) have shown to be bio—accumulators of
heavy metals, and bio—-monitors for polychlorobiphenyl (PCB)
contaminants. Furthermore, marine sponges fulfill many ecological
functions on reef ecosystems. However, very little is known about
sponge behavior in the face of environmental changes. Consequently,
we report a study to develop the Caribbean reef sponge Ginachyrel la
spp. as a viable experimental model organism. Stemming from the
Deepwater Horizon oil spill in 2010, we designed an experiment to
expose 24 individual sponges to sublethal amounts (0.5 ppm) of oil
(WAF), oil mixed with 10% COREXIT 9500 dispersant (CE-WAF), and
dispersant only. Light and electron microscopy observations showed
evidence of physical changes and the presence of oil droplets
trapped in sponge mesohyl. RNA-Seq determined the corresponding
differential gene expression (DGE) response of the same samples of
Cinachyrella. Overall, 31,571 total sponge transcripts were
eligible for genetic profiling by RSEM and DESeqg2 after annotating
based on the Amphimedon queenslandica genome. Also, 12,913
transcripts displayed significant DGE. Differentially expressed
transcripts included heat shock proteins, cell integrity proteins,
cancer related proteins, and apoptosis related protein among
others. Major genetic responses to oil started after 1 hour of
exposure and higher DGE response was seen after 24 hours of
exposure for dispersant and oil:dispersant mixtures. CE-WAF
Oil:dispersant mixtures appeared most harmful to the sponge after
longer exposure This study confirmed Cinachyrella as a suitable
research model organism from Florida reefs.

718-2 Di Santo, Vx; Lauder, GV; Stockholm University, Stockholm,
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Sweden, Harvard University, Cambridge,

MA; valentina. disantolzool/ogi. su. se

Feeding affects individual and collective behavior of schooling
fish

Schooling is a prevalent collective behavior that arises from the
interaction of a group of individuals during swimming. School
formations are characterized by strong polarization, and fish
maintain reasonably discrete relative positions within the group.
School ing behavior may facilitate foraging, but to date there is
little work on the interactions of individuals during the
introduction of food. In this study we quantified tridimensional
school ing patterns and dynamics in schooling fish, the Inland
silverside (Menidia beryl/ina). Schools were composed of 14
individuals (average length = 5 cm) swimming at 15 different
speeds, ranging from 1 to 8 body length per second. Three high-
speed cameras recorded fish positions before, during and after
feeding events to obtain a tridimensional reconstruction of fish
movement using DeeplLabCut. When food was introduced in the flow
tank, the school formation was disrupted as silversides moved about
to acquire individual food items. We quantified this repositioning
of individuals within the school after feeding. Fish that obtained
food tended to move to the front of the school where energetic
costs of swimming are higher. We compared feeding events and
repositioning of individuals at different flow speeds and found
that schools are not static units, as fish change position rather
often to acquire food, or to save energy by swimming behind other
individuals. Changes in individual behavior and the interactions
among individuals in response to food provide insights into the
effect of local movement on general dynamics in collective
behavior.

39-9 Diamond, KMx; Kwon, RY; Maga, AM; Seattle Children’s Research
Institute, Seattle, University of Washington,

Seattle; kelly. diamond@seatt/echi/drens. org

Measuring craniofacial variability in zebrafish using
computational anatomy

Computational anatomy (CA) approaches start by estimating a
canonical ‘template’ from a sample of images. This template is
then used as a basis for statistical analysis to quantify
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structural differences among groups of interest. Here we apply CA
to a sample of zebrafish with mutations in bmp/a and p/od? genes,
which are associated with human brittle bone disease, and their
unaffected siblings. Due to the complexity of fish skulls, previous
attempts to classify craniofacial phenotypes have relied on
qualitative features or 2D landmarks. In this work we aim to
quantify 3D craniofacial phenotypes of zebrafish by comparing
mutants to their wildtype siblings. We first estimate a

‘normative’ zebrafish template using microCT scans of the
unaffected |ittermates as the sample pool using the Advanced
Normalization Tools (ANTs). To validate the accuracy of the
template and our CA pipeline, we compared the otolith volumes from
the template CA approach to manually segmented volumes of the same
set of zebrafish. Our CA based segmentation volumes are
statistically indistinguishable from our manual segmentations and
show that both mutants have larger otoliths than their wildtype
controls. We are currently in the process of using the canonical
template as a reference to conduct fully automated 3D shape
analysis of our samples. Preliminary results suggest that
phenotypic differences in both mutants are concentrated in the
posterior portion of the frontal bone and in the dentary. We expect
these methods will greatly improve the 3D analysis of the complex
fish craniofacial phenotypes, especially those of zebrafish which
are an important model system for testing genome to phenome
relationships in the study of development, evolution, and human
diseases.

67-4 Diamond, S; Case Western Reserve

University,; sarah. diamond@case. edu

Constraints on specialist butterfly species range shift responses
to recent climate change

Under recent climate change, many species are rapidly shifting
their geographic ranges. Although there is a general trend toward
poleward and upslope geographic range shifts, there is still
considerable variation in the magnitude and even direction of
contemporary range shifts. Theory suggests that specialization
might constrain range shift responses. We tested this idea using a
long—-term monitoring dataset of butterfly range dynamics.
Specifically, we examined associations between the magnitude and
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direction of range shift responses and degree of specialization.
Overal |, we found broad support for a trade-off between the
magnitude of the range shift response and degree of specialization.
Further, we found evidence that range position, relative to the
location of the monitoring sites in the Midwestern United States,
also explained variation in the range shift response. In effect,
range dynamics were different at the leading versus trailing range
edges. Our results suggest that species—level traits such as
ecological specialization, and consideration of population-level
responses at leading versus trailing range edges, can help to
resolve variation in range shift responses to recent climate
change. Such associations could further aid in predicting where
species might be found in the future as the environment continues
to change.

23-5 Diaz, Cx; Aaron, E; Long, JH; Vassar College, Colby

Col lege; cdiaz@vassar. edu

Moth-catching by spiders: the spreading behavior of capture glue
depends on the morphology of moth scales

One subfamily of moth-specialist spiders, Cyrtarachninae, have
evolved a situational superfluid exhibiting extraordinary strength
and dynamic hyper—spreading ability, but only when in contact with
the scaled integument of moths. How does this predatory system work
to defeat the scale-shedding defense of moths? We hypothesize that
the key feature is the 3D topology of the scales on the integument:
a microscopic meshwork of branching channels. Employing a
microfluidics approach, we model the glue as it flows upon the
surface of the scales, permeates the surface, and then flows within
the scale meshwork. Using high—-speed videos of spreading, we
compare expected and observed spreading rates of the leading edge
of the glue droplet; simple expectations about the spreading rate
can be generated from Tanner' s Law for the flow of a droplet on a
surface, the Hagen-Poiseuille equation for flow in a pipe, and
Darcy’' s Law for capillary flow. We found that interaction between
the glue of Cyrtarachninae spiders and moth scales leads to a
spread over distances far greater than those of common orb-weaver
glues. We predict this continued spreading is sustained by the
microfluidic forces of the meshwork and aided by the large droplet
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size of Cyrtarachninae spiders. This work is supported by the
National Science Foundation under Grant No. 2031962.

/4-8 Diaz, Kx; Chong, B; Ding, JL; Lu, H; Goldman, DI; Georgia
Tech; kelimar. diaz@gatech. edu

C. elegans maneuvering strategies in heterogeneous environments
Slithering animals (e.g., snakes, nematodes) generate and propagate
waves along their elongated body in order to traverse highly damped
environments. In particular, the mm—long nematode worm C

elegans must execute complex behaviors in other to navigate its
natural environment (e.g., rotting fruit) and overcome
heterogeneities. Specifically, the worms are able to generate a
time—-dependent omega-|ike shape (known as omega turns) that allows
them to achieve high in place rotation. Yet, few studies have
focused on how the worm generates and controls body waves of
curvature for self-propulsion in complex environments. To discover
principles of nematode control, we conducted experiments in fluid
filled PDMS multi-post array - a model heterogeneous environment.
Surprisingly, the worm was not hindered by the heterogeneities when
performing turns. Instead the worm was able to perform omega turns
by wrapping its body around the obstacles. Performance was
comparable to that of on the surface of homogeneous agar or buffer,
where the worm was able to achieve high rotation while minimizing
the swept area. Preliminary experiments with mechanosensing
defective mutants (mec-4) suggest that worms do not need to sense
their surroundings to perform turns in complex environments. Our
results suggest omega turns are a robust strategy to turn and
maneuver in a myriad of environments.

24-72 Diaz, K; Robinson, TL#*; Ozkan-Aydin, Y; Goldman, DI; Wan, KY;
Georgia Tech, University of Exeter; trobinson89bgatech. edu

Minimal robophysical model for multi-flagellate propulsion
Microorganisms with appendages (e.g., flagella) have diverse
strategies to locomote in highly viscous environments. Developing
micron sized robots has become of interest to model the diverse
locomotive behaviors. Yet, developing a microrobot without the use
of external actuation (e.g., magnetic field) remains a challenge.
To model low Reynolds swimming, we developed macroscopic
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robophysical models (body length of 3.87 cm) with the capability to
generate self-driven movement in viscous fluids (mineral oil, 1,000
cSt). Our robots have four appendages that are independently
actuated, designed to capture aspects of unicellular
quadriflagellate algae. While different species of quadriflagellate
algae share similar morphology, they exhibit differences in
swimming speeds. We posit this is due to differences in their
appendage coordination (e.g., gaits). We measured swimming
performance in three distinct gaits, the pronk, the trot, and the
gallop, and tested the effects of appendage orientation relative to
the cell body. When the flagella were oriented perpendicular to the
body, the robot achieved a speed of 0.020-0.1 body lengths per
second depending on the gait. Results are comparable to
microorganisms’ performance, in particular the trot enables a
higher speed than the pronk and the gallop. When the flagella were
oriented parallel to the body, swimming performance decreased
significantly for all gaits. Our results show that a minimal
robophysical model has significant potential for understanding the
control principles of low Reynolds swimming as seen in unicellular
microorganisms.

33-4 Dickerson, HEW; Rivera, HE; Davies, SW#; Boston

University; haydendu@bu. edu

Hot and bothered. Determining the effects of heat and starvation
stress on oculina arbuscula corals

Coral reefs are among the most biodiverse environments on the
planet. With the looming threat of irreversible climate change,
understanding their tolerance to environmental stressors is key to
conserving them. Corals rely on heterotrophy and carbon transfer
from autotrophic algal symbionts to survive. Heat stress can
interrupt this transfer in a process known as bleaching. Most
corals are obligate mutualists, but some are facultatively
symbiotic and can live without symbionts. These rely more heavily
on heterotrophic carbon, a source shown to facilitate coral
survival during bleaching events, especially when their algal
symbionts are in low abundance. Here, we test the interactive
effects of thermal stress (18-31° C ramp over 3 weeks) and
heterotrophy on the facultatively symbiotic coral, Ocu/ina
arbuscul/a. We quantified photosynthetic efficiency of the algae’s
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photosystem Il with Pulse Amplitude Modulated (PAM) fluorometry
throughout the 21-day experiment. To understand host response to
the treatments, we also quantified total host protein and carb
reserves, as well as protein levels of the immune response gene NF-
kB. We find that heat stress leads to reduced symbiont density,
but reductions are less pronounced in fed corals. We also find that
PAM data correlates well with overall symbiont density and that
photographic analyses of coral color corroborated these values.
Heat stressed and starved corals showed the strongest induction of
NF-xB protein levels with a 14-fold increase in protein levels
compared to starved controls. Fed and heat stressed corals showed a
6-fold increase in NF-xB levels compared to starved controls.
Overall, we find that heterotrophy can mitigate the effects of
temperature stress, furthering our understanding of the role
heterotrophy plays in coral stress response in facultatively
symbiotic species.

27-7 Dimitrie, DAx; Benard, MF; Case Western Reserve

University, dadl25@case. edu

A comparison of the effects of two anuran competitors on breeding
site selection in a treefrog

By breeding in environments with few competitors or predators,
animals can increase the survival and growth of their offspring.
However, the ability of adults to detect the presence of and
distinguish between different species represents a potential

| imitation to adaptive habitat selection. We tested if the eastern
gray treefrog (Hyl/a versicolor) changed its oviposition site
selection in response to the presence of tadpoles of two other frog
species: the American bullfrog and the green frog. We selected
these species because, although they may both occupy treefrog
breeding habitats, ecological differences suggest they may have
different effects on treefrog tadpoles. We established three types
of artificial breeding pools: no competitors, bullfrog tadpoles
present, and green frog tadpoles present. Adult treefrogs bred in
pools with no competitors more frequently and earlier in the
breeding season than pools with competitors. There was no
difference in breeding activity between pools with bullfrog and
green frog tadpoles. An additional experiment revealed that
treefrog tadpoles developed faster and grew larger in the absence
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of these competitors compared to the presence of either competitor.
Bul [frogs and green frogs had similar effects on treefrog tadpole
development and growth. Both competitors elicited a similar
response in treefrog breeding site selection and resulted in
similar effects on offspring fitness. These results contrast with
previous studies suggesting a closely related treefrog does not
avoid breeding in wetlands with heterospecific competitors. Our
findings support a causal relationship between habitat selection
and competition, and suggest that these two anuran competitors,
despite their ecological differences, are functionally equivalent
in their effects on amphibian breeding activity.

28-5 Dittrich , MCx; Dobkowski, KA; University of Alaska Southeast
and Friday Harbor Labs, University of Washington, Bates Col lege and
Friday Harbor Labs, University of Washington; mecdittrich@alaska. edu
Feeding preferences of Pugettia producta on macroalgae species
along the coast of San Juan [sland, Washington

In the Salish Sea, beds of the only canopy forming

kelp, MNereocystis luetkeana, vary in their density and
distribution; the reasons behind this variation are still being
explored and may vary by geographic location. Kelp forests provide
important three-dimensional habitat to a wide array of species, but
key organisms of interest that may influence kelp distribution and
abundance are herbivorous grazers, such as the Northern Kelp

crab, Pugettia producta. P. producta’s feeding preferences

although observed with other macroalga species in a laboratory
setting, are not well understood, as is their potential effect
on N /uetkeana populations in the field. In other geographical
locations of P producta’s range, they have been observed to
consume a variety of different macroalga’s. In the Salish Sea, it
Is not known if P producta living in this region prefer the same
macroalgae as others of the same genus and species. | conducted
laboratory feeding trials to determine if a feeding relationship
was present between the crabs and locally abundant macroalgae using
a block design with the crabs as blocks. I ran three separate
feeding experiments: vegetative N /uethkeana vs reproductive N
luethkeana (sori), Egregia menziesii vs Sargassum muticum and E.
menziesi/ vs vegetative N /uetkeana. P. producta consumed 3x

more N /uetkeana sori then vegetative blade and did not show a
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significant preference for any other food source offered. A better
understanding of P producta’s feeding preferences will inform
future conservation and restoration plans to help keep A
luetkeana beds flourishing for years to come.

45-2 Dol inar, DPx; Edwards, MS; San Diego State

University; di//onpdo/inar@gmail. com

The zombification and revival of purple sea urchins
(Strongylocentrotus purpuratus) in response to food availability
Purple sea urchins (Strongylocentrotus purpuratus) are herbivores
who inhibit rocky reefs from British Columbia to Baja California.
When top down pressure decreases, often by means of a decrease in
predator abundance, purple sea urchins increase grazing intensity
and are capable of consuming all of the macroalgae within a kelp
forest. This has resulted in the formation of urchin barrens
throughout the large portions of their range. In barrens, urchins
experience starvation, causing physiological changes such as a
decrease in gonad mass and, over time, a complete resorption of
their gonad tissue. We examined how S. purpuratus responds
metabolically when deprived of food for long periods of time. This
was done by comparing respiration rates of urchins who had access
to food and urchins who have been starved for seven and 14 weeks.
We observed a significant decrease in oxygen consumption after the
urchins were starved, indicating decreased metabolic activity.
After 14 weeks of starvation, the urchins were again fed for seven
more weeks, which resulted in a revival of their metabolic activity
that matched pre-starvation levels. In addition, we sampled urchins
from Stillwater Cove, CA from areas of high macroalgal density as
well as barren areas but found there to be no difference in urchin
metabolic rates between the two areas. Our results suggest that
when facing starvation, urchin metabolic rates significantly
decrease. However, if they periodically receive food, they can
sustain moderate levels of metabolic activity.

S7-3 Dominoni, DMx; Visser, ME; Spoelstra, K; University of
Glasgow, Netherlands Institute of
Ecology; davide. dominoni@g/asgow. ac. uk
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The effects of experimental [ight pol/lution on behaviour,
physiology and fitness of a wild songbird

Associated with increasing urbanization worlwide, artificial light
at night is increasingly recognized as a threat to wild animals. In
birds, light pollution has been shown to affect behaviour and
physiology. However, most field studies so far have been
correlational and short-term, thus it is unclear if light pollution
can ultimately affect fitness and population size. Here we present
a comprehensive study on the long-term effects of light pollution
on the great tit (Parus major), a songbird common in European
cities. We used an experimental approach in the field where lamp
posts with LED of different colors (white, green and red) were
installed in previously dark forests in the Netherlands. Using a 8-
year dataset of breeding events, mark-recaptures, behavioural and
physiological data, we first show that exposure to experimental
light pollution in the field result to changes in energy
expenditure, nocturnal activity, spatial movements, susceptibility
to infection and availability of caterpillar preys. Most of these
effects were color-dependent, with white and green light having
stronger effects than red |ight. However, behavioural and
physiological changes were not followed by fitness effects, as
reproductive output and survival probability were not affected by
any of the light types. This suggests that either behavioural and
physiological effects were not stronger enough to lead to fitness
costs, or that they were in fact adaptive responses to artificial
light. Alternatively, light pollution could lead to non-random
settlement patterns, so that only birds with specific traits are
able to breed under bright night |ights. Further research should
focus on distinguishing between these different options to fully
elucidate the long—term implications of light pollution for wild
populations.

$5-2 Donatel | i, CMx; Roberts, AS; Baxter, D; Abu-Badr, L; Naughton,
L; Han, L; Ortiz, F; Standen, EM; University of Ottawa, University
of California Davis, Tufts University, The College of William and
Mary, Bucknell University, Denison

University; cassandra. donatel/i@gmail. com

Fabulous fish tails.: Using morphology to model functional
diversity across the fish tree
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When we think of fish tails, we usually think of the caudal fin.
But, the “tail” of a fish is much more than just the last bit.
Like a cat, the tail starts just behind the vent and includes all
the vertebrae, muscle, skin, and spines from that point to the tip
of the fin. At some point in their lives, most fishes use their
tail for locomotion. Even pectoral fin swimmers |ike poachers
(Agonidae) and surfperch (Embiotocidae) use their tails for quick
movements. Despite their seemingly similar function in propulsion,
the morphology of fish tails is extremely diverse from the internal
structure of the vertebrae to the external shape and composition of
the skin. All fish tails have the same base components. We can
mode| how the shapes of these components result in different
material properties and swimming kinematics, in order to answer
broad questions about tail evolution and function. We started by
measur ing the 2D vertebral morphology of the tails of 80 species of
fish. We then created a model to translate how the 2D shape of the
intervertebral material relates to the 3D structure. To develop an
understanding of the mechanics, we measured bending stiffness of
whole fish tails, tails with components removed (skin, muscle,

etc), and isolated vertebral joints. Finally, we measured the
swimming kinematics of 20 species of fishes. Using these data, we
created a model showing how the different shapes of the tail
vertebrae across the fish tree leads to the diversity of tail
function in fishes. This model can be applied to fishes not used in
this study to address questions of function throughout evolutionary
history.

7107-2 Douglas, HD; Grambling State University; hddoug/as@email. com
Observations of ecological discordance at Bering Strait during a
marine heat wave

Global climate change is increasing variances in natural system,
and this was also evident in northern Bering Sea during a marine
heat wave that intensified in 2016. Crested auklets (Aethia
cristatella), colonial seabirds of Alaska and Siberia, nest at
mega—colonies (10% in the northern Bering Sea. The usual patterns
of phenology and foraging were disrupted in 2016. Colony attendance
of crested auklets was 35-50% lower in latter June 2016 at Little
Diomede I., AK, compared to 2015. The pattern was similar for the
least auklet (A. pusilla). The two species nests sympatrically in
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rock talus. Crested auklets specialize on large zooplankton such as
euphausiids and copepods. However, their C/N stable isotope values
spanned three times the range in 2016 compared to 2015. Red blood
cells in 2015 had greater enrichment of 8"C (t ¢ o586 = 11.3, p <
0.001) and lower values of 8™N (t o527 = 11.4, p < 0.001). In
2016 crested auklets had a less specialized diet and apparently
foraged at higher trophic levels. Eleven percent of the crested
auklets captured in 2016 (n=82) had incomplete acquisition of bill
pigment. According to a phenology study, bill pigmentation is
completed by early May. The bill pigment includes a fluorochrome
that may be derived from euphausiid prey, as well as pentacyclic
triterpenoids, that must originate in phytoplankton. In 2016, the
species—specific citrus—|ike odorant was less evident and ceased
earlier. These deficiencies suggest physiological limitations
related to diet. Like the crested auklet, least auklets exhibited a
disrupted consumption pattern. Their growing primary feathers had
lower & '°C values (t ¢o521 = —4.06, p< 0.001) and higher & "™N

(t 0521 = 8.22, p< 0.001) in 2016. While the northern Bering Sea
is highly variable, the sharp discordance in 2016 was more extreme
and appears to be related to the direct or indirect effects of
increased ocean heat.

716-8 Driver, RJ*; White, ND; Balakrishnan, CN; East Carolina
University, National Eye Institute; driverrib@students. ecu. edu
Evolution of visual perception in response to dietary shift and
sexual selection

How animals perceive the world varies considerably within a diverse
spectrum of behaviors and environments. Over evolutionary time,
survival strategies of a |ineage change, necessitating sensory
perception to fine tune to new niches. Manakins, a group of
Neotropical birds (suboscines: Pipridae), have undergone major
shifts in both diet and sexual selection complexity in a relatively
short evolutionary time frame. Manakins are broadly separated into
two clades separated by 16 million years of divergence. One clade
Is insectivorous and males exhibit rudimentary courtship displays,
while another more diverse clade is primarily frugivorous and males
conduct elaborate athletic courtship displays. Using full genome
sequences from representatives within both clades, we investigate
how genes involved in visual perception have changed with respect
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to these different |ifestyles. For the opsin gene family, we find
that melanopsin (OPN4M), involved in the pupil's reflex in response
to light, shows positive selection in the |ineage leading to all
manakins. We also find that the shortwave sensitive 1 opsin (SWS1)
shows positive selection in the lineage leading to frugivorous
manakins with elaborate displays. SWS1 is involved in absorption of
violet and ultraviolet pigment, suggesting that perception of these
colors may be important for fruit detection or courtship
perception. We identify sites in SWS1 experiencing positive
selection, including a shift from valine to isoleucine at position
158 in frugivorous manakins, however we do not detect positive
selection at any previously characterized SWS1 spectral tuning
residues. We suggest that future studies investigating SWS1
wavelength absorption consider novel spectral tuning candidates and
that spectral tuning sites in SWS1 may be more diverse than
currently characterized.

