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Differences in the Regulation of Endogenous Antigen Presentation in Rainbow Trout (Oncorhynchus mykiss) and Walleye 
(Sander vitreus) Cells at Suboptimal Temperatures 

 
Différences dans la Régulation de la Présentation de l 'Antigène Endogène dans des Cellules de Truite Arc-en-Ciel 
(Oncorhynchus mykiss) et de Doré (Sander vitreus) à des Températures Sous-optimales 

 
Over winter and during extreme low temperature events, teleosts are exposed to suboptimal temperatures that negatively 
impact their immune system, potentially compromising their ability to prevent infection in the cold. One pathway that has been 
implicated in this impairment is the endogenous antigen presentation pathway (EAPP), an important immune pathway for 
dealing with pathogens such as viruses. Using skin fibroblast cell lines from rainbow trout and walleye as in vitro models to 
compare the regulation of the EAPP across species at suboptimal temperatures, it was determined that regulation of host 
EAPP genes was impaired at 4°C in both cell lines post-stimulation with poly(I:C), a synthetic dsRNA molecule, and post- 
infection with viral haemorrhagic septicaemia virus IVb. Furthermore, this impairment in EAPP regulation at 4°C was more 
pronounced in the walleye cells in both cases. These results suggest that while both rainbow trout and walleye may have 
impaired cellular antiviral responses at suboptimal temperatures, walleye may be more susceptible to viral infection at such 
temperatures. Compromised antiviral responses in teleosts during times of low environmental temperature could be 
problematic for Canadian fisheries and aquaculture due to the potential for increased incidence of viral infections during   
these periods. 

SANGWOOK AHN*1, C. GOATER1 
1 Department of Biological Sciences, University of Lethbridge, Lethridge, AB. Canada  
E-mail: ahn@uleth.ca  

Parasite transmission and host community structure: the relative roles of host identity and host diversity 

Transmission parasitaire et structure de la communauté hôte: rôles respectifs de l'identité de l'hôte et de la diversité de  l'hôte 
 

Ecologists have proposed that host community structure can mediate rates of parasite transmission. An extension of this idea 
is that rates of transmission decline within diverse host communities via a dilution effect. But there is limited support for 
dilution, because few systems are amenable to manipulation of both host diversity and rates of exposure. We tested for a 
dilution effect by exposing fathead minnows to cercariae of the trematode Ornithodiplostomum ptychocheilus in outdoor 
mesocosms and in indoor aquaria. The containers held minnows alone or with 1-3 other species of fish. Cercariae were  
added to containers and minnows were assessed for metacercariae intensity 10 days later. There was a 52% decrease in 
intensity in minnows in mesocosms that contained emerald shiners. Similarly, there was a 21% decrease in intensity in 
minnows within lab aquaria. Sympatry with brook sticklebacks and longnose dace had no effect on intensity in minnows. In 
these cases of sympatry, mean intensities were similar to those in minnow-only containers. These results indicate that the 
significant dilution effect that we observed was independent of host diversity, but strongly affected by host identity. This result 
is likely to be applicable to other host-parasite interactions that involve specialist parasites.  
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Regulation of the cortisol stress response during and after exposure to chronic severe hypoxia in crucian carp (Carassius 
carassius) 
 
Régulation de la réponse au stress en cortisol pendant et après une période d’hypoxie chronique sévère chez la carpe 
(Carassius carassius) 

 
Vertebrates require O2 for life, but the crucian carp has evolved the ability to survive severe hypoxia for months. While the 
catabolic energy-mobilizing effects of the stress hormone cortisol may be beneficial in the short term, sustained hypothalamic- 
pituitary-interrenal (HPI) axis activity may be detrimental for coping with chronic hypoxia. Therefore, we determined how 
crucian carp regulate the cortisol stress response during and after exposure to chronic severe hypoxia. Towards this goal,   
one group of fish was held under normoxic conditions for 6 days, while 3 other groups were exposed to <0.1 mg O2/l for 6 
days and either sampled immediately or recovered in normoxia for 1 or 6 days. Relative to controls, hypoxia exposure  
reduced plasma cortisol and levels returned to baseline during recovery. Although hypoxia affected the expression of several 
key steroidogenic genes the overall results were equivocal. In contrast, recovery was associated with marked increases in the 
gene expression of liver leptins, hypoxia-response genes with known inhibitory effects on the HPI axis, and in the expression 
of genes involved in cortisol catabolism. Together, these results suggest that crucian carp utilize several mechanisms to 
regulate the activity of the HPI axis both during and immediately after severe hypoxia exposure.  
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Developmental Hypoxia Reprograms the Cardiac Proteome of American Alligators. 

