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127-1AARON GOODMAN, AMG*; LAUREN ESPOSITO, LAE; 56-5 ABBOTT, EA*; DIXON, GB; MATZ, MV; University of
California Academy of Sciences, California Academy of Sciences ; Texas; evelyn.abbott@utexas.edu
agoodman@calacademy.org Disentangling coral stress and bleaching responses by comparing

Spatial and Ecological Niche Partitioning in Congeneric Scorpions  gene expression in symbiotic partners
Species in the scorpion genus Centruroides Marx, 1890 (ScorpionesCoral bleaching—the disruption of the symbiosis between a coral
Buthidae) are good candidates to study ecological niche partitioninghost and its endosymbiotic algae—is associated with environmental
due to their habitat plasticity, widespread geographic distribution, stressors. However, the molecular processes are not well understood,
and presence of cryptic species. Currently, three species belonging tand no studies have disentangled the transcriptional bleaching
three subgroups of Centruroides are distributed along the Isthmus ofesponse from the stress response. In order to characterize general
Tehuantepec in southern Mexico, presenting a rare opportunity tcstress response, specific stress responses, and the bleaching response,
study niche partitioning within a single genus. We examined thewe isolated host and symbiont RNA from fragments of Acropora
environmental, substrate, and habitat preferences of Centruroidesnillepora which were exposed to 5 different stress treatments. We
flavopictus, Pocock, 1890, Centruroides gracilis, Latreille 1904, and hypothesize that under stress conditions, the coral host, and not the
Centruroides rileyi, Sissom 1995 within La Estacion Biologia Los symbionts, become stressed. If this hypothesis is correct we predict
Tuxtlas west of the Isthmus of Tehuantepec. Our results demonstratthat the host may upregulate genes involved in oxidative stress,
habitat partitioning occurs along humidity, temperature, and immune response, heat shock proteins, or lipid metabolism; we also
elevational gradients, with C. gracilis preferring habitats of low expect that the symbiont would upregulate genes involved in growth
humidity and high temperature and is predominantly found on theand uptake of nutrients. Additionally, it is unknown whether the host
substrate in human-mediated habitats, "'C. flavopictus™ exhibited aor the symbiont initiates bleaching. Because symbionts are
larger range of humidity and temperature preferences but was foundiorizontally acquired, their success is not linked to the survival of the
within secondary and primary forest, and C. rileyi had the greatesthost. Thus, we hypothesize that when the host becomes stressed, the
specificity of low temperature and high humidity on trees within symbionts initiate bleaching. To capture the bleaching response,
primary forest. Furthermore, C. rileyi was found significantly higher ambient conditions were reestablished after treatments and samples
in trees than C. flavopictus. This study represents the first example ob6f RNA were taken at multiple time points, between 8-16 hours after
niche partitioning within a genus of arachnid, and the first descriptionthe treatment. The RNA was sequenced with tag-based RNA
of the ecological niche in an arboreal-specialist scorpion. sequencing and the data were analyzed using DESeq and WGCNA.
If the symbionts initiate bleaching, we expect that the expression
profile of the symbionts will resemble symbionts in the free-living
state—such as upregulation of genes involved in sexual reproduction
and motility. Conversely, if the host initiates bleaching we expect to
upregulation of genes involved in immune response, exocytosis, or
nutrient transport.

P1-56 ABBOTT, CP*; LOCKWOOD, R; SUES, H-D; HUNT, G; P3-2 ABDULELAH, SA*; CRILE, KG; ALMOUSELI, A; AWALI,
ANGIELCZYK, KD; The University of Chicago, Chicago, IL, S; TUTWILER, AY; TIEN, EA; MANZO, VJ; HADEED, MN;
William & Mary, Williamsburg, VA, Smithsonian Institution, BELANGER, RM; University of Detroit Mercy;

Washington, DC, Smithsonian Institution, Washington, DC, The abdullsa3@udmercy.edu

Field Museum, Chicago, IL; cpabbott@uchicago.edu DNA damage in the cells of lateral antennules of crayfish (
How useful are extant tetrapods as analogues for non-mammalian  Faxonius virilis) is increased following exposure to

synapsid posture? environmentally relevant concentrations of atrazine

Reconstructing non-mammalian synapsid posture usually takes onétrazine (ATR) is an herbicide commonly applied in agricultural
of two approaches. One approach models range of motion andegions in the Midwestern United States. Excess ATR can enter
muscle moment arms from fossils, and another method comparesearby aquatic environments through run-off and seepage, causing
fossils to extant tetrapod analogues. The former method isATR concentrations to increase and placing non-target aquatic
constrained by how well body fossils reflect in vivo biomechanics, organisms, like crayfish, at risk of ATR exposure. It has been shown
while the latter is limited by the relevance of extant analogues tothat acute exposure to 80 ppb (ug/L) ATR can cause chemosensory
fossil synapsids. Non-mammalian synapsids lack both extantdeficits in crayfish. Knowing that ATR causes impairments on
representatives and a tight phylogenetic bracket. The only extanblfactory-mediated behaviors, our aim for this study was to
synapsids are mammals, which are highly derived and disparateletermine the effects of ATR in olfactory sensory neurons, located in
compared to most fossil synapsids. Extant reptilian and amphibiarthe lateral antennules of crayfish. We exposed crayfish to
analogues also possess derived morphologies compared to theanvironmentally relevant concentrations of ATR (0, 10, 40, 80, 100
extinct relatives, despite superficially "primitive” postures. Does the and 300 ppb) for 10 days. Following exposures, the distal portion of
high phylogenetic and morphological disparity of these analoguesthe lateral antennule was cryosectioned, and a TdT mediated dUTP
impact their usefulness? We collected long bone and girdlenick-end labelling (TUNEL) assay was done in order to determine if
dimensions from skeletal material for of 45 extant mammal, reptile,cells in the lateral antennules had DNA damage. We found a
and amphibian taxa, and compared these data with analogousignificant increase of TUNEL-positive cells as atrazine increased
measurements from Diasparactus, Ophiacodon, Dimetrodon, andabove 10 ppb. The data that we obtained showed that DNA damage
Aulacephalodon. We used principal component analysis to visualizeis caused in the cells of lateral antennules, including olfactory
the distribution of the sampled taxa in morphospace, andsensory neurons, which ultimately compromises the chemosensory
phylogenetic flexible discriminant analysis to explore categorical abilities of crayfish. This is concerning as crayfish rely heavily on
estimates of synapsid posture compared to traditional extantthemosensory abilities for many aspects of their lives.

locomotor grades. Results indicate that fossil synapsids lack

informative locomotor analogues among extant tetrapods.

Furthermore, our results suggest that the traditional

sprawling-upright dichotomy not only masks the continuum of

tetrapod posture, but also ignores phylogenetic and physical

constraints relevant to their locomotor habits.
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P2-69ABERNATHY, A.L*; KLAR, E.A; JORDAN, C.H; JOSHI, 58-5 ABZHANOV, A; Imperial College London and Natural History
M.M; NEWBREY, M.G; Columbus State University; Museum, United Kingdom; a.abzhanov@imperial.ac.uk
abernathy_abigail@columbusstate.edu Phylogenetic Principles and Morphogenetic Mechanisms for

Comparison of intersex severity between two types of histological  Evolvability in Adaptive Radiations

sections using testes of Largemouth Bass (Micropterus salmoides) Understanding the origins of morphological variation is one of the
and Spotted Bass (M. punctulatus) from the Chattahoochee River, chief challenges to the modern biological sciences. Cranial diversity
Georgia in vertebrates is a particularly inviting research topic as animal heads
Previous studies have not adequately quantified or compared thand faces show many dramatic and unique adaptive features which
severity of feminization (intersex) between cross and longitudinal reflect their natural history. We aim to reveal molecular mechanisms
sections of testes. In previous studies, intersex severity was rankednderlying evolutionary processes that generate such morphological
on a scale of 0-4: 0 = no oocytes, 1 = one oocyte, 2 = more than oneariation. To this purpose, we employ a synergistic combination of
oocyte, 3 = a cluster of oocytes, 4 = multiple clusters of oocytes. Thisgeometric morphometrics, comparative molecular embryology and
ranking system is ineffective for assessing intersex severity with highfunctional experimentation methods to trace cranial evolution in
counts of oocytes. Our goal was to compare the severity of intersexeptiles, birds and mammals, some of the most charismatic animals
between two sampling techniques, cross and longitudinal sections obn our planet. Our research is revealing how particular changes in
testes. We collected Largemouth Bass (Micropterus salmoides) (rdevelopmental genetics can produce morphological alterations for
=37) and Spotted Bass (M. punctulatus) (n = 25) from Lake Oliver, anatural selection to act upon, for example in generating adaptive
reservoir of the Chattahoochee River, Columbus, GA, USA. Testegadiations.

from each fish were prepared histologically with one testis cut into

three cross sections, while the other was cut longitudinally. After

staining with hematoxylin and eosin, the two sectioning techniques

showed different intersex severity values. Longitudinal sections of

Largemouth Bass revealed an average severity index of 1.67, while

cross sectioning yielded an average severity index of only 0.87. In

Spotted Bass, the longitudinal sections had a severity index of 1.36,

while the cross sections only found an average severity of 1.00. Cross

sectioning is the most common sampling technique to assess intersex,

but our data suggests that longitudinal sectioning is more descriptive

for determining intersex severity. The implications of our findings

suggest that assessment of severity in fish populations may be

underrepresented in published studies.

29-7 ACHARYA, R*; CHALLITA, EJ; BHAMLA, MS; Georgia P3-14 ACKERLY, KL*; ESBAUGH, AJ; The University of Texas at
Institute of Technology; racharya33@gatech.edu Austin; klackerly@utexas.edu
Ultrafast Finger Snap is Mediated by a Frictional Skin Latch Additive effects of oil exposure and hypoxia on aerobic

The snap of a finger is a ubiquitous motion that has been seen acrogerformance in red drum, Sciaenops ocellatus
cultures and times. Using high-speed imaging, we analyze fingerCrude oil exposure can impair cardiorespiratory function in fishes,
snap dynamics for the first time. We find that the mechanics of thewhich can reduce their ability to transport oxygen for production of
snap are strongly mediated by human skin friction, which acts as a&nergy to support aerobic performance. As a result, many fishes
latch to generate rapid motion. The skin frictional latch is optimally experience decreased maximum metabolic rate and overall aerobic
tuned to enable maximum kinematic performance as the angulaperformance, which likely influences ecological success. However,
accelerations observed during a snap are one of the fastest humanil exposure is not the only environmental stressor that can affect
motions known. A simple scaling relationship is found that links the metabolic performance, especially in areas affected by crude oil
latch geometry to the performance of snapping motion acrossspills. Hypoxia (low dissolved oxygen) is also known to constrain
multiple organisms from termites to humans. Ultimately, our work maximum metabolic rate, yet there has been little effort to explore
reveals how friction between surfaces can be harnessed as tunableow hypoxia may influence the magnitude of metabolic injury
and scalable latching mechanism, with applications ranging fromfollowing oil exposure. Therefore, our goal was to investigate the
increasing grip in biomedical prosthetic surfaces to generating higheffects of acute oil exposure and hypoxia on the metabolic
force and accelerations in tiny robots. performance of red drum, Sciaenops ocellatus, an economically
important fish common in the Gulf of Mexico. Here, sub-adult red
drum were exposed to crude oil for 24h before being exposed to
hypoxic conditions. Our results show that hypoxia exposure
combined with crude oil exposure results in significantly reduced
aerobic scope (the difference between standard metabolic rate and
maximum metabolic rate), which was additive compared to the
reductions caused by each stressor alone. Interestingly, our results
showed no changes to hypoxia tolerance among individuals,
regardless of exposure to hypoxia or oil. We are currently
investigating parameters such as hematocrit, mitochondrial enzyme
content, and blood oxygen binding affinity to determine the
mechanisms driving these additive effects. These data will offer
insight into metabolic constraints facing fishes exposed to oil while
concurrently subjected to hypoxia, a notable climate change stressor.
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52-3ACKERLY, KL*; ESBAUGH, AJ; The University of Texas at P2-90 ADAMS, DR*; GIFFORD, M; Vilonia High School,

Austin; klackerly@utexas.edu University of Central Arkansas; davidreidadams@icloud.com
Impacts of temperature acclimation and oil exposure on aerobic Lizards Modulate Foarging Behavior in Response to
performance in red drum, Sciaenops ocellatus Environmental Variation

Aerobic scope, the difference between minimum metabolic Movement is an important determinant of an animal's fitness because
requirements and maximum metabolic capacity, is an importantit underlies all tasks necessary to survival, yet the basis on which
metric affecting ecological success in fishes. Crude oil exposure camnimals choose varying speeds is still largely unknown. Speeds
impair cardiorespiratory function in fishes, which reduces maximum chosen by animals while preforming tasks, like predator evasion and
metabolic rate and aerobic scope, and may impair ecologicafforaging, are dependent on numerous external and internal factors.
performance. However, oil exposure is not the only environmentalEnvironmental conditions and functional constraints should have
stressor that can influence aerobic scope, especially in areas affectedfluence over movement speeds of animals. Understanding the
by crude oil spills. Temperature fluctuations, even within an relationships between these factors and how they contribute to
organism's thermal window, are also known to significantly impact movement would help us better predict the speeds used during
overall metabolic performance, yet there has been little effort tosurvival-dependent tasks. We video recorded Prairie Lizards
explore how oil exposure impacts metabolic performance acrosgSceloporus consobrinus) in experimental enclosures and analyzed
temperatures. Our goal was to investigate the effects of 24h acute othe speeds and attack initiation distances lizards used while foraging.
exposure on the metabolic performance of red drum, Sciaenop&Ve predicted that, in more cluttered habitats, animals would use
ocellatus, following 3wk chronic exposure to four ecologically slower speeds and initiate prey capture attempts from shorter
relevant temperatures. Our results show that individuals acclimatedlistances due to reduced visibility. Secondly, we predicted that
to higher temperatures had significantly higher metabolic demandsaverage attack velocities during successful foraging attempts would
compared to individuals at lower temperatures, which resulted inbe slower than unsuccessful attempts. Further, we predicted that
significantly decreased tolerance to low oxygen conditions. Asincreasing habitat complexity would reduce the difference of speeds
predicted, crude oil exposure resulted in significantly lower between successful and unsuccessful attempts. Overall, attack speeds
maximum metabolic rates at all temperatures except the lowestand distance were dependent on habitat type. Regardless of enclosure
These results suggest that acclimation to lower temperatures magype, attack velocity was positively and significantly correlated with
mediate the insult of injury to metabolic performance following the attack distance, indicating that animals modulate attack speed
exposure to crude oil. based on distance prey is from them. Successful foraging attempts
were significantly slower than unsuccessful ones, and the difference
in successful and unsuccessful attempts was dependent on habitat
configuration. Finally, this study emphasizes that functional
constraints dominate in simple environments and that environmental
constraints become more important with increasing habitat
complexity.

P1-115 ADAMS, AN*; WOFFORD, SJ; Behavioral and Sensory 55-3 ADDIS, AE*; JANZEN, FJ; BRONIKOWSKI, AM; Gonzaga
Ecology Laboratory, Dept of Biology, Jacksonville State University; University, lowa State University; addis@gonzaga.edu

aadams10@stu.jsu.edu A Role of Insulin-Like Growth Factors in Mediating Trade-Offs
Using a complex chemical landscape to find an ideal habitat under Between Growth and Reproduction in Painted Turtles
predation threat A central tenet of life-history theory predicts the existence of

Animals rely on information from their environment to detect energetic trade-offs. A classic example of these trade-offs is the
predators, prey, and resources which can significantly increaseenergetic investment in reproduction versus self-care, including
fitness. Chemical signaling is widely used in aquatic animals and cargrowth. Most studies investigating such trade-offs are of a
influence decision making under stressful conditions. For example,demographic nature; many fewer investigate the physiological
aquatic animals, like crayfish, use chemical information to find mechanisms that facilitate such trade-offs. Painted turtles (Chrysemys
mates, engage in contests over resources, and to manage acces9icta) are an excellent organism in which to investigate physiological
resources (i.e. determine risks verses rewards). During this study, emechanisms associated with the trade-off between reproductive effort
habitat selection assay was used to study the relative importance afnd growth because they exhibit indeterminate growth, meaning, for
an attractive cue (i.e. shelter and food) to an aversive cue (e.gone, that they continue to grow even after reaching reproductive
predator odor). Crayfish were placed into a specialized arena with anaturity. In this study, we investigated the putative role of
gravel substrate and identical shelters on each side of the arenansulin-like growth factors (IGF-1 and IGF-2) as hormonal mediators
Odors were delivered to each side of the arena using a gravity-fe@f energetic investment. We collected blood samples from
system. Control trials used pre-conditioned, dechlorinated tap wateknown-age females after oviposition; size and age are positively
as the odor. Treatment one trial introduced a predator odor into oneorrelated in this population. We found that while age is positively
side of the arena and tap water to the other. Treatment two introducedorrelated with clutch size, age does not affect IGF-1 or IGF-2 levels.
the same odors at random with a high protein diet located in the samelowever, we did find a three-way interaction among IGF-1, IGF-2,
habitat as the predator odor. Individuals were allowed to acclimate tcand age on clutch size. This complex interaction is not surprising
the arena for 5 minutes prior to the start of odor delivery. Individualsconsidering the multitude of effects IGFs have. These results
were then allowed to explore for 15 minutes and were video recordeduperficially suggest that that how IGFs influence reproductive
from above. Videos were scored for initial habitat choice and totaloutput varies based upon age. These results will be explored in
time spent in each habitat section. As expected, the introduction ofjreater detail in this talk.

both an attractive and aversive stimulus influenced the crayfish's

decision on habitat selection. These results support previous studies

that suggest sensory landscapes can be complex and influence an

individual's decisions.
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71-1ADEOLA, FI*; LAILVAUX, SP; University of New Orleans, P3-62 AFKHAMI, M*; MASLY, JP; University of Oklahoma,

New Orleans, LA, fiadeola@uno.edu Norman, OK; mehrnaz.afkhami-1@ou.edu

The Influence of Dampened Locomotor Function on Calling The genetics of co-evolved reproductive traits in Drosophila

Structure in the house cricket Acheta domesticus Females in many species follow sensory clues received from males to

Secondary sexual displays are important determinants of fitness imake reproductive decisions. Although chemical clues (e.g.,
animals. Although variation in such displays are of keen interest topheromones, seminal fluid proteins) have been studied extensively,
evolutionary biologists, the factors driving such variation are often much less is known about the role of tactile clues in directing
poorly understood. Intrinsic factors such as individual condition, male-female reproductive interactions. The epandrial posterior lobes
motivational state, or locomotor capacities in the case of dynamic(PLs) are male-specific cuticular projections of the external genitalia
displays could potentially affect aspects of male displays, which inthat have evolved recently among the four species of the Drosophila
turn can affect the probability of obtaining successful mating melanogaster complex and have diverged morphologically among
outcomes. We manipulated aggression and locomotor capacities ithese species. The PLs insert between two abdominal segments of the
male house crickets, A. domesticus by synthetically blocking thefemale during mating, and variation in PL size and shape affects
octopamine receptors that influence aggression and skeletal muscliiemale oviposition amounts. Using a collection of interspecific
function. We then measured male courtship calls and analyzed thgenetic introgression lines between D. sechellia and D. mauritiana,
call structure to quantify the differences in the opportunity in we test the hypothesis that the loci that specify male PL morphology
selection based on the changes in dominant frequency, pulse duraticend female egg-laying behavior are genetically linked, which
intervals between chirp and trill in treated vs untreated males. Byfacilitates their rapid divergence between species. We find that pure
manipulating the ability of males to produce calls, which are drivenspecies D. sechellia females mated with introgression males
by muscular contractions, we were able to reveal the influence ofpossessing divergent PL morphology lay fewer eggs compared to
dampened locomotor function on male auditory displays matings with pure species control males. In contrast, introgression
line females mated with males of the same introgression line lay
normal numbers of eggs, a result that is consistent with either tight
linkage of loci that specify male and female traits, or pleiotropic
effects of a single locus. We have also identified a series of
mechanosensory bristles at the PL insertion sites, which suggests that
mechanical stimulation during copulation might be involved in
directing female oviposition amounts. Interestingly, the neurons
attached to these bristles express fruitless, an important effector of
male courtship behavior in Drosophila. Adult expression of fruitless
in the female genitalia bristles suggests that this gene could be
important for reproductive processes in females post mating.

P3-186 AGUIAGA, J*; GOMULKIEWICZ, R; WATTS, HIE; P1-177 AHMADYAR, S*; TRAN, T; RIVERA, AS; University of
Washington State University, Washington State University ; the Pacific; arivera@pacific.edu

jonathan.aguinaga@wsu.edu Serotonin induces female swimming behavior in sexually

Modeling private versus social information in the assessment of dimorphic ostracod crustaceans

environments Male and female Euphilomedes ostracod crustaceans exhibit extreme

In order to arrive at a behavioral decision, individuals may usedimorphism in their sensory systems and behavior. Here, we examine
information they acquire themselves through direct sampling of thethe role of serotonin in a sex-specific behavior. Male Euphilomedes
environment (private information), or by monitoring the behavior of spend about 90 minutes per night swimming in the water column,
others (social information). How individuals process private and guided by their large compound eyes. Female Euphilomedes, on the
social information to assess the quality of an environment, or theother hand, lack compound eyes entirely and spend the majority of
resources within it is not well understood. We developed atheir time buried in the sand. They are only known to swim when
mathematical model to understand how combining private and sociatlisturbed. While the morphological difference between males and
information affects an individual's assessment of their environmentfemales is regulated at the developmental level, the locus of the
In each simulation, we set the probability to successfully detect abehavioral difference is unknown. That is, it is not clear whether the
resource (€) constant for all individuals in that environment. This swimming behavior arises from male-specific neuronal architecture
probability represents the abundance of a resource within aror from male-specific activation of monomorphic circuits. Because
environment or landscape, and the true quality of that environmentserotonin is known to increase male-specific behaviors in other
Additionally, we varied the number of times an individual personally crustaceans we treated females with serotonin, which induced
sampled the environment, the number of other individuals from male-like swimming behavior. This suggests that both males and
which they acquire social information, and the relative weight they females have neuronal circuitry for spontaneous swimming behavior.
assign to each source of information. In each case, we examined hoWhether this is an example of females exhibiting male behavior, or
accurately an individual assessed environmental quality (€) usingrepresents a rare undescribed female behavior is unclear.

private information alone, or a combination of both private and social

information. We discuss the affect of integrating private and social

information on the accuracy of an individual's assessment of

environment quality
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P2-127AHMED, MA*; DEORA, T; BRUNTON, BW; DANIEL, 28-7 AHMED, S*; SHEARER, B; O'BRIEN, H; Northeastern State
TL; University of Washington, Seattle, WA; danielt@uw.edu University, Tahlequah, NYU School of Medicine, NY, OSU Center
Multi-modal feedback in insect flight control for Health Sciences, Tulsa; haley.obrien@okstate.edu

Animals rely on sensory feedback from multiple modalities to The Hemodynamics Of The Carotid Rete In The Brown Greater
perform complex motor tasks such as pollination. We explored thisGalago, Otolemur crassicaudatus
relationship in Manduca sexta, crepuscular insects that fly in low Galagos, lorises, and tarsiers, have the unique ability to rotate their
light conditions, hovering over flowers as they pollinate and feed heads ~180°. In most other primates, such extended head rotation
from them. They use both vision and mechanosensory input as theyesults in transient loss of consciousness from decreased cerebral
locate the nectary with their proboscis. As light levels decline, the lagarterial perfusion. Mechanisms for maintaining consciousness during
between visual and mechanosensory information processindiead-turning in primates are unknown. Here, we hypothesize that an
increases. Using behavioral analyses of feeding moths, we asked homternal carotid arterial meshwork known as the carotid rete
reductions in light level influence their efficiency in locating the facilitates this behavior. Retia are uncommon among primates and
nectary. We combined 3D printing technology to generate artificial have dramatically different hemodynamic properties than singular
flowers, each equipped with sensors that detected the proboscis tipessels. Modified from Ohm's law, vascular resistance is modeled
inside the nectary. We combined this approach with machine visionafter series and parallel electrical circuits. Contiguous arteries are
to track the motion of hovering moths under two light levels: 0.1 lux conceptualized as vessels in series, and retia are modeled in parallel,
(moonlight) and 50 lux (dawn/dusk). In either light level we found which decreases resistance by providing numerous avenues for blood
that moths decrease the time to find the nectary over multiple visitsflow. We develop 2 hemodynamics models: 1) vascular resistance of
to a flower. Across all visits, moths in higher light conditions took the carotid rete in its standard anatomical orientation, and 2) the
significantly longer to find the nectary (KS test p-value: 0.005 and avascular resistance when the branches that form the carotid rete are
KL divergence of 1.61). In addition to taking longer, moths in higher reduced by 50%, stimulating head turning. We based these models on
light conditions hovered further from the flower during feeding (KS digital 3D renderings of the arterial pattern constructed from
test p-value: 0.049). This shift in light level appears to significantly microCT scans of cadaveric galago specimens injected with
effect learning and motor control in these animals. These resultgadiopaque latex . We find that, because of the carotid rete's many
could be explained by a shift in the weight of vision in higher light interconnecting branches, the reciprocal resistance of this parallel
levels, even though it is slower than mechanosensory input. circuit reduces resistance and maintains flow, even when retial
branch lumen is decreased by half. Thus, we provide evidence that
the carotid rete may help to continually supply blood to the brain
through a mechanism of decreased resistance by providing multiple
routes for blood to flow during the commonly observed behavior of
extreme cervical rotation in galagos.

56-1 AICHELMAN, HE*; BOVE, CB; CASTILLO, KD; P2-246 AICHELMAN, HE*; WUITCHIK, DM; ATHERTON, KF;
BOULTON, JM; KNOWLTON, AC; NIEVES, OC; RIES, JB; KRIEFALL, NG; DAVIES, SW; Boston University;

DAVIES, SW; Boston University, UNC Chapel Hill, UNC Chapel hannahaichelman@gmail.com

Hill, Boston University, Northeastern University, Boston University, Do Facultative Coral Hosts Buffer Their Symbionts in Response to

UNC Chapel Hill, Northeastern University; Thermal Extremes?

hannahaichelman@gmail.com Increasing ocean temperatures resulting from climate change
Time Course Physiology of Caribbean Corals Reveals Divergent compromise the symbiotic relationship between coral hosts and their
Responses to Global Change Stressors algal symbionts. Physiologically, coral hosts and their symbionts

Global change is threatening coral reefs, with rising temperaturesexhibit a wide array of stress responses; however, evidence suggests
leading to repeat bleaching events (dysbiosis of coral hosts andhat host transcriptomes respond more strongly than the symbiont.
symbiotic algae) and increasing pG@ausing reductions in  This lack of transcriptional response by the alga raises the question:
calcification. Global bleaching events reveal fine-scale patterns ofAre coral hosts regulating their symbiont's environment to buffer
coral survival; however, the traits that lead to success under stressnvironmental stress? We capitalize on the facultative symbiosis
remain elusive. We conducted a 95-day laboratory experiment tabetween two coral hosts (Oculina arbuscula and Astrangia poculata)
investigate the physiological responses of two Caribbeanand their algal symbionts (Breviolum psygmophilum) and
reef-building coral species (Siderastrea siderea and Pseudodiploriacharacterize the transcriptomic responses of both partners to thermal
strigosa) from two distinct reef zones on the Belize Mesoamericanextremes. We hypothesized that symbiotic hosts would mount
Barrier Reef System under ocean warming (28, 31°C), acidificationstronger responses to thermal extremes than their algal partners (i.e.
(~400-2800 patm), and the combination of the two. Calcification, host buffering) and that the response of their aposymbiotic
total host protein and carbohydrate, Chlorophyll a pigment, andcounterparts would be more subdued (hosts without symbionts are
symbiont cell density were quantified every 30 days to characterizefree from buffering this stress). To test this hypothesis, symbiotic and
the acclimatory responses of each coral genotype and theiaposymbiotic fragments of each species were exposed to three
symbionts. Holobiont physiology of the two species was treatments: 1) control (18°C), 2) heat stress (32°C), and 3) cold stress
differentially affected by these stressors, and changed over time(6°C) and prepared for genome-wide gene expression profiling.
While S. siderea was more negatively affected by increased,@®CO  Orthologous genes shared across the host and symbiont were
strigosa was more negatively impacted by elevated temperatureidentified and differential expression analyses were performed to
particularly after chronic exposure. Reef zone differences in compare the magnitude of response of symbiotic hosts, aposymbiotic
calcification and total protein were also apparent in P. strigosa inhosts, and algal symbionts. Gene ontology enrichment analysis was
response to experimental treatment. By tracking holobiont also performed to elucidate the relative functional pathways involved
physiology through time, this experiment highlights that focusing on in the stress responses of hosts and symbionts. While analyses are
average trends over the experimental interval can obscure thengoing, testing this hypothesis will give rise to valuable insights
complexity of corals' responses through time, and provides aabout the molecular mechanisms underlying symbiosis maintenance
framework for future studies to consider when investigating suchin corals and the potential for host buffering in this symbiosis.
long-term acclimatory responses.
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6-1AIELLO, BR*; SPONBERG, S; Georgia Institute of 108-2 AKANYETI, O*; FETHERSTONHAUGH, S; Aberystwyth
Technology; baiello3@gatech.edu University; otal@aber.ac.uk
The visual perception of moving flowers during the flower tracking A kinematic chain model to quantify undulatory locomotion in
behavior in descending neurons in the hawkmoth, Manduca sexta  animals and robots
The visual identification of externally moving targets allows animals Undulatory locomotion is ubiquitous among soft-bodied animals and
to locate and track predators, mates, and food sources. Insects thdtinspires novel robot designs. However, manufacturing flexible
routinely track small targets have dedicated neurons in their brairrobots is not straightforward due to technological constraints.
and ventral nerve cord (VNC) that selectively respond to targets ofCompared to their biological counterparts with high degrees of
various size. The moth flower tracking behavior, where a feedingfreedom, robots need to navigate around with a limited number of
moth tightly tracks the 3D motion of a swaying flower, relies on actuators. To bridge the gap between biology and engineering, we
acquiring and acting upon both self-motion (wide field visual present a novel approach to identify the minimum number of
movement of the background) and the external motion of a flower.segments required to describe the body movements of undulatory
Emerging evidence suggests that some descending neurons in ttenimals accurately. We use a kinematic chain model which consists
moth VNC selectively respond to wide field or small target cues of a series of linear segments with connected joints. We use
while others respond generally. It is unknown which class(es) ofempirical data and least square methods to automatically estimate the
moth VNC neurons are responsible for encoding flower motion. Tomodel parameters (i.e. number and position of joints) so that the
answer this question, we recorded the response of descending VNG@ifference between predicted and measured motion is minimized. We
neurons to wide field motion (WFM), small target, and flower stimuli tested our approach to describe the midline kinematics of 10 fish
using multielectrode arrays in tethered hawkmoths, Manduca sextaspecies with varying body length (L), morphology and flexibility
We find that VNC neurons respond to moving flowers, and someduring steady swimming (up to 5 t1s Our preliminary results
neurons can have directional selectivity. Over 80% of the recordedndicate that the minimum number of segments that can describe the
neurons have a large overlap in response to the three classes afidline kinematics with 95% accuracy vary significantly between
stimuli presented; neurons that are sensitive to flowers can als@gpecies (e.g. five segments for Northern barracuda, Sphyraena
respond to either WFM, target, or all three types of stimuli. Not all borealis, and ten segments for Clown knifefish, Chitala ornata). The
cells are universally responsive and some show selectivity to flowerposition of the most anterior joint (connecting segment one and two)
stimuli, being silenced by or unresponsive to either wide field or also varies between species (e.g. 0.5 L for barracuda and 0.2 L for
small target stimuli. These results show that descending neurons dfnifefish). The goal of this research is to develop an analytical tool
the moth VNC can have overlapping and unique selectivity to boththat describes animal movements with parsimonious kinematic
target and flower stimuli, suggesting that the visual system of insectsnodels. These models can be used by biologists to quantify
can be evolutionary tuned to the life history and ecologically relevantmovement capability of animals, by roboticists to enhance the design
stimuli of a given species. of underactuated robots, and by software engineers to generate
realistic animal movements for computer simulations.

P3-124 AKANYETI, O*; STRONG, J B; Aberystwyth University; 135-1 AKIN, DR*; GEHEBER, AD; Auburn University, University

otal@aber.ac.uk of Central Missouri; dza0043@auburn.edu

Achieving cohesive and mobile groups using simple sensory Morphological divergence of a stream fish in altered flow: teasing
feedback apart the influences of natural selection and plastic response on

Previous research on swarm behaviour has shown that locabody shape

interactions among neighbours can lead to stable movement patterrSyprinella lutrensis is historically a stream dwelling minnow species
at the group level without a centralized control strategy. However,(Family Cyprinidae) native to Missouri. Now, via damming, C.
reverse-engineering the structure and dynamics of these interactionsitrensis occurs in both streams and reservoirs, including those of the
(either to understand the collective motion of animals or to achieve @sage River drainage. The construction of Truman Dam (completed
desired collective behaviour in multi-robot systems) has beenin 1979) has resulted in relatively high abundances of C. lutrensis
challenging. To begin to elucidate the relationship between local andwithin the reservoir and its surrounding tributaries. The widespread
global, we ask what is the minimum number of neighbours eachdistribution of this species across the reservoir and connected streams
member needs to take into account for a group to achieve a higiprovided an optimal study system for testing the effects of habitat
performance? To address this question, we perform computerlteration (through stream impoundment) on fish populations.
simulations in a three-dimensional environment with obstacles. OurSpecifically, we were interested in the effects of flow alteration on C.
agent interaction model expands on previous studies where eachutrensis body shape. We hypothesized that populations in systems
group member is programmed to choose between three simplsvith no flow (i.e., reservoirs) would have reduced body shape
behaviours: avoidance, alignment and attraction. A novel streamlining. This was predicted due to the known importance of fish
winner-takes-all approach is implemented for decision making with body form as it relates to locomotion in differing environment types.
highest priority assigned to avoidance. The decision whether to aligrHere, we assumed that body streamlining would be beneficial for
or attract is determined depending on the number of neighbourswimming in flowing environments. Analyses of morphology
found in the near field, the probability of aligning increases with comparing C. lutrensis samples taken from Truman reservoir to
more neighbours. The performance of the group is evaluated usingamples taken from surrounding streams in the Osage River
two metrics: cohesion calculated as the number of splits occurredvatershed showed significant differences in body shape between
within the group (fewer splits indicate higher cohesion) and mobility reservoir and stream populations, which indicated greater
calculated as the coverage rate of the environment while avoidingstreamlining in stream populations. One possible mechanism of
obstacles (higher coverage indicates higher mobility). Our change (flow induced phenotypic plasticity) was tested in the lab
preliminary results suggest that independent of group size, agents camsing stream flow mesocosm units. This experiment also yielded
stay together and move around effectively by keeping only 6 significant results in support of the original hypothesis, and displays
neighbours in their near field. Next, we plan to conduct biological rapid phenotypic change dictated by environmental factors. Methods
experiments to test whether a similar sensory feedback mechanismsed, result implications, and future directions of study will be
exists in fish schools and to develop new bio-inspired control discussed.

strategies for multi-robot systems.
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P1-142AKKIPEDDI, SMK*; XU, M; CHAN, KYK; Swarthmore P2-237 ALAASAM, VJ*; KEEHN, JE; DURSO, AM; FRENCH,
College, Swarthmore, PA; sakkipel@swarthmore.edu SS; FELDMAN, CR; University of Nevada, Reno, NV, Oregon
Halogenated compound secreted by marine bacteria halts larval Department of Fish and Wildlife, Central Point, OR, Utah State
urchin development University, Logan UT, Utah State University, Logan UT;

Marine bacteria are ubiquitous and yet their ecological functionsvalentina@nevada.unr.edu

have not been fully characterized. The globally distributed Gone with the wind: side-blotched lizards (Uta stansburiana) have
Pseudoalteromonas genus, well known for their pervasive biofilms, fewer parasites and a reduction in reactive oxygen metabolites at
produce a variety of potentially bioactive yet understudied wind farms.

halogenated organic products. One such secreted compounddind-generated power is one of the fastest growing alternative
2,3,4,5-tetrabromopyrrole (TBP), has been found to be biocidal forenergies worldwide and will likely account for 20% of USA energy
several taxa of plankton while stimulating the settlement andby 2030. However, surprisingly little is known about how the
metamorphosis of coral at nanomolar doses. Here, we tested whethelevelopment of wind farms impacts surrounding ecosystems. Habitat
the presence of TBP affects early development in sea urchins that afeagmentation, noise pollution, and increased human activity
not in direct contact with a benthic microbial film. Lytechinus associated with wind farms could increase physiological stress for
variegatus embryos were exposed to varying TBP concentrations foterrestrial vertebrates and may impact susceptibility to infection. We
different durations of time over the first 48 hours post-fertilization. captured 153 side-blotched lizards (Uta stansburiana) from three
Concentrations as low as 500nM markedly reduced larval paired wind farm and undeveloped sites in the Mojave Desert. We
survivorship and retarded development. These deleterious effectguantified the external parasite load of each individual and collected
became more pronounced as the concentration and duration dblood samples to measure two proxies of oxidative stress: plasma
exposure to TBP were increased. Impairments in development whemntioxidant capacity (oxy) and concentrations of reactive oxygen
exposed to TBP appeared to be reversible, provided low exposurenetabolites (dROMSs). Contrary to our expectations, individuals at
concentrations (< 500nM-1000nM) for limited exposure durations (< wind farm sites had significantly fewer external parasites than at
1-4 hours). Immunofluorescence staining showed spindle defects irundeveloped sites. Oxidative stress, driven by decreases in dROMs,
dividing embryos when exposed to TBP at high concentrations,also differed between wind farm sites and undeveloped sites for
which may contribute to mortality and impaired growth. Therefore, k-strategist, yellow-throated females. Understanding the impacts of
while TBP and other bacterial compounds like it may serve aswind farms on local non-volant taxa is essential for developing
settlement cues for corals, their cytotoxicity to single-cell algae andstrategies that will mitigate ecological costs of wind power.

larval urchins could hint at the dangers of the benthos to developing

embryos. If true, such compounds, along with the bacterial taxa that

produce them, likely play underappreciated roles in the ecology, and

potentially the evolution, of planktonic development in

macroinvertebrates.

P3-243 ALBA, JC*; ONTHANK, KL; Walla Walla University; 136-7 ALBERTIN, CB*; PARNAIK, R; RAGSDALE, CW; Marine
jomarie.alba@wallawalla.edu Biological Laboratory and University of Chicago, University of
Predatory Behavior of Octopus rubescens in Response to Elevated Chicago; calbertin@mbl.edu

Carbon Dioxide and Temperature Heterodox Ligands in an Ancient Signaling Center in Octopus

Increasing carbon dioxide levels in the atmosphere has resulted iBrain
global ocean warming and acidification. Little research has beenwidely shared across metazoan neural development is a transcription
conducted on how these ocean changes will impact predatoryfactor network implicated in anterior-posterior brain patterning,
behavior of invertebrates such as cephalopods. Cephalopods haveiacluding OTX anteriorly, the HOX genes posteriorly and an
large impact on marine food webs, owing to their abundance, highintercalated cassette of GBX, PAX2/5/8 and ENGRAILED. In
growth rates and flexible predatory behavior. Due to the ecologicalvertebrates, this cassette identifies the midbrain-hindbrain boundary,
importance of cephalopods, changes in behavior could havehe site of a prominent signaling center known as the isthmic
far-reaching consequences in marine ecosystems. We measured tloeganizer (10), which expresses the signaling ligands FGF8 and
effects of two-week exposure to projected near-future carbon dioxide/WNT1. Outside of the vertebrates, soft-bodied cephalopods have the
and temperature levels on the predatory behaviors of Octopudargest brains. We explored the role of these highly conserved
rubescens such as latency to attack prey, predator-prey orientatiordevelopmental control genes with in situ hybridization experiments
striking distance, body pattern choice during attack sequence, andn Octopus bimaculoides embryos. We found that anterior OTX,
drill-hole localization. These data will help us to determine if posterior HOX1 and an intercalated 10 transcription factor cassette
elevated carbon-dioxide and temperature have an effect on thare readily demonstrated in octopus embryogenesis. Moreover, the
predatory behavior and strategies on O. rubescens. 10 cassette coincides with a morphological depression in the
ectoderm (the "cleft"). The cleft in turn marks out the major
structural transition in the prospective cephalopod brain, that between
the subesophageal and supraesophageal masses. We found that the
cleft, like the vertebrate midbrain-hindbrain boundary, is a major
signaling center. It harbors most of the major developmental
signaling molecules, including HH, DPP and multiple WNT genes.
FGF8 and WNT1 are, however, absent. Our findings with this
lophotrochozoan indicate that, even at the same stage of animal
development, anterior-posterior sighaling centers can show
comprehensive transcription factor conservation in the face of
marked signaling ligand lability.
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96-4 ALEXANDER, SLM; BHAMLA, MS*; Georgia Institute of P3-5 ALMOUSELLI, A*; MANZO, V; YACOO, KE; DAYFIELD,
Technology; saadb@chbe.gatech.edu DJ; TORRES, VC; EVANS, KR; ROBERTS-KIRCHHOFF, ES;
Ultrafast and underdamped: Slingshot spiders design conical webs BELANGER, RM; University of Detroit Mercy;

for ambush predation and self-survival almousab@udmercy.edu

Numerous living systems employ biological springs and latches toThe effects and quantitation of atrazine in crayfish tissue
mechanically amplify their power for ultrafast movements. The post-exposure

biomechanics of power-packed, ultrafast motion in both natural andThe herbicide atrazine (ATR) is heavily applied in agricultural areas
robotic systems is an emergent topic of study, but is often one-sidedn the Midwestern United States where its concentration can reach
focusing solely on storage and amplification of power. How ultrafast over 300 ppb. Previous studies have shown that exposure ATR
organisms dissipate excess energy and prevent catastrophicauses changes in cytochrome P450 expression and
self-destruction remains relatively unexplored. In this work, we focus glutathione-S-transferase activity in the virile crayfish, Faxonius
on the dynamics of "Slingshot Spiders' to study both the energyvirilis. To correlate physiological effects of ATR exposure with
storage and energy dissipation mechanisms involved in repeatablaccumulation in the hepatopancreas and muscle tissue, we employed
ultrafast motion. We bring high-speed cameras to the Amazonthe QUEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe)
Rainforest and quantify the ultrafast hunting dynamics of the method for pesticide extraction from crayfish tissue. QUEChERS was
“*Slingshot Spider" (SS) for the first time, since its first naturalist coupled with liquid chromatography-mass spectrometry for
description almost a century ago. We discover that the SS exploitgjuantitation of ATR and its metabolites in muscle and
the stored elastic energy of their conical silk webs “springs' tohepatopancreas tissue of crayfish. The developed method also
achieve accelerations exceeding 1300 m/s2 (130 g-force) which, isncludes the use of ATR-d5, an isotopic internal standard, to improve
the fastest full body motion achieved by an arachnid. The webthe accuracy and precision of the pesticide quantitation. Figures of
release mechanism occurs in less than a millisecond, achievingnerit including the detection limit, the limit of quantitation, and the
accelerations faster than a flea jump. This need for speed underscorelynamic range were determined. Additionally, spike recovery tests
an ambush hunting strategy, where SS explosively hurls itself and itsvere performed. Recently, the QUEChERS method was modified to
web to catch giant flying insects in mid-air, increasing its predationincrease the purity of extracted pesticides and metabolites. The
success compared to traditional insect-web-collision strategy.validated method will be used to quantitate the accumulation of ATR
Finally, we explore the design space of SS's dynamics utilizing aand its metabolites in crayfish tissue for comparison with
damped oscillator model, uncovering the dual-functionality of the physiological changes observed in crayfish after ATR exposure.

web structure: to both load elastic energy for powerful motion and to

efficiently dissipate excess energy for self-survival. Our work

highlights an underappreciated, yet crucial evolutionary trade-off in

ultrafast systems that enables them to safely execute their extreme

movements hundreds of times over their lifetime, without

compromising on power output.

79-2 ALONGE, MM*; DANIELS, DT; SCHOBEL, T; BENTLEY, 89-5 ALTMAN, KA*; HALL, EM; ROLLINS-SMITH, LA;

GE; University of California, Berkeley; OHMER, MEB; RICHARDS-ZAWACKI, CL; University of
mattina.alonge@berkeley.edu Pittsburgh, PA, Vanderbilt University, Nashville, TN;

Flexible Expression of Sickness Behavior and Parental Care karie.altman@pitt.edu

Across Stages of Avian Reproduction Effects of pond drying on northern leopard frog development,

Organisms are often challenged with balancing energy demandyrowth, immune function, and susceptibility to Batrachochytrium
between competing physiological processes. For example, thaendrobatidis

demands of mounting immune responses can negatively impacAs the climate changes, warmer temperatures are expected to
reproductive success. Despite known costs of female reproductionincrease the rate at which ephemeral ponds dry, which will likely
the mechanisms underlying parental behavior/physiology in have consequences for amphibians. Reduced hydroperiods can
immune-challenged female birds are unknown. Conceptually,influence larval growth and developmental rates and might also
reproductive life history trade-offs are not new, but no study hasimpact amphibian characteristics post-metamorphosis, such as
compared potential shifts in prioritization across stages ofimmune function and disease susceptibility. We predicted that as
reproduction in female birds according to prior energetic investment.ponds dry faster, (1) tadpoles would metamorphose quicker but at a
Breeding female zebra finches were injected with LPS or 0.9% salinesmaller size, and (2) metamorphosed frogs would have reduced
on day 7 of incubation. Another cohort was injected similarly 7 daysimmune function and be more susceptible to disease. We tested these
after hatching; a period of active provisioning. Nest attendance,predictions by raising northern leopard frogs (Lithobates pipiens) in
flights, hops, and time at rest were recorded, and parental (anagnesocosms assigned to one of four drying treatments: no-, slow-,
nestling) weights taken 0, 6, and 24 hrs post-injection. Blood wasmedium-, and fast-drying. After frogs metamorphosed, we repeatedly
sampled at 0 and 6 hrs for CORT and PRL measurements. Ouexposed a subset of animals to Batrachochytrium dendrobatidis (Bd)
current data show that although LPS-treated incubating femalesand measured immune function in another subset of animals.
significantly decreased activity (flights, hops), increased time spentContrary to our first prediction, drying rate alone had no effect on
at rest, and lost substantial mass this did not interfere with theirdevelopment time or size at metamorphosis. In metamorphosed
parental behavior. Males increase time in the nest when their femalérogs, drying rate did not affect Bd load in our exposure experiment
mate is healthy. Analysis for nestling provisioning stage is underway.or T-cell response. However, T-cell response increased with larval
If trade-offs occur due to energy limitation, we predict females will period regardless of drying treatment, indicating that a longer larval
maintain parental care during incubation but prioritize period can be beneficial post-metamorphosis. Furthermore, frogs in
self-maintenance during increased energetic demands of nestlinghe slow-drying treatment had a greater B-cell response than those in
provisioning. Alternatively, predictions may be shaped by an the medium-drying treatment, showing that some effects of reduced
investment perspective rather than purely energetic one, wherdaydroperiod experienced in the larval period can persist
individuals are likely to abandon a current reproduction when post-metamorphosis. Taken together, our results show that the effects
challenged in an earlier stage and likely to sacrifice self-maintenancef pond drying rates on amphibians are not straightforward and
at a later stage, given the amount of effort invested fitness. require further study.
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47-1ALVARADO, SG*; KRUPAKAR, H; Queens College CUNY, P3-152 AMACKER, KY*; FARINA, SC; Howard Univeristy,

GE Healthcare; sebastian.alvarado@qc.cuny.edu Washington DC, Howard University, Washington DC;
Developing an automated pipeline for quantifying animal kyra.amacker@howard.edu
pigmentation using deep learning Asymmetrical Breathing in Flatfishes

Coloration is a salient trait across the animal kingdom that can allowlatfishes are benthic fishes with laterally flattened bodies and two
an individual to become cryptic, conspicuous, or social. While someeyes on one side of the head. While their neurocranium is
developmental patterns in pigmentation are static, others are dynamiasymmetrical to accommodate their unique eye position, much of the
to changes in their ambient environment. Despite a great deal ofest of the cranial skeleton is symmetrical, including the opercular
study in developmental pigmentation patterns, little is known aboutbones and branchiostegals that make up the gill chamber. Our study
how environmental cues shape the developmental plasticity thakxamines whether the kinematics and pressures generated by these
allows an individual to change color. One approach to understandinghambers are also symmetrical. We performed a two-part experiment
these processes is through the lens of epigenetic modification andn Isopsetta isolepsis using surgically implanted sonomicrometry
DNA methylation. DNA methylation of cytosine residues in gene crystals on the eyed and blind side operculum, epaxial and urohyal to
promoters is a reversible modification that silences gene function inmeasure the positions of the bones during ventilation, and pressure
vertebrates. Since DNA methylation is involved in programming transducers on the eyed and blind side operculum to track the
various cellular functions, it is likely that it facilitates molecular pressures produced before and after burial. We found that flatfishes
changes as pigment-bearing cells (chromatophores) change thegan perform both symmetrical and asymmetrical breathing, both in
composition during animal color changes and behavioral transitionsterms of kinematics and pressures, above and below the sediment.
We used an African cichlid model system (Astatotilapia burtoni) with Asymmetry, when present, was very large in magnitude, with
discrete reversible color morphs (blue and yellow) to dissect theflatfishes “favoring” either the blind or eyed side, depending on how
underlying molecular processes that lend plasticity to animaltheir head was positioned. We also found that Isopsetta have the
coloration. Our findings suggest that epigenetic processes such aability to shift from asymmetrical movement during burial and
DNA methylation lend plasticity to coloration, which is an important symmetrical movement during ventilation and vice versa whether
hallmark driving selection. Furthermore, since genetic diversity doesthey were resting, swimming above, or buried beneath the sediment.
not account for the phenotypic diversity seen in Lake Tanganyika, weFurthermore, from analyzing this behavior, we were able to conclude
propose that DNA methylation may contribute to the processes thathat the flatfish were using the urohyal as a shunt to pass water from
have led to the adaptive radiation of cichlids in East African Greatthe eyed to the blind side of the head to fluidize sand underneath the

Lakes. head during burial.

P1-38 AMMEN, SC*; DAVIS, JE; Radford University; 24-3 AMONETT, SD*; BALENGER, SL; University of Mississippi;
sammen@radford.edu sdamonet@go.olemiss.edu

From Killer Hornet Saliva to Mutated Super Flies: Investigating Mother Knows Best: Immune-based Maternal Effects in Response
the Effect of Vespa Amino Acid Mixture (VAAM) on Energetics, to Mycoplasma gallisepticum Infection in Eastern Bluebirds (Sialia
Longevity, and Fitness sialis)

Vespa Amino Acid Mixture (VAAM) is a unique blend of amino Neonates lack adaptive immunity and are vulnerable to pathogens. In
acids found in the saliva of larval Asian giant hornets (Vespafact, adults carrying pathogens may transmit infections to their
mandarinia) that they pass to their parents through trophallaxis,neonate offspring. In response to pathogens, mothers transfer passive
apparently to upregulate their metabolic function and improve immunity to offspring by transmitting antibodies via milk or yolk.
endurance. In a laboratory setting, VAAM increases ATP productionMothers previously or currently infected with a pathogen can transfer
in both yeast and house fly (Musca domestica) models, butpathogen-specific antibodies to newborns, granting them
subsequent tests have shown that the consequences at the organisimamunological protection until they can synthesize their own. In
level vary wildly across trials. In Drosophila, VAAM tends to birds, antibodies are deposited before eggshell formation within the
improve locomotion performance and endurance, albeit at the cost omother's oviduct. It was recently discovered that wild eastern
accelerated mortality, presumably due to its deleterious impact orbluebirds (Sialia sialis) are common hosts of the avian pathogen
mitochondrial function. However, in some trials, organisms Mycoplasma gallisepticum (MG). Adult bluebirds exposed to MG in
experience significantly extended lifespan in response to VAAM the wild mount an adaptive immune response in the form of
treatment. VAAM may also have potential to affect an organism circulating antibodies. Serum samples collected in the breeding
across generations, as a single dose of VAAM was found toseason of 2018 and 2019 showed that adult female bluebirds transmit
significantly increase locomotion performance in the 2nd generationMG-antibodies to their offspring, and these antibodies persist in
offspring of treated fruit flies in several studies. However, these young approximately 5 days post-hatch. PCR analysis of choanal
results are variable across trials and have proven difficult to replicatecleft (throat) swabs from entire bluebird families indicate that both
In this poster | will discuss all the findings of VAAM across several male and female adults may transmit MG infection horizontally,
studies and interpret them in the context of mitochondrial function, most likely through feeding behaviors. We will discuss the impact of
bioenergetics, and transgenerational epigenetics. vertical transmission of this pathogen and protective antibodies on
the fitness of wild eastern bluebird nestlings.
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40-6 AMPLO, HE*; FLAMMANG, BE; Rutgers Univeristy-Newark, =~ 138-6 ANDERSON, RC*; ZIADI, P; NIEDERHAUSER, J; Florida
New Jersey Institute of Technology; hea7@nijit.edu Atlantic University, Davie FL; andersonr@fau.edu
Frogfish Pectoral Fin Functional Morphology Why so many song types? Song sharing, song type matching, and
Frogfish (Family Antennariidae) are highly derived benthic, teleost the agonistic function of song type repertoires in Bachman's
fishes capable of performing three modes of locomotion: jetting, sparrow
swimming, and substrate-based locomotion. Previous literature hadlale Bachman's sparrows (Peucaea aestivalis) have repertoires of
described how frogfish use their limb-like pectoral fins in order to 33-55 primary song types as well as repertoires of "warble songs”
"walk” underwater and describe the crutching versus alternatingand call types. How are these large vocal repertoires used during
fin-fall gaits. Frogfish plant their distal pectoral fin into the substrate territorial disputes? We quantified responses to simulated territorial
in order to walk, but have their fins outstretched while jetting and intrusions (STI) and found that more aggressive males sang fewer
tucked against the body wall while swimming. Frogfish have a high-amplitude primary songs and more low-amplitude “whisper
unique ball-in-socket shoulder joint morphology and fourteen songs." On average males share 47% of their song types (range
different pectoral fin muscles, which may allow them to seamlessly28-81%) Song sharing is not higher among adjacent neighbors and
transition between these three modes. While the presence of thidoes not decline significantly across a distance of 3.3 km. High song
extreme limb rotation has been described, the mechanism behind it isharing suggests a role for song type matching during agonistic
less clear. In this study, the pectoral fin and pectoral girdle of thesignaling. In a second STI experiment 16 of 22 (72%) males matched
Sargassum frogfish, Histrio histrio, and the shaggy frogfish, during playback of their own songs and 14 of 22 (64%) matched
Antennarius hispidus, are described using microCT scanning, PTAmore than once but these rates do not exceed the chance matching
staining, and gross dissection. The functional implications of rate. Markov-chain analysis of singing behavior (n=8) suggests that
forelimb rotation in walking will be compared to locomotor males deliver their songs in sequences with some song types grouped
kinematics of other fishes and tetrapods. together in a predictable order. Playback of a bird's own song
sequence did not increase the likelihood of song matching for most
birds, but 4 of 21 birds matched at high rates when played their own
sequence. Birds that matched playback were not more aggressive
than those that did not match suggesting that song matching is not an
immediate threat signal in this species.

S10-2 ANDERSON, PSL; University of lllinois, Urbana-Champaign; P3-87 ANDERSON, AP*; RENN, SCP; Reed College;

andersps@illinois.edu andersond@reed.edu

Keep It Simple Stupid: Using simple models to explore how A genus of gouramis, Sphaerichthys, as a novel system for
physical laws influence the evolution of biomechanical systems investigating evolution of transitions of sex-roles in brood care and
across clades sexual selection.

The field of comparative biomechanics strives to understand theThe evolution of sex-role reversal or transitions in sex-specific brood
diversity of the biological world through the lens of physics. To care are subjects of interest to evolutionary biologists as the genomic
accomplish this, researchers apply a variety of modelling approacheand environmental mechanisms responsible have been demonstrated
to explore the evolution of form and function across phylogeny. in a limited sex of taxa. | present the opportunity to investigate these
These models range from basic lever mechanics, to physical modelgjuestions in a subfamily of gourami fishes (Luciocephalinae) where,
to intricate computer simulations. While advances in technology havewithin one genus, female ornamentation has evolved and a switch in
allowed for increasing model complexity there is still great insight to sex-specific brood care has occurred. The ancestral state of the taxon
be gained through the use of relatively simple models with fewis that of monomorphism and male mouthbrooding. The species
parameters. Models are not literal representations of reality butSphaerichtys vaillanti has evolved a striking female banding pattern,
simplifications of the events, scenarios or behaviors being studieda possible indicator of sex-role reversal, while S. osphromenoides has
Any model, regardless of how complex, must make assumptionshad a curious case of a transition to female mouthbrooding. |
simple models just make more assumptions than complex onescurrently have begun genomic reconstruction on these fishes and
While a complex model may account for more parametersoutgroups to elucidate global patterns that might coincide with the
simultaneously, simple models allow for individual parameters to beevolution of these features. | have additionally begun husbandry and
isolated and tested systematically, as seen in studies on vertebratmitial experiments to better describe behavior, gene expression, and
tooth form. More generalized models with fewer parameters meansfiormonal regulation to fully link genetic underpinnings to
that a model can be applied across a wider range of organisms. As grhenotypic outcomes. Success in these endeavors could lead to
example, physics models have been used to identify trade-offsSphaerichthys serving as a model for the transitions of sex-roles in
common to power-amplified systems across a wide range ofevolutionary biology.

organisms. Simple models also make good starting points for

comparative studies, allowing for complexity to be added as needed.

To demonstrate these ideas, | perform a case study on body form in

ants. Basic center of mass calculations are used to explore constraints

and adaptation to proportions in ant body form across major ant

clades. Results illustrate how simple, low-parameter models both

highlight fundamental biomechanical trends, and aid in crystallizing

specific questions and hypotheses for more complex models to

address.
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72-7ANDERSON, CV*; REITER, PA; ROBERTS, TJ; Univ. South  74-5 ANDERSON, RA; Western Washington University;

Dakota, Vermillion, Brown University, Providence; Roger.Anderson@wwu.edu

Christopher.V.Anders@usd.edu Using among-year climate conditions and climate indices to predict
Examining the early stages of adaptive radiation in Anolis roquet consequences for multiple trophic levels: plants, insects and lizards
from Martinique In the northern extreme of the Great Basin desert scrub, climate

Caribbean Anolis lizards have become a model system for the studyariation is exemplified not only by the contrasts of La Nina and El
of adaptive radiation and coevolution, whereby anoles haveNino years, but also by comparing temperature and rainfall
diversified to specialize in the use of different parts of their structural differences among consecutive years, across a fifteen-year span. As
habitat. The resultant ecomorphs exhibit consistent an ecosystem strongly limited by water resources, the among-year
morphology-to-habitat use relationships on each island, such that theontrasts in temperature and rainfall in the desert scrub, along with
same ecomorph on different islands look remarkably similar. Theyaridity indices and evapotranspiration indices, can be used to predict
also exhibit similar morphology-to-performance relationships contrasting outcomes among years in productivity at multiple trophic
whereby their performance capabilities are closely related to theirevels: 1) NDVI as a proxy of primary productivity, 2) abundances of
morphology and vary among ecotypes. Unlike other Caribbeanarthropods (the primary and secondary consumers), 3) specific prey
islands, the island of Martinique is host to a single species, Anolisof lizards, 4) feeding rates by lizards (the secondary and tertiary
roquet. Across the island, however, A. roquet inhabits disparateconsumers), 5) lizard body condition and 6) reproductive output of
environments. The lizards that occupy these differing habitats showizards, with special focus on the Long-nosed Leopard Lizard,
noticeable variation in their physical characteristics, having Gambelia wislizenii, which eats vertebrates and arthropods. Trophic
previously been described as six different subspecies and as differemtonsequences of climate variation among years do correlate with
ecotypes. We examined the morphology, sprint and bite performancendices, with the caveat that indices only approximate the dynamic
and muscle contractile physiology of two forms of A. roquet from a timing and levels of precipitation and temperature.

montane forest habitat and a xeric coastal habitat. We found

significant differences in morphological dimensions, along with

differences in some whole organism performance measurements

between these two forms. Muscle contractile physiology, on the other

hand, generally did not vary between these forms. Differences appear

particularly prominent in head dimensions and bite force, possibly

due to these forms specializating to different prey items or varying in

their conspecific interactions. These results suggest that morphology

and performance may specialize to novel environments and

functional demands before muscle contractile physiology. Such

patterns thus provide insight into the process of adaptive radiation

and the effects of habitat variation on Anolis lizards in the absence of

species level divergence.

