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In-vitro molecular and biophysical properties of the "presynaptic" mabegaz@mail.sfsu.edu

Ca,2 calcium channel homologue from Trichoplax adhaerens, an Increased Density Induces Aggressive Behavior and Increased
animal that lacks synapses. Vitellogenin Levels in Porcelain Crab Species Petrolisthes cinctipes

Trichoplax adhaerens is a primitive metazoan with only six cell and Petrolisthes manimaculis
types that lacks a nervous system and synapses. One cell typ&Jany of the consequences of global change are expected to result
dubbed gland cells, line the periphery of its flat disc-shaped body androm changes in species interactions. Therefore, it is critical to
resemble neurons by expressing membrane apposed secretognderstand the mechanisms by which thermal stress is transduced
vesicles and proteins required for regulated neuronal exocytosighrough behavioral interactions. The porcelain crab Petrolisthes
including a presynaptic Ga calcium channel homologue. cinctipes resides in the upper to mid intertidal zone and is expected to
Remarkably, Trichoplax is a motile behaving animal that can behaviorally respond to rising temperatures by shifting its
integrate sensory information with cell activity, where it will pause distribution to a lower position in the intertidal zone. If they move
its ciliary locomotion upon detecting algae under its body, then down the shore, they will experience higher densities and likely
locally secrete hydrolytic enzymes to lyse and consume the algae binteract more often with a congeneric competitor, Petrolisthes
external digestion. In this project, we are conducting a molecularmanimaculis. In this study, we addressed how increased density and
characterization of the cloned Trichoplax,&hannel, with a focus  inter- and intra- species interaction impacts survival and
on its biophysical and pharmacological properties, neuromodulationreproduction, indexed by circulating levels of the yolk protein
through G-protein coupled receptors, and interactions with vitellogenin (Vg). To address these questions, female crabs were
presynaptic scaffolding protein RIM, all of which are crucial fogf'Z:a randomly exposed to high density (787 craBs/on low-density (200
channel function at the synapse. Subsequently, we will explore thecrabs/nd) treatments with and without the presence of a competitor
role of TCg2 in gland cell exocytosis for the purpose of coordinating species for 14 days. We found that density and interspecific
cellular activity during its feeding behavior. My work will provide interactions both influenced survival in a species-specific manner, as
insights into the evolution of the nervous system, where pre-synaptid®. manimaculis experienced significantly more mortality in
calcium channels are essential for translating electrical signals fromhigh-density and interspecific treatments than P. cinctipes.
graded and action potentials, into regulated secretion ofAdditionally, ELISA results show elevated Vg concentrations in P.
neurotransmitters and neuropeptides. manimaculis relative to P. cinctipes suggesting possible reabsorption
of the protein in response to stressful behavioral interactions. Our
results highlight the importance of species interactions under
changing conditions and further our understanding of how thermal
stress can impact animal populations through increased behavioral

stress.
123-3 ABRAMYAN, J; University of Michigan, Dearborn; 24-1 ACKERLY, KL*; MITROFANOV, |; SANFORD, CP;
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Heterochrony in Eye Development and its Effect on Jaw Formation University, Humboldt-Universitat zu Berlin;
Amniotes exhibit significant heterochronic variation when it comes kerri.ackerly@mail.mcgill.ca
to eye development. Reptile embryos (including those of birds) formMismatch Between Morphology and Performance Among
eyes early in development, resulting in disproportionately larger eyeElephant-nose Weakly Electric Fishes From Divergent Habitats
when compared to mammals at similar developmental stages. IrBody morphology influences swim performance in fishes and is often
reptiles, the developing eyes span the lateral sides of the head an@flective of natural habitat. In general, fish living in high-flow
directly abut against the embryonic craniofacial prominences. Theséhabitats (e.g., river rapids) tend to have more streamlined bodies and
facial prominences will eventually fuse to form an intact upper jaw, fins designed for steady swimming, while fish from low-flow,
encompassing the nasal cavities, upper lip and anterior palatestructurally complex habitats (e.g., swamps) tend to be maneuverable
Perturbation of craniofacial fusion can result in deformation of the with large fins that aid in unsteady swimming. Here, we quantified
jaw, including the formation of clefts in the upper lip and palate. Due the relationship between morphology and swimming performance
to the position and substantial size of the embryonic eyes in reptilesacross closely related species of wild-caught elephant-nose mormyrid
we hypothesized a role for them in influencing craniofacial fusion by fishes from divergent habitats. A suite of techniques, including
pushing the prominences forward during development. However, thisyjeometric morphometrics, were used to characterize differences in
hypothesis is at odds with the fact that mammals exhibit a delay inbody and fin shapes among Campylomormyrus spp. from a high-flow
eye development and yet manage to undergo fusion seamlessly. Inabitat, an open-water species (Gnathonemus petersii), and a
this study, we performed unilateral ablation of the eye primordium in swamp-dwelling population of Marcusenius victoriae. We also
chicken embryos and allowed them to develop past the point ofdetermined swimming capabilities of each species at four swim
craniofacial fusion. Contrary to expectation, reduction in eye sizespeeds (0.5-2.0 body lengths's While our results confirmed
does not seem to have an effect on the fusion of the upper jaw in themorphological differences among species reflect their natural habitats
chicken embryos. Fusion was observed simultaneously on bothe.g., high-flow fish are more streamlined than swamp fish), we
ablated and untreated sides of the face, despite minor changes in sizgund a mismatch between morphology and performance. The
shape and position of prominences. This demonstration ofhigh-flow Campylomormyrus spp. spent significantly more time
independence between the facial prominences and the developing ey®vimming unsteadily at every speed compared to G. petersii and M.
explains how the amniote eye may undergo allometric heterochronyictoriae. This can be explained, at least in part, by differences in
without significantly affecting fusion of the upper jaw. However, head shape among species, which may influence swimming patterns
later embryonic stages did exhibit significant deviation of the ossified more than overall body shape. Our results highlight the importance of
upper beak towards the ablated side, indicating reliance of the overatonsidering head morphology when studying swimming
morphological integrity of the skull on the developing eye. performance. We suggest future studies in these fishes investigate
performance in turbulent flows, as they may be more reflective of the
flow regimes they encounter in their natural habitat.
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An Exploration of Morphospace Occupation of the Cypriniform lowa; turdlez@gmail.com

Pharyngeal Jaw Estimating aquatic reptile density under field conditions using

The order Cypriniformes consists of over 3,000 species and makes upnvironmental DNA in lowa, United States of America.

over one-tenth of all living bony fishes. Multiple novel feeding Density monitoring is imperative to understand population
innovations -- including the loss of oral teeth, the loss of the upperfluctuations. One emerging ecological tool for monitoring species is
pharyngeal jaw, and the loss of the stomach -- shift the load of foodenvironmental DNA (eDNA), the technique of obtaining target DNA
processing entirely onto the pharyngeal teeth and lower pharyngedrom environmental samples such as water, soil, or air. We evaluated
Jaw (LPJ) within this group. Since the LPJ plays such a singular roleif eDNA can be used for monitoring aquatic reptlle density in a
in food processing, quantifying the diversity of the cypriniform LPJ semi-natural lentic pond environment. Using four outdoor
may help us understand how this group has diversified and adapted texperimental ponds with varying Painted Turtle (Chrysemys picta)
novel feeding environments. Here we investigate cypriniform LPJ densities, we quantified both total eDNA and species-specific eDNA
morphospace occupation in order to determine whether diversity infor comparison across ponds between 1 April and 30 June 2016. We
shape of the LPJ is more closely correlated with function or found significant differences in total eDNA among ponds and a
phylogeny. We build and analyze a geometric morphometric non-linear effect of time on total eDNA accumulation. We were
morphospace of over 60 genera containing altogether more than 9argely unable to amplify turtle eDNA from the water samples
species of Cypriniformes. Each specimen is characterized by Sespite developing a sensitive species-specific assay, highlighting the
landmarks and 36 semilandmarks along the tooth-bearing face of thémitations of detecting this aquatic reptile under field conditions.
LPJ. Generalized Procrustes analysis superimposes these coordinatienetheless, turtle eDNA increased in an expected rank-order pattern
to a common space that isolates variance in shape. Projection frorwith increasing turtle density. Thus, eDNA retains potential to
this space via principal components analysis allows us to describeffectively measure density of aquatic reptiles in lentic systems.
major axes of shape variation. Using our own shape data in

combination with trophic information and phylogenetic analyses

found in the literature, we are able to quantify and interpret patterns

of diversity within the cypriniform pharyngeal jaw.
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of Virginia ; da762671@wcupa.edu Country Life May Not Be Stress-Free: Fecal Glucocorticoids in
Properties and functions of tendons in the cetacean peduncle Yellow-Bellied Marmots along a Rural-Urban Continuum

The flukes of cetaceans are the principal structure used to poweWith increasing urban development, animals are being challenged by
swimming. Dorso-ventral oscillations of the caudal flukes generatenew environments to acclimate, adapt, or move in order to survive.
lift-based thrust that allows cetaceans to operate with a highEcological examinations have been extensive on animal patterns
propulsive efficiency. This high efficiency has been assumed toassociated with urbanization, but physiological studies are rarer,
partially result from the release of elastic energy stored during theparticularly in mammals. This study attempts to increase our
oscillatory cycle from various body components. There are three setsinderstanding of how a mammal physiologically interprets its
of tendons that pass through the cetacean peduncle and insert onemvironment by measuring a proxy of allostatic load, glucocorticoids.
the posterior caudal vertebrae that may be associated with energWe examined levels of fecal glucocorticoid metabolites (FGMs) in a
storage. The purpose of this study was to investigate cetacean tend@pecies that lives in both rural and urban environments, the
anatomy and elasticity through dissection, histology, and mechanicayellow-bellied marmot (Marmota flaviventris), along a rural-urban
tensile testing of the tendons. Tensile testing was performed on theontinuum. We hypothesized that if marmot's allostatic load is higher
excised tendons with an Instron 5848 MicroTester. Histological in urban environments, their FGMs will be higher. However, if their
analysis of collagen fibers was performed on the tendons. Dissectionallostatic load is higher in rural environments, we predicted FGMs
conducted on various dolphin species revealed two sets of tendons omould be higher in rural populations of marmots that urban ones.
the dorsal side (epaxial | and IlI) and one set on the ventral sideAfter constructing a rural-urban continuum, we found that FGMs
(hypaxial) of the tail base. The epaxial | and hypaxial tendonslevels were higher in adult marmots living in more rural sites and that
inserted serially along the posterior caudal vertebrae. Epaxial llthere was no effect of the environment on FGM levels in young
tendons were smaller in diameter and inserted only on the terminamarmots. We discuss these results and possible future studies here.
caudal vertebrae. The collagen fibers that make up the three sets of

tendons in the cetacean peduncle were found to be longitudinally

wavy, suggesting elastic properties. The excised tendons of

bottlenose dolphins (Tursiops truncatus) and harbor porpoises

(Phocoena phocoena) were shown to act similar to a spring to store

elastic energy. The tendons of dolphins in the caudal peduncle were

revealed to exhibit spring-like properties that can potentially affect

the energetics of swimming.
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Fitness Benefits of Paternal Mitochondrial Transmission in Variation in Young's modulus of tracheal tubes in the beetle
Intra-Species Hybrids (Zophobas morio)

Although mitochondria are predominantly inherited maternally, Insects breathe using a complex network of rhythmically collapsing
empirical results suggest that hybridization often elicits paternaltracheal tubes, facilitating active ventilation. In some insects,
mitochondrial transmission. Thus, it is possible that hybridization, including Zophobas morio, the tracheae collapse in an uneven
through separation of co-evolved mito-nuclear epistatic loci, causepock-mark like pattern, but not all collapse patterns are identical, nor
dysfunction of processes involved in paternal mitochondrial do tracheae collapse at the same hemolymph pressures. The softer
elimination. Evidence from the nematode Caenorhabditis briggsae, asemi-chitinous walls of tracheae are reinforced with rings of taenidia,
relative of C. elegans, suggests that paternal mitochondrialmade primarily of stiffer sclerotized chitin fiber bundles, possibly
transmission occurs during the production of intra-speciesproviding a materials-based explanation for varying compression
cytoplasmic-nuclear hybrids (cybrids). These hybrids, in which the patterns. Teanedia also vary in branching, width, and orientation.
mitochondrial genome of one population is combined with the Here we ask, do the tracheae vary in Young's modulus along their
nuclear genome of another, sustain paternal "leakage" at fertilizationlengths? We also compare these changes between the individual
and thereafter cybrids often fix the paternal mitotype. This patterncomponents of the tubes. We hypothesize that the teanedia will have
raises the possibility that fitness is compromised when co-evolvedhigher Young's modulus and variance than the intertaenidial portions
mitochondrial and nuclear alleles are separated during hybridizationpf the trachea, contributing to significant variability in tracheal
and that paternal mitotypes that do enter the oocyte at fertilizationstiffness. To quantify variation in Young's modulus, we used atomic
might improve individual fitness. Subsequent selection for force microscopy (AFM) to measure local Young's moduli at regular
individuals with increasing levels of the paternal mitotype might intervals along the length of the tubes. Sections of tracheae were
eventually lead to homoplasmy for the paternal mitotype in the excised from the left dorsal meso-thoracic tracheal trunks in 7
presence of the paternal nuclear background. While our data suggestarkling beetles. We found that the Young's modulus measurements
that this process occurs over only several generations, future effortslustered bimodally between lower (0.44+0.04 GPa) and higher
will focus on better understanding the tempo of paternal values (4.92+3.41 GPa) in the data sets analyzed (n = 4). The lower
mitochondrial transmission and the identification of loci involved in values, which may be the softer basal layer of the tracheae, are
facilitating hybrid paternal mitochondrial transmission. This relatively constant while the higher values, which may be the stiffer
information will be useful in understanding the evolution of teanedia, vary much more (1.73-10.67 GPa). As a composite
uniparental mitochondrial transmission. material, varying the stiffness of the reinforcing teanedial fibers can
change the effective stiffness of the tracheae more efficiently than
changing all the individual components' stiffness independently to
achieve the same variation. Supported by NSF 1558052 and 1301037
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Breeding Changes Hearing? Context-driven Auditory Plasticity in mnadreani@orn.mpg.de

Zebra Finches Aggressive Behaviour Induces Oxidative Stress in a Duetting

How individuals vocally interact between, and perceive, each otherSuboscine
within a couple are central traits of many vertebrates including Although aggressive phenotypes can have important implications on
humans. In different contexts, tuning between vocal communicationindividual fitness, they also have the potential for generating
and acoustic perception can have a critical role in the success of thigade-offs. Understanding their costs and their proximal causes will
couple. Songbirds provide great study models as they communicatéelp us to better understand the evolutionary processes shaping
using diverse vocalizations, from learned songs to soft calls, andaggression. Oxidative stress (OS) is a physiological imbalance
possess defined brain regions specialized in the production andetween oxidant and antioxidant molecules in favor of the former,
perception of such vocalizations. Likewise, the life stage can affectwhich can generate damage to proteins, lipids and DNA. Here we
the vocal communication within couples and although extensivepresent the results from experiments of simulated territorial intrusion
research suggests seasonal or reproductive-dependent changes(&®Tl) in the rufous hornero (Furnarius rufus) that were designed to
neural auditory responses, no study has demonstrated this to date. West whether aggressive behavior can induce OS. We performed the
report experiments designed to determine whether communicatiorSTIs during the fertile period of the females using a dummy and
dynamics and neural responses of the auditory area nidocaudahtra-specific playbacks. Treated birds (18 males and 9 females) were
mesopalium (NCM) adjust to the life stage, and if so, if this occurs exposed to the intrusion for 20 minutes, whereas control birds (24
equally in both sexes. Using wireless electrophysiology and audiomales and 7 females) were captured immediately after playback
transmitters in freely behaving zebra finches we found that femalesstarted. We then collected a blood sample to measure three
change their auditory responses towards socially relevant stimulicommonly used oxidative stress markers: one marker of oxidative
after breeding induction. Within couples, we quantified changes indamage (dROMs) and two markers of antioxidant capacity (OXY
calling dynamics and local field potential (LFP) activity in NCM. and GPX). Compared to control birds, males and females decreased
Both, males and females replied vocally stronger towards each othetheir OXY capacity after the STI with females showing a more
whereas females not only replied faster to their partner after theaccentuated decrease. Furthermore, in females, aggressiveness
maodification, but also increased their LFP neural response to specifiparameters explained the OXY levels during the STIs. In males and
calls. Performing long-term neural and vocal recordings of freely females ROMs and GPX did not change after the intrusion. These
behaving animals while mimicking a natural environmental change,results show that in the rufous hornero an aggressive interaction of 20
we uncover sex-specific and context-dependent vocal and neuraiinutes is enough to elicit a change in the oxidative status, and that
changes that can be of major relevance for understanding generdémales are more sensitive than males. Overall, we discover for the
processes of vocal communication and reproduction. first time that aggression can induce OS and provide novel insights
about a sex-specific mechanism that could potentially explain
differences in aggressive behaviour.
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How Orange Bars in Juvenile Male Collared Lizards, Crotaphytus =~ BOWSHER, JH; UCF, Orlando, FL, Aurora Univ., Aurora, IL,
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Sexual selection is a powerful means to explain sexually dimorphicMetabolism, USDA-ARS Insect Genetics and Biochemistry, NDSU,
traits in animals. Often, the exaggerated dimorphic trait helps theBiological Sciences, Fargo, ND; bryan.r.helm@ndsu.edu
bearer win male-male aggressive interactions. The collared lizard Physiological and molecular regulation of metamorphic
Crotaphytus collaris, is no exception. These are sexually dimorphiccommitment in the solitary bee Osmia lignaria
lizards in multiple adult traits; color and body size are two. Even asThe insect body size model hypothesizes that larval growth and
juveniles, though, lizards are sexually dichromatic since males beametamorphosis are the developmental basis for adult size variation.
prominent lateral orange bars through their first season. Adults usékecent studies have suggested that these mechanisms may hold
their dimorphic traits to guard mates and defend territories from rivalcommon elements among different taxa, while also diversifying as
males to increase fitness. Juvenile males mimic the behavior of adultsfe histories evolve. However, the mechanisms must be
by being aggressive toward other juvenile males and they use theseharacterized at different levels to model body size variation for each
orange bars in this aggressive context. The orange bars allow fospecies. Recently, metamorphosis in the blue orchard bee, Osmia
sexual discrimination in juvenile males and may also play a role inlignaria, was observed to undergo metamorphosis in response to
signaling aggressiveness of the bearer. Behavioral trials isolating théood absence; however, the physiological and molecular mechanisms
effect of orange bars from aggressive behavior show the bars anthat regulate metamorphosis have not been described. We
aggressive behavior are linked and that missing one, either the barsharacterized hemolymph titers of juvenile hormone Il (JH IIl) in
(the signal) or the aggression (the behavior), will decrease a lizard'sleveloping O. lignaria using HPLC-MSMS from larvae that were
effectiveness during male-male interactions. While lizards with feeding (days 5-12) and from larvae that had food removed (0-96 hrs,
increased aggression via hormone implants were significantly more8 time points). Gene expression of hormone synthesis and receptivity
aggressive in comparison to non-implanted stimulus lizards, lizardsgenes were characterized using qPCR. Hemolymph JHIII
with only enhanced orange bars saw the opposite effect. When theoncentration decreased following food removal, although remained
orange bars are enhanced without the associated behavior appropriadetectable for up to 72 hrs following food removal. Gene expression
for a strong signal, rival males retaliated against the "cheater" maleoverall showed a significant shift between 12-24 hrs following food
This means signal honesty would likely be socially enforced and thatremoval. In particular, JHIII genes (met, jhamt), ecdysone genes (ecr,
variation in the orange bar signal could affect fithess of juveniles byshadow), and downstream transducers of hormonal signals (krh1,
sorting which lizards are relegated to less suitable habitats and whichrc) were upregulated. These responses provide evidence that food
remain in better ones. removal induces metamorphosis in O. lignaria. However, JH
synthesis and receptivity genes were upregulated following food
removal as JHIII titers declined, which suggests that the relationship
between physiological and molecular regulators are more complex
than JHIII titer alone.

P1-273 AHLHOLM, PD*; MOUNTCASTLE, AM; Bates College; S2-9 AHN, A.N.*; KONOW, N.; TS, C.; BIEWENER, A.A;;
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Effect of collision speed on rate of wing wear in Bombus impatiens  University, Harvard University; aahn@hmc.edu

bumblebees In vivo length changes in relation to intrinsic

Many flying insects accumulate progressive, irreversible wing physiological properties in vertebrate skeletal muscles
damage over their lifetimes, which can have severe consequences f&egments of vertebrate muscles contract heterogeneously under in
the animal, including reduced maneuverability and increased risk ofvivo conditions and may also operate on different regions of their
mortality. Prior work has shown that the number of collisions with force-length relationships. To examine this idea, we measured
vegetation during foraging activity affects the rate of wing wear in adjacent central and distal segment strain patterns in vivo in the
bumblebees. However, little is known about how collision speed, orsemimembranosus muscle of the American Toad (Bufo americanus)
wingbeat frequency, affects rate of wing wear. To explore this during hopping and in the sternohyoid muscle of the rat (Rattus
relationship, we used a high-speed motor to induce damage in theattus) during chewing, as well as in vivo strain patterns of the
wings of Bombus impatiens bumblebees, by forcing them toproximal and distal fascicles of the pennate medial gastrocnemius
repeatedly collide with a leaf surface 500,000 times. We spun winganuscle of the rat during running. On the same day, we compared the
at three different speeds, representing the maximum rotationaln vivo lengths measured to their respective in vitro or in situ
velocities associated with wingbeat frequencies of 150Hz, 200Hz andorce-length properties. Within a fascicle, the adjacent central and
250Hz, which encompass the range of frequencies observed in Bdistal segments of the frog semimembranosus and rat sternohyoid
impatiens. Each wing was photographed at intervals of 50,000muscles shorten and lengthen heterogeneously in vivo. In vitro or in
collisions, and we measured the wingtip area remaining at eaclsitu, the central muscle segments of both frog jumping and rat
interval. Wings spinning at the fastest speed, associated with thehewing muscles operated on the plateau region of their force-length
highest wingbeat frequency, experienced a higher rate of area loseelationships while the distal segments operated on the ascending
per collision, and a greater overall area loss, than those spinning dtmb of their force-length relationships. The ascending region
slower speeds. Our results suggest that rate of wing wear igprovided stability for the sarcomeres in the distal segments. Two
dependent on wingbeat frequency, raising the possibility that wingadjacent segments can operate on different regions of their
damage risk may exert an evolutionary selective pressure on windorce-length relationships simultaneously both in vivo and in vitro.
morphology that varies with wingbeat frequency, and perhaps everBy contrast, both proximal and distal fascicles of the rat medial
body size - which is itself correlated with wingbeat frequency. gastrocnemius muscle operated on the ascending region of their
force-length relationships with minimal in vivo strain differences
between the fascicles, suggesting uniform fascicle strain behavior
through the muscle. Understanding regional differences within
muscles in vivo will allow us to link our understanding of sarcomere
behavior with whole muscle behavior during movement.
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nafun247@gmail.com Fins, function, and physiology: the role of pectoral fin

Cnidocyte development and morphology in Nematostella vectensis mechanosensation during swimming

A distinguishing cell type in cnidarians is the cnidocyte. Previous Mechanosensory feedback is critical to the motor performance and
studies of cnidogenesis indicate that the same progenitor cell give§ine control of appendages in animals. In fishes, the pectoral fin is
rise to cnidocytes and neurons. The differences between neurons araltfitted with mechanosensors that sense ray bending and it functions
cnidocytes can be investigated by examining gene expression foas a propulsor. During propulsion fishes modulate thrust and
specific cell types. Hydra, a well-studied animal for cell efficiency by finely control the shape of their fins. Here we examine
differentiation, has been a useful model for cnidogenesis, but little isthe control of fin shape and movements by integrating previous work
known about cnidogenesis in other cnidarians. Minicollagen, a novelon afferent physiology with new data on fin kinematics and motor
protein, is the main protein responsible for the structural elements opatterns. We hypothesize that sensory input from fin ray afferents
the mature cnidocyte. Using immunohistochemistry and in situ modulates motor output and the fine movements of the fins. To test
hybridization, we examined the expression of candidate genes fothese ideas, we examine how the loss of pectoral fin ray sensation
cnidogenesis in wild type embryos to verify if the same genes inimpacts muscle activity patterns and kinematics during labriform
Hydra are present in Nematostella. ZNF845, a gene present irswimming in a parrotfish, Scarus quoyi. In the intact fish, the basic
Interstitial cells in Hydra, plays a role in cnidocyte development. To motor pattern is alternating activity of the antagonist abductor and
understand ZNF845's role in cnidogenesis in Nematostella, weadductor groups. Bilateral transections of all sensory nerves that
injected embryos with a ZNF splice-blocking morpholino. innervate the pectoral fin rays resulted in increased fin beat
Knockdown of ZNF845 resulted in both a decrease in the quantity offrequency and a transition to the body-caudal fin gait at slower
cnidocytes and number of cells expressing three putativespeeds. 3D kinematics reveals that the trajectory of the fin resembles
cnidocyte-specific transcription factors: nanos, mef2 and NR12a figure eight in control fish, and the anteroposterior translation and
(COUP-TF). To understand cnidocyte structure and regulation, wetwisting of the fin is reduced after transection. The duration of
manipulated the expression of three minicollagens usingmuscle activity was significantly greater after transection, which we
translation-blocking morpholinos. Using DAPI staining to detect suggest enhances control and stability after sensory loss through the
mature cnidocytes, we confirmed a lack of mature cnidocytes in theseo-contraction of antagonistic muscles. To more deeply explore the
treatments. In situ hybridization of minicollagen knockout embryos feedback loop of fin shape impacting activity of fin ray afferents,
shows no compensation for the loss of minicollagen proteins by thewhich modulates fin movements, we additionally examine neural
cnidogenesis pathway, since no significant differences in expressioencoding of fin bending in relation to typical and post-nerve
of cnidocyte-specific transcription factors were found. These resultstransection motor control patterns and movements.

suggest that in N. vectensis, ZNF845 is upstream in cnidogenesis and

that all three minicollagens are necessary for normal cnidocyte

development.

S5-1 AIELLO, BR*; GILLIS, GB; FOX, JL; University of Chicago, S5-7 AKANYETI, O*; LIAO, JC; Aberystwyth University,

Mount Holyoke College, Case Western Reserve University; University of Florida; otal@aber.ac.uk

braiello@uchicago.edu The Interplay between Locomotion and Lateral Line Sensing in
Sensory feedback and animal locomotion: perspectives from Swimming Fishes

biology and biorobotics: An introduction to the symposium. The lateral line system of fishes is one of the most elaborate and

The locomotor appendages of animals, from insect wings to tetrapodncient sensing architectures found in nature. It consists of
limbs, perform dual roles as sensors and propulsors, and sensompechanoreceptors distributed around the body which provide
feedback has been shown to be critical to an animal's motorinformation on local flows and pressure gradients.
performance. This symposium brings together researchers usingNeurophysiological and theoretical studies have revealed important
novel techniques to study how different stimuli are encoded, how andnsights into the function and capabilities of individual receptors,
where multimodal feedback is integrated, and how feedbackwhile organismal studies have taken advantage of pharmacological
modulates motor output in diverse modes of locomotion (aerial, treatments to ablate the lateral line system in order to interpret its
aquatic, and terrestrial) in a diverse range of taxa (insects, fishfunction during critical behaviours such as rheotaxis, predator
tetrapods), and in robots. Similar to the limbs of biological evasion, prey tracking and obstacle avoidance. What remains missing
organisms, the limbs of robots can be equipped with integrateds an integrated view on how hydrodynamic information is organized
sensors and can rely on sensory feedback to adjust output signalaround swimming fishes. During swimming, extracting meaningful
Engineers often look to biology for inspiration on how animals have information from local flows is challenging because fish must be able
evolved solutions to problems similar to those experienced in roboticto distinguish between an external stimulus and a stimulus generated
movement. Similarly, biologists too must proactively engage with through its own movements. Here, we leverage a combination of
engineers to apply computer and robotic models to test hypothesembotics, modelling, and biological experiments to investigate what
and help answer questions on the capacity and roles of sensorinformation is available to the distributed architecture of the lateral
feedback in generating effective movement. Through a diverse groupine; specifically, how head morphology and swimming movements
of researchers, including both biologists and engineers, thisaffect the organization of this information. Our initial efforts focus on
symposium will catalyze new interdisciplinary collaborations and the 3-dimensional fluid-structure interactions around the head of
identify future research directions for the development of bioinspiredrainbow trout (Oncorhynchus mykiss), which has an intriguing canal
sensory control systems, as well as the use of robots to tespattern compared to the body. Our results show that 1) there exist
hypotheses in neuromechanics. sub-regions within the cranial lateral line system that are uniquely
sensitive to different hydrodynamic stimuli, 2) the shape and surface
topography of the fish head act like a hydrodynamic antenna to
enhance lateral line sensing, and 3) sensing volume and frequency
response of the head changes dynamically with the swimming
patterns of the fish. Our findings promise to provide novel design
principles for distributed sensing systems in underwater robotics.
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P3-179 ALBERTO, A.A.*; GARLAND JR., T; FREEMAN, P. A;; 37-6 ALBUQUERQUE, RL*; ZANI, PA; GARLAND JR., T; Univ.
University of California Riverisde, University of Nebraska Lincoln;  of California, Riverside, Univ. of Wisconsin-Stevens Point;
acast059@ucr.edu ralbu001@ucr.edu

Evolution of Hindlimb Bone Dimensions and Muscle Masses in Predictors of sprint speed and maximal aerobic capacity (fax)
House Mice Selectively Bred for High Voluntary Wheel-Running in the lizard Sceloporus occidentalis.

Behavior The ecomorphological paradigm recognizes that lower-level

We have used selective breeding with house mice to studysubordinate traits (e.g. enzyme activities at the cellular level, limb
coadaptation of morphology and physiology with the evolution of proportions) affect organismal performance abilities (e.g., maximal
high daily levels of voluntary exercise. Here, we compared hindlimb sprint speed), these performance traits constrain behavior, and
bones and muscle masses from the 11th generation of four replicateehaviors impinge on life history traits and hence Darwinian fitness.
High Runner (HR) lines of house mice bred for wheel running with Few studies aimed at testing these ideas have been able to examine
four non-selected control (C) lines. Mass, length, diameter, and deptfall levels in this hierarchy. As a step towards that goal, we examined
of the femur, tibia-fibula, and metatarsal bones, as well as masses dfey lower-level morphological and physiological traits, two aspects
gastrocnemius and quadriceps muscles, were compared by analysedf organismal performance, and indicators of field locomotor
of covariance with body mass or body length as the covariate. Micebehavior in ~40 adult male S. occidentalis from Hampton Buttes,
from HR lines had relatively wider distal femurs and deeper proximal OR, during the breeding season. We measured lower-level traits
tibias, suggesting larger knee surface areas, and larger femoral head®lood [hemoglobin] & hematocrit; heart, liver, lung, thigh & calf
Sex differences in bone dimensions were also evident, with malesnuscle masses; hind & fore limb spans; tail length; number of ticks),
having thicker and shorter hindlimb bones when compared withperformance (maximal sprint speed, aerobic capacity), and field
females. Several interactions between sex, linetype, and/or bodyehavior (displays, distance, moves per minute). Where appropriate,
mass were observed, and analyses split by sex revealed several casesiduals from regressions on body mass were analyzed. Some of the
of sex-specific responses to selection. A subset of the HR mice idower-level traits were significantly (P<0.05) intercorrelated, e.g.,
two of the four HR lines expressed the mini-muscle phenotype,hematocrit and hemoglobin (r=0.9), and both correlated with heart
characterized mainly by an ~50% reduction in hindlimb muscle massmass (r=0.6 and 0.5, respectively). Multiple regression revealed
caused by a Mendelian recessive mutation, and known to have beemresidual hemoglobin concentration (b=0.51) and residual calf muscle
under positive selection in the HR lines. Mini-muscle individuals had mass (b=0.37) as significant predictors of residual,vi@ and
elongated distal elements, lighter and thinner hindlimb bones, alteredpeed, respectively, consistent with previous theoretical and
3rd trochanter muscle attachment positions, and thicker tibia-fibulaempirical studies. However, neither @ax nor speed were
distal widths. Finally, several differences in levels of directional or correlated with any behavioral trait, which suggests that the
fluctuating asymmetry in bone dimensions were observed betweemeasured aspects of movement and display intensity are not limited
HR and C, mini- and normal-muscled mice, and the sexes. This studpy those performance capacities.

demonstrates that skeletal dimensions and muscle masses can evolve

rapidly in response to directional selection on locomotor behavior.

P2-73 ALFARO, G*; HARFUSH, M; CROCKER, D; Sonoma State P3-267 ALFONSO, YU*; NUNEZ, LP; FONG, A; TORRES, J;

University, CA, Centro Mexicano de la Tortuga, Mexico; Division of Herpetology, Florida Museum of Natural History, Univ.
arangob@sonoma.edu of Florida, Gainesville, Centro Oriental de Ecosistemas y
Physiological Analysis on the Diving Capacity of the Olive Ridley Biodiversidad (BIOECO), Museo de Historia Natural "Tomas
Sea Turtle, Lepidochelys olivacea Romay", Santiago de Cuba, Cuba, Department of Ecology and

Sea turtles are air-breathing divers that have been documented tBvolutionary Biology, The University of Kansas, Lawrence;
dive on inhalation. Despite the importance on the diving capacity foranoles1983cuba@gmail.com
a sea turtle, allometric data on their diving ability is very limited, to Evolutionary history of the Antillean gecko Tarentola americana
the sole documentation of lung size relative to mass. For a morgPhyllodactylidae) based on mitochondrial and nuclear DNA
complete understanding on their diving physiology, previous studiessequences
have suggested the analysis of blood and tissue oxygen storages The genus Tarentola (Family Phyllodactylidae) comprises 31 species
investigate the possibility of a trade off between lung size anddistributed across the Mediterranean Basin and on many
blood/tissue oxygen storages. The aim of this study was to creatdacaronesian islands, including Madeira, the Selvages, the Canary
baseline parameters of the diving physiological adaptations thatand Cape Verde islands. In the New World, three species are
enable sea turtles to stay underwater for long periods of time, whictrecognized as representative of the subgenus Neotarentola: Tarentola
is currently lacking in the scientific literature. To test this hypothesis, americana (Cuba and the Bahamas), T. albertschwartzi (the largest
wild females of Lepidochelys olivacea (n=10), were used to collectand probably extinct) from Jamaica, and the recently described T.
blood samples as to establish plasma volume, hemoglobincrombiei (Cuba). Earlier phylogenetics analysis in the Cuban
hematocrit, mean corpuscular hemoglobin value, and total bloodTarentola suggest 11.4 (7.2-15.2) Ma for the split between T. a.
oxygen stores. Our preliminary results provides a starting point intoamericana and T. crombiei and 5.5 (2.8-9.1) Ma for the split between
subsequent analysis of muscle oxygen stores that will bethe central and eastern Cuban populations of T. a. americana.
complemented, along with lung oxygen storages to calculate totaPrevious data indicate a long occupation and diversification (~15
body oxygen storages for this specie. This study also extends oumillion years) of this genus of geckos on Cuba. In the present work
knowledge into the diving adaptations that enable sea turtles tove have re-examined the phylogenetic and phylogeographic
potentially increase foraging time; although it has been noted that aelationships between T. a. americana, T. crombiei and we included
greater diving capacity also enhances migration and mating successhe Bahamian taxon T. a. warreni. We have investigated the
and reduces predation, by limiting their time at the surface. sequence variation of three mitochondrial genes (12S rRNA, 16S
rRNA, and cytochrome b), and one nuclear gene (amelogenin) for 22
populations reaching their geographic distribution. The phylogenetics
results obtained for population of Tarentola amaricana between
Cuba (eastern and western) and Bahamas provide deep split between
them and may warrant recognition as a separate species, after further
morphological study.
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P3-48 ALI, RS*; WELCH, KC; University of Toronto; 113-4 ALLEN, PE*; CUI, Q; MILLER, CW; University of Florida;
raafay.ali@mail.utoronto.ca pabloallen@ufl.edu

Glucose Transporter Regulation in Response to Recently Ingested Adaptive plasticity and genetic differences in mouthpart length
Carbohydrate in the Ruby-throated Hummingbird, Archilochus across a broad landscape in a cactus-feeding bug

colubris. Phenotypic plasticity is important for organisms facing

Ruby-throated hummingbirds (Archilochus colubris) power heterogeneous environments because it can allow them to quickly
energetically expensive behaviour almost entirely with recently respond to changing or novel conditions and persist. Thus,
ingested carbohydrates. When fasting, hummingbirds are capable gfhenotypic plasticity can act as a bridge until adaptive genetic
supporting metabolism entirely with endogenous fatty acid oxidation.changes occur. However, this early, critical stage in the process of
Within 20-30 minutes of the start of foraging on floral nectar adaptation has been hard to identify. Patchy but widely distributed
hummingbirds, can switch to fueling their metabolism entirely with species are good candidates to study the process of adaptation.
ingested sugar. This rapid and complete fuel switch implies highDevelopmental responses in mouthpart shape and size may allow
capacities for sugar uptake and delivery to active tissues. Theiimmediate use and rapid, whole-organism adaptation to changing
enlarged heart, high heart rate, high vascularisation, and fast-actingesource availability, but it may also lead to within species genetic
digestive, glycolytic, and oxidative enzymes all contribute to rapid differences across populations that use resources of varying sizes.
transport and breakdown of fuel. Less understood is theCombining fieldwork with common garden/reciprocal transplant
transmembrane transport of carbohydrates, regulated by the SLC2xperiments, we examined the response of mouthpart length across a
family of hexose transporters, the glucose transporters (GLUTS) androad landscape in the leaf-footed cactus bug Narnia femorata.
their potential role in regulating this fuel switch. Hummingbirds lack These insects feed with straw-like mouthparts (=beak) through the
insulin-responsive GLUT4 and don't exhibit an insulin-mediated fruit wall to get to the seeds and pulp. Here, we present evidence of
blood glucose response. Thus, other GLUT isoforms (e.g. GLUT1, 2,genetic and developmental plasticity in mouthpart length in response
3, and 5) must play a key role in blood sugar regulation and highto food resources of different sizes. Bugs that locally feed on cacti
tissue uptake capacities in hummingbirds. Using an species with thicker fruits have genetically longer mouthparts, but
imunohistochemical approach, we are characterizing subcellulamoth populations studied in the common garden also exhibit patterns
localisation of A. colubris GLUTSs in several tissues in response toconsistent with adaptive plasticity.

availability of carbohydrates. We hypothesize that carbohydrate

ingestion will increase co-localisation of GLUTs 1, 2, 3, and 5 with

the cell-surface membranes within 20-30 minutes and decrease when

fasted. This may provide an insight into a unique glucose sensing and

hexose-regulating system that both operates at a rapid pace and is

also insulin independent.

S7-3 ALLEN, LC*; CHAR, C; WRIGHT, T; HRISTOV, NH; P2-272 ALMANZAR, A*; WARKENTIN, KM; Boston University;
MERSON, M; Winston-Salem State University, Char Associates, almanzar@bu.edu

TERC, TERC,; allenl@wssu.edu How development changes escape-hatching success in snake
Beyond the Brown Bag: Designing Effective Professional attacks: a video analysis of red-eyed treefrog embryo behavior and
Development for Informal Educators performance

Most researchers are keenly interested in finding new ways ofAgalychnis callidryas lay eggs over Neotropical ponds and their
disseminating their work beyond traditional publication routes. tadpoles fall into the water upon hatching. Arboreal snakes consume
Informal educators who interact daily with the public are interested many eggs, but some embryos escape by hatching rapidly during
in learning more about mission-relevant scientific research, and seattacks. Snake-induced hatching begins at age 4 days, then escape
their role as translating science for visitors to increase the public'success improves and becomes more consistent as embryos develop.
intellectual and emotional connections with the natural world. A To elucidate how and why escape success changes, and the role of
common form of contact between scientists and public-educatoreembryo decisions and hatching performance, we recorded video of
involves a researcher giving a one-time (~1hr) research talk to anake attacks on embryos of different ages. We caught two common
group of these educators, with the implicit hope that certain sciencespecies of nocturnal egg-eating-snakes (Leptodeira septentrionalis
messages will get incorporated into their interactions with visitors. and Imantodes inornatus) from a pond in Panama, kept them in
Unfortunately, this approach leaves the conscientious informalterraria under natural temperature, humidity, and photoperiods, and
educator with insufficient resources for developing interpretive offered them egg clutches of different developmental stages. We
opportunities for the public. Barriers include: gaps in knowledge, used 4K infrared cameras to record macro-video, enabling detailed
limited scientific background for grasping short lectures or analysis of individual embryo behaviors. Escape success varied
publications designed for science researchers, and limited access teidely, from 0-100% across embryonic ages 3-6 days. Initial analysis
publications. This paper will explore opportunities for scientists to suggests that, once embryos can sense vibrations, changes in
establish mutually beneficial relationships with informal educators to hatching decisions may affect escape success more than do changes
increase the broader impacts of their work. Our proposed model ofn hatching performance. Development appears to increase the
professional development involves a more balanced partnershipikelihood that embryos will hatch preemptively, in response to
where scientist and educators work together to tease out théndirect vibrations from attacks on clutch-mates, rather than waiting
relevance to public audiences and develop programs about théor direct snake contact with their own egg. Such preemptive
science. Results from surveys, and interviews indicate that both sideBatching appears to increase escape rates, although some directly
of this partnership benefit from extended contact. The sessiomattacked embryos do escape. Further analysis of the videos will
provides specific techniques and ideas that will support productiveexamine relationships between hatching decisions, hatching
ways to collaborate with informal educators and promote the performance, and embryo fates in snake attacks across development
visibility of scientific research to public audiences. through the plastic hatching period. This will contribute to our
understanding of the development of embryo behavior and its effect
on survival in predator-prey interactions.
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136-5 ALONSO, V*; DILLMAN, AR; Univ. of California, 136-7 ALPERT, JN*; SCHAFER, JL; TRINGALI, A; BOWMAN,
Riverside; valon001@ucr.edu R; William Jewell College, Department of Biology, Liberty, MO,
Morphological changes of insect-parasitic nematodes in response  USA, Archbold Biological Station, Avian Ecology Laboratory,
to different host-tissues. Venus, FL, USA., Archbold Biological Station, Avian Ecology

Entomopathogenic nematodes (EPNs) are insect-parasites thdtaboratory, Venus, FL, USA.; alpertj@william.jewell.edu
typically kill their hosts within 48 hours of infection and have been Factors influencing neophobia and its short-term repeatability in
used in the biological control of insects. When free-living infective the Florida Scrub-Jay (Aphelocoma coerulescens)
juveniles (1Js) infect a host, they release their bacterial symbiont, andNeophobia is the fear and avoidance of novel objects. This trait is
undergo notable morphological changes such as shedding of theorrelated with other traits, such as boldness (or shyness), tolerance
cuticle, opening of the mouth, and expansion of their pharyngealof environmental changes risk avoidance, territorial defense or
bulb. All of these characteristics can classify an IJ as "activated",exploration, thus forming individual behavioral syndromes and
which describes the initial process of transitioning into an active personalities, which are repeatable traits over the life of an an
parasite. These EPNs are known to infect and kill different hosts aindividual. The Florida Scrub-Jay (Aphelocoma coerulescens,
varying rates. Studying how EPNs activate in different hosts can helphereafter FSJ) is a Federally Threatened species endemic to Florida,
us better understand the intricacies of parasitism, host preference, arélying on post-fire successional stages in xeric oak scrub. Due to its
the initiation of parasitism. Here we investigated EPNs from the longevity, the FSJ experiences a wide range in post-fire succession,
genus Steinernema, and quantified their levels of activation based othus habitat structure. Our goals were to examine how neophobia
morphological changes. We found that nematode activation isvaries relative to successional stage and factors that influence its
context dependent, and that IJs that have recently emerged are leshort-term repeatability. We conducted this research at Archbold
likely to activate than 1Js that have emerged after a longer period oBiological Station in Lake Placid, Florida where each FSJ is trapped
time. and banded at approximately 65 days post-fledging. We assessed
latency to enter a baited trap one day after being banded. We then
performed neophobia trials, giving each jay 600 seconds to approach
a novel object with a food reward. We repeated trials for 36
individuals from 19 territories when juveniles were between 75 and
85 days old. We measured latency to enter the arena at different
distances from the novel object and latency to take a food reward.
Latency in neophobia trials was not correlated with latency to
approach a baited trap, suggesting that neophobia and fear are
distinct behavioral responses. Results of neophobia trials were not
repeatable and we also found no association between habitat structure
and neophobia.

P2-268 ALTO, SI*; STROTHER, JA; Oregon State University; 42-6 ALVARADO, SG*; BASHIER , R; BYRNE, A; BLAKKAN,
altos@oregonstate.edu D; LEE, G; FERNALD, RD; Stanford University, Palo Alto;
Effects of elevated environmental C@n the swimming kinematics  salvarad@stanford.edu

of zebrafish larvae (Danio rerio) Blue fish, yellow fish, same fish: The epigenetic regulation of

Most teleost fishes sense enwronmenggla@d CQ levels using endothelin signalling contributes to yellow and blue coloration of
neuroepithelial cells (NECs) distributed across the gill filaments. male A. burtoni color morphs
Afferent signals from these cells are critical for the regulation of Dynamic coloration is an important trait across the animal kingdom
swimming activity, heart rate, ventilation, and vascular resistance.as it aids in concealment and social communication. In cichlid fish,
Although cardioventilatory control has been well studied in adult body coloration is a particularly important trait that has driven sexual
fishes, much less is known about how larval fishes respond toselection between conspicuously colored males and cryptic females.
respiratory cues. Previous studies have found that zebrafish larvatn males of Astatotilapia burtoni fish can be one of two reversible
express NECs as early as 5 days post-fertilization (dpf), and thatolor morphs that are accompanied with different social outcomes .
hypoxia induces changes in swimming patterns, increased heart rat&/hile many reports provide support for the role of genetics in
and hyperventilation. In this study, we examined the behavioraldevelopmental coloration, little remains known about how such static
responses of zebrafish larvae to elevated environmentgl CO substrates become plastic in response to various environmental
Behavioral responses were recorded by imaging the animal from twastimuli. Epigenetic mechanisms, such as DNA methylation, provide
orthogonal perspectives, and performing automated reconstruction oflynamic substrates capable of altering gene function. DNA
the trajectory and midline kinematics of the larvae. This dataset wasnethylation involves transcriptional silencing through the covalent
used to calculate percent time swimming, swimming speed, andaddition of a methyl moiety to cytosine residues in the promoter of a
position in the water column. We found that elevated environmentalgene. Here, we provide evidence supporting the role of DNA
CO, has a number of effects on swimming patterns, including amethylation in regulating color changes in A. burtoni males. We
notable decrease in the swimming speed. High environmental COmeasured molecular changes to transcription and DNA methylation
reduces the blood-water diffusion gradient, and therefore reduces thin candidate regulators of pigmentation in male A. burtoni
rate at which CQis released. Decreasing behavioral activity may transitioning between color morphs. Following this screen we
reduce metabolic rate and allow fish larvae to compensate for aevealed reversible DNA methylation at a single CpG dinucleotide
limited ability to expel CQ. within endothelin receptor B (EdnRB). Pharmacological
manipulation of EDNRB resulted in a cell-specific aggregation of
yellow chromatophores in fish fin tissue. Taken together, we provide
support suggesting that DNA methylation tunes coloration within A.
burtoni by sensitizing yellow chromatophores to endogenous
endothelins.
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P1-105 AMATO, V*; PATTON, ST; LOPEZ, J; KHALIL, J; 32-2 AMATO, CM*; BOYD, M; MCCOQY, KM; East Carolina
BEAGHLY, T; RAFTERY, LA; GIBBS, AG; Univ. of Nevada, Las University; amatoc13@students.ecu.edu

Vegas; allen.gibbs@unlv.edu Early Vinclozolin exposure increases the severity of penile
Life History Tradeoffs in Starvation-Selected Drosophila abnormalities

We selected for adult resistance to starvation in replicatedHypospadias occurs when the urethra exits ventrally along the penis,
populations of Drosophila melanogaster for ~100 generations. rather than the distal tip. Hypospadias is second most common birth
Starvation-selected (S) flies contained over twice as much lipid asdefect in the US and exposure to endocrine disrupting chemicals is
fed control (F) populations, contributing to their higher starvation strongly associated with hypospadias incidence. Normal penis
resistance. Lipid accumulation occurred during an extended larvaldevelopment is tightly controlled by endogenous androgens produced
feeding period. S flies eclosed 30 hours after F flies. Thus, selectiorby the testes. Disruption of androgen dependent signaling during this
on adult performance significantly affected pre-adult physiology. We masculinization window alters several aspects of penile development
also investigated whether increased allocation of resources to somatiand results in feminization of the penis. Both humans and rodents
energy storage affected reproductive success. In wild-type femalesexhibit a continuous range of hypospadias severity, but the
the larval fat cells undergo programmed cell death within 24 hours,mechanisms that drive this variation are not well known. To begin to
and fat body resources are transferred to the rapidly growing ovariesunderstand the drivers of hypospadias severity, we must understand
Despite higher lipid contents at eclosion, ovaries of S females wereghe developmental timeline for initiation of genital masculinization.
smaller and grew more slowly than F ovaries. Consistent with thesePreviously studies document E13.5 androgen signaling to be
results, S females had 30% lower fecundity and 20% fewer ovariolesnon-essential for proper penis development. To determine how dose
Ovariole number is determined during larval development, againand timing of androgen signaling antagonism affects hypospadias
indicating that adult starvation selection has altered larval severity CD1 mice were separated into 2 dosing groups. Mice
development. Supported by 10S-1355210 from NSF and exposed an earlier dosing window received corn oil control (CO), 75,
R15-GM100395 from NIGMS. 100, 125, and 150 mg/kg of vinclozolin on embryonic days (E)
13.5-16.5. Mice exposed to the later dosing window received the
same doses on E14.5-16.5. To test if effects were due to the timing of
exposure or total dose we also dosed with 200 mg/kg for the four-day
window. This design allows us to evaluate the importance of
anti-androgen exposure timing versus the total amount of
antiandrogen exposure for altering hypospadias severity. We find that
blocking androgen when at the time it is produced increases the
potency of the androgen antagonist. This suggests that E 13.5is a
critical day that primes the genitalia to respond to testosterone
signaling later in development.

P3-41 AMBROSE, AF*; ZUEVA, O; MASHANQV, V; Savannah P1-255 AMPLO, H/E*; FLAMMANG, B/E; Rutgers University,

State University, University of North Florida; Newark, New Jersey Institute of Technology; hea7@nijit.edu
alexandria.ambrosel3@gmail.com Picky Placement: A Study of Remora Attachment

Cell Proliferation in the Regenerating Arm of the Brittle Star Remoras (Family Echeneidae) are commonly observed attached to a
Ophioderma brevispinum variety of hosts (e.g. sharks, turtles, and marine mammals) using a

Echinoderms are well known for their ability to regenerate amputatedcranial adhesive disc derived from dorsal fin elements. Previous
or autotomized body parts. Regeneration in this phylum is still poorly studies have focused on the functional morphology of the remora
understood at the mechanistic level. A key part of post-traumaticadhesive disc; however, limited research has been performed to
tissue growth is cell proliferation. Here, we characterized the determine if remoras have preferential adhesion locations on their
dynamics of cell division in the regenerating arm of the brittle star hosts, or if attachment position is random and opportunistic. Here we
Ophioderma brevispinum. Over the 30 day-long observation period,nvestigate remora attachment locations on sharks, billfish, turtles,
O. brevispinum was able to regrow a significant portion of the baleen whales, dolphins, and manatees. Using a morphologically
autotomized arm. The regenerated arm segments fully restored alinchored grid based on general anatomical features shared by the
anatomical components. The peak of cell proliferation in all arm range of host organisms, we established frequency of attachment
tissues (epidermis, coelom, radial nerve cord, water vascular canadlong positions on the host bodies. The grid was applied to
and the mesenchyme) occurred synchronously on day 5 post-injuryphotographs and video documentation of remoras attached to host
The dynamics of cell division determined by S-phase labeling with organisms to quantify zones of preferential adhesion. In future work,
EdU corresponds to the temporal pattern of cyclin B expression. Weve will compare the locations of high remora density to
conclude that (a) all anatomical components of the regenerating arnsomputational fluid dynamics analysis of the host organisms to
originate from the corresponding tissues of the stump rather thardetermine if there is a hydrodynamic benefit to attachment locations.
from a set-aside population of multipotent pluripotent cells, (b) there

must be a signaling mechanism that synchronizes cell proliferation

across the tissues of the regenerating arm.
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P2-112 AMUNDSON, LM; California Academy of Sciences; 33-2 ANDERSON, RC*; ALI, SB; ANDERSON, Rindy; Florida
laurenamundson2884@gmail.com Atlantic University; rindyl@gmail.com

A phylogenetic approach to assessing morphological and molecular Understanding Complexity in Communication Systems: Song and
divergence in ground beetles of genus Promecognathus Aggressive Signaling in the Bachman's Sparrow

(Coleoptera: Carabidae: Promecognathini) Male Bachman's sparrows (Peucaea aestivalis) have large vocal

The species is the most fundamental taxonomic unit and is useful imepertoires containing 35-45 song types and multiple categories of
studies of conservation, biodiversity and ecological processessongs and calls. We examined the territorial defense function of the
Understanding the delimitations that classify a species can bevocal repertoire of this species by quantifying singing behaviors and
challenging because there are so many parameters to be consideraggressiveness in response to a simulated territorial intrusion. We
when applying these concepts. The following phylogenetic studycompared vocal and other behaviors between the intrusion and
examines the coleopteran genus Promecognathus that is comprisgubst-intrusion periods, compared more aggressive birds (attackers)
of two species P. crassus and P. laevissimus. Using phylogenetiavith less aggressive birds (non-attackers), and tested for signals that
analyses we test the monophyly of these two species and theipredict attack. During intrusion, subjects switched among their song
respective genetic exclusivity using three molecular markers: 18sypes at higher rates, and gave more "excited songs" and calls,
rRNA, wingless nDNA and COl mDNA. This study confirms the however song switching and excited songs did not differ between
distinctiveness of these species under three established speciesore and less aggressive birds. These behaviors appear to serve an
concepts as well as provides a framework for future phylogeographiagonistic function but do not predict aggression. More aggressive
analyses of the genus. birds gave more calls and sang more low amplitude "whisper songs."
In line with previous studies of aggressive signaling in songbirds,
Bachman's sparrows appear to use low amplitude song to threaten
rivals. Based on our results, the Bachman's sparrow provides another
species in which to test hypotheses about the evolution of quiet threat
signals. The eavesdropping avoidance hypothesis predicts that other
acoustic traits besides amplitude should be shaped by selection to
minimize signal propagation and transmission range. In contrast to
most species that use low-amplitude songs to threaten rivals, the
whisper songs of Bachman's sparrows do not differ in acoustic
structure from their broadcast primary songs, except for amplitude.
This provides an opportunity to explore whether reduced amplitude is
sufficient to reduce the costs of eavesdroppers, and to test alternative
hypotheses to explain the use of low amplitude song as a threat.

44-1 ANDERSON, P; Univ. lllinois, Urbana-Champaign; 68-3 ANDERSON, R *; MCMAHON, Q; ANDERSON, Roger;
andersps@illinois.edu Western Washington University; Roger.Anderson@wwu.edu
Fangs, Stingers and Spines: Common mechanical principles across Food availability, feeding rate and body condition in desert lizards
biological puncturing tools in contrasting climate conditions

The field of comparative biomechanics explores how the laws of Deserts are well known for among-year variation in climate and the
physics influence morphological variation and evolution. By basing strong effect of pulses of rainfall on community productivity. In the
biological inquiry on the level playing field of physics, it is possible northern extreme of the Great Basin desert, three contrasting years
to compare disparate organisms from different phyla based on howhot and dry, warm and wet, and intermediate conditions) provided a
they overcome similar mechanical challenges. For example, aunique opportunity to compare the daily rate of feeding and body
venomous snake injecting venom, a wasp using its stinger to ovipositondition of lizards among those years. The hot and dry spring in one
eggs and a mantis shrimp spearing a passing fish are all performing year was severe enough to cause lizards to skip reproduction in that
basic function: puncture. These examples involve different structureg/ear, whereas the unusually wet and warm (as opposed to wet and
and behaviors, yet all must overcome the same mechanical challengeool) provided the opportunity to compare presumably optimal
of creating fractures within the target to insert their tools. Given the conditions with not only the hot and dry year, but also with a year
commonality of mechanism, one would expect all these tools to haveomprising average climate for that locality. Both sexes of the
common morphological features necessary to maintain functionalwestern whiptail lizard and the desert horned lizard performed
fidelity. In order to identify and assess these common morphologicalsimilarly among years, but the feeding rate and body condition of
features, | compiled morphological data on the puncturing tools ofboth sexes of the long-nosed leopard lizard varied with productivity
over 100 animals and plants. The species list includes bothof prey. The food acquisition modes of these lizards and their prey
vertebrates and invertebrates that puncture in different environmentsypes and prey availability are discussed in light of these contrasting
(air vs. water) and at different dynamic levels, from passive physiomorphic responses.

defensive spines to extreme high-speed puncture. Morphological data

on the puncturing tool consists of biomechanical shape traits based

on engineering theory, as well as observations from the archeological

and ballistics literature. Biomechanical traits were compared amongst

all groups, with special note made to comparisons between taxa with

different ecologies and behaviors. Preliminary results reveal several

patterns such as the aspect ratio of the tools being size-limited, while

cross-sectional shape varies between aquatic and terrestrial

environments. These results highlight common morphological

patterns amongst disparate taxa based on both tool scaling and

environment.
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P2-31 ANDERSON-BUCKINGHAM, S*; BAUER, C; FUDICKAR, P1-199 ANTHONY, SE*; BUDDLE, CM; HgYE, TT; HEIN, N;

A; ABOLINS-ABOLS, M; ATWELL, J; KETTERSON, E; BECKERS, N; SINCLAIR, BJ; Western University, McGill

GREIVES, T; North Dakota State Univ., Adelphi Univ., Indiana University, Aarhus University, University of Bonn; santho2@uwo.ca
Univ., Indiana Univ.; cbauer@adelphi.edu Thermal limits of spiders, mites, and pseudoscorpions from Arctic
Differential expression of hypothalamic genes in juncos (Junco and temperate habitats

hyemalis) during gonadal development: implications for regulation ~ Arachnids live in most terrestrial environments, but are
of timing of breeding underrepresented in thermal and environmental physiology datasets.

Seasonally breeding birds must time their reproduction to matchAs ectotherms, the activity of terrestrial arachnids is bounded by the
optimal environmental conditions. The transition into breeding critical thermal maximum (CJ,,) and critical thermal minimum
condition and gonadal growth are regulated by the (CT_ ;). In Arctic and temperate climates, arachnids survive
hypothalamic-pituitary-gonadal (HPG) axis at multiple levels. Our sub['}reezing temperatures by either remaining unfrozen (freeze
study focuses on the level of the hypothalamus and examinesvoidant) or tolerating internal ice formation (freeze tolerant). In
expression of candidate genes in relation to three potentialmany arthropods, the thermal limits, and even cold tolerance
mechanisms regulating gonadal recrudescence: 1) top-dowrstrategy, are plastic. Here, we explore the thermal biology of a range
stimulation and inhibition of the HPG-axis via of arachnids exposed to extreme conditions. We report that: The
gonadotropin-releasing hormone (GnRH) and CT_ (mean=-3.6°C) and freezing temperature (supercooling point,
gonadotropin-inhibitory hormone (GnlH), 2) sex steroid negative SCP; mean= -6.9°C) are higher in the Beringian pseudoscorpion
feedback sensitivity via androgen receptor (AR) and estrogenWyochernes asiaticus (Yukon Territory) as compared to other small,
receptor alpha (ERa), and 3) sensitivity to stress hormones viahigh latitude ectotherms, as determined by previous studies.
glucocorticoid receptor (GR) and mineralocorticoid receptor (MR). Whereas, the thermal limits (SCP and GJ of Arctic wolf spiders

We measured hypothalamic mRNA expression of these genes vigPardosa spp., Yukon Territory and Greenland; mean SCP=-5.4 to
gPCR in captive male Dark-eyed Juncos (Junco hyemalis) held undei8.0°C; mean CJ_ =42.3 to 46.9°C) are also comparable to lower
the same conditions but expressing different stages of gonadalatitude ectotherms. These lower thermal limits are insufficient to
recrudescence in early spring. All males were captured from the samallow arachnids to survive Arctic winters, therefore we tested for
overwintering population, but males from a resident subspecies werglasticity in the thermal limits. SCP and GT will change with

in a more advanced stage of gonadal recrudescence than males fromtclimation in some Pardosa spp.; however, acclimation to low
a migratory subspecies. We found that residents had significantlytemperatures did not confer better low-temperature tolerance. Lastly,
higher mRNA expression levels of GnRH, lower levels of AR andthe temperate red velvet mite Allothrombium sp. is freeze-tolerant
ERa, and similar levels of GR and MR. These results suggestluring winter. Thus, temperate and polar arachnids employ the full
decreased hypothalamic sensitivity to sex steroid negative feedbackange of arthropod cold tolerance strategies.

and increased GnRH production as factors promoting gonadal

recrudescence.

P1-160 APREA, C/J*; MCALISTER, J/S; College of the Holy P1-118 AQUIT, S*; SUZUKI, Y; Wellesley College;

Cross; cjaprel8@g.holycross.edu saquit@wellesley.edu

Discerning developmental windows of larval feeding structure The molecular basis of a heat shock inducible color change in the
plasticity tobacco hornworm, Manduca sexta

As sea urchin larvae develop and grow post-fertilization, they The phenomenon of phenotypic plasticity, common in insects, occurs
produce a series of ciliated, skeleton supported "arms" that are useethen one genotype can generate different phenotypes in response to
for feeding and swimming. Research has demonstrated that the sizenvironmental changes. Genetic accommodation occurs when these
of these food-collecting structures trades off with the size of theenvironmentally induced phenotypes are selected on over multiple
primary food processing structure, the larval stomach. The magnitudgenerations and lose their dependence on or become hypersensitive
and variability of the food treatment can also affect the magnitude ofto the initial environmental cues. While the process of genetic
expression of these structures. Most studies of this phenomenon reaccommodation has been demonstrated through artificial selection
larvae in a single food treatment for the duration of the larval period,experiments, the genetic basis underlying this process remains
a condition which larvae are unlikely to experience in nature. Asunclear. Previous studies have shown that polyphenisms might
such, we understand little of how dynamic larval growth can be inevolve through genetic accommodation. In this project, a normally
response to changing food environments. We are conducting oublack mutant M. sexta strain was subjected to heatshock and the
experiments using larvae of the common sea urchin, Lytechinusesulting epidermal color change was observed. A polyphenic strain
variegatus, and will report how absolute and relative arm lengths,and a monophenic strain were evolved through selection for either
body lengths, and stomach volumes vary with respect to fluctuatinggreen or black epidermal color under heat-shock conditions.The
food conditions. Preliminary observations made during data expression of hormonal biosynthesis and response genes, specifically
collection and analysis suggest that larvae fed high food initially andin the ecdysteroid and juvenile hormone (JH) signaling pathways,
then switched to low food respond by lengthening their arms. Wewere analyzed in heat shocked and non-heat shocked selected
aim to discern the patterns of expression associated with theanimals and compared to the effects of heat shock on unselected
magnitude and plasticity of feeding and food-processing structurescontrol animals. Our initial findings suggest that JH signaling played
among larvae that are switched at specific time intervals from low toa critical role from the onset of selection and mediated the heat-shock
high food conditions and vice-versa. Our experiments will shed lightresponse. These studies will begin to help us better understand the
on the existence and duration of distinct developmental windows forprocess of genetic accommodation at the molecular level and
the expression of plasticity in this system. ultimately allow us to determine whether genetic accommodation
occurs in nature.
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P3-49 ARCHER, JT*; DAVIS, JE; Radford University ; P2-82 ARIAS, L*; ATWOOD, A; DUDLEY, E; DAVIS, JE;
jarcherd@radford.edu Radford University; larias3@radford.edu

The Effects of Vespa Amino Acid Mixture on Mitochondrial Defect ~ Modulation of vegetative growth by frass derivatives from
Induced Locomotion Disorders in Drosophila melanogaster Madagascar Hissing Cockroaches (Gromphadorhina portentosa)

Vespa Amino Acid Mixture or VAAM is a chemical compound Recent research in the Radford Ecophysiology lab has shown that
found naturally in Japanese giant hornet larva (Vespa mandarinidrass from Madagascar hissing cockroaches (Gromphadorhina
japonica). VAAM, via tropholactic delivery from larva to adult, portentosa) has similar chemical characteristics to organic fertilizers.
assists hornets in flying great distances to bring back resources to thgpecifically, infrared spectroscopy demonstrated that frass contains
colony. Although studies in our laboratory have shown that VAAM functional groups similar to those found in both synthetic fertilizers
acts as a mitochondrial accelerator, little is still known about how it and cow manure. In the current project, we set out to determine if
works inside the mitochondria. The purpose of this study is to expandrass from Madagascar hissing cockroaches modulated growth of
our understanding of how VAAM works to modulate mitochondrial Raphanus raphanistrum, Solanum lycopersicum and Lactuca sativa
function and the subsequent influences of this on development andinder a variety of treatment conditions and dilutions. Growth trials of
behavior. Two mutant strains of fruit flies (Drosophila melanogaster) three-week increments were conducted under controlled conditions.
that have known mutations impacting ATPase subunit 6 andResulting growth was analyzed based on both overall plant size and
Cytochrome ¢ oxidase were exposed to VAAM. Longitudinal relative growth of subcomponents (roots, stem, leaves) across and
measures of mortality and endurance were conducted to determinwithin species and concentrations gradients. Results suggest that in
whether or not VAAM has any effect on that particular part of the moderate to high concentrations, frass was fatal to plants, causing an
mitochondria. Here we discuss our findings and how they relate bothinhibition of growth, however, this inhibition varied across plant
to VAAM and to functioning of the electron transport chain as species. In contrast, low concentrations, below or comparable to that
modulated by these particular mutations. used in commercial fertilizer produced a significant increase in plant
growth across multiple metrics. Here, we discuss these results, as
well their implications both for natural plant-insect interactions and
in agriculture.

95-3 ARMSTRONG, EJ*; HILL, RW; ROA, JN; TRESGUERRES,  64-3 ARMSTRONG, AF*; GROSBERG, RK; Univ. of California,

M; STILLMAN, JH; INABA, K; MORITA, M; Univ. of California, Davis; frarmstrong@ucdavis.edu

Berkeley, Mich. State Univ., Scripps Inst. Oceanography, UCSD, The beginning of the end: gene expression changes in the evolution
Scripps Inst. Oceanography, UCSD, Univ. of Tsukuba, Shimoda, of non-feeding larvae

Univ. of the Ryukyus; armstrong@berkeley.edu The evolution of feeding and non-feeding larval types has occurred
Acid Secretion in Giant Clams Facilitates Burrowing Into Coral repeatedly in both terrestrial and marine phyla, however we lack a
Reefs detailed understanding of how such shifts occur. We analyzed

Giant clams (genus Tridacna) are the largest living bivalves and aredevelopment and gene expression in two seabiscuit species with
ecologically important members of Indo-Pacific reefs. Several alternate larval types and their hybrid offspring in order to investigate
species exhibit the remarkable ability to bore fully into coral the evolution of larval type. Clypeaster subdepressus develops via a
skeletons and are major agents in reef bioerosion. The mechanisntgpical, obligately feeding, pluteus, which must feed in order to reach
facilitating boring in these species however, have remainedmetamorphosis. However, Clypeaster rosaceus larvae develop via a
unresolved. Although acid secretion has been implicated, earlyrare intermediate mode—facultative planktotrophy—where they can
failures to detect acidification signals led to hypotheses involving feed but do not need to feed during their larval period. This
purely mechanical or non-acidic chemical mechanisms such as shelhtermediate larval type is presumed to be the one of the first steps in
rasping and calcium-chelation. Here, we definitively addressed thethe transition to non-feeding development. In our crosses between
question of acid secretion in the borlng giant clam, T. crocea. Usingthese species, both reciprocal hybrids developed via the feeding
novel 2D-imaging optode technology and manlpulatlng clams so thatmode of their maternal species rather than displaying a unique
they press their pedal mantle against pH-sensitive foils, we show thiphenotype. In order to investigate the genetic basis of the
organ is able to acidify the contact surface to at least 3 pH unitsdevelopmental patterns we observed, we assembled developmental
below seawater. Further, we demonstrate that vacuolar-typeranscriptomes for both species using the program Trinity. We then
H*-ATPase (VHA), a H-transporter implicated in acid secretion in analyzed gene expression patterns throughout development in both
other epithelia, is highly abundant within T. crocea pedal mantle andparental species and each reciprocal hybrid cross in order to identify
localized in the apical membrane of cells in contact with coral gene expression patterns associated with each life history. We found
skeleton. Similar localization patterns of VHA have been differences in the timing and developmental stage at which genes
demonstrated in human osteoclasts and in Osedax worms suggestivgere expressed in each cross. Our results suggest that accelerated
that active H-secretion by VHA may be a common mechanism for gene expression may be an important initial step in the evolution of
dissolving carbonate substrates, an exciting example of convergenton-feeding larval development.

evolution. Our identification of VHA in giant clams and

demonstration that bored surfaces are chemically acidified rather

than mechanically rasped solves a decades old mystery and sets the

stage for a greatly improved understanding of both the cause and fate

of eroded reef carbonates.
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P3-73 ASHFORD, MA*; BOWDEN, RM; PALACKDHARRY, SM; 1-5 ASSIS, VR*; GARDNER, S; GOMES, FR; MENDONCA, MT;

VOGEL, LA; lllinois State University, University of Cincinnati ; Univ. of Sao Paulo, Sao Paulo, Auburn University, Auburn;
maashfo@ilstu.edu v.regina.a@gmail.com
Formation of ILF-like Structures in Hatchling T. scripta Invasive Cane Toads Response to a Challenge with Sheep Red

Gut-associated lymphoid tissue (GALT) is essential for protection Blood Cells (SRBC): an Energetic and Immune Approach
against ingested pathogens (many consumed in food) andnvasive species are a major driver of biodiversity loss. Some
maintenance of normal gut microbiota. While much is known about hypotheses suggest successful invaders would demonstrate different
the mammalian gut and lymphoid tissues associated with it, gutstress and immune response profiles than native species. The higher
immunity is much less understood in reptilian species. Of particulardispersal rate common in invasive species are associated with
interest are small structures called isolated lymphoid follicles (ILF), elevated energetic demands and glucocorticoids levels (GCs).
consisting primarily of B cells and found throughout the small Additionally, it is hypothesized that invasive species should utilize
intestine. In mammals, the formation of the ILF is not one type of immune response (innate or adaptive) over the other
developmentally driven like other lymphoid tissues such as Peyer'drased on energetic cost of the response, potentially reducing
Patches, but is rather dynamic and induced through antigenigathogen load. We explored the relationship among GC, immune
stimulation and diet. We have now identified ILF-like structures in responsiveness, and energetic cost in cane toads (Rhinella marina),
the red-eared slider (Trachemys scripta) turtle. Our preliminaryan invasive species in Florida. Toads (N=14) were acclimated to
studies have shown high variation in the presence and location otaptivity for 3 weeks at which time we measured their metabolic rate
these structures in hatchling animals by use of a specific primary(MR) and took a blood sample to determine their bacterial killing
antibody to turtle Ig (HL-673). Furthermore, in the turtle, these ability (BKA, an innate immune response), corticosterone levels
ILF-like tissues have shown possible variation in presence in(CORT) and antibody titers (IGG). Toads were then injected with
response to when the clutch was laid (i.e. early nesting season or la20% SRBC or saline solution. One-week post injection, toads' MR
nesting season). In order to determine if the observed ILF-likewas again measured. They were re-bled and re-challenged with 20%
structures are inducible, similar to those in mammals, we will SRBC or saline injections. We predicted SRBC challenged toads
introduce enteric Salmonella through oral gavage to hatchling turtlesvould exhibit higher MR, CORT and IGG, while showing lower
and allow colonization. Gut tissue will then be analyzed through BKA. We found a significant increase in IGG in SRBC vs. saline
whole mount immunohistochemistry for the distribution of B cell injected toads 7 days after injection (F1,11=8.513, p=0.014). The
staining. The overall effect of season will also be tested. Thesesecond SRBC challenge did not significantly increase IGG over
studies will provide novel information about gut immunity in levels observed after the first challenge in SRBC toads (p=1.000).
non-mammalian vertebrates. There was no difference between saline vs. SRBC in MR
(F1,12=1.149, p=0.305), but MR increased in SRBC challenged
toads after 7 days compared to before injection (p=0.028). There
were no significant differences in CORT (F1,11=0.031, p=0.863) or
BKA (F1,11=1.269, p=0.284) between SRBC and saline controls.

139-7 ASSIS, BA*; AVERY, JD; LANGKILDE, TL; The P2-167 ASTLEY, H.C.; University of Akron; hastley@uakron.edu
Pennsylvania State University; bmd5458@psu.edu Traversing Tight Tunnels - Implementing an Adaptive Concertina
Costs Associated with Male-typical Traits on Female Lizards: Gait in a Biomimetic Snake Robot

Reduced Offspring Survival and Growth Snakes are extraordinarily capable of moving through cluttered

Male eastern fence lizards display conspicuous ventral blue badgebabitats, tight spaces, and around obstacles, and consequently snake
with important functions in courtship and agonistic interactions. robots are a popular design for negotiating such situations. The
These same badges can be found on females, albeit never as dramat&markable locomotor performance of snakes in these environments
as seen in males, and with significant variability in intensity. has been attributed to both their elongate, serially metameric body
Previous research has shown that females bearing blue badges apé&an and to their diversity of locomotor modes, each of which are
disfavored as mates, but have performance advantages that couldssed in different contexts. Concertina locomotion is the mode used
counterbalance their reproductive costs. Currently, we are interestetly snakes to negotiate narrow spaces such as tunnels or bare
in the relationship between the degree of maternal ornamentation andranches, in which the snake forms an anterior anchor region while
the fitness of offspring. We first determined a color metric that was pulling the posterior body forwards, then forms a posterior anchor
insensitive to temperature (which affects badge coloration in thisregion while pushing the anterior body forwards. Although slow and
species). Using this metric, we found that offspring of females energetically expensive, concertina locomotion is highly versatile,
bearing more saturated badges exhibited reduced mass gain sineequiring only a surface to generate anchoring forces against, and is
hatching and were less likely to survive to maturity. These resultsused as a final option when other modes are infeasible. In spite of the
add to the series of documented evolutionary costs faced by femalegtility of this locomotor mode, concertina locomotion has rarely been
bearing traits that are typical of males, highlighting the importance ofimplemented in snake robots, and only with a fixed, pre-specified
future investigation on potential benefits associated with this trait. tunnel diameter. In this paper, | use motion capture technology to
The mechanisms behind badge development and associated costs amainduct detailed examination of the anchor formation process in
benefits are the subject of our future work, where we will quantify snakes using concertina locomotion in tunnels of two widths. These
levels of different sex hormones in these females and throughoutlata were analyzed and used to design and implement an algorithm
different life stages of their offspring. With this, we hope to further for a dynamic concertina locomotor mode in a snake robot, in which
study the potential connection between physiology, color, and othercontact with the tunnel walls is automatically detected and used to
fitness-relevant traits such as immune response, performance anchodulate the waveform. This algorithm was applied to a "generalist"
mating success, factors that could be responsible for the maintenansmake robot, allowing it to successfully perform concertina
of male-typical ornamentation in females. locomotion at a range of tunnel diameters by dynamically adapting
its posture to the tunnel width based only on local feedback, with no
prior information on tunnel width. This algorithm can be useful for
snake robots when moving through tunnels, while limiting the need
for either user input or complex sensor systems to characterize
geometry.
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P1-181 ATWOOD, A/C*; O'BRIEN, S; MONCEAUX, C/J; Radford  S9-7 AUSTAD, Steven N.; University of Alabama at Birmingham;

University; aatwood4@radford.edu austad@uab.edu
Optimization of EDC Detection in Aquatic Environments: LCMS The Comparative Biology of Mitochondrial Function and the Rate
Detection & Quantification of Trenbolone of Aging

Endocrine disrupting chemicals (EDCs) can directly interfere with anln recent years many methods have been developed by
organism's endocrine system by mimicking naturally occurring biogerontologists to extend life and improve health in laboratory
hormones, thus eliciting a response similar to that of naturalanimals. These methods include modulating food composition and
hormones. However, the timing or degree of this response isfeeding rate, inactivating genes, and dietary supplementation with
abnormal. For this reason, many EDCs are considered environmentgdharmacological agents. Also, numerous species have been identified
pollutants. One compound that has been of particular concern as dhat in the natural world appear to have exceptional resistance to the
late is trenbolone acetate, a synthetically produceddamaging processes of aging. Confusingly given its central role in
anabolic-androgenic steroid that is used as a growth promotor in thenergetics, ROS generation, and apoptosis, some of life extending
cattle industry and has a high affinity for androgen and progestintreatments and exceptionally long-lived species appear to have
receptors in vivo (Bauer, et. al., 2000). Because the half-life ofreduced mitochondrial activity, others have enhanced mitochondrial
trenbolone is upwards of eight months, there is an immense potentiadctivity. This talk will take a comparative approach to these
for aquatic organisms to be exposed to trenbolone via agriculturaseemingly contradictory findings to try to resolve them into an
runoff (Schiffer et. al., 2001). Therefore, exploring the levels of evolutionarily coherent pattern.

trenbolone in aguatic environments is exceedingly important to the

health of our environment, as exposure to high levels of androgens

can cause masculinization and behavioral changes in individuals. The

morphological, developmental, and behavioral changes that

trenbolone elicits are well documented (Ankley et. al., 2009 & Orn

et. al. 2006). To date, several studies have demonstrated that

trenbolone is, in fact, present in water sources due to runoff (Durhan

et. al., 2006 & Schiffer et. al. 2001). However, the relationship

between aquatic trenbolone levels and the amount of trenbolone

present in the tissues of aguatic animals is far less understood. With

this project, we optimized a HPLC and LCMS procedure to identify

and quantify trenbolone levels in laboratory and field samples in

order to better understand the temporal and spatial changes in

trenbolone exposure within these paradigms.

19-3 AUSTIN, SH*; MACMANES, M; LANG, A; CALISI, RM; 66-5 AUSTIN, M*; ITURRALDE, P; WEST, K; DUNLAP, A;
UC Davis, Univ. of New Hampshire; shaustin@ucdavis.edu University of Missouri, St. Louis; mdaf2b@mail.umsl.edu

The transcriptomics of parenting: uncovering sex-biased gene The Best Laid Plans: Testing the Generality of Experimentally
activity in an avian biparental system Evolved Oviposition Preference

Hormones play a key role in initiating and maintaining parental Innate cognitive and sensory biases can heavily influence the
behaviors, but we know little about underlying genomic activity decisions an animal makes in its environment. In many species,
driving these processes. In the rock dove (Columba livia), both sexesensory biases have been shown to influence disparate components of
engage in all stages of contact-incubation and chick-rearing. Thisan animal's life history (e.g specific color bias for both feeding and
begs the question, are the underlying mechanisms facilitating thesenate selection). Although it is often assumed that these observed
parental care behaviors the same in males and females? Using@verlaps in behavioral biases have evolved due to pleiotropic effects,
highly replicated RNAseq experiment, we investigated how geneour incomplete knowledge of the exact evolutionary pressures that
expression in three important tissues critical for reproductive shaped a given animal's behavioral biases makes it impossible to
behavior, the hypothalamus in the brain, the pituitary gland, and theverify this assertion in a natural setting. Using experimental
gonads (testes and ovaries), changes in both sexes over the courseesfolution for 140 generations, we successfully evolved differential
the parental care. We found parental care stage-specific anaviposition biases for pineapple and orange flavored substrates in
tissue-specific sex-biased gene expression in substrates commonhgeplicate populations of the fruit fly, Drosophila melanogaster. We
investigated when studying parental care and reproduction. Insubjected adults and larvae from these populations to a series of
addition, we uncovered new genes to target for further investigationsassays to determine if evolved oviposition bias influenced decision
Our results unveil the dynamic and sex-biased nature of the genommaking behavior when feeding on, flying towards, or standing on
over the course of parental care. We will discuss how these data arerange and pineapple substrates. We did not find a positive
now providing a foundation for our ongoing hypothesis-driven correlation between any of the newly assayed behaviors and a
studies of mechanisms regulating parental care. population's originally evolved oviposition bias. To better understand
our findings, we used Real-Time PCR to analyze tissue-specific
differential expression of several genes implicated in oviposition,
decision making and gustatory perception. Our study, which to the
best of our knowledge represents the first such investigation into an
experimentally evolved sensory bias, suggests that innate biases can
evolve in an extremely specific manner that does not affect other
measured aspects of behavior and decision making.
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P1-153 AWALI, S*; MARDINI, MR; KAGEY, JD; BELANGER, P2-133 AYYAGARI, S*; CABALLERO, S; HINES, E; COHEN,

RM; University of Detroit Mercy; awalisa@udmercy.edu CS; San Francisco State University, Universidade de los Andes;
Atrazine exposure causes DNA damage and changes in cytochrome sbayyaga@gmail.com

P450 expression in the hepatopancreas of crayfish ( Orconectes Assessing Genetic Diversity in the Irrawaddy Dolphin (Orcaella
virilis) brevirostris)

Atrazine is a heavily applied herbicide in the United States to controlSoutheast-Asian Irrawaddy dolphins (Orcaella brevirostris) are
the growth of broad-leaf weeds. After application, atrazine entershighly susceptible to anthropogenic effects that reduce effective
local waterways through seepage or run-off. Atrazine concentrationgpopulation size and genetic diversity. Coastal populations are
in the environment have been recorded above 300 ppb and these highurrently listed as "Vulnerable" on IUCN's Red List, while some
concentrations are known to persist for more than 21 days. Crayfishiiverine populations are listed as "Critically Endangered”. Though
are an ideal bioindicator of environmental contamination becauseconservation efforts in developing countries have improved with
they display quantifiable responses to sublethal concentrations ohbundance, habitat, and range data, additional genetic information
contaminants. In order to examine the effects of atrazine onwill best inform management. Comparison of variation at adaptive
non-target aquatic organisms, we exposed crayfish toimmune system loci (Major Histocompatibility Complex, MHC) and
environmentally-relevant (80 and 300 ppb) and control neutral loci allows us to assess the severity of population bottlenecks.
concentrations (0 negative control) and 1000 ppb ATR (positivelrrawaddy dolphins (n=23) from the Gulf of Thailand were
control) for 15 days. Following exposure, we removed the sequenced at the MHCIIDQB locus and just one allele was found in
hepatopancreas (digestive gland) and examined DNA damage usinthis population. In comparison, one allele was also found in Mekong
comet assays and cytochrome P450 activity levels using adrrawaddy dolphins (n=37). This severe bottleneck in coastal
enzyme-linked immunosorbent assay. We found that exposure t@opulations is concerning, as riverine populations of O. brevirostris
atrazine caused increases in the number of cells that have comets, ase hypothesized to have even lower MHC diversity due to intense
well as an increase in the size of the comet tails. Further, significanfinthropogenic pressures in a more confined habitat. Even in
induction of cytochrome P450 occurred as atrazine concentratiorcomparison to the low MHC diversity in endangered dolphin
increased. Overall, we found that environmentally-relevant atrazinepopulations (e.g. Sousa chinensis and Phocoena sinus) residing in
exposure caused cellular-level changes in hepatopancreas of crayfisanthropogenically impacted habitats, no variation in a usually highly
If health is interrupted in crayfish species, the physiology of other polymorphic locus is very uncommon and suggests low potential for
species (e.g. fish) may also be declining due to exposure to thes®. brevirostris populations to adapt to novel pathogens. Preserving
herbicides. Moreover, research on DNA damage and cytochromehe diversity of essential functional loci in O. brevirostris should
P450 activity will have applications for humans, especially for therefore be a top priority for conservation managers.

determination of safe levels of atrazine in drinking water. This work

significantly increases our knowledge about the non-target effects of

ecologically-relevant concentrations of atrazine.

P3-113 BAAS-THOMAS, N*; STEELE, T; ZORNIK, E; Reed P1-119 BABONIS, LS*; DEBIASSE, MB; FRANCIS, WH;
College; thesteel@reed.edu CHRISTIANSON, LM; HADDOCK, SHD; MARTINDALE, MQ;
Investigating the Plasticity of Sexually Differentiated Vocalizations = RYAN, JF; University of Florida/Whitney Lab, Monterey Bay

in Adult Xenopus laevis Aquarium Research Institute , Monterey Bay Aquarium Research

The study of sexually differentiated behaviors has focused on thdnstitute, Monterey Bay Aquarium Research Institute ;
effects of gonadal steroids during development, but the degree tdabonis@whitney.ufl.edu
which behaviors retain hormone-dependent plasticity is variableNot your mama's tentacle: Molecular characterization of
across behaviors and species. African clawed frogs (Xenopus laevigtenophore colloblasts
produce rhythmic, sexually differentiated mating calls driven by a Colloblasts are a novel cell type found only in the tentacles of
serotonin-dependent hindbrain central pattern generator (CPG). Maletenophores (comb jellies). Upon contact, colloblasts secrete a sticky
courtship vocalizations require circulating androgens. Sexually adhesive facilitating prey capture. These unusual cells were present
mature female Xenopus develop male-typical calling when treatedn the last common ancestor of ctenophores but were lost in the stem
with androgens. We wish to determine the hormonal and neuronabf the clade containing Haeckelia and Beroe, the latter of which has
mechanisms that underlie this behavioral plasticity in Xenopus.lost tentacles altogether. Despite their important role in the ecology
Whole-cell recordings in the vocal CPG identified premotor neuronsof ctenophores, little is known about the origin of colloblasts or the
in T treated female brains with activity closely resembling that of nature of the substance they secrete. We surveyed the transcriptomes
"Fast Trill Neurons". These cells, previously identified in male of 36 species of ctenophores, including three from the genus Beroe
brains, spike in patterns closely correlated with masculinized vocaland two from the genus Haeckelia, to identify genes that may have
behavior. This finding supports our hypothesis that Fast Trill been lost concomitant with the loss of colloblasts and/or tentacles.
Neurons, and their female precursors, are essential targets oflsing a developmental time course of single-embryo RNA-Seq data
androgen-mediated behavioral changes. Masculinization of the vocalrom Mnemiopsis leidyi, we show that the expression profiles of
CPG begins rapidly in response to testosterone; howevercandidate colloblast genes are distinct from other genes expressed
testosterone is the primary circulating ovarian steroid. We exploredduring embryogenesis, exhibiting higher expression specifically
whether the effects of testosterone treatment differed induring tentacle development. Functional annotation of these
ovariectomized versus non-ovariectomized females. We found thatandidates suggests that proteins associated with post-translational
call rates were similar at all time points across treatments,modification and ion transport are abundant in colloblasts but no
independent of serum testosterone concentration. Future work iproteins with clear orthology to adhesive proteins from other species
required to determine if masculinization occurs in response to(e.g., barnacles) were identified. Additionally, over 30% of the
sustained elevation of T, or in response to supraphysiologicalcolloblast-specific genes identified from the phylogenomic survey
concentrations of T. Regardless of the outcome, Xenopus vocallacked known functional domains, suggesting they encode novel
behavior is an excellent system for assessing the mechanisms th§potentially ctenophore-specific) proteins. Our analyses provide an
underlie steroid-dependent plasticity in adult vertebrates. intriguing first glimpse into the genetic makeup of ctenophore
tentacles and their associated novel prey-capturing adhesive cells.
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48-7 BABONIS, LS*; MARTINDALE, MQ; University of P3-138 BACKMAN, I.R.*; ABREU, D; CHOI, F.N.; HELMUTH,
Florida/Whitney Lab; babonis@whitney.ufl.edu B.S.; Saint Michael's College, Northeastern University;

Early specification of ectodermal cells in the pharynx and ibackman@mail.smcvt.edu

mesenteries of the sea anemone Nematostella vectensis The effect of repeated exposure and local adaptation on lethal

The gastrovascular cavity (GVC) is the primary site of digestion andtemperatures of Littorina littorrea from the Gulf of Maine

nutrient absorption in cnidarians (hydroids, jellies, etc) and is lined Global climate change is causing an increase in the number of
by a layer of tissue derived from the embryonic endoderm. In mostextreme weather events such as heat waves, which can have far
cnidarians, the GVC is populated by numerous enzymatic gland cellsgreater effects on organisms and ecosystems than simple changes in
Curiously, among anthozoans (corals, sea anemones, etc.), the GV@ean conditions. Physiological vulnerability to extreme events also
is lined by endoderm but the gland cells are restricted to thevaries significantly among species, populations and even conspecific
ectodermal layer of the pharynx and mesenteries. To betteiindividuals. We studied the effects of heat waves of varying intensity
understand the relationship between cell identity and embryonicand duration on the intertidal gastropod Littorina littorea, an
tissue identity, we characterized the development and cell biology ofabundant and ecologically important species in the North Atlantic.
tissues associated with the GVC in the model sea anemoneWe measured the thermal LT50 of L. littorea from six populations in
Nematostella vectensis. Using light and electron microscopy, wethe Gulf of Maine spanning 2 degrees of latitude. In our experiment,
describe the presence of several distinct gland cell types in thave 1) looked at changes in mortality through repeated 6h exposures
ectodermal portion of the pharynx and mesenteries in adult(1, 2 or 3 days) to aerial temperatures ranging from 35°C to 43°C and
anemones. We further characterize the molecular identity of the2) examined how responses varied among the six populations. We
mesenteries using RNA-Seq and show that the top-expressed genéypothesized that L. littorea from different locations will vary in
from this tissue share homology with vertebrate digestive enzymegheir thermal tolerances due to local adaptation, but that these
including chymotrypsins, phospholipase A2, and chitinase. Using indifferences may only be detectable after repeated exposures. We also
situ hybridization, we demonstrate the expression of several of thes@ypothesized that multiple exposures to high temperatures would
genes in ectodermal cells of the presumptive pharynx/mesenterieseduce thermal tolerance. Our results demonstrated a significant
just after gastrulation, suggesting that enzyme-secreting cells arelecrease in LT50 from 1st day to 3rd day exposures across all sites.
among the first internal cells to be specified in N. vectensis. WhileHowever, although there was slight variation of LT50 across sites,
many of the upregulated genes from the mesenteries of N. vectensige found no significant difference among the three sites. Exploring
are also specific to the gland cell lineage in Hydra, in the formerinter-population variability in vulnerability to repeated exposures is
these cells are derived from ectoderm and in the latter fromcritical if we are to understand how climate change will affect
endoderm. These data suggest that mis-expression of an endoderndiktribution patterns in nature, yet experiments such as these have not
cell lineage in an ectodermal tissue may have shaped the evolution dfeen conducted for most intertidal species.

digestive system in cnidarians.

73-1 BADGER, M*; CHANG, U; COMBES, S; University of 51-3 BAGGE, LE*; KIER, WM; JOHNSEN, S; Duke, Univ. of
California, Davis; badger@berkeley.edu North Carolina at Chapel Hill; laura.elizabeth.bagge@gmail.com
Down in the mouth: Consequences of mandible-loading for flight The ultrastructure of transparent shrimp

stability in blue orchard bees (Osmia lignaria) Transparency allows animals to match any background, but it is

The ability to carry loads in flight is critical for survival and unknown how complex tissues are modified to achieve whole-body
reproduction in many flying insects. Although some insects carrytransparency. We used transmission electron microscopy to
loads near or directly below the center of mass, mud daubersinvestigate how shrimp muscle is modified to minimize light
yellowjackets, mason bees, and many other insects carry food oscattering. We investigated muscle ultrastructure in a transparent
nesting materials in the mandibles, which noticeably shifts the centespecies, Ancylomenes pedersoni, in comparison to a similarly sized
of mass forward. Such fore-aft shifts in the center of mass areopaque species, Lysmata wurdemanni, and found that the myofibrils
expected to have important consequences for flight control, but theof the transparent species were twice the diameter of those of the
kinematic changes required to maintain controlled flight and the opaque species (2.2um vs.1.0um mean). Over a given distance of
resulting effects on maneuverability and stability have not yet beenmuscle, light will pass through fewer myofibrils due to their larger
explored. To address these questions, we filmed blue orchard beediameter, and there will be fewer opportunities for light to be
(Osmia lignaria) at 5000 fps as they transported mud loads in theirscattered at the interfaces between the high-index myofibrillar lattice
mandibles during nest construction. We also filmed bees as theynd the surrounding lower-index sarcoplasmic reticulum (SR). A
carried artificial loads mounted directly above the center of mass angimilar result was found in a distantly related vertebrate group -
on the ends of long booms, which shifted the center of mass evesilurid catfish - with transparent catfish having larger myofibrils than
farther forward than mandible loading. Using reconstructed body andopaque catfish (Johnsen and Kier, unpublished data previously
wing trajectories we tested the hypothesis that responses taeported at SICB). This suggests that multiple taxa have arrived at
imbalanced loads would be similar those exhibited during activethe same solution of minimizing scattering interfaces in muscle
pitching maneuvers in other insects. We also tested the hypothesigssue. Additionally, because transparency is not always a static trait
that imbalanced loads would reduce flight performance in turbulentand can sometimes be disrupted after exercise or physiological stress,
flow in a wind tunnel to a greater degree than similar loads carriedwe compared the ultrastructure of muscle in transparent A. pedersoni
directly above the center of mass. If bees control body pitch using thewith the ultrastructure of muscle in A. pedersoni that had temporarily
same strategies they use to compensate for imbalanced loads, sutlirned opaque after exercise. We found that in the opacified tissue,
loads may limit control authority and introduce unique challenges forthe SR around myofibrils had an increased thickness of 360nm as
these insects in inclement weather. Principles extracted from oucompared to a normal thickness of less than 20nm. We modeled the
observations of maneuvering flight while unevenly loaded may alsolight scattering across a range of SR thicknesses and possible
inform design efforts for small aerial vehicles carrying off-center refractive indices to show that this observed increase in SR thickness
loads attached to arms, grabbers, or other manipulators. dramatically reduces transparency.
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85-4 BAGHERI, H*; JAYANETT]I, V; BURCH, HR; MARVI, H; 74-3 BAGHERI, H*; GENDT, AB; CUMMINGS, SD;
Arizona State University; hbagheri@asu.edu SUBRAMANIAN, S; BERMAN, SM; PEET, MM; AUKES, DM;
Basilisk Lizards Transition Strategies from Land to Water HE, X; FISHER, RE; MARVI, H; Arizona State University, BASIS

Basilisk lizards are renowned for their aptitude to traverse virtually Chandler, Arizona, University of Arizona; hbagheri@asu.edu
on and between any complex natural medium and diversifiedOctopus Sucker Adhesion and Suction Performance Under Various
terrains: tree trunks, rocks, sand, mud, and water. They can als&nvironmental Conditions
perform different locomotion gait patterns: walking on all four limbs, The octopus holds great promise as a model for the design of soft
running on two hind legs, hopping, and even swimming under water robotics. Octopus arms are muscular hydrostats with infinite degrees
just to name a few. This makes them an ideal reptile to analyze theiof freedom, providing the ability to execute diverse modes of
kinematics, locomotion, and morphology as they transition from onelocomotion, including jetting, swimming, crawling, and walking. At
environmental setting to another. The study will evaluate distinctthe same time, the arms can also apply great force to perform a range
strategies and methodologies used by juvenile basilisks (Basiliscu®f tasks such as fetching, grasping, and manipulating objects.
plumifrons and Basiliscus vittatus) as they transition from land to Octopus suckers play a key role in executing many of these
water, and vice versa. A 6m by 0.5m long modular track has beerdocomotor and anchoring tasks. Experimental evidence suggests that
designed and constructed to examine various environmentakuckers can hold high adhesive forces on both wet and dry surfaces
parameters, such as depth, length, and inclination of both water andith various topographies. While prior research has been conducted
granular media (i.e. sand, mud). Through a series of systemation the muscular structure and some of the mechanical properties of
animal studies, a better understanding can be obtained on howctopus suckers, little to no effort has been put towards evaluating
basilisk lizards adapt from terrestrial to aquatic locomotion. The the effects of environmental conditions (i.e. temperature and salinity)
research will lead to future efforts in designing and developing on adhesion and suction. The suckers of two octopus species
robotic systems with the ability to traverse on, through, and betweern(Octopus vulgaris and Octopus bimaculoides) will be detached from
terrestrial terrains and aquatic environments. the arms to examine their adhesive and suction properties.
Temperature and salinity ranges of 15-22°C and 33-37%,
respectively, will be used as the experimental parameters, as these
correspond to conditions in the natural habitats of these two species.
The findings of this study will be essential in the development of
versatile attachment mechanisms for aquatic soft robotic systems.

34-1 BAI, B*; FOX, J; Hathaway Brown School, Case Western 67-7 BAIER, DB*; MORITZ, S; CARNEY, RM; GARRITY, B;
Reserve University; bbail8@hb.edu Providence College, Brown University, University of South Florida,
Dissecting Fly Haltere Function during Flight and Walking Boston University; dbaier@providence.edu

Insect nervous systems are capable of processing complex sensoBRinding the Invisible Joint: Developing a Joint Coordinate System
information at remarkable speeds. Flies collect this information in for the Alligator (Alligator mississipiensis) Coracosternal Joint
part from halteres, a set of mechanosensory organs, which are crucia-ray Reconstruction of Moving Morphology (XROMM) can be
for flies to maintain flight equilibrium, but what sensory information used to recreate skeletal motion of living animals by animating 3-d
each haltere provides during flight and other behaviors remainscomputer-generated models of the bones. Kinematic measurements
uncertain. To determine the role of individual halteres in flight from these animations require clearly defined joint coordinate
behaviors, high-speed video was used to examine effects of removingystems (JCS). In most cases, anatomical landmarks from proximal
one or both halteres in two different fly genera, Sarcophaga andand distal bones on either side of the joint can be used to orient a
Calliphora. Flies with only one haltere, when compared to intact andJCS. However, the alligator sternum is cartilaginous and is invisible
haltereless flies, displayed intermediate behavioral deficits in flightin X-ray views and CT scan-based models of intact animals. Thus,
duration, flight trajectory, and landing success, but not a completethe proximal end of the coracoid, which articulates with sternum,
loss of stability. Haltereless Sarcophaga filmed over a two-week appears to "float" on the ventral aspect of the thorax. This makes
period after haltere removal had no recovery of flight stability. orienting the JCS consistently between different individuals
Additionally, Sarcophaga beat their halteres during walking, a trait challenging. Here, we explore a method for reconstructing the
not seen in all flies. Examination of various walking behaviors, suchcartilaginous elements to place of the coracosternal JCS. The JCS is
as stair climbing, vertical walking, and posture control during then used to measure coracosternal motion XROMM data from four
vibrational perturbations demonstrated that haltereless flies climballigators performing the high walk on a treadmill. Models of the
less and fall more often during vertical walking. Thus, subtle and cartilages of the sternum and scapulocoracoid are derived from CT
specific deficits in single-haltere flight and haltereless walking scans of a reduced dissection preparation with only cartilages and
suggest more complex sensory control in both behaviors. bone intact. These polygonal mesh models are then scaled and
aligned to each of the experimental animals based on the bony
interclavicle which runs within the midline of the sternum. Results
suggest that while patterns of movement between individuals are
highly consistent, there are offsets in the magnitudes for some axes in
some individuals. These offsets may true variation between
individuals or could be associated with slight variations in the
orientation of the interclavicle within the sternal cartilage. Ideally,
the sternum should be reconstructed from the anatomy of each
individual which would distinguish between these two possibilities.
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116-1 BAILLEUL, A/M*; HOLLIDAY, C/M; University of S8-5 BAKER, Clare/VH; University of Cambridge;
Missouri; bailleula@missouri.edu cvhbl@cam.ac.uk

Retracing the evolution of the otic joint in birds and fossil The development and evolution of vertebrate lateral line
theropods through histology: new insights on streptostyly electroreceptors

The otic joint is functionally important in many sauropsids, as it The vertebrate lateral line system is a useful model for investigating
often allows movement during feeding, a condition known as the embryonic and evolutionary diversification of sensory organs and
streptostyly. This type of cranial kinesis is found in many birds, ascell types within the nervous system. In non-teleost vertebrates,
shown by in vivo studies and skeletal manipulations. Many including lampreys, this sensory system comprises neuromasts
inferences of kinesis at this joint in fossil theropod dinosaurs havecontaining hair cells that detect local water movement, electrosensory
been made using morphological arguments, even though itsorgans containing electroreceptor cells that respond to low-frequency
structure-function relationships are still poorly understood in extantcathodal electric fields (used primarily for hunting), and the afferent
birds. To document the numerous changes that occurred in th@eurons for both organ types, projecting to adjacent medullary nuclei.
morphology, composition and function of the otic joint during The electrosensory division was independently lost in the bony fish
theropod evolution, we used microCT scanning and histology of fivelineages leading to teleosts and to frogs (amniotes lost the entire
species of birds that display a range of kinetic behaviors: the emuateral line system during the transition to life on land). Within the
(Casuariiformes), the mallard duck (Anseriformes), and three specieseleosts, ampullary organs that respond to low-frequency anodal
of parrot (Psittaciformes). We also sampled two species of non-aviarstimuli evolved independently at least twice in different groups,
theropod dinosaur (Tyrannosaurus and Allosaurus) and outgroup taxbikely via the diversification of neuromast hair cells; their afferent
including the American alligator, Common snapping turtle and lateral line neurons project to novel medullary nuclei. Some lineages
several species of lizard. All the avian species show similaralso independently evolved both electric organs and tuberous organs
histological characteristics including a synovial microstructure with that detect high-frequency electric organ discharges. We are using a
secondary articular cartilage on the squamosal. We found theseomparative RNA-seq approach to investigate electroreceptor
histological characters suggestive of avian-style streptostyly in thedevelopment and evolution. In a non-teleost fish, the paddlefish
otic joints of Tyrannosaurus and Allosaurus. These results suggesPolyodon spathula, we have identified expression in developing
avian-style otic joint microstructure, and possibly streptostylic electrosensory organs of transcription factor genes critical for hair
movements evolved prior to the origin of birds. This study revealscell development, and genes essential for glutamate release at hair
the histological underpinnings of avian-style cranial kinesis, retracescell ribbon synapses, suggesting close developmental, physiological
the evolution of streptostyly in theropod dinosaurs, and illuminatesand evolutionary links between non-teleost bony fish electroreceptors
the diversity of cranial joint structure and function in sauropsids andand hair cells. We have also identified candidates for the
vertebrates. voltage-sensing L-type Gahannel and rectifying Kchannel
predicted from skate (cartilaginous fish) electrosensory organ
electrophysiology. Overall, our results illuminate electroreceptor
development, physiology and evolution.