7154 Dror, S%; Miklési, A; Temesi, A; Sommese, A; Fugazza, C;
Department of Ethology, E6tvos Lorand University,

Budapest; shanymd@email. com

“Who’s a smart boy?” Qualitative variation in the ability of
dogs to learning object names

Few studies describe the abilities of dogs to retrieve objects
based on their names. These studies illustrate the behavior of only
a single dog, raising the question of how common is this ability.
Over two years we searched for such Word Knowledgeable (WK) dogs
around the globe via social media and located six dogs that knew
the names of over 15 objects. We compared the rate in which WK dogs
learn words to that of naive puppies (N=13) and naive adult dogs
(N=17). In weekly training sessions, owners were instructed to
playfully interact with their dogs using two toys (one at a time)
as they repeated the toys’ names. They continued this training on a
daily basis at home. The dogs’ progress in learning the toys’ names
was assessed on a monthly basis, using an object choice test with
the toys positioned out of the owners’ view in order to control for
a Glever Hans effect. After 3 months, none of the naive dogs was
able to learn the names of the two toys. In contrast, WK dogs
learned not only the names of these two toys but also the names of
additional 16-37 new toys. The findings suggest that the ability to
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learn object names varies qualitatively, manifesting in only a
smal | number of exceptional individuals. During the domestication
process, dogs evolved the potential for social skills that are
functionally similar to those of humans, and are therefore an
outstanding model for understanding cognitive processes. Dogs with
exceptional word-learning skills give us a unique opportunity to
study the manifestation of exceptional skills in a non-human
species. The identification of this variation in a non—-human
species paves the way for future studies to examine the origin of
variation in human socio-cognitive performance.

15-1 Dror, Sx; Magyari, L; Fugazza, C; Miklosi, A; Andics, A;
Department of Ethology, Eotvos Lorand University, Budapest, MTA-
ELTE "Lendulet’ Neuroethology of Communication Research Group,
Hungarian Academy of Sciences; shanymd@gemail. com

Comparing the ability of miniature pigs and family dogs to learn
feonic and non-iconic orientation cues

Gestures had a crucial role in the evolution of human language,
therefore investigating gesture comprehension in nonhuman species
is of great interest. Family dogs can spontaneously follow pointing
gestures, possibly as a result of selection for cooperation skills
during the domestication process. Unlike dogs, pigs were
domesticated as meat stock. Previous work suggests that pigs do not
spontaneously follow human gestures but can be trained to do so.
This study compared the ability of similarly raised dogs (N=10) and
miniature pigs (N=6), to react to iconic (IC) and non-iconic (NI)
cues. We hypothesized that the difference in the domestication
goals will result in dogs outperforming pigs. In addition, as
owners often use IC gestures for communicating with their pets, IC
cues were expected to result in higher performance. Subjects were
trained to approach food dispensers positioned on their left and
right based on an experimenter given cue. In each specie, half of
the subjects received cues given by the experimenter’'s legs, and
half received hand gestures as cues. Both species learned the IC
and NI hand cues with higher than chance performance. However, both
performed better with IC hand cues. Dogs performed better than pigs
with hand given IC cues. Both species performed at chance level
when receiving leg cues. we conclude that dogs are more successful
in reacting to human gestures and suggest that iconicity
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facilitates learning in dogs more than in pigs. We attribute the
low performance for leg cues to an attentional bias, as all
subjects were used to receiving food from the experimenter’ s hands.

712-5 Du Clos, KTx; Gemmell, BJ; Colin, SP; Costello, JH; Dabiri,
J0; Sutherland, KR; University of Oregon, University of South
Florida, Roger Williams University, Providence College, California
Institute of Technology; auc/os@uoregon. edu

Synchronous swimming in siphonophores yields higher maximum speeds
but /ower efficiency and higher cost of transport

While not closely related taxonomically, salps and siphonophores
share a “multi—jet” swimming strategy in which thrust for the
colony is produced by multiple zooids, each of which produces its
own jet. Jets can be reoriented for thrust vectoring and fired
either asynchronously or synchronously, providing a range of
possible propulsion strategies. We developed a numerical model of
multi—jet swimming to test the relative advantages of multi—jet
propulsion strategies while keeping other factors, such as thrust,
constant. We used model runs parameterized based on high-speed
videography of free—swimming siphonophores (Namomia bijuga) to
compare asynchronous and synchronous swimming modes. Asynchronous
swimming-in which nectophores (swimming zooids) jet sequentially-is
a steady swimming mode, while synchronous swimming-in which
nectophores jet simultaneously-is commonly used for escape
swimming. For the same thrust input, synchronous swimming yields a
lower propulsion efficiency, higher cost of transport, and lower
mean swimming speed than asynchronous swimming. However, maximum
swimming speed is higher for synchronous than for asyncronous
swimming. We also tested the consequences of varying nectophore
numbers. As the number of nectophores increases, asynchronous
swimming produces thrust over a larger fraction of the swimming
cycle, and the magnitudes of the aforementioned differences between
swimming modes increase. These results demonstrate how multi—jet
swimmers can vary the timing of thrust production to favor energy
conservation for steady swimming or maximum swimming speed for
escape swimming.

65-4 Duncan, MIx; James, NC; Potts, WM; Bates, AE; Stanford
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University, Stanford, CA, USA, South African Institute for Aquatic
Biodiversity, South Africa, Rhodes University, South Africa,
Memorial University, Canada; murrayO4@stanford. edu

Different drivers, common mechanism. The distribution of a reef
fish is restricted by local scale oxygen and temperature [imits on
aerobic metabolism

The distributions of ectothermic marine organisms are |imited to
temperature ranges and oxygen conditions which support aerobic
respiration, quantified within the Metabolic Index (MI) as the
ratio of oxygen supply to metabolic oxygen demand. However, the
utility of MI at local scales and across heterogeneous environments
Is unknown, yet these scales are often where actionable management
decisions are made. Here we test if MI can delimit the entire
distribution of marine organisms at local scales (10 km) using the
endemic reef fish, Chrysoblephus laticeps, which is found in the
highly heterogeneous temperature and oxygen environment along the
South African coastal zone. In laboratory experiments we find a bi-
directional (at 12 C) hypoxia tolerance response across the
temperature range tested (8 to 24 C), permitting a piecewise
calibration of MI. We then project this calibrated MI model through
temperature and oxygen data from a high spatial resolution ocean
mode| to quantify various magnitudes of MI across space and time
paired with complementary G . laticeps occurrence points. Using
random forest species distribution models, we quantify a critical
MI value of 2.78 below which C. laticeps does not persist and
predict current and future distributions of C. laticeps in line
with already observed distribution shifts. Overall, we find that C.
laticeps’ distribution is |imited by increasing temperatures
towards its warm edge but by low oxygen availability towards its
cool edge, which is captured within MI at fine scales and across
heterogeneous oxygen and temperature combinations — supporting MI's
application to make local-scale predictions for local management
solutions.

83-3 Duong, PCx; Holmes, HL; Piermarini, PM; Romero, MF; Gillen,
CM; Kenyon College, Gambier, OH, Mayo Clinic, Rochester, MN, The
Ohio State University, Wooster, OH; duongl@kenyon. edu
Functional expression of insect Na+—dependent cation—-chloride
cotransporters in Sf9 cells
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Na'—dependent cation chloride cotransporters (CCCs) couple the
inward movement of Cl~ to Na® and/or K. Aedes aegyvti expresses
three putative GCCs. AeNKCC1 is the ortholog of Drosophi/a Ncc69, a
bumetanide-sensitive Na'-K'-2C|~ cotransporter (NKCC), while aeGGC2
and aeGCG3 are orthologs of Drosophi/a Nec83. In prior

work, AXenopus oocytes expressing aeGCG2 exhibited increased

Li* uptake and Na® currents, but equal Rb* uptake, compared to
water—injected controls (Kalsi et al., 2019). To further
investigate the transport properties of NaCCC2s, we transiently
transfected ST9 cells with aeCCC2, Ncc83, and Ncc69 subcloned into
pIB/V5-His vectors. In cells transfected with pHluorin-tagged
Ncc83, plasma membrane expression was confirmed by fluorescent
microscopy. Transport activity was assessed by exposing cells to
saline with 20 mM [Li* ] (Na* tracer) and 5 mM [Rb* ] (K* tracer)
and evaluating uptake via cation chromatography of cell l|ysates.
Na* to K" ratios of cells transfected with aeCGC2 were 1.8 - 2.0
fold greater than controls and cells transfected with Ncc69.
Following hypotonic pre-incubation, cells transfected with Ncc69
had 2-3 fold greater Rb" uptake compared to controls. Additionally,
cells transfected with aeCCC2 tended to have greater Li" uptake,
but equal Rb* uptake, compared to vector-only controls. Our results
support the hypothesis that, in contrast to Ncc69 and other NKCCs,
aeCCC2 transports Na* but not K. (Funding: American Physiological
Society Research Career Enhancement Award, NIH F33 GM131599, and
Kenyon Col lege.)

719-7 Duque, FGx; Carruth, LL; Neuroscience Institute, Georgia State
University, Atlanta, GA; fauquel@gsu. edu

Do smaller hummingbirds sing higher pitched songs?

Song variation in birds is influenced by multiple factors, creating
the great diversity of vocal signals we have today. Evidence shows
that body size can constrain the vocal range of a species so that
the smaller an animal is, the higher the frequency (Hz) at which it
vocalizes. Some hummingbirds vocalize above 8 kHz, beyond the vocal
range of most birds. However, their body mass varies (4.85 - 8.2
g), and some are large compared to hummingbirds that do not produce
any known high-frequency (HF) vocalizations. Here, we investigated
whether there is an inverse relationship between body mass and
fundamental frequency (Fo) in the vocalizations of hummingbirds,
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including those that produce HF vocal signals. The |inear
regression analysis did not show a relationship between body mass
(g) and the Fo (kHz) in the vocalizations of hummingbirds. Among
all hummingbird species, the average weight is 5.32 g, SD 2.3 g;
but some species producing HF vocalizations weigh more than the
average, while the smallest hummingbirds produce no known HF calls.
An analysis of the vocal range of each species shows that variation
in frequency range is not associated with weight. Oreotrochi/us
chimborazo, for example, weighs 8.2 g and produces a chasing call
with Fo = 4 kHz, while its HF song reaches Fo = 13.4 kHz. In
contrast, some of the smallest species exhibit a vocal range
comparable to that of the Giant Hummingbird. These results suggest
that body mass is not a key component for variation in the
frequency (kHz) of vocal production in these birds. In contrast,
the position and morphology of the syrinx may be more relevant for
understanding the role of physical constraints in the evolution of
HF vocalizations in hummingbirds.

7103-3 Dutel, Hx; Porro, LB; Fabre, A-C; Martin-Silverstone, E;
Berks, H; Fagan, MJ; Rayfield, EJ; University of Bristol,
University College London, The Natural History Museum, London,
University of Hull; A dutel@bristol. ac. uk

Functional evolution of the skull during the fish-tetrapod
transition. insight from [iving vertebrates

The colonization of land during the Devonian represents a major
environmental transition in the evolution of vertebrates, which had
a major impact on the evolution of essential functions such as
feeding. Palaeontological discoveries have shed |ight on the
sequence of anatomical transformations leading to early land-

dwel ling tetrapods. However, it is still unclear how changes in
skull form relate to functional evolution in sarcopterygian fish
and early tetrapods. Tackling this question requires a deeper
understanding of skull anatomy and function in living taxa
bracketing the fish-tetrapod transition. We first measured in vivo
bite force in a sample of more than 50 fish, amphibian and amniote
species and found that bite force varies significantly with
phylogeny and ecology (terrestrial versus aquatic). We then
quantified how bite force relates to jaw morphology using geometric
morphometrics and found a strong co-variation between mandibular

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



e217

shape and bite force. In addition, we are using biomechanical
model | ing to determine how the reorganisation of the cranial
musculoskeletal anatomy across the fish-tetrapod transition led to
changes in skull kinetic parameters during feeding. We develop
biologically informed multibody dynamic models of 5 |iving species
to simulate and compare muscle activity, joint-reaction forces and
bite force. This deeper understanding of the anatomy and function
of the skull in living taxa will allow us to reconstruct
morphological and functional evolution in fossil lobe-finned fishes
and early tetrapods.

95-3 Eap, Dx; Correa, S; Ngo-Vu, H; Derby, CD; Georgia State
University ; deapZ@student. gsu. edu

Chemosensory basis of feeding behavior in pacific white shrimp,

L i topenaeus vanname i

Chemosensory basis of feeding behavior in pacific white

shrimp, L/topenaeus vannamei Dana Eap, Sara Correa, Hanh Ngo-Vu,
and Charles D Derby Neuroscience Institute, Georgia State
University, Atlanta The Pacific white shrimp, L/topenaeus vannamei
is important as the principal species in the worldwide aquaculture
of shrimp. It has also become a model in the study of crustacean
biology, especially since it is one of the first decapod
crustaceans to have its genome sequenced. This study examined an
aspect of the sensory biology of these shrimp that is important in
their aquaculture, by describing their peripheral chemical sensors
and how they are used in acquiring and consuming food pellets. We
used scanning electron microscopy to describe the diversity of
sensilla on the shrimp’s major chemosensory organs - antennules,
antennae, mouthparts, and legs. We then explored the roles that
these chemosensory organs play in the shrimp’s search for,
acquisition, and ingestion of food pellets, using behavioral
studies on animals with selective sensory ablations. We found that
the antennules mediate odor—activated searching for pellets, with
both the lateral and medial antennular flagella contributing to
this behavior and thus demonstrating that both aesthetasc
(olfactory) and distributed chemosensors on the antennules can
mediate this behavior. Once the shrimp finds and grasps the food
pellet, the antennular chemoreceptors no longer play a role, and
now the chemoreceptors on the mouthparts and legs control ingestion
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of the pellets. This sequence of chemosensory control of feeding in
L. vannamei, a dendrobranchiate crustacean with small antennules
and an ability to live and feed in both benthic and pelagic
environments, is generally similar to that of the better studied,
large—antennuled, benthic reptantian crustaceans including spiny
lobsters, clawed lobsters and crayfish, and crabs.

17-3 Eaton, KMx; Bernal, MA; Backenstose, NJC; Yule, DL;
Krabbenhoft, TJ; University at Buffalo and Auburn University,
University at Buffalo, US Geological Survey, Great Lakes Science
Center, University at Buffalo; Ame0038@auburn. edu

Nanopore amp/icon sequencing reveals molecular convergence and
local adaptation of rhodopsin in Great Lakes salmonids

Local adaptation to novel environments is an important driver of
divergence among closely related species. We have examined the
process of local adaptation to distinct visual environments among
the cisco species flock (Coregonus spp.) of Lake Superior. We
developed a new protocol for long-read amplicon sequencing using
the Oxford Nanopore Flongle device, and employed this pipeline to
genotype five visual opsin genes from individuals of C. artedi, C.
hoyi, C. kiyi, and C. zenithicus from Lake Superior. Results
revealed high levels of differentiation in a key amino acid residue
involved in the spectral tuning of rhodopsin (Tyr261Phe), with the
allele for 261Phe fixed in C. kiyi. This species is typically found
at depths of 80 to »>200m, a blue-shifted light environment as
compared to the surface. The concordance between C. kiyi's
preferred habitat and the predicted 8 nm blue-shift in rhodopsin’s
absorption spectrum associated with the 261Phe allele provides
compel |l ing evidence that this species is adapted to |ife in deep
water. Additionally, an ancestral reconstruction of the amino acid
state at rhodopsin residue 261 across the fish tree of |ife has
shown that the changes observed in Coregonus spp. independently
parallel those found in other distantly related |ineages. In
certain lineages, it even appears that “toggling” back and forth
between the two allelic states at this site has occurred over deep
evolutionary time.

109-5 Eberts, ERx; Guglielmo, CG; Welch, KC; University of Toronto
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at Scarborough, Toronto, ON, University of Western Ontario, London,
ON; erich. eberts@mail. utoronto. ca

Ruby—-throated hummingbirds (Archilochus colubris) abandon an
energy emergency torpor strategy when they fatten for migration in
late summer

Hummingbirds can use torpor to reduce their metabolic rates
overnight as part of a strategy to manage daily energy balance or
to maximize energy storage during certain |ife stages. However, the
proximal mechanisms that trigger (or delay) torpor use, and how
these vary temporally and in response to the environment, are
poor |y understood. While torpor may be used only when energy stores
fall below a critical level, an ‘emergency only’ strategy may be
abandoned to facilitate fat conservation during migration. We
tracked body composition and torpor use in male ruby-throated
hummingbirds (Archilochus colubris) throughout the breeding season
and the beginning of the fall migration period using quantitative
magnetic resonance, respirometry, and thermal imaging. During the
summer, birds entered torpor at very low estimated fat stores (T5%
of body mass). Interestingly, torpor use occurred repeatedly during
the migratory period in birds that had accumulated high body fat
stores (>25%). Additionally, hummingbirds decreased torpor
duration, and increased torpor depth in the migration season.
Overall, in the breeding season, leaner hummingbirds used torpor
more often and longer, when their energy reserves approached a |ow
emergency threshold. However, torpor use at high fat stores in the
migratory season suggests that some individuals are also able to
use torpor to facilitate storage of fat needed to fuel their
migratory journey. This study explores individual variation in
hummingbird torpor use to elucidate the mechanistic |ink between
torpor use and seasonal changes in body composition.

S6-7 Echeverri, S; Miller, AE; Chen, J; McQueen, E; Plakke, M;
Spicer, M; Hoke, KL; Stoddard, MC; Morehouse, NI*; University of
Pittsburgh, Princeton University, Emory University, University of
Kansas, University of Puget Sound, Colorado State University,
University of Gincinnati; rnmorehouse@email. com

How signaling geometry shapes the efficacy and evolution of animal
communication systems
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Animal communication is inherently spatial. Both signal
transmission and signal reception have spatial biases——involving
direction, distance and position——that interact to determine
signaling efficacy. For example, color signals are often visible
only from specific angles, and animal eyes often have |imited
fields of view for color perception. Alignment between these
directional biases is therefore critical for effective
communication, with even slight misalignments disrupting perception
of color information. Signals can also degrade as they travel from
signaler to receiver, and environmental conditions that impact
transmission can vary over even small| spatiotemporal scales. Thus,
how animals position themselves during communication is |ikely to
be under strong selection. Despite this, our knowledge regarding
the spatial arrangements of signalers and receivers during
communication remains surprisingly coarse for most systems. We know
even less about how signaler and receiver behaviors contribute to
proper signaling alignment over time, and how signals themselves
may have evolved to influence and/or respond to these aspects of
animal communication. Here, we first describe why researchers
should adopt a more explicitly geometric view of animal signaling,
including issues of direction, distance, and position. We review
how signaling geometry influences communication dynamics across
signaling modalities. We then explore how recent scientific
advances (e.g., new tools for monitoring animal movements) offer
inroads into this important aspect of animal communication. We
conclude with recommendations and future directions made visible by
attention to the geometry of signaling.

37-4 Edgar, Ax; Martindale, MQ; University of

Florida; a//lison. edgar@whitney. ufl. edu

Reproductive maturity occurs before transition to adult morpho/ogy
in the ctenophore Mnemiopsis leidyi

Ctenophores are an important model system for understanding
embryonic development in early-branching metazoans, as well as an
ecologically significant invasive species. Spawning during the
juvenile |ife stage has been observed several times in lobate
ctenophores but whether early reproduction is a rare, inducible
phenotype or a standard |ife history stage has been unexplored. We
found that spawning in cydippid-stage Mnemiopsis /eidy/, the most
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commonly studied model for lobate ctenophore biology, occurs
reliably given adequate nutrition. We define environmental and
feeding conditions that favor reliable spawning and characterize
its typical onset, duration, and fecundity. Furthermore, we show
that the offspring of these juvenile parents develop normally and
themselves initiate spawning at a similar developmental time,
tested through the F3 generation, so that multiple sexually mature
generations from the same |ine may be cultured simultaneously. This
discovery significantly shortens the generation time for this
ctenophore in the laboratory setting and may reduce the difficulty
of culturing animals and obtaining embryos for researchers working
inland and without advanced marine culture facilities. These
results are an important step in making this ctenophore model
system more accessible. Furthermore, these results suggest that the
apparently juvenile cydippid stage may in fact be an adult |ife
stage and that the transition from cydippid to lobate morphology is
a purely morphological transition not related to physiological
adulthood. Alternatively, if there are physiological distinctions
between these reproductive |ife phases, it would support the
hypothesis that the cydippid stage of ctenophores is the ancestral
adult stage and precocious reproduction is vestigial, with lobate
reproduction arising later as a novel |ife history stage.

104-3 Edmonds, CEx; German, RZ; Gould, FDH; Steer, KE; Adjerid, K;
Bond, LE; Mayer|, CJ; Northeast Ohio Medical University, Rootstown,
OH, Rowan School of Osteopathic Medicine, Stratford,

NJ; cedmonds@neomed. edu

Capsaicin improves swallow safety during infant feeding

During infant feeding, aspiration (the introduction of liquid
material into the airway) represents a performance failure with
potential ly serious consequences including aspiration pneumonia and
even death. Recent work has indicated that the primary mechanism
driving aspiration in infants is the volume of milk being

swal lowed, with higher volumes increasing the |ikelihood of
aspiration. An effective means of managing bolus volume should,
therefore, result in enhanced swallow performance. In healthy
populations, the afferent nerve fibers associated with the interior
branch of the superior laryngeal nerve (iSLN) are responsible for
regulating bolus volume by triggering a swallow. In adults,
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chemical stimulation of the afferent fibers of the iSLN via
capsaicin has been shown to decrease the time to swallow onset and
improve swal low safety. Whether this relationship holds for infant
populations remains unknown. We filmed infant pigs with unilateral
ISLN lesions while bottle feeding using high-speed videofluoroscopy
under two conditions: prior to capsaicin application, and directly
after the application of capsaicin to the soft palate and

val leculae. We found that capsaicin application impacted feeding
behaviors and kinematics. Furthermore, bolus size was significantly
smaller in infant pigs exposed to capsaicin, resulting in a
decreased probability of aspiration. Our results indicate that
capsaicin may be a powerful agent to improve swal low performance in
compromised infants by stimulating the afferent fibers of the iSLN
to reduce bolus volume.

22-4 Edwards, RAx; McClintock, JB; University of Alabama at
Birmingham, Birmingham, AL, University of Alabama at Birmingham,
Birmingham, AL ; raven26@uab. edu

An evaluation of ontogenetic allometry of defensive and feeding
efficiency properties of skeletal components of the regular sea
urchin Lytechinus variegatus

Ontogenetic allometric analyses can provide novel insights into
aspects of evolution, ecology, and conservation. For example, a
recent study found marine fish exhibit hyperal lometric scaling of
reproductive output in relation to body size. Accordingly, to
sustain fish populations the largest size class of fish should be
protected. The present study exploits a model sea urchin to explore
allometry to evaluate skeletal defense and feeding efficiency
(Aristotle’s lantern). Lytechinus variegatus were sampled from St.
Joseph Bay, Florida. A range of different sized juvenile to adult
individuals were measured and then dissected into skeletal
components. Skeletal defense was evaluated by examining whole-body
wet mass versus primary spine density (#), length (mm), breakage-
strength (N), and Mg-calcite levels (% — high mg skeletons are
harder). Feeding efficiency was inferred from the relationship
between whole body wet mass versus lantern dry wt and mg-calcite
content. Results indicate that L. var/egatus displays isometric
scal ing between body size and various elements of skeletal defense
and feeding efficiency. Hyperallometric scaling is also seen
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between body size and lantern size. Intriguingly, many components
of spine defense against predation displayed a non-significant,
body size independent relationship indicating juveniles have invest
heavily in spine defenses at a young age. Lantern mass displayed a
strong hyperal lometric relationship with test diameter reflecting
the importance of elevating feeding efficiency with increasing age.
In the broadest sense, the present study validates that allometric
scaling is valuable as a tool to evaluate aspects of defense and
feeding efficiency in marine invertebrates.