 
L'hypoxie Développementale Reprogramme le Protéome Cardiaque des Alligators Américains. 

 
Hypoxic exposure during development can have a profound influence on offspring physiology, including cardiac dysfunction, 
yet many reptile embryos naturally experience periods of hypoxia in buried nests. American alligators experimentally exposed 
to developmental hypoxia demonstrate morphological and functional changes to the heart that persist into later life stages; 
however, the molecular bases of these changes remain unknown. We tested if targeted and persistent changes in steady- 
state protein expression underlie this hypoxic heart phenotype, using isobaric tags for relative and absolute quantitation 
(iTRAQ) proteomics. Alligator eggs were reared under normoxia or 10% hypoxia, then either sampled (embryo) or returned to 
normoxia for 2 years (juvenile). Three salient findings emerge from the integrated analysis of the 145 differentially expressed 
proteins in hypoxia-reared animals: (1) significant protein-protein interaction networks were identified only in up-regulated, 
indicating that the effects of developmental hypoxia are stimulatory and directed; (2) the up-regulated proteins substantially 
enriched processes related to protein turnover, cellular organization, and metabolic pathways, supporting increased resource 
allocation towards building and maintaining a higher functioning heart; and (3) the juvenile cardiac proteome retained many of 
the signature changes observed in embryonic hearts, supporting long-term reprogramming of cardiac myocytes induced by 
hypoxia during critical periods of development. 
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Enhanced In Vitro and In Vivo Innate Immune Responses in Rainbow Trout Treated with a dsRNA-loaded Edible Carrier 

 
Réponses Immunitaires Innées Amélioré In Vitro et In Vivo dans la Truite arc-en-ciel Traité avec un Transporteur Comestible 
Chargé avec de l’ARN Double Brin. 

 
Innate immunity operates as a constitutive barrier or as an inducible biochemical response. Inducible innate immune 
responses are triggered when host cell pattern recognition receptors (PRRs) detect pathogen-associated molecular patterns 
(PAMPS) derived from the invading virus. The signal transduction initiated due to such interactions cause interferon (IFN) 
production, which subsequently induces antiviral mediators called interferon stimulated genes (ISGs), effective inhibitors of 
infection. Double-stranded ribonucleic acid (dsRNA), of either viral-origin or laboratory synthesized, serves as a potent  
PAMP. Innate immunity plays an important role in controlling existing and emerging infectious diseases in aquatic animals. 
Novel carrier (NC) systems offer great potential to enhance delivery and potency of dsRNA. In this study, dsRNA complexed 
with a proprietary carrier (dsRNA-NCs) induced higher levels of IFN1 and ISGs (Mx1 and Vig3) transcripts compared to  
naked dsRNA in rainbow trout gut cells grown in a monolayer or in 3D cultures. Treated cells resisted infection by viral 
hemorrhagic septicemia virus (VHSV)-IVa. dsRNA-NCs delivered orally induced higher innate responses in the intestine and 
lymphoid tissue of rainbow trout without negative impact on gut health, observed by histology. This study provides insights on 
the potentiality of novel carriers as a unique therapeutic avenue for antiviral treatments in fish. 

 
TAMIRU ALKIE*1, K. JENIK1, K. KLINGER2 AND S.  DEWITTE-ORR1 
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A Novel Delivery System for Selenium Reduces Cytotoxicity without Impairing Bioavailability. 

 
Un Système de Livraison inédit pour le Selenium réduit la Cytotoxicité sans Diminuer la Biodisponibilité. 