122-6 BALABAN, JP*; AZIZI, E; Univ. of California, Irvine; 41-5 BALDAN, D*; HINDE, C. A.; LESSELLS, C.M.; Department
jbalaban@uci.edu of Animal Ecology, Netherlands Institute of Ecology

Elastic energy storage broadens the thermal performance range of (NIOO-KNAW), P.O. Box 50, 6700 AB Wageningen, The
accelerating lizards Netherlands, Behavioural Ecology Group, Life Sciences, University

Many ectotherms exhibit a thermal plateau, over which whole animalof Wageningen, P.O. Box 338, 6700 AH, Wageningen, The
performance is largely constant. One example is the western fenc8letherlands; D.Baldan@nioo.knaw.nl

lizard, Sceloporus occidentalis, which maintains nearly constantForaging coordination while feeding young: behavioural

running performance between 25° and 40° C. This performancemechanisms underlying negotiation over offspring care

plateau is apparent despite changes in muscle kinetics that wouldhe amount of parental care provided to offspring is affected by
predict a performance decrease at low temperatures. Here, we test tisexual conflict and the negotiation rules that parents adopt. Recently,
hypothesis that fence lizards can use stored elastic energy to enhanegturn-taking' provisioning rule by the parents has been predicted to
muscle power and minimize the deleterious effects of low increase parental care, and several empirical studies in birds indicate
temperature on locomotor performance. We use 3D kinematics otthat parents do indeed alternate their nest-visits more than expected
lizard accelerations along with ground reaction force data collectedby chance. However, little is known as to whether parents actively
from a six-axis force transducer under the left hind foot of the lizardstake turns of feed and how they monitor the provisioning activity of
to run an inverse dynamics analysis. We then use the mass of ththe mate. We proposed two mechanisms by which parents monitor
limb extensors and their insertions to estimate muscle power duringand respond to each other: coordination of foraging trips and
acceleration. From our preliminary data, we find that at 35° C, lizardsmonitoring at the nest (e.g. by waiting at the nest for the partner). We
may have just enough muscle to power the fastest accelerations weombined video recordings at the nests with Encounternet, a new
measured. However, at 25° C, we find that the muscle power neededutomated radio-tracking technology, to remotely monitor
to elicit the fastest accelerations is higher than the lizards carprovisioning activity of wild great tit (Parus major) pairs during
produce. We also find unexpected similarities in the ground reactionchick rearing. We explored i) whether parents forage in spatial
forces, timing of movement, and kinematics of lizards accelerating atproximity or monitor each other at the nest, and ii) how these two
25° and 35° C. We believe these similarities provide additional behaviours relate to the pattern of the nest visits. This study links
evidence for elastic energy storage and power amplification duringanimal movement analysis to visit patterns at the nest and highlights
acceleration in lizards. These results add to the growing body ofthe importance of studying the behavioural mechanisms underlying
evidence that suggests elastic mechanisms allow ectothermimegotiation rules to better understand the evolution and maintenance
organisms to maintain performance across a broad thermal plateau. of bi-parental care.
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139-4 BALIGA, VB*; MEHTA, RS; Univ. of British Columbia, 93-3 BALK, MA*; BURGER, JR; FRISTOE, TS; KHALIQ, I; HOF,
Univ. of California, Santa Cruz; vbaliga@zoology.ubc.ca C; SMITH, FA; National Museum of Natural History, University of
The interplay between life history patterns and phenotypic North Carolina, Washington University, St. Louis, Senckenberg
convergence in cleaner wrasses Biodiversity and Climate Research Centre , University of New

Phenotypic convergence is a macroevolutionary pattern that need nd¢lexico; BalkM@si.edu
be consistent across life history stages. Ontogenetic transitions irf€onstraints and trade-offs in endotherm thermal regulation:
dietary specialization clearly illustrate the dynamics of ecological implications for climate adaptations
selection as organisms grow. Few studies have documented how th®urprisingly, the thermal tolerances of species often do not match the
extent of phenotypic convergence among taxa that share a similarange of environmental temperatures experienced within in the
ecological niche may vary ontogenetically. Because ontogeneticgeographic range. Although a variety of hypotheses have been
processes have been shown to evolve, phylogenetic comparativproposed to link thermal physiology and the thermal niche, support
methods can be useful in examining how scaling patterns relate tdor these relationships is not consistent between taxonomic groups.
ecology. Cleaning, a behavior in which taxa consume ectoparasiteéccording to the Scholander-Irving model of thermal physiology, a
off clientele, is well-represented among wrasses (Labridae). Nearlytrade-off between the upper (I) and lower (T.) bounds of the
three-fourths of labrids that clean do so predominately as juvenilesthermal neutral zone is predicted for endotherms. Such a trade-off
transitioning away as adults. We examine the scaling patterns of 33nay explain the discordance between species' thermal tolerance and
labrid species to understand how life history patterns of cleaningtheir thermal environment. Here, we employ a dataset of 297
relate to ontogenetic patterns of phenotypic convergence. We findnammal and 134 non-migratory bird thermal physiology to test for
that as juveniles, cleaners exhibit convergence in body and craniathe predicted trade-off as well as investigate its role in the mismatch
traits that enhance ectoparasitivory. We then find that taxa thatbetween species' thermal physiology and their thermal environment.
transition away from cleaning exhibit ontogenetic trajectories that areWe show that a trade-off does indeed exist between upper and lower
distinct from those of other wrasses. Obligate and facultative specieshermal critical temperatures for the majority of mammals and birds.
that continue to clean over ontogeny, however, maintain Further, we find that the trade-off is asymmetrical with an increase in
characteristics that are conducive to cleaning. Collectively, we findT . corresponding to a disproportionate increase jp.T
that life history patterns of cleaning behavior are concordant WithAHgitionaIIy, the trade-off plays a significant role in the mismatch
ontogenetic patterns in phenotype in the Labridae. between species' thermal tolerances and their thermal environment.
Evidence of this trade-off means that strong physiological constraints
limit adaptations to extreme environmental temperatures.

20-6 BALLESTEROS, JA*; SHARMA, P; Univ. of Wisconsin, P3-206 BALLINGER, MA*; LIN, J; LONGO, T; HEYER, GP;
Madison; ballesterosc@wisc.edu PHIFER-RIXEY, M; FERRIS, KG; NACHMAN, MW; Univ. of
The Evolution Of The Chelicerate Genome: Sorting Out Gene California, Berkeley, Monmouth Univ., Monmouth Univ., Univ. of
Expansions In Old Radiations California, Davis; mallory.ballinger@berkeley.edu

Chelicerates are one of the three main groups of extant arthropod$?henotypic Variation between Temperate and Tropical Populations
along with myriapods (millipedes and centipedes) and Pancrustaceaf House Mice

(insects and crustaceans). While more diverse in previous geologitiouse mice, Mus musculus domesticus, have recently expanded their
eras, extant chelicerates consist of three groups: horseshoe crabange across the Americas, encompassing diverse habitats ranging
(Xiphosura), sea spiders (Pycnogonida) and arachnids (Arachnida)rom tropical to arctic climates. The challenges of adapting to
Extant arachnids are almost exclusively terrestrial, Xiphosura anddifferent temperature, precipitation, and seasonal regimes make
Pycnogonida are restricted to marine environments. The availabldnouse mice an ideal system for understanding the genomic and
draft genomes of xiphosurans and some arachnids have shown thghysiological bases of rapid environmental adaptation. Using
presence of gene duplicates, potentially derived from ancestrabrother-sister mating, we are creating new wild-derived strains mice
genome duplications, but the extent, pattern, and tempo of such gerfeom five different populations in North and South America. Using
expansions remain poorly understood. The relationships ofthese new strains, we found morphological differences among
chelicerate groups have been elusive even with genomic data at hangdopulations consistent with both Bergmann's rule and Allen's rule:
A recurrent pattern in these analyses, commonly attributed tomice from New York are larger and have shorter ears and tails than
systematic biases, breaks the monophyly of Arachnida by includingmice from Brazil. Moreover, mice from New York are larger, build
xiphosurans as a nested clade, albeit with unstable affinities. We usebligger nests, and are more active than mice from Brazil. Lastly,
combination of genomic data (transcriptomes and genomes) tchouse mice from New York and Canada have larger average litter
identify gene families and produce a species tree based on traceabézes than mice from Brazil. These differences persist in the lab over
hypotheses of orthology. The resulting species tree echoes previousiultiple generations indicating that they have a genetic basis. We
results by placing Xiphosura within the arachnid clade. Here, we useconclude that despite recent introduction to the Americas, house mice
the composition and relationship of these individual gene copies tchave undergone rapid adaptation to various environments.
investigate the extent, pattern and tempo of the gene expansion with

emphasis on representative gene families. Based on the empirical

species tree, we conducted coalescent gene-tree simulations to

evaluate the potential effects of incomplete lineage sorting on our

ability to distinguish competing hypotheses. Our main goal is to

investigate the link of the observed gene expansions and their

potential role in macroevolutionary phenomena such as the transition

to terrestrial environments.
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P1-195 BANAHENE, N*; SALEM, S; BYRNE, H; GLACKIN, M; P1-133 BANKER, SE*; NACHMAN, MW; Univ. of California,
THOMPSON, L; FASKE, T; AGOSTA, S; ECKERT, A; Berkeley; sarah_banker@berkeley.edu

GRAYSON, K; Univ. of Richmond, VA, Virginia Commonwealth Patterns of adaptive introgression between sister species Mus

Univ., Richmond, Virginia Commonwealth Univ., Richmond; musculus domesticus and Mus spretus
nanakonadu.banahene@richmond.edu Adaptation requires genetic variation upon which natural selection

Stage-Specific Responses to Heat Stress in an Invasive Forest Pest can act. There are three major sources of genetic variation: (1) new
Understanding the role of climatic limits for invasive species is mutations, (2) standing genetic variation, and (3) introgressed
important for determining future range dynamics. The spread of thevariants from other species. Introgressed variants are especially
gypsy moth (Lymantria dispar) across wide climatic gradients in intriguing because they may arise faster than new mutations, can
North America provides an ideal system for studying the role of include multiple mutations on a single haplotype, and have been
thermal limits in invasion. Previous work has shown that spread rateested by selection in the species of origin. Mus musculus and M.
variability at the southern invasion front is correlated with spretus diverged an estimated 1.5-3 Mya, have a genetic divergence
supraoptimal temperatures. Here, gypsy moth individuals wereof about 1%, and are broadly sympatric. The two species have many
exposed to daily temperature ramping cycles of optimal (22-28°C) ormorphological and life history differences. Additionally, there is a
supraoptimal temperature treatments (30-36°C, 32-38°C, or 34-40°C}ignificant fithess disadvantage to hybrids; F1 males are completely
at specific developmental stages (1st through 4th instar, pupa) fosterile and genomic incompatibilities exist between the two species.
either 2 or 7 days. We measured survival and long term effects orSeveral previous studies have revealed introgression of alleles from
development time and pupal mass. Survival generally decreased d¢. spretus into M. musculus. Here we find evidence for directional
temperature increased. The 34-40°C treatment had the largest effeattrogression from M. m. domesticus into M. spretus populations at
on larval survival, with 7 days of exposure being lethal for all stagesover 100 genomic regions, with high variability of introgression
except 2nd instar and pupae. All other treatments had more than 75%atterns between individuals. Additionally, we used selection tests to
survival after 7 days for all stages. Long term effects of 2 daycategorize these introgressed regions as neutral or putatively
exposure to heat were more pronounced for females than males aratlaptive.

exposure at later larval stages resulted in larger decreases in pupal

mass. These negative effects of high temperature exposure support

spread patterns seen at the southern invasion front and provide

important data on the susceptibility of gypsy moth to high

temperatures at different developmental stages. As global

temperatures rise, understanding how temperature influences the

spread of invasive populations will be critical for management

decisions.

P2-256 BARAN, NM*; STREELMAN, JT; Georgia Institute of P1-162 BARNES, DK*; ALLEN, JD; College of William and Mary;
Technology, Atlanta; nicole.baran@biology.gatech.edu dbarnes@email.wm.edu

Species Differences in Aggressive Behavior, Neural Activity, and Effects of delayed hatching on echinoid larval development

Brain Gene Expression in Lake Malawi Cichlid Fish Environmentally cued hatching is present in diverse phyla in

In Lake Malawi, two ecologically distinct lineages of cichlid fishes response to biotic and abiotic factors including temperature, tidal
(rock- versus sand-dwelling ecotypes, each comprised of over 200nundation, and predator cues. Echinoderms have been shown to
species) evolved from a single ancestral population within the lastdelay hatching in response to salinity reductions during early
million years. The rock-dwelling species (Mbuna) are aggressivelydevelopment. In the sand dollar Echinarachnius parma, embryos
territorial year-round and males court and spawn with females overexposed to low salinities early in development can delay hatching up
rocky substrate. In contrast, males of sand-dwelling species are ndb early pluteus larval stages. Embryos that delay hatching appear to
territorial and instead aggregate on seasonal breeding leks in whickontinue normal development, but confinement within the
males construct courtship "bowers" in the sand. First, we demonstratéertilization envelope prevents larval arms from growing as long as
species and ecotype differences in behavior using mirror-elicitedthose of hatched individuals. The fertilization envelope also acts as a
aggression tests in seven species. We find that, in generalbarrier, preventing larvae from ingesting the algal cells they might
rock-dwelling species attack their reflection faster and perform moreotherwise consume. As a result, costs of delayed hatching could
frontal attacks. In contrast, sand species perform more laterakesult from shorter arms, delayed access to algal food, or both. To
displays (orienting laterally and displaying their colors). Second, distinguish between these alternative possibilities, we conducted an
using one rock species (Petrotilapia chtimba, Petro), and one sanéxperiment with five treatments, each containing sibling embryos
species (Mchenga conophoros, MC), we compare neural activitythat had: 1) hatched at 18 hours post fertilization (hpf) in normal
following mirror-elicited aggression in three brain regions with salinity (~33 ppt) with food present, 2) hatched at 18 hpf in normal
known roles in aggression in fish: Dorsal medial telencephalon (Dm),salinity with delayed availability of food, 3) hatched at 18 hpf in low
dorsolateral telencephalon (DI), and the preoptic area (POA). Finallysalinity (26 ppt) with food present, 4) hatched at 18 hpf in low
we use phosphorylated ribosome immunoprecipitation of mMRNA salinity with delayed availability of food, and 5) hatched at 38-40 hpf
from whole brain followed by RNA-sequencing to compare the geneat low salinity with food present (n = 4-5 replicates per treatment).
expression patterns of neurons activated by mirror-elicited aggressiofrive larvae from each replicate were photographed weekly to record
across the two species. Due to their recent evolutionary divergencearm and body lengths. Juvenile size, spine number, and spine length
multiple rock and sand species have been hybridized in the lab. Thusyere also measured after settlement. The strongest treatment effects
this work lays the foundation for future experiments using this were related to pre-hatching salinity. Larvae at lower salinities were
emerging genetic model system to investigate the genomic basis ainore likely to be asymmetrical than their siblings but,
evolved species differences in both brain and behavior. counterintuitively, exhibited a higher degree of competence when
challenged to metamorphose.
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101-1 BARNES, BM*; WILLIAMS, CT; BUCK, CL; SHERIFF, 17-4 BARNES, CL*; HAWLENA, D; MCCUE, MD; WILDER,

MJ; RICHTER, MM; KRAUSE, JS; Univ of Alaska Fairbanks, SM; Oklahoma State University, The Hebrew University of
Northern Arizona Univ, Penn State Univ, Western Kentucky Univ,  Jerusalem, St. Mary's University; cody.l.barnes@okstate.edu
Univ of California, Davis; bmbarnes@alaska.edu Consequences of Prey Exoskeleton Content for Predator Feeding
Sex-dependent phenological plasticity in an arctic hibernator and Digestion

Hibernation provides a highly programmed means of escaping thelhe arthropod exoskeleton provides structure and protection.
metabolic and food availability challenges associated with Exoskeleton mass varies widely both within and between insect
seasonality, but the ability of small mammalian hibernators to adjusttaxonomic groups. Further, the exoskeleton can be rigid and largely
their timing of seasonal dormancy in response to extreme weatheimndigestible for predators. Potential consequences of insect prey
events is unclear. Here, we show that arctic ground squirrels inexoskeleton for predators include increased handling time, greater
Northern Alaska exhibited sex-dependent plasticity in the spring-timedigestive metabolism cost, and reduced nutrient assimilation. But, the
physiology and phenology of hibernation-end in response to a seriesonsequences of feeding on chitinous prey could vary with predator
of late spring snowstorms in 2013 that resulted in the latest date oforaging and consumptive modes. We tested the consequences of
snow-melt on record. Females and non-reproductive males respondegrey exoskeleton content for nutrient assimilation and digestive
to the >1 month delay in snow-melt by extending heterothermy orbioenergetics of two spiders that differ in feeding mode: a wolf
re-entering hibernation after several days of euthermy, leading to apider (masticator) and black widow (piercer). We predicted lower
>2-week delay in reproduction compared to surrounding years.assimilation and higher digestive costs when feeding on the more
Females increased the frequency of arousal episodes and assessgttinous beetles compared to mealworm larvae. We found that less
above ground conditions, presumably the extent of snow-cover,elements (C and N), macronutrients (lipid and protein), and energy
before committing to above-ground activity and reproduction. In were extracted from highly chitinous prey. In particular, black
contrast, reproductive males neither extended nor re-enteredvidows deposited adult beetle carcasses with greater protein and
hibernation and emerged from hibernation normally, likely becauseenergetic content than mealworm carcasses. Although handling time
seasonal gonadal growth and development and subsequergnd digestive metabolism (Specific Dynamic Action) did not differ,
testosterone release prevents a return to torpor. Our findings reveapiders allocated a greater proportion of prey energy (SDA
intriguing differences in responses of males and females to climaticcoefficient) in digestion of more chitinous adult beetles. The feeding
variability that can generate a phenological mismatch between thend digestive consequences we observed suggest that exoskeleton is
sexes. an attribute that influences foraging benefits and resource allocation
by predators. The digestive modes of predators additionally
contributed to differences in the extraction of nutrients from
chitinous prey. Future study should further explore the mechanisms
by which predator resource intake and deposition from prey varying
in exoskeleton content, integrating multiple resource perspectives,
contributes to broader ecosystem resource flow.

P3-250 BARRAGAN, Y*; LAURETTA, D; RODRIGUEZ, E; P2-125 BARREIRA, SN*; BAXEVANIS, AD; National Institutes of
Universidad Auténoma de Baja California Sur, La Paz, Museo Health; sofia.barreira@nih.gov

Argentino de Ciencias Naturales Bernardino Rivadavia, Buenos Exploring the Role of Large Tandem DNA Repeats in the Context
Aires, American Museum of Natural History, New York; of Regeneration

yamaly.barragan@gmail.com Repetitive DNA has been implicated in chromatin organization,
Revision of the Genus Actinostella (Cnidaria: Actiniaria: genome replication, expression regulation, and cell proliferation.
Actinioidea) from Tropical and Subtropical Western Atlantic and Chromosomal regions that contain large tandem repeats such as

Eastern Pacific: Redescriptions, Synonymies and Sister Species ribosomal genes, telomeres, and centromeres are often not included
Sea anemone species of the genus Actinostella live in tropical anéh the reference genomes of most model organisms. We are currently
subtropical shallow waters, hiding in crevices or burrowed in the sequencing and assembling the genome of Hydractinia, an organism
sand. They are characterized by having a marginal ruff harboringthat has proven to be a valuable model for the study of regenerative
zooxanthellae that expands during the day to optimize photosynthesimedicine, early development processes, and allorecognition. Like
and retracts at night allowing the anemone to catch prey with thehuman embryonic stem cells, Hydractinia stem cells are pluripotent;
tentacles. Currently, 10 species are considered valid; however, mostomologs for many genes associated with the ability to self-renew
of the species within the genus were described in 1800's or in earlynd differentiate in bilaterians have already been identified in
1900's and thus most of the descriptions are incomplete according tblydractinia, reinforcing its value in the study of development and
nowadays standards. Several species of Actinostella have reporteggeneration. Importantly, the regenerative process also depends on
distributions covering both, the Caribbean Sea and the Pacific Ocearboth the maintenance of telomere integrity throughout numerous
The morphological and molecular revision of this genus aims tocycles of cell division and the role of ribosome biogenesis in cell
corroborate species identities and potential synonymies within thegrowth and proliferation. To better understand the role of repetitive
genus. This study will allow to elucidate if species of Actinostella DNA in regeneration and stem cell maintenance in Hydractinia, we
distributed in both ocean basins (Atlantic and Pacific) were separatedre characterizing the large tandem repeats in these de novo
with the appearance of the Panama Isthmus, or are more related @ssemblies, as well as studying protein complexes that interact with
species at each corresponding ocean basin (i.e. Atlantic - Pacific). Imnd help regulate their function. We have already identified a
case of finding sister species separated by the Isthmus of Panamaibosomal gene consensus sequence and prospective junction
they will represent the first calibration nodes for the phylogenetic sequences on either side of rDNA clusters that may play a role in
history of sea anemones, a group of soft-bodied corals lackingribosome regulation. Using the eukaryotic telomeric sequence, we
fossils. have also identified scaffolds that flank the telomere and contain new
tandem repeats up to 380 bp in length. These findings represent a
critical first step towards understanding how differences in the
genomic structure of these highly repetitive regions may confer and
control regenerative capacity.
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P3-56 BARRETO, KM*; FRANCIA, MR; CLAUDIO, |; FANFAN, P1-223 BARRETT, L.M.*; DEAROLF, J.L.; THOMETZ, N.M.;
N; SEGARRA, A; BARTHELL, JF; ABRAMSON, C; GIRAY, T; BRYAN, A.; REICHMUTH, C.; HENDRIX COLLEGE,
AGOSTO-RIVERA, JL; Univ. of Puerto Rico, Mayaguez , Univ. of = CONWAY, AR, UNIV. OF SAN FRANCISCO, CA, ALASKA
Puerto Rico, Rio Piedras , Univ. of Puerto Rico Medical Sciences, DEPARTMENT OF FISH AND GAME, FAIRBANKS, UNIV. OF

Univ. of Central Oklahoma, Oklahoma State Univ.; CALIFORNIA, SANTA CRUZ; barrettll@hendrix.edu
kelly.barretol@upr.edu Fiber-type composition of bearded seal (Erignathus barbatus)
Immunofluorescence Staining Method Optimization for Honeybee  locomotor muscle

Brains Bearded seals (Erignathus barbatus) are ice-associated pinnipeds

Honeybees have been used as a model organism for learningseals, sea lions, and walruses) that forage benthically. These animals
behavior and memory. Brain imaging techniques are fundamental foare vulnerable to sea ice loss caused by global climate change. As
understanding how the brain works. Immunofluorescence labelingsuch, understanding more about the unique physiology of this seal
combined with confocal microscopy is a powerful approach to compared to other pinnipeds is important. One approach is to
understand behavior from a molecular standpoint. However, thisexamine the construction of their swimming muscles. In this study,
technique is associated with signal-noise issues related tave examine and report the fiber-type profile of one of the bearded
autofluorescence, fixation and light penetrance. In this study, weseals' locomotor muscles, the longissimus dorsi (LD). Sections of
sought to optimize conditions for staining whole mount Honeybee seven bearded seal LDs were cut using a cryostat and stained for
brains by decreasing fixation-related autofluorescence using NaBH their myosin ATPase activity after basic pre-incubation, as well as
and increase light penetrance using brain clearing methods. Beéor their reaction to myosin heavy chain antibodies (A4.951 - slow
heads were fixed in formaldehyde and stored in a glycol-basedmyosin; SC-71 - fast Ila myosin). The stained sections were imaged,
antifreeze to preserve the tissue, then brains were incubated witlnd the fibers on the ATPase images were placed into three
NaBH,. Immunohistochemical assays were conducted for pigmentcategories: dark, intermediate, and light. The numbers of fibers in
dispensing factor-PDF. Focus Clear™, a reagent that increases tissieach category were counted, and these abundance data were used to
transparency was used before mounting. Results show thatalculate the average fiber-type profile of the bearded seal LD.
autofluorescence is reduced when combining Na&Hh Triton, a Additionally, the diameters of fibers in each of the three categories
detergent that increases tissue permeability. One-way ANOVAwere measured using ImageJ. These properties of bearded seal
analysis on average fluorescence intensity shows significantswimming muscles will be evaluated in the context of
differences between the untreated and treated samples. Images takeamplementary physiological data now available for this species.
from the confocal microscope show a higher amount of optical Furthermore, their fiber-type profile and fiber diameters will be
sections for brains treated with clearing agent due to improved lightcompared to those of the locomotor muscles of other seals, to enable
penetrance on the tissue. Brains incubated with anti-PDF did no&an improved understanding of the species-specific characteristics of
exhibit immunoreactivity. All data shows the techniques used helpedbearded seal muscle.

reduce autofluorescence and increase light penetration.

71-3 BARTS, N*; NIEVES, N; TOBLER, M; Kansas State P1-95 BARTS, N*; TOBLER, M; Kansas State University;
University; barts2@ksu.edu barts2@ksu.edu

Metabolic Physiology of Extremophile Fish Inhabiting Hydrogen Regulators or Conformers? Mechanisms of Sulfide Tolerance in an
Sulfide-Rich Environments Extremophile Fish

Extreme environments are characterized by physiochemicalUnder environmental stress, organisms may adopt two strategies to
conditions that are stressful for most organisms, often resulting inallow for maintenance of organismal function: regulation, in which
modifications to organismal biology. Metabolism is critically organisms actively regulate internal concentrations of a substance to
important for an organism's ability to respond to environmental maintain homeostasis, or conformity, in which internal
stress, as it is directly tied to energy homeostasis. This may beoncentrations of a substance match that of the environment.
especially important for organisms that inhabit hydrogen sulfide Hydrogen sulfide (H2S) environments provide a unique opportunity
(H2S) environments. H2S directly binds to cytochrome ¢ oxidase,to test how these strategies may facilitate adaptation to harsh
disrupting electron transport and inhibiting aerobic ATP production. environments because the candidate pathways for both conformity
Theory suggests that this should result in modifications of metabolic(modification of toxicity targets) and regulation (modification of
physiology in organisms that persist in these toxic environments,detoxification enzymes) are known. H2S is a respiratory toxicant that
however, few studies have addressed this hypothesis in naturahhibits cytochrome c oxidase (COX), which halts aerobic ATP
systems. To test whether variation in metabolic physiology existsproduction, and is regulated by the sulfide:quinone oxidoreductase
between sulfidic and non-sulfidic populations, we measured the(SQR) pathway. Despite the toxicity, populations of Poecilia
metabolic rates of two population pairs of Poecilia mexicana. P. mexicana are known to inhabit sulfidic and non-sulfidic streams in
mexicana has repeatedly colonized H2S springs in Southern Mexicoreplicated river drainages. This replication provides an opportunity to
These replicated colonization events allow for the comparison ofcompare mechanisms of adaptation in response to a single source of
physiological mechanisms used to cope with the extreme conditionselection. Genomic data indicates evidence for conformity (evolution
imposed in these habitats. We used intermittent-flow respirometry toof a sulfide-resistant COX) and regulation (increased gene expression
compare standard metabolic rate (SMR), maximum metabolic rateof the SQR pathway), but the importance of either mechanism likely
(MMR), and aerobic scope (AS) under non-sulfidic conditions and varies among populations. If fish are regulators, tolerant and
closed-chamber respirometry to measure RMR under both sulfidicnon-tolerant populations should differ in the threshold at which
and non-sulfidic conditions. We found that SMR was significantly maintenance of homeostasis fails, but if they are conformers, they
increased in one population of sulfide spring fish, but there were noshould differ in the endogenous concentration of sulfide that results
differences in MMR or AS across all populations measured. Fishin loss of organismal function. To measure mechanisms of sulfide
from sulfidic populations were able to maintain RMR upon exposuretolerance, | utilized mitoA, a molecular probe that binds H2S in the
to H2S, while the non-sulfidic populations showed a significant mitochondria, to determine how internal sulfide concentrations scale
decrease in metabolic rates. This study provides insight into theupon exposure to environmental H2S across different tissues in two
physiological mechanisms organisms use to maintain energypopulation pairs of P. mexicana. This approach allows us to
homeostasis under extreme environmental conditions. functionally test alternative hypotheses generated from next
generation sequencing data.
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P1-250 BASHAR, SJ*; LOPEZ, K; FUSE, M; San Francisco State  P3-108 BASHIER, R*; ALVARADO, S; FERNALD, R; Stanford

University; sbashar@mail.sfsu.edu University; rbashier@stanford.edu
Assessing systemic responses to imaginal disc damage in the Neural substrates within two color morphs of Astatotilapia burtoni
hornworm, Manduca sexta Dynamic coloration is an important trait for concealment and social

A fundamental question in biology is how do organisms sense anccommunication in animals. Among cichlid fish species, coloration is
assess tissue development in proportion to the growth of the wholgarticularly important for males and their nuptial displays. The
body. Growth delay during metamorphosis, the "puberty" phase inAfrican cichlid Astatotilapia burtoni naturally exist in two color
insects, is observed in a number of holometabolous insects whemorphs, blue and yellow, in the wild and within laboratory rearing
there is local damage to regenerative tissue such as the imaginalonditions. Furthermore, dominant males are territorial, sexually
discs. An unexpected benefit of the delay is a period for damagedctive, and aggressive with a rich behavioral repertoire while their
cells to regenerate and minimize disruptions in body allometry. Thisnon-dominant counterparts are drably colored non-territorial males
project attempts to characterize the mechanism of communicatiorwho cannot mate and have a far smaller behavioral repertoire. Body
between damaged imaginal discs and the endocrine center in theolor in A. burtoni is an important social signal with males increasing
hornworm, Manduca sexta. It is hypothesized that the hemolymphthe intensity of their color with a higher social status. Previous work
(blood) carries secreted factor(s) to the endocrine centers and delaysom our lab has shown that blue and yellow morphs confer different
production or release of developmental hormones required to initiatesocial outcomes, with yellow males acting more aggressively and
adult eclosion. In this study, we used SDS-PAGE and western blot tavinning more fights for dominance over blue males, with each
measure changes in (i) developmental hormones via phosphorylatiomorph having different physiological profiles. In this current study,
of the downstream ERK/RSK signaling cascade, and (ii) proteinwe compare the behavioral and neural correlates between blue and
abundance in hemolymph of the damaged larvae, includingyellow morphs of A. burtoni that we generated in the lab. We
insulin-like proteins previously identified as the delay factor secretedemployed the use of behavioral scoring and phospho S6 staining to
in Drosophila melanogaster. This data should ascertain in M. sextadentify neuronal correlates of behavior to specific parts of the brain.
which signals are released from damaged imaginal discs, and that

target endocrine systems to delay development. lIdentifying the

developmental delay mechanism in M. sexta will provide further

insight for how organisms adapt to disturbances in tissue

development and may help us understand similar puberty delays in

human inflammatory diseases. It may also provide a new model

system for addressing the interactions of insulin-like-peptide and

developmental hormones in growth and development in insects.

81-5 BATTISTA, NA*; MILLER, LA; The College of New Jersey, 102-1 BATTLES, AC*; KOLBE, JJ; University of Rhode Island;

University of North Carolina at Chapel Hill; battistn@tcnj.edu ANDREWCBATTLES@GMAIL.COM
A fully coupled fluid-structure-muscle-electrophysiology model in Costs and benefits of urbanization on lizard locomotor
heart development performance

The vertebrate heart begins to pump when its morphology resembleBrbanization alters natural habitat in drastic ways, changing the
a simple valveless tube. The tube is composed of an outer layer a$tructural habitat from forests to buildings and roads, which also
myocardial cells surrounding an inner layer of endocardial cells. Itincreases local temperature, known as the urban heat island effect.
has been proposed that the purpose of the embyronic heartbeat is 8ome species persist under these conditions, but few mechanistic
aid in the growth and shaping of the heart itself in organogenesisstudies exist that assess how organisms adjust to the novel conditions
rather than the delivery of oxygen and nutrients. Heart tubes haven cities. Anolis lizards are an ideal system to test the effects of
been previously described as either peristaltic and impedance pumpsirbanization on locomotor performance because they are particularly
Impedance pumping assumes a single actuation point of contractiorgensitive to changes in the structural habitat, a key axis of
while traditional peristalsis assumes a traveling wave of actuation. Indiversification for anoles, and changes in environmental temperature
addition to differences in flow, this inherently implies differences in because they are ectotherms. But, such disruptions may not
the conduction system, where possible transitions from one pumpingecessarily reduce fitness or influence persistence. Field studies in
mechanism to the other may be possible via a change in actioMiami show that urban areas have an increased proportion of
potential diffusivity. Using an open source implementation of the smooth, vertical structures and that they tend to be warmer than
immersed boundary method, 1B2d , we developed a fully couplednearby natural forested sites. In performance trials on tracks that vary
fluid-structure-muscle-electrophysiology model of the embryonic in incline and substrate roughness, we predict that two species of
heart. We find that differences in the resulting pumping behavior,anoles, Anolis cristatellus and Anolis sagrei, will perform worse
greatly affects the advection and diffusion of a chemical gradientwhen running on smooth, vertical substrates, and will change limb
within the heart tube. These chemical gradients, e.g., morphogengyostures to increase stability. We found that both species sprint
could serve as an essential epigenetic signal required for propeslower and slip and pause more often on smooth, vertical substrates
cardiogenesis compared to an inclined bark substrate. Because operative
temperatures, the body temperature of a lizard not actively
thermoregulating, are higher in urban areas, we expected, but did not
find, that urban lizard populations have higher optimal performance
temperatures. However, the greater availability of warm
microclimates in urban habitats may allow lizards to utilize a greater
portion of their optimal performance capabilities. We demonstrate
that different components of urbanization may influence persistence
in opposing directions; performance decreases due to moving on
smooth structures in urban areas, yet increases from a thermal
perspective due to warmer microclimates available in cities.
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Elucidating the molecular mechanisms for biomineralization using  Mechanical sensitivity of the cranial linkage in Salmo salar

the slipper-snail Crepidula (Gastropoda: Calyptraeidae) Understanding the mechanics behind morphological systems offers

Animals underwent a period of rapid evolution around 500 million insights into their evolution. Recent work on linkage systems in fish
years ago, in what is now referred to as the Cambrian explosion. Thand crustaceans has suggested that the evolution of such systems may
majority of extant phyla descending from that period include depend on mechanical sensitivity, where geometrical changes to
organisms that possess the ability to biomineralize. Large datasets dfifferent parts of a system can have variable influence on mechanical
transcriptomic and proteomic information have been generated tmutputs. While examined at the evolutionary level, no study has
assess whether a conserved biomineralization toolkit exists amongested directly for mechanical sensitivity within a biological linkage
Metazoa. However, a purely bioinformatics approach is unable tosystem at the mechanical level. In this study, we analyze the
reveal how a gene's function contributes to biomineralization. It ismechanical sensitivity of three mechanical outputs of the fish cranial
still not determined whether the gene networks controlling linkage. We examine three measures of kinematic transmission (KT,
biomineralization in different taxa are conserved, or whetherthe ratio of output link to input link rotation) based on a
biomineralization has evolved independently in the metazoanneurocranium input link and three output links: the suspensorium,
lineage. To address this, we are using the calyptraeid gastropodyyoid, and lower jaw. We investigate two specific questions about
Crepidula, as a model organism to understand biomineralizationthe sensitivity of these outputs to changes in linkage geometry: 1)
among mollusks. Crepidula is amenable to genetic perturbationWhat changes in linkage geometry affect the KT of one output link
studies like CRISPR, morpholinos, and overexpression studieswhile keeping the other KTs constant? 2) Which geometry changes
allowing for functional perturbation of genes expressed in the shellresult in the largest and smallest changes to each KT? We addressed
gland. The cell lineages that give rise to the shell gland are knownthese questions using a kinematic model based on the cranial linkage
and we have screened transcriptomes for genes involved in shebf Salmo salar available from the R package linkR. We
patterning and biomineralization in developing embryos and larvaesystematically changed the linkage geometry by altering the positions
of Crepidula fornicata. Expression of the genes within the shell of each joint and calculating the resulting KTs. Our results show that
gland may reveal putative roles in biomineralization. The data will be 1) it is possible to change the geometry such that each KT can be
used to construct a biomineralization gene regulatory network in aaltered without affecting the others, and 2) there are multiple ways to
gastropod mollusk, allowing for comparative studies to be takenalter link length, some of which influence KTs more than others.
among other calcifying members in the Metazoa. These results provide insight into the morphological evolution of the
fish skull and highlight which structural features in the system may
have more freedom to evolve than others, demonstrating the value of
applying mechanics to organismal evolution.

116-3 BAUMGART, SL; Univ. of Chicago; 83-3 BAUMS, IB*; DEVLIN-DURANTE, M; Pennsylvania State
slbaumgart@uchicago.edu University; baums@psu.edu
Does Body Mass Constrain Avian Wing Shape or Sternum Shape? Probing mechanisms of coral acclimatization
Two factors central to flight mechanics in birds are forces exerted byAcclimatization is a non-genetic process by which an individual
the flight muscles on the wing and wing shape that governs itsorganism heightens its stress tolerance after exposure to a stressor.
aerodynamics. Wing shape has been linked to behavior, butUnderstanding mechanisms by which corals acclimatize is urgent
comprehensive morphometric analysis of avian sternum shape hagiven their large population declines in response to increasing
yet to be conducted, even though the sternum anchors the majaiemperatures. There is growing interest in the role methylation
flight muscles and its morphology is very diverse throughout Aves.changes play in coral acclimatization and phenotypic plasticity.
Keel shape and size correlate strongly with flight muscle mass andHowever, because reef-building corals harbor intracellular symbionts
keel position with mechanical advantage. Tracking disparity in wing (genus Symbiodinium ), discerning the relative contribution of host
and sternum morphology would provide a structural basis forand symbiont to acclimatization can be difficult. The Caribbean
comparing flight mechanics between modern birds and extinct taxaelkhorn coral, Acropora palmata, has an uncomplicated symbiosis: it
Here, | examine wings and sterna of 82 "water birds" using associates with just one symbiont species (S. itti') and most colonies
two-dimensional geometric morphometrics on images of wings andalso harbor only one strain of S. ‘fitti'. August of 2014 was the
of ventral and lateral sternal surfaces by applying both homologousvarmest on record for the Florida Keys. By early September 2014,
landmarks and semi-landmarks. The resulting phylomorphospacesiumerous corals species bleached throughout the Florida Keys reef
and statistical analyses reveal a high degree of convergence in botfract. This event provided an unprecedented opportunity to
wing shape and sternum shape. Mapping body mass onto thesenderstand whether methylation status contributes to acclimatization
phylomorphospaces suggests that body mass has less effect aand plasticity in reef corals. Initial surveys of Acropora palmata
constraining wing shape than sternum shape. The plot of wing shapdocumented a range of bleaching response. This response varied
space shows a relatively even scatter of low and high body massesetween reefs but also within single, monoclonal stands of A.
throughout the occupied shape space. The ventral and lateral sternupalmata. Thus, coral clonemates were observed to exhibit different
shape spaces show significantly greater clustering within birds ofbleaching susceptibilities despite sharing identical (clonal)
smaller body masses and a wide spread of sternal shapes within birddymbiodinium communities. Similarly, 16s tag sequencing data failed
of larger body masses. These results suggest that sternurto provide evidence for a correlation between other microbiome
morphology should be taken into account and analyzed with wingmembers and the hosts bleaching response. Instead, reduced
shape to more fully test coevolution, convergence, and disparity ofrepresentation sequencing of the methylated sites within the coral
functional adaptations in the forelimb and girdle for powered flight. hosts' genome indicated a role for methylation differences in
contributing to host acclimatization. Further study of epigenetic
mechanism contributing to coral acclimatization and plasticity are
warranted in the light of rapidly changing shallow marine
environments.
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Single Versus Group Feeding Patterns in Vorticella convalleria From Genes to Fossils: Investigating the Evolution of Axial
Microscopic sessile suspension feeders (MSSFs) are single-celle®atterning in Tetrapods through Deep Time

eukaryotes that live in aquatic environments attached to surfacesMajor evolutionary events in vertebrate evolution were accompanied
They play a pivotal role in carbon cycling, filter 10-25% of coastal by substantial changes in the axial skeleton including modifications
surface water each day, and can remove significant amounts of heavyn the Hox genes. These genes are critical regulators of axial
metals from industrial wastewaters. MSSFs feed on bacteria andlifferentiation into distinct vertebral regions. In contrast to other
debris by creating a fluid flow that varies at different cell body tetrapods, mammals and turtles are constrained in cervical count and,
orientations to the surface. When MSSFs feed with their body at arhence cervicodorsal regionalization. This raises the question if the
angle to the surface, they filter four times more water than if numerical constraint is associated with a common Hox code not
perpendicular. Previous research has observed that single MSSHwresent in their non-constrained extinct relatives. On the basis of
vary this cell body orientation, oscillating angle over time with a recent works that revealed a correlation between anterior Hox gene
consistent pattern. It is unknown why they feed with this pattern, butexpression and vertebral shape, | investigated the cervical vertebral
it is likely important in determining the amount of food intake. column of living and fossil mammals and turtles via 3D geometric
Consequently, understanding this oscillating feeding pattern ismorphometrics. The statistical assessment of shape changes between
critical for understanding the impact of MSSF feeding on the carbonsuccessive vertebrae enabled the establishment of the morphological
cycle. Vorticella, a common MSSF, live both singly and in groups; it subunit patterns in the neck of each taxon which is interpreted to
is possible that different motion patterns may be advantageous foreflect the Hox code. The results indicate that the modularity in the
feeding in groups versus alone. Using cultured Vorticella, we videoneck of the model organism mouse had already been established in
recorded either single or paired Vorticella under the microscope tothe last common ancestor of mammals, but it differed from that of
determine their orientation relative to the surface of attachment.non-mammalian synapsids which display variable cervical counts.
Orientation was described by finding 8, the polar angle and ¢, theThus, the constrained cervical count in mammals is likely to be
azimuthal angle. Motion patterns were compared between single andssociated with a common Hox code not present in early synapsids.
paired Vorticella by comparing several parameters, including During the evolution towards modern turtles the modularity of the
amplitude and frequency of oscillation and average angle for both Bneck diverged into a pleurodiran- and a cryptodiran-specific pattern
and ¢@. Many attributes of motion were similar between paired andwhich appears to be linked to their respective neck retraction mode.
single Vorticella; however, the paired Vorticella exhibited bigger, Despite the numerical constraint, the Hox code is likely to have been
slower motion in @ and a slower motion with the same amplitude inmodified in turtles. The present study provides an important basis for
0 compared to single Vorticella. This opens up the question offuture work investigating the factors that may restrict flexibility in
whether this slower, larger motion of paired Vorticella leads to axial patterning in tetrapods.

improved nutrient uptake when Vorticella are in close proximity to

each other.

P3-171 BOHMER, C*; PLATEAU, O; CORNETTE, R; 87-7 BEATINI, J.R. *; PROUDFOOT, G.A.; GALL, M.D. ; Vassar
ABOURACHID, A; Muséum National d'Histoire Naturelle Paris; College; jubeatini@vassar.edu

boehmer@vertevo.de Effects of Presentation Rate and Onset Time on Auditory

What is a Long Neck? The Effects of Scaling Relationships Brainstem Responses in Northern Saw-whet Owls

between Skeletal Dimensions and Body Size in Birds Auditory brainstem responses (ABR), a type of auditory evoked

Birds constitute a classic example of modern vertebrates with highlypotential, are commonly used to assess auditory processing in avian
variable neck lengths ranging from short necks in songbirds tospecies. However, the technique has never been used in Northern
extremely long, serpentine necks in herons. Since this includes @aw-whet owls (Aegolius acadicus), which are known for their
wide array of small to very large species, this raises the question ofinique auditory adaptations and sensitive hearing. Thus, we
how neck length relates to body size. Furthermore, neck length is noinvestigated two common stimulus parameters - repetition rate and
necessarily an indicator of the number of cervical vertebrae since anset time - to determine how different features of acoustic stimuli
few elongated vertebrae may form an equally long neck as do manynfluence the size and shape of the saw-whet owl ABR. There were
short vertebrae. Despite their long necks, the long-legged flamingosio differences in the size or synchrony of neural responses at the
have only 19 cervical vertebrae, whereas the necks of therepetition rates we tested. This suggests that stimuli can be presented
short-legged swans display 26 cervical vertebrae. This leads to théo saw-whet owls at a relatively rapid rate to maximize the number of
second question of whether there is a relation between the length adbservations from each subject. We also found that noisebursts
cervical vertebrae and other parts of the body. Here, we sampled thproduced significantly larger and more synchronized responses than
mounted skeletons of a diversity of bird species (N=82) andtonebursts at onset times longer than 1 ms. The similar size of
compiled quantitative data of body proportions. We tested the lengthresponses elicited by noise bursts and tonebursts with 1 ms onset
of the cervical vertebrae in relation to body size in order to reveal iftimes indicates that spectral splatter produces an overgeneralized
the avian neck is subject to allometry. The estimators of body sizeneural response following the presentation of tones with extremely
include body mass and femur length. Next, we analyzed theshort onset times. This suggests that stimuli with 2-3 ms onset times
relationship between vertebral length and the length of other bodyshould be used in future ABR studies to balance the trade-off
parts such as skull, trunk, and pelvic limb bones. This enables tdetween neural response synchrony and spectral splatter.

reveal trends in proportion between the neck and other parts of the

skeleton. In addition to vertebral morphology, vertebral number and

size affect the motion and hence function of the avian neck. The

present study, as the first large scale analysis of the scaling patterns

of the cervical vertebral column in birds, provides an important basis

for future work investigating the biomechanical consequences of

these factors.
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3-6 BEATTIE, MC*; MOORE, PA; Bowling Green State University; P1-103 BEATTY , AE*; MARSHALL, HB; GRAZE, RM,;

mollycb@bgsu.edu SCHWARTZ, TS; Auburn University ; aeb0084@auburn.edu

Do Different Diets Fed to Bass (Micropterus salmoides) and Integrating Research in the Classroom: Causal Effects of IGF1
Cichlids (Oreochromis aureus x niloticus) Influence Crayfish and IGF2 on Growth in the Brown Anole Hatchling

(Orconectes virilis) Behavior? Recent work has demonstrated that the Insulin and Insulin-like

Prey often alter their morphology, physiology, and behavior when Signaling Network, specifically the Insulin-like Growth Factor (IGF)
presented with predatory cues. Alteration in behaviors such as habitatormones and their receptors, have been rapidly evolving in reptiles.
use, activity levels, and fluctuating food consumption are Studied extensively in mammalian species, these proteins play many
consequences of non-consumptive effects that can alter the dynamiasssential roles throughout life as key regulators of growth, cell
of prey resources and cause changes in food web structure. One dfivision, metabolism, and lifespan. To address how the rapid
the potentially important key factors in determining predation threatevolution of these proteins may have affected their functional role,
level by predators is the composition of the diet of the predator. Weand the binding affinities with the receptors, it is essential to produce
wanted to test the ability of prey to determine threat level based orspecies-specific IGF proteins. To this end, we collaborated with a
cues produced by predators on different diets. Two different specieCURE course focused on rDNA and gene expression at Auburn
of fish, Micropterus salmoides, a natural predator of crayfish, andUniversity. A national surge to incorporate realistic and novel
Oreochromis aureus x niloticus, a non-natural predator of crayfish,research into laboratory coursework, often integrating a faculty's line
were fed a vegetarian pellet, a protein diet, a heterospecific crayfishpf research, has led to the creation of such courses. In the CURE
and a conspecific crayfish. Anti-predator behavior was tested bycourse, IGF1 and IGF2 were cloned, expressed, and purified from the
placing the prey (Orconectes virilis) in a Y-maze and analyzing thebrown anoles and green anoles (A. sagrei and A. carolinensis
posture, side of choice arena, climbing, walking speed, and shelterespectively). The purified proteins are being used for in vivo
usage of the crayfish. Our results show that the diet of the predatohormonal injections. Species-specific intraperitoneal injections will
and native versus non-native predators alters anti-predatory behaviofse given at four time points (Days 1, 5, 12, and 19) in early
in crayfish. It appears as if diet plays an important role in the development. Snout-vent length, tail length, and mass will be tracked
determination of predatory threat by crayfish. for a period of ten weeks to test each protein's function in early-life
growth and results will be discussed. The effectiveness of the CURE
curriculum will be analyzed over a period of years. Incorporating the
IGF cloning and expression experiment into a classroom setting is
the first step in assessing CURE's success, as well as realistically and
successfully preparing future scientists.

66-4 BECK, M. L.*; ACKAY, C; SEWALL, K. B.; Rivier 56-6 BECKER, DJ*; TEITELBAUM, CS; MURRAY, MH;
University, Koc University, Virginia Tech; beckmichelle@gmail.com ROZIER, RS; LIPP, EK; HERNANDEZ, SH; ALTIZER, SM;
An Experimental Manipulation of Badge Size in Song Sparrows: HALL, RJ; Montana State University, University of Georgia;
Consequences for Male Aggression and Hormone Profiles in daniel.becker3@montana.edu

Urban and Rural Habitats Disentangling the contributions of intraspecific and exogenous

Signal honesty is an essential component of stable communicatiosources of infection on Salmonella transmission dynamics in
systems, but exposure to novel conditions associated withurbanized white ibis

anthropogenic change has the potential to alter relationships betweedrbanization can have interacting and complex effects on wildlife
signals and phenotype, disrupting signaling systems. Previously, wemmunology, behavior, and demography with important
showed that different aspects of melanin-based coloration in maleconsequences for exposure to pathogens and sustained transmission.
song sparrows related to territorial behavior in urban and ruralPredicting how urban habituation influences the transmission of
habitats. Here, we experimentally reduced and enlarged the badge imulti-host pathogens in a single host species requires a mechanistic
both habitats, in a balanced design, to determine if associationsinderstanding of transmission pathways and within-species versus
between badge size and phenotype were plastic across habitats. \trinsic sources of infectious propagules. Here we develop a
assessed the behavioral response to a simulated territorial intrusiomathematical model for the transmission dynamics of the enteric
prior to manipulation and again two weeks post-manipulation. We pathogen Salmonella spp. in urban-feeding white ibis (Eudocimus
also measured body mass and initial corticosterone and testosterorabus) to determine (i) the relative importance of close contact versus
pre and post-manipulation. Based on our previous results, weenvironmental transmission and (ii) whether sustained transmission
predicted that males with reduced badges would increase or maintainan be supported by ibis alone or requires additional non-ibis sources
territorial aggression, have lower body mass, and have greateof environmental pathogen stages. Using data on infection prevalence
corticosterone and testosterone concentrations than males witim urban ibis flocks and detections of Salmonella in soil and water
enlarged badges. We found that males with experimentally reducedrom the same urban sites within South Florida, we assess support for
badges were more aggressive than males with enlarged badges, amdrious transmission routes and sources of infection using Latin
that this was particularly the case for urban males. Urban males witthypercube sampling. Across all possible regions of parameter space,
reduced badges also lost mass while rural birds and urban males wittimulations that assume low effective contact between ibis, high
enlarged badges maintained body mass. However, we found no effeexposure through environmental uptake, a prevalent non-ibis source
of the manipulation on initial corticosterone or testosterone. of Salmonella input into the environment, and high rates of shedding
Together, these results suggest that melanin ornamentation in maley ibis into the environmental pathogen pool provide the most
song sparrows mediates territorial interactions and that urbanizatiorplausible explanations for the observed temporal patterns in infection
influences this response to some extent. However, these behaviorgrevalence. Our sensitivity analysis therefore suggests that urban
changes are unrelated to initial corticosterone and testosteronghite ibis are capable of sustaining seasonal transmission of
concentrations, suggesting an alternative physiological mechanisn8almonella in the absence of other environmental sources.

mediates this relationship.
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P1-254 BECKER, KB*; CRUZ, A; RANZANI, T; WOOD, RJ; 54-4 BEDORE, CN*; HUETER, RE; JOHNSEN, S; Georgia
BIEWENER, AA; Harvard; kbecker@g.harvard.edu Southern University, Mote Marine Laboratory, Duke University;
Exploration of Infundibular Morphology Design Parameters for cbedore@georgiasouthern.edu

Optimal Sucker Strength in Cephalopods Visual Ecology of the White Shark and Shortfin Mako

Cephalopods can hold onto non-porous substrates with high force foWisual function in the high-performance and regionally endothermic
long periods of time while expending minimal muscular energy andsharks is assumed to be superior to that of their ectothermic
are thus particularly inspiring models for soft robots. This is counterparts. These migratory lamnid species, including the white
accomplished in part by inducing vacuum with their hydrostatic shark (Carcharodon carcharias) and the shortfin mako (Isurus
suckers. In this study, we test the hypothesis that infundibularoxyrinchus), are thought to be visually guided predators with eyes
grooves increase the shear force of suckers by distributing theadapted to a wide range of visual habitats. Though shark vision has
vacuum of the acetabular chamber to the interface between théeen of interest to researchers for several decades, most studies are
infundibulum and the target surface. We show that morphologicallimited to smaller, more accessible species. More recently, greater
parameters (shape, size, roughness, direction, and spacing) afccess to large, predatory species enables us to address outstanding
grooves and denticles on the infundibulum affect the load-bearingquestions regarding the role of vision with respect to their life history
capacity of suckers. To isolate effects of specific parameters, we usettaits. To examine visual performance of the white shark and the
3D printed molds and soft silicone rubbers to fabricate an array ofshortfin mako, we used a visual range model developed by Nilsson et
artificial suckers with initial design inspiration taken from Octopus al. (2012). The input parameters included measurements of pupil
vulgaris. The load capacity of the suckers with an applied internaldiameter and focal length, photoreceptor length and peak retinal
vacuum of 90kPa was measured for loading angles ranging from Oganglion cell density, light level, and target size and contrast. Pupil
(shear) to 90° (normal) using a custom fixture in a tensile testingdiameter and focal length were measured from incidental mortalities
machine. The load capacity was recorded as the maximal forceand photographs of live specimens, whereas photoreceptor length and
exerted before failure, (releasing the target surface). Results showerktinal ganglion cell data were taken from previously published data.
sensitivity to the presence of grooves and denticles in the sheaFor sharks viewing a human diver in a black wetsuit in clear, oceanic
direction but not the normal direction. The highest capacity for water, we calculated a visual range of approximately 20m, similar to
designs with a 2 cm wide infundibular disc was 1.7 kg in shear andhuman vision under the same conditions. However, shark vision is
1.75kg in the normal direction. Compared to plain suckers with coarser than humans, so less detail is available to sharks for
smooth infundibula resembling commercial suction cups, radialidentifying objects using their visual system. Because eye size
grooves increased the shear load capacity of a sucker up to 21% armbsitively correlates with both sensitivity and acuity, further
concentric grooves decreased it up to 31%. The results of this studinvestigation across both species size ranges will address the
can be used to better understand the morphological function offunctional significance of the visual system with respect to ecological
suckers and inform the design of artificial soft robotic grasping patterns.

mechanisms for improved load bearing capacity, dexterity, and

energy efficiency.

S11-1 BENNETT, KD; University of St Andrews; P3-74 BENOWITZ-FREDERICKS, ZM*; FIELD, K; SEYOUM,
kdb2@st-andrews.ac.uk EK; HATCH, SA; KITAYSKY, AS; Bucknell Univ., Inst. Seabird
Intersection of Quaternary climate oscillations and the generation ~ Research & Conservation, Univ. Alaska Fairbanks;

of biodiversity: crucial or irrelevant? zmbf0O01@bucknell.edu

The last 2 million years (Quaternary period) have been a period offransient elevations of corticosterone induce persistent changes in
dramatic environmental change with major shifts in distributions and gene expression in growing kittiwakes
abundances of terrestrial and marine organisms. The evolutionar§Exposure to elevated glucocorticoids during development can have
consequences of this were debated during the nineteenth century bldng-term “"programming" effects on phenotype, which are expected
the lack of accurate relative and absolute timescales for evolution antio be mediated by changes in gene expression. We tested the
environmental change inhibited progress. We do now have arhypothesis that transient elevation of corticosterone in semi-precocial
understanding of timescales and detailed palaeoecological work haseabird chicks (Black-legged kittiwakes (Rissa tridactyla)) induces
demonstrated the individualistic nature of species response tshort-term changes in physiology and behavior, but longer-term
environmental change, but lacks a means of determining ancestryeffects on gene expression. From day 10 to day 16 post-hatch,
DNA characterization of modern populations in relation to their free-living chicks from supplementally fed nests were fed (3x/day)
distributions nicely complements palaeoecological results by with oil containing corticosterone (CORT) or oil only, or were
contributing ancestry. Both classic palaeoecology and phylogeneticsion-handled controls (NHC). We measured baseline corticosterone
show a remarkable lack of lineage-splitting (speciation) on theselevels, growth, and behavior. On day 25, we took pectoralis muscle
timescales, although traditional evolutionary theory leads to thebiopsies, then generated a de novo transcriptome assembly and
expectation that major environmental changes (such as ice agegjuantified gene expression. Oral corticosterone induced a short-term
should lead to evolutionary change. This suggests that the factors thdtletected 15 min but not 60 min after administration) elevation of
lead to lineage-splitting, and hence generation of biodiversity, arebaseline corticosterone, and did not affect corticosterone secretion
more likely to found at the level of population dynamics than in the post-treatment, development, or begging behavior of chicks.
realm of major environmental changes. However, 9 days after treatments ended, chicks exhibited differential
gene expression across treatments. A significant downregulation of
immune-related genes in CORT chicks compared to NHC emerged
as the most distinctive pattern (~60% of differentially expressed
identified transcripts). Thus despite the apparent ability to tolerate
acute elevations in glucocorticoids, young kittiwakes carry an imprint
of such exposure that may affect their fitness. Alteration of immune
function has long been recognized as a mechanism linking early
stress with costs that manifest later in life. Here we identify some of
the molecular mechanisms likely to underlie this programming.
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P3-54 BENRABAA, S.A*; DAS, S.; MYKLES, D.L; Colorado State  105-5 BENTZ, AB*; GEORGE, EM; ROSVALL, KA; Indiana

university; saabmora@rams.colostate.edu University; bentza@iu.edu
Transcriptomics of Halloween and ecdysone-responsive gene Tissue-specific Gene Regulation Corresponds with Seasonal
expression in the crustacean molting gland Plasticity in Female Testosterone and Aggression

Molting is necessary for growth and development in all arthropods.Testosterone (T) is considered a key mediator of the trade-off
Halloween genes are expressed in the molting gland (Y-organ or YOpetween mating and parental effort, and as such, decreasing T as the
and encode enzymes that catalyze the synthesis of ecdysteroidreeding season progresses may be adaptive. Prior work has provided
hormones that coordinate molting processes during the premolt stagénsight into the ‘top-down' hypothalamic control of this seasonal
mMTOR activity is required for YO activation and entry into premolt. plasticity; yet, emerging evidence suggests that peripheral
Transcriptomics was used to quantify gene expression in Gecarcinusnechanisms could also be important. Local regulation of T in
lateralis induced to molt by multiple limb autotomy (MLA) or peripheral tissues may be especially critical for females, as it would
eyestalk ablation (ESA) £+ mTOR inhibitor rapamycin. For the MLA allow them to escape the costs of systemically elevated T while
transcriptome, relative mRNA levels of Halloween genes were enabling T-mediated traits, like aggression. To begin testing this
highest in intermolt and early premolt and then decreased during michypothesis, we measured aggression, plasma T, and peripheral gene
and late premolt to their lowest levels 10 days postmolt. expression across the breeding season in female tree swallows, a
ESA/Rapamycin transcriptome showed that Halloween genes angongbird with intense competition and T-mediated aggression. We
ecdysone-responsive genes levels were not significantly differenfocused on the gonad and liver for their role in T production and
from control groups and experiment groups except HR4, whichmetabolism, respectively, and the pectoralis muscle for its role in
showed a transient increase at 1-day post-ESA. Using qPCR, ESAggression; i.e. because nest defense occurs in flight. We found that
decreased mRNA levels of Halloween genes, Neverland andfemales had elevated T during early breeding, but T declined during
CYP18al at 3, 7, and 14 days post-ESA. Ecdysteroid receptoincubation. Gene expression for ovarian steroidogenic enzymes and
(EcR/RXR) binds active molting hormone, which induces serial hepatic steroid-metabolizing enzymes also significantly declined. In
activation of ecdysone-responsive genes. Insect gene sequences warentrast, aggressive response to a simulated intruder remained
used to identify contigs encoding Broad Complex, E75, E74, HR4 relatively robust until chick rearing, suggesting that T levels cannot
HR3, forkhead box transcription factor, and Fushi tarazu factor-1. fully explain variation in aggression. However, steroidogenesis and
The presence of ECR/RXR and ecdysone-responsive genes suggssnsitivity to T in the pectoralis did not compensate for declining T,
that elevated ecdysteroid at the end of premolt and contributes tamplying that enhanced T processing within this performance-related
transcriptional inactivation in the repressed YO in postmolt. tissue does not facilitate aggression during incubation. Instead, other
Supported by NSF (10S-1257732). mechanisms, like enhanced neurosteroidogenesis or neural T
sensitivity, could apply. Collectively, these data highlight important
gene regulatory mechanisms that may underlie hormonal and
behavioral plasticity in females.

110-5 BERGAMINI, RR*; GREENHALGH-ADAM, CD ; P1-68 BERGER, AN*; LOHR, B; CLARK, CJ; Univ. of California,
PROPPER, CR; Northern Arizona University; Riverside, Univ. of Maryland, Baltimore County; aberg009@ucr.edu
Rex.Bergamini@nau.edu Hearing with small ears: Costa's Hummingbird (Calypte costae)
Site-specific Evaluation of Body Shape Response to Contamination Audition

in a Model Fish Species, Gambusia affinis Hummingbirds represent an interesting challenge for sensory

Endocrine disrupting chemicals (EDCs) are globally ubiquitous in processing- they have an extraordinarily small ear (1.3 mm basilar
aquatic systems. Chronic exposure to EDCs can disrupt endocrinpapilla length) and possess only ~1,000 sensory hair cells. As a
functions and cause reproductive impairment in aquatic speciescomparison, the Zebra finch basilar papilla is 1.6 mm and contains
Western mosquitofish (Gambusia affinis) are an ideal model species-3,600 hair cells. The specific consequences of hair cell number and
for EDC exposure studies because they are distributed globally irbasilar papilla length for hearing are not fully known. Some
surface waters, are sexually dimorphic and they exhibit specific shiftshummingbirds produce auditory signals above the frequency of
to secondary sex characteristics in response to xenoestrogens. Lessgeeatest sensitivity for most birds. Costa's hummingbird (Calypte
known about whether exposure affects other growth parameters andostae) vocalizations span 6 to 12 kHz with peak power at 10 kHz
whether there are population differences in response to exposure. Wand they use these signals in displays, suggesting these sounds are
hypothesized that fish body shape differs between populations and imudible. For comparison, most birds hear best from 1 to 5 kHz and
response to exposure to estrogenic compounds. We collected Ghave best sensitivity from 2 to 3 kHz. We predict that the Costa's
affinis from each of two sites differing in their chemical profiles. Fish humminghbird possesses frequency sensitivity that corresponds to the
from each site were exposed in water from their collection sites to Ifrequency range of their song, and an audiogram (graph of hearing
nM ethynylestradiol (EE2) in 0.0002% ethanol (EtOH) or to vehicle. threshold by frequency) that is shifted upward in frequency range
We used geometric morphometric analysis to define morphologicalwhen compared with the audiogram of other avian clades. We
landmarks of bodies and gonopodia and Procrustes superimpositioadapted a go/no-go psychoacoustic paradigm using pure tones and a
to exhibit the variation between the four groups. Canonical variatetwo up, one down algorithm to measure auditory frequency
analysis revealed significant site-related body shape differencesensitivity and intensity thresholds in order to assess the auditory
between populations, and significant differences between treatmenabilities of Costa's Hummingbird. By studying hearing of a
site animals in response to EE2 treatments, with greatest bodgmall-eared organism behaviorally, we will be able to gain more
changes in basal gonopodial width and centroid shape. These resultasight into how ear size and hair cell number might constrain
suggest that a genetic bottleneck in fish collected from the springhearing.

may have resulted in selective forces that acted differentially on

shape between the two populations and limited capacity to respond to

xenobiotic exposure; these shifts in responsiveness to chemical

pollution may affect reproductive success and have possible fitness

outcomes that differ across populations.
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12-5 BERGMANN, PJ*; MORINAGA, G; SCHAPER, EG; 23-3 BERK, SA*; BREUNER, CW; University of Montana;
IRSCHICK, DJ; SILER, CD; Clark University, UMass Amherst, sara.berk@umconnect.umt.edu

Oklahoma University; pbergmann@clarku.edu Stress, Condition, and Sexual Selection in the Mountain Bluebird,
The evolution of snake-like body shape and its bearing on Sialia currucoides

relationships between running and burrowing performance Traits that confer advantages during female choice or during

The evolution of a snake-like body shape in terrestrial animals ismale-male competition are said to be under sexual selection. While
thought to be an adaptation for burrowing, yet this remains largelycondition dependence of sexually selected traits is well supported in
untested. A corollary of this assumption is that one would expect athe literature, condition is difficult to define, leading to confusion in
trade-off between surface running and burrowing performance.the field. Understanding how individual variation in response to
Brachymeles skinks include species ranging from pentadactyl anathallenge affects trait production is an important goal for the field of
lizard-like to limbless and snake-like with intermediate forms, and sexual selection. The endocrine system is an important mediator of
phylogenetic evidence suggests that Brachymeles has evolutionargondition dependence because hormones respond to environmental
lost and then re-evolved limbs. This begs the question of why wouldconditions to regulate internal response and resulting phenotype. The
a burrowing animal re-evolve limbs that were likely lost to enhance hormone corticosterone (CORT) is released by the adrenal glands in
burrowing performance? One hypothesis is that re-evolved limbsresponse to challenge to divert resources towards self-preservation
may differ functionally from ancestral limbs and allow an animal to and away from other purposes. Individuals vary in their stress
break the trade-off between surface running and burrowing. Weresponsiveness (the amount of CORT secreted in response to
tested this hypothesis using 12 species of Brachymeles and onehallenge), and the downstream response of other systems to CORT
outgroup taxon. We related the number of digits (a proxy for how secretion. Using CORT physiology to study sexual selection allows
snake-like a species is) to running and burrowing average andor the exploration of dynamic changes in ornament production
maximum velocity, and maximum acceleration. We also related eachacross environmental conditions. We studied the effects of food
performance measure for running and burrowing to quantify availability and corticosterone physiology on coloration and feather
performance relationships. Preliminary analyses suggested positivetructure in the Mountain Bluebird. We brought 21 hatch year males
relationships between running and burrowing velocity measures, buinto the lab and divided them into three treatment groups with n=7
a trade-off between running and burrowing acceleration. However,birds each; food deprivation (80% food availability), corticosterone
there were positive relationships between numbers of digits and botlimplant (Innovative Research of America), or CORT implant x food
running and burrowing performance. Together, our results suggestedeprivation. Each bird grew one control set of feathers and one
that more lizard-like species were better at both modes oftreatment set of feathers in a paired study design (n=7 birds). We
locomotion. In general, there was mixed evidence for a trade-offevaluated ornamentation, feather structure, and stress physiology in
between the running and burrowing, and no relationship between theesponse to the different treatments to determine how environmental
existence of such a trade-off and body shape. and physiological conditions affect the various functions of feathers.
We will discuss potential trade-offs between survival functions
(feather structure), and internal and external conditions.

68-4 BERKE, SK*; DORGAN, KM; ROBERTSON, A; BELL, S; S8-8 BERMINGAHM-MCDONOGH, Olivia; University of
CAFFRAY, T; WELDIN, E; BUDAI, S; PARKER, R; GADEKEN, Washington; oliviab@uw.edu
K; CLEMO, W; KELLER, EL; Siena College, Dauphin Island Sea Development and Regeneration in the Mammalian Inner Ear

Lab, Univ of South Florida; sberke@siena.edu Some of the first evidence for regeneration of hair cells came from
Long-Term Changes In Infaunal Communities Following The studies of the lateral line organs of fish and amphibians. These
Deepwater Horizon Event. organs consist of mechanosensitive neuromasts distributed along the

Anthropogenic disturbances such as oil spills can present long-ternbody surface. In Uredels after amputation of the tail new neuromasts
challenges for affected communities. This Is especially true in marineare generated in the lateral line organ at the stump and migrate to
benthic environments, where the toxic components of crude oil carform new organs as the tail regenerates (Stone, 1937). Studies by
remain trapped in sediments for years or even decades. The 2010ones and Corwin demonstrated that a low level of ongoing
Deepwater Horizon event was the largest marine oil spill in US proliferation is dramatically up regulated after hair cells in the lateral
history, sending nearly 500 million barrels of crude oil into the line are destroyed by a laser (Jones and Corwin, 1993, 1996). Direct
Northern Gulf of Mexico. We quantified benthic invertebrate time-lapse recordings demonstrated that the regenerated hair cells
communities in Ruppia beds versus unvegetated muds at oiled versusse from support cells (Jones and Corwin, 1993). A similar increase
unoiled sites of the Chandeleur Islands. Shallow benthic communitiesn mitotic proliferation of support cells occurs in fish after various
are dynamic, with considerable seasonal and inter-annual variabilitytypes of ototoxic damage (Hernandez et al., 2007; Ma et al., 2008
A priori, one might predict stochastic processes to obscure anyand Williams and Holder, 2000), and the proliferating cells go on to
fingerprint associated with oiling, especially many years after thereplace the hair cells within 48hours of the insult. Similarly birds can
event. Surprisingly, however, we find clear differences in abundancereplace hair cells in their inner ear sensory organs. In birds there is
taxonomic composition, and functional group at oiled sites. ongoing turnover in the utricle throughout life that can be up
Subsurface deposit feeders appear to be more severely impactedggulated in response to ototoxic injury. The situation in the auditory
consistent with their intimate association with sediments. organ the basilar papilla in birds is different in that there is no
Characterizing the extent to which oiled habitats retain their ongoing replacement yet after ototoxic damage that destroys hair
functional capacity (i.e. biogeochemical cycling, productivity, cells there is a robust proliferative response. Support cells re-enter
advection, bioturbation, etc.) remains an important question. the cell cycle within 16hours and new hair cells appear within 2-3
days. This replacement of hair cells restores function. In this
presentation | will give an overview on recent finding regarding
regeneration in mammalian inner ears. | will also describe some of
our own studies on development of the sensory organs in the inner
ear of the mouse and on our attempts to encourage regeneration.
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74-6 BERNARDS, M.A.; SCHORNO, S; MCKENZIE, E; P1-187 BERTHELEMY, NJ; Weber State University, Ogden;
WINEGARD, TW; OKE, |; PLACHETZKI, D; FUDGE, DS*; Univ. nberthelemy@weber.edu

of Guelph, Univ. of New Hampshire, Chapman Univ.; Effects of Glyphosate and Roundup on the brine shrimp Artemia
fudge@chapman.edu franciscana

Unraveling skein deployment in hagfish slime: Insights from Introduction: The herbicide Roundup and its active ingredient,
transcriptomics and in vitro assays Glyphosate, used for weed control, end up in water where they

Hagfishes defend themselves from fish predators by producingaffects life, including, the brine shrimp Artemia franciscana, from
defensive slime consisting of mucous and thread components thahe Great Salt Lake. The goals of this project were to understandthese
interact synergistically with seawater to pose a suffocation risk toherbicides a) short term effect, b) their long term effect and c) the
their attackers. Deployment of the slime occurs in a fraction of ashrimp stress response. Materials and Methods: In the short term
second and involves hydration of mucous vesicles as well asexposure (a), Artemia larvae were exposed for 48 hours to
unraveling of the threads from their elaborately coiled state to theirGlyphosate and Roundup in concentration ranging froritaQ.0?
full length of approximately 150 mm. Previous work has shown thatand 0 (control, Co) g/I. In the long term exposure (b) larvae were
unraveling of coiled threads (or "skeins") in Atlantic hagfish requires raised in the above solutions in 0,807, 105, 10°, 104 103g/|
vigorous mixing with seawater as well as the presence of mucusGlyphosate concentration. Survival, growth, maturation and fertility
whereas skeins from Pacific hagfish tend to unravel spontaneously imates were recorded. For stress monitoring (c), the up-regulation of
seawater. Here we explored the mechanisms that underlie thesstress proteins hsp22, 70 and 90 was assessed. Results: a) All larvae
different unraveling modes, and focused on the molecules that makend adult were killed by all Glglphosate solutions at2lg|
up the skein glue, a material that must be disrupted for unraveling taconcentration. Mortality rates at 2@/l and below varied with the
proceed. We found evidence that M. glutinosa possesses skein glugype of solution containing the Glyphosate. Shrimp placed thgtD
and that it is less soluble in seawater than E. stoutii glue. Usingor lower concentrations survived as well as the control. b) Shrimp
SDS-PAGE, mass spectrometry, and transcriptomics, we identifiedcould not survive to maturation in Glyphosate/Roundup &tg{Dor
several putative skein glue proteins that are expressed in the slimbigher. Most shrimp matured in about 25 days after hatching, with no
glands of both species. We identified 14 protein sequences that arsignificant difference with the control. Fertility (or the number of
likely glue components, with three of them being highly charged eggs per brood) was the most affected. All shrimp exposed to any
acidic proteins that lack homology with any other proteins. Although type of Glyphosate produced significantly less offspring than the
the ecological significance of the two modes of skein unraveling control (60 or less in the exposed shrimp compared to 78 eggs/brood
described here are unknown, they may reflect differences inin the controls). In addition, an unusual number of aborted eggs was
predation pressures, with selection for faster skein unraveling in thenoticed. ¢c- Heat-shock proteins 70 expression increased with higher
Eptatretus lineage leading to more soluble glue. Glyphosate exposure, suggesting upregulation. Conclusion: The most
noticeable effect of Glyphosate is on fertility and potentially on
embryonic development.

P1-246 BEYL, HE*; BREUNER, CW; University of Montana; P2-77 BHARDWAJ, E*; BERG, O; MULLER, UK; BUSHOVEN,
hannah.beyl@umconnect.umt.edu JT; CSU Fresno; eshanb@mail.fresnostate.edu
Corticosteroid-binding globulin: Evaluation of methods and Can metabolite profiling help explore what causes the small
estimation of free CORT genome in bladderwort?

Life history theory posits an intrinsic trade-off between survival and Bladderworts are carnivorous plants that trap microscopic organisms
reproduction but the proximate mechanisms regulating thesein under-water traps. Bladderworts are remarkable among plants in
tradeoffs are not well understood. The glucocorticoid-driven stresstwo ways: they have one of the smallest nuclear haploid genomes (88
response is thought to mediate this tradeoff. Corticosteroid-bindingMbp) among known angiosperms, and they are the fastest predators
globulin (CBG) likely regulates corticosterone's (CORT) access towith traps that ingest prey within less than a millisecond. The
tissue. CBG varies by species, season, population, life historymechanisms behind re-setting of the suction traps is energetically
sub-stage, sex and changes with acute and chronic stress. Howeveéntensive, and known to generate Reactive Oxygen Species (ROS),
there is still disagreement as to both CBGs role in stress reactivity, asrhich puts these plants under continuous oxidative stress. Whole
well as the best methods for measuring plasma CBG. Charcoal andenome sequencing of bladderwort has revealed that all parts of the
vacuum filtration are the main techniques for measuring CBG. | plant express ROS-detoxification and DNA-repair enzyme genes,
focus on the vacuum filtration method and address the critique ofwhich supports the hypothesis that the mutagenic action of high ROS
temperature's effect on the disassociation constant of CBG. | raractivity increases nucleotide substitution rates. The small genome
CBG assays at two different temperatures (21°C and 41°C) tomight be explained by the prohibitive cost of DNA repair. In this
understand the differences in estimates of the dissociation constargroject, we want to explore whether the trap resetting mechanism is
(Kg). Using house sparrow plasma, | demonstrate aindeed responsible for raising ROS levels in bladderworts. Profiling
temperature-sensitivity of the CBG assay and suggest that we aref plant metabolites using Nuclear Magnetic Resonance (NMR)
under-estimating the amount of free CORT across several speciespectroscopy has already been used to identify ROS activity in
birds, and likely across vertebrates. An understanding of CBG isArabidopsis via detection of stress-related compounds. The
essential to studies involving stress and behavior. usefulness of this approach for studying bladderworts however still
needs to be tested. We developed a protocol to vary the rate of trap
firing and resetting to explore whether increasing trap activity
modulates ROS levels. Our protocol uses two different approaches to
study the effect of trap resetting activity on ROS production. First,
trap age has a strong effect on spontaneous trigger frequency, causing
young traps to reset more often than old traps. Second, mechanical
stimulation (flow) and changing the water ionic content affects firing
rates. We are currently exploring whether those firing rate changes
affect ROS levels in the plant.
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60-5 BHAVE, RS*; REEDY, AMR; SEEARS, HA; KAHRL, AF; P3-241 BIEDAK, N*; BAKER, JA; FOSTER, SA; Clark University;
COX, RM; Univ. of Virginia, Stockholm University; nbiedak@clarku.edu

rsb7bz@virginia.edu Quantification of Phenotypic Variation in Newfoundland

Do back-pattern morphs in female brown anoles differ in Populations of Threespine Stickleback

morphology, behavior, and natural selection? Phenotypic variation in morphology has been well characterized in

While polymorphisms within males have been studied extensively,Alaskan and British Columbian populations of threespine
relatively less attention has been paid to polymorphisms specific tostickleback, with studies demonstrating that the variation is extensive
females. In this study, we focused on a heritable back-patternin a wide variety of anti-predator traits and body shape. In contrast,
polymorphism in females of the brown anole lizard, Anolis sagrei. In the limited published studies of stickleback in eastern North America
most brown anole populations, females have a distinctive backsuggest that there is relatively little among-population phenotypic
pattern comprised of a longitudinal bar, diamonds, or diamond-barsyvariation in anti-predatory armor and body shape. Recent samples
However, in some populations, females can also have a chevron baasbtained from 30 populations of stickleback in Newfoundland, from
pattern similar to that of males. To explore the adaptive significancea wide array of habitats that vary in biotic and abiotic components,
of this sex-limited polymorphism, we used data from an ongoing indicate that the earlier suggestion of relatively limited phenotypic
mark-recapture study of an island population of brown anoles indiversity may need to be reevaluated. Using geomorphic
Florida (n ~ 1000 females across 2 years) to test for differences irmorphometrics plus more traditional measures of specific body parts
morphology, survival, and natural selection between male-like and(for body shape), and measurements and counts of armor features
female-like morphs We found that morphs did not differ in (for anti-predator aspects), | will quantify the degree of variation both
morphology (body size, limb length, head dimensions, dewlap size)within an across populations. Using summary metrics, | will then
or in the strength and direction of natural selection on thesecompare the variability of Newfoundland populations to that of
phenotypes. Although male-like females had lower probability of Alaskan populations, to more rigorously test the original suggestion
survival than female-like morphs as juveniles, this pattern wasof more limited variation. Data acquisition is currently underway for
inconsistent across life stages and years. We also observed ththis comparison.

behavior of these morphs in the wild, in response to staged territorial

intrusions by females of the same and opposite morph. Although the

two morphs did not differ in their probability of attacking intruders,

they tended to display more towards intruding females with the same

back pattern, suggesting that individuals may perceive and respond to

differences in back patterns. Future studies will focus on quantifying

the reproductive success of each morph.

121-1 BIGMAN, JS*; WEGNER, NC; DULVY, NK; Simon Fraser 37-2 BIRK, MA*; SEIBEL, BA; University of South Florida;
University, Southwest Fisheries Science Center, National Marine matthewabirk@gmail.com

Fisheries Service; jbigman@sfu.ca Squids Do Not Breathe Through Their Skin
Vertebrate-wide scaling of metabolic rate and respiratory surface In 1990, a hypothesis was put forth that squids obtain a fairly large
area portion (as much as 50+%) of their oxygen via simple diffusion

The amount of energy devoted to survival, growth, and reproductionacross the skin rather than across the gills. This was proposed
governs the speed of life, or the position of a species on a continuunmitially to explain the paradox of how squids sustain oxygen delivery
of slow to fast life histories. Energy availability is governed by to their tissues despite an extremely high Haldane coefficient.
metabolic rate, which is the rate of resource uptake and allocationAlthough this idea has good theoretical support and has been
Thus, metabolic rate likely shapes life histories, and environmentalgenerally regarded as valid for the two decades since, no empirical
factors act to shape metabolic rate. Yet, few studies have exploreéxaminations have been conducted to assess the validity of this
the relationships between metabolic rate, environmental factors, anéhypothesis. In this study, we examined this claim via manipulative
life history. As metabolic rate is most commonly assessed byexperiments on two squid species, Doryteuthis pealeii and
measuring oxygen consumption in the laboratory, this oftenLolliguncula brevis, by mechanically separating the oxygen
precludes collecting metabolic data for large-bodied, aquaticconsumption through the gill and skin of an intact animal using
organisms. Previous work has suggested that metabolic rate ancespirometry in a divided chamber. We found that this hypothesis,
respiratory morphology are linked, and that the surface area of thalthough enjoying good circumstantial evidence, was not supported
lungs or gills can act as a proxy for metabolic rate. To date, theby empirical examination. In contrast, we estimate that squids at rest
relationship between metabolic rate and respiratory surface area hasbtain no more than 10% of theit, Qutaneously, with the majority

not been explicitly explored. Here, we analyze the utility of using of O, entering via the traditional branchial pathway. We furthermore
respiratory surface area as a proxy for metabolic rate using thee- examlne the theoretical evidence that has supported the cutaneous
theoretical framework of the Metabolic Theory of Ecology. We first respiration hypothesis and discuss its implications in a non-cutaneous
test the predictions of the Metabolic Theory of Ecology by context.

examining the body-mass scaling of metabolic rate in vertebrates.

Then, we compare the body-mass scaling of respiratory surface area

in vertebrates to that of the Metabolic Theory of Ecology predictions.

We finally assess how respiratory surface area fits into the Metabolic

Theory of Ecology framework. Our results show that the allometries

of metabolic rate and respiratory surface area for our vertebrate

dataset scale similarly, and that including respiratory surface area in

the Metabolic Theory of Ecology framework accounts for a

significant portion of the remaining variation.
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133-3 BIRK, MA*; MCLEAN, EL; SEIBEL, BA; University of P2-235 BITTNER, B*; REVZEN, S; Univ. of Michigan, Ann Arbor;
South Florida, University of Rhode Island; shrevzen@umich.edu

matthewabirk@gmail.com What do nematode swimming gaits optimize?

Hypoxia Tolerance Unaffected by Ocean Acidification in Active Work on a variety of organisms suggests that at moderate to high
Squids speeds animals can select their gaits for many goals, optimizing the

There has been concern that ocean acidification may limit thecost of transport, speed, or chances of avoiding injury. Here we
performance of squids due to their exceptionally high oxygen examine the motion of the nematode Caenorhabditis elegans using a
demand and the potential for reduced oxygen supply in acidifiednewly developed geometric gait optimization tool. For animals
waters due to their highly pH-sensitive blood pigments. The critical operating in friction dominated regimes, such as viscous swimming,
oxygen partial pressure PR, is a commonly reported index of the locomotion is governed by a "connection” as used in the theory of
hypoxia tolerance. Defined as the P& which oxygen supply  geometric mechanics. By combining tools of kinematic phase
matches demand, R should serve as a sensitive indicator of the analysis with those of geometric mechanics, our gait optimization
impact of CQ on cardiorespiratory physiology. In this study, we tool models the connection governing a gait, allowing the computer
assessed the effects of €30 to 500 Pa) on the metabolic rate and to climb the gradient of goal functions such as the cost of transport.
P.,;; of two active squid species: Dosidicus gigas and DoryteuthisUsing swimming data kindly provided by the Penn Complex Fluids
pealeii. We found that D. gigas had @TJ]PZ.Z kPa lower than D.  Lab, we validated a Purcell swimming model and discovered that its
pealeii despite similar metabolic rates. The lowgy B D. gigas is moment equation contributed little (< 1%) to the motion per cycle.
consistent with adaptations for its oxygen minimum zone (OMZ) Using a simplified model absent the moment equation, we optimized
habitat, such as high affinity respiratory protein and enhanced gillgaits for extremal motion (maximum displacement per cycle) and for
size. Carbon dioxide had no effect on metabolic rate or hypoxiacost of transport, using the animals' observed motion as the initial
tolerance in either species. Furthermore, considering oxygencondition. We classified the resulting gaits by the mean time
transport parameters (e.g. Bohr coefficient, blogg Bnd blood derivative of absolute curvature, and by the mean power. This gave
PCQ, values, we estimated that an increase in seawatey ®CkD0 4.2+/-.27 [rad/mms] and 74.+/-12. [fW] for the animals, falling close
Pa (1000 patm/ppmv) would result in a maximum change, jnoP to the 5.6 [rad/mms] and 15. [fW] of the optimal cost of transport
0.6 kPa in the absence of active extracellular pH compensation. Sucbait, and further away from the 11. [rad/mms] and 270. [fwW] of the
a change is unlikely given the capacity for acid-base regulation inextremal gait. We conclude that these nematodes motions are
many cephalopods. Moreover, this estimated change is within theconsistent with cost of transport having a significant weight in their
95% CI of the B;, measurement reported here. Thus, it is not choice of gait. Although unused here, our tool is model free, and can
surprising that we found no significant effect of O P, ;.. Squid model the connection from motion captured gait data. This work may
blood-0, binding is expected to be more sensitive to ocean further illuminate how animals select their locomotor patterns and
acidification than in any other marine animal. Therefore, the lack ofallow hypotheses of optimality to be rapidly tested.

effect in squids suggests that ocean acidification is unlikely to have a

limiting effect on blood-Qbinding in any organism.

P3-207 BITTNER, NKJ*; NACHMAN, MW; Univ. of California, S9-8 BIZE, Pierre; University of Aberdeen; pierre.bize@abdn.ac.uk
Berkeley; nbittner@berkeley.edu Effects of the Mitochondrial and Nuclear Genomes on Adaptation
Desert adaptation and water consumption in the house mouse Mus to the Environment and Phenotype of Mammals

musculus A key adaptation of mammals to their environment is their ability to

Life in a desert environment imposes harsh selection pressures omaintain a constant high body temperature, even at rest, under a wide
those who inhabit it. Modifications to decrease water loss, increas@ange of conditions (i.e. endothermy). In cold climates, this is
thermoregulatory capacity, and otherwise thrive in these achieved by an adaptive production of endogenous heat, known as
environments have been well documented in many desert specialist®ionshivering thermogenesis (NST), in the brown adipose tissue
but how do these modifications extend to generalists recently(BAT). This organ, unique to mammals, contains a very high density
introduced to a desert environment? House mice, Mus musculusf mitochondria, and thus the correct functioning of the BAT
domesticus, have been present in the Americas since westeraltimately relies on the correct functioning of its mitochondria.
colonization and have been shown to exhibit variation associatedRemarkably, because mitochondria enclose proteins encoded both in
with environmental differences. Of particular interest is the way in the maternally inherited mitochondrial genome and in the
which populations of mice living in the Sonoran desert have biparentally inherited nuclear genome, one hypothesis is that both
responded to desert conditions over this short time scale. Here, wgenomes and their interaction may shape mammalian NST and other
show mice living in these populations show decreased need ophenotypic traits such as body mass. By housing under similar
preference for water compared with populations found throughoutstandardised conditions wild-derived common voles from two
other biomes in the Americas. We subsequently search for genomidistinct mitochondrial lineages (Western and Central), we show that
signals of selection associated with desert living in these populationsWestern voles have greater NST capacity and were heavier than
We demonstrate that Sonoran desert house mice exhibit uniqu€entral voles. By introgressing these two lineages over more than 10
adaptations associated with the decreased water access of their desgenerations, we then experimentally tested the contribution of the
environment. nuclear and mitochondrial genomes. This shows that BAT weight
and NST capacity were significantly influenced by the nuclear and
mitochondrial genomes, respectively, and that whole animal body
weight was influenced by mito-nuclear interaction. These findings
turn new light on the importance of the mitochondrial and nuclear
genomes in shaping the phenotype and building adaptation to the
environment in mammals.
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58-5 BLACKBURN, DG; Trinity College, Hartford CT; 2-2 BLACKBURN, DC; BLACKBURN, David; University of
daniel.blackburn@trincoll.edu Florida; dblackburn@flmnh.ufl.edu
Yolk Cellularization and Amniote Egg Evolution 3D Anatomical Data for All: The oVert Thematic Collection

Evolution of the amniotic (terrestrial) egg required a new form of Network
cleavage and a new mechanism for processing of yolk forThe oVert (openVertebrate) Thematic Collection Network (TCN)
development. Reptiles are widely assumed to process yolk as dwill generate and serve high-resolution digital three-dimensional data
birds - implying a developmental mechanism that dates back ~34dor internal anatomy across vertebrate diversity. At a network of
million years. However, recent work in our laboratory reveals that digitization centers across the US, we will CT-scan >20,000
snakes, lizards, and turtles cellularize yolk very differently than fluid-preserved specimens representing >80% of the living genera of
birds. In the avian pattern, a vascularized yolk sac surrounds thevertebrates. This will also provide broad coverage for exploration
liquid yolk, and cells that line it progressively phagocytose and digestand research on all major groups of vertebrates. We will generate
the yolk material. In contrast, in the reptiles that we have studied,contrast-enhanced scans to reveal soft tissues and organs for a
endodermal cells proliferate and take up yolk droplets, forming largemajority of the living vertebrate families. This collection of digital
clumps that protrude into the yolk sac cavity. Upon vascularization,imagery and three-dimensional volumes will be open for exploration,
these yolk-filled cells become arranged in a monolayer around eacllownload, and use to address questions related to the discovery of
blood vessel. As a result, the yolk sac cavity becomes filled with anew species, documenting patterns of anatomical diversity and
compact mass of spaghetti-like strands of yolk- coated blood vesselgrowth, and testing hypotheses of function and evolution. Our
Yolk nutrients in non-avian reptiles are thereby digested andnetwork of leading US vertebrate collections will develop best
delivered efficiently into the blood stream for embryonic use. If the practices and guidelines for high-throughput CT-scanning, including
developmental pattern of squamates and turtles is ancestral foefficient workflows, preferred resolutions, and archival formats that
amniotes, the clade leading to birds must have abandoned it in favooptimize the variety of downstream applications. We will also
of a very different pattern. Consequently, the history of the amnioteupgrade the interface and functionality of MorphoSource, an on-line
egg is more complicated than is commonly assumed, and must bdata depository for 3D data of biological specimens, improving its
revised to recognize dual mechanisms for yolk processing amongapacity to explore media, capture standardized metadata, ingest
sauropsids. legacy data from previous and existing projects, supply media
information to data aggregators including iDigBio, and engage
educators and students. To drive the use of these digital specimens by
K12 STEM educators, we will conduct teacher-driven workshops
that generate freely available lesson plans focused on specific science
standards that are based on digital and printed 3D models of
specimens in US museum collections.

P2-199 BLOB, RW*; WILSON, JA; MARSICANO, CA; PANKO, 70-7 BLOCK, B.A. *; GLEISS, A.; CROMIE, M.; DIMITROV, M,;

LJ; SMITH, RMH; Clemson Univ., Univ. of Michigan, SCHALLERT, R.; WILSON, S.; DALE, J.; Stanford U.;
CONICET-Univ. de Buenos Aires, Northwestern Univ., Univ. bblock@stanford.edu

Witwatersrand, 1ziko South African Museum; rblob@clemson.edu  Geared for the Open Ocean: The Biomechanics of Swimming in
Locomotor Kinematics of Fossil Dinocephalian Therapsids Bluefin Tunas

Reconstructed from Three-dimensional Footprint Morphology Bluefin tuna are trans-oceanic migrators known for their efficient

The Gansfontein paleosurface (Mid-Permian, South Africa) preservedocomotion. They possess a range of physiological and mechanical
several footprints, including a trackway attributed to a single adaptations geared towards high-performance swimming. We
dinocephalian (a lineage of non-mammalian therapsids). In contrasequipped Atlantic bluefin tuna with motion-sensitive tags and video
to the straight digital axis indicated by articulated hands and feet ofcameras to quantify the gaits and kinematics of wild fish. Our data
dinocephalians, digit impressions in this trackway are curved, withreveal significant variety in tuna swimming kinematics, ranging from
tips directed toward the trackway midline. To evaluate how suchcontinuous locomotion to two types of intermittent locomotion. The
curved-digit prints were produced, we constructed contour maps tduna carrying these tags sustained swimming speeds in excess of 3 m
measure how the depth of an impression varied within individual s-1 (1.2 body lengths s-1), while beating their tail at a frequency of
prints. We poured milk into prints in successive increments of 2 mm0.9 Hz. Some descents were entirely composed of passive glides,
in height, and traced the perimeters of filled areas on translucentith slower descents featuring more gliding, while ascents were
paper taped to the paleosurface. Contours show features consisteptimarily composed of active tail-beats. While the locomotive
with outward rotation of the hand and foot during stance. For advantages of the tuna's fusiform body shape and endothermy are
example, impressions of digit | are shallow, but impressions of digitwell established, the contributions of their unique musculoskeletal
V are deep. Lateral edges of digit IV impressions are also steepegeometry are less clear. The aerobic red muscle that powers
than medial edges. Thus, depth asymmetry between or within digitswimming is positioned medially, with more of the musculature
shows deeper or steeper lateral edges, consistent with outward fogdositioned anteriorly than posteriorly. The red muscle is connected to
rotation. Finally, distal tips of digit impressions are among the the spine through a network of long tendons and bony ribs. We
shallowest portions of prints; however, local ‘overdeepened'provide new musculoskeletal architecture measurements of tuna red
depressions are present several centimeters from distal digit tipsmuscle, tendon, ribs, and spine, enabled by a novel dissection
indicating that the toes rotated out from their initial point of approach. We developed a two-dimensional musculoskeletal model
placement prior to lifting of the foot off the ground. Despite narrow and kinematic simulation of sustained swimming to assess effects of
spacing between left and right prints, the presence of foot rotationtendon stretch on muscle fiber dynamics. We hypothesize that stretch
during stance supports osteological evidence that dinocephaliansf the elastic tendons allows the muscle fibers to be activated at their
used sprawling, rather than parasagittal limb posture. Close spacingptimal lengths and lower shortening velocities. Quantitative
of prints likely resulted from lateral bending of the body and understanding of the tuna biomechanics could inform the design of
significant cranio-caudal limb excursion, rather than adduction of thebioinspired vehicles. Supported by ONR.

limbs under the body.
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P2-166 BLUM, KP; LAMOTTE D'INCAMPS, B; ZYTNICKI, D; P1-100 BOAG, TH*; ELDER, LE; HULL, PM; SOMERO, GN;

TING, LH*; Emory / Georgia Tech, Université Paris Descartes; SPERLING, EA; Department of Geological Sciences, Stanford
Iting@emory.edu University, Department of Geology & Geophysics, Yale University,
Force Encoding in Muscle Spindles during Stretch of Passive Department of Biology, Stanford University; tomboag@stanford.edu
Muscle Bidirectional temperature effects on aerobic scope limits the

Muscle spindle proprioceptive receptors play a primary role in range-shift capacity of marine fauna

encoding the effects of external mechanical perturbations to theTwo of the many consequences of climate change are the warming
body. During externally-imposed stretches of passive muscles,and subsequent deoxygenation of Earth's oceans. This poses a major
instantaneous firing rates (IFRs) of muscle spindles are associatedcophysiological threat to marine ectotherms, where increasing
with stretch length and velocity. However, there are temperature is traditionally considered to limit aerobic scope (ability
history-dependent transients of muscle spindle firing that are notto elevate respiration above a basal level) unidirectionally by raising
uniquely related to muscle length and velocity, nor reproduced bymetabolic rates beyond the capacity of the animal to take up adequate
current muscle spindle models. These include acceleration-dependesixygen from its environment. In response, range-shifts within
initial bursts, increased dynamic response to stretch velocity if aaffected species to cooler, more oxygenated waters at greater depths
muscle has been isometric, and rate relaxation, i.e., a decrease or higher latitudes is often considered a resultant physiological
tonic IFR when a muscle is held at a constant length after beingstrategy. However, the influence of temperature on aerobic scope in
stretched. We collected muscle spindle spike trains across a varietynarine invertebrates is not well known. Using standard respirometry
of muscle stretch kinematics, systematically altering stretch length protocols applied to intertidal invertebrates from the Pacific, Atlantic,
velocity, and acceleration. We show that muscle spindle primaryand Gulf of Mexico basins, we examined oxygen- and
afferents in passive muscle fire in direct relationship to musclecapacity-limited thermal tolerance in multiple taxa across two
force-related variables, rather than length-related variables. Lineaseparate phyla both with (Annelida; triploblastic) and without
combinations of whole muscle-tendon force and the first time (Cnidaria; diploblastic) circulatory systems. We find that absolute
derivative of force (dF/dt) predict the entire time course of transient,oxygen tolerance (measured as the onset of anaerobiosis, or critical
history-dependent muscle spindle IFRs during muscle lengthening imartial pressure) decreases at temperatures both above and below
passive muscle. Similar to acceleration scaling found previously indistinct taxon-specific optima. These data suggest the loss of
sensorimotor postural responses to perturbations, initial burstventilatory capacity at temperatures colder than a species-specific
amplitude scaled equally well to initial stretch acceleration or dF/dt, optimum may inhibit ectotherms' ability to withstand environmental
though, later transients were only described by dF/dt. The transienhypoxia. This in turn impacts strategies such as migration, which will
increase in dF/dt at the onset of lengthening reflects musclebe both more limited and subject to acclimatization capacity than
short-range stiffness due to cross-bridge dynamics, which play greviously considered.

critical role in history-dependent muscle spindle IFRs in passive

muscle lengthening conditions relevant to the detection and

sensorimotor response to mechanical perturbations to the body.

112-6 BOAG, TH*; ELDER, LE; HULL, PM; SPERLING, EA; P2-57 BOATENG, AA*; YEUNG, NW; KIM, JR; HAYES, KA;
Department of Geological Sciences, Stanford University, DepartmentHoward University, Washington, DC, Bernice Pauahi Bishop

of Geology and Geophysics, Yale University; Museum, Honolulu, HI; boateng.asimah@gmail.com
tomboag@stanford.edu Intermediate Hosts of Angiostrongylus cantonensis in Invasive
Oxygen, temperature, and the cold cradle of animal evolution: a Hawaiian Land Snails from the Island of Maui

paleophysiological perspective on the Ediacaran fossil record Angiostrongylus cantonensis, the Rat Lungworm (RLW), is a

The Ediacaran Period records the earliest evolution of complexparasitic nematode and the cause of angiostrongyliasis, an emerging
macroscopic life, characterized by benthic eukaryotes, spongesinfectious disease impacting public health globally. The geographic
cnidarians, and simplistic burrows made by mobile bilaterians. Theseange of RLW continues to expand with its intermediate hosts, snails.
fossils appear concomitant with geochemical evidence for anHumans may be infected after consuming undercooked or raw snails
increase in atmospheric O2 and oceans that were perhapsarrying the RLW, and recent outbreaks of the disease in Hawaii
significantly warmer than modern. Interestingly, these ‘Ediacara have refocused attention on controlling the parasites spread. While
biota' occur globally as early as 571 Ma in deep-water, aphotic slopehe definitive hosts (rats) are widespread globally, the intermediate
facies, but remain absent in shelf environments until 560-555 Ma.snail hosts continue to spread and establish, and may be key to
The Ediacaran record therefore displays a puzzling 15 Myr periodcontrolling the disease. Understanding of snail taxonomy,
when large complex eukaryotes arose and flourished in bathyaHbistributions, and infection status are critical to developing effective
settings, but did not inhabit shallow-water environments. To exploremanagement and outreach plans. To provide this information, we
this apparent evolutionary pattern, the O2 and capacity limitedsurveyed 73 sites and collected 2,193 non-native snails across the
thermal tolerance of marine intertidal invertebrates with bodyplansisland of Maui, which had 15 cases of angiostrongyliasis in 2017.
functionally analogous to Ediacaran organisms was measured td hirty snail species were identified, and 212 from 32 sites were
better understand the synergistic effect of temperature in low O2tested for RLW using a PCR based assay. Only 14 snails from six
partial pressure (PO2) oceans. Across all measured polychaete argpecies at eight sites were positive for RLW. Previous studies
cnidarian taxa, the onset of anaerobiosis, measured as the criticakported the highest incidence of infection in Parmarion martensi
PO2, was found to vary systematically with temperature above andopulations on the islands of Oahu and Hawaii. This species was
below taxon-specific optima. These data suggest that the aerobionly recently recorded on Maui and is associated with reported
capacity of early macroscopic organisms would have requiredangiostrongyliasis cases there, highlighting the need for ongoing
habitats with relatively stable temperatures. In other words, life maymonitoring of invasives to avoid the continued spread of RLW hosts.
have been excluded from shallow waters in low-O2 redox landscapefesults from this and future work will help increase public awareness
due to seasonal and perhaps even diurnal temperature fluctuationand improve quarantine efforts for invasive species, and aid state and
Ultimately, the evolution of earliest animals in isothermal local agencies in the development and implementation of RLW
deep-marine refugia may represent a physiological consequence aghanagement plans.

Ediacaran oceans characterized by low and dynamic PO2.
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Exploring the use of trimethylamine oxide as an alternative to heat = State University; bodenbro@vt.edu
shock protein 70 with acute elevated temperature in elasmobranchs Examining the role of macrogeographic variables in predicting key
Trimethylamine oxide (TMAO) and heat shock protein 70 (HSP70) phenotypes in a widespread reptile: lessons from the lab and field
are intracellular components directly involved in the thermal stressSpecies with large geographic ranges experience considerable
response, both protecting protein function at elevated temperatureszariation in climate, and are thus key reservoirs of ecological,
This study examines the effect of increasing temperature on thephenotypic, and genetic diversity. Such organisms are excellent
simultaneous regulation of these constituents in vivo. Using twosystems for revealing the process of local adaptation and divergence.
elasmobranch species with innately high levels of TMAO, we Maternal effects, such as nest-site choice, may impact offspring
address whether there is coordination between TMAO and HSP7(®henotypes and survival, and thus have the potential to mitigate the
during a 6°C increase in temperature over 72 hours. The spinyeffects of divergent climatic conditions. Understanding how variation
dogfish, Squalus acanthias, a species with no endogenous synthetio key traits are spatiotemporally distributed across species' ranges
capacity for TMAO, was compared to the smoothhound, Musteluswill improve our predictions of current and future adaptation to
canis, a synthesizing species. There was no difference in plasma alimate change. We examined natural nesting areas in six populations
tissue TMAO content between individuals held at control or elevatedof painted turtles (Chrysemys picta), spanning ~15° latitude, and
temperature in either species. These data suggest that, at the level gfiantified spatial and temporal variation in nest microhabitat
the whole organism, elasmobranchs do not rely on this molecule taharacteristics across the nesting season. At all sites females nested
combat acute thermal fluctuations. HSP70 increased nearly three-foltion-randomly, selecting nest sites with a warmer nesting
with increasing temperature in the white muscle of S. acanthias buenvironment when compared to the area available for nesting in a
not M. canis. The elevated HSP70 in S. acanthias demonstrates thafiven location. Natural nest microhabitats differed among locations,
the characteristically high TMAO content in this species does notbut did not predictably vary with latitude during development for a
confer sufficient protection to offset the denaturing effects of given location. The distribution of our thermal data suggests that
elevated temperature. The lack of HSP70 accumulation in M. canifemales choose nest sites that buffer against developmental minimum
was surprising and may be explained by species-specific differencetemperatures, rather than maximum environmental temperatures.
in thermal range and tolerance, also discussed here. Our findings arEhus, nest-site choice may be unlikely to compensate for the novel
in contrast to previous studies conducted with elasmobranch cells irstressor of rapidly increasing ambient temperatures in these
vitro that show accumulation of TMAO with thermal stress and populations. Elucidating how organisms with temperature-sensitive
subsequent suppression of the HSP70 response. traits persist in these vastly different environments is key to
predicting how they may respond to rapidly changing thermal
conditions predicted under climate change models.