717-4 Edwards, PDx; Mastromonaco, G; Holmes, MM; University of
Toronto Mississauga, Toronto Zoo; phoebe. edwards@mail. utoronto. ca
Social transmission of queen estradiol levels in eusocial naked
mole-rats

For cooperative species, there can be great value in the
synchronization of physiological states to coordinate group
behavioral states. This is evident in naked mole-rats
(Heterocephalus glaber), which have the most extreme form of
cooperative breeding in mammals. Colonies have a single
reproductive female, “the queen,” supported by up to hundreds of
colony “subordinates” which are all socially suppressed into a
prepubescent state. Subordinates cooperate in colony maintenance,
defense, and al loparental care. Prior work has reported that there
may be social sharing of hormones between individuals in the
colony; when the queen is pregnant, subordinates of both sexes
develop enlarged nipples, and female subordinates can develop
vaginal perforation, though none of these animals are reproductive
themselves. We sought to document hormonal changes behind these
observations by monitoring queen and colony estradiol levels during
and after pregnancy using non—-invasive fecal hormone measurement.
We found that both queens and colony subordinates increased
estradiol levels during the queen’ s pregnancy. We then tested
whether treating a single subordinate in the colony with estradiol
would induce the same effect in other colony members. The estradiol
treatments raised the treated subordinate’ s levels into the
pregnancy range, but other colony members remained unchanged. This
indicates that the social influence on estradiol levels is specific
to the queen. We examine queen behavior and pheromones as cues for
triggering this prepartum colony-wide increase in estradiol. These
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results have implications for how cooperative breeders coordinate
al loparental care, and how social cues can influence individual

physiology.

177-3 Egawa, Sx; Bishop, PJ; Pintore, R; Griffin, CT; Tsai, HP;
Botelho, JF; Smith-Paredes, D; Kuratani, S; Norell, MA; Nesbitt,

SJ; Hutchinson, JR; Bhullar, BAS; Yale Peabody Museum, USA; RIKEN
BDR, Japan, Royal Veterinary College, UK, Virginia Tech, USA,
Missouri State University, USA, Yale Peabody Museum, USA;
Pontificia Universidad Catélica, Chile, Yale Peabody Museum, USA,
RIKEN BDR, Japan, American Museum of Natural History,

USA; shiro. egawa@riken. jp

The evolutionary change of morphogenesis of dinosaur-type femoral
head

Dinosaurian femoral heads are distinguished by considerable medial
extension or overhang of the proximal end. This morphology has been
central to discussions of form and function of the locomotor
apparatus. Here, we reconstructed the morphogenetic (developmental)
evolution of the proximal end of the dinosaurian femur. Embryology
of extant close relatives (neontology) suggests acquisition by
gradual medial growth of the proximal end. On the other hand, the
fossil record (paleontology) suggests acquisition by torsion of the
proximal end about the long axis. We resolve this apparent conflict
by showing that medial overhang of the dinosaur femoral head was
initially acquired by torsion, which was then superseded by growth
of the medial region. Subtle anatomical shifts support this
hypothesis; and their biomechanical implications and phylogenetic
timing are congruent with the general consensus regarding broader
morphofunctional evolution on the avian stem.

67-11 El-Shesheny, IA; Matoo, OB; DelLong, JP; Montooth, KLx*;
Faculty of Agriculture, Tanta University, Egypt, School of
Biological Sciences, University of Nebraska-

Lincoln; kmontoothZ@un/. edu

Shifts in the thermal performance curve across mo/lecular,
individual and population levels

The thermal performance curve (TPC) provides a mathematical and
physiological framework for predicting how shifts in temperature
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are expected to impact population persistence in the face of global
climate change. Yet, we lack knowledge of the mechanisms that
translate thermal performance of molecular, cellular and individual
level traits to population dynamics. Here we fit TPCs for
population growth rate, estimated using |ife-table analyses, and
for its underlying life-history and physiological components,
including female fecundity, development rate, survivorship,
metabolic rate and mitochondrial function using an outbred
population of the fruit fly Drosophila melanogaster. We find that
the activation energy estimated from TPCs increases from the
molecular to the population level. Flies develop rapidly at higher
temperatures, but this trades off with survivorship and fecundity,
generating a TPC for population growth rate that is relatively
narrow and sits in between the TPCs for female fecundity and
development rate. The rich data gathered for insect |ife-table
analyses reveal a thermal-dependent maternal age effect on
offspring survivorship; when developed at intermediate
temperatures, females can maintain fecundity and higher offspring
survivorship across a larger fraction of their |ifespan. We will
present preliminary results on how TPCs across levels respond to
thermal lab evolution. We will discuss how our research may provide
a predictive framework for forecasting the dynamic responses to
environmental change from thermal metabolic responses through a
series of currently unknown nested functions up to population level
responses.

85-7 E|-Shesheny, [Ax; Matoo , OB; O'Brien, K; Meiklejohn, CD;
Montooth, KL; University of Nebraska-Lincoln, USA and Tanta
University, Egypt, University of Nebraska-Lincoln, Ohio State
University; /. e/shesheny@yahoo. com

Gene-environment interactions shape transcriptomic and organismal
responses to combined ethanol/ and temperature environments in the
fruit fly Drosophila melanogaster

Organisms acclimate and adapt to complex environments in which
multiple abiotic stressors may interact with genetic variation to
determine the degree of stress experienced by individuals. The
fruit fly Drosophila melanogaster encounters ethanol during
development and shows latitudinal patterns of ethanol tolerance.
The expansion of 0. melanogaster into temperate latitudes that
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experience cooler and more variable environments is coincident with
the evolution of a much higher ethanol tolerance that is considered
to be adaptive. We characterized variation in whole-transcriptome
responses of multiple 0 melanogaster wild-type genetic strains
from temperate latitudes to larval ethanol exposure (0 or 6%) at
two temperatures (16 C and 25 C) by RNA-sequencing. We identified
genes that exhibited genotype-by-environment (GxE), ExE and GxExE
interactions. We found that diverse pathways and co-regulated
networks of genes including |ipid and phospholipid metabolism, drug
metabol ism, autophagy, and mitochondrial function responded to
developmental ethanol and temperature exposure, and that some of
the transcriptional responses were via the indirect effects of
ethanol to delay development and generate cellular stress in
certain genetic strains. Ethanol exposure appeared to cause
oxidative stress through dysregulation of fatty acid metabolism,
increased production of free radicals, and downregulation of
scavengers of reactive oxygen species. Finally, we will synthesize
these data on gene—expression plasticity with the plasticity that
we have observed in the developmental and ethanol tolerance
phenotypes of 0 melanogaster |arvae under the same environmental
conditions.

22-11 Elcock, JNx; Hall, KG; Donatelli, C; Farina, S; Summers, AP;
University of Washington/Howard University, University of
Washington, University of Ottawa, Howard

University; Jjaidaelcock@gmail. com

Microstructures and measured morphometrics of skate egg cases
Skates are a speciouse group of flattened cartilaginous fishes.
They are oviparous, depositing their embryos in cases that rest on
the ocean floor for extended periods of time. Few nursery sites
have been identified in the North Pacific, with ongoing efforts to
find more for species conservation. Understanding how egg cases
interact with their environment may provide insight regarding
preferred nursery locations. Our goal was to determine how the
overall| shape of the cases and the microstructure of the external
surface influences how they interact with water flow. Using a water
tunnel and arduino tilt table we assessed the |imits of what
currents and friction eight species of egg cases can withstand
before detaching from substrate. We then used scanning electron
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microscopy to examine different microstructures covering the
surface of each case and analysed how egg case morphology varies
between the species, measuring all portions of the cases. We did
this to determine which morphometrics drive morphological diversity
between species and suggest which structures may help egg cases
resist detachment from substrate. Friction and flow speed did not
significantly differ by orientation across species, but
orientations did differ within species. We attribute this to
differences in microstructures. Both friction and flow speed are
dependent on species and individual, suggesting some species are
better able to handle stronger flow and friction conditions than
others. By understanding how species—specific microstructures and
morphologies interact in a simulated environment, we can determine
suitable habitats for nurseries for certain species. These new
variables can be incorporated into past models to create fine scale
maps of prospective skate nursery habitats.

64-5 Eleftheriou, Ax; Kuenzi, AJ; Luis, AD; University of Montana,
Missoula, Montana Tech of the University of Montana,

Butte; andreas. el/eftheriou@umontana. edu

Heterospecific competitors and seasonality can affect host
physiology and behavior, key determinants of disease transmission
Ecological and environmental factors can influence infectious
disease transmission via host physiology and behavior. Using the
North American deermouse (Peromyscus maniculatus), the primary host
for the directly—transmitted Sin Nombre hantavirus (SNV), we
investigated how heterospecific competitors and seasonality affect
host susceptibility to infection and intraspecific contact rates,
key mechanisms of transmission. In grasslands of western Montana,
deermice compete with voles (Microtus spp.) and shrews

(Sorex spp.). We hypothesized that dominant voles, and less so
shrews, will induce chronic stress, suppress immunity, and may
change deermouse contact rates, and during spring/summer, deermice
may experience chronic stress, suppressed immunity, and higher
contact rates. We trapped small mammals, collected feces and blood
from deermice, and evaluated them for scar numbers and body
condition scores (BCSs). We evaluated stress physiology with fecal
corticosterone metabolites (FCMs), neutrophil/lymphocyte (N/L)
ratios and BCSs, immunity with total white blood cell (WBC) counts,
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and contact rates with scar numbers. We found that shrew density
negatively correlated with stress response FCMs, and although
complex interactions existed, shrew and vole densities negatively
correlated with BCSs but differentially with scar numbers. N/L
ratios were higher in spring/summer whereas WBC counts were lower
in summer, indicative of chronic stress and immunosuppression,
respectively. Our results suggest that heterospecific competitors
could differentially influence disease transmission, and that
chronic stress, immunosuppression, and higher contact rates may
help explain higher SNV transmission previously reported in Montana
during spring/summer .

BSP-10-2 Elhamod, Mx; Maruf, MA; Mandke , PK; Karpatne, A; Virginia
Tech, e/hamod@vt. edu

Biology-guided neural network for species classification

In this project, we consider the problem of fish species
classification where, given an external image of a fish specimen,
our goal is to identify the species class of using machine learning
(ML) methods. Fish species classification is an important task that
is the foundation of many industrial, commercial, ecological, and
scientific applications involving the study of fish distributions,
dynamics, and evolution. While conventional approaches for this
task have used off-the-shelf ML methods such as Convolutional
neural network (CNN) architectures, there is an opportunity to
inform the CNN architecture using our knowledge of biological
hierarchies among taxonomic classes. In this work, we propose
infusing some metadata in the form of phylogenetic information into
the model’ s training. Namely, in a mix of supervised and
unsupervised multi-task learning formulations, we use the genus of
the fish to guide the structure of our model’ s hidden layers and
relationships among the extracted features. The proposed model,
named Hierarchy-Guided Neural Network (HGNN), outperforms
conventional CNN models in terms of classification accuracy even
with scarce training data in our extensive experimental analyses.
We also observe that HGNN shows better resilience to adversarial
occlusions, where some of the most informative patch regions of the
image are intentionally blocked and their effect on classification
accuracy is studied. Additionally, we examine HGNN from several
other angles including the interpretability of the extracted
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features (using saliency map visualizations in the input image
space) and the mapping of extracted features to biological traits,
the diversity of these features, and the model’s ability to
general ize beyond seen species, over a large database of more than
23,000 images that we have recently gathered from several museums.

7170-9 Eliason, CM%; Riede, T; Laverde-R, 0; Goller, F; Clarke, JA;
Field Museum of Natural History, Midwestern University, Pontificia
Universidad Javeriana, University of Utah, University of Texas
Austin; celiason@fieldmuseum. org

Shared acoustic allometry in the largest and smallest known birds
With parallels to human speech, rampant diversity within and among
species, and a potential role in speciation, acoustic phenotypes in
birds have received considerable attention since the 1950s when the
spectrograph unlocked our ability to quantify acoustic variation.
Studying the relative roles of innovations in and potential
constraints on sound production is critical for understanding
evolutionary trends in acoustic phenotypes. Most bird vocalizations
are produced by vibration of vocal folds within the syrinx, a novel
organ to birds located near the juncture between the trachea and
bronchi. Morphological structures |ike the syrinx are expected to
scale together as an organism grows, therefore selection on body
size might influence the evolution of other size-linked traits.
Several studies have demonstrated allometric scaling of fundamental
frequency (FO) in avian sub—clades-including songbirds and
tinamous. However, there have been no studies looking at the
evolution of acoustic allometry across birds. Studying how acoustic
al lometry evolves is critical for understanding whether sub—clade
acoustic allometries reflect overall clade trends and
reconstructing sounds made by extinct non-avian dinosaurs. Here, we
build a synthetic dataset of body size and FO in birds and utilize
a suite of comparative methods to test the hypothesis that acoustic
allometries are shared across birds. We also generate new data for
three clades spanning the extremes of body sizes in birds to
understand how well we can predict acoustic traits from body size.
Our results have implications for reconstructing the sounds of
extinct animals and elucidate how innovations and constraints shape
acoustic diversity across birds.
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57-70 Ellepola, G*; Pie, MR; Meegaskumbura, M; Eco—Evo-Devo Group,
Guangxi Key Laboratory for Forest Ecology and Conservation, College
of Forestry, Guangxi University, China, Departamento de Zoologia,
Universidade Federal do Parana, Brazil; gajaba3@gmail. com

Climatic correlates of the diversification in 0/d World tree
frogs: cool-wet regions and islands as refuges and species pumps
With 428 described species, 0ld World tree frogs (rhacophorids)
form a spectacular diversification spanning a climatically variable
region across much of mainland Asia, nearby islands, and parts of
Africa. Their diversification, particularly in relation to their
climatic niche, remains poorly understood, mostly due to incomplete
data and taxon sampling. Hence, we provide a complete, species—
level phylogeny of all extant rhacophorids by integrating

phy logenomic/Sanger sequence data and phylogenetic imputation to
delineate patterns of their diversification. Lineage-Through-Time
plots show a constant rate of diversification with a slight
increase towards present. We determine rates of diversification and
spatial variation in distribution of species and delineate
spatiotemporal variation showing high species accumulation in
rainforest habitats around Borneo, peninsular Malaysia, Vietnam,
Yunnan (China), Western Ghats and Sri Lanka. Climatic niche and
phylogeography analyses explain how spatial and temporal
structuring is shaped by the evolution of their climatic niches. We
highlight cool-wet regions and islands being associated with
regions of high species accumulation hence contributing towards
generation and maintenance of their diversity; knowledge vital for
their conservation. Further, a higher disparity of climatic niche
evolution is evident since Eocene-0l igocene transition - species in
East/Southeast Asia, Himalaya evolved towards colder climatic
conditions while species inhabiting Sundaland and Peninsular India
evolved towards warmer climatic conditions.

85-8 Elmore, JWx; Stillman, JH; Dahlhoff, EP; Rank, NE; Sonoma
State University, Santa Clara University, University of California,
Berkeley and San Francisco State University; e/more@sonoma. edu
Transcriptional responses to thermal and oxygen stress in a
montane leaf beetle
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Mitonuclear incompatibilities may manifest as differences in
energetic output and ability to recover from exposure to stressful
conditions. The strength of a mitonuclear incompatibility is
influenced by exposure to physiological stress and may vary along
environmental gradients. Our understanding of mechanisms underlying
mitonuclear incompatibilities may be improved by examining
transcriptional responses to interacting stress factors. We
examined effects of reduced oxygen supply and heat stress exposure
on gene expression for the montane |eaf beetle Chrysomela
aeneicollis. Beetle larvae were reared at 1500 m (low elevation) or
3090 m (natural elevation) above sea level. When they reached the
third instar, we measured their performance, exposed them to a
control (20C) or thermally stressful temperature (36C), and
measured performance after stress. Results revealed that beetles
reared at natural elevation recovered better than beetles reared at
low elevation, and mitochondrial and nuclear genotypes related to
stress recovery. We quantified gene expression in 96 individuals
and found that both genotype and stress exposure have an effect on
the relative expression levels of genes. Results will be further
described in this talk.

65-7 ElShafie, SJ; University of California,

Berkeley; se/shafielberkeley. edu

Does body size correspond to environmental temperature in reptiles
over geologic time scales?

Metabolic theory predicts that maximum body size should correlate
with environmental temperature in reptiles. But studies of this
relationship in extant reptiles have not revealed consistent
patterns among higher order taxonomic groups. Could there be a
relationship between these variables over millions of years? Here,
[ test the hypothesis that body size range in assemblages of

|l izards and crocodylians correlates with transitions in
environmental temperatures over geologic time intervals. 1
estimated snout-vent length (SVL) using regressions from extant
specimens for 274 lizard and 234 crocodylian specimens from the
Western Interior of North America through the Paleogene (66-23
Mya), which spans several warming and cooling events evidenced by
terrestrial and marine proxies. My results indicate that maximum
lizard SVL has a positive linear relationship with local
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terrestrial temperature across this geotemporal system. These
results reflect some recent findings that local temperature may
correlate with body mass in extant lizards. In contrast,
crocodylian SVL does not track local terrestrial temperatures
across this system, but does indicate a positive linear
relationship with concurrent global marine temperatures. This
result could reflect the aquatic habits of crocodylians, or
possibly migration into the interior basins from lower latitudes.
Other studies of this relationship in fossil and extant
crocodylians have yielded contradictory results and suggest that
body size in this group may be more associated with ecology and
resource availability than with ambient temperature. While the
relationship in crocodylians remains elusive, this study offers new
evidence to suggest that maximum |izard body size may be
constrained by terrestrial environmental temperature on both
ecological and evolutionary time scales.

64-3 Emery, M%; Dimos, B; Mydlarz, L; University of Texas at
Arlington ; madison. emery@mavs. uta. edu

The expansion and loss of pattern recognition receptors across the
phylum Cnidaria

Pattern recognition receptors (PRRs) are crucial components of
innate immunity, recognizing danger—associated molecular pattern
motifs (DAMPs) and activating host defenses. Because invertebrates
rely solely on their innate immunity to defend themselves from
pathogens, the specificity of their immune systems is the
consequence of their PRR repertoire. As members of a basal non-
bilaterian phylum, investigating Cnidarian PRRs gives insight into
the evolution of innate immunity. Previous investigations into
Cnidarian PRRs have found expansions in NOD-|ike receptors and G-
type lectins. However, these studies focus on Hexacorallians and a
single Hydrozoan, Hydra, and do not reflect the full diversity of
the phylum. Here we utilize the increasing amount of available
genomic resources to survey the PRR repertoire of 15 Cnidarians
from the classes Hexacorallia, Octocorallia, Cubozoa, Hydrozoa,
Scyphozoa, and Staurozoa. Similar to previous studies, we found
expansions in NOD-|ike receptors and C-type lectins in the majority
of species. Interestingly, no NOD-|ike receptors were found in the
Staurozoan' s and Cubozoan's predicted gene models. RIG-Iike
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receptors and Toll-|ike receptors were either conserved or lost in
the majority of species surveyed. Interestingly, Anthozoans
(Hexacoral | ia, Octocorallia) consistently had higher numbers of
PRRs across all four PRR types relative to Medusozoans (Cubozoa,
Hydrozoam Scyphozoa, and Staurozoa). However, this pattern does not
appear to extend to downstream signaling pathway completeness, as
the majority of Cnidarians surveyed have similar levels of
completeness in the pathways leading from the PRRs to immune
regulator NF kB and the complement system.

84-4 Enns, JLx; Purdey, L; Stojkovic, L; Williams, TD; Simon Fraser
University; Jjoannae@sfu. ca

Sex and strife: parental cooperation in a songbird species with
flexible biparental care

Sexual conflict occurs in socially biparental species because
working together provides shared benefits while incurring
individual costs. In birds, coordination of nest visits (or turn-
taking) during chick provisioning has been suggested as a strategy
to mitigate this conflict. This alternation of visits requires that
birds have access to information on their partner’s behaviour,
allowing pairs to respond to each other “in real time” . To date,
evidence in support of this has come from species that |ikely have
direct information on their partners, i.e., close foraging
distances or synchronized feeding visits. Further, there has been
little discussion in regards to ecological context - how annual
variation, brood type, and paternal effort might affect
coordination. Here we describe parental behaviour during chick
rearing in the European starling, Sturnus vulgaris, where direct
access to information is unlikely and there is marked variation in
the amount of paternal care that each nest receives. We analyzed
provisioning visit times over 4 consecutive years, for first and
second broods along a continuum of brood sizes and chick ages, to
determine how parental behaviour varies with ecological context.
Using inter-visit interval as our focal measure, we also tested the
hypothesis that parents adjust their interval length, or return
time, based on knowledge of their partner’s feeding behaviour. Our
data show that females adjust their visit times in response to
their partner while males do not, in what we deem to be “asymmetric
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coordination” . We will present preliminary results from a direct
test of this hypothesis using a mate removal experiment.

95-7 Enriquez, MS*; Swanson, N; McGaugh, SE; Gluesenkamp, A;
Mensinger, AF; University of Minnesota, Duluth, University of
Minnesota, San Antonio Zoo; enriq074@d. umn. edu

Auditory threshold differences in recently diverged cave
populations of the Mexican tetra Astyanax mexicanus

The Mexican tetra Astyanax mexicanus —with a native range from
central/southern Mexico reaching up to the lower Rio Grande and
Nueces rivers—inhabits both cave and surface environments. Life in
these contrasting habitats has influenced developmental morphology,
allowing for two primary morphologies to exist: cave fish and
surface fish that diverged 0.2 to 1 million years ago. Cave fish
are characterized by troglomorphic phenotypes: vestigial eyes,
reduced pigmentation, and increased olfactory and lateral |ine
sensitivity. Previous research indicated differences in hearing
thresholds between cave and surface populations. Surface A.
mexicanus were introduced to the San Antonio River, Texas, in the
ear |y 1900s, and subsequently colonized subterranean habitats in
the Edwards Aquifer. These populations display evidence of
divergence and rapid phenotypic and behavioral evolution, allowing
observation on how sensory systems adapt to new environments in
real time. Two surface and three cave fish populations were tested
and compared for auditory sensitivity to sound pressure and
particle acceleration, with both ecotypes responding to 4 kHz sound
frequencies. Sound pressure thresholds between cave and surface
populations differed significantly at one frequency (0.5 kHz), with
significant particle acceleration threshold differences between 0.4
and 0.5 kHz and above 1.5 kHz. We hypothesize that the differences
in frequency sensitivity may be due to different soundscapes
between the cave and surface environments.