 
Selenium (Se) is an essential micronutrient required by several antioxidant enzymes such as glutathione peroxidase (GPx). 
GPx catalyzes the reduction of hydroperoxides and hydrogen peroxide to harmless products (water and alcohols) and thus 
protects cells from oxidative damage. Supplementing the diets of livestock and fish with selenium is estimated to save   
farming industries hundreds of millions of dollars globally. Although inorganic selenium is a cheaper source of selenium 
compared to organic forms, it is cytotoxic and less bioavailable. One strategy to mitigate these problems is by delivering 
selenium with novel, biodegradable, and edible delivery systems. In our study, inorganic sodium selenite (Se) was delivered 
via a proprietary, novel carrier (NC) technology to fish and bovine cells. Se-NC significantly reduced cellular toxicity by 10-90 
fold compared to similar doses of free Se. This reduction in cytotoxicity did not affect bioavailability, as selenium induced GPx 
activity and GPx1 transcript levels were similar between Se and Se-NC at non-toxic concentration. Thus carrier-assisted 
selenium delivery dramatically lowered cytotoxicity compared to Se alone, while maintaining bioavailability. Such formulations 
can be used as a strategy for selenium supplementation and for therapeutic conditions for several free radical and oxidative 
stress induced pathologies. 
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Sensory Hair Cell Regeneration in Black Bullhead (Ameiurus melas) After Noise Exposure 
 
La régénération sensorielle des cellules ciliées chez la barbotte noire (Ameiurus melas) après 
l'exposition au bruit.  

 
Aquatic environments are often exposed to anthropogenic (man-made) noise that disrupt natural sounds in these 
environments, which has been shown to hinder fish’s survival. High intensity sounds can damage sensory hair cells of fish, 
though fish are able to regenerate these hair cells. The current study was performed on black bullhead (Ameiurus melas) to 
investigate if anthropogenic noise at increasing intensities can permanently damage sensory hair cells. Black bullhead were 
exposed to boat noise at 165 dB re 1 Pa, 170 dB re 1 Pa and 175 re 1 Pa and a regeneration period was given to allow for 
sensory hair cell regrowth. Sensory hair cells were then counted along three positions of the saccule. Overall, hair cell counts 
were lowest at the beginning of this period and continued to increase with each day. The trial conducted at 165 dB re 1 Pa 
had the highest hair cell count, while the trial at 175 dB re 1 Pa had the lowest hair cell count. Therefore, black bullhead 
experience hair cell damage due to anthropogenic boat noise and this damage increases with higher sound intensities. 
However, permanent hair cell loss was not observed with the sound levels used in this study. 

 
ANOOSHA ATTARAN*1, A. SALAHINEJAD 1, S. NIYOGI 1,2 AND D. P.  CHIVERS1. 
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Chronic Exposure to Dietary Selenomethionine Disrupts Social Learning and Serotonergic Neurotransmission in Zebrafish. 

 
Animals living in social groups can learn from available public information to adjust their behaviours to a dynamic social 
environment. Naïve individuals can obtain information about food, potential mates or predators without having to incur the 
costs associated with personal learning. There are growing concerns about some elements, such as selenium (Se), that are 
essential to animals but can become toxic at high concentrations. Here, we investigated the effects of different concentrations 
of Se (as selenomethionine) on social learning of zebrafish. For this purpose, we examined whether individual observer fish 
(from different Se exposure groups) followed demonstrators fish escaping an oncoming trawl. Training occurred for 5 days 
after which the knowledgeable demonstrator was removed, and the test fish assessed. While control fish and fish exposed to 
lower concentrations of Se (3.8 and 11 µg/g) were faster to escape, and more than 90% of them chose the correct route for 
escaping, those exposed to the highest dose (34.5 µg/g) were significantly slower and only 60% of them used the trained 
route. Our results also displayed Se disrupts important genes involve in the regulation of serotonergic pathway that causes 
impaired social learning. 
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Olfactory sensory neuron responses to the polyamines spermine and spermidine in the sea lamprey (Petromyzon marinus) 

 
Réactions des neurones sensoriels olfactifs aux polyamines spermine et spermidine dans la lamproie marine (Petromyzon 
marinus) 

 
 