P2-182 BOERMA, DB*; BREUER, KB; SWARTZ, SM; Brown P3-217 BOGAN, SN*; INGRAHAM, M; PLACE, SP; BOGAN,
University; david_boerma@brown.edu Samuel; Sonoma State University; snbogan8@gmail.com

Both Symmetrical and Not: Complex Wingbeat Kinematics Enable  Regulatory Origins of a Lost Inducible Heat Shock Response in
Rapid Recovery from Aerial Stumbles in Bats Antarctic Fishes

All flying animals move through complex environments. Air The perciform suborder Notothenioidae is comprised of Antarctic
turbulence, crowded migrations, cluttered forests, and other factor&nd sub-Antarctic fishes, several of which have lost their ability to
challenge locomotion in nature and require animals to effect rapidrapidly upregulate major heat shock proteins (HSPs) in response to
neuromuscular responses that maintain or restore control whemstress. Rather, inducible HSPs such as the hsp70 and hsp90 families
navigating unsteady conditions. By studying how bats perform are constitutively expressed under normal environmental conditions
recovery maneuvers following perturbations, we stand to gain insightand do not upregulate following oxidative damage to the cell. While
into how they maintain control when challenged by unexpected flightit was initially suggested that the constitutive expression of HSPs
disruptions and therefore make steps toward a broader understandirmgsulted from constant cold-denaturation of the proteome, there is
of flight in complex, naturalistic conditions. Here, we studied how evidence to suggest that the trait is not environmentally controlled.
bats alter wingbeat kinematics to recover from perturbations thatTherefore, it is plausible that the trait is attributed to functional
impart rapid changes in orientation. We developed an experimentahlterations to regulatory elements of the inducible heat shock
system in which we administered well-defined gusts to steadilyresponse (HSR). In order to identify genomic divergence within
flying Carollia perspicillata, which induced behavior that we term Notothenioidae that may confer the loss of an inducible HSR, we
"aerial stumbles"”, and we determined which wing movements theysequenced the complete coding region of the transcription factor
employ to recover. Perturbations to one wing induced body roll, andHSF1 and cis-acting heat shock element (HSE) motifs across the
bats recovered within one wingbeat (~0.1 s) by employing left-right genomes of two members of the notothenid family, the Antarctic
asymmetry in wing extension, but not in humeral elevation and notothen Trematomus bernacchii, which has lost induction of the
depression (flapping angle). During recovery, bats selectivelyHSR, and a temperate notothen exhibiting a classical HSR,
extended one wing using a combination of humeral protraction,Notothenia angustata. We have compared the degree of conservation
elbow extension, and digit abduction. This period of asymmetrical between HSF1 orthologs in T. bernacchii and N. angustata to shed
extension was concurrent with periods of sustained body roll thatlight on differences in the regulation of inducible HSPs among
resulted in recovery. The muscle groups that drive wing notothens. These results, in addition to preliminary data derived from
extension/retraction in bats are distinct from those that control wingHSE sequencing, provide mechanistic insight into how the regulation
elevation/depression. Abandoning symmetrical wing extension whileof inducible proteins is modified to confer constitutive expression or
preserving symmetry for flapping angle to recover from activation during adaptation.

roll-dominated perturbations indicates that bats can independently

coordinate these degrees of freedom, which may be under distinct of

neural control during unsteady locomotion.
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Latent and Interactive Effects of Ocean Acidification and Nutrition  Larval development of Pseudopolydora sp. (Spionidae, Annelida)
Across the Larva to Juvenile Development of an Intertidal from Florida

Gastropod Spionid annelids are small (1 mm-5 cm) tubiculous (tube-dwelling)

Ocean acidification (OA) poses a significant threat to calcifying worms with a pair of long palps, that dominate shallow benthic
invertebrates by negatively influencing shell deposition and growth sediments. Studies on annelid development are relatively extensive,
in high pCO2 and low pH environments. Developmental responses t@lthough spionid developmental diversity has not been investigated
OA are often influenced by interactions between consecutive lifewith confocal laser scanning technology. Here, we describe
history stages and between OA and additional environmentaldevelopment of musculature, ciliation patterns and
variables such as food availability. Effects of pH or pCO2 stressserotonergic-positive elements of the nervous system during larval
incurred during one life history stage can persist throughoutformation in Pseudopolydora sp. Adult worms were collected from
proceeding stages. Abundant nutrition can buffer organismalthe Indian River Lagoon in Florida during summer of 2017, and
responses of calcifying invertebrates to OA. Inversely, nutritional checked for egg capsules. Larval stages were isolated and prepared
stress can function as a co-occurring stressor. It is plausible that théor compound and confocal laser scanning microscopy. Preliminary
nature of such interactions between low pH and low nutrition analyses show progressive anterior-posterior development of
changes as the life history of a calcifying invertebrate proceeds. Wenusculature associated with chaetal sacs, digestive system and larval
reared larvae and juveniles of the planktotrophic marine gastropodody, as well as serotonergic nerves in the brain, circumesophageal
Crepidula fornicata through combined treatments of nutritional stressconnectives, and both cell bodies and axons along a pair of ventral
and low pH to monitor how multiple stressors endured during thenerve cords with posterior growth cones. Serotonergic elements also
larval stage affect juvenile performance. Shell growth respondedare associated with the chaetal sacs, and in planktotrophic larvae, left
non-linearly to decreasing seawater pH, significantly declining and right ventral cords connect in a looping pattern, anterior to the
between pH 7.6 and pH 7.5. Deleterious effects from conditioning atpygidium. Ciliation is extensive and includes multiple compound
pH 7.5 persisted across metamorphosis as a larval carry-over effectiliary cells around the head, on and within the stomodeum and gut,
juveniles that had been reared at pH 7.5 as larvae grew significanthand on the pygidium. Completely circularized trochal bands were not
slower than juveniles derived from pH 8.0 larval cultures. Larval observed in these larval stages. Although developmental studies in
conditioning at pH 7.6 reduced juvenile growth despite the absencennelids have increased over the last decade, the most detailed
of a negative impact on larval growth, demonstrating a latent effect.studies were performed with laboratory cultures of non-model
Optimal larval pH offset the impact of larval nutritional stress on species (e.g. Platynereis dumerilii, Capitella teleta). Comparative
competence for metamorphosis and offset carry-over effects of larvastudies using confocal microscopy with understudied groups will
nutrition on juvenile growth, indicating the importance of broaden our understanding of evolutionary developmental patterns
interactions between OA and other stressors across life historyacross Annelida.

transitions of marine invertebrates.

P3-14 BOLDEN, IW; SERQOY, SK*; ROBERTS, EA; 39-1 BOLINGER, S*; AVERHART, M; DUKE-SYLVESTER, S.
SCHMEISSER, L; KOEHN, JZ; RILOMETO, C; ODANGO, E; M.; JOHNSON, E. |.; RAY, K; BOLINGER, Sarah; University of
BARROS, C; SACHS, JP; KLINGER, T; University of Washington, Louisiana - Lafayette, Audubon Louisiana, American Bird
Pacific Resources for Education and Learning; sseroy@uw.edu Conservancy; sarah.bolinger@gmail.com

Climate-related community knowledge networks as a tool to EFFECTS OF DEPREDATION AND STORM SURGE ON
increase learning in the context of environmental change HATCHING SUCCESS OF LEAST TERN NESTS ON A

Pacific islands, countries, and territories (PICTs) are particularly RENOURISHED SOUTHEAST LOUISIANA BEACH
vulnerable to sociocultural, economic and environmental impacts ofTo help forestall coastal erosion, Louisiana's Coastal Protection and
climate change. Pohnpei, Federated States of MicronesiaRestoration Authority has instated beach renourishment programs,
experiences internal climate variability, severe droughts during Elwhich help reduce the risk of storm surge for coastal marsh and
Nifio, and externally forced variability due to climate change, both human communities and provide ideal habitat for nesting Least Terns
affecting water quality, public health, agriculture and resource because they vastly increase the area of sparsely vegetated open
management. Here, we present the outcomes of a collaboratiobeach. Previous data have suggested, however, that beach restoration
between graduate students and a PICTs-focused non-profihas a mixed effect on nest success for these birds. Increased presence
organization to facilitate a climate-related knowledge network that of mesopredators, which leads to lower hatching success, may in
addresses adaptation to climate-related vulnerabilities in Pohnpeisome circumstances create a population sink associated with restored
Through a series of workshop forums targeting elementary schoobeaches, but nests on restored beaches also appear less likely to be
science teachers, this network established lines of communicatiomestroyed by floods and storm surge. We tested these predictions on
between educators, resource managers, stakeholders anBllmer's Island, in which the Caminada Headlands Phase Il dune
environmental leaders, providing a forum for ongoing information renourishment project was completed in late 2016. To quantify the
exchange to encourage adaptation to climate change in islan@ffects of restoration on nesting success, we used program MARK to
communities. Teacher participation in the workshop forums calculate daily nest survival (DNS) for 287 nests monitored in
developed here further resulted in a marked increase in communitgummer 2017, and modeled nest success with DNS evaluated at
engagement in other local and regional educational venues. Thelifferent intervals. Nest elevation, storm surge, predator density, and
network serves as an interdisciplinary exportable model of asubstrate/vegetation surrounding nests were used as covariates.
sustainable educational partnership and continues to work with localnteractions between extreme high tide events and depredation risk
community members, recognizing the importance of relationships inmay be complex, such that understanding these interactions and how
maintaining a thriving knowledge network. restoration affects these risks is an important pursuit in researching
the effects of coastal restoration on beach-nesting birds.
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New insights into manta ray feeding using a non-clogging, rbomphrey@rvc.ac.uk
self-cleaning filter Aerodynamic imaging and aeroacoustic cues for surface detection

Filtration is ubiquitous in nature and in engineered systems alike.in nocturnal mosquitoes
Almost all filters suffer from varying degrees of particle clogging at Flying animals must perceive and avoid obstacles, often in
the filter pore; however, mantas and devil rays appear to have solveédnvironments deprived of sensory cues. In particular, nocturnal
this problem, allowing the animals to continuously filter particles mosquitoes must divert away from surfaces or land gently when
from large volumes of water without clogging. Previously we visual cues are unavailable, indicating a short-range, non-visual
showed that manta filters develop hydrocyclonic nets produced at theollision avoidance mechanism. We hypothesised that this is
opening of the filter pore; presumably to separate particles smallemediated by mechanosensory feedback, with mosquitoes detecting
than the pore size of the filter through centrifugal forces. Our goal forand reacting to modulations of their own induced aerodynamic and
this study was to document particle filtration at the hydrocyclonic acoustic fields as they enter ground- or wall-effect. We investigated
nets and to estimate filtration efficiency over a wide range of the sensory information available for these two putative mechanisms
planktorrlnPartche sizes (30-300micron) and two densities (1. 053% cm for sensing obstacles through computational fluid dynamics and
2.0gc We suspended biomimetic mobulid filters inside a flow aeroacoustic simulations of low-altitude and near-wall mosquito
tank and fllmed partlcle filtration (particles were 5x smaller than the flight. Our simulations are based on detailed wing kinematics
pore size) at the filter pores. We used dye streams to verify that thextracted from high-speed recordings of free flying Culex
hydrocyclonic nets were acting as the primary mechanism ofquinquefasciatus mosquitoes. Results reveal areas of relative
filtration. Dye streams also enabled us to visualize how changes t@ressure changes that are associated with close proximity to the
the filter (filter orientation, angle of filter, changes to the surface ground and wall planes and that could provide useful information to
microstructure) and fluid velocity affect particle motion at the pore. the flight controller: a mechanism we term ‘aerodynamic imaging'.
Unexpectedly, the hydrocyclonic nets filtered particles using two Using a new computational aeroacoustic simulator, we also
distinct mechanisms. As expected, small particles became entrainedalculated the acoustic pressure distribution around the mosquito in
within the cyclonic flow at the filter and were returned to the the near and far fields. The simulations suggest a strong directionality
pharyngeal flow via centrifugal forces. However particles that in the magnitude and dominant frequencies of the acoustic signature
interacted with the leading edge of the hydrocyclonic nets werethat could be encoded to detect surface proximity and directional
accelerated toward the esophagus, never becoming entrained in thesctors, or for intraspecific communication. Using these insights we
cyclonic flow. Filtering efficiencies for less dense particles ranged built and flew an aerial robotic prototype carrying the bioinspired
between 44-72% depending on the orientation and surface structursensor.
and particle size. Increased particle density resulted in decreased
particle efficiency (36-57%).

52-4 BOND, SR*; BAXEVANIS, AD; NHGRI, NIH, Bethesda, MD;  P3-185 BOND, L*; STRICKLEN, B; GOULD, F; GERMAN, R;

steve.bond@nih.gov Northeast Ohio Medical University; lbond1@neomed.edu
Recursive Dynamic Markov clustering: A novel approach for Coordination of Swallowing and Respiration for Various Feeding
classifying protein families Methods in Infant Pigs

Inferred orthology (i.e., homology via speciation) among genes isAll mammals make a transition from milk to solid food, or weaning.
commonly used to predict gene product function. Orthology is also aThis critical change occurs due to the limited availability of mother's
key consideration when classifying genes coherently and consistentlynilk, and causes changes in the biomechanics of feeding, as well as
across taxa, but the granularity of current prediction tools is toothe coordination of breathing and swallowing. Since the food and air
coarse to resolve clusters of orthologs (i.e., orthogroups) withinpathways cross, we ask whether the timing of a swallow relative to
specific gene families. As a result, classification is generally at therespiration changes with the introduction of new food types. Four
discretion of individual curators manually inspecting gene trees.piglets, aged 26-31 days, were recorded using high speed
Here, we present a method that improves granularity and greatlywideofluoroscopy while drinking milk or feed pellets mixed with
assists with classification. barium. These images provided the exact swallow time, which we
correlated with simultaneously recorded breathing data from a
This new method is called Recursive Dynamic MCL (RD-MCL), thoracic plethysmograph. Data included six feeding sequences per
and it extends the popular Markov clustering algorithm used foranimal: 1 sequence drinking milk from a bowl until satiety; 4
identifying clusters in all-by-all similarity graphs. RD-MCL features sequences drinking 40z from a bowl, immediately followed by no
four key innovations: a shift away from BLASTP-based similarity more than 8oz from a nipple; 1 sequence eating pellets. We measured
metrics in favor of more information-rich multiple sequence the delay between time of the swallow and onset of thoracic
alignments, applying a scoring system to assess the quality ofnspiration. The timing of coordination between swallowing and
orthogroups, dynamic selection of optimized MCL parameters, andrespiration is similar in drinking from a bowl or a nipple. However,
recursive decomposition of orthogroups to account for heterogeneousoordination is more variable in drinking from a bowl. When eating
rates of evolution. solid food, the time between swallowing and onset of inspiration is
shorter, with low variability. These preliminary data suggest there is
Simulation studies reveal improved precision when RD-MCL is a difference in how the infants coordinate respiration cycles and
compared to popular orthogroup prediction software such asswallowing among the different feeding methods used. The two adult
OrthoMCL, OrthoFinder, and ProteinOrtho. These improvements arefeeding behaviors (bowl drinking, eating pellets) differ from the
possible because RD-MCL has been developed specifically forinfant behavior (nipple drinking) in diverse ways. There is a complex
analyzing individual protein families rather than the genomic-scalepattern of change in neural coordination of swallowing and
datasets these other methods excel at. Furthermore, applyingespiration at weaning in response to changes in feeding behavior,
RD-MCL to real protein families (including the innexin/pannexin along with food type. Further experimentation is needed to draw
superfamily and caspases) clearly delineates the internal evolutionargnore solid conclusions, such as working with older pigs to measure
structure of these families and illustrates current weaknesses in ththis coordination post weaning.
naming of genes in public databases, particularly in taxa outside the
Chordata.

RD-MCL is open source and available for reuse without restriction.
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Structural Complexity of Copulatory and Associated Reproductive  Environmental challenges, species interactions, and urban
Structures within the Family Embiotocidae (Teleostei) adaptation

The surfperches (Embiotocidae) are marine coastal fishes distributetrbanization represents one of the most extreme transformations of
along the eastern Pacific Ocean from Alaska to central Bajathe natural world. Most species cannot persist in urban environments,
California. Surfperches are ecologically diverse and live in a varietyand yet some species thrive in cities. What determines which species
of habitats including sandy bottoms, rocky reefs, kelp forests, andmerely persist and which species flourish in urban habitats? Direct,
seagrass beds. Surfperches are among the approximately 500 fisheempetitive interactions among closely-related species can impact
that exhibit internal fertilization and bear live young. During how species respond to an array of environmental challenges, but
copulation, males utilize external copulatory structures (e.g., genitattheir potential role in influencing species responses to urbanization is
papilla, intromittent organs) to transfer spermatozeugmata, largepoorly understood. We used a citizen-science approach to compile a
bundles of sperm into the female reproductive tract. Surfperchdataset spanning 260 of the world's largest cities and 296 species of
copulatory structures have not been fully investigated and are nobird, to test the role of direct competitive interactions and behavioral
well understood. We hypothesized that surfperch male copulatorydominance in determining the occurrence of closely-related species
structure complexity would vary based on the primary habitat utilizedin cities. We use these data to test predictions of 4 alternative
by the species. We used paraffin histological techniques andhypotheses, and find convincing evidence to reject 3 of them and
scanning electron microscopy (SEM) to examine copulatory andsupport only one. In exploring the breadth of these patterns, we find
associated reproductive structures in three surfperch speciesvidence for interesting variation in the role of competition.

occupying different habitats. Walleye surfperch (Hyperprosopon

argenteum) inhabit sandy bottoms and had a genital papilla anterior

to the anal fin, which appears bulbous with posteriorly located paired

fleshy plates. Shiner perch (Cymatogaster aggregata) are typically

found in eelgrass beds and had a genital papilla and paired

intromittent organs located on both sides of the anterior portion of the

anal fin, whereas black perch (Embiotoca jacksoni) that live in rocky

reefs only had paired intromittent organs located anteriorly on both

sides of the anal fin. We have identified several differences in the

complexity of surfperch external reproductive anatomy.

Morphological structures have previously been directly linked with

niche partitioning in surfperches, however our research is the first to

investigate copulatory structures and diverse environments.

105-2 BOOTH, AR*; ZOU, E; Nicholls State University; 16-2 BORGMANS, G*; VAN DAMME, R; University of Antwerp;
abooth@g.clemson.edu glenn.borgmans@uantwerpen.be

Impact of Molt Disrupting BDE-28 on Epidermal Ecdysteroid The (dis)advantages of dominance in a multiple male group of A.
Signalling in the Blue Crab, Callinectes sapidus carolinensis

Polybrominated diphenyl ethers (PBDEs) are environmentally The fact that establishing dominance relations in reptiles often
ubiquitous flame retardants that have been linked with alteredinvolves aggressive behaviour and possible injuries makes it a
endocrine function in a variety of organisms. A recent study concern for zoo management programs as well as private keepers and
identified BDE-28, one of the most prevalent PBDE congeners inscientific research. While male dominance has mostly been
aquatic environments, as a potent inhibitor of crustacean molting, butnvestigated in dyadic encounters, our study looked at dominance in a
the mechanism of its action is still unclear. This study will examine multiple-male group. Ten groups of four A. carolinensis lizards were
the disruptive effects of BDE-28 on epidermal ecdysteroid signalinghoused together to investigate the effects of dominance across
in vitro to illuminate a potential mechanism for molt disruption by multiple contexts such as access to food sources, reproduction and
this PBDE congener. Expression of the N-acetyl-B-glucosaminidasepredation. Our results showed that dominant individuals had priority
(NAG) gene in the epidermis will be used as the biomarker for to food sources while also having a higher risk of predation. No
ecdysteroid signaling. Using the recently developed differences were found between dominant and subordinate males in a
epidermis-with-exoskeleton (EWE) tissue culture method, we will context of reproduction. Dominant individuals did perform more
expose Callinectes sapidus epidermal tissues to varying levels ofocial displays across different contexts. These behavioural results
BDE-28 alone and in combination with the molting hormone 20-HE. are linked to a number of physiological variables such as body
The effects of BDE-28 and the inducibility of NAG will be measured weight, tail width and Heterophil to lymphocyte ratio to get a better
by quantifying NAG gene expression in exposed tissues usingview of the physiological effects of dominance in a multiple male
RT-PCR. Initial results indicate possible suppression of epidermalgroup.

ecdysteroid signaling due to a trend of decreasing NAG gene

expression between exposures to 1 uM 20-HE alone and the binary

treatment of 1 uM 20-HE and 1 uM BDE-28. Findings of this study

will ultimately contribute to an improved understanding of the

mechanisms of molt-disruption by this environmentally important

PBDE congener.
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Assessment of sexual dimorphism of the terrestrial isopod Identifying cAMP-dependent genes and how plasticity induces
Trachelipus rathkei alterations in the nervous system of the sea hare Aplysia californica

In many species, males and females show important phenotypid@he molecule cyclic adenosine monophosphate (CAMP) regulates a
differences. Nevertheless, the evolution of sex-specific traits is notvariety of cellular processes, including neuronal plasticity. Molecules
fully understood, so investigating the evolutionary pathway of involved in the initial CAMP-dependent signaling cascade have been
sexually dimorphic traits could provide insight as to how new geneticstudied, but the molecules "downstream” in the signaling cascade are
information along with novel traits originate. In many terrestrial relatively unknown. To thoroughly characterize the cAMP pathway,
isopod species, males have more and larger bristles on their first andre utilized high-throughput-sequencing to query the nervous cells of
second pairs of legs than females, similar in some ways to the welh classic neuroscience model, the sea hare Aplysia californica. We
studied sex combs of Drosophila species. The goals of thistreated the Aplysia central nervous system (CNS) with a cAMP
experiment are: first, to characterize variation in leg bristle sexualanalog (8-Br-cAMP) for various periods of time to activate the
dimorphism across terrestrial isopod species; and second, to look focellular cAMP signaling pathway. We were able to identify
evidence of convergent evolution at the molecular level by looking atcAMP-dependent genes that are differentially expressed between the
the expression patterns of genes homologous to those involved in thearious ganglia subtypes of the Aplysia CNS as well the abundance
development of sex combs in Drosophila. | expect my results to showof genes within ganglia over the time-course of treatment. We
Scr and dsx homologs to be expressed at higher levels in the first twdiscovered hundreds of differentially expressed transcripts by time
male legs in comparison to other male legs and in any legs ofand tissue. These transcripts encode chromatin-remodeling genes,
females. transcription factors, ion channels and receptors, amongst others. A
portion of the transcripts are uncharacterized and potentially unique
to Aplysia. These uncharacterized transcripts may influence gene
expression by posttranscriptionally modifying RNAs, facilitating
protein-protein interactions, or be involved in novel cell signaling.
We also found long noncoding RNAs (IncRNA) that may be
involved in unidentified regulatory roles within the CNS. Our
transcriptional study of the cAMP-dependent signaling cascade
within the Aplysia CNS can potentially provide a foundation to
understanding the dynamics of this crucial signaling pathway and
specifically its effects on long-term memory and synaptic plasticity.

P1-231 BRADY, KN*; VOISIN, D; WELCH, J; KOVACS, JL; 9-5 BRANDT, EE*; ROBERTS, KT; ELIAS, DO; Univ. of
Spelman College, Georgia State University; California, Berkeley; eebrandt@berkeley.edu
kbrady@scmail.spelman.edu Metabolic Rate and Critical Thermal Limits across Male and
Characterizing the microbiome of honey Female Habronattus Jumping Spider Species

On nearly every surface and inside nearly every organism there ar&@emperature can have wide-ranging and dramatic effects on
millions of tiny microbes that are invisible to the naked eye. Thesepoikilothermic animals across all levels of biological organization,
tiny microbes include bacteria, fungi, viruses, and millions of yet from metabolism to interspecific interactions. Elevational gradients
uncharacterized species. Some of these microbes, known aare a particularly interesting system in which to examine this, as
symbionts, live in symbiosis on or within other organisms. temperatures can vary widely across different temporal and spatial
Honeybees (Apis mellifera), like most insects, host symbionts in theirscales. This study investigates how, across an elevational gradient,
guts. Previous research has identified and characterized nine bacterieletabolic rates and critical thermal limits vary within and between
species clusters that dominate the gut microbiome of honeybeessexes and species of jumping spiders in the genus Habronattus.
While the microbes in their hives and honey have not been as welUsing a repeated measures design, we measured metabolic rate in
characterized, we know that honeybees come into contact with anales and females of six different species in the Santa Rita
variety of microbes while collecting nectar in order to produce Mountains in Arizona: H. clypeatus, H. geronimoi, H. pugillis, H.
honey. The different species of these microbes that are present magonjunctus, H. hallani, and H. virgulatus. After collecting all animals
depend on the season and region the hives that the honeybees aard holding them at lab temperature (~22 °C) for at least 2 weeks we
located in, as well as the gut microbial composition of worker bees inmeasured VCO2 produced using stop-flow respirometry techniques.
the hive. What microbial symbionts are present in honey? Are thesdeach individual was incubated at 7 different temperature treatments
symbionts different as the seasons change? Are there differencedrom 10°-40°C, at 5 degree intervals). We also assessed CTmin and
among hives in different regions? How are these microbes related t&€ Tmax for each sex and species. We found several differences
the ones present in the guts of honeybees? In this study, DNAbetween sexes and species in their thermal physiology. We suggest
meta-barcoding will be used to assess whether there are regional arttlat variation in thermally related physiology corresponds to their
temporal differences in the symbiotic environment of the guts of elevational range and is likely important in driving species
worker bees and the symbionts in stored honey. distributions across the elevational gradient.
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35-4 BRASMER, RH*; RAMIREZ, RW; WOLF, BO; University of P1-298 BRASSEY, CA*; KITCHENER, AC; BEHNSEN, J;

New Mexico; wolf@unm.edu GARDINER, JD; Manchester Metropolitan University;
Comparative Thermoregulation of White-tailed Antelope Ground c.brassey@mmu.ac.uk
Squirrels (Ammospermophilus leucurus) in the Mojave The Role of Sexual Selection in Shaping the Carnivoran Baculum

The White-tailed Antelope Squirrel (Ammospermophilus leucurus) is Genitals often comprise the most morphologically diverse and fastest
a diurnal rodent whose range extends from deserts of the Great Basiwvolving structures within a group. New studies have provided
to Baja California, and thus must cope with high environmental compelling evidence that sexual selection is driving this divergence
temperatures during its day-to-day life. Increased temperatures anth genital morphology, and directly link genital shape to reproductive
increases in extreme heat events from rapid climate change maguccess. Within mammals, the Carnivora are renowned for males
importantly affect the behavior and physiology of these animals inpossessing a mineralized element (the baculum) within the glans of
the future. In order to understand the current performance of antelopéhe penis, which is extremely diverse in shape. Baculum size has
ground squirrels and their overall flexibility we investigated the previously been found to be under direct sexual selection. However,
thermoregulatory capabilities of A. leucurus during summer andthe extent to which baculum shape is driven by sexual selection in
winter at multiple sites with differing elevations. We used Carnivora is unknown, in part due to methodological difficulties
flow-through respirometry to measure resting metabolic rate (RMR), associated with quantifying shape change in such diverse structures.
evaporative water loss (EWL), and body temperatuggigTsquirrels We use a new method (a-shapes) for quantifying shape complexity in
that were exposed to air temperatureg (@nging from 15 - 52 °C.  the carnivoran baculum, outside the traditional paradigm of
Measurements were taken at multiple sites at different elevationsgeometric morphometrics. We hypothesise that baculum a-shape
Zzyzx (900ft asl), Joshua Tree (2500ft asl), Mid-hills (3000ft asl) and complexity will correlate positively with relative testes mass, a proxy
Mid-hills High (5000ft asl). Squirrels were very heat tolerant and for post-copulatory sexual selection. Using microCT data of 77
able to evaporate large quantities of water wheexiceeded [J. species, spanning 11 Carnivoran families, we calculate
While the breadth of the thermoneutral zone (TNZ) at Joshua Treavhole-baculum a-shape complexity, in addition to a-shape
appears to have decreased from the Winter to the Summer, theomplexity at the tip, midshaft and base. Across Carnivora, a-shape
breadth of the TNZ at Zzyzx appears to have broadened. Duringcomplexity of the baculum was positively correlated with relative
summer the mean RMR decreased with increasing altitude and watestes mass, suggesting a role for post-copulatory sexual selection in
5.9, 4.5, and 4.1 mW/g at Joshua Tree, Mid-hills, and Mid-hills High, driving baculum shape. Furthermore, whilst absolute a-shape
respectively. complexity was greatest in the tip, the rate of evolution in a was
fastest at midshaft. This surprising results suggests more attention
should be paid to the baculum midshaft, particularly the urethral
groove and its potential role in protecting the urethra and ensuring
sperm delivery during copula.

P1-80 BRAUN, L/J*; DILLMAN, A; Univ. of California, Riverside; P3-106 BREDA, JB*; FRENCH, KA; KRISTAN, WB; TODD, KL,

Ibrau002@ucr.edu Westminster College, Univ. of California, San Diego;
Entomopathogenic Nematode Infective Juveniles Stimulated by jbredal9@gmail.com

Physical Contact with Host Cuticles Have Enhanced Their Homologous neurons play similar roles in reproductive-behavior
Behavioral Response to Host-Specific Odors circuits

Previous research demonstrated that Steinernema carpocapsa long-standing hypothesis in the field of neuroethology has been
infective juveniles (1Js) exposed to a host cuticle were more attractedhat organisms performing similar behaviors have similar underlying
towards certain host volatile odors. We wanted to test the specificityneuronal circuitry. Recently, though, studies focused on locomotion
of attraction that results from exposure to host cuticle. To do so, Shave shown that this many not necessarily be true. Work in sea slugs
carpocapsae host recognition behavior was analyzed after stimulatingas demonstrated that homologous behaviors can be generated by a
1Js by allowing them to physically interact with Galleria mellonella variety of neuronal connections. Our work looks at reproductive
cuticles. We measured the behavioral response and the percentage floéhaviors and asks whether those behaviors are mediated by the
the population participating in chemotaxis behavior to multiple host same neuronal connections in two species of leech. Research in
odors In volatile chemotaxis assays after the 1Js were exposed to thidirudo verbana has shown that copulatory reproduction is mediated
host cuticle of G. mellonella or a sham control. We found that by a neurohormone, hirudotocin, which is stored in and is released
exposure to host cuticles resulted in a higher percentage of thérom a circuit of characterized neurons called Leydig Cells. When
population participating in chemotactic behavior. We tested whetherthis circuit is stimulated, a progression of fictive behaviors consistent
exposure to live host cuticle or dead host cuticle resulted in awith reproduction is induced. A second leech, Macrobdella decora,
different response and found that a higher percentage of |1Js exposdths the same reproductive strategy as H. verbana, including a similar
to a live host cuticle participated in chemotactic behavior than IJsprogression of behaviors. Using immunohistochemistry and
exposed to a dead host cuticle, but that 1Js exposed to a dead hoslectrophysiology, we have identified Leydig Cell homologs in M.
demonstrated significantly higher participation than was observed fordecora. Additionally, when we inject either M. decora or H. verbana
non-stimulated IJs. To test whether the increase in 1J participation inrvith a hormone similar to hirudotocin, we observe
host-seeking behaviors after exposure to a live host cuticle waseproductive-behavior output that is nearly identical. This may
specific, we exposed stimulated 1Js to a known repulsive odor, andicate that the underlying circuitry is similar. We intend to compare
neutral odor, and a known attractant. We found that stimulation of IJshese species further through electrophysiological characterization of
through physical contact with a host cuticle induces a specificthe Leydig cell network in M. decora. By fulling characterizing the
enhancement of host-seeking behavior to host-specific odors rathelceydig Cell network in both species we will be able to clarify the
than a general increased chemotactic response to all volatile stimulicelationship between reproductive behavior and neuronal circuitry in
Future work will be aimed at elucidating the mechanism throughleeches and give insight as to how neural circuits evolve across
which contact with live host cuticle stimulates increased behavioralspecies.

response.
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114-2 BRESSMAN , NB*; SIMMS, M; ASHLEY-ROSS, MA; P2-127 BREWER, VB*; MABRY, KE; SEWALL, KB; New
Wake Forest University; bresnrl6@wfu.edu Mexico State University, Virginia Polytechnic Institute and State
Where do fish go when stranded on land? Terrestrial orientation University; vbrewer@nmsu.edu

and navigation of the mangrove rivulus, Kryptolebias marmoratus  Effects of Urbanization on Song Sparrow Genetic Structure

It is well-established that many fishes will go onto land for a variety Urbanization fragments landscapes and can impede the movement of
of reasons, from searching for better resources to avoiding predatiororganisms through their environment, which can decrease population
However, little is known about how fish determine where to go when connectivity. We investigated the effects of urbanization on genetic
on land, and which senses they use for terrestrial navigation. Thaliversity and genetic structure in rural and urban populations of song
goals of the present study were to determine which sensory cues thgparrows (Melospiza melodia). We genotyped 211 song sparrows
mangrove rivulus (Kryptolebias marmoratus), a quasi-amphibious, captured at 7 sites along a gradient of urbanization in and around
hermaphroditic fish, use to orient and navigate in an unfamiliar Blacksburg, VA, using 7 polymorphic microsatellite loci. We used
terrestrial environment. In a laboratory setting, K. marmoratus wereGENEALEX and STRUCTURE to assess genetic diversity and
placed on a terrestrial test arena and exposed to a variety of visualenetic structure among capture sites. We found that genetic
stimuli, as well as a slope, to determine the role of visual cues andliversity was comparable between urban and rural song sparrow
the vestibular-otolith system in their terrestrial navigation. Circular populations, and found no significant genetic structure. Other studies
statistics were used to determine the mean direction of travel in eachave found that urbanization is associated with increased genetic
treatment. Overall, K. marmoratus moved (1) toward reflective differentiation among populations of song sparrows. However, most
surfaces, supporting the findings of previous studies that found fishprevious studies have been conducted in more highly urbanized
to use vision - and specifically the reflection of light as a cue - to environments than this study, and have genotyped birds at more
navigate while on land; (2) toward water; (3) toward dark coloration, microsatellite loci. We are currently adding additional loci to our
which may be associated with shade; and (4) toward orangedataset, but results to date are consistent with genetic panmixia in a
coloration. Males showed a stronger preference for moving towardess urbanized environment.

orange coloration than hermaphrodites, suggesting that the response

may be associated with male-male competition, since only males

display orange coloration. A slope also had a significant effect on

orientation, with more movement downhill, suggesting the

otolith-vestibular system is important for the terrestrial orientation of

K. marmoratus. By understanding the orientation and navigation of

extant amphibious fishes, we may be able to infer how sensory

biology and behavior evolved in relation to the invasion of land by

amphibious vertebrates millions of years ago.

26-3 BRINK, KS*; CHIBA, K; RICHMAN, JM; University of 2-1 BROCKLEHURST, RJ*; MORITZ, S; CODD, J; MANNING,
British Columbia, University of Toronto; brinkkir@dentistry.ubc.ca  PL; BRAINERD, EL; SELLERS, WI; University of Manchester,
Timing of Tooth Development and Tooth Replacement in Brown University, College of Charleston;

Homodont and Heterodont Dentitions robert.brocklehurst-2@postgrad.manchester.ac.uk

Patterning of the vertebrate dentition is an extensively studied topidMaking Morphology Move: XROMM Ventilation Kinematics of

in the fields of palaeontology and developmental biology. It is well Extant Archosaurs and Reconstructing Rib Motion in Fossils

known that animals with continuous tooth replacement Both modern birds and crocodilians have derived respiratory systems
(polyphyodonty) replace their teeth in distinct waves around thewith divergent morphologies. This is coupled with divergent
mouth, the timing of which is predictable over long time periods. The modifications to the ribcage, and differences in the mechanics of
slowing of tooth replacement in the synapsid lineage has beerventilation between these two groups. However, understanding the
posited as one of the key mechanisms in the evolution of diphyodonto-evolution of ribcage morphology and ventilation mechanics in
(one replacement) heterodont dentitions from polyphyodont, living archosaurs has been hindered by a lack of integration between
homodont ancestors. As most studies on the patterning and timing dkinematic and anatomical data, which in turn creates difficulties in
polyphyodonty have focused on homodont animals, the relationshigreconstructing motion in fossils. Here, we employ a joint-based
between tooth size and shape and wave replacement patterns &pproach to represent both bone morphology and motion. In vivo rib
unknown. Using historical x-ray data of polyphyodont homodont kinematics were recorded during ventilation in living crocodilians
(Iguana, n=12) and heterodont reptiles [Dracaena (n=2), Varanusand birds using XROMM (X-ray reconstruction of moving
(n=3), Teius (n=2), and Alligator (n=2)] collected monthly for up to morphology), with motion measured relative to the articular surfaces
two years, the timing of tooth development versus tooth replacemenbf the costovertebral joint; axes of rib translation and rotation were
can be determined. Results in all animals show normal, predictablelefined with respect to specific homologous landmarks on the ribs
wave replacement patterns in the dentition. In the homodont Iguanaand vertebrae. This approach then served as the basis for "scientific
the timing of tooth development and tooth replacement is tightly motion transfer", applying motion patterns observed in modern
correlated. However, in the heterodont reptiles, the developmentabrchosaurs to their fossil relatives- specifically, non-avian dinosaurs-
time is different between teeth: smaller teeth take one or two monthsn a framework grounded in the anatomy of the costovertebral joint.
to develop before eruption, while larger teeth take up to five months.This new approach provides a testable and repeatable way of
Additionally, replacement waves slow throughout the life of the predicting ventilation kinematics in extinct taxa. Morphometric
animal as teeth get larger with subsequent replacements. The resulemalysis of archosaur vertebral morphology suggest that dinosaurs
of this study in reptilian model organisms suggest that larger, morehad costovertebral joints most similar to modern birds, and may have
complex teeth take more time to develop than smaller, simple teeth immployed bird-like rib kinematics. However, the initial XROMM
the same jaw. Therefore, the slowing of tooth replacement ovemresults also show that bony morphology alone is not a good predictor
evolutionary time is likely a key mechanism in the development of of rib motion, and greater consideration should be given to the
heterodont dentitions. soft-tissue anatomy of the costovertebral joint.
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27-1 BROTHERS, JR*; LOHMANN, KJ; University of North P2-180 BROWN, CE*; DEBAN, SM; University of South Florida;
Carolina; brotherj@live.unc.edu cbrown43@mail.usf.edu

Magnetic Navigation and Natal Homing in Mass Nesting Sea Jumping in Arboreal Salamanders: The Role of the Hind Limbs
Turtles Jumping performance can have important implications for an

Diverse animals migrate tremendous distances before returning t@nimal's fithess by expanding its ability to evade predators and alter
reproduce in the same location where they began life. An extremeéts microhabitat. Jumping in terrestrial plethodontid salamanders is
example of this behavior called natal homing culminates in Ostional,achieved through lateral bending and rapid unbending of the trunk,
Costa Rica, where hundreds of thousands of sea turtles return to neah action powered by axial musculature. Scansorial plethodontids,
in synchrony on a 4km stretch of beach. Despite strong evidence thatome of which are known to utilize arboreal habitats, tend to have
all sea turtle species display natal homing, little is known about howmore robust limbs and digits, but their jumping has yet to be
it is accomplished. One recent idea, known as the geomagnetidescribed. For salamanders occupying canopy niches, jumping could
imprinting hypothesis, notes that sea turtles detect Earth's magnetibe an efficient approach to descent in response to environmental or
field and use it to navigate. Moreover, Earth's field varies across theredatory cues. Given differences in morphology and habitat use it
globe and different geographic areas are characterized by uniqustands to reason that scansorial plethodontids differ in both jumping
magnetic signatures. Thus, hatchling turtles might learn the magnetibiomechanics and performance when compared with terrestrial
coordinates of their natal beach and use this information to return aplethodontids. We compared jumping kinematics in several species
adults. To investigate a central tenet of this hypothesis, that adulof plethodontid salamanders, including arboreal species of the genus
turtles use magnetic navigation to locate the nesting beach, wéneides, using high speed imaging and kinematic analysis.
traveled to Ostional and captured female turtles as they crawled ont&alamanders of the genus Aneides exhibited lower average total and
the beach. We tethered each turtle in a water-filled arena inside aelative jumping distances when compared with the terrestrial
magnetic coil system designed to precisely control the magnetic fieldplethodontids Eurycea, Desmognathus, and Plethodon, possibly due
within the arena. We then exposed the turtles to the magnetido more subtle trunk bending. The kinematic analyses suggest that the
signature that exists 500km northwest of the nesting beach, a locatiohind limbs contribute significantly more energy to jumping in
within the turtles' migratory range, and monitored their swimming arboreal salamanders when compared with closely related terrestrial
direction in response. If turtles use Earth's field to identify their natal species that rely primarily on trunk bending and unbending. This
beach we expect them to swim southeast in response to this magnetsuggests an alternative, previously undescribed jumping mechanism
displacement. Initial analyses confirmed this prediction: in responsein salamanders that may reflect an arboreous lifestyle. Future
to the magnetic field that exists 500km northwest of the nestingresearch will focus on the aerial descent of climbing salamanders
beach turtles were, as a group, significantly oriented southeast. Thesgter a fall or jump.

preliminary findings are consistent with the geomagnetic imprinting

hypothesis and suggest turtles use magnetic navigation to locate their

nesting beach.

P2-150 BROWN, ER*; PAVLICK, CR; PETANIDOU, T; P3-122 BROWN, K*; MCCANN, M.K; BIGGAR, E; ZIATEK, S;
TSCHEULIN, T; GONZALEZ, VH; AGOSTO-RIVERA, JL; PUMILIO, J; JIMENEZ, A.G.; Colgate University;
HRANITZ, JM; BARTHELL, JF; University of Massachusetts kbrown@colgate.edu

Amherst, Bloomsburg University of Pennsylvania, University of the The utilization of soundscape ecology to measure and track
Aegean, Mytilene, GREECE, University of the Aegean, Mytilene, changes to biodiversity in the forests surrounding Colgate

GREECE, University of Kansas, Lawrence, University of Puerto University

Rico, Rio Piedras, University of Central Oklahoma, Edmond; An ecosystem is characterized by a number of geographic and
emirbrown@umass.edu biological factors, but often overlooked is the role of sound in an
Temporal Niches of Two Pollinating Bees of Field Bindweed ecosystem. Soundscape ecology is the study of the acoustic
(Convolvulus arvensis, Convolvulaceae) component of an ecosystem, which is made up of three types of

On Lesvos (GREECE), we studied the temporal foraging behavior ofsound: natural sound from living organisms (biophony), natural
two primary bee pollinators of field bindweed (Convolvulus sound not from living organisms (geophony), and sound generated by
arvensis), a native weed of the Mediterranean region. We observetiumans (anthrophony). These sounds, their sources, and their
Lasioglossum malachurum, a eusocial generalist, and Systrophanteractions can often reveal important information about the
curvicornis, a solitary specialist, to be abundant pollinators of C. environment. As Colgate University continues to make decisions
arvensis on the island. Knowing both species compete for C.about how to manage its landscape and forested areas and
arvensis, we hypothesized the bees have different temporal foragingemperatures continue to rise due to climate change, soundscapes can
niches. Visitation in quadrats at two field sites revealed temporalreveal how these changes impact biodiversity and abundance in the
niche separation, wherein L. malachurum visited C. arvensis earlyforested land around campus. Thus, by recording and analyzing the
while S. curvicornis visitation peaked later in the morning. To further soundscapes of Colgate University's forests, we can measure the
understand the niches of these two species, we used multiple linedrealth of this land and track changes that occur over time. While
regression to test for relationships between visitation and fivemany organisms can be heard in these soundscape recordings, the
environmental variables: the number of partially open C. arvensismost acoustically prominent are migratory songbirds that reside in
flowers, the number of fully open C. arvensis flowers, relative the forests during the summer. As a result, we collected recordings
humidity, temperature, and light intensity. S. curvicornis visitation with the intention of focusing on the vocalizations of birds. We used
was positively related with the number of fully open C. arvensis microphones to gather soundscape recordings from specific locations
flowers. L. malachurum was positively related with the number of in the forests around Colgate University at dawn and dusk, the times
partially open C. arvensis flowers and the number of fully open C. of the day when birds are most vocal. Using R software, we
arvensis flowers. Visitation by L. malachurum was negatively computed indices for measuring biodiversity and the levels of
associated with light intensity. These results confirm our anthropogenic disturbance within the forest. We found that as
observations that L. malachurum visited C. arvensis early in thetemperatures rose across the summer season, the levels of bioacoustic
morning when the flowers were only beginning to open while S. activity decreased within each recording, implying that of rising
curvicornis visited the flowers only when they were fully open. temperatures may increase biological silence in these ecosystems.
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P3-133 BROWN, KN*; JACOBS, MW; McDaniel College ; P3-127 BROWN , E*; FERNANDEZ , A; METZLER, E;
knb004@mcdaniel.edu PAVLICK, C; RIVERA-FIGUEROA, V; SALAGUINTO, T;
How do Large Conspecific Predators Affect the Behavior of GONZALEZ, V; AGOSTO-RIVERA, J; HRANITZ, JM;
Juvenile Carcinus maenas? PETANIDOU, T; BARTHELL, JF; Univ. Massachusetts, Univ.

Within intertidal ecosystems smaller organisms in high density Maryland Baltimore County, Salem College, Bloomsburg Univ.,
populations face predation from larger organisms and competitionUniv. Puerto Rico, Rio Piedras, Whitman College, Univ. Kansas,
from similarly sized organisms. As a result, they may experience aUniv.Aegean, Univ. Central Oklahoma; jbarthell@uco.edu
trade-off between foraging and sheltering. Across North America Carpenter Bee Foraging Patterns at Chasteberry Bushes (Vitex
Carcinus maenas, or the European green crab, is an invasive speciesgnus-castus L.) on the Greek Island of Lesvos
The behavior of juvenile green crabs is understudied. We previouslyA mark-recapture study of carpenter bee (Xylocopa) species at
found that smaller juvenile crabs (5-10 mm carapace width, CW)chasteberry bushes (Vitex agnus-castus) was conducted on the island
spent a larger proportion of their time sheltering than larger juvenilesof Lesvos (Greece). Bees were color-coded with paint marks so as to
(20-25 mm CW). Since green crabs are known to be cannibalistic atdentify their capture sites; collections were repeated during a
high densities, we hypothesized that the difference in shelteringcomparable period of time on subsequent days. White and blue
behavior between small and large juveniles might change with themorphs of the bushes of this plant species were specifically
presence of a conspecific predator (30-40 mm CW). In an artificial compared with one another to detect a preference by carpenter bees
setting, crab behavior was studied through video analysis.for either color. Although return rates were too low to detect
Preliminary data suggest that small crabs in the presence osignificant differences in foraging fidelity by any carpenter bee
conspecific predators allocate more time to sheltering. Large crabs irspecies, we did note that, during our collection efforts, three species
the presence of conspecific predators spent more time foraging. Af carpenter bees foraged in a manner that suggests they have
shift in behavior of smaller individuals in the presence of predator differing circadian rhythms: matinal, diurnal and/or crepuscular. Our
may provide information on tradeoffs and conflicts individuals results most likely reflect differences in spatial and temporal foraging
experience within a population. Understanding conspecific preyscales wherein the relatively large-bodied and strong-flying carpenter
behavior in the presence of a predator may lead to a bettebees traverse greater distances during the earlier and later periods of
understanding of demographical conflicts within C. maenas andthe day in order to avoid intense heat. The smallest species, Xylocopa
potentially other decapods. violacea, was collected more often during the heat of the day while
the remaining species, Xylocopa oliveri, visits only very early or very
late in the day. These findings may have implications for
understanding how body size relates to foraging times and as a
thermoregulatory response to daily temperature cycles. Indeed, we
predict that the circadian rhythm cycles endogenous to the bees will
reflect their foraging habits.

P1-208 BROWN, , S*; NAGLE, L; AHEARN, GA; Univ. of North P2-15 BRUSCH IV, GA*; KAMINSKY, B; LOURDAIS, O;

Florida, Jacksonville; gahearn@unf.edu DENARDO, DF; Arizona State University, Centre d'Etudes
Ocean acidification: Effect of pH on calcium uptake by gill Biologiques de Chizé, France; bruschg@gmail.com
branchiostegites of American lobster, Homarus americanus The Relationship Between Maternal Hydration and Immune

Atmospheric CO2 interacts with seawater to cause a decrease ifunction: Impacts on Egg and Offspring Quality
oceanic pH. Lowering the pH of oceanic waters results in dissolutionThe immune system is essential for survival and its performance can
of the calcium carbonate exoskeletons and shells of many marineary depending on the physiological state of the organism (i.e.,
invertebrates. This study aimed at determining whether increase@nergetic state, life-stage, etc.). Much of the current research into
proton concentrations at lower pH levels lead to a decrease inmmune function dynamics has focused on energy balance as the
calcium uptake by animal gills. Transport competition between thedriver of changes in immune function; conversely, the role of water
two cations may lead to reduced calcium availability at sites of has received little attention. Water is a fundamental resource and
calcification. Lobster branchiostegite epithelia were removed from essential to life; dehydration typically has negative impacts on most
both gill chambers, homogenized in hypotonic buffers, and major physiological functions although recent research has found a
differentially centrifuged resulting in a semi-purified pellet of plasma positive relationship between dehydration and innate immune
membrane vesicles. Vesicles were loaded with a mannitol medium aperformance. However, these studies examined the effects of
pH 7.0 and incubated for 10 min in a similar medium containing 1 dehydration on immunity in adults and did not explore how maternal
mM 45CaCl2 at pH 6.0, 6.5, 7.0, 7.5, 8.0 and 8.5. 45Ca uptakes atlehydration might affect her reproductive output. Thus, we examined
pH 6.0, 6.5 and 7.0 were low and not significantly different from one the trans-generational effects of hydration state during gravidity in
another (p > 0.05), likely representing non-specific binding. 45Caadult female Children's pythons (Antaresia childreni ) and how
uptake increased significantly (p < 0.02) from pH 7.0 to 8.5 with hydric imbalances impact egg and offspring quality. Females were
maximal uptake at the highest pH. 45Ca uptake at pH 6.0 was a&ither given access to water or water restricted while gravid, and we
linear function of calcium concentration, suggesting increasedevaluated osmolality and innate immune function of freshly
non-specific binding with elevated 45Ca concentration. In contrast,oviposited eggs. We also dehydrated late-stage eggs, and then
45Ca uptake at pH 8.0 was a biphasic function of calcium collected body fluid samples from control and dehydrated embryos 3
concentrations, suggesting the presence of a putative calciuntdays prior to hatching. We detected no negative effects of maternal
transporter plus non-specific binding. Results support the presence alehydration on the oviposited eggs, suggesting the eggs are buffered
at least one gill branchiostegite calcium transport protein that wasfrom maternal hydric state. Additionally, we found that neonates just
inhibited by increasing seawater proton concentrations. prior to hatching are prone to dehydration and that it is positively
correlated with increased innate immune performance, similar to
adults.
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141-3 BRUSCH IV, GA*; KAMINSKY, B; LOURDAIS, O; 141-4 BRYLA, A*; DZIALO, M; DEMORANVILE, K;
DENARDO, DF; Arizona State University, Centre d'Etudes SADOWSKA, ET; TROST, L; PIERCE, BJ; MCWILLIAMS, SR;
Biologiques de Chizé, France; bruschg@gmail.com BAUCHINGER, U; Jagiellonian University, University of Rhode
Internal Source of Metabolic Substrates Used for Reproduction Island, Max Planck Institute for Ornithology, Sacred Heart
Varies Based on Female Hydration State: Muscle as an Internal University, University of Rhode Island;

Water Depot. amadeusz.bryla@doctoral.uj.edu.pl

Water is an essential resource, and animals obtain water as freBietary Unsaturated Fatty Acids Affect Oxygen Delivery System In
water, dietary water, and metabolic water. However, when sources oMigratory Birds

new water are limited, animals can reallocate water within their Saturation level of fatty acids (FA) in birds' tissues is known to affect
body. Recent research suggests that organisms under dehydratirtbe energetic costs of short and long-term flights: polyunsaturated
conditions may increase the catabolism of muscle as a means datty acid (PUFA) fed birds fly about 10% cheaper compared to
maintaining water balance, since muscle contains a greatemonounsaturated fatty acid (MUFA) fed birds, but the underlying
proportion of water than does fat, yielding more water for mechanism remains unknown. Membrane hypothesis, proposes that
reallocation. We investigated the interactive effects of reproductivethe saturation level of FA affects the fluidity of cell membranes and
investment and water deprivation on fat and muscle catabolism inthus their functions across membrane processes. Specifically, FA
female Children's pythons (Antaresia childreni), a species thatcomposition of red blood cells (RBC) membranes can affect their
reproduces during a highly food- and water-limited dry season. Bothdeformability and thus cost of transport of blood. We fed 37
reproductive and non-reproductive snake were maintained at &uropean Starlings with either a diet rich in PUFA or MUFA and
constant temperature and without food. Half the females of eachsplit each diet group into flying birds (about 900 km in a
group were deprived of water for three weeks at the time whenwind-tunnel) and non-flying birds. For all birds, we measured basal
reproductive females were gravid. We used several morphometrianetabolic rate (BMR) and haematological variables (HVs)
and biochemical assessments to measure changes in lipid and protefhaematocrit, haemoglobin content, number and size of RBC).
catabolism when reproductive females were in late vitellogenesis andNeither BMR, nor any HVs were different between diet and training
late gravidity. Not surprisingly, we found that both protein and fat groups. The relationships between BMR and both, haemoglobin and
catabolism was significantly greater during vitellogenesis comparedhaematocrit were significantly affected by diet, not training
to the gravid and non-reproductive states. Of greater interest{individual correlations BMR-haemoglobin and BMR-haematocrit
reproductive females that were water-restricted during gravidity for each diet did not differ from 0). Significant interactions suggest
catabolized significantly higher amounts of muscle than did different diet effect on HVs. Significant contribution of HVs, here
non-reproductive females or gravid females with access to water. Ouhaemoglobin content and haematocrit, to whole animal energy
results provide evidence that, when water availability is limited, expenditure might be even more pronounced when considering flight
muscle can serve as a depot for reallocation to othercosts instead of BMR. Lower heart-specific energy use for

water-demanding processes. circulation of blood caused by lower blood viscosity due to more
deformable cells for PUFA-fed birds may contribute to differences in
flight costs.

125-7 BRZEK, P*; SELEWESTRUK, P; GEBCZYNSKI, A; 83-2 BUCCELLA, LA; FALLOT, K; EATON, K; COFFROTH,

KSIAZEK, A; SADOWSKA, J; NEDERGAARD, J; MA*; University at Buffalo; coffroth@buffalo.edu

KONARZEWSKI, M; Univ. of Bialystok, Poland, Stockholm Univ.,  Symbiont Composition and Density Change within Three Octocoral

Sweden; brzek@uwb.edu.pl Species across a Bleaching Event in the Florida Keys

Physiological and Behavioral Correlates of Selection for High Coral bleaching (the loss of the algal symbionts) due to increased sea

Swim-Induced Peak Metabolic Rate in Laboratory Mice: surface temperatures has led to increased mortality of many

Implications for the Aerobic Capacity Model of the Evolution of scleractinians. Although reports of bleaching among octocorals is

Endothermy less common, extensive octocoral bleaching was observed in the

The aerobic capacity model of the evolution of endothermy positsFlorida Keys during 2014 and 2015. We monitored Symbiodinium
that high basal metabolic rate (BMR), typical of endotherms, evolvedtype and densities in three octocoral species across the 2015
as a correlated response to selection for high peak metabolic ratbleaching event (May 2015-May 2016) to investigate severity of
(PMR) elicited by e.g. locomotor activity bursts or thermogenesis. Tobleaching. Individual colonies of Muricea atlantica, Muricea
test the model we studied 4 lines of laboratory mice artificially elongata, and Plexaurella dichotoma on two reefs were tagged and
selected for high PMR elicited by swimming in water at 25 °C along cell densities and symbiont type for each species were monitored
with 4 control (randomly selected) lines. Our selection therefore over the course of the event. Cell densities were significantly
affected both locomotor activity and metabolic response to sudderdifferent between months, with the lowest densities occurring in
cold stress. Here, we compared thermogenic capacity and respons&eptember. Based on cell counts, as well as visual observations, M.
to short- and long-term exposure to low ambient temperature (4 °Chatlantica and P. dichotoma colonies were more severely bleached
in selected mice and randomly bred controls. Selection significantlythan Muricea elongata. Preliminary results indicate that each host
increased non-shivering thermogenesis (NST, elicited by species harbored strains within the Symbiodinium B1-ITS phylotype.
epinephrine), but did not affect BMR nor the between line divergenceBased on 4 microsatellite loci these species harbor at least 3 (M.
in NST measured after acclimation to 4 °C. Likewise, although mostatlantica) , 9 (M. elongata) and 3 (P. dichotoma) symbiont genotypes
studied physiological and behavioral traits (daily energy expenditure,and genotypes were not shared between host-species. Little mortality
core body temperature, spontaneous locomotor activity, markers ofvas observed within any host species through May 2016, and in the
oxidative stress) were affected by ambient temperature, they were nanajority of corals symbiont genotypes did not change across the
modulated by selection. These patterns, together with the results dbleaching event. These studies are ongoing and additional samples
our earlier studies on mice divergently selected for BMR, suggestfrom 2016 and 2017 will be examined to establish a baseline in
that significant increase in PMR may be not correlated with changesion-bleaching years. Bleaching tolerance could not be clearly
in many other fitness-related traits. Thus, the evolution of high BMR explained by the coral species or the symbiont type independently,
may reflect selection on traits other than PMR (e.g. high sustainedand it is possible that both parties play a role in bleaching resistance.
metabolic rate during parental care). Financial support: National

Science Centre, Poland, grant 2014/15/B/NZ8/00244 for P.B.
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P2-225 BUCHALSKI, B*; SWANSON, B; GUTIERREZ, E; P1-125 BUMP, P*; LOWE, CJ; Hopkins Marine Station of Stanford
Gonzaga University; bbuchalski@zagmail.gonzaga.edu University. Pacific Grove, CA.; paulbump@stanford.edu
Population-dependent Variation of Weapon Performance in Remodeling and Patterning during Metamorphosis and
Rhinoceros Beetles Regeneration in the Hemichordate Worm Schizocardium

Sexual selection results in the evolution of exaggerated weapons igalifornicum
some species, but not in others. Trypoxylus dichotomous, a species @issue turnover and remodeling has been an important focus of
Rhinoceros Beetle, possesses enormous horns that are used by mafesdel system cell and developmental biology. Comparative
in intrasexual combat for reproductive access to females. Howeverapproaches, mining the amazing diversity of invertebrate body plans,
this widespread species shows different horn allometry acrossoffer unique opportunities to gain insights into key elements of
populations. We aim to use this natural variation to measure thehomeostasis and morphogenesis. We propose that the indirect
functional ramifications of horn length variation and to understand developing enteropneust hemichordate worm Schizocardium
the evolution of these exaggerated weapons. We collected forcealifornicum, with impressive regenerative capability and radical
production data in the field for several populations and analyzed themetamorphosis between larva and adult, provides a valuable
horns as a simple lever system to understand how morphology leadspportunity for investigating remodeling and patterning during
to performance variation. We confirm that horn length allometry metamorphosis and regeneration. Cell turnover is a fundamental
varies across populations with upper end differences in horn sizebiological progress, a controlled cycle of cell death and cell birth that
varying by 1.4 times from the same sized beetles in otherunderlies homeostasis. However, little comparative data has been
populations. In addition, mechanical advantage and musclegenerated to investigate these key processes in less traditional
cross-sectional area seem to vary independently. Therefore, the forcgystems. A window into this process of cell turnover is the
that horns can produce, an estimate of weapon performance, varigaetamorphosis of S. californicum in which we investigated the
significantly across populations with similarly sized beetles being balance of proliferation and apoptosis during the dramatic
able to produce 2.1 times the force in different populations. Weremodeling of pre-existing structures, along with loss and gain of
suggest that both horn length and horn force production may bdarval-specific and adult-specific traits respectively. The organization
under differential sexual selection in different populations due to of complex body plans remains fascinating, and the remodeling and
variation in the details of ecology and mating systems. patterning that occurs during regeneration is an area of ongoing
investigation. Regenerative capacities have been observed across the
animal kingdom, but head or anterior regeneration had previously
been attributed to only protostomes, not deuterostomes. The
exception to this has been demonstrated in enteropneust
hemichordates. We investigated the balance of proliferation and
apoptosis during this process and anticipate that further studies in S.
californicum will provide insights into the understanding of
patterning programs used in anterior regeneration processes.

121-4 BURFORD, BP*; CAREY, NJ; GOLDBOGEN, JA; Hopkins ~ P2-149 BURGAD, AA*; ADAMS, GL; ADAMS, R; University of
Marine Station of Stanford University; bburford@stanford.edu Central Arkansas ; aaronburgad@gmail.com
Does grouping reduce the standard metabolic rates of squid? Patterns of beta diversity and spatial structure of stream fish
Group living is a common feature in many disparate taxa and iscommunities in two stream networks
known to confer a wide range of advantages including anti-predatorSpatial patterns of beta diversity (turnover and nestedness) provide
defense, enhanced foraging, and reduced costs related to locomotiomsight into how fish communities respond to environmental
As we continue to assess the influence of environmental dynamics ogradients and human disturbances (e.g. urbanization, and
species' physiology, it is important to incorporate essential behaviorsimpoundments). Here, we used historical (1977-1982) and current
such as grouping, as a part of experimental design in order to arriv§2016-2017) fish community data from the Saline River basin and
at more accurate projections. Squid are ecologically andOuachita River basin, Arkansas to examine patterns of beta diversity
economically important motile marine predators that demonstrateand spatial structure at three spatial scales: entire river network,
remarkably high standard metabolic rates and thus are particularlynainstem, and tributaries. Specifically, we investigated the increase
sensitive to environmental variation. Although all squid species of pairwise community dissimilarity (i.e. distance decay of
whose metabolisms have been examined form groups during most afimilarity) with watercourse distance (rkm). In the Saline River
their lives, all respirometry experiments conducted thus far have beemetwork, we found spatial structure was consistent through time.
on individual squid, with few attempting to simulate the presence ofOverall beta diversity (§,) and species turnover () was
conspecifics. As has been demonstrated in other ecologically-similapositively correlated with watercourse distance at all spatial scales
marine animals, it is possible that the standard metabolic rates oénd nestedness (f) did not correlate with watercourse distance.
squid have been overestimated due to the stress generated from beiSgecies turnover was stronger in tributaries than the mainstem
isolated from conspecifics. We report on the results of a series obecause of high environmental heterogeneity. In the Ouachita River
respiration experiments where we assessed the difference in standargetwork, we found spatial structure changed through time. Overall
metabolic rate of California market squid, Doryteuthis opalescens,beta diversity (B,) and f§;,, was lower at all spatial scales during the
when respired in groups or individually, and discuss how our resultscurrent period, suggesting the breakdown of regional distinctiveness.
compare with metabolic reduction recorded from similar studies in Our results show that stream networks influence metacommunity
other taxa. structure, but also demonstrate human disturbances can disrupt
natural structuring mechanisms and transform spatial structure in
altered stream networks.
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59-2 BURGOS, LUIS*; TAYLOR , EMILY; California Polytechnic 27-2 BURKHARD, TT*; WESTWICK, RR; PHELPS, SM; UT

State University, San Luis Obispo; Iburgos@calpoly.edu Austin; ttburk@gmail.com

Effects of Acclimation and Recent Thermal History on the Critical ~ Adiposity signals predict song effort in Central American singing
Thermal Maximum of a Small Diurnal Lizard, Sceloporus mice

occidentalis All behavior requires energy, but the costs of behavior are

With temperatures rising globally, researchers are assessing thparticularly conspicuous in the context of animal communication.
possible ramifications and impacts of the changing climate. Animals must invest not only to stand out against a noisy
Ectotherms are excellent indicators of potential climactic impacts environment, but also to pay the costs of behaviors that follow from
because of their heavy reliance on the environment for theircommunication displays. Much of what we know about the
thermoregulation. Studies have historically looked at thermal regulation of energy balance, however, comes from rodent models
maxima to establish predictive models for species extinctions.that lack elaborate signals. We develop Alston's singing mouse,
However, recent findings in marine invertebrates suggest that thes&cotinomys teguina - a small diurnal species living in the
thermal maxima, which have been considered as fixed variables, magloud-forests of Central America - as a model for investigating the
in fact be plastic and dependent on the organism's recent thermaklationship between body condition and display effort. We first
history. If this is the case, then historical data, literature, andasked in which dimensions condition varies between male mice,
predictive models studying the effects of climate change may not beexamining a range of circulating nutrients including plasma fatty
wholly accurate because so many are based on data from captivacids and glucose, metabolic hormones (insulin, adiponectin, leptin),
lizards that may be acclimated to laboratory conditions. Using aand residual body mass (RBM). Next we asked about the dimensions
recently described methodology, we tested the critical thermalof variation in male song, examining the number of songs, latency to
maximum of the Western fence lizard, Sceloporus occidentalis, in allsing, length of songs, and a variety of measures of amplitude and
four seasons, both under field and short (two-day) lab-acclimatedrequency modulation. Lastly, we asked how well dimensions of
conditions. We found that there were seasonal differences in eaclkondition correlated with dimensions of song effort. We found that
condition, but the differences were not the same between conditionsneasures of adiposity (hormones, RBM) tended to vary
We also tested three acclimation temperatures during a singléndependently of circulating nutrients. We found that songs of
seven-day acclimation. The three acclimation temperatures (15Csinging mice differ both in frequency signatures and in "song
25C, and 35C) did not have a significant effect on the critical thermaleffort"—measures of temporality and amplitude. We found evidence
maximum. However, when comparing thermal maxima, the that song effort is condition-dependent in singing mice. While RBM
seven-day acclimation condition had higher values than field weakly predicted song effort, adiposity signals (particularly leptin)
condition lizards. greatly improved our model. Thus male singing mice seem to adjust
song effort as a function of variation in body condition in the field.
Refining our understanding of this relationship will allow us to better
understand the neuroendocrine mechanisms regulating display effort,
and the integrative understanding of animal communication.

5-2 BURNETT, NP*; KOEHL, MAR; Univ. of California, Berkeley; 18-6 BURRESS, ED*; TAN, M; University of California, Davis,

burnettnp@berkeley.edu Emory University; edb0014@auburn.edu
The Strength of Kelp Tissue Depends on Age, Season, and Ecological opportunity alters the timing and shape of adaptive
Herbivore Activity radiation

Kelp in wave-swept coastal areas can be damaged if the mechanicdlhe uneven distribution of diversity is a conspicuous phenomenon
hydrodynamic forces they experience exceed the strength of theiacross the tree of life. Ecological opportunity is a prominent catalyst
tissues, especially if the tissues are already wounded by herbivoryof adaptive radiation and therefore may alter patterns of
Although wave action and herbivory change seasonally, little isdiversification. We evaluated the distribution of shifts in
known about how the strength, extensibility (how far it stretches diversification rates across the cichlid phylogeny and the distribution
before breaking), and stiffness of of kelp tissues are affected by theiof major clades across phylogenetic space. We also tested if
age, the season, and herbivore damage. We used fronds of Egrege&acological opportunity influenced these patterns.
menziesii, a large and abundant intertidal kelp along the coast o€olonization-associated ecological opportunity altered the tempo and
western North America, to examine how the mechanical properties oimode of diversification during the adaptive radiation of cichlid
kelp tissue are affected by these factors. Frond tissue became stiffdishes. Clades that arose following colonization events diversified
and stronger as it aged but did not change extensibility. Over daster than other clades. Speciation rate shifts were non-randomly
two-year study period, we observed that frond tissue was strongesdlistributed across the phylogeny such that they were
and stiffest in winter, and weakest and least stiff in summer, butdisproportionally concentrated around nodes that corresponded with
showed no seasonal changes in extensibility. Shifts in frond strengtltolonization events (i.e., of continents, river basins, or lakes). Young
were proportional to seasonal increases in wave action, and inverselglades tend to expand faster than older clades; however,
proportional to the frond's growth rates. Our study period included ancolonization-associated ecological opportunity accentuated this
El Nifio winter and a non-El Nifio winter. Frond tissue was stronger pattern. There was an interaction between clade age and ecological
during the non-El Nifio winter than during the El Nifio winter. opportunity that explained the trajectory of clades through
Mechanical properties of the frond tissues did not change in responsphylogenetic space over time. Our results indicate that ecological
to herbivore damage, although as damaged tissue aged, they becammpportunities afforded by continental- and ecosystem-scale
stronger at the same rate as undamaged tissue sections of the fronzblonization events explain the dramatic speciation rate heterogeneity
In the summer, when waves are small and herbivores are prevalenand phylogenetic imbalance that arose during the evolutionary
the fast growth rates and weak mechanical properties permit the kelpistory of cichlid fishes.

to grow to a large size. In the late fall, growth rates slow and fronds

tend to break. Then in winter, the kelp's smaller size, slower growth

rates, and stronger mechanical properties allow the kelp to better

survive the large hydrodynamic forces of winter storms.
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51-6 BURRESS, PBH*; NIEMILLER, ML; CHAKRABARTY, P; P3-83 BURTON, EB*; CURRY, RL; Villanova University,
Louisiana State University, University of Alabama in Huntsville; Department of Biology; eburtonl@uvillanova.edu
pamelabeth.hart@gmail.com Extrapair parentage in a rapidly moving chickadee hybrid zone:
Phylogenomics of the Cave-, Spring-, and Swampfishes of North confounding factor for analysis of fithess consequences of
America (Percopsiformes: Amblyopsidae) interbreeding?

Cave-obligate organisms have captured the imagination and interedn songbirds that hybridize, extrapair parentage may confound
of scientists and citizens for centuries, yet their complex evolutionaryanalysis of key fitness consequences such as hatching success if the
histories and modes of subterranean adaptation are still poorlyspecies-level genotypes of extrapair parents differ from those of
understood. The North American endemic Amblyopsidae are one ofocial parents. Our research on black-capped and Carolina
very few ray-finned fish families to contain both surface-dwelling chickadees in southeastern Pennsylvania has revealed rapid
and cave-dwelling members; thus, this group is especially attractivenorthward hybrid zone movement associated with climate change;
for comparative studies examining subterranean adaptationhatching success has changed correspondingly, with fewer eggs
Morphological and molecular datasets have presented conflictinghatching in populations experiencing interbreeding, but whether the
evolutionary relationships within the Amblyopsidae, particularly with patterns are obscured by extrapair parentage is unknown. Using eight
respect to the placement of eyed genera in relation to the eyelesspecies-diagnostic single nucleotide polymorphism (SNP) markers,
cave-obligate taxa. Molecular phylogenies suggest a possibleve genotyped 54 breeders and 137 nestlings from 30 nests over 2
subterranean ancestor for at least one of the eyed genera, implyingears in one hybrid-zone population (at Hawk Mountain Sanctuary)
the re-evolution of eyes and re-colonization of surface habitats.and conducted parentage analysis to identify extrapair offspring
Morphological topologies recover a continuum of forms, progressing (EPO). At least 30% of nestlings had genotypes that could not be
from surface to cave-dwelling without re-evolution. To investigate explained by those of their social parents and were therefore EPO,
relationships within the Amblyopsidae, we collected genomic dataeven though species-diagnostic SNPs yield low detection power.
from nearly 2,000 ultraconserved element (UCE) loci. Each of theTherefore, extrapair mating does potentially confound analysis of
three states of troglomorphy (surface, cave-facultative, andhatching success at Hawk Mountain. Work in progress focuses on
cave-obligate forms) was included for this study. This work will using these results to refine analysis of hatching success in this
provide insight into the patterns and modes of cave adaptation. hybrid-zone population.

P3-37 BURY, S*; CICHON, M; BAUCHINGER, U; SADOWSKA, 10-6 BUSTAMANTE, J*; JANKAUSKI, M; DANIEL, TL;
E. T.; Institute of Environmental Sciences, Jagiellonian University;  University of Washington; jorgebjr@uw.edu

stanislaw.bury@gmail.com Closed loop Monte Carlo models of abdominal contribution to
Snakes Maintained in Cold Compared to Warm Environment insect flight control
Revealed Higher Oxidative Damage Abdominal actuation during insect flight may contribute to flight

Aerobic metabolism is assumed to impose costs in terms ofcontrol and stability via inertial redirection of flight forces. The
production of reactive oxygen species (ROS) through damage tabdomen often composes a significant portion of the body mass of an
biomolecules. A positive relation between standard metabolic rateinsect and may provide important insight into the possible dual
(SMR) and ROS production is generally assumed, but recent findingsensor-actuator role of the abdomen for flight control as recently
in fish revealed the opposite pattern, a negative relationship. Atdescribed by the insect wings of the hawkmoth (Manduca sexta). An
present, it is still unknown whether the amount of ROS indeed relate€uler-Lagrange multibody dynamics model was developed to assess
to the level of damage and whether environmental factors can affecthe role of the abdomen in horizontal flight for a hawkmoth
damage status by affecting energy use. Here we investigated whethenorphology. The model includes aerodynamic drag of both the
acclimation to thermal regimes imposing different SMR causesabdomen and the head-thorax complex and also lends itself to adjust
corresponding variation in damage load and antioxidant capacity into other insect morphologies. This model describes the relevant state
an ectothermic animal, the grass snakes (Natrix natrix). Wevariables (positions and angles as well as their derivatives) and
acclimated 14 snakes for six months to either warm (320C) or coldcontrol variables (average lift vector and abdominal flexion torque)
(180C) ambient temperatures before we determined SMR andhecessary to achieve flight. The model tests the role of the abdomen
oxidative status. As expected, warm-acclimated snakes showedby (1) increasing and (2) decreasing the torsional stiffness and
higher SMR compared to cold-acclimated ones. Damage loadtorsional damping of the abdominal-thoracic joint for (a) horizontal
(micronuclei count and dROMs) showed a pattern opposite to SMR flight, (b) hovering flight and (c) tracking an oscillating flower. Our
being higher in cold-acclimated snakes. Antioxidant defense was notnultibody dynamics model shows that relatively little average
different between temperatures. Our results corroborate a negativenotion of the abdomen is associated with flight control in closed
relation between SMR and ROS production and now expand thidoop feedback. However, because flight is inherently pitch unstable,
pattern to the level of damage. Various SMR-dependent mechanismee predict increased variation in the abdomen flexion angle as time
may contribute to the lower amount of damage. Higher SMR in ensues.

warm environment reduces the costs in terms of damage to

biomolecules and such a link between metabolism and damage could

represent the trigger for the evolution of endothermy. Thermogenesis

may represent a strategy to cope with high damage stress in cold

environment through active elevation of body temperature and

associated higher mitochondrial uncoupling.
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124-3 BUTLER, A. D.*; EITEL, M; WORHEIDE , G; CARLSON, 13-6 BUTLER, JM*; WHITLOW, SM; MARUSKA, KP; Louisiana

S. J.; SPERLING, E. A.; Stanford University , State University; jbutl48@Isu.edu

Ludwig-Maximilians-Universitat, Munich. , University of California, = Endocrine modulation via sex steroid receptor expression in the eye
Davis ; aodhanb@stanford.edu varies with female ovulation status in the social African cichlid
Phylogenomic Analysis of Brachiopoda and Phoronida: Astatotilapia burtoni

Implications for Morphological Evolution, Biomineralization, and Visual communication is used widely across the animal kingdom to
the Cambrian Radiation. convey crucial information about an animals' identity, motivation,

Within Lophotrochozoa, brachiopods and allied clades are among theeproductive status, and sex. Although it is well-demonstrated that
first biomineralized Cambrian metazoans to appear and represent auditory and olfactory sensitivity can change with reproductive state,
major component of the oldest known fossil record of animals. Whilefewer studies have tested for plasticity in the visual system, a
the brachiopod fossil record is ultimately the key to determining surprising fact since courtship and mate choice behaviors in many
character homology and polarity during the evolution of the species are largely dependent on visual displays. Here, we tested for
brachiopod body plan, reading this record has been clouded byeproductive state-dependent plasticity in the peripheral visual
disagreement about relationships among the crown cladessystem of a cichlid fish by measuring mRNA expression levels of sex
Specifically, the monophyly of brachiopods with respect to steroid receptors in the eyes of ovulated-gravid, non-ovulated-gravid,
phoronids, and the relationships of the calcitic to phosphatic-shelledand mouth brooding females, and dominant and subordinate males.
brachiopods. Much of this phylogenetic uncertainty stems from Ovulated females had higher expression of sex steroid receptors than
difficulties in rooting the brachiopods and their sister groups within non-ovulated females, but males had similar expression levels
Lophotrochozoa. Phylogenomics—the analysis of hundreds toindependent of reproductive/social state. After inducing ovulation in
thousands of orthologous genes in concatenated supermatrices—hésmales with prostaglandin F2a injections, we examined their
been instrumental in resolving difficult phylogenetic relationships in reproductive behaviors and expression of sex steroid receptors in the
diverse metazoan clades. We have conducted the first such extensiveye. PGF2a -injected females were more responsive to male
phylogenomic investigation of Brachiopoda/Phoronida with analysescourtship displays, and had higher expression of sex steroid receptors
that combine novel sequence data with all publicly available in the eye than vehicle-injected females. In addition, preliminary
brachiopod and phoronid transcriptomes and a broad range o$tudies indicate that PFG2a -injected females have increased
protostome outgroups. Analyses were run under best fittingactivation in the retina when exposed to male courtship displays
evolutionary models (LG amino acid matrix and gamma) utilizing a compared to control and vehicle-injected females. Together, these
published 106-gene lophotrochozoan ortholog set. Preliminary resultglata indicate that plasticity of the peripheral visual system is
strongly (99% bootstrap) support a monophyletic Brachiopoda with dependent on female ovulation status, not overall female gravidity,
Phoronida as sister group within Lophotrochozoa. Weak support isand provides crucial evidence linking endocrine modulation of visual
found for Inarticulata. Investigation of fossil and molecular data in plasticity to mate choice behaviors in females.

this integrated framework provides novel insight into brachiopod

biomineralization and evolutionary patterns during the Cambrian

radiation.
P3-136 BUTLER, JM*; WHITLOW, SM; MARUSKA, KP; 85-6 BUTLER, MA*; RIVERA, JA; SUNG, HW; University of
Louisiana State University; jbutl48@Isu.edu Hawaii; mbutler@hawaii.edu

Exposure to Anthropogenic Noise during Mouth Brooding Impacts  Morphological correlates of jumping and swimming performance
Maternal Care Behaviors and Juvenile Development in an African  in Paupuan microhylid frogs

Cichlid Fish Semi-aquatic and terrestrial frogs both use the locomotor apparatus
Over the last few decades, anthropogenic noise has increase(.e., the hind limb) but can differ greatly in swimming and jumping
underwater ambient sound levels by >30dB in the range that mosperformance. We conducted a morphological analysis of the
fishes detect and produce acoustic signals. Although the impacts oiindlimb musculature of two relatively closely related microhylid
increased background noise on fish development have been studigdogs, which differ in locomotor habit. The semi-aquatic frog,
in a variety of species, there is a paucity of information on how noiseAustrochaperina palmipes is an excellent swimmer and hops on land,
affects parental care. Mouth brooding is an energetically costly formoften hopping from rock to rock in its stream habitat, whereas the
of parental care in which the brooding fish carries developing larvaeterrestrial frog, Mantophryne laterals is an excellent jumper in its
in the buccal cavity for the duration of development. In the African forest understory habitat. We compared muscle architecture,
cichlid Astatotilapia burtoni, females carry their brood for ~2 weeks including CSA, pinnation angle, fiber length, muscle length, and
during which time she also starves herself. To test the hypothesis thahuscle moment arm to model forces produced during the jump and
increased background noise impacts maternal care behaviors ancbrrelated it with kinematics of swimming and jumping performance
brood development, we exposed brooding females to a period ofo examine whether there is any design features which explain the
excess noise (~140dB) played through an underwater speaker. Ovesariation in performance.

half of noise-exposed brooding females cannibalized or pre-maturely

released their brood, but all silent control females exhibited normal

brooding behaviors. Juveniles that were exposed to noise during their

brood period had lower growth rates and higher mortality rates than

control broods. Further, onset of adult-typical coloration and

behaviors was delayed compared to control fish. Because acoustic

overstimulation can damage hair-cell based sensory systems, we are

currently examining how anthropogenic noise affects development of

the lateral line and auditory systems. To our knowledge, this is the

first study to examine the impact of excess noise on a mouth

brooding fish. As such, these results have important conservation and

management implications for protecting against noise-induced effects

on maternal care behaviors, development, and ultimately animal

survival.
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7-6 BUTLER-STRUBEN, H M*; CROOK, R J; San Francisco State S1-5 BUTTERFIELD, NJ; University of Cambridge, Cambridge,

University; hbutlers@mail.sfsu.edu UK; njb1005@cam.ac.uk
Injury Enhances Learning but does not affect Spontaneous Pumping, Swimming and Visual Predation - a Fluid Dynamic View
Exploratory Behaviors in Cuttlefish of Early Metazoan Evolution

Mammals are typically used to study injury induced behavioral Animals have an unparalleled capacity to pump and swim through
changes, but their convoluted nervous systems make it difficult towater, but these hydrodynamic properties have been largely
examine underlying mechanisms. To advance treatments for humangverlooked as a factor in early animal evolution. By collectively
and animals alike, new models are needed to look at conservedriving water currents, and compressing corresponding diffusion
mechanisms of pain. In this study | use the neurologically-complexgradients, even the simplest colonies of flagellated cells gain
invertebrate, cuttlefish (Sepia bandensis) to examine the effect okignificant gas-exchange and feeding advantage. These advective
peripheral injury on learning and spontaneous exploration. | effects multiply at larger length scales, particularly in combination
hypothesize that, like mammals, cuttlefish exhibit changes to bothwith differentiated muscle tissue. At a cnidarian grade of
behaviors in the short term (3h), after experiencing an injury. organization, they introduced animals to inertial and turbulent fluid
Furthermore, | hypothesized that injury-induced behavior could bedynamic regimes with negligible metabolic investment. In concert
modulated by increasing endogenous serotonin using single, 10nMvith hydrodynamically tuned morphologies they also led to the
dose of an SSRI, Fluoxetine. Cuttlefish were fed one shrimp, dosegghenomenon of swimming, and the metazoan take-over of pelagic
with Fluoxetine or vehicle, before they received either injury to the ecology. Swimming animals actively mix and ventilate much of the
tips of feeding tentacles under light sedation, or light sedation withmodern oceans as a by-product of their feeding activities. In addition
no injury (sham). | used two assays to quantify injury-induced to the repackaging of dispersed surface-generated productivity as
behaviors of cuttlefish; an open-field task that measured spontaneousedimenting faecal pellets, a significant fraction is transported
exploratory behavior, and cognitive task that measures learnedctively to depth via diurnal vertical migration (DVM), a behavioural
inhibition of food capture attempts on inaccessible prey. There wereconsequence of visual predation, muscular swimming and the
no differences in spontaneous exploratory behaviors between thsize-structured tiering of pelagic food webs. Such activity both
injured and non-injured groups, however, injured cuttlefish learnedaerates the surface ocean and concentrates biological oxygen demand
more rapidly compared to non-injured cuttlefish. Cuttlefish that at depth in the form of oxygen minimum zones - independently of
received both injury and 10nM of Fluoxetine showed a learning atmospheric oxygen concentration or net carbon burial. In this light,
curve more similar to that of non-injured and non-drugged culttlefish.it is clear that the depth of DVM and the nature of OMZs must have
Unexpectedly, non-injured/drugged cuttlefish had a faster learningchanged systematically through time, in concert with escalatory
curve more closely resembling injured cuttlefish. With these data, linnovations in the size and speed and of marine predators. This alone
conclude that injury changes cognition, but not spontaneous behaviomay account for the step-wise changes observed in marine redox
of cuttlefish, and that there may be other effects of Fluoxetinesignatures through the later Neoproterozoic and early Palaeozoic, as
learning that result in a non-linear interaction with injury. well as intervals experiencing mass extinction.

P1-72 BYRD, AD; CRONIN, TW*; UMBC; UE80736@umbc.edu P2-102 CABRERA, C*; DEBIASSE, M; RYAN, JF; Whitney
Effect of Environmental Sand Coloring on Reflectance of Laboratory for Marine Bioscience, University of Florida / University
Neogonodactylus oerstedii of Miami, Whitney Laboratory for Marine Bioscience, University of
Mantis shrimp can detect ultraviolet (UV) light, and Florida; cabreraclau96@gmail.com
Neogonodactylus oerstedii displays many varying colors and shadesReanalyses of sponge homeobox genes suggest Hox and ParaHox
This study was to test if the reflectance of the mantis shrimp speciesgenes arose after sponges diverged from other animals.
N. oerstedii, changes with the coloring of its environment. To betterHox and ParaHox genes are highly conserved animal-specific
understand this phenomenon, we placed different individuals in tankgranscription factors that pattern the primary body axis during
with varying colors of sand on which to live (blue, black, grey, white, embryogenesis. Until recently, it was thought that sponges, a lineage
a mix of different browns, and a red brown), and weekly reflectancethat branched off early in animal evolution, lacked Hox and ParaHox
readings were taken on various parts of the body (carapace, thoraxgenes, which would indicate that these genes originated relatively
and abdomen) using an Ocean Optics USB-2000 fiber opticrecently in evolution. However, a 2014 study identified ParaHox
spectrometer. Reflectance of the sand was measured using the samgenes (Cdx) in two calcareous sponge species, putting this long-held
instrument at the beginning of the experiment. We repeated this saméoctrine into question. A closer look at these findings led us to the
experimental protocol with animals on white sand but in containershypothesis that the results of this study are heavily dependent on the
covered by spectrally characterized spectral color filters. Data weredistance-based phylogenetic methods employed, which are sensitive
analyzed using standard methods. We expected reflectance to change long-branch attraction artifacts, as well as the limited taxon
over time to become more like the color they were on or weresampling employed. To test this hypothesis, we reanalyzed the
subjected to via the filters, but after two months of measurements weriginal datasets with multiple methods and also analyzed a new
saw no significant color changes. However, none of the animals hadiataset that included a more diverse set of taxa. All but one of our
molted since the start of the experiment, so color changes may yet bemaximume-likelihood (ML) and Bayesian analyses suggest that the
observed. Current results show that males tend to boost the intensitiyvo reported calcareous sponge genes are not ParaHox genes, but
of their UV reflectance (including shorter wavelength UV) more than rather belong to the NKL subclass homeoboxes. Similarly,
females. Animals in neutral/monochromatic colors tended to changeneighbor-joining analyses of our more diverse dataset yielded the
less than those in colored ones. Of various body parts, the carapaceame conclusion. Based on these results, we assert that the previous
tended to stay the most consistent. It will be interesting to see if thesevidence suggesting the presence of Hox/ParaHox genes in sponges
trends continue over time. is reliant on distance-based methodology and the taxon sampling
employed in the original study. Our new results suggest that Hox and
ParaHox genes arose after sponges diverged from the rest of animals.
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3-1 CADE, DE*; FRIEDLAENDER, AS; CALAMBOKIDIS, J; 53-6 CADNEY, MD*; HIRAMATSU, L; THOMPSON, Z; ZHAO,
CAREY, N; DOMENICI, P; POTVIN, J; GOLDBOGEN, JA; M; KAY, JC; SINGLETON, JM; ALBUQUERQUE, RL;
Hopkins Marine Station, Stanford University, Marine Mammal SCHMILL, MP; GARLAND, JR., T; Univ. of California, Riverside;

Institute, Oregon State University, Cascadia Research Collective,  mcadney@gmail.com
CNR-IAMC-Unita Operativa di Oristano; davecade@stanford.edu  Effects of Early-Life Exposure to Western Diet and Voluntary
Predator-Prey Dynamics and Kinematics of Rorqual Whales and Exercise on Adult Activity Levels, Exercise Physiology, and
Their Prey Associated Traits in Mice
Locomotion and feeding are integrated in many aquatic vertebratesl.ocomotor activity is a key element of most animal behaviors.
and the behavioral plasticity of these connected systems may refledndividual variation in the amount of voluntary exercise (VE) and
broad-scale functional and evolutionary responses to ecologicabpontaneous physical activity (SPA), in both humans and laboratory
dynamics. Predator-prey interactions may require the optimization ofrodents, is known to be heritable, but also affected by numerous
or sufficient performance in, maneuverability, coordination, and prey environmental factors. Early-life experiences that may have
capture speed. We used video and movement sensor tags to quantifgng-lasting effects are one potentially important aspect of
the body and skull kinematics during feeding events in rorqual environmental factors. The current experiment was designed to
whales, a family of baleen whales that exhibit an extreme lunge filterexplore genetic, environmental, and early-life effects in the context
feeding mechanism. Lunge feeding consists of an acceleration t@f a long-term selection experiment that includes 4 lines of high
high speed and engulfment of a large volume of prey-laden wateryunner (HR) mice, selectively bred for >75 generations for voluntary
however, despite previous assumptions the kinematics of lungevheel-running as young adults, as well as their 4 non-selected control
feeding were not conserved. While krill-feeding blue and humpbacklines. In the present experiment, we altered VE by granting wheel
whales exhibited temporally distinct acceleration and engulfmentaccess or not and administered either standard or Western diet (WD)
phases, humpback whales pursuing more agile prey (i.e. anchoviegjuring the juvenile period from weaning to 6 weeks of age (sexual
demonstrated highly variable coordination of skull and body maturity), followed by housing without wheels and with standard
kinematics in the context of complex prey-herding techniques. chow. ~2 months later, we measured wheel-running behavior (VE),
Despite pursuing faster prey, fish-feeding humpbacks often fed ahome-cage activity (SPA), and several potentially related
slower speeds than krill-feeding humpbacks. Escape responsehysiological and behavioral traits. As adults, HR mice ran more
experiments on anchovies startled by a looming stimulusthan C regardless of treatment, but linetype also had statistically
parameterized with tag data suggest that whale speed has less of amgnificant interactions with both early-life wheel access and diet. For
effect on prey escape responses than the timing of the mouth openingxample, juvenile wheel access increased adult VE for C mice, but
and the rapid increase in projected body area. Our results havdeceased it for HR, whereas juvenile WD increased adult VE for HR
important implications for understanding the mechanisms andbut not for C mice. Juvenile wheel access decreased adult relative
behavioral strategies large predators use to capture different preyheart mass, but increased relative triceps surae muscle mass, fat
Moreover, these studies help inform the dynamics that govern energynass, and blood [glucose]. These and other results demonstrate that
flux through filter feeders in coastal upwelling ecosystems. both juvenile exercise environment and diet can have long-lasting
effects on adult activity behaviors and related phenotypes.

P1-17 CAGGIANO , EG*; CERIO , DG; PORTER, WR; P1-131 CAHILL, AE*; CHENUIL, A; Albion College, Aix

RIDGELY, RC; WITMER, LM; Ohio Univ.; ec884814@ohio.edu Marseille Univ, Avignon Université, CNRS, IRD, IMBE, Station

Avian nasal salt glands: anatomy and its relevance for inferring the Marine d'Endoume; acahill@albion.edu

behavior and habitat preferences of extinct birds Cryptic species in the marine environment: a review of the evidence
The kidneys of extant sauropsids (birds, crocs, squamates, etc.) tereahd a way forward

to be less efficient at removing excess salt from the blood, and site€ryptic species are species that have been demonstrated to be
of extrarenal salt excretion are common, such as the nasal gland ireproductively isolated units but belong to the same nominal species.
birds. The physiology of the hypertrophied nasal salt glands of manyThe use of genetic markers has led to a dramatic rise in the discovery
marine birds is well-understood, but the anatomy is poorly and description of cryptic species in recent decades, and the marine
documented. We present the results of our survey of avian nasaénvironment is no exception. The correct identification of cryptic
gland structure to better resolve the osteological correlates (OCs) ofpecies is important for conservation and biodiversity monitoring,
the gland, its ducts, and its vascular supply. The resulting OCs allonamong other applications, so we set out to understand the patterns of
an assessment of the presence, position, and size of the nasal glanddescribed cryptic species in the marine literature. A systematic
extinct birds, allowing rough assessments of salt loads and henceeview in Web of Science identified over 600 described cases of
habitat preferences (e.g., marine vs. terrestrial). The extant studiesryptic species among marine metazoans. We carried out further
emphasize marine and aquatic birds (e.g., albatrosses, gullsanalysis to test hypotheses including which phyla were more likely to
cormorants, anseriforms) as well as non-marine outgroups (e.g.contain reported cryptic species, whether or not the occurrence of
ostrich), drawing on (1) gross dissection, (2) diceCT and spiceCTcryptic species is related to geography or habitat, ease of sampling,
(iodine enhanced microCT), and (3) radio-opaque vascular injectionetc. Furthermore, we developed a classification of cryptic species
followed by microCT. These studies provide not only detailed based on levels of both morphological differentiation and
anatomical information, but also permit quantification of gland reproductive isolation. This allowed us to identify the cases of cryptic
volumes for comparative analysis. These extant studies shed newpecies in the literature that are truly cryptic (i.e. morphologically
light on the interpretation of the nasal glands of extinct birds, such asdentical), versus morphologically differentiated species in need of
the Cretaceous marine toothed birds Hesperornis and Ichthyornistaxonomic revision. Our results will allow for further hypothesis
The flightless diver Hesperornis had enormous nasal glands,testing to estimate the consequences of cryptic species on
suggesting that it was forced to consume seawater, whereas thigiodiversity indices or other metrics.

volant Ichthyornis had smaller salt glands suggesting that it perhaps

also had access to fresh water sources. The Paleogene anseriform

bird Presbyornis, typically regarded as inhabiting saline soda lakes,

also was sampled and provides new evidence for a modest nasal salt

gland.
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P1-60 CAIN, SD*; HAYS-WEHLE, E; HOFFMAN, G; Whitman 103-2 CAMACHO, J*; TABIN, CJ; ABZHANOV, A; Harvard
College, Eastern Oregon University, Whitman College; University, Harvard Medical School, Imperial College London;
shaun.cain@eou.edu jcamacho@fas.harvard.edu

A Morphological and Immunohistochemical Study of the Foot of Exploring adaptive and novel traits of bat faces through

the Pond Snail Lymnaea stagnalis morphometrics and developmental genetics

Most gastropod molluscs use their foot to locomote, despiteThe New World leaf-nosed bats (phyllostomids) display exemplary
differences in the substrate over which they crawl. Little, however, ismorphological adaptations associated with specialized modes of
known about the morphological and neural structures of the foot andeeding. Phyllostomid bat skulls underwent significant alteration,
how it promotes locomotion. The pond snail, Lymnaea stagnalis, is amost notably in the cranial base, cranial vault, and the length of the
freshwater gastropod that employs both muscular and ciliary wavedace. These changes, among others, occurred over a very short
during crawling. Here we investigated the morphological evolutionary interval, which brings into focus underlying
characteristics of L. stagnalis foot tissue as well as the distribution ofdevelopmental mechanisms behind those changes. Despite the wealth
neurotransmitters previously found to be involved in ciliary of studies into bat evolution virtually nothing is understood about the
locomotory behavior. To determine the structure of the foot tissue wedevelopmental events responsible for the emergence of cranial
used histological methods to differentiate tissue and cell typediversity. In this study, we describe, quantify and compare cranial
distributions, including both muscles and mucus secreting cells. Inneural crest cell (cNCC) dynamics and signaling molecules required
addition, we used immunohistological techniques to determine thefor cartilage and bone development in the evolution and development
distribution of putative neuro-active molecules (5-HT, Dopamine, of the upper face and anterior cranial base. Interestingly, the novel
NO, GABA) in the foot tissue. Preliminary results showed both facial structure of phyllostomids (leaf-nose), which is related to their
extensive subdermal musculature, and cells involved in mucusmode of echolocation, may result from an expansion in a subset of
production. These findings, combined with the immunohistochemicalcNCC surrounding the anterior dorsal nasal cartilage. Significant
labeling, will provide a better understanding of the control of gene expression and protein level changes in BMP during skeletal
crawling in gastropods. differentiation and growth between key bat species provide the
foundation for testing hypothesis about the link between ontogeny
and phylogeny. Specifically, gene expression may be experimentally
replicated in the mouse embryo cNCC and subsequent phenotype
examined to evaluate if evolutionary patterns are mimicked. This will
reveal causative connection between morphological and molecular
changes.

P3-174 CAMARILLO, H*; TOBLER, M; Kansas State University; 71-5 CAMPBELL, JB*; ANDERSEN, MK; OVERGAARD, J,

hcamaril@ksu.edu HARRISON, JF; Arizona State University, Aarhus University;
Functional Consequences of Morphological Variation in Sulfide jacob.campbell.1@asu.edu
Spring Fishes Non-conventional anoxia tolerance: adult Drosophila outlive

Natural selection drives the evolution of traits to optimize organismallarvae despite inferior ATP and hemolymph [K"] maintenance
performance in the context of their environment. However, Oxygen limitation plays a key role in many pathologies, and yet we
optimization of one trait or function may adversely impact the still lack a fundamental understanding of the mechanisms responsible
expression of other traits and functions, and complex phenotypedor intra- and interspecific variation in hypoxia/anoxia tolerance.
inadvertently represent a comprise of balancing different needsCurrent theory suggests that a better anoxia tolerance primarily
Functional trade-offs can consequently impact evolutionary involves the ability to maintain cellular energetic status as depletion
outcomes and influence phenotypic variation along environmentalof ATP leads to detrimental processes (e.g. disruption of ionic
gradients. We tested how morphological variation of fish along ahomeostasis, depolarization of membranes). In this study, we tested
natural toxicity gradient impacts organismal function in terms of for possible mechanisms that allow Drosophila melanogaster adults
locomotion and ventilation. Several lineages of Poecilia mexicanato survive longer periods of anoxia than third instar larvae (LT50: ~8
(Poeciliidae) have colonized toxic, hydrogen sulfide rich springs. vs. 1 h). During the first two hours, larval ATP fell to <1% of normal
Adjacent populations in sulfide springs and regular stream habitatsaand [K'] rose by 50%; survival fell to zero in strong correlation with
face strong and multifarious divergent selection from abiotic and ATP and [K]. In adults, during the first two hours, ATP to fell to 2%
biotic environmental conditions. For example, fish in sulfide springs of normal values, [K] rose by ~3x, but survival was 100%. During
are exposed to high toxicity and hypoxia, high levels of intra-specific the next six hours, adults maintained high survival, while ATP was
competition and relatively few aquatic predators. In contrast, fish maintained at 2% of normal levels, and hemolympHt gontinued
inhabiting normal freshwater streams are exposed to higher levels ofo rise to 5x normal. Over 8 h of anoxia, adults quickly restored
oxygen and more complex communities (higher levels of hemolymph [K] if returned to normoxia, despite having hemolymph
inter-specific competition and predation). We quantified variation in [K*] levels up to 4.5x greater than resting. In adults exposed to more
morphology and used high-speed videography to quantify differentthan 8 h of anoxia, ATP levels decreased further arifidéntinued
performance metrics in individual fish from sulfidic and non-sulfidic to rise; both of these variables correlated with decreased survival.
populations, including aspects of burst speed, steady swimming, andhe superior anoxia tolerance of adult Drosophila appears to be due
gill ventilation capacity. Data are used to test for correlations to the capacity to maintain and tolerate very low ATP levels, and to
between specific morphological traits and aspects of swimming andhe ability to tolerate high extracellular {K This study suggests that
ventilation performance as well as for trade-offs between differenta new focus of research in anoxia-tolerance should be the
modes of swimming and oxygen acquisition. mechanisms by which animals can survive and quickly recover from
such energetic and ionic conditions. Supported by NSF 10S1256745.
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P2-55 CAMPBELL, MJ*; HARPER, GR; Hendrix College; 90-5 CAMPBELL-STATON, SC*; WINCHELL, K; University of
campbellmm@hendrix.edu Montana, Missoula, University of Massachusetts, Boston;
Evolution of Hemorrhagic Potential in Arenaviridae: A shane.campbellstaton@gmail.com

Bioinformatics Analysis of Old and New World Arenaviruses Temperature-mediated shifts in performance and gene expression

Considering recent interest in hemorrhagic fevers due to outbreaks dbetween populations of the Puerto Rican crested anole in natural
the Filovirus Ebolavirus, bioinformatic analyses tracing the origin and urban habitats
and evolution of hemorrhagic potential in Arenaviruses has Human-mediated environmental change is having profound impacts
interesting implications. This project aimed to (a) perform full on ecosystems across the globe. For example, urbanization creates
phylogenetic analysis of known Arenaviruses utilizing both entire local environments that are hotter than surrounding natural areas
genomes and portions of the genomes and (b) search for the origin@irban heat island effect). Urban warming likely has widespread
of hemorrhagic potential within the hemorrhagic strains and/or thebiological consequences, affecting temporal patterns of growth,
loss of hemorrhagic potential within non-hemorrhagic strains. Thesurvival and reproduction. Therefore, urban heat islands may provide
results of this project clarify the relationships between and evolutiona unique opportunity to explore how organisms respond to
of a family of viruses which are poorly organized. The pathogenicity anthropogenic change. However, our understanding of biological
of many of these viruses is unclear, but this project shows that Lujoresponse to these extreme environments is limited. In this study, we
one of only two verified hemorrhagic Old World Arenavirus, is a explore in situ divergence in thermal tolerance and gene expression
likely relative of the virus responsible for the Old World to New between urban and natural populations of the crested anole across the
World transition. In addition, the placement of New World island of Puerto Rico. We use common garden experiments to
hemorrhagic strains on the phylogenetic tree may indicate that theexamine the contributions of adult flexibility, developmental
non-hemorrhagic strains experienced a loss of function event. Thiglasticity and constitutive genetically-based differences to observed
project will discuss the identification and tracking of genetic traits performance and regulatory divergence observed in situ. Lastly, we
which allow viruses to create hemorrhagic disease in humansuse transcriptome scans to search for evidence of
possibly providing further insight into potential molecular causes of temperature-induced selection in urban heat islands. Together, these
viral hemorrhagic potential. data provide a comprehensive investigation of the biological effects
of urban heat islands on thermal physiology of ectothermic species.