42-6 Ensminger, DCx; Grocker, DE; Lam, EK; Allen, KN; Vazquez-
Medina, JP; UC Berkeley, Sonoma State

University,; d/s_david@yahoo. com

Acute and chronic HPA axis stimulation alters white blood cell
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ratios but not inflammatory markers or oxidative stress in
elephant seals

Activation of the hypothalamic—pituitary-adrenal (HPA) axis
regulates immune and inflammatory responses through modulation of
cytokines, white blood cells (WBCs), and oxidative stress. However,
little is known about the impact of HPA axis activation during
extreme physiological conditions in marine mammals. We challenged
18 post—weaning (simultaneously fasting and developing) northern
elephant seal pups with daily intra-muscular injections of
adrenocorticotropin (ACTH), a glucocorticoid receptor (GR)
antagonist (RU486), or a combination (ACTH+RU486) for four days.
Animals were blood sampled at baseline, 2 hours (2h), and 4 days
(4d) after the beginning of the treatment. ACTH and ACTH+RU486
elevated aldosterone and cortisol at 2h, with the effect
diminishing at 4d. RU486 alone induced a compensatory increase in
aldosterone, but not cortisol, at 4d. ACTH decreased neutrophils
(N) at 2h while decreasing lymphocytes (L) and increasing N:L ratio
at 4d. These effects were abolished by RU486. Despite alterations
in WBCs, there was no effect of ACTH on TGF-b or IL6; however, both
cytokines decreased across the fast (4d). Similarly, ACTH did not
impact protein oxidation, lipid peroxidation, or antioxidant enzyme
activities, but lipid peroxidation and catalase decreased while
glutathione peroxidase increased with fasting progression. These
data show that HPA axis activation has differential acute (2h) and
chronic (4d) modulatory effects on WBCs and that the chronic effect
is mediated, at least in part, by GR signaling. These results also
underscore the robustness and tolerance of these elephant seals to
repeated HPA activation.

719-6 Erdmann, JA; Oklahoma State

University,; muddynaturalist@gmail. com

Frogtalkers: Automating the parameterization of frog calls for
comparative studies

Despite huge variation in the biology of frogs (Anura), males
reliably exhibit a characteristic call during breeding to attract
females. Other vertebrate taxa with similar breadth in vocalization
(i.e., birds and mammals) have evolved such complex acoustic
signals that parameterization into discrete, inclusive features is
largely precluded. The absence of this hurdle in frogs provides an
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excel lent opportunity for comparative studies in call evolution.
Here I explore the extent to which frogs calls in the family
Hylidae can be inclusively and informatively tabulated (like
features such as dominant frequency and pulse structure)
automatically using machine learning techniques for the purposes of
downstream comparative phylogenetic analyses.

87-3 Erickson, KL*; Quattrini , AM; McFadden, CS; Harvey Mudd

Col lege, Glaremont, CA, Smithsonian Institution, Washington,

DC; kericksonthme. edu

Evaluating the use of ultraconserved elements to determine species
boundaries and population structure in the octocoral genus
Alcyonium

Species boundaries and population structure within the anthozoan
sub-class Octocorallia have been obfuscated due to insufficient
differences in the morphological characters and molecular markers
traditional ly used to distinguish between closely related taxa. NGS
methods provide unprecedented genomic resources that show promise
in resolving octocoral taxonomies. Target enrichment of
Ultraconserved Elements (UCEs) has been successful at resolving
deep phylogenetic relationships within Octocorallia. To evaluate
the utility of UCEs in resolving species boundaries and identifying
admixture among octocoral populations, UCEs were sequenced from 64
Mediterranean and North Atlantic octocorals in the genus A/cyonium
The species boundaries among these octocorals have been
corroborated across studies that used morphological, reproductive
and genetic markers. 32 of these individuals represented four
geographical ly distinct populations of the species A. coralloides.
Using 2,921 recovered UCE loci, we built a highly-supported
phylogenetic tree that largely resolved monophyletic clades for the
putative A/cyonium species and A coralloides populations. Within
each of three clades, single nucleotide polymorphisms (SNPs) were
called and used to perform Discriminant Analysis of Principal
Components (DAPC) and STRUCTURE analyses. The DAPC and STRUCTURE
analyses designated species that were congruent with putative
species boundaries and separated A coral/l/oides individuals into
populations. These analyses support that UCEs show promise as
markers to resolve not only deep, but also shallow-level
relationships among octocorals.
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/4-6 Erickson, Ex; Diaz, K; Carruthers, A; Ozkan-Aydin, Y, Chong,

B: Goldman, DI; Georgia Tech; eerickson3l@gatech. edu

centipede /ocomotion on bumpy terrain

Multi-|imbed invertebrates such as centipedes negotiate diverse
environments via propagation of coordinated travelling waves of
body and |imb flexion. While progress has been made studying how
these animals locomote on flat terrain, less is known about how
these animals navigate and traverse more complex terrains. To study
the body-Iimb coordination of centipedes in complex terrains, we
chal lenged Sco/opendra pol/ymorpha (N=4, L = 7.7%+1.5 cm, 19 joints
and leg pairs) to transverse a flat surface and a Gaussian-
distributed rough terrain (12 x 24 cm? with variable height of
blocks ranging from 0 to 1.5 cm). On the flat surface, centipedes
moved by generating a traveling wave along their [imbs and bodies,
maintaining a constant phase shift between these two waves and
speeds of 0.64=+0.03 body lengths per second (BL/s). On rough
terrain, the centipedes moved at speeds of 0.43=+0.01 BL/s and the
generated traveling wave was minimal ly perturbed. When centipedes
traversed blocks of different heights, not all |imbs contacted the
substrate. Instead, some |imbs passively glided against the blocks,
due to inherent flexibility. To test the hypothesis that centipedes
can negotiate obstacle-rich environment without adjusting body-Iimb
coordination, we developed a 70 cm long centipede robophysical
model| [Ozkan Aydin, Robosoft 2020] with directionally compliant

| imbs. The robot was able to traverse a scaled rough terrain
without any sensing or control. The flexibility of the |imbs

al lowed the robot to negotiate obstacles and avoid jamming between
blocks.

93-9 Ernst, DAx; Westerman, EL; University of

Arkansas; ernstdavidalemail. com

Investigating sensory system variation in the developing
butterfly: A molecular approach

Behavior relies on the capacity to extract and process information
from the environment. Visual and chemical cues in particular are
vital to survival and reproduction, mediating predator avoidance,
foraging, communication, and mate choice behaviors in animals.
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Nevertheless, sensory systems often show ontogenetic shifts in
structure and function, especially in animals that exhibit indirect
development. To investigate developmental differences in sensory
transduction and processing at the molecular level, we examined the
expression profiles of genes |inked to vision and chemosensation in
two |ife stages of an insect that undergoes a dramatic
metamorphosis, the butterfly Bicycl/us anynana. Specifically, we
reared animals under identical conditions and compared gene
expression in the heads of late fifth instar larvae and newly-
eclosed adults. Over half of all expressed genes showed
significantly altered expression between the two developmental
phenotypes, with 4,046 and 4, 402 genes upregulated in larval and
adult heads, respectively. Vision-related genes upregulated in
adults were heavily biased toward phototransduction, while those
upregulated in larvae were mainly associated with eye development.
Additionally, the vast majority of chemosensory genes were
differential ly expressed between larvae and adults, several of
which were homologous to lepidopteran genes associated with
pheromone detection, host plant recognition, and foraging. These
results reveal promising candidate genes for furthering our
understanding of the sensory ecology and behavior of the disparate
developmental stages of butterflies and provide insights for other
animals that undergo metamorphosis.

62-14 Ershova, NA; University of Chicago; nershova@uchicago. edu
Diversity and prevalence of trematode parasites in the common
periwinkle on the coast of Massachusetts

Parasites significantly influence the genetics of a host
population, cause changes in behavior and |lead to changes in host
physiology and morphology. By altering the ecology of hosts,
parasites shape the interactions within and the maintenance of
entire communities. Trematodes are widespread and have significant
implications for hosts in marine nearshore communities. Using this
ubiquitous yet poorly understood group of parasites, [ investigate
how host-parasite interactions scale up to community dynamics.
Parasites can mediate the success of an invading species which have
escaped parasites or competitors in their native range. L/ttorina
/ittorea is a snail native to Northern Europe which invaded the
East Coast of North America within the last 200 years. It has since
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become the dominant snail in intertidal habitats, displacing
native. [ found that there are two morphologically distinct
trematode species infecting this host in the Cape Cod

area. Cryptocotyle /ingua and Cercaria parvicaudata.

While C /ingua has been described as the most common and abundant
trematode infecting L. //ttorea in North America, I found that a
second parasite species, C. parvicaudata predominates in the Cape
Cod region. Because trematodes that infect snails have been shown
to have cryptic diversity, I am developing novel molecular methods
using the reconstruction of the full mitochondrion genome to
investigate the diversity of trematode parasites in L/ittorina
[ittorea. Preliminary results suggest that Cercaria

parvicaudata may be Renicola roscovita a previously described
species from other locations. Future analysis of mitochondrial DNA
will allow to determine the population structure of the trematode
parasites, as well as design species specific DNA probes that allow
for a more effective identification and examining of trematodes at
different stages of the |ife cycle.

47-7 Evans, ARx; Pollock, TI; Cleuren, SGC; Parker, WMG; Richards,
HL; Garland, KLS; Wilson, TE; Hocking, DP; Adams, JW; Monash
University, Melbourne, Australia; arevans@fastmai/l. fm

A universal power law for the growth and form of teeth, c/aws,
horns, thorns, beaks, and shells

Universal models of biological growth and form are rare. One such
model is the logarithmic spiral, which has been purported to
explain the growth of biological structures such as teeth, claws,
horns, and beaks. However, the logarithmic spiral only describes
the path of the structure through space, and cannot generate these
shapes. Here we show a new universal model based on a power |aw
that explains the extreme diversity of tooth shapes in vertebrates,
including humans, mammoths, saber—toothed cats, tyrannosaurs and
giant megalodon sharks. This power cascade model can be used to
predict the age of mammals with ever-growing teeth, including
elephants and rodents, and determine sex in elephants. We view this
as the third general model of tooth development, along with the
patterning cascade model for cusp number and spacing, and the
inhibitory cascade model that predicts relative tooth size. Beyond
the dentition, this new model also explains the growth of claws,
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horns, antlers and beaks of vertebrates, as well as the fangs and
shells of invertebrates, and thorns and prickles of plants. This
mode| operates independently of the logarithmic spiral, and is
present throughout these diverse biological systems. The power
cascade provides a mechanistic basis for the generation of these
pointed structures across the tree of |ife.

23-2 Evans, AJx; Cohen, KE; Summers, AP; Kolmann, MA; Egan, JP;
Hernandez, LP; The George Washington University, University of
Washington, University of Michigan, Western Michigan

University,; al/lysonevans@ewu. edu

That’snot how it works: Particle aggregation in the viscous
environment of the epibranchial organ

The ability to efficiently consume many small prey items involves
adaptations for aggregating food particles prior to swallowing.
Many teleost fishes, including clupeiforms, have an epibranchial
organ (EBO) in the posterior pharynx for concentrating food
captured by the gill rakers. Morphologically diverse and widely
distributed among teleosts, EBOs nevertheless share some anatomical
features that may be essential for particle aggregation. We
describe the anatomy in a functional context by modelling fluid
flow and particle aggregation in the EBO of the gizzard

shad, Dorosoma cepedianum. Results from morphological surveys and
physical modelling suggest that proper aggregation and expulsion of
food can be described by transitions between inertial and viscous
flow. The EBO serves as a fluid ‘spreader’ that takes an inertial
input and rapidly decreases velocity and size scale to increase the
effects of viscosity. The viscous environment of the EBO, created
in part by abundant mucus, allows large numbers of particles to
aggregate into a bolus. Thick walls of circumferential and
longitudinal skeletal muscle enable rapid compression of the EBO
which increases fluid speed and pushes the bolus into the
esophagus. We propose that the input particle flow is an inertially
dominated regimen, while the internal EBO flow is viscously
dominated. It is possible that the output flow during bolus
ejection is also inertially dominated. This conceptual model offers
a framework for understanding the breadth of EBO diversity in
clupeiform fishes. The variety of EBO morphologies could be related
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to differences in prey size, prey mobility, frequency of bolus
formation, or density of encountered prey items.

40-4 Evans, KMx; Watson, S; Friedman, M; Rice University, New
Mexico Tech University, University of Michigan; Aory. Evans@rice. edu
Turbot boosted: rapid and mosaic patterns of shape evolution in
the flatfish skull

Mosaic evolution occurs when there are differential rates of
evolution across different organismal traits. Flatfishes
(Pleuronectiformes: Teleostei) exhibit striking cranial asymmetry
that results from the migration of one of their eyes to the
opposite side of their head during development. The developmental
sequence of orbital migration has also been found to recapitulate
the evolutionary transition towards asymmetry in the fossil record.
However, the evolutionary tempo and mode of this orbital migration
has yet to be examined in a rigorous quantitative phylogenetic
comparative framework. Here we use three-dimensional geometric
morphometrics and a phylogenetic comparative toolkit to examine
evolutionary patterns of shape variation across 92 species of
flatfishes and their relatives, and compare rates of shape
evolution between different regions of the skull. We find that
flatfishes on average, exhibit a 14-fold increase in their rates of
skul |l shape evolution relative to non-flatfishes. We also find
mosaic patterns of shape evolution across the skull, with the
orbital and frontal regions evolving more quickly than the dorsal
elements of the braincase. Interestingly, we recover rapid rates of
shape evolution in the basicranium, and reduced rates of shape
evolution in the most anterior regions of the skull (e.g. ethmoid
region). We hypothesize that the orbital migration (localized to
middle portion the skull) of flatfishes, is responsible for driving
the mosaic patterns of shape evolution observed in this clade of
fishes.

PLEN-T Extavour, CG; Harvard University; Jj/jsochabvt. edu
From soma to germ [ine. birth growth and transformation of a

novel gene
TBD
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42-8 Fabela, RF*; May, MA; Todgham, AE; Tomanek, L; California
Polytechnic State University, San Luis Obispo, Florida Gulf Coast
University, University of California, Davis; rfabelal@calpoly. edu
Response of Mytilus californianus ciliary activity to food and
temperature acclimation and sirtuin inhibition

The California mussel (Mytilus californianus) is ecologically
important in the intertidal zone and an understanding of their
responses to stress may help predict how populations respond to
environmental perturbation. Assimilating food into cellular energy
Is necessary to support a physiological stress response and studies
show that previous diet may be vital for mussels responding to
stressors, such as acute heat shock. Furthermore, our lab has shown
that sirtuins (protein deacylases) also affect thermal tolerance in
mussels and may be a |ink between diet and thermal sensitivity.
Mussel' s gills are integral for feeding and gill activity is often
used to assess overall metabolic status. As such, we evaluated
changes in ciliary beat frequency (CBF) in

californianus following an acute heat shock and sirtuin inhibition
in mussels acclimated in tidal simulators to 20° ¢ or 30° ¢ aerial
temperatures during low tide and a low or high food ration. CBFs
were video recorded on excised gill segments during high tide
periods 48 h before and after heat shock on a temperature-
controlled slide (10X). Mean CBF from video was determined using
Cilia Beat Analyzer package (Matlab). We found CBF decreased after
an acute heat shock and further decreased if mussels were also
exposed to sirtuin inhibitors. There was a significant 3-way
interaction between food ration, acclimation temperature, and
sirtuin inhibition. This suggests a complex relationship between
thermal history and food ration on the ability of mussels to
respond to thermal stress and a potential role of sirtuins as
metabolic stress regulators.

94-] Fabian, STx; Zhou, R; Lin, HT; Dept. of Bioengineering,
Imperial College, London; s. fabian@imperial. ac. uk
Dragon—drop- The passive mechanism and active control of the
dragonfly’s aerial righting behaviour
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Dragonflies (Anisoptera) are capable of extreme performance and
demonstrate this in predatory and conspecific interactions on a
daily basis. We might presume that the manoeuvrability required for
such feats would inherent instability necessary for rapid, active
control. To test the ability of dragonflies to react to an
undesirable flight state, we dropped common darter dragonflies
(Sympetrum striolatum) from a range of orientations and used
precise micro motion—-capture technology to measure the movements of
their head, thorax and abdomen as they regained a normal flight-
attitude. We conducted inverted drops in darkness, demonstrating
that dragonflies are still capable of righting without visual
input. By dropping anaesthetised dragonflies, we found that
dragonflies passively enter a stable dive but must react to regain
a suitable pitch. Pitch control was managed in collaboration with
movement of the abdomen relative to the thorax. We isolated
distinct righting behaviours across the different conditions that
formed the basis of active righting, the use of which
differentiated the animal’ s righting reflex from purely passive
stability. We concluded that the wing posture gives dragonflies a
level of passive flight stability which may simplify some complex
aerial tasks. Finally, mechanosensation alone is sufficient to
maintain all the basic flight control while vision enables tasks
specific control and adds robustness.

/2-7 Fahn-Lai, P%*; Regnault, S; Biewener, AA; Pierce, SE; Harvard
University, Harvard University and University of

Surrey; philsometimes@gmail. com

Ex vivo 3D measurements of shoulder mobi[ity and musc/e moment
arms In sprawl/ing and upright amniotes

The evolution of upright posture allowed synapsids and their

mammal ian descendants to exapt their appendicular skeletons for
diverse functions and ecologies. However, the lack of skeletal
correlates for posture has made it very difficult to pinpoint
exactly when the transition from “sprawling” to “upright” |imb
posture occurred. Reconstructed muscle moment arms (MMAs) are
commonly used for inferring function in extinct animals, but in
order to use this approach to interpret the synapsid fossil record,
we must first understand how joint range of motion (ROM) and muscle
geometry interact to produce integrated function in three
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dimensions (3D)—something that has not been extensively studied in
non-human amniotes. Here, we harnessed the power of X-ray
Reconstruction of Moving Morphology (XROMM), the DeeplLabCut machine
learning toolkit, and a novel Maya-Python moment arm tool to create
a comprehensive map of shoulder ROM and pose-varying MMAs in a
functional and phylogenetic bracket for the synapsid stem: the
sprawling Argentine black and white tegu and the upright Virginia
opossum. We present a comparison between the two taxa, and

I | lustrate the potential of this hybrid approach to overcome
historical hurdles in the acquisition and analysis of densely-
sampled 3D limb kinematics datasets. Future work will leverage
these data to constrain and validate musculoskeletal models
spanning synapsid evolutionary history to flesh out the story of
mammal ian postural evolution.

56-11 Fan, XZx; Swartz, S; Breuer, K; Center for Fluid Mechanics,
School of Engineering, Brown University, Department of Ecology and
Evolutionary Biology and Center for Fluid Mechanics, School of
Engineering, Brown University, Center for Fluid Mechanics, School
of Engineering and Department of Ecology and Evolutionary Biology,
Brown University; xzfan@brown. eadu

Power requirements for flapping flight with heavy and highly
articulated wings

Bats fly with highly articulated and relatively heavy wings. To
understand power requirements, we have developed a three-
dimensional reduced-order numerical model, and have analyzed
flights of Cynopterus brachyotis, the lesser—-nosed dog-faced bat.
Using previously-measured wing kinematics, the model computes
aerodynamic forces using quasi-steady Blade Element Momentum Theory
and incorporates inertial forces of the flapping wing using the
measured mass distribution in the wing and body. The two are
combined into a Lagrangian equation of motion to predict the free
flight of the animal which is compared with the experimentally
observed behavior over a range of flight speeds (3.25 - 7.4m/s). To
val idate the model, the computed |ift and thrust are compared with
the forces needed to generate the observed motion in the |ive
experiments. In general, we find good agreement, although the
average thrust is slightly underpredicted. We use Monte Carlo
simulations to quantify uncertainties due to measurement errors and
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model | ing assumptions, and find that the simulations are most
sensitive to the empirical coefficients of the aerodynamic model
(lift and drag functions). We use the model to analyze flight power
requirements, separating the power into aerodynamic and inertial
components. We find that, towards the end of downstroke, the
inertia of the heavy wing can be directed towards generation of
aerodynamic power, thus alleviating the required muscle power;
similarly, aerodynamic forces are found to assist the inertial
requirements during the upstroke.

97-3 Farhat, Sx; Tanguy, A; Espinosa, EP; Guo, X; Boutet, I[;
Smolowitz, R; Murphy, D; Rivara, GJ; Allam, B; Stony Brook
University, Stony Brook, NY, Sorbonne Université, Roscoff, France,
Rutgers University, Port Norris, NJ , Roger Williams University,
Bristol, RI, Cape Cod Cooperative Extension, Barnstable, MA,

Cornel | Cooperative Extension, Southold,

NY ;. sarah. farhat@stonybrook. edu

Genetic markers associated with hard clam resistance to GPX
disease

The hard clam, Mercenaria mercenaria, is among the most
economical ly- and ecological |ly-important marine species in the
United States. Several Northeastern states have suffered severe
losses in hard clam stocks due to a fatal disease caused by a
protistan parasite called Quahog Parasite Unknown (QPX). Previous
research clearly showed that the susceptibility of clams to QPX
disease is a heritable trait. Here, we generated a draft genome of
the clam and used ddRADSeq methods to identify SNPs associated with
disease resistance. DNA was extracted from clams derived from two
geographical ly segregated populations and deployed in the same
enzootic site in Massachusetts. The analysis contrasted samples

col lected before and after undergoing QPX-related mortalities. As a
result, around 200 genes displayed significant variant enrichment
at each sampling point including 18 genes shared between both
populations. Markers depleted in survivors from both populations
were in genes related to apoptosis pathways, suggesting a role for
apoptosis regulation in survivorship. Markers enriched in survivors
from both populations were found in genes related to protein-
protein interactions, receptors, and signaling. Although more
research is needed to identify the precise physiological mechanisms

$20Z 1snBNny | Z Uo Jesn ss800y Jaquisiy g01S A £0£9119/1.8/1 1uswe|ddng/| 9/e[01e/qol/woo dno-olwapeoe//:sdiy Wol) papeojumo



€246

|l inked to resistance, our study will help develop selective
breeding for resistant stocks.

466 Farhat, Ex; Turenne, ED; Choi, K; Devereaux, MEM; Pamenter,
ME; Weber, JM; University of Ottawa, Ottawa, ON,

Canada; efarh0860@uottawa. ca

Champions of hypoxia tolerance adjust membrane cholesterol and
downregulate metabolism to cope with chronical ly—low oxygen

Some unique vertebrates are able to survive prolonged hypoxia via
strong metabolic suppression. We have investigated potential
mechanisms used by goldfish and naked mole-rats (NMR) to support
this essential hypometabolic response. Key enzymes of energy
metabolism and Na/K-ATPase were examined together with membrane
composition because membrane remodeling is known to regulate trans-
membrane proteins in vitro. The effects of 4 weeks of hypoxia on
metabolic rate, energy metabolism, Na/K-ATPase and membrane
composition were quantified in different tissues. Common responses
of both species were: (1) 34-74% decrease in metabolic rate; (2)
large changes in membrane cholesterol (90% increase in muscle; 53%
decrease in liver); and (3) 40-77% decrease in brain Na/K-ATPase
activity. Brain cholesterol also decreased by 26% in NMR, but it
remained unchanged in goldfish. NMRs downregulated flux capacities
for glycolysis, beta-oxidation and tricarboxylic acid cycle in all
tissues except for beta—oxidation in brain. Enzymes of goldfish
energy metabolism responded with more variability and they were
tissue-specific. This study shows for the first time that chronic
hypoxia can remodel membrane lipids in vivo. Changing membrane
lipids could be a novel mechanism to promote metabolic suppression,
but a clear functional |ink between membrane restructuring and
hypometabolism could not be established. A common membrane signal
regulating the inhibition of ion pumps and ion channels could be an
exquisite way to preserve the balance between ATP supply and demand
in the hypometabolic state, and it could serve as a neuroprotective
mechanism in the brain.