P2-239 ANDERSON, HB*; HUTCHINSON, M; CORBIN, CE; 83-2 ANDREASEN, VA*; YAP, KN; YAMADA, K; WILLIAMS,
HRANITZ, JM; Bloomsburg University of Pennsylvania, A; ZIKELI, S; KAVAZIS, AN; HOOD, WR; Auburn University,
Pennsylvania Department of Agriculture, Harrisburg; AL; vaa0008@auburn.edu

hba35279@huskies.bloomu.edu The impact of maternal corticosterone on offspring morphology
Avian Host Diversity Detected in Blood Meal Analysis of Two and mitochondrial physiology

Species of Culex Mosquitoes Collected from Urban Habitats in The effects of maternal stress on offspring phenotype remain
Pennsylvania equivocal. An increase of circulating glucocorticoids in reproductive

West Nile virus (WNV) was first discovered in the United States in females may augment allocation of resources towards
1999, and is now the most common vector-borne pathogen in theself-maintenance and away from offspring. Thus, elevated circulating
country, transmitted primarily by Culex pipiens and Culex restuansglucocorticoids may negatively affect offspring development.
mosquitoes. As vectors acquire WNV through blood meals of However, maternal stress may induce preparative responses in
infected birds, an understanding of the avian reservoir populations obffspring, such as higher tolerance to oxidative stress and more
the virus is required to limit WNV spread to humans. Using efficient mitochondria, which could positively impact survival. If
mosquitoes collected by the Pennsylvania Department ofearly life experience is a good predictor of future environments, then
Environmental Protection (PA DEP) from urban sites in all increased mitochondrial performance may provide a benefit towards
Pennsylvania counties between the years 2008-2013, this researdurvival in poor conditions. To test this hypothesis, corticosterone
aims to identify reservoir populations of WNV through blood meal (CORT) was administered orally to female mice from days 7 to 21
analysis of Cx. pipiens and Cx. restuans samples. Preliminary resultafter parturition. Thus, offspring were indirectly exposed to CORT
of this research reveal that both Cx. pipiens and Cx. restuans prethrough the mother's milk and aspects of their mitochondrial
upon diverse hosts in urban habitats. Avian hosts detected in th@hysiology were investigated at two timepoints, 38 and 70 days of
sample include the House Sparrow (43.0%), American Robinage. At both ages, we isolated mitochondria from liver and skeletal
(14.4%), Northern Cardinal (14.4%), Eastern Bluebird (7.1%), muscle to measure respiratory control ratio (RCR) and reactive
Red-winged Blackbird (7.1%), Green Heron (7.1%), and Northern oxygen species (ROS) production. Preliminary results show that
Mockingbird (7.1%). This project is ongoing, and ultimately we will skeletal muscle RCR was higher while ROS was lower in adult
evaluate avian host-mosquito vector pairs for host distribution andoffspring (70 days old) exposed to maternal CORT. These effects
host competencies to better understand factors influencing WNVsuggest potential benefits to post-natal stress exposure which could
disease transmission. assist in predator escape. Experimental pups had a lower body mass
than control pups at both ages, though these differences were
marginally insignificant. Data on oxidative damage, mitochondrial
density and fecal CORT levels will also be presented.
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P3-52ANGELIS, E*; GREENWAY, G; MILLER, CW; University 39-3 ANSELMO, CM*; BUTLER, JM; MARUSKA, KP; Louisiana

of Florida; angelisemm@gmail.com State University, Baton Rouge; cansel5@Isu.edu
How does weapon loss influence mating behavior in the coreid Can you feel me now?: The lateral line system mediates
Narnia femorata? reproduction in an African cichlid

Males of many species invest in elaborate and costly weapons iThe mechanosensory lateral line system (LLS) of fishes is
order to secure access to mates. The permanent loss of one of theRendamental for detecting water movements and functions in
sexually selected weapons is assumed to reduce male competitivechooling, orienting in currents, locating prey, and detecting and
ability and subsequent reproductive success. In the leaf-footed bugvading predators. However, less is known about its role in social
Narnia femorata, autotomy (loss of the weaponized hind limb) interactions. Previous work in our lab showed that Astatotilapia
during development reduces competitive success. Howeverpurtoni males use mechanosensory information to mediate male-male
autotomy is also associated with the growth of larger testes viaterritorial interactions. Many fishes also produce water movements
resource reallocation to primary reproductive tissue. Here we ask ifduring reproductive interactions, but little is known about the role of
autotomy also influences male mating behavior in this species. Wethe lateral line system in reproduction in any of the ~30,000 fish
then explore whether the developmental stage at which weapon losspecies. To understand the importance of mechanoreception in
occurs affects mating behavior. We assigned fourth instar juvenilesreproductive contexts, we compared behavioral interactions and
fifth instar juveniles, newly eclosed adults and two-week-old adults neural activation patterns between LLS-intact and LLS-ablated
to either control (unmanipulated) or autotomized (induced left hind females exposed to intact males. Our data shows that males are
limb loss) treatments before pairing these focal males with a matingess-likely to court LLS-ablated females, who are then less-likely to
partner upon reproductive maturity. We observed and scored theositively respond to those courtship attempts. Spawning also
occurrence and duration of a range of mating behaviors and foundccurred less often in trials with LLS-ablated females, illustrating
that autotomy did in fact impact mating duration; autotomized malesthat lateral line information is important for reproductive success. To
mated for longer than control males, potentially compensating forinvestigate neural processing of reproductively-relevant
their lost weapon by increasing time spent mating with females. Thismechanosensory information, brains were collected after behavior
change in mating behavior may enable autotomized males tdrials and stained for the immediate-early gene cfos as an indicator
maximize their reproductive success when given a matingfor neural activation. LLS-ablated and LLS-intact females had
opportunity and provides insight into the complex interactions different activation patterns in some sensory and socially-relevant
between behavior and morphology. brain regions. These results reveal that mechanosensory information
is also processed in known socially-relevant regions. This study is the
first to integrate behavioral and neural activation analyses to show
the importance of the lateral line system in mediating reproductive
communication in any fish species.

P1-258 ANTUNES, IK*; JOHNSON, EB; MERTZ, PS; MALISCH, 75-5 ARIAS, AA*; BALL, AM; AZIZI, E; University of California,

JL; St. Mary's College of Maryland, University of Pittsburgh; Irvine; adriena@uci.edu

ikantunes@smcm.edu Passive mechanical properties of crocodilian limb muscles
Development of an Enzyme Linked Immunosorbent Assay for correlate with in vivo function

Avian Corticosterone Binding Globulin The passive mechanical properties (i.e. passive stiffness) of muscle

Corticosterone (CORT) is a frequently quantified hormone in the have been shown to influence the region of the force-length (F-L)
field of avian endocrinology. CORT is a metabolic hormone that curve over which it operates. Previous work in anurans has shown
fluctuates daily, seasonally and in response to acute challengethat muscles with distinct in vivo functions (i.e. energy production vs.
(stressors). Because of the hydrophobic nature of CORT, the majoritylissipation) vary in passive mechanical properties, but it remains
of CORT is carried on hydrophilic corticosterone binding globulin unclear whether this pattern is broadly held across terrestrial
(CBG). The need to measure CBG in comparative studies is debatedertebrates or restricted to highly-specialized muscles. Here we use
and several different hypotheses have been proposed to explain theesults of inverse dynamics analyses in juvenile alligators to deduce
functional role of CBG. These hypotheses focus on either totalthe in vivo functions of limb muscles during walking, and
hormone (CORT bound to CBG plus free CORT), free hormone subsequently characterized the F-L properties of two different limb
(total CORT minus CORT bound to CBG) bound hormone (total muscles in situ. Results from inverse dynamics suggest that elbow
CORT minus free CORT). We propose that increased inclusion ofextensor muscles undergo a period of negative work (eccentric
CBG in comparative studies will help elucidate the role of CBG in contraction) and ankle extensors muscles primarily produce positive
CORT physiology and help identify the functionally accurate (concentric contraction) or zero (isometric contraction) work during
hypothesis. However, a major impediment to the inclusion of CBG instance phase of walking. Based on these results and previously
comparative studies is the lack of a simple assay, such as an enzynpeiblished anatomical data (Allen et al. 2010, 2014), triceps longus
linked immunosorbent assay (ELISA) typically used to quantify lateralis (TLL) and lateral gastrocnemius (LG) were chosen for
CORT. Here we report on our progress generating an avian CBGnuscle preparations. Our preliminary in situ results show that TLL
ELISA using a novel CBG antibody against zebra finch (Taeniopygia passive force reaches 20% maximum isometric forgg @t shorter
guttata), and developing a standard for use in the ELISA for relative lengths when compared to LG. We also find that the slope of
quantifying CBG. We report on the efficacy of using this assay with log-transformed TLL data is greater than that of LG (ANCOVA
four typical avian models, White-crowned sparrows (Zonotrichia p<0.05), indicating an increase in stiffness of muscle that dissipates
leucophrys), White-throated sparrows (Zonotrichia albicollis), mechanical energy. These results suggest a causal link between a
Dark-eyed Juncos and Zebra Finch (Junco hyemalis). Routinemuscle's expected in vivo function and its passive stiffness, and this
quantification of CBG may lead to a better understanding of the rolework in crocodilians expands the range of muscle passive stiffness
of CBG in CORT physiology for comparative studies. literature to include reptiles and animals with semi-erect postures.
Future work will determine the in vivo operating lengths of TLL and
LG followed by in situ F-L characterizations to map where on their
respective force-length curves these muscles operate at during
walking.
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P1-260.5ARLINGHAUS, K; CHALLENER, R*; Bellarmine P2-104 ARMSTRONG, TBK*; DAVIS, E; DICKERSON, H;
University, Louisville, KY; rchallener@bellarmine.edu HEALY, JE; Austin College, Sherman, TX;

Impacts of Ultraviolet Light Exposure on the Activity of tagwaarmstrong@gmail.com

Antioxidant Enzymes in the Coelomocytes of the Sea Urchins Implication of Choice of Burrow Location in the Thirteen-Lined
Lytechinus variegatus and Arbacia punctulata Ground Squirrel ( Ictidomys tridecemlineatus)

Many sea urchins play important ecological roles in their Thirteen-lined ground squirrels (TLGS) range from Texas to Canada,
environments, and it is important to study the impacts of but recently there are fewer colonies in the most southern portion of
environmental stressors on their physiology. Ultraviolet radiation their range, possibly due to food shortages, habitat fragmentation, or
(UVR) exposure has significant negative impacts on marine climate change, including flooding of burrows due to winter
organisms including an increase in reactive oxygen species (ROS)precipitation while animals are in torpor. TLGS are antisocial
Oxidative damage by ROS at the cellular level can cause lipidburrowing rodents- lactating mothers share their burrow with
peroxidation, DNA fragmentation, and even cell death which may juveniles until weaning, but during that time are territorial of their
result in inflammation or disease. To prevent this cellular damage burrows and foraging areas. Little is known about the potential
organisms generate enzymes, such as superoxide dismutase (SOPBffects of climatic differences on burrowing behavior or life history
and catalase, that breakdown ROS into harmless substances. Elevatelaracteristics. To fill this gap we live-trapped and examined life
SOD and catalase activities under UVB exposure have been detecteustory characteristics (reproduction, behavior, hibernation pattern,
for many aquatic organisms, yet it is unknown whether UVB and choice of burrow location) of TLGS across a latitudinal range
exposure affects the activity of these antioxidant enzymes in manyfrom TX to MN. By measuring the relative abundance of preferred
sea urchin species. Lytechinus variegatus is well known for itsfood in areas with and without burrows, | hypothesized that areas
covering behavior in response to UVR exposure whereas Arbaciawith burrows would have a higher food density within a 2m radius
punctulata does not cover with any materials and remains fully than areas without burrows. Alternatively, | hypothesized that more
exposed. Whether these behavioral differences result in differences iburrows would be located close to headstones than in the open, as
antioxidant enzyme activity in response to UVR exposure is notheadstones could be protective against predation. Neither hypothesis
known. In this study, coelomocytes of L. variegatus and A. was supported by our data and suggests that food and protection
punctulata were exposed to UVB (302 nm) for two hours and alone cannot predict burrow location. Therefore, some other
catalase activity was measured using colorimetric assays. Resultsharacteristic such as soil texture could explain burrow choice,
suggest UVB exposure significantly decreased catalase activity in thesupporting the potential explanation that contraction in species range
coelomocytes of both species (t-test, p < 0.0001, L.variegatus, p 3s due to winter flooding events. Many southern populations were in
0.0097, A. punctulata). Whether these observed differences imareas with clay soil, which is susceptible to water retention and flash
antioxidant activity are associated with covering behavior is yet to beflooding events. This has implications for the survival of populations

determined. in other areas of the species range with similar soil types as the
climate continues to change and these flooding events become more
common.

P1-149 ARMSTRONG, R*; TORRES, T; WATSON, CM; P1-15 ARNAOUDOFF, LA*; SANGER, TC; Loyola University

SHIPLEY, MM; Midwestern State University; Chicago, lllinois; larnaoudoff@luc.edu

raccewnl@gmail.com Three-Dimensional Embryological Atlas of Anolis sagrei based on

Characterization of Fatty Acid Profiles of the Butterfly Weed micro-CT.

(Asclepias tuberosa) and its Specialist Predator, the Monarch With the rapid rise of Evo-devo and the concurrent development of

Butterfly (Danaus plexippus). new imaging techniques, comparative studies of development have

Monarch butterfly larvae, Danaus plexippus, have a diet entirely accelerated over the last decade. Squamates, lizards and snhakes, lack
composed of milkweed, (Asclepias) while the adults use nectar froma traditional experimental model species for developmental
a variety of sources. While the nectar eaten by the adults containgnvestigations, yet are important for understanding fundamental
minimal lipids, the milkweed has a variety of lipids, and their evolutionary questions because of their remarkable diversity.
constituent fatty acids help provide their nutritional needs. AsclepiasHowever, several squamate species have growing communities of
tuberosa was selected to identify the fatty acids that the monarchs arkiologists building new resources for comparative and experimental
ingesting. Milkweed leaves were sliced into small segments, driedstudies of lizard development. Creation of detailed embryological
and then weighed. We hand collected monarch caterpillars andatlases for these species will help promote their advancement. In the
butterflies, and turned each into a slurry with a tissue tearor. Lipidspast, scientists have had to rely on destructive methods to conduct
from all samples were extracted via a mixture of chloroform, detailed studies of internal anatomy. However, X-ray computed
methanol, and water in a 4:2:1 ratio and then converted to fatty acidomography, CT scanning, allows for sub-10 micron, non-destructive
methyl esters (FAMES) to be analyzed by gas chromatography. Thémaging of vertebrate embryos. This technique allows not only the
most common fatty acid present in the milkweed was linolenic acid, ability to analyze the hard tissues, but also, with the help of chemical
or 18:3 (about 60% of all fatty acids). The caterpillars showed thecounterstains, the ability to differentiate among soft tissues. We are
most common to be palmitic acid, or 16:0, followed by 18:3. The creating a detailed, 3D embryological atlas of the model lizard
adults showed oleic acid, or 18:1, as the most common fatty acidspecies, Anolis sagrei, using micro-CT scanning. For a subset of
This suggests that monarchs acquire the major starting lipid, 18:3stages we are reconstructing the development of both hard and soft
and turn it into different fatty acids for storage and utilization. tissues, such as bone, muscle, and neural tissues. All reconstructions
Interestingly, different stages of the monarch's life have a differentare being conducted in the free software package 3D Slicer. We are
fatty acid profile, suggesting they utilize different lipids during compiling 2D images that can be used for virtual histology and 3D
different life stages. One unexpected result was that some monarchsodels of each stage. This anatomical atlas will be essential resource

showed as high as 50% 18:3 while other samples showed 0%. for research on Anolis development and will help create a more
comprehensive understanding of the embryonic development of
anoles.
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P3-233ARREZ, SA*; ARANGO, K; FERRIGNO, A; GIDMARK, P2-202 ASENCIO, AM*; POWERS, JD; WILLIAMS, CD;

NJ; Knox College; saarrez@knox.edu MALINGEN, SA; DANIEL, TL; University of Washington, Seattle,
Impacts of a fin whale skeleton in teaching Art and Biology courses WA, University of California, San Diego, CA, Allen Institute of Cell
at an undergraduate-only college Science, Seattle, WA; danielt@uw.edu

Skeletal material is fundamental for teaching comparative anatomy tdPredicting complex modulus of active muscle from models of
undergraduates, providing hands-on experience with variation in sizeelastically coupled molecular motors
evolutionary history, and function. Size specifically is a Muscle is active, regulated soft matter, hierarchically organized into
difficult-to-grasp concept that is also pivotal in art classes. We a structure that has unique material properties, particularly regarding
acquired an incomplete 55-foot fin whale skeleton consisting of overits instantaneous stiffness. Prior experimental work used dynamic
150 unorganized, fractured, and stained bones. A dozen students antdsting to characterize the complex modulus of active muscle for
two faculty spent the last year recording, identifying, cleaning, fully activated isolated muscle fibers. This modulus measures the
repairing, re-building and preserving bones prior to their articulation. component of stress that is in phase with periodic length changes
We distilled a variety of previously-developed techniques to restore(elastic component) as well as the out-of-phase component (viscous
and preserve the skeleton. This project has provided ways to teacbomponent). The complex modulus for active muscle shows a highly
drawing methods conveying size, scale, volume, and mass fronmon-monotonic behavior with increasing frequency of applied length
different perspectives. Our skeleton has also allowed for student-le¢hange. Its Nyquist plot shows a cardioid shape as frequency
independent research as part of the capstone requirement of Knoxlacreases. In contrast, both passive and rigor muscle shows very
Biology major. One student used measurements of changes in neuraimple increases in stiffness with increasing frequencies, consistent
canal diameter as a proxy for the amount of information exiting thewith passive visco-elastic materials. We used a spatially explicit half
CNS at each spinal level. Differences in diameter of adjacent cervicasarcomere model to simulate muscle's dynamic force in response to
and caudal vertebrae were the largest, suggesting that the greatespplied sinusoidal length changes. In particular, we asked how well
bandwidth of neural control is needed to drive mobility of the the model reproduces the material properties of skeletal muscle that
pectoral fins and tail. Another student-designed study investigatechave been previously measured. Our model is a stochastic simulation
the long term effects of bacterial infection in vertebrae including based upon a coupled elastic model of myosin motors, thick and thin
degeneration of the vertebral centrum. To determine a possible causéilament mechanics, including titin mechanics and overall lattice
pathogen, we are currently attempting to extract bacterial DNA with spacing. We simulated force in response to applied sinusoidal length
PCR. The restoration and articulation of the Knox College whale haschanges ranging from 4.3 to 100 Hz and found that our model
been an incredible outlet for inter-departmental collaboration andreproduces the cardiod-like Nyquist plots seen in similar in vitro
development of undergraduate teaching and learning. experiments. Using a computational model we show the emergence
of muscle's unique macroscopic dynamics and material properties
from microscopic principles.

P3-132 ASHLEY-ROSS, MA*; BRESSMAN, NR; Wake Forest 116-2 ASSIS, BA*; AVERY, JD; TYLAN, C; EARLEY, RL;
University; rossma@wfu.edu LANGKILDE, T; Penn State, University of Alabama;

A twisted tail of intrigue: Does fish vertebral morphology constrain  bmd5458@psu.edu

locomotor mode? Honest Signaling, Sexual Conflict and Female Ornamentation: an

Diverse fish taxa of small body size move on land by means ofUndesired Quality Signal?
coordinated tail-flips. In this behavior, the starting position is either Conspicuous sexual ornaments are uncommon in females of species
lying on the fish's side or ventral surface, and the head and body arwith traditional sex roles, with such occurrences often attributed to
lifted over the tail as the body curls into a C shape. While the tailgenetic linkage of a trait selected for in males. In eastern fence
pushes against the substrate, continuation of the movement of thizards, males display colorful ornaments that are sexually selected,
anterior portion of the body propels the fish into ballistic flight in the but any condition-dependent traits associated with ornament quality
original direction of the tail. While representatives of multiple fish are unknown. Females may exhibit rudimentary ornamentation that
orders are capable of tail-flipping (e.g., Cypriniformes, Perciformes, carries reproductive costs, but it is unclear whether they display
Cyprinodontiformes, Blenniformes), not all tail-flippers are equally honest condition signaling as well. To investigate a potential adaptive
adroit. The most effective tail-flip jumpers (e.g., mangrove rivulus, role for female ornamentation in fence lizards, we used individuals
Kryptolebias marmoratus, and the Pacific leaping blenny, Alticus from three populations to determine the relationship between
arnoldorum) also demonstrate the ability to twist the tail about the ornament quality and typical condition-dependent traits in both sexes,
long axis up to 90°, which allows the jump to begin from a prone while accounting for the effect of hormones normally associated with
position. How are these fish able to twist the tail to such an extent®rnament development. In accordance with previous studies, we
We experimentally twisted the tails of less and more effective detected a strong relationship between testosterone levels during a
tail-flip jumpers, finding that in less skilled jumpers, the tail rotates specific developmental window and ornament quality at maturity.
only to a maximum of ~45°. We used CT scans of effective Ornament size and saturation were significantly correlated with body
tail-flipping species that had been fixed in the tail-twisted position to condition and immune response in males and therefore might signal
examine where the ability to generate long-axis torsion resides. In Kindividual quality, but these relationships were weaker or absent in
marmoratus, tail twisting is distributed over most of the length of the females. It appears that ornament development in females is still
vertebral column, with no obvious specializations of the vertebrae.sensitive, albeit more weakly, to androgen levels and
This finding suggests that soft tissues may play a central role incondition-dependent traits. It is not known whether females employ
determining vertebral flexibility. this costly trait in intraspecific signaling, and thus its presence might
indicate a scenario of intralocus sexual conflict. We speculate that
females have largely reduced the energetic costs of ornaments by
eliminating melanin deposition in these traits, while costs for
iridophore production are not sufficiently high to drive females
towards full sexual dimorphism.
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S8-1ASTLEY, H. C.; C, ; University of Akron; hastley@uakron.edu S8-2 ASTLEY, H.C.; University of Akron; hastley@uakron.edu
Symposium Introduction - Long Limbless Locomotors Over Land:  Mechanics of Multi-articular Muscles Minimize Moments
The mechanics and biology of elongate, limbless vertebrate The geometry of the musculoskeletal system, such as moment arms
locomotion and linkages, determines the link between muscular functions and
Elongate, limbless body plans are widespread in nature ancexternal mechanical results but as the geometry becomes more
frequently converged upon (with over two dozen independentcomplex, this link becomes less clear. The musculoskeletal system of
convergences in Squamates alone, and many outside of Squamatanakes is extremely complex, with several muscles which span
Despite their lack of legs, these animals move effectively through anumerous vertebrae, ranging from 10 to 45 vertebrae in the snake
wide range of microhabitats, and have a particular advantage irsemispinalis-spinal (SSP) muscles (a dorsiflexor). Furthermore, this
cluttered or confined environments. This has elicited interest fromspan correlates with habitat, with burrowing and aquatic species
many disciplines interested in many aspects of their movementsshowing short spans while arboreal species show longer spans.
from how and when limbless morphologies evolve to the Similar multi-articular spans are present in the prehensile tails of
biomechanics and control of limbless locomotion within and acrossprimates, the necks of birds, and our own digits. However, no
taxa to its replication in elongate robots. Increasingly powerful tools previous analysis has adequately explained the mechanics of these
and technology enable more detailed examinations of limblessmulti-articular spans, either relative to mono-articular configurations
biomechanics, and a combination of fossil discoveries and improvedr compared to greater or lesser spans. This talk uses well-established
phylogenies have shed increasing light on the origins and evolutioranalysis techniques including the Method of Sections and the
of limblessness, as well as the high frequency of convergenceMinimum total potential energy principle to analyze the
Advances in actuators and control are increasing the capability otonsequences of multiarticular muscle configurations. | show that
"snakebots” to solve real-world problems (e.g. search & rescue) multi-articular systems require a fundamentally metameric structure
while biological data has proven to be a potent inspiration forin which N joints require N muscles, as unconstrained internal
improvements in snakebot control. This symposium brings togetherdegrees of freedom allow the system access lower potential energy
prominent researchers on the topic from around the world, includingstates by sagging or buckling. For a cantilevered snake, increasing
biomechanists, physicists, and roboticists to foster collaboration andnulti-articular span reduces both the force needed from any given
the exchange of ideas across disciplines and across taxa. The goal ofuscle and the total muscular force needed across the entire
this symposium is to identify major gaps in current knowledge and muscular system. However, this improvement follows a hyperbolic
methods, promote links between biological and robotics researcherdistribution, with the greatest gains in transitions from mono-articular
and coordinate efforts to move the field as a whole forward. Supporto spans of 2 or 3; all known snake SSP lengths fall into a region of
generously provided by the Company of Biologists and the Societymuch lower force with nearly linear slope and diminishing returns for
for Experimental Biology. extreme lengths. Continued work will examine dynamic locomotion
and potential tradeoffs.

P1-183 ATTIPOE, AEL*; KAIMAKI, D-M; LABONTE, D; S11-5 AUDET, JN; Rockefeller University Field Research Center,
Imperial College London; aeal718@ic.ac.uk Millbrook, NY; jaudet@rockefeller.edu
Surface Tension of the Insect Pad Secretion Comparative approaches for ecological and neurobiological

Many insects rely on the ability to cling to plants with a wide range correlates of innovation

of surface properties. Insects achieve this feat by using specialiseth the wild, particularly in rapidly changing conditions, being capable
adhesive pads located on their feet. The adhesive performance aiff solving new problems can increase chances of survival. In the
these pads is usually attributed to capillary forces, as they areontext of climate change, innovativeness is therefore undeniably a
covered in a thin film of liquid. However, conclusive evidence in crucial trait. In the past few decades, birds appeared to be a taxa of
support of this hypothesis is scarce. Here, we determine the surfacehoice to study innovation, thanks to the abundant literature of avian
tension of the pad secretion of Indian stick insects (Carausiusinnovation reports. Innovation rate databases in birds have been
morosus), in an effort to provide information critical for a successfully employed to assess relations between innovativeness
quantitative assessment of wet adhesion models. We overcome thand other traits such as invasion success, fithess and brain size. In
limits posed by the minute quantity of the secretion by using order to assess more direct causes of variation in innovation, another
Interference Reflection Microscopy (IRM) to image individual approach consists in experimentally measuring innovativeness in
droplets deposited on transparent coverslips. IRM utilises destructiveaptive wild animals using problem-solving tasks that mimic wild
and constructive interference of monochromatic light, which resultsinnovations. This method can allow for finer scale evaluation of
in fringe patterns that correspond to height contour lines of theecological and neural correlates of innovation. In my talk, | will
imaged droplets. These fringe patterns can be converted into a heiglpresent results that were obtained using the latter approach, both at
profile via a contrast detection algorithm, so reconstructing 3D the inter-individual and inter-specific levels. | will show that such
profiles from 2D light microscopy images. Contact angles can thendata can be used to 1) assess relations between problem-solving and a
be extracted by fitting a spherical cap to the height profiles. Onvariety of cognitive and personality traits, 2) compare experimental
silane-coated glass coverslips ranging from hydrophilic to behavioral data with other known traits of interest such as innovation
hydrophobic, the contact angles of the secretion varied from 6° torate or fitness, and, even more interestingly, 3) investigate
15°, compared to 10° to 110° for water. These results are indicativeneurobiological properties underlying variation in problem-solving

of a liquid with low surface tension which wets even hydrophobic and other cognitive traits. During my talk, | will present past data as
surfaces. Indeed, application of the Owens-Wendt theory suggestedell as ongoing projects utilizing the comparative approach at a
that the liquid's surface tension has a negligible polar componentneurobiological level, using state-of-the art molecular methods to
consistent with previous results. A simple wet adhesion model base@dnswer our research questions.

on the estimated surface tension fails to account for key features of

the attachment performance of these insects, suggesting that capillary

forces may not be its sole origin.
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P1-2 AUSTIFF, JK; Harvard University; jkaustiff@g.harvard.edu P1-151 AUSTIN, A/A*; DAVIS, J; FOLTZ, S; Radford University;
Development of the Stomach of the Carnivorous Tadpoles of the admissions@radford.edu

Budgett's Frog, Lepidobatrachus laevis Compared to Filter Frustrated Foragers: Can Displacement Behavior Communicate
Feeding Tadpoles Food Quality and Accessibility Within and Between Species in the
Typical frog tadpoles are filter feeders and lack a digestively activeWild?

stomach. Only later, during metamorphosis, do they develop aThe evolution and extent of inter and intraspecific social learning and
functional stomach that allows the shift to feeding on larger prey associal networks is a hot topic in studies of animal behavior. In this
an adult. The tadpole of Lepidobatrachus laevis, however, isstudy, we examine how the feeding behaviors of individuals may
different: it develops an adult-like stomach during embryogenesistransmit information both within and across species. Specifically, we
and is capable of feeding on larger prey as a tadpole. Consequentlyised computer-automated bird feeders to observe the frustration and
L. laevis does not undergo a significant dietary shift at enthusiasm-related behaviors displayed by foraging feeder species
metamorphosis. Earlier studies of L. laevis lay the foundation forwhen they were denied access to a preferred food source and
studying how this unusual tadpole stomach morphology developscorrelated those with how individuals in the surrounding area might
However, the complete course of stomach organogenesis has natbserve and use these behaviors as a means of assessing the food
been described and there is no detailed comparison to typical frogource for themselves. We also examine the prioritization, memory,
models. This study compares gut development in L. laevis to that irand associative learning capability of these foragers in order to
two other frogs, Xenopus tropicalis and Bombina orientalis, whosebroaden our understanding of how species adapt and social learning
guts follow a more stereotypical (for anurans) developmental evolves within a changing environment.

trajectory. Goals are to assess how similar the larval stomach of L.

laevis is to a typical adult frog stomach; to determine if its embryonic

development parallels stomach metamorphosis in X, tropicalis and B.

orientalis; and to document what degree of change it undergoes

during metamorphosis. Histological staining is performed with

hematoxylin and eosin to characterize general features, Alcian

blue-periodic acid Schiff staining to reveal mucins, and Mallory's

trichrome staining to trace development of connective tissues.

Additionally, tissues are immunostained to show the onset and

amount of pepsin production. This analysis will provide a greater

understanding of the evolution of developmental modules, their role

in the diversification of amphibian life histories, and how that

diversification enables changes in diet and niche.

20-4 AWDE, DN*; LECHETA, MC; UNFRIED, LN; JACOBS, NA; P3-9 AWKERMAN, JA*; LAVELLE, CM; HENDERSON, WM;
POWERS, B; BORA, K; WATERS, JS; AXEN, HJ; FRIETZE, SE; HEMMER, BL; LILAVOIS, CR; HARRIS, P; ZIELINSKI, N;

LOCKWOOD, BL; CAHAN, SH; TEETS, NM; University of HOGLUND, MD; GLINSKI, DA; MACMILLAN, D; FORD, J;
Kentucky, Lexington, University of Vermont, Burlington, SEIM, RF; Gulf Ecology Division, US EPA, Gulf Breeze, FL ,
Providence College, RI, Salve Regina University, Newport, RI; Exposure Methods and Management Div, US EPA, Athens, GA ,
davidawde@gmail.com Exposure Methods and Management Div, US EPA, Athens, GA ,
Genetic mechanisms of basal thermal tolerance in Drosophila Research Cores Unit, US EPA, RTP, NC ; awkerman.jill@epa.gov
melanogaster Cross-taxa Distinctions in Developmental Effects of Trifluralin

Shifts in daily and seasonal temperatures have a considerable effe@xposure between Representative Toxicological Species for

on the performance, survival, fitness, and geographic distribution ofAquatic Risk Assessment

all taxa. Thus, upper and lower thermal limits are important Standard ecological risk assessment practices often rely on larval and
predictors of an organism's ability to cope with thermal variability juvenile fish toxicity data as representative of the amphibian aquatic
and the effects of climate change. The ability to respond to thermaktage. This study compares developmental endpoints for zebrafish
stress involves heritable genetic components and short-term shifts igDanio rerio) and the African clawed frog (Xenopus laevis), two
gene expression; however the extent to which these two mechanismstandard test species, exposed to the herbicide trifluralin for 30 and
overlap is unknown. For this study we used the Drosophila Genetic70 days, respectively. D. rerio were more sensitive in acute toxicity
Reference Panel (DGRP) combined with RNA-seq in a single laband demonstrated a reduction in growth measurements with
strain (Canton-S) to identify the overlap in genetic and transcriptionalincreasing trifluralin exposure. Growth measurements in X. laevis at
mechanisms underpinning critical thermal minima (CTmin) and metamorphosis were not correlated with exposure; however, time to
maxima (CTmax). In the DGRP, there was greater phenotypicmetamorphosis was delayed relative to trifluralin concentration.
variation in CTmin, which ranged from 1.75 to 8.55°C, compared to Species-specific gene expression patterns suggest that different
CTmax, which ranged from 38.75 to 40.65°C. Upcoming analysesbiological pathways in D. rerio and X. laevis are perturbed by
will determine the extent of overlap between genes identified viatrifluralin exposure. Non-targeted hepatic metabolomics also
Genome Wide Association mapping (GWAS) using the DGRP andidentified a subset of metabolites that exhibited a non-monotonic
those identified via RNA-seq analyses with Canton-S flies exposed taesponse to trifluralin exposure in X. laevis. Linking differential
their thermal limits. Together these results will characterize the cellular response with taxonomic distinctions in ecologically relevant
relative contribution of genomic variation and short-term shifts in endpoints will refine assumptions used in inter-species extrapolation
gene expression that underpin the thermal stress response iof exposure effects and improve assessment of sublethal impacts on
Drosophila melanogaster. amphibian populations.
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P1-69AXEN, HJ*; TAFT, C; WILSON-WUESTEFELD, A; P2-72 AXLID, EG*; MINICOZZI, MR; BUCK, CL; VON HIPPEL,
DEPELLIGRINI, F; CLIFFORD, M; Salve Regina University; FA; Northern Arizona University, Flagstaff, Minnesota State
heather.axen@salve.edu University, Mankato; ega34@nau.edu

Assessing Physiological Plasticity in the Face of Climate Change in Does Sodium Perchlorate Act as an Obesogen in Developing
Natural and Lab Reared Drosophila Species Collected Across Zebrafish?

Elevational Gradients Sodium perchlorate (NaC|@is a compound used as an oxidizer in a

Temperature plays a large and crucial role in the distribution ofrange of military and industrial processes. It is highly water soluble
species, affecting physiological processes, biophysical structuresand has contaminated waters across the United States. The compound
metabolic activities and growth rates. Climate change models suggess also an endocrine disrupter that inhibits thyroid hormone
temperature shifts will occur, altering regimes to which organismsproduction. Here, we investigate the obesogenic effects of sodium
have locally adapted. When relocation or behavior modification perchlorate on developing zebrafish (D. rerio). Accumulation of
alone cannot mediate thermal stress, organisms may rely onipids in zebrafish tissues as a result of perchlorate exposure could
epigenetically regulated physiological mechanisms. One suggest a similar relationship in humans and provide insight into
physiological response activated by thermal stress is the productiopossible causes of the ongoing obesity epidemic. To answer the
heat shock proteins (hsps); which protect cells by stabilizing andquestions of whether sodium perchlorate contributes to lipid
refolding stressed proteins or targeting them for degradation. Fruitaccumulation, and where this accumulation occurs, we reared groups
flies in the genus Drosophila are distributed globally, occurring of zebrafish in four perchlorate treatments (10ppb, 10ppm, 30ppm
across a wide range of thermal conditions allowing for evaluation ofand 100ppm) and a control (Oppm). The fish were euthanized at 133
the effects of evolutionary history on phenotypic plasticity. days post fertilization with tricaine mesylate, embedded in paraffin,
Thermally stable conditions in which variation between daily and sectioned (with ventral, medial, and dorsal sections taken), and
annual high and low temperatures is relatively low may presentstained using Oil Red O. The lipid content in each fish as a whole, as
relaxed selection on maintaining mechanisms of phenotypicwell as in specific tissues, was quantified using Leica software. We
plasticity, while populations adapted to variable thermal regimes, predict that perchlorate exposed fish will have an increase in whole
such as those in habitats that experience seasonality and strong shitt®dy lipid content as lipid accumulation is a common effect of
in minimum and maximum annual temperature may have anthyroid hormone deficiency. We will also investigate the tissues that
evolutionary advantage in the face of increasing variability due toare most affected by perchlorate exposure.

climate change. To investigate the relationships between

evolutionary potential and climate change, we evaluated minimum

and maximum thermal limits in flies collected from populations

across elevational gradients in California and Arizona. Following

testing of thermal limits expression of genes associated with heat

shock pathways were assessed using qPCR

P3-237 AYALA, A.N*; CHAMBERLAIN, C.; HOLBROOK, N.M; 102-5 AZZOLINI, J.A.*; DENARDO, D.F.; Arizona State

University of Texas at Austin, Summer Research Opportunities at  University; jlazzoli@asu.edu

Harvard, Harvard Department of Organismic and Evolutionary Effect of elevated glucose intake on physiological biomarkers

Biology; aliayala5@gmail.com Ecotourism is a rapidly growing industry based on perceived
Temperate forests! How climate change affects growth and economic and conservation value. For example, in the Bahamas
phenology tourists pay to visit islands where they can feed table grapes to

Plants are an organism commonly used to study climate changeendangered northern Bahamian rock iguanas (Cyclura cychlura).
Because they do not have the ability of locomotion, plants are forcedrlhis interaction dramatically alters the iguanas' natural behavior and
to adapt or perish when unfavorable conditions occur. One of thediet, and, thus, the physiological and ecological consequences of this
responses plants have to climate change is by adjusting theiactivity is being thoroughly investigated. Previous studies have
phenology, the timing of life events. These life events include budshown that reproductive females on tourist-visited islands have
burst, leaf out, flowering, and fruiting. During climate change, warm elevated oxidative stress, and some alterations in plasma-based innate
temperatures can occur earlier in the year, "tricking” plants to unfurlimmunity. Additionally, tourist-visited rock iguanas subjected to a
their leaves earlier. With climate change, however, comes extremglucose tolerance test display pre-diabetic physiology (i.e., increases
weather events. The event we are most interested in are called laggeak blood glucose and delayed recovery to baseline values). As
spring freezes- low temperature extremes that can occur after a plantork with free-ranging individuals is challenged by the presence of
has experienced leaf out and damage its exposed leaf tissue. Becausemerous uncontrolled variables, we used green iguanas (lguana
climate change affects all organisms, we also expect to seeguana) as a proxy species to isolate the potential effects of increased
herbivores moving towards cooler habitats, to our temperate forestsglucose intake on oxidative stress and innate immunity. Green
We chose to study temperate forests because they occur in a regioguanas are readily available, and glucose-treated green iguanas that
that has a lot of seasonality. Growth, leaf investment, the phenologyundergo a glucose tolerance test show a blood glucose profile similar
and herbivore defense of the plant were measured in order tdo that of rock iguanas on tourist-visited islands. Iguanas were
investigate the question. The methodology included making biweeklygavaged daily with either water or a glucose solution for four weeks.
observations in a common garden, measuring diameter at breade collected blood samples prior to any gavaging, after two days of
height (DBH), height, leaf area, leaf wet weight, leaf dry weight, and gavaging, and after four weeks of gavaging. This experimental
leaf toughness using a clinometer. We hypothesize that we will finddesign allowed us to examine both the acute and chronic effects of
increased growth, less leaf investment, a shift forward in phenology elevated glucose intake. Our results showed that oxidative stress (the
and increased herbivore defense. This study is a step towardbalance between reactive oxygen species and antioxidants) remained
understanding how climate change will affect temperate forests and¢onsistent throughout the experiment. Therefore, it appears that
the ecosystem services they provide. increased glucose intake alone does not contribute to oxidative stress.
The results of our immune assays (BKA, lysis, agglutination) are
currently being analyzed, and will also be presented.
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P2-88BABB, MH*; LOHMANN, C; University of North Carolina at 15-5 BABIN, CH*; BELL, CD; University of New Orleans;
Chapel Hill; mattbabb@live.unc.edu chbabin@uno.edu
A Comparison of Stereotypic and Anticipatory Behavior in Cougars A global molecular phylogeny of chromosomal evolution in wild
(Puma concolor) and Lions (Panthera leo) from Zoo to Sanctuary  onions (Allium, Amaryllidaceae)
A core pillar of animal behavior research is that environment canPolyploidy, the event of increasing nuclear chromosomes, is believed
profoundly affect the behavioral phenotypes of animals. This to be a significant driver of diversification among land plants.
principle can be studied especially well in research on animalMechanisms of chromosome number evolution include
well-being in the semi-controlled environments of zoological parks. whole-genome duplication, half-genome increases
Two reliable factors that have been used as real-time indicators of afdemi-polyploidy), gains or losses of single chromosomes that alter
animal's well-being are stereotypic and anticipatory behavior.the DNA content of an organism (aneuploidy), or chromosome
Stereotypic behavior is a behavior that occurs repetitively with nofission or fusion (ascending dysploidy or descending dysploidy,
purpose and is an indicator of animal distress when it is present imespectively). Considering the high variability in chromosome
high rates. Anticipatory behavior is a behavior that occurs prior to number transitions across multiple clades within angiosperms and the
receiving a reward. It has been accepted as an indicator of rewardncient genome duplication events responsible for their diversity,
sensitivity and therefore monitoring its rate of occurrence can givestudies of non-model systems are necessary to close the gaps in our
insight into the animal's perception of its own well-being. Currently, understanding of chromosomal evolution with respect to polyploid
much is known about these behaviors in felids inside of zoos, bufplants. Allium (Amaryllidaceae) is an ideal candidate for polyploid
there are very few studies that compare these behaviors between zoossearch because it is the largest genus in its family and includes
and wildlife sanctuaries. Since behavior is a result of the environmennhumerous natural populations of diploid and polyploid species. Plants
that captive animals live in, examining the difference between ain this genus mainly occupy temperate climates in the Northern
commercialized zoo and an animal-focused natural sanctuary couldHemisphere and include economically important ornamentals and
provide insight into what environments lead to captive felid mental cultivated crops such as leeks, garlic, chives, and onion varieties.
distress. Cougars, Puma concolor, and Lions, Panthera leo, areHere, we present a global molecular phylogeny of Allium comprising
popular felids that are found in zoos and sanctuaries across thd29 of approximately 800 species. We examined chromosomal
United States and were chosen for this study because of availabilityevolution with chromEvol v. 2.0 (Glick and Mayrose, 2014) which
The purpose of this study was to compare the behaviors of thaises likelihood-based methods for inferring the pattern of
cougars and lions at the North Carolina Zoo in Asheboro, NC to thechromosome number change across a phylogeny. The ancestral base
behaviors of cougars and lions at Carolina Tiger Rescue, a naturaiumber was inferred to be n = 8, consistent with the most common
wildlife sanctuary in Pittsboro, NC. Through the use of video haploid number of Old-World species. The best-fit model of
observations and GIS analysis, this study provides insights on thehromosomal evolution indicated that chromosome transitions
behavioral differences of felids in zoos compared to felids in aoccurred through the constant gains and losses of single
sanctuary setting. chromosomes as well as demi-polyploidization events, with the rate
of chromosome gain events being approximately four to five times
more likely to occur than half duplication and loss events.

140-2 BABONIS, LS*; RYAN, JF; MARTINDALE, MQ; Whitney 9-1 BADGER, MA*; PERKES, AD; PFROMMER, BG; WANG, Y;

Lab for Marine Bioscience, Univ of Florida, St. Augustine, FL , MODH, A; DANIILIDIS, K; SCHMIDT, MF; University of

Whitney Lab for Marine Bioscience, Univ of Florida, St. Augustine, Pennsylvania, Philadelphia, Pennsylvania; mbadger@seas.upenn.edu
FL; babonis@whitney.ufl.edu From moments to months: Multi-timescale tracking and analysis of
Things cells do songbird social interactions in a smart aviary

The concept of homology fuels many discussions (and frustrations)Social networks are formed through the actions of individuals and the
about the evolution of animal morphology. Little clarity comes out of structure that emerges is central to processes occurring at several
these discussions due to a general lack of consensus about the genebablogical levels of organization. How individual actions modify
meaning of homology; however, we argue that a bigger problem liessocial networks, however, remains an important and open question.
in a lack of understanding about how the limited morphospace undetn our study system, brown-headed cowbirds (Molothrus ater),
which cells evolve can lead to erroneous conclusions thatfemales are known to influence male courtship behavior. The specific
morphological similarity reflects meaningful homology. For mechanisms behind this phenomenon have been difficult to discover,
example, the morphological similarity of the unicellular however, because interactions (e.g. body motions and vocalizations)
choanoflagellates to the choanocytes of sponges was the chidbetween multiple pairs of individuals occur simultaneously and are
evidence used to place Choanoflagellata as the sister lineage tdifficult to classify without quantitative measurements. We used an
Animalia prior to the dawn of molecular phylogenetics. This array of eight cameras and 24 microphones followed by a computer
placement was later reinforced by molecular phylogenies, artificially vision pipeline to continuously record the position, posture, and
inflating the apparent value of morphological similarities. Given vocalizations of cowbirds over the entire breeding season. With these
constraints on the biophysical capacity of membranes, cytoskeletatiata, we investigate how moment-to-moment interactions drive
elements, and the surface area-to-volume ratio of the cell, we arguehanges in the social network over months. Our data also provide a
that eukaryotic cells really only do four things: grow/shrink, undergo difficult setting containing multiple camera views, background
membrane elaboration, adopt independent shapes, and gain/losaotion, shadows, and changes in lighting, in which to test animal
organelles. As such, cells with similar morphological features aretracking, pose estimation, and re-identification algorithms.

expected to have arisen multiple times during the expansive

diversification of animals. As a case study, we survey the

evolutionary distribution of cells with apical cilia and microvilli

across animals and summarize evidence for shared ancestry in a

subset of these. We emphasize that cellular morphology alone is

insufficient support for arguments of shared ancestry and propose a

new standard for discussion of homology that requires evidence of

embryological, genomic, and functional similarity as well.
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P3-202BAE, J*; BERTUCCI, EM; MOORE, JA; BOCK, SL; P3-49 BAEZA, K*; RANCHOD, P; STEFFENSON, M; St.
RAINWATER, TR; HALE, MD; PARROTT, BB; Augusta Univ., Edward's University; kbaeza@stedwards.edu

Univ. of Georgia, Benedict College, Tom Yawkey Wildlife Center,  The Introduction of Commonly Used Pesticides and Their Effect on
Univ. of Virginia; JIBAE@AUGUSTA.EDU the Immunological Function of Honeybees

"The effects of the developmental environment on telomere length  Colony collapse disorder (CCD) is a current phenomenon which is
in Alligator mississippiensis hatchlings” causing rapid declines in honeybee populations. While researchers

The environment that developing embryos experience influenceshave yet to find a direct cause of CCD, it is hypothesized that it may
organismal fitness by affecting phenotypic trajectories and survival.be the result of a combination of mu|t|p|e factors such as global
The shortening of telomeres with chronological age is related towarming, parasitic Varroa mites, and the use of pesticides. The goal
biological aging and functional declines. Telomere dynamics are alsmf this study was to identify the effect of four commonly used
associated with lifespan, reproductive output, and individual quality; pesticides in agriculture (imidacloprid, glyphosate, thiamethoxam,
thus, telomere length may be informative of an organism's fithessand clothianidin) on the immune function of honeybees. For each
overall. However, the question of how developmental environmentspesticide, 150 honeybees were collected randomly from a set of hives
influence aging trajectories is relatively unexplored. Here, we aimedin the Austin area and starved for four to six hours. A pesticide sugar
to understand how environmentally relevant temperature fluctuationsvater solution with biological relevant concentrations was then fed to
and exposure to the endocrine disrupting chemical, each bee with a micropipette. Bees were then left for zero (control),
dichlorodiphenyldichloroethylene (DDE), affects telomere length in two, or four hours after feeding before hemolymph was extracted.
developing American alligators (Alligator mississippiensis). The Hemolymph was added to buffer, lysed with glass beads, and placed
incubation environment was manipulated to be either at a constanat a -800C to stop protein activity. Samples are currently undergoing
male-, female-, or intermediate-promoting temperature or following several colorimetric assays utilizing a spectrophotometer to
fluctuations observed in natural nests. Further, half of the embryosdetermine immunological protein activity including a RED 660 assay
received an external dose of DDE just before gonadal differentiationfor overall protein concentrations, prophenoloxidase, catalase, and
Neonatal alligators were hatched and growth was monitored for 10peroxidase. Anecdotally, bees subjected to the pesticide glyphosate
days prior to taking a blood sample. The absolute average telomerappear to have higher mortality over time compared to the other
length of red blood cells was quantified through the quantitative pesticides tested. Bees that ingested glyphosate had significantly
polymerase chain reaction using a single copy gene (sox9) to producwer protein concentrations than all other pesticides tested.
a ratio of telomere sequence abundance to single copy gen@rophenoloxidase activity appears highest when bees are exposed to
abundance (T/S ratio). We report our findings regarding how theclothianidin, while imidacloprid significantly decreases activity four
developmental environment influences telomere length in hatchlinghours after exposure. Results from this study will help determine
alligators and predict how that might represent general quality andwhat effects, if any, pesticides contribute to the onset of CCD.
long-term health and survival. This study advances our understanding

of long-term consequences of the developmental environment and

insights for conservation for this species in a rapidly changing world.

P1-93 BAGGE, LE*; GOLDSTEIN, DH; LYONS, BA; WEHLING, 112-3 BAIN, SR*; LOWER, SE; Bucknell University;

MF; Air Force Research Lab, Eglin, FL and University of FL, srb039@bucknell.edu

Shalimar, FL, Air Force Research Lab, Eglin, FL; Using Environmental Factors to Predict the Emergence Patterns of
laura.elizabeth.bagge@gmail.com Firefly Species in Pennsylvania

Circularly Polarized Light Reflectance of and Wing Interference How do environmental parameters affect the geographic distribution
Patterns from Insects of organisms? Many organisms need to have specific conditions

Certain insect body and wing surfaces interact with light in unique (temperature, sunlight, precipitation, etc.) in order to survive,
ways; for example, many scarab beetles have body surfaces thatevelop, and eventually reproduce. The overall goal of this research
reflect circularly polarized light and many small insects have wing project attempts to investigate environmental factors (air and soil
membranes that produce distinct wing interference patterns (WIPs}emperature) influencing the species distributions of fireflies.
that are likely to be highly polarized. Our study characterizes notFireflies are a very widely admired organism but are vastly
only human-perceived appearances of insect surfaces, but also thenderstudied; more information about their evolution,
polarization signatures and an insect's perception of these signatureommunication (in lighted and unlighted species), and physiology is
in their natural environment. First, while it has been suggested thabeing discovered about this organism everyday which makes it an
some beetles respond behaviorally to circularly polarized light, weinteresting and current area of research. With that being said, there
still do not know whether any scarab beetles have the necessargre many aspects of these organisms that still need to be researched
optical structures to detect circular polarization. To address this, wewvhich is where this study comes in. Flash patterns and DNA
are examining beetle species that that do and do not strongly refledtarcoding were used to identify which firefly species were present at
circularly polarized light from their cuticles (measured with a three local field sites from May to August of 2019; abundances were
spectropolarimetric reflectometer) and measuring whether there aralso observed. That data, in addition to minimum and maximum air
any quarter wave retarder optical structures in their eye morphologiesemperatures, were used to create a degree-day (mGDD) model. The
via electron microscopy and micro-CT. Second, while the visibility degree-day model was adapted so it can be used as a predictive
of WIPs to the human eye depends strongly on the balance betweemodel of the various local firefly species found in years to come. Soil
reflections from the wing vs. the background, we do not know howtemperature was not put in this model because minimum and
WIPs may appear to an insect. We are characterizing a broagnaximum values were not obtained daily. Many of the mGDD values
sampling of insects' WIPs (e.g. from Odonata, Hymenoptera, andor the different species found in this study matched up to previous
Diptera) using multispectral (UV to near-IR) and polarimetric findings; the ones that did not could have been because of geographic
imaging techniques with a QSI640UV camera. Overall, we expectdifferences or speciation. Fireflies can be bio-indicators of
that our study of these insect surfaces will result in improved environmental health; knowing more about how temperature affects
reflectance predictions and consideration of additional factorswhen and where they emerge will begin to illustrate what could
affecting an organism's ability to perceive the resulting spectral anchappen to firefly populations in relation to the continuation of
polarimetric characteristics of light scattered from ultrastructural climate change.

surface features.
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P1-229BAKARI, KI*; LOMAX, JJ; FARINA, SC; Howard P3-74 BAKER, NJ*; GARCIA, L; Austin College;

University, Brown University, University of Washington Friday nbakerl6@austincollege.edu

Harbor Laboratories ; imaniio@yahoo.com Transgenerational Effects of Predatory Stress in Pea Aphids

Relating Occlusal Offset to Diet in Piranhas and Pacus Predation stress affects the behaviors and distributions of many

Serrasalmid fishes, such as carnivorous piranhas and theiorganisms, as well as their interactions with one another. Pea aphids
herbivorous pacu relatives, possess an extensive range of cranigAcyrthosiphon pisum) are known to increase wing morph formation
morphologies that are believed to bear strong correlations to dietin generations following lethal predator stress to their colony, but
Most notably, the morphology of their teeth ranges drastically acrossbehavioral responses to non-lethal stress, such as reduced
Serrasalmid species, from sharp piscivorous-like teeth which arereproduction and dropping off the plant, have received less attention.
well-equipped for consuming flesh, to incisiform teeth more closely Here we seek to better understand pea aphid behaviors following
associated with herbivory. However, tooth morphology is not the non-lethal predator stress within and across generations. We exposed
only contributor to the diversity of cranial forms found within the adult pea aphids to 2 hours of non-lethal predatory stress, induced by
family. Across the taxon, Serrasalmid fishes display various degrees: lady beetle (Hippodamia convergens) with immobilized
of occlusal offsets, wherein the teeth of the upper jaw or lower jawmouthparts. After exposure, A. pisum reproductive behavior was
will extend past their opposing counterpart. By creating and observed every 12 hours for 48 hours, and the number of offspring
manipulating 3D-printed physical models to test bite performance,produced by stressed and control aphids were tracked. We found that
our study sought to answer the question of whether this degree oWithin the first 24 hours, the amount of offspring produced by
occlusal offset has any influence on biting ability with different types stressed A. pisum was significantly lower than the amount produced
of prey. Eight representative species, five piranhas and three pacugy control A. pisum. The amount of offspring produced over the
were chosen and evaluated for occlusal ability in order to determinesecond 24 hour period, however, was similar between both groups.
the natural degree of occlusion for each species. We also teste@he reproductive output between both groups over the total 48 hour
whether specific degrees of occlusion can be attributed to certairtime window showed no significant differences. These results
diets, and how biting ability is affected when species are taken out ofndicate that stressed A. pisum avoid reproducing in an unsafe
their natural occlusal positions. Our study found that underbites,environment immediately after predation stress, but this stress
which are generally associated with the piranha clade, performedesponse only lasts up to 24 hours. In additional ongoing
better on the flesh-like experimental material than overbites, whichexperiments, we will use parasitoid wasps to induce non-lethal stress
are more typically associated with the pacu clade; in contrast,n A. pisum adults, and then investigate behavioral responses to
overbites outperformed underbites on the brittle material. Thisnon-lethal stress across subsequent generations. We expect that the
implies that Serrasalmid fishes have evolved to possess degrees offspring of A. pisum exposed to non-lethal stressors will exhibit
occlusion which best suit their dietary niches. more predator avoidance behaviors than control A. pisum. These
experiments will contribute to our understanding of how reproductive
and antipredator behaviors can be modified across generations of
genetically identical organisms.

10-1 BAKER, CM*; BOYER, SL; GIRIBET, G; Harvard University, P2-66 BAKER, JA*; HEINS, DC; KING, RW; FOSTER, SA, Clark

Cambridge, MA, Macalester College, St Paul, MN; University, Worcester, MA, USA, Tulane University, New Orleans,
baker02@g.harvard.edu LA, USA,; jbaker@clarku.edu

Phylogenomics and Biogeography of the Gondwanan Vicariant The search for the Holy Grail: an explanation for the relationship
Harvestman Family Pettalidae (Arachnida, Opiliones) between offspring size and maternal size

We tested the hypothesis that Gondwanan vicariance contributed tdo be a scientist is to live a life searching for the answers to
the circum-Antarctic distribution of Pettalidae, a family of small, questions about the world in which we live, and hoping to discover
dispersal-limited arachnids whose phylogeny, based onthe deeper rules that guide life's patterns. Discovery of the deepest of
morphological or Sanger sequence data, has until now beerhese rules, followed by all of life, are in some sense the "Holy
unresolved. We generated transcriptomic data for a phylogeny ofGrails” of science. Over the past 50 years, it has become apparent
sixteen pettalids, from nine genera. Data were analyzed using ML that in organisms ranging from plants to vertebrates, at the population
Bayesian, and coalescence methods. The phylogenetic position of kevel larger "mothers” produce larger offspring. This observation
biogeographically critical genus from Sri Lanka was further explored created a conundrum, for the earliest theory suggested that it should
using quartet likelihood mapping and gene-wise changes in lognot be so. The fact that it is so widespread in life has prompted a very
likelihood scores. We also performed a dating analysis using fossilarge number of theoretical, field, and laboratory studies attempting
calibrations on a previously published Sanger-based phylogeny wittto find the deeper reason for its existence—to find this particular
near complete species sampling, and the backbone constrained tédoly Grail” that defines how life must work despite the fact that it
match our transcriptomic results. We then reconstructed theseems so counterintuitive. Unfortunately, it is becoming increasing
biogeographic history of the family under the DEC model, using the clear that there may be no one "Holy Grail” explanation for this
posterior distribution of our dating analysis to incorporate divergencephenomenon. Rather, it appears that there may be at least four
time uncertainty, and looked for signatures of mass extinction in theplausible underlying mechanisms that each produce this particular
family. We recover a mostly stable topology, with a clear division relationship between mother and offspring. We briefly describe each
between a clade from landmasses of East Gondwana, and a graad these "mini Holy Grail” explanations, and explore how they differ.
from West Gondwana. Further interrogation of phylogenetic signal We end by offering an opinion as to our current understanding of this
suggests a sister-group relationship between taxa from Sri Lanka andhenomenon.

eastern Australia. Given the coincident timing and order of

cladogenetic events with tectonic activity, Gondwanan vicariance can

explain several diversification events in Pettalidae. Some divergences

predate rifting, suggesting some level of ancient regionalization,

though not trans-oceanic dispersal. Despite the fact that there likely

has been widespread extinction in the family, especially across

Antarctica and Australia, diversification analyses find a consistent

rate of speciation throughout time.
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103-4BAKKEN, G.S*; SCHRAFT, H.A; ORDUNO-BAEZ, A; 54-5 BALCHAN, NR*; MACKESSY, SP; University of Northern
CLARK, R.W; San Diego State Univ.; george.bakken@indstate.edu Colorado; neil.balchan@unco.edu

Temperature Dependences and Angular Resolution of the Pacific ~ Venom Resistance in an Eastern Colorado Rodent Community
Rattlesnake Facial Pit. The Red Queen hypothesis describes the coevolutionary dynamic
The pitviper facial pit functions as a chamber-type "eye". Uniquely, between predator and prey where both partners must evolve in
rather than quantum detection, sensory endings detect temperatutandem to remain competitive. In several cases, rodents have
contrasts on the pit membrane produced by thermal radiation. Ademonstrated resistance to the venoms of their snake predators. For
novel neural pathway transmits this thermal image to the opticexample, the California Ground Squirrel (Otospermophilus beecheyi)
tectum, where it is merged with the visual image. Computer modelsexhibits high resistance to the venom of the Pacific Rattlesnake
of image formation suggest an indistinct thermal image. Neural (Crotalus oreganus). Conversely, cases exist where a prey species
processing in the hindbrain sharpens the image, but furtherapparently lacks physiological resistance to the venom of its predator
sharpening may occur and so the quality of the thermal image- the Cape Ground Squirrel (Xerus inauris) lacks venom resistance to
informing behavior is unknown. However, it is critical to ecological the predatory Puffadder (Bitis arietans) and Snouted Cobra (Naja
questions such as detecting prey and thermoregulatory targets againshnulifera). My research evaluates patterns of venom resistance in a
a cluttered thermal background. We are approaching this question b olorado grassland ecosystem, where the Desert Massasauga
testing the response of Pacific rattlesnakes (Crotalus oreganus) to &Sistrurus tergeminus edwardsii) and Prairie Rattlesnake (Crotalus
target moving against a patterned background. Temperatures areiridis) predate upon a suite of rodent species. Field sites are located
chosen so that it can be detected only if the background is resolvedn northern (one snake predator) and southern Colorado (two snake
Selection of experimental conditions required knowledge of how, predators) to investigate patterns of resistance between and within
singly or in combination, body, neurosensory ending, target, andlocations at the geographic level. Median lethal dose assays are used
background temperatures affect response. Using a target movingo assess venom resistance of select rodent populations to specific
against a uniform background in a preliminary factorial experiment rattlesnake venoms. Serum-based assays determine the protective
(body x target x background temperatures), we found responseffect that a rodent's serum exhibits against specific venom
increased with target - background contrast. There was no responssomponents. Preliminary results indicate a moderate protective effect
to varying absolute target temperature with fixed 6 °C contrast. But,of the serum of Deer Mice (Peromyscus maniculatus) and Meadow
contrary to nearly all other physiological processes, responsevoles (Microtus pennsylvanicus) against Prairie Rattlesnake venoms,
increased as body temperature decreased. This response is integralliat not Desert Massasauga venom. Studying patterns of venom
the facial pit sensory system, as we found the response to a movingesistance in a system with two predator and multiple prey species
visual target was independent of body temperature. We will describeallows us to understand better the evolution of such defenses and to
the apparatus and present preliminary results of the resolutiorevaluate whether local adaptation exists.

experiment.