P2-162 CAMPER, BT*; CUTTINO, LA; CARLO, MA; SEARS, 42-4 CAMPOS, SM*; PRUETT, JA; SOINI, HA; NOVOTNY, MV;
MW; Clemson University; bcamper@g.clemson.edu ZURIGA-VEGA, J1J; VITAL-GARCIA, C; HEWS, DK; MARTINS,
Geographic variation in acclimatory capacity of embryos in EP; Indiana University, Bloomington, Indiana State University,
response to changing nest temperatures Universidad Nacional Autonoma de México, Universidad Autonoma

Organisms in sessile life stages rely heavily on physiological de Ciudad Juarez, Arizona State University; smcampos@indiana.edu
plasticity to buffer the effects of thermal stressors. However, local Relationships between climate, chemical signal composition, and
adaptation may constrain the capacity for acclimation to changingbehavior

thermal conditions. The widespread lizard Sceloporus undulatus laysMany signals used in animal communication are shaped by natural
eggs in shallow nests where embryos experience daily temperaturand sexual selection imposed by characteristics of the physical
fluctuations. Recently, we found that nesting behavior varies acros$abitat and receiver sensory systems, and retain little trace of
latitudes such that S. undulatus embryos from warmer southerrphylogenetic similarity. Specific compounds may contribute to
latitudes experience cooler thermal regimes than northern embryoschemical signals directly, be metabolic byproducts or have some
Embryos from northern populations grow and develop more quickly combination of these and other functions. To explore the functions of
than southern embryos, even when reared under the samepecific compounds and the chemical classes they belong to we used
temperatures, a pattern which could have been driven by geographia genus of lizards that exploit a diverse array of habitat types. We
variation in nesting behavior. Adaptation of embryo physiology to compared the composition of chemical signals from twelve species of
variation in nesting conditions along latitudinal clines could constrain Sceloporus lizards, using gas chromatography-mass spectrometry
the capacity for acclimation to changing thermal conditions. Here, we(GC-MS) to characterize secretions and modern phylogenetic
performed reciprocal transplants of eggs from three populationscomparative methods to infer the relative importance of phylogenetic
across a latitudinal gradient to examine variation in plasticity of history, temperature and precipitation in signal composition. We also
embryonic cardiac performance in response to nest thermal regimessked whether composition reflects rates of chemosensory behavior.
For the first six weeks of incubation, we measured embryonic heart-atty acids were the most abundant class of compounds. We found
rates across temperatures at two-hour intervals between the dailthat habitat temperature was negatively correlated to the proportion
minimum and maximum temperatures in each treatment. We therof unsaturated fatty acids comprising species' chemical signals. Rates
calculated the Q10 and energy of activation of heart rate during eaclof chemosensory behavior were positively correlated to the
week to compare the capacity for acclimation to changing nestproportion of saturated fatty acids. We discuss the link between
temperatures across geography. Our results will demonstrate howompound abundance and species habitat, phylogenetic history, and
local adaptation of maternal behavior and embryonic physiology maychemical behavior.

interact to affect thermal acclimatory capacity. Geographic variation

in the physiological plasticity of widespread ectotherms during

sessile stages of development has significant implications for the

ability to buffer negative effects of climate warming.
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P2-81 CANNEDY, JP*; WATSON, CM; SHIPLEY, M; Midwestern ~ P2-110 CANNON, JT*; KINGSTON, ACN; KOCOT, KM;

State University; jpcannedy0330@my.mwsu.edu EERNISSE, DJ; OAKLEY, TH; SPEISER, DI; University of
The effects of nicotine concentration on the physiology and California, Santa Barbara, University of South Carolina, University
performance of the tobacco hornworm, Manduca sexta of Alabama, California State University, Fullerton;

Tobacco employs the chemical nicotine as a method to detejohanna.cannon@lifesci.ucsb.edu
defoliation by herbivores. Some species, such as the Tobacc#&hylogenomic evidence that chiton "shell eyes" may have recently
Hornworm, Manduca sexta, tolerates the noxious chemical andevolved from shell eyespots
specializes upon these toxic plants. This caterpillar is a significantChitons (Mollusca: Polyplacophora) have eight overlapping shell
crop pest and is the subject of constant eradication efforts by farmerglates; these contain clusters of sensory cells called aesthetes. In
While we know that M. sexta mostly passes the nicotine in feces andome chiton species, aesthetes are modified to include an eyespot,
does not incorporate much (if any) of the noxious chemical into itsand in others, aesthetes are present in addition to eyes with a lens and
own tissues, the effects of increased nicotine concentrations on itsetina. To address the evolution of complexity in chiton eyes, it is
physiology and performance is generally unknown. In our study, wenecessary to phylogenetically test whether Chitoninae, with eyespots,
report differences in growth rate, digestive efficiency, metabolic rate, is sister to Acanthopleurinae + Toniciinae, with lens eyes. To this
and performance of M. sexta being fed different concentrations ofend, we have taken a phylogenomic approach using transcriptome
nicotine in commercially-available caterpillar food. Our findings data. We sequenced cDNA from sixteen chiton species and one
suggest that the tobacco plant can negatively impact hornwormaplacophoran with lllumina Hi-Seq. In addition to novel aculiferan
physiology by producing more nicotine. Future complementary field data sequenced for this study, we included data from ten species
studies may reveal the extent that tobacco plant can upregulatavailable on SRA, and data from three mollusc genomes. Our final
nicotine production and what levels are effective in situ. This data matrix contains 30 mollusc species and >500 genes. Overall, our
laboratory investigation provides a better understanding of M. sextgphylogenomic results are consistent with previously published chiton
physiology and its relationship with Nicotiana tabacum. phylogenies, with major lineages supported as monophyletic.
Chitoninae is sister to Acanthopleurinae + Toniciinae in our analyses,
suggesting that eyespots may be the morphological precursors of
‘shell eyes'. However, expanded taxon sampling is needed to address
remaining questions. To generate a more taxon-rich phylogeny for
Chitonina, we have used our transcriptome-based data matrix to
design probes for a genomic-DNA targeted gene capture study. This
target-capture study will enable us to more directly address the
guestion of whether or not lens eyes have multiple origins in chitons.

94-6 CAPLINS, S/A; University of California, Davis; P1-18 CAPSHAW, G*; SOARES, D; CARR, CE; University of
sacaplins@ucdavis.edu Maryland, College Park, New Jersey Institute of Technology;
Individual Plasticity for Larval Type in a Sea Slug gcapshaw@umd.edu

Marine invertebrates exhibit astonishing levels of morphological A comparative analysis of phylogenetic and ecological trends in
diversity in their adult forms. Their larvae, however, can be broadly variation of salamander inner ear morphology

grouped into a few developmental modes defined by how theyThe amphibian ear is highly sensitive to both air and water-borne
acquire the nutrients they need to reach adulthood. While mossound energy and substrate-borne vibration. In anurans, auditory
species are fixed for developmental mode, there are a handful o$ensitivity on land is facilitated by an impedance matching tympanic
species that are dimorphic, producing both lecithotrophic middle ear. Salamanders lack many of the structural adaptations that
(yolk-feeding) and planktrophic (plankton-feeding) larvae. These enhance perception of airborne sound, including the tympanum and
dimorphic species allow detailed investigations into the genetic andthe middle ear cavity. However, early anatomical work has revealed
environmental factors underlying the evolution of larval type, much structural diversity in the salamander auditory system. The
unhindered by additional cross-species differences. The speciefunction of this diversity remains unresolved, but may have
Alderia willowi, is plastic for larval type. Larval type in A. willowi is  significant implications for hearing abilities across species. In this
influenced by season, with more lecithotrophic larvae produced instudy, we use a comparative morphometric approach to explore the
summer and more planktotrophic larvae in winter. | examined relationship between structural variation in the otic region,
individual plasticity for larval type in A. willowi by subjecting lab phylogenetic relatedness, and ecological diversification in
reared individuals to changes in salinity and temperature. | chosesalamanders. We contrast cave-adapted lineages with closely related
salinity and temperature that mimic mean summer (20 °C, 32ppt) anderrestrial and aquatic surface species in order to sample species that
winter (16 °C, 16ppt) conditions. | found a great deal of variation in experience variation in the physical constraints imposed by the
individual plasticity that was not subject to an overall family-level environment on their sensory systems. We hypothesize that
response. | raised several lines of self-fertilized offspring to examinecave-related auditory variation will include structural changes to the
the effect of reduced genetic diversity on individual response tootic region to support increased sensitivity to acoustic energy (in the
environment. These lines were exposed to changes in salinity anform of sound and vibration), including hypertrophy of the inner ear
temperature and monitored for larval type. These results suggest a Grgans and/or greater coupling of otic structures to the fluid of the
X E interaction that involves multiple small effect genes. From theseinner ear. Preliminary results reveal trends in otic variation among
inbred lines | have selected individuals that have crossing-reactiorcave-adapted lineages of salamanders, including an enlargement of
norms, and will use these lines to form F2 mapping population.the perilymphatic foramina, which may have physiological
These mapping populations will allow me to identify the number and consequences for the fluid pressure relief pathway of the inner ear,
location of genes involved in larval type in A. willowi. and for potential directionality of the coupled ears.
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29-5 CARLO, MA*; CUTTINO, LA; CAMPER, BT; SEARS, MW, P1-288 CARLOWICZ, RM*; MORAN, CM; GERRY, SP; Fairfield

Clemson University; mcarlo@clemson.edu University; rachel.carlowicz@student.fairfield.edu
Plasticity of nesting behavior and embryo physiology interact as Temperature effects on feeding kinematics in cunner, a hibernating
drivers of phenotypic variation in a widespread ectotherm labrid fish

Despite the prevalence of phenotypic variation in natural Cunner (Tautogolabrus adspersus) are a temperate labrid that can be
environments, we lack the understanding to explain why certainfound along the coast of Northeastern North America from Virginia
patterns arise along environmental gradients. For species witito Nova Scotia. During winter, cunner enter a state of extended
complex life cycles, adaptive responses to the local environment mayorpor in order to conserve energy. In cunner, locomotor muscle
be necessary throughout ontogeny since different life stages oftefiunction and performance is inhibited when temperatures drop below
occupy different microhabitats. Sessile stages of development ard0 °C. To further understand the effects of temperature on
particularly sensitive to changing conditions due to limited ecologically relevant tasks, we asked, how is feeding activity
behavioral capacities and the small range of microclimatic conditionsinfluenced by a decrease in temperature? Our study investigated the
experienced over small spatial extents (e.g., an egg). Thereforefeeding kinematics of cunner at varying temperature$¢20.5°C,
plasticity in maternal behavior and in the physiology of immobile life 10°C, 5°C). We hypothesized that the kinematic variables would be
stages may be key factors underlying phenotypic variation in someslower at lower temperatures. Seven cunner were fed pieces of
widespread species. To investigate how nesting behavior and embrysandworm and Asian shore crabs. For each individual, we recorded
physiology may underlie phenotypic variation across the range of ahree feeding events for each prey type at 500 frame3\&e
widespread North American lizard, Sceloporus undulatus, weanalyzed: gape, gape velocity, ram, ram velocity, time to prey
examined responses of mobile and immobile life stages to variatiorcapture, prey velocity, and distance to prey at mouth opening.
in the thermal environment along a latitudinal cline. First, we Contrary to our hypothesis, no differences in feeding behaviors were
compared nesting behavior and nest thermal profiles between thebserved. TeRC is the upper limit of the cunner hibernation
southern and northern reaches of the S. undulatus range. We fourtémperature range, therefore, jaw muscle activity might not be
that northern females nest in open areas at forest edges whilehibited at this temperature. Further experimentation may yield
southern females nest at shadier sites. Thus, embryos at hottesignificant differences in cunner acclimated &G If there are no
southern latitudes experience cooler thermal regimes than theidifferences in temperature after further experimentation, it is possible
northern conspecifics. We then performed a reciprocal transplanthat cunner muscles are highly adaptable and that their feeding
experiment rearing embryos from the northern and southern locationdehavior would not be altered by drastic changes in temperature.

in the laboratory under treatments simulating nest temperatures at

those sites. Our results will show how variation in nesting behavior

and embryo thermal physiology may contribute to patterns of

phenotypic variation across the species range.

S1-11 CARON, Jean-Bernard; Royal Ontario Museum, Canada; P1-239 CARP, SB*; TAYLOR, JH; FRENCH, JA; University of
jcaron@rom.on.ca Nebraska at Omaha; scarp@unomaha.edu
The Origin of Phyla—Insights From the Burgess Shale Differential Effects of Receptor-Specific Dopamine Treatment on
The iconic 508 million-year-old Burgess Shale, famous for its Short and Long-Term Marmoset Pairs
exceptional preservation of a diverse community of soft-bodied The monoamine neurotransmitter dopamine (DA) has roles in both
marine organisms, was key to defining the concept of the Cambriarreward and social behavior, and is a potential mediator through
Explosion as a true biological event, but the interpretation of many ofwhich social interactions are perceived as rewarding. Subfamilies of
its constituent taxa has had a checkered history. In particular, the rol®A receptors (D1 and D2) differentially modulate specific behaviors
of a number of so-called Problematica in reconstructing early animalunderlying pair bonding in monogamous rodents, but have not been
evolution has traditionally been difficult to assess. New field systematically examined in nonhuman primates. D1 and D2 receptor
discoveries and continuous research have allowed for the revision ofgonists and antagonists were administered to pair-living marmosets
many of these problematic forms as stem groups of known cladesin either short term (n=7 pairs, average < .5 yrs.) or long-term (n=5
including modern phyla, although many questions remain. In thispairs, average > 2 yrs.) pairs. Subjects were tested using a partner
talk, | will provide a survey of recent progress in our understandingpreference paradigm in which access to both the pair mate and an
of the affinities of several key taxa, in particular, those related to theunfamiliar opposite-sex conspecific was available. Affiliative and
early evolution of panarthropods. agonistic behaviors toward both stimulus animals were recorded.
Under saline conditions, long-term pairs spent significantly more
time with their pair-mate than the stranger, F(1,8)=5.60, p=.045,
while short-term pair did not display a preference for either stimulus
animal, F(1,12)=0.50, p=.492). Marmosets in short-term pairs treated
with either a D1 (p=.008) or D2 (p=.027) receptor antagonist
displayed reduced sexual solicitations to a stranger, while treatment
with a D1 receptor agonist (p=.034) increased sexual solicitations to
a stranger, compared to when treated with saline. DA treatment had
no effect on sexual solicitations for members of long-term pairs.
Marmosets in long-term pairs that were treated with a D2 agonist
displayed reduced overall time spent in close proximity to either
stimulus animal, F(4,28)=3.07, p=.032. However, this effect on
proximity was not observed in short-term pairs, F(8,104)=1.79,
p=.086. These findings suggest that the DA system plays a role in
regulating social interactions between current or potential mating
partners.
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P2-219 CARR, J A*; SULLIVAN, C M; TYTELL, E D; Salem State  122-4 CARRIER, D/R*; CUNNINGHAM, C; University of Utah,

University, Emmanuel College, Tufts University; Swansea University; carrier@biology.utah.edu
jennifer.carr@tufts.edu The effect of foot posture on capacity to apply free moments to the
Twitch Kinetics as a Function of the Length-Tension Relationship  ground: implications for fighting performance in great apes

of Skeletal Muscle In contrast to most other primates, great apes have feet in which the

Intrinsic muscle properties such as force-velocity and length-tensiorheel supports body weight during standing, walking, and running.
effects are often used in musculoskelatal modelling and are importan©ne possible advantage of this "plantigrade” foot posture is that it
when considering muscle function in vivo. Several research studiesnay enhance fighting performance by increasing the ability to apply
have examined how muscle length affects the influx of calcium intofree moments (i.e., force couples) to the ground. We tested this
the muscle during isotonic twitches but no one has examined howpossibility by measuring performance of human subjects when
length affects the kinetics of the twitch in terms of timing and force performing from plantigrade and digitigrade (standing on the ball of
development. My research examines the effects of length on thehe foot and toes) postures. We found that plantigrade posture
kinetics of force development in skeletal muscle across thesubstantially increased the capacity to apply free moments to the
length-tension curve. We measured the force of single twitches inground and to perform a variety of behaviors that are likely to be
isolated muscle preparations from the silver lamprey (Ichthyomyzorimportant to fighting performance in great apes. As predicted,
unicuspis) to quantify the length-tension curve, starting at the performance in maximal effort lateral striking and pushing was
ascending limb, proceeding through past optimal length, and onto thestrongly correlated with free moment magnitude. All else being
descending limb. From each of the twitches, the force produced byequal, these results suggest species that can adopt plantigrade posture
the muscle and the timing of various points relative to the stimuluswill be able to apply larger free moments to the ground than species
was measured. During muscle contraction and relaxation werestricted to digitigrade or unguligrade foot posture. Additionally,
measured the time that the muscle reached 50%, 90%, and 100%hese results are consistent with the suggestion that selection for
maximal force and then relaxed to 50% and 90% relaxation. Fromphysical competition may have been one of the factors that led to the
these data the average rate of force development and decay weryolution of the derived plantigrade foot posture of great apes.
calculated at different times within the twitch. In addition, the

instantaneous rate of force development and relaxation were

examined to see the effects of length throughout the twitch. Our

results suggest that the rate of force development during contraction

is constant up to 50% of maximal force, but the rate of force

development from 50% to maximal force increases as the length

increases. Our results suggest that the twitch response of skeletal

muscle depends on length and other considerations may have to be

considered when determining the effect of length on force

production.

64-6 CARRILLO-BALTODANO, A*; MEYER, N; Clark S5-8 CARRYON, GC*; KAHN, JC; TANGORRA, JL; Drexel
University; acarrillobaltodano@clarku.edu University; gcarryon@gmail.com

Decoupling Brain from Nerve Cord Development in the Annelid Sensory Mediated Control and Touch in Biorobotic Fins

Capitella teleta Our studies of fish swimming have revealed that fish use their fins as

Neural development often starts with a region of ectoderm receivingpropulsors and as sensors to swim and to navigate by touching
extrinsic signals instructing it to become neural. Our understandingobstacle surfaces and actively contacting the environment. This
of nervous system development largely comes from studies withinfunctionality implies that the mechanics and the sensory and control
Deuterostomia and Ecdysozoa, and less so from the third majosystems of fins are not designed solely for propulsion, but are more
bilaterian clade, Spiralia. Studying how nervous systems develop ircomplex systems that evolved to satisfy a richer range of objectives.
different animal groups will help us reconstruct how they evolved. Based on neuromechanical and behavioral studies of the sunfish, we
To investigate whether intrinsic or extrinsic signals are involved in have developed biorobotic models of the pectoral and median fins
early neural specification in a spiralian, we isolated embryonic that produce the propulsive forces and gaits for steady swimming,
blastomeres from the annelid Capitella teleta. After six days, hovers, and turns, and which are instrumented with distributed
daughters of isolated 1st-quartet micromeres, fated to form thesensors to measure fin ray bending and membrane pressures. These
episphere including the brain, expressed the pan-neuronal genmodels have been used to investigate sensory-mediated control of
Ct-elavl, indicating a possible role for lineage-specific neural fins during swimming and touch and to learn how to exploit
determinants in brain formation. Isolated 2d micromeres, fated tobiological principles for high performance robotic systems. In this
form the trunk ectoderm and ventral nerve cord (VNC) did not talk, we will present our understanding of closed loop control applied
survive. However, when the 2d micromere was isolated with otheracross the continuum from steady swimming, to maneuver, to
micromeres, larvae developed an elongated trunk and episphere, withnsteady touch and propose a sensing and control framework for
Ct-elavl expressed exclusively within the episphere. These resultéimplementation in robotic fins.

show that 2d requires extrinsic signals from the 2nd-quartet

macromeres or their descendants, which generate the mesoderm and

endoderm, to specify the VNC. We propose that autonomous

specification of anterior neural ectoderm evolved in spiralians,

enabling the swimming larvae to respond quickly to environmental

cues. In contrast, multiple signaling pathways could have been

co-opted to conditionally specify the VNC. Future experiments will

examine the transcriptomic profile of isolated blastomeres to identify

putative genes involved in neural specification in C. teleta. This will

ultimately provide insight into how neural specification evolved

within Bilateria.
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University of Pennsylvania, Temple University; caja@sas.upenn.edu acarter3@bates.edu

Vertebral ecomorphology and transitions to land in a diverse clade Mapping resilin distribution in the wings of bees and wasps

of early tetrapods Resilin, a rubber-like protein, appears in the wings of many insects,
Vertebral size, shape, and total vertebral numbers have beewften in flexible joints where fold-lines or flexion-lines cross wing
correlated with ecology, feeding mechanics, and locomotor type inveins. Recent work has begun to reveal the important functional roles
modern vertebrates. However, it is unclear if these morphologies ar@f particular resilin joints and associated flexion-lines. For example,
related habitat preferences in early tetrapods, critical for documentinghe 1m-cu joint in bumblebees has been found to increase
transitions such as invasion of land. Temnospondyls were an ancieraerodynamic force production and improve flight stablllty by
lineage of stem-amphibians that ranged in size from 5 millimeters topromoting favorable wing flexion during flight, and the "costal

5 meters, and prevailed for over 200 million years. This clade offersbreak” in yellowjacket wasps has been found to mitigate
an excellent opportunity to examine environmental correlations on acollision-induced wing damage by allowing the wing tip to collapse
macroevolutionary timescale because they underwent repeatedeversibly. Beyond bumblebees and yellowjackets, however, little is
diversifications into new habitats. In addition, their vertebral known about the distribution of resilin in the wings of other bees and
morphologies include over half of the categories present during thewvasps, and the extent to which it varies across the hymenopteran
Paleozoic. Early works on this group categorized their complexphylogeny. We used confocal microscopy to map the distribution of
vertebral diversity; however, no study has determined how thisauto-fluorescent resilin structures in the wings of over 50
diversity affects biomechanically-relevant traits and correlates with hymenopteran species from more than 17 families. We found that the
ecology. We conducted a 2D geometric morphometric study onoverall number, positions, and shapes of resilin structures varied
presacral vertebrae in temnospondyls using a total of 13 landmarks twidely across hymenopteran families, and that representatives of
capture neural spine and intercentrum form. We reconstructed habitaApis (honeybees) and Bombus (bumblebees) were missing a costal
shifts using a threshold model, and tested for correlations betweeireak entirely. Our results raise important questions surrounding the
morphology and environment. Procrustes ANOVAs revealed afunctional implications of diverse wing morphologies, and the
significant amount of variation in intercentrum shape is explained byevolutionary factors and constraints that have given rise to different
habitats. Conversely, 90% of variation in neural spine size and shapgatterns of wing flexibility.

is unexplained by phylogeny or habitat. Ancestral state

reconstructions revealed temnospondyls were not tightly constrained

and could transition into new environments every 30 million years.

Vertebral innovations appear to have been critical for tetrapod habitat

invasion and reinvasion, emphasizing the need for future studies on

extinct tetrapods to establish patterns for vertebral form-function.

100-7 CARTER, W*; WHITEMAN, J; COOPER-MULLIN, C; S6-4 CASAGRANDE, S*; GARAMSZEGI, LZ; HAU, M;
NEWSOME, S; MCWILLIAMS, S; University of Rhode Island, GOYMAN, W; HORMONEBASE CONSORTIUM, ;

University of New Mexico; wales.carter@outlook.com CASAGRANDE, Stefania; Max Planck Institute for Ornithology,
Fatty acids in muscle differ in turnover rates and response to Estacion Bioldgica de Doflana-CSIC, www.hormonebase.org;
exercise in Zebra Finch scasagrande@orn.mpg.de

Muscle fatty acid (FA) composition changes in response to diet andGlucocorticoid changes across life history stages: a comparative
physiological condition, which in turn affects whole-animal approach

performance (e.g. aerobic endurance, metabolic rate, post-exercisenvironmental fluctuations trigger changes in glucocorticoids (GCs)
recovery) in a wide range of taxa. The pace of composmonal changeghat promote profound individual physiological and behavioral
of FAs, however, remains largely unknown and limits our ability to adjustments as well as shifts in life-history stages. Baseline (BLs,
infer their ecological consequences. We estimated the turnover ratelow levels for predictable fluctuations) and stress-induced GC levels
of individual FAs in neutral lipid (NL) and polar lipid (PL) fractions (SLs, high levels typical for unpredictable fluctuations) mediate
extracted from the flight muscle of exercised and unexercised Zebranetabolic and behavioral changes to obtain and utilize energy
Finches (Taeniopygia guttata). FA turnover was quantified by depending on needs. BLs are expected to covary with seasonal
measuringt3C enrichment in tissues sampled over 256 days energy demands while SLs are thought to mediate life history
following a G, to C; diet shift, with the exercise treatment used to trade-offs when unpredictable disturbances occur, like promoting
assess the effect of elevated metabolic rate on turnover. In botlsurvival processes at the expense of reproduction. We will employ
fractions, turnover was fastest for linoleic acid (LA, 18:2n6) and comparative methods to analyse seasonal changes in GCs within the
palmitic acid (PA, 16:0) with mean retention times (1) of, class Aves to identify broad-scale patterns across taxa. We will
respectively, 6.6 and 9.5 days in NLs and 4.1 and 5.1 days in PLsextract population GC means for breeding versus non-breeding
Arachidonic acid (ARA, 20:4n6) and docosahexaenoic acid DHA, seasons from HormoneBase, and from those calculate changes
(22:6n3) were only found in PLs and had much slower turnover (‘population scopes') in seasonal GC changes. We assume breeding is
(1=26.0 days and 1=41.4 days, respectively), while stearic acid (SA, the more energetically demanding life-history stage, and therefore
18:0) and oleic acid (OA, 18:1n9) had more intermediate turnover inpredict that BLs are higher during the breeding season, and a larger
both fractions. All pairs of FAs were significantly different from one seasonal scope is positively related to fecundity. Conversely, we
another (P < 0.05) except for LA and PA in both fractions, PA and expect SLs are lower during the breeding season to minimize
SAin NLs, and PA and OA in PLs. Exercise increased the turnoverreproductive disruptions, and scope is negatively associated with
of LA (1 exgyoised— 7, §g = -2.245, P = 0.029) and PA (L. cised™ fecundity. Controlling for phylogeny, we will construct analyses that
3.8, Ty = ) 5?4 P 0; 824) in PLS. These results dentonstrate bottinclude sex, size, metabolic rate, environmental and life history
rapid turnover of key FAs and provide evidence that multiple variables to understand how seasonal changes in GCs covary with
mechanisms drive FA turnover, including oxidative damage and thelife-history traits and environmental conditions of populations.
consumption of molecules during normal function.
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The role of ancestral phenotypic plasticity in evolutionary Transcriptomic underpinnings of developmental plasticity and their
diversification: population density effects in horned beetles evolution: insights from Onthophagus horned beetles

The role of plasticity in shaping phenotypic diversification continues Phenotypic plasticity is a ubiquitous property of development, which
to receive considerable attention. One especially debated issuéself has undergone a tremendous degree of evolutionary
concerns the significance of genetic accommodation in diversification. Even though most traits exhibit some degree of
diversification, and the proposed role of ancestrally plastic responseglasticity, and the developmental-genetic mechanisms underlying a
in faulltatlng or biasing subsequent genetically canalized subset of plastic traits are starting to be elucidated, how these
differentiation among taxa. Here, we investigated the role of mechanisms originated and diversified remains largely unclear. We
ancestral plasticity in facilitating rapid divergence between exoticused a comparative RNAseq approach on three species of
populations of the Mediterranean dung beetle Onthophagus taurusOQnthophagus beetles with varying degrees of nutrition sensitivity of
introduced ~50 years ago to Western Australia and the Eastermorn growth to better understand the transcriptional basis and
United States. Historically, Western Australian and Eastern USevolution of this plastic response. We compared one basal species,
populations have been subject to disparate levels of mate- anavhich exhibits a modest degree of nutrition responsiveness (O.
resource competition, proposed to have driven rapid heritablegazella), with two derived species, one exhibiting extreme sensitivity
divergences in diverse morphological, physiological, and behavioral(O. taurus) while the other has secondarily lost it (O. sagittarius).
traits. In this study, we utilized a Spanish population as a proxy forUsing this approach, we seek to: 1) identify the gene repertoire
the ancestral Mediterranean population to assess whether preexistinghose expression is affected by nutritional variation within each
plasticity in response to variation in population density may havespecies; 2) assess the extent to which nutrition-based plasticity in
mediated these previously documented canalized divergences amorggene expression mirrors morphological plasticity within and across
descendant exotic populations. We focused on two maternalspecies; and 3) gain insight into the relative importance of genetic
behavioral, two life history, and two morphological traits. We find accommodation in gene expression plasticity and in the evolutionary
that (1) Mediterranean O. taurus exhibit plasticity in response todiversification of nutrition-responsive development. More generally,
adult densities for four of the six focal traits; (2) that in two of those, we hope to better understand how patterns of gene expression
plastic responses match the direction of canalized divergences amongnderlying nutrition-responsive growth evolve in relation to the
natural populations; and (3) that the presence and direction ofdegree of morphological plasticity observed across closely related
plasticity appear unrelated to trait type. Our results provide partialspecies. Given the growing attention on the role of genetic
support for the hypothesis that evolution by genetic accommodatioraccommodation in diversification, understanding how gene
could have contributed to the very early stages of populationexpression underlying plastic traits itself evolves will be critical to

differentiation in a subset of traits in O. taurus. better understand the mechanisms of genetic accommodation.
135-1 CASS, J.A.*; DANIEL, T.L.; Univ. of Washington; P3-103 CASTILLO, CR*; BALTZLEY, MJ; Western Oregon
danielt@uw.edu University, Western Oregon Univerisity; ccastillol4@mail.wou.edu
Flow and diffusion together mediate substrate delivery into the Variation in GABA-Immunoreactive Neurons Across Three
crowded lattice of contractile filaments Stylommatomorpha Gastropods

Muscle contraction is mediated by myosin motors that derive theirThere is typically little variation in the structure of nervous systems
energy from ATP hydrolysis. Recent research suggests that diffusiorof closely related species, but often variation is found in the size,
may be limiting in the exceedingly crowded lattice of thick and thin number and location of individual neurons. To explore the variation
filaments. Additionally, conservation of mass implies that, for of nervous systems among several gastropod species,
constant lattice spacing, axial and radial fluid motion must GABA-immunoreactive (GABA-IR) cells were identified in the grey
necessarily accompany periodic lengthening and shortening of thdield slug Deroceras reticulatum. GABA-IR cells were chosen in
sarcomere. We asked if such flow augments the rate of ATP supplyrder to compare results to previously unpublished data from the
inside the sarcomere. To address this question we developed garden snail Cornu aspersum and the scarlett-backed taildropper slug
continuum model for the diffusion-convection equation in the Prophysaon vanattae. The three gastropods belong to the
sarcomere, with a time-dependent flow field driven by sinusoidal Stylommatomorpha clade and are found in the Pacific Northwest. We
sarcomere contractions. By comparing the concentration gradient oéxpected to find same number of GABA-IR neuron clusters across
ATP along the sarcomere radius with and without convection, wespecies, but expected to find variation in the number of cells within
find that radial flows improve ATP replenishment in the sarcomere those clusters across the three species. In all three species, GABA-IR
center over diffusion alone. After the first, second, and third clusters were found in both the cerebral ganglia and in the fused
contraction cycles, convection improves ATP concentrations by up topedal, plural, visceral and parietal ganglia. We found no significant
81.9%, 30.8% and 19.2% respectively. After many (>200) cycles, thedifference in the number of clusters in the cerebral ganglia (p = 0.71;
difference approaches zero as the system reaches an equilibrium = 0.05; t-test) nor the pedal ganglia (p = 0.50; a = 0.05) between D.
state. These results pertain to constant extra-sarcomericeticulatum and P. vanattae. However, there was a significant
concentrations. If, however, those concentrations aredifference between the number of cells per cluster across D.
time-dependent, flow will always lead to increased substratereticualtum and P. vanattae. The number of cells per cerebral cluster
availability. Our results indicate that, in addition to driving axial in D. reticulatum (8.4 £ 0.7) was less than P. vanattae (12.7 + 1.0; p
forces, the flow induced by shortening sarcomeres can augment ATR 0.0001). Similar results were found for the number of cells per
delivery, potentially offsetting the costs associated with viscous pedal ganglia (p < 0.0001).

shearing.
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Lordosis variability and shock transmission in the human lumbar The role of neuropeptide Y in the regulation of the stress response
spine and food intake in the brown anole (Anolis sagrei).

Human lumbar lordosis (LL) is an adaptation for bipedalism that Neuropeptide Y (NPY) is a conserved hypothalamic regulator of
helps position the center of mass of the upper body over the lowefood intake in vertebrates, where it promotes the hunger response to
limb, reducing the mechanical and metabolic costs associated witlencourage foraging. In addition, NPY has a complex interaction with
uprlght posture. However, fossil evidence indicates there has beesomponents of the stress response both within the brain and on
considerable LL varlab|I|ty among hominin groups, perhaps peripheral tissues. During a stress response, a hormonal cascade
suggesting that postural variations serve other functions. This studynitiating in the hypothalamus, and acting through the anterior
investigates the effects of LL on impact-related shock attenuationpituitary gland, eventually results in the release of glucocorticoid
(SA) in the human lumbar spine during walking and running. During steroid hormones, such as corticosterone (CORT) into general
bipedal locomotion, each step generates a shock wave thatirculation. Recent studies suggest that NPY can interact directly
propagates up through body toward the head, and repeated shocksth the adrenal gland to facilitate CORT secretion. This interaction
can lead to pathology without active or passive mechanisms forhas been explored in mammals, where NPY receptors have been
attenuation. To test the hypothesis that LL increases SA, 27found on adrenal tissue, yet the general role of NPY in reptiles
participants (14 male, 13 female) walked and ran on a treadmill withremains understudied. This raises the question of whether NPY can
two lightweight, tri-axial accelerometers affixed to the skin overlying stimulate a stress response and whether a functioning stress response
T12/L1 and L5/S1. Sagittal plane accelerations were analyzed acrosis required for NPY to exert its effects on food intake. Using the
frequencies using power spectral density analysis, and SA wasnvasive brown anole (Anolis sagrei) we tested the hypothesis that
measured in the impact frequency range. 3-D kinematics quantifiedNPY promotes both food intake and also CORT release. First, to test
natural standing and dynamic LL, and the effects of intervertebralwhether NPY can activate the stress response, we injected male anole
discs on SA were tested using MRI scans. Results showed ndizards with either: 1) saline; 2) NPY; 3) dexamethasone, a
correlation between LL and SA during walking, but LL correlated glucocorticoid agonist which suppresses CORT release; or 4) both
with SA during running (p<0.01,%0.30). Multiple regression ~ NPY and DEX. One hour after injection a blood sample was
models showed that higher amplltudes of dynamic LL displacementcollected to measure plasma CORT concentrations. Second, we
and slower rates of displacement during running were associated withested how the above treatments influenced food intake in captive
higher levels of SA (p=0.008, multiple?®0.41). Thicker discs were anoles, by measuring the number of mealworms consumed
also associated with higher SA (p=0.02=B.22), but LL was a post-injection. Injection with DEX did not increase food intake above
stronger predictor of SA than disc thickness when controlling for control animals, suggesting CORT release does not itself alter
both variables (p=0.001, multiple?R0.44). Results support the feeding. Current studies are continuing to elucidate the dynamic and
hypothesis that a more curved lordosis reduces impact-related shockomplex relationship between NPY, food intake, and stress.
accelerations transmitted through the human lumbar spine during

dynamic activities such as running.

54-2 CAVAGNARO, JW; Villanova University; 15-3 CAVES, EM*; GREEN, PA; JOHNSEN, S; Duke University;
geicothetoad@aol.com eleanor.caves@gmail.com

Color Evolution and UV Reflectance in Diurnal Geckos: Influence  Signaling in the Cleaner Shrimp-Client Fish Mutualism:

of Visual System and Background Combining Behavior, Network Analysis, and Sensory Physiology

Perception of ultraviolet (UV) light, mediated by the SWS1 opsin, is Researchers often refer to acts or structures as signals without first
widespread in reptiles. Many species reflect UV light as part of theirtesting for a signaling function. To be a signal, an act or structure
coloration, but its role is understudied, because humans cannoshould at the very least (1) be perceptible by the receiver, and (2)
perceive it. The UV reflectance of geckos in particular has not beerresult in a behavioral change in the receiver. Thus, before studying
investigated. The nocturnal ancestry of geckos has left them with asignal form or function, the act or structure in question must be
unique trichromatic visual system, with opsins sensitive to UV, blue, shown to be a signal. In mutualisms, signaling between partners can
and green light, but not red. | have used objective multispectralimpact the interaction's success, which makes them a good system for
photography and cone-catch modeling to determine how differentexploring potential signaling behaviors. We examined interactions
signals stimulate the gecko visual system, so that their coloration cabetween cleaner shrimp (Ancylomenes and Lysmata spp) and their
be interpreted in a biologically relevant context. | specifically focus client fish to determine if cleaning interactions are mediated by
on the sexually dimorphic coloration displayed by members of thevisual signals. Cleaner shrimp remove ectoparasites from their reef
diurnal genus Lygodactylus Gray, 1864. Several species in the genussh clients, and although up to half of client visits are by fish that eat
exhibit a yellow head with a blue-grey (and UV) body, a pattern crustaceans, cleaner shrimp are rarely eaten during cleaning
which has evolved convergently in other, independently diurnal interactions. One hypothesis is that cleaners and clients use visual
clades. This indicates that the yellow-headed phenotype is arsignals to identify themselves as beneficial partners. Cleaner shrimp
efficient signal for the gecko visual system in a diurnal light display complex color patterns and exhibit stereotyped behaviors in
environment. | find that to the gecko visual system, the UV-blue-greythe presence of clients. Clients, in turn, adopt stereotyped poses and
body and the yellow head are each most conspicuous againstften change color at cleaning stations. To address the two criteria
different natural backgrounds, providing a good signal in complex outlined above, we (1) incorporated measures of cleaner and client
lighting and background conditions. The chromatic contrast betweerspectral sensitivity and spatial acuity to examine how they may
the head and body is higher than either against any background; thiappear to their mutualistic partners, and exposed cleaners to
contrast may be an important component of the signal regardless dflack-or-white geometric stimuli on a screen to test how they
visual context. As geckos lack a red sensitive cone type, the yellowespond to purely visual stimuli. We then (2) recorded and annotated
head cannot be distinguished from the green color of foliage, and fol52 hours of video of cleaner-client interactions in the Caribbean and
this reason has been lost in the canopy dwelling species. This specieRed Seas to identify candidate signaling behaviors. To those
the critically endangered L. williamsi, has evolved bright blue annotations, we applied network analysis to show which candidate
coloration with a strong UV component, highlighting the importance behaviors altered receiver behavior.

of UV reflectance for signaling in this clade.
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Washington, University of Washington ; itzuecs@uw.edu Department of Primary Industries, NSW, Australia; acease@asu.edu
Evolution of Swimming in Tree Frogs High protein plants may limit persistence of Australian Plague

Neotropical tree frogs of the subfamily Hylinae have three main Locusts (Chortoicetes terminifera) to the outback

locomotion modes with a direct impact on species fitness; they jumplLocusts are grasshoppers that can form massive migrating swarms
swim and climb. Convergences in morphotype and locomotion areand devastate food security. Locust species tend to be concentrated in
primarily driven by microhabitat, but in some cases morphology is arid ecosystems but will invade croplands during upsurges. For
the result of long-term phylogenetic constraints. Swimming is a example, Australian Plague Locust (Chortoicetes terminifera )
critical behavior during life history for predator avoidance, outbreaks mainly originate in the outback and invade agricultural
reproduction, and early developmental stages. However, is stillareas closer to the coast. However, locusts often do not persist in
poorly understood how swimming evolved in closely related speciesthese invasion zones. We tested the hypothesis that high soil fertility
with multiple locomotion modes. This study aims to understand theconstrains locust populations by creating a nutritionally poor
evolution of morphological traits and their influence on swimming landscape of high protein plants. In contrast to the commonly-held
behavior and performance in the Subfamily Hylinae. We included hypothesis that herbivores are ubiquitously nitrogen and
225 individuals from 16 localities in Mexico, corresponding to 31 protein-limited, we found that, similar to the Mongolian Locust, field
species and 14 genera. Our data set includes linear velocity of onpopulations of the Australian Plague Locust grew and survived best
complete swimming trial, backstroke kick (both legs simultaneously on low-nitrogen (low protein) plants and artificial diets with a 1:2

or alternating), forearm rowing present or absent, and microhabitat asnass ratio of protein: carbohydrate. When we confined locusts to
arboreal (bellow or above 2m) and aquatic (still or moving water). N-rich grasses in their invasion zone, they self-selected an almost
We estimated the correlations among the evolution of traits along theentirely carbohydrate diet for about 3 days. We paired field-station
phylogeny by using the threshold model. We found that Hylinae based experiments with field surveys spanning NSW from the
species use the two types of swimming reported for frogs, alternatingagricultural belt to the outback. Locusts were most abundant where
gait (the presumed primitive condition in frogs) and simultaneously grasses had a low protein: carbohydrate content. These results
gait (the derived locomotion mode). In addition there is a high rate ofsupport our hypothesis that high solil fertility in croplands limits
inter- and intra- specific variation in swimming behavior and persistence of Australian Plague Locusts in these areas by increasing
performance. Our evolutionary correlation analyses support that:plant protein content.

faster swimming behavior is correlated with smaller limbs; a

simultaneously gait is correlated with larger limb structure;

microhabitat is not correlated with swimming speed or behavior; and

arboreality is correlated with smaller radio-ulna and tibia. Which has

important implications for the study of tree frog evolution and habitat

selection.

P3-243 CEJA, AY*; GUNDERSON, AR; STILLMAN, JH; Univ. of P3-19 CERIO, DG*; WITMER, LM; Ohio Univ.;

California, Riverside, Univ. of California, Berkeley, Univ. of dc441511@ohio.edu

California, Berkeley; San Francisco State Univ.; aceja005@ucr.edu Visual Fields of Dinosaurs and their Extant Relatives: Bony

What makes a crab move, and where does it go? Modeling predicts Evidence and Soft-Tissue Reconstruction

shifts of an intertidal population distribution and abundance in The visual abilities of dinosaurs as they relate to ecology and
response to warming behavior have been the subject of recent interest. Orbital soft tissues
Climate induced shifts in population distributions have been well have received little attention, and, if ignored, the eyeballs of
documented globally across marine and terrestrial ecosystems. Idinosaurs may be missized or positioned inaccurately, leading to
contrast, few studies have focused on local distribution shifts in smallpoor estimates of visual fields and spurious conclusions about
scale variable environments. The rocky intertidal shore is known forbehavior and ecology. Fossils of extinct dinosaurs were studied
exhibiting a highly thermally variable environment ranging up to firsthand to identify the osteological correlates (OCs) for orbital soft
40°C within an elevational gradient of a few hundred meters andtissues including the extraocular muscles, cranial nerves, glands,
temporal range of hours. This extreme thermal variability has led toeyelids, supraorbital membrane, subocular ligament, and
the exploitation of intertidal shores in global warming research. An nasolacrimal duct. Intact heads of 27 species of birds, crocodylians,
individual-based simulation was created to test a here newlyand squamates were subjected to iodine-enhanced microCT (diceCT
developed rule-based size-dependent species distribution model of and spiceCT), and several dozen additional avian specimens were
well understood intertidal population of Petrolisthes cinctipes crabs microCT-scanned without iodine contrast. Orbits were dissected to
found at Fort Ross State Historic Park, California. The model validate the CT studies and to identify the OCs for orbital soft
implemented the use of real environmental, behavioral, andtissues. Soft tissues and endosseous labyrinths were segmented in
physiological data collected from Ft. Ross. A future environmental Avizo, and soft tissues were modeled in Maya. Estimates of eyeball
thermal profile, generated here, was employed in the simulation tosize and optical parameters including focal length and monocular
predict the distribution of the population in response to warming. visual field, which depend in part on eyeball size, shape, and
Results predict the population will respond to warming by shifting position, were modeled. Visual fields based on these optical
their distribution lower in the intertidal zone as well as decreasingparameters and constraints were modeled and tested against
population abundance. Local population abundance and distributiorempirical measurement of visual fields in the literature. The results
shifts affect individual relationships across all levels from predatorsindicate that reconstructing accessory soft tissues in the orbits of
and prey to competitors and symbionts. These changes irextant diapsids can provide upper limits on estimates of eyeball
relationships could result in significant repercussions to communitydiameter, axial length, and the geometry of visual fields, whereas
dynamics, potentially fostering ecosystem-wide community lower limits are currently less constrained (although under study).
alterations. The generated model and simulation, created in thdased on the findings from the CT and fossil studies, eyes, accessory
modeling software NetLogo, could be applied to similar systems ofsoft tissues, and visual field geometry were modeled for several
less tractable organisms responding to biotic and abiotic variable®xtinct archosaurs, including moa and early ornithischian dinosaurs.
across local or global elevational gradients.
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Netherlands; uros.cerkvenik@wur.nl Conflict and the evolution of sexual dimorphism in

How parasitic wasps steer ovipositors and avoid buckling during whole-organism performance

probing Intralocus sexual conflict arises when males and females experience

Drilling in solid substrates with slender probes is challenging, but isdivergent selection pressures and, due to their shared genome, the
normal behavior of many parasitic wasps. Females use their thirresponse to selection pushes one sex away from their respective
ovipositors to search for and deposit their eggs in/next to hostditness optimum. One way to resolve or reduce sexual conflict is to
hidden within the substrates. The ovipositor consists of three valvesallow each sex to approach separate optimal phenotypes, resulting in
that are longitudinally connected with a rail-like structure, enabling sexual dimorphism. Whole-organism performance traits are
them to slide along each other. Alternating valve movements haventegrated morphological and physiological phenotypes and are often
been hypothesized to play a role in damage avoidance and steerirgubject to sex-specific selection. Selection for male performance in
during probing. We tested these hypotheses in vivo by quantifyingcombat, for example, affects the evolutionary trajectories of both
the probing kinematics of the parasitoid Diachasmimorpha sexes. As performance traits rely on the additive effects of many
longicaudata (Braconidae) in transparent gels of two different genes necessary for development and survival, sexual dimorphism in
stiffnesses. The quantification of valve motion revealed their performance may be constrained due to correlated expression
different functional roles and effects on the shape of the ovipositorbetween males and females. Furthermore, performance traits are
tip. We further investigated the valves' mechanical properties bytypically subject both to competing selection pressures and to
measuring their bending resistance. We show that wasps were able toade-offs with other types of performance that rely on conflicting
probe in any direction relative to their body. Steering of the physiological and skeletomuscular phenotypes. Finally, animals do
ovipositor is achieved by changing the shape of its tip, which is donenot always perform at their maximum capacity, which can alter the
by adjusting the valve offset. Upon the protraction of the ventral effects of selection. Yet sexual conflict in performance is not given
valves, the asymmetry was enhanced due to curving of these valvemiuch attention. In this study, we created an individual-based
toward the dorsal one which increased the asymmetry of the tipsimulation to test how multiple performance traits evolve in response
forces. Furthermore, alternating valves were always used wheno sex-specific selection pressures under various constraints. By
drilling in stiff gels, whereas ovipositors can be inserted without suchmanipulating energy budgets and performance costs; functional and
movements in soft gels. This indicates that reciprocal movements argenetic trade-offs among traits; and intersexual genetic performance
needed in high-friction environments, presumably for buckling correlations, we show how balancing performance demands, energy
avoidance. Similar probing kinematics was observed in mosquitoegequirements, and sex-specific selective paradigms alters the
and suggested to occur in hemipterans. The increased knowledge dadirection, shape, and intensity of selection, and ultimately drives
the functional morphology of multi-element insect probes may separate trajectories of performance evolution in males and females.
stimulate the development of new bioinspired minimally invasive

tools.

P1-19 CHABAIN, J*; KOLMANN, M/A; SUMMERS, A/P; P2-36 CHABRIA, T*; MASSENA, K; FUNK, A; DANISEWICZ,
CHABAIN, Jules; FHL, Univ. of Montpellier, France, FHL, Univ. of E; THOM, Z; MASS, S; State University of New York at New Paltz;
Washington, Wash.; jules.chabain@hotmail.fr chabriatl@hawkmail.newpaltz.edu

What's the Point? Form and Function of the Caudal Barb in Interaction of BHT with BPS in Planaria

Stingrays Bisphenol compounds such as BPS are environmental endocrine

Animal weaponry are diverse and serve a variety of roles; from thedisruptors that act as xenoestrogens. BPS is commonly used to make
asymmetrically-sized and largely-ceremonial chela of fiddler crabs,certain types of plastics and epoxy resins that are used in food
to the venomous spurs of male platypuses, these structures cgmackaging, thermal printing and a variety of other consumer and
defend against predators, intimidate rivals, or attract mates. Stingraysdustrial products, and is commonly substituted for BPA in
(Myliobatiformes) are the most ecologically-diverse lineage within "BPA-free" products. Prior work in our lab has demonstrated that
the modern elasmobranchs (sharks and rays) and have an enlargadpderate to high doses of BPS adversely affect regeneration in
venomous caudal barb formed from hypertrophied dermal denticlesflatworms. Common antioxidants like Butylated-hydroxytoluene
which these rays use to defend themselves from predators. BarbBHT) that are used as preservatives in foods and cosmetics have
display diverse morphologies. We used micro-computed tomographyoeen coming under renewed scrutiny as potential endocrine
to examine barbs from over 40 species, representing the majodisruptors and carcinogens. In this work, we examine the effects of
families in Myliobatiformes; including Potamotrygonidae co-administration of BHT with BPS at doses below the LC50 for
(Potamotrygon, Plesiotrygon), Dasyatidae (Dasyatinae, BPS.

Neotrygonidae), Myliobatidae (Rhinoptera), Urotrygonidae

(Urotrygon, Urobatis), Urolophidae, and Gymnuridae . As expected

barb shape was distinctive with each species, with previously

undescribed variation in morphometry and meristics. For example,

the spine of Paratrygon aiereba is distinguished by large rounded

base, with large bilaterally symmetrical central serrations, and an

overall teardrop shape. In contrast, the spine of Plesiotrygon iwamae

is largely covered by small disorderly serrations, along a uniform

beam-like shape. In cross section, barb morphology is also variable

and can be oval, triangular, or more complex. We used a

phylogenetic framework to assess the variability of barb shape stems

from inheritance or if there is an ecological signal as well. We

generate functional hypotheses to explain barb morphological

diversity using analogies with edged weapons, different sword and

arrow shapes, which are specialized for either slashing or puncture.
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Thanks for being flexible: Cognitive flexibility training can danielt@u.washington.edu

attenuate the effects of a rodent trauma model on fear learning and Abdominal mechanosensors encode body flexion in the hawkmoth
memory Manduca sexta

Exposure to stress can cause lasting changes in cognition, but sonfnimal flight stability can be attributed to the rapid control mediated
individual traits, such as high cognitive performance, can reduce théoy mechanosensory feedback. In insects, this control involves
degree, duration, or severity of cognitive changes following stress.reflexive changes in airframe configuration for redirection of lift
Here, we test whether cognitive training or high cognitive forces. There is ample proof that visual stimuli drive this active
performance can attenuate changes in fear memory using a rodembntrol of the abdomen including morphological evidence that
trauma-model called single prolonged stress. Exposure to singlesensory hair plates are distributed in critical regions around
prolonged stress typically heightens fear responses even after a feabdominal joints. However, the neural encoding of this crucial
association has been extinguished (by reducing extinction retention)sensory system remains poorly understood. To explore encoding
which may reflect changes in context processing. We used cognitivgproperties of abdominal mechanosensors in the hawkmoth Manduca
flexibility training to assess individual variability in cognitive skills sexta, we delivered white noise mechanical stimuli to the
and to condition rats to discriminately use information in their abdomen-thorax joint and recorded extracellular neural responses
environment. We found that cognitive flexibility training enhanced from the ventral nerve cord. We used spike-sorting analyses to
both fear extinction learning and extinction retention, compared withidentify the single neural units and further extracted the stimulus
rats that did not undergo cognitive training. Further, when cognitive features that most likely generate action potentials. We identified the
flexibility training was followed by exposure to a trauma-model, we spike triggered average (STA) which represents the average motion
found accelerated extinction learning and an increased rate oktimulus that generates spikes. We found that the abdomen-thorax
extinction retention in the second half of testing, compared with ratsjoint indeed contains units which respond rapidly (5 - 10 ms) and
that were not trained but were exposed to the trauma-modelpreferentially to a certain feature in the stimulus. We were also able
suggesting that cognitive flexibility training may attenuate context to determine the specificity to the STA by calculating the probability
processing changes. At the individual level, cognitive performanceof spike generation given the STA and found that units fire not only
during only one phase of the cognitive flexibility training predicted with high temporal precision, but also high fidelity to a stimulus
subsequent fear responses; rats that were high performers in thieature. Taken together these results show that there is neural
reversal learning phase of the cognitive flexibility training had an evidence for mechanosensory information from the abdomen to
increased rate of extinction retention compared with low reversalmodulate insect flight dynamics. These results demonstrate the
performers, suggesting that this aspect of cognitive performance maypresence of ubiquitous encoding properties across many taxa and
be most important in predicting changes in context processingmechanosensory structures, including halteres, wings, antennae as

following stress. well as the abdomen

MOORE-1 CHAMANY, Katayoun; Eugene Lang College for P1-179 CHAN, JK*; THORNTON, JA; RIFFELL, JA; University of
Liberal Arts, The New School; chamanyk@newschool.edu Washington; jkchan@uw.edu

From STEM to STREAMD: Responsibility, Arts, and Design for Change is in the Air: Atmospheric Chemistry Impact on Floral
Inclusive Learning Scent and Plant-Pollinator Interactions

Confronting challenges like climate change, population growth, Floral scent is important to pollinators for locating flowers as it
communicable disease, and the gathering, analysis, and managememays information to pollinators regarding the quality of floral food
of large data sets, requires an interdisciplinary and collaborativeresources. Pollinators need to track floral scent in a dynamic
approach. The shift to include the Arts and Humanities in STEM chemical environment, and these scent signals are vulnerable to
education (STEAM) is a first step. However, to promote the interference by degradation and conflicting odor signals in the
development of socially responsible scientists and scientifically atmosphere. In this study, we aim are determining how atmospheric
literate individuals capable of shaping socially just policy informed chemical reactions affect floral scents, and how that alteration
by evidence and data, we must do more. Though Bruno Latouimpacts pollinator olfactory responses and behaviors. We
launched a post-modern attack on science as authority via théwypothesize that chemical components of the atmosphere negatively
"Science Wars" during the 1980s, he is now championing "science asffect the efficacy of pollinator behaviors by degrading or masking
a way of knowing" and investigating how a Lovelockian approach to floral scent signals. The Oenothera pallida - Hyles lineata
planetary health can combat the current flight from reason. Alongsideplant-pollinator system is an excellent model to examine these
this shift, is the DIY Science/Maker movement that: takes science oueffects. Analysis of the O. pallida scent showed a number of volatiles
of the ivory tower and places it in the hands of communities; that are attractive to H. lineata, including volatiles methyl salicylate.
catalyzes interest in lab-based citizen science; and utilizesUsing a High-Resolution Time-of-Flight mass spectrometer to
on-campus, off-campus, and on-the-web resources. To tap thisnalyze the decomposition of methyl salicylate (in the presence of
growing interest, we can incorporate visual narratives to hydroxy radicals and ozone in a flow tube, demonstrating that the
communicate the interdisciplinary, temporal, and spatial aspects ofree radicals rapidly degraded the floral volatiles. In parallel,
basic and applied scientific research to those outside the fieldneurophysiological recordings from the moth's antenna showed
Collectively, these approaches emphasize "Responsibility” instrong changes in responses to these degraded floral scents.. Results
STEAM education, capturing a wider audience through lab-basedthus far have suggested that atmospheric chemical decomposition of
learning, "Design" principles, and infographic thinking O. pallida floral scent components may have strong effects on the
(STREAMD). In this presentation, | will share some initiatives that detection of floral scent signals by H. lineata, which may negatively
support community collaboration and authentic story-telling, and affect the pollination success of O. pallida in the field.

describe some of the challenges associated with implementation.

More specifically, | will highlight projects that use a social justice

and interdisciplinary framework to offer multiple portals for

engagement by those typically underrepresented in science.
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Algal Symbiont Playing it safe? Behavioral responses of mosquito larvae

While tropical corals exist within a narrow temperature range, theencountering a fish predator

scleractinian coral Astrangia poculata extends over 11 degrees oDetecting and responding to predators is crucial to the survival of
latitude. Colonies of A. poculata are facultatively symbiotic, which prey populations. We used mosquito larvae (Aedes aegypti) to study
provides a unique system for studying the coral host with and withoutbehavioral responses to predation by guppies (Poecilia reticulata).
the algal symbiont. Eight colonies of A. poculata were collected from We tested the relative importance of chemical cues, both in isolation
Naragansett Bay, RI, and fragmented into four pieces. Geneticallyand in combination with physical cues, in eliciting anti-predator
identical symbiotic and aposymbiotic fragments were exposed tobehaviors. Larvae responded more strongly, by reducing the duration
increased temperatures for three weeks. Maximum photochemicabf their wriggle bursts, when presented with a combination of
efficiency (Fv/Fm), respiration, photosynthesis, and reflectance werechemical and physical cues than chemical cues alone. We also found
measured throughout the ramping period from 18 to 30°C, and duringhat, under predation risk, starved larvae were willing to take more
the hold at 30°C. RNAseq analyses are underway. No death wasisks than satiated larvae, indicating a cost to anti-predatory
observed, thus A. poculata colonies from the northern range edge afeehaviors. Finally, we tested whether anti-predator behaviors
able to acclimatize to temperatures consistent with the southern edgéncrease prey survival. To do this, fish were made to choose between
However, the extreme high temperatures did damage photosystem Hisplays of simulated larvae moving in short and long wriggle bursts.
reaction centers in the algae, as evidenced by decreasedhe fish preferentially attacked larvae moving in long bursts,
photochemistry and maximum photosynthetic rates. Metabolic demonstrating the survival value of the larval anti-predatory response
responses to extreme temperatures were genotype specific, with sonté shifting to a preponderance of short wriggle bursts. Our study
host and symbiont combinations maintaining a steady respiration ratédentifies specific ways in which trade-offs between predation risk
and others elevating their rates. Previous studies of coral metabolisrand energetic costs could affect anti-predator behavior.

genes under high temperature exhibited variable expression patterns,

perhaps due to the influence of the algal partner. Instead, our

comparison of differentially expressed genes between aposymbiotic

and symbiotic fragments will differentiate the metabolic response of

the coral host to thermal stress from the host response to a stressed

algal partner. These results show that the thermal tolerance of the

coral is higher than the symbiont, and that considering both is

important when predicting the effects of climate change.

43-2 CHANG, S.W.*; KOEHL, M.A.R.; DUDLEY, R.; MUIJRES, 8-2 CHANG, E.S.*; ORIVE, M.E.; CARTWRIGHT, P.; University

F.; Univ. of California, Berkeley, Wageningen University, The of Kansas; eschangl@gmail.com

Netherlands; swchang@berkeley.edu Genomic Insights into the Potential for Evolutionary Conflict

Effects of carrying a blood meal on take-off performance and flight within Hydrozoan Colonies Formed Through Fusion of Polyps
kinematics of malaria mosquitoes (Anopheles coluzzii) Although the vast majority of the hydrozoan clade Aplanulata

Many species of flying animals carry loads when airborne. comprises species that display a solitary benthic stage, some
Mosquitoes can fly with a blood load equal to or higher than theirmembers of the genus Ectopleura appear to have re-evolved
unfed body mass. We studied how carrying blood loads affects theoloniality superficially similar to other hydrozoans outside
take-off performance of female malaria mosquitoes, the fithess ofAplanulata. However, these colonies are not formed in the manner
which depends on their ability to escape from a host after bloodtypical of other hydrozoans via asexual budding in the adult colony.
feeding. We used stereoscopic high-speed videography data oRather, the colonies of Ectopleura larynx are the products of fusion
female Anopheles coluzii during takeoff to measure their 3D wingof sexually reproduced offspring onto parent colonies. As a result,
and leg motions. Comparing unfed with blood-fed mosquitoesindividual colonies form from chimeric mixtures from genotypes,
allowed us to assess how takeoff performance was affected by aetting up a potential evolutionary conflict. If chimeric lineages vary
blood load, and to determine how they changed their kinematicsin their ability to access the germline, germline parasitism may arise
when carrying this load. During the non-aerial phase of takeoff (priorwhere one lineage gets most of the reproductive output while not
to lift-off, when their feet leave the substratum), mosquitoes contributing equally to the somatic functioning of the colony. In
straighten their legs and beat their wings. The duration of theorder to assess the extent to which the potential for germline
non-aerial phase was longer for bloodfed animals than for unfedparasitism is present in E. larynx given its novel mode of colony
ones, and their bodies were oriented more vertically when theyformation, we determined the level of genetic variation in an E.
carried a blood load in the abdomen. At the moment of lift-off, the larynx colony relative to the accessible genetic variation in the local
velocity of bloodfed mosquitoes was 20% lower, and their ascentarea and characterized genetic relationships present in colonies of E.
angle was 26% lower than those of unfed ones. Once airbornelarynx using a RAD-seq approach. Our results indicate that E. larynx
bloodfed females flew along more horizontal paths than did unfedcolonies comprise a combination of polyps that vary in genetic
ones (average trajectory angle of the aerial phase was 57% loweryelatedness from clones, to siblings, to non-siblings. However, the
such that bloodfed females flew at heights that were 33% lower tharpotential conflict inherent in this genetic chimerism is potentially
those of unfed ones. Female A. coluzii also responded to carryingnitigated by the extremely low overall genetic diversity found in
blood loads by increasing their wing stroke amplitude, but not by populations of E. larynx, with minimal genetic distinction between
changing wingbeat frequency. Thus, once airborne, the flight speedself- and non-self in these populations.

of blood-carrying animals were the same as for those without loads.

These results demonstrate partial kinematic compensation for

increased loads but also reduced speeds and angles of takeoff,

possibly influencing escape success from the host.
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Feathered wings: how underactuated wings morph to widen the Building the complete ray-finned fish tree of life using taxonomy
performance envelope of gliding flight and birth-death models

Birds change the shape of their wings through a variety of posesThe tree of life metaphor has been used since Darwin to depict the
during gliding to precisely control their flight. To test hypotheses evolutionary relationships among all organisms. To approach this
about mechanisms that enable robust wing morphing and to quantifigoal, recent advances in sequencing technology, as well a
their effects, we developed a bio-hybrid flying robot including 40 supermatrix and supertree approaches, have helped biologists
primary and secondary feathers. We employ an underactuated systegenerated large, well-sampled phylogenies. Although
to drive feather motion by actuating the proximal and distal feather incompletely-sampled phylogenies remain rare in large clades, the
each wing based on measured feather and wing bone kinematics fromomparative methods that researchers use are commonly believed to
a pigeon (Columba livia). Through outdoor flight tests, we validate accommodate incompletely sampled phylogenies. We show that
the effectiveness of an underactuated wing with many morphingincompletely sampled phylogenies, can in some cases result in less
elements in real-world flow environments. Furthermore, we examineaccurate estimates of diversification rate. We then develop a new
how both asymmetric and symmetric wing morphing affect flight method to place unsampled species onto an existing backbone
performance and enable controlled maneuvers. We compare ouphylogeny, using taxonomic information and local estimates of
flight test results against predictive performance models of our robotdiversification rate. We demonstrate this method on the largest
with morphing wings as well as with conventional aircraft control ray-finned fish phylogeny assembled with over 11,000 tips, to create
surfaces. This work expands our understanding of the role ofthe complete fish tree of life consisting of 31,526 species. Adding
feathered wing morphing in avian flight. unsampled lineages to our backbone phylogeny improves estimates
of tip-specific speciation rates for over 60% of our sampled lineages,
while also supplying a measure of uncertainty around this new
estimate. Our method therefore permits a more detailed estimate of
macroevolutionary rate compared to using an incompletely sampled

phylogeny.

P3-43 CHAPMAN, JT*; OWENS, JD; FABELA, FF; RANDLES, S; 108-6 CHAPPELL, DR*; SPEISER, DI; Univ. of South Carolina,
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TOMANEK, L; Cal Poly San Luis Obispo, UC Dauvis; Does the visual system of the eyed chiton Acanthopleura granulata
jtchapma@calpoly.edu function as an optical tripwire?

Effect of Thermal Stress and Food Availability on Particle Most research on visual systems has focused on animals with paired
Transport in the Gill of Mytilus californianus cephalic eyes; however, some animals have many eyes distributed

Mussels (Mytilus californianus) are major inhabitants of intertidal across their body. These distributed visual systems are thought to be
zones along the California coast and serve as indicators for théburglar alarms' which help alert the animals to the presence of
effects of climate change in marine systems. We are interested ipredators.The study of distributed visual systems has focused on eye
studying how environmental stressors, such as increased temperatustructure and whole animal behavioral responses to infer visual
and shifts in food availability, affect mussel physiology across system functionality, but we know little about the neural circuitry
multiple biological levels. Thermal tolerance in M. californianus may that serves as the functional link between the eyes and the behavioral
be tied to food availability, although the mechanism that underliesresponses. The chiton Acanthopleura granulata (Mollusca:
this link is not well understood. We acclimated mussels to differentPolyplacophora) has hundreds of eyes embedded in its shell-plates, a
combinations of feeding regimes (1.5% and 0.25% mussel dryrobust anti-predatory response to the appearance of objects, and a
weight-day!) and daily maximum temperature during emersion (20 relatively simple nervous system, all of which makes it a promising
and 30°C) to look at the effects of acclimation on the ability of the system for learning about efficient multisensor integration and
mussels to respond to acute heat stress (33°C). We sampled musse@ocessing. We developed a conceptual model in which A. granulata
at the beginning and end of each high tide cycle for 48 h before andntegrates visual information locally using coincidence detection to
after heat shock. Because the gill tissue is responsible forcombine noisy input from many eyes to provide accurate output to
transporting food from the environment, we used particle velocity, effect reflexive anti-predatory behavior. To better understand the
the rate at which particles pass along the gill, as a proxy for thesensory input that is processed by the nervous system of A.
mussels' response to temperature stress. Using high definition videgranulata, we used electroretinography to find the spectral sensitivity
we tracked the movement of fluorescent beads along the surface aff the eyes as well as the critical flicker fusion rate which was found
an excised piece of gill tissue from individuals in each treatment (n =to be 35-40 Hz. Next, to validate the neural circuitry proposed by our
4). Videos will be analyzed using Particle Image Velocimetry (PIV) model, we used fluorescent dyes to trace optic nerves from the eyes
software to look at the effects of food availability and thermal history to their sites of innervation along the lateral nerve cord. Although A.
on the ability of mussels to recover from acute heat stress. We predig@ranulata's visual system presents a computational hurdle to its
that mussels acclimated to low food availability will recover more simple nervous system, it seems to mitigate this by processing visual
slowly from heat shock, manifested in slower particle velocities, information with a neural circuit design commonly used to process
compared to the high food groups, resulting from depleted energydistributed mechanosensory information.

stores (funded by NSF 10S-1557500).
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P3-173 CHASE, HT*; O'BRIEN, E; TOBALSKE, BW; University 13-3 CHATTERJEE, P*; MOHAN, U; DAVE, S; SANE, SP;

of Montana; hilatzipora@gmail.com National Centre for Biological Sciences, Tata Institute of

Birds and Bone: Trabecular Morphology in the Avian Shoulder Fundamental Research; payelc@ncbs.res.in

To understand the evolution of flight in the avian lineage, it is Visual and Antennal Mechanosensory feedback mediates gaze
necessary to resolve the functional morphology of the flight stroke.stabilization in flying moths

Thus far, studies have focused only on the cortical bone in wingslinsect flight initiation requires closely-coordinated reflexes, like
Trabecular bone more rapidly adapts to joint loading, and canantennal positioning, head motion, wing initiation and leg extension.
provide subtle and specific mechanical signals within bone thatDuring rapid maneuvers, insects actively move their head to reduce
correlate with behavior. Though trabecular analyses have led tanotion blur. In Diptera, this behavior is mediated by vision and rapid
major discoveries in mammalian biomechanics and evolution, mechanosensory feedback from halteres, the modified hindwings.
trabecular morphology in relation to bird flight has yet to be How do non-Dipteran insects lacking halteres stabilize gaze in rapid
explored. To begin to assess structure-function relationships in theimescales, especially in low light when visual transduction is slow?
avian shoulder, we used existing kinematic and mechanical data fronTo address this, we measured compensatory head movements in
various species to model the loading regime for different flight stylestethered Oleander hawkmoths, Daphnis nerii in response to
(e.g. flapping, soaring). We collected microCT scans of the proximalvariable-frequency roll stimuli in dark vs. light conditions. Normal
humerus in a broad, comparative set of museum specimens and anoths could not gaze-stabilize for low-frequency roll stimuli in low
ontogenetic series of chukars. Trabecular structure was related ttight, but they could under bright light. Interestingly, at high roll
flight style, in combination with body size and phylogeny. Both frequency in dark, moths could gaze-stabilize, suggesting that
mean trabecular thickness (Tb.Th) and the degree of anisotropy (DAhon-visual cues are used for head stabilization. We tested the
in the humeral head appeared to be highest in raptors, whicthypothesis that antennal mechanosensors mediate this feedback.
habitually soar or flap-glide. Comparatively, Th.Th and DA tend to Moths with detached flagella did not stabilize their head in low light
be low in ground birds, which engage only in short bursts of flappingat all roll frequencies and their performance under bright light was
flight. Additionally, we found that Th.Th scales allometrically, worse than antennae-intact moths. Flagella-reattached moths
proportional to the 0.185 power of mass, which is lower than hasperformed similarly to those with intact antennae. Thus, both vision
been reported in the femur of birds and closer to the scaling exponerdand antennal mechanosensory feedback are required for head
found in mammals. In the ontogenetic series of chukars, it appearstabilization.

that an initial increase in Th.Th was concurrent with the onset of lift

production, while DA decreased with age. Elucidating the

relationship between trabecular structure and flight mechanics in the

avian shoulder provides significant insight into extant flight and a

fundamental resource for fossil interpretation in the avian lineage.

74-7 CHAUDHARY, G*; FUDGE, DS; EWOLDT, RH; University 64-7 CHAVAN, AR*; GRIFFITH, OW; MAZIARZ, J; PAVLICEV,
of lllinois at Urbana-Champaign, IL, Chapman University, Orange, M; TZIKA, A; MILINKOVITCH, M; FISHMAN, R; KOREN, L;
CA ; gchaudh2@illinois.edu WAGNER, G; Yale Univ., USA, Yale Univ, USA, Cincinnati
Self-similar mechanics of hagfish slime Children's Hospital, USA, Univ. of Geneva, Switzerland, Bar llan
Hagfish make a unique material with remarkable properties. WhenUniv., Israel; arun.chavan@yale.edu
provoked or attacked, the animal releases a small volume ofEvolution of embryo implantation was enabled by the origin of
biopolymer/biofilament material that unfolds, assembles,and expandslecidual cells in eutherian mammals
in water by a factor of 10,000. The resulting gel is cohesive, formingEmbryo implantation is the first step in the establishment of
a clogging network used for defense. The successful use of the@regnancy in eutherian (placental) mammals. Although pregnancy
defense gel is remarkable considering that hagfish cannot control tharose before the common ancestor of marsupials and eutherians
concentration of the resulting gel directly; they simply exude a (Theria), implantation is unique to Eutheria. The ancestral therian
concentrated material into an "infinite" sea of water. This raisespregnancy likely involved a brief fetal-maternal attachment followed
questions about the robustness of gel formation and properties across/ birth rather than implantation, as in many marsupials. Here, we
a range of concentrations. In this work, we study the concentratiorelucidate the evolutionary mechanism by which the ancestral
dependent mechanics of hagfish defense gel. We observe thdetal-maternal attachment was transformed into implantation. We
viscoelastic properties are linearly dependent on concentration oveused transcriptomics and immunohistochemistry of uteri of four
the range explored. From our observations of similar power-laweutherians - armadillo, hyrax, tenrec, and rabbit; and a marsupial
creep response at all concentrations, we infer that hagfish slime has@utgroup, opossum. This allows inference of the eutherian ancestral
self-similar structure regardless of its concentration. Using state. Our results show that implantation evolved from an ancestral
constitutive model fits, we propose that this self-similarity originates inflammatory response, a natural uterine reaction to the fetus when
from a concentration-independent fractal dimension of the underlyingpregnancy arose in Theria. In Eutheria, this inflammation was
slime structure. With simple geometric arguments, we show that thedomesticated such that the fetal-maternal attachment results in
ultra-soft mechanics of slime results from the bending dominatedembryo implantation rather than birth. This was achieved by
response of the underlying fibrous microstructure. Our findings retaining components of the inflammatory response beneficial to
illustrate unusual properties of slime, which may be vital in the placentation (angiogenesis, vascular permeability); while blocking
context of its physiological use, and may provide inspiration for the the detrimental neutrophil infiltration through suppression of ILL7A
biomimetic design of materials. cytokine signaling. Using in vitro experiments, we show that the
suppression of IL17A signaling was caused by uterine decidual cells,
a novel cell-type in Eutheria. These results provide a mechanistic
understanding of the early evolution of eutherian pregnancy, and also
identify the ancestral function of an evolutionary novelty, the
decidual cell-type.
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New Mexico State University, College of William and Mary; NISHIGUCHI, M.K.; New Mexico State University, Laboratoire
albitac@nmsu.edu Arago, Banyuls sur mer; albitac@nmsu.edu

Understanding the evolution of wrinkly phenotypes in Deciphering microbial communication in a beneficial mutualism:
environmental and symbiotic Vibrio fischeri Cross species quorum sensing between Vibrio logei and Vibrio

Many types of bacteria increase population diversity by phasefischeri symbionts in Sepiola affinis (Mollusca: Cephalopoda)
variation that allows survival and evolutionary success. One exampleThe beneficial association between squids in the family Sepiolidae
of such variation is the symbiotic bacterium Vibrio fischeri (Mollusca: Cephalopoda) and bioluminescent bacteria in the family
(g-Proteobacteria: Vibrionaceae) that can switch from a smooth to a&vibrionaceae form a unique relationship that provides a model to
wrinkled or rugose phenotype characterized by the secretion ofstudy the interactions between animals and bacteria. Sepiolid squids
polysaccharides. These changes in colony morphologies also affedtom the Mediterranean Sea (genus Sepiola) are unique in that these
the ability of V. fischeri to colonize their animal hosts. Phenotypic squids serve as hosts for two bioluminescent bacterial species: Vibrio
variation between smooth and rugose colonies is tightly controlled bylogei and Vibrio fischeri. Quorum sensing, or cell-to-cell
changes genetic expression that extend beyond the simple overalommunication regulates luminescence genes in both bacterial
morphology. In the present study we conducted a transcriptomicspecies, which generate the appropriate amount of bioluminescence
expression profile by RNA sequencing of the rugose and smoothwithin the squid to match any down- welling moonlight.
variants of multiple isolates of V. fischeri. Expression profiling led to Interestingly, little is known about how these two species are capable
identification of 130 differentially regulated genes, including of communicating between each other during symbiosis. Therefore,
overexpression of genes involved in oxidative stress, surfacewe examined the mechanisms of quorum sensing between V. fischeri
structures, and metabolic processes in the rugose variants. land V. logei, two luminescent symbionts found in Sepiola light
contrast, there was an increase in expression of genes related tmrgans. We created a null mutation on the response regulator gene
membrane transport in smooth variants. Transcriptome signaturetuxO to determine whether mutations at this locus affect the ability of
also consisted of upregulated genes involved in biofilm formation, bacteria to communicate within and between both species during
environmental sensing and persistence, and signal transductiorsymbiosis. Our results demonstrated that luxO is required for
which were shared by both smooth and rugose variants.luminescence production, but additional secondary regulatory genes
Bioinformatic analysis of these expression data shows that "rugosity"are responsible for luxO regulation after a 24-hour time period.
and "smoothness" are determined by a complex hierarchy of genetit/nderstanding how bacteria are able to communicate within a closed
regulators, that provide a better picture for Vibrio ecology, and system such as the sepiolid squid-Vibrio symbiosis will provide a
mechanisms for successful survival in the host and environment. window as to how mutualistic bacteria evolve cooperative
mechanisms in a complex beneficial association.

80-4 CHEJANOVSKI, ZA*; KOLBE, JJ; Univ. of Rhode Island; 60-3 CHELINI, MC*; YEAGER, J; BROCK, K; EDWARDS, DL;
zchejanovski@gmail.com University of California, Merced; mcchelini@gmail.com
Mechanisms underlying increased body size in lizards due to Ecological Adaptations Drive Diversity in Degree of Sexual Size
urbanization and urban predators. Dimorphism in the Common Side-blotched Lizard, Uta

Human-induced environmental change is currently impacting animalstansburiana
populations on a global scale. For example, the rise and spread ddexual size dimorphism (SSD) is typically associated with a balance
urban areas has drastically altered the environmental condition®etween sexual selection through male-male competition and natural
experienced by organisms inhabiting cities. These novel conditionsselection through female fecundity benefits. In species where females
may promote change in key phenotypic traits of urban wildlife in and males make different uses of their habitat, SSD can also be due
order to increase fitness. Conversely, certain traits may remainto sex-specific ecological adaptations to the environment. The
unchanged if they are constrained (e.g., through genetic correlationsvolutionary drivers of sexual dimorphism are unfortunately often
with other traits) or already sufficient for persistence under these newassumed to reproductive in nature, and the relationship between
conditions. Previous work in southeast Florida has shown that browrsexual dimorphism and ecological adaptations is rarely explored.
anoles (Anolis sagrei) from urban environments are larger (i.e.Here, we test the hypothesis that sexual size dimorphism in the lizard
snout-vent length) compared to conspecifics from nearby naturalUta stansburiana is at least partially driven by ecological
habitats. Additional work has revealed a positive relationship adaptations. Populations of this polymorphic lizard differ in number
between anole body size and the abundance of its predator (i.e., thef males color morphs, as well as in degree of SSD. By collecting
curly-tailed lizard, Leiocephalus carinatus). However, the morphological and ecological data on males and females from 14
mechanism(s) producing these patterns are unknown. To address thigppulations of U. stansburiana distributed across the southwestern
we presented tethered brown anoles of varying sizes (i.e., SVL) tdJS, we show that environmental factors influence female and male
curly-tailed lizards in the field to assess whether larger anoles have aize differently, resulting in intraspecific differences in the degrees of
survival advantage over smaller ones. Indeed, smaller anoles wer8SD. By building a population-level phylogeny of this species, we
attacked at shorter latencies compared to larger ones. We arbave also shown that although genetic similarities explain some of
currently conducting a common garden experiment to determinethe variation observed between populations, a proportion of the
whether body size differences among anoles from natural, urban, andariance encountered is better explained by environmental conditions
urban with predator environments are genetically based.than by number of male morphs or by phylogenetic relationships
Urbanization is predicted to intensify in the coming decades and wealone. Our results highlight that natural selection through ecological
must therefore work to characterize how urban areas influenceadaptations are a long-ignored potential driver of sexual dimorphism
animal communities to minimize declines in biodiversity. in a classic study system of sexual selection, and urge future studies
to go beyond the relationship between sexual dimorphism and
reproductive benefits.
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97-2 CHENEY, JA; STEVENSON, JPJ; DURSTON, NE; 122-5 CHEU, A.Y.*; BERGMANN, P.J.; Clark University;
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Veterinary College, UK, University of Bristol, UK; Basilisk Olympics: Multiple modes of locomotion influences the
rbomphrey@rvc.ac.uk degree of functional constraint in a trait

Avian gliding flight: wing configurations in and out of ground Organisms possess suites of traits that aid them in carrying out
effect ecologically-relevant tasks for their survival. The relationships

The numerous degrees of freedom afforded by the avian wing and itbetween phenotypic traits and tasks are typically very complex where
deformable feathers provide birds with impressive flight capacity. many different phenotypic traits often interact to carry out a variety
Skeletal movements influence the gross aerodynamic shape of thef performances, a concept known as many-to-many mapping. By
wing, whilst feather bending and interaction allow both continuous quantifying the complex form-function relationships between many
and discontinuous surface possibilities. The avian flight control traits and many tasks, we are able to better understand how this
system intricately balances its functional morphology to produce contributes to varying levels of functional constraint within a suite of
aerodynamic surfaces that can cope with dynamic environments. Thisraits. However, in previous form and function relationship work,
work focuses on understanding the selection of wing morphology foronly two measures of performance have been considered at a time.
two fundamental and repeatable flight test cases. We investigatetiere we look at four different modes of locomotion: bipedal running,
quasi-steady gliding in and out of ground effect for a barn owl (Tytojumping, swimming, and climbing in brown basilisk lizards,
alba), tawny owl (Strix aluco), goshawk (Accipiter gentilis) and Basiliscus vittatus. By considering greater numbers of performance
tawny eagle (Aquila rapax) over multiple flight trials. Each flight measures, we are able to examine how trade-offs, facilitations, and
was captured with twelve high-speed cameras and a marker-baseahne-to-one relationships can constrain a given phenotypic trait
motion tracking system. This enabled 3D reconstruction of the uppesimultaneously. To do this, we utilize the F-matrix, a statistical
and lower wing surfaces, supplemented by trajectories of keymodel used to compare multiple phenotypic traits to multiple
anatomical features (body and feathers). Application of the performance measures. The F-matrix approach also allows us to
reconstruction method to a bird-sized calibration object showed thaguantify the degree to which trade-offs and facilitations appear in a
95% of points were within 3mm of the nominal geometry, with a system and predict which traits are most functionally constrained
modal error of 0.2mm. Most flights take place at near-constantand, therefore, are least evolvable. We find that increasing the
horizontal velocity through the measurement region. There is little number of performance measures can either decrease or increase the
difference in the measured glide angles (and hence the lift-to-dradevel of functional constraint and overall evolvablity within the
ratios for steady flight) between the two flight cases, which is functional system.

unusual given the aerodynamic enhancements normally conferred by

proximity to the ground. We present the associated wing

morphologies, including spanwise distributions of wing thickness,

camber and twist.

47-6 CHIN, B/A*; PLACE, S/P; California State University, 38-3 CHIN, DD*; RODERICK, WRT; WANG, YW; CUTKOSKY,
Sonoma; chinb@sonoma.edu MR; LENTINK, D; Stanford University; ddchin@stanford.edu
Characterizing the role of DNA methylation patterns in the Preparing for Takeoff and Sticking the Landing: At the Interface
California mussel, Mytilus californianus of Flight and Surface Locomotion

Two populations of marine mussel, Mytilus californianus, reside The outdoor world is covered in a wide range of surface textures and
along the Oregon coast and experience marked differences igeometries, from rough tree bark to smooth building exteriors, which
environmental and oceanographic conditions despite being onlyprovide birds with useful infrastructure for perching. However, we do
65km apart. Previous research suggests these populations experiennet yet know the fundamental principles behind the mechanisms and
high levels of gene flow resulting in genetically homogeneous strategies that enable birds to land and take off from such diverse
populations. However, recent growth and DNA methylation data surfaces. To study these behaviors in detail, we made high-speed
from long-term reciprocal transplant experiments suggest theseaecordings of Pacific parrotlets taking off and landing from
mussels may establish metabolic patterns that allow for optimalinstrumented perches with a wide range of surface properties and
growth under oceanographic conditions specific to the region theydiameters. We then used these recordings to develop kinematic and
first settled and that DNA methylation may explain these locally dynamic models, which provide insight into the control strategies
adapted phenotypes. In invertebrates, hypermethylation of genes ithat enable these maneuvers as well as how the feet conform to and
predicted to protect housekeeping genes from variation, whilegrasp different structures. By further integrating these results with
hypomethylation in inducible genes are predicted to allow for claw and foot measurements, summarized by models, we can better
variation of genes; thus allowing for locally adapted phenotypes orunderstand the claw/surface interaction involved in clinging to both
physiological plasticity. We used an in silico approach to predict thenatural and man-made surfaces. This insight into the biomechanics
expected level of DNA methylation in housekeeping and inducible and behavior of how birds take off and land on a variety of surfaces
genes from these two mussel populations. Our data confirms thesean also inform the design of more robust and versatile perching
DNA methylation patterns previously seen in other invertebrates.mechanisms for aerial robots.

Secondly, we performed digital gene expression analysis to identify

differentially expressed genes between the two populations and

found genes related to two biological functions, immune response

and DNA repair, to be enriched in mussels from one population.

From our in silico analyses, several genes associated with these

biological functions display high CpG O/E ratios, suggesting they are

subject to low levels of methylation and potentially greater variation

in expression. We are currently working to identify differences in

methylation status for genes that show differential expression

between populations.
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Monterey Bay Aquarium; sarahchinn@gmail.com SCHMITZ, L; Scripps College, Pitzer College, WUHS Pomona, UC
Lactation and Resource Limitation Affect Stress Responses, Riverside, Claremont McKenna, Scripps, and Pitzer Colleges;
Thyroid Hormones, Immune Function and Antioxidant Capacity of  kchishol3188@scrippscollege.edu

Sea Otters (Enhydra lutris) Low Retinal Convergence in the Nocturnal Leopard Gecko,

Lactation is the most energetically demanding stage of reproductiorEublepharis macularius

in mammals. Increased energetic allocation toward currentThe eye is an ideal model for studying the mechanisms that control
reproduction may result in fitness costs. Trade-offs during lactationthe evolution of complex traits in changing environments. Geckos are
may include reduced energetic allocation to cellular maintenancean exemplary vertebrate group to investigate this question, because
immune response and survival and may be further influenced bythey have undergone many evolutionary transitions between diel
resource limitation. As the smallest marine mammal, sea ottersactivity patterns, exposing them to different light levels throughout
(Enhydra lutris) have the highest mass-specific metabolic ratetheir history. One way to modify the light sensitivity of an eye is to
necessitating substantial energetic requirements for survival. Calorianodulate the convergence of photoreceptors onto retinal ganglion
insufficiency during lactation is reflected in the high numbers of cells: the higher the convergence, the brighter the image. We
maternal deaths from End-Lactation Syndrome in the Californiatherefore predicted nocturnal geckos to have high convergence,
subpopulation. We investigated the effects of lactation and resourceimilar to other vertebrates active in dim light. We examined retinal
limitation on maternal stress responses, metabolic regulation ganglion cell and photoreceptor densities in the nocturnal leopard
immune function and antioxidant capacity in two subspecies of wild gecko (Eublepharis macularius). After isolating and wholemounting
sea otters (E. |. nereis and E. |. kenyoni). Lactation and resourc¢he retina, we stained ganglion cells with cresylviolet and mapped
limitation were associated with reduced glucocorticoid responses tacell topography using R. Retinal ganglion cells were distinguished
acute stress. Corticosterone release was lower in lactating otterdrom displaced amacrine cells by anatomical criteria. Photoreceptors
Cortisol release was lower under resource limitation and suppressiomere visible due to pigmented epithelium outlining individual
during lactation was evident under resource limitation. Lactation andphotoreceptors, a finding confirmed by H&E staining and
resource limitation were associated with alterations in thyroid immunohistochemistry. Our results reveal a surplus of retinal
hormones. Immune responses and total antioxidant capacity were na@anglion cells. The low convergence is consistent across the entire
reduced by lactation or resource limitation. These data provideretina, as the topographic distribution of ganglion cells and
evidence for allocation trade-offs during reproduction and nutrient photoreceptors is similar across the retina, with an area centralis
limitation. Income-breeding strategists may be especially vulnerablenasal to the optic nerve. Hence, high retinal convergence does not
to the consequences of stress and modulation of thyroid functiorcontribute to light sensitivity in the leopard gecko. Instead, large
when food resources are insufficient to support successfulreceptive fields and high light sensitivity are achieved by increasing
reproduction and may come at a cost to survival, and therebyphotoreceptor size. Future comparative studies are required to test

influence population trends. whether this is a pattern found across all geckos.

36-4 CHONG, B*; AYDIN, YO; HUBBARD, AM; RIESER, JVM; 47-2 CHOU, H*; FUNK, DH; JIMA, DD; BUCHWALTER, DB;

WU, Y; GONG, C; RANKIN, JW; MICHEL, K; NICIEZA, A; North Carolina State Univ., Raleigh, Stroud Water Research Center,
HUTCHINSON, JR; GOLDMAN, DI; CHOSET, H; Carnegie Avondale; hchou2@ncsu.edu

Mellon University, Georgia Institute of Technology, GT, GT, CMU, The Daily Scorcher: Life History and Transcriptomic Responses of
Royal Veterinary College, RVC, University of Oviedo; the Mayfly Neocloeon triangulifer to Chronic Daily Forays into
baxichong8@gmail.com Uncomfortably Warm Temperatures

Geometric mechanics provides insight into spine-limb coordination In freshwater ecosystems, species typically experience fluctuating
for locomotion of a sprawled-postured tetrapod diurnal thermal regimes. To determine the life history and

We use geometric mechanics (e.g. Hatton et al, PRL, 2013) taranscriptomic response of a mayfly to chronic daily forays into
understand the coordination patterns between limb movements andncomfortably warm temperatures, we first determined chronically
back bending during the locomotion the fire salamander (S.stressful temperatures by rearing N. triangulifer for full life cycles
salamandra). To characterize the footfall patterns as the salamandensnder static conditions. We then used this information to create
walked on a bed of level sand (0.3 mm diameter glass particles), wécontrols": daily mean temperature (22°C) oscillating between
used Hildebrand's gait diagram, which classifies gaits based on twd 9.5°C and 24.5°C and "challenge" treatments: daily mean
parameters: duty factor and leg phase shift (Science,1965). Outemperature (26°C) oscillating between 23.5°C and 28.5°C. Life
geometric mechanics model assumes that each limb has two degreésstory outcomes did not differ between static and fluctuating
of freedom and one degree of freedom for body bending in the lateratemperatures at 22°C, whereas at 26°C, fitness was reduced in
plane. To model the interaction of the feet with the ground (assumingoscillating conditions relative to static. RNAseq analysis was
little belly drag) we used granular resistive force theory (Zhang & conducted on whole larvae sampled at the daily extremes of each
Goldman, 2014) with new drag and intrusion force relations. Naturalvariable thermal regime. We found very few genes differentiated
variation in gait (among 3 individuals tested) enabled comparison of(P<0.1, FDR<0.05) within the "control" group, whereas 93 genes
experiment and theory at different points in the Hildebrand space were differentiated within the "challenge" group. To assess whether
One animal used a lateral sequence tripod gait (duty factor 75%, ledarvae recover from daily forays into challenging temperatures, we
phase shift 25%) with a phase offset (defined as the phase betweetompared expression patterns between samples of 23.5°C (cold
the peaks of front right leg angle and body angle) of 89 deg (withportion of the "challenge") and 24.5°C (warm portion of the
~20% variation) in good accord with theoretical prediction (88 deg). "control") and found 334 genes were differentially expressed.
The second animal used a diagonal gait (duty factor 75%, leg phasBiological function and pathway analyses are currently underway.
shift 50%) with a phase offset of 43 deg (theoretical prediction 450ur results suggest that larvae do not fully recover from chronic
deg). The third animal tested used a lateral sequence diagonal couplédaily) transient exposures to challenging temperatures.

gait (duty factor 75%, leg phase shift 37.5%) displaying a phase

offset of 66 deg (theoretical prediction 67 deg). The theory (and a

morphologically similar robophysical salamander model) also allows

study of gaits and phase shifts that are not observed in the animal,

revealing disadvantages of improper phasing (or no body bending at

all).
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An additional ellipsoid body-like neuropil in the stomatopod central  jchristensen19@midwestern.edu
complex? Rearing oxygen affects wing vein morphology and flight

Stomatopod crustaceans, also known as mantis shrimp, ar@erformance in Drosophila melanogaster
behaviorally complex marine arthropods. They possess unique eye¥ariation in atmospheric oxygen over geologic time has been
with independent movements and multiple analytical pathways.hypothesized to affect the evolution and physiology of insects.
Streams of visual information from the eyes are thought to beHowever, the insect fossil record is composed of mostly isolated
integrated in the central complex (CX) for behavioral control. The wings, which presents challenges in interpreting the data. Therefore,
CX is a multisensory integrator implicated in behavioral action understanding how wing morphology varies with atmospheric
selection, spatial orientation, path integration, and visual memory. Inoxygen is a critical step in addressing these hypotheses. Wing veins
dicondylic insects, the CX is composed of four midline neuropils: the contain tracheae that deliver oxygen to the wing and may control the
protocerebral bridge (PB), the fan-shaped body (FB), the ellipsoidpatterning and morphology of the veins during development. It has
body (EB), and the paired noduli (NO). Together, the FB and EB previously been shown that rearing oxygen is inversely correlated
comprise the upper and lower divisions of the central body (CB).with tracheal widths in the legs and bodies of insects, but wing veins
While the CX of insects and crustaceans share commonremain unexplored. Therefore, we hypothesized that wing vein
developmental origins, the crustacean CX is more structurallydiameters should be inversely correlated with rearing oxygen. To this
simple. It is composed of a small PB sitting above a thin, bistratifiedend, Drosophila melanogaster were reared from egg to adult under
CB. The stomatopod CX is an exception to this pattern. A recentthree different oxygen concentrations: 12%, 21%, and 31%. The
student shows the stomatopod CX comprises of a well-developedwings were then dissected and imaged using a mechanical stage
modular PB, a bi-layered CB, and a pair of noduli-like neuropils mounted on an inverted microscope at 40x magnification. Wing area,
structures thus far found only in pterygote insects. While the uppemwing vein diameters, and wing vein lengths were all measured using
and lower divisions of the stoamtopod CB are thought to belmageJ. Wing area and wing vein diameter both were inversely
equivalent to the insect FB and EB, respectively, here we report acorrelated with rearing oxygen. In a second experiment, flies were
previously undescribed neuropil in the stomatopod Neogonodactylusagain reared in three different oxygen concentrations and then flown
oerstedii. Immunostaining with anti-DCO and anti-synapsin reveal ain all three oxygen levels to test the effect of these changes in wing
bulbous neuropil posterior to the bi-layered stomatopod CB. Thismorphology on flight performance. Flies performed best in the
pattern of immunoreactivity is notably similar to that of the EB of oxygen level they were reared under indicating changes in wing
insects such as cockroaches or fruit flies. These data imply that thenorphology are adaptive in response to oxygen variation. These
bi-layered CB of stomatopods and other crustaceans is moreesults point to the ability to use wing morphology in the fossil
comparable to the insect FB alone. record to interpret evolutionary changes. Additionally, this suggests
that wing vein diameters could potentially act as a proxy for
atmospheric oxygen over geologic time.

50-4 CHUNG, AK*; COX, CL; COX, RM; Georgia Southern S9-11 CHUNG, DJ; SPARANGA, GC; CHICCO, A; SCHULTE,
University, University of Virginia; ac10578@georgiasouthern.edu PM*; University of British Columbia, University of Colorado,
Age and Tissue Specificity of Sex-biased Gene Expression and the Denver, Colorado State University; pschulte@zoology.ubc.ca
Development of Sexual Dimorphism Thermal Acclimation and Intraspecific Variation in Fundulus
Males and females of sexually dimorphic species must produceheteroclitus Mitochondrial Performance and Lipid Remodeling is
distinct phenotypes from a single, shared genome, which can be&onsistent with Homeoviscous Adaptation.
accomplished by differential gene expression between the sexesMitochondrial performance is dependent on the action of proteins
Sex-biased gene expression is predicted to increase during ontogergmbedded within the inner mitochondrial membrane, and thus the
as sexes transition from monomorphic juveniles to sexually composition of the mitochondrial membrane is likely to be a key
dimorphic adults. However, differential gene expression should bedeterminant of mitochondrial function and whole-organism
specific not only to sex but also to tissues that are important for theperformance. Because of the profound effect of temperature on the
development of dimorphic traits. Previous research in other modelproperties of membranes, we predicted that thermal acclimation and
and non-model organisms has focused on sex-biased gene expressitmtal adaptation of populations to different temperatures would be
of adults within a single tissue, overlooking how sex-biased geneassociated with variation in mitochondrial membrane lipids and
expression may change with age and vary across tissues. Thusnpitochondrial respiratory capacity. We assessed this prediction with
studying sex-biased gene expression across developmental stages amdrthern and southern subspecies of Atlantic killifish (Fundulus
different tissues is important for a complete understanding of sexuaheteroclitus) acclimated to a range of temperatures using
dimorphism. Using high-throughput RNA sequencing methods, we high-resolution lipid analyses to measure mitochondrial phospholipid
generated whole transcriptomes of the brain, muscle, and liver fromheadgroups and headgroup-specific fatty acid remodeling, and
brown anole lizards (Anolis sagrei) of ages 1, 4, 8, and 12 months tdiigh-resolution respirometry to assess mitochondrial respiratory
study sex, age, and tissue specificity of gene expression. Prior workapacity. Acclimation resulted in compensatory changes in
has shown that hepatic gene expression of brown anoles diverges imitochondrial respiratory capacity in both subspecies. In addition,
the sexes between 7 and 14 months, during the development aforthern F. heteroclitus exhibited greater mitochondrial respiratory
sexual dimorphism. Comparing this finding with other tissues and ancapacity across acclimation temperatures, which is consistent with
increased number of age points will provide a more complete picturepreviously observed subspecies differences in whole-organism
of sex-biased gene expression. This study is crucial for understandingerobic metabolism. Mitochondrial phospholipids were altered
not only how ontogenetic changes in sex-biased gene expression leddllowing thermal acclimation and differed between subspecies.
to sexual dimorphism, but also how variation in sex-biased geneThese effects were largely driven by increased polyunsaturated fatty
expression across tissues facilitates the evolution and development @fcid content, consistent with homeoviscous adaptation. These results
sexual dimorphism. support a role for mitochondrial function in the response to thermal
stress and provide evidence of lipid remodeling as a mechanism
regulating these changes.
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81-2 CIERI, RL*; FARMER, CG; University of Utah; P2-124 CLARDY, TR; King Fahd Univ. of Petroleum and Minerals;
bob.cieri@gmail.com tclardy@kfupm.edu.sa

Computational fluid dynamics modeling of pulmonary airflow in Photophore structure in larval Vinciguerria mahabiss Johnson and
monitor lizards (Varanidae) Felts 1984 (Stomiiformes: Phosichthyidae)

Understanding the biomechanical basis of avian unidirectionalBioluminescence, the biological production of light, is a common
pulmonary airflow, a condition where lung gases travel in the samecommunication strategy in many mesopelagic and bathypelagic
direction through most of the airways and throughout the respiratoryfishes. Bioluminescence in fishes takes place inside specialized
cycle, has long been of interest to scientists. Recent work haglandular cutaneous organs called photophores. The number, size,
revealed a wide phylogenetic distribution of this trait, beyond the placement, and structure of photophores varies greatly across fishes
confines of Aves, to include crocodilians, green iguanas, and monitoand likely has evolved independently multiple times. In this study,
lizards, and has raised new questions about the underlying fluicdhe ultrastructure and microstructure of photophores in Vinciguerria
dynamical phenomena occurring in unidirectional lungs. Advances inmahabiss, a species of Phosichthyidae endemic to the Red Sea, is
computational fluid dynamics, a technique where patterns of flow aredescribed. The volume of each of the 144 photophores from 5
simulated from prescribed boundary conditions by laws of fluid juvenile V. mahabiss was measured. The size-corrected volumes,
motions, provide a powerful tool to study airflow through these standardized by head length, show clear differences in photophore
complex and fascinating structures. In this study, computedsize across body regions with the post-orbital, lateral, and post-anal
tomography scans were segmented into a detailed computationgdhotophores the smallest and the sub-orbital photophore the largest.
mesh, representing the major and minor airways of the savannalPhotophores were sectioned at 5 microns and double stained with
monitor, Varanus exanthematicus. Flow was simulated through theseosin/hematoxylin to examine their microstructure. The microscopic
airways in two ways: 1) in a dynamic simulation, where air flowed photophore structure shows a standard Stomiiformes arrangement
into and out of the lung domain through a static tracheal inlet thatwith a rounded photogenic chamber and a thick outer lens. The
was driven by expansion and contraction of the lung domain. 2)possible functional significance of photophore arrangement and
steady state flow with the caudal part of the lung serving as an outlestructure in V. mahabiss are discussed.

or inlet respectively. Simulations were carried out in open-source

software on an 80-processor computing cluster. The model shows

unidirectional pulmonary airflow in many regions of the lung, and

reveals airflow patterns in chambers that are too small or are

inaccessible to empirical study. The results of this study indicate that

many aspects of the flow are similar between the dynamic and static

models. Further computational modeling can be used to test

hypotheses regarding unidirectional flow, such as the role of internal

lung partitions and the pattern of lung motion during ventilation.

34-7 CLARK, EG*; KANAUCHI, D; KANO, T; AONUMA, H; 6-5 CLARK, AJ*; UYENO, TA; College of Charleston, Valdosta
ISHIGURO, A, Yale Universiity, Tohoku University, Hokkaido State University; clarkaj@cofc.edu

University; elizabeth.g.clark@yale.edu How Jawless Fishes Bite with "Rasping Tongues"

Insights into the Control Setup underlying the Resilient The cylindrical jawless feeding apparatuses (JFA) of hagfish and
Decentralized Locomotion of Brittle Stars post-metamorphic lamprey, which include toothplates, associated

Brittle stars (Class Ophiuroidea, Phylum Echinodermata) havemuscles and cartilages, are traditionally referred to as "rasping
evolved a unique form of rapid, omnidirectional locomotion which tongues" due to the complex arrangements of muscle fibers that
requires them to coordinate their five arms and over 1,000 skeletapower the cyclic protraction-retraction motions of the toothplates.
elements without a brain. When an arm is lost, they not only These toothplates are highly effective at grasping and piercing
regenerate it, but function with near-equal locomotory facility using tissues, thus their motions might be more appropriately referred to as
the remaining arms while the lost arm regrows. The control setupbiting. Most biting systems include a pair of occluding tooth-bearing
underlying this resilient, decentralized locomotion strategy is unclear,nbeams (e.g. jaw bones) connected by sturdy, compression-resistant
and has pertinent applications to the engineering of adaptive robotgoints. When employed, the biting system forms a closed kinematic
The ophiuroid nervous system consists of a nerve ring at the center dbop, in which the reaction forces of those applied between the teeth
the body that connects to a nerve that runs along the length of eachre transmitted through the jaw joint. "Biting" can be a problematic
arm. Suggested functions for the nerve ring range from a centralizederm for jawless feeding systems because the retracting toothplates
processing unit to a simple connection between adjacent arms. Weack an obvious opposing element resembling an upper jaw;
tested the function of the ophiuroid nerve ring through a series ofToothplates applied to a surface without such opposing resistance,
experiments comparing locomotory behavior with and without intact should simply push the animal away from the surface. This study 1)
nerve ring connections. The number and position of places where theemonstrates how hagfish and lamprey supply their JFAs with a
nerve ring was severed were varied. Our observations show that thelosed kinematic loop and thus implement true biting, and 2)
nerve ring connection is crucial for transmission of information compares structural and functional traits of the JFA in both taxa. Our
between arms, but animals with breaks in the nerve ring continue tsurvey of the literature and our own gross and histological
exhibit coordinated locomotion through shifts in the gait using the anatomical descriptions indicate that hagfish and lamprey furnish an
arms that remain connected. The next step for our research team is tipposing element and close the kinematic loop in radically different
test our hypothesized control setup through mathematical and robotigvays: Lampreys use the adhering suction of their oral discs to
modeling, with the aim of informing the future design of resilient counter the force of their rasping tongue whereas hagfish employ
decentralized robots. whole body knots to generate the required leverage.
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57-3 CLARK, MI*; AKOPYAN, M; BRADBURD, GS; VEGA, A; P3-28 CLARK, JM*; SPEISER, DI; Univ. of South Carolina,
ROBERTSON, JM; California State University, Northridge, Cornell  Columbia; jamiec@email.sc.edu

University, Michigan State University, AMBICOR, Restoration of visual performance during eye regeneration in the
meaghan.clark.90@my.csun.edu Florida fighting conch (Strombus alatus)

Evolutionary history of red-eyed treefrogs (Agalychnis callidryas) Conch are slow-moving, herbivorous, marine gastropods that possess
in a hotspot of color pattern diversity prominent camera-type eyes at the ends of long, flexible stalks.

Linking phenotypic variation to underlying genetic diversity Compared to the eyes of other gastropods, those of conch are large
contributes to a better understanding of how evolutionary forces(up to 1.5 mm in diameter) and have sophisticated optics that include
affect natural populations. We investigate the genetic structure and lens with a graded refractive index. Conch also have a remarkable
evolutionary history of red-eyed treefrogs (Agalychnis callidryas) ability to regenerate eye tissue: after an eye is lost, a new eye will
occupying six regions along the Pacific coast of Costa Rica, where @levelop to take its place within weeks. Eye regeneration in conch
phenotypic cline extends from the north (orange legs) to the southappears to occur rapidly compared to eye regeneration in other
(purple legs), with intermediate color patterns in central regions.gastropods. Despite our knowledge of the complexity and
Patterns of color variation in intermediate central regions could beregenerative abilities of the eyes of conch, we know little about the
explained by the retention of ancestral color polymorphism, or by visual responses of these animals either when their eyes are intact or
hybridization between divergent populations that meet at secondaryvhile they are regenerating. Therefore, we measured rates of eye
contact zones. Comparison of RAD-sequencing and color patterregrowth and tested how visual performance changes during the
data shows patterns of genetic isolation by distance across coloprocess of eye regeneration in the Florida fighting conch Strombus
pattern boundaries. We present multiple incongruent patterns ofalatus. We found that rates of eye regrowth were greatest in S. alatus
phenotypic and genetic variation, which suggest the possibility ofbetween 3-6 weeks following amputation but began to slow down
selective pressures acting on color pattern phenotype along théhereafter. We also found that conch with two intact eyes respond
Pacific Coast. Overall our data support color pattern polymorphismconsistently to the sudden appearances of objects with angular sizes
due to differential retention of ancestral polymorphism as opposed taf 23° or greater. When we amputated either one or both eyes from
recent introgression. 24 conch and recorded the behavioral responses of these animals to
visual stimuli once a week for twelve weeks, we found that animals
with one amputated eye regained normal visual performance after
five weeks whereas conch with two amputated eyes exhibited normal
visual performance after seven weeks. Studying the restoration of
visual performance during eye regeneration in conch may help us
understand how a regenerating sensory system reconnects with an
intact nervous system.