44-717 Farrar, VS*; Flores, L; Ornelas Pereira, L; Mushtari, S;
Viernes, RC; Galisi , RM; University of California, Davis, UC
Davis; vsfarrar@ucdavis. edu
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Can mating behaviors be maintained in the face of elevated
prolactin levels driving parental care? Revisiting the anti-
gonadal effect

In many species, parents may experience tradeoffs between caring
for their current brood and exhibiting mating behaviors to begin
future reproductive efforts. We examined whether a physiological
mediator of parental care, the hormone prolactin, can affect such a
reproductive behavioral trade-off. To do this, we experimentally
elevated prolactin levels in a biparental bird, the rock dove
(Columba [ivia), after nest loss, from which these birds typically
transition from a parental state back to courtship behaviors. Both
male and female rock doves exhibit parental care, as well as
“lactate” to feed young. We previously found that prolactin-
treated doves maintained a parental response to novel chicks after
nest loss, compared to vehicle-treated birds. We thus hypothesized
that if prolactin maintains a parental state, then it would also
delay pairs in their progression through the courtship cycle as
they restart their next nest. We further hypothesized that this
effect on reproductive behavior would be mediated by changes in
gene expression in the hypothalamic—pituitary-gonadal

(HPG) reproductive axis. Here, we found that six days after nest
removal, prolactin did not significantly affect mating behaviors
such as courtship and copulation rates. However, while prolactin
did not appear to affect hypothalamic gene expression, neuropeptide
receptors in the pituitary and gonadotropin receptors in the male,
but not the female, gonads increased with prolactin treatment. This
suggests that the HPG axis may be able to maintain reproductive
behaviors despite elevated prolactin by compensating with increased
responsiveness to hormonal signals. These studies shed |ight on how
continuously-breeding animals may be able to maintain other
reproductive functions during parental care.

105-4 Fath, Mx; Polavaram, T,; Donahue, J; Nguyen, S; Tytell, E;
Tufts University, Boston College, Boston

College; michael. fath@tufts. edu

Center of mass and center of buoyancy dynamics in the bluegil/
(Lepomis macrochirus)

“Fish are statically unstable.” This statement is often the
starting point for discussions about stability in fishes. Its
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validity is immediately accepted by both scientists and children.
Both have seen that when their test subjects or pets are
anesthetized or die, they tend to go “belly up.” Without using
their fins constantly, many species of fishes are unable to
maintain a dorsal-side up orientation. The mechanism behind this
instability has also been proposed. A buoyant force pushes up on
the fish at its center of buoyancy (COB), which is thought to lie
below the center of mass (COM). Like a pencil standing on its
point, this configuration is unstable; any small deviation causes a
torque that tends to flip the fish upside-down. While this
mechanism makes sense, we have relatively little data on the true
locations of these two critical points in different species or the
torques generated from their displacement. Moreover, many fish can
ad just the buoyant force and the distance between COM and COB by
inflating their swim bladders. We used computed tomography (CT)
scans and photogrammetric imaging to construct 3D models of several
species of fishes to locate the COM and the COB of each individual.
Using photogrammetry, we found variation between species. In trout,
COM is indeed below COB, but in bluegill, for instance, COM is in
front of COB, not below, and in perch, GOM is diagonally below and
in front of COB. For all species examined, the distance between the
two points was quite small, resulting in small destabilizing
torques. Here we present results based on CT scans on the role of
the swim bladder in controlling the distance between COM and COB.

83-6 Faulkner, PCx; Elsey, R; Hala, D; Petersen, LH; Texas A&M
University at Galveston, Louisiana Department of Wildlife and
Fisheries; patcfaulkner@tamu. edu

Physiological effects of salinity stress in wild American
alligators (Alligator mississippiensis)

Coastal Gulf of Mexico habitats are susceptible to saltwater
intrusion from storm surges, drought, and human development
altering freshwater flow. Alligators living in these habitats have
low tolerance to saltwater due to their inability to excrete high
sodium (Na+) concentrations. Previous research has demonstrated
that long- (5 weeks) and short-term (1 week) 12%o saltwater
exposure significantly alter regulation of salt/water balance and
cause disruptions of sex steroid hormones in juvenile alligators.
This study investigates whether similar physiological effects occur
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in juvenile and sub-adult wild alligators caught in varying
salinities (0.4 to 22.2%0). To this end, blood plasma samples
obtained from alligators sampled in Grand Chenier, Louisiana were
analyzed for concentrations of 15 hormones (renin-angiotensin-
aldosterone system hormones, glucocorticoids, progestogens,
androgens, estrogens) via liquid chromatography and tandem mass
spectrometry (LC-MS/MS). Plasma samples were further analyzed for
levels of various blood plasma biochemistry parameters
(electrolytes, liver enzymes, proteins, glucose, cholesterol). The
multivariate analyses of all blood chemistry parameters showed
seasonal variations in select parameters and significant positive
correlations for selected steroid hormones and blood sodium and
chloride ion concentrations in juvenile wild alligators. Further
understanding seasonal variation of various biomarkers and
salinity' s effects on alligator physiology will better inform
management decisions regarding wild alligator populations.

58-3 Feller, KDx; Mierow, T; Gonzalez-Bellido, PT; Union College,
University of Minnesota; fe//erk@union. edu

Prey size selection and visual acuity in toe-biters
(Belostomatidae)

Ambush, or sit-and-wait, predation is a tactic used by both
vertebrates and invertebrates. Though this is a common predation
strategy, the sensory cues that trigger an ambush strike are poorly
understood in many ambush performing systems. One such system, the
belostomatids (known as water bugs or toe-biters), cryptically wait
in the vegetation of lentic systems (i.e. vernal pools, ponds,
lakes) for an appropriate target to strike, restrain, and consume.
We tested the strike response to artificial prey stimuli (black
glass beads) using two North American belostomatid species,
Belostoma flumineum and Lethocerus americanus. We found that the
smal ler species (B. flumineum) reaches its maximum strike
probability when presented with 2.9 mm diameter beads (12% of body
length), whereas the larger species (L. americanus) will strike
objects between 10mm and 35 mm diameter (58% of body length) with
similar maximum probability, indicating less of a discrete
preference for prey size. The difference in strike response between
the two species provides a paradigm for probing how sensory systems
are tuned to elicit similar behavior responses to different
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stimuli. To test for differences in specialization at the level of
the sensor, we used microCT and morphometric |ight-microscopy
methods to determine the visual acuity of the two species. We
hypothesized that the visual system of each species optimally
resolves an image of the given size and distance matched to the
animal’ s maximum strike probability behavior. Future research will
probe mechanisms of target selection in other sensory dimensions
(i.e. mechanoreception) as well as at the level of the nervous
system.

BSP-3-6 Ferguson, QRx; Leininger , EC; New College of

Florida ; quinn. fergusonli6énct. edu

Effects of atrazine on the gonads and vocal behavior of Silurana
tropicalis

The common herbicide atrazine is a known endocrine disruptor. In
the African clawed frog, AXenopus /aevis, developmental exposure to
atrazine from the tadpole stage to adulthood induces gonadal
abnormalities, decreases laryngeal size, and lowers reproductive
fitness. However, studies have not yet investigated how
postmetamorphic juvenile atrazine exposure affects vocalizations,
which are sexually dimorphic in African clawed frogs. We
hypothesized that juvenile exposure to atrazine in the

species Silurana tropicalis, an African clawed frog closely related
to X. laevis, would feminize the vocal circuit by increasing the
call inter-pulse interval or abolishing calling entirely, and
decreasing laryngeal mass, as well as altering gonadal morphology.
We performed two experiments, exposing juvenile S. tropicalis to
either atrazine or a vehicle control from immediately after
metamorphosis to maturity (Experiment 1 = 7 months, Experiment 2 =
9 months). Both experiments involved exposure to a high dose of
atrazine (10 parts per billion) and a vehicle control, with the
second experiment also involving exposure to a lower dose of
atrazine (2.5 ppb). Males exposed to either dose of atrazine had
unaltered call sound pulse rates and laryngeal masses, relative to
control males. However, we detected multilobed testes in some males
exposed to 10 ppb and 2.5 ppb atrazine. These results imply that
juvenile exposure to tested concentrations of atrazine alters male
sexual anatomy, but not the specific sexually-dimorphic behavior
investigated. Future studies are required to determine whether
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atrazine more subtly affects vocal behavior, such as by changing
the average number of calls per recording or average inter—call
interval.

S§7-7 Ferguson, SMx; Alaasam, VJ; The College of Wooster, University
of Nevada - Reno; stferguson@wooster. edu

Light at night in the spotl/ight: an introduction to the symposium
Across the tree of |ife organisms have evolved in environments with
a predictable rhythm of |ight and dark. Master clocks in the
individual integrate daily light cues to organize genetic,
physiological, and behavioral outputs. Artificial light at night
disrupts those patterns and has far-reaching consequences for
species of all chronotypes. Though most abundant in urban
environments, the effects of l|ight pollution are far-reaching into
rural and remote natural areas. Furthermore, the intensity,
spectral composition, and source of light pollution can lead to
species—specific responses, complicating effects at the level of
ecosystems. A brief introduction will overview the wide range of
consequences of artificial light at night and introduce the major
themes of our invited speakers. This symposium showcases an
eclectic selection of comparative research from varied fields of
study including development, physiology, population biology, and
ecology. We aim to identify common mechanisms, challenges, and
avenues for future research by bringing together speakers and
attendees with diverse and complementary research programs.

50-1 Fernandes Gyorfy, M«; Conover, J; Grover, GC; Miller, E;
Wendel, J; Sharbrough, J; Sloan, D; Colorado State University, Fort
Collins, CO, Iowa State University, Ames, IA; mgyorfy@email. com
Cytonuclear stoichiometry in the wake of genome dup/ication

The plant genome is partitioned across three distinct cellular
compartments: the nucleus, mitochondria, and chloroplasts.
Interactions between nuclear—-encoded gene products and those of
cytoplasmic genomes (/. e, cytonuclear interactions) underlie the
essential cellular processes such as respiration and
photosynthesis. Whole genome duplication events (WGDs) are a
prominent process of diversification in eukaryotes and are expected
to perturb cytonuclear interactions in two fundamental ways:
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altering the genetic stoichiometry of cytonuclear interactions and
increasing cell size. Organelle size, organelle genome copy
numbers, cytonuclear transcriptomic and proteomic stoichiometry,
and ultimately the efficiency of carbon fixation and ATP production
might all be altered as a consequence of WGD, but many decades of
careful investigation into polyploidy have yet to fully evaluate
these predictions. We investigated the relationship between nuclear
and organelle genome copy numbers in common-garden reared diploid
and polyploid accessions of both wheat and Arab/dopsis. Our droplet
digital PCR (ddPCR) estimates of nuclear, mitochondrial, and
chloroplast genome copy numbers revealed evidence of substantial
intra-specific and intra—individual variation for organelle genome
copy number, as well as evidence that polyploids exhibit elevated
organel le genome copy numbers per cell. Taken together, our results
indicate that polyploids appear to compensate for increased nuclear
genome content with increased organelle genome copies in both
monocots and dicots, indicating that cytonuclear stoichiometry is
an important component of successful interactions between nuclear
and cytoplasmic genomes.

43-3 Fernandez Aj6, AA*; Hunt, KH; Sironi, M; Uhart, M; Rowntree,
V; Giese, AG; Maron, CF; DiMartino, M; Dillon, D; Buck, CL;
Northern Arizona U/ICB, Smithsonian-Mason School of Conservation,
ICB/Diversidad Biol6gica IV, UN Cérdoba/Southern Right Whale Health
Monitoring Program, Southern Right Whale Health Monitoring
Program/School of Veterinary Medicine, U of California Davis, U of
Utah/Ocean Alliance , Centro Nacional Patagénico CONICET,
ICB/Diversidad Biol6gica IV, UN Cérdoba, Southern Right Whale
Health Monitoring Program, Northern Arizona U, aaf269@nau. edu
Retrospective analysis of the [ifetime endocrine response of
southern right whale calves to gull wounding and harassment. a
baleen hormone approach

Physiological measurements provide evidence of stressors that
impact the health of wildlife. Baleen, the feeding apparatus of
whales, accumulates hormones as it grows allowing retrospective
assessment of long-term trends in a whale' s physiology. In
Patagonia, Argentina, Kelp Gulls, Larus dominicanus (KG), have
learned to parasite on |iving southern right whales, £Eubalaena
australis (SRW) which results in constant harassment and sizable
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wounds. With the increasing frequency of gull attacks, and a marked
preference of KG to harass calves, the SRW population off Peninsula
Valdés (PV) experienced a period of elevated calf mortality that
peaked in 2012. We quantified lifetime patterns of glucocorticoids
(GCs, an index of general physiological stress) and thyroid hormone
(Ts, an index of metabolic stress) in baleen recovered at
necropsies of 36 SRW calves (T 1 and 4 months old) with varying
severity of KG lesions. GG levels correlated positively with the
degree of wounding, while T3 remained stable irrespective of the
severity of KG lesions. Our results suggest no evidence of
malnutrition in mildly vs. severely wounded calves. However, the
positive correlation of GCs with lesion severity indicates that
heavily wounded calves suffered high levels of physiological stress
throughout their short |ifespans. Thus, KG wounding and harassment
may have contributed to the high SRW calf mortality observed at the
PV calving ground.

87-2 Field, DJ*; Benito, J; Chen, A; Jagt, J; Ksepka, DT;
University of Cambridge, Natural History Museum Maastricht, Bruce
Museum; djf70@cam. ac. uk

The oldest modern bird fossil, and the early evolutionary history
of crown group birds

Our understanding of the earliest stages of crown bird evolution is
hindered by an exceedingly sparse Mesozoic fossil record. The most
ancient phylogenetic divergences among crown birds are known to
have occurred in the Cretaceous, but stem |ineage representatives
of the deepest crown bird subclades—Palaeognathae (ostriches and
kin), Galloanserae (landfowl and waterfowl), and Neoaves (all other
extant birds)—are entirely unknown from the Mesozoic. As a result,
key questions related to ancestral crown bird ecology,
biogeography, and divergence times remain unanswered. Here, we
report a new Mesozoic fossil that occupies a position close to the
last common ancestor of Galloanserae, filling a key phylogenetic
gap early in crown bird evolutionary history. Asteriornis
maastrichtensis, from the Maastrichtian of Belgium, is represented
by a nearly complete, three-dimensionally preserved skull and
associated postcranial elements. The fossil represents one of the
only wel |-supported crown birds from the Mesozoic Era, and is the
first Mesozoic crown bird with well represented cranial remains. A
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maastrichtensis exhibits a heretofore undocumented combination of
galliform (landfowl)-Iike and anseriform (waterfowl)-Iike features,
and, along with a previously reported /chthyornis-|ike taxon from
the same locality, provides the first direct evidence of co-
occurring crown birds and avialan stem birds. Its occurrence in the
northern hemisphere challenges biogeographic hypotheses of a
Gondwanan origin of crown birds, and its relatively small size and
possible |ittoral ecology may corroborate recently proposed
ecological filters influencing crown bird persistence through the
end-Cretaceous mass extinction.

97-2 Fifer, JFx; Yamakita, T; Yasuda, N; Davies, SW; Boston
University, Japan Agency for Marine-Earth Science and Technology,
University of Miyazaki; Jjfifer@bu. edu

Genetic consequences of coral range expansion

Poleward range expansions of corals in response to warming oceans
have been historically observed, however contemporary expansion
rates of some coral species are much more rapid as global
temperatures rise at unprecedented rates. Range expansion can |ead
to reduced genetic diversity and surfing of deleterious mutations
in expanding populations, in turn potentially limiting the ability
for the species to adapt and persist in their new environment.
Expansions that overcome these population bottleneck pressures and
successful ly colonize are attributed to multiple introductions from
different sources, hybridization with native populations, or rapid
adaptive evolution. Here, we investigate population genomic
patterns of the reef-building coral Acropora hyacinthus along a
latitudinal cline that includes a well-established range expansion
front in Japan using 2bRADseq. A total of 184 coral samples were
collected across 7 sites spanning from “24° N to its northern range
front at "33° N. We find evidence of bottleneck pressures
associated with expansion events including higher clonality,

| inkage disequilibrium, mutation load and lower genetic diversity
In range edge populations as well as asymmetric migration between
populations. We also describe genomic signatures of local
adaptation possibly attributed to lower winter temperatures
experienced at the more recently expanded northern populations.
Together these data illuminate the genetic repercussions of range
expansion in a coral and highlight how limited dispersal and/or
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adaptation to colder temperatures along the expansion front may
facilitate further range expansions in this population.

§7-10 Figon, F*; Hurbain, [; Heiligenstein, X; Trépout, S;
Medjoubi, K; Somogyi, A; Delevoye, C; Raposo, G; Casas, J; IRBI,
UMR 7261, CNRS - Université de Tours, Tours, France, Institut
Curie, UMR 144, CNRS - Université PSL, Paris, France, CryoGapCell,
80, rue du Général Leclerc, Kremlin-Bicétre, France, Institut
Curie, Inserm U1196, UMR 9187, CNRS - Université Paris-Saclay,
Orsay, France , Synchrotron SOLEIL, Saint-Aubin, Gif sur Yvette,
France; f/orent. figon@univ-tours. fr

Within-cell cycle of endol/ysosome-related pigment organelles in
crab spiders leads to reversible color changes

Reversible color change is a fascinating ability of animals.
Pigment-based mechanisms enabling morphological color changes are
widespread in vertebrates and invertebrates. Yet, how pigment cells
accommodate both formation and degradation of pigments for
reversibility is not understood. In this presentation, we show how
crab spiders alternate between yellowing and bleaching phases
through the intracellular processing of pigment organelles. By
performing electron and Synchrotron-based microscopies, we obtained
ultrastructural and chemical evidence that pigment organelles are
endolysosome-related organelles (ELRO), a family of organelles
comprising vertebrate melanosomes. Our results suggest that

yel lowing of crab spiders arises from the formation of intraluminal
fibrils and the deposition of metals within pigment ELROs. In
contrast, bleaching appears to proceed via |lysosomal degradation of
intraluminal content and metal removal. Some of these intracellular
processes mirror the biogenesis of other pigment ELROs, identifying
endolysosomal organelles as a universal pigmentation platform.
Overall, crab spiders offer a striking example of how the
endolysosomal system has been fully functionalized, from anabolism
to catabolism and recycling, to allow reversible morphological
color changes.

S/7-1 Figon, Fx; Casas, J; Deravi, L; IRBI, UMR 7261, CNRS -
Université de Tours, Tours, France, Department of Chemistry and
Chemical Biology, Northeastern University, Boston, MA,
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USA; florent. figon@univ-tours. fr

Introduction to the symposium: The integrative biology of pigment
organel les

Coloration is one of the most striking features of organisms in
Nature and is associated to a breadth of biological functions, from
visual signaling, photoprotection to detoxification. Animals and
plants achieve such a diversity of tints and shades by using both
structural (physical) and pigmentary (chemical) mechanisms. While
these two mechanisms were classically studied rather independently,
the recent years have shown that they could act in concert at the
scale of subcellular organelles. Because pigment organelles can
vary in content, shape, size, density and position, they bring
together physical (scattering) and chemical (absorption) processes.
In technological fields, these features have been repurposed for
designing more efficient optical devices and new color-changing
materials. Pigment organelles also hold a central position in the
intracel lular and physiological environment, as exemplified by the
number of pathologies in which they are involved. Studying the
integrative biology of pigment organelles is therefore key to
understand their optical activity in relation with their many
biological functions and technological applications. In this
introductory presentation, we highlight how comparative, multiscale
and interdisciplinary studies, led by ecologists and cell
biologists to physicist and chemists, have provided a framework to
unravel the proximal and ultimate causes of coloration from spiders
and cephalopods, up to humans and plants. We also point out the
major gaps and key questions in the pigment organelle field that
should be addressed in the coming years via a collaborative effort
of scientists from all disciplines.

88-2 Figueiredo, ACx; Titon, SCM; Titon, BJ; Vasconcelos-Teixeira,
R; Barsotti, AMG; Gomes, FR; Universidade de Sdo Paulo- Instituto
de Biociéncias, Sao Paulo, Brazil; aymam figueiredolgmail. com
Systemic hormonal and immune regulation induced by intraperitoneal
LPS injection in bullfrogs (Lithobates catesbeianus)

Host ~ s defense against external challenges activates an
inflammatory response which is regulated by a set of chemical
signals, including hormones. These immunomodulatory hormones, such
as corticosterone, testosterone, and melatonin, trigger the
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systemic immune responses which are responsible for inflammatory
assembly and resolution. The aim of this study was to investigate
the effects of an immune chal lenge on endocrine and innate immune
responses in the Bul lfrog (L/thobates catesbeianus). Adult males
were intraperitoneally injected with LPS (2 mg/kg) or saline and
blood samples were collected 6 and 24 hours after injection for
measurement of neutrophil/lymphocyte ratio, blood leukocyte
phagocytosis, plasma bacterial killing ability and plasma levels of
corticosterone, melatonin, and testosterone. Our results showed
LPS-induced increased neutrophil/lymphocyte ratio and leukocyte
phagocytosis, as well as, decreased melatonin and testosterone
plasma levels, which were more pronounced 24 h after injection.
Overall, we conclude that LPS intraperitoneal injection is able of
activating innate immune response and modulating the hormonal
profile of the Bullfrogs, with effects more pronounced 24 h than 6
h after treatment.

43-8 Filzen, RCx; Banday, Z; Greenberg, JT; University of

Chicago; rfilzen@uchicago. edu

Dynamic Bayesian network models of Arabidopsis thaliana
transcriptome time series data reveals possible role for HyPRPs in
systemic acquired resistance

As climate change progresses, plants suffer increasing levels of
environmental stress, commonly pathogen stress. Understanding how
plants combat pathogen stress thus represents a critical area of
research. Systemic acquired resistance (SAR) is one plant defense
mechanism and can be conceptualized into two stages: the priming
stage and the resistant stage. The priming stage is induced by a
primary pathogen infection in a lower leaf triggering defense
chemical biosynthesis, particularly in the chloroplast. Defense
chemical transport to aerial leaves produces the resistant state in
which these leaves are more resistant to secondary pathogen
infection. HyPRPs are a novel protein family thought to be involved
in SAR due to their unique structure and chloroplast localization.
The N-terminal hydrophobic domain, proline rich region, and lipid
transport protein-like domain, are predicted to give rise to their
novel bipartite localization mechanism. This project uses the model
organism Arabidopsis thaliana to investigate how HyPRPs might be
involved in both the priming and resistant stages of SAR. In silico
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methods using Arabidopsis transcriptome data were used to generate
predictions for protein interactions and involvement in the priming
stage of SAR. These models will be used to further guide
experiments and prioritize specific HyPRPs for future wet-lab
assays. In vivo assays such as transient expression, SAR challenge
in hyprp knockouts, and fluorescence localization microscopy reveal
how HyPRPs may act in SAR responses and the impact of their
structural domains in subcellular localization. Together, these two
approaches to protein characterization will further the
understanding of pathogen stress response in plants.