117-3 BALEBAIL, S*; SISNEROS, J A; University of Washington;  101-1 BALENGER, SL*; SIKKINK, K; ZUK, M; BAILEY, NW;

sujayb@uw.edu University of Mississippi, University of Minnesota, St Andrews
Relationship of advertisement call parameters with phenotypic University; balenger@olemiss.edu
traits in "singing” male plainfin midshipman Fitness consequences and immunogenetic strategies against a

The plainfin midshipman (Porichthys notatus) is a vocal species ofnovel parasitoid in a field cricket

teleost fish that uses social acoustic signals for communication Among the parasites of insects, endoparasitoids impose a unique
During late spring and early summer midshipman migrate from deepchallenge to host defenses because they use the body of another
water to the rocky intertidal region to breed. Type | or "singing” male insect for the development and maturation of their eggs and/or larvae.
midshipman construct nests beneath rocks and produce lowlrachinid flies are highly specialized acoustically-orienting
frequency, long duration advertisement calls or "hums” to attractparasitoids that release mobile larvae, which burrow into the host's
mates for spawning. Females locate nests via phonotaxis, lay theibody to feed. Larval feeding typically leads to host death. We
eggs in a single nest, and then return to deeper waters. Type | malésvestigated the possibility that coevolving Teleogryllus oceanicus
care for the offspring until they are old enough to leave the nestfield crickets employ post-infestation strategies to maximize survival
Field studies have demonstrated that larger males contain a greaterhen infested with the larvae of the parasitoid fly Ormia ochracea.
number of offspring in their nests and laboratory two-choice Using crickets from the Hawaiian island of Kauai, where the
experiments showed that females prefer to lay eggs in the nests gdarasitoid co-occurs, and crickets from the Cook Islands (Mangaia),
males with larger body size. We tested the hypothesis that male humahere the parasitoid is absent, we evaluated fitness consequences of
convey not only location but also fitness information to potential infestation by comparing feeding behavior, reproductive capacity,
mates. We recorded the hum of eight captive male midshipmarand survival of males experimentally infested with O. ochracea
overnight in a tank maintained at a temperature between 12.8 — 14.farvae. We also evaluated genetic mechanisms underlying host
°C and measured various call features such as the fundamentaksponses by comparing gene expression in crickets infested with fly
frequency (f0) and second harmonic (f1) of the hum, average callarvae for different lengths of time against that of uninfested control
duration, and calling effort. We then correlated these quantities withcrickets. We did find some evidence for population differences in
potential indicators of male fitness such body length, body size,fithess (spermatophore production) and survival (total survival time
Fulton's body condition, gonad mass, and gonadosomatic index. Calbost-infestation), although in both cases significant population effects
duration and calling effort did not correlate with any of the 1) were not associated with the slope of the response to different
morphometric parameters, but the fundamental frequency (f0) anchumbers of larvae and 2) only emerged from models containing body
second harmonic (f1) of the hum correlated positively with Fulton's condition at one but not both time points evaluated. Patterns of gene
body condition, but not with other parameters. Our preliminary dataexpression similarly show some evidence of population differences
suggest the hum harmonics may serve as a condition-dependent @m response to infestation, but we did not find evidence for consistent
"honest” acoustic signal that provides important information related differences in genes associated with immunity or the stress response.
to the quality of the sender.
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62-5BALIGA, VB*; SZABO, |; ALTSHULER, DL; University of 34-8 BALLESTEROS, JA*; AHARON, S; GAINETT, G; ZERN, J;
British Columbia, Vancouver, BC Canada; vhaliga@zoology.ubc.ca ZEHMS, PP; GAVISH-REGEV, E; SHARMA, PP; University of
Examining the evolution of range of motion helps resolve gaps Wisconsin-Madison, The Hebrew University of Jerusalem;
between form and function in the avian wing ballesterosc@wisc.edu

The vertebrate limb is a dynamic structure that often includes manyAn Integrative Investigation Of Eye Loss In Levantine Arachnids
endoskeletal elements yet has traditionally been analyzed via "staticThe unique adaptations of cave-dwelling organisms are one of the
measures of morphology such as length or mass. Can incorporating most fascinating examples of convergent evolution. The reduction or
structure's dynamic capabilities help explain apparent gaps betweetotal loss of eyes is an example of the suite of adaptations exhibited
form and function? For example, studies have repeatedly found thaby troglobitic animals. But in arachnids, the genetic mechanisms
across broad investigations of avian clades, the correspondencenderpinning this iconic phenotype are virtually unexplored. The
between wing shape and flight behaviors is coarse. The avian wingstudy system of this contribution consists of disjunct populations of
however, is well-suited to trace the evolution of motion capability: by two arachnid orders from Israel and Palestine. These display a wide
modulating wing shape via skeletal joints, birds generate and controphenotypic spectrum of eye size, ranging from the typical
forces to keep themselves aloft. We measured the three-dimensionalrrangement eyes to complete blindness. Here, we implemented
movement capabilities of wings from cadavers of 61 bird speciesRAD-Seq approach to characterize the evolutionary dynamics and
from 20 avian orders, spanning a wide range of body masses andpecies boundaries of the cave and surface populations. To identify
flight behaviors. These cadaver measurements were coupled withetinal determination gene network (RDGN) members involved in
high-speed video of in vivo wing usage in three focal species. Using @he reduction/loss of eyes, we performed differential gene expression
phylogenetic comparative framework, we found that various aspect{DGE) analysis of embryos prior and subsequent to eye formation
of range of motion strongly associate with flight behavior and/or from blind and eye-bearing populations of a whip-spider
body mass. In contrast, wing shape bears little correspondence tfAmblypygi, Charinus). DGE analysis identified RDGN members
either explanatory variable. The static morphological traits of the that are highly expressed in the eye bearing and lowly expressed in
wing also exhibit high phylogenetic signal whereas range of motionthe blind whip-spider (or vice versa); among those, we found eye
traits show greater evolutionary lability. Collectively, these results patterning candidates whose expression has been well-characterized
suggest a new framework for understanding the evolution of thein spiders. As validation of the DGE, we interrogated the function of
vertebrate skeleton: rather than static morphology, it may bea high-ranking RDGN homolog in the spider Parasteatoda
emergent properties such as range of motion that are predominantliepidariorum using RNAI. The resulting phenotypes from these
reshaped as behaviors and body size evolve. assays show an array of phenotypes that mirror the reduction in eyes
observed the cave adapted spiders of Israel. Together, the integration
of these approaches is providing the first insights as to the
developmental genetic basis of eye evolution in arachnids.

34-5 BALLOU, L*; ILIFFE, T; OLESEN, J; P3-105 BALOUN, DE*; LANE, JE; MCADAM, AG; DANTZER,
BRACKEN-GRISSOM, H; Texas AM University at Galveston, BJ; BOUTIN, S; University of Saskatchewan, Saskatoon, University
University of Copenhagen, Florida International University; of Guelph, University of Michigan, Ann Arbor, University of
balloul@tamu.edu Alberta, Edmonton; dylan.baloun@usask.ca

Molecular Phylogeny of Remipedia: Providing Preliminary Does the ability to dissipate endogenous heat to their environment
Insights into the Evolution of Feeding across an Enigmatic constrain reproductive investment for wild endotherms?

Crustacean Group Physiological processes used to obtain, extract, transform, and

Remipedes are a class of crustaceans that are found predominantatiocate resources from the environment (i.e., activity, digestion,
within submerged anchialine cave ecosystems. Due to the limitednetabolism, lactogenesis) create heat that is either used to maintain a
accessibility of these habitats, insight into the evolutionary history high body temperature or must be dissipated to the environment to
and feeding ecology of this group remains largely unknown. Threemaintain homeostasis. The ‘heat dissipation limitation' hypothesis
previous reports have developed interspecies phylogenies obuggests that the ability to dissipate endogenous heat affects the
Remipedia; however, the addition of recently discovered species andapacity of endotherms to manipulate and allocate resources from
evidence of cryptic speciation warrants further investigation. Thetheir environment to their offspring. Female American red squirrels
purpose of this research is to further elucidate the evolutionary(Tamiasciurus hudsonicus) that delay reproduction (due to decreases
relationships of species within Remipedia using morphological andin food abundance) are under selection to reduce investment in their
molecular techniques. Three mitochondrial genes (CO1, 16S offspring (realized as lower growth rates of offspring). Delays in
Cytochrome B) and two nuclear genes (H3, 18S) have been amplifiedeproduction by red squirrels coincide with the warmest parts of
and sequenced from 150 remipede samples. Sequences will then lsammer, which may exacerbate heat dissipation constraints and the
trimmed, aligned, and compared using GENEIOUS and IQTREE. Inability to allocate resources to offspring. Hypothesis: reproductive
addition to molecular analyses, remipede mouthparts (mandiblesputput of female red squirrels is limited by their capacity to dissipate
maxilla one and two, maxillipeds) were dissected and photographedeat and by the lack of resources available in their environment. We
using scanning electron microscopy. Remipedes exhibit highlypredict that females that have their capacity to dissipate heat
distinctive mouthpart morphotypes at the family level which may increased, will be able to transform resources to a fuller extent and
suggest divergent feeding strategies across the Class. Mouthpanmcrease investment in their offspring. We reduced the insulation of
morphotypes will thus be traced across the molecular tree in order téree-living red squirrels (by reducing dorsal fur cover using an
identify potential patterns of feeding evolution. electric razor) and followed them throughout reproduction to
guantify metrics of reproductive output (i.e., litter mass and size,
growth rates of individual offspring). This study is the first to
combine a manipulation of the capacity to dissipate heat and to
guantify reproductive output of a mammal in the wild.
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The Role of Predation Threat in the Development of Antipredator London, MfN, Berlin, MNHN, Paris , FMNH, Florida;
Behavior carla.bardua.15@ucl.ac.uk

The impact of invasive species on native populations has become ®acroecology and Morphological Evolution of the Frog Skull

growing concern in conservation. Not only can invasive species driveAnurans (frogs) are the most speciose lissamphibian clade, and they
native population extinction events, but novel predatory species havexhibit astonishing cranial diversity, creating a significant challenge
been shown to alter the evolutionary trajectories of prey populationfor quantifying cranial morphology across the clade. Here we
behavior by introducing strong, novel selective pressures. Often, preyjuantify anuran cranial morphology using high-density landmarks
rely on suites of antipredator behaviors as a means of defense againshd semilandmarks for 173 anuran species sampling every extant
predation threat. Thus, it is important to ask how the expression ofanuran family. The complex morphology of the frog skull is
antipredator behaviors evolves. Predatory Northern pike, Esox luciustepresented by a total of 995 landmarks and semilandmarks across 15
have invaded freshwater lakes in Southcentral Alaska. Native tocranial regions, making this the most comprehensive dataset of
these lakes are populations of threespine stickleback, Gasterosteusnuran cranial morphology to date, in terms of both taxonomic
aculeatus, which serve as prey for pike. Previous research revealsampling and density of shape data. With these shape data we
that threespine stickleback antipredator behavior is likely a plasticinvestigate ecological, developmental, phylogenetic and allometric
trait. Our study investigates whether these antipredator behaviorainfluences on the morphology, evolutionary rate and disparity of each
patterns result from differing developmental environments, cranial region. Microhabitat use is a strong influence on morphology,
specifically developmental stress related to predation threats. Fislevolutionary rate and disparity. Semi-fossorial, fossorial, and aquatic
from both pike-invaded and pike-free populations were reared in labspecies are the most disparate and fastest-evolving, and this pattern is
either with or without simulated predation throughout development. most evident for jaw suspensorium cranial regions. Fossorial and
These fish were compared with wild-caught fish from the sameaquatic species occupy distinct regions of cranial morphospace, with
populations. Through these comparisons, we aim to assess whether twssorial species associated with dorsoventrally taller skulls.
not the stress treatment imposed on lab-reared fish duringDevelopmental strategy, in contrast, exhibits either a non-significant,
development triggers plastic differences in phenotype analogous t@r a very weak, influence on morphology, evolutionary rate and
those observed in wild populations. Our results in activity measuresdisparity. However, ossification sequence timing significantly
suggest interactions between population and developmentainfluences evolutionary rate and disparity across frogs, with
environment. This presentation in full unveils further insights into the later-ossifying bones significantly more disparate and faster-evolving
role novel predation stress plays in acting as the mechanisnthan early-ossifying bones. Phylogeny and allometry are both
underlying the plasticity of antipredator behavior phenotype significant influences on frog crania, and cranial modules are

expression. differentially influenced by phylogenetic, allometric, and ecological
effects.

31-7 BARFIELD, SJ*; DAVIES, SW; MATZ, MV; University of P2-134 BARKAN, CL; ZORNIK, E; LEININGER, EC*; Reed

Texas, Austin, Boston University, University of Texas, Austin ; College, Portland, OR, New College of Florida, Sarasota, FL;

sbarfield@utexas.edu ezornik@reed.edu

Co-recruitment of Relatives Leads to Emergence of Inbred Identifying neuronal properties underlying the evolution of

Genetically Isolated Group within a Panmictic Population of a divergent vocal behaviors

Broadcast-spawning Reef-Building Coral To identify mechanisms underlying the divergent evolution of motor

Many broadly-dispersing marine taxa are species rich, show genetibehaviors, we investigated a hindbrain circuit that controls vocal
heterogeneity on small spatial scales, and are locally adapted tpatterns in two frog species that diverged ~17 mya: Xenopus borealis
various environmental conditions. How such genetic subdivisionsand Xenopus laevis. Male advertisement calls differ: X. laevis calls
can emerge despite apparent lack of barriers to genetic exchangeonsist of many rapid sound pulses with a ~1000 ms period, while X.
continues to be the major paradox of evolution in the sea. Oneborealis calls consist of a single sound pulse with a 200-500 ms
understudied process potentially contributing to genetic structuring inperiod. Sound pulses in both species are activated by bilateral bursts
marine populations is variation in larval recruitment. Here, we reportof laryngeal nerve activity called compound action potentials
an unusual recruitment pattern in the broadcast-spawning cora{CAPs). To investigate premotor mechanisms of species-typical call
species Acropora hyacinthus on Yap Island, Micronesia. Reducedroduction, we used electrophysiological recordings in fictively
representation genotyping of 281 individuals on this isolated reefcalling isolated brains that generate CAPs with species-typical
system demonstrated island-wide panmixia but also a geneticallytemporal patterns. In X. borealis CAPs are long (~50 ms), while X.
divergent group of juveniles at one out of the four sites sampled,|aevis CAPs are brief (~5 ms). Vocal premotor neuron activity
showing elevated inbreeding and familial relatedness, including twomatched species-typical CAP durations: X. borealis neurons
pairs of siblings. Notably, adult corals as well as the majority of produced long spike bursts during each CAP, while X. laevis neurons
juveniles at the same site belong to the panmictic gene poolgenerated only 1-2 spikes during each CAP. We also investigated the
suggesting that representatives of the inbred lineage co-recruitedieural basis of distinct call periods. Extracellular recordings in the
from elsewhere and are at least partially reproductively isolated frompremotor nucleus revealed a slow wave of activity that corresponds
the rest of the island population. Reproductive isolation is furtherto each call period, and this wave persists when the premotor nucleus
supported by finding several distinct genomic regions of greatly is isolated from other vocal areas. Further, both X. laevis and X.
reduced genetic diversity in the inbred lineage, encompassing genesorealis premotor neurons intrinsically produce oscillations that may
involved in sperm-egg recognition and fertilization that may serve ascorrespond to call periods. In sum, these findings reveal that distinct
reproductive barrier loci. We propose that co-recruitment of geneticpremotor circuit properties underlie the evolution of divergent vocal
relatives via cohesive dispersal, a process that was previouslypehaviors.

unrecognized in marine invertebrates with planktonic larval phase,

can generate familial genetic structure on the background of general

panmixia and might be important for the emergence of genetically

distinct locally adapted ectomorphs and sympatric, cryptic species.
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Laying-Sequence Variation in the Yolk Carotenoids of Eastern Predator-induced plasticity across echinoderm life history stages
Bluebirds Marine invertebrates frequently exhibit complex life cycles,

We are studying laying-sequence variation in yolk carotenoids andncluding major life history transitions that coincide with habitat
egg metrics of Eastern Bluebirds (Sialia sialis) breeding in changes. In many marine invertebrates, adults live on the bottom of
Columbus, Georgia, USA. Carotenoids are fat-soluble yellow, the ocean (the benthos), and broadcast spawn their gametes into the
orange, and red pigments that are synthesized by plants, algae, andater column, where fertilization occurs and they begin life drifting
photosynthetic bacteria. These pigments play important roles inin the water column as planktonic embryos and larvae, eventually
immunostimulation, antioxidation, free radical scavenging, sexual metamorphosing into juveniles and returning to the benthos at
signaling, color vision, and embryonic development in birds. We aresettlement. Morphological phenotypic plasticity in response to
using high performance liquid chromatography to identify and environmental cues, may be especially important for organisms with
quantify the carotenoids in Eastern Bluebird egg yolks. Easterncomplex life histories. As echinoderm larvae approach settlement,
Bluebirds are a particularly interesting study species because no priowaterborne cues from the benthos may provide information about the
research has investigated laying-sequence variation in the yolKuture juvenile habitat, permitting expression of phenotypes that may
carotenoids of the species. We found that the yolks containedmprove post-metamorphic survival and performance. Larvae are
B-carotene, B-cryptoxanthin, astaxanthin, lutein, and zeaxanthin,known to detect and respond to the composition of the benthos when
with lutein being the most highly concentrated carotenoid. Contraryselecting settlement sites, but little is known about how benthic
to results reported for other Eastern Bluebird populations, we did nopredator cues received by larvae affect juvenile phenotypes. We
detect any significant differences in in the mass, length, or width oftested whether cues from a predator in a future habitat (the benthos)
the eggs across the laying-sequence. Preliminary results show thatan be perceived by echinoderm larvae in their current habitat (the
total carotenoid concentrations decline across the laying sequencelankton) and modify juvenile phenotypes as they settle to the
suggesting that Eastern Bluebirds use a brood reduction strategy ibenthos. Larvae of Dendraster excentricus and Strongylocentrotus
carotenoid allocation. droebachiensis were exposed to predatory crab cues once juvenile
rudiment formation began. S. droebachiensis exposed to crab cues as
larvae had significantly more juvenile spines at settlement than those
not exposed to the cue; however, there was no significant difference
in spine length, disk area, or age at settlement. In contrast, D.
excentricus larvae exhibited earlier settlement when introduced to a
crab cue. These results suggest that planktonic larvae are capable of
responding to benthic cues, but those responses may vary among

species.
P3-83 BARREIRA, SN*; BAXEVANIS, AD; NIH, Bethesda, MD; P3-44 BARSOTTI, AMG; MADELAIRE, CB*; WAGENER, C;
sofia.barreira@nih.gov TITON JR, B; GOMES, FR; MEASEY, J; University of Sédo Paulo,
Exploring the Role of Ribosomal Biogenesis in the Context of Northern Arizona University, Stellenbosch University, Stellenbosch
Regeneration University; cmadelaire@yahoo.com.br

The process of regeneration depends on proper cell growthChallenges of the invasion front: water balance, stress and
throughout numerous cycles of cell division that, in turn, depend onimmunity in the Guttural toad

the timely and flawless assembly of ribosomes. Hydractinia, a Species introduced by human activities may comprise many
colonial marine hydroid from the phylum Cnidaria, is a proven model ecosystems, however, some species may become invasive and
for the study of regeneration, as their stem cells are both pluripotentapidly expand their population size, indicating that these species
and have homologs to human genes associated with self-renewal arfthve an adaptive capacity to new environments. In South Africa, the
differentiation. We have determined the consensus sequence afufonid species Sclerophrys gutturalis was introduced in a periurban
rDNA repeats in Hydractinia, with four times as many rDNA repeats area with colder and drier climatic characteristics from those in
in its genome than seen in humans. While the coding sequences farhich native populations occur. Our goal was to understand the
each ribosomal component are similarly organized and roughly theadjustments made by this species in its new environment in terms of
same size, its intergenic spacer is 100 times shorter than in humarstress physiology and immunity. We assessed corticosterone
This suggests that Hydractinia rDNA array(s) may be under the (CORT), neutrophil:lymphocyte ratio (N:L), bacterial killing ability
control of a single promoter, enabling it to meet the high demand for(BKA) and hematocrit (Htc) basal and after standardize stressors
ribosomes during regeneration. Protein domain structural analyse¢dehydration and movement restriction), as well as body condition
indicates that Hydractinia does not possess the canonical UBFAndex (BCI) and field hydration level, in males from the native
protein, a transcription factor that binds to rDNA and required for the (Durban) and invasive population (Cape Town). Individuals from the
recruitment of the Pol | transcription machinery during ribosome native population presented higher basal BCI and BKA and lower
biogenesis. The absence of UBF suggests that Hydractinia mayN:L ratio. After the experiment, the native population presented
employ a different mechanism for regulating transcription of rDNA higher BKA than the invasive population. Individuals from both
genes than that used by higher eukaryotes, perhaps providingopulations showed increased CORT after dehydration. The results
important insight as to the regenerative capacity of this organism. Ashow that the native population presents higher immunocompetence
comparison of de novo assembled transcriptomes across a widand BCI, indicating a better conditions when compared to the
taxonomic range indicates the canonical UBF protein is not presentnvasive population. Dehydration represented stress for both
in non-bilaterians, suggesting the involvement of a novel protein orpopulations, increasing CORT levels. Thus, our results corroborate
UBF precursor. This systematic characterization of rDNA repeatsthat the BCI and dehydration level can generate major impacts on the
and transcription factors using comparative genomic approaches hgshysiological processes for this species.

already provided important clues as to the mechanisms underlying

regeneration, providing a strong foundation for developing new

clinical approaches to improve human health.
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State University , Washington State University; barts2@ksu.edu Exaptation as a possible mechanism facilitating invasion of
Repeated mitochondrial evolution underlies adaptation to extreme extreme environments

environments Extreme environments push organisms to their physiological limits,

Extreme environments are characterized by harsh physiochemicahnd recent literature is rich in studies investigating the mechanisms
stressors that push organisms to their physiological limits. Despiteof adaptation that allow organisms to thrive in these habitats.
the challenges presented by these habitats, life can be found thrivinglowever, little is known about why only some species are capable of
in nearly every example of extreme environment. The questioninitially colonizing these extreme conditions. A potential explanation
remains whether or not organisms inhabiting similar extreme for this phenomenon is exaptation, where the function of a trait with
conditions evolve in similar ways. To test for these, we investigateda particular function is co-opted for a new function given new
the mechanisms that facilitate adaptation to hydrogen-sulfide (H2S)conditions. Here we tested whether exaptation may have facilitated
a potent respiratory toxicant that directly interferes with the colonization of H2S-rich habitats. H2S is lethal to most
mitochondrial function, in evolutionary independent lineages of organisms, and streams rich in H2S are characterized by low
poecilids, with special emphasis on populations of Poecilia biodiversity due to limited physiological tolerance. In contrast, the
mexicana. Analysis of gene expression across sulfide-tolerant andncestral freshwater environments are rich in biodiversity. In
-intolerant poecilids shows that H2S tolerance is potentially mediatedMexico, no physical barriers prevent movement between H2S-rich
by convergent modification and expression of genes involved in H2Sand freshwater springs. Interestingly, only some species of fish that
toxicity and detoxification. The primary pathways associated with inhabit ancestral freshwater habitats have successfully colonized
H2S tolerance were oxidative phosphorylation (OxPhos) and H2SH2S-rich springs, and the mechanisms that facilitate these events are
detoxificatiom initiated by the sulfide:quinone oxidoreductase (SQR) unknown. We used a comparative approach to investigate the
pathway. We assessed function of OxPhos enzymes and SQR itranscriptional responses upon H2S exposure in ancestral populations
response to H2S in three lineages of P. mexicana and show thaif species with a derived sulfidic population and species that lack an
sulfide-tolerant populations maintain higher OxPhos activity and H2S-tolerant phenotype. We predict that ancestral populations of
have higher SQR activity compared to sulfide-intolerant fish. We successful invaders will possess a higher H2S tolerance and
also found evidence for increased regulation of internal H2S plastically modulate gene expression upon exposure to H2S in a way
concentrations in sulfide-tolerant fish. Together, these pathwaysthat resembles gene expression patterns in derived H2S-adapted
appear to be responsible for the maintenance of mitochondrialkpecies. In contrast, species that have not successfully colonized
respiration rates in sulfide fish even when H2S is present. Our resultsulfide springs are predicted to have lower H2S tolerance and
indicate that convergent adaptations in mitochondrial processesnal-adapted gene expression responses. We are investigating the
facilitate the colonization of extreme H2S-rich habitats. gene expression response of H2S exposure to elucidate possible
exaptations that exist in species with derived sulfidic populations

45-7 BASS, AH; BASS, And; Cornell University, UC Bodega 117-1 BASTIAANS, E*; JAVALY, N; O'LOUGHLIN, C;

Marine Laboratory; ahb3@cornell.edu MCCORMICK, L; WEGRZYN, P; SUNY Oneonta, Portland State
Behavioral Timing: The Essential Role of Neurohormonal University; elizabeth.bastiaans@oneonta.edu

Mechanisms Can | Buy You a Drink? The Effect of Male Hydration Status on

Field studies of animals behaving in their natural habitat provide anMale Mating Behavior and Female Life History in Bean Beetles
essential context for framing questions related to the evolution ofindividuals are expected to alter their reproductive tactics in response
daily and seasonal changes in social behavior. How the timing ofto variation in available resources. The bean beetle, Callosobruchus
such events on multiple timescales ranging from milliseconds tomaculatus, is an ideal model for understanding how variation in
hours is determined by neurohormonal mechanisms remains largelyesource availability affects reproductive behavior. Adults typically
unexplored. Studies of circulating hormones, like those led bydo not eat or drink after pupation, but they will consume water if
Rosemary Knapp, are a cornerstone of all such investigations. Hovgiven the opportunity. Also, male bean beetles have barbed
might we use such foundational information to identify the intromittent organs that harm females during mating. Despite this
contribution of cellular and molecular mechanisms determining this cost, female bean beetles often mate multiply, even when males are
form of adult plasticity? This and related questions will be addressedorevented from harassing them. Previous work suggested that
largely by focusing on recent evidence from studies of one particulafemales may derive hydration benefits from male ejaculate
group of aquatic vertebrates commonly known as toadfishes thatransferred during mating, because females given access to water
exhibit alternative reproductive tactics and depend upon acoustianated less frequently than females not given access to water. We
communication for their reproductive success. Research support fronasked whether water access would also affect male mating behavior
NSF 10S-1656664 and 1457108. or the reproductive success of females mated to well-hydrated vs.
dehydrated males. We tested whether males given access to water
transferred larger ejaculates, copulated for longer periods of time, or
exhibited a stronger preference for virgin female mates than males
not given access to water. We also tested whether females mated to
these two categories of males differed in post-mating lifespan,
fecundity, or egg viability. We found that males were more likely to
copulate with virgin female beetles than with non-virgins, although
they copulated with non-virgin females for longer. Hydration status
did not affect the strength of males' preference for virgins. Females
mated to hydrated males did not live longer than females mated to
dehydrated males, but they exhibited slightly higher fecundity and
higher egg viability.
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S10-3BATTISTA, NA; The College of New Jersey; S5-2 BAUER, U; University of Bristol; ulrike.bauer@bristol.ac.uk
battistn@tcnj.edu Functional Surfaces of Insect-trapping Pitcher Plants
Fluid-structure interaction for the people! Pitcher plants do not just solve physical problems — they use physics

Hearts, jellyfish, seagrass, and general squishy things all haveo solve one of the most existential problems in nature: finding food.
something in common - they all involve fluid-structure interactions Every single part of their pitfall traps is adapted to make the most of
(FSI). FSI applications are numerous and vital in many fields acrosgravity. Anti-adhesive wax crystals line the inside of the trap. The
science and engineering. While there exist robust methods forcollar-shaped trap rim is decorated with an elaborate pattern of
investigating FSI, many necessitate the use of complex computemicroscopic ridges, grooves and steps, and turns into a deadly slide
simulations. The knowledge of how to carry out out such simulationsfor insects when it is wetted by rain or dew. In some species, even
creates a barrier that has made this traditionally under-utilized andhe roof-like pitcher lid is modified into a rain-powered springboard
inaccessible by researchers, particularly students. IB2d ("l beg tdhat catapults insects into the fluid-filled trap below. The diversity
differ”) is open source software that was specifically designed toand high level of perfection of their anti-adhesive surfaces means that
make FSI accessible to the scientific community and studentpitcher plants have become a model for biomechanical research and
researchers. During this talk, | will highlight some standard an inspiration for the development of biomimetic functional surfaces.
approaches in FSI across a variety of applications, includingThis talk summarizes the current state of research and gives an

biomechanics and biomimetic devices. outlook on open questions and future directions.

72-6 BAUMGART, SL*; CLAESSENS, LPA; University of P1-214 BAXTER, D*; FARINA, SC; FATH, MA; TYTELL, ED;
Chicago, Maastricht University; slbaumgart@uchicago.edu DONATELLI, CM; Tufts University, Howard University, University
Avian sternum disparity and ecomorphological implications of Ottawa; dana.baxter@tufts.edu

The avian sternum anchors the main muscles powering flight and i€volution of notochordal foramina in actinopterygian fishes

highly disparate in morphology. For instance, some birds featureMost fish species have a hole that passes through the center of each
long, narrow sternal plates with deep keels, others have almosvertebrae, called the "notochordal foramen." Since the notochord
square sternal plates and shallow keels, and some have very reducedsses through the foramen, its size and shape likely affects the
or non-existent keels. Little work has focused on the relationshipmechanical properties of the fish vertebral column. In this study, we
between the complex sternum shape and a bird's ecomorphologyquantified the size and shape of the notochordal foramen and the
Here, we use automated three-dimensional (3D) geometricoverall vertebrae in 72 actinopterygian species. We used
morphometrics (auto3dgm in Matlab) on a sample of 124 isolatedmicro-computed tomography scans from oVert (openVertebrate)
avian sterna to examine relationships between sternal form andcans downloaded from Morphosource.org to measure the anterior
function. The R package Geomorph was used to run a Generaand posterior angles of the vertebral cones, the diameters of the
Procrustes Analysis and a Principle Component (PC) Analysis tovertebrae, and the canal diameters and centrum lengths at the
examine the sternal plate disparity across Aves. In our results, PCYertebrae that were located at equidistant points along the body
ranges between a square sternal plate and a shallow keel (e.g., owlgngth of each fish. In order to determine these points, we measured
grebes) and a long, narrow sternal plate with a deep keel (e.g.the standard length of each fish and and quantified these parameters
turkeys and doves). PC2 ranges between a posteroventrally-inclinetbr vertebrae spaced every 10% along the body. Mapping the
leading edge of the sternal keel (e.g., owls, turkeys) and anmorphological parameters to a recent actinopterygian phylogeny
anteroventrally-inclined leading edge of the sternal keel (e.g.,using fishtree and phytools R packages, we found that the
gannets, loons). PC3 ranges between an angled posterolateral margimotochordal foramen shows a pattern of decreasing diameter
(e.g., tropicbird, hornbill) and a rounded posterolateral margin (e.g.,throughout the evolutionary history of teleosts. A few groups do not
loons, kakapo). A 3D plot of these PCs shows that phylogeny seem#ollow this pattern, because they have a larger notochordal foramen
to be the predominant factor driving most of the clustering in the diameter than the ancestral state. These patterns indicate that the
analyses. Owls group together, pheasants and turkeys group togethexxistence of a large notochordal foramen is an important trait in the
and ducks and geese group together. However, convergence is alocomotor biomechanics of some species that have convergently
evident; for example, a cluster with doves, macaws, and ternsvolved and persisted, despite a general trend of reduction across
exhibits very deep keels extending the full length of an actinopterygians.

anteroposteriorly elongate sternal plate. These observations suggest

that certain sternum morphologies can be used for multiple behaviors

and habitats and that sternal shape is not driven by phylogenetic

relationships alone.
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We need to talk...about IGF2: A cross-species comparison of IGF1 sarabebus@gmail.com

and IGF2 expression in amniotes. Brood-parasitized nestlings have higher baseline corticosterone

The Insulin and Insulin-like Signaling (I1IS) network regulates concentrations

cellular processes including growth, reproduction, and longevity. Thelntraspecific brood parasites lay their eggs in the nests of other
top regulators of signaling in this network are the paralogousspecies for host parents to care for and raise. Adults or newly hatched
hormones IGF1 and IGF2. In mice and rats, IGF2 expression isyoung of many brood parasite species evict host eggs and/or
turned off soon after birth, while IGF1 remains on throughout life. nestlings from the nest. However, non-evicting brood parasites, such
However, this is different from the expression patterns in humans ands the brown headed cowbird (Molothrus ater), are often raised
recent studies in reptiles that demonstrate IGF2 expression continueslongside host nestlings. Biologists have long been fascinated by the
through adulthood. The lack of posthatal IGF2 expression in labevolutionary arms race between brood parasites and their hosts and
rodents has led to the hormone's physiological effects and regulatiothe effects of brood parasitism on fithess. We know that parasitism
of the IIS network during adulthood to be ignored. To test the extentreduces short- and long-term survival of host chicks and adults,
to which IGF2 is expressed postnatally in amniotes, we quantify theparticularly in small host species. However, there remain gaps in our
gene expression of the IGF1 and IGF2 hormones across amniotknowledge concerning the proximate mechanisms that mediate host
lineages using two approaches. First we use quantitative PCR omesponse to brood parasitism. Glucocorticoids (including the main
liver cDNA at three life stages (embryonic, juvenile, and adulthood) avian glucocorticoid, corticosterone [CORT]) are released by
to compare the expression of IGF1 and IGF2 across the lab rearedctivation of the hypothalamic-pituitary-adrenal axis in response to
house mouse, wild derived house mouse, wild deer mouse, zebratress and mediate a number of nestling behaviors and metabolic
finch, house sparrow, eastern fence lizard, and brown anole lizardprocesses. We examined circulating levels of baseline and
Second, we mine adult liver transcriptomes for all amniotes that arestress-induced CORT levels in hooded warbler (Setophaga citrina)
publicly available in NCBI and quantify relative expression of IGF1 nestlings from brown headed cowbird parasitized and non-parasitized
and IGF2. In contrast to the biomedical models, we find that IGF2 isnests. Nestlings from parasitized nests had higher concentrations of
expressed ubiquitously across adult sauropsids and in manyaseline CORT compared to nestlings from non-parasitized nests.
mammals, often at a higher level than IGF1. These data provide &arasitism did not affect stress-induced CORT levels. Elevated
fundamental understanding of IGF2 expression patterns in amniotebaseline CORT during development can interfere with growth,
and in doing so has identified a spotlighting effect bias due to thehowever, we found no difference in mass or tarsus length between
acceptance of knowledge from laboratory rodents as being thenestlings from parasitized and non-parasitized nests. Our findings
default. Further, we identify species that can be used to study thesuggest that presence of or competition with cowbird nestlings is a

function of IGF2 across lifespan. stressor to host chicks. Further study is needed to determine if
parasitized induced changes in CORT have downstream behavioral
effects.

41-4 BECKER, DJ*; SCHULTZ, EM; ATWELL, JW; HALL, RJ; 48-4 BEDGOOD, SA*; BRACKEN, MES; University of California

KETTERSON, ED; Indiana University, Wittenberg University, Irvine; sbedgood@uci.edu

University of Georgia; danbeck@iu.edu Making it Big and Losing Friends: Algal Symbiont Contributions

Urban residency, host immunity, and infectious disease dynamics  are Shaped by Sea Anemone Life History

in a traditionally migratory songbird The stability of nutrient exchange in a mutualistic symbiosis is highly

Human-induced changes to climate and habitat (e.g., urbanizationjlependent on the availability of resources to both partners, and
can facilitate traditionally migratory animals becoming year-round interactions between partners can shape niche partitioning among
residents. As migration can be energetically expensive, shifts toholobionts. Symbiotic sea anemones on California rocky shores
sedentary behavior may minimize energy demands fromobtain nitrogen and carbon from prey that they capture, but a large
long-distance movements and their immunosuppressive effectsportion of their dietary carbon comes from contributions by
Residency in urban habitats could further minimize energetic symbiotic dinoflagellate algae in the family Symbiodiniaceae. We
demands owing to abundant food resources and allow sedentarfifypothesize that life history traits including allometry,
animals to invest more in immunity. To examine how recent shifts tosurface-area-to-volume ratios, and reproductive strategies affect the
residency affects physiology in ways that may shape diseaseotential for contributions from the algal symbionts. Our approach
dynamics, we analyzed leukocyte profiles of two dark-eyed juncoincludes both observational and experimental studies of three
(Junco hyemalis) populations in southern California: the Lagunacongeneric sea anemone species. Anthopleura xanthogrammica is the
Mountain population, which breeds in high-elevation forests andlargest species, A. sola is smaller, and A. elegantissima is the
migrates altitudinally, and the urban San Diego population, whichsmallest, reproducing asexually to create large clonal mats. We
was likely established by overwintering migrants in the 1980s anddesigned an in situ experiment where the diets of sea anemones were
has become non-migratory. Over a two-year study of eachmanipulated by either adding or removing prey daily for three weeks.
population's breeding season in 2006 and 2007, we found ndlissue samples of sea anemone, algal symbiont, and common prey
difference in the ratios of heterophils to lymphocytes betweenitems were collected from the experiment and from an adjacent site
populations, suggesting similar baseline glucocorticoid levels. for carbon and nitrogen stable isotope analysis. THhl dalues
However, urban residents had higher total leukocytes than migrantssuggest that the diets of sea anemone species are different even
together suggesting minimal differences in energetic demandshough the anemones are found in the same habitat. *f@evalues
between populations. However, urban residency may conferare similar between A. sola and A. xanthogrammica but both are
immunological benefits through abundant anthropogenic resourcesdifferent from A. elegantissima values. We found tHdCdvalues of

To explore the epidemiological consequences of such benefits, wé\. elegantissima anemone tissue and associated algal symbionts
outline a susceptible—infected-latent—infected modeling frameworkclosely match while A. sola and A. xanthogrammica anemone tissue
that couples migrant-resident interactions and their respective annuand algal symbiont 8C do not match. This suggests that A.
cycles. By varying the strength by which urban habitats modify hostelegantissima relies mostly on algal symbiont contributions for its
resistance and competence of residents, alongside migration-inducedietary carbon intake while A. sola and A. xanthogrammica receive a
relapse, we show how these individual-level changes can scale up targer portion of their dietary carbon from heterotrophic feeding.

shape population-level infection dynamics.

January 3-7, 2020, Austin, TX 27



SICB 2020 Annual Meeting Abstracts

31-5BEDWELL, H*; ABBOTT, E; BALOGH, A; KOLODZIEJ, G; P2-247 BEDWELL, H*; BAY, L; FULLER, Z; PRZEWORSKI, M;
HEJMADI, P; DIAZ, L; HUYNH, K; MA, J; MATZ, M; KENKEL, MATZ, M; University of Texas at Austin, Austin, Texas, Australian

C; University of Texas at Austin, Austin, Texas, Atlantic Institute of Marine Science, Columbia University, New York City,
Oceanographic and Meteorological Laboratories, NOAA, Miami, NY, Columbia University, New York City, NY;

Florida, University of Southern California, Los Angeles, CA; hbedwell@utexas.edu

hbedwell@utexas.edu Mitochondrial introgression and its role in coral thermal tolerance
Hurricane-driven asexual reproduction in massive boulder corals Increasingly frequent thermal stress events are causing strong
in the Florida Keys selection for higher thermal tolerance in corals. While most studies

Despite being capable of both sexual and asexual reprouction, theave focused on thermal tolerance associated with the coral's
major-reef builders in the Florida Keys have low to non-existent symbiotic algae, a recent study shows the larval thermal tolerance of
sexual recruitment rates. It is unknown how populations of these keyAcropora millepora depends on maternal background, suggesting
species are being maintained. Focusing on the Orbicella genus, wenitochondrial (mt) variation might also play an important role in
hypothesize that coral populations are being maintained bycoral thermal tolerance. To assess mt variation, 225 individuals were
storm-driven asexual reproduction: when a coral fragment breakssampled throughout the mid-range of the Great Barrier Reef (GBR).
from the parent colony and grows into the reef to become its ownDNA was extracted and individuals were genotyped using
individual colony, provided that is survives. While studies have beenwhole-genome resequencing. There are two mt haplotypes, and mt
done on Acropora spp., no studies to date have investigated (1yenome alignments of 12 acroporid species suggests one of the
whether hurricanes can cause boulder species to fragment, and (2) lfaplotypes is introgressed from another species. Both mt haplotypes
so, whether such fragments can survive. To address these questiorame found at high frequencies in populations across the mid-GBR.
we individually mapped and collected tissue samples from everyHowever, it is unclear whether mt haplotype frequencies correspond
coral and coral fragment along three 10-m transects at both amvith local thermal regimes, as samples do not span the entire 3°C
inshore and an offshore reef site in the Lower Florida Keys six weekshermal range of the GBR. To assess whether there are mitonuclear
after Hurricane Irma made landfall. To identify species and assessnteractions associated with the haplotypes, larvae were obtained by
clonality, DNA was extracted from 432 samples and genotyped usingcrossing A. millepora adults with different mt haplotypes, thus
reduced representation 2b-RAD sequencing. The transects wererosses share the same nuclear background, but differ in their
resurveyed and resampled six and twelve months after the storm. Theitochondria. For each cross, ~2,000 larvae were reared at 28°C, as a
storm did result in substantial coral fragmentation: we identified control, and at 36°C, as a heat selection treatment. DNA samples
storm-generated fragments of 8 different species, of which twowere taken when only 25% of the larvae remained in the 36°C heat
boulder species, Orbicella annularis and O. faveolata, were theselection treatment. The survivors of the heat selection treatment and
dominant fragmented species. We were able to genetically assigthe unselected larval pools were sequenced, and bulk genotyped
many of these fragments to parental colonies. Preliminary resultsusing 2b-RAD. If the two mt haplotypes result in different genomic
show that hurricanes can fragment boulder corals, and poor wateloci responding to heat selection, this suggests mitonuclear
quality post-Hurricane Irma did not result in immediate fragment interactions play a role in coral thermal tolerance.

mortality.
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Osteopathic Medicine; sh633118@ohio.edu Flies Remember Multiple Food Locations in the Absence of

Effect of food properties on molar occlusion during chewing in External Cues

pigs The fruit fly, Drosophila, has an extensive repertoire of behaviors

A fundamental component of mammalian feeding is mastication,generated by a brain with only 100,000 neurons, which suggests
involving occlusion of postcanine teeth to finely break down food remarkably low computational complexity. One essential behavior is
into smaller particles. The dynamics of occlusion have primarily foraging, which is complicated by the fact that food is variable in
been inferred from surface features of the teeth, including occlusabuality and patchy in distribution. One strategy that flies use to adapt
topography and wear patterns. Recently, however, X-Rayto patchy and variable food environments is to execute a local search
Reconstruction of Moving Morphology (XROMM) provides the once they initially find food. During this local search, flies exhibit
visualizing and measurement resolution necessary to characterize thgath integration; that is, they keep an internal memory of the location
dynamics of occlusion during chewing. Here, we use XROMM to of the initial food patch. Path integration is arguably one of the most
investigate the effect of two food properties, stiffness and toughnesssophisticated tasks performed during locomotion and is thought to
on molar occlusion during rhythmic chewing in pigs. Four pigs were depend on the function of the Central Complex (CX), a set of
fed size standardized pieces of apple (low toughness and lownpaired nuclei in the core of the insect brain. Our lab recently
stiffness), carrot (high toughness and low stiffness), and almondshowed that local search can be induced by an optogenetic stimulus
(high toughness and high stiffness). We compared the duration of thén lieu of actual food. Using this paradigm, we can make flies
occlusal period as well as the translations in the buccolingual,perform local search in a constrained arena, such as a narrow circular
mesiodistal, and ventral-dorsal planes of individual cusps. Mixedchannel. Using this fictive food within this simplified, one
effects modeling with repeated measures on individuals demonstratedimensional arena, we studied whether flies remember more than one
that toughness and stiffness differentially impact occlusal dynamicsfood location. When we presented one or two fictive food sites, we
Increasing food toughness results in longer tooth-food-tooth orfound that fly's search behavior is biased toward food locations it
tooth-tooth contact during chewing, but there was no changepreviously encountered. We propose that when multiple foods are
associated with increased food stiffness. Translations of the firstpresent, flies use the specific spacing of the food sites to update their
molar were observed in the mesiodistal plane across foods okearch range to include all the food sites they have experienced. As
different toughness while buccolingual displacements were differentthe fly cannot see and must rely on an internal representation of
among foods of different stiffness. These results may reflect that lowdistance, these experiments help provide compelling evidence of how
toughness foods require less tooth-food-tooth contact to facilitatespatial distributions may be encoded in the insect brain and future
bolus creation, whereas foods of different stiffness impact otherstudies will be critical in determining whether the CX is involved in
measures of the gape cycle (i.e., translations). these functions.
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Phylogenetic Placement of Burmese Tree Frogs in the genus The evolution of cognition and behavior during a natural
Polypedates (Gravenhorst, 1829) biological invasion

Amphibians of Southeast Asia have been shown to have high levelSpecies invasions provide an opportunity to study how traits evolve
of cryptic diversity and the region offers a unique biogeographical as organisms move into novel environments. The invasion process
area to study widespread divergent lineages. The Asianmight act as a filter either via nonrandom dispersal and/or selection,
Rhacophoridae genus Polypedates has presented an ongoing afttereby leading to phenotypic differences between the invading and
notorious systematic challenge. High levels of adaptation to localsource populations. Here we test the hypothesis that behavior and
environments, phenotypic plasticity, and morphological diversity cognition facilitate the invasion process by comparing natural
have led herpetologists to divide Polypedates into six distinct cladesvariation in behavior among genetically-differentiated populations of
Previous studies have few to no samples from Myanmar. Wethreespined stickleback that were reared in a common garden.
incorporate 60 Burmese samples to the dataset and focus specificallgpecifically, we compared sticklebacks from two populations from
on the Sunda clade. We analyze the mitochondrial gene 16S rDNAhe ancestral source marine environment to sticklebacks from four
and investigate the phylogenetic placement of previously unsampledreshwater lakes that differ in time since establishment. If increased
Myanmar in the greater phylogeny of Polypedates. neophilia and inhibitory control are beneficial for colonizing new
environments, and thus evolve over the course of a biological
invasion, then we predicted that derived freshwater populations
would be more neophilic and exhibit higher levels of inhibitory
control (i.e. more likely to abandon a behavior pattern that is no
longer effective) compared to sticklebacks from the ancestral source
population. We observed substantial variation in both traits among
populations, and found support for our hypothesis: well-established
freshwater populations were more neophilic and had higher
inhibitory control than marine fish. Differences between very
recently derived freshwater populations suggest that these differences
can evolve rapidly, though nonrandom dispersal cannot be excluded
as a potential explanation. These findings are consistent with the
hypothesis that cognitive traits have played an important role in
allowing stickleback to successfully colonize freshwater habitats, and
that these traits have evolved during the invasion process.

56-8 BENSON, BE; AICHELMAN, HE; BAUMANN, JH; NIEVES, BERN-1 BENTLEY , GE; UC Berkeley; gb7@berkeley.edu

OC; STANIZZI, DA; CASTILLO, KD; DAVIES, SW*; Boston A Bird's Eye View of Reproductive Endocrinology

University, UNC CH, UNC CH; daviessw@gmail.com Puberty and reproduction are critical for the survival of all vertebrate
Diel thermal variation supports growth and symbiosis in a species. Despite a long history of research, we still do not fully
reef-building coral understand mechanisms underlying how puberty is initiated. Nor do

Rising sea surface temperatures pose the greatest threat to corals aweé know why some wild animals will not breed in captivity even if
lead to coral bleaching. Predictions about the likelihood of coral sexual maturity has been reached. Some seasonally-breeding animals
bleaching typically consider the duration and magnitude of elevatedundergo transitions in reproduction that are akin to puberty and
temperatures relative to a locally defined threshold. However, recenteverse puberty every year. Comparative studies have thus allowed
work suggests that heterogeneity in observed bleaching patterns mays to delve mechanistically into questions of reproductive activation
be better explained by the degree of diel thermal variation (DTV) and inhibition. In this lecture, | will provide an overview of how
experienced on a reef. Here, we sourced colonies of the reef-buildingtudies on avian reproduction have informed us about the
coral Siderastrea siderea from six sites across the Bocas del Tormeuroendocrinological mechanisms underlying puberty, seasonal
archipelago, which ranged in mean DTV (~2-4 °C). We conducted atransitions in reproduction and associated behaviors, and
50-day common garden experiment to assess the influence of lowseproductive inhibition. | will highlight questions that remain and
moderate, and high DTV (2, 3, and 4 °C, respectively) on growth andavenues for future exploration.

performance of S. siderea and then performed a two-week thermal

challenge followed by a two-week recovery. Results suggest that

corals sourced from higher DTV sites outperformed corals from less

variable sites, regardless of treatment. In addition, experimental DTV

had a positive influence on corals, with high DTV leading to

increased growth and corals experiencing moderate DTV maintained

higher symbiont densities after recovery. Analyses of baseline and

post-recovery physiological traits as well as baseline algal and

microbiome community compositions are ongoing. These analyses

will shed light on how corals from higher DTV environments are

able to maintain higher growth rates and how DTV modulates coral

stress and ultimate recovery. Overall, our data support the hypothesis

that DTV on the coral's native reef and in husbandry conditions plays

a central role in growth and symbiosis of reef-building corals,

highlighting the need to consider DTV when evaluating the resilience

of corals to global change.
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Investigating the function of Kriippel homolog 1 (Kr-h1) on molt Immediate and lasting neurogenomic responses to competition in a
regulation in Gecarcinus lateralis free-living songbird: an experimental manipulation of a dynamic

The exoskeleton of arthropods must be shed for growth andsocial environment
development. In insects, the antagonistic signaling pathways betweeReriods of social instability can elicit pronounced changes in
juvenile hormone (JH) and ecdysone regulate molting andbehavior and adaptive re-allocation of resources to promote success
metamorphosis. However, gene regulation of molting in crustaceansn future competition. However, the molecular mechanisms
is not well understood. In insects, Krippel homolog-1 (Kr-h1), a zinc underlying this phenotypic plast|C|ty are unclear in the natural and
finger transcription factor, is strongly induced by JH via the dynamic social environments faced by free-living animals. Here, we
Met-SRC complex (methoprene tolerant-steroid receptor experimentally generated intense social instability for a wild,
coactivator). When Kr-h1 directly binds to the promoter region of cavity-nesting female songbird (tree swallows, Tachycineta bicolor).
steroidogenic enzymes, methylation occurs thereby inhibiting We reduced nest box availability after initial settlement, generating
ecdysone biosynthesis in the prothoracic gland (PG). As forheightened competition; 24hr later, we returned boxes, causing
crustaceans, Kr-hl is involved in vitellogenesis in Portunus aggressive interactions to subside. We collected females during the
tritubulus and early development in Daphnia pulex while lacking JH peak of competition and after it had ended, along with date-matched
responsiveness. As JH synthesis and ecdysteroidogenic genes acentrols. We measured transcriptomic responses in two behaviorally
expressed in the crustacean molting gland (Y-organ), we hypothesizeelevant brain regions, the hypothalamus and ventromedial
that Kr-h1 may act in the Y-organ analogous to that in the PG. In G.telencephalon. Gene set enrichment and network analyses suggest
lateralis molting can be either induced by multiple leg autonomy processes related to energy mobilization were upregulated during and
(MLA) or eyestalk ablation (ESA), which removes the source of after competition, while sensory perception and hormone processing
molt-inhibiting hormone (MIH). By using transcriptomic data of were not upregulated until after competition had ended.
MLA and ESA G. lateralis individuals, Kr-h1l homologs were Immune-related gene regulation was more complex, with lymphocyte
identified: two gene products were obtained from the MLA processes downregulated during competition and antigen
transcriptome and one gene product from the ESA transcriptomepresentation upregulated after competition. Our data also hint at
The deduced proteins all had the seven zinc finger repeats that arepigenetic mechanisms that may mediate the lasting effects of
characteristic of insect Kr-h1l who have eight repeats. Quanitativecompetition. By experimentally manipulating competition in the
PCR will be used to quantify the effects of MLA and ESA on Kr-h1 wild, these data collectively show how natural social instability
mMRNA levels in the Y-organ. Supported by NSF (10S-1257732). causes shifts in gene expression that may facilitate the demands of
competition at the expense of self-maintenance. Further, some of
these effects persist after competition has ended, suggesting
individuals may be "primed” for success in future social instability.

P3-99 BENTZ, EJ*; MASON, RT; Oregon State University; P3-172 BERGER, CA*; TARRANT, AM; Woods Hole
bentze@science.oregonstate.edu Oceanographic Institution, MA; cberger@whoi.edu

Characterizing the Function of the Harderian Gland and its Can the cnidarian circadian clock entrain to temperature cycles?
Interactions with the Vomeronasal Organ in the Red-sided Garter ~ Circadian clocks allow organisms to anticipate and respond to
Snake periodic fluctuations in their environment. In order to synchronize to

The Harderian gland is a large cephalic gland present in most groupkcal conditions, clocks must integrate information from multiple

of terrestrial vertebrates. Although this gland has been the focus otues such as light and temperature. Nematostella vectensis, the starlet
numerous studies for over 300 years, its physiological function hassea anemone, exhibits circadian locomotory behavior and gene
remained largely unresolved. In the red-sided garter snakeexpression both in the field and in response to artificial light-dark
(Thamnophis sirtalis parietalis), the Harderian gland appears to be arcycles. Clocks are known to robustly entrain to daily temperature
integral component of the vomeronasal chemosensory system bothycles in crustaceans and insects as well as ectothermic vertebrates,
by facilitating the detection of non-volatile chemical signals and as aand this ability also exists in non-metazoan eukaryotes. However,
component of the extracellular immune system. The Harderian glandhermal entrainment has not been well-studied in cnidarians or other
of T. s. parietalis secretes its contents solely into the lumen of thenon-arthropod invertebrates. We have designed a system to control
vomeronasal organ and exhibits sexually dimorphic seasonatemperature and conduct behavioral assays, allowing us to answer
structural changes coinciding with a mutually exclusive shift in whether cnidarians, which belong to an evolutionarily
behavior from spring mating to summer feeding. Using an integratedearly-branching group of animals, also exhibit robust thermal
approach employing high throughout RNA-sequencing paired withentrainment under constant Ilght conditions. In insects and
protein mass-spectrometry, we examined the functionalvertebrates, light and temperature activate overlapping yet distinct
characteristics of the Harderian gland transcriptome as well asnolecular pathways, but the photosensitive and thermosensitive
identified and functionally characterized the proteins present inelements of the cnidarian clock have not been identified. Gene
vomeronasal secretions to describe a sexually dimorphic ancgexpression analysis over daily temperature cycles will identify
seasonally variable role of this tissue. The Harderian gland showedandidate genes whose expression differs between these two sensory
high expression of genes associated with lipid-binding proteins thosenodalities. Dissecting the behavioral effects and molecular
involved in the extracellular immune system. Proteins identified in components of different sensory pathways in an early-diverging
the fluid of the vomeronasal organ showed an abundance oimetazoan will allow us to better understand the evolution of the
lipid-binding proteins and extracellular immune proteins. metazoan clock.

Antimicrobial properties of vomeronasal secretions were

demonstrated via in-vitro bacterial killing assays. A protein of

particular interest was identified as a lipid-binding protein of the

lipocalin family and a likely candidate for a putative

pheromone-binding protein facilitating the detection of female sexual

attractiveness pheromone.
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S8-6BERGMANN, P.J.*; MANN, S.D.W.; MORINAGA, G.; 52-6 BERLOW, M*; PHILLIPS, JN; DERRYBERRY, EP;
FREITAS, E.S.; SILER, C.D.; Clark University, Oklahoma State University of Tennessee, Knoxville, California Polytechnic State
University, University of Oklahoma; pbergmann@clarku.edu University; mae.berlow@gmail.com

Convergent evolution of vertebral morphology and locomotion in Effects of Urbanization and Landscape on Wild Avian Gut
snake-like lizards Microbiomes

Snake-like body forms have evolved convergently dozens of times inThe rapid effects of human land development present relatively
most major lineages of vertebrates. Despite studies of various cladesecent and stark changes in the environment. Recent work in birds
with snake-like species, we still lack an understanding of their and humans suggests that urbanization may affect the composition of
evolutionary dynamics and distribution on the vertebrate tree of life.animal gut microbiomes. Factors driving observed differences
We also do not know whether this convergence in body form between urban and rural gut microbiomes are unknown, but may
coincides with convergence at other biological levels. Here, weinclude diet, geography, and/or pollution. To better understand these
present the first vertebrate-wide analysis of how many timeseffects, we investigated the relationship between urbanization and the
snake-like forms have evolved, as well as rates of its evolution andyut bacterial community of white-crowned sparrow populations in
reversion to a non-snake-like form. We then focus on five exampleshe San Francisco Bay area. We addressed three questions: 1) Which
of snake-like form evolution in squamates and test if they areaspects of a bird's environment influence their gut bacterial
convergent in vertebral number and shape, as well as their surfaceommunity? 2) Which host morphological characteristics best
locomotor performance and kinematics. We do this by comparingexplain gut bacterial community? 3) Are these morphological
each snake-like species to closely related tetrapodal species ancharacteristics mediating the relationship between host environment
determining whether the direction of vertebral or locomotor changeand gut bacterial community? We also assessed the effects of
matched in each case. The five lineages examined are obscure, rasgbanization by examining the taxonomic composition of gut
species that live in remote locations, providing a valuable glimpsebacterial communities in birds across habitats. We find direct effects
into their biology. They are the skink lizards Brachymeles lukbani, of environmental factors, including urban noise levels and territory
Lerista praepedita, and Isopachys anguinoides, the basal squamateand cover, as well as indirect effects through body size and
Dibamus novaeguineae, and the basal snake Malayotyphlops cttondition, on alpha and beta diversity of gut microbial communities.
ruficaudus. Our results support convergence among these species mllucidating these effects provides a better understanding of how
the number of trunk and caudal vertebrae, and in vertebral aspeatrbanization affects wild avian physiology.

ratios, but not relative vertebrae length. We also find that the

snake-like species are relatively slower than their limbed

counterparts, with the exception of Malayotyphlops, and move with

lower frequency and higher amplitude body undulations. This is

among the first evidence of locomotor convergence across distantly

related, snake-like species.