82-5 CLARK, RM*; TREIDEL, LA; MCCUE, MD; ZERA, AJ; P3-238 CLARK, AD*; BEATTY, AE; SCHWARTZ, TS; Auburn
WILLIAMS, CM; Univ. of California, Berkeley, Saint Mary's University; adc0032@auburn.edu

University, Univ. of Nebraska-Lincoln; rl1clark@gmail.com Exploration of the Insulin/insulin-like Signaling Pathway in
Energetics of a Life-History Trade-Off in the Wild Non-Model Organisms via Primary Culture Experiments

A wide array of organisms possess dispersal polymorphisms, wherénsulin-like growth factors (IGFs) are key peptides hormones in the
some individuals invest in the physiological machinery needed forInsulin and Insulin-like signaling (I1S) pathway, a pathway required
dispersal while others lacking this capability instead allocate for growth, metabolism, and reproduction. IGFs and other key
resources toward alternate life-history traits such as increasedomponents of the 1IS pathway are highly conserved across
reproduction. While the biochemical basis underlying such vertebrate lineages including reptiles, but there are still gaps in our
polymorphisms has been extensively studied in selected insecknowledge about the specific functions of members of the 1IS
laboratory populations, actual metabolic dynamics in wild pathway in reptiles. Primary cultures are virtually non-invasive study
populations are not as well understood. To assess the extent to whickystems that provide models of naturally functioning cells or tissues
laboratory findings correspond to field dynamics, we measuredfrom donor organisms, although this method is not widely used in
whole-animal metabolic rates and lipid oxidation rates for lab-rearednon-model organisms. Here we describe the establishment of primary
and field-caught dispersal and reproductive morphs in fibroblast cultures from brown anole (Anolis sagrei) tail tips and their
wing-dimorphic Gryllus crickets. All measurements occurred at 27 use in experiments to determine the functional roles of IGF1 and
&degC. We found that the dispersal and reproductive morphsIGF2 hormones in cellular growth and proliferation in a reptile
maintained comparable mass-specific metabolic rates, but metabolisystem. Species-specific IGF hormones were expressed in a bacterial
rates were higher in lab-reared as compared to field-caught cricketssystem and purified for use in experimental treatments. Low-serum
When reared in the laboratory, the dispersal morph was also able toreatment media containing brown anole IGF1, brown anole IGF2,
sustain correspondingly greater rates of lipid oxidation. In contrast,green anole (Anolis carolinensis) IGF1, whose amino acid sequence
no morph differences in lipid oxidation were observed in field-caught of the binding region differs from brown anole, TGFb as a positive
crickets. These findings support the conclusion that realized dispersajrowth control, or media without growth hormones were added to
capability in wild populations can often be strongly constrained by cells. Cellular proliferation was indirectly assessed via MTT assay 24
local environmental conditions. hours, post exposure to treatment medium. IRS-1 mRNA levels were
qguantified via gPCR at time points of 2 and 4 hours. Results on the
effects of the treatments will be discussed with implications for the
use of cell culture in non-model organisms to understand the function
and evolution of molecular pathways, such as the IIS.
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P1-200 CLAVIJO-BAQUET, S*; CAVIERES, G; GONZALEZ, A; 43-1 CLAYTON, GV*; KAHN, H; SMITH, NM; DICKERSON,
CATTAN, P; BOZINOVIC, F; Laboratorio de Etologia, Ecologiay  AK; University of Central Florida; dickerson@ucf.edu

Evolucién, 1IBCE, Montevideo, Uruguay, CAPES, Pontificia Mosquito Takeoff Strategies from Horizontal Surfaces

Universidad Catdlica, Santiago, Chile, Facultad de Ciencias On roughened surfaces, such as those equivalent to the roughness of
Veterinarias y Pecuarias, Santiago, Chile; sclavijo@bio.puc.cl skin, male and female Aedes aegypti mosquitoes employ a takeoff
Temperature Effects in Thermal Tolerance of the Chagas Disease strategy similar to those witnessed in other Diptera; they initiate their
Vector, Triatoma infestans. takeoff with a push from mid- and hind-legs. Such a twitch of the

The relationship between climate change and the increasing rate déegs lasting 15 ms allows tarsi to remain static until the legs reach
emergence of infectious diseases is one the most formidablenaximum extent and are drawn inward as the body rises at 0.25 m/s
ecological problems of our time. In this sense, the vector-bornewhen legs leave the ground under flapping. In contrast, polished
diseases are especially susceptible to climate change due to mostirfaces provide little traction to the mosquito pushing with its legs,
disease's vectors are ectotherms, which make them susceptible inducing tarsal slip and decreasing the efficacy of the push. Instead,
temperature changes. In this work, we studied the possible impact ofhe vast majority of mosquitoes prefer initiating takeoff from
thermal variability on locomotion performance in a Chagas diseasepolished surface with a leg strike, in which one or both hind-legs are
vector, Triatoma infestans. Individuals from laboratory colonies were raised into the air before swinging downward like a golfer's swing
randomly assigned to four thermal treatments during 5 weeksand striking the ground at 0.55 m/s. The ensuing reaction force lifts
(18+0°C, 18+5°C, 27+0°C and 27+5°C). We quantified the effect of the mosquitoes body skyward at more than 0.5 m/s when legs leave
temperature on walking speed on fifth-instars individuals exposed athe ground and full flapping commences. We hypothesize mosquitoes
eight temperatures (from 8 to 42°C). Maximum velocity (Vmax), select the particular strategy which imparts greater performance by
temperature optima (To) and performance breath (Tbr) wereway of maximum stability or efficiency during the first critical
estimated. We fit linear mixed models for each variable with wingbeats of flight. We characterize the takeoff kinematics of
temperature, body weight and its interaction term as predictormosquitoes launching unprovoked from polished and roughened
variables. Preliminary results showed that To decreased inhorizontal surfaces using high-speed videography, and rationalize the
individuals acclimated to 1845 °C and increased in those acclimatedshift in their takeoff strategy through kinetic considerations.

to 27 +5 °C. Vmax did not change in individuals acclimated to lower

and variable temperatures while temperature variability increased

Vmax on 27 5 °C individuals. Regarding to Thbr, it did not change

with temperature variability but indeed decreased in individuals

acclimatized to lower temperatures. Our results evidence that T.

infestans could improve thermal performance at higher and variable

temperatures as the predicted temperatures by scenarios of climate

change. FONDECYT 11160839

137-5 CLIFTON, GT*; TAYLOR-BURT, K; Univ. of California, P2-119 CLIFTON, B*; JAYASWAL, V; JIMENEZ, J; NGUYEN,
San Diego, Harvard University; glenna.clifton@gmail.com K; MAGIE, R; YEH, S-D; RANZ, J M; University of California,
What is a scientist? A large-scale SICB outreach effort focusing on Irvine, The University of Sydney, National Central University;
science literacy bclifton@uci.edu

A challenge facing K-12 educators is showing that science is notSignificant Structural and Sequence Variation within a Recent

simply memorized facts, but instead is a creative and iterativeSpecies-Specific Gene Expansion with an Influence on Sperm
process of curiosity, investigation, analysis, and communication. ToCompetition: Sdic

engage students in the process of science while increasing scientistewly evolved genes, genes specific to one or few closely related
accessibility, we formed the "What is a scientist?" outreach effortspecies, have been proposed as an important class of genetic factors
(WIAS) in association with the 2017 SICB meeting in New Orleans, capable of influencing the evolution of sperm competition. Sperm
LA. While most K-12 curricula include the scientific method, many competition is a mechanism of post-copulatory sexual selection in
students graduate unable to critically analyze the strengths angolyandrous species in which sperm from different males compete to
weaknesses of reported science they encounter in dalily life. Scientistiertilize eggs. Despite its evolutionary relevance in shaping male
are uniquely positioned to share real examples of assessing evidendrits, the genetic mechanisms underlying sperm competition remain
and using the scientific process to discover new knowledge. Wemostly uncharacterized. The D. melanogaster-specific multigene
designed WIAS as a large-scale, low-cost program with two mainfamily, Sdic (Sperm-specific dynein intermediate chain) is a recent
goals: (1) help students understand the scientific process and whaxpansion of a chimeric gene along the X chromosome that has
makes a study credible and (2) generate enthusiasm for sciencendergone a selective sweep within the last 3-5 million years, and
through interactions with research scientists. Over two days, 27 SICBEhas been linked to increased sperm competitive ability by attributing
scientists visited 47 middle school classrooms. In total, we reachedigher paternity contribution relative to Sdic region knockouts. Using
about 1000 students. The WIAS program consisted of twoassays mimicking female multiple mating, where the sperm from
components. First, scientists described (1) their research question, (Bdic knockout versus non-knockout males was directly visualized
how they seek answers to that question, (3) how they communicatevithin the female reproductive tract, we find evidence that the
their findings, and (4) their lives outside of the lab. Second, studentreviously observed lower paternity contribution of Sdic knockout
worked in small groups to design a taste test study using M&Ms. Themales mirrors a less effective ability to displace sperm previously
visiting scientists challenged the students to determine whether theideposited by earlier-to-mate males. Additionally, through agreement
methodology accurately tested the research question and finishedith annotations of state-of-the-art PacBio-Illumina hybrid genome
with a group discussion on the limitations of the study and its assemblies and qPCR copy number estimates, we show clear signs of
implications for interacting with science in daily life. Our copy number and sequence variation across a range of geographically
presentation will include both role-playing examples from the diverse strains. Our results highlight the role of recent gene
program and a discussion on ways to improve WIAS and implementexpansions as possible drivers of sperm competition evolution.
large-scale outreach.
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P2-201 CLIFTON, GT*; GRAVISH, N; Univ. of California, San P3-240 CLOUTIER, R; GRANDE, T*; DUCLOS, K; Univ. of

Diego, UCSD; glenna.clifton@gmail.com Quebec, Rimouski, Loyola Univ. Chicago, Univ. of Calgary, Alberta;
Large-scale automated tracking of ant running kinematics and foot tgrande@Iluc.edu

contact dynamics Modular Organization of the Weberian Apparatus

Ants have evolved to inhabit and therefore move through diverseAdult phenotypes result from dynamic interactions among
habitats, requiring walking, running, climbing and maneuvering. developmental stability mechanisms (e.g., canalization,
How do ants coordinate limb movements and modulate foot contactmorphological integration, modularity) and developmental
under varying locomotion behaviors? Previous research on aninstability. Among the stability mechanisms, modularity has been
locomotion and foot mechanics focuses on in situ experiments ottargeted as a primary evolutionary developmental component
straight running during one or a few isolated strides. Here, we preserfiacilitating the evolvablility of complex systems. Among the various
a new approach to automatically record, track and analyze antefinitions of modularity (genetic, developmental, morphological,
kinematics and foot contact dynamics across many strides and duringdividual, ecological), a module is a network of interacting elements
non-stereotyped behaviors. Argentine ants, Linepithema humilebehaving as quasi-independent units, or as semi-autonomous sets of
(body length ~2-3 mm, ~3.5 mg), are placed within a darkenedhighly correlated traits within larger units. Here, we explore
enclosure resting on a smooth glass surface illuminated with LEDsmodularity as it pertains to the evolution of the Weberian apparatus,
from the side. Ants within the field of view are automatically and test if it is a functional, developmental, and/or evolutionary
detected and recorded from above and below using two high-speethodule. The Weberian apparatus, diagnostic of the ostariophysan
cameras at 200 fps. The body of each ant is automatically trackegubgroup Otophysi, is a mechanical linkage (modified anterior
while foot contact timing and area is visualized using frustrated Totalcentra, neural arches, supraneurals, and pleural ribs) that transmits
Internal Reflection. The above camera has a field of view of ~28x38motion of the swimbladder wall directly to the inner ear. This linkage
mm and reliably identifies contact areas above 0.0003 mm”2. Thesnables otophysans to hear frequencies up to several thousand hertz
lower camera provides a detailed view of foot contact with a view of and increases sensitivity throughout the frequency range. Based on
~4x6 mm and a contact area resolution of 0.0001 mm”2. We recorctleared and double-stained ontogenetic series of larval-juvenile
ants reaching running speeds of 60 mm/s (corresponding to 26 bodgypriniform fishes, chondrification and ossification sequences of the
lengths/s) and an instantaneous acceleration of over 450 bodyeberian apparatus elements were compared in a phylogenetic
lengths/s”*2 within a single stride. Most ants employ an alternatingframework. We show that both chondrification and ossification
tripod gait with a maximum stride frequency of 14 Hz. The sequences provide phylogenetic signal, and heterochronic patterns
hindlimbs generally contact the surface less strongly than the forecan be identified at various levels. This suggests that the Weberian
and midlimbs, except while braking or pivoting within a stride. To apparatus evolved from a non-modified vertebral column in a
run along a curve, ants shift the touchdown of the outside forelimbmodular framework, and that heterochronic events occurred during
towards the body midline. Findings using this technique can informthe development of various otophysans. These have resulted in the
legged robot design and control to accomplish diverse tasks. disparity among cypriniforms and extreme specialization in hearing
among otophysans.

30-6 CLUBB, BL*; CLARK, AJ; UYENO, TA; Valdosta State P3-162 COHEN, KE*; HERNANDEZ, LP; The George Washington
University, College of Charleston; biclubb@valdosta.edu University ; karlyelizabeth13@gmail.com
Diversity of function in hagfish feeding apparatuses Morphological ontogeny of the epibranchial organ of

Hagfish use a poorly understood feeding apparatus mechanism télypophthalmichthys molitrix (Silver carp)

protrude and retract a dental plate for rasping chunks of tissue fronincredibly invasive Asian carp are destroying ecosystems throughout
prey for ingestion. Retraction is achieved by activating a complexthe United States by outcompeting native species. Their ability to
soft tissue mechanism found in the posterior half of the feedingfeed so efficiently within eutrophic environments is due to their
apparatus. In this study, we describe the anatomy of this musculahighly modified gill rakers and complex epibranchial organ. The
hydrostat by examining the muscle and connective tissue fiberepibranchial organ is a paired food condensing organ ventral to the
organizations in the feeding apparatuses of nine Pacific (Eptatretusieurocranium that has independently evolved multiple times.
stoutii) and six Atlantic (Myxine glutinosa) hagfishes. Paraffin Ranging in complexity from small slits on the ventral face of the
histological techniques were used to prepare serial sectionsneurocranium to intricate spiraling structures, epibranchial organs are
Structural components were manually segmented from thesenorphologically diverse across filter-feeding fishes. Despite this
digitized sections and fitted to high-resolution 3D scans (Arctec morphological diversity and broad distribution, little is known of the
Space Spider) of the whole feeding apparatus. Our analysis of thepibranchial organ's function and development. Here we present data
soft tissue fiber orientations allowed us to develop a number offrom an ontogenetic series of Silver carp ranging in size from
functional hypotheses: (i) The tubulatus muscle is not a simple sheati5-900mm SL detailing how this unique structure develops. Indeed,
formed of circumferential muscle fibers as previously reported. It is athe epibranchial organ of the Silver carp is morphologically distinct
unique tubular muscle with bi-pinnate muscle fiber orientations thatfrom all that have been previously described. Gill rakers that extend
originate from a longitudinal dorsal tendon and insert on a ventralfrom branchial arches 1-5 are greatly modified as they curve into the
one. Activation may cause the muscle to become longer and skinniebody of the epibranchial organ. Throughout ontogeny the
and also cause the dorsal and ventral surfaces to shear relative gpibranchial organ becomes more complex with the gill rakers
each other. (ii) The clavatus muscle includes longitudinal musclebecoming increasingly incorporated into the overall structure.
fibers that may generate direct force used in dental plate retractionlncreased complexity coincides with histological changes to
(iii) Activation of the complex fiber organization of the supporting cartilaginous structures and an increase in innervation. By
perpendicularis muscle likely causes the posterior end of the clavatusarly juvenile stages, the epibranchial organ is fully functional. The
to deform laterally and function as a stopper knot to prevent theadult epibranchial organ forms a multiple-looped structure that
clavatus from sliding through the tubulatus. While electromyographic efficiently moves food from the gill rakers to the pharyngeal jaws.
recordings of active muscles have been unsuccessful, videdrhis detailed anatomical investigation has yielded a functional
recordings of preliminary electrostimulation experiments confirm hypothesis of the epibranchial organ in Silver carp.

these functions.
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138-2 COHEN, KE*; HERNANDEZ, LP; CRAWFORD, CH; P1-291 COHEN, HE*; KANE, EA; Georgia Southern University;
FLAMMANG, BE; The George Washington University , New Jersey hc02684@georgiasouthern.edu

Institute of Technology ; karlyelizabeth13@gmail.com The role of local adaptation on biting performance in Trinidadian
Secrets in master filtering: Using uCT and 3D PIV to model Silver  guppies

carp filter feeding Organisms are faced with many challenges, including predation and

Invasive Silver carp are thriving in eutrophic environments in the resource availability, and these pressures can change across spatial
United States due to efficient filter-feeding mechanisms. Like manygradients. For example, where predation pressures are low, an
filter-feeding fishes, Silver carp utilize modified gill rakers to increase in population density will increase intraspecific competition
enhance filtering efficiency; however, unlike other fishes, Silver carp for prey resources. However, how these changes in selective
gill rakers are fused together to form highly porous, channeledpressures lead to local adaptation, particularly in prey acquisition
filtering plates. This morphology can capture particles ranging in sizebehaviors, needs further exploration. In Trinidadian guppies
from 4-80 um, which may explain how this species can outcompetgPoecilia reticulata) a shift in selective pressure toward resource
other fishes. While descriptive studies exist no work has yetcompetition in low predation environments has resulted in local
discovered the mechanism behind Silver carp filtration. Here weadaptation of many traits, including jaw morphology and diet. But
investigate the hydrodynamics of Silver carp filter feeding using whether these changes result in local adaptation of feeding
volumetric Particle Image Velocimetry (3D PIV). Fixed gill rakers performance remains unclear. Recent work in suction feeding of
and 3D models based on 10um and 28um uCT scans of adult Silveguppies has shown no difference between populations in feeding
carp and its sister species Bighead carp were placed in a recirculatingerformance, suggesting an inability to adapt their feeding system. If
flow tank with water flowing across the model in both the selective pressures cause changes in resource use that drive
anteroposterior and posteroanterior directions. Neutrally-buoyantadaptation for feeding, then low predation guppies should have
50um nominal size particles were illuminated by a 50mJ-100Hzincreased biting kinematics compared to high predation guppies. To
Nd:YAG pulse laser focused into a 14cm x 14cm x 14cm volumetest this hypothesis we will film individuals from one low/high
using an optic and mirror system, tracked and processed using V3\predation population pair with a high-speed camera while they feed
software, and resulting vector information was analysed in Tecplot.on an agar substrate and measure feeding kinematics to test
Using 3D PIV, we tracked particle and fluid interaction from the differences between populations. If gape, intramandibular joint
surface of the gill raker through the various sized pores along themobility, and time of contact with the substrate are greater in low
filter. Based on results from multiple PIV studies and morphological predation guppies, it would support the hypothesis that guppies are
analyses, we suspect that the morphology on the outer face of the gilbcally adapted to feeding conditions based on their habitat.
raker plates and the orientation of those openings increases th®therwise a lack of local adaptation could suggest either an inability
vorticity of water as it moves across the the gill rakers, accountingto modify feeding performance or that the selection pressure on

for particle capture and retention. feeding is relatively weak.

125-3 COLBY, RS; VELOTTA, JP; SCHULTZ, ET*; Univ. of 64-5 COLGAN, W/N*; LLOSA, I; HARRIS, L; LEANZA, A;
Connecticut, Univ. of Montana,; eric.schultz@uconn.edu HWANG, A; DEBIASSE, M; RYAN, J; DAVIDSON, B;
The presence and evolution of NaK*-ATPase paralog-switching Swarthmore College, Whitney Lab, Univ. of Florida;

in a euryhaline fish, the Alewife wcolganl@swarthmore.edu

The invasion of freshwater from marine habitats prompted extensiveEvolution of Chordate Heart Gene Regulatory Networks
diversification of aquatic taxa. Mechanisms permitting this habitat The basal chordate Ciona intestinalis has been used to untangle the
switch can be investigated in extant euryhaline fishes, those that canhordate heart gene regulatory network, because of its rapid
tolerate a wide range of salinities. Taxa that have undergone genomeaevelopment and compact genome. A core set of transcription factors
duplication events are of particular interest as resulting paralogs mayncluding Mesp, FoxF, Hand-like, and GATAa specify heart fate in
contribute to such flexible osmoregulation. Two paralogs of Na Ciona. The enhancers for these heart genes are characterized, but
K*-ATPase (NKA), an important ion transporter, occur in the gills of little is known about the evolution of the heart gene regulatory
salmonids and are differentially expressed in freshwater (FW) andnetwork. Here we characterize conserved enhancers for FoxF and
seawater (SW). These paralogs, NKA ala and alb, share a singléland-like using the Corella inflate genome, which we have recently
evolutionary divergence in Salmonids. Our study sought to identify sequenced. Computational analysis reveled conserved binding sites
NKA paralogs in an early branching lineage of teleosts, Alewife for upstream transcription factors in both enhancers, however the
(Alosa pseudoharengus), test their function, and reveal theirorder, spacing, and orientation was more highly conserved in FoxF.
phylogenetic relationship to those of salmonids. We found NKA Reporter analysis demonstrated that these Corella heart enhancers
paralogs in Alewives and they were differentially expressed in FW were functional in both Ciona and Corella. Our results support
and SW. Notably, in landlocked populations of Alewives differential evolutionary conservation of the Ciona heart gene regulatory
expression is dampened, possibly due to lack of selective pressureetwork and suggest more selective constraint on FoxF regulation.
favoring SW tolerance. The divergence between the Alewife paralogsThis work also provides a framework for the identification of novel
predates that in salmonids. This indicates that multiple molecularCiona heart enhancers based on clustering of conserved transcription
solutions have arisen for adapting to freshwater within the samefactor binding sites.

gene.
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P1-43 COLLIAS, AA*; KONOW, N; BIEWENER, AA; TS, C; 95-6 COLLIN, R*; DRISKELL, AC; VENERA-PONTGN, DE;
University of Massachusetts Lowell, Harvard University, Harvard BOYLE, MJ; Smithsonian Inst., Panama, Smithsonian Inst.,
University; alexandra_collias@student.uml.edu Washington DC, Smithsonian Inst., Fort Pierce; Collinr@si.edu
In vivo Muscle Bulging in Relation to Force Production in Rat Larval Barcoding of "Minor" Metazoan Phyla in Mega-Diverse
Medial Gastrocnemius Tropical Oceans

Limb muscles must produce force to match the mechanical demandMarine biodiversity is poorly documented, particularly the diversity
of locomotion. As muscle undergoes contractile length changes itof invertebrate phyla and tropical taxa. In the few cases where it has
remains isovolumetric. Hence, it has been hypothesized that during &een employed, DNA barcoding has proved to be an effective tool
high-force contraction muscle bulges in width, as contracting fibersfor detecting taxa which have not been reported as adults from the
restrict bulging in thickness. By contrast, during a low-force sampling location. Larval barcoding may be a particularly effective
contraction muscles are hypothesized to bulge in thickness asvay to sample species with either cryptic or infaunal, soft-bodied
connective tissue stiffness resists bulging in width. This interactionadults that may be difficult to collect, as well as those that live in
between contractile and connective tissue components of pennateabitats that are difficult to access. Larval barcoding of
muscles has been shown to govern volumetric constraints in situ buthemichordates, lophophorates, sipunculans and nemerteans using
is unexplored in vivo. The rat medial gastrocnemius (MG) is aCOl and 16S recovered considerably more species than expected
unipennate hind limb extensor from which in vivo measurements offrom the Caribbean and Pacific coasts of Panama. In some but not all
3D shape changes and force production can be obtained, allowing usases the species can be distinguished on the basis of larval
to determine how interactions between muscle width and thicknessnorphology. Few of the species can be assigned to named species
are shaped by variations in force. We used fluoromicrometry tofrom comparisons with sequences in BoLD or GenBank,
measure changes in MG width and thickness as rats (N = 5) walkecemphasizing the need for greater effort to sample the benthic soft
trotted, and galloped on different treadmill slopes (-20°, 0°, +20°). bodied fauna of the region.

These nine gait-slope combinations provided a gradient in muscle

force and elicited changes in muscle width, thickness, or both.

Consistent with our hypothesis, we found bulging in width of the rat

MG to nearly double, with a comparable decrease in thickness

bulging from the weakest to the strongest contractions. This result

indicates that contractile and connective tissues have a balancing role

in determining how a pennate muscle resists bulging during variable

force contractions in vivo. Insight into how 3D muscle bulging is

shaped by variations in force production may inform muscle-centered

rehabilitation strategies and improve the functionality of prosthetic

limbs. (Supported by NIH AR055648).

P1-207 COLLINS, CL*; ZIPPAY, ML; Sonoma State University; 25-3 COLLINS, KS*; EDIE, SM; BIELER, R; ROY, K;
collichr@sonoma.edu JABLONSKI, D; Univ. of Chicago, Univ.of Chicago, Field Museum
Physiological Performance: Survival of an Invasive Mussel in a of Natural History, Univ. of California, San Diego;

Warming Climate kscollins@uchicago.edu

As the climate warms, organisms endure rapid environmentalCosmopolitan compromises and tropical trade-offs -latitudinal and
changes and are susceptible to physiological damage that may foramorphological “range" in marine bivalves

them to modify their thermal limits by either shifting their range The taxonomic, functional, and morphological richness of life on
distributions or being outcompeted by other species. Marine intertidalEarth is distributed unevenly across the globe, following gradients
organisms, specifically, face unique challenges of oxygen limitationdictated by both biotic and abiotic factors. The marine Bivalvia, a
and aerial exposure, and it is up to us to understand how they mighdiverse, widespread clade that in many ways mirrors global
respond to such conditions and identify important biomarkers thatshallow-marine diversity patterns, provides a model system for
can be used to recognize when an organism may be in jeopardyasking questions about spatial patterns in different aspects of
Heart rate, is one physiological response, that is well-studied forrichness. Here we analyze morphological patterns and their correlates
investigating whole-organismal responses and can explain aralong a latitudinal gradient. Bivalve shell morphology is a
organisms critical thermal limit. Furthermore, measurements of compromise among anatomical constraints, resource allocation
enzymatic activity of lactate dehydrogenase (LDH) can infer strategies, and functional requirements dictated by the environmental
anaerobic metabolism and be indicative of stress. Thus, weconditions the animal lives in. We use 3D micro-CT scans of the rich
hypothesize that the cardiac performance and subcellular activity oflorida Keys bivalve fauna (c. 360 species) to quantify internal
the invasive Mediterranean mussel (Mytilus galloprovincialis) will biovolume, shell-material volume, and internal and external surface
increase as temperature increases in both intertidal and subtidareas (including ornamentation), enabling us to evaluate the controls
populations. While exposing subtidal and intertidal mussels to of shell construction, comparing tropical specialists to wider-ranging
varying temperatures (8-28 °C) at a ramping rate of 4 °€Ewe generalist taxa in a phylogenetic context. Early analyses suggest that
measured heart rate every hour and assessed LDH activity for eacKeys-resident taxa that range further north have shells that are
temperature treatment. For the submerged subtidal population ofhinner relative to their biovolume, less complex external surface
mussels, preliminary data suggests heart rate slowly increases aweas, and potentially are allocating fewer resources to shell building,
seawater temperature increase, while aerial exposed mussels reachéthn those co-occurring taxa that are restricted to the tropical
a maximum rate at 12-16 °C. These measurements will begin tdatitudes. There is also a narrowing of variance of interspecific shell
elucidate whether organisms have the capacity to deal with &orm with increasing northern latitudinal extent - indicating
changing climate and the physiological mechanisms that driveconvergence in aspects of morphology regardless of taxonomic
whole-organismal responses, while providing additional insight into affinity, and potentially, trade-offs in morphology for greater
the possible mechanisms that allow this non-native species to toleratenvironmental range.

vastly different habitats and outcompete native species.
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67-6 COLLINS, CE*; HUNTER, SL; MCGOWAN, CP; University P2-123 CONCEPCION, GT*; PELUSO, P; BUMP, P; GONZALEZ,

of Idaho; cecollins@uidaho.edu P; LOWE, CJ; ROKSHAR, DS; RANK, DR; Pacific Biosciences,
Biomechanical and performance tradeoffs in bipedal and Menlo Park CA, Hopkins Marine Station - Stanford Univ., Pacific
quadrupedal turning strategies of Desert Kangaroo Rats Grove, CA, Hopkins Marine Station - Stanford Univ., Pacific Grove,

Animals propel themselves through physically challenging CA, Univ. of California, Berkeley;
environments for a variety of tasks including dispersal, feeding, andgconcepcion@pacifichiosciences.com
predator evasion. Animal morphology is critical to meeting the De novo Assembly of the highly heterozygous Schizocardium
physical demands of locomotion - each task and ecological contextalifornicum genome using DNA isolated from Sperm
correspond with unique requirements. We studied the mechanics oEfforts to sequence and assemble the genomes of heterozygous
turning in the Desert Kangaroo Rat Dipodomys deserti, a bipedalbrganisms have proven difficult with short read approaches.
hopping rodent, after observing steady-state turns and rapid turn&epetitive DNA structures, structural variation between haplotypes
responding to simulated capture attempts in the field. We coercedand large genome sizes are limiting factors to achieving highly
and encouraged ten Kangaroo Rats to hop through a 90° turrontiguous assemblies. Other factors paramount to generating a high
connecting two straight 1.5m long x 0.2m wide wooden runways quality reference are the quality and size distribution of the starting
lined with thermoplastic rubber to improve grip. Three camerasgenomic DNA (gDNA) which is often difficult to obtain for
recording at 200 hz coupled with two force plates recording at 600 hmon-model organisms due to co-purification of metabolites. Here we
allowed us reconstruct 3D kinematics and ground reaction forces. Welemonstrate the utility of long DNA reads to generate a high quality
observe that animals use both bipedal and quadrupedal strategiede novo reference sequence from a sperm sample isolated from an
during turns. Preliminary observations suggest quadrupedal turnsndividual of a highly polymorphic species. High quality gDNA
maybe faster than bipedal turns upon turn entry, but bipedal gaitssolated from hemichordate sperm circumvented many common
maybe faster than quadrupedal gaits upon turn exit. This suggestBNA isolation pitfalls. Extracted gDNA was used to generate large
bipedal turns are steadier than quadrupedal turns. Trajectory changessert (>30 kb) libraries for subsequent SMRT Sequencing. Using
up to 46° are achieved during each bipedal stance while orientation i®acific Biosciences' Sequel System, the DNA was sequenced and a
altered in both stance and swing phases. We discuss the tradeoffs agénome was assembled of approximately 1.6Gb with a contig N50 of
ecological implications associated with different turning strategies. ~739Kb. After 2 rounds of polishing with the Arrow consensus
calling algorithm, 949 out of 978 (97%) BUSCO orthologs were
detected, with 693 (70.9%) of them detected in duplicate, indicating
assembly and resolution of different haplotypes in the primary
contigs. Animals in the phylum Hemichordata have provided key
understanding of the origins of the vertebrate body plan. Here we
present the highly contiguous de novo assembly and preliminary
annotation of an indirect developing hemichordate genome,
Schizocardium californicum.

26-4 CONITH, A. J.*; KIDD, M. R.; ALBERTSON, R. C.; Univ. of P2-63 CONN, CE*; MARTINSON, EO; WERREN, JH; KOVACS,

Mass. Amherst, Texas A&M International Univ.; JL; Spelman College, The University of Georgia, University of
ajconith@bio.umass.edu Rochester; jkovacs@spelman.edu
Evolutionary Consequences of Modularity in the Cichlid Skull Investigating the role of horizontal gene transfer in adaptation to

Cichlid fishes exhibit functional decoupling between their oral and hematophagy
pharyngeal jaws allowing independent control of prey capture andHorizontal gene transfer (HGT) occurs when genetic material is
processing. By decoupling different structures in the feeding systempassed laterally across species rather than vertically from ancestors to
it has been proposed that each can evolve independently as separatescendants. It is known to contribute to evolutionary adaptation in
modules. However, patterns of genetic modularity in the cichlid skull prokaryotes, but studies of HGT in multicellular organisms are
exhibit a trend whereby elements of the upper and lower jaws ardimited. Despite the paucity of data, horizontally transferred genes
under distinct genetic control, and the lower jaw (LJ) shares a(HGTs) have been found in diverse eukaryotes. Some of these genes
common genetic basis with the pharyngeal jaw (PJ). Thus, it remaindave been independently acquired in the genomes of organisms with
unclear how modules in the feeding system are patterned and evolveimilar ecological niches, suggesting that they may enable adaptive
Here we investigate the degree of evolutionary decoupling amongevolution. Studying HGT in parasites is particularly interesting
five major components of the cichlid feeding system: premaxilla because the association between parasites and their hosts may
(PMX), maxilla (MX), LJ, PJ, and the interopercle (IOP) bone. We facilitate the exchange of genetic material. Indeed, HGTs have been
use Malawi cichlids, and focus on the Tropheops species complexdentified in diverse parasites from the bacteria, plant, and animal
given their wide trophic diversity. We hypothesized that the PMX kingdoms. This raises the question of whether certain HGTs have
and MX would form separate modules to the LJ, and that the LIbeen independently acquired by parasites with similar mechanisms of
would form a module with the IOP and PJ, a pattern that closelyhost interaction. Blood-feeding insects are ideal for addressing this
matches the genetic data. We used 3D geometric morphometrics tquestion, because of the vast genetic data available for them and their
quantify shape of the feeding system. We then constructed anegative impacts on public health. We asked whether specific HGTs
phylogenetic tree of 165 individuals based on 7593 amplified that may facilitate blood-feeding have been independently acquired
fragment length polymorphism loci and used phylogenetic regressiorby hematophagous insects. To address this question, we developed a
to test for correlations among feeding structures. We find that theprotocol for conservative identification of HGTs and applied it to
strongest correlations were among shape variables that define depttarasitic blowfly (Protocalliphora sialia). We compared our results
of the different structures. We also find strong support for correlatedwith a list of HGTs in mosquitoes, which evolved blood-feeding
evolution between the LJ, IOP and PJ, and not between elements ahdependently of Protocalliphora. Our preliminary results indicate
the upper and lower jaw. Taken together, our data suggests thahat HGT has occurred in Protocalliphora; however, we have not yet
genetic modularity has a strong influence on patterns of evolution,identified any HGTs that are also present in mosquitos. Future work
and that key components of the oral and pharyngeal jaws are coupleshould investigate HGT in additional blood feeders to determine the
at the phylogenetic level. role that this process may play in the evolution of these parasites,
some of which present serious threats to public health.
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P2-90 CONROY, LP*; ROFF, DA; University of California, P3-95 CONVERSE, AK; GENUISE, HM*; THOMAS, P; The
Riverside; Ilconr001@ucr.edu University of Texas Marine Science Institute;

Effects of Mating Status on Female Preference in the Cricket heather.genuise@utexas.edu

Gryllus firmus Characterization of a Membrane Androgen Receptor's Apoptotic

Variation in female state can potentially induce variation in female Response in Danio rerio Ovarian Follicle Cells
preferences, affecting the direction and strength of selection on maldhe breakdown of postovulatory and unovulated follicles relies on
secondary sexual traits. In short-lived species with limited breedingapoptosis or programmed cell death and is essential for ovarian
opportunities, mating status (i.e., virgin or mated) seems likely toremodeling and optimizing the production of viable eggs.
govern female preference components like responsivenes<haracterization of the apoptotic responses in the fish ovaries is
(motivation to mate) and choosiness (amount of discrimination). Wecritical for understanding the reproductive physiology of female fish,
explored the effect of variation in female mating status on which can produce thousands of eggs. Previous studies found that
responsiveness and choosiness in the sand cricket (Gryllus firmus) itestosterone activation of the membrane androgen receptor, ZIP9,
two-choice trials for live male stimuli. We quantified responsiveness induces intracellular zinc transport and apoptosis within Atlantic
as the total number of visits made to both males, and choosiness agsoaker ovarian follicle cells. In this study, we characterized the
the presence or absence of a greater relative preference (high@ndrogen-induced apoptotic response of ovarian follicle cells in the
relative number of visits) to the male with the longer call duration. model organism zebrafish (Danio rerio). We found that testosterone
We found that unmated females were more responsive overall thatreatment resulted in significantly higher amounts of apoptosis in
unmated females, but mated females were choosier about whom thezebrafish ovarian follicle cells compared to vehicle (ethanol).
visited, making more visits to the longer calling male. Thus, in this Furthermore, testosterone treated ovarian follicle cells showed a
species there appears to be an interaction between mating status asnificant increase in expression of pro-apoptotic genes, bax and
preference such that unmated females might relax, and mate@53. Testosterone treated zebrafish ovarian follicle cells also showed
females might strengthen, the amount of selection on male traits.  significantly higher levels of intracellular zinc, which is associated
with ZIP9 activation. Consequently, our results show that
testosterone induces a similar apoptotic response in zebrafish ovarian
follicle cells to that seen in the Atlantic croaker. These results
suggest that teleosts may share the mechanism for ZIP9 mediation of
ovarian cell apoptosis. Future studies should build upon our research
by utilizing ZIP9-knockout zebrafish to investigate whether other
vertebrates share the mechanism regulating ovarian apoptosis in

teleosts.
101-6 COOK, E/G*; LOVERN, M; LEAL, M; Univ. of Missouri, 99-6 COOK, GM*; GRUEN, AE; MORRIS, J; PANKEY, MS;
Columbia, Oklahoma State University; egcrg7@mail.missouri.edu  SENATORE, A; KATZ, PS; WATSON, WH; NEWCOMB, JM;
Investigating the potential for testosterone to mediate territorial New England College, Henniker, NH, University of New Hampshire,
aggression in female Anolis lizards Durham, University of Toronto, Mississauga, ON, University of

Intrasexual aggression is an important component of animal sociaMassachusetts, Amherst; gcook@nec.edu

behavior. In the context of territoriality, such aggression may Circadian Clock Proteins in the Nudibranch Mollusks

determine whether an individual is able to establish and maintain eHermissenda crassicornis, Melibe leonina, and Tritonia diomedea.
territory. Thus, variation in territorial aggression has important While many studies have reported on the molecular clocks
implications for individual fitness. In males of many territorial underlying circadian rhythms in vertebrates and ecdysozoan
species, such variation has been associated with intraspecifiénvertebrates, such as arthropods, much less is known about these
variation in circulating concentrations of hormones such asclocks in lophotrocozoan invertebrates. The goal of this project was
testosterone. Although females of many species also exhibitto identify the RNA and protein products of putative clock genes in
territorial aggression, it remains unclear for a variety of territorial the central nervous system of three nudibranchs, Hermissenda
taxa whether similar endocrine mechanisms regulate aggressiverassicornis, Melibe leonina, and Tritonia diomedea. Using
behavior in both sexes. Here, we investigated the potential fortranscriptomics, we identified orthologs in each species for the
testosterone to mediate territorial aggression in female Anolisproducts of five canonical clock genes: bmall, clock,
gundlachi lizards in Puerto Rico. In several Anolis species, males thahon-photoreceptive cryptochrome, period, and timeless. Orthologous
engage in territorial interactions exhibit higher testosterone sequences for the products of four related genes—photoreceptive
concentrations relative to less aggressive males. To assess whethecayptochrome, cryptochrome DASH, 6-4 photolyase, and
similar pattern occurs in females, we staged territorial interactionstimeout—were also recovered. All of the resulting nudibranch
with free-living females and collected plasma to measure circulatingproteins contained conserved functional domains found in their
testosterone concentrations. Preliminary results demonstrate thatrthologs in other species. Phylogenetic analyses indicated that the
females exhibit aggressive behavior comparable to what is observedudibranch proteins were most closely related to the limited
among males, and that aggression can vary considerably amongxamples in other lophotrochozoan groups. A clock-related gene
females. Although testosterone concentrations seemed to vary moreepertoire in the nudibranchs that includes both timeless and timeout,
among females from the staged interactions relative to females fronas well as both photoreceptive and non-photoreceptive
the general population, testosterone concentrations did not varycryptochromes, resembles what is seen in non-drosopholid insects
significantly between the groups. These results suggest thatnd oysters, and may represent the ancestral circadian clock for
testosterone may influence aggressive behavior differently in malesilaterians.

and females.
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P3-160 COOPER, AN*; MORRIS, JS; CUNNINGHAM, CB; 29-4 COPPENRATH, CM*; LASALA, JA; GINGRAS, M;
POTTS, WK; CARRIER, DR; University of Utah, Wofford College, BALDWIN, J; Florida Atlantic University;

Swansea University; amanda.cooper@utah.edu ccoppenrath2014@fau.edu

Social Dominance in Male House Mice (Mus musculus): Muscle Foraging Ecology of Florida's Nesting Leatherback Turtles:
and Bone Mass Distribution Insight from Stable Isotope Analysis

Intense physical competition between males for access to matingVhile many leatherback turtle (Dermochelys coriacea) nesting
opportunities is widespread among mammals. In such agonistigopulations worldwide are decreasing, the North Atlantic population
encounters, dominant males often have greater reproductive fitnesss considered Least Concern by the International Union for the
However, the specific physical traits that facilitate social dominanceConservation of Nature. Florida's beaches, in particular, have
are poorly understood. Body size is often correlated with experienced increased nesting numbers (10-11% per year on average)
reproductive fitness in mammals. Interestingly, body mass onlysince organized nesting surveys began in 1979. With these increasing
weakly predicts fitness in male house mice (Mus musculus). Wenumbers, it is important to know which geographic areas are
hypothesized that the distribution of both muscle and bone masgroviding the energy sources necessary for vitellogenesis, migration,
influences dominance status. We tested whether muscle masand nesting. While the migratory behavior of North Atlantic
differed when corrected for body size in dominant versus leatherback females has been documented in the Wider Caribbean,
non-dominant males in two different competition experiments. In the migratory movements of South Florida's nesters are relatively
both studies, male mice competed in semi-natural environments founderstudied. Our knowledge of their migrations is currently limited
access to females residing in optimal territories: these competitiorto ten nesting females tracked from the east coast of Florida that
experiments differed in their duration (3 days vs. 8 weeks), habitateither moved north to the North Atlantic or east to the coast of
size (0.42 vs. 30 &), male-to-female sex ratio (4:1 vs. 5:8), and Western Africa, which brings to light the need for larger sample sizes
number of rounds (2 bouts producing two-time winners and two-timein order to make population scale conclusions about the relative
losers vs. a single round of competition). The total mass of theimportance of different foraging areas for the South Florida
dissected muscle groups was greater in dominant males in only onkeatherbacks. Here, we analyzeéd®@and &°N signatures in whole

of the two experiments. Using the combined data, we discovered thablood and skin samples from leatherbacks nesting in South Florida
dominant mice have greater mass in the muscles of the uppebetween 2014 and 2017 to estimate where these nesters had been
forelimb (biceps and triceps) and the gluteus muscles than theiforaging prior to migrating to South Florida to nest. Additionally, we
non-dominant counterparts. Muscle mass did not differ significantly encountered remigrant turtles and were able to assess whether their
in the hamstrings, knee extensors, or ankle plantarflexors. Bone maderaging sites had changed from previous years. Forage quantity and
measurements from one set of mice partially corroborate theseuality can impact on the number of individual females that are able
results, with dominant mice possessing more massive forelimbto nest in subsequent seasons. Florida's leatherback turtles appear to
bones. These results are consistent with our current understanding aeek food over a broad geographic region, which may provide them
house mouse agonistic behavior, which involves grappling with thewith a degree of flexibility when some foraging areas are more

forelimbs, often while standing bipedally. favorable than others.

103-4 CORBET, M; JOYCE, C; SUR, A; RENFRO, A; MEYER, 65-1 CORCORAN, A. J.*; HEDRICK, T. L.; Univ. North Carolina,
NP*; Clark University; nmeyer@clarku.edu Chapel Hill; aaron.j.corcoran@gmail.com

Function of BMP signaling in the annelid Capitella teleta and Scaling of Flocking Dynamics with Body Size in Shorebirds
implication for nervous system evolution Rules underlying the collective movements of animals have been

A key question concerning animal evolution is how centralized described for an increasing number of taxa in recent years, including
nervous systems (CNSs) evolved and contributed to organismafor some fish, insects and birds. Considerable variation in flock
diversity. In many animals with a CNS, a region of ectoderm receivesdensity and network structure has been observed in different species.
extrinsic signals instructing it to become neural during the process ofComplicating the interpretation of this diversity of behavior is a lack
dorsal-ventral (D-V) axis specification. In vertebrates and insects,of controlled, cross-species comparative data. We address this
both processes rely in part on inhibition of BMP signaling by problem by comparing flock dynamics of three species of shorebirds
secreted antagonists, leading some to infer that neural specification i§amily Scolopacidae) that cover a more than 10-fold range in body
homologous within Bilateria. However, the little data we have from sizes and 6-fold range of wingspans (Western Sandpiper, 28.5 g, 0.12
spiralians suggest that BMPs may not have played an ancestral rols; Short-billed Dowitcher 105 g, 0.51 m; Marbled Godwit 370 g,

in neural specification. We studied to what extent BMP signaling is 0.79 m). We recorded bird flocks in Humboldt county, California in
involved in neural fate and D-V axis specification in the spiralian the spring of 2017 using three cameras recording at 29.97 frames per
annelid Capitella teleta. We analyzed expression of BMP ligands andsecond. Cameras were calibrated for three-dimensional
their antagonists and found localization to specific quadrants duringreconstruction of animal flight trajectories and flocks were
cleavage stages and to specific tissues after gastrulation. Weeconstructed using automated computer vision algorithms. A
manipulated BMP signaling during early-cleavage and gastrulationpreliminary analysis of one flock from each species examined flock
stages by soaking in recombinant BMP4 protein or in the inhibitor densities, as measured by distances between each bird and its nearest
dorsomorphin. BMP4 protein did not disrupt D-V axis formation or neighbor. Average nearest-neighbor distances were 0.78 + 0.77 m
block ventral nerve cord formation. Instead, BMP4 dramatically (median * inter-quartile range; N = 31) for Western Sandpipers, 1.20
affected brain formation, causing a third brain lobe and eye to form.+ 0.65 for Short-billed Dowitchers (N = 331) and 1.21 + 0.73 m for
Treatment with dorsomorphin, which should block signaling Marbled Godwits (N = 381). This preliminary analysis shows
downstream of BMPs, did not disrupt D-V axis formation and instead surprisingly little variation in flock density across a gradient of body
resulted in a loss or decrease of tissue in the ventral nerve cordsizes. Further approaches will include examining the effects of flock
These results suggest that BMP signaling does not limit the domairsize on density and comparing flocking behavior of mixed-species
of neural ectoderm in C. teleta as it does in insects and vertebrateglocks. This will help us interpret the rules underlying flock
Our results are in agreement with data from other spiralians,structuring, and to what degree they are set by the animal’s intrinsic
indicating that nervous system evolution may have been moresensory and biomechanical constraints, verses extrinsic factors such
complicated than a single centralization event at the base of Bilateriaas flight speeds and maneuverability of neighboring animals.
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129-4 CORDEIRO, M; EDSINGER, E*; Roger Williams University, 127-5 CORNWELL, BH; Univ. of California, Davis;
Providence, Rl , Marine Biological Laboratory, Woods Hole, MA; bhcornwell@ucdavis.edu

eedsinger@mbl.edu Exploring the role of geographic isolation, host species, and
Why are cephalopod eggs so big? Testing viscosity and the selection in shaping the genetic structure of Symbiodinium sp.
functional limits of swimming in pygmy squid hatchlings. along the Pacific coast of North America

Cephalopod eggs are exceptionally large compared to other marinélost-symbiont interactions often form the foundation for ecosystem
invertebrates. Larger eggs produce larger hatchlings that experiencefanction and diversity around the world. One especially important
higher Reynold's number environment, where fluid momentum andrelationship is the cnidarian-dinoflagellate endosymbiosis that
turbulent flow increasingly dominate over viscous forces. We exhibits exceptional flexibility, forming coral reefs while also
hypothesize that larger cephalopod egg sizes evolved in response &xtending into temperate latitudes. This diversity also extends to the
functional constraints inherent to their muscular jet and fin molecular level, where genotyping techniques have revealed that the
propulsion systems when operating at low Reynold's numbers. Talinoflagellate symbionts Symbiodinium sp. can be classified into 9
test the influence of viscosity on swimming at the size limit of major clades using the molecular marker ITS2. However, much less
cephalopods, the "world's smallest" swimming cephalopod, is known about within-clade variation, which ITS2 largely fails to
hatchlings of the pygmy squid Idiosepius paradoxus, were used.resolve. Genetic loci that provide more resolution (microsatellites)
Polyvinylpyrrolidone (PVP) can increase seawater viscosity without produce patterns suggesting that within-clade symbiont populations
adverse affects on animals. Using a PVP concentration series, wean specialize on different environmental conditions, geographic
tested the effect of viscosity on swimming rates in pygmy squid locations, and host species. It is now possible to survey loci across
hatchlings. Average velocities per viscosity were calculated by videothe entire genome to determine the relative impact of these forces on
analysis. We found swimming became increasingly inefficient with Symbiodinium populations. Here, | use a genome-wide SNP dataset
increasing viscosity, and jet propulsion broke at dynamic viscositiesto explore the genetic structure of Symbiodinium sp. (all from Clade
greater than 9 cP. Hatchling sizes in normal seawater were calculateB) populations that form partnerships with three sympatric species of
for PVP-based viscosities and velocities, and egg sizes wereanemone in the genus Anthopleura along the Pacific coast of North
extrapolated. Our results indicate that at egg sizes typical inAmerica. First, | show that symbiont populations separated by
non-cephalopod molluscs, a cephalopod hatchling would swimhundreds of km are highly genetically differentiated, and within each
poorly or not at all in normal seawater. Thus, the evolution of locality, symbionts are further genetically differentiated by host
exceptionally large eggs in cephalopods may reflect a functionalspecies. Second, | identify signatures of adaptation in symbiont
constraint of their muscular jet propulsion system when operating assubpopulations that correlate with abiotic conditions across several
low Reynold's numbers. Future studies may include testing thedegrees of latitude, a crucial step in determining the contributions of
functional limits of jet and fin propulsion in other species, PIV both hosts and symbionts to the performance of the holobiont across
characterization of swimming at increasing viscosities, and analysigemporally and spatially heterogeneous environments.

of neural activity during swimming.

P1-20 COST, IN*; MIDDLETON, KM; HOLLIDAY, CM; Univ. of 141-7 COSTA, D. P.*; HUCKSTADT, L. A;;

Missouri, Columbia; incgm2@mail.missouri.edu VILLEGAS-AMTMANN, S.; Univ. of California, Santa Cruz;
Mechanical Performance in the Skulls of Parrots (Aves: costa@ucsc.edu

Psittaciformes) The Importance of Body Size in Diving Mammals: Small Marine

Movement among intracranial joints, cranial kinesis, is a Mammals Compensate

fundamental function of the feeding apparatus of parrots. The skullsThe aerobic dive limit (ADL) an important determinant of diving

of parrots possess a mobile quadrate which drives movement of thability scales with body size. As metabolism scales with mass”0.75
mandible, palate, and rostrum. These kinetic movements areand oxygen stores scale with mass”1.0, larger animals should have a
facilitated by a mixture of joint tissues at the otic, palatobasal, greater diving ability than smaller mammals. We compared the ADL
palatomaxillary, and craniofacial joints of the skull. Because of the of pinnipeds with respect to their foraging behavior to determine
anatomical similarity of the feeding apparatus, the soft and bonywhen body size is important and when other physiological
tissues of the linkage system are hypothesized to mitigate stressesdjustments come into play. We compared the physiological
and strains associated with feeding in similar patterns across parrotdeterminants of ADL in all 6 extant species of sea lions. ADL was
despite disparate dietary niches. Here we test this hypothesis in taxastimated from measurements of total body oxygen stores (muscle,
exhibiting diverse dietary regimens by mapping stress and strairblood and lung) and estimates and or measures of metabolic rate. If
propagations within the skull and across joints. Using the BoneLoaddiving ability were the primary factor driving body size, we would
workflow, jaw muscle forces were estimated using volumetric predict that larger sea lions should dive longer and deeper than
properties and bite forces estimated using 3D lever mechanics. Finitemaller sea lions, who should dive shorter and shallower. However,
element models were loaded using flexible joints with anatomically we found the opposite pattern the smallest sea lion, the Galapagos
accurate sutural material properties and anatomically informedsea lion, had the longest average dive duration and was the second
constraints. Estimated bite forces were then applied to homologousleepest diver, while the two largest sea lions, the Steller and southern
points of the maxilla across all four taxa to generate a simulated loadea lion, exhibited the shallowest and shortest dives. The oxygen
on the feeding apparatus. Resulting mechanical properties werastores of the longest divers had the greatest oxygen stores and in
qualitatively analyzed across the skull. Regions of interest weresome cases lower metabolism. This suggests that differences in body
sampled in the pterygoid, palatine, and quadrate bones tcsize are more related to ecological factors (prey availability and
quantitatively compare models. Our results indicate thatabundance) than diving ability. We also observed that the
feeding-generated forces and strains about kinetic joints are similaphysiological capacity (oxygen stores) tracked the seasonal changes
among the sampled parrots. This suggests dietary preferences ofi dive behavior. California sea lions that made shallower shorter
parrots may be better reflected by their feeding behaviors and othedives in the winter had lower O2 stores than sea lions who made
features such as beak shape, or tongues. Regardless, the kinetieeper longer dives during the summer, implying that sea lions are
linkage remains an innovation underlying parrot feeding behaviorable to increase their diving capacity through "conditioning".

and new details will improve future ecomorphological and

evolutionary hypotheses in extant and extinct kinetic birds and

archosaurs.
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16-5 COSTA, D. P.*; HUCKSTADT, L. A.; SCHWARZ, L.; 20-4 COSTA-PAIVA, EM; SCHRAGO, CG; HALANYCH, KM¥*;
FRIEDLAENDER, A.; MATE, B.; ZERBINI, A.; KENNEDY, A; Universidade Federal do Rio de Janeiro, Auburn University;
GALES, N. J.; Univ. of California, Santa Cruz, Oregon State ken@auburn.edu

University, National Marine Fisheries Service, Australian Antarctic  Diversity of Hemerythrin and Hemocyanin Blood Pigments across
Division; costa@ucsc.edu Metazoa.

Assessing the Potential Exposure of Migratory Animals to Four families of oxygen-binding proteins are found in animals, which
Disturbance are divided into two major groups: proteins that use iron to bind

While many studies have examined the sensitivity of marine animalsoxygen (hemoglobins and hemerythrins) and two non-homologous
to underwater noise an essential component of any risk assessmentfismilies of hemocyanins that use copper. Hemerythrins (Hr) genes
the likelihood that individuals of a given population will be exposed are present in the three domains of life, Archaea, Bacteria, and
to that disturbance. An essential component of risk assessment iEukaryota; however, within Animalia, Hrs have been reported only
identification whether individuals will be exposed to a risk. This in marine species in six phyla (Annelida, Brachiopoda, Priapulida,
requires information on the proportion of the population exposed, forBryozoa, Cnidaria, and Arthropoda). Hemocyanins, found in
how long, and during what activity (i.e., feeding, migrating, and arthropods and molluscs, bind oxygen in the same manner, but they
breeding). Using satellite telemetry data for humpback and blueare distinct in their molecular structure - often designated HcA and
whales feeding and migratory regions in Antarctica, California, and HcM, respectively. We investigated the diversity and evolution of
Bering Sea, we modelled the potential exposure of individuals to anHr, HcA and HcM in metazoans, by employing in silico approaches
acoustic disturbance. Foraging and transit regions along the track& survey >100 metazoan transcriptomes and genomes. We found 58
were identified and using a switching state space model the timecandidate Hr genes actively transcribed in 36 species distributed in
spent foraging in each region calculated. A simulated seismic surveyl1 animal phyla, with new records in Echinodermata, Hemichordata,
was randomly placed (100 iterations) within the habitat of each ofMollusca, Nemertea, Phoronida, and Platyhelminthes. Moreover, we
species and the amount of time individual animals were exposedound that "Hrs" reported from Cnidaria and Arthropoda were not
determined. A large disturbance (i.e. 100 km) only exposed 6% ofconsistent with that of other metazoan. Five putative novel HcM
the population of humpback whales in Antarctica and 19% blue genes were retained from taxa examined in this study, including two
whales off California. In contrast, humpback whales in the Bering annelid species from the same family, Chaetopteridae. Concerning
Sea experienced high exposure with only a 5 km disturbance. ThidHcA, 18 putative novel genes presenting at least two of the three
approach can be used to develop a framework for estimating thelomains were retained, representing 18 metazoan species distributed
likelihood that a given animal population would be exposed to across six phyla. The presence of HcA in Annelida, Cycliophora, and
disturbance and to develop general risk assessment guideline€chinodermata represent novel observations. Work presented here
Output from this exposure model can be used to evaluate theontradicts the canonical view that 1) Hemerythrins are absent in
potential effect of disturbance on an animals energy budget in termsleuterostomes and 2) hemocyanins are restricted to molluscs and
of energy expended but not acquired and how that would effect orarthropods. The occurrence of blood pigments in metazoans is

offspring growth and survival. underestimated.

P3-51 COUGHLIN, DJ; Widener University, Chester, PA; S5-10 COX, SM*; GILLIS, GB; The Pennsylvania State University,
djcoughlin@widener.edu Mount Holyoke College; smc288@psu.edu

Analysis of Gene Expression in Rainbow Smelt: Assembly of a Preparing for Impact: Sensory Feedback and Controlled Landing
Non-Model Organism Transcriptome Using Trinity in Hopping Toads

Rainbow smelt, Osmerus mordax, have an impressive ability toA controlled landing requires preparation. In midair, cane toads (Bufo
acclimate to very cold water. Smelt exposed to cold for an extendednarinus) activate muscles to initiate movements that position their
period of time have faster sustained swimming speeds and increasddrelimbs appropriately at the point of impact to absorb and dissipate
contraction kinetics in their myotomal muscle compared to warm energy during landing. These preparatory actions vary depending on
acclimated fish. We used RNA-Seq to explore how gene expressiorthe hop conditions. For example, longer hops lead to a more extended
underlies thermal acclimation in these fish. Transcriptome analysis iforelimb configuration at impact, and hops in which an animal rolls
limited in species that lack an annotated genome, such as rainbowo one side after takeoff lead to asymmetrical patterns of forelimb
smelt. The Trinity software package (Broad Institute) permits the demovement and muscle activity. The ability of anurans to vary landing
novo assembly of a smelt transcriptome with a modest learningpreparation with impact conditions appears to require the integration
curve. The workflow was extended with Kallisto to quantify the of sensory feedback, yet little is known about the necessity or
abundance of each transcript represented in the full transcriptome angrrioritization of various sensory modalities for coordinated landing in
Sleuth to analyze the resulting RNA-seq datasets. Subsequentliiopping anurans. Here we present several experiments in which
gPCR can be used to confirm patterns of thermal acclimation andeedback from visual, vestibular and proprioceptive systems were
gene expression for gene of metabolic and muscle contractileconflicted or ablated. We found that landing preparation was altered
function. This approach has proven fruitful in revealing the genesif any sensory system was compromised. In visually impaired
responsible for the increase in physiological performance inanimals, subtle changes in the timing and magnitude of forelimb
over-wintering smelt. preparatory movements were observed, and the same was true of
animals lacking hind limb proprioceptive feedback during takeoff.
Nevertheless, in both conditions the ability to coordinate landing was
preserved. In contrast, landing coordination was totally disrupted by
the absence of vestibular information as a result of unusual takeoff
angles and abnormal forelimb and hind limb movements following
takeoff. Our most intriguing results from experiments conflicting
sensory signals showed that toads appear to prioritize different modes
of sensory feedback depending on hopping conditions and that,
unlike mammals, cane toads may rely most heavily on non-visual
feedback to coordinate landing.
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80-3 COX, C. L.*; DAVIS RABOSKY, A. R.; CURLIS, J. D,; 65-6 CRALL, JD*; DE BIVORT, BL; Harvard University;
WATSON, C. M.; Georgia Southern University, University of jcrall@oeb.harvard.edu

Michigan, Midwestern State University; clcox@georgiasouthern.edu Circadian Behavioral Dynamics in Bumblebee Colonies are
Convergent evolution of startle coloration in snakes Disrupted by a Neonicotinoid Pesticide

Predator-based selection is considered a major driver of phenotypi§ocial insects are capable of collectively responding to
diversity, from the dynamics of mimicry systems to the extraordinary environmental perturbations in the absence of central control. A key
patterns of crypsis and background matching. Research focused ochallenge for studying the health of social insects such as bees and
aposematism and mimicry has revealed that antipredator coloratiothe ecosystem services they provide is understanding how proximate
has multiple independent origins and is characterized by substantiaffects of environmental stressors on individual workers impact these
rate heterogeneity. Both mimetic and aposematic coloration arecollective behaviors. Here, we study the temporal dynamics of
warning signals (sometimes dishonest) for antipredator defenses, bworker behavior and their disruption by a common neonicotinoid
simple contrasting coloration can also effectively startle or confuse gpesticide in bumblebee (Bombus impatiens) colonies. Using an
predator. Importantly, differences in costs to the predator and preyautomated system to continuously monitor behavior of individual
between warning signals (mimicry and aposematism) and defensivevorkers from multiple colonies in parallel, we show that (a) worker
coloration (startle and decoy coloration) have the potential forbehavior shows strong and stable circadian dynamics within
alternative macroevolutionary consequences. We studied thebumblebee colonies, and that (b) exposure to field-realistic
evolution of startle coloration in snakes, which often have brightly concentrations of imidacloprid (~6 ng/g) disrupts key aspects of
colored ventral surfaces (red to yellowish-orange) that are displayedvorker behavior (including nursing), but that the impacts are variable
to predators during an attack. Using a combination of phylogeneticover the circadian cycle, with the strongest effects occurring at night.
comparative methods, large phylogenies, and a dataset of ventraVe find a similar pattern for collective thermoregulation
color for over 800 species, we found that there have been multiplgperformance in colonies exposed to imidacloprid in the field. Finally,
independent origins of the brightly colored venter, with most extantusing a combination of modeling approaches and automatic thermal
occurrences of this trait reflecting independent origins. Contrastingly,tracking of individual workers, we examine the role of
there have been very few losses, and most of the origins wereocially-modulated arousal in driving these colony-level behavioral
relatively recent (last 10 million years). Our results suggest differing dynamics. Overall, our results show that neonicotinoid pesticides
dynamics for the evolution of startle coloration compared to impact worker behavior and colony performance through complex
aposematism and mimicry, implying that the evolution of traits interactions with the environment, and highlight the need for a more
driven by the same predator-based selection pressure may haveomplete understanding of the physmloglcal and neurobiological

alternate macroevolutionary outcomes. underpinnings of collective behavior in bumblebees.

P2-66 CRAVENS, Z. C.*; BOYLES, J. G.; Dept. of Zoology, P1-21 CRAWFORD, CH*; RANDALL, ZS; FLAMMANG, BE;
Southern lllinois Univ., Carbondale; zcravens@siu.edu New Jersey Institute of Technology, Florida Museum of Natural
Shedding Light on Refueling Rates in an Insectivorous Bat History; crawford.callie@gmail.com

Community Variation in Pelvic Morphology of Balitorid Fishes

Global light pollution is increasing worldwide, nearly doubling over Balitoridae, the hillstream loaches, is a family of cypriniform fishes
the past 25 years. The encroachment of artificial light into remainingliving in high-flow streams and rivers of South and Southeast Asia.
dark areas threatens to disturb natural rhythms of wildlife speciesThe family currently consists of 18 recognized genera including a
Artificial light impacts the behavior of insectivorous bats in monotypic blind cave genus, Cryptotora. In previous work we found
numerous ways, including changing foraging behavior and alteringthat the cave loach, Cryptotora thamicola (previously Homaloptera),
prey selection. It is often suggested that bats should forage morevas able to walk out of water with a tetrapod walking gait as a result
commonly on moths, or on larger moths, relative to other availableof having a robust pelvic morphology that is rigidly attached to the
prey around artificial light, likely due to a higher energetic payoff. In vertebral column, similar to tetrapods. We have since examined the
a manipulative field experiment, we measured plasma pelvic morphology of 20 balitorid species and found that there are
&beta-hydroxybutyrate concentrations from 4 species of three general pelvic morphs that represent a spectrum of pelvic girdle
insectivorous bats in naturally dark and artificially lit conditions to robustness and attachment to the vertebral column. Further work will
investigate effects of light pollution on fueling rates (a proxy of use kinematics and electromyography to compare the weight-bearing
foraging success). &beta-hydroxybutyrate increases predictably inwalking capabilities of these three different pelvic morphs. The
both captive and free-living bats after feeding and can thus be used texpected outcome is that the more complete connection between the
measure foraging intensity. Contrary to predictions, fueling rates didvertebral column and the pelvis, e.g. more similar to the morphology
differ consistently between experimental conditions for any species.observed in C. thamicola, will allow for an increased ability to bear
In general, fueling rates at lit sites were highest early in the nightweight and thus increased capacity for walking.

followed by a decrease, while the opposite was the case at unlit sites.

Our results, building on others, demonstrate that bat-insect

interactions may be more nuanced than the common assertion that

moth consumption increases around lights. Our work highlights the

need for greater mechanistic understanding of bat-light interactions

to predict which species will be most affected by light pollution, and

to more effectively craft management strategies to minimize

unnatural shifts in prey selection caused by atrtificial lights.
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P1-290 CRAWFORD, R.M.*; FINNEGAN, D; KOLMANN, M.A ; P1-126 CRAWFORD, AR; SO, C; SHARMA, PP*; University of
BUSER, T; WELLS, C.D.; University of Washington, Oregon State  Wisconsin-Madison; prashant.sharma@wisc.edu

University; racheb6@uw.edu Embryonic Development and Staging of the Harvestman

Functional Morphology and Feeding Ecology of the Phalangium opilio

Anemone-Eating Mosshead Sculpin Clinocottus (Blennicottus) Opiliones, also known as "harvestmen" or "daddy longlegs", is an
globiceps arachnid order with an ancient fossil record and considerable extant

The intertidal zone is characterized by high energy and tidaldiversity. The prolific and synanthropic species Phalangium opilio is
exchange, resulting in a highly dynamic environment with frequenteasily accessible in many parts of the world, as well as in a
aquatic-air transitions. This dynamic ecosystem may be responsibléaboratory setting. Resources for this species include a developmental
for the evolution of specialized morphological and physiological transcriptome and protocols for RNA interference, but the
adaptations to help organisms survive in this environment. Oneembryogenesis of this species has not been well characterized. We
unusual intertidal adaption is found in an exposed intertidal sculpin,present a staging system of P. opilio embryogenesis using different
Clinocottus (Blennicottus) globiceps, which feeds on anemonesmorphological landmarks to delimit key events during the
Anemones have barbed nematocysts that make them a hazardodgvelopment of this harvestman. Using confocal microscopy, we
food source not consumed by many organisms, including the othetracked the development of a single synchronous clutch of eggs from
Clinocottus species. Do specialized morphologies or behaviorsegg laying through adulthood. This staging system provides a
facilitate anemone-feeding in C. globiceps? We predicted that thevaluable reference for P. opilio that we anticipate to be useful to the
blunt, rounded head and specialized dentition of C. (B.) globicepsarachnid evo-devo community.

allow it to effectively feed on anemones while protecting the fish

from the stinging tentacles. We used high-speed video to analyze the

feeding behavior of Clinocottus globiceps. We also used

micro-computed tomography scanning coupled with iodine

contrast-staining, as well as scanning electron microscopy of the jaws

to resolve a feeding morphospace for the Blennicottus subgenus, and

compare C. globiceps to its immediate relatives. We found that

skeletal morphology does differ across species in the Blennicottus

subgenus, and that C. (B.) globiceps is a morphological outlier.

However, little is known about the factors that cause this

differentiation. We found that full body-shaking movement (similar

to an alligator's ‘death-roll’) exhibited by C. (B.) globiceps, as well as

teeth shaped for tearing, play the largest role in C. (B.) globiceps

ability to feed on anemones effectively.

P2-189 CROFTS, SB*; CRAWFORD, C; BONNAN, M; P3-175 CROGHAN, J/A*; ROOSENBURG, W/M; WILLIAMS,
FLAMMANG, BE; UIUC, NJIT, University of Stockton; S/H; Ohio University; jasmine.croghan@gmail.com
tatterdemalion7@gmail.com Inter- Versus Intraspecific Variation in Testudine Crania Using a
Skeletal morphology of swimming lizard tails Population of Diamondback Terrapins (Malaclemys terrapin)

The genus Varanus encompasses a diverse and speciose group Biie presence of intraspecific variation in skeletal morphology is
reptiles, which occupy a broad range of ecological niches, and ar@roblematic for morphological analyses with low sample sizes. To
endemic to three continents (Africa, Asia, and Australia). assess the validity of utilizing low sample sizes within species in
Phylogenetic analyses show a number of independently derivednterspecific morphological analyses, we analyzed the size of the
semi-aquatic lineages, with closely related terrestrial and/or arboreainorphospace occupied by a sample of Diamondback Terrapin
species, exhibiting a strong relationship between body shape an@alaclemys terrapin) crania versus that occupied by a broad sample
ecology. The goal of this project is to compare tail skeletal of extant testudine species. Ten Male and 10 female M. terrapin
morphology between terrestrial and semi-aquatic species, angpecimens and 22 testudine species representing extant diversity
identify any convergent trends. Varanids are an especiallywere CT-scanned and subsequently reconstructed as 3D digital
appropriate model system for studying the transition from terrestrialmodels. These models were landmarked with the R-package
to marine environments due to their hypothesized close relationshimuto3DGM. The generated pseudolandmarks were then subjected to a
to mosasaurs; however, this relationship has recently been called intGeneralized Procrustes Alignment and further analyzed within the
question. Previous work focusing on vertebrae from the neck to theR-package geomorph. The Procrustes-fit points were used in a
pelvic girdle has demonstrated measurable differences in indisparity analysis which compared the morphospace sizes of groups
zygapophyses, articular surfaces, and centrum lengths, all of whiclof specimens. We hypothesized that interspecific disparity values
are likely related to forces generated during swimming. Reptiles thatwould be much greater than intraspecific disparity values. The
swim via undulation increase their propulsive surface by havingdisparity within the interspecific sample was 0.043 while the
dorsoventrally expanded, laterally compressed tails. The difference irdisparity within the intraspecific sample was 0.016. The nearly
muscle force needed for swimming versus non swimming three-fold increase in interspecific disparity suggests that the overall
locomotion, as well as the change in overall tail shape, may also b@attern of testudine species in morphospace is unlikely to be affected
reflected in the morphology of the caudal vertebrae. Using CT databy the small changes in position that individuals within a species may
we have reconstructed tail vertebrae from 15 species of varanids andause. Indeed, a Principal Components Analysis of these points
from Green Iguana and Marine Iguana specimens, and haveeveals a tightly clustered intraspecific sample along all PC axes.
measured and compared neural spine, transverse process, ambtably, although Malaclemys terrapin is quite sexually dimorphic
centrum morphology. among testudines, this did not greatly affect the position of the
species relative to others in tangent space. Nevertheless, caution is
warranted when sampling species that have demonstrated extreme
sexual dimorphism.
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42-5 CROVO, JA*; JOHNSTON, CE; Auburn University, Auburn P2-53 CRUZ, P*; BLACK, T; FOFAH, O; ORTIZ, C; BARTHELL,

University ; jac0058@auburn.edu J; AGOSTO, J; GIRAY, T; ABRAMSON, C; Univ Puerto Rico Rio
Dude Looks Like a Lady: Evidence of Sneaker Males in a Cyprinid Piedras, Oklahoma State Univ, Oklahoma State Univ , Univ of
Fish Species Puerto Rico Rio Piedras, Univ Central Oklahoma ;

Fishes utilize a variety of reproductive strategies during spawning.paula.cruz5@upr.edu
Satellite, or sneaker, males are non-territorial individuals that mimic The Effect of Uncontrollable Stress on Plasticity and Stress Related
females to gain access to unfertilized eggs. Sneaker males have be&ene Expression in the Honey bee, Apis mellifera
documented in a variety of fishes; however, this is the first Although the effect of stress on learning has been studied, we have
observation of this strategy in cyprinid fishes. Using the soniferouslimited information about how learning can induce physiological
blacktail shiner (Cyprinella venusta) as a model, we conducted astress. We used the honeybee Apis mellifera to study the relationship
series of conspecific acoustic playbacks to dominant and sneakebetween learning and stress given the learning protocols and
males to measure changes in 11-ketotestosterone (11KT). GShehavioral/genetic analyses used in honeybee research. We used the
indices were also calculated for dominant and sneaker malesShuttle box protocol designed by Dinges et al. (2017) to simulate
Sneaker males had considerably larger testes relative to body sizeontrollable (CS) and uncontrollable (US) stress. Animals assigned to
compared to territorial males. In territorial males, 11KT production the master condition (CS) had control as to when they were shocked
was size dependent; larger males released significantly more 11KT invhile honeybees assigned to the yolk condition (US) had no control.
response to conspecific playback. Smaller territorial males released\fter the behavioral phase, we dissected the honeybees' brains,
significantly less 11KT when exposed to the same acoustic signalextracted RNA, and carried out RT-PCR to quantify the expression
Sneaker males exhibited an 11KT spike in response to courtshipf the following genes: DH44, DLG, 5HT2A, DAR2, CAMK,
acoustic signals; thus, this signal could act as an acoustic spawninglsP70, BRP, PKA, PUM and DH44R. ANOVA revealed a
cue. Future work aims to discover if this relationship is significant increase in the expression of the plasticity gene DAR2 in
genetically-based or context dependent. animals exposed to US and no statistically significant differences in
other measures. However, we observed a tendency (increased gene
expression) in DH44 and its receptor and in receptors 5HT2A and
DAR2 in animals assigned to US. Post hoc power analysis revealed
that sample sizes were too small to reach required statistical power.
Our data suggest that honeybees are suitable for studying the
biobehavioral mechanisms underlying the effect of learning on stress.
Dopamine signaling via DAR2 might play a role in the neural
adaptations associated with uncontrollable stress. For future research,
we recommend analyzing gene expression in specific brain regions
and extracting and dissecting the brain at different times of the day to
study the interaction between gene expression and circadian rhythms.

139-8 CUFF, AR*; OTERO, A; ALLEN, VA; MICHEL, KB; P1-212 CULLER, MC*; EVANS, LA; JACOBS, KP; ONTHANK,
SUMNER-ROONEY, L; POL, D; HUTCHINSON, JR; Royal KL; Walla Walla University, Washington State University;

Veterinary College, UK, Museo de La Plata, Argentina, Oxford monica.culler@wallawalla.edu

University Museum of Natural History, UK, Museo Paleontolégico  Octopuses in a Changing Environment: How Increasing

Egidio Feruglio, Argentina; acuff@rvc.ac.uk Temperature and Ocean Acidification Affect the Metabolic
Ontogenetic changes in the body plan of the sauropodomorph Physiology of Octopus rubescens

Mussaurus and their implications for locomotion Global climate change, caused primarily by a substantial increase in

Mussaurus patagonicus is a sauropodomorph from the Early Jurassithe burning of fossil fuels since the Industrial Revolution, has strong
of Argentina, originally described from hatchling remains. Further impacts on marine ecosystems. Ocean acidification and warming sea
discoveries of juvenile and mature specimens provide a sufficientlysurface temperatures are the results of the oceans absorbing the
complete series to reconstruct general patterns of ontogeny. Hereexcess carbon dioxide and heat from the atmosphere. These changes
one each of hatchling, juvenile (~1 year old), and adult (8+ years old)in water conditions may have a variety of detrimental impacts on
individuals was studied. Digital models of the bones were created fomarine organisms. Cephalopods may be particularly sensitive to
each specimen, from segmented u-CT scans for the smaller bonezhanges in environmental pH due to their use of hemocyanin as an
and photogrammetry and laser scans for the larger bones. Modelledxygen transport pigment, which has strong Bohr and Root effects.
bones were then articulated to produce complete skeletons, witiThus, the affinity and carrying capacity of hemocyanin fgri€
missing bones being replaced by scaled versions of adults or closelgecreased in a low pH environment. In addition, sensitivity to pH is
related taxa. Each skeleton was wrapped in convex hulls and morencreased in warmer temperatures. We constructed energy budgets
anatomically realistic shapes, which were used to estimate body mas®r Octopus rubescens exposed to high p@ad high temperature
and centre of mass, and to conduct sensitivity analyses of thes&reatments, both separately and combined. Energy budgets were
calculations. Our results show that Mussaurus rapidly grew from calculated based on metabolic rates, consumption, and growth. We
about 509 at hatching, to ~7kg at one year old, and reaching ~1540kglso measured the critical oxygen pressures of each octopus after five
at adulthood. During this time the body's centre of mass moved fromweeks of treatment because of the possibility of reduced oxygen
a position in the mid-thorax to a more caudal position nearer thetransport in these conditions. Our results suggest that energy
pelvis, consistent with a shift from quadrupedalism to bipedalism thatbudgeting is altered in response to expected climate change
might have occurred early in ontogeny in Mussaurus and other earlyconditions, with significantly more energy allotted to growth and
sauropodomorphs. Our findings offer important new insights into themetabolism than when in control or single treatment conditions.
evolution of locomotion across Sauropodomorpha; consistent with aAdditionally, the critical oxygen pressure is significantly increased
heterochronic shift to quadrupedalism near Sauropoda. when exposed to the combined higher pGdd temperature,
suggesting that O. rubescens may have a reduced habitat range due to
decreased hypoxia tolerance.
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P2-53.1 CUMMINGS, CR*; KAHN, NY; MURRAY, M; ELLISON, P3-99 CUNHA, AAP*; PARTRIDGE, CG; DIXON, B; KNAPP, R;
TJ; WELCH, CN; HERNANDEZ, SM; NAVARA, KJ; University of NEFF, BD; University of Western Ontario, Ontario, Grand Valley

Georgia; cummings.carolineruth@gmail.com State University, Michigan, University of Waterloo, Ontario,
The Effects of Urbanization on Stress and Immunity in White Ibis University of Oklahoma, Oklahoma; acunhaé@uwo.ca
(Eudocimus albus) Effect of Prolactin and 11-ketotestosterone Manipulation on

Changes in land-use due to rising human populations are affectindgParental Care Behavior and Immune Response in Male Bluegill
wildlife as natural habitats become more urbanized or are degradedSunfish (Lepomis macrochirus)

The ability of a species to adapt to urban environments and theAnimals that provide parental care to their offspring often face
associated novelty is important when considering conservation ofbehavioural and immunological trade-offs. Hormones have been
species for when suitable habitat has disappeared. Exposure to urbamplicated in mediating these trade-offs, with androgens often
environments can have dramatic impacts on the health andromoting aggressive behaviours at the expense of both reduced
physiology of wildlife, however many species are still abundant in nurturing behaviour and immunity. Conversely, prolactin can
these environments, including white ibis (Eudocimus albus). While promote nurturing behaviour and immunity but may reduce
they originate in and breed in remote wetland habitats, someaggressive behaviours. We tested the effects of these hormones on
populations of white ibis can be found foraging in urban parks parental care and immunity in bluegill sunfish, a species in which
throughout Palm Beach County, FL. Further, their diet has shiftedmales build nests and provide sole parental care to the offspring.
from protein-rich crustaceans and insects to carbohydrate-densémmediately after spawning, parental males received one of five
"junk" food, either as a result of anthropogenic feeding or foraging inhormone manipulations: (1) placebo; (2) 11-ketotestosterone
human-generated landfills. The impacts of the shift away from their(11-KT); (3) flutamide, an androgen receptor antagonist; (4)
natural habitat and diet on their physiology, behavior, and vectors ofprolactin; or (5) bromocriptine, a prolactin-release inhibitor. We then
zoonotic disease is vital to their conservation and management. Weecorded the frequency of nurturing and aggressive parental care
hypothesized that "urban" ibis would exhibit higher levels of stressbehaviours and measured their immune response to exposure to
and would show inhibited immunity. To determine this, we captured Vibrio. We found that prolactin-treated males exhibited significantly
ibis from both "urban" and natural populations and tested for more nurturing behaviours, whereas 11-KT-treated males exhibited
bacteriocidal capacity (via bacterial killings assays) and circulatingmore aggressive behaviours relative to the other treatments. Within
corticosterone levels at various times of capture to measure acute arttormone treatments, there was no apparent effect of the immune
chronic stress levels. These parameters were then compared betweehallenge on these behaviours. We discuss the hormone-mediated
the two populations of ibis. Contrary to our hypothesis, urban ibis aretrade-offs during parental care and the immune response in the
significantly better killers of E. coli and Salmonella than their natural parental males.

wetland counterparts. The significance of these results and their

relationship to plasma corticosterone will be discussed.

110-1 CUNNINGHAM, BE*; BREITENBACH, KK; ADAMS, NL; P3-82 CUPP, JR., P/V; Eastern Kentucky University;
California Polytechnic State University, San Luis Obispo; paul.cupp@eku.edu
bcunniO2@calpoly.edu Mate-Guarding and Pair-Bonding Behavior in Green

The release of zinc oxide sunscreens into marine environments and Salamanders, Aneides aeneus

their effects on developing Strongylocentrotus purpuratus embryos Male Aneides aeneus arrive at home crevices and establish territories
Increased releases of zinc oxide (ZnO) sunscreen ingredients intthrough chemical deposits and often aggression with other males.
marine environments will accompany the growing popularity of Females usually follow soon after. Thus, male-female pairs are
physical sunscreens. Though zinc (Zn) is a necessary micronutrienformed in single rock crevices or in adjacent crevices for periods of
in the ocean, greater than natural amounts of Zn enter marinelays or weeks mainly in May and October. Pair bonding occurs that
environments by anthropogenic sources. The consequences of addirikely involves chemical and tactile communication. Males and
Zn to the ocean are not fully understood. We tested how physicafemales may gain familiarity with each other. Male-female pairs are
factors affect the release of non-nano Zn and other sunscreenften in direct contact as males may have a limb or other body part
ingredients into seawater and effects of these ingredients on theesting on the back or tail of females. Also, heads of male and female
development of California purple sea urchin, Strongylocentrotusmay be oriented to opposite ends of crevice openings with posterior
purpuratus, embryos. We hypothesized that despite being labeleadnds in contact. In two instances, a Y-shaped posture was observed
"reef or environment safe", these sunscreens will have negativewith the heads of male and female separated and apparently on guard
effects on the development of larval urchins because they releaswhile the posteriors were in contact forming the lower part of the
Zn2*, which may be internalized by the developing embryos. By "Y". This may be a defensive response to predators. Pairing increases
simulating human Zn release during swimming using sunscreen orchances of courtship and mating, and allows for mate guarding thus
pig skin, we saw changes in Zrelease accompanying changes in reducing chances for polyandry and polygyny. Some aggression by
water temperature, submersion duration and due to differentmales may occur such as biting and snout-pressing, which is similar
formulations. To test toxicity, we exposed embryos to varying levelsto behaviors observed during courtship and mating. Males that have
of ZnO sunscreens during development and observed theestablished and defended territories are likely more fit. Thus,
morphologies at the pluteus stage. Early exposure to ZnO sunscreemsate-guarding behavior may be selected for in that females may
cause abnormalities typical of those observed in embryos exposed tohoose more fit males. Aggressive defense of territories by males
Zn2* during development. Additionally, we used fluorescent probes combined with the formation of male-female pairs and pair bonding
to quantify the levels of Z internalized, the amount of reactive indicates that mate guarding occurs in A. aeneus. This may enhance
oxygen species (ROS) produced, and the functional ability of thereproductive success of both males and females.

multidrug resistant transporters within the treated embryos. The

combination of these assays will contribute to our understanding of

how increased levels of internalizedZZneleased by sunscreens can

affect marine organisms.
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13-7 CURREA, JP*; THEOBALD, JC; Florida International P1-154 CURRIER, SL*; CAPELLE, PM; SEMENIUK, CAD;
University; johnpaulcurrea@gmail.com HEATH, DD; VINCELLI, FA; LOVE, OP; University of Windsor,
Limited Larval Feeding Leads to Smaller and Slower Adult Eyes in  Windsor Ontario, Great Lakes Institute for Environmental Research,
the Fruit Fly Windsor Ontario, Great Lakes Institute for Environmental Research,

Wild adult fruit flies vary in size due to variable food availability Windsor Ontario, University of Windsor and Great Lakes Institute
during early development, but how this variation impacts their eyefor Environmental Research, Windsor Ontario; currier@uwindsor.ca
size, vision, and flight behavior remains largely unknown. For Sex Specific Responses to Interactions Between Pre- and Postnatal
holometabolous insects like the fruit fly, growth is almost entirely Stress and Their Impact on Performance in Chinook Salmon
restricted to the larval stages and lower larval feeding results in(Oncorhynchus tshawytscha )
smaller adult flies. Smaller adult flies possess smaller eyes that, irExposure to prenatal stress affects an offspring's physiology,
principle, must sacrifice spatial acuity or contrast sensitivity due todevelopment and behavior. Although most research to date has
smaller optics. Such small eyes are common in nature where larvabranded short-term effects as negative impacts, recent work indicates
nutrition is limited and ephemeral. However, because fruit fly vision that prenatal stress is a signal to match offspring to the quality of
is currently understood from uniformly large, lab-reared adults, howtheir future environment to maximize fitness. Although we expect
their visual development copes with small optics is unknown. Do males and females to differ in their phenotypic responses given
smaller eyes sacrifice spatial acuity, by increasing their sex-specific differences in proximate and ultimate costs, few studies
inter-ommatidial angle, or contrast sensitivity, by decreasing theirhave examined sex-specific effects of pre- and postnatal stress on
ommatidial diameter? Further, might the visual system neurally adapoffspring traits. We examine sex-specific effects of pre- and postnatal
to these optical constraints via temporal or spatial pooling? Tostress on early-life body size, physiology and survival in Chinook
address these questions, we generate a broad distribution of eye sizealmon, a species with differential growth and reproductive
by removing larvae from their food during their third instar and investment between sexes. We predict males will be more sensitive
measure the optical and functional effects of small eyes on theito a prenatal signal because they are expected to invest more in body
vision. Using a digital recording microscope, an immersive visual size for mate competition. We mimicked a maternal stress signal by
arena, and psychophysical paradigm, we show that small eyegxposing eggs to biologically relevant doses of cortisol (low, high,
maintain spatial acuity by sacrificing contrast sensitivity at the control). Offspring were reared in semi-natural streams either
optical level, but recover contrast sensitivity by sacrificing temporal simulating drought (stressful post-natal environment) or control
acuity at the neural level. Therefore, we find that smaller flies, due towater conditions. We aim to examine responses in morphometrics,
limited larval feeding, have smaller and slower but otherwise normalphysiological traits and survival within the context of whether pre-
eyes. [NIH/NIGMS grant R25 GM061347 to JPC] and post-natal stress exposure sex-specifically matches offspring
phenotype and performance to the quality of the offspring's expected
future environment.

P2-19 CURRY, JE*; NAVARA, KJ; University of Georgia; P2-242 CURTIS, KM*; MOORE, PA; MARTIN lIl, AL; Saginaw
jeurry@uga.edu Valley State University, Bowling Green State Universiy;
Effects of Increased Omega-6 and Omega-3 Fatty Acids on kmcurtil@svsu.edu

Primary Sex Ratio in Japanese Quail, Coturnix japonicaj The effects of population structure on crayfish aggression

Avian species have been shown to alter the primary sex ratio of theiAnimals readily participate in agonistic interactions that often allow
offspring in response to a variety of environmental and social factorsthem to secure or maintain access to necessary resources. Crayfish
Food availability and quality appear to be strong influences onare known to fight vigorously when first introduced, with aggressive
offspring sex ratios in birds; in 19 or 23 studies examining the behaviors decreasing in frequency and duration as the population
influences of food availability or quality on sex ratios, a significant stabilizes. These interactions often result in dominant and
effect was found, and in general, more available and higher qualitysubordinate relationships developing between individuals in a
food stimulated the production of more male offspring. However, to population. In paired interactions between crayfish of different sizes,
date, the dietary component responsible for generating these skews the large animal will become dominant while he small animal will
still unknown. In addition to food availability and quality, female behave as a subordinate. However, populations of crayfish are more
condition, as measured by the female's fat content, is also a commocomplex, contain more conspecifics, and are more difficult to assess.
predictor of offspring sex ratios in birds. Thus, we hypothesize thatMutual- and self-assessment are ways in which animals evaluate
the fat content in a female bird's diet may be a major factor in theconspecifics within a population; this assessment will influence the
cause of sex ratio bias. Further, we chose to focus on omega-3 angehaviors of the focal animal as it encounters conspecifics in
omega-6 fatty acids due both to their well-known physiological agonistic bouts. Some theoretical models have examined assessment
influences in birds, and also because in a study of Kakapo parrotsstrategies and aggression within populations in relation to resource
the addition of seeds high in these fatty acids to the diet results irvalue, but more empirical evidence is required to support these
offspring sex ratios that were significantly male-biased. Adult models. To begin to address this issue, we examined the influence of
Japanese quail were pair-housed and fed either a conventional quasrayfish population structure on aggression with a constant number
diet crumble or a diet crumble containing 10% higher levels of (4) of identical shelters presented to each group. Populations of
omega-3 and omega-6 fatty acids using a 1:1 combination ofanimals (4 large, 4 small, 3 small vs. 1 large, 2 small vs. 2 large, or 1
sunflower and linseed oil. After a two-week adjustment period, 14 small vs. 3 large) are recorded for 24-hour trials to determine fight
eggs were collected from each bird, eggs were incubated for 2 daygjuration and outcome. The fight duration data collected from these
and resulting embryos were collected and sexed using moleculatrials will provide strong evidence for the influence population
techniques. The results of this study will shed light on the potentialstructure has on aggression in the presence of a consistent resource
mechanisms responsible for sex ratio biases in birds. (shelters). This study along with future studies on resource value will
provide empirical evidence to better understand how resources and
assessment strategies collectively influence the intricacies of
population structure.
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79-1 CYR, JL*; GAWRILUK, TR; RADA, B; WATFORD, W, P1-213 CYR, S.N.*; ELLERBY, D.J.; GERRY, S.P.; MORAN, C.J.;
SEIFERT, AW; EZENWA, VO; University of Georgia, University of TRUEBLOOD, L.A.; La Sierra University, Wellesley College,
Kentucky; jennifer.cyr25@uga.edu Fairfield University, Fairfield University; scyr782@lasierra.edu
Neutrophil Function, Humoral Defense, and Tissue Regeneration  Aerobic and Anaerobic Muscle Capacity in Bluegill Sunfish

in Mammals Ecomorphs

Adult mammals generally heal wounds by forming scar tissue. The bluegill sunfish (Lepomis macrochirus) is a freshwater fish that
Howvever, African spiny mice (Acomys spp.) can undergo tissueis commonly found in lakes and ponds throughout North America.
regeneration to heal hair follicles, sebaceous glands, dermis anéopulations of this fish regularly diverge into littoral and pelagic
cartilage in lieu of fibrosis. It is not known why these mammals can forms that vary in foraging behavior, diet and body shape. These
regenerate while others cannot, but studies in non-mammaliarvariations in phenotype may be associated with adaptation for a
vertebrate systems suggest regeneration is associated with reducgdrticular habitat. Individuals that live in the littoral zone maneuver
pro-inflammatory and cellular immune responses. In this study, wethrough a complex physical environment and feed largely on
used a comparative approach to evaluate the quantity and efficacy dhvertebrates, prey found on macrophytes. Pelagic individuals feed in
cellular and humoral innate immune responses in regeneratinghe open water, preying on smaller, mobile prey. The variation in
(Acomys cahirinus) and non-regenerating mice (Mus musculus). Wéoth prey and structure of these environments requires reliance on
evaluated the number and functionality of neutrophils, key different forms of locomotion and feeding. Individuals in complex
inflammatory cells of innate immunity, and found that while A. littoral environments rely more on pectoral fin powered low-speed
cahirinus exhibited lower neutrophil numbers than M. musculus in swimming, complex maneuvers to get around obstacles, and higher
the blood, both species contained equal neutrophil numbers in theuction feeding pressures. Whereas individuals from the pelagic zone
bone marrow. We also observed that A. cahirinus neutrophilstend to use rapid accelerations powered by axial undulations to
contained significantly less myeloperoxidase, required for producingcapture prey and avoid predators. Reliance on a locomotion or
reactive oxygen species, and exhibited increased phagocytosifeeding type should result in variation in metabolic capacities in
compared to M. musculus neutrophils. Finally, we assessed the imuscles associated with that activity. To test this hypothesis, assays
vitro Escherichia coli killing abilities of neutrophils, serum, and of citrate synthase (a key regulatory enzyme in the citric acid cycle),
whole blood from both species. We found that while neutrophils andand lactate dehydrogenase (a terminal enzyme in glycolysis) activity
whole blood from both species exhibited similar bacterial killing, the were used as a proxy for aerobic and anaerobic capacity for muscles
serum of A. cahirinus was significantly more effective at destroying involved in locomotion (all pectoral fin divisions and slow and fast
E. coli than that of M. musculus. Collectively, these results indicatemyotomal) and suction feeding (adductor mandibulae, sternohyoid).
marked differences in neutrophil number and function betweenMetabolic capacity was analyzed to quantify variation in swimming
animals with differing regenerative capacities. They also suggestand feeding performance between bluegill from pelagic and littoral
regenerating mice may depend more on serum defenses than cellulaabitats. The observed variation in metabolic capacity demonstrates
ones to control bacterial infection and that regenerating rodent serunphysiological adaptation as a result of habitat selection.

may inhibit the bacterial killing ability of cells.

29-3 CZAPANSKIY, MF*; ADAMS, J; FELIS, J; KELSEY, EC; P1-258 CZECK, G*; BLAND, R; BARSCHALL, P; COHEN, CS;
HINES, E; San Francisco State University, U.S. Geological Survey; Romberg Tiburon Center, SFSU, California, Dept. of Biology,
maxczapanskiy@gmail.com Physics; gczeck@mail.sfsu.edu

Quantifying the Influence of Energy Windscapes on Seabird Measuring Attachment Strength in Leptasterias Sea Stars

Distributions Wave forced detachment from a substrate has fitness consequences

The spatial distribution of predators is often linked to their prey, but for Leptasterias spp, a genus of small, brooding sea stars with low
not all prey patches are of equal quality. The energetic cost ofdispersal. At low tide, Leptasterias are found in wave-protected
accessing a patch contributes to its value and thereby influences th@ool) or wave-exposed (rocky) microhabitats. Variation in
spatial structure of a population. However, species distributionattachment strength between pool and rock stars could indicate
models often ignore the effects of movement because of the lack ofmicrohabitat selection or a flexible response to environmental stress.
methods for quantifying habitat accessibility. To close this gap, weWe investigate the attachment strength of Leptasterias by
applied the energy landscape conceptual model, which interpretgquantifying resistance to detachment by measuring the force required
animal movement from the cost of transport through heterogeneouso pull a star away from its substrate (a "pull"). A flexible, piano-wire
environments, to analyze the influence of winds on the distribution ofclamp connected to a spring scale is used to minimize interference
the Red-footed Booby (Sula sula), a marine predator. In between the tube-feet and substrate. Pulls were recorded in the field
May-September 2016, we tracked fifteen breeding birds at theand lab, along with the star's weight. Rock star field pulls from
Kilauea Point National Wildlife Refuge, HI with combination Pigeon Point (CA) ranged from 73-860 g (n=7), and the combined
GPS/accelerometer devices. By regressing acceleration-derivedange for 2 similar WA locations was 300-2500 g (n=9). Dividing the
energy costs against wind conditions and other variables, wepull force by the weight of the star gives the specific pull-strength
developed an environmental flight cost model. This cost of transport(SPS). For rock stars, the SPS ranged from 400 to 1000, with values
model was applied in an anisotropic (directional) least-cost pathtightly clustered about 400-600. Wave-protected pool stars from
analysis to quantify the cost of transport throughout the colony'sPigeon Point attached less strongly: 175-450 g (n=8), with SPS in the
foraging territory as a function of wind. Preliminary qualitative range 33-210. Larger sample sizes are needed to fully resolve the
examination suggests the energy windscape model better predictdifference in attachment strength between pool and rocky
foraging site selection of tracked birds than a distance-to-colony nulimicrohabitats and to address the causes and limits of variation within
model. We will validate the method by fitting GAMs to the individuals related to environmental stress. Variation in pool and
utilization distribution (UD) as a function of the energy windscape rock star attachment strength may be useful for monitoring changes
and null models, which we will use to predict UDs at independently in Eastern Pacific coastal communities impacted by increasing
tracked sites in Hawaii. We expect to find that energy windscapesphysical stress from altered water quality and wave impacts.

quantify habitat accessibility for seabirds, which is particularly

valuable for species distribution modeling of mobile organisms.
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33-4 D'AMELIO, P/B*; TER MAAT, A; GAHR, M; Max Planck P2-45 DADDINO, AB*; DIAMOND, KM; PENROD, L;

Institute for Ornithology; pdamelio@orn.mpg.de JOHANSEN, JL; STEFFENSEN, JF; DOMENICI, P; Univ. of San
How Zebra Finches Chat: From Auditory Recognition to Francisco, Clemson Univ., Florida Institute of Technology, UT
Motivation to Answer Austin Marine Science Institute, Univ. of Copenhagen, IAMC-CNR

The study of bird vocal communication has historically focused on Oristano; abdaddino@dons.usfca.edu

songs, whereas the study of unlearned calls has not been given mudboes the Form of Stress Matter? A Comparison of Pacific Sand
attention. Songs are elaborate, long, and only serve few functionsl.ance (Ammodytes hexapterus

whereas calls are much shorter, simpler, and are employed in &he Pacific sand lance (Ammodytes hexapterus) is a pelagic
myriad of situations. For example calls are used for alarming, recruitschooling species that is capable of burrowing in sandy substrates.
feeding companions, signaling movement and, most interestingly,Observations of wild caught sand lance revealed an unusual behavior
can also mediate social relationships. To fully investigate thesewhere fish exhibit suspended animation lying on the bottom of a tank
functions it is essential to record birds continuously and individually. without burrowing; a behavior we term the ‘Lazarus effect'. We were
We therefore developed miniaturized backpack microphones to benterested in examining which types of stress cause the Lazarus effect
used on a small social and monogamous bird, the Zebra Finch, tand if fish would perform this behavior on sandy substrates. Sand
address 3 questions about calls. 1) Are the unlearned calldances were exposed to either physiological (hypoxia at 20% oxygen
individually recognized? 2) How does the vocal communication saturation) or mechanical (a chase protocol) stressors, both of which
develop within a pair? 3) Is the telencephalic motor vocal pathway,were compared to an unstressed group. We also replicated
which controls learned vocalizations, also involved in the productionexperiments with and without a sandy substrate. We predicted that
of calls? We found that the calls are individually recognized allowing fish exposed to either stressor would be less likely to actively swim
the sender to address specific birds within a group. Next wewhen compared to unstressed fish. As burrowing has been described
discovered that mates established precise and consistent patterns a$ an anti-predator defense, we also predicted that fish exposed to
alternated calling during pair formations, but not all pairs have themechanical stressors would bury more often and fish exposed to
same strength and pattern. Finally, when considering the neuraphysiological stressors as this stimuli would be more similar to a
control of these unlearned vocalizations, we found that lesions of thepredator attack. Preliminary results suggest that when sand is present,
telencephalic nuclei influenced the spectral features of thesestressed fish are more likely to respond with the Lazarus effect or
unlearned vocalizations whereas they do not influence their temporaswim actively regardless of the type of stressor. However, when we
pattern (i.e. duetting with the partner). We were able to successfullyran trials without sand, mechanically stressed fish swam actively,
characterize the calling system of a Passeriform at multiplewhile physiologically stressed fish were more likely to show the
mechanistic levels, from motor control to call motivation in carefully Lazarus effect. These results suggest sand lances can respond
controlled situations. We are now convinced that our results provideuniquely to different forms of stressors, which could allow for their

a basis for future scientists to study calling interactions in wild continued success in high stress environments.

populations to understand their influence on pair compatibility and

ultimately fitness success.

P2-163 DAHLHOFF, VC*; LARKIN, BG; JACKSON, M; 38-4 DAKIN, R.*; SEGRE, P.S.; STRAW, A.D.; ALTSHULER,
WOODS, HA; University of Montana, MPG Operations; D.L.; University of British Columbia, University Freiburg ;
victoria.dahlhoff@umontana.edu roslyn.dakin@gmail.com

Thermal advantages of large colony size in the western tent Hummingbird evolution reveals the biomechanical organization of
caterpillar Malacosoma californicum pluviale maneuverability

Animal colonies range from loose aggregations of largely unrelatedHow does maneuverability evolve? A challenge to understanding
individuals to tightly organized, closely related groups with maneuverability is that it encompasses diverse and transient
reproductive division of labor. A key characteristic influencing this behaviors. We used machine vision to record thousands of flight
variation is the number of individuals colonies contain. Although maneuvers by over 200 hummingbirds from 25 different species, to
factors affecting colony size have been explored, to date there havevaluate the influence of shared biomechanical traits. There are two
been relatively few studies exploring how colony size affects the benefits of this comparative approach: (1) evolution has repeatedly
temperature and performance of colonies as a whole, withaltered different traits in different species, making it possible to
performance gauged by growth and mortality rates. Using thedisentangle the effects of multiple traits; and (2) by capturing
western tent caterpillar, Malacosoma californicum pluviale, | variation within multiple species, we can evaluate as in a
examined the effects that different colony sizes had on tentmeta-analysis whether the effects of trait variation within species are
temperatures and larval growth and mortality rates. Tent caterpillaronsistent. Our analysis identifies correlated clusters of performance:
build communal silk tents, which act as an extended phenotype andne that includes translations and pitch upward rotations, dependent
that may allow them to modify their local microclimates. | predicted on species muscle capacity, and one that includes downward and yaw
that large colonies would build larger, warmer tents more rapidly, rotations and the use of complex turns, dependent on species wing
allowing larvae to grow faster in cool spring conditions. To test this loading. We also find that the use of two different types of complex
prediction, | manipulated colonies of the western tent caterpillar (10,turns, smooth arcing turns and sharp pitch-roll turns, is associated
50, 100, 150 individuals) at a site in Condon, MT, and examined thewith the elevational environment, morphology, and skill. Together
differences in growth rates, mortality rates, and tent temperaturesthese results show that macroevolutionary changes in muscle and
Larvae from larger colonies grew to their final instar 30% faster thanwing morphology affect different, correlated maneuvering behaviors,
did those from smaller colonies, most likely because their tentsand that species and individuals play to their strengths.

reached temperatures up to 22C higher than air temperatures, 15C

higher than the smaller colonies. Also, no larvae from smaller

colonies but 16% of larvae from larger colonies survived to pupation.