$5-8 Fish, FEx; Rybczynski, N; Duff, CM; West Chester Univ.,
Canadian Museum of Nature; 77/sh@wcupa. edu

Evolution of the tail and lack thereof for aquatic propulsion in
mamma | s

Aquatic mammals exhibit a diversity of swimming modes that use
paired |imbs and/or tail. Muskrat, desmans, and giant otter shrew
employ lateral tail undulations. However, some specialized aquatic
mammals use dorsoventral (DV) tail movements for swimming. To
understand the evolution of DV tail movements in fully aquatic
mammals (cetaceans and sirenians), we examine swimming kinematics
in the semiaquatic beaver (Castor), and giant river otter
(Pteronura), which possess dorsoventrally flattened tails. Results
show DV tail undulations are associated with submerged swimming for
both taxa. Tail waves increase in amplitude toward the tail tip,
moving posteriorly at a velocity faster than the anterior motion of
the body to generate thrust. Fleshy lateral extensions along the
tail increase the mass of water accelerated posteriorly and affect
vorticity shed into the wake. During rectilinear swimming for
thrust augmentation DV undulations of the tail are associated with
simultaneous paddling strokes of the webbed hind feet. This
propulsive pattern may emulate intermediate evolutionary stages
toward the derived swimming mode and expanded tail flukes of
ancestral cetaceans and sirenians from long robust tails.
Intriguingly, the earliest “otter—like” pinnipedimorphs (Pu/ji/a)
also possessed long tails, even though modern pinnipeds have smal |l
tails and swim by oscillation of flippers only. We suggest that
transitional, tailed pinnipedimorphs did not use their tails for
swimming. Possibly tail reduction and eventual loss in the early
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stages of this lineage is associated with evolution at higher
latitudes. Possession of DV tail undulations, or lack thereof,
guided aquatic mammals into different evolutionary trajectories for
high thrust and efficient propulsion.

20-3 Fisher 11, Ax; DeGrandi-Hoffman, G; Smith, BH; Fewell, JH;
Harrison, JF; Arizona State University, USDA-ARS; af/ishel6lasu. edu
A widely used mito-toxic fungicide negatively affects honey bee
(Apis mellifera) hemolymph protein and vitellogenin levels

The honey bee (Apis mellifera) is an essential contributor to crop
pollination but has been undergoing population declines in part due
to pesticide contaminants in the foraging environment. In
particular, honey bees frequently encounter fungicides as they are
applied to crop plants during bloom. To assess the effects of the
widely used fungicide Pristine® (25.2% boscalid, 12.8%
pyraclostrobin) we subjected colonies to doses of the fungicide
reflecting levels detected in almond orchards. Chronically exposed
hives experienced reduced worker populations and increased winter
mortality. We also observed elevated rates of pollen foraging and
consumption, potentially indicating impaired protein processing. In
this study, we partially tested the hypothesis that Pristinee
induced negative effects on protein digestion or absorption, as
indexed by hemolymph protein levels. Colonies were continuously fed
pollen containing four doses of Pristine® ranging from 0.23 to 230
ppm. Pristine® consumption resulted in lower hemolymph protein
levels, and the effect increased with bee age. Chronic Pristinee
consumption also induced precocious foraging and reduced longevity.
Together, these findings support the hypothesis that fungicides
such as Pristine® negatively impact honey bee health at least
partly by impairing protein balance. This research was supported by
USDA 2017-68004-26322.

86-5 Fiskum, EMx; Pearson, LE; Weitzner, EL; Petch, S; Rotella, J;
Schroth-Glanz, M; Glanz, H; Liwanag, HEM; California Polytechnic
State University, San Luis Obispo, Montana State

University, efiskum@calpoly. edu

Deve lopment of apneustic breathing in Weddel/! seal (Leptonychotes
weddel/ii) pups
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The ability to perform prolonged apnea (breath hold) is a key
adaptation in diving mammals. Pinnipeds (e.g., seals and sea |ions)
are known to practice apnea on land, and the ability to extend
breath hold duration tends to increase with ontogeny. In this
study, we describe the development of apneustic breathing in the
Weddel | seal (Leptonychotes weddel//ii), a deep-diving species,
throughout the dependence period. We hypothesized that both age and
ear |y experience in the water would influence the development of
apneustic breathing in this species. To test this, we characterized
the respiratory patterns of known-age Weddel| seal pups (n=19)
using video footage of pups hauled out of the water and resting on
ice, every 1-2 weeks from 1 week through 7 weeks of age. We
quantified eupneic (i.e., normal) respiration rate (breaths/min),
presence/absence of apneustic breathing, and apneustic interval
(length of breath hold) for each recording. We found that most
animals did not perform apnea until after their first entry into
the water, and that apneustic interval was significantly positively
correlated with age (r?=0.245, P=0.0012). These results are
consistent with early developmental patterns in other pinnipeds,
and further, this is the first study to correlate physiological
development with early behavioral experience in the water. Future
work will correlate apneustic interval with dive depth and duration
for a subset of pups (n=9) from the current study.

96-3 Fitak, RR; University of Central Florida; robert. fitak@uct. edu
Symbiotic magnetic sensing in animals: evidence from metagenomics
[t is well-known that numerous animals, from arthropods to
vertebrates, can sense Earth' s magnetic field and use this
information to guide their movement. However, the specific
mechanism responsible for a magnetic sense remains enigmatic.
Although several putative mechanisms of magnetic sensing are often
studied, a new, potentially unifying hypothesis has recently been
proposed. This hypothesis posits that specific bacteria, called
magnetotactic bacteria, are responsible for a magnetic sense
through a symbiotic relationship with a host animal. More
specifically, these bacteria, which manufacture their own chains of
magnetite crystals to sense Earth’s magnetic field, could reside in
specific nervous system tissues of animals and communicate magnetic
information to the host. This presentation will summarize the
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hypothesis and discuss preliminary supporting data collected from
metagenomic databases. This work combined with future experimental
evidence will provide critical data to improve the understanding of
how organisms use Earth’s magnetic field to inform their movements
and the various novel ways in which symbiotic microbes govern
important physiological traits of a host.

4-1 Flammang, BEx; Marras, S; Anderson, EJ; Lehmkuhl, O; Mukher jee,
A; Cade, DE; Beckert, M; Nadler, JH; Houzeaux, G; Vazquez, M;
Amplo, HE; Calambokidis, J; Friedlaender, AS; Goldbogen, JA;
NJIT/Rutgers University, NJIT, Woods Hole Oceanographic
Institution, Barcelona Supercomputing Center, Stanford University,
Georgia Tech Research Institute, Cascadia Research Collective;
University of California Santa Cruz; f/ammang@njit. edu

Remoras pick where they stick on blue whales

Animal-borne video recordings from blue whales in the open ocean
show that remoras preferentially adhere to specific regions of the
surface of the whale. Using empirical and computational fluid
dynamics analyses, we show that remora attachment was specific to
regions of separating flow and wakes caused by surface features on
the whale. Adhesion at these locations offers remoras drag
reduction up to 71-84% compared to the freestream. Remoras were
observed to move freely along the surface of the whale using
skimming and sliding behaviors. Skimming provided drag reduction as
high as 50 - 72% at some locations for some remora sizes, but
little to none was available in regions where few to no remoras
were observed. Experimental work suggests that the Venturi effect
may help remoras stay near the whale while skimming. Understanding
the flow environment around a swimming blue whale will inform the
placement of biosensor tags to increase attachment time for
extended ecological monitoring.

97-9 Flanagan, BAx; Li, N; Edmands, S; University of Southern
California; bf/anaga@usc. edu

Mitochondrial effects on sex—-specific aging and age-related
phenotypes in a copepod without sex chromosomes

Mitochondria, as the center for energy production, perform the
biochemical transformation of glycolysis products to generate
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usable energy in the form of ATP. Mitochondrial malfunction can
lead to senescence and aging phenotypes. Theory predicts
degenerative phenotypes and metabolic diseases associated with
mitochondria may occur more frequently in males than females due to
the matrilineal inheritance pattern of mitochondrial DNA (mtDNA).
Mitochondrially driven senescence may be caused by the
overproduction of reactive oxygen species generated by oxidative
phosphorylation inefficiencies which may damage both mtDNA and
nuclear DNA, exacerbating the aging phenotype. Here we estimate
sex—specific longevity for parental and reciprocal F1 hybrid
crosses between two allopatric 7/griopus californicus populations
which display over 20% mtDNA divergence. 7. californicus is an
emerging model system used to estimate the mitochondrial
contribution to sex-specific aging because disparate populations
have high divergence, yet remain viable when crossed, and they lack
sex chromosomes allowing for more direct testing of mitochondria in
sex—specific aging. Along with estimating sex—specific longevity,
we estimate aging and damage related phenotypes including mtDNA
content and 8-0H-dG DNA damage 28 and 56 days post—hatch. Overall,
males live longer than females yet the sex—difference depends on
the mitochondrial genotype. Males have lower mtDNA content which
decreases with age. Interestingly, males show an increase in 8-0H-
dG DNA damage with age while females do not. Hormetic effects in
males where an intermediate amount of cellular stress or damage is
beneficial may help to explain the relationship between increased
DNA damage and increased |ifespan when compared to females.

97-5 Fleming, RCx; Hoke, KL; Colorado State

University,; rachel. c. fleming@colostate. edu

a 3d finite element model for sound transmission in an amphibian
midd/e ear

The ancestors of modern—-day amphibians were the first vertebrates
to evolve a middle ear for land-based hearing. Today s amphibians
retain a simple and effective middle ear structure similar to those
of their ancestors. The fundamental mechanisms of these ears may
reflect those that served as foundations of hearing in terrestrial
vertebrates. Understanding amphibian hearing mechanisms can
therefore offer insights into the evolution of more sophisticated
hearing we observe in land-dwelling vertebrates today. Although the
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anatomy of the amphibian middle ear has been thoroughly described,
it is not known to what extent various anatomical properties, such
as material properties or shape and size of ear structures,
influence sound transduction. To study how these factors may
influence hearing, 1 created a 3D finite element (FE) model of a
frog middle ear from a diceCT scan. | segmented middle ear parts
from the scan, processed them into a volumetric FE model, and
created a finite-element simulation. I am now subjecting this model
to harmonic response simulations at a range of frequencies and
measur ing the sensitivity of the model to changes in various
properties to determine which parameters most influence sound
transfer to the inner ear. We are currently using this model to
better understand the biomechanics of hearing in amphibians and how
variation in the middle ear affects sound transmission. Advancing
knowledge of amphibian hearing may provide insights into
fundamental principles of hearing in terrestrial vertebrates.

89-6 Floreste, FR*; Ferreira, LF; Titon Jr, B; Titon, SCM; Muxel,
SM; Gomes, FR; Assis, VR; University of Sao Paulo, Santo Andre
Foundation University Center; fel/ipe. florestelgmail. com

Temporal variation of cytokine gene expression during the
Inflammatory response in toads

Corticosterone (CORT) and melatonin (MEL) are hormones with complex
immunomodu latory effects, including alterations in the temporal
pattern of cytokine production. Cytokines are essential for advance
and resolution of the inflammatory response. Pro-inflammatory
cytokines (IL-18 and IL-6) provide leukocyte recruitment and
activation for initial stages of the response, while anti-
inflammatory cytokines (IL-10) inhibit the advance of inflammation
at later stages, protecting against autoimmune damage. However, the
dynamic of the inflammatory response is still underexplored in
ectotherms. We investigated the progression of the inflammatory
response in toads (Khinella diptycha) injected with

| ipopolysaccharide (LPS; 2mg/kg) or saline. Toads were bled (1, 3,
6, and 18h post—injection) to measure CORT and MEL levels, and
spleens collected to quantify cytokine mRNA expression. Our
preliminary results for 1 and 6h post-injection show increased CORT
and decreased MEL in LPS-treated toads compared to saline-treated
6h post-injection. We also found IL-153 and IL-6 upregulation in
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both 1h and 6h, but IL-10 was detected only 6h post-injection in
LPS-treated toads. Alterations in CORT and MEL levels indicate
activation of the hypothalamus—pituitary-interrenal axis and
possible existence of the immune-pineal axis in amphibians,
respectively. The cytokine expression pattern agrees with
inflammatory progress since pro-inflammatory cytokines were
expressed in both time-sets and the anti-inflammatory cytokine only
in 6h. In further analysis, we expect higher IL-6 values and
similar hormone levels in 3h, while for 18h, we predict lower IL1-
B, IL-6, and MEL levels, followed by higher IL-10 and CORT levels
in LPS-treated toads.

712-4 Fofanova, Ex; Voronezhskaya, E; Koltzov Institute of
Developmental Biology Russian Academy of Sciences (IDB

RAS) ; /izchenbio@mail. ru

Age-related cilia shortening in marine polychaeta Dinophilus
gyrociliatus

Most of the cells in a multicellular organism possess cilia. In
eukaryotes, one or two cilia generally considered as sensory while
tens and hundreds of cilia per cell are usually motile.
Multiciliated cells (MCCs) activity drive fluid flow across an
epithelium thus allow motility and feeding in small invertebrates
and their swimming larvae as well as organize mucus clearance,
cerebrospinal fluid circulation, and egg transportation in
vertebrates. Molecular mechanisms of ciliogenesis and regulation of
ciliary length are much conserved among the phyla. And MCCs
dysfunction is associated with numerous diseases and loss of
function in both vertebrates and invertebrates. While the initial
stage of cilia formation and maintenance are studied in details
less is known about the period of their loss of function during
aging. Here, we present the marine polychaete Dinophilus
gyrociliatus as a unique model to study mechanisms of age-related
changes in ciliary cell structure. We demonstrated a decrease in
cilia number per cell as well as a ciliary shortage in
multiciliated cells on senior individuals of D. gyrociliatus while
it was maintained in juveniles and adults. As a result, the ciliary
driving locomotion of aged individuals drastically slowed down. The
advantages of D. gyrociliatus are short |ife span, permeable
epithelium, sequenced genome and easily rearing in culture. Our
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results demonstrate that D. gyrociliatus represents a perspective
model to investigate cilia growth and age-related changes in both
normal conditions and under various environmental and
pharmacological influences. The study was supported by RFBR,
projects # 19-34-60040 and #18-04-01213.

40-5 Ford, KLx; Bernt, MJ; Peterson, R; Albert, JS; University of
Louisiana at Lafayette, American Museum of Natural History,
University of Louisiana at Lafayette, George Washington
University; A/f8880@/ouisiana. edu

It’s complicated: Examining convergent evolution of craniofacial
morphologies in apteronotid and mormyrid electric fishes

Weakly electric fishes provide an opportunity to examine multiple
instances of morphological convergence across continents.
Gymnotiformes and Mormyridae use weak electric signals for prey
detection, predator avoidance, and social communication. Species
within each lineage inhabit deep river channels, shallow streams,
and flooded plains, but it is unclear how these habitat types
influence morphology. Snout length and shape are affected by prey
type and availability, both of which are strongly influenced by a
habitat' s water velocity and habitat complexity. Two families of
electric fishes, Apteronotidae (Gymnotiformes) and Mormyridae
(Osteoglossiformes), exhibit a particularly high range of head
shape disparity. A few studies have examined the similarities
between the external morphologies of species in these two |ineages,
but we have yet to quantify the morphologies of internal head
structures. Individuals from Apteronotidae (43 species, n=160
specimens) and Mormyridae (41 species, n=229 specimens) were
analyzed using 3D geometric morphometrics with 22 homologous
landmarks. Specimens were CT-scanned and analyzed using the
programs 3D-Slicer and Geomorph. Procrustes ANOVA and multivariate
regressions were used to analyze morphological similarities, which
were then traced on phylogenetic trees. Ancestral trait
reconstructions were performed using maximum |ikelihood. Results
indicate multiple instances of significantly convergent
morphologies, but only within families. Convergent morphologies
were not found between families. These results invite further study
into the roles of natural selection and developmental constraints
in the production of convergent phenotypes.
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13-1 Ford, MPx; Price, CT; Santhanakrishnan, A; Oklahoma State
University,; askrish@okstate. edu

Stroke frequency and size effects in metachronal swimming
Metachronal paddling has been used by a variety of organisms over a
wide range of body sizes, from the microscopic paramecia to mantis
shrimp and lobsters tens of centimeters in body length. These body
sizes result in a large range of Reynolds numbers and vastly
different fluid dynamic effects on the paddle and body motion.
Previously, it has been reported that organisms traveling with
larger Reynolds numbers |eave wakes detectable much longer and much
farther downstream (relative to their body size and swimming speed)
than smaller organisms. However, the effect of paddle-based
Reynolds number on the wake direction, wake structure, and swimming
speed have not been explored. Using a robotic paddling model with
fixed stroke kinematics (phase lag and stroke amplitude), we vary
the stroke frequency and fluid viscosity both with the model
tethered and free-swimming in the longitudinal direction. Varying
the stroke frequency allows us to examine the fluid dynamic effects
of an organism of a certain size stroking faster or slower, while
varying the fluid viscosity allows us to examine the different
fluid dynamic effects acting on organisms of different sizes. We
found that while the direction of the wake is not affected nearly
as much with changing stroke frequency and fluid viscosity, the
structure of the wake was found to vary dramatically, with higher
stroke frequencies associated with less interaction in the wake
from cycle to cycle, resulting in the wake from each stroke
appearing as distinct periodic waves of high-speed fluid motion
relative to the surrounding fluid. Flow visualization, wake
momentum and swimming speed will be discussed.

52-710 Formoso, KK#*; Habib, MB; University of Southern California
and Natural History Museum of Los Angeles County, Natural History
Museum of Los Angeles County,; formoso@usc. equ

Potential constraint and release driven by ancestral terrestrial
posture in land-to-sea transitions: Insights from forelimbs across
four land-to-sea amniote c/ades
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Most aquatic amniotes descended from terrestrial ancestors with
appendicular locomotion via an upright or sprawling posture,
evolving one or a combination of axial and appendicular aquatic
locomotion. To explore if ancestral posture and locomotion might
influence secondarily aquatic transitions, forelimb elements of
thirty transition-spanning cetaceans, mosasaurs, sauropterygians,
and pinnipeds were compared. Linear measurements were taken between
homologous landmarks of the scapula, humerus, ulna, corrected for
size using geometric mean, and made into principal components for
principal components analyses. The PCA morphospaces of cetaceans
and mosasaurs, both of which have derived members utilizing axial
aquatic locomotion, occupy a nearly identical range in PC1, heavily
loaded to long bone length, but cetaceans occupy a significantly
wider morphospace than mosasaurs along the PC2 axis, loaded to
scapular measurements. This potentially suggests either constraint
in certain forelimb aspects in mosasaurs, and/or a functional
release in cetaceans, potentially pertaining to ancestral posture.
Pinnipeds and sauropterygian forelimb morphospaces, which had
different ancestral postures, do not overlap in forelimb
morphospace at all, not even between early sauropterygians and
pinnipeds, despite these groups being primarily appendicular
swimmers and oft used as convergence examples. Further, the
morphospaces of sauropterygians and mosasaurs, both ancestrally
sprawling clades, but whose derived members use appendicular and
axial aquatic locomotion respectively, do align and then diverge in
the morphospace, potentially reflecting these locomotory changes.

98-10 Fortner, JD*; Wilken, AT; Sellers, KG; Cost, IN; Holliday,
CM; University of Missouri - Golumbia, University of Chicago,
Albright College; jdfyftémissouri. edu

Finite element modeling the effect of symphyseal tissue properties
and the intramandibular joint on Tyrannosaurus rex mandibular
biomechanics

Feeding-related forces are thought to act as selective pressures on
the mandible and thus influence vertebrate mandibular morphology.
However, while a large body of work exists on the biomechanics and
structure-function relationships of mammalian mandibular
morphology, results may not be fully applicable to sauropsids which
exhibit unfused dentary symphyses and prominent intramandibular
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joints (IMJs), whose role in mediating or redistributing mandibular
strain are not yet fully appreciated. Theropods, an ecologically
diverse clade within Sauropsida with great diversity in mandibular
shape, are thought to have possessed kinetic mandibles and mobile
IMJs. This however presents a biomechanical paradox for l|arge
osteophagous theropods |ike 7. rex that must use its adductors to
both produce extreme bite forces and mediate possible excursions
and wishboning of the dentary about the IMJ. We use finite element
modeling (FEA) to investigate how the mandible of 7. rex was
biomechanical |y loaded under different hypotheses of symphyseal
tissue properties and mandibular adductor orientation to examine
the effect of symphyseal tissues and the IMJ on its mandibular
performance. Our results show similar patterns of strain and
deformation regardless of symphyseal tissue type. Inverse
wishboning and long axis rotation about the IMJ induced by m
pterygoideus ventralis and m. adductor mandibulae externus
medialis is best reduced by a dorsomedial orientation of m
intramandibularis that is contiguous with m pseudotemporalis
superficialis

BSP-71-7 Fortunato, JA*; Earley, RL; University of

Alabama; _jafortunato@crimson. ua. edu

Age—-dependent genetic variation in aggression

Understanding the extent to which genetic variation underlies
behavioral variation is key to understanding how behavior might
evolve. We investigated whether genetic variance contributes to
variation in aggressive behavior among individuals in mangrove
rivulus fish. We also examined whether broad-sense heritability for
aggression changes over a |ife-history transition from juvenile to
adult. Rivulus provides a unique opportunity to investigate the
relative contributions of genetic and environmental variance to
phenotypic variation because they exist primarily as self-
fertilizing hermaphrodites. This mating strategy permits natural
production of nearly isogenic |ineages and analysis of genetic
effects on the phenotype independent of environmental effects
without complex breeding designs. We hypothesized that there would
be: i) age-dependent variation among genotypes in aggressive
behavior and ii) aggressive behavior would differ between juveniles
and adults. We quantified aggression of 8 genotypes of rivulus
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(N=64) using a 3-D printed model opponent and al lowed individuals
to interact with the model for 30 minutes. We tested animals four
times throughout the experiment, twice as juveniles (80 and 87 days
post-hatch (dph)) and twice as adults (173 and 180 dph). We found
that juveniles were more aggressive than adults. We also found that
aggressive behavior was repeatable in both juveniles and adults but
heritable only in juveniles. Additionally, we found significant
variation among genotypes (i.e, heritability) in the extent to
which aggression changed over development. Although we found
individual variation for aggressive behavior in both |ife stages,
the data suggest that aggressive behavior will evolve at a higher
rate in juveniles than adults when exposed to the same selection
pressures.

S$72-70 Foster, MS; Smithsonian Institution, Washington,

DC; fosterm@si. edu

Leks of Tyranneutes stolzmanni provide insights into male
aggregation

Despite considerable research in the last decade on lek-breeding
birds, many aspects of the evolution of the lek social system
remain unresolved. For example, it has been suggested that lek
males aggregate because females prefer to visit groups of males
rather than solitary individuals. Whether this is true or not, it
addresses the issue of group maintenance rather than group origin.
Originally, males had to aggregate independent of female preference
so that females could then prefer the group. Initial male
aggregations may have formed passively when males responded
independently but concurrently to some external stimulus (e.g., a
concentration of display sites, prominent food source, a travel
corridor or nesting sites commonly used by females) that caused
them to be drawn to a particular site at a certain time unmindful
of other males. Aggregation was an unintentional by-product of that
response. In contrast, male aggregation may have been active, with
a male purposely seeking to associate with another male (or males)
because proximity to that male allowed him to enhance his own
reproductive success by improving his ability to attract females
(i.e., learning from his associate) or to intercept females
attracted to that male (i.e., poaching on his success). To identify
factors important in the formation of male aggregations, [ studied
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the Dwarf-tyrant Manakin (7yranneutes stol/zmanni), a species in
which some breeding males occupy solitary courts where they attempt
to attract females for reproduction, whereas other males occupy
courts clustered into leks, where they interact to attract females.
I compared habitat characteristics and resource availability at
courts of these two groups as well as certain traits of males in
each to gain insight into passive or active lek formation in this
and the initial lek-forming species.