All animals across phyla detect odors from the surrounding environment for finding food, hosts, mates and ovi-positional 
sites, and to avoid predators and pathogens. The detection and discrimination of odorants starts at the level of olfactory 
sensory neurons where the binding of odorants to G protein coupled receptors activates a transduction cascade that causes 
cellular inflow of calcium. In mammals, many olfactory sensory neurons respond to more than one odorant, but some 
olfactory sensory neurons are highly specific to a single odorant, especially pheromones. The polyamines (linear aliphatic 
molecules made of hydrocarbon and amine groups); spermine and spermidine are odorants to fishes and mammals. Both 
spermine and spermidine were discovered in human semen, where they are increase sperm mobility and are involved in 
increasing fertilization in rat. Ongoing research in other labs suggests that spermine and spermidine may play role in 
pheromone communication during sea lamprey reproduction. My study investigates whether these polyamine odorants elicit 
calcium responses in olfactory sensory neurons of the sea lamprey and whether these evoke a one–cell one odorant 
response. I used calcium imaging and observed that spermine and spermidine elicit a one--cell one odorant response profile 
in the sea lamprey. I also tested concentration dependent responses with the threshold of detection at 10 -13M for spermine 
and concentration dependence for response recruitment. I found that although the structure is similar for both chemicals, 
olfactory sensory neurons responses are specific to each polyamine. This study supports the idea of odorant fidelity to 
specific olfactory sensory neurons. 
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Effects of Diluted Bitumen Exposure on Repeat Swimming Performance and Striated Muscle Gene Expression of Atlantic 
Salmon Smolts (Salmo salar) 

 
Effets du Bitume Dilué sur la Performance Natatoire et l’Expression Génique des Muscles Striés chez les Saumoneaux 
(Salmo salar) 

 
Diluted bitumen (dilbit), a type of crude oil, is transported from Canada’s oil sands across the continent, increasing the 
potential for accidental release and environmental contamination, including into waterways that support at risk populations of 
salmon. We tested the effects of dilbit exposure on critical swimming speed (Ucrit) and recovery of Atlantic salmon smolts,  
and compared the molecular responses to dilbit exposure in striated muscles of Atlantic and sockeye salmon. Ucrit was not 
adversely impacted by dilbit exposure, and a second Ucrit test repeated 24 h later indicated that dilbit exposure did not   
impact exercise recovery. However, exposed smolts may utilize different metabolic strategies to maintain performance, as the 
activity of cytochrome c oxidase was lower in red muscle of exposed relative to control smolts. The expression of the 
detoxification enzyme, cyp1a, was elevated following exposure in all tissues examined (liver, heart, white and red muscle),   
but returned to control levels after two weeks in clean water. Expression levels of oxidative stress genes (gsr, cat, gpx) were 
unchanged by dilbit in Atlantic salmon, but were increased in sockeye salmon exposed to similar concentrations of dilbit in a 
separate experiment. Overall, Atlantic salmon are less affected by dilbit than sockeye salmon.  
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The Caryophyllaedae cestodes, Wenyonia spp (Woodland,1923) harbours high quatities of a specific PCBs congeneer in the fish 
host, Synodontis clarias (Linnaeus, 1758), with histopathological alterations as biomarker response 
 
 
One hundred and fifty samples of Synodontis clarias were collected and subjected to parasitologic examination. They were 