P1-127 BERLOW, M*; KOHL, KD; DERRYBERRY, EP; P1-212 BERNING, D/J*; POWERS, A/K; GROSS, J/B; University
University of Tennessee, Knoxville, University of Pittsburgh; of Cincinnati, Harvard Medical School; berninde@gmail.com
mae.berlow@gmail.com Convergent and Constructive Craniofacial Trait Evolution in Three
Can't Kill a Bird Twice: Evaluating Non-Lethal Sampling of Avian Cave-Dwelling Populations of Astyanax Mexicanus

Gut Bacteria The Mexican tetra, Astyanax mexicanus, has evolved a number of

Gut microbial communities play critical roles in the biological regressive (pigmentation and eye loss) and constructive (enhanced
functions of their host, such as mediating nutrient absorption,lateral line and gustatory systems) phenotypes. Craniofacial
digesting food components the host cannot, and offering protectiormnomalies, such as bone fragmentation and cranial bending, however
against enteric pathogens. Extensive research on gut microbiaéscape simple classification. Prior work demonstrated that cavefish
communities has been conducted on mammals, including humansave more superficial neuromasts (SN) atop their fragmented facial
and rodents, but much less work has been done in birds. Furthermoréones, and this trait may facilitate certain cavefish behaviors
much of the research on host-microbe interactions make use of fecdhcilitating food finding (e.g., vibration attraction). To understand
samples and rectal swabs as a proxy for intestinal samples, which camow sensory and skeletal traits may interact with one another, we
be difficult to obtain directly. However, little is known regarding co-analyzed a number of phenotypes in surface fish and three
overlap between the microbial communities of the gut, feces, andcavefish populations, including: degree of fragmentation, third
swabs, which limits interpretability of results based on swabs andsuborbital bone (SO3) size, severity of bend, eye orbit diameter, sixth
fecal samples. To address this gap in knowledge, we compared thsuborbital bone (SO6) presence, and superficial neuromast (SN) and
microbiota from five sample types — proventriculus, small intestines,canal neuromast (CN) numbers. We found that fragmentation
large intestines, cloacal swabs, and feces — across individual Zebraeverity varied, with Pachon fish having the most elements followed
Finches (Taeniopygia guttata) housed in constant conditions with aby Tinaja and Chica. Fragmentation increased the surface area (SA)
standardized diet. We compared diversity and community and volume (V) of the SO3. All cave populations had more SNs and
composition through 16S rRNA sequencing. Our results show thathigher SN density compared to the surface morph. CN number and
microbial communities from both cloacal swabs and feces wereplacement was symmetric in surface fish, but varied greatly in all
distinct from proventriculus and small intestinal samples, but three cave populations. The presence of a ninth CN was perfectly
indistinguishable from large intestinal samples, indicating that theseassociated with presence of the SO6 bone. Further, individuals
non-lethal samples may be useful proxies for large intestinallacking an SO6 had a smaller eye orbit. Compared to highly
communities. Additionally, cloacal swabs were better than fecal symmetric surface fish, Pachén and Tinaja cavefish exhibited a
samples in capturing individual variation, suggesting cloacal swabdeftward dorso-cranial bend, while Chica cavefish exhibited moderate
may be particularly useful in experiments with a repeated measurebends without a directional bias. This study represents the first
design. Gaining insight into noninvasive sampling techniques forcomprehensive co-analysis of the sensory and skeletal systems in
passerines has implications for studies of gut microbial diversity andAstyanax mexicanus, and illustrates how craniofacial anomalies and
abundance in wild bird populations. Further, reliable non-lethal sensory enhancement may interact to enable adaptation in the
sampling is necessary for experiments where repeated sampling iextreme cave environment.

required.
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109-1BERTUCCI, EM*; PARROTT, BB; University of Georgia, P2-52 BEYL, AR*; SMAERS, JB; GIGNAC, PM; WATANABE, A;
Athens, GA; emily.bertucci@uga.edu WILBERG, EW; TURNER, AH; Stony Brook University, NY,
Characterization of the Age-Related DNA Methylome and Oklahoma State University Center for Health Sciences, Tulsa, New
Development of an Epigenetic Age Predictor in Medaka (Oryzias York Institute of Technology College of Osteopathic Medicine, Old
latipes) Westbury; alexander.beyl@stonybrook.edu

Age specific patterning of DNA methylation ("epigenetic aging”) is Evolutionary Regime Shifts in Crocodylian Neuroanatomy

the single best marker of biological age as it is strongly correlatedPaleoneurology bolsters our understanding of brain evolution through
with chronological age, the onset of age-related disease, and all-causieep time. Archosauria, represented today by birds and crocodylians,
mortality. Epigenetic age predictors use loci specific changes in thehas long been of interest to paleoneurologists. Croc-line archosaurs,
status of DNA methylation across the genome to predict despite low modern diversity, have potential for investigating brain
chronological age with astonishing accuracy. Discrepancies betweervolution due to their numerous ecological transitions, extensive
chronological and epigenetic or "biological” age can be used tofossil record, and robust systematics. To analyze braincase endocast
explore the molecular underpinnings that determine different agingvariation and probe for a connection between neuromorphology and
trajectories. Further, important life history characteristics such as theecology, we combined high-density 3D geometric morphometric data
onset of reproductive maturity and senescence are associated witlnom crocodylian braincase endocasts with phylogenetic comparative
epigenetic age, suggesting that accelerated epigenetic aging mayethods to identify regime shifts in an OU framework. Our dataset
have implications on the timing of ecologically important life history contains 22 endocasts of 16 extant and six extinct species.
events. We aimed to identify and describe the age-related DNALandmarks were sampled from four brain regions: cerebrum, optic
methylome and develop an epigenetic clock for a model fish speciesiobe, cerebellum, and medulla. Each brain region was found to form
medaka (Oryzias latipes), using reduced representation bisulfitea distinct module and were analyzed separately. Regime
sequencing of 2-, 6-, and 12-month old animals. Our findings suggestonfiguration hypotheses, including ecologically-based snout shape
that a substantial portion of methylation changes correlate withand habitat preference, were identified and tested for the whole brain
chronological age, with a greater proportion of change occurringand each brain region. For the cerebrum, optic lobe, and cerebellum,
early in life relative to late. Using just 39 of these age-associated locithe best fitting regime hypotheses recovered a shift at crown-group
we have developed a model that is highly predictive of chronologicalCrocodylia or Neosuchia. For the whole brain and medulla, a shift
age (cor = 0.9495) and provides the ability to assess biological agevas found in the crown, between crocodyloids and alligatoroids. This
acceleration in the response to environmental factors. Here, wesuggests the medulla is driving overall brain shape. Finally,
present preliminary tests for age acceleration and provide aecological regime hypotheses varied in their fit for brain regions,
characterization of the age-related loci which demonstrates thesuggesting regions vary in their response to ecology. Future work is
genomic distribution and functional associations of the age-relatedneeded to elucidate primary drivers of shifts within the crocodylian
methylome. Our results contribute towards ongoing researchbrain.

attempting to elucidate the functional role of DNA methylation in

aging.

P1-64 BHAVE, RS*; REEDY, AM; WITTMAN, T; COX, RM; S3-9 BHULLAR, B.-A.S.*; MANAFZADEH, A.R.; MIYAMAE,
University of Virginia, Charlottesville; rsh7bz@virginia.edu J.A.; HOFFMAN, E.A.; BRAINERD, E.L.; MUSINSKY, C.;
Copulatory transfer of fluorescent powder suggests sexual selection CROMPTON, A.W.; Yale University, Brown U niversity, American
for larger males in a wild lizard population Museum of Natural History, Brown University, Harvard University;

Understanding pre-copulatory sexual selection in a wild population isbhart-anjan.bhullar@yale.edu
often hindered by our ability to document copulations in real time. The origin of chewing in mammals required rolling of the jaw and
While studies often demonstrate that large males sire more offspringinvolved broad continuity in molar form and function
higher mating success is inferred indirectly or often assumed, withRecently, we used a combination of 3D x-ray reconstruction of
few empirical tests demonstrating the same. In this study, we useanoving morphology (XROMM) and comparative analysis of fossil
fluorescent powders to assess mating rates for different size classemnd extant anatomy to argue that the unigue mammalian food
of males in a wild population of the sexually-dimorphic brown anole, processing system originally required independent rolling of unfused
Anolis sagrei . We captured nearly all males from a closed islandhemimandibles. Moreover, the original function of the therian
population and powdered them around the cloacal region with one ofribosphenic molar was to grind food in a reverse mortar-and-pestle
four unique fluorescent colors, corresponding to non-overlappingarrangement by which the talonid "mortar" moved transversely
size classes. We then, released these males on the island and captusstoss the protocone "pestle.” This transverse motion was enacted
adult females after a span of two days. We noted the presence as wedtimarily by long-axis jaw rotation. Primitive therian mammals
as color of any powder on the cloaca and dorsum of the femalesincluding opossums (Monodelphis domestica) retain the ancestral
indicating copulation with males of that size class. We found thatmode of chewing, including the mortar-and-pestle rotational grinding
copulation rates were twice as high late in the breeding season (Julystroke. Here we consider the experimental and comparative data
52.86%) compared to earlier in the season (May, 25.54%). Overallfurther and show that jaw roll is broadly conserved across mammals,
2% of females were found to have mated multiple times, as inferredand that the rotational grinding stroke can be inferred to have been
from multiple colors on the same individual. Across seasons, largepresent at the therian ancestor -- probably, in fact, well down the
males had significantly higher number of copulations (57.6%) therian stem. Fusion of the jaw symphysis has occurred repeatedly in
compared to small males (42.3%). Additionally, females that matedomnivorous and herbivorous therian clades and is associated with
were significantly larger than those that did not. Our study provideslow-crowned teeth and grinding by transverse motion of the
direct evidence for pre-copulatory sexual selection on larger bodymandible. It is also associated with reduction of the angular process,
size in males. Future studies will focus on assessing if large malesvhich we argue serves to provide greater leverage for jaw-rolling
also sire more offspring. musculature. Finally, we suggest that there is greater continuity in
molar structure and function on the stem of Theria than has
previously been appreciated.
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59-4BIERLICH, KC*; DALE, JD; FRIEDLAENDER, AS; 26-3 BILAK, JD*; WHILES, MR; MILANOVICH, JR;
GOLDBOGEN, JA; JOHNSTON, DJ; Duke University, University BYSTRIANSKY, JS; WARNE, RW; Southern lllinois University,
of California, Santa Cruz, Stanford University; kch43@duke.edu Carbondale, IL; Daniel P. Haerther Center for Conservation and
Dwarf minke whales along the Antarctic Peninsula: Evidence of Research, Shedd Aquarium, Chicago, IL.; bilak@siu.edu
climate migration or historic misidentification? Understanding the physiological mechanisms causing seasonal

The global distribution of dwarf minke whales (Balaenoptera movement changes in common mudpuppies.
acutorostra subspecies) is poorly understood, but it appears they tendihe common mudpuppy (Necturus maculosus) was once common in
to occupy low latitude waters off the coasts of Brazil, South Africa, temperature lakes of North America, however, very little is known of
and Australia, and occasionally in the South Indian Ocean. In Marchtheir current population status or basic natural history, including
2019, we encountered dwarf minke whales (n = 5) along the Souttseasonal movements. Intriguingly, these ectotherms appear to exhibit
Shetland Islands (SSI), identified post-encounter through unoccupiednverse seasonal activity patterns, increasing activity during the
aerial system (UAS) photogrammetry and resulting morphological winter months. The physiological and ecological factors determining
and phenotypical comparison between Antarctic minke whalesthese patterns are poorly understood. While metabolic adaptations
around the Western Antarctic Peninsula (WAP) (n = 40). The onlylikely play a role, we suspect reproductive and foraging ecology are
published study documenting dwarf minke whales along the WAPalso central determinants of these seasonal activity patterns. In
and SSl includes 11 sightings from 2007-2010, suggesting they areollaboration with the Shedd Aquarium veterinary staff, we
rare and only recently encountered in this region. One possibldmplanted radio-telemetry transmitters in 27 mudpuppies between
explanation for the paucity of sightings in this region is a southwardMarch and December 2017, at Wolf Lake in Chicago, IL.
range expansion concurrent with regional warming and ecosystenMudpuppies were located every ~16 days from April 2017 — July
forcing that has facilitated southward range expansions of other2018. Farthest movements were correlated with water temperature
sub-Antarctic species. This hypothesis is supported by ongoingincreases during March 2017 — December 2017, but not during
changes in the distribution and abundance of myctophid fishes, alDecember 2017 — July 2018. In addition to seasonal movements, we
important prey item of dwarf minke whales. Alternatively, they may measured water-borne reproductive hormone metabolites and
have always been present along the WAP and SSI, but have beeiemperature dependent metabolism in captive animals. Increased
misidentified as Antarctic minke whales, as these two species arencounters (captures and sightings) during colder temperatures may
difficult to distinguish from one another, especially from boat-based indicate mate searching or higher energy demands in preparation for
surveys. UAS photogrammetry provides opportunity to view theseovulation and egg laying, as mudpuppies breed in late fall to early
animals in high-resolution to distinguish subtle differences in spring. Higher activity in the winter may be linked to increased
morphology and phenotype. This study quantifies phenotypic catchability of fish or decreased seasonal predation. Temperature
differences between dwarf and Antarctic minke whales, anddependent metabolism suggests adaptations related to winter
compares them to other Southern Hemisphere populations, setting eeproduction or foraging. Increasing our understanding of the
foundation to effectively test these two competing hypotheses relateagnechanisms underlying seasonal movements and habitat selection of
to southward range expansions or historic misidentification. this distinctive salamander will facilitate conservation efforts in a
changing climate.

P3-193 BILBREY, CM*; OLENSKI, M; DIRIENZO, N; 89-3 BILLAH, MM*; RAHMAN, MS; University of Texas Rio
DORNHAUS, A; University of Arizona, Tucson, 1995; Grande Valley; mohammad.billah01@utrgv.edu
chbilbrey@email.arizona.edu Detection and Enumeration of Bacterial Pathogens in the
Serotonin Reduces Aggression in Black Widow Spiders American Oyster, Crassostrea virginica

Behavior varies amongst all individuals. Neurotransmitters are American oyster (Crassostrea virginica) is a popular sea food for its
chemical messengers that can affect physiological functions such adelicacy and high nutritional value. Based on increasing concern
heart rate, sleep, and mood. Serotonin Is a type of neurotransmitteabout bacterial pathogen contamination in shellfish, our research
that, in humans, contributes to well-being and happiness. Inobjectives have been focused on detection, enumeration and
Latrodectus hesperus, black widow spider, the levels of comparison of two important microbial pathogens, Escherichia coli
neurotransmitters have been shown to correlate with their behaviorand Salmonella spp. proliferation in the American oyster in south
To better understand if these chemical messengers are the cause bexas waters and controlled laboratory studies.
differences in behavior, manipulation of their levels are needed. Homimmunohistochemical analysis showed substantial bacterial
will serotonin injections affect aggressiveness in black widow pathogen's presence in gill and digestive glands in oysters collected
spiders? 60 spiders were used in the experiment and randomljrom San Martin Lake (SML) compared to South Padre Island (SPI).
assigned to a treatment group. Treatment groups consisted,of CCExtrapallial fluid (EPF, an important body fluid) glucose levels, pH,
administration, saline injection after G@dministration, and a  and protein concentrations were significantly higher in oysters
serotonin and saline mixed injection after C@ministration. Each  collected from SML compared to SPI. Laboratory studies showed
spider was placed onto their web and an aggression assay waacreasing trend of bacterial pathogens with elevated temperatures
performed after 2 hours, 24 hours, and 48 hours. Aggressiveness wg28 and 32°C) compared to control (24°C). EPF pH and protein
measured by the number of times each spider attacked a vibratotoncentrations were increased, however, EPF glucose levels were
placed on the web. The experiment was given twice. Results showdecreased with higher temperatures compared to control.
that spiders injected with the serotonin/saline solution aftey CO Collectively, immunohistochemical analysis together with EPF pH,
administration attacked significantly less than the other treatmenfglucose levels, and protein concentrations results suggest that
groups. Higher levels of serotonin will decrease aggressive behavior.American oyster is prone to water-borne pathogen contamination in
south Texas waters and increasing global temperature induces
pathogen proliferation as well.
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83-1BILOTTA, F*; LEE, M; DANQOS, N; University of San Diego; P2-158 BILYK, KT*; SFORMO, T; Western Kentucky University,

ndanos@sandiego.edu Department of Wildlife Management, North Slope Borough and
Pregnancy-induced changes to muscle-tendon morphology and Institute of Arctic Biology, University of Alaska Fairbanks;
function kevin.bilyk@wku.edu

Live bearing is a defining feature of all eutherian mammals. In orderHeat Tolerance of North Slope Fishes

to accommodate the fetus, the female body undergoes radicalrctic waters are home to a highly cold-adapted ichthyofauna. As
hormonal, morphological and mechanical changes. Yet, we knowthese fishes have evolved for life in the cold, understanding their
very little about the effects of pregnancy on skeletal muscle-tendorresilience to the expected rising water temperatures from global
units and the whole organism. We used the gastrocnemius muscle afimate change is of increasing importance. Past work looking at heat
rats as a model system to examine the organ and whole animal levéblerance has focused on only a few high-latitude northern species,
effects of pregnancy, by comparing animals that had never beerand as a result it is unknown whether the diverse collection of
pregnant, primiparous animals near the end of pregnancy, andearshore, estuarine, and freshwater arctic and boreal fishes show a
postpartum animals. We found that muscle mass did not changeonsistent reduction in heat tolerance. We began work to investigate
significantly with pregnancy, even though pregnant animals werethe heat tolerance of this broader arctic ichthyofaunal by studying
approximately 30% heavier than non-pregnant ones. However, irheat tolerance among key members of the fish fauna of Utgiagvik
postpartum animals muscle mass was reduced by 22%. Muscle fibefformally Barrow), Alaska. Situated on the Arctic coast, Utgiagvik
size did not vary among conditions but postpartum animals were therovides access to fishes that span the key ecological divisions of
only ones with muscle fibers larger than 0.20 mm?. We predicted tha@rctic waters. Organismal heat tolerance was measured for six
muscle vascularization would increase with pregnancy due to thespecies of local fishes using the critical thermal maximum
action of the hormone relaxin. Preliminary histological data supportmethodology. This work aimed to put heat tolerance of these fishes
our prediction. Since relaxin is also an antifibrotic agent, we into the context of previously studied polar, temperate, and tropical
predicted that it would affect the mechanical properties of fishes, as well as the level of thermal variability seen in local waters.
collagenous tissues associated with muscle. The stiffness of th&Ve found that these near shore fishes show high organismal heat
proximal aponeurosis of the lateral gastrocnemius, as measured byolerance, similar to what has been reported for a number of
the tangent slope at strain=0.13, did not vary by condition. cold-temperate fishes. This high level of heat tolerance may reflect
Interestingly, there was high variation in all conditions. All females continued selective pressure on fishes inhabiting shallow coastal
tended to have lower Achilles tendon stiffness than males, althouglwaters, as water temperatures rose above 11°C during our
this was not statistically significant. However, tendon stiffness hadinvestigation. While generally heat tolerant, there was a notable split
surprisingly low variability in the postpartum animals that was highly between species with lower tolerance such as least cisco and broad
significant (P< 0.001). Ongoing videographic analysis in our whitefish more commonly associated with freshwater habitats as
laboratory is characterizing the gait of animals as they perform acompared to fourhorn sculpin and arctic flounder more commonly
demanding task (20% incline) to examine the effects of pregnancy orassociated with brackish to marine habitats.

the whole body.

S11-11 BINGMAN, V P; Bowling Green State University, Ohio; 99-4 BIONDI, AA*; AMPLO, HE; CRAWFORD, CH; BEMIS, KE;
vhingma@bgsu.edu FLAMMANG, BE; New Jersey Institute of Technology, Virginia
Avian Spatial Navigation and the Hippocampus: Can Diversity in Institute of Marine Science; aab53@nijit.edu

Behavioral Mechanisms Guide Searches for a Genetics of Adventures in scaling and remodeled morphology: the case of the
Cognition? Ocean Sunfish

Among the various forms of vertebrate cognition, spatial cognition Mola mola (Ocean Sunfish; Tetraodontiformes: Molidae) are
and navigation appear universally dependent on the hippocampus afecognizable by their distinct morphological characteristics,
all tetrapods and possibly teleost fish as well. Co-occurring with thisincluding large lobate dorsal and anal fins which fuse to form a
general uniformity are differences in the hippocampal-dependentclavus in place of a non-existent caudal fin. Adult mola lack axial
representation of space among vertebrate groups that presumabipusculature, but by synchronous flapping of the dorsal and anal fins
reflect adaptive variation. Yet surprisingly, little is known about how they are able to dive to depths of 600 meters and cruise at a speed of
variation in the organization and function of the hippocampus in 3.2 km/h. Larval mola more closely resemble sister species of
different vertebrate groups can be explained by genetic variationpufferfish, but early in ontogeny undergo rapid morphological
Here patterns of developmental gene expression may be informativechanges. Previous work examined some of the skeletal changes in
Independent of the hippocampus, there has been some successmola ontogeny using cleared and stained specimens, with particular
identifying genetic correlates of the specialized migratory, but notfocus on the formation of the clavus, however, no studies to date
navigational, behavior of birds and electroreception in have looked at the myological changes that occur as a result of the
elasmobranchs; findings that have some implication for body shape and skeletal transformations that take place. Using
understanding genetic influences on varying spatial abilities. computed microtomography (microCT) scanning, we were able to
Nonetheless, these examples are remote from cognition and one hasoduce high-resolution three-dimensional skeletons of three stages
to wonder if the search for genetic correlates of varying spatialof mola fry and an adult mola for ontogenetic comparison.
cognitive abilities in animals can overcome experimental obstaclesPhosphotungstic acid (PTA) staining and re-scanning of mola fry
not the least of which is obtaining the sufficiently large subject pools generated images of soft tissue morphology, allowing us to compare
needed to detect the certain small effect sizes of single genes. muscle volume, position, and fiber angle through ontogeny with
measurements from dissections of adult mola. Herein we discuss the
functional implications of drastic morphological modeling and
changes in body size during ontogeny on the locomotor performance
of Mola mola.
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124-1BIRCH, S*; PLACHETZKI, D; University of New 35-2 BIRLENBACH, DM*; KELLER, JS; FOX, DL; University of
Hampshire, Durham; sjb1061@wildcats.unh.edu Minnesota, University of New Mexico; birle001@umn.edu
Investigating Sensory Integration and Settlement Responses to Morphological Similarity in the Dentition of Competing and
Sensory Stimuli in the Hydrozoan Ectopleura crocea Non-Competing Rodents

Community dynamics in benthic marine ecosystems are largelyOne of the most fundamental species interactions is competition.
driven by larval settlement, which relies on larvae selecting suitableHowever, in the fossil record competition cannot be observed or
environments based on the integration of sensory cues. However, thexperimentally tested. Instead, paleoecological studies rely on
sensory modalities that most affect larval settlement decisions arenorphological similarity to infer niche overlap. For mammals,
poorly understood in most systems. The benthic marine hydroidsimilarity in dental morphology is used to argue for overlapping
Ectopleura crocea has an indirect lifecycle that produces a motiledietary niches and evidence of competition. Here, we test if
larval stage called actinula. While researchers have previouslycompetitor dentitions are more similar than those of non-competing
investigated the biology of settlement in actinulae, no study hasspecies. To address this, we collected 535 shape descriptors and
combined sensory behavior experiments with genomics studies. Hereatios of micro-CT scanned lower dentitions of 151 extant rodent
we examine the settlement response of actinula to different light andpecies. We compared the differences in the scores of topographic
chemical environments in conjunction with a developmental variables used to infer diet, e.g. Dirichlet Normal Energy, Relief
transcriptome study investigating sensory gene expression. Wédndex, and Orientation Patch Count, between 56 competitive species
hypothesize that larval settlement will be most influenced by thepairs drawn from the literature as well as between species not
combination of biofilm-derived chemical cues and light cues, and identified as competitors. We found that competitors are statistically
that actinula will differentially express taste and chemoreceptorscloser in their morphology than non-competitors from the same
during stages where larvae are competent to settle. We test thegtietary categories. A subset of the descriptors was then summarized
hypotheses by combining RNA-seq on various stages of actinulausing a principal component analysis. The distance was then
development, from actinula through metamorphosis, with settlementdetermined between each species pair in a principal component
experiments under different sensory conditions. Additionally, we usemorphospace that explained 90% of the variation and on average
confocal microscopy at various developmental stages to explore theompetitors exhibit significantly closer dental morphology than
development of the neural network and its capabilities of sensorynon-competitors. For 122 species, the morphospace distances were
integration. Ultimately, our investigations of actinula larva at the compared to Jaccard Indices (JI) calculated for the overlap in
molecular level will provide insights into the sensory modalities that geographic ranges using NatureServe range maps for each species
influence the settlement decision. pairing to see if morphological similarity relates to geographic
similarity. We found that morphological similarity and JI were
poorly correlated suggesting geographic similarity is not well
explained by morphological similarity. Our findings support the
notion that competitors are more similar morphologically than
non-competitors.

P1-179 BLACK, CR*; ARMBRUSTER, JW; Auburn University; 36-2 BLACKBURN, DC*; NIELSEN, SV; BAREJ, M; R6DEL,
coriblack@auburn.edu MO; University of Florida, Gainesville, Museum fir Naturkunde,
Shape Variation of Armored Catfishes in a Phylogenomic and Berlin, Museum fur Naturkunde, Berlin; dblackburn@flmnh.ufl.edu
Ecological Context Using 3D Geometric Morphometric Techniques Systematics and Biogeography of the African Slippery Frogs
(Loricariidae) (genus Conraua), Including the World's Largest Living Frog

Loricariidae is the most species-rich family in the order of The African slippery frogs (genus Conraua) contain the largest
Siluriformes, with nearly 1000 species in 100 genera. Commonlyextant species of frog, C. goliath, which can reach 32 cm in length
known as the suckermouth armored catfishes, the Neotropical familyand weigh more than >2.5 kg. The six described species have an
is known for their unique traits that include ossified dermal plates unusual disjunct distribution across equatorial Africa, with two
that cover the body, integumentary teeth known as odontodes on thepecies (C. alleni, C. derooi) in western Africa, three (C. crassipes,
plates and fin spines, and a ventral oral disk used in feeding and t&. goliath, C. robusta) in the Lower Guinean Atlantic Forests, and
adhere to objects in their habitats. Found throughout Costa Ricapne (C. beccarii) in the highlands of Ethiopia and Eritrea. These
Panama, and tropical to subtropical South America, loricariids can bespecies typically live in fast moving streams, and four are considered
found in all types of freshwater habitats, from rapid Andean rivers tothreatened, in part due to human consumption. The biology,
quiet estuaries. The loss of three cranial biomechanical linkages hasvolution, and biogeography of these species remains poorly studied.
been correlated with an increase in morphological diversity resultingUsing a well-sampled multi-locus dataset, we generate a robust
in an array of shapes that vary from dorsoventrally flattened to deephylogenetic hypothesis for the recognized species that provides
bodied. Comparisons of morphological and molecular phylogeneticinsights into the historical biogeography and evolution of body size
trees indicate that there is rampant morphological convergence whiclin this genus. We also find evidence suggesting that populations
is explored in this study through the analysis of body shape using 3Dwithin the two most widespread species (C. alleni, C. crassipes)
geometric morphometric analyses in a phylogenomic and ecologicalikely represent distinct species requiring description.

context. In the R package stereomorph, 33 landmarks that represent

key anatomical features were rendered into three-dimensional space

for 46 species across the family. Shape variation was summarized

through a principal component analysis and the most recent genomic

phylogeny was trimmed and overlaid onto the PCA. To test the

correlation between ecological traits and shape, a phylogenetic

ANOVA, Procrustes ANOVA, and SURFACE analysis were

performed. Lastly, ecological ancestral states were inferred and

mapped to the morphospace.
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P3-127BLACKSHARE, TW*; FORD, MP; GARAYEYV, K; P3-101 BLEKE, CA*; FRENCH, SS; ROBERTS, SB; GESE, EM;
MURPHY, DW; SANTHANAKRISHNAN, A; Oklahoma State Utah State University, Idaho Department of Fish and Game,
University, University of South Florida, University of South Florida; USDA-National Wildlife Research Center; bleke.cole@gmail.com
askrish@okstate.edu Natural variations in fecal steroid hormones across pregnancy and
Metachronal, synchronous, and hybrid stroke patterns in aquatic population

paddling locomotion We are investigating factors impacting pronghorn antelope

Metachronal paddling is a form of locomotion common in pelagic (Antilocapra americana) population growth rates and fawn:doe ratios
crustaceans such as krill, in which a series of swimming appendageBy conducting non-invasive fecal sampling from adult females. Fecal
are stroked in an oscnlatory pattern, each appendage with a phase lapmpling was used to investigate reproductive physiology,
compared to the neighboring appendage. In contrast, benthighysiological stress, diet, and nutrition, across habitat types, as they
crustaceans such as mantis shrimp spend most of their time on theelate to subsequent fawn:doe ratios. We conducted validations for
seafloor, and perform a hybrid paddling stroke when startled thatusing fecal hormone metabolites to assess pregnancy rates, which has
consists of a metachronal power stroke, followed by a nearlynot previously been done for pronghorn. For validations, we
synchronous recovery stroke. We developed a dynamically scaledgollected fecals from two classes of female pronghorn, visibly
self-propelling robotic paddling model, which was programmed to pregnant and yearling, during late third trimester when pregnancy
perform three types of idealized paddling strokes (uniformly can be visually-diagnosed. Assay validations were performed to
metachronal, synchronous, hybrid with uniformly metachronal power determine appropriate hormone concentrations, assay precision, and
stroke and synchronous recovery stroke), and a realistic stroke profilpotential non-specific binding. From this work, we validated
tracked from videos of freely swimming peacock mantis shrimp (O. hormone concentrations that equate to pregnant versus nonpregnant
Scyllarus). Using this robotic model, we evaluated the forward individuals, calculated a pregnancy rate within each population and
swimming performance of these different paddling strategies byacross the species in Idaho, and performed a hormone degradation
measuring thrust, swimming speed, and acceleration generated bgtudy of female reproductive hormones to test the duration they
each stroke pattern. When stroke amplitude and appendage tipemain viable in feces. Overall, this research will add to the growing
velocity during power stroke are unchanged between idealized strokéody of literature utilizing non-invasive sampling techniques to
patterns, the uniformly metachronal pattern had the highestmonitor free-ranging wildlife populations. Specifically, we will
performance values in each evaluation category, followed by theelucidate factors that may be limiting pronghorn populations, provide
hybrid pattern, with synchronous paddling showing the lowest valuesinsight on the physiological measures influencing pronghorn
in each category. However, the use of hybrid kinematics allows forproductivity, and provide parameters useful for population modelling
the possibility of increasing stroke amplitude, allowing the

appendages to sweep longer arcs during power stroke. The effect of

increasing stroke amplitude on forward swimming performance of

these stroke patterns will be presented.

71-7 BLOOMSTON, NA*; PRATHER, JF; University of Wyoming;  15-2 BLUMSTEIN, MB*; RICHARDSON, AR; WESTON, D;
nstilll@uwyo.edu ZHANG, J; WELLINGTON, M; HOPKINS, R; Harvard University,
Neural Circuits Underlying Decision Making Cambridge, Northern Arizona University, Flagstaff, Oak Ridge
Decision making is a cognitive process in which an individual National Laboratory, Oak Ridge, Oak Ridge National Laboratory,
extracts information from sensory input and uses that to select on®ak Ridge; blumstein@fas.harvard.edu

behavioral outcome from among many alternatives. To understandA new perspective on ecological prediction reveals limits to climate
the neural basis of decision making, we turn to songbirds. Femalesdaptation in a temperate tree species

evaluate the quality of male songs and use that information to seledtorests absorb a large fraction of anthropogenic CO2 emissions, but
their mate. Females perform behavioral indicators of mate choicetheir ability to continue to act as a sink under climate change depends
(copulation solicitation displays, CSD) in response to their mate'son plant species undergoing rapid adaptation. Thus, considering the
song played through a speaker, even if no male is physically presenevolution of intraspecific trait variation is necessary for reliable,
Lesion studies have implicated the caudal nidopallium (NC) andlong-term species projections. We combine ecophysiology and
caudal mesopallium (CM) in female song evaluation and matepredictive climate modeling with analyses of genomic variation to
preference, as altering activity in either site results in a change irdetermine if sugar and starch storage, energy reserves for trees under
female mate choice (Lawley and Prather, in preparation). Pathwayextreme conditions, can evolve within populations of black
tracing studies have revealed that the primary cortical recipient ofcottonwood (Populus trichocarpa). Despite current patterns of local
output from CM is NC. CM also projects to dopaminergic pathways adaptation, and extensive range-wide heritable variation in storage,
implicated in behavioral motivation, and to motor pathways through adaptive evolution in response to climate change will be limited by
which activity may generate behavioral indicators of mate preferenceboth a lack of heritable variation within northern populations and by
such as calls and CSD's (Dunning et al. 2018). Here, | expand om need for extreme genetic changes in southern populations. Our
those studies to investigate projections through which NC may alsanethod has implications for species management interventions and
influence activity of downstream targets. Preliminary results indicate highlights the power of using genomic tools in ecological prediction
that NC projects primarily to the same dopaminergic area as CM.to determine the ability of a species to respond to future climates.
These results indicate that these auditory cortical areas converge onto

dopaminergic neurons implicated in motivation and reward,

revealing a pathway that could play a key role in sensorimotor

integration and decision making. These results will be discussed in

light of additional experiments in which we are using optogenetics to

understand how activity in individual pathways is related to specific

aspects of song evaluation and mate choice.
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8-6 BO, TB*; TREVELLINE, BK; CABEZAS RUIZ, S; 7-2 BOCK, SL*; LOWERS, RH; RAINWATER, TR; HALE, MD;
MORRISSEY, C; MARCHANT, TA; ENG, ML; LATTA, SC; LERI, FM; PARROTT, BB; Univ. of Georgia, Kennedy Space
KOHL, KD; Univ. of Pittsburgh, Univ. of Saskatchewan, Univ. of Center, Clemson Univ., Univ. of Virginia; samantha.bock@uga.edu
Saskatchewan, National Aviary; botingbei@126.com Real-time responses to ecologically-relevant thermal fluctuations
Glucocorticoid Stress Hormones Affect the Gut Microbiota of during temperature-dependent sex determination in the American
Captive Birds alligator

Stress exposure affects many aspects of host physiology, andn organism's ability to integrate transient environmental cues
increases in glucocorticoid stress hormones may affect the guexperienced during development into molecular and physiological
microbiota. Previous studies have shown connections between stresgsponses forms the basis for adaptive shifts in phenotypic
hormones and the gut microbiome, but have only used correlation irtrajectories. During temperature-dependent sex determination (TSD),
the wild or single treatments of stress hormones. Here, we testethermal cues during discrete periods of development coordinate
whether the gut microbiome responds to the stress hormonenolecular changes that ultimately establish sexual fates and
corticosterone (CORT) in a dose-dependent manner. Twenty captiveontribute to patterns of inter- and intrasexual variation. How these
European Starlings were randomly divided into four groups (n = 5): mechanisms interface with the dynamic thermal environments in
Control group (Con, placebo), low-level CORT group (LC, 0.25mg), nature remains largely unknown. For example, ~70% of American
middle-level CORT group (MC, 1.5mg), high-level CORT group alligator nests exhibit both male- and female-promoting temperatures
(HC, 7.5mg). Feces were collected before implantation, and 2, 7, 21during the thermosensitive period, often within the span of a daily
27 days after implantation to understand the temporal changeshermal fluctuation. Here, we investigate how these opposing
associated with stress hormones. CORT implantation changed thenvironmental cues are integrated into sexually dimorphic
composition and structure of gut microbiota in birds. We found that transcriptional programs across fine temporal scales. Alligator
birds implanted with the low-level concentration of CORT had embryos were exposed to fluctuating temperatures based on
increased alpha diversity at the 2 and 7 day (ASV richness ancgempirically-derived nest thermal profiles and sampled over the
Shannon index). Birds in HC groups exhibited the most distinct course of a daily thermal fluctuation. Post-transcriptional alternative
microbial communities compared to their starting point, though this splicing of epigenetic modifier genes operating upstream in the
effect disappeared within 21 days (unweighted and weighted UniFracsex-determining cascade respond rapidly to thermal fluctuations,
distances). At the phylum level, CORT treatment caused an increaswhereas transcriptional changes of downstream effector genes occur
in the abundance of Firmicutes and decrease in Cyanobacteria. Thesm a delayed timescale. Together our findings reveal how the basic
changes were temporary, as the abundances of bacteria partialljmechanisms of TSD operate in an ecologically relevant context and
recovered. Our findings clearly demonstrate a close link betweernsuggest a hierarchical model in which temperature-sensitive
glucocorticoid levels and gut microbiota in captive birds. alternative splicing incrementally influences the epigenetic landscape
Furthermore, we demonstrate that the gut microbiome responds t¢o affect the transcriptional activity of key sex-determining genes.
CORT in a dose-dependent manner, and so variation in

environmental stress may have variable effects on the gut

microbiome in natural populations.

69-7 BOERSMA, J*; JONES, JA; KARUBIAN, J; SCHWABL, H; P2-188 BOGACKI, EC*; RINGENWALD, BE; STARK, AY;

Washington State University, Tulane University; Villanova University; ebogacki@villanova.edu
jordan.boersma@gmail.com Stick and Run: Locomotor Behavior of Tokay Geckos on Wet and
Sex-specific causes and consequences of variable testosterone Dry Substrates

circulation in a tropical songbird Tokay geckos (Gekko gecko) have been a focal point for adhesion

There is considerable debate about whether testosterone regulategsearch for the past several decades; studied intensively due to the
traits similarly in male and female vertebrates. Meta-analyses of theemarkable capabilities of their adhesive toe pads. Although tokay
relationship between male and female circulating testosterone havgeckos adhere strongly to many smooth, dry, synthetic surfaces,
produced conflicting results, highlighting the need for empirical previous research has found that their sticking ability is greatly
studies in species that exhibit variation in both male and femalereduced when in contact with wet substrates that more closely mimic
testosterone and the traits this hormone is known to mediate. Théhe wet, natural surfaces found in their environment. Adhesive
White-shouldered fairywren (Malurus alboscapulatus) demonstrateperformance on wet substrates varies, however, in the way that
considerable subspecies-specific variation in testosterone circulationadhesion is maintained on wet hydrophobic substrates but not wet
behavior, and female ornamentation. Testosterone circulation inhydrophilic substrates. Interestingly, geckos show no significant
females appears to be linked to discreet female phenotypes: femalatifference in running speed across wet or dry hydrophobic and
from the subspecies with greater ornamentation and aggressiohydrophilic surfaces. Data even suggest sprint velocity increases on
circulated higher baseline testosterone, and unornamented femaleget surfaces. To investigate the discrepancy between clinging and
implanted with testosterone produced a major component ofrunning performance on wet substrates, we quantified locomotor
ornamental plumage and became more aggressive once the putatiwifferences (i.e., number and length of stops and sprinting bursts,
signal was acquired. Interestingly, males exhibited opposite patternspeed of sprinting bursts) of geckos running on wet hydrophobic and
in baseline testosterone, as males from the unornamented femalset hydrophilic substrates. We predicted that stops on wet substrates
subspecies circulated the highest mean testosterone. Our findingare followed by faster burst speeds than stops made on dry substrates,
challenge the idea that testosterone circulation is correlated and haand that geckos stop less frequently and for shorter periods of time
similar function between sexes. We also present preliminary resulton wet hydrophilic substrates than wet hydrophobic substrates. The
from a long-term dataset quantifying variation in testosterone, socialresults of this study will allow us to better understand how tokay
networks, and male sexual displays. We address how the sociajeckos navigate their natural environment and perhaps alter their
environment influences a suite of functionally linked traits and locomotor behavior based on substrate and adhesive conditions.
explore the causes and consequences of variable testosterone

circulation between sexes.
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P3-23BOGANTES, V.E*; WAITS, D.S; HALANYCH, K.M; 13-6 BOGGS, CL; University of South Carolina & Rocky Mountain
Auburn University; vikbogantes79@gmail.com Biological Lab; choggs@seoe.sc.edu
Toxin diversity across the annelid tree of life Trans-generational Ecological Determinants of Egg Composition

Annelida is a diverse phylum that includes earthworms, leeches, anth the Butterfly Speyeria mormonia

many marine worms, and currently comprises approximately 20,000Environmental conditions may affect offspring quality and quantity,
species described with a variety of different lifestyles. Within which are important fithess components. Here | ask, what are the
annelids, some groups are known to produce toxins as a defenseffects of variable environments on egg composition (offspring
mechanism against predators and parasites or for prey capturegquality) in a holometabolous insect species? Using Speyeria
Although previous studies have focused only in a few groups becausenormonia (Lepidoptera: Nymphalidae), | focus on triglycerides,
of pharmaceutical or insecticides uses (for example hematophagoushich as a group are important energy stores and cryoprotectants for
leeches, and nereis toxin for insecticides), some recent studies inverwintering larvae, which in this species do not feed before
glycerids, amphinomids, and phyllodocids have shown that ourentering diapause. Using data from both the field and the lab, | show
understanding of toxin diversity and evolution in annelids is largely that triglycerides in eggs increase with the temperature under which
unknown. To study toxin diversity, 296 annelid transcriptomes from the eggs were matured, as well as with larval rearing temperature for
91 families were analyzed (66 were retrieved from SRA) by the mothers. Neither the larval nor adult food availability to the
sequence similarity using BLASTp against the SWISSPROT mother significantly affected the investment of triglycerides in her
database. To identify putative toxin genes, BLAST reports wereeggs. However, there was a non-linear trans-generational effect of
manually searched for hits to sequences previously identified byadult food availability on investment: a female's investment was
SWISSPROT as toxins or venoms. Preliminary analyses recoveredhighest if her own mother experienced intermediate food availability.
363 toxin-like genes for 288 out of the 296 transcriptomes, with mostAny resulting selection pressures will be blunted by the fact that the
of the transcriptomes without toxin hits belonging to sipunculan population as a whole experiences the same conditions, which should
species. The resulting hits were grouped into gene classes based d#ad to smaller effects on relative fitness than on absolute fitness.
the SWISSPROT annotation of toxin genes with the most commonNonetheless, which triglycerides are altered, their effects on absolute
including metalloproteinase M12, kunitz, peptidase S1, phospolypasditness, and the impacts on the butterfly's life history and population
B (PLB), and fibrinogen C terminal domain-like classes. PLB dynamics remain to be explored.

transcripts have been previously reported in amphinomid and

glycerid annelid, but are best known from hymenopterans and

snakes. Interestingly, homologs of PLB were present in 80% of the

transcriptomes, thus our results suggest that genes associated with

PLB are common among annelids. Additionally, homology searches

using HMMER and Pfam databases are being conducted for cross

validation of current results. Individual toxin families will be selected

for phylogenetic analyses.

106-4 BOGGS, TE*; FRIEDMAN, JS; GROSS, JB; University of 29-5 BOLMIN, O*; ALLEYNE, M; WISSA, AA; University of

Cincinnati; boggste@mail.uc.edu lllinois at Urbana-Champaign; obolmin2@illinois.edu
Parallel adaptation to hypoxia in the blind Mexican cavefish, How does Morphology Affect Jumping Kinematics of Click
Astyanax mexicanus. Beetles?

Hypoxia is an important environmental pressure that likely drives When unconstrained and from an inverted position, click beetles
novel adaptive solutions. To cope with this extreme condition, (Coleoptera:Elateridae) fold their body extremely rapidly to propel
animals often evolve low-oxygen tolerance, or improve oxygen themselves into the air. This unique legless jumping mechanism is
retrieval from their habitat. The blind Mexican cavefish, Astyanax enabled by a thoracic hinge and is power amplified. The jump is
mexicanus, inhabits an expansive cave network within the Sierra delivided into three stages: the pre-jump (energy storage), the take-off
El Abra region of northeastern Mexico. The caves in this system areand the airborne stage (energy release). In this presentation, we
geographically isolated from one another, and demonstrate variablyanswer the following questions: what are the dominant kinematic and
low levels of dissolved oxygen within the subterranean pools. Theseghe external morphological parameters driving the jump, how are
cavefish, alongside extant ‘ancestral' surface morphs, enablehey correlated and what is their respective contribution to the jump
powerful comparisons to determine how they thrive under hypoxic performance? The morphological measurements of 88 specimens
conditions. We evaluated hypoxia-tolerance in multiple, independentfrom 13 genera, namely Aeolus mellilus, Agriotes sp., Alaus myops,
cave populations at the protein, cellular and genetic levels. WeAlaus oculatus, Athous sp., Ampedus linteus, Ampedus nigricollis,
discovered that phylogenetically older populations display higher Hemicrepidius sp., Lacon Marmoratus, Limonius sp., Melanactes sp.,
tolerance to hypoxia compared to phylogenetically younger (andMelanotus sp., Parallelosthetus attenuatus, of various sizes and
hybrid) populations. These differences include alterations in shapes (body length varying from 2 to 35 mm) were taken. The
hemoglobin concentration, as well as higher expression of a cohort ofake-off and airborne stages of the jumps of 54 specimens from 11 of
hemoglobin genes. This work provides insight to the genetic changeshese genera were recorded using high-speed video imaging. All
mediated hypoxia tolerance in blind cavefish, and showcases the&ideos were post-processed using ProAnalyst and Matlab software to
diverse genetic and cellular strategies of adaptation amongderive kinematic jumping parameters of each specimen. From the
independent cavefish populations of the Sierra de El Abra. morphological measurements, we show isometric scaling across
species. Kinematic parameters such as the take-off velocity,
acceleration and angle as well as morphological measurements such
as the body length, mass, and elytra curvature for each specimen are
used to compare the jump performance within and across species.
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P3-238BONFOEY, AM*; PADDA, SS; STAHLSCHMIDT, ZR; U 57-7 BONIER, F*; COX, RM; Queen's University, University of

Pacific; a_bonfoey@u.pacific.edu Virginia; bonierf@queensu.ca
Effects of Spatiotemporal Variation in Temperature and Water To each their own? Meta-analysis of evidence of optimality of
Availability on a Riparian Insect Community endocrine phenotypes

Terrestrial life is constrained by temperature and water availability, Rosemary Knapp's research contributions emphasize the importance
which vary across space and time. Permanent water sources (e.gf considering individual life history stage and strategy when seeking
rivers or lakes) buffer environmental temperatures and allowto understand endocrine traits. This perspective has been central in
terrestrial animals to access water in the absence of sufficientlarifying the role of endocrine signals in regulating complex life
precipitation. Yet, biologists lack a thorough understanding of the history traits, and for understanding variation among individuals in
independent and interactive effects of spatiotemporal variation inresponses to the same signals. In essence, this work placed the
temperature and water availability on riparian communities. endocrine phenotype into an ecological and evolutionary context, and
Therefore, we explored these dynamics in an insect community in aecognized that optimal endocrine phenotypes differ not only among
hot-summer Mediterranean climate. At our study site in Stockton,the sexes, but also within sexes, among individuals with alternative
CA, total precipitation varied between 0 and 235 mm for the driestreproductive tactics. Here, we extend this view to consider variation
and wettest seasons, respectively, and mean ground temperatusemong individuals, rather than among morphs. If individuals express
varied between 7°C and 34°C for the coolest and warmest studyear-optimal endocrine phenotypes, well matched to their context,
periods, respectively. In each season, we used 61 pitfall trap arraywe predict that manipulations of these phenotypes (e.g., through
along 10 transects perpendicular to the Calaveras River. At each trapormone implants) should generally compromise fithess. We use a
location, we measured ground temperature hourly, as well asneta-analysis of hormone manipulation studies to test this prediction,
estimates of insect biodiversity, abundance, and biomass. Our resuland find some support for it, along with interesting sources of
will provide new insight into the complex role of spatiotemporal variation. Effects of hormone manipulations on fitness varied
variation in temperature and water availability in community depending on the sex of individuals being manipulated, as well as on
dynamics, which is important given the prediction for warmer, drier the metric used to estimate fitness. These findings reinforce the
climates in many global regions. importance of understanding individual life history and
environmental context when we seek to understand how selection has
shaped, and is shaping, endocrine traits.

P2-226 BONNAN, MF; MOORE CRISP, L*; BARTON, A; 43-2 BONTRAGER, M; MUIR, CD*; MAHONY, C; GAMBLE,
DIZINNO, J; MULLER, K; SMITH, J; WALKER, J; Stockton DE; GERMAIN, RM; HARGREAVES, AL; KLEYNHANS, EJ;
University, Red Bank Veterinary Hospital; leximoore@gmail.com THOMPSON, KA; ANGERT, AL; University of British Columbia
Hands down: Understanding elbow kinematics of the central and University of California, Davis, University of Hawali'i,
bearded dragon (Pogona vitticeps) University of British Columbia, University of British Columbia,

Despite decades of research on lizard locomotion, the mechanics d¥icGill University; cdmuir@hawaii.edu

the elbow joint and its relationship to manus orientation remain Climate anomalies are altering local adaptation

understudied. Previous studies on monitor lizards have inferred fromAdaptation to local climate is ubiquitous, but global climate change
dissection and X-ray cine that manus pronation is dictated bymay be generating mismatch between the conditions that populations
long-axis rotation of both the radius and ulna relative to the humerusexperience and the optima to which they have evolved. This
To further explore the kinematics of the lizard elbow, we use mismatch is likely to decrease individual fitness and disrupt local
XROMM (X-ray Reconstruction of Moving Morphology) to  adaptation. We investigate these effects with a synthesis of data from
characterize elbow movements in the central bearded dragon, Pogont49 published transplant studies, and find that fithess declines when
vitticeps. Our results show that during stance, the radius and uln@opulations experience temperatures that deviate from their historic
both rotate laterally on their long-axes relative to the humerus,averages, but is not sensitive to precipitation variation. Deviations in
especially during elbow flexion. Given that the radial and ulnar temperature affect the magnitude of local adaptation detected in
condyles of the humerus have different morphologies, thetransplant experiments. The negative effects of climate anomalies on
antebrachial bones follow different paths at the elbow, resulting infitness and local adaptation may be an early warning sign that
their distal ends moving in opposite directions. These movements opopulations are at risk in the absence of rapid adaptation or gene flow
the radius and ulna maintain palmar contact of the manus with the

ground during stance in what can be described as the squamate

equivalent of pronation. At the end of stance, the long-axis rotations

of the radius and ulna reverse, rotating medially relative to the

humerus, allowing the manus to supinate.. We find it significant that

manus pronation is maintained in part through movements of the

radius and ulna (lateral long axis rotation) typically associated with

supination in birds and (at least for the radius) in mammals. Our data

suggest that more examples of elbow kinematics across reptiles and

mammals are needed to enhance our understanding of the ancestral

mechanism for amniote pronation and supination.
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S6-2BOONMAN, ARJAN*; EITAN, OFRI; YOVEL , YOSSI; 38-4 BORTONI, A*; MORRIS, AT; YOUNG, IR; BREUER, KS;
University of Tel Aviv; arjan.boonman@gmx.net SWARTZ, SM; Brown University, Providence, USA;

The acoustics of flapping flight in birds and bats; a preliminary alberto_bortoni@brown.edu

analysis Synchronous Muscle Recruitment for Stable Flight Control in

Most studies on the acoustics of bird flight focus on gliding- and not Egyptian Fruit Bats
on flapping flight. Here we present preliminary acoustic data on theBats demonstrate a remarkable capacity to recover flight stability
sound of wing-flapping in a number of bat- and bird species. We didafter perturbations from the environment. This ability is likely
not record the acoustics of the wing-beat rate itself but of the acoustisupported by the precisely-timed recruitment of wing muscles, which
impulses created by each individual flap of the wing. In this context modulate the production of aerodynamic forces. However, we know
we show that during take-off, when barn owls must flap strongly to little about neuromuscular control mechanisms in bat flight. Studies
create sufficient lift, the sounds of wing-flaps are clearly audible. We of limb movement in response to perturbations during terrestrial
also present a case of specialized ‘wing-claps' used by fruit bats imocomotion show a proximo-distal control gradient in which
the Old World. The exact mechanism of creating each clap is stillperformance of muscles that control proximal joints is insensitive to
unknown, but we proved these claps to be used in a form ofperturbations, in contrast to activity of muscles controlling more
rudimentary echolocation to detect large structures. distal joints. We hypothesized that when flight is asymmetrically
perturbed, the activity of left and right pectoralis major muscles
would remain synchronized. To test this, we recorded electrical
activity of the pectoralis muscles using wireless dataloggers (Vesper
Pipistrelle, 4.1g) from five Rousettus aegyptiacus trained to fly along
a corridor (1.5 x 6.0 x 2.0m). Bats passed through a window that
divided the corridor's length in half en route to a landing pad; in
perturbed flights, a jet of air was delivered to one wing (2.5X body
weight) as bats flew through the window. We tracked the 3D position
of 15 markers on each individual using six high-speed cameras. We
compared the timing of muscle recruitment with kinematics for all
flights. Results show symmetrical recruitment in all flight trials,
demonstrating that recovery of stable flight after perturbation does
not alter the recruitment symmetry of the pectoralis in Rousettus
aegyptiacus. This supports the idea that proximo-distal limb muscle
activation gradients are a fundamental characteristic of vertebrate
neuromechanical control.

P3-166 BORTONI, A; MORRIS, AT*; YOUNG, IR; BREUER, KS;  68-6 BOVE, CB*; DAVIES, SW; RIES, JB; UMBANHOWAR, J;

SWARTZ, SM; Brown University, Providence, RI; MCCOPPIN, J; FARQUHAR, E; CASTILLO, KD; UNC-Chapel
alexander_morris1@brown.edu Hill, Chapel Hill, NC, UNC-Chapel Hill, Chapel Hill, NC and

How Bats Don't Crash and Burn: Bilateral Muscle Recruitment for ~ Boston University, Boston, MA, Northeastern University, Boston,
Recovery Maneuvers in Egyptian Fruit Bats MA; colleenbove@gmail.com

Bats show outstanding flight agility and control. Yet, they often fly Physiological and transcriptomic responses of coral hosts and algal
through windy conditions and in close proximity, so they collide symbionts of four Caribbean corals under global change
often. They minimize the impact of these collisions through their The continued rise in ocean pgénd temperature is of concern for
ability to quickly recover stable flight. Here, we investigate the motor marine organisms, especially highly susceptible reef-building corals
control of the pectoralis major muscle during recovery maneuvers ofthat rely on a relationship with symbiotic algae, which governs the
Rousettus aegyptiacus. Previous studies perturbing terrestriabuccess of the coral holobiont. Diverse physiological responses of
vertebrates reveal a graded pattern of muscle activation during theoral holobionts, at individual and species levels, will determine the
recovery response, involving load-sensitive recruitment of distal future success of coral reefs. We investigated the independent and
muscles and load-insensitive recruitment of proximal muscles. Wecombined effects of acidification (2803300 patm) and warming (28,
hypothesized that the right and left pectoralis in bats would maintain31 °C) on the physiological responses of coral hosts and algal
synchronous activation throughout a flight perturbation. To test this,symbionts of 4 Caribbean coral species (Siderastrea siderea,
we trained five bats to fly through a corridor with six high-speed Pseudodiploria strigosa, Porites astreoides, Undaria tenuifolia) from
video cameras, while collecting electrical activity of bilateral inshore and offshore reefs on the Belize Mesoamerican Barrier Reef
pectoralis recruitment from electromyogram electrodes attached to &ystem. To illuminate molecular underpinnings of these responses,
wireless data logger (Vesper Pipistrelle, 4.1g). Bats flew through agene expression of S. siderea were explored. Warming more
window in a divider bisecting the corridor. On test trials, an air jet negatively altered host physiology of S. siderea, while symbiont
2.5x their body weight struck one wing at this moment. We analyzedphysiology responded to warming and acidification. Preliminary
spatial position using camera recordings of 15 marks on each bat, angene expression showed transcriptome resilience across stressors,
compared this set with the timing of the electromyogram data. All however, natal reef drove gene expression profiles. Warming reduced
trials showed symmetrical recruitment in the pectoralis major P. strigosa host and symbiont physiology, although inshore
muscles. We conclude that proximal muscle recruitment in our modelsymbionts were less affected. Host physiology and chlorophyll a of
bat species is not altered by a significant perturbation during flight.P. astreoides were reduced under acidification, while chlorophyll a
Similarly to the limb control model in terrestrial vertebrates, bats increased with warming. Determination of U. tenuifolia physiology
maintain proximal muscle control that is independent from the forcewas difficult due to high mortality. These results highlight diverse
of a perturbation. physiological responses of coral holobionts under global change and
understanding this variation is critical to predicting the future of
Caribbean reefs as global change continues.
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California Santa Cruz, University of Sao Paulo, Federal University of There and back again; a blacktip's tale

Mato Grosso do Sul, Sao Paulo State University; rpbovo@gmail.comThe commonality that all migratory species share is some
Intraspecific Variation in Thermal Tolerance and Water Balance motivational factor that drives their movement. Sharks follow narrow
of Amphibians Across Subtropical Elevational Gradients ranges of environmental parameters when migrating over large
Most empirical studies have used interspecific comparisons to assegdistances. Blacktip sharks, Carcharhinus limbatus, migrate south
vulnerability to environmental/climate change. However, from their summer mating grounds in Georgia and the Carolinas
intraspecific variation is the source of evolution and population or when water temperatures drop below 21°C. They overwinter off the
species differences in variation can result in different responses t@oast of southeastern Florida in dense aggregations when sea surface
such changes. In this study, we test how altitudinal gradients affectemperatures are below 25°C. Upon the vernal equinox, they head
variation of thermal and hydric traits - both strongly associated withnorth again to Georgia and the Carolinas. Only rare strays are
the evolutionary history - in amphibians. We compared mean thermareported to travel north of Cape Hatteras, NC, a boundary that was
and hydric traits across different altitudes within-species in five described over seventy years ago. Since that time, sea surface
anuran species. We sampled specimens from two mountain ranges tgmperatures have increased 0.85°C. However, some areas like the
the Brazil's Atlantic Rainforest, from sea level to 1600 m, and Gulf of Maine are warming at a disproportionate rate. Many marine
measured thermal tolerance (critical thermal maximum, CTmax, andspecies have shifted their distribution poleward as oceans have
minimum, CTmin) and water balance (rates of evaporative waterwarmed globally. This research assesses whether the migratory
loss, EWL, and water uptake, WU). We hypothesized that pattern of the blacktip shark has shifted in response to warming
populations from highlands would show lower CTmin, CTmax, EWL oceans. Fifty-one male blacktip sharks were tracked using acoustic
and higher WU, as well as higher thermal tolerance range (i.e.telemetry. Hot spot analysis suggests poleward shifts have occurred
thermal fundamental niche, TFN) and warming tolerance (WT, i.e.in the migratory pattern of this population. If poleward migratory
the difference between CTMax and the maximum temperature of theshifts continue, the seasonal influx of blacktip sharks into higher
environment). Effect of altitude was stronger in thermal traits latitudes may cause trophic cascades that affect ecologically and
compared to hydric ones. For most species, we confirmed oureconomically important species. The blacktip shark may have already
expectations for CTmin, CTmax, WT and TFN, however EWL or reached its maximum latitude if the Gulf of Maine is too warm to
WU showed no difference along the elevational gradient. Takenaccommodate the thermal preference of these migrators. This may
together, our results indicate that species respond in different degredsad to greater densities of blacktip sharks in New York waters.

to environmental/climate change and, therefore, assessment of

vulnerability can be biased depending on which population is

measured. This has implications on predictability of climate change

impact on species, and deserves further consideration.