23-12 Fourney, Ex; Sukhwani, A; Schulz, A; Hu, D; Georgia Tech,
School of Mechanical Engineering, Atlanta, GA, Georgia Tech,
Schools of Mechanical Engineering and Biological Sciences, Atlanta,
GA; efourneylgatech. edu

Wrinkles and folds enable stretching of elephant trunk skin

To reach objects, the trunk can elongate by 25% of its relaxed
length, and this deformation is mostly absorbed in unraveling of
wrinkles and folds rather than in stretching the flat patches of
skin. In this experimental study, we perform tensile tests on
dissected skin from seven different sites along a deceased African
elephant (Loxodonta Africana). We find that one wrinkle can absorb
20 percent of the strain, while a fold can absorb 90 percent of the
imposed. By inputting the geometry of the wrinkles and folds into
finite element simulations, we hope to predict material properties
of the skin and rationalize the observed locations of folds and
wrinkles. These findings may inform new bio—inspired materials that
exhibit a combination of high load bearing capabilities and large
axial strains without failure.

37-7 Fournier, CS%; Hart, JA; Hart, TB; Detwiler, KM; Florida
Atlantic University , Frankfurt Zoological

Society; chorchial0150fau. edu

Assessing the impact of hunting on the vertebrate community and
the lesula monkey (Cercopithecus [omamiensis) in the Lomami
National Park and buffer zone, Democratic Republic of the Congo
Camera traps (CT) are an objective method to successfully document
faunal communities in tropical forests. The objective of this study
was to evaluate the impact of hunting on terrestrial vertebrates
with a focus on the lesula monkey (Cercopithecus [lomamiensis) in
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the Lomami National Park (LNP) and its buffer zone, which is a
remote, understudied forest in the central Democratic Republic of
the Congo (DRC). Lesula is a recently discovered primate species
that occupies a terrestrial niche unlike

other Cercopithecus species and faces hunting threats in 80% of its
range. We conducted four systematic, terrestrial camera trap
surveys, with two sites located inside the protected Lomami
National Park (LNP) (Losekola, 2014; E15, 2015) and two sites in
the hunted buffer zone (BZ) (Okulu, 2013; Bafundo, 2015). We
analyzed a total of 4785 events over 7210 CT days (LNP: 3751
events, 4409 CT days; BZ: 1034 events, 2801 CT days). We recorded a
total of 55 vertebrate species (39 mammals and 16 birds), which
demonstrates the rich biodiversity of the DRC. Using a comparative
approach between protected and hunted sites, we recorded a |ower
capture rate for all categories of fauna in the buffer zone, but a
high lesula trap rate (mean three sites = 10.0 events/100 CT days)
regardless of survey site. This study provides baseline data for
the continuous monitoring of the LNP vertebrate community and of
the lesula monkey. Estimating the status of different populations
related to hunting pressures will help in implementing hunting
regulations and ensuring long—term conservation efforts of the LNP
ecosystem.

BSP-3-4 Fowler, KJx; Santymire, RM; Brown, JS; University of
IIlinois at Chicago, Lincoln Park Zoo, Moffitt Cancer

Center; kfow/e6luic. edu

Determining pregnancy status in an induced ovulating mustelid
(Mustel/a nigripes)

The black-footed ferret (BFF) is an induced ovulating mustelid that
nearly went extinct in the 1980s. The US Fish & Wildlife Service
established a captive breeding program with only seven genetic
founders resulting in potential genetic drift issues that have led
to reduced fecundity. Female BFFs can experience a pseudopregnancy
after ovulation, characterized by similar hormone concentrations
and behavior between pregnant and non-pregnant females. Our goal
was to determine a noninvasive technique to identify pregnant and
pseudopregnant BFFs. Our objectives were to compare fecal
progesterone metabolites of pregnant (whelped, "W’ ) and known
pseudopregnant females (identified via ultrasound after natural
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breeding, "DNW” , or not paired with a male and had ovulation
induced using luteinizing hormone, “LH” ) using three enzyme
immunoassays (EIA) : an inhouse pregnane (antibody CL425), inhouse
pregnanediol glucuronide (PdG; antibody P26), and commercial
progesterone (Arbor Assays, Inc. #K068). For pregnane, all three
groups showed significant increases post-ovulation, with LH having
higher pre—-and post-ovulation concentrations than W and DNW. For
PdG, there was no significant change in pre— and post-ovulation in
all three groups, while DNW had higher overall concentrations than
W and LH. For the Arbor Assays progesterone, only the W females
showed a significant increase after ovulation. In summary, the
commercial progesterone EIA can distinguish between pregnant and
pseudopregnant BFFs; thus, providing the first steps into
determining the hormonal mechanisms of pseudopregnancy while
creating a tool to assist with BFF management and conservation.

S7-5 Francis, CD; Cal Poly, Cal Poly San Luis

Obispo; cdfranci@calpoly. edu

Heterogeneity in avian responses to light pol/lution from a
continental perspective

Artificial night lighting is globally ubiquitous. Although recent
work suggests this stressor can have a variety of consequences for
wild animals, our understanding of species and context—specific
variation in responses to this stimulus lags, as does our knowledge
of whether effects of |ight exposure changes in the presence of
other stressors. Here, I present results from two continental-scale
studies that leveraged data from over 58,000 nest records and 3.5
million observations from citizen science efforts to understand the
consequences of exposure to artificial night lighting while
accounting for the influence of other aspects of human activity.
Breeding birds exposed to |ight began nesting substantially earlier
than those in dark regions and the effect was especially pronounced
for open-habitat birds. Forest-habitat birds laid larger clutches
with increases in |ight exposure. Species—specific variation in
response to |ight was consistently explained by variation in eye
geometries; birds with better low light vision advanced breeding
most strongly with |ight exposure, but also benefit from |ight
exposure in terms of overall nest success. In general, abundance of
overwintering birds at feeders was not strongly influenced by light
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exposure, except the context of multiple stressors. Specifically,
co—exposure to noise exacerbate negative responses to light and
birds tended to increase in abundance with |ight exposure during
longer winter nights. Although most species tended to increase in
abundance with |ight exposure, the abundance of birds from forested
habitats declined strongly with |ight exposure. Together, these
results not only suggest that artificial |ight has widespread but
heterogeneous effects on birds, but also provide important insights
on the intrinsic and extrinsic factors responsible for variation in
responses.

92-8 Francis, RKx; Catalano, KA; Majoris, JE; D" Aloia, CC; Ruger,
T; Bogdanowicz, S; Buston, PM; Boston University, Boston, MA,
Rutgers University, New Brunswick, NJ , King Abdullah University,
Thuwal, Kingdom of Saudi Arabia, University of New Brunswick, Saint
John, Canada, University of Exeter, UK and Boston University,
Boston, MA, Cornell University, Ithaca, NY ; rkf@bu. edu

Breeding habitat, mating system, and mating success in the sponge-
awelling goby Elacatinus lori

Understanding the causes of variation in reproductive output is a
major goal of marine metapopulation ecology. Individual
reproductive output is often highly variable, and may be dependent
on variation in the traits of individuals and qualities of their
habitats. Here, we investigate characteristics of breeding habitat,
the genetic mating system, and determinants of male mating success
in the neon goby £/acatinus /lori. This fish is found in close
association with the yellow tube sponge Av/ysina fistularis in
Belize. Females lay eggs inside the sponges of males; males care
for the eggs until they hatch. First, we use surveys of sponge size
and occupancy status to determine the subset of sponges used by
breeding males. We show that breeding males occupy a non-random
subset of sponges: sponges occupied by breeding males are larger
than those occupied by other residents. Second, we use genetic
parentage analysis to determine the mating system. We show that £
fori exhibits a polygynous mating system: some males breed with
multiple females simultaneously, sequentially, or both. Third, we
use field observations of breeding behavior and measures of male
size and sponge size to determine which factors explain variation
in male mating success. We show that male size is the primary
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driver of mating success: male size is significantly and positively
related to total reproductive output. This study concludes that
large fathers and good homes will contribute to the population
persistence of a coral reef fish.

93-5 Franklin, AM%; Rankin, KJ; Ospina-Rozo, L; Medina, [; Garcia,
JE; Dong, CM; Ng, L; Wang, L-Y; Aulsebrook, AE; Stuart-Fox, D;
School of BioSciences, The University of Melbourne, Australia, Bio-
Inspired Digital Sensing Lab, RMIT University,

Australia; amandaf@unimelb. edu. au

Mirror camoufl/age: Busting the myth

Some animals, including fish, beetles, spiders and butterfly
chrysalises, have such shiny surfaces that they appear almost
mirror—like. A compelling but controversial hypothesis is that a
mirror—|ike appearance enhances camouflage by reflecting the
surrounding environment. We tested the efficacy of mirror-
camouflage in a complex terrestrial environment using field
predation and human detection experiments. Both experiments used
highly realistic mirror-green and diffuse-green models of
Australian Christmas beetles, in their natural forested habitat. Of
1080 beetle models deployed at two independent forested locations,
9% were attacked but there was no difference for mirror or diffuse
beetles. Similarly, there was no difference in attack frequency
when beetles were deployed on open ground where mirror camouflage
is ineffective. The human detection experiment required
participants to wear eye tracking glasses and complete a time-

| imited search task for beetle models placed in the forest.
Participants showed no difference in the success probability or
latency to detect mirror beetles. Taken together, our results
suggest that the extremely shiny appearance of Christmas beetles
does not reduce the probability of detection or attack by
predators. Instead, highly shiny surfaces may have evolved as a
secondary consequence of selection for a non-visual function, such
as water repellency or cuticle strength.

170-3 Fraser, CJx; Butler, MA; University of Hawai' i at
Manoa; c/aire/bhawaii. edu
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Evolutionary analysis of SARS-CoV-2: Is haplotype variation [inked
to mortality?

SARS-CoV-2 is responsible for the devastating COVID-19 pandemic,
varying in degree of impact depending on geographic location. The
inherently high viral mutation rate along with the large scale of
viral replication across human populations has resulted in the
evolution of multiple strains over time. Recently, some mutations
have been identified as functionally relevant, associated with
disease severity and mortality rates. I will characterize viral
haplotypes via Single Nucleotide Polymorphisms (SNPs) at genomic
regions with high frequencies of mutation. I will conduct a
genotype analysis of SARS-CoV-2 strains (downloaded from
GenBank/GISAID) following alignment and construction of a minimum
spanning haplotype network using Arlequin and PopArt software. By
conducting a survey of the haplotype prevalence in localities with
varying levels of mortality, | can search for |inks between viral
strain and host survival. Furthermore, the SNPs associated with
each haplotype can be explored for potential functional changes
that occur in the proteins coded at those genomic regions. I will
examine SNPs of key functional proteins, such as those required for
host entry and replication, for links to structural differences
that may confer some type of viral advantage.

37-2 Freckelton, ML*; Knowles, AF; Nedved, BT; Hadfield, MG;
University of Hawaii at Manoa; marnief@hawaii. edu

Identifying recruitment sites.: How important are bacterial strain
differences to invertebrate /arvae?

Settlement and metamorphosis of many benthic invertebrate larvae
are dependent on detection of cues from biofilm bacteria. The
identity of the cues that mediate these interactions remain largely
unknown. However, the same bacterial genera are repeatedly
implicated in this induction across many different phyla. Earlier
studies had shown that larvae of the coral Poc///opora

damicornis were sensitive to strain differences in single bacterial
species. To better understand bacterial cueing specificity, we
exposed larvae of the serpulid polychaete Hydro/des e/egans and the
sponge Haliclona caerulea to monospecific biofilms from multiple
strains of the two bacterial species: Pseudoalteromonas
luteoviolacea (4 strains) and 7halassotalea euphilliae (3 strains)
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isolated from inner harbor or coral reef environments. We found
that larvae of A e/egans and H caerulea, both biofouling species
typical of harbors, had stronger responses to the harbor strains of
bacteria. The three strains of 7. euphi//iae, all isolated from a
coral reef, had different inducing effects for P damicornis and A
el/egans: each animal was induced to metamorphose by a different
strain. Interestingly, the different strains of A

luteoviolacea also exhibited differences in the amount of violacein
they produced, with the coral reef strain producing significantly
higher levels of the characteristic secondary metabolite. Marine
biofilm bacteria rapidly colonize new surfaces and show community-
compositions that differ between habitats. We hypothesize that
small, strain-specific differences in bacteria are detected by
larvae of marine invertebrates to determine the suitability of a
habitat for recruitment.

57-8 Fredna, Kx; Reinke, BA; Northeastern Illinois

University; kelseyfrednalemail. com

Signal partitioning allows butterfly wing surfaces to evolve under
opposing selective pressure

Signal partitioning al lows butterfly wing surfaces to evolve under
opposing selective pressure Fredna K' and Reinke BA

Ph.D.? kelseyfredna@gmai|. com Department of Biology, Northeastern
[I'linois University, Chicago, IL 60625 Animal coloration is
typically the evolutionary compromise of two, often opposing,
processes, natural and sexual selection, that is inherently
dependent on the environment in which the color is viewed. Sexual
dichromatism is a widespread phenomenon typically driven by sexual
selection. This dorsal surface of the wing of most butterflies
(Order: Lepidoptera) is only visible during flying, courtship
displays, or basking, while the ventral surface is visible while
resting. Given this physical separation of colors, referred to as
signal partitioning, dorsal and ventral wing surfaces can
potential ly evolve under completely separate selective pressures;
this may be evident by comparing the evolution of sexual
dichromatism of dorsal and ventral surfaces. We propose that there
will be more sexual dichromatism on the dorsal surface of
Lepidopteran wings than on the ventral side, and that since these
signals are dependent on the |ight under which they are perceived,
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we predict that environments with a high percentage of vegetative
cover and areas with a |low percentage vegetative cover would
produce the most profound sexual dichromatism, while intermediate
areas would have little to no sexual dichromatism. To test these
predictions, we use photographs of adults of the group Biblidinae,
which consists of approximately 340 identified species. We will
then use phylogenetically controlled methods (PCM) to assess
whether the evolution of the sexual dichromatism on the dorsal and
ventral surfaces occurs independently and varies by environment as
hypothesized. This work is important for understanding signal
partitioning and the evolution of sexual dichromatism.

717-3 Freeman, ARx; Lo, B; Choudhry, A; Singh, B; Ophir, AG; Cornell
University, Cornell University, Thomas Jefferson High School for
Science and Technology; arf86@cornel /. edu

‘I'm open to it’ = African giant pouched rat females signal
reproductive availability to potential mates and competitors via
altered signal composition but not via behavior
Vaginal non-patency is a state in which the vagina is closed or
fully sealed to the external world. Vaginal patency is unique among
African giant pouched rat (Cricetomys ansorgei) females, in that
patency can be delayed well past adulthood and it is reversible,
independent of photoperiodic cues. In addition to altered genital
morphology, non-patent females have smaller uterine horns and
cervixes (traits that are generally associated with reproductive
quiescence). Because non-patent females are obviously unable to
copulate, we hypothesized that they would signal their reproductive
state to potential mates and competitors. We predicted that patent
females would scent-mark more, and that the composition of their
scent marks would differ from non-patent females. We compared urine
metabolites from non-patent and patent females using HPLC-MS. We
found that non-patent and patent females differed in their
metabolomic profiles, and discovered that the non-patent females’
urine metabolome became relatively more similar to the patent
females once these non-patent females had transitioned to patency.
However, non-patent and patent females did not differ in their
rates of scent marking, or the types of scent marks they made.
Thus, patent and non-patent African giant pouched rat females do
not alter signaling behavior, but they do have altered signal
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composition that likely informs competitors and mates. Given that
non-reproductive females engage in scent marking, we posit that
scent marking in this species may have evolved for territory
maintenance and identity signaling.

8-7 Freiler, MKx; Proffitt, MR; Smith, GT; Indiana University,
Bloomington; mkfreile@indiana. edu

Electrocommunication signals and aggression are temporally [inked
in an electric fish with male morphological variation

Within species variation across males is common among vertebrates
and is often related to distinct reproductive strategies
characterized by dramatic differences in morphology and behavior.
Males with divergent reproductive tactics often use communication
signals in a status—dependent way. South American weakly electric
knifefish are an excellent model in which to study how male
variation in morphology underlies differences in social
communication during intermale contests. Knifefish produce a
continuous electric organ discharge (EOD) from their tail to
communicate. Fish can also transiently modulate the frequency of
this discharge during courtship and agonistic encounters to produce
signals called chirps. Variation in male jaw morphology is common
among male knifefish and is sometimes related to variation in
electrocommunication. In one species, Compsaraia samueli, males
show striking variation in jaw length. However, EODs and chirps
have never been investigated in this species, so it is unclear if
jaw length is related to the production and function of chirps.
Here, we use live, agonistic, dyadic encounters with males of
varying jaw lengths to analyze the function of chirps. The male
with longer jaws was more |ikely to be dominant and attacked more.
Chirp rate was also positively correlated with attack rate within
and between fish. Within both dominants and subordinates, chirps
tended to precede attacks with a latency of 1-2s, suggesting chirps
serve as aggressive signals in ¢ samuel//. Even though males
produced chirps in a status—dependent way, their function did not
vary across status. Together, these results confirm variation in
male morphology determines differences in aggression and
communication.
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/4-7 Fu, Qx; Astley, HC; Li, C; Johns Hopkins University,
University of Akron; fqiyuani@jhu. edu

Snakes traversing complex 3-D terrain

Snakes can bend their elongate body to traverse complex 3-D
terrain. With the exception of sidewinding with small vertical body
lifting, most previous studies of terrestrial snake locomotion used
flat surfaces and focused on the role of lateral bending. Few
studies tested terrain with large height variation or considered
whether snakes can use vertical bending to traverse. Recent studies
in our groups revealed that snakes use vertical body undulation to
traverse a horizontal cylindrical array (Jurestovsky et a/., in
prep) and combine lateral oscillation and vertical bending to
traverse a large step (Gart, Mitchel, Li, 2020, JEB). Here, we
hypothesize that generalist snakes bend their body both vertically
and laterally to traverse complex 3-D terrain. We tested corn
snakes Pantherophis guttatus (N = 2 animals, n = 23 trials)
traversing low-friction, rugged terrain comprising blocks of
normal ly distributed heights. Despite the low friction, the animal
traversed stably with little slip as if it were moving in a tube,
with frequent changes in head direction. In addition, the animal
tended to move on top of lower blocks, as if it were going through
a valley in the rugged terrain. On these lower blocks, the body
bent vertically to push backward against horizontal ridges to
propel forward. Although lateral bending was occasionally used to
push against the side of higher blocks, it was not sufficient to
explain the observed motion. These observations supported our
hypothesis. To better understand how the animal controls 3-D body
bending to traverse, we are developing a sensorized terrain
platform to measure distributed ground reaction forces and a
sensorized snake robot as a physical model for systematic

exper iments (see other talk: Ramesh et a/., A sensorized
robophysical model to study snake locomotion in complex 3-D
terrain).

28-9 Fudge, DSx; Plachetzki, DC; McCord, CL; Winegard, TM;
Fernholm, B; Gonzalez, GJ; Mincarone, MM; Chapman University,
University of New Hampshire, Chapman University, California State
University Dominguez Hills, Swedish Museum of Natural History,
Universidade Federal do Rio de Janeiro; fudge@chapman. edu
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Description of four new species of hagfishes from the Galapagos
Islands, FEcuador

Hagfishes are an ancient group of benthic marine craniates that are
found in deep or cold waters around the world. In the Galéapagos
Islands, four species of hagfishes were known: Eptatretus
bobwisneri, E. grouseri, E. mccoskeri, and Rubicundus [akeside
During recent expeditions to the Galapagos, six species of
hagfishes were collected, including four undescribed species of the
genera Eptatretus and Myxine. In this talk, I will provide a review
of the eight species of hagfishes from the Galéapagos Islands, with
an emphasis on the four new species. Our species delineations were
based on both morphological and molecular analyses. One of the

new Myxine species described is remarkable as it is the only
hagfish known to completely lack melanin-based pigments. A
phylogenetic hypothesis based on molecular data suggests that
Galapagos hagfishes, in contrast to terrestrial animals |ike
Darwin's finches, arose from multiple independent colonisations of
the islands from as many as five different ancestral |ineages. The
large number of endemic hagfishes in the geologically young
Galapagos I[slands suggests that there is much global hagfish
diversity yet to be discovered.

64-2 Fuess, LEx; den Haan, S; Ling, F; Weber, J; Steinel, NC;
Bolnick, DI; Texas State University, Central European University,
Northwest A&F University, University of Wisconsin- Madison,
University of Massachusetts Lowell , University of

Connecticut; /fuess@txstate. edu

Immune gene expression covaries with gut microbiome composition in
stickleback

Commensal microbial communities have immense effects on their
vertebrate hosts, contributing to a number of physiological
functions as well as host fitness. In particular, host immunity is
strongly linked to microbiota composition through poorly understood
bi-directional |inks. Gene expression may be a potential mediator
of these links between microbial communities and host function.
However few studies have investigated connections between
microbiota composition and expression of host immune genes in
complex systems. Here we leverage a large study of l|aboratory-
raised fish from the species Gasterosteus aculeatus (three-spined
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stickleback) to document correlations between gene expression and
microbiome composition. First, we examined correlations between
microbiome alpha diversity and gene expression. Our results
demonstrate robust positive associations between microbial alpha
diversity and expression of host immunity. Next, we examined
correlations between host gene expression and abundance of
microbial taxa. We identified 15 microbial families that were
highly correlated to host gene expression. These families were all
tightly correlated to host expression of immune genes and
processes, falling into one of three categories: those positively
correlated, negatively correlated, and neutrally related to immune
processes. Furthermore, we highlight several important immune
processes that are commonly associated with abundance of these
taxons, including both macrophage and B cell functions. Further
functional characterization of microbial taxa will help disentangle
the mechanisms of the correlations described here. In sum, our
study supports prevailing hypotheses of intimate |inks between host
immunity and gut microbiome composition.

$4-3 Ful |, RJ*; Estrada, M; Watson, L; Bhatti, HA; University of
California, Berkeley, University of California, San

Francisco; rjfull@berkeley. edu

i4’s toward tomorrow program: Bioinspired design realized by
creativity, collaboration, and connection

Our program's goal is to provide a STEM-enriched workforce with an
early, inspirational, and interdisciplinary experience that fosters
inclusive excel lence. By seeking connections and joining a
community, students envision a future where they can

be /nvolved, /magine, /nvent, and /nnovate (/*). Our program
removes artificially created disciplinary boundaries to extend
beyond STEM by including designers, social scientists, and
entrepreneurs col laborating in diverse teams while using scientific
discoveries to create inventions that lead to new careers, benefit
society, and shape our future. We connect two recent revolutions by
amplifying bioinspired design with the maker movement and its
democratizing effects empower ing anyone to innovate and change the
wor Id. By working in collaborative, interdisciplinary teams of
diverse majors, pre— and post-assessment showed significant
increases in students’ 21°t century skills that include
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interdisciplinary thinking, collaboration, science |iteracy and
translation. We are disseminating our customizable, evidence-based
program through a bioinspired design shared community that will
energize students to participate in the discovery process where
their diverse voices are necessary to invent the future.