analyzed from three stations of the sampling site (Epe axis of Lekki Lagoon). Out of the total number of specimens examined 
from the three stations, 56 (37.33%) were infected. The total infected individuals from the three stations had 30 (20.0%) males 
and 26 (17.33%) females while the non-infected individuals for all the stations had 64 (42.67%) males and females. Also, in this 
study Synodontis clarias were infected with two (2) species of parasites the Cestodes (Wenyonia spp) and Nematode 
(Raphidascaroides spp) which is common among family Mockokidae. The concentration of Polychlorinated biphenyl in the fish 
tissue, parasite, sediment and water collected from the sampling site were also analyzed. The PCB congeners 8, 18, 28, 44, 77, 
81, 123, 153, 156 detected in the water and sediment sample of all the 209 PCB congeners were also reported. The findings 
presented in the study, showed more of the lower chlorinated PCB congeners in the water sample than in the sediment, 
Synodontis clarias and parasite sample from the three stations in the Epe axis of Lekki Lagoon. The concentration of PCB 
congeners in the parasite was high in Oribo and Ikosi (549.53 ppb and 569.95ppb) sampling station while it is low in Imode 
(57.77ppb) station. There was hig quantity of PCB 81 found in the parasite but not found in the fish host. The fish samples 
collected from Oribo had high concentration of congeners 28, 18, 44, and 52 among other detected, while fish samples collected 
from station Imode had high concentration of 44,18,8 and 28 and the fish samples collected from station Ikosi also had high 
concentration of PCB 44, 18, 8 and 123 respectively. However, the concentration of PCBs level found in the fish tissue was 
above W.H.O limits of 200 part per billion (ppb) in Oribo and Ikosi ((607.42ppb and 325.43ppb) sampling station while the 
concentration was below in Imode (188.61ppb) sampling station and hence the Synodontis clarias in Oribo and Ikosi is not safe 
and edible for consumption. Laws enacted to protect our Aquatic environment should be enforced. However, the study showed a 
need for continuous pollution assessment study of aquatic organisms and its environment. 

 
JUSTIN R.E. BARKER*1 AND H.J. MACISAAC1 
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Evaluation of the Accuracy of Species Distribution Models Related to Genera of Culicidae 

Évaluation de l'exactitude des modèles de distribution des espèces liés aux genres de Culicidae 

Species distribution models (SDM) are commonly used to predict and study the increasing spread of Culicidae mosquitoes. 
Many SDM algorithms exist, but there is little guidance on proper algorithm selection. Selection tends to be based on good 
performance for a species in the same genus or family in a small subset of literature. However, SDM predictions and   
accuracy are impacted by many conditions which can vary greatly within literature. We conducted a meta-analysis to 
determine if any SDM was consistently accurate for Culicidae genera across the literature based upon area under the   
receiver operating curve (AUC) and sensitivity. Fifteen SDMs were compared, however algorithm use was not uniform across 
genera. SDM accuracy differed overall but not among genera classifications for a single SDM. The most commonly applied 
SDMs were found to have lower performance overall, suggesting that SDM algorithms should be tested for accuracy for one’s 
modeling conditions. Selection of SDM based on performance over common usage will allow management officials to better 
design surveillance and intervention strategies, thus managing vector-borne disease risk. Due to the potential bias of the 
literature and drawbacks of AUC, further comparisons are required to determine the optimal SDM for mosquitoes. 

mailto:barker11@uwindsor.ca


8 
 

 
AMANDA N. BARKLEY*1, K. HEDGES2, M. TREBLE2, N.E.  HUSSEY1 
1 Biological Sciences, University of Windsor, Windsor, ON. Canada; 2 Fisheries and Oceans Canada, Winnipeg, MB, 
Canada  
E-mail: barkleya@uwindsor.ca 
 
Salmon of the Deep-Sea: First Evidence for Inter-Annual Philopatry in Greenland Halibut 
 
Le Saumon des Grands Fonds Marins: Première Preuve Interannuelle de la Fidélité au Site du Flétan du Groenland  
 
Small-scale fisheries are recognized internationally to reduce poverty through the allocation of nearby natural resources to 
local communities, creating employment opportunities and contributing to economic development. Yet sustainable fisheries 
development requires an understanding of the spatial ecology of target species. In an effort to develop a local community- 
based fishery for Greenland halibut (Reinhardtius hippoglossoides) in a northern Canada fjord, fish were tracked using 
acoustic telemetry over a period of six years. Results demonstrate the first evidence of inter-annual philopatry for a deep- 
water species. Specifically, halibut migrate to the offshore in October, then return to the coast in two predominant groups; one 
in December/January and a second from February to April. Analysis of fish movement within Scott Inlet after re-entry also 
revealed temporally re-occurring network motifs, whereby individual fish are detected moving among the same receivers   
each year once they return. Movements were variable at the population level, yet highly consistent at the individual level 
suggesting phenotypic variation in movement. Conservation of movement phenotypes is key to maintaining population 
diversity and stability, conferring protection in the face of a warming ocean. Careful planning in coastal community fisheries 
development is therefore needed in the Arctic to ensure that population fitness is maintained. 
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qPCR Based Detection of the whirling disease-causing parasite Myxobolus cerebralis in sediment and tubificid worms: 
characterizing transmission sites and susceptible oligochaete hosts in Alberta 