38-5 BOYNTON, AM*; CARRIER, DR; University of Utah; 129-7 BRACKEN-GRISSOM, H.D*; DELEO, D.M; PORTER, M.L;
alicia.boynton@utah.edu IWANICKI, T.; SICKLES, J.; FRANK, T.M; Florida International
Function of cervical muscles during human running University , University of Hawai'i at Manoa, University of Hawai'i at

Core musculature functions to stabilize the pelvis and trunk againsManoa, Nova Southeastern University; hbracken@fiu.edu

moments imposed by activity of extrinsic limb muscles. Evidence for Extraocular Photosensitivity in the Bioluminescent
Conventionally, the human core is thought to include the axial Organs of Deep-sea Shrimp

muscles located between the pelvis and the diaphragm. We suspedExtraocular photoreception has not been previously described in
however, that the core includes all of the axial muscles of the trunkdeep-sea invertebrates. Here, we investigate photosensitivity in the
and neck. During running, the muscles of the human neck musbioluminescent light organs (photophores) of deep-sea shrimp, an
function to control the posture of the head, but they may also play autogenic system in which the organism possesses the substrates and
role in stabilizing the trunk against the moments imposed on theenzymes to produce light. Through the integration of transcriptomics,
pelvis by the extrinsic leg muscles. To test if neck muscles play ain situ hybridization and immunohistochemistry we find evidence for
role in controlling the posture of the head we monitored changes irthe expression of opsins and phototransduction genes known to play
their activity when subjects ran with 4.5 kg added to their heads,a role in light detection in most animals. Subsequent shipboard light
roughly doubling head mass. If activity of neck muscles is requiredexposure experiments showed ultrastructural changes in photophores
to control head posture, we would expect muscle activity to increasesimilar to those seen in crustacean eyes providing further evidence
substantially when head mass is doubled. To test whether cervicahat these photophores are photosensitive. In many deep-sea species,
muscles play a role in core stabilization we increased the fore-aft andt has long been documented that photophores emit light to aid in
vertical forces of running with elastic tethers attached to the subjectEounterillumination — a dynamic form of camouflage that requires
via a waist harness. If neck muscles do play a role in core stability adjusting the organ's light intensity to "hide” their silhouettes from
we predict that higher locomotor forces will be associated with predators below. However, it remains a mystery as to how animals
elevated cervical muscle activity. We found that when subjects ran afine-tune their photophore luminescence to match the intensity of
constant speed (2.7 m/s) doubling the mass of the head had little adownwelling light. Photophore photosensitivity allows us to
no effect on the activity of the muscles we monitored. In contrast,reconsider the organ's role in counterillumination - not only in light
alterations of forces imposed on runners in the fore-aft directionemission but also light detection and regulation.

resulted in significant changes in cervical muscle activity. These

results suggest that superficial cervical muscles act as part of the

human core to stabilize the trunk against moments imposed at the

pelvis by extrinsic leg muscles during running. The observation that

neck muscles provide stability for the legs of humans has

implications to the locomotor function of the tetrapod neck,

prevention of spinal injury, and treatment of chronic cervical and

back pain.
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Characterizing the gut microbiome of honeybees University of Illinois at Urbana Champaign;

On nearly every surface and inside almost every organism, there argcorpionjeger@hotmail.com
millions of tiny microbes that are invisible to the naked eye. Some ofMeasurement of cephalopod polarization patterns with color
these microbes, known as symbionts, live in symbiosis or within video-polarimetry and computer vision techniques.
other organisms. These tiny microbes include bacteria, fungi, andCephalopods have long been known to visually sense polarized light,
viruses. Honeybees (Apis mellifera), like most insects, hostyet quantifying polarized patterns from these animals has been
symbionts in their guts. Previous research has identified andlacking due to technical difficulties of polarization imaging
characterized nine bacterial species clusters that dominate the guinderwater. We use a custom-built high definition color polarization
microbiome of honeybees. While the microbes in their hives andcamera with vertically stacked color photodetectors that has been
honey have not been as well characterized, we know that honeybeemngineered to be diver operated under water. We use a modified the
come into contact with a variety of microbes while foraging. The computer vision tool, perspective from n points (PnP), to fit a virtual
microbes that are present may depend on the season and region tB® model to the 2D image. Using this 3D model, we model the
hives that the honeybees are located in, as well as the gut microbigiolarization reflections in virtual space and compare with the
composition of workers in the hive. We used DNA metabarcoding tomeasured animal. Reef squid, Sepioteuthis lessoniana and
assess whether there are regional and/or temporal differences in th@epioteuthis sepioidea, show specific patterns of the degree of
symbiotic environment of the guts of worker bees and the symbiontgpolarization that are dependent on the solar and viewing angle.
in stored honey. We will also address the following questions: WhatSpecific angle of polarization patterns were found that are not
microbial symbionts are present in honey and how does the seasocorrelated with the solar position. These polarization patterns may
impact that? How are these microbes related to the ones present icontribute to the unique and intricate schooling patterns found in
the guts of honeybees? these squid. We quantify these schooling patterns using a
goPro-VLAM tracking technique that is able to measure the body
positions of animals in addition to being able to map their
environment. The Broadclub Cuttlefish, Sepia latimanus show rapid
changes in polarization states in response to the movement of the
videographer.

P2-109 BRADY, PC*; GARCIA, M; HERNANDEZ, T; AALUND, P1-79 BRANDT, E E*; ROSENTHAL, M F; ELIAS, D O;
M; ELLERD, R; GRUEV, V; CUMMINGS, ME; The University of University of Western Ontario, University of California, Berkeley;
Texas at Austin, University of lllinois at Urbana Champaign, Texas eebrandt@berkeley.edu

A&M University; scorpionjeger@hotmail.com Temperature Effects on Multimodal Sexual Signals in an
A comparison of two distinct pelagic camouflage strategies in Ectotherm: a Network Analytical Approach
teleosts Temperature is an important factor influencing all aspects of animals'

Creole wrasse and Bar jack are evolutionarily distinct, yet they havdives, from physiology to behavior and ecology. One understudied
converged to school together in a particular pelagic environmentresearch avenue is understanding how temperature affects sexual
above coral shelves in the Caribbean. In this environment, each fislbehavior. In a previous study, we discovered that desert-dwelling
uses a different reflection method to match the water column colojumping spiders (Habronattus clypeatus) have
with high fidelity. The creole wrasse has a blue coloration that temperature-dependent multimodal sexual signals. Aspects of male
matches the blue color of the water column where they forage aboveisual and vibratory signals change dramatically with ambient
the coral. This species has a high polarization reflection that may aidemperature. Females also show different patterns of sexual
the creole wrasse with camouflage from the polarization sensingreceptivity at different temperatures. In the present study, we
copepods they hunt. The bar jack has broadband silvery skin thaperformed mating trials at two different temperatures with H.
reflects the color of the water column. It can also be found in andclypeatus to explore the details of female mate choice. We
among sea grass where the color of the water column is muclspecifically used a network analytical approach to understand (1)
greener. Bar jack have a high degree of depolarization and theihow aspects of sexual displays are correlated with one another and
polarization reflection is more complicated. We use a custom-built(b) how these networks change with changing temperatures. We
high definition color polarization camera with vertically stacked performed courtship trials at room temperature (~25 C) and at a
color photodetectors that has been engineered to be diver operatddmperature shown previously to result in higher mating rates (~50
under water. We use a modified the computer vision tool, perspectiveC). We then measured a number of aspects of male and female sexual
from n points (PnP), to fit a virtual 3D model to the 2D image. Using behavior, and assessed changes in the correlation network structure
this 3D model, we model the polarization reflections in virtual space of courtship, specifically network modularity and edge density.
and compare with the measured animal. We find that the creoleNetwork structure is predicted to change if different components of
wrasse performs similar to the bar jack in weber contrast with fewcourtship respond differently to changes in temperature, which
exceptions but performs much better in the polarization channel previous research suggests may be the case. Changes in a courtship
There are distinct differences in body positioning patterns betweerdisplay's correlation network can affect both how selection courtship
the two fish. acts, and the information that the display is able to contain. With
these methods, we are able to give a more nuanced view of how
multicomponent displays are comprised and change with changing
environmental conditions.
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California, Riverside, and Oklahoma State University, University of Role of Bmps in Evolution of Gas Bladder in Ray-Finned Fishes
California, Riverside, and Oklahoma State University; Studying the gene networks that dictate morphogenesis during
kbrass@okstate.edu development can provide important insight into evolutionary origins
Epigenetic effects of paternal perception of predation risk on of morphological novelties. The gas bladder, an air-filled sac that
offspring phenotypes affords buoyancy control, is a major morphological innovation within

In stable environments, parents able to transmit information such ashe vertebrate clade. It is unique to ray-finned fishes; all other bony
predation risk should have offspring that are pre-adapted to thevertebrates have ventral lungs. These structures are homologous, but
environment they will encounter as adults. While intergenerationalthe key difference to understanding the evolutionary transition from
epigenetic transmission of paternal experience has been demonstratéahgs to the gas bladder is that lungs bud ventrally from the foregut
in mammals, whether paternal perception of predation risk can alteendoderm during development while the gas bladder buds dorsally.
offspring phenotypes has not been investigated. We exposed mal@/e investigated the genetic basis of this dorsoventral inversion by
mice to a predator odor (2-4-5-trimethylthiazoline, TMT) and examining the expression patterns of Bmp4, ventrally expressed
measured offspring behavioral phenotypes throughout developmentluring lung budding in mouse, and Bmp16, a paralog expressed
as well as adult neural gene expression and stress reactivity. Wduring gas bladder budding in zebrafish, in three species: bichir,
predicted that offspring of males exposed to TMT would exhibit which retains ventral lungs; bowfin, which diverged soon after gas
decreased activity and increased anxiety-like behaviors relative tdbladder evolution; and zebrafish, which diverged more recently.
controls because these behaviors are analogous to anti-predat@®mp4 is expressed in the lung buds in bichir, as it is in mouse, but is
behaviors in the wild. Unexpectedly, we found that offspring of not expressed in the gas bladder in bowfin or zebrafish. Bmp16 is
TMT-exposed males tend to be more active and exhibit fewerexpressed in the gas bladder bud and associated foregut endoderm in
anxiety-like behaviors relative to controls. In the prefrontal cortex, bowfin. Bmp16 was lost in numerous bony vertebrate lineages,
we found evidence of increased relative expression of theincluding mammals, but it is not known whether it is retained in
mineralocorticoid receptor (Nr3c2) in experimental offspring. bichir. If Bmp16 is retained in the genome and expressed during lung
Additionally, offspring of TMT-exposed males exhibited decreased budding in bichir, it is possible that Bmps 4 and 16 both functioned in
baseline plasma CORT relative to controls. These results suggest thaing development in the bony vertebrate ancestor, Bmp4 taking over
fathers exposed to predation threat produce offspring that are boldethe functionality of Bmp16 in lineages in which the latter was lost. In
and, potentially, more likely to flee than freeze when predators arecontrast, if Bmp16 is retained in bichir but not expressed during lung
present. Importantly, this study provides evidence that ecologicallydevelopment, it is more likely that Bmp16 only became involved in
relevant paternal experience can influence offspring phenotypes. air-filled organ development when the gas bladder evolved.

P2-11 BREEN, CJ*; CAHILL, AE; Albion College; 74-6 BREITENBACH, AT*; PAITZ, RT; BOWDEN, RM,; lllinois
cjb20@albion.edu State University, Normal; atbreit@ilstu.edu

Survivability and Reproduction in Daphnia, Copepods, and Let's Do the Time-lag Again: Ecologically Relevant Incubation
Ostracods Under Changing Salinities Temperatures Delay the Response of Sex-determining Genes in a

Michigans's inland salt marshes are a very rare habitat in NorthTurtle with TSD

America, and little is known about the invertebrates that live there.Even though most organisms are exposed to variable bouts of warm
To gain a better understanding of the adaptations necessary to live itemperatures, we know relatively little about how the timing and
these habitats, we conducted two experiments. The first experimentontinuity of heat exposure influences biological processes. If heat
tested a single invertebrate in two different waters, the invertebratesvaves increase in frequency and duration as predicted by climate
that were tested on were ostracods taken from the salt marshgchange models, it is important to understand how these bouts of
copepods taken from the Kalamazoo River near the Albion Collegewarmer temperatures could affect thermally sensitive species,
campus, and Daphnia pulex that were ordered from Carolinaincluding reptiles with temperature-dependent sex determination. We
Biological. We tested for local adaptation in the invertebrates by hypothesized that 1) the continuity of exposure to warm temperatures
testing each species in freshwater from the Kalamazoo River andvould affect resulting sex ratios in Trachemys scripta hatchlings, and
from the salt marsh and measuring population growth (survival and2) the duration of exposure to warm temperatures would affect the
reproduction) for two weeks. We found that only the copepods had axpression of two genes in the sex-determination cascade, aromatase
significant difference in performance between the two environmentsand Dmrtl. To test the first hypothesis, eggs were initially exposed to
tested. This was strange because they did better in the water from thagily fluctuations of 25+3°C (which produce all males) and then two
salt marsh, which isn't their natural habitat. The Daphnia and 7-day heat wave days of 29.5+3°C separated by varying amounts of
ostracods did not have a significant difference in survivability days at 25+3°C (sex ratio data to be collected October 2019). To test
between the two environments. We then conducted a secondhe second hypothesis, we exposed eggs to a 9-day heat wave (same
experiment where each replicate contained two species ofthermal parameters), and sampled embryonic gonads on the last day
invertebrate. Both salt marsh water and freshwater were tested in thief the heat wave as well on days 1, 3, 5, and 7 after the end of the
experiment. The purpose of this experiment was to test if heat wave. Surprisingly, neither Dmrtl nor aromatase increased in
competitiveness/fitness in these two environments gave an advantagexpression following the heat wave. Expression of both genes
to one of the two invertebrates being tested. In the second experimerglightly decreased after the last heat wave day, and then gradually
the only invertebrate that significantly outperformed the other wasincreased back to initial levels. These data suggest that the response
the ostracod, which outcompeted the Daphnia in both environmentsof some sex-determining genes to fluctuating temperatures may be
It was also found that there was no significant difference between theslower than has been defined by constant temperature studies and
copepods and ostracods, and the copepods and Daphnia. Knowingnderscore the importance of accounting for natural variation in
that copepods survive and reproduce better in the salt marsh raiséemperature when studying such phenomena in the laboratory.

more questions as to why they haven't been found there. Copepods

don't outcompete ostracods, which are naturally found in the salt

marsh.
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Forest University, Winston Salem, NC, Tropical Aquaculture New Mexico State University, Las Cruces, Virginia Polytechnic
Laboratory, University of Florida, Ruskin, FL; Institute and State University, Blacksburg; vbrewer@nmsu.edu
noahbressman@gmail.com Effects of Urbanization on Extra-pair Paternity in the Song

Why (and how) did the catfish cross the road? Chemoreceptive Sparrow

terrestrial orientation and amphibious natural history of the Urbanization can affect the behavior of free-living animals. We
invasive walking catfish (Clarias batrachus) examined the effects of low-density urbanization on extra-pair

Walking catfish (Clarias batrachus) are an invasive species in mating in urban and rural populations of song sparrows (Melospiza
Florida, renowned for their air-breathing and terrestrial locomotor melodia) in Montgomery County, VA. We genotyped 70 song
capabilities. However, it is unknown how they orient in a terrestrial sparrow nestlings from 27 nests, along with their social parents and
environment. Furthermore, while anecdotal life history information is all other captured adults at 15 microsatellite loci. We assigned
widespread for this species in its nonnative range, little of this genetic paternity using the program CERVUS, successfully assigning
information exists in the literature. The goals of this study were to 38 of 70 nestlings (54%) to a father. Only one nestling was assigned
identify sensory modalities that walking catfish use to orient on land,to a male that was not the social father, confirming extra-pair
and to describe the natural history of this species in its nonnativepaternity. However, 22 additional nestlings were tested against a
range. Fish (n = 100) were collected from around Ruskin, FL, andgenotyped social father, but not assigned to a genetic father, leaving
housed in a greenhouse, where experiments took place. Individuathe possibility of extra-pair siring by an unsampled male. The lack of
catfish were placed in the center of a terrestrial arena and weresuccessful assignment of nestlings to sampled social fathers suggests
exposed to four treatments: deionized water- and alaninethat up to 34% of nestlings may be the result of extra-pair mating, in
solution-wetted bench liner in direct contact with the fish, and poolsline with other studies of extra-pair paternity in song sparrows.
of filtered and pond water out of direct view or contact. Additionally, Preliminary results suggest that there are higher rates of extra-pair
88 people from Florida wildlife-related Facebook groups who have offspring and nests in rural areas, as compared to urban areas.
personal observations of walking catfish on land were interviewedHowever, due to a limited sample size of rural nests (N=3), we
for information regarding their terrestrial natural history. This data cannot yet draw definitive conclusions about the effects of
was combined with observations from 38 YouTube videos of urbanization on extra-pair mating. Future plans include increased
walking catfish in Florida. Walking catfish exhibited significantly sampling of rural nests, and the use of single nucleotide
positive chemotaxis toward alanine, suggesting chemoreception ipolymorphisms (SNPs) to increase power to detect extra-pair mating.
important to their terrestrial orientation. Walking catfish emerge most

frequently during or just after heavy summer rains, particularly from

storm drains in urban areas, where they may feed on terrestrial

invertebrates. By better understanding the full life history of walking

catfish, we can improve management of this invasive species.

S3-4 BRINK, KS*; CHUONG, CM; WU, P; RICHMAN, J; 17-3 BRISCOE, AD*; MACIAS-MUAOZ , A; RANGEL-OLGUIN,
University of British Columbia, University of Southern California; AG; BRISCOE, Adr; University of California, Irvine;
kirstin.brink@gmail.com abriscoe@uci.edu

Effects of Premature Tooth Extraction on Tooth Replacement Evolution of Phototransduction Genes in Lepidoptera

Rates in Iguana iguana Vision is underpinned by phototransduction, a signaling cascade that

Reptiles with continuous tooth replacement, or polyphyodonty, converts light energy into an electrical signal. Among insects,
replace their teeth in predictable, well-timed waves in alternating phototransduction is best understood in Drosophila melanogaster.
tooth positions around the mouth. This process is thought to occuComparison of D. melanogaster against three insect species found
irrespective of tooth wear or breakage. However, prematureseveral phototransduction gene gains and losses, however,
extraction of functional teeth in alligators stimulates dental epithelial lepidopterans were not examined. Diurnal butterflies and nocturnal
cell proliferation, potentially leading to faster tooth replacement. moths occupy different light environments and have distinct eye
Therefore, without a long-term study, it is unknown if these early morphologies, which might impact the expression of their
changes in cell proliferation lead to more rapid tooth replacement opphototransduction genes. Here we investigated: 1) how
if timing is in fact intrinsically controlled. Furthermore, itis phototransduction genes vary in gene gain or loss between D.
unknown if this proliferation is unique to crocodilians or is melanogaster and Lepidoptera, and 2) variations in
characteristic of all reptiles. In this study, we aimed to determine if phototransduction genes between moths and butterflies. To test our
tooth extraction affects tooth replacement timing long-term in prediction of phototransduction differences due to distinct visual
juvenile green iguanas. We analysed an historical collection of x-raysecologies, we used insect reference genomes, phylogenetics, and
collected for up to 7 months after functional tooth extraction. We moth and butterfly head RNA-Seq and transcriptome data. As
also performed new extraction experiments for molecular expected, most phototransduction genes were conserved between D.
characterization of dental tissues. Results show that premature tootmelanogaster and Lepidoptera, with some exceptions. Notably, we
extraction has no effect on tooth replacement timing, and teeth ardound two lepidopteran opsins lacking a D. melanogaster ortholog.
replaced on average every 20 weeks at each position. CelUsing antibodies, we found that one of these opsins, a candidate
proliferation is not detected until 12 weeks after extraction in the retinochrome, which we refer to as unclassified opsin (UnRh), is
successional lamina, matching the expected development time of axpressed in the crystalline cone cells and the pigment cells of the
tooth in iguanas. The differences observed in molecular activity inbutterfly, Heliconius melpomene. Our results also show that
the successional lamina between alligators and iguanas could be duwritterflies express similar amounts of trp and trpl channel mRNAs,
to the morphology of the dental lamina and maintenance of potentialwhereas moths express 50X less trp, a potential adaptation to
stem cells, tooth attachment type, or feeding ecology. Ongoingdarkness. Our findings suggest that while many single-copy D.
longitudinal studies in the alligator and leopard gecko will further melanogaster phototransduction genes are conserved in
elucidate the mechanisms of continuous tooth replacement inepidopterans, phototransduction gene expression differences exist
polyphyodont reptiles. between moths and butterflies that may be linked to their visual light
environment.
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TIR Domain-Containing Protein SARM1 Diversity in Effects of Dietary Methylmercury on Songbird Hippocampal
Deuterostomes and Lophotrochozoans Neuroanatomy

Innate immunity pathways are shared among all animals to detecMethylmercury is a widespread neurotoxic stressor in both aquatic
conserved surface molecular motifs used by pathogenic microbes. land terrestrial environments, yet many terrestrial species have been
animals, the Toll-like receptor (TLR) pathway is defined by overlooked in studying its effects. Using the zebra finch
Toll/interleukin receptor (TIR) domains to bind these pathogens. The(Taeniopygia guttata) as a model songbird, we previously showed
TLR pathway has several highly conserved TIR domain-containingthat birds exposed to sublethal levels of dietary methylmercury
proteins that have been well characterized in model organisms. Irthroughout their lifespans displayed impaired spatial learning;
this study, we analyze one such TIR domain-containing protein,however, in this study mercury did not affect our measure of spatial
SARM1, in Deuterostomia and Lophotrochozoa. In jawed memory nor were differences in hippocampus volume observed. The
vertebrates, SARML1 inhibits the MYD88-independent hippocampus is a region of the brain related to spatial cognition, so
TCAM1-dependent pathway via a negative regulator loop. In otherthis difference in learning could be due to effects of mercury on
lineages, SARM1 function is unknown. Although a TCAM1 neural processes in the hippocampus rather than simply volume. We
homolog is absent in many invertebrate lineages, SARML1 is presenhypothesized that methylmercury would hinder neural processes such
and has been hypothesized to play a role in neuron physiology, innatas migration of young neurons to the hippocampus, survival of
immunity, or both. Our results confirm the hypothesis that SARM1 is immature neurons to this region, and integration of immature neurons
indeed a conserved protein. SARML1 is characterized by twointo existing neural networks within the hippocampus. To test this
N-terminal sterile alpha motif (SAM) domains and a single hypothesis, we extracted brains from zebra finches that had been
C-terminal TIR domain. SARML1 is present in all sampled taxa, but exposed to methylmercury throughout their lives and whose spatial
has variability in total length, domain placement, and domain cognition had been tested. We predict that mercury-exposed birds
characterization. These findings emphasize the importance ofwill display decreased density of immature and mature neurons in the
sampling across all taxonomic groups to reveal evolutionary patternshippocampi, quantifying these measures utilizing
novel function, and protein composition. Given that SARM1 is immunohistochemical staining.

conserved across a broad range of Metazoa, future work is needed to

understand how this protein is functionally utilized in invertebrate

taxa.

P1-264 BROGREN, D*; BURLEY, A; HOLIHAN, M; GRAVES, S; 3-1 BROWN, CE*; DEBAN, SM; DUDLEY, R; SATHE, EA,

CHRYSLER, J; POPPS, K; SCOTT, J; Saginaw Valley State University of South Florida, Tampa, FL, University of California,
University, University Center, Ml; jascottl@svsu.edu Berkeley, CA, University of California, Berkeley, CA;

High fat diets induce early signs of non-alcoholic fatty liver disease cbrown43@mail.usf.edu

(NAFLD) independent of carbohydrate content Directed Aerial Descent in Arboreal Salamanders

Diets high in fat have been shown induce non-alcoholic fatty liver Many arboreal animals, from insects to vertebrates, use directed
disease (NAFLD), which is characterized by steatosis, inflammation,aerial descent (DAD) to avoid predation, locate mates or resources,
and metabolic changes in the liver. To investigate the metabolic andnd minimize deleterious impacts of a jump or fall. Such behaviors
physiological effects of dietary fats and carbohydrates, adult micemay have been an important precursor to the evolution of flight in
were placed on low-fat (62% carb, 7% fat, 20% protein), Westernvertebrates, and thus merits closer inspection even outside the
(36% carb, 36% fat, 20% protein) and ketogenic diets (5% carb, 71%context of the arboreal-cursorial debate. Here, we show that arboreal
fat, 20% protein) for 8 weeks. Changes in physiology were analyzedsalamanders in the genus Aneides, some of which inhabit the crowns
by measuring changes in body composition, histology, and hepatiof the world's tallest trees, use DAD during jumps despite having no
gene expression. At 8 weeks, there was a significant increase impparent specialized aerodynamic control surfaces such as skin flaps.
body, ependymal fat pad, and liver weights in both Western andHigh-speed cameras were used (at 500 fps) to image arboreal
ketogenic mice, relative to mice fed the low-fat diet. The increasedsalamanders from dorsal and lateral perspectives as they jumped
liver weight corresponded with observable increase in lipid from both raised platforms onto a landing pad, and into a vertical
accumulation (steatosis) in liver sections. Furthermore, an increase iwind tunnel that simulated an extended descent. One non-arboreal
left ventricle thickness was observed with both diets high in fat plethodontid, Ensatina eschscholtzii, was studied in the vertical wind
Analysis of the expression of 84 hepatic genes associated withunnel for direct comparison. E. eschscholtzii cannot jump, and its
NAFLD indicated that exposure to Western and ketogenic dietsaerial performance varies greatly. Kinematic analysis revealed that
resulted in altered expression of genes associated with insulirall filmed salamanders were capable of mid-air stabilization,
resistance, lipid accumulation, hepatocyte injury, and an increase irparachuting, and landing in a prone posture during jumps or falls.
blood cholesterol. However, the ketogenic diet mice also inducedAneides vagrans may also be capable of controlled maneuvers during
expression of anti-inflammatory genes. Thus, the results suggest thaxtended descents as simulated in the vertical wind tunnel. Mid-air
an increase in dietary fat, independent of carbohydrates, can lead tstabilization, parachuting, and maneuvers appear to be controlled by
early signs of NAFLD; however, a ketogenic diet may induce deliberate movements of the limbs, feet, and tail of these arboreal
anti-inflammatory mechanisms that could delay disease progression.salamanders. This new example of DAD, the first to document the
mechanics of aerial behavior in any salamander, suggests that the
oft-cited long limbs and active tail of Aneides may serve in functions
supplemental to climbing, and also is relevant to aerial hypotheses
for the origin of flight in vertebrates.
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117-2BROWN, T A*; TSURUSAKI, N; BURNS, M; UMBC, 140-3 BRUECKNER, A*; PARKER, J; California Institute of
Baltimore, MD, Tottori University, Tottori, JPN; Technology, Pasadena, CA; bruckner@caltech.edu
tbrown8@umbc.edu Single Cell Assembly of a Chemical Key Innovation in a Rove
Genotyping-By-Sequencing via 3RAD Capture to Determine Beetle

Reproductive Mode in a Facultative Parthenogen Evolutionary novelty can arise from the emergence of new cell types

Alternative reproductive systems, wherein individuals do not with new biological functions. How new cell types are constructed
exclusively reproduce sexually, may provide unique insight molecularly during evolution is poorly understood. Here, we
regarding sexual conflict. Leiobunum manubriatum and L. globosumdeconstruct the assembly of novel cell types comprising an
are facultatively parthenogenetic Japanese harvestman which vary iavolutionary key innovation in animals using single cell sequencing.
sex ratio across their geographic distribution. Males of both speciesA chemical defense gland in rove beetles (Staphylinidae) is the
possess morphology which suggest coercion may be common duringutative catalyst behind the global radiation of this clade into
mating events. In previous efforts, we used >16,000 species. We show how defense gland function was pieced
genotyping-by-sequencing and a SNP array panel to determine theogether from ancestral molecular source material to create two,
reproductive mode of females. We found that despite the availabilityclade-specific secretory cell types, each capable of synthesizing and
of males, females in populations with high male frequency secreting distinct compound classes. Production of noxious
reproduced primarily through parthenogenesis. Additionally, femalesbenzoquinones by one cell type evolved from duplication of a
from populations with few males were not significantly more fecund tyrosine-oxidizing laccase enzyme, with an ancestral role in cuticle
than females in equal sex ratio populations. These results alséanning. Production of a short-chain alkane by the second cell type
identified that a more accurate, cost-effective method to rapidlyevolved from recruitment of a partially duplicated cuticular
genotype thousands of samples was necessary. 3RAD Capturbydrocarbon pathway lacking elongase-mediated chain extension.
combines the low input DNA requirements and decreased PCR errofhe alkane-producing cells form an epithelial reservoir into which
rate of 3-enzyme RADseq with the high coverage of bait captureboth cell types secrete, the alkane dissolving the benzoquinones to
sequencing. First, specialized capture baits were designed frontreate a bioactive defensive secretion. These results exemplify how
previous RAD sequencing of L. manubriatum. These baits target locicell types with new properties are constructed through molecular
suitable for genotyping, maximizing usable reads from minimal evolution, and can synergize to create emergent organ functions.
template DNA. Samples were digested using three enzymes, and

custom oligonucleotides were ligated to cut ends. Following this

preparation, the library is hybridized with bait probes which are

targeted with streptavidin beads. The captured DNA can then be

isolated and sequenced with high efficacy. Rapid and accurate

genotyping facilitates sire assignment of thousands of egg specimens,

providing insight on the factors which maintain sex in these

facultative parthenogens.

P1-250 BRYANT, A.R*; GABOR, C.R; SWARTZ, L.K; LOWE, 126-6 BUCHINGER, TJ*; FISSETTE, SD; BRANT, CO; LI, K;
W.H; WAGNER, R.; Texas State University, Division of Biological = JOHNSON, NS; LI, W; Michigan State University, East Lansing,
Sciences, University of Montana, Division of Biological Sciences, MI, US Geological Survey's Hammond Bay Biological Station,

University of Montana, Ohio University; arb326@txstate.edu Millersburg, MI; buchingé@msu.edu
Steam Salamander Larvae Downregulate Corticosterone in the A Pheromone Antagonist Liberates Female Sea Lamprey From a
Presence of Fish Predators Sensory Trap

In amphibians, exposure to stressors early in life can have continuingd he sensory trap hypothesis predicts males use signals that mimic
negative impacts later in life. These negative consequencesnonsexual cues to gain access to mates. In theory, deceptive signaling
including decreased body mass at time of metamorphosis as well amight lead to honest communication if females evolve to
increased susceptibility to disease, have been demonstrated in sevewdiscriminate the mimic from the model and react appropriately to
species of salamanders and may have broader implications foeach per the context. We investigated if and how female sea lamprey
conservation. We sampled Northern stream salamander larvag(Petromyzon marinus) discern a nonsexual chemical cue from a male
Gyrinophilus porphyriticus, from two streams that each had nativepheromone that mimics it. Sea lamprey migrate into streams
fish predators in the lower reaches and none in the upper reaches. Wellowing chemical cues released by larvae residing in nursery
measured baseline and stress response (to agitation) corticosteromabitats near spawning grounds. Sexually mature males signal to
release rates of larvae using a non-invasive water-borne hormoné&males using a sex pheromone that partially mimics the larval cue;
assay. We hypothesized that larvae from stream reaches with fiskthe major component of the male pheromone 3-keto petromyzonol
predators would have different baseline and stress responseulfate (3kPZS) is also released by larvae and influences the
corticosterone levels than larvae from reaches without fish predatorsnonsexual migratory behavior of sea lamprey and other species that
We found that corticosterone was downregulated in larvae fromdo not use it as a sex pheromone. We postulated females discriminate
reaches with fish predators. We also found that corticosterone wasetween the larval cue and the male pheromone using petromyzonol
downregulated in the stress-induced samples from both treatmentsulfate (PZS), a behavioral antagonist of 3kPZS. Chemical analysis
These results indicate that the decrease in corticosterone is related tmnfirmed that both larvae and males release 3kPZS but revealed
the presence of a predator but populations exposed to a predator apgoportionally more PZS in larval odor than male odor. In a natural
not chronically stressed. While mass and snout-vent length (SVL) didstream, 100% of females chose the nest baited with a mixture of
not vary across reaches, down regulation of corticosterone coul8kPZS and PZS typical of males over that of larvae when each was
have long term consequences on mass and SVL after metamorphosipplied at the same concentration of 3kPZS. Our results indicate
for individuals from reaches containing predators. females use a behavioral antagonist to avoid orienting towards larval
odor while tracking the male pheromone that mimics it, and offer
rare evidence females can adapt to use mimetic male signals for
honest communication.
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41-7BUCKLEY, KM; Auburn University; kbuckley@auburn.edu 93-6 BUO, C*; TAYLOR, E; BARTLES, J; CHRISTMAN, K;

Immune Responses in Sea Urchin Larvae Highlight Fundamental  DAYAL, P; LONDRAVILLE, RL; University of Akron;

Aspects of Animal Immunity ch46@zips.uakron.edu

Wide-ranging aspects of organismal biology are influenced by theSpatial mapping and visual cues influence navigation in

microbial world. By orchestrating these relationships — through Entomacrodus striatus

protecting against pathogens and promoting a beneficial microbiota -We collected Entomacrodus striatus, an amphibious rockskipper,
the immune system operates at the forefront of evolutionary biology.from a rock jetty in Moorea, French Polynesia, and tested their
Immune response is a system-wide phenomenon that integrategmmping abilities using a flow table. Amphibious fish routinely
mechanisms for microbial detection and clearance with physiologicalnavigate between terrestrial and aquatic habitats using either spatial
pathways that maintain host homeostasis. The larval stage of thenapping or visual cues to determine where to safely jump. We
purple sea urchin (Strongylocentrotus purpuratus) provides anrecorded jumping direction during three sets of trials: eleven rounds
experimentally tractable, morphologically simple system in which to of training, three rounds of visual cue disruption testing, and two
study immunity from a system-wide perspective. In response torounds of spatial memory disruption testing. During the first round of
marine bacterium Vibrio diazotrophicus in the seawater, larvae elicittraining, the fish were able to jump to safety in a novel environment,
a synchronous, non-lethal inflammatory response. The cellularregardless of starting orientation (p < 0.001). E. striatus were able to
response consists of changes in gut morphology, immune cellearn the terrain after repeated conditioning and continued to jump in
recruitment, and changes in cell motility. Analysis of gene activity the same direction after we moved rocks to the opposite side of the
reveals that the most acutely upregulated gene in the early phase ¢éble (p = 0.033). To test memory disruption, we injected the fish
response are two groups of IL17 paralogs, which are expresseevith NOS inhibitor L-NAME and found fish jumps became
exclusively in gut epithelial cells. Perturbation of IL17 receptor randomly distributed (p = 0.452). In this study, we show blackspotted
signaling results in reduced levels of tnfaip3 (an IL17 feedback rockskippers successfully navigate through a combination of both
inhibitor), nfkbiz (an IL17 target gene in vertebrates), transcription visual cues and spatial mapping while on land.

factors cebpa and cebpy and soull (SOUL domains are

evolutionarily widespread and involved in immune responses). These

results indicate that the highly regulated IL17 expression in the gut

epithelium and signaling through IL17R1 form a central axis of

larval gut-associated immunity. Transcriptional regulation is also

apparent within a battery of genes with homologs throughout

non-vertebrate bilaterian organisms. As invertebrate deuterostomes,

sea urchin larvae share an important genetic heritage with the

vertebrates but provide an experimentally tractable system. These

findings define fundamental aspects of immune control and are

relevant for understanding gut immunity in a wide range of animals.

2-7 BURFORD, B*; WILD, L; SCHWARZ, R; KOSMA, M; 71-3 BURKHARD, TT*; PHELPS, SM; University of Texas at
CHENOWETH, E; SREENIVASAN, A; GILLY, W; HEINTZ, R; Austin; tburk@utexas.edu

FIELD, J; HOVING, HJ; STRALEY, J; DENNY, M; Stanford Evidence for heritable variation in the songs of Alston's singing
University, University of Alaska Fairbanks, GEOMAR, University of mouse

Alaska Southeast, Alaska Fisheries Science Center, Southwest Advertisement vocalizations can attract mates, deter rivals, aid in
Fisheries Science Center, GEOMAR; bburford@stanford.edu species recognition, and drive reproductive isolation. Because
Poleward proliferation of an inshore squid adaptation relies on heritable variation, examining the heritability

Ongoing shifts in temperature and oxygen availability are thought to(h?) of acoustic variation is critical to understanding the evolution of
alter the abundance and distribution of metabolically-viable habitatsvocalizations and the species that make them. Alston's singing mouse
for marine ectotherms. Motile species with larger bodies and longer(Scotinomys teguina) is a small and diurnal species that lives in cloud
lifespans can compensate by migrating long distances to inhabit moréorests of Central America. We used a combination of breeding
suitable waters. These "climate refugees” then interact with andstudies and genomics-based methods to test for heritable variation in
potentially affect their new ecosystems. However, smaller-bodiedsong structure among these mice both in the lab and field. We first
species with short lifespans are thought to remain within ecosystems,ook advantage of geographic variation in song effort to
where they exhibit recurrent boom-bust dynamics. California marketexperimentally examine whether heritable variation contributes to
squid (Doryteuthis opalescens) is a small, abundant, andintraspecific differences in song. We caught animals from Costa Rica
ecologically-important marine ectotherm that primarily inhabits the and Panama, populations that naturally differ in song length. We
California Current (CC) in the northeast Pacific Ocean. With a reared animals from each of these sites in captivity, and crossed them
typical lifespan of 6 months, population fluctuations in the CC that to produce Fand F, animals, recording songs from each of these
correlate with changes in oceanographic conditions have largely beethree generations. Population differences in song elaboration were
attributed to boom-bust dynamics, and little attention has been givemmaintained in lab-reared animals, suggesting a heritable basis to
to the species' latitudinal migratory potential. However, beginning in population differences, with Fand F, animals exhibiting
2015, D. opalescens appeared in unprecedented abundance in thrtermediate song lengths. Next, we estimated the heritability of song
Gulf of Alaska (GOA), an ecosystem 3,000 km northwest of the within a Costa Rican population. We recorded songs and collected
central CC. We relate this multi-generational poleward migration to DNA from wild-caught mice. We used RAD-seq to generate SNPs
ecophysiology, life history, and trophic ecology, and examine thefrom each individual and to calculate a genomewide relatedness
event's historical, geographic, and environmental context. Our datanatrix (GRM). Finally, we fit generalized linear mixed models to
suggest that the causes and consequences of climate-relatezhlculate B of song. Our preliminary results estimatéth be
migrations in small, short-lived marine ectotherms have importantbetween 0.2 - 0.4 for different aspects of song. Together our data
implications both for the life history of the migrants and the ecology support the hypothesis that there is heritable variation in song
of the communities and ecosystems into which they migrate. structure both within and among populations of singing mice.
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S11-1BURMEISTER, SS*; LIU, Y; University of North Carolina, S11-10 BURMEISTER, SS; University of North Carolina;

University of Texas Southwestern Medical Center; sburmeister@unc.edu

sburmeister@unc.edu Integrative Comparative Cognition

Hippocampal transcriptomes are associated with cognitive ability in A long-standing guestion in biology is what are the mechanisms that
two species of frog shape the evolution of cognition? One effective way to address this

The complexity of an animal's interaction with its physical and/or question is to study cognitive abilities in a broad spectrum of
social environment is associated with behavioral flexibility and animals. While comparative psychologists have traditionally focused
cognitive complexity. While this relationship has been studied on a narrow range of organisms, today they may work with lizards,
extensively in birds and mammals, we know comparatively little birds, or bees. This broader range of study species has greatly
about cognitive ecology in amphibians. We examined differences inenriched our understanding of the diversity of cognitive processes
cognitive ability in two species of frog with divergent natural among animals. Yet, this diversity has highlighted the fundamental
histories. Poison frogs are diurnal, territorial, and utilize spatially challenge of comparing cognitive processes across animals. An
distributed resources during parental care. Tungara frogs arenalysis of the neural and molecular mechanisms of cognition may
nocturnal and use ephemeral puddles to breed in a lek-type matinge necessary to solve this problem. For example, if similar cognitive
system. Using standardized laboratory tasks, we find thatabilities are mediated by different neurobiological mechanisms, this
green-and-black poison frogs (Dendrobates auratus) prefer to usemay support the conclusion that they are not, after all, comparable.
spatial cues while tungara frogs (Physalaemus pustulosus) prefeFurther, a mechanistic approach can inform how the evolution of
local cues. Further, green-and-black poison frogs display greatercognitive abilities have been constrained at the neural, molecular, or
behavioral flexibility than tangara frogs in a reversal learning task. genetic levels. Recent advances in next-generation sequencing
Finally, green-and-black poison frogs are capable of using trueenables one to study neurogenomic mechanisms of comparative
spatial memory to solve a modified Morris water maze. Spatial cognition in a broader range of species providing a potentially
memory and behavioral flexibility are associated with hippocampal powerful tool to create an integrative perspective of comparative
function in mammals. Thus, we used RNAseq to examine speciegognition.

differences in the medial pallium, the amphibian homolog of the

hippocampus. We found that genes related to learning and memory,

neurogenesis, and synaptic plasticity were upregulated in

green-and-black poison frogs, while genes related to apoptosis were

upregulated in tungara frogs. While there are many reasons that these

two species may differ in medial pallium gene expression, such

differences provide an opportunity to identify candidate genes that

enable greater behavioral flexibility and cognitive complexity in

green-and-black in poison frogs.

S7-1 BURNETT, KG*; DURICA, DS; MYKLES, DL; STILLMAN, 30-3 BURNETT, NP*; BADGER, MA; COMBES, SA; University
JH; College of Charleston, The University of Oklahoma, Colorado  of California, Davis; burnettnp@gmail.com
State University, San Francisco State University; burnettk@cofc.edu Wind and canopy height affect honey bee flight performance in
SICB Wide Symposium: Building Bridges from Genome to cluttered environments
Phenome: Molecules, Methods and Models Bees flying in natural habitats often encounter unpredictable wind
Understanding the mechanistic basis by which genes give rise to bothonditions and cluttered vegetation — features that may adversely
stability and variation in phenotypes is one of the Grand Challengesaffect flight performance. Despite many studies examining how bee
articulated by NSF. Accordingly, scientists in many disciplines are flight is affected by wind or by obstacle arrangement, we know little
using a wide variety of organisms and experimental approaches t@bout the strategies that bees adopt when traversing spatially variable
generate complex datasets at different levels of biological environments with both obstacles and wind. We examined the flight
organization, all aiming to elucidate aspects of the performance and behavior of honey bees (Apis mellifera) flying
genome-to-phenome framework. The goals of the Building Bridgesthrough a chamber with an array of vertical obstacles that did not
Symposium, including invited speakers and related oral and posteextend to the ceiling, allowing bees to fly through the obstacles
complementary sessions are to build connections among ongoin@nd/or above the obstacle "canopy.” We varied the height of the array
research efforts, as well as to identify critical gaps and future needdetween trials (obstacles occupied 5% to 65% of the vertical space in
to accelerate and facilitate this critical area of research. Thethe chamber) and tested bees flying upwind, downwind, and in still
Symposium is organized by members of NSF's Animal air. As obstacles grew taller in any wind condition, bees flew more
Genome-to-Phenome Research Coordination Network (AG2P RCN}slowly and took more time to traverse the array but did not change
to encourage networking across disciplines, gender, ethnicity, angeak performance (maximum speed and acceleration). In each wind
professional ranks. Participant discussions at a concluding workshogondition, bees adjusted the lateral component of their flight paths to
will serve as the basis for a white paper identifying major gaps, keystay farther from tall obstacles than from short obstacles. Finally,
barriers and leading edges in the field of genome-to-phenomebees in wind did not adjust the vertical extent of their paths in
research.(NSF I0OS 1927470) response to array height, whereas bees in still air increased the total
vertical space traversed — they extended the upper extent of flights
(flew higher) but maintained the lower extent of flights as array
height increased. Our results show that simple variation in obstacle
features like height can interact with wind to alter bee flight
performance and behavior. Thus, bees foraging in natural
environments, and the pollination services they provide, may be
affected more than previously thought by the interaction between
wind and the configuration of surrounding vegetation.
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P2-89BURNS, MP*; SALTZ, JB; Rice University; mpb5@rice.edu  72-1 BURRESS, ED*; WAINWRIGHT, PC; University of
Understanding the sources of variation that contribute to California, Davis; edb0014@auburn.edu

differences in decision making outcomes Are Oral and Pharyngeal Jaw Diversification Rates Correlated in
Understanding why variation in decision making exists is important Cichlid Fishes?

for informing an overall understanding of behavioral variation. It has been appreciated for some time that the oral and pharyngeal
Decision making is involved in many behaviors impacting fitness — jaws of fishes decouple prey capture and processing functions and
such as habitat choice, foraging, etc. Because of this, it follows thatheir physical independence may permit considerable evolutionary
everyone should optimize decision making. However, what we independence and promote trophic diversity. However, the degree of
observe is a great deal of variation — with animals making decisionsvolutionary independence of these jaw systems is rarely estimated
that can negatively impact fitness all the time. So why isn't everyoneand continues to be poorly known. We tested the independence of
great at making the optimal decision? One thing known is decisionoral and pharyngeal jaw diversification rates in New World cichlids.
making is costly, both in terms of neural tissue and the time/energyWWe measured functional morphological traits of the oral and
spent information gathering and processing. There are limitationspharyngeal jaws of 218 individuals representing 84 species. We
because all time/energy spent on decision making is not spenassessed multivariate branch-specific rates of evolution using
maximizing other aspects of fitness. In addition, not all Bayesian inference in RevBayes. Overall, oral and pharyngeal jaw
environmental cues have equal importance, and in cases where thdiversification rates were only weakly correlated. We found that only
fitness cost of making the wrong decision is particularly high, it may a few traits (15%) were more correlated between the jaw systems
be beneficial to maximize response to certain stimuli. Divergentthan expected based on Brownian motion. These tended to be
evolutionary histories and variation in stimuli importance can lead tonegative correlations between traits associated with the biting
certain cognitive biases, which skew an animal's assessment a$trength of the pharyngeal jaws and the magnitude of oral jaw
environmental cues away from objective perception — meaning thaprotrusion. This pattern may be due to a functional trade-off between
decision making is not always an entirely objective process. Sosuction feeding on evasive prey (e.qg., fish) and sessile prey that
where is this variation coming from? Animals can vary both in requires intensive processing by the pharyngeal jaws (e.g., molluscs,
general cognitive ability and bias — so what determines how thisalgae). We found several instances of conflicting evolutionary
variation is generated and maintained? One thing expected tgatterns between the two jaw systems. Some piscivores exhibit
influence this is the degree of environmental variability experienced.dramatic diversification of oral jaw traits (i.e., Petenia), whereas
To investigate, we compare two closely-related species that ofothers exhibit dramatic diversification of pharyngeal jaw traits (i.e.,
Drosophila that differ significantly in the degree of environmental Cichla). Substrate sifting lineages consistently exhibited low
variability experienced: D. sechellia and D. simulans. Contact: diversification rates of both oral and pharyngeal jaws. Diversification
mpb5@rice.edu Supported by a training fellowship from the Gulf of oral and pharyngeal jaws has largely been independent during the
Coast Consortia, on the IGERT: Neuroengineering from Cells to Neotropical cichlid adaptive radiation.

Systems, National Science Foundation (NSF) 1250104.

35-1 BURROUGHS, RW; University of Chicago; 94-2 BUSBY, MK*; DAVIDOWITZ, G; BRONSTEIN, JL; The
rburroughs@uchicago.edu University of Arizona, Tucson, AZ; mkbushy@email.arizona.edu
Modeling rodent tooth morphogenesis reveals constraints on Thermolimit Respirometry Determines Relative CTmax Among
mammalian tooth evolution Carpenter Bee Life Stages

Mammal tooth morphology and function correlate strongly with Native bees are increasingly under threat from a wide variety of
dietary ecology, and convergence is a major feature of mammaliaranthropogenic forces, including rising temperature. Warmer
tooth evolution. Yet, function and ecology are insu cient to explain temperatures are already affecting organisms indirectly, through
morphological diversi cation and convergence within mammalian behavioral or range modification, or through adaptive plasticity as in
molar evolution; suggesting that development and phylogeny alscadvanced production of heat shock proteins. However, as
limit possible structural solutions to selective pressures. Here, | useéemperatures approach organisms' critical thermal maxima (CTmax),
in silico models and empirical studies of extant and fossil rodentthey are more likely to directly impact survival, and understanding
teeth to identify morphogenetic rules that in uence molar thermal tolerances will increase in importance. CTmax is most often
morphology. Because rodents are the most diverse group ofmeasured in adult insects by observing knockdown while ramping
mammals with corresponding dental disparity they represent antemperature. However, in some cases it is the larval stages that are
excellent system for investigating how genetic interactions limit most vulnerable to thermal extremes, and bee larvae cannot easily be
morphology. | find that lower molars are limited to a minimum of visually assessed for knockdown. Thermolimit respirometry solves
four cusps and a maximum of nine cusps. Multiple developmentalthis problem by measuring volume of CO2 in air that passes over an
pathways produce the same numbers of cusps, despite highly variablcclimated larva in an enclosed chamber. This allows for respiration
cusp morphologies, indicating the existence of limits on how to be monitored, and pinpoints time or temperature of death.
morphological evolution can fill a morphospace defined by cusp Xylocopa californica, the desert carpenter bee, nests above ground,
numbers. These constraints are both developmental and phylogenetleaving its larvae particularly exposed to the effects of temperature.
in nature and the identifcation of their influence on rodent molar In the Sonoran Desert of southern Arizona, carpenter bees are near
shape provides a framework for investigation of how tooth batteriesthe southernmost and hottest part of their range, and possibly near the
evolved an array of functions despite fundamental structural limits.edge of their thermal geographic range. To assess thermal tolerance
The data presented here increase predictability of cusp humber andf during development, | used thermolimit respirometry on all larval
evolutionary outcomes of rodent cheek dentition. and pupal stages. The least thermally tolerant life stage died at 52.6
degrees C. Record high local temperatures in southern Arizona have
reached 47 degrees C. Measurements of developmental thermal
tolerances at each life stage suggest that this critical pollinator is
close to the maximum it can physiologically tolerate in a warming
world.
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130-2BUSER, TJ*; SUMMERS, AP; SIDLAUSKAS, BL; Oregon 117-6 BUSH, JM*; ELLISON, M; SIMBERLOFF, D; University of
State University, Corvallis, OR, University of Washington, Friday Tennessee Knoxville; jpush15@vols.utk.edu

Harbor Laboratories, Friday Harbor, Washington; Are brown anoles bullies? Insights into interactions between an
busert@oregonstate.edu invasive and native lizard species

Stags of the Sea? Cranial Weapon Morphology in The Fish Invasive species often displace native species that they closely
Subfamily Oligocottinae (Pisces; Cottoidea) resemble or compete extensively with. The mechanisms behind

Many vertebrate groups have weaponized their skulls and, thoughnvaders' competitive success can vary widely, ranging from
some cranial weaponry aids defense, intraspecific combat appears @ggressive dominance over resources (interference competition) to
drive the evolution of these structures in most terrestrial casessuperior resource utilization (resource competition). In this study, we
Equally impressive weaponry adorns aquatic vertebrates, such as tHeoked for evidence of interference competition between an invasive
sculpins in superfamily Cottoidea. The skulls of these diverse fishedizard species, the brown anole (Anolis sagrei), and a closely related
bear antler-like preopercular spines of remarkable variation, and theompetitor that it displaces in the wild, the green anole (A.
males of many species show intraspecific agonistic behavior duringcarolinensis). We housed captive populations of green anoles in large
the breeding season. Do the evolutionary trends in weaponoutdoor structures in Oak Ridge, Tennessee, and recorded their
morphology of these fishes follow those observed in ungulates,display behaviors and habitat use for 10 days. We then introduced
beetles, and other fighting fauna? If so, we predicted that their spinéorown anoles and recorded the green anoles' behaviors for another 10
shape would show ontogenetic change, sexual dimorphism, andlays, looking for differences in pre- and post-invasion behaviors. We
asymmetry. We tested these predictions in members of the sculpimlso recorded behavioral interactions between the two species. To
subfamily Oligocottinae by quantifying spine shape with 3D serve as a density control, we repeated the experiment in a second
geometric morphometric techniques applied to reconstructions fromenclosure using green anoles to "invade” the first populations. We
micro-CT scans of members of each species. We found that sexudbund no evidence that brown anoles behaviorally dominate green
dimorphism is not apparent in the preopercular spine shape ofnoles. Although brown anole males regularly displayed at green
oligocottines but ontogenetic change in shape is evident in severadnoles, green anoles were generally uninterested in brown anoles and
species and that asymmetry is common in all species. Interestinglywere more likely to interact with newcomers of their own species.
the direction of change across ontogeny is inconsistent acros&reen anoles also did not change their display behaviors or activity
species, with the spines of some species becoming proportionallyevels in the presence of brown anoles. This study provides insights
larger and more complex with age, while in others the spines becoménto how a native species responds to a closely related invasive
reduced. Asymmetry also showed higher than expected variationcompetitor and indicates that social relationships between species do
with ~48% of preopercles having a shape more similar to thenot necessarily reflect ecological relationships.

preopercle of a different individual than to the other side of their own

body. Taken together, these results suggest that sculpins use their

spines at least partially for agonism and combat, but also for

defensive purposes, with possible trade-offs in some species across

ontogeny.

25-1 BUSTAMANTE, J*; AHMED, M; DANIEL, TL; University of 80-7 BUTLER, MW*, ARMOUR, EM; MINNICK, JA; ROSSI, ML;

Washington; jorgebjr@uw.edu SCHOCK, SF; BERGER, SE; HINES, JK; Lafayette College, Easton
Restricting abdominal flexion yields poor flight performance in PA; butlermw@lafayette.edu
hawkmoths Both Circulating Corticosterone Levels and Heme Oxygenase

Historically, the analyses of flight control and maneuvering have Expression Are Correlated With Circulating Triglyceride Levels in
focused largely on aerodynamic forces generated by wings. Yet bodyHouse Sparrows

(airframe) deformations may also be important and are oftenWhen exposed to stressors, animals respond by secreting
associated with maneuverability and flight control. Examples of glucocorticoid hormones such as corticosterone (CORT), thus
non-wing maneuvering behaviors include changes in leg posturing aaffecting a variety of physiological processes, including lipid
well as abdominal flexion. Abdominal flexion in particular may metabolism. However, the factors regulating lipid metabolism,
contribute to maneuverability because the abdomen comprises a largearticularly during acute (i.e., short-term) stressors, are not
proportion of the weight of an insect. Thus, both active and passivewnell-characterized. To investigate one putative mechanism, we
changes in abdominal position physically redirect the inertia of theexamined how expression of the enzyme heme oxygenase (HO),
animal. Recent multi-body dynamics models also suggest abdominalvhich primarily converts heme into biliverdin, changes during an
motions during flight may contribute to maneuverability. If indeed acute stressor. Because HO also has links to decreased levels of
such motions are critical, restriction of abdominal movement would triglycerides, we tested the hypothesis that an acute stressor increases
yield poorer flight performance. To test this hypothesis, we glued aHO expression, which would concomitantly decrease circulating
carbon fiber rod between the thorax and abdomen, thereby restrictingjpid levels. House sparrow (Passer domesticus) nestlings exposed to
abdominal flexion during flight for hawkmoths (Manduca sexta). The a stressor had reduced circulating triglycerides consistent with an
moths were tasked with feeding from a 3-D printed flower in natural increase in rate of gluconeogenesis during an acute stressor.
light and temperature conditions. Without any modifications, 45 of Concentrations of triglycerides were also negatively correlated with
89 animals flew successfully and approached the flower. Only 5 ofHO expression in the liver, which is consistent with mammalian
38 trials across 29 moths flew successfully and approached the testudies. However, contrary to our predictions, exposure to a stressor
flower. We also developed a sham treatment with the same weight oflid not affect HO expression, or biliverdin concentration in liver,
carbon fiber but severed into two pieces—one piece glued to thespleen, or kidney. Overall, our results support a link between HO
thorax, and the other glued to the abdomen allowing abdominalexpression and triglyceride levels, though the molecular pathways
flexion. Of these sham experiments, 8 of 16 trials across 12 mothsconnecting these two metrics still need to be elucidated.

These results suggest that abdominal flexion is necessary for flight

control in hawkmoths. Our results also suggest multiple actuators are

critical for flight control in insects.
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18-4BUTLER, JM*; HERATH, E; WHITLOW, SM; RIMAL, A; P1-234 BUTLER, JM; WAYNE, CR*; MARUSKA, KP; Louisiana
MARUSKA, KP; Louisiana State University; jbutl48@Isu.edu State University, Baton Rouge; cwaynel@lsu.edu

Honey, | Ate the Kids: Role of Galanin in Maternal Care, If fish could talk: Using cartoons and comics to disseminate and
Infanticide, and Energetics in a Mouthbrooding Fish enhance science literacy

Galanin is a conserved neuropeptide involved in parental care andli everyone! My name is Burt. I'm a cichlid fish from the Maruska
feeding. Ablation of preoptic area (POA) gal neurons induceslab at LSU. Did you know that education outreach and public
infanticide behaviors in mice, while activating POA gal neurons engagement helps scientists expand the reach of their work and make
promotes parental care. Within the mammalian arcuate nucleust more relevant to society? Most people do this through public talks
(Arc), gal acts to promote feeding. Mouthbrooding is an extreme and dialogue-focused forums in which scientists and the general
form of parental care in which the parent carries the developingpublic participate in interactive opportunities for exchange. Despite
offspring in their buccal cavity for the duration of development. In an increase in communication and accessibility to scientific
the cichlid fish Astatotilapia burtoni, females brood their young for knowledge, it is difficult to keep the public engaged when presented
~2 wks, during which time they refrain from eating. After release of with traditional scientific literature. Those fancy papers you scientists
juveniles, females perform maternal care by collecting them intoall write are highly stylized, difficult to read even among experts, and
their mouth when threatened. Maternal care is observed for severahtimidating for the general public. That's where | come in! My
days post-release, but females will cannibalize their brood after ~5riends - Toni, Tyrone, and Gilgamesh — and | have a public blog.
days. As such, maternal care and feeding are integrally linked. Tdlhe blog is written from our perspective, the fish, and explains basic
examine the role of gal in feeding and maternal care, we collected Fish science, neuroscience, and the research being done in the lab.
groups of females: (1) mouthbrooding for 12 days; (2) starved for 120ur research scientists are also in the process of creating a comic
days; (3) fed for 12 days; (4) females displaying post-releasebook based off the labs published literature. Their goal is changing
maternal care; and (5) females who cannibalized ~50% of theirthe publics' perception of their own ability to understand scientific
brood. In A. burtoni, gal is expressed in the POA and lateral tuberalliterature while also educating them about how science is relevant to
nucleus (NLT, Arc homolog). Although the number of their lives. To test this, they are conducting a pilot study to assess
gal-expressing cells does not vary among conditions, activation ofunderstanding and perception of research presented in two different
gal neurons is condition-dependent. Females displaying maternaformats: (1) the original scientific article, and (2) a comic book based
care have more activated POA gal neurons. In contrast, fed femaleen the article. To facilitate and maintain scientific literacy, the same
have high activation of NLT gal neurons, with little to no activation information in scientific articles should be presented in more
in brooding fish. Preliminary results suggest that females displayingaccessible formats. Come check out our poster to meet me, Toni, and
infanticide have little to no activation of POA gal neurons. Overall, Gilgamesh, and to get a sneak peek at the comic book!

these data suggest a functional conservation of gal across vertebrate

taxa with POA gal neurons promoting maternal care and NLT gal

neurons promoting feeding.

P2-41 BYRNE, MZ*; ROSENBLOOM, JE; BHALODI, JA; P3-165 BYRNES, G*; LIM, NTL; Siena College, National Institute
GIGNAC, PM; GIDMARK, NJ; Knox College, Galesburg, IL, of Education, Nanyang Technological University;

Vanderbilt University, Nashville, TN and Knox College, Galesburg, gbyrnes@siena.edu

IL, Oklahoma State University Center for Health Sciences, Tulsa, = Membrane shape changes during gliding in flying squirrels

OK; mzbyrne@knox.edu Gliding has evolved at least nine times in mammals. Despite the
Reconciling Anatomical and Physiological Models of Feeding diversity of gliding mammals, their convergent morphology and
Biomechanics Through Evolution in Centrarchid Fishes resulting mechanisms of aerodynamic control are poorly understood.

Prey capture in fishes spans a continuum between ram- and@liding animals are capable of a wide variety of agile aerial
suction-feeding. Ram feeders approach their prey at high speedsiehaviors and their flight performance depends on the aerodynamic
snapping the jaw shut to secure their meal, whereas suction feedeferces resulting from airflow interacting with a flexible, membranous
rapidly expand the buccal cavity, forcing their food and the waterwing (patagium). Despite the importance of this structure in the
around it into the mouth. An organisms' ability to be successful incontrol of these animals' defining behavior, little is known of the
prey capture in the wild is determined partially by jaw-closing force posture or shape of the patagium during flight. To this end,
and jaw-closing velocity; these organismal metrics are in turn three-dimensional patagium shape was characterized during glides of
directly limited by muscle performance, such as the physiologicalthree flying squirrel species using a variety of structured light
limits of muscle's instantaneous length and shortening velocity. Wemethods, including off the shelf depth cameras and projector camera
empirically tested the interplay of jaw-closing velocity, force, and pairs. Preliminary results show that membrane shape changes over
gape angle across five Centrarchid species that represent multiplehe course of the glide. In particular, both camber and
points on the ram-suction spectrum. We found that ram-feedinganhedral/dihedral of the wing change during glides. Understanding
fishes (largemouth bass and green sunfish) have faster jaw-closinthe shape changes of the patagium throughout a glide is a first step to
muscles at a given force, and faster muscles overall than suctiomnderstanding mechanisms of aerodynamic force control over the
feeders (bluegills, redear sunfish). Preliminary analyses of the CTflexible wings of gliding mammals.

data for these species indicate that ram feeders have lower

mechanical leverage (i.e. faster skeletal leverage) for jaw adduction

than suction feeders. We are now developing a model to predict

length-tension and force-velocity physiology using CT and diceCT

data for all 47 species of the family Centrarchidae. Our goal is to

examine the musculoskeletal anatomy and evolution of the jaw

closing system across this iconic group.
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21-3CADE, D E*; CAREY, N; DOMENICI, P; POTVIN, J; P3-240 CAHILL, AE*; BREEN, C; STANDER, R; JOST, S;
GOLDBOGEN, J A; Stanford University, Scottish Association of HERNANDEZ, R; Albion College, Albion Colleg;
Marine Science, IAS-CNR, Istituto per 'Ambiente Marino Costiero, acahill@albion.edu

Saint Louis University; davecade@stanford.edu Seasonal differences dominate spatial ones in an inland salt marsh
Predator-informed looming stimulus experiments reveal how large  community
filter feeding whales capture highly maneuverable forage fish Inland salt marshes are a rare habitat in North America, and in the

Forage fish have been involved in evolutionary tug-of-wars with Great Lakes region they are formed from Devonian salt deposits that
predators for more than 100 million years yielding finely balanced are close enough to the surface to impact the plant community.
predator-prey interactions with thin margins for error. Engulfment However, little is known about the invertebrate community that lives
predation by gigantic filter feeding whales, in contrast, is a relatively there. To investigate spatial and temporal changes in an inland salt
recent (< 5 Ma) phenomenon that typically occurs at extrememarsh in Maple River, we used transect sampling coupled with COI
predator-prey size ratios that mitigate the effect of prey escapanetabarcoding and morphological identifications in April, July, and
responses (e.g. microphagy on krill). Rorqual whales, however, alsdctober of 2018. Although the effect of space (distance from the salt
commonly hunt forage fish whose performance capabilities suggesseep) was important within seasons, there is a stronger seasonal
that they should easily evade whale-sized predators. To address thiffect. Summer sampling is notably different from spring or autumn,
paradox we determined, in a laboratory setting, when individual most likely due to the amount of water in the marsh. Diversity
anchovies initiated escape from virtually approaching whales, thenmetrics change with salinity, but in a way that varies based on season
used these results along with in vivo humpback whale attack data tand datatype.

model how predator speed and engulfment timing affected capture

rates. Anchovies were found to respond to approaching visual

looming stimuli at expansion rates that give ample chance to escape

from a sea lion-sized predator, but humpback whales could capture as

much as 40-50% of a school at once because the increase in their

apparent size does not cross their prey's response threshold until their

jaws are already rapidly expanding. Humpback whales are thus

incentivized to delay engulfment until they are very close to a prey

school, even if this results in higher hydrodynamic drag. This

potential exaptation of a microphagous filter feeding strategy for fish

foraging enables humpback whales to achieve nearly 7x the energetic

efficiency (per lunge) of krill foraging, allowing for flexible foraging

strategies that may underlie their ecological success in fluctuating

oceanic conditions.