5-71 Ful lerton, JAx; Weesner, AT; Bentley, I; Kloepper, LN; Saint
Mary' s College; /kloepper@saintmarys. edu

Wingbeat synchronization in Mexican free—tailed bats (Tadarida
brasiliensis)

Animals in nature move in groups often with often remarkable
coordination including starling murmuration and fish schooling.
Bats also exhibit coordinated group movement during foraging and
navigation, and are especially interesting because they primarily
navigate with echolocation. Additionally, recent work has suggested
that bats have sensory hairs on their wings that aid in flight
coordination. Bats have also been recorded to pair during flight in
a “leader-follower” relationship based on their flight
trajectories, but the kinematics behind the pairing is unknown.
Motivated by prior observations, we investigated the flight
dynamics for pairs of bats engaged in leader—follower relationships
that appeared to have synchronized wingbeats. Mexican free-tailed
bats (Tadarida brasiliensis) were recorded with a thermal imaging
camera while they performed nightly emergences from a cave located
on private land in Oklahoma. Bat pairs with observed
synchronization were extracted for digital video analysis. Using
anatomical landmarks digitized in the DLTdv8 MATLAB application, we
quantified the flight trajectory, position, and wingbeat dynamics
of bat pairs as they moved through the camera’s field of view. We
report on the degree of wingbeat synchrony and discuss the
advantages such synchrony could provide during group flight.

S2-8 Furr, D; Ketchum, RN; Leach, WB; Ivanina, AV; Reitzel, AMx;
University of North Carolina, Charlotte; areitzeZ@uncc. eau
Genetic and environmental correlates of physiology and gene
expression for the eastern oyster in the southeastern United
States
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Eastern oysters (Crassostrea virginica) have long been utilized as
informative coastal organisms to determine mechanisms for
acclimating and adapting to extreme environmental variation. These
oysters are resilient to extensive abiotic (temperature, salinity,
oxygen) and biotic (microbial and viral pathogens) variation, which
can vary for oysters from different habitats and geographic
locations. C. virginica is native to the southeastern United States
and is routinely aquacultured, but |ittle comparative data are
available describing physiological and genetic variation for
oysters in this geographic region. We will present the results from
two sets of experiments aimed at understanding this variation.
First, we compared genetic diversity and gene expression for
oysters from four locations in North Carolina and Virginia to
compare the innate immunity response to a pathogen (Vibrio) under
normoxic and hypoxic conditions. Second, we used transcriptome-wide
gene expression and physiological responses for intertidal and
subtidal oysters from two locations in North Carolina to compare
the influence of habitat and location on these phenotypes.

Together, our results are important for understanding genetic
variation and physiological plasticity in stress response for this
commercial ly important oyster species.

45-9 Furze, ME*; Huggett, BA; Chamberlain, CJ; Wieringa, MM;
Aubrecht, DM; Carbone, MS; Walker, JC; Xu, X; Czimczik, CI;
Richardson, AD; Harvard University and Yale University, Bates

Col lege, Harvard University, Harvard University, Northern Arizona
University , University of CGalifornia,

Irvine;, morganfurze@gmail. com

Junk in the trunk. can trees use carbohydrate reserves that are
deep in the stem?

Carbohydrates play a key role in plant physiology and metabol ism,
yet we know |ittle about their distribution within tree stems. This
leaves open questions about whether carbohydrate reserves deep in
the stem are available to support tree functions. To explore the
availability of reserves, we measured the radial patterns of
carbohydrates throughout the year in the stems of temperate trees
with contrasting wood anatomy (ring-porous vs. diffuse-porous). We
showed that carbohydrates were the most seasonally dynamic in the
outermost stem segments for both ring-porous and diffuse-porous
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trees. However, while the seasonal fluctuation was dampened in
deeper stem segments for ring-porous trees, it remained high for
diffuse-porous trees. Our results suggest that while deeper stem
reserves fluctuated across the seasons, the deepest reserves at the
center of the stem were not used to support tree metabolism under
normal environmental conditions.

S$72-6 Fusani, L*; Janisch, J; Perinot, E; Quigley, C; University of
Vienna, University of Veterinary Medicine,

Vienna; /eofusani@gsmail. com

The making of an elaborate courtship display.: acrobatics,
choreographies, and the role of females

Among the most impressive features of manakins’ courtship displays
are their acrobatic jumps and flights. Neuromuscular and skeletal
specializations are found in many species of these birds and they
are typically functional to production of non-vocal sounds but also
to performance of challenging motor displays. Detailed descriptions
of the displays were published in the last two decades following
advances in high-speed videography, although analysis of courtship
focused mostly on the timing and sequence of display elements. In
recent years, we were able to conduct detailed studies of the
displays of the male golden—collared manakins (Manacus vitel/linus)
in relation to the presence of females and to the physical features
of the displaying court. Here we will review these latter
developments that reveal novel, previously unknown aspects of
manakins' courtship. We will illustrate how females participate in
shaping male displays and actively ‘test’ courting males’ skills.
In addition, we will show how males can rapidly adjust their
choreographies following environmental events that disrupt the
displaying court, in a manner strongly suggesting the involvement
of motor learning in the making of the display.

S$72-3 Fux jager, MJ; Brown University; matthew fuxjager@brown. edu
Physiological basis of display evolution in the golden-collared
manakin

Sexual selection produces a variety of extraordinary traits used to
court mates and compete with rivals in reproductive contexts. This
process is often predicated on concomitant changes to an organism s
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physiology, which in turn support the emergence of extreme or
complex morphology and/or behavior. Yet despite widespread
recognition of the important connections between sexual selection
and physiology, these links are not often studied. My research
program helps fill this gap by investigating manakin birds, given
that many species in this family perform extraordinary courtship
displays that often require specialized motor capabilities. In
particular, [ focus on golden—collared manakins (Manacus
vitellinus), as males of this species perform an acrobatic sexual
display that involves rapid gestural movements. My work shows that
modifications to this bird s androgenic hormone system within the
skeletal musculature reshape performance abilities in a way that
allows for behavioral innovation in response to sexual selection.
This work is discussed, with an emphasis on the ability of hormones
to influence performance tradeoffs that impact behavioral output.
Overall, my results shed |light on the role hormone systems play in
behavioral evolution in response to sexual selection.

22-9 Gabler-Smith, MK+%; Wainwright, DK; Wong, GA; Lauder, GV;
Harvard University, Cambridge, MA, Yale University, New Haven,

CT; mollygablersmith@email. com

Shark dermal denticles: novel patterns on branchial skin

Shark skin is covered in dermal denticles - tooth-like structures
consisting of enameloid and dentine. There are many proposed
functions of denticles, including abrasion reduction, protection
against parasites, drag reduction and increased |ift during
swimming. Previous studies have shown differences in denticle
morphology within and across different regions of sharks, including
extreme morphological differences within the skin covering the
branchial pouches, a region termed “branchial skin” . We used gel-
based profilometry to quantify differences in denticle morphology
and surface topography of branchial skin denticles among 13 species
of sharks to better understand the surface structure of this
region. We show that 1) branchial skin denticles differ across
shark species and 2) denticles on the leading edge of the branchial
skin have different morphology and surface topography compared to
denticles on the trailing edge. Across all species studied, there
were significant differences in denticle length (#.01) and width
(P=.002), with shorter and wider leading edge denticles compared to
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trailing edge denticles. Skewness was also higher in leading edge
denticles (P=.009), though most values were still negative,
indicating more valleys than peaks. Overall, leading edge denticles
are rounder than trailing edge denticles in all of the species
studied. These data suggest two hypotheses: 1) rounder leading edge
denticles protect the previous gill flap from abrasion during
respiration and 2) denticle morphology might affect flow exiting
branchial pouches after passing over the gills. Future studies will
focus on determining the relationship between denticle morphology
and water flow by visualizing fluid motion over branchial denticles
during /n vivo respiration.

S7-12 Gabor, CRx; Miner, K; Forsburg, Z; Texas State University,
San Marcos; gabor@txstate. edu

ALAN in freshwater vertebrates: physiology, growth, and behavioral
perspectives

Anthropogenic disturbances through land use conversion contribute
to population extinctions and biodiversity loss. These
modifications are associated with shifts in water quality, water
flow, and light pollution. Artificial light at night (ALAN) alters
the natural light and dark cycle in ecosystems. Light plays a key
role in the ecology of organisms as a source of energy and
information, a regulator of circadian rhythms, and a cue for
communication, navigation, and orientation. Owing to urbanization,
40% of human populations are living in areas that are continually
i | luminated due to ALAN. Additionally, 50% of the human population
lives within 3 km of aquatic ecosystems, making aquatic areas the
most impacted by anthropogenic disturbances, such as ALAN. While
ALAN is widespread, the consequences of ALAN have not been well
documented, especially in freshwater species. Here we review the

| iterature that examines consequences of ALAN on physiology,
growth, and behavior in fish and amphibians. We focus on recent
mechanistic studies using common species of tadpoles and fish along
with an endangered species of salamander. We also explore the
potential for populations to respond to selection from ALAN from
the perspective of repeatability of the glucocorticoid response to
ALAN exposure. We find that ALAN affects glucocorticoid hormones,
growth, melatonin, and glucose levels, all of which can influence
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the fitness of aquatic organisms and may further drive biodiversity
loss.

15-5 Gabor, Ax; Kaszas, N; Faragé, T, Pérez Fraga, P; Lovas, M,
Andics, A; Department of Ethology, ELTE,

Hungary; annagabor33@gmail. com

Acoustics of dogs’ interspecific voice discrimination ability
Voices are prominent stimuli in the auditory environment due to the
wide variety of ecologically relevant information they code in
their acoustic structure, including vocalizer identity cues.
Acoustics of voice-based individual recognition is well-described
in intraspecific—, but unknown in interspecific contexts. Dogs, for
whom the identification of humans became crucial during
domestication, are suitable subjects of such investigations. In a
behavioural test, dogs had to find their hiding owner based on
vocal cues in two-way choice tasks. Stimuli were pre-recorded
neutral speech sentences from the owner and a set of control
persons played through loudspeakers (placed near the hiding
persons) from behind two opaque screens. The effect of speakers’
acoustic distance along a set of dimensions on choosing success,
choosing latency and looking time was investigated. Dogs chose
their owner’s voice significantly more often than control persons’
voices (82%) and acoustic distance of speakers did not affect their
choosing success, which suggests that dogs can confidently identify
their owner’s voice. Fundamental frequency-related (FO mean, gender
difference of speakers) and noisiness parameters (entropy, jitter)
affected either choosing latency or looking time which, however,
indicate that the shorter the acoustic distance between speakers,
the harder the decision. According to these results, interspecific
voice recognition in dogs is based on similar acoustic parameters
as intraspecific voice recognition in both humans and in various
canine species. This novel experimental design is applicable to
further explore dogs’ interspecific voice recognition ability by
artificially modifying the voices.

93-1 Gage, S*; Aiello, BA; Sharma, V; Sprayberry, J; Sponberg, S;
Georgia Tech , Muhlenburg Col lege; sgage/@gatech. edu
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Does an ecological ly-relevant odor influence visual motion
selectivity in the hawkmoth nerve cord?

The behavioral context of an animal can modulate visual processing.
First observed in primates, and recently in flies and mice,
attention and locomotion modify visual neuron tuning curves by
increasing spike rates and shifting curves to higher frequencies.
These changes may enable animals to better process rapidly changing
visual scenes associated with motion compared to quiescence. We
wondered whether sensory context, specifically the addition of an
ecological ly-relevant odor, could similarly affect how neurons
respond to visual motion. We considered the crepuscular

hawkmoth, WManduca sexta, which relies on both vision and olfaction
to locate and forage from flowers, a process that transitions from
flight navigation to hover feeding. We hypothesized that the tuning
curve of wide-field motion (WFM) units would increase overal |
firing rate and shift towards higher frequencies; and that
responsiveness to oscillating flowers would also increase with
odor. To test these ideas, we recorded from ventral nerve cord
neurons downstream of sensory integration centers in the brain.
Using a multi—-channel electrode, we established responses to WFM
and flower stimuli, followed by a floral odor known to elicit
innate odor responses. 0Odor enhanced the firing rate of WFM
responsive units and shifted the peak of the tuning curve 1-2 Hz
higher. Some direction-sensitive units also began to respond in the
opposing direction. Flower-responsive units showed increased firing
rates. In some units, however, odor inhibited responses to both
types of visual motion. This change in gain and selectivity may
suggest that odor functions as a “fine tuner” during navigation
and hovering. Odor may refine visual tuning for close flower
tracking and other rapidly moving, near-field objects during
foraging.

BSP-4-7 Gainett, Gx; Sharma, PP; University of Wisconsin-

Madison; guilherme. gainettéwisc. edu

How do arachnids make antennae out of legs? An evo-devo approach
in whip spiders (Amblypygi)

The recent discovery of a whole genome duplication (WGD) event in
arachnids with book lungs (Arachnopulmonata) posits them as ideal
research organisms to study the implications of this process in the
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evolution of morphology. A fascinating phenomenon that has
independently evolved in different arachnid orders is the
“antennification” of a walking leg pair to serve a sensory
function, a convergence with the antenna of mandibulates (e.g.,
insects, centipedes). Arguably the most complex antenniform legs in
arachnids occur in the arachnopulmonate order Amblypygi (whip
spiders) but it is unknown if they retain ohnologs from the
inferred WGD event, and which genetic factors specify the fate of
antenniform legs. To investigate the incidence of systemic gene
duplications in this order, we assembled the first embryonic
transcriptomic resources for three whip spider species. We show
evidence that Amblypygi retain two complete Hox clusters and
duplicates of numerous developmental patterning genes. We then
established an evo-devo tool kit for the species Phrynus
marginemacul/atus and showed that expression of leg gap gene
paralogs (Di/stal-/ess, dachshund and homothorax) support a shared
WGD across Arachnopulmonata. Next, we conducted differential gene
expression analysis between antenniform legs and walking legs in
embryonic stages before and after leg specification, revealing
candidate genes with verifiable expression patterns via in situ
hybridization. In particular, we found evidence that a Hox gene
paralog may be involved in the early specification of the sensory
leg, a hypothesis amenable to testing with the functional tools we
have recently established for this species.

37-4 Galbraith, Ex; Santamaria, G; Hoffman, M; Gainsbury, A;
University of South Florida, St. Petersburg, FL, University of
South Florida, Sarasota, FL, Orianne Center for Indigo
Conservation, Eustis, FL; gal/braith. el fl@out/ook. com

Environmental DNA detection method from soil sampl/es for Eastern
Indigo snakes (Drymarchon couperi)

Environmental DNA (eDNA) is DNA shed by organisms into the soil or
water with which they interact. It offers an opportunity to survey
wildlife non—invasively, which is especially useful for endangered
and threatened species. The Eastern Indigo snake (Drymarchon
couper/) is a Federally threatened snake species with historic
habitat in the dry forests of the southeast United States. We
developed a novel protocol for Indigo snake presence detection
using eDNA from soil samples. These soil samples were obtained from
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outdoor snake enclosures from the Orianne Center for Indigo
Conservation in Eustis, FL and from a captive snake release site in
Conecuh National Forest in Alabama. Ten soil samples from areas
with confirmed snake activity were used to test eDNA extraction
from soil using Longmire’ s buffer and the Zymo Quick-DNA Miniprep
Plus Kit. We successfully detected snake presence with DNA from
genes NADH dehydrogenase 4 (ND4) and cytochrome b (CYTB). This
method was then applied to the field at Archbold Biological

Station, showing that this protocol can be used as an inexpensive,
simple, non-invasive technique of surveying the threatened indigo
snake. The broader implication of this novel methodology is its
application to other elusive endangered and threatened species with
which presence can be obtained from eDNA soil samples.

$9-77 Gall, MDx; Baugh, AT; Lucas, JR; Bee, MA; Vassar College,
Swarthmore College, Purdue University, University of

Minnesota; megall@vassar. edu

Social communication across reproductive boundaries. hormones and
the auditory periphery

Most animals experience reproductive transitions in their lives;
for instance, reaching reproductive maturity or cycling in and out
of breeding condition. Some reproductive transitions are abrupt,
while others are more gradual. In most cases, changes in
communication between the sexes follows the time course of these
reproductive transitions and is typically thought to be coordinated
by steroid hormones. We know a great deal about hormonal control of
communication behaviors in birds and frogs, as well as the central
neural control of these behaviors, as there have been foundational
studies in hormones and behavior, as well as neuroethology. There
has also been a significant interest in the effects of steroid
hormones on central nervous system structures that control both the
production and reception of communication signals associated with
reproductive behaviors. However, peripheral sensory structures have
typically received less attention, although there has been growing
interest in recent years. It is becoming clear that the function of
peripheral sensory structures plays an important role in
reproductive communication, is plastic across reproductive
conditions, and, in some cases, may be mediated by steroid
hormones. In this talk, I will discuss our current understanding of
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the role of peripheral auditory structures in reproductive
communication in birds and frogs, the plasticity of the peripheral
auditory system, and the role of steroid hormones in mediating the
effects of the peripheral auditory system on reproductive
communication.

29-2 Gal lagher, KA*; Caira, JN; Wegrzyn, J; Christian Brothers
University, Memphis, TN, University of Connecticut, Storrs,

CT; kgallagl@cbu. edu

Morphological and genomic evolution of pelagic thresher shark
tapeworms

This study examines the evolution of L/tobothrium aenigmaticum a
bizarre tapeworm that parasitizes pelagic thresher sharks in Taiwan
and Mexico. Although this species nests robustly within the

genus L/tobothrium it lacks all the characteristics typically
displayed by this group. Furthermore, transmission electron
microscopy has revealed that the attachment organ of this worm
contains 11 unique cell types that have not been seen in any other
tapeworm species. Our current study investigates the mechanisms
that may have allowed for the evolution of this unusual morphology
using comparative genomics and transcriptomics. To this end, we
have assembled and annotated the genome of three |itobothriidean
species: L. aenigmaticum its sister taxa L. da//eyi/, and the more
distantly related L. amp//fica. The genomes for these species range
in size from 300-320 Mb with approximately 19, 045-27, 953 genes.
Gene family evolution is currently being assessed with the program
CAFE. Transcriptomes have also been generated for the three

| itobothriidean species. Differential gene expression analyses do
not show many differences in gene expression, however, there appear
to be some modest differences in the expression levels of genes
associated with the immune system and anatomical structure.

Overall, our current results indicate that the change in morphology
may be due more to genomic change than differences in gene
expression.

5-3 Gal lagher, JH*; Zonana, DM; Broder, ED; Tinghitella, RM;
University of Denver, Denver, Colorado, Saint Ambrose University,
Davenport, lowa; Jjay. gallagher@du. edu
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The origin and rapid spread of evolutionary novelty:
characterizing song and wing variation in two newly discovered
cricket morphs

The opportunity to observe and study the evolution of a novel trait
in real time is exceptionally rare. The recent appearance and rapid
spread of two new morphs with different mating songs, purring and
rattling (introduced in this study), in Hawaiian populations of the
Pacific field cricket (Teleogryllus oceanicus) provides a unique
chance to investigate this phenomenon. Songs of purring males have
been shown to be attractive to female crickets and less detectable
to a deadly, acoustically orienting parasitoid fly than songs of
ancestral males. Purring males have now been found in five
different populations throughout Hawai’ i. The most recently
discovered phenotype, rattling, has become widespread in one
surveyed population. In order to understand how selection may shape
these new signals, we characterized the initial variation in
purring and rattling songs among and within populations at “time
zero.” For purring, rattling, and ancestral males, we recorded
calling and courtship songs from six long-studied sites and
analyzed ten sound characteristics. We found differences in purring
among populations for both calling and, to a greater extent,
courtship songs. We also found that purring, rattling, and
ancestral songs are spectrally distinct from one another. Crickets
produce songs using specialized structures on their wings—however,
it is unclear how, or even if, these well-known structures affect
song characteristics in purring and rattling. Using standard
landmarking techniques, we compared the wing morphology of males of
different phenotypes and populations. This work continues to

I | luminate the mystery of how novel signals arise and spread
through populations.

34-7 Gallardo, CR*; Stewart, JR; Bidwell, JR; East Tennessee State
University,; gallardoc@etsu. edu

Oxygen consumption aduring embryonic development in the oviparous
snake, Pantherophis guttatus

In the amniotic egg of oviparous reptiles, most sources of energy
required for embryonic development must be available within the
egg, excluding oxygen and water, which are required from the
environment. Variation in the metabolic patterns among different
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species of embryonic birds has been well described. These studies
have recognized two patterns of oxygen consumption during
development: a sigmoidal curve and a linear relationship between
metabolism and incubation time. The sigmoidal curve is reported in
most other species of reptiles, excluding snakes. Snakes are
underrepresented in this type of research, although some studies
have indicated an exponential curve for metabolic rate during
development. Other members of Squamata do not exhibit this pattern,
making this a potentially derived state. The aim of this study was
to generate an oxygen consumption curve for the corn

snake, Pantherophis guttatus, during development to test the
hypothesis that embryos will exhibit an exponential increase in
oxygen consumption over time. Oviposited eggs were placed in
chambers for 24-hour periods and percent oxygen was recorded
throughout development. Embryos were staged and the carcass and
yolk were weighed separately. Results indicated a steady incline in
oxygen consumption during the earlier stages of development, with a
rapid increase as hatching approached. Our data support the
hypothesis that the developmental pattern of oxygen consumption in
snakes differs from other squamates.

32-1 Gallery, DNx; Green, ML; Kuffner, IB; Lenz, EA; Toth, LT; U.S.
Geological Survey, University of South Florida, University of
Hawai' i at Manoa; dga//ery@utexas. edu

Genetic diversity of the mustard hill coral (Porites astreoides)
along the Florida Keys Reef Tract

Increased stressors on coral reefs in recent decades have led to a
decline in coral populations throughout the Florida Keys Reef Tract
(FKRT). In contrast, the relative abundance of Porites

astreos/des has increased throughout the western Atlantic due to its
“weedy” |life history strategy. Compared to reef-building

species, P astreoides is relatively resistant to some
environmental stressors and, due to its mixed reproductive
strategies, its populations often recover relatively quickly after
disturbances. Whether P. astreo/des will continue to be a “winner”
on western Atlantic reefs, however, will depend on its ability to
acclimatize and/or adapt to changing environments in the future.
The potential for high rates of selfing and other asexual
reproductive modes observed in some studies suggest that many
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colonies of P astreoides may be clones rather than genetically
distinct individuals, which could limit the species’ capacity for
adaption. Population genetics can provide clues for understanding
regional species ecology and diversity and help identify how
populations may change in the future. In this study, we determined
the genetic diversity of 40 P astreo/des samples at four locations
along the FKRT using previously designed microsatel|ite markers.
Our results suggest that clones were relatively rare at our sites,
and the FKRT most likely contains a single, well-mixed genetic
population of P astreoides, with high levels of gene flow in the
region. This suggests that P astreoides will likely continue to be
resilient to future stressors while the larger causes of
anthropogenic stressors are addressed.

98-171 Galvez-Lopez, Ex; Cox, PG; Dept. Archaeology, University of
York, York, UK; eloy. galvez/opez@york. ac. uk

Cranial shape variation in minks.: Separating two highly similar
species

European and American minks (Mustel/a /utreol/a and Neovison vison,
respectively) are very similar in their ecology, behavior and
morphology. However, the American mink is a generalist predator and
seems to adapt better to anthropogenic effects, allowing it to
outcompete the European mink in areas where it has been introduced,
threatening the survival of the native species. To assess whether
differences in the masticatory apparatus allo