Together, these results indicate positive selection on colony size in

the wild. | discuss several life-history constraints, and potential

opposing selective factors, that may prevent the evolution of larger

size.
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133-6 DALE, KE*; MEHTA, RS; Univ. of California, Santa Cruz; S5-9 DALEY, MA*; GORDON, JC; BIEWENER, AA; SPROWITZ,
kdale@ucsc.edu A; Royal Veterinary College, Harvard University, Max Planck
Morphology affects dispersal of eel larvae in the Eastern Pacific Institute; mdaley@rvc.ac.uk

The persistence of marine fish populations is strongly influenced byUnderstanding the agility of running birds: Sensorimotor and

ocean currents, which conspire to disperse or retain planktonianechanical factors in avian bipedal locomotion.

larvae. Larval mobility is influenced by factors such as pelagic larval Birds are a diverse and successful class of vertebrates with
duration time, swimming ability, growth rate, body shape, and abiotic exceptional locomotor agility and ecological range, capable of many
factors such as current patterns. Eels and their relatives (superordeombinations of aerial, terrestrial, and aquatic locomotion. Despite
Elopomorpha) possess a unique, leaf-shaped, flattened larval forngreat diversity, birds all share a consistent bauplan and rely on
called a leptocephalus. These larvae exhibit the highest growth rateBipedal locomotion for at least part of their life history. Thus birds
and longest pelagic duration times of any fish. The Eastern Pacifigorovide a valuable opportunity to investigate how body size and
hosts a large number of taxa, which exhibit a diversity of larval locomotor ecology influence the biomechanics and sensorimotor
forms.. Determining larval distributions as well as how larval control of bipedal gait. Bipedal animals must precisely control
morphology affects dispersal is an important step in understandindimb-substrate interactions to move effectively over varied and
distribution patterns of elopomorph fishes. Long-term catch datauncertain terrain while avoiding injury. One key source of
from the California Cooperative Oceanic Fisheries Investigationsuncertainty is sensorimotor delay that limits feedback response times.
program (CalCOFI) were used in conjunction with morphological This delay necessitates effective integration of intrinsic mechanics
data provided by NOAA's Southwest Fisheries Science Center towith predictive and reactive sensorimotor control mechanisms. My
examine spatial trends in light of abiotic and biotic factors. We found research team study non-steady locomotor behaviours to understand
that larvae were caught more frequently in waters warmer thanhow birds effectively integrate mechanics and sensorimotor control.
expected for a given location, and that the geographic range of larvalWe collaborate with robotics engineers to test control principles
catches was broader in years following an EI Nino Southerninferred from avian studies. In this talk, | will discuss specific limb
Oscillation event. Larval body length and body depth were control mechanisms used by birds to achieve agile and stable gait,
significant predictors of location, and larvae with smaller aspectand functional trade-offs that likely influence scaling of gait with
ratios (shorter and deeper) were found further north. Catch datdody size. | will highlight specific morphological and sensorimotor
clearly indicates that Baja, Mexico peninsula is a major spawningspecializations of birds that might help explain their exceptional
location. In light of these findings, we conclude that,a significant locomotor agility. In ongoing work, we are investigating perching
negative trend between aspect ratio and latitude ratios indicates thatalance control, to understand how balance sense is integrated with
shorter, deeper body shapes may allow for an increased capacity fgeroprioception, spinal neural circuits and intrinsic leg mechanics. We
dispersal. Our results support the hypothesis that EI Nino events slowmope the principles revealed from these studies will lead to
the southward-flowing California Current and allow larvae to move bird-inspired control strategies for agile autonomous robots.

north.

P1-46 DANOS, N; University of San Diego; ndanos@sandiego.edu P2-221 DANSEREAU, KT*; BONACKER, KL; KINNEY, SR;
Pregnancy effects on muscle function. KRANS, JK; Western New England University; jkrans@wne.edu
Pregnancy is a metabolically demanding condition in mammals thatEfficacy of transient RNAi against the largest gene in Drosophila,
directly affects individual fitness. Most pregnant animals must the titin analog sallimus (a giant sarcomere associated protein)
remain active to avoid predators and secure increased food demandgé/e report here on the efficacy of transient RNAi against the sallimus
However, during pregnancy hormonal effects alter the morphology(sls) gene in the fruit fly, Drosophila melanogaster. The sallimus
and material properties of muscle-tendon units that are key duringgene encodes a number of giant sarcomere associated protein (QSAP)
locomotion. The effect of these changes is not at all well understoodsoforms, several of which are expressed in larval muscle. We
despite its significance to mammalian evolution and public health.designed a transient construct that utilizes the temperature sensitive
Using the rat as an animal model, | measured morphological and/east transcription enzyme Gal8® regulate Gal4-UAS promotion
mechanical properties of the gastrocnemius muscle that have beeof dsRNA against sls. Although we have reported previously on the
shown to be significant contributors to muscle-tendon function. | physiologic outcomes of this construct, this is the first time we
found that both the longitudinal Young's modulus of connective present thorough transcriptional and translational evidence of its
tissues such as the aponeurosis and muscle mass relative to total bodificacy. We used qPCR, western blot of protein isoforms, and
mass both decreased by a factor of 1.3. A computational model ofmmunohistochemistry to probe complementary sites along the sls
muscle-tendon interactions is used to explore the effect of theseyene / protein. Since sls is the longest gene in the fly (>1 Mbp), as
changes on cyclical muscle contractions that simulate walking ontitin is the longest gene in mammals with which we are familiar, the
flat, incline and decline surfaces and compare these withaction of the RNAi construct was somewhat different than
three-dimensional high-speed video data of animals walking undemnticipated in two main ways. (1) The construct required exposure to
these conditions to examine the effects of pregnancy at multiplerestrictive temperatures (31° C) for substantially longer than
levels of organization. Preliminary results suggest that the total forceoriginally anticipated (~16 hours). (2) The reduction in expression of
produced by a muscle-tendon unit of a pregnant animal duringsls was not uniform across its length or isoforms; exons nearest the
optimally activated work loops drops by 46% compared to site of dsSRNA were reduced significantly (p < 0.01) whereas those
contractions in a non-pregnant animal. This drop is entirely due tofurthest from it were not. Nevertheless, expression of exon regions of
the change in maximum magnitude and dissipation profile of theinterest such as the putative N2A analog were significantly reduced,
passive force, while the maximum active force produced by both thepermitting useful physiologic tools for the investigation of gSAP /
pregnant and non-pregnant muscles remains unchanged. Thegdin physiology. We hope others will adopt this model for future
results suggest that pregnancy-induced morphological andmechanistic investigations of titin as well as comparative work to
mechanical changes may limit the capacity of muscles to utilizebetter understand the role gSAP molecules like titin play across
elastic energy storage and may change where muscles operate on tAa@imalia.

force-length curve in vivo.
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94-1 DANTZER, B.*; WESTRICK, S.E.; MONAGHAN, P; P1-168 DANZIGER, A*; PELLETIER, G; FREDERICH, M; Univ.
BOUTIN, S.; HUMPHRIES, M.M.; LANE, J.E.; MCADAM, A.G.; of New England, Biddeford; mfrederich@une.edu

VAN KESTEREN, F.; University of Michigan, University of Implementation of a simple low-cost nearshore plankton collection
Glasgow, University of Alberta, McGill University, University of method to quantify invasive crustacean larvae

Saskatchewan, University of Guelph; dantzer@umich.edu Invasive crustaceans, such as Carcinus maenas and Hemigrapsus
How does maternal stress affect offspring oxidative signaling and  sanguinaeus, have a significant and detrimental effect on coastal
telomeres in wild North American red squirrels? intertidal areas. We performed a 5 year monthly population analysis

Ecological factors such as intraspecific competition, predation risk,in a transect in southern Maine and found stable populations of both
food availability can induce variation in maternal stress hormonespecies, while similar studies in warmer areas report that H.
levels. These changes in maternal stress hormones may inducgnguinaeus typically outcompetes and displaces C. maenas. In order
adaptive stress-mediated maternal effects on offspring characteristice explain the coexistence of both species, the timing of larvae
that increase the ability of offspring to survive in stressful or release, and the potential to settle in the intertidal area we performed
anticipated environments. Alternatively, the benefits of nearshore plankton collections in close proximity of the intertidal
stress-mediated maternal effects may attenuate as offspring aggansects. Conventional plankton tows are difficult in shallow
and/or the environment changes. We examined how experimentahearshore waters, as boats can often not be used. Therefore, we
increases in maternal stress hormones in North American redlesigned a remote controlled boat with a plankton suction device that
squirrels (Tamiasciurus hudsonicus) in the Yukon, Canada affecteccan be deployed in shallow waters. The plankton suction device is
offspring postnatal growth and oxidative signaling. We treated comprised of a 60 cm 4 inch acrylic pipe with a BlueRobotics T100
pregnant females with exogenous glucocorticoids or a controlthruster, 200 um plankton filter, and a General Oceanics mechanical
treatment and identified their effects on the following in their flowmeter. 3D printed components were made to assemble the
offspring: a) growth, b) antioxidants (TAC and SOD) and c) individual parts. The plankton suction device was then connected 30
oxidative damage (protein carbonyls) in the blood, liver, and heart,cm underneath a remote controlled boat. This RC boat can be
and d) telomere lengths in the liver. We present the results from thisaunched from the shore in shallow water and allows for collection of
three-year field experiment and describe whether stress-mediateglankton samples in waters poorly accessible by boat based plankton
maternal effects in red squirrels have beneficial effects on offspringnets. Samples collected with the RC boat-driven plankton sucker, as
growth early in life but carry costs on their rate of physiological well as traditional boat deployed plankton nets were analyzed using a
senescence and lifespan. FlowCam particle imaging system. There were no differences
between both sampling methods. The analysis of planktonic zoea
larvae of C. maenas and H. sanguinaeus close to the 5 year transect
site is ongoing. Supported by NSF grants MRI-1624984 and
IUSE-1431955 to M.F.

4-1 DARBY, AM*; PATTON, SA; GIBBS, AG; Univ. of Nevada, P2-254 DARWISH, ZL*; CUNNINGHAM, KM; STRASSER, R;
Las Vegas, Nevada State College; darbyal@unlv.nevada.edu University of Nebraska Omaha; zdarwish@unomaha.edu

Gut Microbiome Effects on Desiccation Resistance in Drosophila Influence of Rearing Condition on Adult Social Behavior in Zebra
melanogaster Finches

The microbiome is the collection of microorganisms that occupy anSocial interactions are critical for normative development across
individual's skin and intestines, and it has many potential effects orspecies. Zebra finches (Taeniopygia guttata) are a highly social
an animal's physiology. Changes in the microbiome affect ansongbird that interact both at a pair and flock level. Adolescent social
organism's ability to tolerate certain stressors such as desiccation. Texperience with conspecifics is necessary for the development of
our knowledge, no study has yet examined whether gut bacteria havepecies-typical social behavior in zebra finches. In the present
any impact on an organism's ability to tolerate dry conditions, whichexperiment, zebra finch chicks were raised by either both parents
is important to understand how animals may react to a drier climate(biparental) or their mother only (uniparental) to assess the impact of
The Gibbs lab has selected for desiccation resistance in replicatedifferences in rearing environment on adult social behavior. After
populations of Drosophila melanogaster for over 225 generations,reaching adulthood, male (n = 10) and female (n = 9) zebra finches
resulting in desiccation-selected (D) flies that survive desiccationwere released into an aviary equipped with two feeding stations that
~50% longer than fed control (F) flies. D and F flies had similar recorded individual ID numbers. During the 22 day data collection
numbers of gut bacteria. We generated axenic flies by washingperiod, there were 20,658 recorded visits to the feeding stations,
embryos with bleach and rearing them on sterile media. Axenic Drepresenting 2,045 co-feeding events. Data were analyzed using
and F flies survived desiccation stress ~20% longer than non-sterilsocial network analysis to examine connectedness among flock
controls. Axenic flies did not lose water more slowly than non-sterile mates. Male finches raised in the biparental condition demonstrated a
controls; instead they were larger and contained more water. Outrend for increased social integration compared to males raised in the
results suggest that the gut microbiome may affect insect survival inuniparental condition, as assessed through weighted degree (a
arid environments. Supported by the McNair Scholars Institute atmeasure combining the number of associations an individual has and
UNLV and an REU supplement to NSF award 10S-1355210. the proportion of co-feeding events shared with each flock mate).
Female finches demonstrated no difference in weighted degree based
on rearing condition. These findings indicate that differences in
rearing environment have a long-term impact on social foraging
behavior in male, but not female, zebra finches.
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P3-92 DAVIDSON, B.A.*; WENKER, E.; MALISCH, J.L.; St. P2-206 DAVIS, AL*; MILLER, LA; Univ. of North Carolina,

Mary's College of Maryland; jimalisch@smcm.edu Chapel Hill; a96davis@live.unc.edu

Fat Score Predicts Acute Stress-induced Hyperglycemia in Force Generation by the Horseshoe Crab (Limulus polyphemus)
White-throated Sparrows Horseshoe crabs (Limulus polyphemus) mate in the surf zone where

Glucose mobilization is a classically listed and presumably adaptivethey are subjected to strong currents and waves. The strong currents
physiological response to acute stress. However, this hyperglycemican flip the horseshoe crab, exposing its ventral tissues to predation
response is not ubiquitous, particularly among non-mammalianand desiccation. One possible way to prevent flipping is for the shell
vertebrates. Here we characterized the glycemic response téo produce negative lift (or minimal positive lift) in flow. Elucidating
acute-handling stress in an overwintering, free-living, population of what forces are generated by the shell in flow may inform the
birds: white-throated sparrows (Zonotrichia albicollis) in St. Mary's engineering design of manmade structures that require lift reduction,
County, Maryland. As part of this experiment we validated a novel as well as improve our understanding of the adaptive morphology of
technique for rapid field measurements of glucose: utilization of athe shell. To quantify flow over the shell and the forces generated,
human blood glucose meter, FreeStyle Lite®. Measurements with thave digitally reconstructed a 3D horseshoe crab using a laser scanner
meter were strongly correlated to those acquired using a colorimetri@nd a juvenile horseshoe crab molt. With the digital file, we 3D
assay kit. Furthermore, acute-handling stress elevated blood glucosgrinted a physical horseshoe crab model for use in particle image
at both 15 and 30 min post-capture as compared to baseline. Thigelocimetry (PIV). PIV allows us to experimentally visualize the
result is consistent with both the mammalian literature as well as ourfflow structure for comparison to simulations. The results of the
previous work on white-crowned sparrows during the breeding experiment will be used to validate numerical simulations using the
season. Finally, body condition, particularly abdominal fat score, wasimmersed (IB) boundary method. The IB simulations will then be
significantly positively correlated to stress-induced blood glucose used to quantify the forces produced, particularly lift and drag which
after 30 min of handling stress. This result suggests that fat stores ar@e essential to understanding flipping. When done across a sweep of
predictive of glucose mobilization capacity in pre-migratory angles of attack, PIV and IB together will give a much fuller picture
white-throated sparrows. of the forces imparted on and the flow structure around the horseshoe
crab than has previously been published.

P3-242 DAVIS-BERG, EC*; ROCK, MO; RAMIREZ, |; WILSON, P1-282 DE KAT, R*; FEO, TJ; University of Southampton, UK,

BA; Columbia College Chicago, University of lllinois at Chicago Smithsonian Institution, Washington, DC; r.de-kat@soton.ac.uk

and Garfield Park Conservatory, Liberty Public Schools; Flight feathers: Barb angle variation along vane width and its
edavisberg@colum.edu relation to flight.

Succession and climate change - can molluscs be indicators? Flight feathers are the unique feature that enable birds to excel in

Long-term changes due to succession and climate change weriight and allow them to conquer the sky. Unfortunately, how flight
assessed for the molluscan fauna in a re-established forest ecosystefaathers function has not yet been fully figured out. One mystery is
The Fitch Natural History Reservation located in Douglas County, how the morphological features of a feather relate to its aerodynamic
Kansas was founded in 1948. Prior to the foundation of the reserveperformance. In particular, barb angle (as measured near the rachis)
the non-forested areas were heavily cultivated or grazed. From théas been shown to correlate with feather function within the wing
late 1940s through the 1950s, many surveys of molluscan fauna werand not with vane asymmetry (Feo, Field, Prum, 2015, Proc. Roy.
completed. It has since been allowed to undergo natural successiogoc. B 282:20142864, doi: 10.1098/rspb.2014.2864). However, one
returning to a primarily forested ecosystem. In some areas of theeomplicating factor is that many barbs are curved, and thus barb
reserve, succession has caused a rapid increase foliage resulting iraagle - with respect to the rachis - can vary across the width of
dense underbrush over the last 10+ years. These surveys haveather vanes (Feo, Simon, Prum, 2016, J. Morphol. 277:995-1013,
provided a species list by location along with information on the doi: 10.1002/jmor.20552). Therefore, to capture a more complete
local ecology at the time. To see how succession has changed thiesight into barb angle variation and its relation to flight, we imaged
fauna at the University of Kansas Fitch Natural History Reservation,flight feathers from species spanning the phylogenetic diversity of
we have sampled four sites (three terrestrial and one aquatic) wittmodern birds. These images were processed to obtain barb angles
periodic collections spanning 2004-2017. Species composition andralues across the width of the vane for two locations along the vane.
diversity was then compared with the historic data. These resultsThis allows us to relate barb angle variation across feather vanes to
allow us to see how the molluscan fauna has responded to successidlight style and feather function.

and climate change on this reservation over the last 50+ years. We

are able to document changes in the species composition from the

original surveys.
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78-2 DE MEYER, J*; BELPAIRE, C; VAN WASSENBERGH, S; P2-23 DEAL, C*; TAMONE, ST; University of Alaska Southeast;
HERREL, A; MAES, GE; DIRKS, RP; BOECKX, P; BERVOETS, sltamone@alaska.edu

L; COVACI, A; MALARVANNAN, G; DHAENE , J; ADRIAENS, Purification and characterization of vitellogenin from ovaries of

D; Univ. of Ghent, Belgium, Institute for Forest and Nature Research the protandric shrimp Pandalus platyceros

(INBO), Museum National d'Histoire Naturelle, Paris, Museum Vitellogenin is a protein synthesized and secreted from the

National d'Histoire Naturelle, Paris, Univ. of Leuven, Belgium, Univ. hepatopancreas of crustaceans during ovarian maturation. Vg is taken
of Leiden, the Netherlands, Univ. Of Antwerp, Belgium, Centre for  up by ovaries and is modified to vitellin (Vn) during maturation; it is

X-ray Tomography, Ghent; jendmeye.demeyer@ugent.be the yolk-protein that will nourish the developing embryos. We are
Head Shape Dimorphism in European Eels ... the What, How and  purifying Vg from the Northern spot prawn (Pandalus platyceros) as
Why Story a first step to developing a homologous ELISA with which to study

Since the early 20century, head shape dimorphism in European eel the reproductive physiology of this species. P. platyceros is a
was documented, but it was only in the early!ZEntury that commercially important protandric shrimp species and as such
statistical support for the two morphotypes was provided. Most transforms from a small functional male to a much larger functional
prominent at the yellow eel stage, broad-headed eels are known téemale. Our objective is to develop a non-lethal method with which
feed more on harder and larger prey than their narrow-headedo study physiological changes associated with this sexual
conspecifics, as well as they show different foraging behaviour. Thedifferentiation. We are interested in the onset of vitellogenesis in the
onset of this dimorphism could be traced back to the earlier glass edransitional stage. P. Pandalus ovaries were homogenized and
stage, where both phenotypic plasticity responses to different diets aproteins separated using 25%, 40%, 50% and 60% ammonium sulfate
well as genetic mechanisms seem to control for it. Although theprecipitation. The 50% ammonium sulfate fraction was enriched in a
underlying musculoskeletal differences in the feeding apparatusprotein we suspect is Vg or Vn. After dialysis to remove excessive
suggest that broad-heads show adaptive modifications to deal witlsalts, proteins were separated using 10% SDS-PAGE. Western blot
larger and harder prey, the integration of multiple lines of evidenceanalysis using a heterologous antibody showed two major proteins
suggest the story is more complex, also including aspects othat could be subunits of a larger protein with approximate molecular
differential growth rates and habitat preference. Paradoxically, themasses of 92 and 105 kD. Native gel electrophoresis using 8% PAGE
adaptive benefit of broad-heads in a natural environment actuallyrevealed a large protein with an approximate molecular mass of 230
becomes maladaptive as this environment increasingly becamé&D. Polyclonal antibodies will be generated against this protein and
polluted. Dimorphic bio-accumulation of especially highly lipophilic used to develop a homologous ELISA.

pollutants may even compromise the reproductive success of

broadheads.

P3-150 DEAN, MN*; BIZZARRO, JJ; CLARK, B; UNDERWOOD,  100-8 DEAROLF, J.L.*; MCLELLAN, W.A.; PABST, D.A;;

CJ; JOHANSON, Z; MPIKG, UC Santa Cruz and NMFS, Core Res. HERMANSON, J.W.; HENDRIX COLLEGE, CONWAY, AR,

Labs, NHM, Birkbeck Coll., Dept Earth Sci., NHM; UNIV. OF NORTH CAROLINA AT WILMINGTON, CORNELL
mason.dean@mpikg.mpg.de UNIVERSITY, ITHACA, NY; dearolf@hendrix.edu

Large batoid fishes frequently eat stingrays despite skeletal damage Regional variation in the fiber-type profile of the bottlenose dolphin
The shapes of vertebrate teeth are often used as hallmarks of diet. Wiaphragm

demonstrate, however, evidence of frequent piscivory by Currently, the role, if any, of the primarily slow-twitch (65%)
cartilaginous fishes with pebble-like teeth that are typically diaphragm in the explosive inhalation (< 0.03 seconds) of bottlenose
associated with durophagy, the eating of hard-shelled prey.dolphins, is still unknown. In other mammals, the diaphragm has
High-resolution micro-computed tomography observation of a jaw been shown to exhibit regional variation in fiber-type profile, and
specimen from one batoid species and visual investigation of those dathese differences in fiber composition have been related to other
two additional species reveal large numbers of embedded stingrajunctions of the diaphragm. Thus, the purpose of this study is to
spines, arguing that stingray predation of a scale rivalling that of theinvestigate regional variation in the fiber-type profile of the
largest carnivorous sharks may not be uncommon for large, predatorpottlenose dolphin diaphragm, in order to better understand the
batoids with rounded, non-cutting dentition. Our observations functions of this muscle. To achieve this goal, sections of the dolphin
demonstrate that tooth morphology is not always a reliable indicatordiaphragm from the middle (M) and lateral edge (L) of the costal
of diet and that stingray spines are not as potent a deterrent toegion, ventral to the esophagus (E), ventral to the caval foramen (C),
predation as normally believed. In addition, we show that severaland near to the dorsal edge (D) were cut and stained for their myosin
spines in close contact with the jaw skeleton of a wedgefishATPase activities. Digital images of the stained sections were
(Rhynchobatus) have become encased in a disorganized mineralizezhptured and printed, and the numbers of slow- and fast-twitch fibers
tissue with a distinctive ultrastructure, the first natural and were counted on each image. These data were used to calculate the
unequivocal evidence of a callus building response in the tessellatedverage percentage of slow-twitch fibers in each region of the
cartilage unique to elasmobranch skeletons. Our findings revealiaphragm. A mixed statistical model demonstrated that there is
sampling and analysis biases in vertebrate ecology, especially witlsignificant variation in fiber-type profile between the different
regard to the role of large, predatory species, while also illustratingdiaphragm regions. The E region possessed significantly more
that large body size may provide an escape from anatomicaklow-twitch fibers by count than the C, L, and M regions, a result that
constraints on diet (e.g. gape size, specialist dentition). Oursuggests this region of the diaphragm acts as a sphincter to prevent
observations inform our concepts of skeletal biology and evolution inregurgitation of prey. However, overall, the diaphragm of bottlenose
showing that tessellated cartilage—an ancient alternative to bone—islolphins is composed primarily of slow-twitch fibers (range: 63% to
incapable of foreign tissue resorption or of restoring damaged82%). Thus, the regions of this muscle may work together to play a
skeletal tissue to its original state, and attest to the valueldf museunrole in ventilation by acting as a spring or to decouple ventilation and
and skeletal specimens as records of important aspects of animal lifscomotion while these animals dive on a breath-hold.

history.
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P1-261 DEBAN, SM; Univ. South Florida; sdeban@usf.edu P2-109 DEBIASSE, M*; FRANCIS, W; THUESEN, E;

Exploring Muscle-Spring Performance in a Web-Based Simulation HADDOCK, S; RYAN, J; University of Florida Whitney Lab for
Muscle Explorer simulates the performance of a simple Marine Bioscience, Ludwig-Maximilians-Universitéat Munchen, The
musculoskeletal system in which a muscle shortens against an elastievergreen State College, Monterey Bay Aquarium Research

element in series with a mass. The model can be used interactively ifnstitute; melissa.debiasse@gmail.com

a web browser to explore a wide range of muscle-tendon behaviorsDEEPC: The deep, dark, genomic secrets of ctenophores

for example to predict results of in-vitro muscle experiments or theOver evolutionary timescales, many marine taxa have made
performance of explosive movements such as jumping or striking.transitions to and from the deep sea. Shallow and deep-sea habitats
The model simulates the interaction of several adjustable elements: ®wary drastically in several environmental variables including light,
muscle-like actuator, a viscous damper, an inertial muscle mass, eemperature, oxygen concentration, pressure, and pH. Ctenophores,
hookean spring, a massless lever with a variable mechanicahblso called comb jellies due to their large ciliary paddles arranged in
advantage, and an inertial projectile mass. Output is in graphical andcomb rows," are monophyletic but deep and shallow species are
numeric form. To simulate a movement, the physiological and spread across the ctenophore phylogeny, suggesting transitions from
biomechanical parameters of the model are set and the muscle ideep to shallow and from shallow to deep have occurred multiple
activated. The muscle builds force that stretches the spring. Recoil ofimes. To understand the evolutionary pressures that drive adaptation
the spring rotates the lever and accelerates the projectile mass. ThHe extreme environments, we collected 35 ctenophore species with
muscle generates force using realistic force-velocity and force-lengthrepresentatives from a diverse set of ctenophores with habitats
properties for vertebrate skeletal muscle, and the physics of theanging from surface waters to 4000 meters deep. Our process
movement are modeled using a fourth-order Runge-Kutta integratorinvolves sequencing and assembling transcriptomes, defining
The muscle consists of three subcomponents: (1) the muscle actuatorthologs, estimating phylogenies, detecting positive selection, and
produces force based on shortening velocity, length, and excitationdentifying convergence in protein sequences. Using these data we
level, (2) an inertial mass that is accelerated by the balance ofire determining: (1) the phylogenetic relationships among these
actuator and spring forces, and (3) a viscous damper that opposespecies, (2) the evolutionary lineages where depth transitions have
movement of the mass. The tendon component attached to the musctecurred, (3) the depth range for the ancestral ctenophore and (4) the
component is a hookean tension spring that links the muscle to thevolutionary genetic changes that have allowed species to adapt to
appendage and the projectile mass. A latch prevents the lever frorshallow and deep sea habitats. This work uncovers a great mystery of
rotating as the spring exerts force on the lever; it can be releasetiow animals can adapt to extreme environments, and will provide a
under specified conditions. The model is implemented in JavaScriptbaseline of deep-sea ctenophore biodiversity, which will be important
cC S S a n d H T M L a t for understanding ecological change in the face of anthropogenic
http://knot.cas.usf.edu/Musclemodels/muscleexplorer.html and isstressors.

intended for use in research and teaching.

52-3 DEBIE, S; University of Zagreb, Faculty of Natural Science and P1-132 DEBRY, RW*; WONG, ES; DAHLEM, GA; Univ. of

Mathematics; sara@debic.org Cincinnati, Northern Kentucky Univ.; ron.debry@uc.edu
Chasing Diversity: Phylogenetic Assessment of Central Philippine  Delimiting Imaginary Species in the Fly Genus Ravinia
Sea Pens DNA-based analyses hold the promise of bringing repeatability and

Octocorals are a diverse group of, for the most part, non-reef buildingobjectivity to the process of species delimitation, with the caveat that
corals accounting for almost 65% of global coral diversity. Sea pensDNA-based delimitation decisions should be limited to instances
are a highly specialized group of octocorals inhabiting both shallowwhere multiple types of analysis provide a coherent picture. The
and deep water ecosystems. The evolutionary origin of sea pens andorphologically defined species Ravinia anxia and R. querula
their interspecies relationships have historically been a point of(Diptera:Sarcophagidae) have a long history of fluid (and even
contention among zoologists, with only recent molecular methodserroneous) species definitions and, thus, seem a logical candidate for
being able to elucidate systematic relationships. Here we present application of DNA-based approaches. We examined DNA sequence
molecular analysis of six sea pen genera alongside representativeata from two regions of the mitochondrial genome plus fragments of
from the Calcaxonia, Scleraxonia, Holaxonia, and soft coral groupsfive different nuclear protein-coding genes, sampled from 30
using the NADH 2, NADH 6, and msh1 mitochondrial genes. All individuals from across much of the geographic range of the two
specimens were collected in the central Philippines, which is anmorphological species. Population genetic and phylogenetic
extremely high marine biodiversity area. We found the sea pens to bapproaches, including both discovery-based and validation-based
monophyletic with the calcaxonian family Ellisellidae, confirming methods, all agreed on the presence of three highly distinct
previous studies. We also found the sea pen genera Veretillum anevolutionary lineages. One lineage included only flies
Cavernulina to be highly derived within the sea pen clade, refutingmorphologically assigned to R. anxia and one included only flies
past hypotheses that Veretillid sea pens are among the least derivethorphologically assigned to R. querula. The third lineage, however,
Instead, our analysis shows the genus Virgularia with well included flies morphologically assigned to both R. anxia and R.
differentiated polyp leaves to be the most basal. Because the sea pepuerula. Careful follow-up morphological examination of the
clade is monophyletic with the Ellisellids, which inhabit shallow to specimens from the "mixed" lineage both reaffirmed the original
mid-deep water, further studies are aimed at investigating whethespecies assignments and failed to discover any morphological feature
the sea pens originated and diversified in the shallows anduniquely shared by members of the mixed lineage. We thus conclude
subsequently adapted to deep water ecosystems. A comprehensi@r now) that the DNA-based species delimitation approaches may
sampling of both sea pens and calcaxonians from all depths is thée capturing some retained ancestral polymorphisms, and that the
next step in investigating the origin and radiation of sea pens, givingtwo-species morphological definitions should be retained.

us valuable information about adaptations to different bathymetric

environments in an age with rapidly rising sea levels.
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97-3 DEETJEN, ME*; LENTINK, D; Stanford University; 100-5 DEL CARLO, RE*; REIMCHE, JS; HAGUE, MTJ;
mdeetjen@stanford.edu BRODIE,JR., ED; LEBLANC, N; FELDMAN, CR; Univ. of
High-Speed Surface Reconstruction of Flying Birds Using Nevada, Reno - School of Medicine, Univ. of Nevada, Reno, Univ.
Structured Light of Virginia, Utah State Univ.; rdelcarlo@med.unr.edu

Birds fly effectively through complex windy environments, and in Performance costs of adaptive resistance to tetrodotoxin in the
order to understand the strategies that enable them to do so, we ned&twt-Snake coevolutionary arms race
to determine the shape and movement of their wings. PreviousThe interaction between toxic newts (Taricha) and resistant garter
studies show that even small perturbations in wing shape havesnakes (Thamnophis) is a model system of predator-prey
dramatic aerodynamic effects, but these shape changes have not beeaevolution. Pacific newts defend themselves with the potent
quantified automatically at high temporal and spatial resolutions. neurotoxin, tetrodotoxin (TTX). TTX specifically binds to the outer
Hence, we developed a custom 3D surface mapping method whiclpore of voltage-gated sodium channels, leoteins. These proteins
uses high-speed cameras to view optimized grids of stripes projectedre responsible for the first electrical event initiating every action
onto a flying bird. By matching the stripes seen in each camera framg@otential and every skeletal and cardiac muscle contraction.
with the projected stripes, we can triangulate the 3D bird surfaceTTX-ligation to the channel pore prevents sodium ion movement
along the grid lines. Because the light is binary rather than grayscalethrough the membrane, thereby abolishing excitability, and leading to
and each frame is separately analyzed, this method can captuneumbness, paralysis, and eventually death by respiratory arrest. TTX
rapidly moving objects at any frame rate, as long as the cameraerves as an agent of selection on at least three species
captures sufficient light contrast. In addition, the method is of Thamnophis that prey on sympatric Taricha. Thamnophis atratus,
automated, non-invasive, and capable of measuring a shape volumepuchii, and sirtalis have independently evolved adaptive mutations
by simultaneously reconstructing from multiple view angles. We usewithin the pore of the skeletal muscle channel variang,1Na The
this technique to reconstruct the 3D surface of a parrotlet duringamino acid substitutions reduce the affinity of TTX to the pore,
flapping flight at 3200 fps. From this shape we can extract the airfoil, thereby providing physiological resistance to TTX. Here, we discuss
velocity, and angle of attack which allows us to analyze key dynamichow these same mutations may actually reduce sodium channel
parameters such as lift and drag. While this novel system is designegerformance. We show that animals carrying these mutations display
to quantify bird wing shape and motion, it is adaptable for tracking diminished skeletal muscle performance. This hypofunction is likely
other quickly deforming objects including other animals, especially explained by alterations to biophysical properties of the channel,
those which are difficult to reconstruct using other 3D tracking such as the sodium-selectivity or total sodium current through the
methods. membrane. We investigate channel hypofunction through
site-directed mutagenesis, constructing the naturally occurring
TTX-resistant mutations and contrasting these to a TTX-sensitive
template. We then assess the behavior of mutant sodium channels by
patch clamp electrophysiology to reveal interesting support for this
biophysical tradeoff.

P1-194 DEL RIO, AM*; DAVIS, BE; KUELTZ, D; TODGHAM, 55-7 DELANEY, DM*; JANZEN, FJ; lowa State Univ.;

AE; Univ. of California, Davis; amdelrio@ucdavis.edu dmdelane@iastate.edu

Effects of High Temperature and Low Oxygen on Early Life Stage = Can Offspring Dispersal Ability Influence Maternal Investment
Chinook Salmon Survival and Physiology Strategies?

Climate change and drought can lead to increased temperature anthe choice of oviposition site often has strong effects on offspring
decreased dissolved oxygen in rivers. In the Central Valley, rivers aresurvival. The risk of predation of nest sites and the proximity of nest
typically managed for salmonid survival based on temperature;sites to suitable offspring habitat can influence this decision. Yet,
however, oxygen saturation is another critical factor for managers tchow offspring dispersal ability might interact with such factors to
consider. Salmon embryos are particularly susceptible to highinfluence maternal investment strategies is unclear. In aquatic turtles,
temperatures and low oxygen given that conditions within a redd, orterrestrial nests laid farther from shore often have higher survival
nest, can differ from those of the river itself. To investigate how because nest predators (e.g., raccoons) tend to forage along
temperature and oxygen as single and combined stressors affect trevironmental edges. However, offspring from eggs deposited farther
survival and physiology of early life stage Chinook salmon, we inland must migrate a greater distance to water upon emergence from
reared embryos from fertilization to the fry stage under low their nests. To explore this tradeoff in light of offspring dispersal
temperature and high oxygen, low temperature and low oxygen, highability, we collected and measured the body size of 428 hatchling
temperature and high oxygen, and high temperature and low oxygercommon shapping turtles (Chelydra serpentina) from 15 nests. We
Fish were sampled at four stages during development to test theireleased the turtles 25 m, 62.5 m, and 100 m from a drift fence and
upper thermal tolerance and low oxygen tolerance, measure growthrsubsequently monitored survival, time to fence, and orientation
and analyze biochemical responses. Fish reared in low temperature aluring overland dispersal. Not surprisingly, survival decreased with
low oxygen developed more slowly than those in high temperature odispersal distance and no selection on body size was evident for
full oxygen. Embryos reared in low oxygen had significantly reduced hatchlings dispersing from 25 or 62.5 m. However, survival
hatching success and the multiple stressor treatment with highncreased with body size for hatchlings dispersing from 100 m. Thus,
temperature and low oxygen had greatly reduced hatching succes®ecause larger offspring are less affected by long dispersal distances,
Acclimation to warm temperature or low oxygen increased thermalfemales producing large eggs can oviposit farther from water to
tolerance. Acclimation to low oxygen during development increasedmaximize nest survival while also permitting offspring a reasonable
tolerance to low oxygen, while high temperature reduced low oxygenchance to survive overland dispersal. These findings suggest that
tolerance. These results demonstrate the importance of wateoffspring dispersal ability can be an important factor influencing
management strategies that consider other abiotic stressors imaternal investment strategies.

addition to temperature to promote survival of early life stage

Chinook salmon in the Central Valley and further explore the

interaction between temperature and oxygen on fish physiology.
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41-6 DELIA, J*; WARKENTIN, KM; Boston University, Boston; 12-6 DELORENZO, L*; IRSCHICK, DJ; BERGMANN, P;
jdelia82@gmail.com WAGNER, G; SILER, C; University of Massachusetts at Amherst,
Father-embryo coevolution in Neotropical glassfrogs Clark University, Yale University, University of Oklahoma;

The evolution of parent and offspring traits is likely shaped by the irschick@bio.umass.edu

social dynamics of family life. Theory has explored how interactions 3D analysis of body elongation of Brachymeles lizards and other
between the sexes impacts variation in parental investment and howaxa

such variation favors offspring adaptations. Empirical tests, however,The evolution of limblessness and snakelike forms is a repeated
often focus on species with ‘conventional' sex roles, where mothergheme in reptilian evolution. Within lizards, the loss of limbs or
provide most of the care. Our research examines how interactionsligits, and the association with a fossorial habitat is a key driver of
between sexes impact the evolution of paternal and embryo behaviadiversity. However, because of the complex nature of their tubular
in glassfrogs. We conducted field observations of 40 species frombodies, quantifying the shapes of lizards with limb loss and reduced
across the family tree. Comparative analyses support that male-onlpr lost limbs is challenging. We focused on the lizard group
care evolved repeatedly from female-only care, in association withBrachymeles, which is widespread and diverse in the Philippines.
extended care durations and changes in egg-clutch structure. Thesghis group is notable for their great variation in the loss of their
results suggest that male care and offspring need coevolve. Both catiambs and digits and also in their degree of axial elongation. We used
duration and hatching timing vary within and among species. 3D photogrammetry to create 3D models of various species of
Removal experiments in 6 species found that embryos hatch early tBrachymeles lizards of varying sizes and shapes and degrees of
escape abandoned eggs and extend development in ovo undéimblessness. Our goal was to create new ways of describing their
prolonged care. Experiments in 5 species reveal that delayedaverall variation in body shape using 3D metrics. We used either a
hatching benefits embryos in multiple ways. Across species,single camera or a multi-camera rig to create the 3D models, and then
evolutionary changes in the magnitude of hatching plasticity areused Capturing reality software to reconstruct the model. Our work
positively associated with extensions in care duration. Theseshows diverse evolution of body forms and a substantial amount of
co-extensions occur in species where paternal males continue matingariation in the overall degree of axial evolution. Our work shows
and care for several clutches concurrently. We tested whether socidiow novel 3D technologies can provide insights into general
conditions affect paternal and embryo behavior by manipulating maleevolutionary issues.

mating-rates within 2 independent origins of male care. Males that

mated more cared for eggs longer, and embryos delayed hatching.

Thus, hatching plasticity allows embryos to exploit socially-driven

changes in parenting. This work supports that embryo strategies are

evolving in association with parental care, and provides insight on

how family life can alter selection on offspring traits even within the

egg.

5-6 DEMARTINI, DG*; MONNIER, CA; WAITE, JH; University of P1-252 DEMIRCAN, AS*; MEREDITH, TL; PORTER, ME;

California-Santa Barbara; demartini@lifesci.ucsb.edu Florida Atlantic University; ademircan2013@fau.edu

Stiff-Balls, Stretchy-Balls, Soggy-Balls? Structure-Function Elasmobranch Olfactory Organ Morphology Inspires Physical
Comparisons of the Protective Coatings on Load-bearing Mussel Models

Threads Elasmobranchs (sharks, skates, and rays) are known for their highly

One salient feature key to mussel survival is their ability to rapidly acute olfactory sense. They exhibit wide interspecific variation in
create a permanent holdfast known as the byssus, a bundle of threattseir olfactory organ morphology, which has largely been quantified
glued to the substrate. These threads can persist for months despiby the number of lamellae the organ houses. Attempts to correlate
no cellular maintenance and exposure to high tensile loads, abrasiom|factory organ morphology with ecology and phylogeny have not
desiccation, and bacterial attack. Threads have a collagenous coteeen explanatory. Recent studies have suggested that the vast
that is coated by a protective cuticle. The collagenous core isvariation in olfactory organ morphology may facilitate the flow of
understood to be responsible for the tensile properties of musselvater through the nose to deliver odorants to the olfactory epithelia.
threads, whereas the cuticle is theorized to protect and preserve tha this study, we quantify morphological variation in the
load-bearing core. We used transmission electron tomographyelasmobranch olfactory organ in multiple species, create physical
atomic force microscopy, along with other techniques to investigatemodels inspired by organ morphology, and test the effects of
the cuticle ultrastructure and mechanics of several California mussemorphology on water flow through the model. We examine organ
species (Mytilus californianus, Mytilus galloprovincialis, Septifer shape (Fineness ratio), lamellar number, and the spacing between
bifurcatus, and Modiolus capax). The cuticle produced by each oflamellae. Organ fineness ratio (L:W) of hammerhead shark species,
these species has a distinct morphology characterized by mesoscabehich have large laterally expanded cephalofoils, is much greater
granular inclusions ("balls") embedded in a continuous matrix. Wethan other elasmobranch species. The number of lamellae varies by
explored potential contributions of the various morphologies, species where some species have more than double, which may
including: arrest of crack propagation, increased wear-resistanceimpact the surface area available for odor detection. Interlamellar
increased extensibility and protection against dehydration. Wespacing also varied by species, and spacing in some species was 50%
attempt to reconcile the structural and mechanical properties of théarger than others. In general, species with a smaller interlamellar
differing cuticles to their unique ecological niches, and thereby gainspacing have more lamellae than species with larger interlameller
biological insights into the design of protective coatings. spacing. We expect that fluid dynamics in the model will vary with
model morphology. We will build models inspired by organ fineness
ratio, number of lamellae, and interlamellar spacing. This data will
provide insight on how morphological variation inside elasmobranch
noses affects detection of and binding to odorants.
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31-1 DEORA, T*; CAMPOS, EO; BRUNTON, B; DANIEL, TL; P2-277 DEVER, K; CARR, J; GIRARD, J; CALZARETTE, D;
Department of Biology, Univ. of Washington, Seattle, WA,; REMSEN, D; GAGE, G; CHUGUNOQV, |; WEISSBOURD, B;
tanvid2@uw.edu CORDEIRO, M; MIAO, J; MARVEL-ZUCCOLA, J; NEWSTEIN,
Role of Touch in Shaping Plant-Insect Pollinator Interaction P; PERAMBA, K; Marine Biological Laboratory, Woods Hole, MA;

The coevolution of flowering plants and their insect pollinators has EDSINGER, E*; Marine Biological Laboratory, Woods Hole, MA;

led to rapid diversification in both groups. Plants have evolved Marine Biological Laboratory, Woods Hole, MA, Backyard Brains,
species-specific visual and olfactory cues to attract insects and\nn Arbor, Ml, California Institute of Technology, Pasedena, Roger
insects use these sensory cues to identify and navigate to a host plamlilliams University, Providence, RI, Bowdoin College, Brunswick,
Although these roles of vision and olfaction underlying MN; eedsinger@mbl.edu

plant-pollinator interactions has received much interest, surprisinglyOctocams: A simple scalable system for short-term to lifecycle

little is known about the contribution of mechanosensation in shapingmonitoring of behavior in aquaria.

this interaction. By combining behavioral analyses of moths Cephalopod and other marine invertebrate behavior is of growing
(Manduca sexta) feeding from 3D printed flowers along with SEM interest for research but monitoring animals in a culturing
and X-ray microtomography, we aim to understand how insectsenvironment is a challenge. Our goal is to develop a simple scalable
extract this tactile information and which mechanosensors contributereal-time imaging system and downstream computational tools for
to this ecologically relevant behavior. Indeed, recent work has showrshort to lifecycle experiments on animal behavior in aquaria.
that mechanical information is at least as salient as visual informatiorCulturing of twenty-one California Two-Spot Octopus, Octopus
in guiding the ability of moths to track moving flowers, once they are bimaculoides, was done for several months, with continuous data
engaged with the nectary. However, before moths even fully engageollection. Digital security cameras provided wide-angle views of
with a flower, they unfurl their coiled, straw-like proboscis as they entire seawater volumes when placed inches above the surface,
approach the flower. Hovering over the flower, the moth probes theallowing aquaria to be housed in racks with minimally spaced
surface with its proboscis. Morphological features such asshelves. Wireless data transmission enabled continuous streaming to
mechanical grooves on the flower could serve as nectary guidesthe cloud, where data could be viewed and processed, or
Moreover, floral shape (curvature, size of nectary opening) alsoautomatically archived. Near infrared security lighting is invisible to
profoundly affects feeding performance. However, how moths usemost animals, allowing even illumination and recording of nocturnal
tactile cues to find the nectary location and where this activities. Outdoor cameras and lights are waterproof, a critical
mechanosensation occurs remains largely unknown. We used 3Deature in wet culturing conditions. Python scripts automated
printed flowers of differing morphologies to explore the relationship quantification of octopus behaviors, including color, contact, and
between floral shape and nectary exploitation. We found that, overmovement. Octocam.io is where the public can follow the project.
repeated trials, moths became increasingly efficient at locating the

nectary. Moreover, this process depends on floral morphology. These

results point to a capacity of moths to use active exploration in

learning the flower shape.

44-4 DEVRIES, MS; Scripps Institution of Oceanography, UC San  47-4 DEYARMIN, J*; MCCORMLEY, M; CHAMPAGNE, C;

Diego; mdevries@ucsd.edu STEPHAN , A; HOUSER, D; CROCKER, D; KHUDYAKOQV, J;
Leaving room for two at the dinner table: morphology and Univ. of the Pacific, Nat. Marine Mammal Foundation; Old
competition govern the diet breadth of sympatric spearing and Dominion Univ., Dept. of Biological Sciences, Nat. Marine Mammal
smashing stomatopods Foundation, Sonoma State Univ.; j_deyarmin@u.pacific.edu

Competition for food drives the evolution of specialized feeding Stress-omics: A non-targeted multi-omics approach to discriminate
morphology. Stomatopod crustaceans are often touted as havingtress states in a marine mammal

highly specialized feeding morphologies that are typically one of two Repeated or chronic stress, such as that caused by anthropogenic
forms: the more ancestral spear-like appendages used to ambusdttivity and environmental disturbance, can affect animal health and
soft-bodied evasive prey ("spearers") or hammer-like appendages$itness and contribute to population declines. However, the
that produce extremely high forces used both to break hard-shellegphysiological impacts of repeated stress have not been extensively
prey and to capture evasive prey ("smashers"”). To evaluatestudied in wild animals, hindering development of biomarkers that
associations between appendage type and feeding ecology, the diet®nservation practitioners can use to identify chronically stressed
of a smasher (Gonodactylus childi) and a sympatric speareilindividuals. Baseline endocrine measurements are commonly used
(Raoulserenea moorea) (size range: 21-27 mm) were comparedfor stress diagnosis, but they may be less robust indicators of stress
Stable isotope analysis and the Bayesian mixing model, MixSIAR, than their downstream molecular mediators. We used a non-targeted,
were used to estimate the proportional contributions of different preymulti-omics approach to profile global changes in target gene and
to the diet for each species. Models were run with an protein abundance in response to acute and repeated stress in a
experimentally-derived discrimination factor (DF; difference marine mammal study system, the northern elephant seal (Mirounga
between predator and prey isotope values) as well as a DF calculateasgustirostris). We simulated chronic stress by administering
from the literature. Results from all models showed that both speciesdrenocorticotropic hormone (ACTH) to juvenile seals once daily for
had wide diets that included hard-shelled and soft-bodied preyfour days and collected blubber before and after the first ("acute")
although in different proportions. The smasher consumed mostlyand last (“chronic") stress challenges. We then sequenced the blubber
hard-shelled prey (68-70%), and the spearer consumed mostlyranscriptomes and proteomes using lllumina RNA sequencing and
soft-bodied prey (62-73%). These similarly-sized species mayliquid chromatography tandem mass spectrometry, respectively. We
produce similar kinematics, allowing them both to capture evasivedeveloped computational pipelines to compare transcript and protein
prey and hammer hard-shelled prey, thereby broadening their dietsexpression between stress states and identify cellular consequences
Yet, the spearer species is more adept at capturing evasive pregnd unique molecular markers of repeated stress in a marine
indicating that small spearers are stronger competitors for soft-bodiednammal. These included factors that affect energy balance and other
prey. These findings suggest that a smasher's ability to access haell maintenance pathways in response to repeated stress. The stress
prey reduced competition for soft prey, which may have conferred amrmarkers identified in this study may be used to assess stress states in
important benefit favoring the evolution of the impressive smashingvulnerable marine mammal populations using targeted assays.

strike.
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133-1 DI SANTO, V.; Harvard University; P2-181 DIAMOND, KM*; SCHOENFUSS, HL; BLOB, RW;
vdisanto@fas.harvard.edu Clemson Univ., St. Cloud State Univ.; kmdiamo@clemson.edu
Ocean Acidification and Warming Affect Cartilage Mineralization Do the best come first? Locomotor performance over the course of
in Little Skate Leucoraja erinacea migration events in the amphidromous goby fish, Sicyopterus

Quantifying the combined effect of increasing ocean temperature andgtimpsoni
acidification on performance and morphology of fishes is key to As migratory animals move between environments, changes in
improving our understanding of how species will respond to global selection pressures may impede their chance of success. However, in
climate change. Elevated G@nd temperature are known to increase mass migrations, individuals that encounter these pressures at
stress and decrease metabolic performance in teleosts andifferent times might differ in performance, and pressures may
elasmobranchs. There are currently no data on the combined effect @hange in intensity. How closely matched are migrator performance
ocean acidification and warming on elasmobranch cartilageand selection intensity through time? The life cycle of the Hawaiian
mineralization. Here, | developmentally acclimatized little skate goby, Sicyopterus stimpsoni, requires juveniles to migrate from
Leucoraja erinacea embryos to current and increased temperaturenarine, larval habitats to upstream, freshwater adult habitats. During
and CQ conditions as expected by year 2100 (15 and 20 °C, (400 migration, these fish face two major selection pressures: piscivorous
and 1100 patm, respectively), in a fully crossed experimental designpredators, and waterfalls that block upstream reaches. Both pressures
Using micro-CT, | compared density and size of jaws, crura, might decrease in intensity through time, as predators might become
vertebrae and pectoral fins cartilage of juvenile little skate. Both satiated later in migrations, and the flash flood pulses that stimulate
warming and CQincreased cartilage mineralization in little skate. migrations should decrease in strength, reducing the flow against
Higher mineralization increases stiffness and strength of skeletawhich fish must climb. We tested whether the earliest fish to arrive
elements with implications for feeding and locomotion. These resultsduring migrations might have the highest performance, enabling
are in sharp contrast with previous work on adult elasmobranchghem to succeed against pressures at their greatest intensity. To test
which notes no significant effect of GOr temperature on skeletal these predictions, we collected migrating juveniles each day for days
elements. This study demonstrates the importance of quantifying the through 7 post-flood, and conducted both escape performance and
response of organisms to climate-related stressors after long-ternslimbing trials each day to compare performance across fish entering
developmental acclimatization, if the objective is to forecast morethe stream at different times in the migration event. Our results
realistic outcomes. showed that escape performance remained uniformly high throughout
our sampling period, but that climbing performance peaked 5 days
after the flooding event before again declining. These data indicate
that early migrants are not necessarily the strongest individuals, and
could improve understanding of how diverse morphologies and
behaviors are maintained in upstream populations despite the strong
selection imposed on these fish.

P3-257 DIAZ, MI*; SMITH, RJ; SHUMAN-GOODIER, M; 141-1 DICK, MF*; WELCH, KC; University of Toronto,

SINGELTON, GR; ALMAZAN, L; PROPPER, CR; HADI, B; Scarborough; morag.dick@utoronto.ca

Northern Arizona University, International Rice Research Institute;  Oxidation of dietary sugars in ruby-throated hummingbirds
mid28@nau.edu Nectar feeding animals, such as hummingbirds, have some of the

Amphibians as Ecosystem Service Providers in Filipino Rice Fields highest metabolic rates measured to date. Hummingbirds have the
Pesticide usage in rice fields has surged since the early 1970's in theapacity to completely fuel hovering flight with recently ingested
Philippines to help meet the food needs of a rapidly growing sugars to meet these high energy demands. Even more remarkable,
population. An increased exposure to pesticides can lead to healthummingbirds have the ability to oxidize either fructose or glucose at
problems in humans and compromise various life history traits ofrates high enough to support hovering. This suggests direct oxidation
organisms in the surrounding environment. Rice fields provide of fructose in the flight muscle is occurring without prior
habitat to many amphibian species that may provide pest contrometabolism. This is in contrast to traditional mammalian models
services that could lead to reduced pesticide use. We evaluated foodere the use of recently ingested sugars is limited, and fructose is not
consumption of Rhinella marina (invasive species) and Fejervaryadirectly metabolized in skeletal muscle. The ability of hummingbirds
vittigera (native species) to determine whether amphibians provideto achieve high oxidation rates is reflected in adaptations enabling
potential to control insect pests in rice fields. Standard transects weraigh rates of sugar absorption, transport and oxidation in the flight
conducted on 12 nights. We collected 34 F. vittigera and 63 R.muscles. Within the flight muscle, there is a high capacity to
marina and flushed their stomach contents; complete or partiallytransport and phosphorylate both glucose and fructose. Although the
digested insects were collected. All organisms were identified tometabolic pathways enabling fructose oxidation have yet to be
order and classified as rice pest, non-rice pest, predator, scavenger, oharacterized in the flight muscle, the pentose phosphate pathway is
parasitoid. R. marina ate a significantly greater numbers of individualstrong candidate. Using a combined respirometry and stable isotope
food items compared to F. vittigera, but there was no difference inapproach, we examined hexose preference and the involvement of
the total mass of their food items. F. vittigera ate more pest specieshe pentose phosphate pathway in sugar oxidation in ruby-throated
of rice, R. marina ate more predatory species. Hence the invasivlhummingbirds (Archilochus colubris). We predict that pentose
toad may not provide the same level of ecosystem services for pegthosphate pathway enables high fructose oxidation rates in the flight
control as the native F. vittigera since it ate fewer pest items andmuscle, however when both glucose and fructose are available
more rice pest predators. Future research needs to quantify whethefucose will be the preferred substrate.

actions to increase the density of native frog populations of F.

vittigera can moderate high insecticide use in rice fields.
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10-4 DICKERSON, BH*; HUDA, A; DICKINSON, MH; California P3-188 DICKSON, K*; ESTESS, E; FARWELL, C; FORSGREN,

Institute of Technology; bdicker@caltech.edu K; FUJIOKA, K; KITAGAWA, T; MALIK, A; SCHULLER, K;
Visually-mediated control of Drosophila haltere kinematics California State Univ. Fullerton, Monterey Bay Aquarium, National
modulates mechanosensory input Research Inst. of Far Seas Fisheries, Shizuoka, Japan, Univ. Tokyo,

Gaze stabilization relies upon the detection of self-motion cues,Kashiwa, Japan, Flinders Univ., Adelaide, South Australia;
which are subsequently suppressed for active gaze shifts. Yet, it ikdickson@fullerton.edu
poorly understood how animals lacking standard vestibular systemsOntogenetic Changes in the Counter-Current Heat Exchangers
such as flying insects, discriminate self-motion from external body Required to Elevate Slow-Oxidative Muscle and Visceral
rotations. Flies are unique among this group of organisms as theyremperatures in Pacific Bluefin Tuna, Thunnus orientalis
possess organs that operate in part as vestibular sensors known bBsPacific bluefin tuna, vascular counter-current heat exchangers
halteres. Evolutionarily derived from the hindwings, the halteres composed of numerous parallel arterioles and venules conserve
provide mechansensory feedback to structure the wingstroke metabolic heat, allowing temperatures of the slow-oxidative (red)
However, the potential for the haltere to serve as more than a passidecomotor muscle and visceral organs to be elevated above water
sensor to initiate or control maneuvers remains unclear. The halteréemperature (= regional endothermy). We used a thermocouple
possesses tiny steering muscles that are serially homologous to thoskeermometer to measure maximal tissue temperatures immediately
of the forewings that receive visual input. Thus, haltere reflex circuitsafter capture in juvenile Pacific bluefin tuna specimens ranging in
may be co-opted during voluntary maneuvers. We tested the capacitgize from 18.4 to 62.5 cm fork length (FL), encompassing the size
for the visual system to modulate mechanosensory input byrange over which the capacity for regional endothermy develops. We
expressing the genetically-encoded calcium indicator GCaMP6f inquantified the amount and distribution of the red muscle in frozen,
the haltere afferents and steering muscles of the fruit fly, Drosophilasectioned, whole individuals, and examined the counter-current heat
melanogaster. Adapting preparations to image calcium activity from exchangers using standard paraffin histology. The temperature of the
the muscles or brain of Drosophila with epifluorescent or 2-photonred muscle and the viscera were elevated significantly above ambient
microscopy, we simultaneously recorded flies' behavioral responsesvater temperature in individuals > 33.3 cm and 59.7 cm FL,
to visual motion stimuli in tethered flight. We show that respectively. The amount of red muscle increased isometrically with
mechanosensory feedback from the halteres is modulated by visudish mass. Red muscle was contiguous with the skin in the smallest
feedback for both gaze stabilization and redirection maneuvers. Thisndividuals, but in larger individuals white muscle fibers were
modulation is the result of changes to the haltere's kinematics positioned between the skin and the red muscle. The number of blood
through the visual system's connection to the haltere's steeringessels within the heat exchangers increased with fish size. Increases
muscles. Our results point to a mechanism by which flies can modifyin both the mass of tissues that produce heat and the size of the
hard-wired flight reflexes to produce voluntary behaviors. counter-current heat exchangers that retain heat contribute to the
transition to regional endothermy in the Pacific bluefin tuna.

43-7 DILLON, ME*; OYEN, KJ; PIMSLER, ML; HERNDON, JD; P2-204 DIMITROV, MA*; BLOCK, BA; Stanford University;
STRANGE, JP; LOZIER, JD; Univ. of Wyoming, Univ. of Alabama, marinadi@stanford.edu

Utah State Univ., Univ. of Alabama; Michael.Dillon@uwyo.edu The Biomechanical Role of Tunas' Unique Bony Peduncular Keel
Geographic variation in bumble bee morphology: evidence for the  and Great Lateral Tendon in Thunniform Locomotion

influence of heterothermy and flight on insect size clines We compared the internal force-generating structures of tunas and

Body size clines and their underlying drivers have long fascinatedother pelagic predatory fish, identifying key biomechanical
ecologists. After finding consistent increases in body size with adaptations that characterize thunniform swimming. In particular, we
latitude among endothermic species, Bergmann posited that thelescribe the role of the bony peduncular keel unique to tunas as a
pattern was driven by heat conservation (larger organisms haveuide for the great lateral tendon (GLT), increasing mechanical
relatively less surface area). This ecological rule has since beemdvantage of the associated muscle myomeres and improving
extended to non-endotherms and to intraspecific comparisons. Insecfficiency of the tail stroke. In tunas, centralized red muscle enables
show both increases and decreases in size across latitude and altitudmdothermy and powers cruising. Without the keel, this muscle
with multiple explanations proposed for these contrasting patternswould have a poor angle with low mechanical advantage to move the
As ectotherms, heat loss may not be the primary selectivetail. Mechanical advantage is related to the angle of the force applied
mechanism; instead, the temperature size rule, seasonal constraintghe closer to perpendicular, the greater the torque produced by an
on development time, and reproductive and energetic benefits okqual force. For this case study, we developed a novel dissection
large body size may more strongly determine geographic variation inrapproach to measure the GLT incidence angle in 3 skipjack tuna
morphology. Heterothermic bumble bees (genus Bombus) argKatsuwonus pelamis), 4 yellowfin tuna (Thunnus albacares), and 4
broadly distributed across latitude and altitude and develop inbluefin tuna (Thunnus thynnus). In the skipjack, this angle increased
temperature-regulated nests, making them a unique intermediate testith curved fork length (13 to 19 deg). This may indicate that as a
case for insect size clines. We measured geographic variation in bodgkipjack grows, swimming efficiency becomes more valuable than
and wing morphology of two bumble bee species (Bombusspeed. At a similar length, skipjack had a smaller angle than
vosnesenskii and Bombus bifarius) collected across multiple yeargellowfin and bluefin, which may imply yellowfin and bluefin are
and seasons from 36 to 48 °N latitude and from sea level to ovemore tuned for speed than skipjack. Yellowfin and bluefin
2900 m in elevation (>1700 individuals at 115 sites). B. vosnesenskimaintained a fairly constant angle (around 14 deg) for fork lengths of
is broadly distributed but less common at higher elevations wherea§0 to 180 cm. These internal structures that power the caudal fin and
B. bifarius is found only at mid to high elevations. Comparisons of peduncle in tunas can be connected to the motion observed in in situ
inter- and intraspecific variation in morphology across latitude andvideo from a camera tag, or from overhead in a flume. By
altitude suggest that facultative endothermy may diminish theunderstanding how tunas actuate their main propulsive foil, we can
importance of heat conservation in driving size clines, that reducedook to future applications in bio-informed robotics by identifying
air density at altitude may impose aerodynamic constraints on bodykey features that drive thunniform locomotion.

size, and that climatic niche may alter clinal morphological variation.

January 3-7, 2018, San Francisco, CA 96



SICB 2018 Annual Meeting Abstracts

5-5 DITSCHE, P.*; GERGILEWICH, E,; LIANG, T.; WILGA, C; P3-148 DITSCHE, P.*; HOFFMANN, F; KAEHLERT, S; KESEL,
University of Alaska Anchorage; pditsche@alaska.edu A.; GORB, S.; University of Alaska Anchorage, University of

Big Skate (Raja binoculata): Crushing hard prey with cartilaginous  Applied Science Bremen, University of Kiel, University of Kiel;
jaws - What impact does shape have? pditsche@alaska.edu

Raja binoculata, the largest skate species of North America, inhabit§Spoiler'-legs help stream mayfly larvae to stay on the ground

the ocean bottom from the marine intertidal to the continental shelf,While a life in running water guaranties a constant supply with food,
where it feeds on shellfish, worms and crabs. For crushing harchutrients and oxygen, the physical features of this current shaped
shelled prey the teeth of big skates need to be well supported by thenvironment can be challenging. Stream insects have developed both,
jaws. The jaw suspension is euhyostylic, which means that the uppebehavioral and morphological strategies to deal with flow forces. The
jaws are not directly connected to the cranium giving them moremayfly larva Ecdyonurus sp. crawls to current exposed places to
freedom of movement, and the hyoid is broken up. Moreover, thegraze on algae on top of stones. Their dorso-ventrally flattened body
jaws are composed of tessellated cartilage, which inspired us to loolshape is often considered to be an adaptation to flow forces.
closer at its biomechanical properties. In this study, we usedHowever, while this shape reduces drag, the same body shape
mechanical testing (E-modulus, flexural stiffness, strength), increases lift. The later puts the larvae in danger of being detached
microscopical methods in combination with specialized calculationsfrom the bottom substrate. We used microscopic techniques,
(minaralization, second moment of area), 3D scanning and 3D3D-printing, and force measurements in a wind tunnel to investigate
printing to investigate how R. binoculata crushes hard shelled preythe role of the widened femora of Ecdyonurus sp. larvae in
Our results for the second momet of area and flexural stiffness shoveounterbalancing these lift forces. Our results show that the larvae
that the shape of the jaws is strongly optimized to withstand crushinguse their femora like spoilers generating a downwards directed force
forces. In addition to quantifying compressive strength, strain and(negative lift), which helps them to stay on the ground. The larva can
E-Modulus of the jaw elements of R. binoculata, we investigated theactively regulate the amount of lift by changing the femur's angle of
effect of the irregular shape of the cartilage elements on theattack. Depending on the specific conditions these stream insects can
mechancial variables. In contrast to engineered shapes, biologicatven use the ground effect to support the generation of negative lift.
shapes are not standardized along geometric paramenters and as

composite materials can not be modified into one for testing.

Nevertheless, biologists use the same methods to measure

biomechanical parameters to assess the performance of biological

shapes. Using 3D-prints of synthetic material similar to cartilage,

with the same shape as the jaw elements, we found that shape can

impact the measured values of biomechanical properties.

P3-199 DIVITO, KR*; JUE, NK; TRUSIAK, S; OBERGFELL, C; 20-2 DIXON, GB; KENKEL, CD*; Univ. of Texas, Austin, Univ. of
BUCKLIN, A; O'NEILL, RJ; DIVITO, Kate; UConn, UConn, So. California; ckenkel@usc.edu

California State University; kate.divito@uconn.edu Investigating genes involved in the evolution of coral reproductive
Bloom or Bust: Genomic analysis of Salpa thompsoni in a rapidly  and symbiont transmission modes

changing environment Reef-building corals exhibit substantial variation in their

Rapid warming of the Southern Ocean has impacted globalreproductive biology. Most corals mass spawn gametes, yet some
distribution and abundance of many key marine zooplankton,taxa exhibit internal fertilization, releasing fully developed planula
including the Antarctic Salp, Salpa thompsoni. Although frequently larvae, in the process known as ‘brooding’. Most corals acquire
overlooked, Salpa thompsoni is a highly efficient filter feeder that symbionts from their environment each generation in the process
has exceptional capacity for rapid population growth - bloom known as ‘horizontal' transmission, but some species employ
formation - as the Southern Ocean warms. These bloomsvertical transmission’, and are capable of passing symbionts directly
significantly reduce primary production and availability of to their offspring. In addition to mining publicly available genomic
phytoplankton for other primary consumers causing major alterationsresources, we sequenced a set of coral transcriptomes for species
of the pelagic food web. While it is clear that salps form blooms representing a variety of reproductive and symbiont transmission
when environmental conditions are favorable, the genetic modes and used a comparative genomics approach to identify genes
mechanisms of their complex life history that facilitate successful showing repeated signatures of non-neutral mutation rates in
salp bloom formation in response to changing ocean temperatures aterooding and vertically transmitting lineages. Contigs for each
currently unknown. Therefore, we aim to understand and predict theranscriptome were converted into candidate protein coding
ability of Salpa thompsoni to adapt to environmental variability and sequences and 6,625 orthologs were inferred using the program
alter their biogeographic distribution and abundance through bloomFastOrtho in combination with a reciprocal best BLAST match. To
cycles. Our previous work uncovered that Salpa thompsoni genomesdentify genes showing differential signatures of selection, dN/dS
like those of other tunicates, are evolving at higher rates than otheratios were calculated by comparing species exhibiting target traits
chordates. Further research will focus on completion of a (brooding or vertical transmission) with their closest divergent-trait
comprehensive reference genome for the Antarctic salp to aid in theelative (broadcast spawning or horizontal transmission). Purifying
identification of genes and gene networks that may be subject teselection (i.e. dN/dS ratios<1) was more prevalent than positive
positive selection (i.e. evolving at elevated rates) and showselection (dN/dS ratios>1), but preliminary results highlight
differential response to environmental changes. Additionally, we will candidate genes involved in the process of cilium assembly as being
look at novel small RNAs that reflect unique regulatory mechanismshighly conserved among coral species exhibiting transovarial vertical
and developmental processes. Completion of a reference Salp&ransmission of symbionts.

thompsoni genome assembly will provide a valuable foundational

resource for researchers seeking to understand the dynamics of the

Southern Ocean pelagic food web and potential responses of this

ecosystem to climate change.
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P3-187 DOBKOWSKI, KA*; KOBELT, J; CROFTS, SB; 135-4 DOMINGUEZ, SA*; RYAN, DS; NIGAM, N; WAKELING,
DETHIER, MN; University of Washington/Friday Harbor Labs, JM; Simon Fraser University, Burnaby, BC; domingue@sfu.ca
Montclair State University, University of lllinois - Unsteady Nonlinear Elasticity Modelling Skeletal Muscle in 3D
Urbana-Champaign; kdobkows@uw.edu In this presentation we introduce a fully dynamic model to describe
Juvenile Clam Failure Across Ontogeny cyclical contraction of skeletal muscle as a 3D tissue using the finite

Top-down control by consumers helps regulate prey populations angtlement method (FEM). As a point to start, a quasi-static model was
thereby structure communities. Small shore crabs (genusdeveloped to answer some basic questions about the force output as a
Hemigrapsus), usually not considered to be significant predatorsfunction of the length of fibres in muscles, their curvature and
may contribute to very high field mortality of newly settled clam spat deformation during contraction. We considered three different
before the baby bivalves achieve a size refuge from crushing. Weissues: muscle, tendon and aponeurosis. In addition to these tissues,
used a Materials Testing System (MTS) to compare the peak load (Nyve also considered a base material (or base component). This
required for crushing (shell failure) of small clams of different material captures the mechanical properties of other tissues and fluids
species, including Manila (Venerupis), softshell (Mya), and the within and surrounding the fibres. This previous model does not
invasive Varnish (Nuttallia) clams, across an ontogenetic range ofinclude velocity, acceleration and mass and so this features were
sizes (2 to 19 mm length). For each individual clam, we measuredmplemented into the fully 3D dynamic model. Now this allows the
shell length, width, and thickness and recorded the peak load (N) atvork-loop behaviour to be determined for the whole muscle
which the shell failed. We also compared the effects on crushingcontractions.

force required for clams grown for a year in the field with and

without oyster shell pieces added to the sediment to locally buffer

pH. We found that the peak load vs. length scaled allometrically for

Varnish and Manila clams, and isometrically for softshell clams. The

force required for crushing (indicated by the intercept of the

allometric line) also varied among the clam species. We also looked

at morphological scaling of shell thickness vs. length and found the

scaling to be similar among species. We did not find a difference in

the scaling relationship for clams grown with and without added shell

but we did find a difference in force to fail, with control clams grown

in plain sediment withstanding more force, contrary to what would be

expected if there was a pH buffering effect of shell addition. These

results, when combined with Hemigrapsus feeding trials, will

provide a better understanding of size refugia for very small clams

and of predator-prey interactions across ontogeny.

134-2 DONATELLI, CM*; PORTER, ME; SUMMERS, AP; 63-6 DONG, E M *; ALLISON, W T; University of Alberta;

TYTELL, ED; Tufts University, Florida Atlantic University, edong@ualberta.ca

University of Washington; cassandra.donatelli@gmail.com Exploring the Evolutionary Origins of Vertebrate Vision in the

The relationship of vertebral column morphology to body Degenerating Eye of Pacific Hagfish.

mechanics and 3D kinematics of elongate fishes. The eye is a precise and complex organ which has remained

The elongate fish body form and anguilliform swimming mode remarkably conserved despite changes in morphology as vertebrate
evolved many times across taxa, suggesting a benefit fromlineages adapted to diverging life histories. The same distinguishing
combining the two. In addition to the well studied 2D bending wave, eye characteristics found in humans are also found in zebrafish and
some elongate fish twist about the long axis, producing a 3D wave ofamprey, implying that our eye (as it first arose) has remained nearly
motion. Despite similar body plans and 2D swimming mode, the 3Dunchanged since at least the time that lamprey diverged, nearly 500
wave varies across species. Some characteristics of vertebrahillion years ago. Though development and structure have been well
anatomy may dictate parameters of the 3D wave. We comparediefined across vertebrates, our understanding of how the eye evolved
vertebral structure to swimming behavior in eight elongate fish remains poorly understood. Pacific hagfish (Eptatretus stoutii ) are in
species. Using CT scans, we measured parameters including centthe unique position of straddling the boundary between eyed
angle and diameter along the body. We found that centra angle igertebrates and non-eyed chordates. Likewise, their eyes are difficult
deep anteriorly (70-85 deg) and shallow posteriorly (50-65 deg) forto categorize as they lack many of the diagnostic features shared by
all species. Centra diameter is large at the head (0.009-0.013 BL) andertebrates including a lens, ocular musculature, and a 3-layered
small at the tail (0.005-0.007) for most species. We then used 3Dretina. These relatively simple features lead us to question: is the
printed parts (vertebrae) and cast polymer (intervertebral joint) tohagdfish eye representative of a transitional species in the evolution of
construct physical models based on these measurements. Modelertebrate eyes, or is it degenerate? We hypothesize that the lack of
were bent and twisted on a material testing system to determin@bservable vertebrate-like organization in the adult hagfish retina
effect of morphology on stiffness of the joints. Centra diameter is themay be due to a degeneration or re-distribution of retinal cell types
best predictor of stiffness with larger diameters requiring less force toduring maturation and growth. Preliminary evidence suggests that
deform. We compared these data to mechanical tests done on fisfuvenile hagfish show layering of the retina that more closely
and found that morphology may play a role in the mechanics of someesembles that of vertebrates in comparison with adults. Using
species but not others. For example, the Penpoint Gunnel has RNAseq, protein and gene expression assays, this project aims to
relatively constant centra diameter (0.0085 BL) from head to tail, andfurther explore retinal cell-types and their organization within the
torsional stiffness is also constant (0.0005 Nm/rad). In contrast, thehagfish retina in order to better interpret their morphology in the
Black Prickleback has one of the largest decreasing gradients irgreater context of vertebrate eye evolution. We will capture any
centra diameter (0.012 - 0.008 BL) down the body, yet torsional characters that aid us in revealing the hagfish eye as degenerate or
stiffness still remains relatively constant (0.0005 Nm/rad). There isancestral, allowing us to place the hagfish in the context of the
no clear trend between vertebral morphology and 3D kinematics,evolution of the vertebrate eye.

which may suggest an alternative mechanism for 3D control.
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63-5 DONOHUE, MW*; COHEN, J; VALDEZ-LOPEZ, JC; 124-7 DOUGAN, KE*; RODRIGUEZ-LANETTY, M; Florida
CRONIN, TW; University of Maryland Baltimore County, International University; katherine.e.dougan@gmail.com

University of Delaware; willard3@umbc.edu Comparative Transcriptomics Reveals Extensive Diversity of

A Lesson from the Mind's 'Eye": Cerebral Photoreception in Insulin-like Peptides in Corals

Mantis Shrimp Insulin is an evolutionarily important hormone with diverse roles in

The uncommonly complex eyes of stomatopod crustaceans, or mantimetabolism, cellular growth, development, and longevity in
shrimp, feature unique anatomical and physiological features that arenetazoans. While the pleiotropic roles of the insulin pathway are
thought to illustrate visual adaptations. Gonodactyloid mantis shrimpbelieved to have evolved early on within Metazoa, little is known
eyes have six equatorial midband rows and four spectral types o&bout its structure and function in non-bilaterians. Putative
filters to detect the variety of light stimuli in their shallow coral reef insulin-like peptides and their corresponding receptors have been
habitats. On the other hand, most squilloid mantis shrimp areidentified in just a few species of the non-bilaterian phyla Placozoa,
associated with darker light environments, have only two midbandCtenophora, Porifera, and Cnidaria. However, the potential function
rows, and lack filters altogether. In addition to their unique of the insulin pathway in symbiosis regulation and/or stress response
anatomical specializations, mantis shrimp eyes contain the largesare of particular significance in Cnidarians due to the economic and
diversity of light-sensitive visual pigments known for animals. We ecological importance of reef-building corals. We performed a
now describe a photosensitive ventral eye associated with theomparative transcriptomics analysis on 90 Cnidarian transcriptomes
cerebral ganglion, or brain, in a gonodactyloid mantis shrimp including 64 Anthozoan, 15 Hydrozoan, 5 Scyphozoan, 3 Cubozoan,
(Neogonodactylus oerstedii), which is the first direct evidence ofand 3 Myxosporean transcriptomes. A further 37 of the 64
extraocular photoreception in mantis shrimp. In this gonodactyloid, Anthozoan transcriptomes were from the class Scleractinia, which
transcripts that could encode middle- and long-wavelength-sensitiveencompasses the major reef-building corals. We investigate the
opsins (the protein component of visual pigments) are expressed iphylogenetic placement of the identified Cnidarian insulin-like
the ventral eye and in several additional neuropils, where they mayeptides and their receptors within Metazoa. Further, we characterize
be involved in circadian photoentrainment, shelter-seeking behaviorstheir structure and evaluate their diversity throughout the different
multisensory integration, or other functions. In a squilloid mantis Classes within Cnidaria. This study greatly expands our
shrimp (Squilla empusa), we also observe a well-defined ventral eyainderstanding of not only the prevalence but also the diversity of
and several extra-retinally expressed opsin transcripts, suggestin@sulin-like peptides and their receptor within Cnidaria.

that mantis shrimps inhabiting different light environments and with

differing eye complexities are similarly equipped with extraocular

photoreceptors.

3-4 DOUGHERTY, LF*; LI, J; BROECKLING, CD; University of 87-4 DOW, EG*; RODRIGUEZ-LANETTY, M; Florida

Colorado, Boulder, Colorado State University, Fort Collins; International University; edow002@fiu.edu
lindsey.dougherty@colorado.edu A CNIDARIAN-SPECIFIC IONOTROPIC GLUTAMATE
Chemical defenses in the bivalve family Limidae RECEPTOR LINEAGE FUNCTIONAL IMMUNE RESPONSE

One of the driving forces of marine biodiversity is predation Cnidarians perceive their environment and respond through the
pressure. The marine bivalve family Limidae is an ideal study systeminnate immune system by recognizing ligands and molecular patterns
to address this topic. Members of this family have evolved numeroughat send signals to trigger immune physiological responses.
means of predator defenses, including aposematism (warningdlranscriptional evidence underlying immune priming by recurrent
coloration), flashing displays, tentacle autotomy, and escapebacterial challenges within the anemone, Exaiptasia pallida,
swimming. To further characterize defense mechanisms in thisidentified an ionotropic glutamate receptor (iGIuR) as a highly
family, chemical defenses in the genus Ctenoides were examinedp-regulated protein among immune challenged anemones. iGIuRs
through behavioral studies and metabolomics. Potential predators ofre transmembrane ion channels involved in chemo-sensing and in
Ctenoides were exposed to external (tentacles, mantle) and internalants implicated in sensing pathogen- and damage-associated
(adductor muscles) bivalve tissues to conduct food choice trials.molecular patterns (PAMPs, DAMPSs) that act together for hosts to
Predators actively avoided external tissues, including removing thendifferentiate pathogenic-damaging microbes from beneficial or
from burrows. Comparative metabolomics analysis was conductecharmless microbes. E. pallida iGIuR ligand-binding domain indicates
using reverse phase ultra-high pressure liquid chromatographythese iGIuRs are not specific to classical synaptic-involved NMDA,
(UHPLC) coupled to time of flight (TOF) mass spectrometry (MS) to kainate, or AMPA ligands. Those findings support the hypothesis
evaluate chemical compounds present in potentially distastefulthat E. pallida iGIuRs belong to a cnidarian-specific expansion
tissues versus edible tissues. The analysis revealed that distastefulithin the phylogeny of iGIuRs, and retained molecular
and edible tissues have significantly different chemical compositions.characteristics to respond to chemical stimuli. Based on this, we
Over 1400 chemical compounds were detected in the two types opostulate that iGIuRs may mediate PAMP-triggered immunity via
bivalve tissues, among which nearly 600 have significantly highercalcium channels by pattern-recognition particles. We tested this
concentrations in distasteful tissues. These compounds includethypothesis by measuring iGIuR expression response profiles to
many peptides, which may potentially be responsible for the sub-lethal bacterial challenges. Challenging E. pallida anemones
chemical defenses in Ctenoides. Future work also aims to utilizewith the bacterium V. coralliilyticus had a more significant affect on
comparative phylogenetics to develop a complete understanding oéxpression patterns than S. marcescens. Some iGluRs displayed
the evolution of defenses within Limidae. cyclic gene expression profiles, which has prompted further
exploration into diel rhythmicity of expression of cnidarian
chemosensory genes. Previous studies have shown a good number of
genes in cnidarians seem to be regulated under circadian rhythm.
These findings provide further functional analysis to understand the
role of cnidarian iGluRs.
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112-4 DRAKE, JL*; WHITELEGGE, JP; JACOBS, DK; University =~ P2-255 DRISCOLL, RMH*; HURD, PL; RENN, SCP; Reed

of California, Los Angeles; jeanadrake@eeb.ucla.edu College, Portland OR, Univ. Alberta, Edmonton, AB, CA;
Using data mining and mass spectrometry sequencing to derive a  rosdrisc@reed.edu
consensus coral ‘biomineralization toolkit' Evidence for differential aromatase gene promoter methylation in a

Stony coral skeletal proteins, termed the ‘biomineralization toolkit', cichlid with pH-influenced sex determination

control mineral formation and modify the mineralization milieu. To The sex determination mechanism of most species has evolved to
date, three coral skeletal proteomes have been sequenced, buotaintain a 50:50 sex ratio, but an even mix of males and females in
genomic and transcriptomic data are available for many more corakvery brood is not required. The Charnov-Bull model predicts that
species. In this study, we used a publicly available comprehensiveenvironmental sex determination should be selected for when early
protein reference database derived from genomic and transcriptomitife environmental conditions differentially impact males and
data from 25 Cnidaria, including 20 stony, to understand thefemales. In the African cichlid fish Pelvicachromis pulcher, sex
evolution of coral skeletal proteins. We supplemented this with determination is influenced by water pH during the first 30 days of
recently published databases focusing on individual protein families.life, producing a male bias at lower (acidic) pH and a female bias at
We also used liquid chromatography tandem mass spectrometryeutral pH. pH also impacts ratios of the two common male morphs,
(LC-MS/MS) to sequence skeletal proteins from three stony coralswhich differ in color and reproductive behavior. Methylation of the
obtained from the Natural History Museum of Los Angeles, Fungia gonadal aromatase gene (cypl9alA) has been linked with
scutaria, Pocillopora damicornis, and Porites lobata. Our temperature sex determination in other teleost species, but has not
phylogenetic analysis of publically available coral skeletal protein previously been investigated as a mechanism for pH dependent sex
sequences suggests that one of the three classes of highly aciddetermination. We report that methylation of the cyp19alA promoter
skeletal proteins, SAARP2-like, evolved in complex corals after the differs between fish raised in acidic and neutral conditions, consistent
robust-complex split ~240 Ma. In contrast, the highly acidic with a role in pH sex determination. In addition, we report on
CARP4/SAARP1-like and acidic SOMP-like proteins are found tissue-specific methylation exhibited by the cyp19alA gene promoter
across Scleractinia. We also show that, although corals produce margs well as the brain aromatase (cyp19alB) gene promoter.

kinds of cadherins, only one, a type-lll classical cadherin, is retained

in coral skeleton. Finally, our in silico analysis reveals that skeletal

carbonic anhydrase is quite divergent among corals. Our skeletal

protein sequencing supports our phylogenetic analyses and doubles

the Scleractinian genera from which such sequences have been

determined. As a complete unit, our study reveals both where the

‘biomineralization toolkit' shows consensus across Scleractinia and

where clades have evolved alternative proteins.

P3-202 DRUPA, SA*; LORDAN, EJ; Loudoun County High 99-1 DUBACK, VE; THOMAS, RI; HUYCK, TL; MBARANI, IM;
School; smith@burkinc.com BERNIER, KR; COOK, GM; PANKEY, MS; WATSON, WH;
Hot Bog: The adaptation of Daphnia magna to near-lethal NEWCOMB, JM*; University of New Hampshire, New England
temperatures College; jnewcomb@nec.edu

Over the next century, the global temperature could rise by 0.2 toLocalization and Expression of Circadian Clock Transcripts in the
4.3°C, warming oceans and putting many species at risk. DaphniaBrain of the Nudibranch Melibe leonina

magna is a branchiopod crustacean in the order Cladocera and iShe nudibranch, Melibe leonina, expresses a circadian rhythm of
commonly known as the water flea It lives in ponds and lakes over docomotion, and we recently determined the sequence of multiple
wide range of temperatures (19-33°C ). In this experiment, we arecircadian clock transcripts that may play a role in controlling these
testing the upper lethal temperature tolerance of D. magna in cultureslaily patterns of behavior. In this study, we used this information to
by subjecting them to near-lethal temperatures (32°C) for a period ohelp us: 1) identify putative clock neurons using fluorescent in situ
12 hours using an incubator. This promotes sexual reproduction, thehybridization (FISH); and 2) determine if there is daily expression of
we allow the culture to return to 22°C over a period of an hour andclock transcripts in the Melibe brain using quantitative PCR. FISH
remain so for 34 hours. During this period, the fertilized eggs hatch.indicated the localization of the clock-related transcripts clock,
The eggs hatch much more slowly in near-lethal temperatures and angeriod, and photoreceptive and non-photoreceptive cryptochrome (p-
far more likely to die quickly after hatching, so a period of rest was and np-cry) in two bilateral neurons in each cerebropleural ganglion
necessary to promote growth. During the next cycle of near-lethaland a group of >6 neurons in the anterolateral region of each pedal
temperatures these juvenile D. magna will be exposed to the samganglion. Double-label experiments confirmed colocalization of all
near-lethal temperatures. We randomly selected five groups of fivefour clock transcripts with each other. Quantitative PCR
D. magna from the original culture and each group was subjected talemonstrated that period, p-cry and np-cry exhibited a significant
the same experiment as above. We subjected separate groups of Difference in expression levels over 24 hours, while differential
magna to varying lengths with one day, three days, five days, oneexpression of clock transcripts was just under the significance
week, and two weeks of this cycle between 32°-22°C. At the end othreshold. These data suggest that the putative circadian clock in
the experiment, D. magna was tested in water temperatures that hadelibe consists of a small number of identifiable neurons that
been lethal to the group with no acclimation. Once all D. magna wereexpress circadian genes with a daily rhythm.

immotile the temperature was held steady. If all D. magna remained

immotile for 30 minutes, the temperature was recorded as the lethal

temperature. Over the course of the experiment, we found that the

amount of time allowed for acclimation had no effect on the lethal

temperature tolerance of the Daphnia magna In the future, we would

like to test a much longer period of acclimation to produce a more

realistic pressure on the water fleas.
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P1-232 DUDDLESTON, KD*; CARLSON, KM; GERING, SM; P2-264 DUELL, ME; Arizona State University; meduell@asu.edu
BUCK, CL; Univ. Alaska Anchorage, Northern Arizona Univ.; Size or skill? Learning abilities conserved in miniaturized stingless
knduddleston@alaska.edu bees

Reusing is Recycling: Ureolytic Microbes and Urea Nitrogen Body size miniaturization, occurring when species evolve small size
Salvage in Mammalian Hibernation compared to ancestors, may cause unique constraints on body form

Arctic ground squirrels (AGS) are hibernation extremophiles, and function. This evolutionary trajectory means that some tissues,
spending up to 9 months annually in torpor, subsisting onand possibly functions, must be economized or eliminated. Despite
endogenous body reserves of lipid and protein. Urea-nitrogen salvagthis, small body size and miniaturization are common. Small animals
(UNS)---the diffusion of urea into the gut, its degradation by across taxa have large brains proportional to their body size (Haller's
ureolytic gut microbes, and the subsequent incorporation ofrule). The reasons behind this trend and its effects on behavior are
microbially-liberated urea-N (MLUN) by the host---is posited as an not known, but it is possible that Haller's rule allows for small
important N-conservation mechanism of hibernators; however, littleanimals to maintain behavioral function in the face of greater
is known about the extent to which MLUN contributes to host competition and predation risks. In this study, | tested the visual
synthetic processes, the identity, number or activity of ureolytic learning abilities of 10 species of stingless bees ranging in body size
microbes in the gut, or how these aspects change seasonallfrom 1.5-115mg in order to determine whether small and
Therefore, we injected squirrels with either unlabeled or miniaturized species are behaviorally limited due to their size and
15N/13C-labeled urea periodically across their annual ¢ cle Thewhether having proportionally larger brains allows compensation for
magnitude of gut ureolysis was assessed via quantificati any limitations. | used a y-maze test with black and white visual
in breath. To determine host use of MLUN, tissues were collected forpatterns that varied by spatial frequency. A sucrose reward was
analysis of 8°N. Cecal samples were collected to enumerate paired with a specific pattern. After introduction to the maze and
ureolytic microbes and determine expression of urease genes, antsk, pattern locations were switched. Bees were scored on the ability
fecal and cecal samples were collected to isolate and characteriz® choose the correct pattern in 10 bouts. Next they were tested on
ureolytic bacteria. Enrichment %CO, in breath indicates active how many trials were needed to choose the correct pattern 10
ureolytic bacteria in the gut in both hibernation and summer consecutive times. Small stingless bee species performed similarly to
euthermia, and several taxonomically diverse ureolytic bacteria werdarger species in both tests, sometimes with greater speed. In order to
isolated and identified. We further analyzed tissues & dand control for differences in the visual system, | measured eye size,
enumerated ureolytic bacteria and expression of urease genes in tlmnmatidial size and number, and interommatidial angles. Smaller
gut. Our results indicate that AGS contain a diversity of ureog\tlic gut bee species had slightly larger eyes in proportion to their body size,
bacteria that are active across the annual cycle. Differencé®Nn & but they had smaller and fewer ommatidia (worse vision). Together,
of control vs experimental AGS will show the degree to which AGS these data suggest that smaller stingless bee species are not
incorporate MLUN, results that hold the potential to show the behaviorally limited due to size. The maintenance of behavior in
importance of UNS in lean mass restructuring during hibernation. ~ small animals may explain the common occurrence of
miniaturization across taxa.

P3-205 DUFFY, JL*; WATSON, CM; Midwestern State University; P1-241 DULAL, D*; O'BRIEN, S; Radford University;

jessica.lynnifer@yahoo.com ddulal@radford.edu

Does differences in toepad and claw morphology among Effects of Nonylphenol on Behavior, Development, and
Mediterranean House Gecko (Hemidactylus turcicus) populations  Morphology of Gambusia holbrooki.

correspond to properties of their substrate? Endocrine disrupting chemicals (EDCs) are synthetically produced

Morphological changes can occur rapidly in populations when chemicals that interfere with naturally produced hormones by
exposed to new or more intense selective pressures. One instance iohibiting or exciting the normal functions of the endocrine system.
acute exposure is the introduction of non-native species into newNonylphenol (NP) has been associated with high mortality and
habitats. While the addition of a non-native species can havelifelong abnormalities, but is currently under-studied (Tanaka &
profound effects on natives, there can also be large impacts on th&rizzle, 2002). NP is an estrogen mimic and has been used for the
invader itself. The Mediterranean House Gecko, Hemidactylusproduction of plastics, pesticides, and cleaning products (detergents).
turcicus, is native to Southern Europe and Northern Africa and hasAs a result of Increase in production of NP, the safety limit of NP,
spread throughout the world as resilient invader. Throughout its7.0 pg/l, in the aquatic system is often breached (EPA, 2010, p.4).
evolutionary history, it naturally inhabited rock faces and cracks butPrevious studied on Virginian rivers have demonstrated that more
now also thrives on human-made walls and other structures. Sincéhan 10% of rivers across Virginia has exceeded 10 pg/l of NP
these structures are often made of different materials and the geck@Ackermann et. al., 2002, p.204). Reduced hatching rates, inhibition
relies on lamellar toepads and claws to adhere to vertical structureqf oogenesis in females and testicular tissues in males, hormonal
we compared toepad area and claw length among four isolatedmbalance, and behavioral abnormalities have been documented
populations with different substrate properties. In the coming year,(Schwaiger et. al., 2002, p.182). Our project, using the Gambusia
we hope to expand the dataset and include population-level analysdsolbrooki (mosquitofish) model, explored sub-lethal effects of high
to better understand this phenomenon in a broader context. (500 ppb), medium (100 ppb) and low (10 ppb) ecologically relevant
doses of NP. Here we elucidate the impact of NP exposure on fish
morphology, development, and behavior.
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P1-93 DUMAR, ZD*; LEYS, SP; University of Alberta; P3-27 DUNCAN, AB*; BRANDLEY, NC; SALAZAR, BA;
dumar@ualberta.ca Colorado College; alex.duncan@coloradocollege.edu
D-aspartate proposed to modulate the inflation-contraction Visual Acuity Across Grasshoppers: Do Body Size and Behavior
response in the sponge Ephydatia muelleri Matter?

All animals must coordinate multiple different cell types in response Visual acuity, the ability to resolve fine spatial details, can vary
to environmental stimuli. Rapid responses to environmental stimulidramatically between closely related species. Body-size, behavior,
in eumetazoans are performed by the nervous and neuroendocrinecology, and sex are all factors that may influence an animal's visual
systems. However, poriferans lack nerves and so must use otheacuity. Although many studies have examined visual acuity in
coordination mechanisms. The demosponge Ephydatia muelleri usemsects, knowledge of grasshopper visual acuity is mostly limited to
the local secretion of a variety of small molecules to coordinateone species. Here, we examine the visual acuity of nine grasshopper
responses of tissues. One major response coordinated by smaspecies using a radius of curvature estimation (RCE) technique. With
molecules is the inflation-contraction response to rid the sponge othis data, we explore two common drivers of acuity: size and
irritants that may interfere with water filtration. A previous study behavior. Although length in these species ranges from 25-73mm, no
found that glutamate triggers contractions that propagate throughouinterspecific relationship between size and acuity is fourid.@S;

the body of E. muelleri. The same study detected D-aspartate withipp=0.18). To explore if behavior may influence acuity in

E. muelleri. In eumetazoans D-aspartate is known as agrasshoppers, we compare band-winged grasshoppers (subfamily
neurotransmitter and modulator of reproductive functions, but its Oedipodinae) to non-band-winged grasshoppers. Band-winged
signaling role within E. muelleri is currently unknown. We grasshoppers are characterized by their colorfully patterned
hypothesize that D-aspartate is used, like glutamate, to propagate th@ndwings, which may function as a visual signal for mating, making
inflation-contraction response along tissues in E. muelleri. We will them likely to have finer visual acuity than grasshoppers without
first examine E. muelleri transcriptome data to verify if the sponge visual signals. Despite their colorful appearance, band-winged
produces transcripts for enzymes necessary in the biosynthesis afrasshoppers typically had coarser spatial vision than expected. This
D-aspartate. Then we will determine the effect of the application ofstudy furthers the exploration of relationships between visual
exogenous D-aspartate on E. muelleri individuals in which systems, behavior, and morphology.

inflation-contraction is induced. Finally, in-silico analyses on E.

muelleri enzymes involved in the synthesis or degradation of

D-aspartate will be used to select compounds that are most likely to

inhibit these enzymes. The effect of these compounds on E. muelleri

inflation-contraction will then be evaluated. This study will provide

insights into the signaling toolkits used by sponges to respond to the

selective pressure of avoiding clogging the filter.

P3-60 DUNCHEON, EJ*; HOPPER, LM; ALLEN, HC; P2-155 DUNCKEL, K*; JUGAN, J; CHAMBERS, DL; Saint Mary's
CHAMPAGNE, AM; University of Southern Indiana, The Ohio College of California; kdd3@stmarys-ca.edu

State University ; ejJduncheon@eagles.usi.edu Impact of Community Dynamics on Osmobiosis in Tardigrades
Disordered Skin Lipids Increase Cutaneous Water Loss in Pigeons (Phylum Tardigrada)

at High Temperatures The call for research primed at disentangling the complexities

As ambient temperature (Y increases, many animals increase total between an organism's ecology and physiology in relation to
evaporative water loss (TEWL) to maintain a constant body community dynamics have largely centered on vertebrate stress.
temperature. In Passerine birds, the increase in TEWL is mainlyWhile such investigations are invaluable for conservation efforts,
attributed to an increase in respiratory water loss, whereas water loshvertebrates also experience physiological stress and are keystone
through the skin as cutaneous water loss (CWL) increases onlyaxa of any system they inhabit. Yet, there is a surprising
modestly. However, pigeons and doves (Columbidae) exhibit aninvestigatory void in the physiological stress literature in
opposite trend, greatly increasing CWL with only a small increase ininvertebrates compared to vertebrates. Tardigrades (water bears) are
respiratory water loss. The unique ability of pigeons and doves tofascinating models for investigating invertebrate stress physiology.
greatly increase CWL at high,Tmay be attributed to the inherent They are renowned for their ability to survive extreme stressful
thermal properties of the skin barrier. In birds, the barrier to CWL is events by entering into cryptobiosis, or a prolonged ametabolic
the stratum corneum (SC), the outermost layer of skin comprised ofesponse to sub-optimal environmental conditions. Cryptobiosis can
dead cells called corneocytes embedded in a matrix of lipids packedake on many forms, with osmobiosis (ametabolic response due to
together in layers called lamellae. The ability of lipid molecules to change in ion content) being one of the least understood. We
pack tightly together in an ordered arrangement determines thenvestigated osmobiosis in wild-caught heterotardigrades
permeability of the SC to water and thus CWL. We measured the(Echiniscidae) from Contra Costa County, California. More
CWL of pigeons (Columba livia) at 25, 30, 35, 40, and 45° C. We specifically, we sought to determine 1) the impact of increasing water
then isolated the SC and used Fourier transform infraredion content on cryptobiosis and reanimation, and 2) the role of
spectroscopy to assess lipid ordering and phase state at the samemmunity composition (presence of moss substrate and rotifers,
temperatures. Our results indicate that CWL in pigeons increases asommon food sources for most tardigrades) on reanimation from
T, increases, and this increase is associated with a concurrentryptobiotic conditions. Results from our study will add baseline data
increase in lipid disorder. Furthermore, lipids in pigeon SC undergo ato tardigrade stress physiology in relation to potential community
greater increase in disorder than Passerine birds, further supportindynamics as a driving force for reanimation.

the hypothesis that thermal properties of skin lipids determine an

organism's physiological response to increased T
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P2-141 DUNN, PO*; WHITTINGHAM, LA; Univ. of Wisconsin - P2-258 DUNNING, JL; MAZE, SE; ATWOOD, EJ; MURPHY, KK;
Milwaukee; pdunn@uwm.edu PRATHER, JF*; Univ. Wyoming; jprathe2@uwyo.edu

Effects of Changing Wind Speed on the Breeding Success of an Neural Pathways Linking Sensory and Motor Brain Regions in
Aerial Insectivore Female Songbirds

Climate change is often thought of in terms of increasing Females of many species use male courtship displays as a proxy of
temperatures, however, wind speed is also changing. Surface winthale fitness to inform decisions of mate choice. Studies of female
speeds have decreased in the Northern Hemisphere over the past 88sponses to song have implicated specific auditory cortical regions,
years, but little is known about how this impacts wildlife. In this such as the caudal mesopallium (CM), in female mate preferences.
study we examined the effect of changing wind speed on theHere we used an anterograde neural tracer to examine the projections
abundance of flying insects and the subsequent effects on thérom CM in female Bengalese finches (Lonchura striata). Our results
breeding success of tree swallows, which are aerial insectivores. Weeveal a novel projection from CM to the robust nucleus of the
analyzed data collected on wind speed, flying insect abundance andrcopallium (RA) as well as a region we suspect to be the ventral
swallow reproductive success over 21 years (1997-2017) at thentermediate arcopallium (AlV). These projections may enable CM
University of Wisconsin-Milwaukee Field Station in southeast to influence brain regions implicated in female courtship behaviors.
Wisconsin. We found that cumulative wind speed during the In zebra finches, AlV projects to the ascending auditory stream,
breeding season has decreased over the past 21 years. Lower wimdhich in turn projects to the mediobasal hypothalamus (MBH), a
speed was associated with greater insect biomass, earlier egg layimggion associated with female copulatory displays. In female
and heavier nestlings. Thus, wind speed is decreasing at this locatioBengalese finches, RA projects to the dorsomedial nucleus of the
and it is affecting the timing of breeding and potentially the intercollicular complex (DM), a site necessary for female call
reproductive success of tree swallows. production. In addition, DM has recently been shown to project to the
cloaca via the respiratory premotor nucleus retroambigualis (RAm).
Together, these data reveal pathways through which CM may
influence displays and calls in response to preferred song(s). To
address the functionality of projections emanating from CM in
driving female courtship behaviors, we have begun using an
adeno-associated virus encoding the channelrhodopsin protein
(ChR2) to selectively and reversibly manipulate CM neurons as
female songbirds are engaged in evaluation of song quality. In
ongoing experiments, we are testing the prediction that optically
induced changes in CM activity while females are listening to song
will induce changes in female courtship behaviors.

P1-66 DUQUE, FG*; RODRIGUEZ-SALTOS, CA; CARRUTH, L; 117-1 DUTEL, H.*; SHARP, A.C.; GRONING, F.; SELLES DE

WILCZYNSKI, W; Georgia State Univ., Emory Univ.; LUCAS, V.; WATSON, P.J.; EVANS, S.E.; FAGAN, M.J.;
fduquel@student.gsu.edu University of Hull, Hull, University College London, London,
High-frequency vocalizations and habitat acoustics in Andean University of Aberdeen, Aberdeen; h.dutel@hull.ac.uk
hummingbirds The role of soft tissues in the skull biomechanics of two lizards

Species' vocalizations are often tuned to the acoustic features of theifhe skulls of many lizards form an open framework of bars and
habitats to facilitate effective communication. We investigated the openings, which differ radically from the shell-like, bony skull of
relationship between spectral characteristics of calls and habitat noismammals. These morphological differences have biomechanical
in some species of Andean hummingbirds which produceimplications. In lizards, strains are generally significantly higher than
high-frequency vocalizations and live in cloud forest and those of mammals, with less variation between anterior and posterior
high-altitude grasslands. We tested the hypothesis thatskull regions. The lightly-built, more flexible skulls of lizards are
high-frequency vocalizations represent adaptations to avoid signahlso supported by more extensive soft tissues than the mammalian
masking generated by ambient noise. The Buff-tailed coronetskull, such as sheets of fascia over temporal openings, and thick
(Boissonneaua flavescens), Speckled hummingbird (Adelomyiapalatal fascia in the oral cavity. Yet, the role of these tissues has been
melanogenys), and Violet-tailed sylph (Aglaiocercus coelestis) live inlittle studied in lizards, despite their likely impact on the strain
the cloud forest and produce vocalizations with high frequenciesregime of the skull. For instance, the palatal fascia might allow for
(FF=9.046 kHz, FF=10.716 kHz, and FF=11.935 kHz, respectively), the strains to be dissipated from the snout through the palate to the
compared to other hummingbirds. Environmental noise there occurgostorbital skull, hence reducing peak strains over the thin bones of
in a frequency range between 3-9 kHz in which most other birds singthe palate. Using the lizard species Salvator merianae and Varanus
and another range from 12.5-15 kHz generated mostly by insectsornatus as model organisms, we explore the biomechanical
This suggests that these cloud-forest hummingbirds vocalize at higtsignificance of these structures by employing 3D computer-based
frequencies to benefit from a ‘noise-free' window in their mechanical simulations based on detailed muscle dissections, and in
environmental acoustics. Meanwhile, the Ecuadorian Hillstar vivo data. First, we simulated muscle activity and joint-reaction
(Oreotrochilus chimborazo) lives in high-altitude grasslands and forces during biting using Multibody Dynamics Analysis. Next, the
produces a song with even higher frequencies (FF=14.189 kHz); irforces calculated from these models were used as an input for Finite
this habitat, however, the ambient noise, typically generated by wind Element Analysis, to investigate and compare the strains of the skull
occurs largely below 5 kHz. Our findings suggest that avoidance ofin these two species. The role of structures, such as the palatal fascia,
signal masking may contribute to the presence of high-frequencyquadratojugal ligament and post-orbital ligament/bar is investigated
vocalizations in the cloud-forest hummingbird species, while otherand compared between Salvator and Varanus. In a broader context,
factors may account for the occurrence of the very high-frequencythese results will serve to determine the relative significance of
song in the Hillstar. different soft tissues in reptiles versus mammals.