P2-6 CAINE, P/B*; GIBSON, J/D; Bucknell University, Lewisburg 13-7 CALEDE, J; The Ohio State University, Marion, OH;
Pennsylvania, Georgia Southern University, Statesboro Georgia; calede.1@osu.edu

pbcO08@bucknell.edu Evidence for a Semi-Aquatic Ecology in a 30-Million-Year-Old
Colony Recognition and Aggression in Invasive Argentine Ants Beaver and the Evolution of Locomotion in Castoridae
(Linepithema humile)of Georgia The family Castoridae is today represented by only two species, the

An invasive species with introduced ranges worldwide, Argentine Eurasian and the North American beavers. Both animals are large
ants outcompete local ant species, instigating potentially drasticsemi-aquatic rodents. The fossil record includes many more species;
changes in their introduced ecosystems and threatening the Georgiz0 are known from North America alone, some in deposits as old as
intercoastal plains. One factor enabling their success is the formatio37 million years. The bulk of this diversity arose 30 million years ago
of "supercolonies” in introduced ranges, including a global with the evolution of many burrowing species. The oldest North
supercolony with members across California, Japan and EuropeAmerican semi-aquatic rodent, the beaver Monosaulax, is 18.8
Though in their native range each colony aggressively defends onenillion years old. Despite the wealth of data on the locomotion of
small territory from other colonies, this aggression occurs less inmany burrowing beavers of the Oligocene and the semi-aquatic ones
introduced ranges. Because Argentine ants recognize colony-matesf the mid-Miocene to today, castorid evolutionary ecology remains
by smelling hydrocarbons embedded in each ant's cuticle, ancnigmatic; the oldest species of beavers are known only from
hydrocarbon differences are likely genetically based, one hypothesi§ragmentary craniodental remains. | here present the oldest
for why Argentines form supercolonies invasively and not natively is postcranial remains of an anchitheriomyine beaver dated to 30
that a genetic bottleneck occurred during introduction to new rangesmillion years ago discovered in Montana. The dentition indicates that
causing a subsequent loss in cuticular hydrocarbon diversity inthis animal is a new Microtheriomys species. | use a multivariate
introduced populations. This would limit each colony's ability to analysis of astragalus shape to infer its locomotory ecology. Based on
distinguish outsiders, and may be responsible for supercolonya training set including 259 specimens representing 117 species of
formation. To test this, we collected Argentine ants from 6 nest-sitesextant rodents and fossil beavers with known locomotion, |
across Georgia, extracted DNA from members of each nest-site, andetermine that Microtheriomys represents the oldest semi-aquatic
amplified 8 microsatellites in order to understand our populations‘rodent in North America. | also provide the first quantitative
genetic history. We also ran behavioral assays, pairing antsdetermination of the locomotion of three additional beaver species
randomly, and observing interactions for three minutes. By and the castoroid Eutypomys. | include the results of this
combining the behavioral and genetic data, this project investigategcomorphological analysis into an updated phylogenetic framework
how genetic diversity affects aggression. for 33 castoroid species with known locomotion. My ancestral
character state reconstruction shows the evolution of the semi-aquatic
ecology only once from terrestrial ancestors but hints at a more
complicated evolution of burrowing.
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P3-229CALLE, E*; SCHENKER, E; DUPREZ, D; MYERS, M; P3-170 CALLEGARI, K*; SHANKAR, A; SEITZ, T; DROWN, D;
LEE, V; GILCHRIST, SL; New College of Florida; WILLIAMS, C; University of Alaska Fairbanks;
erika.callel6@ncf.edu callegarikyle@gmail.com

Adding STREAM to a Study Abroad Program in Honduras Effects of Short Photoperiod and Carbohydrate Consumption on

High Impact Practices (HIPs) can propel students into STEM careershe Gut Microbiome of Diurnal Grass Rats
with a sense of confidence. Incorporating a common intellectualCircadian disruption in tandem with high-fat and high-sugar diets can
experience through study abroad offers a strong venue for HIPs sucbause sleep disruption and alter the composition of gut microbiota.
as collaborative assignments, research, global learning, and his shift in gastrointestinal microbial homeostasis can alter
writing-intensive activities. Combining science, technology, signaling pathways and central nervous system function, causing or
engineering and math with the arts provides a well-roundedamplifying depressive behavior or disorders. Unlike common model
experience for students. However, there must also be an additionaystems, the African grass rat (Arvicanthis niloticus) is diurnal
level of engagement including cRitical thinking and wRiting potentially making it a more appropriate system for studying the
(STREAM). The Coral Reef Issues course brings students from theconsequences of sleep disruption. The aim of this project is to
Arts and Sciences together to explore a reef system in an abroadxamine the effects of altered photoperiod, associated sleep
setting. A series of readings and EXCEL exercises provides adisruption, and sucrose consumption on the composition and
common platform for the students. Each participant writes essays onliversity of the intestinal microbiome. We found that exposure to
selected topics, completes a critique of a science or science-relateshort photoperiods (4:20 Light:Dark) significantly altered sleep and
art paper from primary literature, and presents a PowerPoint on activity patterns relative to neutral (12L:12D) controls, but did not
research project completed in Honduras. Students also participate ihave a significant effect on sucrose consumption. We predicted that
service learning by working with local villagers to do two beach exposure to shortened photoperiod and sucrose consumption will
clean-ups. The readings incorporate both science and art. Studengsxhibit synergistic effects on gut microbial diversity. To test this
are introduced to the notion of allometry to understand architectureprediction, we used 16S rRNA gene sequencing of fecal samples to
of shells and other objects. The montage of landscape is an excellemtharacterize shifts in microbial community. In a subset of
way to engage students in understanding elements and architecturaidividuals, we used long read nanopore sequencing to explore
guidelines. Projects this year ranged from examining wound healingchanges in functional composition of the gut microbiome through
of sponges to creating an art portfolio of Cayos Cochinos. different stages of photoperiod and diet treatments. Our findings will
contribute to understanding of direct and indirect influences of
photoperiod on the gut microbiome and will inform future studies
examining how circadian disorganization, sleep disruption, and diet
interact to affect mental health via the microbiome-gut-brain axis.

72-2 CAMARILLO, H*; MUROZ, MM; Yale University; P3-207 CAMILLIERE, M*; MCPHERSON, D/R; SUNY Geneseo;
henry.camarillo@yale.edu mcpherso@geneseo.edu

Macroevolutionary patterns of morphological diversification in Bimodal Effects of Serotonin on Cardiac Development in Japanese
wrasses Quail Embryos

In order to survive, grow, and reproduce organisms must interacfThe heart is the first organ to develop in vertebrate embryos and is
with their physical environments through their morphology. A major necessary for subsequent development. Disruption of cardiac
question in evolutionary biology is whether patterns of form-function morphogenesis can result in reduced cardiac function. Serotonin
evolution are shared among different suites of morphological traits.(5-HT), while not usually thought of as a developmental signal, plays
For example, do we see traits associated with specific modes o&n important role in cardiac development. To explore this further, we
feeding and swimming evolving in correlated or uncorrelated treated Japanese quail embryos with different concentrations of
fashion? Using previously published datasets for species in the&s-HT. We chose to study quail because bird eggs are accessible to
family Labridae, we compiled a list of morphological traits experimentation and quail embryos are small, can be imaged as
associated with different aspects of motion (feeding and swimming).whole mounts in a confocal microscope, and they are similar to
Due to a large diversity in reef ecology within the wrasse family, mammals in cardiac development. After incubation for 52-64 hours
labrids are an ideal system to test for correlated patterns of evolutiorfstage 17) ventricular septation is just beginning. We removed eggs
between traits. Here, we use the program Bayou to reconstrucfrom the incubator at this stage and injected them with a dose of
phylogenetic patterns of trait evolution for several morphological 5-HT (2 mM in Tyrode's solution). We replaced a small volume of
features, including cranial and post-cranial traits. We ask whetherthe albumen with the serotonin solution to achieve concentrations of
major shifts in morphological evolution are shared, or de-coupled,serotonin ranging from 0-100 uM. After a total of six days of
and how these patterns relate to the general ecology of the fishesncubation, we dissected the hearts out of the embryos, fixed them in
This study highlights the importance of a multi-trait perspective in 4% formaldehyde, cleared them in BABB, and imaged them under a
macroevolutionary studies of form-function relationships. confocal microscope. We selected image slices from the middle
depth of the heart and measured the length and width of the heart, the
right and left ventricular wall thicknesses, and the septum thickness.
Analysis of the data revealed interesting trends. A 5-HT
concentration of 1 uM increased the length to width ratio, indicating
a more elongated heart. The thickness of the septum increased at 10
UM but decreased below the control thickness at 100 pM. The
ventricular wall thickness displayed a trend similar to septum
thickness but to a lesser degree. Overall, stimulation of growth
occurred at low doses while higher doses inhibited growth.
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125-1CAMPQOS, S M*; ROJAS, V; WILCZYNSKI, W; Georgia P2-19 CANADAY, EJ*; BROTHERS, CJ; SMITH, KE; AMSLER,
State University, Universidad del Bio-Bio, Concepcion; Universidad MO; ARONSON, RB; SINGH, H; MCCLINTOCK, JB; Southern
Catolica del Maule; scamposl@gsu.edu Adventist University, Walla Walla University, University of Exeter,
Arginine vasotocin stimulates chemical communication and social ~ University of Alabama at Birmingham, Florida Institute of
behavior in Anolis carolinensis lizards Technology, Northeastern University; ecanaday@southern.edu

Social interactions in nonmammalian vertebrates are modulated byJnderwater Islands: The Influence of Surrounding Sediment on
arginine vasotocin (AVT), which functions similarly to its Dropstone Ecology

mammalian homologue, vasopressin. AVT impacts the performanceDropstones deposited on the ocean floor by melting icebergs can act
of and response to visual signals in reptiles, but whether AVT alsoas islands of hard substrate in the surrounding sediment. While
operates within the chemosensory system as it does in mammals @ropstones are deposited across the ocean, their effects on benthic
unknown, despite social odors being potent modifiers of aggressivamacrofaunal biodiversity are best understood on muddy substrates.
and reproductive behavior. Previous studies in green anoles (Anoli®uring a photographic survey of the seafloor on the continental shelf
carolinensis) linked elevated levels of exogenous AVT in males and slope off the western Antarctic Peninsula in 2013, we imaged
(AVT-males) to lower rates of aggressive visual displays, whereasnine benthic transects in depths between 400 and 2100 m. We
untreated females visually displayed to AVT-males more than torecorded the diversity of macrofauna inhabiting areas with and
saline-treated Control-males. Here, we test whether exogenous AVWwithout dropstones, as well as the percentage of hard substrate
in Resident-males impacts the chemosensory or locomotor behaviomaking up the surrounding area. The abundance of many macrofauna
of conspecifics (Intruders). We injected Resident-males with eitherincluding bryozoans, glass sponges, and sea stars varied according to
AVT or a Control solution, and after 10 mins alone in their home the percentage of hard substrate making up the seafloor. Across all
tanks, we presented Resident-males with an untreated Intruder (malgubstrate categories, the presence of dropstones significantly
or female) for 30 mins. We found that Intruder-males performedincreased the abundance of macrofauna, with the effect most
more chemical behavior towards AVT-males than to Control-males,pronounced in areas primarily comprised of hard substrate (>70%).
whereas AVT-males responded with a chemical display to These results suggest that settling on or near dropstones is
Intruder-females faster than did Control-males. In contrast, visualadvantageous to many macrofauna, regardless of the composition of
behavior did not differ between treatment groups for either the surrounding sediment.

Resident-males or Intruders in this experiment. Our results

demonstrate for the first time that AVT modulates chemosensory

behavior in reptiles, having important evolutionary implications

regarding multimodal communication and the mechanisms used by

AVT to modulate animal interactions.

P2-126 CANNIZZARO, D*; NAUGHTON, L; PASK, G; Bucknell 34-4 CANNON, JT*; KOCOT, KM; VARNEY, RM; EERNISSE,
University; dnc008@bucknell.edu DJ; SPEISER, DI; OAKLEY, TH; UC Santa Barbara, University of
Making Sense of Evolution: Deciphering the Rapid Expansion of Alabama, Cal State Fullerton, University of South Carolina;

Ant Pheromone Receptors joie.cannon@gmail.com

Social insects rely heavily on their ability to decode specific Target-capture phylogenomics of Polyplacophora and the origins
olfactory cues, particularly cuticular hydrocarbons (CHCs). CHCs of shell eyes

are critical for the maintenance of complex caste systems andChitons possess clusters of sensory cells called aesthetes within their
dictating social behaviors such as nestmate recognition, coordinatedight overlapping shell plates. In some polyplacophoran species
foraging, and queen-only reproduction; all major factors in the within a large unresolved subgroup, Chitonina, aesthetes are
success of the colony. For primitive eusocial organisms, such as oumodified to include an eyespot, and in others, aesthetes are present in
model ant Harpegnathos saltator, there are complex behaviors sucladdition to eyes with a lens and retina. To address the evolution of
as flexibility within the caste, that therefore require diverse detectorscomplexity in chiton eyes, it is necessary to phylogenetically test the
to discriminate a multitude of different signals. To better assess theelationships between chitons with eyespots and chitons with lenses.
effects of molecular evolution on olfactory sensitivity, due to the Relationships within Chitonina have been difficult to resolve with
constant evolutionary pressure these CHC receptors are under, weaditional molecular markers, limiting our ability to test evolutionary
will investigate the 9-exon subfamily of odorant receptors that hashypotheses. To enable us to use ethanol-preserved collections, we
undergone a rapid expansion in ants and other social insects. Bjook a target-capture approach. We designed a set of 19,980 probes
expressing target olfactory receptor genes of Harpegnathos saltatousing transcriptome data and predicted exon boundary information
in Drosophila melanogaster, we will be able to characterize using three mollusk genomes (Lottia, Octopus, and Crassostrea).
pheromonal sensitivity of three specific subgroups of 9-exon Preliminary maximum likelihood analyses show strong support for
olfactory receptors, previously recognized as CHC detectors, using auper-family relationships, and suggest the possibility of multiple
panel of diverse CHCs. These findings will contribute to a greaterorigins for lenses in chitons. However, hypothesis testing and
understanding of olfactory receptor functional evolution in this ancestral state reconstructions are necessary to further investigate this
communication system, and provide insight for further studies result.

regarding structural differences in where CHC recognition is taking

place in these olfactory receptors of eusocial insects.
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S8-8CAPANO, JG*; BRAINERD, EL; Brown University; 50-1 CAPANO, JG*; CIERI, RL; WELLER, HI; BRAINERD, EL;
john_capano@brown.edu Brown University, University of Utah; john_capano@brown.edu
Reaction Forces and Rib Function During Locomotion in Snakes Modular Lung Ventilation in Snakes
Locomotion in tetrapods involves coordinated efforts between Most squamates rotate vertebral and sternal ribs to ventilate their
appendicular and axial systems, as limbs generate ground reactiolungs, whereas snakes lack sternal ribs and use only vertebral ribs to
forces (GRFs) that are transmitted to the axial system. In the absendereathe. Rib rotations are described about a dorsoventral axis
of limbs, snakes experience locomotor GRFs in fundamentally(bucket), a craniocaudal axis (caliper), and a mediolateral axis
different ways than their limbed-lizard ancestors. Without GRFs (pump). Our objectives were to use XROMM to quantify rib
from limbs, the epaxials of early snakes were no longer required tarotations of Boa constrictor during ventilation and compare their
stabilize against torsional GRFs and were modified to generatekinematics and musculature to three previously studied squamates:
propulsive forces. These forces must be transmitted into thelguana iguana, Varanus exanthematicus, and Salvator merianae. We
environment and since snakes locomote on their bellies, their ribompared the relative contribution of each rotational axis to overall
must play an inherent role in GRF transmission. Snakes locomoteib motion by fitting a linear mixed effects model to the
with at least two kinematic styles: (1) with no static contact points, variance-normalized centroids. We found that B. constrictor breathe
i.e. lateral undulation, or (2) with static contact points, i.e. concertina,with predominantly bucket, with moderate caliper and substantial
rectilinear, climbing, and sidewinding. Rib motions are crucial to this pump, that bucket and pump are opposite in polarity, and that these
locomotor versatility: our XROMM work and previous studies show motion patterns were significantly different from I. iguana and S.
that ribs change cross-sectional body shape, deform to environmentaherianae. In contrast, we found the motions of B. constrictor were
irregularities, provide synergistic stabilization for other muscles, andnot significantly different from V. exanthematicus and that both use
differentially exert and transmit forces to control propulsion. Ribs are cranial pump rotations during inhalation, opposite the other species.
also used for lung ventilation in snakes, and we found that snakes ar€hese similarities appear related to derived muscles in B. constrictor
able to independently and regionally control ventilatory motions. We and V. exanthematicus: both have accessory costal muscles that run
suggest that snakes co-opted the rib motions of ventilation tocranially from each rib to the next cranial vertebrae, i.e. levator
dynamically and passively participate in their diverse locomotor costae, whereas the other species do not. Our data suggest that snakes
modes. Hence, removal of the constraints of limbed locomotion andevolved such accessory muscles to breathe without a pectoral girdle,
new mechanics of limblessness may have influenced snake evolutioa structure that may synergize with intercostals to rotate the ribs of
and enabled snakes to modify rib motions to contribute to locomotionmost squamates. These accessory levator costae appear to enable
in innovative ways. Future comparisons with other limbless lizard snakes to breathe with spatially disparate regions of their body. This
taxa are necessary to tease apart the mechanics and mechanisms thmatdular ventilation mechanism may have permitted the evolution of
produced the locomotor versatility observed within Serpentes. constriction and large prey ingestion in snakes and been a
prerequisite to their extensive radiation.

P1-111 CAPSHAW, G*; SOARES, D; 61-3 CAREY, HV*; REGAN, MD; CHIANG, E; SUEN, G;
CHRISTENSEN-DALSGAARD, J; CARR, CE; University of ASSADI-PORTER, F; University of Wisconsin-Madison;

Maryland, College Park, New Jersey Institute of Technology, HANNAH.CAREY@WISC.EDU

University of Southern Denmark; gcapshaw@umd.edu Stable Isotope Assisted Labeling Reveals Seasonal Influence on
Acoustic reception in salamanders: Skull vibrations enable sound  Microbial Metabolite Incorporation in Ground Squirrels

pressure detection Diet exerts a major influence on the composition and function of the

The evolution of a tympanic middle ear was a crucial sensorygut microbiota and, therefore, host-microbial symbiosis.
innovation that enabled terrestrial tetrapods to transduce airborndhirteen-lined ground squirrels have seasonal metabolic cycles
sound into fluid movement in the inner ear. Without a tympanic comprised of summer feeding - providing substrates for squirrel and
middle ear, airborne sound energy is expected to reflect off of themicrobiota metabolism - and winter fasting - when hibernators
air-skin boundary, and atympanic species such as salamanders hameetabolize primarily stored fat and microbes have access only to
long been considered functionally deaf in terrestrial environments.host-derived metabolic substrates (e.g., mucins). To assess how
We measured the auditory sensitivity of salamanders to airborneseasonal dietary change affects the hibernator-gut microbe symbiosis,
sound pressure and seismic vibration using auditory brainstemwe used stable isotope assisted metabolomics to assess the capacity
response recording. We assessed several proposed extratympanié the gut microbiota in degrading substrates and generating
pathways for acoustic transmission to the inner ear, including viametabolites that are incorporated into the squirrel metabolome. After
inertial bone conduction, and the mouth- and lung-ear routes. Theoral gavage of active season and hibernating (aroused) squirrels with
resonant capacity of the air-filled mouth and lungs of the tested!3C-inulin (a substrate mammals cannot degrade), chand&s:}C
species had little influence on the range and threshold sensitivity 0{d13C) are monitored in exhaled COWNe found that increases in
the ear. We used laser vibrometry to measure sound-induced!3C after3C-inulin gavage are high and similar in spring and
vibrations in the skull and the substrate and compared our results to summer squirrels, lower in aroused hibernators, and abolished when
model for sound translation of the skull. We found that threshold squirrels are pretreated with microbiota-depleting antibiotics. NMR
level sound pressure-induced vibrations of the skull are sufficient toanalysis reveals multipfC-labeled metabolites in gut contents,
stimulate the auditory end organs, and likely represent a keyblood and liver of summer and hibernating squirrels including short
mechanism for terrestrial hearing in salamanders. chain fatty acids, B-hydroxybutyrate and carnitine, among others.
Cluster analysis (PLSDA) indicates that livéC-metabolites
separate by season and by presence/absence of antibiotics. This
approach provides a pathway for a molecular-based exploration of
the seasonally changing hibernator-microbe symbiosis. Supported by
NSF 1558044.
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P1-134CARLSON, TC*; CABRERA-GUZMAN, EC; FOX, SF; P2-111 CARON, DP*; SCIBELLI, AE; TRIMMER, BT; Tufts
Oklahoma State University; taylor.carlson11l@okstate.edu University, Medford, MA; daniel.caron@tufts.edu

First Documentation of Breeding Aggregations of the Ringed Nociceptive strike behavior in Manduca sexta is mediated by
Salamander, Ambystoma annulatum, in Oklahoma, USA multimodal sensory neurons

The ringed salamander, Ambystoma annulatum, is a crypticThe caterpillar Manduca sexta produces a highly stereotyped "strike”
ambystomatid species from the Ozark Highlands and Ouachitabehavior in response to noxious thermal or mechanical stimuli to the
Mountains of Arkansas, Missouri, and Oklahoma in the United posterior abdomen. This rapid movement is targeted to the site of the
States. Breeding aggregations have been scientifically documented istimulus, but the identity of the nociceptive sensory neurons is
Arkansas and Missouri, but not in Oklahoma. Individuals emerge emurrently unknown. It is also not known if both mechanical and
masse from underground burrows to breed in upland, ephemeralthermal stimuli are detected by the same neurons. Here we show that
fishless ponds during heavy, extended fall rains. From September tthe likelihood of a strike increases with the strength of the stimulus.
December, 2018, we performed nocturnal field surveys searching foRecordings from nerves innervating the body wall show that sensory
A. annulatum at several sites along the Ozark Plateau in Oklahomaneuron spike activity increases rapidly in response to noxious stimuli.
We observed migration of hundreds of adult salamanders to pondsMapping the sensitivity of the body wall to strong thermal stimuli
documented courtship with waterproof digital cameras, markedreveals a broad receptive field suggesting a role of the multi-dendritic
individuals with elastomer tags, and photographed them to begimeurons. Both mechanical and thermal stimuli to the dorsal body wall
mark recapture studies. We found a heavily male biased sex ratioactivate the same spiking unit. Rapidly repeated thermal or
460 of the 683 individuals captured were males. We implementedmechanical stimuli cause depression of the response which is
photographic techniques to determine the efficacy of individual generalized across modalities. These results demonstrate that
identification using pattern variation of the dorsal bands and otherindividual neurons in the body wall can respond to both strong
distinctive markings. We hope to use these photographic techniquethermal and mechanical stimuli.

as a less invasive way to identify individuals in the future, as current

techniques involve invasive dye injection. This ongoing study has

already provided new scientific information and we hope to continue

to obtain more data on this understudied species of salamander to aid

in its conservation in Oklahoma.

38-6 CARRIER, DR*; BOYNTON, AM; CARRIER, ; University of 60-6 CARRUTHERS FERRERO, A*; OZKAN AYDIN, Y;

Utah, School of Biological Sciences, Salt Lake City, UT,; GOLDMAN, DI; Georgia Tech; alexandra.carruthers@gatech.edu
carrier@biology.utah.edu Lateral bending and buckling aids earthworm locomotion in
The Neck is Part of the Human Core confined environments

The axial musculoskeletal core of tetrapods provides a stable basEarthworms locomote in confined spaces and underground via
from which limbs exert forces on the environment. The human coreretrograde peristaltic gaits where a transient substrate anchor is
is generally thought to be composed of the axial muscles that liformed by the contraction of longitudinal muscles. Here, via
between the diaphragm and pelvic floor and to provide stability for laboratory studies of the earthworm Lumbricus terrestris, we reveal
the hindlimbs (i.e., legs). We hypothesized that the human core ifhow the locomotion ability of the worms is enhanced via lateral
actually composed of all the axial muscles extending from the pelvisbending and buckling of body segments. Depending on absence or
to the skull. To test whether cervical muscles play a role in corepresence of contact between the animal's body and environment,
stabilization, we used surface electromyography to measure thavorms control the shape of their slender-flexible bodies (usually
activity of a set of neck and jaw muscles during force manipulationsbending tip or tail) to generate thrust and maneuver in three
of maximum effort counter-movement jumps. To determine whetherdimensions. To study the benefits of this behavior, we allowed the
cervical muscles function during jumps to control posture of the headearthworms (L = 26.95 + 6.18 cmand m = 7.49 + 2.04 g, n = 10) to
or to assist in stabilization of the pelvis against the moments appliectraw! in a large acrylic tube (d = 1.0 cm, | = 1 m, d > worm diameter)
by the leg retractor muscles we compared muscle activity duringwhile varying the tube angle from 0 to 90°. We calculated the
control jumps to jumps in which we (1) reduced peak accelerationsaverage body length per gait cycle (BL/cyc) over several cycles. At a
by approximately 30% by pulling downward on the subject's hips 0° incline, the worms had the largest (0.201 + 0.075) BL/cyc and
with elastic tethers, and (2) increased the mass of the head bynostly moved by peristaltic gait. The worms had the lowest (0.076 +
approximately 100%. When subjects jumped with increased0.016) BL/cyc at a 90° incline but could still climb without
downward force, or with mass added to their heads, maximum andignificant slipping. At higher degree angles, such as 75 and 90°, the
integrated activity of neck and jaw muscles was not different from body bending was more prevalent than at lower angles, providing
that recorded during control jumps. These results do not support thextra anchoring points for the forward locomotion and reducing the
hypothesis that the superficial muscles of the neck (i.e., thoseoccurrences of slipping. Our results reveal that adequate control of
accessible with surface electrodes) play an important role in posturabody shape can help limbless terrestrial animal locomote in diverse
support of the head during active movement. Instead, our resultenvironments. Moreover, this movement strategy has aided design of
suggest that these neck muscles contribute to core stability irthe control system of a soft earthworm-inspired robot.

response to moments imposed on the pelvis by the extrinsic muscles

of the leg. The observation that neck muscles provide stability for the

legs of humans has implications to the locomotor function of the

tetrapod neck, prevention of spinal injury, and treatment of chronic

cervical and back pain.
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P2-30CARSON, IR*; HALL, HR; KAHRL, AF; JOHNSON, MA; P3-156 CARTER, D.*; LEE-ROBINSON, B.; WILLIAMS, T;
Trinity University, San Antonio, University of Virginia, FARINA, S.; Howard University; dariuscarter98@yahoo.com
Charlottesville, Stockholm University, Sweden; icarson@trinity.edu Evolutionary Morphological and Behavioral Specializations for Jet
Intraspecific Variation in Lizard Sperm and Testis Morphology Propulsion in Frogfishes

The production of functional sperm is the primary task of the testis,Frogfishes (Antennariidae) are a family of anglerfishes
yet we know relatively little about the relationship between testis (Lophiiformes) that are capable of jet propulsion, a type of
architecture and sperm morphology. Lizards in the genus Anolis (i.e.locomotion that involves shooting a jet of water out the gill openings
anoles) provide an excellent group in which to study spermatogenesito propel forward. Using the gill ventilation system, these organisms
because they exhibit remarkable variation in sperm size both withincan avoid stereotypical locomotor movements that may be visual
and among species. Still, whether variation in testis composition iscues to predators and prey. Jetting is primarily accomplished by
associated with variation in sperm morphology within species isadduction of the opercular bones and branchiostegals, which
unclear. For example, do individuals with larger testes producecompresses the gill chamber. Frogfishes have abnormally large
longer sperm, and what components of the testis influence spernbranchiostegals for both jetting and gill ventilation. Our study aims to
size? In this study, we examined 15-20 males of six species of anolesiap the evolution of the size of branchiostegals among frogfishes to
from the Dominican Republic and Puerto Rico. For each lizard wedetermine which rays are shaped by demands of jet propulsion and to
measured the cross-sectional areas of testes, seminiferous tubuledetermine the timing of movements of structures during jet
and of the lumina within the seminiferous tubules of cryosectionedpropulsion. We grouped six branchiostegal rays into three groups of
testis tissue. We also measured sperm head, midpiece, and taiwo, numbered anteriorly to posteriorly, and predicted rays 1-2 are
lengths for each individual. We found that intraspecific correlations used for inhalation, 3-4 are used for jet propulsion, and 5-6 are used
between testis size and tubule and lumen size were generallyor exhalation. CT scans and dissections were used to measure the
positive, although the strength of these correlations varied amongays, and phylogenetic generalized least squares models were used
species. Likewise, correlations between testis components and sperfor comparisons. We found that branchiostegals within the same
measures were variable among the six species. These preliminargroup were the same size (relative to head size), but there was a
results suggest that even closely-related species and individualsignificant size difference among branchiostegals in different groups.
within a species may vary in the mechanisms of spermatogenesis. Therefore, we concluded that each group of branchiostegals is
evolving independently from the others. Additionally, we used video
analysis to show that jet propulsion is dominated by compression,
providing a long jetting phase, facilitated by branchiostegals three

and four.
74-7 CARTER, AW*; SHELDON, KS; University of Tennessee; P2-92 CARTY, T*; PHILSON, C; DAVIS, J; Radford University;
acarte82@utk.edu tcartyl@radford.edu
The Climate Variability Hypothesis Predicts Thermal Plasticity Sex, Food, and Friends in Daily Life: Learning and Transmission
Across Life Stages of Onthophagus taurus Dung Beetles of Knowledge in Captive Zebra Finches

Most organisms live in thermally variable environments and climate Have you ever gone to a vending machine and found it to be broken?
change stands to increase this variation. However, studies oftefdave you ever seen someone else hitting and yelling at a vending
utilize constant temperatures and focus on a single life stage, whiclmachine? Would you try that vending machine, or do you go the next
may undermine the accuracy of climate change predictions. Onene? Does it matter if you know the person? Can the same thought
hypothesis that has been utilized to help predict organismal responsgsocesses that underlie your snack choices be found in social
to temperature fluctuation is the climate variability hypothesis populations of animals? This project explores how knowledge about
(CVH), which posits that increased temperature variation selects fowvalue spreads through a community. In previous studies in our lab
increased thermal plasticity. Though the CVH has been tested alon@nd others, birds have been shown to share and utilize information
natural temperature gradients (e.g. latitude), it may also predictabout food values and ease of access. In the current study we
thermal plasticity across discrete life stages that experience varyingpecifically explore how knowledge of valuation may be obtained
degrees of thermal fluctuation. Here, we test the CVH across lifeand shared within a community in relation to sex, sociality and pair
stages of Onthophagus taurus dung beetles; pupa develofponds. This study focused on aviary-housed zebra finches
underground buffered from temperature extremes, whereas adult§Taeniopygia guttata) in a space equipped with two computer
also inhabit open fields and dung pats with substantial temperatureontrolled "smart feeders” that enabled us to both control feeding
fluctuation. We reared Hull-siblings in either high (24 + 8°C) or  access and monitor activity. One feeder was filled with high value
low (24 + 4°C) temperature fluctuation treatments and quantifiedfood, while the other was equipped with less desirable, low value
thermal plasticity at pupal and adult life stages. We compared shiftfood. We monitored which animals approached the feeders and in
in thermal sensitivity of metabolism among treatments and life stageshat order, then correlated this to pair bonds and previous cage mate
by measuring CQproduction at 15, 20, 25, and 30 °C in pupae and associations. We will discuss these findings and ongoing studies
adults. We found that adults exhibited thermal plasticity and pupaeexploring patterns of learning when observational ability is restricted.
did not, supporting the CVH. In response to thermal variability, Studying these feeding patterns has implications for mapping social
adults exhibited metabolic depression, which should conserve energpetworks and understanding how specific social connections may
in fluctuating temperatures. This novel application of the CVH influence patterns of learning.

underscores the importance of considering stage-dependent thermal

responses in climate change forecasting; predictions that are not

based on the most critical life stage may overestimate the likelihood

of persistence.
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P1-37CASEMENT, B.*; COX, C.; MCMILLAN, O.; LOGAN, M.; P1-114 CASLETON, R*; MORGENTHALER, M; SHAIKH, S;
Heidelberg University, Georgia Southern, Smithsonian Tropical SORGE, M; TUCKER, B; ESSENDRUP, |; BERMAN, S; PEET,
Research Institute, University of Nevada, Reno; MM; AUKES, DM; HE, X; MARVI, H; FISHER, RE; Arizona State
bcasemen@heidelberg.edu University, University of California Los Angeles, The University of
The effects of abiotic conditions on activity time in tropical forest Arizona College of Medicine-Phoenix; Rachel.Casleton@asu.edu
lizards, a large-scale field experiment in the Panama Canal Chemoreception in Octopus bimaculoides

Average global temperature is rapidly increasing and will continue toThe goal of this study is to determine the time of onset, duration, and
rise over the next several decades. This warmer climate is forcingange of movements that occur when different regions of an
organisms to either adapt or face extinction. Thermal specialistsamputated octopus arm are exposed to a noxious chemical stimulus.
including many tropical forest ectotherms, could be at an increasedRandomized trials were conducted to assess the relative sensitivities
risk because they have evolved narrow thermal tolerance ranges inf and movements elicited in the proximal oral, proximal aboral,
the thermally stable tropics. In order to cope with this increasingly distal oral, and distal aboral regions. It was hypothesized that the oral
hotter climate, animals, such as Anolis lizards, may have to alter theegions would be most sensitive due to the purported higher density
amount of time they spend active each day. Ultimately, decreases inf chemoreceptors on the suckers compared to the rest of the skin.
activity time will reduce the capacity of individuals to find mates, Experiments were carried out on arms from 12 specimens of
acquire prey, or engage in other activities that are critical for wild-caught Octopus bimaculoides, with five to six arms utilized per
reproduction. Substantial reductions in activity time may therefore specimen. Animal husbandry and experimental protocols were based
precipitate a large reduction in population size. In order to determineon guidelines developed by the international cephalopod research
how changes in abiotic variables (such as temperature and rainfallfommunity, with ethanol utilized as an analgesic and anesthetic. Fifty
may impact the activity times of a tropical ectotherm, we percent acetic acid vapor was introduced through diffusion, at a
transplanted hundreds of Panamanian slender anoles (Anolidistance of 5-10 mm, to a vertically suspended amputated arm. The
apletophallus) to eight islands in the Panama Canal, which vary inmovements elicited were video recorded at 30 frames per second and
their abiotic conditions. Between 2017 and 2019, we conducted ovetater coded qualitatively and quantitatively. A diverse array of arm
200 systematic surveys of lizard activity on random days and timesnovements were elicited, such as bends, helical twists, and
across these islands. We paired these surveys with detaileghortening. Data were analyzed according to the four regions of
measurements of environmental temperature, rainfall, solar radiationstimulus, distal versus proximal regions, and oral versus aboral
wind speed, and lizard physiology to determine the abiotic factorsregions. The effect of arm identity was also examined. These data
that affect tropical ectotherm activity. These data will aid predictions may provide insights into the degree to which arm movements are
for the responses of tropical forest ectotherms to climate change.  controlled by the nerves within the arm versus more centralized
control centers, such as the brain or the interbrachial commissure,
which connects the axial nerve cords of adjacent arms.

4-4 CASS, JA*; WILLIAMS, CD; KNIINENBURG, TA; 31-6 CASSAVAUGH, CM; SZUCH, CP; KEPHART, MK;
THERIOT, J; Allen Institute for Cell Science, Seattle, Allen Institute SEVIGNY, JL; SIMPSON, S; LAMONT, S; CARFAGNO, A;

for Cell Science, Seattle and University of Washington, Seattle; BISHOP, BM; GILLEVET, PM; THOMAS, WK; COOK, GM*;
juliec@alleninstitute.org New England College, University of New Hampshire, University of

A Bayesian framework for the detection of diffusive heterogeneity = New Hampshire, George Mason University; gcook@nec.edu
Cells are crowded and spatially heterogeneous, complicating theBioprospecting for Novel Antimicrobial Peptides in Corals and
transport of organelles, proteins and other substrates. One aspect tfeir Associated Microbiome
this complex physical environment, the mobility of passively Coral reefs are renowned for their high-levels of associated
transported substrates, can be quantitatively characterized by thbiological diversity. Consequently, myriad reef inhabitants have been
diffusion coefficient: a descriptor of how rapidly substrates will prospected for natural products, such as chemotherapeutic and
diffuse in the cell, dependent on their size and effective localantiviral compounds. Recent advances in culture-independent
viscosity. The spatial dependence of diffusivity is challenging to techniques have provided unparalleled insights into the structure of
quantitatively characterize, because temporally and spatially finitethe coral-associated microbiome but our understanding of its
observations offer limited information about a spatially varying functional role(s) remains incomplete. This gap in knowledge
stochastic process. We present a Bayesian framework that estimatespresents a legitimate frontier for seeking additional natural
diffusion coefficients from single particle trajectories, and predicts products that aim to improve human health. Given the emergent
our ability to distinguish differences in diffusion coefficient threat created by antibiotic resistant bacteria (ARB), alternative
estimates, conditional on how much they differ and the amount offorms of treatment are needed. Antimicrobial peptides (AMPs) can
data collected. This framework is packaged into a public softwaredefend a host against highly-adaptable microbial pathogens. In
repository, including a tutorial Jupyter notebook demonstrating particular, cationic antimicrobial peptides (CAMPs) have recently
implementation of our method for diffusivity estimation, analysis of gained recognition for their therapeutic potential. Natural selection
sources of uncertainty estimation, and visualization of all results.has served to prescreen CAMPs through evolutionary processes
This estimation and uncertainty analysis allows our framework to bethat—for marine taxa such as the deep-water scleractinian Lophelia
used as a guide in experimental design of diffusivity assays. pertusa—have occurred over hundreds of millions of years in
extreme environments. To aid in the quest for alternative treatments
against ARB, we successfully adapted and employed a novel
bioprospecting nanoparticle-assisted proteomics approach to harvest
short peptides from specimens of L. pertusa. Additionally, we have
generated the first known draft of the L. pertusa genome to seek the
genetic source of putative CAMPs harvested from this coral. Such
information will help guide the development of challenge
experiments to ascertain CAMP efficacy and mechanism of action
against known bacterial pathogens, which could lead to drug
development.

January 3-7, 2020, Austin, TX 58



SICB 2020 Annual Meeting Abstracts

P2-248CASSAVAUGH, CM*; LAMONT, S; SZUCH, CP; P2-177 CAVEY, LT*; SECOR, SM; University of Alabama;
CARFAGNO, A; GILLEVET, PM; BISHOP, BM; COOK, GM,; ltcavey@crimson.ua.edu

New England College, George Mason University; Larger Meals Generate a Disproportionate Greater Cost of
ccassavaugh_ug@nec.edu Digestion

Combatting Antibiotic Resistance: Bioprospecting for Mandatory to meal digestion is the expenditure of energy stemming
Antimicrobial Peptides in the Deep-Sea Coral Lophelia pertusa from the breakdown, absorption and assimilation of that meal. The

Bioprospecting for antimicrobial peptides (AMPs) has attracted moremagnitude of this collective energy expenditure, termed specific
attention in recent years due to the growing threat of antibiotic dynamic action (SDA), is largely a function of meal size. Predictably,
resistant bacteria (ARB). The marine environment offers a wealth ofany increase in meal size would generate a corresponding increase in
untapped potential in the form of novel therapeutic chemical SDA. However, unknown is the nature of this relationship.
compounds. Scleractinian, or stony, corals are an order of marinédypothetically there are three possible scenarios: (1) increase in SDA
organisms whose lineage may date back to the early Paleozoic Eras matched to the increase in meal size; (2) SDA increases at greater
Lophelia pertusa, a member of the order Scleractinia, is arate compared to the increase in meal size; and, (3) SDA increases at
framework-builder for deep-sea coral reefs. This species is currentlya lesser rate compared to the increase in meal size. We tested among
garnering growing interest due to its global abundance and ability tathese competing hypotheses by feeding snakes different size meals
create highly biodiverse ecosystems. To isolate AMPs, samples of L(5-25% of body mass) and quantifying for each meal size the
pertusa were crushed using liquid nitrogen. A protease inhibitor in 20maximum postprandial metabolism, duration of significant metabolic
mM Tris-ClI buffer was added to create a homogenate. AMPs wereresponse, and SDA. We quantified for each of these variables a
then harvested from the coral homogenate using functionalizedresponse coefficient, defined as the factorial increase of that response
MAG6A HA hydrogel microparticle beads that had an anionic charge.with a doubling in demand (i.e. meal size). For four species of
These particles attracted, filtered, and isolate small cationicpythons (Python molurus, P. sebae, P. reticulatus, Morelia viridis),
antimicrobial peptides (CAMPs) from the coral homogenate. CAMPs four species of boas (Boa constrictor, Eunectes murinus, Eryx
were subsequently eluted, purified, and concentrated to allow for deolubrinus, Epicrates cenchria), and the colubrid Pantherophis
novo sequencing using an Orbitrap Elite mass spectrometer equippegiuttata the response coefficient for maximum postprandial
with electron transfer dissociation. Over 1000 peptides were isolatednetabolism averaged 1.41 (1.23-1.70) and for duration averaged 1.47
from these purified samples. PEAKS software was used to analyz€1.15-2.13). The response coefficient for SDA averaged 2.35
the peptides and determine the probability of antimicrobial activity. (1.85-2.90). For these snakes, a doubling in meal size resulted on
Once available, the new draft genome of L. pertusa will be used inaverage in a 41% increase in peak postprandial metabolism and a
PEAKS to confirm, complete, and correct the de novo CAMP 47% increase in duration that combined to generate a 135% increase
sequences as well as determine their origin. Putative novel CAMPsn SDA. These findings support the second scenario that with an
harvested from L. pertusa can then be synthesized, which could leathcrease in relative meal size, snakes spend a disproportionately

to trials that test their effectiveness against known ARB. greater amount of energy in digesting and assimilating larger meals.
61-2 CAVIEDES-VIDAL, E*; BRUN, A; MAGALLANES, ME; 81-4 CEJA, AY*; WAY, MJ; KANE, SR; University of California,
BARRET-WILT, GA; KARASOV, WH; Consejo Nacional de Riverside, NASA Goddard Institute for Space Studies, New York,
Investigaciones Cientificas y Técnicas - Universidad Nacional de SarNY; aceja005@ucr.edu

Luis, Universidad Nacional de San Luis, Consejo Nacional de PEACH: The Physiology Exoplanet Astroecology model for
Investigaciones Cientificas y Técnicas, University of Characterizing Habitability

Wisconsin-Madison; enrique.caviedes@gmail.com A primary objective of astrobiology is to identify habitable
Dietary Adaptation to High Starch Involves Increased Abundance  exoplanets. Here, | apply an integrative approach between
of a-Glucosidase and its mMRNA astrophysics, climate modeling, and ecophysiology to explore the

Dietary flexibility in digestive enzyme activity is widespread in relationship between alien environments and terrestrial life. | discuss
vertebrates, but mechanisms are poorly understood. Fragmentarthe development of a novel system to be used as a tool to assess the
evidence indicates that laboratory rats modulate intestinalhabitable regions on exoplanet surfaces. In this model, simulated
a-glucosidase (AG) activity mainly by relying on rapid increase in exoplanet environments are convolved with a real biological layer.
enzyme transcription followed by translation and translocation to theExoplanet environments are simulated using the climate model,
intestine’s apical, brush border membrane (BBM). We performed Resolving Orbital and Climate Keys of Earth and Exoplanet
the first unified study of this overall process, relying on activity, Environments (ROCKE-3D, Way et al. 2018). ROCKE-3D is a
transcriptomic and proteomic data from the same animals. We usedully-coupled 3-dimensional oceanic-atmospheric general circulation
as our model nestling house sparrows (Passer domesticus), whictmodel (GCM) featuring interactive atmospheric chemistry, aerosols,
increase their intestinal AG activity as they switch naturally from low the carbon cycle, vegetation, oceans, sea ice, and land surface
starch insect diet to higher starch seed diet. Twenty-four hours after @omponents. The GCM output is coupled in the astroecology model
switch to a high starch diet, intestinal AG activity and mRNA were with empirically-derived thermal performance curves of 1,627 cell
increased. The protein sucrase-isomaltase (Sl), which is responsiblstrains representing extremophiles from all six Kingdoms, termed the
for all maltase and sucrase activity, was the only hydrolase increasetliokinetic spectrum for temperature (Corkrey et al. 2016). The
in the BBM, and its abundance and activity were positively spectrum arises from a meta-analysis of cellular growth rate as a
correlated. This is the first demonstration that birds may rely on rapidfunction of temperature. In this agent-based model, created with the
increase in enzyme abundance when adjusting to high starch diet.  software NetLogo, the survivability of an organism is determined by
its thermal response to simulated temperatures. This model can be
applied to predict exoplanet conditions compatible with
terrestrial-based thermophysiology, as well as surface maps
highlighting potentially habitable regions. Life, however, is
dependent upon multiple variables including the presence of liquid
water, nutrient content, and an energy source. Caveats of the
methodology and application of results are discussed with
implications for observable biosignatures.
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6-2 CELLINI, BO*; MONGEAU, J-M; The Pennsylvania State 127-5 CERDA, PA*; CROWE-RIDDELL, J; LARSON, JG;
University; boc5244@psu.edu NAGESAN, R; CALLAHAN, S; RABOSKY, DL; DAVIS
Flexible visual control of gaze via head saccades in Drosophila RABOSKY, AR; University of Michigan; pacerda@umich.edu
flight Comparisons of Interspecific and Intraspecific Variation in

Flying insects guide their body by generating smooth movement andRear-Fanged Snake Venom Expression

rapid, ballistic turns, named "body saccades”. After the onset of aUnderstanding the evolution of a highly variable trait among species
body saccade, an ensuing head saccade presumably helps to stabilizen be difficult if an inaccurate trait value is assigned. One such trait
gaze more rapidly by reducing the period of motion blur. Whereasthat contains tremendous variation is venom, a toxic substance
the visual control of body saccades has been described previouslyypically used by organisms for prey capture and/or defense.
less is known about the dynamics and control of head saccades arMariation in venom composition among snake species is attributed to
whether head saccades can operate independently from the bodgtrong selective pressures acting on venom genes and gene families
Specifically, can head and body saccades be uncoupled? Wwhich result in restructured gene families and changes in expression.
investigated yaw head saccade dynamics and control during thé&urthermore, venom is known to be variable within a species, often
optomotor response in rigidly tethered Drosophila in virtual reality. due to geographic variation among populations. Additionally,
Head saccade dynamics were stereotyped for a moving panoramantonogenic shifts in venom composition and short-term changes in
however saccade speed and rate decreased for a static panoranv@nom expression after feeding contribute to variation in venom
suggesting influences of visual motion. Head saccades were almoswithin an individual. Due to these sources of intraspecific variation,
entirely anti-directional with respect to visual motion direction, it might be difficult to make generalized statements about the venom
suggesting that they act to ‘reset’ visual gaze. Reset saccades allomomposition of a single species and make comparisons across
flies to maintain low retinal slip speed as flies are physically unablespecies. However, it is also possible that within-species variation is
to maintain a fixed velocity due to the restricted range of motion in fairly low despite sampling variation in location, age, or feeding
yaw. Head saccades were triggered when the temporal integral of thetatus. Here | describe the venom expression profiles of several
retinal error reached a threshold, rather than by absolute retinagpecies of rear-fanged snakes, which until recently had been largely
position error. This result suggests an integrate-and-fire trigger. Moreunderstudied, and compare among and within species variation to
than 60% of head saccades were triggered independently ofletermine if an accurate trait value can be assigned regardless of
Awingbeat amplitude spikes, suggesting uncoupled trigger of heacdpotential sources of variation.

and body saccades. For synchronous wing-head saccades, the wings

led the head by 5 ms, but approximately 25% of head and wings

saccades occurred in opposite directions. Our results point to

convergent mechanisms for visual control of head and body

saccades. We propose a parallel control system for visual control of

head and body saccades.

P1-220 CHADWELL, BA; OLSON, RA*; MONTUELLE, SJ; P3-126 CHAMANLAL, A*; SAYEGH, N; MARTINEZ, D; MAIA,
WILLIAMS, SH; Idaho College of Osteopathic Medicine, Ohio A; Rhode Island College; achamanlal_4973@email.ric.edu
University, Ohio University Heritage College of Osteopathic Function of the Erector Muscles of the Spiny Dorsal Fin in

Medicine, Ohio University Heritage College of Osteopathic Bluegill exposed to Turbulence

Medicine; ro603313@ohio.edu We exposed bluegill Lepomis macrochirus to turbulence and no
FeedCycle: Facilitating rapid post-processing of XROMM data turbulence after the injection of gallamine triethiodide (Flaxedil,
from mammalian feeding experiments non-depolarizing neuromuscular blocking agent), lidocaine (afferent

XROMM studies of mammalian feeding have produced a dauntingnerve blocker) or saline solution (control) into the dorsal fin erector
amount of kinematic data. From temporomandibular joint kinematics muscles. We expect that when motor control or afferent information
to individual tooth cusp trajectories, there are a myriad of ways toare compromised, fish exposed to turbulence will show no activity in
quantify the movements that occur during feeding in mammals. Tothe erector muscles and erratic behavior will occur. We quantified fin
facilitate and standardize post-processing of XROMM data, erector muscle activity using electromyography and high-speed video
consisting of synchronized movements of craniomandibular joint of dorsal and lateral views. Under control conditions, lateral video
coordinate systems (JCS; i.e., rotations and translations) and locatorgjnematic data show that the erector muscles of the spiny dorsal fin
we developed FeedCycle, a metadata management and data analysise responsible for moving the fin up, as onset and offset of muscles
program. FeedCycle uses the gape cycle, determined from Rz (jawoincided with changes in fin height. Under turbulent conditions, fish
open/close), and intra-cycle phases, determined from the secondisplayed erratic behavior when afferent information was removed,
derivative (acceleration) of Rz, as the basis of analysis of all JCS anduggesting its inability to effectively control the dorsal fin. This
locator data. In the primary panel for identifying cycles and phaseseffect was only partially seen in Flaxedil treatments.
users can adjust a threshold and smooth waves with a ButterwortElectromyographic recordings show higher magnitude of muscle
filter to accurately detect cycles. A separate panel showingcontraction during turbulence in both the control and Flaxedil
synchronized graphs of Rz and Ry with imported XROMM, fluoro or treatments but not in the lidocaine treatment. Frequency and duration
light videos allows annotation and manual event marking of of contraction were kept constant under turbulent and non-turbulent
individual cycles. Users can move by frame or cycle to verify or conditions for both lidocaine and Flaxedil, however they were
override auto-detected parameters such as chewing side, based eignificantly different under control conditions. We can conclude that
Ry, as well as annotate cycles with behavioral data. For each degres@hen sensory information is removed the fish is unable or unwilling
of freedom and locator, the following are exported for each cycle andto erect the spiny dorsal fin to recover stability. When a muscle
phase along with corresponding metadata as .csv files: frame #, timeglaxant is applied, there were some changes in muscle recruitment
duration, maximum, minimum, start and end values. Using examplesndicating that not all muscle fibers had been completely blocked.
from 1 and 2 JCSs from our datasets, we demonstrate that FeedCycRluegill rely on the spiny dorsal fin deployment to correct
accurately and rapidly standardizes data extraction based omositioning in the water column when faced with turbulence and
fundamental features of mammalian feeding cycles in order tosensory information is essential to avoid overcompensation.

prepare data for subsequent statistical analysis.
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P3-69CHAMBERLAIN, JD; Southern Arkansas University; 65-2 CHAMBERS, NM*; WILLIAMS, CM; West High School,
jchamberlain@saumag.edu University of California, Berkeley; chambers.nikki@tusd.org

The Role of a Thiamine-degrading Enzyme in Shaping Trophic The Beetle Project: Bringing Authentic Research Into High School
Ecology of Watersnakes Classrooms

Thiaminase is a relatively understudied protein that is present in al'he future of any scientific discipline depends on nurturing
variety of plant and animal tissues including some ferns, bivalves,understanding of both discipline-specific core ideas and the nature of
and fish. While there has been a growing body of work examiningscientific thought in the next generation of scientists.
the mechanisms of how this enzyme degrades thiamine (vitamin B1Education/outreach continues to be emphasized as a core component
or makes it biologically unavailable, less attention has been payed tof research grants. Efforts to bridge the formidable gap between K-12
its ecological significance. We are interested in understanding howscience education, and scientific research and teaching at the
animals containing thiaminase fit into the trophic systems within post-secondary level, benefit from active collaboration between
their habitats. Previous work has demonstrated that predatory fishiesearchers and K-12 teachers. A successful exemplar is the "Beetle
populations in the Great Lakes have declined as a result of feedin@roject” spearheaded by the Williams Lab at the University of
extensively on introduced prey fish that are rich in thiaminase. California, Berkeley. A two-month teacher-as-researcher experience
Because of thiamine's central role as a cofactor in the citric acidfunded by the NSF/SSE has yielded a published, NGSS-aligned
cycle, thiamine deficiency can lead to severe metabolic andinstructional module using insects as a model system to illustrate
neurological issues and eventual death. Theoretically, the risk otiological impacts of climate change. The curricular goal is engaging
thiamine deficiency should shape natural trophic systems ofstudents with a range of hands-on and minds-on activities that
predators feeding on prey containing thiaminase. To test this idea, wancrease their understanding of how science works, evolutionary
identified fish species in the gut contents of diamond-backedprocesses, and the impacts of climate change. We will model the
watersnakes (Nerodia rhombifer) to examine if snake prey itemscurriculum, present ongoing results of implementation in high school
contained thiaminase. Simultaneously, we measured the thiaminaselassrooms, and discuss the benefits to both students and teachers of
activity in fresh fish tissue of all species that co-occur with this bringing authentic research into the classroom. Module components
population of watersnakes. Lastly, we collected historical data on the@nclude: 1) a set of whole-organism/behavior and molecular lab
relative abundances of each fish species within the same watershedctivities using ladybird beetles; 2) a paper-and-pencil Data Nugget
While data collection and analysis are still underway, preliminary activity; and 3) an illustrated case study on the willow leaf beetle
data suggest that diamond-backed watersnakes within the Lakeesearch that inspired the module, with extension materials for AP
Columbia watershed preferentially forage on fish species low inclassrooms. The full module is hosted on the UC Berkeley
thiaminase activity despite other fish species containing thiaminaséJnderstanding Evolution website (https://tinyurl.com/y6bk9pzc).
being relatively abundant within the habitat. Detailed lesson plans suggest different scaffolding options for
students from a variety of levels (middle school — AP Biology) and
for classrooms with greater or lesser access to lab resources. We are
partnering with teachers to develop, test, and disseminate the
modules.

S2-9 CHAMPAGNE, FA; University of Texas at Austin, Austin, TX; 90-4 CHAN, KYK*; WONG, E; WONG, JY; XU, K; KOEHL,
fchampagne@utexas.edu MAR; Swarthmore College, Hong Kong University of Science and
Epigenetics and Reproductive Trade-offs in Response to Stress Technology, Academia Sinica, University of California, Berkeley ;
Exposure to stress during development can shape a broad range k€hanl@swarthmore.edu

phenotypic outcomes. In addition to programming response toHydrodynamics of barnacle nauplii shape evolution of body form
stressors, these early experiences shape later life reproductivBany types of zooplankton have spines but their functional
outcomes. Theoretical explorations of this phenomenon, drawing orconsequences are debated. Using naupli larvae of barnacles, we
life-history theory, suggest that both within-species and studied the hydrodynamic effects of spines and their impact on
across-species variation in reproductive strategies would be predictedwimming, sinking, and feeding performance of these microscopic
to be influenced by ecological factors indicative of resource animals operating in a size and speed range at which the fluid
availability and stressors (both physical and social). Endocrine,dynamics is poorly understood. Barnacle nauplii are unigue among
neurobiological and molecular studies suggest that the quality of thecrustaceans by having frontal horns and some have long tail spines.
early environment — particularly qualities indicative of stress or threatNaupliar form can range from parasitic species whose naupli have
- can have lasting effects on multiple biological systems. Epigeneticglobular bodies with small horns and tails, to gooseneck species
changes induced by these environmental exposures may mediate thvehose nauplii have slender bodies and long, fine horns and tail
link between stress and subsequent phenotypic outcomes. We hawspines. Such diverse forms enable us to study the effects horn, tail,
examined the epigenetic, neurobiological and behavioraland body shape on hydrodynamic performance. By measuring
consequences of early life stressors in rodents (rats and mice) withydrodynamic forces and torques on, and flow fields around
correlational studies also conducted in humans. Prenatal stress idynamically-scaled physical models of nauplii for which morphology
associated with increased stress responsivity, alteredcan be altered, we tested the hypothesis that long body extensions
neurodevelopmental trajectories and impairments in social and(horns and tail spines) increase drag on and resist tumbling by
reproductive behaviors. These phenotypic outcomes are predicted byauplii, These model experiments and our high-speed, micro-Particle
epigenetic variation in the placenta and associated withImage Velocimetry analysis of live larvae showed that a globular
region-specific changes in gene expression and DNA methylation inbody with small horns and tail spines (the parasitic Polyascus plana)
the brain. Postnatal exposure to low vs. high stress environments isxperience lower drag and disturb the water less when they move
predictive of reduced maternal behavior and increased sexuathan does a slender body with long tail spines and horns (the
behavior in later life. Altered DNA methylation of hormone sensitive gooseneck Lepas sp.).Low-drag shapes can enhance swimming
genes in brain regions that regulate reproductive behavior mayperformance, whereas high-drag shapes can reduce sinking rates and
account for these effects. Future work on the trade-offs in phenotypienhance feeding by acting as sea anchors so flapping appendages can
outcomes and the molecular mechanisms that shape these outcomeweep through the water to filter particles. Thus, tradeoffs between
may provide further insights into the within and across-generationdifferent ecological functions impose constraints on the evolution of
emergence of stress-induced reproductive strategies. larval forms.
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P3-73CHANDLER, KL*; DAVIS , J; WOLFORD, D; Radford 51-6 CHANDRASEGARAN, K; WYNNE, N; VINAUGER, C*;

University ; kchandlerl1l@radford.edu Virginia Tech, Blacksburg, VA; vinauger@vt.edu

Arthropod Thunderdome: Antipredator responses of Visual Avoidance Behavior in Mosquito Larvae and Adults
Gromphadorhina portentosa in relation to predator species and Mosquitoes are the deadliest animals on earth and the diseases they
relative size differential transmit, such as zika, chikungunya and malaria, are responsible for

Given their size and relative trophic level, many insect speciesat least one million deaths each year. Current strategies to control
occupy a relatively basal position on the food chain. They act aspopulations of disease vector insects are being challenged, in part
potential prey items for a variety of predators and it would often because of rising insecticide resistance. Therefore, novel strategies,
seem that they have little choice in the matter. However, receninformed by improved knowledge of mosquito biology, are urgently
studies have shown that cockroaches and other insects can employreeeded. However, progress in identifying new targets for vector
wide array of antipredator behaviors that can substantially impactcontrol has been hindered by a lack of understanding of the
their odds of becoming dinner. In this study we examined potentialmechanisms that regulate mosquito-host interactions. Multiple
antipredator behavior of the Madagascar hissing cockroachsensory modalities enable mosquitoes to navigate through their
(Gromphadorhina portentosa) to two representative, but environment and locate suitable hosts. Although mosquitoes'
physiologically and behaviorally distinct, predators, the Brazilian responses to olfactory cues have been well characterized,
pink-toed tarantula (Lasiodora parahybana) and the Asian forestcomparatively less is known about the way visual stimuli are
scorpion (Heterometrus spinifer). These two predatory species hav@rocessed and integrated by these insects. Furthermore, in most
opposing sensory structures for attacking prey, different predationcases, the visual sense of mosquitoes has been investigated in the
strategies and different feeding patterns. As such we predicted thatontext of their attraction to host-like objects. But visual cues can
predator species could be associated with contrastingalso signal threats such as a swatting hand. Leveraging a combination
Gromphadorhina portentosa defensive behaviors. Additionally, we of freely moving and tethered preparations, we analyzed the
explored patterns of aggression and defense in relation to various sizavoidance behavior of multiple mosquito species to threat-like
differentials between predators and prey. Positing that the potentiastimuli across developmental stages. Electrophysiological recordings
prey might alter their strategies in relation to the relative size in tethered-behaving individuals were then performed to unravel the
differences between themselves and the predator. We captured thenderlying neural mechanisms. The significance of these results will
range of antipredator responses used in these interactions, and thdie discussed relative to the design of control tools.

efficacy, through the use of time-lapse and high-speed video. Here

we discuss these results and their implications for predator-prey

interactions and evolution.