 
Utilisant la qPCR à détecter le parasite provoquant la maladie du tournis, Myxobolus cerebralis, dans le sediment et les vers: 
caractérisant les sites de transmission et les hôtes sensibles en Alberta 

 
Whirling disease affects salmonid fish and in susceptible species it can lead to high rates of mortality in juveniles. It is caused 
by an invasive myxosporean parasite, Myxobolus cerebralis, and while it was first detected in the Western US in the 1990s, it 
had not been found in Alberta until August 2016. Current testing for M. cerebralis focuses on detection of the  parasite in fish 
tissues, requiring lethal testing. However, the definitive host of M. cerebralis, the oligochaete worm Tubifex tubifex and two 
environmental stages, found in sediment and water, create other avenues for detection. We propose that focusing on testing 
sediment and Tubifex samples provide an alternative to fish sampling and will be especially useful in large scale monitoring 
programs. For this project, we analyzed sediment and worm samples from 688 unique sites located in  Central and Southern 
Alberta. Both types of samples were tested in a qPCR assay targeting a M. cerebralis-specific region of the 18S gene. 
Individual worms were barcoded using the CO1 gene to determine species differences, and to identify those species that 
could consume/transmit M. cerebralis in Alberta. We hope that with this work we can create a reasonable alternative to using 
fish samples for monitoring whirling disease in Canadian fresh water systems. 

 
ARSHPREET BASSI*, RILEY K. BEACH, KENDALL DIEMER, APRIL KENNEDY, MARYAM SHABO, MONICA 
SOKOLOWSKI 
Dept. of Biology, University of Windsor, Windsor, ON. Canada  
E-mail: bassia@uwindsor.ca  

Tracking Wandering White Whales in the Arctic: What have we learned? 

Traquer les Baleines Blanches Errantes dans l'Arctique: Qu'avons-nous appris? 
 

With decreasing ice extent and increasing temperatures in the Arctic, sympagic species face new challenges. Despite 
retreating sea ice, the Arctic remains a logistically challenging location to work in and complicates formal studies on the 
movement ecology of marine species, but over the past three decades satellite telemetry has enabled remote monitoring.  
The beluga whale (Delphinapterus leucas), a medium bodied, highly migratory odontocete, is considered to play an important 
role in structuring marine ecosystems and is of cultural importance for Inuit communities. To summarize the current state of 
knowledge on the movement of beluga, we undertook a systematic review of 31 peer reviewed articles that used satellite 
telemetry to address four key questions: (1) study location and purpose, (2) capture method and tagging, (3) drivers of tag 
transmission longevity and potential indicators of tag failure, and (4) trends in individual level tagged animals (n=428). The 
collated data identifies novel insights into beluga movement behaviour and tag longevity, but also indicates a geographical 
bias in tagging effort and non-standardized reporting of tagging protocols. By providing a framework for future research on 
beluga to address identified knowledge gaps, satellite telemetry will maximize data acquired while integrating traditional 
knowledge and animal welfare.  
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Biology of the Roughhead Grenadier (Macrourus berglax) in the Eastern Canadian Arctic 
 
Biologie du Roughhead Grenadier (Macrourus berglax) dans l'est de l'Arctique canadien 

 
The roughhead grenadier, Macrourus berglax, is a common by-catch species in North Atlantic fisheries. This species’ slow 
growth rate, late sexual maturity and low annual fecundity suggests it may be vulnerable to overfishing. Size-based diet and 
condition index profiles of two roughhead grenadier groups sampled from Baffin Bay and the Davis Strait, were examined. By 
using gonado- and hepatosomatic indices, stomach content analysis and stable isotopes we can draw conclusions on fitness, 
energy storage, diet and trophic ecology. The gonado- and hepatosomatic indices showed significant differences (p <0.01 
and p=0.04 respectively) with the Davis Strait samples having a higher gonadosomatic index and a lower hepatosomatic 
index suggesting a more advanced reproductive state. The diet of fish at both locations was consistent with what is known 
about bentho-pelagic generalists however the fish sampled from the Davis Strait had a more diverse diet. Stable isotope 
analysis of trophic level (δ15N) and foraging location (δ13C) indicated a difference in the isotopic niche between these 
northern and southern locations. The results from this study will aid in creating an ecological baseline for roughhead 
grenadier, assist in the development of ecosystem management approaches, and enhance vulnerability assessments of this 
understudied species. 