January 3-7, 2018, San Francisco, CA 103



SICB 2018 Annual Meeting Abstracts

65-7 DUTTA, B*; MONAENKOVA, D; GOODISMAN, M D; P2-118 DWIVEDI, V*; TRIPATHI, C; MISHRA, H; KHURANA,
GOLDMAN, D I; Georgia Institute of Technology; H; LAL, R; DYAL SINGH COLLEGE, UNIVERSITY OF DELHI,
bahnisikha3474@gmail.com INDIA, UNIVERSITY OF DELHI, INDIA;

Prey and mound disassembly, manipulation and transport by fire dwivedivatsala@gmail.com

ant collectives Comparative Genomics of Thermus spp. and Enzymatic Potential

Social insects work collectively to complete tasks; in many situationsof Thermus parvatiensis , Isolated from a Hot Water Spring
individuals can approach a task using different behaviors. ForLocated Atop the Himalayan Ranges, India
example, fire ants (S. invicta ) which inhabit subterranean nestsThermus parvatiensis strain RL was isolated from a hot water spring
covered by a hemispherical mound of soil permeated by narrow (~1(90°C to 98C) located in the Himalayan ranges at Manikaran, India.
body length wide tunnels) can engulf soft-bodied prey via Its genome was sequenced by using Roche 454 GS (FLX Titanium)
manipulation of the prey, the mound, or both. Given that each ant casystem and PacBio RSIl SMRT sequencing. The draft sequence of
perform such manipulations and transport, how does the collectiveThermus parvatiensis RL represents a genome size of ~2 Mb.
decide which approach to take? Laboratory housed fire ant colonie®\nnotation revealed a high number of repair genes, a squeezed
were offered diverse prey embedded with lead markers, includinggenome but containing highly plastic plasmid with transposases,
mealworms, crickets and shrimp. Ant-prey-soil interactions on theintegrases and mobile elements which have proved their role in
nest surface were recorded using overhead video and subsurfaderizontal gene transfer. In order to highlight the genome structure
using x-ray imaging. Mealworms were collectively carried intact complexity of members of the genus Thermus, we undertook a
into the mound through a tunnel, and then disassembled within the comparative genomic study with Thermus parvatiensis as reference
mound; shrimp was dismantled into small pieces above the surfacewith other published Thermus genomes to assess phylogenetic
and carried to mound tunnels; crickets were buried after limb relationships based on 16S rRNA gene sequences, average nucleotide
removal and then disassembled and moved into tunnels. Soil identity, conserved marker genes , pan genome and tetranucleotide
reconfiguration occurred in all cases. To systematically understandrequency. The core genome of the analysed genomes contained
the hypothesized emergent behaviors, we devised a controllable food177 core genes and many singleton genes were detected in
item from Semolina flour (a "suji"). The shape, size and brittleness ofindividual genomes, reflecting a conserved core but adaptive pan
the suji was controlled via the cooking process. These experimentsepertoire. The adaptability of species of the genus Thermus in
revealed that a brittle suji was more likely to be deconstructed intogeneral, has highlighted by extreme genome plasticity. Analysis of
small pieces before transport into tunnels; less breakable suji wa€RISPRs among Thermus spp. reveals presence of abundant defense
typically buried or transported intact to a tunnel(if the item was small mechanism in this genus and frequent viral encounters.Additionally,
enough). Individual ants involved in feeding exhibited heterogeneity a comparative analysis of competence loci across Thermus genomes
in tasks which included food maneuvering, dissection and moundrevealed evidence for recent horizontal acquisition of the locus and
reconfiguration. We hypothesize that food characteristics (like continued dispersal among members reflecting that natural
hardness and size) select for appropriate individual behavior whichcompetence is a beneficial survival trait. Efforts are also being made
gives rise to the different engulfment scenarios. to characterize, clone and express the thermostable DNA polymerase
| of Thermus parvatiensis RL.

140-6 DYMOWSKA, AK*; SEIBEL, BA; University of South 87-2 EARLY, CM*; JAMES, HF; WITMER, LM; Ohio Univ.,
Florida; dymowska@mail.usf.edu Athens, Smithsonian NMNH, Washington, D.C.;
Ammonium excretion in the pelagic red crab, Pleuroncodes ce643812@ohio.edu

planipes The bill-tip organ: probing at tactile sensitivity in birds

Pelagic red crab, Pleuroncodes planipes, is an important and verysome birds have a bill-tip organ, a sensory structure that comprises
abundant component of zooplankton in the Eastern Tropical Pacifionultiple touch papillae, or groups of mechanoreceptors organized in
Ocean. They inhabit pelagic and benthopelagic zones, withlayers around trigeminal afferent fibers. The bill-tip organ mediates
temperatures varying from 10 to 28C. Similar to other specialized feeding behaviors such as probing for food by providing
zooplankton species, pelagic red crab make daily migrations to thehe high tactile sensitivity needed to, for example, locate prey items
surface waters to feed. They have also been observed to occasionalby remote touch. Thus, its presence may indicate specialized feeding
aggregate into large swarms on the water surface. Recently, it hasapabilities in birds, but it is not known whether tactile feeding
been proposed that ammonium supplied by diel vertical migratorsbehaviors and morphological evidence of bill-tip organs are
plays an important role in ocean nitrogen cycle, since it not only correlated in their distribution among birds. Another potential
provides nitrogen required for phytoplankton growth, but also fuels correlation is between the touch papillae of the bill-tip organ and the
bacterial anaerobic ammonium oxidation. In our study, we foramina that house them in the rostral end of the bill. If the bony
investigated ammonium excretion rates by P. planipes &, 16C, foramina in the bill are consistently associated with the soft-tissue
20°C, and 25C to encompass temperature range they experience irtouch papillae, then the foramina can serve as proxies for the papillae
their natural habitat. We observed that excretion of ammoniumin skeletal specimens or fossils. Foramina are present on the bills of
increased with increasing temperature. We also investigated whetheall birds to some extent, and neurovascular structures other than
this increase was reflected in upregulation of the machinery thatouch papillae may also be housed in them, so the reliability of this
enables ammonia transport in this animal. In aquatic crabs, the maipotential osteological correlate is unknown. To explore the validity
site of nitrogenous waste excretion is the gill epithelium, and is of these potential anatomical correlates of behavior, the patterns of
mediated by specialised cells that host a suite of ion transportinglistribution of foramina on bones of the bill were studied in 60+
proteins. Using analytical methods we measured abundance andpecies of birds spanning 24 orders. Behavioral data and data on the
expression of the key proteins that have been proposed to be involveklill-tip organ were compiled from the literature for qualitative
in ammonium excretion, such as Rhesus proteirf/KaATPase, comparison to the studied specimens. Our results indicate that using
Na'/H*-exchanger, and HATPase. foramina to predict bill-tip organs or using bill-tip organs to predict
specialized feeding behaviors in birds should be done with caution.
However, preliminary results from other studies indicate that the size
of other components of the trigeminal system may serve as correlates
for tactile sensitivity in the bill tip.
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S8-9 EATOCK, Ruth Anne; University of Chicago; 41-1 EBERTS, E*; SHANKAR, A; MORADO, M; TATTERSALL,
eatock@uchicago.edu G; WELCH, K; CURLEY, M; AUGER, P; University of Toronto
lon channels in vestibular hair cells and afferents shape the Scarborough, Stony Brook University, Loyola Marymount
receptor potential, synaptic transmission and spike patterning University, Brock University, Loyola Marymount University;

The vestibular sensory epithelia of amniotes offer unique erich.eberts@mail.utoronto.ca
opportunities to explore, in a relatively simple circuit, questions of Using Thermal Imaging to Detect Torpor in Nesting
sensory transduction and encoding, synaptic transmission and spikelummingbirds
patterning. The vestibular afferent neurons form bouton synapticHummingbirds use energy at extremely high rates due to their high
contacts on type Il hair cells and unique calyceal terminals on type Imetabolism. Their small size forces them to conserve energy
hair cells, in diverse combinations and morphologies. Synapticrobustly, often going into torpor at night during times of high
transmission from the type | hair cells onto the calyceal terminalsenergetic stress (i.e. when food is scarce, or when they are injured),
relies on both quantal transmission (release of glutamate fromdramatically reducing their metabolic rate and body temperature. It is
synaptic vesicles) and an unusual nonquantal transmission. Receninclear what strategies incubating females use to conserve energy
work (especially Contini et al., J Physiol 595:777, 2017) shows thatwhile still maintaining sufficient temperatures for healthy
the nonquantal response depends on potassium ion (K+) efflux frordevelopment of offspring. We aim to quantify the energetics
the hair cell through numerous low-voltage-activated K+-selective associated with nesting female hummingbirds using thermal imaging.
ion channels into the extensive synaptic cleft formed by the calyx.We predict that in order to incubate their eggs effectively, nesting
Nonquantal and quantal responses can be recorded together drummingbirds would be unable to enter torpor. Rather than using
separately in single calyceal terminals; how they are coordinated irdeep torpor, hummingbirds may use a shallow metabolic reduction,
daily living is not known. By comparing quantal and nonquantal or shallow hypothermia. Additionally, the degree to which
postsynaptic currents and potentials evoked by deflecting the type metabolism is decreased is predicted to be dependent on ambient
hair cell's hair bundle, we see that nonquantal transmission works irtonditions (e.g. temperature, wind, precipitation). This project
both directions between hair cell and calyx, unlike quantal located 26 active Allen's hummingbird (Selasphorus sasin) nests on
transmission, and can carry faster signals and drive precise spikéhe Loyola Marymount University campus in Los Angeles, California
timing. The calyx terminal also expresses many ion channels, whictbetween January and May, 2017. Nightly time-lapse thermal images
have been implicated in synaptic transmission and/or the initiationwere recorded at 12 of these nests using the FLIR Vue Pro R thermal
and patterning of action potentials (spikes). Systematic differences ircamera. Analysis of these data and validation of this methodology are
the ion channels and morphologies of the afferent arbors playon-going. Following this initial investigation, we hope to apply a
complementary roles in setting up the diversity of sensitivity and similar methodology to different species in colder environments,
spike patterning in the vestibular afferent nerve. such as the ruby-throated hummingbird (Archilochus colubris) in
Toronto, Ontario. This project has important implications for
understanding the physiology of how animals cope with extreme, and
sometimes conflicting, energetic requirements. It also presents broad
applications for citizen science and science education.

S11-3 EDIE, SM*; COLLINS, KS; HUANG, S; ROY, K; P2-245 EDSINGER, E*; ONO, N; PNINI, R; ILSLEY, G; MILLER,
VALENTINE, JW; JABLONSKI, D; U. of Chicago, Senckenberg J; Marine Biological Laboratory, Woods Hole, MA, Okinawa
Biodiversity and Climate Research Center, U. of California, San Enetech, Okinawa, Japan, Okinawa Institute of Science and
Diego, U. of California, Berkeley; sedie@uchicago.edu Technology, Okinawa, Japan, Okinawa Institute of Science and
Extinction, climate, and the dynamics of biodiversity: Analyses of Technology, Okinawa, Japan; eedsinger@mbl.edu

living and fossil marine bivalves Social tolerance in the Friendly Octopus, Octopus lagueus.

Standing global biodiversity is a product of differential accumulation Octopuses are generally known for solitary and even cannibalistic
and loss of lineages through time and across space. Aiming towards laehavior, complicating laboratory culture of large numbers. A small
coupled model of factors that promote and suppress the individuatropical octopus found in Okinawa, Japan and the greater
components of diversification, origination and extinction, we focus Indo-Pacific, Octopus laqueus live in close proximity in the wild
here on the factors underlying lineage loss and its relation towhere they may one encounter one another on a regular basis, raising
functional diversity in marine bivalves, a model macroevolutionary the potential for sociality in this species. As a step toward developing
system. Functional and taxonomic diversity decline in concert alonga quantitative assessment of octopus sociality, O. laqueus were
today's latitudinal gradient from equator to poles. In contrast, housed in open communal tanks with fixed size distribution but
functional diversity remained nearly constant through the two massvarying in number of animals, dens, and gender composition. For
extinctions that define the Mesozoic and Cenozoic Eras despite a lossach individual, den occupancy was tracked daily for about a week.
of nearly two-thirds of the genus diversity through each episode. ThiswWe found that While O. laqueus often often chose a solitary den
differential response in the two currencies across the latitudinalwhen it was available, they also shared tanks and dens without eating
gradient and the mass extinctions highlights a potential asymmetry ireach other or trying to escape. Overall, the experiments suggest that
the pressure of diversity-dependent and -independent factors on thenlike all octopus species studied until now, O.laqueus tolerate
biota (e.g. the relative operation of resource-limitation vs. cohabitants within a tank, den, or shelter, even when not mating. The
physiology). Similar to the mass extinctions, low-richness functional relaxed disposition and social tolerance of O. laqueus make it a
groups also showed a remarkable resilience to extinction througtpromising species for lab work and for development into a genetic
lower-intensity episodes over the past 65 Myr that appear to correlatenodel of social behavior in octopuses.

with a diversity-independent factor, the rate of temperature change.

Exploration of this balance in the operation of diversity-dependent

and independent factors on taxonomic and functional diversity now

has a sense of urgency given the rising intensity of biodiversity loss

in today's oceans.
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P1-150 EDWARDS, KM*; REZNICK, DN; Univ. of California, 98-1 EDWARDS, D/D*; MOORE, P/A; Bowling Green State
Riverside; kedwa007@ucr.edu University; davide@bgsu.edu

Morphological Adaptation for Two Feeding Modes in Trinidadian Predicting the big from the small: hydrodynamically influenced
Guppies from High and Low Predation Communities changes in stonefly nymph morphology are related to watershed

Guppies (Poecilia reticulata) from the Northern Range Mountains of dynamics

Trinidad co-occur with a diversity of predators in the lower portions Morphological variation of an organism in stream systems can
of all rivers. Waterfalls limit the upstream distribution of predators, elucidate a connection to the surrounding hydrologic environment.
so guppies from upstream localities live in communities with a far Of interest in recent years is the use of biological traits to detect,
lower risk of predation. A consequence of facing less pressure fronpredict, and classify watershed perturbations. We have previously
predators is that these fish are able to reach large population sizadentified correlative evidence of Acroneuria lycorias (Plecoptera:
with high densities. This high density creates strong competitionPerlidae) body shape morphology and flow regime characteristics of
between individuals for food resources, which forces a diet shift froma stream. However, we lacked evidence to suggest if the identified
a preference for invertebrates in high predation communities towardwariation is driven by local adaptation, phenotypic and / or
the consumption of more algae and detritus in low predationdevelopmental plasticity. To help address a mechanism, we collected
communities. The guppy is a member of Cyprinodontiformes, theA. lycorias and A. abnormis from the Peshekee River, in the Upper
most basal members of which are generalist suction feeders. Thi®eninsula of Michigan, USA. Individuals were housed under
clade also contains more recently diverged specialized "pickers,'contrasting flow conditions in artificial stream channels for ten
some of which have in turn evolved a scraping feeding mode. lweeks. Body shape was quantified on day one and day 70 through
compared the jaw bones and head shape of guppies from high antvo - dimensional geometric morphometrics. In addition, we sampled
low predation sites within two paired streams using geometricnine lotic systems over a three-year time-period (2015 - 2017) with
morphometrics to test if differences in diet are associated withand without daily discharge data from United States Geological
differences in jaw and head shape. | predict that guppies from higiSurvey (USGS) stream gauges. We constructed rainfall-runoff
predation localities will be better adapted for picking high quality models in U.S. Army Corps software (HEC-HMS) for systems
prey from environmental surfaces or the water column while thosewithout currently active USGS stream gauges and compared the use
from low predation localities will instead be adapted for the of A. lycorias body shape as a relative hydrologic indicator. Previous
non-selective scraping of environmental surfaces. These predictionsvork has shown systems with relatively stable flow and high
in turn suggest the following expected differences in the structure ofmagnitude harbored individuals with a relatively streamlined body
the jaw and shape of the head: a. an anterior shift in the position of§hape. Here we show the potential correlation of watershed attributes
the intramandibular joint; b. a wider dentary and premaxilla; and c.to the body shape of A. lycorias. As human influence on natural
asymmetry between the size and shape of the dentary and premaxillaystems increases, particularly in the context of global climate
Specimens were cleared and stained, then photographed throughchange, the use of organism shape information could holistically be
microscope from various angles. Analysis was done using the tpased to infer hydrologic conditions of lotic systems.

software series.

114-1 EHRLICH, DE*; SCHOPPIK, D; New York University, P2-236 ELIAS, ARC*; TOBALSKE, BW; HARLANDER, AM;
Langone Medical Center; ehrlichde@gmail.com ELIAS, Audrey; Univ. of Montana, Missoula, Univ. of Guelph;
Independent Control of Volitional and Reflexive Movements in audrey.elias@umontana.edu

Larval Zebrafish Locomotion Effects of steep descending on hindlimb kinematics in a

To locomote stably, animals must coordinate volitional actions thatground-dwelling bird

change posture with opposing reflexes that hold posture constant. Ahe mechanics and control of bipedal locomotion is well studied on
single, integrated controller is thought to solve this problem, level £+ 10 deg slopes. However, more-extreme slopes are
modulating the very reflexes that stabilize posture in order to adjustecologically relevant for many ground-dwelling birds, including
it. Here we report that larval zebrafish (Danio rerio) utilize a simpler chukar partridge (Galliformes). Such birds are understood to
control scheme featuring independent volitional and reflexive routinely use wing-assisted incline running (WAIR) when ascending
movements. We present behavioral evidence that larvae swim irsteep slopes (> 60 deg), but their methods for descending steep
depth by appending destabilizing trunk rotations to steer with slopes are essentially unknown. To improve understanding of
independent rotations to balance. When we manipulated buoyancy tsmechanisms of hindlimb control while descending steep slopes, we
deflect fish up or down, they redirected steering without coordinatedused high-speed video to measure hindlimb kinematics of chukar (n
changes to their balance reflex. As balance developed and- 4) walking on slopes + 35 deg. We hypothesized that the hallux
increasingly opposed destabilization-based steering, larvae acquirediould be the first point of first contact only during descent to
compensatory use of their pectoral fins to steer. Removing thefacilitate passive arrests. However, the hallux was the point of first
pectoral fins from older larvae impaired steering but preserved thecontact at every slope condition. Significant changes in kinematics
strong balance reflex. Consequentially, older larvae without fins wereoccurred at steep angles, revealing a broader repertoire of body
strikingly less maneuverable — unable to revert to posture and hindlimb movement than would otherwise be indicated if
destabilization-based steering — revealing a rigidity inherent within our study was limited to shallower slopes. Knee, ankle, and foot
the framework of independent volitional and reflexive control. Larval excursion changed significantly over the different slopes. Maximal
zebrafish therefore produce effective but inflexible locomotion by angles of the knee, ankle, and foot changed significantly with slope.
sequencing independent volitional and reflexive movements. TheséMinimum joint angles did not change significantly except for the
results reveal a simple control scheme that solves the generaitnee.

problem of coordinating volitional movements with the vital reflexes

that oppose them.
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116-5 ELIASON, CM*; HACKETT, SJ; Field Museum of Natural P2-239 ELKHOURY, LD*; CASTRO, MA; FOKIDIS, HB; Rollins

History; celiason@fieldmuseum.org College, Winter Park; lelkhoury@rollins.edu
Splashing into water: cranial and biomechanical diversity in a Fighting for food: Does food insecurity influence agonistic
cosmopolitan radiation of birds behavior in the brown anole (Anolis sagrei)?

Understanding why some groups of organisms have more divers&dhere is constant competition between animals over necessary
traits than others remains a key challenge in biology. This challengeesources, such as food, water, and reproductive partners, and
stems, in part, from the dynamic interplay between species traits andggression is a strategy employed to defend resources. Territorial
how individuals use these traits in their daily lives. For example, aggression over access to mates is well-studied, however much less is
innovations in foraging behavior can drive morphological diversity understood regarding aggression aimed at securing food supplies.
by opening up new ways of interacting with the environment, or limit During a period of food insecurity, the value of food increases which
diversity through functional constraints associated with different may increase the motivation for defense. We tested the hypothesis
foraging behaviors. Several classic examples of adaptive radiations ibthat food insecurity increases agonistic behavior, a term
birds show increased variation in ecologically relevant traits. encompassing both direct aggression and associated ritualized
However, these cases focus on geographically narrow adaptivelisplay behaviors, in male brown anoles (Anolis sagrei). We
radiations; consider only morphological evolution without a developed three methods for inducing food insecurity and then
biomechanical approach; or do not investigate tradeoffs with othermeasured resulting agonistic behaviors. First, to simulate a complete
non-focal traits that might be affected by use of different foraging loss of food availability, lizards were fasted for durations of 24, 48,
habitats. Here, we use X-ray computed tomography, biomechanicabr 72 hours and then tested against fed control lizards in a
modeling, and multivariate comparative methods to explore thevideo-recorded dyadic encounter, where agonistic behaviors were
interplay between foraging behavior and cranial morphology acrossscored. Second, to simulate an unpredictable food source, the amount
kingfishers, a global radiation of birds with variable beaks and and timing of food presentation was randomized and those
foraging behaviors, including the archetypal plunge-dive into water.individuals were again tested in a dyadic encounter against control
Our results reveal several independent gains of plunge-divinglizards that had daily access to food with both groups equal in the
behavior in the group, as well as distinct patterns of morphospacéotal amount of calories made available to them. Third, to simulate a
occupation for different foraging behaviors and considerable ratedecrease in food availability, treatment lizards were fed crickets of a
variation among skull regions. Our results have implications for smaller size (i.e., fewer calories) and were tested against control
biomimetic design of novel drag-reducing structures and shed lightlizards fed the normal caloric amount. Results reveal that current
on how macroevolutionary trends relate to changes in the adaptivenergetic state impacts the propensity towards agonistic behavior,
landscape over evolutionary timescales. with an upper limit imposed in cases of severe energy deprivation.
Current research is focused on the potential role of a neural regulator
of food intake, neuropeptide Y, in influencing agonistic behaviors.

129-6 ELLERS, O*; JOHNSON, AS; MOTOKAWA, T; Bowdoin P1-107 ELLIOTT, KH*; ELLIS, V; SARA, E; GUIGUENO, MF;
College, Tokyo Institute of Technology; ajohnson@bowdoin.edu McGill Univ., Univ. Lund; kyle.elliott@mcgill.ca

Do general theories of locomotion apply to underwater walkers? Oxygen Carrying Capacity Evolves in Tandem with Oxygen
Theories explaining animal locomotion abound. None of theseDemand: A Review of Hematocrit Values across the Avian Tree of
theories, however, have been applied to underwater legged.ife

locomotion. To adjust and adapt those theories to underwater legge@he evolution of major body plans requires remodelling not only of
locomotion, we consider sea stars, which locomote using numerougxternal features, but also of internal physiology. The evolution of
podia that are operated hydraulically. In at least four species of sedody plans in birds has led to a variety of body plans required for
stars a coordinated action of podia is used to develop a relativelyoptimizing flight costs, and presumably similar changes have
rapid gait, which is characterized by a marked oscillatory raising andoccurred at the level of oxygen carrying capacity to achieve the
lowering of the center of mass. We have extensive videooxygen demands required for various flight styles. To examine the
observations of two of those species, Protoreaster nodosus anevolution of oxygen capacity among birds, we analyzed hematocrit
Asterias forbesi. Curiously, any one podium is used only once everypacked cell volume) values from 1547 studies including 238 species
three steps. In both species, bounce frequencies decrease aricbm all extant avian orders, as hematocrit is widely measured as an
maximum velocities increase exponentially with increasing mass;index of oxygen carrying capacity. Hematocrit was highest in
both trends are similar to those seen in terrestrial walkers butspecialist flyers, followed by divers, non-specialist fliers and runners.
sometimes with different coefficients and exponents. In both speciesAmong non-specialist flyers, hematocrit varied with relative flight
this mode of locomotion is similar to terrestrial walking in that the costs. Furthermore, bird order, representing large variation in body
sea star maintains contact with the ground at all times, but is morelans, explained more variation than species or genus. Residual
similar to terrestrial running in that potential and kinetic energy occur inter-specific variation was associated with age, infection status and
in phase with each other. However, for a given mass, Protoreasteicaptivity, not sex or season. We concluded that the evolution of flight
move at a slower maximum speed and lower frequency of bouncestyles among avian orders required remodeling of oxygen carrying
than do Asterias. Even the maximum speeds achieved by these seapacity. Furthermore, use of hematocrit for conservation physiology
stars are quite slow, on the order of mth #pplying existing should rely on data from similar studies (captivity, age, infection
theories of walking to underwater circumstances requires somestatus), but data from other species under similar conditions within
modifications to account for forces that are important underwaterthe same genus are likely comparable.

such as drag, acceleration reaction and buoyancy. Even modified,

these theories struggle to account for these very slow speeds.

Although the speeds are slow, they may be matters of life and death

in predator prey races with snails and other sea stars, possibly in

cannibalistic interactions.
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63-1 ELLIS, EA*; OAKLEY, TH; Univ. of California, Santa P3-26 ELLIS, EA*; PATEL, R; HENSLEY, NM; CRONIN, TW;
Barbara; emily.ellis@lifesci.ucsb.edu OAKLEY, TH; Univ. of California, Santa Barbara, Univ. of
Unexpected Opsin Diversity in an Eyeless, Vertically Migrating, Maryland, Baltimore County; emily.ellis@lifesci.ucsb.edu
Halocyprid Ostracod Are We On The Same Wavelength? Color and perception do not

Arthropod eye evolution is a dynamic process, with gain and lossmatch in luminous ostracods

prevalent throughout history. The genomics age has shown thatncovering the role of sexual selection far past speciation events on
opsin, a primary light-sensing protein in eyes, has an even more macroevolutionary scale has proven difficult, and a major gap
dynamic evolutionary history. A further layer of complexity is added exists in the literature because of it. Population-level studies show a
when we include phylogenetically and ecologically distinct taxa into clear link between both sexual selection and diversity accumulation,
the study of opsin evolution, even if they lack eyes. We sequencedind male sexual traits and associated female preferences. If
the transcriptome of a halocyprid ostracod crustacean, a lineage giopulation-level processes translate to the macroevolutionary level,
least 380 MYA diverged from ostracods with characterized opsins.we expect to find that male trait and female preference co-evolve.
This lineage is ecologically distinct because it is eyeless, pelagic, and\ssortative mating strengthens the match between trait and
performs diel, vertical migrations. We found that this unique preference after diversification in either, creating reproductively
halocyprid expresses more diverse r-opsins than any previouslysolated species. Our recent findings provide robust evidence for the
characterized ostracod lineage, with or without eyes. We find that theend result of increased speciation at macroevolutionary levels, but
halocyprid expresses the first ever oligostracan MW1-type opsin andoredictions on male trait and female preference remain untested in
the first ostracod SW-type opsin. Next, we find two copies of this context. Here, we find divergence in male luminescence color in
MW2-type opsins, similar to the median and lateral-eye specific cypridinid ostracods that produce complex courtship signals to attract
opsins found in other myodocope ostracods, although halocypriddemales. We estimate the absorbance spectra of photoreceptors in the
lack these tissues. These findings show that opsins have had evdamale eye and compare the absorbance peak to the conspecific male
more losses than previously thought, and we hypothesize that furtheemission spectra peak. We find that male color and female perception
addition of these unique lineages will increase the estimate of losseare not matched. We find a surprising amount of photoreceptor
even more. Lastly, we highlight the importance of including diversity within species of cypridinid ostracod. This comparative
evolutionarily distinct taxa, even those that lack eyes, to teach ugproject documents signal and sensory ability, which underlies female

about opsin molecular evolution. preference.

P2-76 ELLISON, AD*; PACE, DA, Cal State Univ, Long Beach; S4-2 ELSHAFIE, SJ*; BEAN, JR; WHITE, LD; Univ. of California,
aimee.ellison@gmail.com Berkeley & UC Museum of Paleontology, UC Museum of
Determining the Relationship of Protein Metabolism and Paleontology; selshafie@berkeley.edu

Phenotypic Plasticity in Larvae of the Sand Dollar, Dendraster Understanding and Communicating Science as a Narrative
excentricus Narrative is the oldest framework of human communication.

Larvae of the sand dollar, Dendraster excentricus, have significantNeurological studies indicate that narrative structure helps an
morphological plasticity when reared at different food audience process and recall new information. Although many
concentrations. Our lab has recently observed that D. excentricuscientists think that narrative can only be used in works of fiction,
larvae also exhibit physiological plasticity in response to food levels. storytelling is inherent in many scientific disciplines. We aim to help
While high-fed (10 cells o) larvae grew and developed faster than scientists understand the mechanics of narrative, identify the
low-fed larvae (1 cell ot), they also possessed higher protein growth narrative elements present in their own research, and use those
efficiency (PGE = protein deposited/protein ingested). This study elements to develop storylines for broad audiences. [To support the
seeks to understand the biochemical attributes of this phenomenon byevelopment of science narratives, we use a framework for science
determining the rates and costs of protein synthesis in low- andstorytelling developed in collaboration with artists at Pixar
high-fed larvae of D. excentricus. Rates of synthesis were 1.4 ngAnimation Studios, and the Understanding Science flowchart
protein hr! larvae! at 3 days post-fertilization (DPF). At 7 DPF (4 developed by the UC Museum of Paleontology (UCMP). We adapt
da¥s after initiation of feeding) rates were 0.47 and 1.13 ng proteinportions of the Understanding Science flowchart, a graphic depicting
hrllarvae! for low- and high-fed larvae, respectively. By 27 DPF the nature and process of science, into narrative terms to illustrate the
respective rates increased to 1.68 and 11.6 ng protéitahrae?. parallels between scientific and story development processes. A
Fractional rates (% of total protein pool synthesized per hour) wereseries of step-by-step worksheets facilitates story development along
similar between low- and high-fed larvae at ~ 0.5 % Rreliminary with the flowcharts, offering a roadmap for using narratives to
analysis returned an energetic cost of synthesis that was independesdbmmunicate science. [These new tools can generate narratives from
of ration level and similar to other larval echinoderms at ~ 10 J/(mgany perspective, such as a scientist conducting a study, a character
protein synthesized). Results are further discussed in the context gblaying a role in a larger system (e.g., foraminifera or a carbon
depositional efficiency and its relationship to PGE. The energetic andatom), or an entire system interacting with other systems (e.g., the
biochemical analyses conducted in the study are important forcarbon cycle). We offer exemplar stories about climate change from
determining if and how the cost and regulation of protein metabolismmultiple perspectives, using content and conceptual models from the
differs between larvae experiencing different food conditions. Suchnew UCMP website Understanding Global Change. We also explore
data will allow for a more mechanistic understanding of how how these tools can facilitate hands-on learning with lecture-based
environmental conditions determine larval survival and recruitment learning in science classrooms.
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S4-1 ELSHAFIE, SJ*; SUMIDA, S; Univ. of California, Berkeley 119-4 EMBERTS, Z*; ST. MARY, CM; HERRINGTON, T,

and UC Museum of Paleontology, California State Univ., San MILLER, CW; University of Florida, Gainesville; emberts@ufl.edu
Bernardino; selshafie@berkeley.edu Losing a leg up on the competition: consequences of losing a
Introduction to the Symposium, Science Through Narrative: sexually-selected weapon

Engaging Broad Audiences Intraspecific competition over access to females has led to a large

Due to the politicization of science and the proliferation of diversity of animal weapons. Generally, the relative size and
misinformation about science and its significance, the ability to presence of these weapons is positively correlated with mating
articulate clearly the importance of science to the public has nevesuccess, as individuals with the largest weapons often obtain most of
been more crucial. The most effective way to engage an audiencéhe mates. Still, despite their benefits, weapons in many individuals
with new information is to frame the content within a narrative. do not grow large. Moreover, in some species, weapons can be lost;
Many scientists think that narrative applies only to fiction, but a for example, beetle horns can be broken and crabs can drop their
narrative is simply a sequence of causative events that offer meaninglaws. Previous research has shown that individuals missing their
This applies equally to fiction and fact. Narrative is a universal weapons are less successful at male-male competition, but few
language understandable and relatable to any audience. Narrativetudies have investigated how this loss translates to changes in
training is nevertheless absent from most science degree andating behavior and mating success. Here, we fill this gap in our
professional development programs. We have therefore organize#tnowledge to gain a better understanding of the costs associated with
this symposium to synthesize new approaches to scienceveapon loss. To that end, we investigated how weapon loss affected
communication by integrating narrative and artistic techniques fromfighting ability and mating success in Narnia femorata, with special

a broad range of industries. In addition to gaining the fundamentalmphasis on behavior. We found that the loss of weaponry did not
of narrative development, learning from practitioners outside of affect fighting behavior, but did affect fighting ability. Furthermore,
scientific fields helps scientists to understand the inherent intrigue ofweaponless males, who were more likely to be subordinate, were less
their work from non-scientific perspectives. Our speaker list brings likely to initiate a mating. Therefore, loss of weaponry ultimately
together a wide spectrum of scientists and artists, all of whom havealecreased mating success. These results raise interesting questions
experience using both science and art to share their work withabout fighting plasticity and self-assessment.

general audiences. In this introduction, we introduce the narrative of

the symposium itself: a journey through scientific narrative

development, visual narrative techniques, and models of

collaboration between scientists and artists. NOTE: This introductory

talk will be 15 minutes in length and start at 7:45 AM.

S3-4 EMERLING, CA; CNRS - Université de Montpellier; 107-4 EMLET, R*; SHANKS, A; Univ. Oregon;
drcaemerling@gmail.com remlet@uoregon.edu

Regressed but not gone: Patterns of vision gene loss in blind Winter spawning by marine invertebrates on the Oregon coast -
mammals time series analyses over three consecutive years

Regressive evolution involves the degradation of formerly useful To learn which animals were spawning and the physical correlates of
traits as organisms invade novel ecological niches. Committing to ambryo release by adults, we sampled coastal plankton in time series
strict subterranean habit can lead to regression of the eye, likely, if 72+ consecutive days in each of years, 2014 to 2016 (Jan - mid
large part, due to a limited exposure to light. Several lineages ofMarch). Pump samples were sorted live; distinct phenotypes were
subterranean mammals show evidence of such degeneration, whictounted; and vouchers for these were barcoded (COI or 16S) and
can include decreased organization of the retina, malformation of thedentified, when possible, by blasting sequences in Genbank and
lens and subcutaneous positioning of the eye, corresponding with 8old databases. Lecithotrophic embryos of chitons, gastropods,
degradation of genomic loci encoding visual functions. However, feather duster worms, several other polychaetes, hoplonemerteans,
animals with eyes that are not necessarily degenerate als@and other invertebrate taxa were found. Many of the identified taxa
demonstrate evidence of visual gene loss, such as those modified favere from littoral depths including rocky and sedimentary habitats.
enhanced dim light photoreception. Therefore, it is unclear whetherOcean conditions varied tremendously between years as did total
there is any substantial difference in the protein-coding visual geneembryo abundance. 2014 was a ‘normal’ year, with several storms
repertoire between subterranean mammals and other dinthat brought downwelling favorable winds, large waves, and drops in
light-adapted vertebrates, or whether such differences are solelgalinity. In 2014, spawning tended to occur in association with large
attributable to changes in non-coding regions. Also, the regression ovaves, higher temperature, and lower salinity. 2015 was strongly
eyes in subterranean mammals is incomplete, raising the question afffected by the warm water ‘blob’, with high water temperatures
whether they are trending towards total loss or are being retained fof11-13C), and few storms with large waves. While some species
non-image-forming photoreceptive functions. Here | test two spawned during large wave events, lecithotrophic embryos were 10
hypotheses pertaining to these questions: (1) vision gene loss ifo 100 times less abundant in 2015 and 2016 compared to 2014. 2016
subterranean mammals differs in quantity and quality (i.e., functionalwas a strong El Nino year; temperatures were again high (11-13C),
distribution) from other dim light-adapted vertebrates, such asbut the ocean was consistently rough (only 2 days with waves < 2m).
nocturnal and deep sea species; (2) subterranean mammals retaliim 2016, 3 of 5 spawning events were associated with large waves,
functional orthologs of some non-pleiotropic visual genes that arebut many days with large waves did not have spawning events. Over
evolving at rates consistent with purifying selection. | discuss my the 3 yrs, a number of taxa consistently spawned only during some
findings in the context of eye loss in other animals and regressivebut not all large wave events. One hypothesis for gamete release
evolution as a whole. during large wave events caused by storms is that it leads to localized
retention of short-lived larvae. Our 2014 data set is consistent with
this hypothesis, but the great variation among years suggests others
factor play roles in eliciting embryo release.
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S2-7 ENG, Carolyn M. *; AZIZI, Emanuel; ROBERTS, Thomas J.; P3-198 ENGLISH, LT; The University of Texas at Austin;

Brown University, Univ. of California, Irvine; englishi@utexas.edu

carolyn_eng@brown.edu Crocodile Fight Club: Late Ontogenetic Development of

The battle of the bulge: structural determinants of muscle gearing  Osteoderms and Their Role in Social Behavior

during dynamic contractions All extant crocodilians possess articulating dermal ossifications

There are many phenomena in muscle that occur as a result odalled osteoderms, which are commonly described as defensive
interactions between contractile and structural elements at multiplestructures against predators. However, casual observations in the
scales. One of these phenomena is architectural gearing, which isterature have implied that crocodilian osteoderms do not fully
quantified as the ratio of muscle velocity to muscle fiber velocity. mature until well after the hatchling stage, which is when the risk of
Many pennate muscles operate with a gear ratio greater than onpredation is greatest. If osteoderms primarily serve a defensive
because muscles shorten through a combination of muscle fibefunction they may be expected to experience strong selection to
shortening and fiber rotation. Within a muscle, gearing is variableappear earlier in ontogeny. Alternatively, many aspects of
across contractions. During low force contractions, muscles operaterocodilian locomotor, social, and feeding behavior are known to
at high gear while muscles operate at low gear during high forcechange markedly throughout ontogeny and would be expected to
contractions. This variable gearing has a significant impact onexert different kinds of selective pressures on crocodilians as they
muscle performance by allowing for faster contractions for grow. Alternative hypotheses of osteoderm function can be tested in
high-speed movements and more forceful contractions at low speedgart by looking to see which selective pressure shift correlates with
We hypothesize that gearing in any given contraction is determinecdbsteoderm development. | examined CT scans of individuals at
by the dynamic interaction of fiber-generated forces, fluid force varying ontogenetic stages to assess the timing of osteoderm
transmission, and the elastic behavior of intramuscular connectivedevelopment and compared it with expectations derived from four
tissues. Because muscle is isovolumetric, muscle fibers must bulgéypotheses: (1) osteoderms assist in thermoregulation in larger
radially when they shorten. This radial bulging exerts forces on theindividuals; (2) their development is constrained by diet; (3)
surrounding fluid at angles orthogonal to the fibers, providing a hatchlings are protected by adults and predator self-defense is only
pathway to load connective tissues that ensheath fibers, fascicles antecessary later in life; (4) they act as armor in intraspecific conflicts
the whole muscle. The nature of how fluid pressures and fiber forceover resources. Eight taxa were represented, including two
interact to load connective tissues in three-dimensions remaingarticularly well-sampled ontogenetic series of Crocodylus niloticus
poorly understood. To date, architectural gearing has primarily beerand Caiman yacare. | found that different regions of the body
explored under controlled conditions with constant muscle force anddevelop osteoderms at different times, and that osteoderm maturation
maximal muscle activation. We combine modeling and experimentalgenerally corresponded to a stage when individuals begin competing
approaches to understand the fundamental interactions that determineith adults for territories and resources, shortly before sexual
gearing during more realistic conditions where muscles arematurity. Thus, the observed pattern is more consistent with
submaximally activated and forces vary dynamically. osteoderms acting as defensive structures against conspecifics than
any other proposed hypothesis.

77-2 ENSMINGER, D*; LANGKILDE, T; OWEN, D; MACLEOD, 133-5 ENZOR, LA*; MOSO, E; HANKINS, C; BARRON, MG; US
K; SHERIFF, M; Penn State University; dls_david@yahoo.com Environmental Protection Agency; enzor.laura@epa.gov
Effects of Maternal Stress on Maternal and Offspring Behavior Short term Exposure to Elevated pG@nd Hypoxia Affects the

The phenotypic impacts of stress and the adaptive potential of thes€ellular Homeostasis of Grass Shrimp, Palaemonetes pugio
stress-effects are of growing interest to the fields of ecology andEstuarine organisms are adapted to frequent changes in temperature,
biology, particularly in these times of increased environmental salinity, pH, and dissolved oxygen (DO) levels. The high
perturbations. In addition to mediating the link between productivity of an estuary contributes to large changes in
environmental variability and organismal plasticity, such as throughenvironmental conditions, with organismal respiration enhancing
changes in behavior, glucocorticoids (GCs) are also a mechanistitiypoxic zones, and elevating pGlevels. The interactive effects of
translator between mothers and their offspring. We tested theelevated pCQand hypoxia remain largely unexplored in estuarine
hypothesis that GCs will alter maternal behavior, egg physiology,organisms, therefore, we investigated how short term (5-day)
and hatchling behavior. We treated wild caught gravid female easterexposure to the combined effects of elevated pE®300 patm) and
fence lizards (Sceloporus undulatus) daily with transdermal low dissolved oxygen (~2mg/L) impacted the cellular homeostasis of
applications of GCs at an ecologically relevant dose (approximating awo different life stages of grass shrimp, Palaemonetes pugio. We
GC response to a fire ant attack) from capture to oviposition. Eggsexplored levels of oxidative stress by measuring protein carbonyl
were collected and incubated until hatching. GC-treated motherdormation, and the subsequent antioxidant response using superoxide
basked less and were more likely to be in the corner of their homalismutase and catalase enzyme activities. We combined these values
bin then control females. Maternal GC-treatment produced eggs thatvith measurements of carbonic anhydrase activity to discern how
had higher GCs concentrations. Finally, offspring of GC-treated exposure to elevated pG@nd hypoxia can alter acid-base
females hid under the basking log more and responded less to tactilequilibrium and enhance reactive oxygen species formation. The
stimulation mimicking an ant attack. These findings reveal thatresults from this study highlight the short-term energy costs
elevated GCs while gravid can impact the mothers, eggs, andissociated with exposure to elevated p@ad hypoxia, and provide
offspring; changes which may be adaptive to stressors such as visuaiformation on which life stage, embryo or adult, are the most
predators. These data contribute to our knowledge of maternal stressusceptible to the interactive effects of these environmental stressors.
and suggest that maternal GCs can have beneficial impacts on

offspring phenotype.
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13-2 ERNST, DA*; FITAK, RR; SCHMIDT, M; DERBY, CD; 27-3 ESCOBAR-CAMACHO, D*; TAYLOR, MA; CARLETON,
JOHNSEN, S; LOHMANN, KJ; University of North Carolina, Duke  KL; University of Maryland, College Park; descoba2@umd.edu
University, Georgia State University, Georgia State University; Color vision in a cichlid: Metriaclima benetos

dernst@live.unc.edu Animals vary greatly in color pattern and such patterns often play a
A Magnetic Pulse Induces Differential Gene Expression in the role in speciation. Evolutionary biology aims to understand the
Spiny Lobster Central Nervous System selective mechanisms shaping color patterns and their perception by

How animals detect Earth's magnetic field remains a long-standingconspecifics and heterospecifics. Studies of color vision, the capacity
mystery of sensory biology. The ‘magnetite hypothesis' proposes thato discriminate color regardless of brightness, are relevant for
the geomagnetic field exerts torque on tiny magnetite crystals, whichunderstanding coloration patterns, visual system sensitivities and
in turn are connected to the nervous system and provide the physicalisual signals. Combining data on photoreceptor spectral
basis for the magnetic sense. In principle, a strong magnetic pulssensitivities, behavioral experiments and physiological models
might remagnetize permanently magnetic minerals within an animal,provides a unique opportunity to analyze chromatic discrimination in
thus potentially altering magnetoreceptors based on magnetite. Than integrative approach. Cichlids are some of the most colorful
Caribbean spiny lobster, Panulirus argus, has an impressivefreshwater fishes. Their color patterns can be sexually dimorphic and
magnetic sense and is the only invertebrate known to derive bottare likely important for species recognition, mate choice, and
directional and positional information from the geomagnetic field. speciation. Hence, accurate visual communication is essential for
Previous studies revealed that magnetic material is present in thisichlid behavior. Here we demonstrate color vision of a
species, and a magnetic pulse alters lobster orientation, suggestingck-dwelling cichlid from Lake Malawi: Metriaclima benetos. We
that lobster magnetoreception is at least partly based on magnetiteombine behavioral experiments through classical conditioning with
However, little is known about the effect of a strong magnetic pulsephysiological models in order to estimate the perceptual thresholds of
on the central nervous system (CNS) of spiny lobsters or any othecolor contrast. In our experiments we compared fish performance
animal. To investigate the effect of a magnetic pulse on the CNS andvith predictions from an established color vision model, the receptor
identify genes associated with magnetoreception pathways, wenoise-limited model. Our study produced two main outcomes: First,
subjected lobsters to either: (1) a magnetic pulse oriented antiparalleve demonstrate that M. benetos possesses color vision. Fish were
to the horizontal component of the geomagnetic field; or (2) a shanmore likely to choose the trained stimuli over any distracters,
pulse, in which lobsters were handled identically but not pulsed.irrespective of brightness. Second, we describe the color thresholds
RNA sequencing was then used to examine gene expression in thef their chromatic discrimination. Fish were able to discriminate
brain, subesophageal ganglion, and thoracic ganglia. In all threemore disparate colors but not more similar ones, allowing us to
tissues, numerous genes were differentially expressed, providingletermine how photoreceptor noise affects color discrimination.

novel insights into how a magnetic pulse affects nervous tissue and

the putative molecular mechanisms that underlie lobster

magnetoreception.

138-5 ESPINOSA-GAYOSSO, A; GHISALBERTI, M; SHIMETA, 112-3 EVANS, SE*; DROSER, MD; GEHLING, JG; University of
J*; IVEY, GN; Univ. of Western Australia, Perth, Australia, Univ. of  California, Riverside, South Australia Museum; sevan004@ucr.edu

Melbourne, Melbourne, Australia, RMIT Univ., Melbourne, Growth of the Ediacara Macrofossil Dickinsonia costata: Highly
Australia; jeff.shimeta@rmit.edu.au Regulated and Complex Development in one of Earth's Earliest
Predicting the Variation of Particle Capture Rates in Aquatic Animals

Ecosystems Early animal evolution is recorded in the soft body fossils of the

The recent development of predictive tools for particle capture hasEdiacara Biota but linking many of these taxa to specific clades has
opened up new possibilities for the determination of rates of proved challenging, leaving large gaps in our understanding of the
suspension feeding, larval settlement, pollination and sedimentevolution of complex life. Many attempts to classify Ediacara taxa
removal in aquatic ecosystems. Through the use of computationafocused on shoehorning them into modern groupings have proved
fluid dynamics simulations and existing experimental data, we largely unsuccessful and contentious. Dickinsonia is an abundant
demonstrate how the rate of contact between suspended particles amdember of the Ediacara Biota that has uncertain affinities, with
biological collectors is affected by system characteristics such asnterpretations ranging from annelids to lichen. Here we present
flow velocity, particle size and collector size. Within the broad analysis of over 900 specimens of Dickinsonia costata from the
parameter space of aquatic ecosystems, the dependence of contddinders ranges and surrounding areas in South Australia to asses
rate on each of these characteristics is shown to be highly variablewhere it fits in the early evolution of complex, macroscopic life.
The understanding of these dependences has served to reformulakdorphological observations demonstrate that D. costata was a
some hypotheses of selection pressure on the physiology and ecolodyilaterally symmetric, modular organism without evidence for a
of aquatic organisms. Finally, the benefits and limitations of mouth, anus or gut. Quantitative analysis suggests isometric growth
computational fluid dynamics tools in predicting rates of particle with respect to length and width to maintain a high surface area to
capture are discussed, with a focus on the new avenues of researefolume ratio. Growth was achieved via posterior addition and
suggested by these results. subsequent expansion of modules in a complex yet surprisingly
well-regulated pattern to maintain an ovoid morphology. The suite of
morphological characters identified, along with highly regulated,
complex growth suggests that Dickinsonia contains some of the
features common to bilaterians but not the suite of characters
necessary for a bilaterian classification. We propose that this overlap
in characters reflects the utilization of gene regulatory networks
common to most metazoans and that Dickinsonia represents an
extinct clade located between sponges and the last common ancestor
of Protostomes and Deuterostomes, and likely belongs within the
Eumetazoa.
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P2-175 EVANS, EE*; HWANG, Y; SUEDA, S; UYENO, TA,; 142-6 EWERS-SAUCEDO, C*; PAPPALARDO, P; Zoological
Valdosta State University, Texas A&M University; Museum of the Christian-Albrechts University, Kiel, Germany,
eeevans@valdosta.edu Odum School of Ecology, University of Georgia, Athens, USA,
Estimating Whole Body Flexibility in Pacific Hagfish ewers-saucedo@zoolmuseum.uni-kiel.de

Without a vertebral column, hagfish are flexible enough to tie body The adaptive potential of phylogenetically conserved larval
knots. They do this to avoid predation, clean off slime, and enhancalevelopment in marine invertebrates
toothplate forces during feeding. These behaviors rely on a largeMany marine organisms have an biphasic life cycle. The early phase
range of bending and twisting motions. We developed a virtualis the predominant dispersal mechanism in otherwise immotile
MATLAB simulation to further understand the flexibility constraints organisms, resembling therein functionally terrestrial plant seeds.
of these motions. This virtual hagfish physics simulation was The evolution of these larvae and propagules, especially the diverse
composed of 50 rigid links connected serially using spherical jointslarval forms of marine invertebrates, has long interested marine
with movement-resistant springs. However, the simulated biologists, who focused their efforts on taxa with highly labile larval
movements were not realistic because we lacked basic estimates dife history. In the present study, we highlight the adaptive potential
whole body flexibility. In this study, we provided the model with of larval development of throracican barnacles, which are
realistic estimates of range of motion and degrees of freedom bypresumably phylogenetically conserved in their life history. To infer
measuring the tightest loop radius that the body was able to holdheir extent of phylogenetic conservatism and adaptive potential, we
passively. We formed and photographed loops along the bodies ofested for phylogenetic signal, assessed the fit of assumptions and
freshly euthanized Pacific hagfish (Eptatretus stoutii) at points predictions of two adaptive hypotheses, and compared the fit of
corresponding to 20%, 40%, 60%, & 80% body length. We thenmultiple models of trait evolution. We identified a strong
skinned the hagfish and performed these same experiments tphylogenetic signal for all larval traits, which traces a well-known
identify the contribution of the loose skin to whole body flexibility. broad separation between taxa with planktonic-feeding larvae and
Photographs were then analyzed with NIH ImageJ to measureaplanktonic larvae. This is, however, unlikely to represent
average loop radii. E. stoutii showed a larger range of lateralevolutionary constraints, as trait shifts are also present in each taxon.
movements compared to ventral and especially dorsal movementdt is also unlikely to be a result of neutral evolution, as the traits did
We were able to longitudinally twist the bodies betweerf 20 not evolve under a model of Brownian Motion, evident by multiple
1440 depending on the specimens' length/diameter ratios. Range ofnodel comparisons. Moreover, larval developmental mode and egg
motion generally increased towards the posterior portion of the bodysize exhibit adaptive potential: they match the predictions of both
and skin did not greatly affect range of motion. These passiveadaptive hypotheses if we allow certain modifications that were
flexibility measurements, when incorporated into our simulation, shaped by mismatches between assumptions and data. We conclude
produced more realistic movement. To further improve thesethat the larval development of thoracican barnacles is
measurements, we are analyzing loop radii in actively knotting phylogenetically conserved, but was likely also shaped by selective
hagfish and in hagfish of different species. pressures, which leave adaptive signatures in the current distribution
of barnacle larvae.

P3-42 FABELA, FF*; CHAPMAN, JT; OWENS, JD; RANDLES, S; 89-6 FALSO, PG*; NOBLE, CA; ADAME, LC; RODRIGUEZ , SA;

VILLATORO, R; MAY, MA; VASQUEZ, MC; TODGHAM, AE; NGUYEN , MN; WESTHEAD, ML; HAYES, TB; Slippery Rock
TOMANEK, L; Cal Poly San Luis Obispo, UC Davis; University, Univ. of California, Berkeley; paul.falso@sru.edu
rfabela@calpoly.edu Native and Invasive Amphibians: A Comparison of Stress and

Ciliary Response in Mytilus californianus to Food Availability and Associated Immune Function Following Agrochemical Exposure
Sirtuin Inhibition Amphibian populations that occur in degraded habitats, such as those

The California mussel (Mytilus californianus) is an ecologically in intensively cultivated agricultural regions, are challenged by a
important intertidal species and studies of its physiological responsesomplex set of environmental factors. Effective management of
to stress can predict how mussels respond to increasing temperaturdand-use to protect sensitive and declining amphibian species
Previous studies have shown that sirtuins (NAD-dependentrequires an understanding of the relative impact of these factors on
deacylases) may link food availability and heat acclimation to affectindividual and population success. In the current study, adult
the mussels tolerance to acute heat stress. The mussel's gill plays @&merican bullfrogs (Lithobates catesbeianus) and Northern leopard
integral role in feeding, as cilia create a current within the musselfrogs (Lithobates pipiens), were exposed to a mixture of
cavity allowing food to move toward the mouth. The ciliary beat agrochemicals for 12 days. The American bullfrog is an invasive
frequency can be used as a measure of the gill's metabolic activity, sepecies with relatively stable populations in California, USA, while
we evaluated ciliary responses of M. californianus during recoverythe Northern leopard frog is native to California but has experienced
from acute heat shock and sirtuin inhibition. Mussels were dramatic population declines at nearly all historic locations within the
acclimated to one of two temperatures (20°C or 30°C) during lowstate. The agrochemical mixture represented commonly applied
tide and two food rations (0.25% or 1.5% mussel dry weight)day pesticides and fertilizers in California, to which both native and
for 3 wk before a subset of the mussels were exposed to sirtuinnvasive species inhabiting the agricultural environment are likely
inhibitors. Subsequently, all mussels were exposed to a 33°C heatxposed. Following exposure, select endocrine and immune
shock during emersion. Ciliary activity was monitored from an responses were examined in both species. Native declining Northern
excised gill section during high tide periods of the 48 h before andleopard frogs responded similar to invasive stable American
after inhibition and heat shock. Four gills from each group were bullfrogs to the specific chemical mixture tested here. Plasma
dissected and observed under a microscope on acorticosterone, blood cell differentials, and blood cell activity were
temperature-controlled slide. Ciliary movements were recorded at 6ot significantly altered in either species. Given the ubiquitous
fps using a high definition camera over 30 s increments to determingresence of aguatic contamination and the importance of disease in
average beat frequency. Given the energy dependence of ciliargmphibian declines, the current study may assist in addressing the
activity, we predict that mussels from high food acclimation groups relevance of interspecific and life stage sensitivity to agrochemical
will recover more quickly from an acute heat shock than those fromexposure.

the low food group and will have average beat frequencies similar to

those we recorded prior to sirtuin inhibition and heat stress (funded

by NSF 10S-1557500).
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P3-64 FALVO, CA*; WEBB, A; FRENCH, SS; AUBRY, LM; P1-28 FANT, JA*; OLIVIERI, RA; EKSTROM, LJ; Wheaton
Colorado State University, Utah State University; College, MA; fant_john@wheatoncollege.edu
Caylee.Falvo@colostate.edu Does muscle morphology and composition predict function?
Immunity and Growth Trade-offs Vary with Elevation in a Muscles are multifunctional. During concentric contractions, they
Hibernating Small Mammal, Urocitellus armatus shorten quickly to produce motion. During eccentric contractions,

Identifying the ecological factors that shape the evolution of life they slowly lengthen while activated to dissipate energy and absorb
histories has been a topic of great interest and research for severfdrces. These contractions not only differ in function, but also in the
decades. Populations of the same species can express importampact they have on the muscles themselves. Whereas concentric
differences in life history traits, often apparent when comparing contractions do not typically induce much damage, eccentric
populations along an elevation gradient, where differences incontractions can injure the sarcomere and tear surrounding
phenology, reproduction, survival, and growth exist. Higher connective tissue. Eccentric contractions also induce more damage in
elevations are typically characterized by a shorter growing seasonlarge, fast-twitch type Il muscle fibres than in small, slow-twitch type
lower temperatures, and limited resources. High elevation individualsl muscle fibres due to ultrastructural differences. Because most
must allocate resources among growth, immunity, and reproductionanimals' muscles regularly perform both types of contractions,
shaping a different life history strategy than lower elevation studies have primarily focused on short-term muscle damage.
populations. However, such trade-offs between fitness traits andHowever, toads differ: hindlimbs almost exclusively perform
immunity have rarely been studied in the wild. We live-trapped Uinta concentric contractions for hopping and forelimbs perform eccentric
ground squirrels (UGS, Urocitellus armatus) to examine the contractions to decelerate into a safe landing. This separation of
relationship between immune function (measured by bacterial killing function provides us with a unique opportunity to determine if long
assay) and body mass dynamics in two populations located 600 nterm morphological and compositional strategies have evolved to
apart in elevation while accounting for age and sex. Higher elevatiorenhance specialized muscle functions. Preliminary histological
yearlings/adults emerged at a lower body mass but gained mass moresults demonstrate that anconeus muscle fibres are significantly
quickly, entering estivation at the same body mass as lower elevatiosmaller and more densely arranged (1815+495.8, 262+87.9
UGS. This increase in growth came at a cost, as immune responseells/mn#) than plantaris muscle fibres (3959+792.6°u80+42.8
decreased more rapidly in UGS at the higher elevation, indicating acells/mn?; p<0.01 and n=3 for both). This indicates that muscle fibre
trade-off between growth and immunity. Interestingly, these type may be a critical adaptation for both performing the sustained
trade-offs weren't detected in juveniles, which had similar growth eccentric contractions and protecting the muscles from repeated
rates and immune response across elevations, with immune functiodamage. We are also investigating if differences in amount and type
actually increasing over the season. We hope to quantify theof connective tissue exist to further enhance specialized muscle
consequences of such trade-offs on survival and population growth tdunction.

predict the ability of UGS to adapt to different climatic conditions

and resource phenologies, and understand how UGS and other

hibernators may respond to an increasingly variable climate in the

future.

11-2 FARALLO, VR*; MUNOZ, MM; MILES, DB; Virginia Tech, 117-4 FARINA, SC*; LONG, NP; Harvard University, Dickinson
Ohio University; vfarallo@gmail.com College; stacy.farina@gmail.com

Niche evolution varies depending on geographic scale: The multifunctional urohyal and sternohyoideus of flatfishes
Implications for climate change (Pleuronectiformes)

Climate change is inducing unprecedented effects on specie®Novel functions typically arise through the co-option of existing
distributions, and even causing extirpation events. One way to assesmatomy. This creates a close coupling between the new and existing
the impacts of climate change includes understanding thefunctions of the associated structures, which is thought to constrain
evolutionary history of species climatic niches. Specifically, we morphological evolution. We examine the anatomy and evolution
would like to know whether species niches are conserved orsuch a musculoskeletal system -- the flatfish urohyal. Flatfishes
divergent across evolutionary timescales. In turn, we can leverag€Pleuronectiformes) are a diverse group of laterally compressed
this information to predict whether species will be able to track fishes with extreme cranial asymmetry. They bury within the
habitats or even expand into new habitats as conditions change. Teediment using body undulations and fin flicking, and preliminary
date the ways in which micro- and macro-geographic patterns ofevidence shows that, like many other fishes, they use jets of water
niche evolution relate, if at all, remain largely unknown. Resolving from their gill openings to help fluidize sediment. Because flatfishes
these patterns would greatly enrich our ability to predict species’ay on their side, only one gill opening is in contact with the
responses to global climate change. Here we present researc$ubstrate, which could reduce their potential jetting capacity.
comparing micro- and macroclimate niche evolution in 18 species ofHowever, flatfishes have a highly modified urohyal that may provide
plethodontid salamanders. We tested for niche lability using a shunt between the left and right gill cavities. The urohyal is a
phylogenetic signal, which indicates whether variation among sesamoid bone that develops within the tendon of the sternohyoideus,
species in climatic traits is correlated with relatedness (higher signala major suction feeding muscle. In most acanthomorph fishes, the
or evolves independently of relatedness (lower signal). The resultairohyal is broad and flat, but in flatfishes, it is sickle-shaped. Our
showed that patterns of niche conservatism are impacted by thelissections revealed that the sternohyoideus attaches dorsally,
geographic scale of the analysis. Microclimatic variables exhibit medially, and posteriorly in three distinct segments. Manipulation
stronger phylogenetic signal, indicating that relatedness andshowed that the dorsal segment (encased by a large tendon) rotates
phylogenetic inertia shape niche evolution at the microgeographicthe urohyal posterodorsally (possibly to pull the urohyal into
scale. In contrast, patterns of macroclimatic variation exhibited noshunting orientation), and the medial and posterior segments pull the
phylogenetic signal, indicating high niche lability and no impact of urohyal posteriorly (for hyoid retraction during suction feeding and
relatedness on variation. Importantly, we discovered that patterns o¥entilation). We characterize the considerable variation in urohyal
niche evolution are inverted at distinct geographic scales. As such, iand sternohyoideus shape across 8 species from 3 families, and we
is important for microclimatic measurements to be included in discuss the implications of the multifunctionality of this structure for
studies of niche evolution and the impacts of climate change. the evolution and ecology of flatfishes.
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PATEK, SN; Duke University, Roanoke College, University of GM; SISSON, ZR; HAUSSMANN, BD; PAITZ, RT;
Bristol; gmf7 @duke.edu HAUSSMANN, MF; Bucknell University, lllinois State University;
Leaping larvae: hydrostatic jumpers at the mm-scale jlfo32@bucknell.edu

The elastic jumps of small insects are typically powered by elongateThe relationship between glucocorticoid levels at baseline and
legs and accessory elastic structures; however, in earlier stages alfuring an acute stress response
development, many insect larvae have worm-like bodies withoutDuring unpredictable events, vertebrates initiate a physiological
legs, potentially limiting their ability to disperse or escape predation. stress response, in part mediated by glucocorticoid hormones (GCs)
Here we present a kinematic and energetic analysis of a larval insecleased by the hypothalamic-pituitary-adrenal (HPA) axis. In
that can jump effectively without the use of legs and that instead usesirculation, GCs generally remain at baseline levels, with mild
hydrostatic control to launch itself into the air. We studied gall midge fluctuations reflecting predictable energetic demands. During stress,
larvae (Cecidomyiidae: Asphondylia sp.) that form galls within the however, GC levels become elevated above baseline, which
silverrod, Solidago bicolor. The midge larvae express this capabilityfunctions to mobilize glucose reserves and inhibit nonessential
during only the final (third) instar within the gall. When extracted functions. Once the stressor has passed, homeostasis is restored and
from the gall, they coil their body, brace their mouthparts against theGC levels recover to baseline. An acute stress response, then, can
tail, hydrostatically load their small bodies and then jump. During generally be simplified to three GC levels: baseline, stress-induced
this process, a transient launching "leg" is formed from an otherwiserise, and homeostatic-recovery. Here, we studied Japanese quail
worm-like body form. We analyzed the kinematics of their jumps off (Coturnlx japonica) using a standard bag-restraint protocol to
of a hard substrate (14 animals, 42 jumps, 1-7 jumps per individual)investigate relationships between baseline GCs and either the
They accelerated on the order of 104 m/s2, with an average velocitgtress-induced rise of GCs, or the homeostatic-recovery of GC levels.
of 1.1 m/s which is equivalent to approximately 350 body lengths/s.Specifically, we used dexamethasone, a synthetic GC that causes
They traveled a horizontal distance of an average 27 body lengthmegative feedback on the HPA axis, to measure
and up to 40 body lengths. Our theoretical models suggest thahomeostatic-recovery. We found that GC levels at baseline correlated
environmental losses, such as drag, reduced jump distanceegatively with both the GC stress-induced rise and the GC recovery
dramatically in addition to energetic losses due to rapid bodyback to baseline. In other words, birds with lower baseline GC levels
spinning. Surprisingly, our kinematic results align these small had a steeper increase in circulating GCs during an acute stress
hydrostatic jumpers with the capabilities of the renowned elastic,response and also showed a faster decrease in GCs after the stressor
legged jumps of fleas. was removed. Our results suggest that an individual's baseline GC
level relates to their ability both to turn on, and turn off an acute
stress response.

P3-192 FARNKOPF, IC*; USIP, SE; MCBURNEY, DL; P3-77 FARTHING, S.*; MONTALVO, A.; NORMAN, K.; SCOTT,
THEWISSEN, JGM; Kent State University, OH and Northeast Ohio S.; CROZIER, J.; JORGENSEN, D.; Roanoke College;

Medical University, Rootstown, OH, Northeast Ohio Medical Sjfarthing@mail.roanoke.edu

University, Rootstown, OH; ifarnkop@kent.edu The Role of Tissues and Organs in the Immune Response of the
Ontogeny of the respiratory tract in dolphins American Lobster to Acute Bacterial Infection

With adaptations for an aquatic lifestyle, toothed whales haveln response to an acute bacterial infection, the American lobster
blowholes and nasal passages that bear little resemblance to those eficits an immune response allowing for rapid clearance of the
their land relatives. We used CT scanning and histological sectioninghacteria from the circulation. Hemocytes (phagocytic immune cells)
to understand the formation of the respiratory tract during are mobilized in the circulating hemolymph and their numbers
development, using a complete ontogenetic series of dolphins of théluctuate in an inverse manner to hemolymph bacterial numbers
genus Stenella. We found that the nasal placode develops justuring the clearance process. It is clear that the circulating hemocytes
superior to the upper lip, similar to land mammals. In the first few participate directly in the clearance process. But, are circulating
weeks of development, the nasal opening shifts caudal onto thdnemocytes responsible for the bulk of the clearance, or are bacteria
forehead. At Carnegie stage 16-17 (around week 5-6 of gestation)sequestered in the tissues and organs as well by fixed hemocytes or
dolphin embryos display two external nares. Soon thereafter, theséy some other means? We employed two methods to assess the role
merge to form one blowhole. Around this time (Carnegie 16-19), of the hemocytes and tissues/organs in the clearance effort. Whole
asymmetry of the nasal opening arises, with the right side elevateargan culture was employed to quantify the number of culturable
above the surface of the forehead. Around Carnegie 20 (roughly dacteria (i.e., those not engulfed by immune cells) in a tissue/organ.
months), the single blowhole is oriented obliquely on the forehead,We also employed gPCR to determine the total number of bacterial
with its right side more dorsal than the left. Even at Carnegie 17, thecells (including non-culturable cells - those that had been engulfed)
larynx displays the typical cetacean shape, with spout-shapedequestered by a tissue/organ. The gills have previously been
epiglottic and corniculate cartilages that project towards but not intosuggested to be of primary importance in hemocyte/bacterial cell
the nasopharyngeal duct. Around Carnegie 17, the diverticula of thesequestration, but our results indicate that other tissues/organs (e.g.,
nasal passages develop, particularly the premaxillary sacs, with fevheart and antennal glands) may play an even greater role in the
signs of the other air sacs involved in sound production. immune response.

Understanding the development of the respiratory tract informs the

interpretation of nasal passages in Eocene whales and baleen whales.

A comparison with Eocene whales indicates that the nasopharyngeal

duct anatomy is very different from that of modern dolphins,

suggesting differences in the function of the air and food pathways.
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73-6 FARUQUE, IA*; MUIJRES, FT; MACFARLANE, KM; 62-1 FASSBINDER-ORTH, C. A.*; KILLPACK, T. L.; GOTO, D.
KEHLENBECK, A; HUMBERT, JS; Oklahoma State University, S.; RAINWATER, E. L.; SHEARN-BOCHSLER, V. ; Creighton
Wageningen University, University of Maryland, College Park, University, Salem State University, USGS National Wildlife Health
Aurora Flight Sciences, University of Colorado, Boulder; Center; carolfassbinder-orth@creighton.edu
i.faruque@okstate.edu High costs of infection: Alphavirus infection reduces digestive
Integrated Sensorimotor Target Extraction Techniques in function and bone and feather growth in nestling house sparrows
Untethered Drosophila Flight Control (Passer domesticus)

Insects provide attractive models for micro aerial vehicle Alphaviruses are arthropod-borne, single-stranded RNA (ssRNA)
development because they achieve robust flight performance irviruses ("arboviruses") responsible for millions of cases of human
cluttered and unstructured environments despite the relatively limitedlinesses each year. Buggy Creek virus (BCRV) is a unique
neural capability of their sensing, actuation, and control structuresalphavirus that it is transmitted by a cimicid insect, the swallow bug,
when compared with vertebrate flight. What feedback strategies daand is amplified in two avian species: the house sparrow (Passer
insects incorporate to regulate themselves to desired trajectories? Weomesticus) and the cliff swallow (Petrochelidon pyrrhonota).
investigated this question by digitizing the flight of freely-flying fruit BCRYV, like many alphaviruses, exhibits age-dependent susceptibility
flies (Drosophila hydei). Three high-speed digital video cameraswhere the young are most susceptible to developing disease and
were used to digitize wing and body kinematics, from which sectionsexhibit a high mortality rate. However, alphavirus disease etiology in
approximating stabilized were extracted. Inverse optimal control nestling birds is unknown. In this study, we infected nestling house
techniques were applied to examine the composite function of thesparrows with Buggy Creek virus and measured virological,
insect's integrated sensorimotor feedback. This control extractiorpathological, growth, and digestive parameters following infection.
technique provides progress towards combining the study ofBuggy Creek virus caused severe encephalitis in all infected
individual sensors and tethered laboratory responses by usingestlings, and the viral concentration in brain tissue was over 100
untethered trajectory information to quantify the structure, times greater than any other tissue. Growth, tissue development, and
performance, and optimal control targets of the integrated sensorsligestive function were all significantly impaired during BCRV
and neural feedback. infection, but based on histopathological analysis performed, this
impairment does not appear to be the result of direct tissue damage
by the virus, but likely caused by encephalitis and neuronal invasion
and impairment of the central nervous system. This is the first study
to examine the course of alphavirus diseases in nestling birds and
these results will improve our understanding of age-dependent
infections of alphaviruses in vertebrate hosts.

70-5 FATH, M*; RIPLEY, D; WINWOOD-SMITH, H; TYTELL, 63-2 FAULKES, Z*; SEGURA, S; GARCIA, L; TERRY, J;

E.D; JOHANSEN, J.L; STEFFENSEN, J.F; DOMENICI, P; Tufts TERRY, M; The University of Texas Rio Grande Valley;

University, University of Manchester, University of Queensland, zen.faulkes@utrgv.edu

University of Texas, Marine Science Institute, University of Blind sand crabs have visual opsins

Copenhagen, CNR - IAMC, Istituto per I'Ambiente Marino Costiero; Sand crabs (Lepidopa benedicti) have a pelagic larval stage with
michael.fath@tufts.edu typical compound eyes, but metamorphose into adults with small
The Effects of Unsteady Flow on the Kinematics of Pectoral Fin vestigial eyespots. These adults dig into sand and live under it for the
Swimming in the Tube-snout (Aulorhynchus flavidus) almost all their lives, apparently only emerging into the waters above

Fish regularly experience unsteady flows in nature, but the majorityrarely and by accident. Light penetrates about 6 mm into sand at
of laboratory studies on fish swimming are conducted under steadynost, and adults typically bury themselves about 20 mm under sand.
flow conditions. Relatively few studies have examined swimming in When placed in sand so shallow they are unable to cover their eyes,
unsteady flows. Some recent work has investigated how changes iadults showed no preferences for light or dark areas in a tank. Their
amplitude of wave-like flow affect swimming performance in a eyes do not show the typical facets of arthropod compound eyes.
pectoral fin swimmer, Cymatogaster aggregata. They found that fish Thus, their habitat, behaviour, and morphology is consistent with
with greater variation in fin beat duration were better at holding these animals being blind as adults. But transcriptomes of entire adult
position in an unsteady flow. Here we explore the effects of differentsand crab heads contain multiple opsins, including sequences similar
wave frequencies on the kinematics of the tube-snout (Aulorhynchushort, medium, and long wavelength opsins of other species. We are
flavidus), a drag-based swimmer. We swam ten tube-snouts in steadyow using in situ hybridization techniques to determine whether
flow conditions at four flow speeds and in two unsteady flow these opsins are expressed in brain tissue and/or the eyes of adult L.
conditions. Unsteady flows were composed of a sinusoidal change ifbenedicti.

velocity with two different periods (0.2 and 0.4 Hz). Changes in

velocity were achieved by controlling the voltage input to the motor

with a sine wave function. The amplitude of the velocity wave was

the same in both unsteady flow conditions, ranging from

approximately 0.5 body lengths/s to approximately 2 body lengths/s.

Under unsteady flow conditions fish increased fin beat frequency as

the water velocity increased and reached a maximum fin beat

frequency just before the water flow reached maximum velocity.

These results indicate that fish exposed to an unsteady flow change

their fin beat kinematics throughout the course of the wave, probably

to help them maintain a stable position.
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The Effect of Morphologically Representative Corrugation on Poly San Luis Obispo, UC Davis; mfeezell@calpoly.edu
Hovering Bee Flight The effect of food availability on siphon opening in the California

The present work explores the influence of morphologically mussel
representative wing corrugation in three-dimensional symmetricIntertidal Mytilus californianus are subjected to rapid changes in
hovering. The kinematics are applied to a processed HCT scan of temperature and food availability. Understanding how mussels deal
Bombus pensylvanicus and compared with a wing utilizing the samavith these environmental variables can help us predict how future
planform but a flat, rectangular cross-section. The Bombuschanges in their environment will affect mussel populations. In
pensylvanicus wing used in the present study was captured imussels, the ability to respond to thermal stress may depend on food
Virginia, killed with Ethyl acetate dying with wings extended with availability and previous thermal history, which may be linked to the
the fore and hind wings connected by the wing humuli. The activity of sirtuins (NAD-dependent deacylases). To better
aerodynamics resulting from geometric dilérences between the trueunderstand the role of sirtuins, we evaluated changes in the whole
wing and flat plate are quantified using &d G,, and qualified organism physiology for mussels that had been acclimated to one
using slices of vorticity and pressure. Three-dimensional flow combination of maximum daily temperature (20 or 30°C) and food
structures are visualized using vorticity magnitude and streamlinesration (0.25 or 1.5% mussel dry weight-dayBivalves filter feed via
The present analysis is to begin to determine and understand than exhalant siphon, which they open depending on temperature and
elécts of insect wing venation on aerodynamic performance andfood availability; this may be used to assess recovery following the
further, to better understand the elécts of assuming a simplifiedapplication of a stressor. We obtained baseline siphon activity by
cross-sectional geometry. monitoring siphon movements using high-definition video in the four
groups during the last 48 h of a 3 wk acclimation period. We then
exposed a subset of these mussels to sirtuin inhibitors and, following
inhibition, subjected all treatment groups to an acute heat stress
during emersion (33°C). Siphon activity was recorded during the 48
h following sirtuin inhibition and/or acute heat stress to determine
how sirtuins and acclimation can affect recovery and the behavior of
mussels. We predict that siphon opening will vary among the low
and high food regimes during the baseline measurements, and that
mussels that received sirtuin inhibition, as well as those acclimated to
low food, will recover more slowly from the acute stress than those
that were well fed (funded by NSF 10S-1557500).

9-7 FEHRENBACH, LA*; TRACY, CR; RICHMOND, J; California P2-202 FEILICH, KL*; DI SANTO, V; LAUDER, GV; University
State University, Fullerton, Boyd Deep Canyon Desert Research of Michigan, Harvard University; kfeilich@umich.edu

Center, USGS,; Ifehrenbach@fullerton.edu How Not to Measure Fish Acceleration Kinematics: An
The Plestiodon Story: Differences in Physiology between Two Exploration of Possible Approaches
Closely Related Skink Species that Differ in Habitat Aridity. Fishes use many different combinations of fin and body kinematics

Plestiodon skiltonianus and Plestiodon gilberti are two closely relatedto get around in aquatic environments. In order to study this variation
skink species located in Western North and Central America. P.in a functional context, we need methods of quantitatively describing
gilberti is thought to have evolved a larger body size from P. and comparing these kinematic strategies. Approaches to quantifying
skiltonianus to deal with heat flux across the skin as it moved intosteady swimming gaits have recently been developed. These
warmer and more water restricting habitats. P. skiltonianus is usuallyapproaches, while valuable, cannot be applied to the many,
found in cooler and higher elevation habitats while P. gilberti can bebiologically important unsteady swimming behaviors that
found in warmer and lower-elevation habitats. Both species can beharacterize fish movement, e.g. escapes from predators and linear
found in areas of sympatry, however these areas are patchy anaccelerations towards prey. Based on the approaches established for
intermixed between areas of allopatry. This experiment was done tsteady swimming, we used several different (admittedly simplified)
test inter/intraspecific physiological differences in sympatric and analytical schemes to try to quantify fish caudal fin acceleration
allopatric populations of both species. It was hypothesized that ther&kinematics in bass and trout. We examined three different
would be significant physiological differences between all observer-defined behaviors: steady swimming, linear acceleration,
populations tested. To test physiological differences, burst sprintand burst acceleration, over a range of initial speeds, to assess how
speed, critical maximum and minimum temperatures, and preferredhese approaches capture behavioral variation. The analyses, based
temperature was taken. Respirometry (oxygen consumption rateson techniques used in digital signal processing, trigonometry, and
carbon dioxide production rates, and evaporative water loss rates)egression modeling, are limited, but each provides information
was performed at a range of temperatures both species experience ielating kinematics to acceleration performance. Given their
the field. Preliminary analyses show interspecific differences in limitations, the approaches presented are intended to invite
optimal temperature, preferred temperature, and critical maximumdiscussion regarding which quantitative tools we have at our disposal
and minimum temperatures, and evaporative water loss rates. Thede study unsteady swimming kinematics, and how we might apply
results suggest that moving into a more-xeric habitat resulted in ahem. These preliminary approaches underscore the complexity of
physiological shift along in P. gilberti with the increase in body size. fish kinematics, and the need for multi-fin, multi-variate methods.

Also, each species retains a physiological plasticity when sympatric

and allopatric populations of the same species are compared.
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P1-184 FEIPEL, C. W.*; TATUM PARKER , T; Saint Xavier P1-62 FEITHEN, W. D.*; KROHMER, R. W.; Saint Xavier
University; feipel.cO1@mymail.sxu.edu University; feithen.wO01@mymail.sxu.edu

Bisphenol A's impact on the germination and growth rate of Visualization of C-FOS in the Brain of Timed-Mated Female
Brassica rapa. Red-Sided Garter Snakes

Bisphenol A (BPA) is an organic synthetic compound that is soluble Much of the neural circuitry involved in mediating mating behavior
in organic solvents, commercially used since 1957. It is used to makén both male and female vertebrates has been confirmed by tracking
plastics and epoxy resins and is commonly found in items such ashe activation of intermediate early genes (IEG). In neurons, these
water bottles, canned goods, water pipes, and is even used to lingenes are activated early during signal transduction resulting in the
cardboard containers like juice boxes. The presence of BPA inexpression of specific genes. The presence of specific proteins such
consumer goods and its ability to leach into its surroundings after theas fos, jun and egr-1 families are believed to indicate the initial
plastic item is discarded has an impact on humans and thectivation of the genetic machinery of neurons. This study was
environment. There is a known link between BPA and increased riskdesigned to investigate if mating activates an intermediate early gene
of obesity, genetic modification, and decreased female reproductiven the female red-sided garter snake brain by visualizing the protein
fitness in humans. While the medical concerns in humans are the-fos, at specific time intervals following mating. Little is known
subject of many current studies, the environmental effects of BPA areabout c-fos in reptiles. However, it has been reported that in other
far less studied. BPA entering bodies of water can cause harm tanimals, specific stimuli activate the production of c-fos. It is our
wildlife, where it can enter the food chain through the water table. hypothesis that following the stimulus of courtship and mating, c-fos
We hypothesize that BPA would affect the fithess of Brassica rapa, will be found within the neural pathways that regulate courtship
the Wisconsin Fast Plant. We chose this model species because it Behavior and mating. C-fos was observed in the brains of time-mated
considered a common phytoremediator, a plant commonly used tdemales beginning at time-20 minutes and continuing until time-45
offset pollutants in soils and water sources. We exposed B. rapa taninutes. However, no c-fos was observed in controls, or time-0 or 60
BPA in six concentrations between 0.05mg/L and 50mg/L. We minutes. These initial data have identified a window in which we
collected germination and growth rates, as well as wet/dry weightobserved the presence of c-fos production following mating. Further
and root/leaf morphology as a proxy for overall fitness. After this investigation will allow us to refine and define the specific window
initial study, we hope to continue experimentation with BPA on both of c-fos activation by examining post-mated females over a larger
native plant species and other model species, to examine largemumber of time intervals.

ecological effects.

26-5 FELICE, RN*; GOSWAMI, A; University College London; 96-4 FELLER, KD*; SUTTON, G; GONZALEZ-BELLIDO, PT;
ryanfelice@gmail.com University of Cambridge, University of Bristol;
Development Shapes Mosaic Evolution in Bird Skulls kate.feller@gmail.com

Mosaic evolution describes the presence of a mixture of derived andNeural control in a striking crustacean, Squilla mantis

pleisomorphic characteristics. This condition can be generated as étomatopoda)

result of interrelated clusters of traits, or modules, evolving with One of the most striking features of stomatopod crustaceans,
different tempo and mode. Mosaicism is a major factor shaping aviarcommonly known as mantis shrimp, are the large raptorial
evolution: for example, the dissociation of the hind limb and forelimb appendages that they rapidly and ballistically deploy at targets. These
allowed for the diversification of locomotor behaviours and the spring-loaded appendages are released during a variety of behaviors,
radiation of crown birds. We evaluate cranial modularity in birds including defense, predation, and habitat manipulation. Though some
using high-dimensional geometric morphometrics in a broad mantis shrimp can strike at speeds greater than 80 miles per hour, the
taxonomic sample (352 species) and find that the skull, like thespeed of a strike is highly variable both within an individual as well
post-cranium, Is highly modular. We show that evolutionary as among species. In general, species that are specialized to smash
dynamics are heterogeneous among modules and that evolutionartyard targets strike much faster than species specialized to spear
rate is linked to developmental origin. The face and cranial vaultsoft-bodied prey. Using extracellular electrophysiology and
evolve faster than the basicranium and jaw joint. Fast-evolvinghigh-speed video analysis we investigated how neural activity varies
regions are derived from anterior mandibular-stream cranial neurals a function of strike speed in the spot-tail mantis shrimp, Squilla
crest (CNC), or from multiple embryonic cell populations, compared mantis, a spear-type stomatopod. These data reveal distinct variations
to slow-evolving regions that develop from mesoderm or posteriorin neural activity between slow extensions of the limb versus fast
mandibular CNC only. Evolutionary rates are also variable across thestrikes. Our electrophysiology results also revealed that strike speed
avian phylogeny, with each module showing unique patterns. Forcan be predicted by the relative timing of high amplitude spikes in
example, the rostrum is characterized by punctuated evolution at théhe extensor muscle prior to limb deployment. Also presented are the
origin of major clades, whereas cranial vault shows high rates inresults from our high-speed video analysis of the kinematics of S.
lineages with ornamental structures. Taken together, these findingsnantis strikes performed in air vs. water. These results provide the
illustrate that the modular organization of the avian cranium allowedgroundwork necessary to inform further research characterizing the
for semi-independent tempo and mode across skull regionspeural mechanisms that underlie targeting and deployment of
facilitating the diversification of birds. stomatopod strikes.
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P1-159 FENNELL, S/A*; MEYER, N/P; MCALISTER, J/S; College  46-1 FEO, TJ*; MCCQY, DE; HARVEY, TA; PRUM, RO;

of the Holy Cross, Clark University; safenn18@g.holycross.edu Smithsonian Institution, NMNH, Harvard Museum of Comparative
Patterns of nervous system growth associated with larval feeding ~ Zoology, Yale University, Yale University; FeoT@si.edu
structure plasticity Super Black is the New Black: Structural Absorption by Barbule

The expression and evolution of phenotypic plasticity of feeding Microstructures of Super Black Bird of Paradise Feathers

structures have been examined in sea urchin larvae. Larvae reared Donsiderable progress has been made in our understanding of how
low food conditions grow longer ciliated, skeleton-supported "arms" pigments and nanostructures within the feather contribute to plumage
that are used for feeding, than genetically similar counterparts rearedoloration. However, external surface structures can also
in high food conditions. Sea urchin larvae are also classic modekignificantly impact visual appearance, such as when surface
organisms for the examination of developmental processes andtructures cause multiple scattering of light, leading to nearly
mechanisms. Some research has begun to elucidate the moleculaomplete, incremental absorption of light or "structural absorption".
mechanisms underlying the plastic expression of larval arms duringStructural absorption by super black materials is of great interest to
the initial hours to days of development. However, no research hasnaterials science due to a wide variety of technological applications.
explicitly examined morphological changes or trade-offs associatedBiological examples of structural absorption have been previously
with nervous system structure and development between low andliscovered in butterfly and snake scales. Here, we show that feathers
high fed larvae reared throughout the entirety of the larval period.from 5 species of birds of paradise (Aves: Paradisaeidae) structurally
These changes are to be expected, as nervous systems are notorioualysorb incident light to produce extremely low-reflectance, super
plastic, forging and breaking connections among neurons anddlack plumages. Directional reflectance of super black feathers were
effectors in response to a host of internal and external factors. We arene or two orders of magnitude less than normal black feathers. SEM
examining morphological differences in the nerves of the feedingand nano-CT revealed highly modified barbules in super black
arms and food-processing stomachs of larvae of the sea urchinfeathers. Ray tracing simulations using 3D tomographic models of
Lytechinus variegatus, using fluorescent staining and confocalfeather surfaces confirm that the modified barbule morphology of
microscopy. From these experiments, we anticipate finding super black feathers cause more multiple scattering of light, resulting
differences in nervous system morphology and patterns of expressiom more structural absorption, than normal black feathers.
in these areas. The data we collect will elucidate the effects ofFurthermore, super black feathers exhibited extreme directional bias
plasticity in invertebrate nervous system development in response tan reflectance such that they always appear darkest when viewed
external food resources. Further, these data will shed light on thdrom a specific direction. We hypothesize that structurally absorbing
patterns of nervous system development and growth that larvae maguper black plumage evolved to enhance the perceived brilliance of
experience throughout the duration of the pre-metamorphic larvaladjacent color patches during male courtship display.

stage.

P1-87 FERGUSON, SM*; GILSON, LN; BATEMAN, PW; Curtin P2-151 FERNANDEZ, A.*; PETANIDOU, T.; TSCHEULIN, T.;

University; stephen.fergusonl@curtin.edu.au GONZALEZ, V. H. ; HRANITZ, J. M. ; AGOSTO, J. ;
Early birds need the "worm": nectarivore flight initiation distance BARTHELL, J. F. ; University of Maryland, Baltimore County ,
varies with time of day University of the Aegean, Mytileinei, GREECE, University of

Optimal escape theory predicts that animals should flee fromKansas, Lawrence , Bloomsburg University of Pennsylvania ,
predators when the cost of staying outweighs the cost of flight.University of Puerto Rico, Rio Piedras , University of Central
Potential costs and, consequently, antipredator responses then can Rklahoma, Edmond ; afernanl@umbc.edu
expected to vary under different conditions, such as with thePollen Dynamics of Field Bindweed and Competitive Release in
perceived level of the threat or according to individual condition. Pollen Loads of a Generalist Pollinator in the Mediterranean
Nectar-feeding birds typically have a poor capacity for energy Convolvulus arvensis, field bindweed, is common in Mediterranean
storage and thus should exhibit robust diel variation in antipredatorclimates but we know little of the pollen dynamics of this flower. We
behavior that is driven by foraging motivation. Antipredator studied the pollen dynamics of the flowers, and the pollinator's
responses are commonly measured using flight initiation distanceoraging behaviors and foraging hours. We also studied how
(FID), the distance at which an individual flees from an approachingcompetition impacted pollen dynamics for Lasioglossum
predator. Using the nectarivorous New Holland honeyeatermalachurum when the specialist competitor Systropha curvicornis
(Phylidonyris novaehollandiae) we hypothesized that FID varies was removed and present. For natural pollen decay, 10 flowers were
throughout the day, predicting shorter FIDs in the morning andmonitored hourly and the anthers harvested for the pollen. C.
evening than at midday, following from and in preparation for the arvensis pollen reward decayed rapidly from 6am to 9am and
overnight fast, with greater FIDs at midday. In addition, we asked plateaued at about 10am, after visitation by early pollinators. Pollen
whether escape mode (hop vs. flight) varied throughout the daydynamics and visitation show that, while S. curvicornis is a
according to their presumed nutritional status and the energetic costpecialist, abundant L. malachurum remove most of the pollen during
of the escape mode. We found evidence of a quadratic relationshigarly foraging hours. To evaluate the C. arvensis pollen niches of the
between FID and time of day, with relatively shorter FIDs in the two bees, two sites were studied: one at which S. curvicornis was
morning and evening than at midda)élglzilz 16.41, R=0.35,p < removed and one at which S. curvicornis was present. We collected
0.001). Honeyeaters were increasingly likely to fly to escape as thel5 L. malachurum every hour from 7am to 9am, and their pollen was
day progressed (OR =1.27, Cl = 1.11 - 1.49, p < 0.001). Theseextracted and counted under a microscope. At the site with the
results suggest that New Holland honeyeater FID responses suppocompetitor S. curvicornis present, the percentage of C. arvensis
economic models of optimal escape theory, varying with individual pollen on L. malachurum decreased at 9 am, when S. curvicornis
energetic needs over the day. foraging peaked on the flowers. Where the competitor was removed,
C. arvensis pollen on L. malachurum remained high and constant
throughout sampling. The two species display temporal niche
partitioning of pollen by C. arvensis, for which the specialist S.
curvicornis is a strong competitor against the generalist L.
malachurum.
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S1-4 FERNANDEZ-VALVERDE, Selene L.*; DEGNAN, Bernard 113-3 FERRIS, K.G.*; BALLINGER, M.; HEYER, G.;

M.; Unidad de Gen6mica Avanzada, Laboratorio Nacional de PHIFER-RIXEY, M.; BI, K.; SUZUKI, T.A.; NACHMAN, M.W.;
Genodmica para la Biodiversidad (UGA-LANGEBIO), CINVESTAV, UC Davis, UC Berkeley, Monmouth University;

Irapuato, Guanajuato, Mexico, School of Biological Sciences, kgferris@ucdavis.edu

University of Queensland, Brisbane, Australia ; The genetic basis of adaptation to extreme climates in house mice
selene.fernandez@cinvestav.mx across the Americas

Early evolution of gene regulatory networks in metazoan The house mouse, Mus musculus domesticus, colonized the
development. Americas in conjunction with early European settlers 200-400 years

Precise control of temporal and spatial developmental geneago. Since their arrival, house mice have rapidly expanded their
expression is critical to animal multicellularity. Early diverging range and now occur in a variety of novel and extreme habitats from
animals possess most known families of animal transcription factorsAlaska to Tierra del Fuego making them an excellent system for
However, little is known about the preservation of developmentalidentifying loci that underlie rapid environmental adaptation. We
gene regulatory networks (GRNs) that emerged along with metazoamave collected tissue, phenotypic data, and live mice from latitudinal
multicellularity. Sponges share a similar gene composition with othertransects across North and South America that vary dramatically in
animals, including genes crucial to the identity of tissues spongedemperature, precipitation, and seasonality. We find phenotypic
lack such as neurons and muscles. The emergence of such genes asiithes in several adaptive traits including body size and coat color. In
their regulators soon after or concomitantly with metazoan order to examine genetically based phenotypic differences in
multicellularity suggest that metazoan (animal) morphological behavioral and physiological differences involved in environmental
diversity and complexity are primarily driven by gene regulatory adaptation, we collected live mice from populations at the extremes
innovations. We have characterized the evolution of regulatoryof these transects and bred them in a common laboratory
elements and the transcriptional repertoire in the marine spongenvironment for five generations. Among other interesting
Amphimedon queenslandica, revealing a highly gene dense genomaifferences, we find that cold adapted mice from New York &
with short introns, UTRs and alternative splicing patterns resemblingCanada build bigger nests and are more active than Tucson, Florida,
those of unicellular eukaryotes. Amphimedon also possesses almo&t Brazil mice. To identify the genetic basis of environmental
3,000 IncRNAs and evidence of bidirectional transcription at geneadaptation in house mice we use both population genomic and
promoters, both of which might be carrying out similar regulatory quantitative trait locus (QTL) mapping approaches. We find that
functions as those found in bilaterians. Gene co-expression analysiexciting candidate genes involved in processes such as
across Amphimedon development reveals 23 co-expressed gerasmoregulation, energy metabolism, and circadian rhythms are under
modules enriched in specific biological functions, with tightly selection. Therefore we conclude that despite their recent
regulated expression patterns that precisely coincide with ontogenetimtroduction to the Americas, house mice have undergone rapid
transitions. The preservation of co-expressed gene modulesgenetic diversification and adaptation to novel climates.

transcription factors and epigenetic control elements in Amphimedon

and other animals allows for the identification of conserved features

of the first metazoan GRNSs.

110-6 FETKE, JK; University of Cincinnati; fetkeje@mail.uc.edu 126-4 FEY, SB*; VASSEUR, DA; LOGAN, ML; ALUJEVIC, K;
Characterization of the gene expression profile of ER alpha and O'CONNOR, MI; CLUSELLA-TRULLAS, S; Reed College, Yale
Vitellogenin in the Fathead Minnow: implications for population University, Smithsonian Tropical Research Institute, Panama, Centre
effects for Invasion Biology, Stellenbosch University, University of British
Estrogens, common contaminants in wastewater effluent, areColumbia; feys@reed.edu
endocrine disrupting compounds found to be potentially problematicResolving Constraints and Opportunities for Behavioral Rescue in
for vertebrates. One of the more potent synthetic estrogens present Response to Rapid Environmental Change
water systems is 17a-ethynylestradiol (EE2), an active ingredientBehavior within the context of heterogeneous microhabitats is
found in many types of birth control. Estrogens stimulate the emerging as the primary mechanism by which ectotherms may avoid
synthesis of vitellogenin (vtg), a precursor egg yolk protein, producednegative impacts of climate warming. However, the features of
in egg laying vertebrates including fish. Additionally, estrogens are organisms and their environments that either constrain or enable
involved in the activation of intracellular estrogen receptors (ERs). effective behavioral thermoregulation remain poorly integrated into
ERs interact with estrogen response elements involved in theprojections of future performance. As such, the degree to which
regulation of estrogen-responsive genes, such as vtg. Because of tlhehavior will actually ameliorate the negative fitness consequences
inducibility of vtg expression upon exposure to estrogenic of climate warming for wild populations is unclear. Here, we
compounds, the vtg gene functions as a biomarker for exposure tadvance an approach for estimating field performance of ectotherms
environmental estrogens. This study characterizes the expressiohased on thermal reaction norms and the properties of the thermal
profile of two genes known to be responsive to estrogens, estrogetandscape- including mean temperature, spatial variance, and spatial
receptor alpha (ERa) and vitellogenin (vtg), in fathead minnowsautocorrelation. We present a theoretical framework and explore its
(Pimephales promelas) for both immediate and depurated timepredictions, use this approach to examine the importance of behavior
points. Fish were exposed to EE2 at concentrations of 0, 2.5, and 1fbr a global dataset of 38 insect species using fine-grained climate
ng/L for 48 h. Gene expression was quantified across two tissugrojections, and lastly provide a case-study estimating historic and
types: liver, where both genes are expressed, and brain, where ERature performance of the subtropical lizard Agama atra. Our results
expression occurs but vtg expression does not. In liver, mean genshow that integrating behavior and highly resolved environmental
expression values for both ERa and vtg increased with exposure tdata into ecological forecasts can reduce or reverse the predicted
higher EE2 concentration while their variances decreased. Withdetrimental responses of ectotherms to warming. However, the extent
increasing dosage, correlation between ERa and vtg expressioto which organisms are able to avoid such detrimental impacts
increased. largely depends on the relationship between mean environmental
temperature and the cost of thermoregulatory behavior. For example,
there is a strong positive relationship between mean temperature and
thermal spatial variation in habitats occupied by Agama atra. This
relationship suggests that the cost of thermoregulatory behavior will
decrease as mean temperatures increase.
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P2-260 FIELD, K; FORESTER, C; AUGUSTUS, A; MARUSKA, P2-39 FINERTY, CJ*; WARRINER, TR; HEATH, DD;

K*; Louisiana State Univ; kmaruska@Isu.edu SEMENIUK, CAD; LOVE, OP; University of Windsor, ON, GLIER
Effects of Maternal Care and Energetics on Neural Activation University of Windsor, ON; finerty@uwindsor.ca
Patterns in the African Cichlid, Astatotilapia burtoni A Trancriptomics Approach to Examining the Effects of Pre-natal

Maternal care is essential across vertebrates and must be balancé&brtisol and Increased Water Temperatures on Performance in

with competing behaviors such as feeding. The underlying neuralChinook Salmon (Oncorhynchus tshawytscha)

circuits regulating maternal care are described in mammals, but th&lobal climate change is increasing water temperatures and
mechanisms involved in switching from self-promoting to impacting thermal-sensitive organisms living in these aquatic
offspring-promoting behavior is poorly understood. The maternal systems. Development under elevated water temperatures may alter
mouth brooding cichlid Astatotilapia burtoni is an ideal system to offspring phenotype and ability to cope with these changes. In
examine the neural mechanisms modulating maternal care anaddition, maternal stress signals (such as pre-natal cortisol) may be
feeding. Females undergo a period of forced starvation for ~2 wksan important mechanism by which offspring can prepare for a more
after spawning while fry develop in the mouth. We compared neuralstressful future environment. Here we take a transcriptomics
activation patterns in females under three conditions: brooding,approach to exploring the interactive roles of pre-natal stress and
forced starvation, and fed, to examine which brain regions areelevated water temperatures in influencing the capacity of fish to
involved in the conflicting motivational states of maternal care and match developmental and physiological responses to future elevated
energy balance. Brooding females were allowed to retain their broodvater temperature stress in Chinook salmon (Oncorhynchus
for 12 days, while starved and fed females had fertilized eggstshawytscha). To simulate a biologically relevant maternal stress
removed from their mouths and underwent either forced starvation osignal, we will expose wild-collected eggs to one of two treatments
were fed for 12 days, respectively. Using the neural activationimmediately following fertilization: cortisol (1000 ng/ml) or control
marker pS6, we found differential activation among female states in(water only) bath. Each group will then be subdivided into two
specific brain regions involved in maternal care and feeding. Fortemperature treatments representing current and climate-change
example, brooding females had greater activation compared to fegrojected (+3°C) water temperature regimes. Samples from relevant
and starved females in the ventral part of the ventral telencephalotissues will be collected across multiple life stages to examine
and preoptic area, regions important for maternal care in mammalstranscriptional profiles across treatment combinations. To test
Further, co-labeling for pS6 and galanin was observed in the preoptiavhether pre-natal exposure to stress signals increases future
area, highlighting a role for this region in maternal care and energetigreparedness to acute unpredictable stressors, we will examine the
circuits of fishes. Knowledge of which brain regions facilitate transcript responses of a subset of individuals to a water temperature
conflicting physiological and behavioral states is important for spike. Overall this work represents an important first step towards
understanding the plasticity and evolution of neural circuitry determining whether exposure to pre-natal stress and temperature
controlling maternal care and feeding, with further important signals provides developmental plasticity and flexibility to adapt to
biomedical implications for eating disorders. projected temperature increases within climate change scenarios.