67-1 CHANG, ES*; GONZALEZ, P; SCHNITZLER, CE; P3-84 CHANG, ES*; TRAVERT, M; SANDERS, SM; KLOMPEN,
BAXEVANIS, AD; NHGRI/NIH, U. Florida; sally.chang@nih.gov AML; GONZALEZ, P; BARREIRA, S; MULLIKIN, J;

Diverse patterns of human disease gene emergence and loss acrossCARTWRIGHT, P; BAXEVANIS, AD; NHGRI/NIH, U. Kansas, U.

the Metazoa Pittsburgh, U.Kansas; sally.chang@nih.gov

The increasing ease of generating genome-scale data has led toTde genome of the hydrozoan Podocoryna carnea: An emerging
huge increase in the number of organisms being developed as modetesource for comparative biology

for studying human biology. Given this increase, it is important to Cnidarians provide an excellent opportunity to study the evolution of
evaluate whole-genome sequence data from a broad array ofomplexity and novelty as they possess an astounding diversity of
organisms to determine their possible utility in investigating a habitat usage, body plan organization, and life history strategies.
particular human phenotype or disease. To address this, we havBuilding on the advances made possible by the Hydractinia genome
taken an evolutionary genomics approach to investigate patterns afequencing project, we are generating high-quality whole-genome
disease-gene emergence and loss across the Metazoa, withssequencing data for the closely related hydrozoan, Podocoryna
particular focus on these patterns in non-bilaterians, a group that igarnea. In contrast to Hydractinia,P. carnea has a pelagic medusae
relatively underexplored in relation to questions in human health. We(jellyfish) phase. This provides a unique opportunity for comparative
have identified orthologs across 49 taxa using a phylogeneticallystudies aimed at identifying the genomic toolkit specific to
aware algorithm, then used these data to infer the age of origin oproduction of this life cycle stage, one that is characterized by unique
orthogroups containing a known human disease gene. On averageegll types, some of which are potentially convergent to cell types
human disease genes appear to have a more ancient origin than tiéthin the Bilateria. This genome project will also extend current
human genome as a whole, suggesting that a broad range ofiork in Hydractinia on questions regarding allorecognition, sex
metazoans may be suitable genomic models for understanding thes#etermination, and population genomics in the context of a cnidarian
phenotypes. Some non-bilaterians, such as the cnidarians, haveossessing a pelagic life cycle stage. Further, these hydrozoans are
approximately the same percentage of these disease genes as somasily culturable in the lab, allowing for additional experimentation
well-established model organisms, suggesting that they may be moren environmental effects and phenotypic plasticity. Our overall
suitable models when studying certain genetic pathways. Our worksequencing strategy involves a trio-binning assembly approach using
confirms that distinct subclasses of genes have distinct evolutionanpoth Illumina and PacBio data; this approach takes advantage of the
histories, reinforcing the importance of considering different taxa in high apparent heterozygosity revealed by preliminary sequencing
the context of specific biological questions. Finally, we have data from P. carnea to produce a fully phased genome sequence.
investigated the effects of methodological choices such as whether ofhese high-quality genomic data, along with RNAseq data being
not to include splice variation on our final inferences. Our results generated in the context of functional experiments will provide a
suggest that a broader range of metazoans than those currently ussttong foundation for establishing P. carnea as an important model
may prove to be useful for understanding the genomic bases ofor evolutionary genomics.

human diseases.
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139-4CHANG, B*; NOWAYTI, W; HSIEH, ST; Temple P3-227 CHANG, ML*; ABALUSI, D; MCFARLANE, DA;
University; brian.chang@temple.edu SCHMITZ, L; Scripps College, Claremont, CA, Pitzer College,
Force response of climbing sand dunes Claremont, CA, Claremont McKenna, Scripps, and Pitzer Colleges,

Running up a sand dune is a challenging task due to several factor€laremont, CA, Claremont McKenna, Scripps, and Pitzer Colleges,
First, sand fluidizes when an external force exceeding the materialClaremont, CA; mchang5063@scrippscollege.edu
yield stress is applied. Second, at the angle of repose, the sand pile Bxploring the Tempo of Eye Evolution through a Web Interface
unstable, such that small perturbations will cause fluidization. Application
Ongoing studies in the lab show that sand specialist lizards exhibifThe origin of "organs of extreme perfection” has been central to
lower running speed decrements than desert generalist lizards whegvolutionary debate since Darwin, who famously commented
running up inclined sand. Preliminary evidence indicates that impact'Reason tells me, that if numerous gradations from a simple and
angles of the foot relative to the sand differ between sand generalistsnperfect eye to one complex and perfect can be shown to exist, each
and specialists, suggesting that differences in foot and leg movemergrade being useful to its possessor, .... then the difficulty of believing
can have dramatic effects on force generation. In this study, wethat a perfect and complex eye could be formed by natural selection,
experimentally examine the impact force normal to a flat plate though insuperable by our imagination, should not be considered as
against a bed of poppy seeds (~1 mm diameter). We test a range sibversive of the theory.” In 1994, Nilsson and Pelger published a
impact speeds (0.01-1.2 m/s), substrate angles (0-40 degrees from tlt@endmark paper that estimated the number of generations it took for a
horizontal), and impact angles (0-40 degrees from gravity). Whencomplex camera-type eye to evolve from a patch of light-sensitive
comparing the magnitude of force acting normal to the plate atcells, suggesting it takes ca. 364,000 generations for an eye to evolve.
varying substrate and impact angles, two regimes become apparenBiven the popularity of eye evolution, we developed a web interface
1) the gravity regime and 2) the inertial regime. In the gravity app that enables users to explore the Nilsson and Pelger model and
regime, the weight of particles dominates granular motion and causeperform sensitivity analyses. Results are visualized by comparing the
fluidization of the substrate which correlates to divergences in theestimated time it takes to evolve an eye against the fossil record. Our
force depth relation when comparing force responses betweemreliminary analyses support Nilsson and Pelger's results, but a
substrate angles and intrusion angles. However, in the inertialcurrent limitation might be that only the geometry of an isolated eye
regime, particle motion is dominated by the inertia of the intruder, is taken into account. For more exact estimates of the time required
which results in the force depth relation to converge betweento evolve an eye, the neural circuitry of the eye and other structures
substrate and intrusion angle. Based on these results, we discuss tbeucial to vision should be considered. We conclude that future
implications for the efficacy of lizards running up sand dunes. research on complex organ evolution and the teaching of such
complex topics can be enhanced through web interface apps. Such
apps are useful because they interactively and visually demonstrate
the evolutionary factors that affect model outcomes in a much more
accessible way.

53-2 CHANG VAN OORDT, DA*; TAFF, CC; RYAN, TA; 37-1 CHAPMAN, BR*; WILSON, LE; Fort Hays State University,
VITOUSEK, MN; Cornell University, Ithaca, NY; Hays, KS; brchapman@mail.fhsu.edu

dac385@cornell.edu Predicting habitat preferences of Hesperornis (Aves:

Raising Defenses: Are There Costs to Stronger Immunity in Hesperornithiformes) in the Western Interior Seaway through
Breeding Tree Swallows? occupancy modeling

Life history theory predicts that, when resources are limited, energyin the Late Cretaceous, North America was divided by the Western
allocation will be split between somatic and reproductive effort. In Interior Seaway (WIS), a shallow epicontinental sea. Native
order to maximize fitness, organisms should invest these limitedvertebrate life included marine reptiles, fish, and seabirds such as
resources optimally into either of these efforts via a wide range ofHesperornis, a flightless avian with a foot-propelled diving lifestyle
traits. This split allocation creates trade-offs when investing in somesimilar to cormorants. Occupancy modeling predicts occupancy and
traits over others such as predator evasion over parental effort, or eggetection probabilities for the taxa of interest at sampled sites and is
production over immunity. Here, we evaluate the evidence used here to understand environmental and biological factors
supporting a trade-off between the strength of immunity and life influencing Hesperornis distribution. Campanian WIS vertebrate
history traits in female Tree Swallows, Tachycineta bicolor, from a occurrences and sedimentological data were gathered for the United
breeding population in Ithaca, NY. We hypothesize that there shouldStates and Canada from peer-reviewed literature, museum
be a trade-off between immunity, the ability to respond to stressorscollections, and online databases. Occurrences consist of taxa found
and reproductive effort during demanding life history events such aswith and without Hesperornis and include known predators and other
breeding. Individuals with investment closest to the optimal should contemporaries. The statistical modeling software PRESENCE was
have higher lifetime fitness. Bacteria killing assays run using bloodused to create and evaluate the performance of occupancy models
plasma, which provide an index of the strength of the innate immuneacross the WIS with covariates of local faunas and sedimentary rock
response, revealed wide variation in the response to an E. coliype for a single season (Campanian) and multiple seasons (early,
challenge. Killing capacity varied from 0 to 100%, with a mean of middle, and late Campanian). Detection probabilities were allowed to
47%. Here, we report the relationship between killing capacity and avary across lithologies and seasons to model preservational biases.
suite of behavioral (e.g., provisioning rate), physiological (e.g., Results showed higher predicted Hesperornis occupancy for sites
baseline and stress-induced corticosterone, plasma glucose), andith chondrichthyans, plioplatecarpine mosasaurs, polycotylid
fitness (e.g., clutch size and number of chicks fledged) metrics. Weplesiosaurs, and offshore shale-forming environments. Increased
anticipate that this study will provide a better understanding of occupancy estimates with these taxa may reflect a fauna where
resource allocation in a migratory bird with a fast pace of life. predation pressures did not significantly affect Hesperornis
biogeography. Regions of intense study and collection and variable
preservation of Campanian outcrops likely inflated the preference for
mud-rich offshore environments. This research represents one of the
first applications of occupancy modeling to marine vertebrates in the
WIS.
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51-2CHAPPELL, DR*; SPEISER, DI; University of South Carolina, 135-4 CHARIFSON, DM*; BOURDEAU, PE; PADILLA, DK;

Columbia, SC; danielrc@email.sc.edu Stony Brook University, Humboldt State University;
Neural processing in distributed visual systems — many eyes, many david.charifson@stonybrook.edu
solutions Shell remodeling may circumvent limits to phenotypic plasticity in

Most research on visual systems has focused on animals with pairethe marine gastropod, Nucella lamellosa

cephalic eyes; however, some animals have distributed visualThe adaptive value of phenotypic plasticity can be limited by several
systems in which many eyes are distributed across their bodyfactors, such as the epi-phenotype limit, which is when a newly
Compared to animals with paired cephalic eyes, these animals havienduced phenotype is not fully integrated with the previous
nervous systems that are less centralized and less cephalized, whighhenotype. Additionally, some inducible morphologies are
seems at odds with their multitude of eyes and the common notionrreversible, which can result in phenotype-environment mismatch
that vision is an information-rich modality. In most cases it is when environmental conditions change. Many marine gastropods
unknown how these animals process the large amount of informatiorthicken their shell in response to shell-crushing predators, an
being gathered by their visual systems. To compare neural processingducible defense, and some are capable of remodeling shell that has
in animals with different distributed visual systems, we studied thealready been deposited. However, previous studies of inducible
bay scallop A. irradians and the chiton A. granulata. A. irradians has defenses tend to examine only recent shell growth, and not secondary
dozens of mirror-based eyes, and A. granulata has hundreds of eyesodifications to older parts of the shell (i.e., remodeling). Shell
embedded in its dorsal shell plates. In both species, we injectedemodeling could allow for reversibility in inducible shell thickening
fluorescent dyes into eyes to trace the optic nerves to their site ond mitigate epi-phenotype limits. Therefore, we examined plasticity
innervation. We found that optic nerves from the eyes of A. irradiansin shell construction and remodeling in Nucella lamellosa, which
lead centrally to the parietovisceral ganglion, suggesting centraldisplays a strong inducible shell thickening response to the predatory
processing of visual information in scallops. In contrast, we found crab, Cancer productus. In response to this predator N. lamellosa
the optic nerves of A. granulata lead locally to the lateral nerve cord,constructed a thicker shell at the aperture and body whorl, with an
suggesting distributed processing of visual information in chitons. increase in both shell microstructural layers at the aperture, but only
Thus, we find two species with distributed visual systems usein one layer in the body whorl. Snails also exhibited shell remodeling
different strategies for neural processing, with scallops employingin response to C. productus; producing an overall thicker shell in
centralized processing and chitons employing distributed processingolder apical whorls. Thus, snails produced the thick or thin shell
These different processing strategies may represent underlyingghenotype throughout all parts of the shell depending on treatment,
differences between nervous systems in which processing occur iircumventing the epi-phenotype limit, and suggesting reversible
ganglia (e.g. scallops and other bivalves) and those in whichphenotypic plasticity in shell thickness in N. lamellosa.

processing occurs in medullary cords (e.g. chitons and other

molluscs).

110-4 CHASE, HT*; TOBALSKE, BW; University of Montana; 110-6 CHAUMEL, J*; SCHOTTE, M; BIZZARRO, J;
hilatzipora@gmail.com ZASLANSKY, P; FRATZL, P; BAUM, D; DEAN, M; MPIKG,
Bird to the Bone: Functional Adaptation in the Avian Wing ZUSE, UCSC, Charité Hospital; juliachaumel@mpikg.mpg.de

Though birds have long been admired by biologists and engineergre the cells in stingray mineralized cartilage performing the roles
alike for having lightweight bones with specialized "reinforcements,” of bone cells? Quantitative analysis of the lacuno-canalicular
very little work has been done to investigate this internal substructurenetwork in stingray tesserae
(i.e. trabecular bone). Trabecular bone, a complex 3D matrix,In most vertebrates the embryonic cartilaginous skeleton is replaced
mechanically adapts to an organism's behavior over its lifetime. Thisby bone during development. During this process cartilage cells
has facilitated success in using trabecular structure to interpre{chondrocytes) mineralize the matrix and die, giving way to bone
function in fossil mammals, though no attempt has been made ircells (osteocytes). In contrast, sharks and rays (elasmobranchs) have
birds. We thus collected high-resolution microCT scans of the cartilaginous skeletons throughout life, where only the surface
humerus across a broad, comparative set of 51 species which vary imineralizes forming a layer of tiles (tesserae). Elasmobranch
flight mode on a continuum from flapping to soaring. Whole bones chondrocytes survive cartilage mineralization and are maintained
were segmented and trabecular matrix parameters were measured falive layers in tesserae. However, the roles of the chondrocytes in the
the humeral head. We developed a new parameter (Trabeculamineralized tissue remain unknown. Applying a custom analysis
Extent, Th.Ex) to holistically assess the extent of reinforcing workflow to microCT scans of tesserae, we characterize how
structures in the bone. Across corvids, increases in trabeculamorphologies and arrangements of stingray chondrocyte lacunae
thickness, ellipsoid factor, and the degree of anisotropy significantlyvary. We show that the cell density is the same between the
covaried with increases in gliding/soaring behavior, while volume unmineralized and mineralized tissue and the cells maintain the same
fraction did not vary. Similar patterns were found in a preliminary volume indicating they do not hypertrophy and undergo apoptosis
analysis across the phylogeny. Th.Ex scaled allometrically within, during mineralization, as in other taxa. The cell density is higher near
but not across clades, and also varied with flight mode and ecologypores passing through the tesseral layer, suggesting these may
Preliminary comparison of cross-sectional geometry and Th.Exconstitute a nutrients source. Tessera lacunae also show zonal
suggests a mechanical tradeoff between trabecular and cortical bongariation in their shapes and strong orientation toward neighboring
Our results support that trabecular bone in the wing maximizestesserae, perhaps providing a fingerprint of the tesserae formation
volume while minimizing mass, but the specific architecture and process, while indicating local variation in tissue strain and cell
extent relates to more nuanced differences in kinematics and loadinéunction. Lacunae are linked by small passages (canaliculi) in the
across flight modes and ecologies. Ongoing work will explore the matrix, connecting lacunae in series or tight clusters in the center of
mechanical role of trabecular bone as well as apply our results tdhe tesserae, creating connectivity among cells and suggesting
fossil interpretation, and overall provides both crucial insight into avenues of communication within and between tesserae. This
flight mechanics as well as a robust, novel approach to understandingetwork arrangement and the shape variation of chondrocytes in
the evolution of avian flight. tesserae indicates that these cells may interact and manage
mineralization differently from chondrocytes in other vertebrates,
perhaps performing analogues roles to osteocytes in bone
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P1-1CHAVARRIA, R*; SMITH, FW; University of North Florida; 25-5 CHENEY, JA*; SONG, J; WINDSOR, SP; STEVENSON, JPJ;
n01391506@unf.edu DIERKSHEIDE, D; NILA, A; BOMPHREY, RJ; USHERWOOD,
The loss of several Wnt genes is correlated with the loss of posterior JR; Royal Veterinary College, Hatfield, UK, Royal Veterinary
growth in Tardigrada College, Hatfield, UK & Dongguan University of Technology,

Recent analyses of Hox genes have revealed that tardigrades hawhina, University of Bristol, UK, University of Bristol, UK,

lost mid-trunk segments. The segments that are missing inLaVision GmbH, Gottingen, Germany, LaVision UK Ltd, Bicester,
tardigrades develop by posterior growth in most panarthropodsUK; jcheney@rvc.ac.uk

(Arthropoda, Onychophora, Tardigrada). Posterior growth is thoughtThe tails of gliding birds disrupt induced drag minimization and

to be an ancestral mechanism of Nephrozoa. This process is regulateédstead approach optimal viscous drag minimization

by the canonical Wnt signaling pathway (cWnt) in nephrozoans thatTextbook descriptions of bird flight discuss the relatively elliptical
have been investigated. Tardigrades lack posterior growth,planform of avian wings as evidence that birds achieve minimum
suggesting that the loss of this process may explain the loss oinduced drag by enabling constant downwash from tip to tip. To test
mid-trunk segments in tardigrades. We analyzed the genomes of twthis description, we measured the wakes of gliding birds by tracking
representatives of Eutardigrada, Hypsibius exemplaris andup to 22,000 neutrally buoyant helium-filled soap bubbles at each
Ramazzottius varieornatus, to identify genomic signatures of the losgime point. Our hypothesis was that the action of the tail would
of posterior growth in tardigrades. We identified conserved compensate for lift lost over the body and enable constant downwash
intracellular components of cWnt signaling in the genomes of bothfrom wingtip to wingtip, minimizing induced drag. Instead, we found
species. We identified a full complement of Frizzled genes in boththat the spread and pitch of the tail produces a strong jet of air that far
tardigrade genomes, genes that code for the receptor component ekceeds the expected downwash; that is, the birds are not elliptically
the cWnt signaling pathway. However, we were unable to identify loaded at these slow, self-selected glide speeds. A frequently
several cWnt signaling ligand-coding genes—wnt1, wnt3, wnt6, overlooked action of the tail is to minimize viscid drag, which, in
wnt7, wnt8, and wnt10. Wntl, wnt7, and wnt8 have been implicateaircraft, is typically a negligible contribution due to higher Reynolds
in regulating posterior growth in arthropods. In order to test whethernumbers. We found that, at the intermediate Reynolds numbers of
these gene losses are ancestral losses for Tardigrada, we sequen@dan gliding, the contribution of viscous drag is of the same
the genome of Batillipes penakki, a representative of magnitude as the induced (inviscid) drag. Viscous drag minimization
Heterotardigrada, which, with Eutardigrada, spans Tardigrada. Wepredicts constant area loading, with downwash proportional to chord
identified an ortholog of wntl in the genome of B. penakki. length at each spanwise position. The measured downwash
Therefore, our results indicate that the loss of several Wntdistribution behind our birds, with a strong downward jet behind the
ligand-coding genes is correlated with the loss of posterior growthbody/tail, is consistent with drag minimization, but reveals a
and mid-trunk segments in tardigrades, while the loss of wntlcompromise between elliptical loading and constant area loading.
occurred specifically in the eutardigrade lineage.

P1-226 CHENNAULT , M*; MARTINEZ , C; WAINWRIGHT , P; 123-5 CHEU, AY*; BERGMANN, PJ; Clark University;

Howard Univeristy , University of California, Davis , Howard acheu@clarku.edu

University; machennault@yahoo.com Ontogenetic allometry of locomotor performance in basilisk lizards
Comparing Functional Traits in Feeding Morphologies of Hybrid For precocious vertebrates, the need for locomotor activity begins
Sunfish soon after hatching or birth. Juveniles may occupy the same habitat

Hybridization between species is a common occurrence in nature thas their adult counterparts and therefore, compete for the same
has the potential to enhance genetic and phenotypic variation, and itesources. Consequently, juveniles must be able to perform multiple
may play a significant role in the evolution of functional systems. We locomotor tasks at a reasonably similar level, despite their smaller
investigated the functional morphology of feeding in bluegill and size. Most animals grow allometrically, where their body proportions
green sunfish and naturally occurring F1 hybrids between the twochange as they get larger. These changes potentially impact their
species. Five individuals each of the two species and the hybrid wergerformance in various locomotor tasks. Scaling models have been
filmed at 2000 frames/sec feeding in the lab. We used landmarkproposed to predict the relationships between body size and
morphometrics to quantify the cranial movements during prey performance variables, where velocity increases with a slope of one,
capture sequences. As expected, the hybrid was intermediate imcreasing at the same rate as linear body dimensions. While these
feeding kinematics between the two parent species. However, hybrighredictive models do apply in some cases under specific conditions,
kinematics were distinctly more similar to the green sunfish than themany empirical studies have shown that the relationship between
bluegill, indicating that, while the hybrid possesses a 50:50 genetidength and velocity does not always follow the predicted trajectory
combination of the parent species this does not translate into feedingnd slopes may vary between multiple modes of locomotion.
kinematics that are perfectly intermediate. This may be due toTherefore, if a performance variable does not scale as predicted, what
non-linear relationships between morphology and kinematics. are the potential reasons for this deviation? Locomotion can be
explained intrinsically by not only the length of body parts, but also
cross sectional surface area of muscle fiber types and muscle force
generation, all of which scale with different predicted values. This
study aims to address (1) if running, jumping, swimming, and
climbing performance in brown basilisks, Basiliscus vittatus, meet
predicted scaling models and (2) which phenotypic traits or
kinematic variables best explain potential allometric relationships.
Preliminary results show that climbing maximum velocity scales
isometrically with body length, but running and swimming velocities
scale negatively allometrically. Jumping maximum acceleration has
no relationship with body length.
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P3-28CHEUNG, JA*; ROSE, CS; James Madison University; P2-193 CHEVALIER-HORGAN, C*; PIERCE, SE;
cheun2ja@dukes.jmu.edu HUTCHINSON, JR; DIOGO, R; MOLNAR, JL; NYITCOM,
The hormonal control of anuran ossification sequences Harvard University, Royal Veterinary College, Howard University;

Amphibians acquire bones postembryonically, over larval growth cchevali@nyit.edu

and metamorphosis. They also show considerable interspecifi®iomechanical modelling of tetrapods: the structural and

variation in ossification sequence. Most postembryonic changes irfunctional adaptation from aquatic to terrestrial life

metamorphosing amphibians are mediated by thyroid hormone (TH)The evolution of hindlimb bone morphology, muscle attachments,
and many frogs have developmental patterns that follow a universabnd joint geometry in the tetrapod lineage tells a story of adaptation
(Gosner) staging system. This conservancy implies that mosto the environment through structural modification. We compared the
TH-mediated development remains tightly coordinated across frogspelvic appendages of three stem tetrapods and closely related fish
and that interspecific variation in ossification sequence is more likelyspanning the fin-limb transition (Eusthenopteron, Acanthostega, and
the result of changes in TH sensitivity than in TH production. This Pederpes) with two extant lobe-finned fish and two extant tetrapods
study quantifies the effects of TH type (T4 and T3), dose and larvalusing musculoskeletal modeling. We estimated osteological range of
stage on bone development in Xenopus laevis with the aim ofmotion of the hip and knee joints and mapped muscles onto the
comparing induced and natural ossification sequences in this andkeletons based on osteological correlates of muscle attachment from
other species. We examined a developmental series of untreatethe literature and plotted the leverage of individual muscles over a
specimens as well as specimens from a study of TH-induced cartilageange of motion. Similar to prior reports on forelimb evolution, a
development that were treated at early, mid and late larval stagebbottleneck” in range of motion, particularly long-axis rotation,
with 1, 5, 10 and 50 nM T4 or T3. The thyroid inhibitors coincided with the origin of tetrapods. We also observed a trend
methimazole and iopanoic acid were additionally used to isolate theowards increased leverage of hip depressors and retractors in
effect of each hormone. With the exception of T4 at the lowest doseetrapods - potentially reflecting a shift to limb-driven locomotion -
and stage, both hormones only induced more ossification than inwhich was especially noticeable in post-Devonian taxa. In contrast,
controls at late larval stages. TH-induced sequences were generallihe fish had greater leverage for elevation and depression than any
similar to natural sequences, with earlier appearing bones bein@ther type of movement. These results help to refine our
induced at low stages and doses, and later ones being induced ahderstanding of how the roles of how the roles of the forelimb and
higher stages and doses. The maxilla, nasal, premaxilla, and vomérindlimb changed as tetrapods increasingly adopted a more terrestrial
were sometimes omitted, and the orbitosphenoid induced ahead ofray of life, as well as the evolution of structure-function
others. These results are consistent with tissue sensitivity accountingelationships over macroevolutionary timescales.

for variation in ossification sequence. This study emphasizes the

value of interpreting amphibian ossification sequences in the context

of the neuroendocrine mechanisms regulating developmental and life

history stages.

130-6 CHINN, SM*; BEASLEY, JC; University of Georgia; S11-4 CHITTKA, L; Queen Mary University of London;
sarahchinn@uga.edu l.chittka@gmul.ac.uk

Parental investment strategies in a highly polytocous species: The Mind of the Bee

maternal attributes and resource availability modulate litter size Bees have a diverse instinctual repertoire that exceeds in complexity
and sex ratio that of most vertebrates. This repertoire allows the social

Female condition significantly influences timing of reproduction, age organisation of such feats as the construction of precisely hexagonal
at first breeding and offspring survival, and is proposed as a driver ohoneycombs, an exact climate control system inside their home, the
offspring sex ratio. The Triver's-Willard hypothesis (TWH) predicts provision of the hive with commaodities that must be harvested over a
high-quality mothers should invest more into sons because malesarge territory (nectar, pollen, resin, and water), as well as a symbolic
have higher variance in individual fitness for species in which communication system that allows them to inform hive members
reproductive success is more variable in one sex. Thus, femaleabout the location of these commodities. However, the richness of
should adjust offspring sex ratio in response to factors that couldbees' instincts has traditionally been contrasted with the notion that
modify both their own lifetime reproductive success and that of theirbees' small brains allow little behavioural flexibility and learning
progeny. Though well studied in vertebrates, it is poorly understoodbehaviour. This view has been entirely overturned in recent years,
if or how the TWH applies to polytocous species, those that producenhen it was discovered that bees display abilities such as counting,
several offspring per litter, because the trade-offs between size andttention, simple tool use, learning by observation and metacognition
number of offspring must also be taken into consideration. Williams' (knowing their own knowledge). Thus, some scholars now discuss
hypothesis (WH) accounts for these possible trade-offs on sex ratidhe possibility of consciousness-like phenomena in the bees. These
variation. The extrinsic modification hypothesis (EMH) predicts observations raise the obvious question of how such capacities may
modulation of offspring sex ratio in response to environmental be implemented at a neuronal level in the miniature brains of insects.
conditions. Using wild pigs as a model, we tested whether (1)We need to understand the neural circuits, not just the size of brain
maternal attributes modulated litter sex ratio (TWH), (2) maternal regions, which underlie these feats. Neural network analyses show
mass influenced production cost, based on litter size and sex-ratithat cognitive features found in insects, such as numerosity, attention
(WM), and (3) environmental conditions influenced litter size and categorisation-like processes, may require only very limited
(EMH), in a polytocous species. Older females, generally larger ancheuron numbers. Using computational models of the bees' visual
with more parental experience, had male-biased litters, providingsystem, we explore whether seemingly advanced cognitive capacities
support for the TWH. Increased maternal size and condition (anmight ‘pop out' of the properties of relatively basic neural processes
index of resources) both positively influenced litter production cost, in the insect brain's visual processing area, and their connection with
supporting the WH and EMH. Increased maternal size and conditiorthe mushroom bodies, higher order learning centres in the brains of
also positively influenced litter size but not sex ratio. Our results insects.

suggest that for species with large litters, the benefits from adjusting

litter size outweigh those from modulating offspring sex ratio.
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26-2CHMURA, HE*; DUNCAN, CM; BARNES, BM; BUCK, CL; S5-7 CHO, MS*; NEUBAUER, P; FAHRENSON, C;

CHRISTIAN, HC; LOUDON, AS; WILLIAMS, CT; Institute of RECHENBERG, I; Technical University of Berlin, Bionics and

Arctic Biology, University of Alaska Fairbanks, Institute of Arctic Evolution Techniques; m.cho@campus.tu-berlin.de

Biology, University of Alaska Fairbank, Northern Arizona A Filament-like Structure for Flight?: The Ballooning Flight of
University, Oxford University, University of Manchester; Spiders

hchmura@alaska.edu Many flying insects utilize a membranous structure for flight, which
Reimagining the hibernating brain: Hypothalamic remodeling in is known as a "wing.” However, some spiders use silk fibers for their
an arctic hibernator aerial dispersal. It is well known that spiders can disperse over

Mammalian hibernation is normally viewed as a state of relative hundreds of kilometers and rise several kilometers above the ground
stasis as animals dramatically reduce activity and metabolic rate ton this way. However, little remains known about the ballooning
weather periods of low resource availability. However, in many mechanisms of spiders due to the lack of quantitative data regarding
species, the end of hibernation involves a transition from fasting to aspiders' ballooning. From our observation in the field and the
fed state and is closely followed by seasonal reproduction. Theséaboratory using a wind tunnel, we acquired knowledge of the types
transitions require extensive changes to the brain, physiology, andnd physical properties of spiders' ballooning silks, previously
behavior. This raises the question: does the hibernating brairunknown. A crab spider weighing 20-25 mg spins 50-60 ballooning
anticipate this seasonal transition and begin to prepare for springilks, which are about 200 nm thick and 3.22 m long. Silks of this
activity before hibernation ends? We used in-situ hybridization, size can lift large spiders (5-150 mg) into the air even with light
immunohistochemistry, and electron microscopy to examine upward air currents. In the presentation, the physical signification of
neuroendocrine and structural changes in the brains of hibernatinghese filament-like structures will be discussed in relation to the
male and female arctic ground squirrels. We found significant following questions: (i) Why do spiders use filament-like structures
changes in gene expression across hibernation within the thyroidor their flight? (i) Why do large spiders spin multiple fibers? (iii) Is
hormone signaling pathway, including upregulation of TSH-f3 and there any meaning of the thickness of 200 nm?

changes in deiodinases in the mediobasal hypothalamus.

Additionally, ependymal tanyctes lining the third ventricle exhibited

striking changes; during early hibernation, tanycytic processes were

scant within the mediobasal hypothalamus but process density

increased late in hibernation. This suggests that the hibernating brain,

instead of remaining in stasis, undergoes extensive remodeling. We

propose that periodic arousals from torpor, which are typically

viewed as functioning in maintaining homeostatic processes, also

enable circannual modulation of hypothalamic plasticity.

P1-247 CHOI, MP*; RUBIN, AM; WADA, H; Auburn University; 92-4 CHOI, W*; WADA, H; Auburn University;
mplO011l@auburn.edu wzc0028@auburn.edu

Effects of Incubation Temperatures and Restraint on Beak Eggshell Pore Density as an Important Determinant for Avian
Coloration in Zebra Finches Embryonic Development

Developmental environment can have a strong influence on offspringAvian eggs protect embryos from desiccation and trauma while
phenotype. In oviparous species, incubation temperature is known tallowing exchange of gases. Although previous studies have shown
influence sex, physiology, and survival. In birds, incubation that environmental factors such as temperature and humidity alter
temperature varies daily and among nests; however, little is knowreggshell characteristics, little is known about the importance of those
about how fluctuating incubation temperatures influence offspring, characteristics on embryonic growth and physiology. Here, we
particularly its long-term effects on fitness-related measures. Bealkassessed how blockage of eggshell pores can affect zebra finch
color is a secondary sex characteristic that indicates health status an{daeniopygia guttata) embryo hatching success and development
influences successful mating for both male and female zebra finchepre-hatch. Eggs were divided into four groups: control, fifteen
(Taeniopygia guttata). We assessed whether periodic cooling duringoercent, thirty percent, and forty-five percent surface area coverage;
embryonic development 1) has a persistent effect on beak coloratiotthe treatment groups were dipped in paraffin candle wax according to
into adulthood and 2) alters coping behavior, which was tested by dheir assigned percentages. Eggs were then incubated at 38.6°C, and
handling bag test. Embryos were incubated at one of the threeheir heart rates were measured on day 4 and day 10. Hatching
temperatures: constantly low (36.4°C), periodic cooling (averagesuccess shows a sigmoidal curve where control and 15% coverage
36.4°C), and control (37.4°C) temperatures. A year later, femaleshave similar hatching success while 30% and 45% having extremely
underwent a handling bag test to measure activity levels and potentidbw success. There appears to be a threshold between fifteen and
changes in beak color due to repeated handling and restraint. Birds ithirty percent where the embryos are able to tolerate this stress.

the periodic treatment had significantly darker and duller beak color

compared to the controls, while no effect on hue or saturation was

observed. Incubation temperature did not influence coping behavior,

and repeated handling and restraint did not have any significant

effects on any parameters of beak color. Since value (brightness) was

not affected by treatments at 95 days post-hatch but was significant

300 days post-hatch, the periodic cooling treatment appears to have a

latent effect on beak color after sexual maturity.
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S8-11CHOSET, HM; Carnegie Mellon University; P3-64 CHOUDHRY, A*; LO, B; FREEMAN, A; OPHIR, A;
choset@cs.cmu.edu Thomas Jefferson High School for Science and Technology, Cornell
Geometric Methods for Locomotion in Limbless and Legged University; dogwood25@outlook.com

Systems Female African giant pouched rats scent mark at similar rates

Geometric Methods for Locomotion in Limbless and Legged despite reproductive differences
Locomotion Organisms generate patterns of periodic Finding reproductively available mates is an important part of
self-deformations, which we will refer to broadly as "gaits,” to reproductive behavior for animals. For female rodents, signals of
locomote through their environments. Inspired by this, the roboticsreproductive receptivity are often scent-based, enabling perception
community has created a variety of limbless (e.g., snake) and limbedby males when the female is not present. In African giant pouched
systems that also use gaits to locomote. Our group has been buildingts (Cricteomys ansorgei), females have variable vaginal patency
upon a branch of mathematics called geometric mechanics that wand can exhibit no vaginal opening in adulthood even though by
use to design gaits in mechanical systems, as well as model gaits iather metrics they appear sexually mature. Males can perceive
biological ones. In this talk, we will show that geometric mechanics signals of patency through female urine, but we do not know if
facilitates systematic discovery of locomotor templates in diversefemales are also changing their behavior to alter their signaling rate.
living systems, and provides candidate high level control targets forWe hypothesized that patency would influence sexual ‘advertizing'
robot control in natural environments. Essentially, our approachby females. We predicted that non-patent (i.e. reproductively
establishes a functional relationship, called a connection, that mapsinreceptive) females would advertise via scent marking less often
changes in the system's internal shape, ie self-deformations, tohan patent females. We exposed females in a novel arena to
displacements in position. More specifically, the connection can beartificially placed male urine marks and observed their scent marking
used to "map” a closed loop, ie., a gait, in the shape space tt®ehavior. Both types of females investigated the male scent, and
displacement. With this technique, we were able to optimize criteriascent marked using urine and anogenital rubbing. Notably, we
to determine gaits that modeled biological motion. Recently, we haveobserved a ‘hop-skip' behavior reported in C. gambianus, which is
extended the approaches, originally designed for limbless snake-likenly elicited in females with contact to non-volatile components of
systems, to multi-legged ones, both biological and robotic. In male urine. We detected no statistical difference between patent and
particular, we are interested in legged systems that also bend themon-patent females' behavior, although a small preliminary sample
backs, e.g., salamanders, as they have both a "legged” portion andlanits our statistical power. Potentially, non-patent females might
"undulatory” portion of locomotion. scent mark to signal to other females in addition to males. Taken
together, our data show that pouched rat females advertize via scent
marking irrespective of their reproductive state.

P1-255 CHRISLER, AD*; ANTUNES, IK; KIMBALL, MG; 64-5 CHRISTENSEN , BA*; SCHWANER , MJ; FREYMILLER,
MALISCH, JL; St. Mary's College of Maryland, Louisiana State GA; CLARK, RW; MCGOWAN, CP; University of Idaho, Moscow ,
University; adchrisler@smcm.edu San Diego State University, CA , San Diego State University, CA,
Modeling glucocorticoid physiology, glucose mobilization, and chri4094@vandals.uidaho.edu

return rate in migrating Mountain White-crowned Sparrows Exploring Reaction Time in Desert Kangaroo Rats

(Zonotrichia leucophrys oriantha) Desert kangaroo rats (Dipodomys deserti) exhibit highly successful

Natural environments are unpredictable and the survival of escape maneuvers when subject to a predatory attack. Prior studies
organisms depends on their ability to respond to environmentalhave loosely attributed the species' success to the unpredictable
challenges and perturbations. Therefore, energy mobilization innature of their evasive response, yet the exact mechanisms remain
response to challenges could be a good predictor of survival. Acuteinknown. Based on literature emphasizing the role of auditory
challenges initiate a suite of physiological responses includingsensitivity in predator-prey dynamics, our goal was to compare
activation of the sympathetic nervous system and kangaroo rat reaction times between auditory and visual cues in the
hypothalamic-pituitary-adrenal axis. Collectively these responsesfield. For analysis, we used high-speed video cameras (240 fps) to
promote energy mobilization and resource allocation to supportrecord locomotor response prompted by a rattlesnake strike simulator
survival and therefore may influence return rate. We utilized a (RSS). Although the RSS was originally developed to investigate
free-living population of Mountain White-crowned Sparrows to overall escape kinematics, this analysis focused solely on reaction
characterize the glucocorticoid and hyperglycemic response to acutéme. Our modified RSS included both auditory and visual triggers,
challenge. We then modeled predictors of these responses andeploying at staggered intervals. For auditory stimulus, we found an
individual return rates over several years. Potential predictors ofaverage reaction time of 102 + 6.9 ms (n = 9), slower than past
glucose and glucocorticoid mobilization were scaled body mass, fatsstudies have determined. Visual stimulus resulted in an average
score, hematocrit, sex, date, year, and bleed delay time. Potentiakaction time of -4.56 + 6.0 ms, with over half of individuals
predictors of return rate were glucose and glucocorticoid responding prior to a visual cue. This result indicates the significance
mobilization as well as body condition (fat, mass, and scaled masspf auditory sensitivity over visual sensitivity in kangaroo rat reaction
and year. We predict that blood glucose and glucocorticoid levelsspeed. The discrepancy between studies is likely due to design
will respond positively to challenge, as seen in previous studies, andlifferences as the original RSS required a reliance on visual cues
that body condition and fat score will be positive predictors of alone and could not quantify auditory involvement. Future analysis
glucose mobilization. For return rate, we expect a positive will manipulate acoustic frequency to test the lower limits of
relationship with glucose mobilization and body condition. This kangaroo rat hearing threshold, as well as include anatomical data
study is unique in that we investigate the potential link betweensuch as auditory bullae size to better explore the links between
energy mobilization and year-to-year survival in a free-living morphological adaptation and predation pressure.

migratory species.
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125-2CHRISTIANO, BM*; HOWEY, CAF; University of Scranton,  2-4 CHUNG, AK*; COX, RM; LOGAN, ML; MCMILLAN, WO;

University of Scranton and Penn State University; COX, CL; University of California, Los Angeles, University of
brandi.christiano@scranton.edu Virginia, University of Nevada, Reno, Smithsonian Tropical

Timber rattlesnakes (Crotalus horridus) that move more often Research Institute, Georgia Southern University; akc9ab@g.ucla.edu
maintain higher baseline corticosterone levels Sex-biased Gene Expression and Sexual Dimorphism in Anole

Glucocorticoids are hormones that free up energy which allowsLizards
organisms to deal with challenging events. Challenging events, orAdult males and females of a species often possess differences in
"stressors” can include predictive daily, seasonal, or lifetime changedody size (sexual size dimorphism, SSD) despite the genomic
with regard to the life history of the organism. For example, constraint of a single, shared genome. SSD results from a variety of
organisms may maintain elevated glucocorticoid levels during moreevolutionary pressures that result in the sexes possessing differing
active times of the year such as foraging or the mating season. Thbody size optima and represents a form of intersexual conflict. One
objective of our study was to determine if individual timber genetic mechanism that may allow the sexes to overcome the
rattlesnakes (Crotalus horridus) that maintain greater movementconstraint of a shared genome and achieve their body size optima is
rates also maintain elevated baseline corticosterone (CORT) leveldifferential expression of shared genes (i.e. sex-biased gene
We radio-tracked timber rattlesnakes (n = 12) every 2-3 days for twoexpression). To understand the role of gene expression in the
years (2016 and 2017) and collected blood samples from individualevolution of SSD, we compared transcriptome expression in a lizard
during mid-summer (reproductive season) of each year. Wespecies with extreme male-biased SSD (brown anole) and a species
determined CORT levels for each blood sample using a competitivehat is sexually monomorphic in body size (Panamanian slender
enzyme immunoassay. We determined movement rates and homanole). We sampled two tissues that differ in phenotypic expression
range sizes using ArcGIS. We compared individual movement ratesdetween the sexes in brown anoles (liver and muscle). We predicted
with baseline corticosterone levels using a mixed-model linearthat brown anoles would 1) exhibit high levels of sex-biased
regression. Individuals with greater movement rates also had higheexpression of the entire transcriptomes of liver and muscle and 2)
baseline CORT levels (= 23.76, P = 0.017). Although males express growth regulatory networks dimorphically relative to the
tended to have higher basellne CORT levels compared to femalemonomorphic slender anoles. We found that brown anoles do indeed
=7.95, P =0.067), it is important to note that not all male exhibit higher levels of sex-biased expression of both entire
snaf(es had high movement rates (and thus did not maintain elevatedanscriptomes and growth regulatory networks in the liver and
baseline CORT levels). Snakes that moved more often maintainednuscle compared to slender anoles. Ultimately, this work will
larger home ranges (t = 4.48, df = 18,P <0.001). Results from thisincrease our understanding of the gene expression mechanisms that
study can assist biologists in interpreting the effect of behaviors oncould resolve intersexual conflict and facilitate the evolution of
an animal's physiology and further assist in the definition of a sexual dimorphisms.

"stressor”.

45-6 CHURCHMAN, EKL*; HAIN, TJA; KNAPP, R; NEFF, BD; 28-3 CIERI, RL*; FARMER, CG; University of Utah;

University of Western Ontario, London, ON, University of bob.cieri@gmail.com

Oklahoma, Norman, OK; echurchm@uwo.ca Net-unidirectional airflow patterns vary with pulmonary anatomy
Perceived paternity affects parental care behaviour in bluegill in monitor lizards (Varanidae): insights from a multi-species
sunfish (Lepomis machrochirus) computational fluid dynamics investigation

Understanding the mechanisms that lead to adaptive behaviour is adaranids are a remarkable group of lizards that exhibit great
exciting interface between levels of analysis in behavioural ecology.variation in body mass, ecological niche, and aerobic capacity but
Here we manipulated perceived paternity of nest-tending parentaletain a conserved body plan. Their Iungs also vary and are an ideal
male bluegill (Lepomis macrochirus) and examined the effect ongroup in which to investigate the functional and ecological
circulating hormone concentrations and parental care behavioursignificance of pulmonary traits. Our group reported unidirectional
Males' perceived paternity was reduced using either an indirect cuélow in the larger chambers of Varanus exanthematicus but detailed
of the presence of cuckolder males during spawning, or a direct cuélow patterns and how these patterns vary among species remains
of swapping a portion of the eggs in males' nests. When compared tanknown. Studying airflow in varanid lungs is difficult because
control males, we found that reduced paternity led to a decrease imuch of the lung is dense parenchyma that cannot be accessed with
males' aggressive behaviour directed towards a brood predatorflow probes. Computational fluid dynamics (CFD) can overcome
However, we found no apparent effect of the manipulation onthese difficulties by generating simulations of pulmonary airflow
circulating 11-ketotestosterone concentrations. We will discuss thebased on computed tomography (CT) data that can be validated on
effect of prolactin with the goal of understanding the mechanismsreal lungs. Airways were segmented and made into surface files in
influencing adaptive parental care decisions. Avizo. Surface models were meshed into a computational meshes
using the unstructured mesh generation utility, snappyHexMesh.
CFD simulations were run using a custom PIMPLE-based dynamic
solver in OpenFOAM. Varanid lungs consist of an intrapulmonary
bronchus (IPB) that ends in a caudal bronchus, branches cranially
into a hilar-cranial bronchus (HCB), and opens throughout into
secondary bronchi that interconnect via perforations. Smaller species
have fewer but larger caudal chambers and relatively thicker IPBs.
Flow in V. exanthematicus is net-unidirectional: the IPB moves air
net caudally, the secondary bronchi move air net cranially, and the
HCB is tidal. In V. spenceri, which has a has a thin IPB, the dorsal
aspects of secondary chambers carry net caudal flow and the ventral
aspects carry net cranial flow. These results show that pulmonary
airflow patterns in varanids vary with life-history traits and varanid
lungs contain a mix of unidirectional and tidal lung traits.
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Males with damaged weapons produce more offspring in The Effect of Arginine Vasotocin on Competitive Behavior in Hyla
non-competitive environments chrysoscelis

Some males engage in fierce competitions using elaborate weaportdormones play an important role in animal social behavior, including
to gain access to females and reproduction. Yet, not all males in theseompetitive behaviors. Previous studies demonstrate that the
species have large or robust weapons. Weapons can becomsrmone Arginine Vasotocin (AVT) modulates the calling behavior
damaged and this phenomenon is surprisingly common. Wherof different frog species. Male frogs produce acoustic advertisement
weapons are compromised, males are less likely to win male-malealls to attract females and compete with one another by increasing
competitions or may avoid them altogether. Thus, males in speciesheir call rate and call duration. Previously, AVT has been shown to
that use weapons to secure females are likely to have evolvedorrelate with increased call rate and call duration; however, how
alternative routes to achieve reproductive success. One way may beompetition influences this relationship remains unknown. We
to boost sperm production, so males can provide more ejaculate tinvestigated how the effects of AVT would be impacted by different
females in the rare cases that they are encountered. In this study, wempetitive environments in the gray treefrog Hyla chrysoscelis. We
examined whether males with weapons damaged during developmemredicted that increased competition would further amplify the
have increased offspring production. We induced developmental hinceffects of AVT on call rate and call duration. Frogs were caught and
leg weapon damage in Narnia femorata (Hemiptera: Coreidae), anjected with either a saline control (n=37) or AVT (n=39) and then
species that exhibits resource defense polygyny and is known teequentially exposed to noncompetitive, moderately competitive, and
increase testes size when a weapon is lost during development. Weighly competitive environments via playbacks of synthetic calls
then mated intact and weapon damaged males with four virginwith differing call rates and durations. Preliminary data suggest that
females successively. Weapon damaged males produced morthere is not a significant difference in the likelihood to resume calling
offspring with large females. We also noted behavioral differencesafter injection between the two treatment groups. We also analyzed
between male groups. Large males with intact weapons mated witlthe data for changes in calling characteristics to demonstrate the role
more females than weapon damaged males. Together, these resuttsat competitive environments play in modulating social behaviors
suggest that damaged males have a larger ejaculate and may befluenced by AVT. This has important implications for the overall
strategically investing that ejaculate in fewer females, leading to thecompetitiveness of the individual and the individual's subsequent
increase in overall reproductive success. When weapon damageeproductive success.

limits male access to females, they are able to employ an alternative

reproductive strategy to counteract their diminished opportunities to

mate. This strategy may help maintain variation in a population and

relax the strength of sexual selection on these weapons.

P3-242 CLARDY, TR*; THOMAS, BK; DAS, PB,; S6-1 CLARK, CJ; University of California, Riverside;

AL-NUWAIRAH, MA; HEINLE, MJ; HIKMAWAN, TI; cclark@ucr.edu

PRIHARTATO, PK; ABDULKADER, KA; QURBAN, MA; King Introduction to the Symposium on Bioinspiration of silent flight of
Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia, owls and other flying animals

Environmental Protection Department, Saudi Aramco , Owils are well known for their nearly soundless flight, in comparison
Environmental Protection Department, Saudi Aramco; to the wing sounds of other birds. Owls have evolved wing and tail
clardytodd@gmail.com features, including a comb-like structure on the leading edge of the
Optimal temperatures for common copepods in the Western wing, a 'velvet' in between adjacent wing feathers and tail feathers,
Arabian Gulf and fringed feather margins that are associated with sound reduction.

The Arabian Gulf (Gulf) is a shallow marine basin located in one of Recent studies have used techniques such as beamforming and
the hottest, most arid environments in the world. Water temperaturegomputational fluid dynamics models to understand how these wing
of the Gulf range annually from 15-35 °C. Under these variable structures suppress sound in flight. The stated intent of these studies
conditions, the species composition of the copepod communityis to discover whether any evolved features of owl wings may have a
changes markedly between winter and summer. The communitydesign basis with technological application to noisy human devices
change is likely driven by different optimal temperatures for the such as drones, windmills or trains. Neurobiologists have extensively
dominant copepod species. In this study, the optimal temperaturestudied owl hearing as a model for sound localization. The purpose
and temperature ranges, for 15 of the most common copepod species this symposium is to bring together biologists and engineers to
in the Gulf were estimated, using a reciprocal quadratic yield-densitydiscuss ongoing research in ‘animal aeroacoustics', the study of how
model. Abundance data for the model were compiled from 360animal flight produces an acoustic signature, and its biological
plankton tows collected from Saudi Arabian waters of the Gulf context.

between May 2016 and October 2018, across a range of temperatures

from 14-37 °C. There were differences in the optimal temperatures

among the 15 species, suggesting that different species prefer

different thermal conditions in the Gulf. Differences in thermal

preference among species may explain the high seasonal turnover of

copepods in the Gulf.
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Evolutionary and ecological correlates of silent flight in owls, Comparing Olfactory Rosette Morphology Among Elasmobranchs
nightbirds and hawks: Does silent flight evolve for stealth, or to Elasmobranch (sharks, rays, and skates) olfactory morphology is
reduce self-masking? similar to teleost fishes, but the effects of ontogeny and phylogeny

Owls, Nightbirds (nocturnal members of Caprimulgiformes) and are unclear. Olfactory rosettes are composed of a central raphe that
certain hawks have all evolved feather features that reduce the sourslipports repeating lamellae, which are lined with the sensory
they produce in flight. These features are: a leading edge comlepithelia. Previous research has shown that lamellar number varies
(owls) which reduces sound primarily below 10 kHz; vane fringes among species, but does not indicate sensitivity to odorants. Habitat
(owls and nightbirds), which may reduce low or high-frequency has also been correlated with the number of lamellae. The goal of this
sound; and a velvet on the dorsal surface of their wing and tailstudy was to investigate the relationships among ontogeny, species,
feathers (all three groups) which ameliorates broadband rubbingand rosette morphology using fineness ratio (2D measure of shape),
sound that includes substantial ultrasound (sound as high as 50 kHz)amellar count, raphe width, interlamellar distance, and lamellar
Two non-mutually exclusive hypotheses make predictions about whythickness measurements. The shapes of the rosettes are expected to
silent flight has evolved. The self-masking (“owl ear") hypothesis vary among species due to cranium structure; however the shape
states that wing sounds reduce the predator's ability to hear preghould remain constant throughout development. Morphological
sounds, thus silent flight enables the predator to better locate preymeasurements were collected from five elasmobranch species (N=29
The stealth ("mouse ear") hypothesis states that wing sounds reducgecimens; families Alopiidae, Lamnidae, Carcharhinidae, and
the ability of prey to hear the predator approach, limiting the prey'sSphyrnidae) with a known body size, measured by fork length (FL).
ability to take evasive action in response to an attack. For owls,Data was analyzed using mixed model ANOVAs with species, body
which hunt by ear, most available lines of evidence better support theize (FL), and species * body size (FL) interaction term as effects.
self-masking hypothesis, such as: increases in background soun@e found that olfactory organ fineness ratio, lamellar counts, and
reduce owl hunting success. For nightbirds, the data better suppomaphe width among species was significant. Body size (FL) was not a
the stealth hypothesis, as nightbirds do not use sound to hunt ansiignificant effect for any of the tested variables. The species * body
their wing features reduce ultrasound not audible to them but audiblesize (FL) interaction term was a significant effect for fineness ratio.
to their insect prey. For hawks the answer is unclear; while all hawksinterlamellar distance and lamellar thickness were not significant
use visual cues to hunt, some hawks also use acoustic cues, and noter a range of sizes and among species. We hypothesize that
enough is known about either the use of sound nor the distribution ophylogeny is a key component of olfactory rosette variability. Further
silencing features within Accipitriformes to draw firm conclusions research will examine the data using a phylogenetic principal

about their function. component analysis (pPCA) to examine these relationships.

90-1 CLARK, EG*; HUTCHINSON, JR; BISHOP, PJ; BRIGGS, P1-205 CLARK, A*; CARUSO, A; GIGNAC, P; UYENO, T;

DEG,; Yale University, Royal Veterinary College; College of Charleston , Oklahoma State University Center for Health
elizabeth.g.clark@yale.edu Sciences, Valdosta State University; clarkaj@cofc.edu

Investigating the Locomotion of an Early Deuterostome through Three-dimensional reconstruction of the hagfish feeding apparatus
3D Imaging and Digital Modeling using diceCT

Living echinoderms utilize a variety of unique locomotion strategies Hagfishes are jawless fishes that grasp and swallow food items with
to leverage radial symmetry for omnidirectional locomotion. Fossil protractible dental plates. A dental plate (DP) is composed of
echinoderms exhibit a much greater disparity of body plan, making itkeratinous teeth mounted on a thin wing-like cartilaginous plate
difficult to determine the origins of five-fold symmetry and track its housed within the anterior half of the hagfish feeding apparatus
functional and ecological consequences, including the evolution of(HFA). Cyclic protraction-retraction of the DP is supported ventrally
locomotion. Most early fossil echinoderms were sessile; stylophoransdy relatively thick cartilaginous basal plates (BP). As the DP
represent an important exception. These fossil echinoderms have protracts from the mouth, it unfolds like an opening book revealing
relatively flat body and a single segmented arm (aulacophore) whichthe teeth, then during retraction, the DP folds medially like a closing
has been interpreted as locomotory. Many fundamental aspects dfook as it pulls food into the mouth. Protraction is mostly powered
stylophoran biology, from their phylogenetic position to their by a quartet of strap-shaped muscle rami that originate from the
dorsoventral orientation, remain unclear. Determining whether or notventral surface of the BP and insert onto the anterior margin of the
stylophorans were capable of locomotion has been considered criticdDP. Retraction is powered by a muscular hydrostat in the posterior
to addressing these issues. We calculated the range of motion of thealf of the HFA. The cylindrical hydrostat contains a
aulacophore in an Ordovician stylophoran by constructing a digitalthree-dimensionally complex arrangement of longitudinal,
model using morphological data from a micro-CT scan to evaluatesemicircular, and transverse muscle fibers. Visualizing and
the feasibility of previously hypothesized locomotion strategies. Ourreconstructing this morphology is challenging because the HFA is
results suggest that the aulacophore was used for both feeding aralmost entirely composed of soft tissues. We used diffusible
positioning the organism. iodine-based contrast-enhanced micro-CT scans to successfully
visualize and reconstruct the 3D morphology of the HFA from a
Pacific hagfish. In Avizo, we segmented the dentition and cartilages
and inspected the 3D arrangement of muscle fascicles and connective
tissues in the HFA. Dice-CT scans clearly illustrate the 3D
complexity of the muscular hydrostat and corroborate recently
published histologically based anatomical reconstructions. These data
also show that the cartilages and teeth are either poorly
interconnected or completely decoupled, suggesting that the anterior
HFA can be readily deformed to accommodate various food items.

January 3-7, 2020, Austin, TX 71



SICB 2020 Annual Meeting Abstracts

32-3CLARK, RM*; FOX, TP; HARRISON, JF; FEWELL, JH; S6-12 CLARK, CJ; CLARK, Christopher; UC Riverside;

Siena College, Loudonville, NY, Arizona State University, Tempe, cclark@ucr.edu

AZ; rclark@siena.edu Final roundtable discussion on bioinspiration of silent flight
Energetic Savings of Grouping During Nest Initiation in Harvester ~ We conclude our symposium on bio-inspiration of silent flight of
Ants owls and other flying animals, by discussing open questions within

Queens of the seed-harvester ant Pogonomyrmex californicus varthis area, with an eye towards identifying areas of research that are
geographically in their propensity to cooperate with each other whemot currently being addressed. Open engineering questions include:
starting a new colony, leading to questions about the mechanismsvhat is the role of wing flapping in the acoustics of bird flight? Does
that facilitate such grouping and cooperation. Given recent studiedlapping fundamentally alter the airflow over a wing (such as through
that show that ant colony mass-specific metabolic costs decline witithe leading edge comb of an owl's wing), and its acoustic signature?
group size, we tested the hypothesis that cooperation provides ®n the biological side: What types of sound are owls and other silent
metabolic advantage for queen pairs during colony founding. Weflyers selected to reduce? What is the relationship between the
determined that the most energetically intense period of nestadaptations to reduce flights sounds, and the hearing of the predator
initiation extends from the postmating period, through nestand prey? The final goal of this discussion is to explore
excavation, until the onset of brood-rearing. Correspondingly, bothbio-inspiration of silent flight. What types of biological data are most
queens with an evolutionary history of cooperative nest-founding andmportant for inspiring new directions of ‘bio-inspiration'? And what
queens that lack this history showed reduced mass-specific metaboliare the potential engineering applications of discoveries that may yet
rates when paired together during the most energetically intensée made on how animals make sound as they fly?

period. This effect occurred independently of any metabolic costs

associated with locomotion. Collectively, our findings suggest that

the simple act of grouping somehow provides a direct energetic

benefit to queens during the energetically demanding life stage of

colony founding, regardless of whether or not queens have actually

evolved to cooperate during this period. This research was partially

supported by NSF 10S 1558127.

78-2 CLAVEL, J*; MORLON, H; The Natural History Museum, P1-131 CLAY, TA*; HESS, AJ; BONETT, RM; Nicholls State
Ecole Normale Supérieure; j.clavel@nhm.ac.uk University, University of Tulsa; tim.clay@nicholls.edu
Phylogenetic Signal and Linear Model for High-Dimensional Biogeography of the Ouachita Dusky Salamander, Desmognathus
Multivariate Comparative Data: a case study with the MANOVA brimleyorum

Phylogenetic linear models (e.g., regressions, ANOVA, or The Ouachita dusky salamander, Desmognathus brimleyorum, is a
ANCOVA) provide a statistically rigorous framework for semi-aquatic salamander restricted to the Interior Highlands of
comparative studies of phenotypic traits across taxa. However, théA\rkansas and Oklahoma. We conducted surveys during their active
development of their multivariate counterparts is still lagging behind season to determine their distributional extent and to collect genetic
because of the computational challenges encountered withsamples for phylogeographic studies. Using MAXENT, distributional
multidimensional datasets. In particular, when the number of traits pdata were combined with fine scale temperature data, geographical
approach or exceed the number of taxa n, the conventional statisticalata, and macroenvironmental parameters to identify the relative
machinery is limited, and we have to rely on alternative methods thaimportance of environmental variables in the distribution of D.
are approximate and restricted to the Brownian motion model of traitbrimleyorum. Out of 26 environmental variables, the top 5 variables
evolution. Here we developed more flexible multivariate contributed to nearly 90% of the species distribution model. The top
phylogenetic linear models (e.g., multivariate regressions, predictor variable, land cover, accounted for approximately 33% of
MANOVA, MANCOVA) to deal with the high-dimensionality of  the distribution model. Extrapolating the model over the entirety of
modern high-throughput comparative datasets. We used intensivéhe Interior Highlands of Arkansas and Oklahoma predicts a
simulations to assess the performances of the proposed approachesdistribution largely confined to the Ouachita Mountains, and absent
various level of phylogenetic signal, of correlations between thefrom the Ozarks and Coastal Plain, consistent with historical
traits, and distributions of phenotypic changes in the multivariate observations. The MAXENT model highlights the importance of
space. We show that the proposed approaches outperfornconservation and land cover on the distribution and continued
conventional ones when p, and current alternative when p>n. Wepersistence of salamander populations of the Interior Highlands.
further show that current available approaches to deal with

high-dimensional datasets lack the power to detects differences in

multivariate datasets and may have high type | error rates. Finally,

we provide an empirical test of our phylogenetic MANOVA on a

geometric-morphometric dataset describing the mandible

morphology in phyllostomid bats along with data on their diet

preferences. Overall our results show significant differences between

ecological groups while accounting for the mild phylogenetic signal

of these ecomorphological data. We provide some guidance on the

use of multivariate statistics for comparative analysis and discuss

some recent concerns about the use of phylogenetic comparative

methods.
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Repeated Social Defeat Affects Dopaminergic Modulation of Spinal The Role of Phenotypic Plasticity in Morphological Differentiation
Motor Circuits Between Watersnake Populations

Social submission negatively impacts behavior and physiology ofAn individual's morphology is shaped by the environmental pressures
many social animals, yet the effects of repeated social defeat (RSDit experiences, and the resulting morphological response is the
on nervous system function underlying locomotion remain poorly culmination of both genetic factors and environmental (non-genetic)
understood. We investigated how RSD affects dopaminergicconditions experienced early in its life (i.e., phenotypic plasticity).
modulation of swimming and startle escape in zebrafish. PairedThe role phenotypic plasticity plays in shaplng phenotypes is
zebrafish form dominance relationships where subordinates aremportant, but evidence for its influence is often mixed. We exposed
repeatedly defeated by their opponents. We showed that subordinatéesmale neonate diamond-backed watersnakes (Nerodia rhombifer)
swim less and increase startle escape compared to dominant§tom populations experiencing different prey-size regimes to
Dopamine (DA) is involved in regulating locomotion by directly different feeding treatments to test the influence of phenotypic
modulating spinal circuits. We studied whether DA signaling plasticity in shaping trophic morphology. We found that snakes in a
underlies this shift in locomotor activity. Western blot results showed large-prey treatment from a population frequently encountering large
that RSD decreases expression of dopamine 1 receptor (D1R)prey exhibited a higher growth rate in body size (SVL) and in head
Pharmacological blockage of D1R caused dominants to swim lessength than individuals in a small-prey treatment from the same
and escape more, resembling subordinate behavior. We also testggbpulation. This pattern was not observed in snakes from a
these behaviors in D1R knockout fish and found that they exhibitedpopulation that regularly encounters small prey. We also found that
subordinate-like locomotive patterns. This suggests that RSD affectsegardless of treatment, snakes from the small-prey population were
DA modulation of motor circuits by regulating the expression of smaller at birth than snakes from the large-prey population and
D1R on postsynaptic targets. To test whether RSD also inducesemained so throughout the study. These results suggest that the
morphological changes within the presynaptic DA system, we ability to plastically respond to environmental pressures may be
counted the number of DA neurons in the hypothalamic A11 DA population-specific. These results also indicate a genetic
nuclei with Tg(dat:EGFP) zebrafish. The A11 nucleus is known to predisposition towards larger body sizes in a population where large
project into the spinal cord and modulate swim and escape circuitsprey items are more common.

Preliminary results of confocal images showed that RSD decreases

total number of DA neurons in the A11. This suggests All is

influenced by chronic defeat and allows exploration of if these

neurons modulate the escape and swim circuits in the context of

RSD. Our results highlight how RSD impacts CNS function and how

this modifies adaptive motor behavior.

P2-162 CLIFTON, IT*; REFSNIDER, JM; University of Toledo; 139-1 CLIFTON, GT*; HOLWAY, D; GRAVISH, N; Univ. of
ian.clifton@rockets.utoledo.edu California, San Diego, UCSD; glclifton@eng.ucsd.edu
Characterizing the Thermal Ecology of a Montane Lizard The influence of uneven terrain and vision on ant walking
Community Visual feedback substantially informs vertebrate walking

Elevational clines have long been recognized for their consistentcoordination and control, but the ability of some ant species to forage
patterns of climatic variation. Specifically, daily temperatures at at night and through dark tunnels suggests that vision may be less
lower elevations are generally warmer and less variable than dailyessential for certain insects. To understand how vision influences
temperatures at higher elevations. Thus, organisms at either extremealking performance under naturally rugged conditions, we recorded
of the elevational range are likely experiencing markedly different 3900 high-speed videos of Argentine ants (Llneplthema humile)
climates. The consistent thermal differences that occur with elevationwalking on 3D-printed substrates both in light and dark conditions.
are likely to drive local adaptation to the thermal regimes frequently Ants walking on flat ground showed a small, but significant shift to
experienced. Here, we compared the thermal physiology of threeslower speeds in the dark. On a checkerboard substrate, ants walked
sympatric phrynosomatid lizard species (Sceloporus tristichus, S50% slower but, surprisingly, lighting did not influence speed.
graciosus, and Uta stansburiana) across an elevational gradient irPathway sinuosity increased on the checkerboard array but did not
San Juan County, Utah. Because climate varies with elevation, wehange between light and dark conditions. Since many walking
predicted lower thermal tolerance would decrease as elevatiorperturbation studies focus on a discrete step, we also included a step
increased, and that critical thermal breadth would increase withsubstrate. When confronted with a step up, ants decelerated on
elevation as daily temperatures become more variable withaverage ~2.8 mm before the step, a distance corresponding to when
increasing elevation. We also expected lizards at lower elevations tdéhe antennae first contact the step. For stepping down, ants slowed
exhibit greater thermal specialization at lower elevations (i.e., higherdown <1 mm from the step approximately when the forelimbs would
maximal performance across a narrower range of body temperaturesjeach the step edge, regaining original speeds only 2.5-3 mm after the
Contrary to predictions, we found no evidence of consistent patternstep. Together these findings support that vision does not critically
of variation in thermal physiology across elevation in any of the threeimpact walking for the Argentine ant, especially on uneven terrain.
lizard species we measured. Although lizards were captured acroskistead, ants could either walk without sensory feedback or by
their entire elevational range for the area, the gradient (~500m forelying on tactile and proprioceptive cues from the antennae and
each species) may not have provided a large enough thermal gradietimbs. The reduced influence of vision in this ant species could stem
to drive adaptive processes. Alternatively, the seeming ubiquity offrom slow visual perception relative to movement speeds and from
each of these species along the elevation gradient and lack othe ability to generate large body accelerations using specialized
discernible patterns in thermal physiology may suggest a relativelytarsal structures. These results have the potential to inform insect
large degree of gene flow along the gradient, potentially washing ouneuromechanics, inspire new robotic control strategies, and explain
any local adaptation at the extremes. ecological patterns in life history.
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South Florida; noah.cline@wallawalla.edu Investigating Reproductive Success and Endocrine Regulation of
Characterizing the Digestive Microbiome of Antarctic Sea Stars Mating Strategies in Male Medaka
Sea stars (Phylum Echinodermata; Class Asteroidea) are some of thHdate guarding, when two males compete for one female, is a
most abundant macroinvertebrates in shallow waters surroundingeproductive strategy seen across a variety of vertebrate species. This
Antarctica and are well-adapted to a benthic environment with often leads to hierarchical relationships, in which one male exerts
limited food availability. Antarctic sea stars display opportunistic dominance over other, subordinate males. However, the
feeding behaviors including scavenging, necrophagy, and detritaphysiological mechanisms that promote dominance or subordinance
feeding. However, the types of micro-organisms associated with then males remain largely unexplored. In this study, we investigated the
digestive organs of Antarctic sea stars and the importance of theseeproductive success and endocrine signals of the two reproductive
microbes is not well understood. Four species of sea starsstrategies in Japanese medaka (Oryzias latipes). To identify dominant
(Diplasterias sp., Lysasterias sp., Ondontaster meridionalis, andand subordinate males, triads consisting of two males of different
Ondontaster validus), sediment, and seawater samples (n=6genotypes and one female were observed repeatedly for 5 days. Male
respectively) were collected from the Western Antarctic Peninsula.reproductive success was determined by genotyping 20-21 embryos
Digestive organs (stomachs and pyloric caeca) were dissected frorfrom each female. We found that the number of eggs fertilized by
the sea stars and the metacommunity 16S rRNA genes (V4 regiondlominant and subordinate males did not differ (p=0.29), indicating
were sequenced using the lllumina MiSéglatform. The microbial that dominant behavior does not guarantee reproductive success and
community structure of the samples was determined usingthat subordinate males may successfully fertilize eggs using sneaker
bioinformatics tools. Microbial diversity of the digestive organs was male tactics. We hypothesize that these behaviors are linked to
lower than that of the surrounding environment (seawater andactivity in the reproductive endocrine axis. To test this hypothesis,
sediment), with the lowest diversity observed in the digestive organsve quantified pituitary levels of luteinizing hormone (Lh) and follicle
of Diplasterias sp. The microbial community composition also varied stimulating hormone (Fsh) in dominant and subordinate males using
depending on the type of sample. The changes in microbial diversityan ELISA. While Fsh did not differ between the groups, Lh was
and community composition between the environment and four seainexpectedly higher in subordinate males (p=0.047). This indicates
star species suggest the feeding strategies and physiologicahat either Lh production is stimulated or its pituitary release is
requirements of each species may play a selective role in determininghibited in subordinates. To investigate these opposing explanations,
the digestive microbiome of Antarctic sea stars. we are measuring mRNA levels of Lh, Fsh, and GnRH receptors in
the pituitary, and GnRH and AVT in the brain of dominant and
subordinate males using qPCR.

P2-73 CLOWSER, D*; WILSON, C; PETERSEN, A; P2-26 COBB, BA*; GIBSON, JD; BOTNARU, L; Georgia Southern
POSTLETHWAIT, J; Oregon State University- Cascades, Bend, University, Statesboro, GA; bc05764@georgiasouthern.edu

University of Oregon, Eugene; clowserd@oregonstate.edu Exploring the lethality of genetic incompatibility in jewel wasp

Is it an Androgen, Estrogen, Obesogen, or all of the above? hybrids

Perchlorate Exposure Causes Different Pathologies in Different The parasitoid wasp genus Nasonia serves as an emerging model for
Fishes mitochondrial disease due to an incompatibility between nuclear and

Perchlorate (P) is a contaminant found in surface water around thenitochondrial genomes between sister taxa. Male hybrids of Nasonia
globe and is known to cause health issues in vertebrates. P reduce#ripennis and Nasonia giraulti experience mortality during the
production of thyroid hormone and masculinizes germ cell growth larval stage of development as compared to parent strains. Previous
and adult phenotypes in threespine stickleback fish (Gasterosteusesearch has shown that 98% of F2 males with an incompatible allele
aculeatus); this effect on germ cells is not fully explained through on chromosome 5 combined with N. giraulti maternity die. This
known thyroid-hormone pathways. Our study aims to quantify P'sregion of interest on chromosome 5 encodes a gene suspected to be
effects on fish development. We exposed zebrafish (Danio rerio) toinvolved in the NADH pathway, possibly explaining the energetic
100ppm P from fertilization to 45 days post fertilization (dpf). shortfall preventing the organism from reaching adulthood. The goal
Experiments were conducted using Nadia stock to allow for sexof this research is to further explore what genetic basis underlies the
genotyping. We collected fish at 17, 25, and 45 dpf and analyzednortality seen in N. vitripennis and N. giraulti hybrids and the
histology from control and P treated (PT) groups to assessenergetic effects of a given genotype. To better understand how this
pathologies correlated with endocrine disruption. These endpoints arenitochondrial incompatibility affects individuals, progeny counts
density of liver adipocytes, primary germ cell count, thyroid follicle will be taken of each life stage to determine fecundity of backcrossed
count and size, and density of spleen melanomacrophages. Thyroii2 females and parent crosses. Larvae and pupae will be collected at
follicle counts were significantly higher in PT fish at 25 and 45dpf. arrested stages to determine genotype, as diapause can be an
Melanomacrophage density increased with PT at 45dpf; this effectndicator of lesser metabolic capability. Offspring and parents of
appeared earlier in female fish. Primary germ cell counts wereeach cross will be genotyped to determine allele ratios. Rate of
significantly higher in 25dpf PT females, but adipocyte density did oxygen consumption will be measured in backcrossed F2 female
not increase in PT fish. High germ cell number is a female trait in mitochondria to test energy metabolism and deduce what energetic
zebrafish, and failure to find changes in adipocyte density means thatonsequence each genotype has across strains. Once we can describe
P is not an obesogen in zebrafish. We found no effect of P on sexhe relationships between genotype and metabolic phenotype in
ratio during development. Our findings differ from previous Nasonia, we can begin to explore what other combinations of factors
published data involving stickleback, where P caused lead to lethality during hybrid development.

masculinization and adipogenesis. Overall, our findings provide new

insight into mechanisms and action pathways of P, but also raises

questions about the species-specific response to the contaminant.
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134-4COBOS, AJ*; HIGHAM, TE; University of California, P2-159 COCHRAN, J K*; ORR, S E; BUCHWALTER, D B; North
Riverside; acobo002@ucr.edu Carolina State University; jkcochra@ncsu.edu
Get a grip: the effect of asperity size on gecko adhesion Assessing the concept and thermal sensitivity of the Pcrit in the

Geckos have garnered much attention over the years due to themayfly N. triangulifer
remarkable ability to adhere to smooth surfaces, resulting in detailecClimate change and various human activities decrease the dissolved
assessments of their unique morphological adaptations and adhesivexygen (DO) content of freshwater ecosystems. Historically,
capabilities. Their adhesive structures operate at many differenscientists have used the concept of the Pcrit (the DO level below
length scales, each of which contributes to overall adhesion of thavhich an animal can no longer oxyregulate) to infer hypoxia
gecko as they interact with various types of surfaces in their naturatolerance across species, primarily fish. The Pcrit concept has been
environment. That said, we have a cursory understanding of howecently challenged on several fronts and requires critical evaluation.
surfaces of different roughness impact adhesive contact and overallsing cutting edge respirometry equipment, we tested the hypothesis
force as few studies have considered these interactions, particularlthat the Pcrit is positively correlated with temperature in the mayfly
on the micro scale. Here we tested adhesive performance of tokai. triangulifer. Pcrit estimates were taken from 96 individual larvae
geckos, Gekko gecko, on 7 different sandpaper grits with asperitycross 5 temperatures spanning 10°C. We found a modest (r= 0.45),
sizes ranging from ~3 — 200 um to determine the effect of surfacebut highly significant (p < 0.0001) association between temperature
roughness on maximum shear adhesive force. We recorded thand Pcrit despite relatively large inter-individual variability
interactions with a high-speed video camera in order to account fo(CV=25.9% +8.35%). We next tested the concept that the Pcrit
slipping (timing and velocity). For each surface, we visualized therepresents the tipping point between aerobic and anaerobic
three-dimensional topography using a combination of scanningmetabolism by quantifying the expression of hypoxia-responsive
electron microscopy and confocal imaging to get area roughngss (S genes along a DO gradient at three different temperatures. Neither
We found that shear adhesive force was reduced up to 91% wheBGL-9 (an oxygen sensing gene and modulator of HIF-1a activity)
asperity size approached ~100 pm, the average setal length of tokayor LDH (a hypoxia indicator) were upregulated at oxygen levels
geckos. Similar to the findings of other studies on adhesion, wherabove the temperature-specific Pcrit estimates. However, at or below
surface structure dimensions parallel those of the adhesive structuréhe Pcrit estimates, expression of both genes was stimulated (e.qg.
adhesion is greatly reduced as attachment opportunities are limitedl9.66- and 3.01-fold change for EGL-9 and LDH, respectively at
In this case setae are likely unable to conform to the surface thu®2°C). Our data provide modest support for the notion that the Pcrit
reducing overall spatulae contact. Connecting measures ofepresents a physiologically meaningful shift from aerobic to
whole-animal performance with information about anaerobic metabolism in N. triangulifer. However, a high degree of
ecologically-relevant surfaces can further our understanding of thenter-individual variation precludes the use of a single value to
origin and evolution of adhesion, but also improve biomimetic describe a species response to DO. Further, because hypoxia
applications. tolerance likely involves a complex suite of physiological attributes,
the Pcrit alone may not be a suitable predictor of hypoxia tolerance.

48-5 COELHO, JC*; POOLE, AZ; Berry College, Berry College ; 54-3 COFFIN, JL*; KELLEY, JL; TOBLER, M; Kansas State
Jenny.Coelho@vikings.berry.edu University, Washington State University; jlcoffin3@gmail.com
The Evolution and Role of GTPases of Immunity Associated Adaptation to Life in Acid Mine Drainage: Transcriptomics and
Proteins (GIMAPS) in Cnidarians Molecular Evolution in Western Mosquitofish

Corals, which are members of Phylum Cnidaria, play a critical role inThe world has seen an unprecedented increase in anthropogenic
coral reefs, one of the world's most productive and diverseinputs of numerous elements since the onset of the industrial
ecosystems. Coral reef health depends on a mutualistic symbioticevolution, often leading to perturbed or destroyed ecosystems.
relationship between cnidarians and photosynthetic dinoflagellates oHeavy metals sourced from the byproducts of mining activities are
the family Symbiodiniaceae. However, a variety of stressors to reefcommon contaminants in the biosphere and can have detrimental
such as elevated temperatures and coral disease contribute teffects at all levels of biological organization. The Tri-State Mining
breakdown of this symbiotic relationship which can lead to coral District of Kansas, Missouri, and Oklahoma has long been
death and collapse of the reef ecosystem. To better understand coreharacterized by elevated heavy metal concentrations in animals and
disease and symbiosis, we looked at a group of potential immunéumans from improper waste management, leading to the designation
proteins in cnidarians called GTPases of immunity associatedof the Tar Creek Superfund Site. The surviving ichthyofaunal
proteins (GIMAPS). In vertebrates these proteins regulate the fate oEommunity of Tar Creek is dominated by Western mosquitofish
developing lymphocytes and a previous study revealed their presencé€Gambusia affinis), which also inhabit neighboring, unpolluted
and potential immune function in cnidarians. To better understandwatersheds, facilitating comparative analyses of physiological and
the evolution of GIMAPs within this phylum, bioinformatic searches evolutionary responses to heavy metal pollution. We coupled
were conducted in a diversity of publicly available genomes andmolecular evolutionary analyses in related fishes inhabiting extreme
transcriptomes. Additionally, to better understand the role of environments with RNA-sequencing of gill, liver, and brain tissues of
GIMAPSs in cnidarian immunity and symbiosis, both symbiotic and G. affinis to address basic questions regarding evolutionary responses
aposymbiotic Exaiptasia pallida were exposed to the immune to heavy metal stress: 1) which genes are experiencing positive
stimulant lipopolysaccharide (LPS) and gene expression of fourselection in populations of G. affinis inhabiting polluted habitats?,
GIMAP-like sequences called Ep_GIMAPs was measured usingand 2) what genes are differentially expressed between populations
gPCR. The bioinformatic searches revealed two types of GIMAP-like of G. affinis? We hypothesized that genes involved with metal
sequences termed long and short, with patchy distribution, includinghomeostasis would be under positive selection and be upregulated in
cnidarians that contain one, both, or neither GIMAP type. The genethe Tar Creek population of G. affinis. These analyses will allow us
expression work showed two of the Ep_GIMAPs had greaterto investigate how heavy metal pollution might impact rapid
expression in symbiotic than aposymbiotic E. pallida, implying a evolutionary responses and understand the mechanisms that have
function in regulating symbiosis. However, Ep_GIMAPs did not allowed G. affinis to inhabit heavy metal contaminated extreme
show significant expression differences in response to LPS treatmengnvironments.

suggesting a role other than immunity. Overall, this work provides a

greater understanding of the cnidarian immune system and the

evolution of GIMAPs.
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129-1COHEN, HE*; KANE, EA; Georgia Southern University; S3-3 COHEN, K.E*; WELLER, H.I; SUMMERS, A.P; University of
hc02684@georgiasouthern.edu Washington , Brown University , University of Washington;

When the Expected Doesn't Happen: A Lack of Local Adaptation kecohen@uw.edu

in Trinidadian Guppies What is homodonty?

When populations occupy different environments, divergent selectionrHomodonty and heterodonty attempt to capture tooth battery
pressures can result in phenotypic differentiation in traits that providemorphology as it relates to prey processing. Homodont teeth are
a local fitness advantage. Trinidadian guppy (Poecilia reticulata) similar in shape or size and assumed to perform a uniform task.
populations are separated by physical barriers which result inHeterodont teeth have shape regionalization and are associated with
repeated shifts in selective pressures from predator avoidance in highegionalized functions. These categories have poorly defined
predation environments towards resource competition in low boundaries: how much morphological variation is permitted in a
predation environments. Previous studies have shown that theskomodont dentition before it should be classified as heterodont?
changes result in a range of locally adapted morphological andDevelopment, replacement, and damage directly alter the shape and
behavioral traits, including color, length of gestation, and shoalingsize of teeth along the jaw further complicating homodonty.
behavior. Regarding prey capture, although consumption rates anthcipient, transient, or phylogenetic homodonty attempt to provide a
head morphology may differ, suction-feeding behaviors do not, andmore rigorous definition by incorporating additional contingencies,
the role of local adaptation on feeding is unclear. We analyzedbut instead serve to highlight the difficulties in categorizing
morphological differences such as body size, eye area, jawdentitions. For instance, conical teeth are a simple shape with a
positioning and body depth to validate known differences betweensimple job of puncture. Yet they vary in length, curvature, and
populations. Since biting is a more relevant behavior for guppies, wesharpness as a result of additional selective pressures aside from
then filmed adult females from replicate high/low predation pairs puncture. By constraining homodonty to static shape, we miss
while they used biting behaviors to feed on an agar substrate. We didspects of how teeth are being used. Instead we propose to use
not find divergence in either morphological or kinematic traits, function to tease apart not just how teeth look, but how they are used.
suggesting a general lack of local adaptation, contrary to previousVe present a functional lens on homodonty by looking at stress,
findings. A lack of divergence could be due to less pronouncedorientation, and curvature. These functional parameters allow us to
morphological divergence in females, perhaps as a constraint ofnalyse how large and small teeth work together to transmit forces to
bearing young, and the absence of divergent selection on prew prey item. Our results show that the placement of teeth affects their
capture performance. In female guppies, morphology andfunction and that there is a functional advantage to having several
performance are not locally adapted, and divergence may exissmaller teeth surrounding a singular large tooth. Our statistical
primarily in behavioral traits (consumption rates) as a result of models present a new tool for determining ‘functional homodonty'
competition in low predation environments. and a series of dentitions that demonstrate the complexities of this
problem. We show that teeth that look alike don't always act alike;
morphologically heterodont teeth are functionally homodont.

P2-47 COLLAR, DC*; DIPAOLO, E; MEHTA, RS; Christopher P3-57 COLLUM, A*; WHITMAN, S; HODGES, A; State

Newport University, University of Rhode Island, University of University of New York ; collan18@oneonta.edu

California Santa Cruz; david.collar@cnu.edu Does Mating with a Novel Male Affect Female Fecundity in Bean
Evolutionary transformation along orthogonal anatomical axes in Beetles?

blennioid fishes The bean beetle, Callosobruchus maculatus, is both a crop pest and a

Extreme body elongation has occurred repeatedly in the evolutionarynodel organism for understanding sexual conflict. Mating is costly
history of ray-finned fishes. Transitions from disc-shaped or fusiform for female bean beetles because the males have barbed copulatory
to highly elongated (eel-like) forms can involve evolutionary changesorgans, used to remove other males' sperm from the females'
in head dimensions as well as vertebral number and shape, but it ieeproductive tracts. However, females may also benefit from multiple
unknown whether some anatomical characteristics evolve moremating due to the water in the male ejaculate and due to increased
readily during body shape transformation. In this study, we examinegenetic variability in their offspring. We compared fecundity
body elongation in blennioid fishes (including combtooth, between females mated twice to the same male and females mated to
labrisomid, and tube blennies) and identify two independent originstwo different males. We predict that female fecundity will decline
of extreme body elongation that have occurred through orthogonamore slowly in the novel male group than the same male group.
anatomical evolutionary trajectories. Within Blenniidae (combtooth

blennies), species in the genus Xiphasia have dramatically elongated

the caudal region of the body, with increased number of caudal

vertebrae and aspect ratio of vertebral centra, but this lineage has

experienced little change in head dimensions or abdominal vertebral

morphology. In contrast, within Chaenopsidae (tube-blennies), a

clade that includes species from the genera Chaenopsis and

Lucayablennius has elongated the head and abdominal vertebral

region but not the caudal region. These non-overlapping sets of

anatomical modifications reveal that elongation can result from

divergent evolutionary trajectories, which may reflect differences in

the selective factors that shaped diversification. Elongation of the

head and abdominal region in the Chaenopsis / Lucayablennius

lineage likely enhanced the capture of large prey by ambush

predation, whereas the elongation of the caudal region in Xiphasia

presumably provided additional body flexibility for crevice-dwelling.
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35-7COLOMBERO, CR*; WAINWRIGHT, DK; LAUDER, GV; 111-4 COMBES, SA*; GAGLIARDI, SF; WARGIN, AH; U.C.
Harvard University, Yale University; Davis; sacombes@ucdavis.edu

crcolombero@college.harvard.edu Wing damage isn't all bad for bumblebees: Asymmetric damage
Shark Dermal Denticles: Loss and Regeneration Patterns Vary impairs maneuverability, but symmetric damage improves stability
with Body Position and Ecotype Bumblebees fly through cluttered environments while foraging for

Dermal denticles — the characteristic scale-type of sharks — areesources, and collisions with vegetation cause irreversible wing
tooth-like structures embedded in the skin. Observation of denticleddamage that accumulates with age. Wing damage has been linked to
in a diversity of shark species and body locations reveals "gaps” inncreased mortality in bees, but the mechanism behind this finding
the denticle surface pattern where denticles are missing. Theseemains unclear. We examined the effects of wing damage on two
missing denticles may be lost as a result of natural replacemenmajor aspects of flight performance, stability and maneuverability.
cycles or through injury, although little is known about the extent of We filmed 25 Bombus impatiens flying with a 2.5 m/s headwind in
these gaps in the shark skin surface and how (or if) denticles ar¢hree conditions: in unsteady, structured flow generated by an
replaced. In order to quantify the extent of missing denticles andupstream cylinder, while maneuvering to track a laterally oscillating
describe the pattern of denticle replacement, we used four imagindlower, and while maneuvering to track a flower in the presence of
techniques: (1) High-resolution uCT scanning to generate volumetricunsteady flow. Bees flew in all three conditions with intact wings,
models, (2) surface profilometry to scan the surface for missingwith asymmetric damage (~20% area clipped from one wing), and
denticles, (3) Scanning Electron Microscopy (SEM), and (4) with symmetric damage (~20% area clipped from both wings). To
histology for visualization beneath the skin surface. The percentquantify stability and maneuverability, we calculated translational
surface area of missing denticles was calculated for 10 shark speciesnd rotational body orientation, and evaluated flower tracking
with benthic, coastal mid-water, and pelagic ecologies, and weperformance. Neither type of damage led to significant changes in
observed replacement denticles forming and emerging from thestability during flight in unsteady flow, but maneuverability during
dermis and epidermis in the gap regions. Our findings indicate thatracking was reduced by asymmetric (but not symmetric) wing
dermal denticles replace themselves and that this process begins aftdéamage. When unsteady flow was combined with the challenge of
a scale has been lost. Replacement denticles develop crown-first andacking a flower, we did find an effect of wing damage on stability;
are weakly ossified early-on, with a large open pulp cavity and however, in this case symmetric wing damage actually improved
lacking a true root. Thus far, the tails of highly pelagic speciesstability over intact wings, whereas asymmetric damage had no
including the thresher and mako sharks (Alopias vulpinus and Isurueffect. These results suggest that reduced maneuverability caused by
oxyrinchus, respectively) have the highest percentage of missingatural wing damage, which is typically asymmetric, could underlie
denticles of the species surveyed, although even benthic sharks shothe increased mortality found in previous studies. However, bees'
gaps in the denticle surface and generation of emerging replacemermverall flight performance is impressively robust to wing damage,
denticles. and symmetric damage can even provide stability benefits that may
help compensate for the loss of force-producing wing area.

P1-68 COMERFORD, MS*; CARROLL, SP; EGAN, SP; Rice P3-40 COMITO, D*; BENTLEY, GE; University of California,
University, Houston, TX, University of California, Davis, CA, Rice Berkeley; dcomito@berkeley.edu

University; mattheauc@gmail.com Gonadotropin-Inhibitory Hormone and its Receptor in Zebra Finch
Spatial sorting drives rapid ecological adaptation of the soapberry ~ Spinal Cord: A Novel Pathway for Neuropeptide Action?

bug Gonadotropin-inhibitory hormone (GnlH) is a neuropeptide that

Spatial sorting describes a mechanisms of evolutionary change whergypically acts in the hypothalamic-pituitary-gonadal (HPG) axis to
differential dispersal ability spatially structures mate choice, leadinginhibit reproductive activity and sociosexual behaviors. GnlH is
to rapid evolution favoring increased future dispersal capacity alongsynthesized in the brain and in the gonads, where it can act via its
an expanding range edge. We test the role of spatial sorting in theognate receptor. However, immunohistological evidence in
red-shouldered bug (Jadera haematoloma) as they recolonize areasongbirds also shows GnlH projections towards the brainstem. We
that went locally extinct. These seed feeding insects are a modeinvestigated the possibility that this neuropeptide might act directly
system for rapid ecological adaptation, as their beak lengths havevithin the spinal cord of zebra finches (Taeniopygia guttata). Using
been shown to quickly evolve to match the seedpod physiology ofimmunohistochemistry, we determined that GnIH-immunoreactive
their different host plant associations. In addition, these insectsfibers are present throughout the length of spinal cord gray matter,
express a discrete wing polymorphism that renders a proportion ofwith the majority of the peptide located in the cervical region. Using
the population flightless. These two traits are associated, in thatPCR, we also found mRNA expression of GnlH precursor peptide
flighted individuals have longer beaks than their flightless and GnlH receptor (GnIH-R) throughout the spinal cord. These data
counterparts. Serendipitously, this trait association creates both @aaise questions about the potential mechanisms of action and roles of
differential in dispersal ability to fulfill the requirement of spatial GnlIH in zebra finch spinal cord. Our results provide evidence for
sorting, and an ecologically relevant trait which we can observe inpotentially novel modes of action of GnlH that have implications for
the face of natural selection. Through continuous monitoring of thesephysiology and behavior. Current research is exploring modulation of
traits before and after local extinction due to a catastrophic weatheGnlH and GnlH-R in the central nervous system in response to
event, we test spatial sorting's evolutionary capacity as locally extinctasting and sickness.

metapopulations are re-colonized. Our study shows that flighted

individuals are capable of recolonizing extinct patches, and that these

re-colonizers bring with them longer beaks than the previous

inhabitants. These longer beaks not only persist over multiple

generations but also tend to grow longer as mate choice in

recolonized patches remains limited to only long beaked flighted

individuals. Interestingly, this increase in beak length occurs in

habitats where it is adaptive and maladaptive, demonstrating that

spatial sorting is a powerful evolutionary mechanism that can

promote rapid morphological change.
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P1-88CONGDON, ER*; EVANS, MB; Bethune-Cookman 118-5 CONITH, AJ*; HOPE, S; LIU, M; ALBERTSON, RC; UMass
University, TheraPet Inc.; congdone@cookman.edu Amherst; ajconith@bio.umass.edu
Using Therapeutic Play to Alleviate Stress in Shelter Dogs The Developmental and Functional Origins of a Key Feeding

One challenge of having dogs adopted from shelters is the excitemerihnovation in the Cichlid Pharyngeal Jaw
they show when being visited that may not be representative of theiThe perciform group Labroidei (cichlids, labrids, damselfish, and
personality, but rather a symptom of being kenneled for the majoritysurfperches), have independently evolved pharyngognathy, a highly
of their time. Occupational therapy interventions with children use derived set of upper and lower pharyngeal jaws (U-LPJ). The muscle
sensory-motor strategies of heavy work (proprioceptive input) andthat retracts the UPJ, the retractor dorsalis (RD), connects the UPJ to
movement (vestibular input) for improved behavior responses andhe anterior vertebrae and functions to process prey. Cichlids are
emotional regulation. Through neural plasticity, nervous systemunique in having developed a ventrally projected pair of processes at
pathways are strengthened and recruited for a more developed aritie posterior connection between the RD and vertebrae, typically on
mature nervous system. Based on these concepts, an object (toy) wése third vertebrae. It is not uncommon to find these projections
designed for dogs that matches their high threshold for stimulishifted anteriorly, which shortens the RD muscle and has
required to elicit a neuronal response. Shelter dogs are likely to beonsequences for UPJ performance. Here we characterize the shape
anxious or stressed due to their lack of interaction, presentingand development of the vertebral projections using morphometric
behaviors such as pacing, barking, or jumping. However, if theyand genetic methods. We sought to answer two questions: 1, how
receive sufficient neural stimuli through interaction with this object — functionally integrated is the UPJ musculoskeletal system, and 2, can
therapeutic play — they should develop a calmer, perhaps moreve take a candidate gene approach to find regions of the genome
approachable, demeanor and hopefully have a greater likelihood ofesponsible for vertebral projection development? We uCT scanned
being adopted. To test this strategy, behavioral observations wer&40 individuals from a hybrid cross between two Malawi cichlids
conducted for baseline classification of play-interest levels in shelterand used 3D morphometrics to characterize neurocranium and
dogs in the Daytona Beach area. The dogs were then presented witrertebral shape. We then extracted shape scores from our vertebral
either a control object or the test object for therapeutic play at reguladata, which reflected projection positioning, and performed
intervals. Finally, behavioral observations were conducted for anquantitative trait loci (QTL) mapping. We found a strong association
additional two weeks to determine any lasting effects. Throughoutbetween the vertebral and neurocranium shapes, suggesting an
the entire study, regular fecal sampling of cortisol levels provided anterior shift of the projections produces a change to the mechanics
insight into the stress that may have been alleviated by theof UPJ retraction. We also gain two significant QTL peaks in our
therapeutic play. We are hoping to design a program that will allowmap, which reveal a possible role for the SIK pathway in regulating
as many dogs as possible to have and take home with them their owthe development of these projections. Taken together, this suggests a
toy. small developmental change in the pathway regulating projection
positioning can produce large-scale changes the mechanics of UPJ
performance.

48-1 CONKLING, ME*; HESP, K; MUNROE, S; SANDOVAL, K; P1-146 CONNOR, C*; ZINN, D; WILLIAMS, DA; WATSON, CM;
MARTENS, DE; SIPKEMA, D; WIJFFELS, RH; POMPONI, SA; Midwestern State University, Texas Christian University;
Florida Atlantic University, Fort Pierce, FL, Wageningen University, chelseaacconnor@gmail.com

Wageningen, NL; mconkli2@fau.edu Dietary Niche Overlap of Native and Invasive Anoles on Dominica
Breakthrough in Marine Invertebrate Cell Culture: Sponge Cells Invasive species can negatively affect a community by taking
Divide Rapidly in Improved Nutrient Medium resources otherwise used by native species. Among the most direct

Sponges (Phylum Porifera) are among the oldest Metazoa andorms of competition between such organisms is food. On the island
considered critical to understanding animal evolution and of Dominica exist a native species of Anole (Anolis oculatus) and a
development. They are also the most prolific marine source ofrelatively recent invader (Anolis cristatellus). In the ~20 years since
chemicals with pharmaceutical relevance. Cell lines are importantAnolis cristatellus first invaded Dominica, it has established breeding
tools for research in many disciplines, and have been established fgopulations in all regions of the island except the most mountainous.
many organisms, including freshwater and terrestrial invertebratesThis presumably puts them in direct competition with the native
Despite many efforts over multiple decades, there are still no cellAnolis oculatus for prey. However, the extent of their dietary niche
lines for marine invertebrates. In this study, we report a overlap remains undocumented. Some populations of the endemic
breakthrough: we demonstrate that an amino acid-optimized nutrienhative anole appear to be affected by the presence of the invasive
medium stimulates rapid cell division in 9 sponge species. The fastestnore than others. This study uses molecular techniques and fecal
dividing cells doubled in less than 1 hour. Cultures of 3 species weresamples to determine major groups of arthropods consumed by
subcultured from 3 to 5 times, with an average of 5.99 populationmembers of each species in multiple populations across the island.
doublings after subculturing, and a lifespan from 21 to 35 days. OuBy documenting the extent of their dietary niche overlap, we can
results form the basis for developing marine invertebrate cell modelsbetter understand competitive dynamics between species within
to better understand early animal evolution, determine the role ofcommunities and among populations.

secondary metabolites and predict the impact of climate change to

coral reef community ecology. Furthermore, sponge cell lines can be

used to scale-up production of sponge-derived chemicals for clinical

trials and develop new drugs to combat cancer and other diseases.
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University of Virginia; hmc87 @scarletmail.rutgers.edu Female ZIP9-Knockout Zebrafish Exhibit Abnormal Egg

Tolerance of ectoparasitism in Eastern Fence Lizards, Sceloporus  Activation and Reduced Fecundity

undulatus Our research group recently cloned and characterized a putative

Eastern fence lizards (Sceloporus undulatus) are heavily parasitizecthembrane androgen receptor from teleost ovarian tissue that is
by chigger mites (Eutrombicula alfreddugesi), with mite counts >500 homologous to the zinc transporter protein ZIP9 (Slc39a9). Since the
on some individuals. Among growing yearlings, mite counts vary by discovery of its androgen receptor activity, ZIP9 has been found to
an order of magnitude, and the week-to-week rank ordering of mitemediate androgen actions in a number of cell culture models from
counts is highly concordant. In yearlings, males are more heavilyvarious tissues. However, ZIP9 has not been examined in an in vivo
parasitized than females, even as mite populations change across theodel so the precise physiological functions of this receptor remain
summer activity season. Thus, any potential costs of ectoparasitisminclear. A ZIP9-mutant strain of zebrafish was developed using a
may vary consistently among individuals and between males andCRISPR-Cas9 system to examine the role of the protein in teleost
females. Furthermore, exposure of lizards to mites may be increasingeproduction. Mutant females have reduced fecundity and spawn
with climate change, potentially leading to higher ecological costs.significantly fewer eggs than wild-type fish. ZIP9-mutant females
We investigated growth costs of chigger mites in field-active yearling also produce a high proportion of eggs that do not undergo chorion
S. undulatus in three independent studies conducted in 2014-15levation, a characteristic of normal egg activation. Eggs that show
2016, and 2019, and we attempted to manipulate ectoparasitisnthis phenotype have low fertilization rates and produce larvae that
experimentally by administering lvermectin in 2019. We found no exhibit a high incidence of pericardial/yolk sac edema and reduced
evidence of a negative correlation between mite count and growthlgrowth compared to larvae hatched from wild-type eggs. Zinc
rate in either sex. Furthermore, Ivermectin had no effect on mitedetection using fluorescent probes indicated that in wild-type eggs,
counts or growth rates. Yearling males had consistently lower growthzinc is localized to intracellular vesicles prior to activation, but once
rates than females, consistent with findings that testosterone inhibitgctivation occurs the number of zinc containing vesicles decreases
growth in S. undulatus, but the inhibitory effect of testosterone onand a rise in extracellular zinc is detected. This suggests that zinc is
growth in males does not appear to be mediated through increasexkleased during activation in fish eggs similar to observed in
mite parasitism. Average mite intensities increased progressivelymnammalian eggs. ZIP9-mutant eggs that show the abnormal
across years, suggesting that exposure to mites may be increasing astivation phenotype also show abnormal zinc vesicle morphology in
the climate warms. Given these conditions, selection may favor thehat the vesicles are significantly smaller than those of wild-type
evolution of tolerance as opposed to resistance to mites. If so, furtheeggs. Thus, the potential disruption of zinc regulation during egg
increases in mite populations due to climate change may have littleactivation and/or maturation in ZIP9-mutant fish may account for the
effect on S. undulatus. Supported by NSF 1754934 and Hatchabnormal activation phenotype and the reduction in viable offspring
Multistate project no. NJ17240. produced by mutant fish.

P2-57 COOK, TO; FARGEVIEILLE, A*; WARNER, DA; Auburn P2-213 COOK, A*; ILTON, M; Harvey Mudd College;

University, Auburn, AL, Auburn University, Auburn AL; acook@hmc.edu

akf0020@auburn.edu Computational Modeling of Latch-Spring Systems

Dorsal pattern polymorphism in female Brown Anoles: testing the  Latch mediated, spring actuated (LaMSA) systems occur in nature as
"male-mimicry hypothesis” a way to drastically amplify the kinematic performance of a

To understand the evolution of polymorphisms in females, manymechanical system. LaMSA systems exhibit remarkable diversity in
scientists have been interested in the "male mimicry hypothesis”. Thenechanisms and materials, which makes it challenging to generalize
evolutionary explanation for male mimicry by females often involves insights about the underlying mechanics. We present developments
a reduction in sexual harassment, at the cost of higher testosteront®e a mathematical and computational "toy model” of latch-spring
levels and lower reproductive success in "male-like” females. Threesystems based in Newtonian mechanics that allows us to assess
primary dorsal patterns have been described in female brown anolesystem performance for arbitrary latch geometry and unlatching
(Anolis sagrei), but some populations also include a "male-like” kinematics. We also expand our model to include a lever arm with
pattern. A recent study on female polymorphism in A. sagrei some mechanical advantage, a feature found in many biomechanical
proposed that the presence of the male-like dorsal pattern could bsystems. In particular, we use our model to identify couplings
maintained as a consequence of relaxed sexual harassment. We testeetween the latch, spring, and lever that give rise to optima in
this hypothesis using two sets of analyses. First, we aimed tgperformance metrics. We find that these optima are created by
determine if female dorsal pattern was truly similar to male dorsalcouplings related to the loading of the spring, size scaling, and
pattern using two different methods: 1) unbiased human vision withnon-ideal properties of the spring and lever. We can then use these
no or low previous knowledge of the existing classification, and 2) couplings to form hypotheses about trade-offs observed in nature. As
computer classification of dorsal patterns. Second, we then relate@ proof of concept, we deploy our model in the context of trap-jaw
the female dorsal patterns to body condition, dewlap size andant morphology and materials properties from the literature. Using
coloration to support or discount the idea of "male-like” females our model, we identify a four-dimensional normalized parameter
being viewed as males in the wild. We also related female dorsabpace and explore the utility of the model to raise interesting
patterns to egg production as a metric of reproductive success. lguestions about the comparative placement and performance of
accord with the "male-mimicry hypothesis” we predict male-like different species in this space.

females to have larger and more colored dewlaps and lower fecundity

than the other female morphs.
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It's too darn hot: Effects of ambient temperature on singing Some like it hot: Do female songbirds discriminate between songs
behavior in male song birds produced under hot and cold temperatures?

Due increasing heat waves, animals are facing more challengebieat waves are increasing in number, length, and intensity around
induced by increasing temperatures. Birds are particularly vulnerableghe globe, causing more animals to undergo heat stress. Heat stress,
to high temperatures as they are diurnal and have limited access tidke other kinds of stress, can cause behavioral changes. Small
cooler microclimates. Exposure to high temperatures has been showsongbirds are particularly vulnerable to high temperatures as they are
lead to changes in critical behaviors. For example, song birds havective during the day and produce a high amount of metabolic heat.
been shown to sing less when temperatures are higher. Song i®ne songbird behavior that has been shown to be impacted by high
crucial for communicating territory boundaries and advertising matetemperatures is song production. Often, male songbirds sing a
quality. Here, we experimentally tested how temperatures affect songpecies-specific song, which serves as a signal of quality to a
production in male zebra finches. We used a repeated measurgmtential mate. While it has been shown that male songbirds sing less
design and recorded all songs produced in three temperaturehen temperatures are higher, we do not know if the information
treatments: 27°C, 35°C, and °C, or below, within, and above thecontained within these songs changes. As an observer, it can be
zebra finch thermal neutral zone (TNZ) respectively. We found thatdifficult to visually identify changes in birdsong, even when other
song production was highest at temperatures within the TNZ and wairds can tell the difference. Therefore, the first step to test whether
lowest above the TNZ. We discuss our results in terms of the effectdieat stress influences song salience is to ask the signal receivers:
of high temperatures on wild birds, as zebra finches experiencdemale songbirds. Here we tested whether 17 female zebra finches (
heatwaves in the wild. These results may also inform future Taeniopygia guttata) could discriminate between songs produced by
experiments, as zebra finches are often tested at room temperaturmales under heat stressed (43°C) and thermal neutral conditions
which is below the zebra finch TNZ, where we show potential effects(35°C). While females exhibited a range of individual variation for
on song production. songs produced under different temperature treatments, we found no
evidence that our population preferred songs produced by males
under thermal neutral or control temperatures.

66-1 COOPER, C*; KEELING, E; LIWANAG, H; California 73-5 COOPER, WJ*; KNIAHNITSKAYA, K; NIXON, A;
Polytechnic State University; Ccoope05@calpoly.edu DEVERS, M; RINGO, D; BARBER, E; Washington State
Feeling out your Food: A histological analysis of the vibrissal University; jim.cooper@wsu.edu

system in pinnipeds Using genetically modified zebrafish to investigate the evolution

The vibrissal (whisker) system is present in nearly all mammals andand development of feeding in other minnows

is especially important in deep-diving mammals. Pinnipeds (seals,The zebrafish (Danio rerio) is a model organism that is widely used
sea lions, walrus) have highly innervated whiskers, indicating theyto understand developmental processes. The relevance of zebrafish
serve as important sensory structures. Vibrissae are needed fastudies to other organisms is proportionate to the closeness of their
foraging and thus it is vital to maintain their functionality under all evolutionary relationship. Genetically modified zebrafish were used
environmental conditions. In pinnipeds studied thus far, eachto investigate the development of the functional morphology of
vibrissal unit includes a follicle sinus complex characterized by afeeding among its closest relatives: minnows of the subfamily
three-part blood sinus system: the upper cavernous sinus (UCS), rinBanioninae (Cyprinidae). Alterations to thyroid hormone levels
sinus (RS), and lower cavernous sinus (LCS). The UCS is unique te¢aused zebrafish bite mechanics to converge with that of several
pinnipeds and lacks innervation. Based on this, we hypothesize thabther danionine species. Hyperthyroid mutant zebrafish developed
the UCS plays a thermoregulatory role, insulating elongated lower jaws and upturned mouth openings. These aspects of
temperature-dependent mechanoreceptors. Our objectives were (1) tranial shape were convergent with those of the giant danio (Devario
measure and compare the relative lengths of the three sinuses (UC8gquipnnatus). Both giant danio and hyperthyroid zebrafish show a
RS, and LCS) among three pinniped species and (2) to examine thpreference for feeding from below. Hypothyroid transgenic zebrafish
UCS as a thermoregulatory structure. To do this, we measured antketain many of their larval feeding characteristics. The functional
compared the relative lengths of the UCS in deep-diving polarmorphology of their upper jaws is convergent with both
Weddell seals (Leptonychotes weddellii, n=6), deep-diving temperatgpaedomorphic minnows in the tribe Danionini and members of the
northern elephant seals (Mirounga angustirostris, n=4) , and sister tribe Rasborini. Wild-type zebrafish, hyperthyroid zebrafish,
shallow-diving temperate harbor seals (Phoca vitulina, n=2). hypothyroid zebrafish and giant danio have nearly identical feeding
Individual vibrissal follicles were collected and histologically mechanisms until metamorphosis. Taken together, these findings
processed from animals that died in the wild or during rehabilitation suggest that modulation of thyroid hormone signaling has played a
efforts. We predicted that the species faced with the coldestrole in the evolution of danionine feeding mechanics. RNA-Seq was
environment both at depth and in air (i.e., Weddell seals) would haveused to investigate whether patterns of gene transcription in the
the longest UCS. Our preliminary results suggest a positivedeveloping jaws of genetically modified zebrafish with altered
correlation between the total sinus length and the average UCS$hyroid hormone levels converged with those in other minnow
length. This represents the first study to characterize thespecies.

microstructures of the vibrissal system in Weddell seals and the first

study to investigate the UCS as a thermoregulatory structure.
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The purpose of this study is to understand the role of horizontal gen&he Role of Muscle Fascicle Length in the Power versus Economy
transfer (HGT) in eukaryote evolution. HGT is known to be Performance Trade-off
widespread in prokaryotes and allows for the rapid acquisition of The ability of the locomotor muscles to effect both economical
traits for mutation and gene duplication. HGT can explain how genesransport and powerful bursts of activity is necessary for survival in
are independently transferred to multiple unrelated species. Morenany species. However, specialization in either of these performance
recently, it has been found that HGT has allowed for the independentraits is expected to negatively impact the other due to functional
acquisition of traits in multiple distantly unrelated species in a variety constraints in muscle design, resulting in a performance trade-off.
of multicellular eukaryotes. In this study, HGTs will be studied to see The muscular power versus economy trade-off has traditionally been
if a gene is transferred among niche-sharing eukaryotic species. Aexplained by muscle fiber type composition. Although fiber type
ecological niche is a role a species has in its environment regardinglays an undeniable role in performance specialization, differences in
how it survives, how it gains nutrition, and how it reproduces. A muscle architecture may also determine the economy and power of a
species' niche includes all of its interactions with biotic and abiotic muscle. Muscles with longer fascicles, composed of more in-series
factors in its environment. The study aims to discover if HGTs aresarcomeres, are capable of faster shortening velocity, allowing for
shared by related niche-sharing species and absent from more closeigcreased power production. However, long fascicles are expected to
related, but non-niche sharing species or if HGTs provide reduce economy because, for a given force production, more
ecologically relevant traits to their host species. In this study we usedknergy-consuming contractile units must be activated. We
a newly designed bioinformatic pipeline to identify shared HGTs in hypothesized that longer muscle fascicle length is positively
the genome of the pea aphid Acyrthosiphon pisum and other phloencorrelated with both power production and increased locomotor cost.
feeding arthropods. This will test the prediction that shared HGTs ardn a set of 11 power- and 13 endurance-trained athletes, we measured
more likely to be found in distantly related, niche sharing speciesl) gastrocnemius lateralis (GL), gastrocnemius medialis (GM), and
than in closely related, non-niche sharing species. This research wilastus lateralis (VL) muscle fascicle length via ultrasound, 2)
aid in discovering the unique relationship between in niche-sharingmaximal power production during cycling and countermovement
species and their genetic makeup. jumps, and 3) running cost of transport. We found that longer
fascicles in GL and GM are positively correlated with both cycling
and jumping power, and that longer GL fascicle length is directly
correlated with increased cost of transport. These results are
consistent with the hypothesis that, at least for certain muscles,
fascicle length plays a significant role in the performance trade-off
between power and economy.

137-2 CORBIN, CE*; ROPER, VG; Bloomsburg University; P1-35 CORDER, KR*; SCHWEIZER, RM; CHEVIRON , ZA;
ccorbin@bloomu.edu University of Montana, University of Montana ;

Linking Effects of Acid Mine Drainage to Ecology and Morphology  keely.corder@umontana.edu

of Riparian Birds The Role of Mitonuclear Coevolution in High Altitude Adaptation

Acid mine drainage (AMD) constrains within-stream trophic linkages Metabolic function in eukaryotes relies on coordinated interactions
and has negative effects on freshwater ecosystems. The extent tmetween gene products from the nuclear and mitochondrial genomes.
which AMD affects higher trophic levels in riparian ecosystems is Because of these functional interactions, it is proposed that
not well known. Additionally, it is unknown how AMD affects the coevolution should occur between the nuclear and mitochondrial
ecomorphological relationships between stream and ripariangenomes to maintain optimal metabolic capacities and facilitate local
ecosystems. Some terrestrial organisms that normally acquireadaptation, especially in environments where aerobic performance is
nutrients from stream may either avoid or be excluded from pollutedtied to survival. Using an genome-scan approach, we show that deer
areas. If true, then AMD potentially constrains cross-ecosystemmice (Peromyscus maniculatus) from high- and low-elevations in
energy transfer, and may influence the emergent properties ofvestern North America are members of distinct mitochondrial
biological organization such as population densities, community haplogroups, and that several genes that influence mitochondrial
membership, and functional ecomorphological relationships. Ourfunction have experienced a history of natural selection in highland
goals were to 1) explore the similarities and differences betweerpopulations. We then tested for evidence of adaptive mitonuclear
AMD and non-AMD bird community membership, 2) test for coevolution by conducting a geographical cline analysis across an
numerical responses in aerial insectivores along those tributaries anelevational transect that includes the contact zone between high- and
3) determine if there is a morphological, and hence functional losslow-altitude mtDNA clades and testing for genotypic associations
these AMD affected streams. We conducted bird and nest surveybetween mitochondrial and nuclear alleles in the contact zone. We
along tributaries of the Susquehanna River with varying degrees oflso compare the shapes of allele frequency clines for mtDNA and
AMD pollution. We characterized and compared the morphological nuclear-encoded genes with mitochondrial function to determine if
space of bird communities of AMD and non-AMD streams. Analysis mitonuclear associations are maintained by natural selection.
of variance, Monte-Carlo null-community analysis, and Together these analyses provide new insights into whether
non-parametric statistical tests indicate there are fewer speciesnitonuclear coevolution may play an important role in adaptation to
particularly piscivores and insectivores in AMD stream reaches. high altitude.

Aerial insectivore nesting was less dense and the morphological

diversity of AMD streams was negatively affected. The latter result

suggests pollutants such as AMD may preclude the capacity for

ecomorphological relationships to form along these streams. Acid

mine drainage affects the emergent properties of bird communities

(e.g. species richness), and potentially more important, negatively

affects functional cross-ecosystem dynamics and watershed quality.
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Mismatched: Do Northern Kelp crabs (Pugettia producta) eat degradation in gopher rockfish

where they live? Insulin-like growth factor-1 (1gfl) regulates skeletal muscle growth

Nearshore kelp forests and seagrass meadows create complex 34D fishes by increasing protein synthesis and promoting muscle
habitats that house high species diversity within the Salish Sea. Bulhypertrophy. In the wild, fish can experience periods of insufficient
kelp (Nereocystis luetkeana) is one of the main annualfood intake that can lead to slower muscle growth or muscle wasting,
canopy-forming kelp in these coastal waters. Eelgrass (Zosteraand those changes are linked in part to nutritional modulation of Igfl
marina) is a native seagrass that forms underwater meadows ansignaling. Here, we examined how food deprivation (fasting) affects
provides habitat for many fish and invertebrates. Wireweed Igfl regulation of skeletal muscle gene expression in gopher rockfish
(Sargassum muticum) is an invasive perennial species from th€Sebastes carnatus) to understanding how food limitation affects
Western Pacific Ocean that is potentially detrimental to the growthIgf-mediated muscle growth. Juvenile rockfish were either fasted or
and distribution of native kelp and seagrass species. One nativéed (9% mass feed ration per d per g wet fish mass) for 14 d, after
species of kelp crab (Pugettia producta, the Northern Kelp crab) hasvhich a subset of fish from each group was injected with
a voracious appetite for bull kelp, and may exert some level ofrecombinant Igfl (1 pg per g body mass) from sea bream (Sparus
top-down control of the habitat. Less is known about the diet by aurata). Fasted fish lost body mass and had a lower body condition
another local species of kelp crab, Pugettia gracilis (graceful kelpfactor (k), lower hepatosomatic index, reduced plasma Igfl
crab). We analyzed fresh foregut contents of P. producta and P concentrations, and lower relative mRNA levels for igfl in skeletal
gracilis collected near San Juan Island, WA using SCUBA and muscle. Fasted fish also showed elevated mRNA levels for Igfl
snorkeling. We hoped to gain insight into whether kelp crabs arereceptors A (igflrA) and B (igf1rB) in skeletal muscle, and >4-fold
eating the kelp and seagrass on which they are found. We visuallyigher gene transcript abundance for muscle-specific F-box protein
quantified the percentage of each food type found in a crab's foregud2 (fbxo32, also called atrogin-1), a ubiquitin ligase involved in
and used a chi-square contingency table to test whether the cralmyofibrillar protein degradation and muscle atrophy. Injection with
were eating the kelp or seagrass they were found on. P. gracilis had eecombinant sea bream Igfl increased plasma Igfl concentrations in
non-significant interaction &= 2.213, p = 0.136) indicating that both fasted and fed rockfish, and strongly down-regulated gene
they are not preferentially eating or avoiding the seaweed species otranscript abundance for foxo32, suggesting that elevated muscle
which they were found. P. producta did have a significant interaction protein degradation during food restriction is mediated in part by a
(X2 =10.693, p = 0.005) indicating that they are preferentially eatingreduced availability of Igf1.

(S. muticum and eelgrass) or avoiding (bull kelp) the species they

were found on. These results indicate that kelp crabs exhibit a wide

variety of diet preferences and move around a fair amount to access

the different food types.
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High rates of evolution of cranial mobility are characteristic of Activity drives investment in hematocrit recovery versus fat storage
suction feeding in food-restricted captive red crossbills Loxia curvirostra

Suction feeding is used by every group of aquatic vertebrates and islematocrit - or the percent volume of red blood cells in whole blood
the primary mechanism of prey capture for most ray-finned fishes.- is thought to fluctuate adaptively in response to changing oxygen
Cranial mobility, or the process of rapidly expanding a mobile skull, demands that occur during different life activities and in different
is a crucial component of suction feeding. We studied evolution ofenvironments. Because red blood cells are made from materials that
cranial mobility in suction feeding fishes and compared to fishes thatcan be limiting, however, it is thought that hematocrit may also
rely on biting. We recorded videos of prey capture by suction in 44reflect general body condition and access to resources. We tested the
species, including 13 that normally feed by biting prey attached toeffect of hydration state, resource restriction (i.e., time available to
the substrate. Kinematics of cranial motion were quantified by forage) and activity (i.e., different cage sizes) on hematocrit in
tracking the change in position of 18 landmarks on the head ancaptive red crossbills (Loxia curvirostra). We found no evidence that
body, which were used to generate variables describing componenta mild dehydration protocol impacts hematocrit and only weak
of motion, such as mandible rotation, upper jaw protrusion, andsupport that mild food restriction impacts hematocrit. However, birds
cranial rotation. We analyzed this dataset using a new multivariatehoused in flight aviaries had higher hematocrit than those housed in
variable rate, state-dependent Brownian motion model of continuousmall cages and those in aviaries that were also food limited invested
character evolution to estimate rates of kinematic evolution. Thein recovering hematocrit at the cost of fat stores following successive
diversity of cranial mobility among suction feeders was 10.2 timesbleeds. In contrast, food-restricted birds housed in small cages lost
that of native biters, in association with a 2.4-fold higher rate of additional hematocrit in an apparent attempt to conserve fat stores
evolution of kinematics. Surprisingly, this difference in the rate of following successive bleeds. Together these results suggest a
feeding motion diversification is not a simple consequence of physiological trade-off between investing in fat storage or red blood
variation in morphology, as we found that suction feeders have jusicell development and reveals a potential prioritization based on
1.5 times the disparity in interspecific cranial morphology than biters. activity demands when faced with a reduction of resources. Our
With lower rates of kinematic evolution, biters have convergently results also demonstrate the need for scient