59-6 FINKLER, MS; Indiana Univ. Kokomo; mfinkler@iuk.edu P1-138 FINNEGAN, D.*; SUMMERS, A.P.; BUSER, T.;
Exposure to fluctuating temperatures at different intervals during KOLMANN, M.A.; Western Washington University, University of
incubation influences embryonic growth and hatchling morphology =~ Washington- Friday Harbor Laboratories, University of Oregon;
in Chelydra serpentina. finnegd@wwu.edu
Fluctuating diurnal temperatures influences incubation duration asConvergence in Diet and Morphology in Marine and Freshwater
well as the sex, size, and locomotor performance of hatchling turtlesCottoid Fishes
However, given that different stages of development differ in their Habitat transitions provide opportunities for drastic changes in
degree of thermal sensitivity, exposure to thermal fluctuations duringecology, morphology, and behavior of organisms. The goal of this
some developmental intervals (e.g., early development) may havetudy is to determine whether the numerous evolutionary transitions
greater impact on hatchling phenotype than during otherfrom marine to freshwaters have altered the pattern and pace of
developmental intervals (e.g., late development). | incubatedmorphological and lineage diversification within the sculpins
snhapping turtle eggs under five different thermal regimes with the(Cottoidea). The broad global distribution and wide-ranging ecology
following combinations of constant temperature (25°C) and diurnally of sculpins make them an ideal study system in which to analyze
fluctuating temperature (25+2°C): constant temperature throughoutmarine invasions in northern latitudes. The sheer diversity of sculpins
incubation (Constant), fluctuating temperature throughout incubationin isolated systems like Lake Baikal has led some to suggest these
(Fluctuating) and fluctuating temperature only during the first 21 fishes (particularly Cottus) underwent an adaptive radiation upon
days of incubation (1st Trimester) Days 22 to 42 (2nd Trimester), ortheir invasion of freshwaters in north Asia and Europe. Marine
from Day 43 to the end of incubation ("3rd Trimester") with constant sculpins appear to be more diverse than freshwater sculpins, and
temperatures at other intervals. Exposure to fluctuating temperaturesrhile cottoids show signs of explosive radiation early in their
accelerated embryonic growth and development rates compared tevolutionary history, our study shows that unequal patterns of clade
constant incubation temperatures at all intervals examined.disparity among these lineages has led to constant rates of
Hatchlings from the Fluctuating treatment hatched earlier and hadmorphological and lineage diversification. Feeding morphology traits
longer carapace and plastron lengths than did those from thare highly conserved in cottoids, with both marine and freshwater
Constant treatment or from the 3rd Trimester treatment. Eggs in thespecies displaying similar morphologies despite widely-varying diets.
1st Trimester treatment hatched sooner than did those in both the 3rfd/hile convergence in feeding morphology and dietary ecology is
Trimester and Constant treatments. There was no difference irwidespread in freshwater and marine cottoids, some specialist taxa,
hatchling dry mass among any of the incubation treatments. Thesécluding planktivores and piscivores, show notable departures from
findings indicate that diurnal fluctuations in temperature acceleratethe ancestral sculpin body plan. These include planktivores like
growth and influence hatchling morphology. Moreover, fluctuating Comephorus dybowskii, as well as piscivores Hemitripterus bolini
temperatures during early incubation appear to have a moreand Myoxocephalus polyacanthocephalus. C. dybowskii's unique
pronounced effect on incubation duration than similar fluctuationsfeeding morphology, including a high posterior mechanical
during late incubation. advantage and long dentary bones, may be further explained by its
habitation of the pelagic environment.
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113-7 FISCHER, EK*; SONG, Y; HUGHES, KA; ZHOU, W; 134-7 FISH, FE*; MUTHUKRISHNAN, R; HAUSER, N; West
HOKE, KL; Stanford University, Colorado State University, Florida Chester Univ., PA, Whale Research Centre, Cook Islands ;
State University; efisch@stanford.edu fish@wcupa.edu

Convergence, divergence, and connectivity in transcriptional Fluke Flexibility during Propulsion in Neonate and Adult
mechanisms of repeated evolution Humpback Whales

Recent research into whether independently evolved phenotype®scillation of the flukes is the primary mechanism of propulsion by
share underlying mechanisms has provided examples of both extremeetaceans. The flukes are composed of collagen fibers without any
convergence and divergence in mechanisms. One implication ofigid skeletal elements. Small cetaceans, such as dolphins, have been
shared mechanisms contributing to parallel evolutionary transitions isshown to possess limited chordwise and spanwise flexibility in the
the possibility that developmental or genetic constraints limit flukes under load. The present study was initiated to determine the
adaptation, whereas divergent mechanisms suggest that mechanistilexibility of the flukes in large cetaceans. The fluke oscillations of
flexibility facilitates evolution. We measured the extent to which the humpback whales (Megaptera novaeangliae) were video
shared transcriptional signatures evolve independently in Trinidadiarrecorded as the whales swam leisurely in the waters about Rarotonga
guppies (Poecilia reticulata) adapting to common environments. Wen the Cook Islands. The fluke oscillations of adult and neonate
found evidence that a combination of consistent and uniquewhales were examined two-dimensionally from lateral views using
transcriptional mechanisms contribute to similar adaptive phenotypesmageJ. To measure the degree of chordwise bending of the flukes, a
across parallel evolutionary events. In addition, we developed noveFlex Index was calculated as ratio of the chord length to the camber
statistical methods to analyze whether patterns of connectivity amondine length, where a value of unity indicted no flexing. The largest
genes also evolve. We demonstrated that covariance structure amoranount of flexing was measured at the end of each half stroke with
differentially expressed transcripts differ across populations, and thavalues for the Flex Index of 0.94 and 0.92, for the adult and neonatal
the distribution of connectivities among differentially expressed whales, respectively. When the fluke is halfway between the extreme
transcripts differs from that of non-differentially expressed positions of the stroke cycle, the Flex Index was measured as 0.97 for
transcripts. Despite inherent issues of non-independence oboth the adult and the neonate. The data indicate that there was
expression among genes within a network, transcriptional studiesffectively no difference in the flexibility between the flukes of adult
exploring changes in coexpression among genes are almost entirelgnd neonatal humpback whales. Despite the absence of rigid skeletal
lacking. Our results indicate that changes in patterns of connectivityelements within the flukes, large cetaceans, such as the humpback
among genes may play an important role in phenotypic evolution,whale, possess relatively stiff flukes when swimming. As the flukes
and we suggest that transcriptional flexibility may facilitate rapid of both small and large cetaceans exhibited similar degrees of

evolution during adaptation to novel environments. flexibility, the stiffness of the flukes appears to be size independent.
7-1 FITAK, RR*; WHEELER, BR; SCHWEIKERT, LE; ERNST, P1-161 FLEMING, C/G*; MCALISTER, J/S; College of the Holy
DA; LOHMANN, KJ; JOHNSEN, S; Duke University, University of  Cross; cgflem18@g.holycross.edu

North Carolina; rfitak9@gmail.com Examining the effects of timing of food exposure on the expression

Candidate magnetoreception genes in the brain and retina of trout  of feeding structure plasticity
Despite the prevalence of a magnetic sense among diverse taxa, littlRhenotypic plasticity occurs when an organism changes its
evidence exists for both the magnetoreceptor and the moleculaphenotype in response to its environment with no concomitant
mechanism responsible. There are currently two hypotheses: 1¢hange in genotype. A lag time between sensing the environment and
light-dependent electron transfer in photoreceptive proteins and 2phenotype production can occur when the environment is finely
interactions of magnetic particles (e.g., magnetite) with cells. In grained, i.e. when the environment changes faster than the organism
rainbow trout (Oncorhynchus mykiss), the availability of a genomecan respond. Previous research has shown that marine invertebrate
sequence and a variety of behavioral and physiological evidencédarvae can respond to changes in external food concentrations by
supporting the presence of magnetite-based magnetoreception malatering the lengths of their feeding structures. Although most lab
it an excellent model for molecular studies. In this study, we experiments of this phenomenon in echinoid larvae routinely only
investigated the effects of a magnetic pulse on gene expression in thexamine responses to absolute differences in the mean concentrations
brain and retina of rainbow trout using next-generation sequencingof food, previous research has demonstrated that organisms can cue
In the brain, we found that the magnetic pulse altered the expressionn both the range (maximum and minimum) of food concentrations
of genes associated with iron-ion transport, such as theas well as the mean. What remains unknown, however, is how the
iron-sequestering protein frim, in addition to genes associated withtiming of exposure to maximum or minimum food concentrations
the development and repair of photoreceptive structures (e.g. crggm3ffects the expression of larval feeding structure plasticity. We reared
purp, prl, gcip, crabpl and pax6). In contrast with the brain, genelarvae of Lytechinus variegatus under equal food means, but varying
expression both between and within the left and right retinae weréfood maximums and minimums across a 12-day developmental
unaffected by the magnetic pulse, thus suggesting a magnetoreceptperiod. By manipulating the point of development in which larvae
or mechanism located elsewhere. Taken together, our resultseceive the food maximum or minimum, we can understand how the
demonstrated possible roles of iron-binding and trafficking proteinstiming of exposure to food and further, the environmental grain, are
and non-visual encephalic photoreceptors in magnetoreception, andssociated with feeding structure plasticity. Our preliminary
the potential for inadvertent effects of a magnetic pulse on processesbservations suggest that larvae reared in coarse-grained
unrelated to a magnetic sense. This study is the first to use genomienvironments (low or high) produce arms that correspond to the
approaches to characterize magnetite-based magnetoreception primary food level (long arms in low and short arms in high),
trout and contributes to our understanding of the molecularwhereas larvae reared in a fine-grained, fluctuating food environment
mechanisms of this enigmatic sense. produce arms that are intermediate in length. These results suggest
that a lag time in the production of feeding structures may be
associated with exposure to a fine-grained environment in this
system.
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101-4 FLETCHER, QE*; WEBBER, QMR; MENZIES, AK; 56-7 FLIES, AS; FLIES, Andrew; University of Tasmania;

COLLIS, M-A; WILLIS, CKR; University of Winnipeg; andy.flies@utas.edu.au

g.fletcher@gmail.com Fluorescent recombinant proteins as a versatile solution for

The Evolutionary Potential of Hibernation Phenology in immunology in non-traditional species

Little-brown bats Immunology research often focuses on quantification of specific cells

As global climate changes, animals must adjust the phenology otypes and molecules using monoclonal or polyclonal antibodies. A
major life-cycle events to ensure that energetically costly activitiesmajor limitation in ecoimmunology and wildlife immunology is the
coincide with peaks in resource abundance. It is assumed that alack of species-specific reagents for non-traditional study species.
evolutionary response of phenological traits is required for naturalThe unprecedented success of checkpoint molecule (e.g. PD-1,
populations to remain viable in response to climate change. WeCTLA-4) blockade in human cancer immunotherapy in recent years
tested the hypothesis that hibernation phenology of little-brown batssuggests that understanding receptor-ligand interactions is critical to
(Myatis lucifugus) has evolutionary potential by quantifying the understanding immune function. This talk will demonstrate how
predictors and repeatability of hibernation phenological traits. Batsrecombinant proteins were rapidly developed to characterize the
(n=6326) were outfitted with PIT-tags at five hibernacula in central Tasmanian devil immune system and the potential immune evasion
Canada. PIT-tag dataloggers at the entrances of these hibernacupmthways used by the devil facial tumor to subvert immune defenses.
recorded the dates that bats immerged (i.e. entered) and emerged (iEluorescently-tagged PD-1, CD80, 4-1BB, CD200, CD200R1, CD47
departed) from hibernation. Immergence dates for males and femalesecombinant proteins were used to confirm that receptor-ligand
did not differ, and immergence date was not repeatable. Converselyinteractions observed in humans and rodents are conserved in
the emergence dates of females were 16 days earlier than emergentasmanian devils. Fluorescently-labelled recombinant cytokines,
dates of males. For both sexes, emergence dates were significantincluding IFN-y, IL-2, IL-6, IL15- [L-21, TNF-a, and VEGFA were
repeatable. For females, but not for males, individuals with largeralso produced. Initial testing demonstrated that
masses emerged earlier from hibernation, presumably to facilitate=luorescently-labelled IFN-y can induce upregulation of MHC-I on
earlier reproduction and offspring independence. In conclusion, ourdevil facial tumor cells on par with unlabelled IFN-y, suggesting that
results place bat hibernation phenology into the context of the fluorescent labels do not affect protein function. Ongoing testing
life-history variation, whereas previously, bat hibernation was seenwill determine if these fluorescently-labelled cytokines can be used
only as a energy saving mechanism. to map cytokine receptor expression. Following completion of our
receptor-ligand studies, the recombinant proteins can be used to
produce monoclonal or polyclonal antibodies for key proteins
identified in the receptor-ligand studies. Importantly, these
techniques can be quickly adapted to most eukaryotic species and
allow unprecedented insight into the development and regulation of
the immune system of non-traditional study species.

55-2 FLORES, DV*; JANZEN, FJ; lowa State University; 104-2 FLORIO, J*; FISHER, B; TSUTSUI, N; California Academy
dvflores@iastate.edu of Sciences, Univ. of California Berkeley ESPM;

Epigenetic dimorphism and predisposition to sex under Jflorio@calacademy.org

temperature-dependent sex determination Monitoring insect diversity in backyard swimming pools with

Vertebrates with temperature-dependent sex determination (TSD), aitizen scientists

mechanism that relies on incubation temperature to determineCitizen scientists represent a large and relatively untapped resource
irreversibly the sex of developing embryos, are especially threatenedor studies of biological diversity, especially for groups like insects.
by the impending changes in climate. Though they have the samélere we present the California Pools Project where participants
genome, males and females of species with TSD commonly haveollect insects trapped in their backyard swimming pools. This
many dimorphic physical characteristics. Dimorphism may also project has gathered thousands of research grade specimens while
extend to the molecular level, as regulation of genes involved inengaging participants about the biodiversity of their own backyards.
sex-specific characteristics may vary greatly. DNA methylation is an Samples are collected monthly and show the phenology of trapped
epigenetic modification well-known for its dynamic ability to silence insects over the year. The collection represents 19 different orders
genes in response to environmental triggers, including temperaturewith many of these taxa being vectors, pests and agriculturally
This study sought to characterize DNA methylation profiles betweenrelevant species. Additionally, many rare reproductive ants have been
sexes across multiple life stages of a vertebrate with TSD, while als@ollected that were previously unseen in the region. The Pools
investigating its potential to predispose an embryo to develop intoProject is part of the NSF funded Backyard Biodiversity initiative to
one sex over the other. We collected tissue from adults, hatchlingsengage the public in the discovery and wonder of life in their own
and early-stage embryos of painted turtles, Chrysemys picta, tdackyards.

compare genome-wide DNA methylation of males and females at

each stage. We followed this procedure by profiling candidate genes

in the sex-determining cascade. Sexually dimorphic DNA

methylation profiles were evident at all life stages. Additionally,

embryos sampled from clutches that produced mostly one sex

showed biased DNA methylation compared to embryos from

clutches that produced mostly the opposite sex. Further epigenetic

investigation of the TSD molecular mechanism will continue to

unlock critical information previously cryptic in traditional

genetic/genomic studies.
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P3-212 FODOR, ACA*; MAKABE, K; JEFFERY, WR; SATOH, N; 105-8 FOKIDIS, HB; Rollins College; hfokidis@rollins.edu

SWALLA, BJ; Friday Harbor Laboratories and Biology Department, Some order from chaos: systematic review and meta-analysis reveal
University of Washington, University of Tokushima, Tokushima, an emerging framework for understanding steroid responses to
Japan, Station Biologique, Roscoff France, Okinawa Institute for energy challenges?

Science and Technology, Okinawa, Japan; zebinini@gmail.com As signaling molecules, steroids can inform the body of impending
The SHARK gene cymric is truncated in the ascidian Molgula changes in energetic state and facilitate a suite of metabolic,
occulta physiological and behavioral effects. Their vital roles in
Ascidians share several features with the vertebrates includingeproduction, stress and behavior means they are well-studied in both
pharyngeal slits, an endostyle, a notochord and a muscular tail. Thelinical and comparative disciplines, resulting in an enormous of data
molgulids are a monophyletic clade of ascidians in which a taillessavailable comparing steroids across ranges of energetic challenges
phenotype has independently evolved multiple times. We areand measures. Traditionally, the different steroid classes have been
searching for the molecular basis of this tail loss by investigating theassociated with well-defined energetic effects, but a literature survey
differential gene expression of Molgula oculata and Molgula demonstrates highly variable and often contradicting results that may
occulta. M. oculata has the tailed larval phenotype, but M. occultaor may not support these roles. Thus aligning the traditional views
has lost their tail and sensory organs. The two species can beelating energy and steroid functions have made developing a
hybridized: if the eggs of the tailless species are used, then some afoherent framework difficult. | conducted an in-depth systematic
the resulting hybrids extend a half-tail and the sensory pigment cell igeview and meta-analysis of the comparative literature that relates
re-expressed. We have sequenced the genomes and developmensaéroids and energy (e.g., fasting, caloric restriction, and body
transcriptomes of these two species and the hybrid, and are searchirapndition). This review has demonstrated a significant discordance
for the mechanisms responsible for the loss of the ascidian tailedetween: 1) manipulative studies and correlative research; 2) field
phenotype. We are investigating cymric, a SHARK tyrosine kinaseand lab studies; 3) endotherms and ectotherms; 4) studies relating
located in the myoplasm in M. oculata. The tailed M. oculata makessteroid levels to changes in body mass and those with changes in
the full cymric transcript, but the tailless M. occulta cymric transcript metabolic biomarkers; and 5) studies relating body condition with
is missing the tyrosine kinase domain, suggesting that it isacross varying steroid concentrations. Interestingly, mapping the
nonfunctional. Furthermore, the M. occulta cymric gene lacks theeffect sizes of energetic challenges against the variation in a
exons for the tyrosine kinase domain; making it one of the M. occultarespective steroid's concentration reveals a robust relationship that is
genes on its way towards becoming a pseudogene, as has been shoamly apparent beyond an inflection point. This suggests only steroids
for the tail muscle genes and the sensory pigment gene tyrosinasehat exhibit a wide range of variation in concentrations within a
We are investigating whether other tailless molgulid species alsopopulation of interest will exhibit the traditionally defined energetic
have an altered cymric gene, but our preliminary results suggest thaffect of steroids. | propose a new framework for investigating the
the altered cymric is not the original mutation causing taillessness imelationship between steroids and energy that accounts for
molgulid ascidians, but rather a secondary effect observed inpopulation-level variation in steroid concentration.

Molgula occulta.

P3-193 FORD, KL*; ALBERT, JS; University of Louisiana at P3-264 FORSBURG, Z.R.*; GABOR, C.R.; Texas State University,
Lafayette; kif8880@Ilouisiana.edu San Marcos; frog@txstate.edu

The long and short of it: Patterns of snout differentiation in four Is artificial light at night a stressor for Rana berlandieri?

species of electric fishes Artificial light at night (ALAN) is defined as atrtificial light that alters

In the weakly electric group of African fishes, Mormyridae, there is the natural light dark patterns in ecosystems. ALAN can have a suite
diversity in the head shape and snout length among the c. 22bf effects on community structure and is a driver of evolutionary
species; however, the evolutionary and allometric patterns within thisprocesses that influences a range of behavioral and physiological
diversity are largely unstudied. Similarly, the group of weakly traits. Effects of ALAN on amphibians is lacking and is important as
electric fishes from the Amazon, Gymnotiformes, require further ALAN could contribute to stress and declines of these populations,
study on the allometric growth patterns during development in theparticularly in urban areas. We tested the hypothesis that exposure to
c.245 species. In both groups, some species have elongate tubulaonstant light or pulsed light at night would physiologically stress
snouts with a small terminal mouth used for benthic feeding, whileleopard frog tadpoles Rana berlandieri. We exposed R. berlandieri to
others use brachycephalic snouts to feed throughout the pelagic zonea.natural light regimen, constant light, or pulsed light for 14 days. We
This research analyzed patterns in snout elongation and head shapesed water-borne hormones to measure the amphibian stress
diversity in four species, two gymotiform species and two hormone, corticosterone (CORT), release rates on days 2 and 14 of
mormyridae species, using two-dimensional geometric the experiment. Tadpoles in both light treatments and the control had
morphometrics. Species included in this study have varying snousuppressed CORT release rates on day 2 when compared to baseline
lengths, and include Brienomyrus brachyistius (n=29), Mormyropslevels of non-experimental tadpoles. By day 14, tadpoles in the
anguilloides (n=14), Porotergus duende (n=27) and control group and constant light treatment had CORT release rates
Sternarchorhamphus muelleri (n=15). Homologous landmarks weresimilar to baseline levels while the CORT release rates of tadpoles in
placed to capture the head shape, angle of snout depression, attide pulsed light treatment remained suppressed. These results suggest
snout length of the specimens. Through the Geomorph programthat pulsed light at night is a chronic stressor for tadpoles whereas
Principal Component Analyses of statistically significant variables tadpoles habituated to constant light. This suggests that flood lights
were generated to perform multivariate regressions between thenight have more negative impact on tadpoles then constant light,
measurements of head shape diversity. Further, evolutionaryfurther investigation on additional effects such as foraging and
allometry was analyzed to determine the covariation between shapeesponse to predation and herbicides will help understand the impacts
and allometric growth among these species. These results showeaf ALAN on tadpoles.

significant covariation between head shape, snout length, and angle

of snout depression among the adult specimens of the four species.

This preliminary study provides further opportunities to evaluate the

underlying the diversity of head shape among additional electric fish

species and examine the covariation between snout elongation and

ontogenetic patterns of diversification.
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70-3 FOSTER, KL*; STANDEN, EM; Univ. of Ottawa; 54-1 FOSTER, JJ; RADFORD, AN; TEMPLE, SE; WILBY, D;
kfoster@uottawa.ca ROBERTS, NW*; University of Lund, University of Bristol;
Fin and body neuromuscular coordination changes during walking  nicholas.roberts@bristol.ac.uk

and swimming in Polypterus senegalus The polarization of light as a feeding cue for fish

Muscle is responsible for an immense array of tasks essential to th®ne of the outstanding questions in visual ecology is "Do vertebrates
function of all animals and integral to permitting vertebrate life to really use the polarization of light as a source of visual information?"
expand and diversify into virtually every niche. One of the most The majority of evidence we have centers on teleost fish and
spectacular examples of niche expansion was the water-to-lan@&lectrophysiological measurements of polarization sensitivity.
transition, during which the evolution of terrestrial locomotion placed However, after almost 60 years of research, no strong evidence exists
extraordinary demands on muscles accustomed to poweringor any polarization informed behaviour. In other animals,
swimming. Recent work on Polypterus, basal ray-finned fishes thatbehaviours that rely on the polarization of light fall into two
share many traits with stem tetrapods, has shown the importance afategories, wide field tasks such as navigation, or spatial tasks such
morphological changes to musculoskeletal structures for dealing withas visual signaling and communication. We have discovered that
the locomotor challenges of terrestrialization. However, it is unclearChromis viridis, a common planktivorous reef fish, uses the
how the neuromuscular control and coordination of their musclespolarization of light as wide field information, using a change in the
differ during swimming and walking. We assessed muscle activity degree of polarization as a feeding cue. Using a combination of on
patterns of both the pectoral fin and body during walking and reef studies and controlled tank based experiments we find that as the
swimming in Polypterus senegalus using synchronized polarization of light decreases, Chromis respond by leaving their
electromyography and three-dimensional high-speed video. Not onlyhome coral head, exhibiting a greater level of activity and feeding
is motor unit recruitment greater during walking than swimming, but more. This change in polarization occurs naturally as the food load in
the timing of activity of the body muscles is shifted such that peakthe water column increases; the greater number of scatterers cause
activity occurs closer to the time of peak body bending. Further,the degree of polarization to decrease. Furthermore, we show that
despite an increase in the absolute duration of muscle activity duringhis behavioural response is in part driven by ultraviolet wavelengths.
walking compared to swimming, the proportion of the stroke during

which muscle activity is present is smaller in walking than in

swimming. Together these data suggest that there is a shift in the

relationship between muscle activity and kinematics in walking

versus swimming and that the muscles generate forces via more

rapid, high-intensity bursts of activity to power walking compared to

swimming. These data will significantly advance our understanding

of how muscle function can be modulated to perform novel

behaviours in the face of changes in demand.

P1-169 FOUILLOUX, C*; GOYES VALLEJOS, J; TUMULTY, J; S5-2 FOX, JL; Case Western Reserve University; jIf88@case.edu
Univ. of Minnesota, Twin Cities, University of Connecticut, Storrs,  Cross-modal influence of mechanosensory input on visually guided
CT ; fouiloO1l@umn.edu behaviors in Drosophila

The effects of bromeliad water quality on the presence of golden Animal behavior frequently requires the integration of information
rocket frog tadpoles. from multiple sensory modalities. In many moving animals, vision is

Early life stages are often the most vulnerable, and parental decisiona dominant modality, but visual information is only useful for
about where to deposit offspring are important determinants ofmovement in the context of the body's own position and motion.
offspring survival. This is particularly true of phytotelm breeding How do animals integrate visual motion with proprioception and
frogs, which deposit eggs and tadpoles in small pools of water in leaimechanoreception to coordinate their movement? In flies (Diptera),
axils. Eggs and tadpoles cannot move to different pools and are thuspecialized hindwings known as halteres detect body rotations and
confined to the placement chosen by their parents. Predators anguide wing steering and head movements. We used quantitative
potential competitors seem to influence parental decisions, but thédehavioral analysis to examine how the fly nervous system uses
effect of abiotic characteristics of water quality on pool choice is visual and mechanical information to coordinate specific
unclear. We studied the golden rocket frog (Anomaloglossus beebeiflight-related behaviors. Fruit flies (Drosophila melanogaster) were
a phytotelm breeder with parental care—which most notably exhibittethered to rigid pins and placed in the center of an arena consisting
the transportation of tadpoles from one pool of water to another. Aof several panels of LEDs. We measured the flies' wing steering and
beebei live in giant tank bromeliads (Brocchinia micrantha), a head movement behaviors in response to different visual stimuli, and
species with leaf axils that retain water in large, stable phytotelmatacompared the responses of flies with their halteres removed or glued
We analyzed water quality characteristics of over 100 bromeliadto their thorax to the responses of intact flies. We noted that
pools and examined how these conditions relate to the presence aving-steering responses to small moving figures were unaffected by
absence of A.beebei tadpoles. We measured dissolved oxygen levelsaltere removal, but responses to moving wide-field stimuli were
turbidity, algae levels, photosynthetically active radiation, reduced when the halteres were glued or absent. Movements of the
temperature, water volume, and leaf position. Tadpoles were nohead were affected by haltere removal at higher speeds: though
distributed randomly with respect to these variables. In particular, wehaltereless flies were still capable of following a wide-field stimulus
found a positive relationship between dissolved oxygen level andwith their gaze, they showed no amplitude modulation of the
tadpole presence; oxygen levels in pools containing tadpoles wer@ptomotor response in their head movements. Taken together, our
never below 4 mg/L. While it is not clear if these characteristics data show that the influence of halteres on both wing steering and
directly affect pool choice, the non-random distribution of tadpoles head movement behavior is dependent on behavioral and visual
suggests that adults prefer some pools over others for tadpoleontext. These results suggest a cross-modal role of haltere input on
deposition. Furthermore, our study provides insight into the visually guided behaviors.

characteristics of important reproductive resources for this vulnerable

species.
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41-3 FOX, RA*; WESTNEAT, DF; Transylvania University, 37-5 FOX, T P*; HARRISON , J F; Arizona State University;
University of Kentucky; rfox@transy.edu tpfox1l@asu.edu
Corticosterone, Prolactin, Neophobia, and Behavioral Plasticity in ~ Respiration is a one-way street: abdominal pumping induces
Response to Brood Size Manipulations in House Sparrows (Passer unidirectional flow in beetles
domesticus) While traditionally insect gas exchange is thought of as primarily
Parental provisioning of offspring is a labile behavioral trait that is diffusive, it has become increasingly clear that advective flow,
expected to be shaped by tradeoffs during the current breedingometimes uni-directional as in birds, supplements diffusion in most
attempt and/or through residual reproductive value. Experimentsinsects. Depending on the species and physiological conditions, gas
have shown that parents can change their provisioning in response ®xchange in insects can be mostly diffusive, tidally advective, or
changes in the number of offspring, the contribution of a partner, oruni-directionally advective either in the forward or backwards
effort and/or risks involved in providing care. What is less well direction, but the mechanisms and consequences of such variation are
understood is how these behavioral changes are mediategoorly understood. We measured C@mission rates and
physiologically, though corticosterone (CORT; as mediator of unidirectional flow for adult Zophobas morio, the giant mealworm
behavioral plasticity, particularly in response to stress), and prolactinbeetle, using a latex membrane to separate the mesothoracic spiracles
(PRL; which is known to affect parental care) seem to be likely and the subelytral abdominal spiracles into two separate respirometry
candidate hormones. To test these ideas, we transiently manipulatechambers. In these beetles, the abdominal spiracles open into the
brood sizes in nesting pairs of house sparrows when nestlings wersubelytral space, so inhalation from this space is likely to increase the
7-8 days old, collected measures of parental behavior before and aftérumidity of inhaled air. 90 percent of the animals displayed strongly
the manipulation, and took blood samples, which were analyzed founidirectional flow, with significantly more C(being emitted in one
CORT and PRL, after parents had adjusted to the new brood sizedlirection, and such patterns were usually consistent over 24 h of
While pairs with reduced broods decreased their provisioning ratesmeasurement. However, whether the flow was forward or backward
circulating CORT did not differ among unmanipulated pairs, pairs 90 percent of the recordings displayed unidirectionality. Females
with increased broods, and pairs with decreased broods. Howevegxpelled most CQvia the mesothoracic spiracles, while males
birds with higher CORT provisioned less overall and decreased theilexpelled most CQvia the abdominal spiracles, suggesting that
provisioning more following the brood manipulation. Changes in morphological or physiological differences associated with sex affect
parental behavior may be mediated by interactions with PRL or othedirection of flow. Removal of the elytra was associated with
hormones. Additionally, for a subset of pairs we measured behavioraincreased CQoutput via the mesothoracic spiracles, suggesting that
and CORT responses to a series of novel objects presented at the n@dteration of subelytral conditions or desiccation (higher in animals
during provisioning in order to test whether sensitivity to changes inwith elytra removed) affect the direction of flow. These findings
offspring demand was associated with sensitivity to environmentalsuggest that the direction of unidirectional flow is under
changes in the broader sense. physiological control, possibly in response to water balance or to
reflect tissue-level variation in metabolism. This research was funded
by NSF 10S 1558052.

P2-170 FRANCE, LA*; TAYLOR, GK; University of Oxford; S6-3 FRANCIS, CD*; HORMONEBASE CONSORTIUM, ;
lydia.france@zoo.0x.ac.uk FRANCIS, Clinton; Cal Poly, San Luis Obispo,
Mechanics and Guidance of Avian Perching Flight www.hormonebase.org; cdfranci@calpoly.edu

Perching, or landing on a specific object, is performed very Metabolic scaling of stress hormones across birds and mammals
frequently by flying birds. Perching is a risky flight manoeuvre as Glucocorticoids are stress hormones that can strongly influence
errors could lead to death or severe injury in the event of anphysiology, behavior and an organism's ability to cope with
uncontrolled collision. Two main challenges arise during perching; environmental change. Despite their importance, and the wealth of
sufficient aerodynamic braking prior to contact, and accurate flight studies that have sought to understand how and why glucocorticoid
guidance to the target. The mechanics of perching flight were studie¢oncentrations vary within species, we do not have a clear
from a perching Steppe eagle (Aquila nipalensis) to understandunderstanding of how glucocorticoids vary across species and with
morphing wing kinematics during rapid-pitch up and stall, and respect to species traits. New research has proposed that much
quantify the high dissipation of energy during aerodynamic braking.interspecific variation in glucocorticoid concentrations can be
Data was taken from reconstructed points tracked usingexplained by variation in metabolism and body mass. Specifically,
photogrammetric techniques (Carruthers et al., 2010) across thglucocorticoid concentrations should vary proportionally with
wings, tail, and body. Novel techniques using motion capture with mass-specific metabolic rates and, given known scaling relationships
Harris Hawks (Parabuteo unicinctus) could provide greater insight between body mass and metabolic rate, should scale to the -0.25
into wing morphing during flight manoeuvres, and provide valuable power of body mass. Here, we use HormoneBase, the newly
insight for bio-inspired flapping UAVs. The flight control of compiled database that includes body mass data and plasma
perching flight was investigated using wild passerines (Parus major)glucocorticoid measures from wild and un-manipulated vertebrate
recorded during perching flight to a fixed and moving perch. Flight animals, to evaluate this hypothesis. Specifically, we explore the
trajectory variability and feedback during flight control were relationship between body mass and baseline cortisol or
investigated to understand how sensory feedback is used duringorticosterone in mammals and body mass and baseline
targeted flight in a variable and changing environment. corticosterone in birds. Our phylogenetically-informed models
suggest that, while glucocorticoid concentrations do decrease with
mass, the scaling exponents were significantly different from the
-0.25 power proposed in recent research. Presently, we are exploring
whether and how life history stage, sex and sampling method
influence the mass-glucocorticoid relationship. Whether inclusion of
these covariates reveals a universal-scaling exponent between
glucocorticoids and mass or not, our study demonstrates how
large-scale comparative methods can be a powerful approach to
testing both long-standing and new questions in biology.
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91-4 FRANK, CL*; INGALA, MR; BEGLIN, LJ; HUDSON, AJ; 111-6 FRECKELTON, ML*; NEDVED, BT; HADFIELD, MG;
NISHAT, N; Fordham Univ., American Museum of Natural History;  University of Hawai'i at Manoa; marnief@hawaii.edu
frank@fordham.edu Searching for the mechanism: enzymatic interrogations of outer
The Effects of Cutaneous Wax Esters, Triacyl- and membrane vesicles involved in the metamorphosis of Hydroides

Monoacylglycerols on the Susceptibility to White-nose Syndrome  elegans (Polychaeta)
White-nose Syndrome is caused by cutaneous infection with theBacterial biofilms are required for the induction of settlement and
fungus Pseudogymnoascus destructans (Pd). It produces higimetamorphosis of many benthic marine invertebrates. The identity of
hibernation mortality in 4 bats: Myotis lucifugus, M. septentrionalis, the cues that mediate these interactions, however, remain largely
M. sodalis, and Perimyotis subflavus, but not in Eptesicus fuscusunknown. The marine polychaete worm, Hydroides elegans, is one
The epidermis of E. fuscus contains 3 free fatty acids (FFAs) thatorganism whose larvae settle and metamorphose in response to
greatly inhibit the growth of Pd: palmitoleic (16:1), oleic (18:1), and specific bacteria and bacterial products. Recently, we determined that
linoleic (18:2) acids. The epidermal lipids of bats also contain wax one of the bacterial cues capable of inducing settlement in this
esters, monoacyl-, and triacylglycerols. We therefore predicted thatspecies is outer membrane vesicles produced by the bacterium
1) epidermal monoacyl- and triacylglycerols containing these fatty Cellulophaga lytica. Outer membrane vesicles are proteoliposomes
acids reduce Pd growth, and, 2) epidermal wax esters containingroduced ubiquitously by Gram-negative bacteria, and seem to be
these fatty acids also inhibit Pd growth. Laboratory culture particularly prevalent in strains that associate with Eukaryotes.
experiments with Pd maintained on media varying in lipid OMVs are composed of proteins, phospholipids, lipopolysaccharide,
composition were conducted. We observed that triacylglycerols haveand occasionally genetic material and/or virulence factors. Among
no effect on Pd growth, but 1-oleoglycerol greatly reduced Pd biological processes associated with OMVs are: cell-cell signalling;
growth. We also found that wax esters containing 18:1, 16:1, andantibiotic resistance; virulence; and horizontal gene transfer. The
18:2 all profoundly inhibit Pd growth more than the corresponding mechanisms underlying these functions, however, are poorly
FFAs. Multiple epidermal lipids classes therefore influence the understood. As a first step in determining how OMVs induce
susceptibility of bat species/populations to infection with Pd. metamorphosis, OMVs were subjected to a range of enzymatic tests
including DNase, RNase, protease and lipase treatments.
Enzyme-treated OMVs were bio-assayed for metamorphic activity to
determine which component of these complex delivery systems is
involved in inducing metamorphosis of H. elegans. These
experiments are ongoing; ultimately, the information they provide
will be essential to understanding chemical cueing by bacteria in the
larval metamorphic process.

55-3 FREDERICH, M*; LOGAN, L; Univ. of New England, 14-8 FREDERICK, AR*; FREIDMAN, CS; GERMAN, DP;
Biddeford; mfrederich@une.edu University of California, Irvine, University of Washington;
Population-specific morphology, behavior, and stress tolerance in  alyssa.frederick@uci.edu

the invasive green crab, Carcinus maenas Withering-syndrome induced gene expression changes in pinto

The European green crab, Carcinus maenas, is a globally invasivabalone, Haliotis kamtschatkana

species with highly detrimental effects on invaded ecosystems.In the abalone and Rickettsiales-like organism (RLO) system, the
Molecular techniques have recently allowed to reconstruct theRLO infects abalone digestive tissues and leads to extreme starvation
invasion history of this species and have shown that distinctand a characteristic "withering" of the gastropod foot. First identified
genetically different as well as hybrid populations exist. We in black abalone in California after an El Nirio event, the withering
compared crab populations collected in Iceland (part of the nativesyndrome-causing RLO (WS-RLO) has been seen in various sites
range), Maine (from the invasion in 1817), and Newfoundland andaround the world, and has been found in at least low levels in all
Nova Scotia (hybrids between Maine and a second invasion in thebalone species examined. Some abalone species appear to be highly
1980s into Canada) for morphology, behavior, and stress toleranceesistant to the disease, unless held at extremely high temperatures.
C. maenas from different regions displayed varied carapaceThis suggests that the resistant species possess some physiological
morphology in a 3D shape analysis of homologous morphologicalresistance to the effects of high temperature. Our goal is to develop a
points. Nova Scotian crabs were significantly more aggressive thardetailed understanding of the abalone digestive system and the
all other populations. However, no differences were found in claw mechanisms for differential resistance across the Haliotis (abalone)
crushing force. When C. maenas were placed into a 5 m diametegenus. We examined baseline differences in gene expression in pinto
mesocosm of eelgrass the hybrid populations, NS and NL, destroyedbalone (Haliotis kamtschatkana) between infected and uninfected
more plants than other populations. During a low salinity exposureindividuals. Pinto abalone were infected with the WS-RLO and
(10 ppt, 72 h) many crabs from Iceland died, or showed significantlysampled over 7 months. We used RNAseq to identify the genes being
reduced motor performance compared to the other populationsdifferentially expressed between the two groups. Gene expression
Differences in gene expression of cellular stress markers andlifferences between infected and uninfected animals will be
NaK-ATPase were observed after the salinity exposure. These resultsompared and unique genes between naive and infected abalone will
highlight key differences between the native, invasive, and hybridbe compared using heat maps generated in R. Statistical analysis will
populations. Therefore, behavior, morphology, and physiology of thisdistinguish genes showing differential expression responses between
species need to be considered as distinct traits between differergpecies. With this data, we are identifying gene expression patterns in
populations and might reflect adaptations to the respective newabalone digestive tracts that lead to WS expression during RLO
habitat. Currently, the hybrid population from Nova Scotia is infection.

extending southwards into Maine and will most likely create even

more damage to an already C. maenas-damaged ecosystem, due to its

superior aggression and destructiveness.

January 3-7, 2018, San Francisco, CA 126



SICB 2018 Annual Meeting Abstracts

45-6 FREEMAN, NE*; NORRIS, DR; STRICKLAND, D; S10-7 FRENCH, SS*; SMITH, GD; HUDSON, SB; DURSO, AM;
NEWMAN, AEM; University of Guelph, Ontario, Retired Chief Park Utah State University, Dixie State University;

Naturalist, Algonquin Provincial Park, Ontario; susannah.french@usu.edu

nfreeman@uoguelph.ca Town and Country Reptiles: Physiological Trade-offs Across a
Carry-over Effects of Early-life Food Availability on Stress Changing Landscape

Physiology and Survival: A Supplementation Experiment in a A little lizard can say a lot about the health of an environment.
Winter Breeding Passerine Disturbances in an animal's environment, including anthropogenic

Environmental conditions during early-life play a vital role in the change, can affect how it acquires and uses limited energy resources
development of an individual's hypothalamic-pituitary-adrenal (HPA) to respond to stress, reproduce, and fight disease. Urbanization is one
axis but how these conditions carry-over to influence stressof the major forms of anthropogenic disturbance facing wild
physiology, behavior and survival in natural systems is poorly populations today. To better understand how urban changes affect
understood. We examined the hypothesis that food quantity inanimals in nature, we are using a variety of methods to track,
early-life influences short and long-term HPA axis activity and monitor, and experimentally manipulate a well-studied model
survival by quantifying feather corticosterone, body condition, and organism, the side-blotched lizard. A synthesis of physiological,
fledging date in young grey jays (Perisoreus canadensis). In 2017, demographic, and genomic results will be presented from a
10 pairs of breeding adults were supplemented with high protein andcombination of field and laboratory studies to test both individual
high fat food throughout the nestling period while 9 pairs were and population-level responses to urbanization. We are working to
un-supplemented controls. Individuals from supplemented territoriesanswer these questions which will help provide a broader picture of
were in better condition at 14 d and left the nest, on average, 6 dow species respond and even adapt to environmental change.
earlier. We will also present rates of survival and data on HPA axis

activity during the nestling and fledgling stages using feather

corticosterone analysis of tail feathers collected from independent

juveniles at ~200 d of age. Our preliminary study highlights the vital

role ecophysiological factors during development, such as food

availability, play in mediating stress physiology and survival.

P3-98 FREUND, DR*; MURPHY, TG; Trinity University; 18-4 FRIEDMAN, ST*; PRICE, SA; WAINWRIGHT, PC; Univ. of
dfreund@trinity.edu California, Davis, Clemson University; sarahtfried@gmail.com
The effect of testosterone on dominance and status signaling in the The Influence of Body Size on Morphological Diversification
female American goldfinch (Spinus tristus) Across Fishes

Elaborate traits often serve as honest signals of aggression andnderstanding the diversity of body shapes across the tree of life is
fighting ability or motivation to potential competitors. Historically, one of the central challenges in evolutionary biology. One potential
studies on such traits have focused on the more aggressive male sexechanism of generating morphological diversity is the strongly
However, the American goldfinch (Spinus trusts) is unique in that conserved allometric relationship between size and shape. By altering
females exhibit an orange bill, which serves as a dynamicbody size, species undergo predictable changes in morphology,
carotenoid-based status signal to mediate aggressive interactions ovpromoting phenotypic differentiation. Evolutionary changes in size
food resources. Although testosterone (T), a hormone well known tchave been shown to account for a large fraction of variation in facial
mediate aggression in males, is known to affect female aggression imorphology across small mammals (40% in squirrels, 38% in bats,
some species, the relationship between female aggression and 33% in mongooses) and almost 80% of shape variation in raptor
appears to vary between species, and the link between this hormoneeaks. Here, we quantify the amount of shape evolution attributable
and female contest behavior is not fully supported. The uniqueto changes in body size across nearly 800 species of teleost fishes.
relationship between bill color and aggressive outcome in AmericanUsing a phylogenetic framework, we analyze 17 geometric
goldfinches appears to be limited to females, as a similar hypothesisnorphometric landmarks positioned to capture general body shape
was not supported for male bill color. This suggests a uniqueand functionally-significant features. In marked contrast to the
sex-specific divergence of ornamental function, and the potential forvertebrate lineages noted above, we find that changes in body size
T to play a different role in mediating bill color between the sexes. Inonly explain 11% of the morphological variation seen in teleost
this study, the effects of T on both dominance and bill color of fishes. These findings suggest that morphological diversification in
female American goldfinches was analyzed. Female birds werefishes is largely independent of body size. Furthermore, the role of
administered T or control treatments via subcutaneous injections fobody size in accounting for the evolution of body shape varies
5 subsequent days. On the fifth day, birds novel to each other wereonsiderably among fish families, ranging from 6-50% of shape
placed into dyads after being deprived of food to analyze dominancevariation explained by size. Complexity in the relationship between
T was administered so that each in each dyad a T bird was competingize and shape across families may, in part, explain the immense
against a control bird. Winners were determined as the individual thamorphological diversity seen in teleost fishes.

won at least 80% of the supplants and hold-offs at the feeding station.

T plasma levels and spectrometer measurements of bill color were

taken before and after T administration to determine the influence of

T on rank and bill color. Analyses will reveal if dominance and bill

color were greater in the T-augmented females compared to the

control females.

January 3-7, 2018, San Francisco, CA 127



SICB 2018 Annual Meeting Abstracts

11-7 FUESS, LE*; PALACIO, A; BAKER, AC; MYDLARZ, LD; P2-44 FULLER, RG*; ROMERO, LM; Tufts University;
University of Texas at Arlington, University of Miami; rory.fuller@tufts.edu

fuess@uta.edu Correlations between temperature, glucocorticoid levels, and
Frenemies: Symbiodinium density negatively affects immune post-captivity escape behavior in the eastern painted turtle,
response in the Caribbean coral Orbicella faveolata Chrysemys picta picta

Scelaractinian corals form the basis of one of the most diverseGlucocorticoid hormones form an important part of the vertebrate
ecosystems on the planet, coral reefs. However recently theseesponse to stressful situations, affecting to some degree almost
ecosystems have been in decline due to die offs of corals as a reswdvery tissue in the body. Their effects manifest both physiologically
multiple stressors, including increasing sea surface temperaturesand behaviorally, with many animals displaying elevated motility or
disease outbreaks and nutrient enrichment. Corals are dependeother evasive behaviors in concert with elevated hormone levels.
upon symbiotic dinofagellates, Symbiodinium, for their nutritional Much of the research on this topic, however, has been performed in
needs. Despite this, theory suggests that Symbiodinium may suppressammals and birds. Ectotherms present a more complicated picture,
host immunity to maintain symbiosis. To explore the consequencess their flexible body temperatures have been shown to cause
of symbiosis on host immunity, we conducted an experimentalchanges in glucocorticoid secretion rates and modifications to
manipulation of symbiont density using nutrient enrichment. Cores ofbehavioral responses. It is therefore critical to evaluate how the
the Caribbean coral Orbicella faveolata were pre-treated with physiological response of an ectothermic species of interest varies
nutrient enrichment for one month to increase symbiont density.under different temperatures, and how this correlates with behavior.
Following this period both nutrient enriched and control corals were Therefore, as part of a larger field study, turtles were captured and
exposed to immune challenge using a mixture of lipopolysaccharidesheir blood was assayed for glucococorticoid levels, along with
and Poly I:C. Following the experiment, samples were analyzedmeasurement of associated body temperatures. Timing of various
using RNAseq and symbiont density was quantified using gPCR.escape behaviors following release onto the shore at their capture site
Analysis of host gene expression revealed different effects of nutrientvas recorded for the animals. We present the initial results from our
enrichment and symbiont density. As expected, increases in symbiorfirst season of investigation of these inter-linked phenomena.

density appeared to have a negative effect on host expression of

immune-related transcripts. In contrast, nutrient enrichment alone,

and in combination with immune challenge, increased expression of

several putative immune transcripts. Our results suggest an important

ecological trade-off for corals: while increased symbiont density may

provide an energetic benefit to the host, this likely comes at the cost

of reduced host immunity. Further study of this trade-off is essential

to understand the potential consequences of increasing disease

prevalence on reef ecosystems.

P3-273 FUNK, A*; WILLS, N; PINSKY, B; MINICOZZI, M; 98-2 FUNKHOUSER, C*; WALSH, M; Univ of Texas at Arlington;
MASS, S; SUNY New Paltz, Northern Arizona University; collin@uta.edu

alfunk826@gmail.com Effects of flow regimes on morphology and swimming performance
Disrupting Microtubule Polymerization in Regenerating Planaria Understanding the evolutionary trade-offs is important in predicting

The known xenoestrogen Bisphenol-A (BPA), has profound effectshow species will respond to changing habitat conditions. The gulf
on planarian regeneration. Prior work in our lab has shown that BPAKillifish (Fundulus grandis) is native to the Gulf of Mexico but has
can depress and delay regeneration in a variety of flatworms at highbeen introduced in several rivers across North Texas. We evaluated
doses and stimulate regeneration at very low doses. Sinceatterns of selection on whole organism morphology in current and
regeneration involves both proliferation and cell movement, we historical populations of Fundulus across its native range as well as
hypothesized that cytoskeleton may be one of the mechanisms bintroduced populations in inland freshwater rivers. Using landmark
which endocrine disruptors are affecting regeneration in flatworms.morphometrics, we found body shape differences between rivers and
In this work we compare the effects of Paclitaxel, a microtubule coastal sites, with river populations exhibiting body shape associated
polymerization inhibitor, to BPA to determine if the regenerative with unsteady swimming performance. We also found differences
phenotypes are similar. across time, where the earliest specimens from introduced sites more
closely resembled coastal sites, showing that body shape in the
current populations has diverged from the coastal ancestor. To
understand what affect this had on performance, we also performed
swimming performance assay to determine how body shape affected
swimming ability. We found, consistent with our predictions, that
fish from habitats with flowing conditions had more streamlined
(unsteady) morphologies, and better swimming performance, than
fish from populations with little/no flow. Ultimately, our results show
how gross morphology is shaped over time in response to shifts in
flow regimes.
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S6-5 FUXJAGER, M.J.*; MILLER, E.T.; HORMONEBASE P3-181 GABLER, MK*; LOHR, AJ; KOOPMAN, HN; Univ. North
CONSORTIUM, ; Wake Forest Univ., Cornell Univ., Carolina, Wilmington; mkg5178@uncw.edu

www.hormonebase.org; fuxjagmj@wfu.edu How uniform are mammalian adipocytes? Adipocyte size in the
Macroevolutionary Patterning of Androgen and Glucocorticoid blubber of odontocetes

Levels Across the Vertebrate Phylogeny Blubber is a modified form of lipid-rich adipose tissue that is unique

Biologists have long recognized that circulating steroid levels varyto marine mammals. The many functions of blubber include the
significantly both among different species and within individuals of primary storage of energy, thermoregulation, streamlining and
the same species. This observation often leads to the assumption thatioyancy. Because of the unique characteristics of blubber, it is
steroid levels themselves are "hypervariable traits," which can easilyinteresting that studies on the morphology of the adipocytes are
evolve in response to a variety of factors. This idea, however, islimited. Previous studies have shown that blubber adipocyte
seldom explored in a rigorous manner, especially when it comes tanorphology differs between age class and reproductive state among
charting out the evolutionary trajectory of a circulating steroid acrossbottlenose dolphin populations; however, we do not know how cell
the vertebrate tree of life. Using data derived from HormoneBase, @size varies across species. Using tissue that was fixed and embedded
data set that collates steroid hormone levels of hundreds of fishin paraffin, slides were stained using hematoxylin and eosin stain in
reptile, amphibian, mammal, and bird species, we model howorder to determine the morphological differences between the
changes in selection regimes across the vertebrate phylogengdipose of deep and shallow-diving odontocetes. The families of
describe the evolutionary patterning of circulating androgen andodontocetes used in this study were the family Delphinidae,
corticosterone in both males and females. In males, we find thaKogiidae, and Ziphiidae. Pig adipose was used as a terrestrial
mammals, birds, and most fishes have shifted to new evolutionarynammal comparison. Adipocyte cell size and aspect ratio were
regimes, and exhibit lower levels of testosterone or measured. Cell size varied between the blubber layers of all
11-ketotestosterone than the inferred ancestral vertebratendividuals studied, with the smallest cells observed in the outer
evolutionary regime (to which crocodiles, turtles, squamates, andblubber layer and the largest in the inner blubber layer. Ziphiidae had
amphibians belong). However, in females, we infer no shifts in adipocytes in all blubber layers that were 2-3 times larger than those
optimal androgen levels across the entire phylogenetic landscape. Faompared to the other odontocetes and other mammals (i.e. elephant
glucocorticoid levels, both males and females experienced distincseals, rats and dogs). The adipocyte characteristics in pig fat were
and parallel regime shifts, in which all vertebrates, except for fishes,similar to the Delphinidae and Kogiidae adipocytes and other
are inferred to have shifted to exhibit lower levels of these hormonesmammals, suggesting that most mammalian adipocyte size is
with a subsequent shift to higher levels in most mammals. Overall,conserved. These variations in morphological adipocyte
these data show episodes of major taxonomic divergence in regimeharacteristics suggest the potential for phylogenetic differences
changes that set the trajectory of circulating steroid level evolution. between odontocete blubber. Cell size may also be affected by the
storage and mobilization of lipid in adipocytes, as microvessel
differences have also been observed between species.

43-5 GAGLIARDI, S F*; COMBES, S A; GAGLIARDI, SUSAN; P1-75 GAGLIO, AE*; LOUDER, MM; HAUBER , M; LYNCH ,
University of California-Davis; gagliardi@ucdavis.edu KS; Hofstra University, Hunter College , Hunter College, Hofstra
May the wind not always be at your back: Bumblebees prefer to fly  University ; Annmariegaglio@gmail.com

upwind Creating a strong password: Understanding the neural basis of

Bumblebees forage in windy, unpredictable environments where theyspecies recognition in brood parasites

must make decisions about how to reach certain resources. Win@bligate avian brood parasites lay their eggs in the nest of a
conditions likely affect their flight paths and foraging efficiency. In heterospecific host leaving juveniles without exposure to
natural environments, bees are often confronted with headwinds oconspecifics during critical developmental periods. One mechanism
tailwinds, yet little attention has been paid to whether bees choosdy which these juveniles learn to recognize conspecifics is by using a
flight routes based on wind direction. We allowed a colony of password, typically an unlearned vocalization that cues species
Bombus vosnesenskii to forage in a dual-channel wind tunnel withrecognition. The purpose of the experiments presented here were to
small fans in both channels, and with the nest box and nectar sourcexplore the neural basis of the password hypothesis as a mechanism
at opposite ends. We altered wind conditions daily in the two of mis-imprint avoidance. We found that adult cowbirds, Molothrus
channels and observed foraging behavior with no wind, with 1.25ater, show greater expression of the activity dependent immediate
m/s wind in opposite directions in each channel, or with 1.1 m/s windearly gene ZENK in two auditory forebrain regions, the caudomedial
in one channel and no wind in the other. We used two high speediidopallium (NCM) and the caudomedial mesopallium (CMM) in
cameras above the tunnel to collect 1.2 s of video per minute overesponse to cowbird chatter relative to a heterospecific control.
two hours, for fourteen days. We tracked all bees in each videoJuvenile cowbirds showed greater ZENK expression in response to
providing us with the location, direction, and speed of each bee. Beeshatter only within the NCM. Our second study also revealed that
showed no preference for either side of the dual-channel wind tunneljuvenile cowbirds have greater ZENK in CMM in response to song
However, we found that bees exhibited a significant preference forthat was recently experienced, either heterospecific or conspecific.
flying upwind vs. downwind, choosing the channel that allowed them Thus, in juvenile male cowbirds there is early onset of
to fly upwind approximately twice as often. Flying upwind requires species-specific selective neural representation of non-learned calls
an increase in thrust production while a tailwind adds to the bee'sn NCM and recently experienced song in CMM. These results
forward speed, suggesting that downwind flight should be easier; busuggest NCM was evolutionary co-opted to recognize the
previous work has shown that bees can increase their forward speespbecies-specific chatter whereas neural signatures of song memory
with little metabolic cost, whereas they struggle to maintain stability (even heterospecific songs) reside in CMM.

when flying with a tailwind. Along with our findings that bees prefer

to fly upwind, this suggests that maintaining stability is a major

consideration for bees in flight, and that flying with a tailwind may

be an overlooked flight challenge in natural, windy environments.
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P2-173 GAGNON, YL*; NILSSON, DE; Lund University; 108-1 GALL, MD*; BAUGH, AT; BEE, MA; GALL, Megan;
12.yakir@gmail.com Vassar College, Swarthmore College, University of Minnesota, St.
Could scallops have polarization vision? Paul; megall@vassar.edu

Scallops, molluscs within the Family Pectinidae, are a group of The Difference a Day Makes: Effects of Oviposition on Peripheral
swimming bivalves with dozens of surprisingly complex eyes. Their Auditory Sensitivity

eyes include a cornea, lens, mirror, and two layered retinas: @&or many animals there are rapid physiological and behavioral
proximal and a distal retina. The proximal retina is positioned well transitions that occur when females oviposit. In many species of
behind the focal point of the eye, receiving images that aretreefrogs gravid females actively search out and approach males
significantly less focused than the images the distal retina registerbased on the quality of their calls. Females preferences can be easily
(since the distal retina does lie at the focal point of the eye).assessed using phonotaxis experiments. However, immediate after
Although the anatomy of scallops has been studied since the fate 19oviposition female responsiveness to male calls decreases
century, no one knows to this date why the eyes of scallops have twdramatically and females will no longer respond to male
retinas. An astonishing difference between the two retinas is that theocalizations. In this study we asked whether there are concomitant
distal retina contains ciliary photoreceptors while the proximal retinachanges in circulating hormone levels and the sensitivity of the
consists of rhabdomeric photoreceptors. The proximal retina mayauditory periphery to common elements of male vocalizations. In this
therefore be sensitive to the polarization of light. Regretfully, not talk | will discuss our surprising results that peripheral auditory
enough histological work has been done to ascertain if scallopsensitivity, in some cases, appears to increase following oviposition.
rhabdoms have or do not have the ordered morphology required folt is not yet clear whether this difference is the result of hormonal
spatial polarization vision. The possibility of polarization sensitivity changes affecting the periphery or whether changes in motivational
in scallops is well worth the additional effort of a closer look becausestate may influence background physiological noise and response to
linear polarization is common underwater and could prove useful forparalytics. Future work will focus on teasing apart these effects to
scallop navigation and/or threat detection. | will therefore investigateunderstand the processes that mediate the dramatic behavioral
the scallops' polarization vision by testing their response to achanges that occur within the 24 hours in which oviposition occurs.
stimulus which contains only polarization contrast (i.e. an object that

is identical to its background in spectrum and intensity but is

different in the degree and/or angle of the linear polarization of the

light).

P1-271 GALLOWAY, K/A*; GRUBICH, J/R; PORTER, M/E; 113-2 GAMBOA, MP*; SILLETT, TS; FUNK, WC;

Florida Atlantic University, The Field Museum of Natural History, GHALAMBOR, CK; Colorado State University, Migratory Bird
Chicago, IL; kgalloway2016@fau.edu Center, Smithsonian Conservation Biology Institute;

Puncture performance of red lionfish, Pterois volitans, spines on mgamboa@rams.colostate.edu

buccal skin from grouper, Mycteroperca bonaci The Genomic Basis of Adaptive Phenotypic Divergence in Bill

The red lionfish, Pterois volitans, has an array of venomous spinedVorphology of Channel Island Song Sparrows
spaced among several fins (13 dorsal, 2 pelvic, 3 anal), which mayopulations may evolve fixed allelic differences in response to
contribute to their invasion success. Dorsal spines are longvariation in selection regimes over geographic space and time leading
needle-like structures, while the pelvic and anal spines are shorterto quantifiable patterns of adaptive phenotypic divergence. However,
more robust, and slightly recurved. Due to these structuralestablishing the link between genotypes and phenotypes remains
differences, we predict puncture force will vary with spine particularly challenging in natural populations. Genome-wide
morphology. Caribbean groupers have been documented to predatssociation (GWA) techniques provide an indirect method of
invasive lionfish and may act as a biotic control. Here we examineunderstanding local adaptation of non-model organisms to natural
which lionfish spines are most effective as a defense system againslystems by relating observed phenotypic variation among individuals
black grouper by determining which spines can puncture skin withto underlying genetic variation. Here, we use GWA methods to
the least amount of force. We quantified the force required toexamine the statistical association between morphology and
puncture each grouper skin section for dorsal, pelvic, and anal spinethousands of SNPs in song sparrows (Melospiza melodia graminea)
using an Instron E1000. Black grouper, Mycteroperca bonaci, skindistributed along a strong climate gradient on the California Channel
was dissected from the premaxilla, urohyal, and neurocranium. Likelslands. Specifically, we related bill surface area, a trait that differs
lionfish, grouper suction feeding behavior devours fish prey whole, significantly between islands with different climates, and RAD-seq
including venomous spines. Sections of black grouper mouth skingenerated SNPs using single-locus and multi-locus models
were chosen to include skin that is likely to be in contact with implemented in GenABEL and GEMMA. After aligning SNPs to the
lionfish spines during feeding events. Spines were placed in grips andnnotated-reference genome of a closely-related sparrow and
the actuator punctured the spines into the skin at a rate of L0mm/mirgontrolling for population structure, we identified several SNPs
which is a common speed used in puncture testing of fish scales ansignificantly associated with bill variation. Most SNPs were found in
hypodermic needles. Puncture forces were averaged and comparegenes, or closely-linked to genes, responsible for metabolic function
between each buccal skin section and each spine region. These daaad immune response, but some genes (e.g., SLCA1 and WCNT4)
will provide insight on a possible biological control, specifically if are also implicated in craniofacial development and binding of
lionfish are capable of damage to predators such as grouper. calmodulin, a pathway known to influence bill morphology in
Darwin's finches. This suggests bill morphology is a complex trait
controlled by multiple genes and provides further support for local
adaptation to climate in Channel Island song sparrows.
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P2-243 GANDHI, MP*; MACKAY, S; BERGMAN, D; San Jose S6-6 GARAMSZEGI, LZ*; HORMONEBASE CONSORTIUM, ;
State University, Grand Valley State University; Estacion Biol6gica de Doflana-CSIC, www.hormonebase.org;
meera94539@yahoo.com laszlo.garamszegi@ebd.csic.es

Chronic Effects of Nonylphenol on Crayfish Aggression Phylogeny and diversification: levels of glucocorticoid hormones

Nonylphenol (NP) is a compound used as a surfactant in a variety ond speciation rate in birds
industrial, domestic, and agricultural products. NP is abundantly Stress physiology may have consequences for species richness at
found in deoxygenated areas containing sediment, an ideal habitat fanacroevolutionary scales, because species that inhabit stressful
crayfish. It acts as an endocrine disruptor by mimicking estrogen,environments would be favored to occupy and quickly adapt to new
influencing the behavior of organisms like crayfish. Crayfish utilize -and less stressful- habitats promoting species diversification.
aggressive behaviors to find food, mates, and establish sociaFurthermore, species that maintain broad within-species variation in
hierarchies. We hypothesize that crayfish will alter the frequency ofstress response are more likely to have individuals that can
aggressive behavior over extended periods of chronic nonylphenosuccessfully cope with unpredictable environmental challenges
exposure. To test this hypothesis, 60 male adult crayfish, Orconectelringing them into new ecological niches than species with narrow
propinquus, were randomly separated into three treatment groupswithin-species variation. We have tested these ideas relying on the
high exposure (0.3 ng/L), low exposure (0.15 ng/L), and control HormoneBase repository, and investigated the relationship between
(vehicle agent). To measure aggressive behavior, fight trials werebaseline and stress-induced corticosterone levels and speciation rate
conducted and recorded for subsequent analysis. During fight trialsin a phylogenetic study of birds. To estimate speciation rates, we
crayfish were size matched to decrease any confounding effects adipplied Bayesian analysis of macroevolutionary mixtures that can
size. Interactions were later analyzed by observing the behavior ofccount for variation in diversification rate among clades and through
the pair of crayfish. We recorded the temporal mechanics bytime. There was no evidence for either the mean of baseline or that of
measuring fight intensity and duration of encounters. Preliminary the stress-induced hormone levels being associated with the degree of
results indicate changes in aggression intensity in nonylphenolspeciation. The same observation was also held for the intra-specific
exposed crayfish. variance of the traits and also when controlling for potentially
confounding effects such as body mass or latitude. These results may
imply that stress physiology plays a minor role in determining
speciation rates in birds, because, for example, species in more- or
less stressful environments are equally well-adapted and have equal
probability of speciating.

28-6 GARCIA, MJ*; TEETS, NM; University of Kentucky; P1-63 GARCIA, L.*; KROHMER, R. W.; Saint Xavier University;
mjga237@uky.edu garcia.l11@mymail.sxu.edu

Neuromuscular Performance as Measures of Thermal Tolerance Neuronal Plasticity in the Forebrain of the Male Checkered Garter
Thermal tolerance is an important predictor of current speciesSnake: Effect of Sex Steroid Hormones on Dendritic Spine
distributions, the potential to invade new environments, and species~ormation

responses to rapid climate change. There are many metrics available many seasonally breeding species, changes in the density and/or
for measuring thermal tolerance, and each comes with its ownmorphology of dendritic spines appears to be an active process
benefits and challenges. For example, examining the effects ofvithin neural regions essential for the control of reproductive
thermal stress on fecundity has clear ecological and evolutionarybehaviors. In many cases, this neuronal plasticity has been found to
relevance, but it is labor intensive to measure. Conversely, metricde in response to changes in circulating sex steroid hormone levels.
like critical thermal minimum temperature (CTmin) are Previous studies in the red-sided garter snake found a seasonal
high-throughput but are further removed from direct fitness response in dendritic spine formation as well as changes in dendritic
consequences. Here we applied a novel assay, the Rapid Iterativeépine density in response to circulating levels of sex steroid
Negative Geotaxis (RING) assay, to investigate sub-lethal effects ohormones, with dendritic spine formation greater under the influence
cold exposure in Drosophila melanogaster. The RING assay allowsof estrogen compared to testosterone. The current study examines the
us to assess neuromuscular performance by quantifying the reactiorole of sex steroid hormones on the density and morphology of
time and climbing performance of groups of flies after cold stress.dendritic spines within regions shown to be critical for the regulation
We exposed groups of flies to chilling conditions (0°C), and of reproductive behaviors in the male checkered garter snake
examined the extent to which exposure duration, recovery time, andThamnophis marcianus). Our study revealed that animals receiving
cold acclimation prior to exposure influenced performance. Durationeither testosterone or estradiol exhibited greater density of dendritic
of cold exposure had a significant, negative impact on climbing spines than control animals. However, animals implanted with
performance, with reaction time increasing and rate of climbing estrogen exhibited greater dendritic spines density compared to
decreasing as cold exposure increased from 2-24 h. Howevertestosterone implanted animals. These results add to the increasing
following cold exposure of an intermediate duration (12 h), climbing amount of evidence suggesting that estrogens, aromatized from
performance gradually improved during recovery, with all flies circulating testosterone may be the active hormone setting up the
regaining normal neuromuscular function within 48 hours of pathways critical for the regulation of reproductive activity in the
recovery. The final experiment assessing the impacts of coldcheckered garter snake.

acclimation on neuromuscular performance is currently in progress.

Our results show that the RING method is a robust assay for

non-invasively assessing sub-lethal cold injury and provides

correlative, organismal evidence of ion homeostasis dysregulation as

a possible mechanism underlying sub-lethal cold injury.
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P3-251 GARCIA-HERNANDEZ, JE*; CCNDOR-LUJAN, B; P1-266 GARDINER, J*; BEHNSEN, J; BRASSEY, C; University of
PADUA, A; AZEVEDO, F; ALFARO, M; KLAUTAU, M; Liverpool, University of Manchester, Manchester Metropolitan
SCHIZAS, N; University of Puerto Rico - Mayaguez, Department of University; j.d.gardiner@liverpool.ac.uk

Marine Science, Universidade Federal do Rio de Janeiro, Instituto deAlpha shapes: Determining 3D shape complexity across

Biologia, Departamento de Zoologia, University of Puerto Rico - morphologically diverse structures

Mayaguez, Department of Biology; jaaziel.garcia@upr.edu The concept of ‘shape' is something we can intuitively appreciate.
Diversity of calcareous sponges (subclass Calcinea) from Puerto However, discretising the shape of morphological features to allow
Rico: Genetic and Morphological Evidence comparative analysis remains difficult. Many techniques, therefore,

An integrative molecular and morphological approach was used forhave been developed to address this challenge. Indeed, the field of
the taxonomic identification of Puerto Rico's calcareous (sublcassgeometric morphometrics (GMM) is dedicated to analysing shape
Calcinea) sponge diversity. A total of 273 specimens of calcareouchange, and provides important insights into the ecology and
sponges were collected from 2013 through 2017 from 25 localities.evolution of life. Yet not all morphological features lend themselves
Our phylogenetic results reveled a total of at least 20 differentwell to GMM techniques, particularly in the absence of clearly
species of calcareous sponges, all belonging to the subclass Calcindaomologous landmarks. Here we present a new method (a-shapes)
This study is reporting a total of 13 new species of calcareousfor quantifying shape complexity, using mammalian bacula as a case
sponges, with only seven species being previously described. Wstudy. Mammalian bacula (penile bones) are an interesting example,
report the calcareous sponge Nicola tetela as a new distributioras they possess extreme shape diversity yet contain few distinct
record since it was previously reported only from Brazil and landmarks for interspecific GMM. a-shapes involves
Curacao. Our phylogenetic analysis demonstrated that all spongeshrink-wrapping a mesh around a set of 3D points in space (point
identified as Leucetta floridana formed a strongly supported clouds). These point clouds are representative of the study specimen,
monophyletic group (Pp=1). Within the genus Clathrina, the and the smaller the a, the tighter the ‘shrink-wrap' around the points.
morphologically defined species C. aurea, C. sp 1, C. sp. 4, C. sp. 5In this study, microCT scans of specimens are converted into point
and C. sp 6 are monophyletic. Our specimens from the generalouds and a-shapes fitted using increasingly refined meshes (smaller
Nicola, Arthuria, and Ernstia formed strongly supported o). The a that produces a mesh with a volume most closely matching
monophyletic groups with other publicly available sequencesthe volume calculated directly from microCT are considered
identified as Nicola, Arthuria, and Ernstia, respectively. Notable ‘optimal’. Values of optimal a are then compared interspecifically as
exception was the genus Borojevia, which is depicted as aa means of quantifying shape complexity. The a-shapes methodology
polyphyletic group. is a valuable addition to the suite of techniques available to
researchers interested in morphology and shape complexity,
particularly when traditional GMM analysis are deemed
inappropriate.

P3-68 GARDNER, S; ASSIS, VR*; MENDONCA, MT; DE ASSIS, 86-1 GARNER, AM*; KLITTICH, MR; PIECHOWSKI, JM;
Vania ; Auburn Univerity, Auburn, Univ. of Sao Paulo, Sao Paulo, MAKSUTA, D; BUO, C; STEFANOVIC, SR; NIEWIAROWSKI,

Auburn University; v.regina.a@gmail.com PH; DHINOJWALA, A; Univ. of Akron; amg149@zips.uakron.edu
RNA-Seq Provides Primers to Assess Immune Response to LPS in Recovery Ability of Gecko Adhesive Toe Pads After Fouling with
the Invasive Cane Toad (Rhinella marina) Water or Dirt

Invasive species are a threat to biodiversity, and much researciihe number of studies investigating the remarkable properties of
assessing the dispersal potential of invasive species has focused gecko adhesive toe pads has been steadily increasing over the past
immune responses. Immune responses can vary in energetic cost®ew decades, particularly after the discovery that van der Waals
and invaders are predicted to rely on less costly ones allowing fotintermolecular forces are the primary driver of gecko adhesion. The
energy allocation to dispersal. Elevated stress from dispersal magecko adhesive system is highly multifunctional (e.g. self-cleaning,
also play a role. The cane toad (Rhinella marina) is a toxic amphibiaranti-wetting, reusable, etc.), in ways that synthetic versions still do
that has been introduced to several parts of the world and is capableot mimic. Here we briefly discuss results from two studies
of rapid dispersal into new habitat. Previous studies have assessdadvestigating the ability of gecko toe pads to recover adhesion after
immune parameters in these toads, but little research has evaluatdduling with water or dirt (i.e. self-drying or self-cleaning). While the
responses at the gene expression level. RNA-sequencing (RNA-seelf-drying and self-cleaning ability of gecko toe pads have been
of spleen tissue collected from cane toads 2hr post-subjection to ademonstrated elsewhere, we investigated the effect of digital
acute challenge of 2 ug*g body mass-1 lipopolysaccharide (LPS)hyperextension of gecko toes on self-drying, and the influence of toe
revealed genes coding for multiple cytokines involved in innate pad surface chemistry on self-cleaning. Digital hyperextension was
immune responses such as phagocytic cell recruitment, extravasatioletermined to have no significant effect on the extent of self-drying,
inflammation, and lymphocyte differentiation were significantly suggesting that self-drying continues to occur regardless of toe pad
upregulated compared with sham-injected toads. Another group opeeling mechanism. We also found no significant effect of toe pad
toads were subjected to an acute stress response (via transdernmlrface chemistry on the rate or the extent of self-cleaning, indicating
application of 15 pg of exogenous corticosterone (CORT) in peanuthat self-cleaning is not directly dependent on toe pad chemistry.
oll) both 1hr prior to and with LPS injection to maintain elevated Clearly, the basis of the recovery ability of gecko toe pads will
CORT levels during the response, but this resulted in fewrequire more study in order to incorporate such capability into
differentially expressed genes compared with controls or the LPSgecko-inspired synthetic adhesives.

treatment (which both received peanut oil application only).

RNA-seq results were confirmed with qPCR. Although exogenous

CORT did not alter the immune response to LPS 2hr post-injection,

these results show the differentially expressed genes during a

response to LPS, and give novel primers to assess immune

investment among populations of this invasive toad.
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P2-186 GARNER, AM; KEITH, AJ*; SCHNARRENBERGER, A, S10-9 GARROWAY, CJ*; FLETCHER, QE; BALZER, E; FERRY,

ASTLEY, HC; NIEWIAROWSKI, PH; University of Akron; C; KINNUNEN, R; SCHMIDT, C; SOLMUNDSON, K; U.
ajk148@zips.uakron.edu Manitoba, U. Winnipeg; colin.garroway@umanitoba.ca

The Effects of Running Orientation on Gecko Locomotor Eastern Grey Squirrel Colour Morphs and Urban Adaptation
Performance Cities are the Earth's newest major habitat and we can learn a great

While many studies have investigated gecko adhesive locomotiondeal about how populations cope with environmental change by
most studies investigate gecko locomotor performance while geckostudying the species that colonise them. Eastern grey squirrels
are traveling upwards on an inclined or vertical substrate. Recen{Sciurus carolinensis) are strongly associated with humans and
studies have suggested that geckos modulate the position of thewccur, at spatially varying densities, in grey, brown-black, and black
hind limbs while descending an angled substrate, and that thisolour morphs. These morphs are produced by a single deletion in a
modulation does not appear to affect sprint velocity on substrategene associated with melanin production. The melanistic allele is
declines up to 45°. While there appears to be no performancencompletely dominant over the wild type. Heterozygotes produce
decrement at relatively shallow substrate angles, it is unclear whethethe brown-black morph. We were interested in determining whether
more challenging substrate angles would lead to different resultsmelanistic morphs are more closely associated with urban areas than
Given the directionality of the gecko adhesive system, travelinggrey morphs. Some data suggests that there may be phenotypic traits,
downward on a vertical substrate should be more difficult thanrelated to temperament and physiology, linked to the melanistic allele
traveling upward on the same vertical substrate. To test this, wehat make melanistic morphs better suited to living in urban areas
studied the locomotion of eight Gekko gecko sprinting upward orthan grey morphs. To test this we downloaded 6782 georeferenced
downward on a 2-meter vertical, acrylic racetrack, oriented at bothphotos of grey squirrels from iNaturalist.org and designated colour
60° or 90°. A motion capture system was used to record the positiormorphs as melanistic (black/black-brown) or not. We first used
of each gecko in 3-dimensional space as a function of time. This timeresence only species distribution modelling of environmental
and position data was used to calculate: average and maximumariables and human density to identify correlates of the distribution
velocity, ratio of time stopped to time moving, stride frequency, and of all morphs pooled. Mixed wood forest cover and human density
stride length of each gecko per treatment. Here we present ouwere the most important variables in the final model, each
preliminary data and discuss the implications for the adhesivecontributing ~32% to the model's explanatory power. We then fit the
locomotion of free-ranging geckos, as well as implementation of same model to the 896 melanistic morph samples, comparing
gecko-inspired synthetic adhesives into biomimetic robots. environments where melanistic morphs occurred to those where grey
morphs were sampled. Melanistic morphs were much more closely
tied to the presence of humans. Human density contributed ~63% to
this model's explanatory power. This suggests that there may be
genetically based traits linked to the melanistic allele that contribute
to urban adaptation. What these traits are remains poorly understood.

12-2 GART, SW*; MITCHEL, TW; LI, C; Johns Hopkins P3-184 GARTNER, SM*; MEHTA, RS; Univ. of California, Santa
University; swgart@jhu.edu Cruz; sgartner@ucsc.edu

Snakes traversing large step obstacles: behavior, gait, and Organ Topology and Their Scaling Patterns in Moray Eels
performance Anguilliformes (true eels) are a large clade of highly elongate fishes

Forest-, river valley-, and desert-dwelling snakes often traversethat exhibit diverse feeding ecologies. Within Anguilliformes there is
complex 3-D terrain like rocks and felled trees with variable surface surprising diversity in the mechanisms of elongation of the body,
height and frictional properties. Despite many studies on simple flatincluding almost every trend for axial elongation known within
surfaces or branches, how snakes move in such complex 3-D terraiactinopterygian fishes. In morays (Muraenidae), maximum body
is less known. Here, we studied how the variable king snakelength evolves through region-specific increases in vertebral number,
(Lampropeltis mexicana) traversed a large step obstacle (up to 25%longation of individual vertebral centra, and postembryonic somatic
of snout-vent length) and tested how step height and surface frictiogrowth. In this study, we investigate postembryonic somatic growth
affected traversal (3 animals, 101 trials). We discovered that, toin relation to axial patterning by investigating how organs scale over
traverse, the animal first lifted its head onto the step, and themontogeny using the California moray (Gymnothorax mordax) as our
climbed by simultaneously pulling with the anterior body and model. We measured the anteroposterior positions of the organs as
pushing with the posterior body. On high friction surface, the animalwell as their relative position to the vertebrae in morays ranging from
climbed using a tube-following gait, and slipped little (slip angle, 3 = 320-930 mm in standard length. We also measured lengths and
13 * 8°). By contrast, on low friction surface, the animal slipped widths of vertebral centra and the vertebral span of each organ
more ( =39 + 7°, P < 0.0001, repeated-measures ANOVA), system. We find that G. mordax increases its body length faster than
climbed using a concertina gait that alternated between pushing anthil length over ontogeny by increasing vertebral lengths in the
pulling, and moved more intermittently. In addition, when the step precaudal region over the caudal region. We found that the majority
was higher and/or friction was lower, the animal moved closer to theof organ lengths scale negatively with body cavity length but many
step before initiating climbing. These behavioral and kinematic organ masses have allometric relationships with this region. Body
differences resulted in the animal's slower traversal when step heighdepth scaled positively with body cavity length, which corresponds
increased and when friction decreased (e.g., traversal time t = 30 £ 1®&ith the steep increase in mass for most of the organs. The consistent
s, traversal speed v = 1.9 + 0.6 cthfsr the higher step with lower  span of organ topology with vertebral number during growth
frictionvs.t=6* 1s,v=5.9 + 1.8 cmm!dor the lower step with suggests strong morphogen gradients during somatic growth. Our
higher friction, P < 0.0001 for time and speed, repeated-measurescaling trends within the California moray are interesting in
ANOVA). Finally, a principle component analysis showed that the comparison to studies documenting ontogenetic changes in the
animal can be approximated by superposition of planar modal shapegosition of visceral organs in other elongate ectothermic predators
on flat ground that became non-planar during high step traversal. Ousuch as snakes.

study demonstrated the importance of 3-D terrain geometry and

mechanics in shaping locomotor behavior.
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36-6 GATESY, SM*; TURNER, ML; FALKINGHAM, PL; Brown 109-4 GATICA-SOSA, C; BRZEK, P; MAGALLANES, M.E.;

Univ., Liverpool John Moores Univ.; stephen_gatesy@brown.edu = KARASOV, W.H.*; CAVIEDES-VIDAL, E.; Univ. San Luis,

CT Imaging of Dinosaur Footprints: Hidden Topography and the Argentina, Univ. Biaystok, Poland, Univ. Wisconsin-Madison;

Origin of Track Diversity wkarasov@wisc.edu

Dinosaur footprints are trace fossils documenting the interaction ofintestinal a-Glucosidase Transcriptional Responses During

live animals with deformable substrates. Some tracks are relativelyOntogeny and Diet Adjustment in Altricial Birds

accurate molds of the foot, but most are not. Factors such as substrae describe ontogenetic changes in maltasic activity and its mRNA
consistency and foot motion are known to give rise to disparate trackn birds through adulthood, and in response to increase in dietary
morphologies that may differ considerably from static pedal starch. We studied house sparrows (Passer domesticus), which
anatomy. Although typically viewed as surfaces, any given track is aundergo a natural switch from insects to starch-containing seed diet
sample of a broader, often hidden, volumetric phenomenon. Someluring development, and zebra finch (Taeniopygia guttata), which
specimens of deep tracks can be split into multiple slabs, revealindgiave a relatively fixed seed diet during development. In zebra finch,
evidence of foot movement into and out of the sediment. We used CTin whom maltasic activity increased with age but not with dietary
imaging to reconstruct internal surfaces of deep tracks from the Earlystarch, a-glucosidase mRNA was not affected by either age or
Jurassic (~200 MYA) of the Connecticut Valley. Our first glimpse dietary starch level. In house sparrow nestlings, in whom maltasic
inside these fossils reveals that natural breaks, mechanical splittingactivity increased with age and with added starch, a-glucosidase
and subsequent preparation have significantly damaged most exposedRNA was higher on diet with added starch but did not clearly
surfaces. In particular, elevated features documenting footincrease with age. These results are consistent with the idea that the
withdrawal were either too fragile to survive or were mistakenly apparent programmed ontogenetic increase in maltasic activity is not
removed. Such topographic structures are key to understanding homwainly via transcriptional control of a-glucosidase, whereas
deep tracks formed and explaining the origin of footprint disparity. induction of maltasic activity by increased dietary starch is.
CT data enable us to more clearly observe the results ofSupported by NSF 10S-1354893

foot-sediment interactions than is possible from exposed surfaces

alone, and serve as key constraints on reconstructions of extinct

dinosaur limb kinematics.

73-5 GAU, JF*; GRAVISH, N; SPONBERG, S; Georgia Institute of P1-193 GAVIRA, RSB; ANDRADE, DV*; Depto de Zoologia, 1B,
Technology, Univ. of California, San Diego; jeffgau@gmail.com UNESP. Rio Claro, SP, Brazil; denis@rc.unesp.br

Elasticity and Resilience of the Hawkmoth Thorax Reduces Power Resting Metabolic Rate and Evaporative Water Loss in Neotropical
Requirements Pitvipers. Are There a Relationship with Microhabitat Use?

Flapping flight at the centimeter scale is one of the most energeticallyEctothermic animals rely primarily on external heat sources and
demanding modes of locomotion, which has led to the evolution of abehavioral adjustments for body temperature (Tb) regulation. As the
resonant flight system for efficient elastic energy storage and returnavailability of adequate thermal niches varies spatially and
In this configuration, the power muscles deform a stiff, parallel temporally, these organisms are subjected to considerable
elastic exoskeleton that indirectly strains the elastic wing hinge tofluctuations in Tb. In its turn, fluctuations in Th exert profound
drive the wing. The wing hinge has been implicated in energy storageénfluence on physiological and behavioral performances. For
due to the presence of resilin - the most elastically efficient biologicalexample, resting metabolic rate (RMR) and evaporative water loss
protein yet discovered. Cross-bridges have also been identified a¢EWL) are typically related to Th. Also, RMR and EWL are known
potential storage sources. Because these materials have relatively lote vary interespecifically and with habitat characteristics. Herein, we
stiffness and displacement amplitudes (0.46 mm in downstrokeaddressed the ecophysiological potential implications of the variation
power muscles), it is possible that other structures play significantin metabolism and water balance in a group of Neotropical
roles in energy storage as well. Therefore, to understand the energeticrotalinae snakes. To this aim, we measured oxygen consumption
consequences of this actuation method, we characterized the dynamrates (as a proxy for RMR) and EWL rates at different temperatures
material properties of the thoracic exoskeleton in the hawkmoth(15, 25, and 35°C) for the following snake species: Bothrops
Manduca sexta. We isolated the exoskeleton and drove sinusoidalternatus, B. jararaca, B. moojeni, and Crotalus durissus. These
length sweeps from 0.1 to 90 Hz with physiological amplitudes. To snakes are phylogenetic related and occupy geographical areas that
fully deform the thorax requires 1.2 N, which is 50% of the power overlap extensively, however, they differ in microhabitat use and
muscles' maximum force output. This corresponds to approximatelyother life history attributes. In general, B. jararaca and B. moojeni
100% of in vivo force generation. The thorax was 70% elasticallyoccupy forested areas, whereas B. alternatus and C. durissus are
efficient across a wide range of frequencies and amplitudes. This leadpen area dwellers. We found that RMR and EWL increased with
to a total body-mass specific power return of 5 Wlkgvhich temperature in all snake species. Bothrops jararaca and B. moojeni
reduces inertial power demands by 20%. In conclusion, inertialhad higher RMR than B. alternatus and C. durissus at 15 and 35°C.
power can be reduced by an additional 80% and this value may b&WL of C. durissus was the lowest among all the species tested,
constrained by the in vivo muscular force output. This work lays theregardless temperature. At 35°C, B. alternatus had lower EWL than
foundation for developing a mechanical representation of the flightother Bothrops. Broadly, differences in RMR and EWL seem to be
apparatus for better quantification of indirectly actuated, resonantconsistent with differences in microhabitat occupancy. Financial
flight energetics. support: Sdo Paulo Research Foundation (FAPESP)
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P2-271 GUELL, BA*; WARKENTIN, KM; Boston University; 128-2 GE, Z*; TOOMEY, M; HILL, GE; Auburn University,
bguell@bu.edu Washington University, Saint Louis; zzg0008@auburn.edu
Does accelerated development impair predator-detection and Red ketocarotenoids found inside mitochondria in Haemorhous
escape-hatching of phyllomedusid treefrog embryos? mexicanus

Many embryos hatch at different developmental stages in response tBor decades, carotenoids-based coloration has been one of the most
environmental conditions, using cues in multiple sensory modalities.extensively studied ornamentations in birds, they are responsible for
This is widespread and particularly well studied in amphibians. many of those yellow, orange and red colors in birds' feather, beak,
Phyllomedusid treefrog embryos hatch prematurely in response tand skin. Carotenoid-based coloration, especially red coloration, is
hypoxia when flooded and physical disturbance by predators. Recentlso an important criterion for mate choice in many different taxa
work on Agalychnis callidryas suggests that hypoxia-cued hatchingincluding birds, and it's one of the most classic examples of honest
begins when hatching ability develops, but mechanosensory-cuedignals in sexual selection. Unlike yellow carotenoids, which can
hatching begins slightly later, once inner ear mechanoreceptor®ften be obtained directly from the diet, red ketocarotenoids are
develop. Effective escape-hatching responses to flooding appeausually not readily available in songbirds' diet and must be generated
ancestral and conserved in phyllomedusids, but responses to snakbrough metabolic conversion of those yellow dietary carotenoids.
attacks vary among species. Specifically, the faster-developingDespite the wide interest and tremendous effort on understanding the
species A. spurrelli and A. saltator have lower escape success ifunction of these red pigments, the site of carotenoid metabolism
snake attacks. We hypothesized that this variation in escape-hatchingmains uncertain and contentious. In previous work, we've located a
success might be due to differences in the relative timing of keyhigh concentration of ketocarotenoids in hepatic mitochondria
developmental events. If accelerating development affects hatchingxtraction from house finch (Haemorhous mexicanus), indicating a
mechanisms more than ears, it could increase periods whemotential link between mitochondria and ketocarotenoid conversion.
hatching-competent embryos cannot perceive mechanosensory cuel this study, we successfully separated matrix and inner
To test if changing development rate differentially affects the onsetmitochondrial membrane from the outer mitochondrial membrane.
of escape-hatching responses to different cues, we reared AAnd by running carotenoid analysis on each of those fragmentations,
callidryas embryos at cool, ambient, and warm temperatures.we found a high concentration of red ketocarotenoids to be inside
Warmed embryos developed faster while cool ones developed mucimitochondria, and most likely on the inner mitochondrial membrane.
slower. We then assessed the onset of hatching responses to hypoxXiais work has an important implication for the cellular mechanisms
and mechanosensory cues. Across thermal treatments, embrydbat regulate the production of ornamental plumage coloration as well
began responding to each cue type at a consistent developmentak the shared pathway hypothesis, which suggests the production of
stage, although the absolute timing of response onset differed. Thisarotenoid pigmentation is intimately linked to core cellular
suggests that developing faster need not always entail a lag iprocesses like cellular respiration in mitochondria.And this is the
predator-detection ability. Why hatching-competent, but premature,very first study reporting submitochondrial location of red
embryos of some Agalychnis species fail to flee from predatorsketocarotenoids in animals.

remains enigmatic.

P2-164 GEARHART, C; PINSHOW, B*; KORINE, C; Ben-Gurion P1-104 GEARTY, W*; PAYNE, JL; Stanford University;

University of the Negev; pinshow@bgu.ac.il wgearty@stanford.edu
Variation in Evaporative Water Loss among Kuhl's Pipistrelles Convergent body size evolution of Crocodyliformes upon entering
along an Extreme Climate Gradient in Israel the aquatic realm

There is evidence that some desert-dwelling bats have lower rates afwenty-four species of crocodile populate the globe today, but this
evaporative water loss (EWL) than non-desert species, but whetherichness represents a minute fraction of the diversity and disparity of
there are differences in EWL among populations of conspecifics overCrocodyliformes since their origin early in the Triassic. Across this
a range that includes both mesic and desert habitats is unknown. Ordade, three major diversification events into the aquatic realm
such species is Pipistrellus kuhlii , which originated in Mediterraneanoccurred. Aquatic and terrestrial habitats impose differing selective
climes, but is now found also in hyperarid habitats in southern Israelpressures on body size. However, previous research on this topic in
We hypothesized that populations of P. kuhlii from habitats with Crocodyliformes remains qualitative in nature. In this study, our goal
different climates have phenotypic differences that reflect the was to quantify the influence of habitat (terrestrial versus aquatic) on
climatic conditions of their habitat and we tested the prediction thatthe evolution of body size in Crocodyliformes. By compiling an
EWL, especially at high ambient temperatures)(Ts lower in bats extensive body size database of fossil and modern crocs and using
from desert habitats. We measured EWL in three populations of Pphylogenetic comparative methods, we find a history of repeated
kuhlii at four T_s and found a significant effect of group origin on body size increase and convergence coupled with increases in
EWL. Mean total EWL in the group from the hottest (most southerly) strength of selection and decreases in variance following shifts to an
region was significantly lower than in the intermediate and aquatic lifestyle, suggesting common selective pressures on life in
Mediterranean groups at, E 35 °C. Reduced EWL in desert water spanning multiple independent aquatic clades. Lung volume,
populations of P. kuhlii likely saves water and may reflect which has long been proposed as the main constraint on diving time,
phenotypic plasticity or genetic adaptation, a question that we intends only a constraint at sizes greater than 10 kg, whereas the rate of
to explore in the future. cooling constrains diving time at sizes less than 10 kg. Therefore, we
propose this may be the primary driver of larger body sizes in aquatic
crocodyliformes.
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37-1 GEFEN, E*; TALAL, S; AYALI, A; Univ. of Haifa- Oranim, P1-186 GEIGER, C/M*; SCHWEIZER, K/G; PILLOT, A,

Israel, Tel Aviv University, Israel; gefene@research.haifa.ac.il MEADOWS, M/G; Saint Francis University; cxgl54@francis.edu
On the Mechanistic Basis for Discontinuous Gas Exchange in The Effects Moon Jellyfish Have on the Biodegradation of Oil
Actively Ventilating Insects Spills.

Several adaptive and non-adaptive hypotheses for the evolution an®il dispersion begins immediately following a spill and is
expression of discontinuous gas exchange (DGE) in insects haveetrimental to ocean ecosystems. However, this dispersal process
been proposed. Our recent work on orthopterans joins a large body dhcilitates bioremediation and eventually leads to mitigation of the
evidence, which questions the generality of the available hypothesespill, enabling ecosystems to recover. Aurelia aurita, also known as
Results from interspecific and intraspecific comparisons and anmoon jellies, have mucus which houses hydrocarbon-consuming
experimental evolution study are not consistent with predictions ofbacteria that have been shown in previous research to consume crude
adaptive and non-adaptive explanations. Still, they provide insightsoil. Additionally, the jelly mucus aggregates oil droplets from the
into the mechanistic basis of DGE in actively ventilating insects. water column. In our study, we are testing the hypothesis that a
Simultaneous electromyogram and respirometry reveal two distinctgreater number of live jellies results in faster and more complete
forms of ventilation in intricate interplay with three possible crude oil consumption via the nitrogen and phosphorous nutrients in
spiracular states. During the burst of gas exchange, alternatingheir mucus, which supports bacterial growth. For this study, we
closure of abdominal and thoracic spiracles is coupled with activity constructed 3 custom aquaria that are built with circular water flow.
of abdominal ventilatory muscles to achieve fast unidirectional Our treatments include 3 equally-sized 12-gallon aquaria housing one
ventilation through major tracheal trunks. Ventilation frequency jelly, two jellies, and a no-jelly control, each with the same amount
during this phase gradually decreases in response to changingf crude oil added every week for 10 weeks. Every week following 6
tracheal gas composition. During the interburst, when there isdays under treatment, we quantify nitrogen and phosphorous in all
negligible gas exchange with the environment, locusts ventilate theitreatments as well as the number of oil droplets in mucus released by
tracheal content in order to facilitate diffusion through the fine the jellies in the jelly treatments. We predict that aguaria with more
tracheoles. This is achieved through slow ventilation activity, jellies will have higher levels of nitrogen and phosphorous, which
coupled with increased activity of spiracular closer muscles, and iswould support more bacterial growth, and more droplets of oil
triggered by decreasing tissug [@vels. A classic "flutter phase”, trapped in jelly mucus. Our results will be discussed.

characterized by short bursts of Cémission, is missing in locusts

in normoxia, but is evident under hypoxic conditions. These short

events of CQrelease result from fast ventilation events and transient

relaxation of spiracle closure muscles. A model consisting of two

separate pattern generators with converging output could explain the

observed motor activity throughout the DGE cycles.

P2-193 GELLMAN, ED*; BURKE, T; NTIM-ADDAE, N; P1-188 GENTILE, G*; DWAAH, H; CAMILLI, S; HALL, C;

NWAKO, J; ELLERBY, DJ; Wellesley College; RIESGO, A; SORIONO, O; HILL, M; HILL, A; HILL, April; Univ.
egellman@wellesley.edu of Richmond, Virginia, Univ. of Virginia, Natural History Museum,
Intermittent propulsion during volitional swimming in bluegill London; ahill2@richmond.edu

sunfish Development of a Model System to Study Sponge:Algal Symbioses

Most fish swimming performance data were obtained underIn many freshwater habitats, Chlorella spp. form intracellular
steady-state conditions at imposed constant velocities. In contrastsymbioses with a variety of heterotrophic host taxa including several
field videography suggests that volitional swimming features velocity species of freshwater sponge. The facultative nature of the
variation and non-linear trajectories. A further distinction in bluegill sponge:Chlorella association offers opportunities to identify factors
sunfish (Lepomis macrochirus) is that flume swimming involves that permit long-term residency within organelles, and to discern
repeated propulsive cycles, while volitional swimming features pathways that allow the algae to avoid the host's digestive response.
intermittent propulsive bouts interspersed with gliding. If drag is Freshwater sponges also offer many tractable qualities of a model
elevated during thrust production, brief bouts of thrust interspersedsystem to study features of intracellular occupancy. Here, we
with low-drag, low-cost gliding could reduce overall energy costs describe how we isolated, cultured, and cared for
relative to constant propulsion at the same average speedsponge-derived Chlorella, and how we obtained, curated, and
Intermittent propulsion may also keep muscle strain trajectories andyrew Ephydatia gemmules. We also describe how we used the
propulsive kinematics within a narrow parameter space thatemergent sponges in experiments to test hypotheses
maximizes muscle power output and/or muscle and propulsiveabout Chlorella symbioses. The fate of Chlorella populations was
efficiencies. If so, speed modulation may be achieved by changingollowed after inoculating algae-free E. mulleri and E.
propulsive and glide durations rather than propulsive cycle frequencyfluviatilis under different experimental conditions. Furthermore, we
as in constant-propulsion flume swimming. Detailed kinematic datapresent RNASeq data on differential gene expression observed in E.
are required to determine the factors underlying intermittent milleri exposed to bacteria, heat-killed Chlorella, and live Chlorella.
propulsion. Resolution limits make this information difficult to We discuss this work in light of growing interest in the evolution of
obtain in the field. To address this, we have quantified volitional specificity between hosts and symbionts, the stability of algal
swimming performance data in a large-volume tank that allows for populations in heterotrophic hosts, and the fundamental and realized
unconstrained swimming. Propulsive cycle frequencies, estimatechiche of phototrohpic algae.

muscle strains and Strouhal numbers fell within a narrow range, and

were largely decoupled from average speed. This suggests that

constraints on propulsive muscle function and kinematics may

underlie intermittent propulsion. The similarities between volitional

velocities and propulsive cycle frequencies between the lab and field

suggest that this approach can be applied to understand selection

pressures shaping intermittent propulsive behavior.
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Georgia, Technical University of Denmark; jgenz@westga.edu University, Bloomington, Texas A&M University-Kingsville;
Combined Effects of Temperature and Hypoxia on Anaerobic georgee@indiana.edu

Metabolism and Development of Oxygen Debt in a Common Short-term HPG axis activation has longer-term effects on paternal
Cyprinid care: implications for the use of GnRH challenges

The golden shiner, Notimigonus crysoleucas, is a common baitGonadal steroids, such as testosterone (T), mediate many
minnow that often experiences hypoxia events within its freshwaterreproductive and social behaviors in vertebrates. It is therefore useful
habitat, and also encounters many microhabitats of varyingto experimentally manipulate T levels in order to investigate how
temperatures. In this experiment, golden shiners were exposed tthese hormone-mediated traits may be shaped by selection. One
severe hypoxia (1.75+0.12 kPa) for 1 h at two commonly used method to temporarily increase T within
environmentally-relevant temperatures (14 and 24°C), and themphysiological ranges is to stimulate the
allowed to recover for 7 h at 24°C. Standard and maximal metabolichypothalamo-pituitary-gonadal (HPG) axis with injections of
rates and blood plasma parameters were assessed before hypoxgonadotropin-releasing hormone (GnRH). However, despite their
exposure, immediately following exposure, and post-recovery. Wefrequent use as an assay of HPG axis reactivity, the effects of GnRH
hypothesized that cold temperature in combination with severeinjections on behavior are poorly understood. Here, we tested the
hypoxia may create a protective effect with respect to the metabolieeffects of GnRH vs. saline injections on parental care in free-living
response. Standard metabolic rate was significantly decreased duringale tree swallows (Tachycineta bicolor) during the chick rearing
hypoxia in the fish exposed to 14°C, but was not affected at 24°C period. To measure effects on paternal care in the 24 h post-injection,
Golden shiners exposed to hypoxia at 24°C accumulated a greatewe quantified RFID-logged nest visitation rate (i.e. provisioning) and
oxygen debt than the 14°C treatment, but time required to return tanestling growth. Because prior work suggests that T often suppresses
pre-exposure SMR was not significantly affected by exposure paternal care in songbirds, we expected to find temporarily reduced
temperature. Blood plasma lactate concentrations were significantlycare in GnRH males vs. saline males. Surprisingly, we found the
elevated in golden shiners immediately following hypoxia at both opposite: GnRH-injected males visited their nest boxes significantly
temperatures, and returned to baseline levels after the 7 h recovenpore than controls, and their chicks tended to grow faster.
period in both groups. Fish exposed to hypoxia in low temperatureAdditionally, the degree to which males elevated T in response to
displayed significantly lower plasma lactate accumulation GnRH positively correlated with the rate at which their chicks grew.
immediately following hypoxia exposure than fish exposed at 24°C. Together, these data suggest that males experiencing a surge in T, or
Similarly, plasma pH was reduced following hypoxia exposure, but some other GnRH-controlled hormone, provision more than controls.
only in the fish held at 24°C during hypoxia exposure. These resultsResults also highlight the utility of GnRH challenges, which can
indicate that, consistent with other cyprinids, golden shinerstemporarily elevate gonadal steroids within physiological limits and,
demonstrate extensive hypoxia tolerance, which is enhanced byn doing so, reveal behavioral and performance-related consequences

reduced temperature. of naturalistic hormonal fluctuations.
74-1 GEORGE, MN*; CARRINGTON, E; Univ. of Washington, P1-216 GERALD, GW*; WASS, ED; NOVINSKI, D;
Seattle; mngeorge@uw.edu PROKUPEK-PICKETT, A; MARIAN, AD; MCGINN, TM;

Mussel Byssus Attachment in a Patchy Ocean: pH and Dissolved  Nebraska Wesleyan University, College of Charleston;
Oxygen at the Substrate-Adhesive Interface Diverges from Oceanic ggerald@nebrwesleyan.edu
Conditions in Mussel Aggregations Differential gene expression and citrate synthase activity in skeletal
In the intertidal zone, where waves impart lift and drag forces onmuscle of cornsnakes (Pantherophis guttatus) following different
stationary objects, mussels survive by forming aggregations, wherenodes of locomotion
individuals adhere to rocks and each other using fibers (byssaWVariation in locomotor performance and metabolism is common in
threads) tipped with a protein-based adhesive. Single proteinanimals; however, the underlying causes driving this variation have
adhesion models predict that a pH and oxygen differential imposedeceived little attention. Though, previous studies have shown
during secretion promotes adhesion with the substrate, whilechanges in enzyme activity and metabolic gene expression in
exposure to seawater facilitates the solidification and cross-linking ofexercised versus non-exercised skeletal muscle, no study has
proteins to form a bulk solid. What remains unclear is to what extentexamined the plasticity in enzyme activity and gene expression in
pH and oxygen at the substrate, and in aggregations, differs fronskeletal muscle following different types of locomotor activity in
open ocean conditions, and to what extent this difference impactsion-human animals. Snakes are excellent candidates to use to
adhesive strengthening. Here we present substrate level pH anédxamine these questions because of the various types of locomotor
oxygen measurements from mussel aggregations that are suspendetbdes they utilize and because they possess metabolic proteins
during raft aquaculture operations at the Penn Cove Shellfish Farmynique among vertebrates that are involved in aerobic respiration and
in the Puget Sound, Washington State. Field observations of pH anevhich permit them to endure large metabolic fluctuations. For this
oxygen were used to inform fluctuating laboratory experiments, study, biopsies of skeletal muscle were performed on cornsnakes
wherein byssus adhesive was incubated in seawater treatmentg¢Pantherophis guttatus) following 10 min of movement via one of
sampled over time, and pulled to failure using a tensile testingthree modes of limbless locomotion (lateral undulation, concertina,
machine. Excursions below a pH of 7 were sufficient to arrestarboreal) to 1) extract RNA for sequencing and quantify gene
adhesive strengthening, which then resumed when seawater returnexkpression and 2) to examine citrate synthase activity. Sequences
to a pH of 8. Oxygen fluctuations below 1 md Eailed to stop were assembled using de-novo and genome-guided methods and a
adhesive strengthening over a three-day exposure, although the ratmnsensus assembly was used to annotate and assess differential gene
of strengthening was reduced. Results from these assays providexpression. More genes were found to be up- or down-regulated
insights into what substrate-level micro-environment is required for following lateral undulatory and concertina movements compared to
secure mussel attachment, answers whether or not this interaction arboreal movement. We found that citrate synthase activities did not
reversible or temporally constrained, and can be used to inform aliffer among locomotor treatments but was higher than snakes that
dynamic model that predicts the timing of “fall off* events at mussel did not move. Future work will attempt to identify the functions of
farms given changes in future oceanic conditions. up- and down-regulated genes and examine the activities of other
metabolic enzymes.
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Can you stomach it? Comparative transcriptomics of the stomachs LINLEY, TD; JAMIESON, AJ; DRAZEN, JC; University of Hawai'i
of prickleback fishes (Stichaeidae) consuming different diets at Manoa, Honolulu, NOAA Fisheries, Pacific Islands Fisheries

Despite obvious whole animal, tissue level, and biochemical Science Center, Honolulu, Scripps Institution of Oceanography,
differences among species with different diets, dietary specializationUniversity of California San Diego, La Jolla, National Institute of
has molecular underpinnings that are not well understood. In thiswater and Atmospheric Research, Wellington, New Zealand,
project, we used comparative transcriptomics of stomach tissues tdewcastle University, Newcastle Upon Tyne, United Kingdom;
observe how prickleback fishes (Stichaeidae) achieve dietary-drivermackenzie.e.gerringer@gmail.com
differences in stomach function. Xiphister mucosus (herbivore), X.Life history of abyssal and hadal fishes from otolith analyses
atropurpureus (omnivore), Phytichthys chirus (omnivore) and the Several hadal trenches, depths (6,500-11,000 m), house groups of
carnivorous Anoplarchus purpurescens were harvested from theapparently endemic snailfishes (Liparidae). Little is known about
wild, and fed omnivore and/or carnivore diets in the laboratory. their biology, nor the reasons for their success at hadal depths around
Using the lllumina platform, transcriptomes were sequenced forthe world. We investigated the life history of hadal liparids in
stomach tissues from two individuals per species and diet treatmencomparison to abyssal species (Macrouridae) through otolith
and genome-driven assemblies were performed using theanalyses. Assuming opaque zones in the otoliths represent annual
Cebidichthys violaceus genome as the reference. Analyses argrowth, ages were estimated for the two hadal species to be between
underway, but we will present data on differential expression, and5 and 16 years old. Age estimates for abyssal macrourids ranged
enrichment of genes involved in acid production, as well as digestiorfrom 8 to 29 years for Coryphaenoides armatus and 6 to 16g)ears old
of protein and chitin. We have previously observed differences infor C. yaquinae. In additiod80/160 isotopic compositions {&0)
gastric pepsin and chitinase activities in these species, and will reveakere measured across the otolith using an ion microprobe to
whether these activity differences are the result of changes in genivestigate the thermal history of these fishes. Change$nwaere
expression. This broader transcriptomic analysis will allow us to observed across the otoliths of C. armatus and both hadal liparids,
extend our coverage beyond a single digestive enzyme gene to thihe latter of which may represent a change of over 5°C in habitat
multitude of genes involved in the stomach, and will provide insight temperature through ontogeny. This result was unexpected for the
into how the vertebrate stomach can specialize to use specifithadal liparids given their isolated environment and large eggs. The
resources. biological implications and plausibility of interpretations of these
data are discussed. This study presents a first look at the life history
of the planet's deepest-living fishes.

P1-4 GIBB, A.C.; Northern Arizona University; alice.gibb@nau.edu P2-85 GIBBS, AG*; BENITO, S; NEVAQUAYA, V; Univ. of

Teaching Using "The Martian:" A Problem-solving Based Nevada, Las Vegas, University of Science and Arts of Oklahoma,;
Approach to Physiology allen.gibbs@unlv.edu

The challenge of maintaining human life in a non-earth environmentStarvation recovery in starvation-selected Drosophila

illuminates the fundamental physiological problem of homeostasis.Long-term selection for starvation resistance in Drosophila
The astronaut depicted in "The Martian," first a novel by Andy Weir melanogaster has resulted in populations that accumulate high lipid
and then a blockbuster movie directed by Ridley Scott, is strandedevels during an extended larval developmental period. These lipids
alone on Mars and must rely NASA's technology and his own are used to survive 14 days without food each generation. Flies that
ingenuity to stay alive. Using scenarios outlined in the novel, do survive must then re-accumulate resources for reproduction. We
students are asked to consider the metabolic demands of the humaneasured lipid content in starvation-selected (S) and fed control (F)
body for oxygen, water, and energy, as well as the physiologicalflies subjected to severe starvation stress (10 days for S flies, 3 days
requirements associated with maintaining a constant bodyfor F flies). We also performed a larval starvation experiment. When
temperature. Within this context, we ask and answer the followingF larvae stopped feeding and began wandering for a pupation site, S
questions: (1) why do humans inhale oxygen and exhale carbortarvae were removed from their media to prevent them from
dioxide and in what biochemical pathways do these gases serve aacquiring additional lipids. In both cases, S and F flies regained their
reactants/prod