 

LUKE D. BELDING*1, JENNIFER ALI1, CAT BRANDT1, MADISON EARHART1,2, JOSH SUTHERBY1 AND W. GARY 
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The Effects of Acute and Chronic Exposure to Increased Aquatic CO2 on Behavioural Responses to Conspecific Alarm Cues 
in Age-0 Lake Sturgeon (Acipenser fulvescens). 

 
Les Effets de l'Exposition Aiguë et Chronique à l'Augmentation de CO2 Aquatique sur les Réponses Comportementales aux 
Signaux d'Alarme Conspécifiques chez l'Esturgeon Jaune (Acipenser fulvescens) d'Ȃge-0. 

 
It is assumed that natural rates of climate change progressed over thousands of years with gradual increases or decreases of 
abiotic factors (e.g. temperature and CO2) presumably allowing sufficient time for adaptation to the changing environment. In 
freshwater, it is poorly understood how these adaptations may have prepared species for the more rapid, anthropogenically 
driven shifts in climate. Concurrently, snow melt and rain between winter and spring can release land-derived acids and CO2 
into rivers and lakes, resulting in sharp seasonal declines in pH and increases in aquatic CO2. This is a challenging period for 
northern age-0 fishes as resources are scarce and vulnerability to predation may increase. Here we investigated behavioural 
responses of age-0 Lake Sturgeon, Acipenser fulvescens, exposed to chronic and acute environmental scenarios. Fish were 
grown in a simulated natural setting (low CO2 and low temperature) or three potential climate change scenarios (increased 
temperature, increased CO2 and their combined effect); and then exposed to an acute increase in CO2 to simulate natural 
seasonal changes. Behavioural responses to conspecific alarm cues were tested using two-channel choice arenas. Results 
will be discussed in the context of anthropogenically derived future climate changes in freshwater aquatic environments, while 
overlaying seasonal changes. 
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NATHAN R. BENNOIT*1, PAUL M. CRAIG1 
1 Dept. of Biology, University of Waterloo, Waterloo, ON. Canada  
E-mail: nrbennoit@uwaterloo.ca  
 
Physiological and Behavioural Impacts of the Immune Response in Zebrafish (Danio rerio) 
 
Impacts Physiologiques et Comportementaux de la Réponse Immunitaire chez le Poisson Zèbre (Danio rerio) 
 
The action of the immune response in zebrafish has been a target of many studies. However, the energetic demands and the 
behavioural changes involved in the immune response are poorly understood in fish. This research aims to characterize the 
energetic response of zebrafish to an immune challenge. Zebrafish acclimated to 22°C were injected intramuscularly with 
10μl of saline, Poly I:C (10μg/g), LPS (10μg/g), or heat-killed Vibrio anguillarum (1.21x10^10cfu/ml). The fish were then 
placed into respirometry chambers at 4-, 10-, 24- and 34-hours post injection to measure their oxygen consumption rates. 
Zebrafish injected with heat killed Vibrio had significantly lower oxygen consumption rates compared to all other treatment 
groups. Following the 34-hour time point, the zebrafish were euthanized, and liver, kidney, and muscle tissues were collected 
for qPCR analysis of metabolic and immune related genes. To study behavioural effects, zebrafish were injected with 10μl of 
saline or heat-killed Vibrio, allowed to acclimate for 12 hours and then monitored for 12-hours to record temperature 
preference and the total distance travelled within a choice tank. Understanding the metabolic and behavioural changes 
associated with an immune response will add to our understanding of care for infected fish in the aquaculture industry. 

 

ILIAS BERBERI*1 AND V. CAREAU1 
1 Dept. of Biology, University of Ottawa, Ottawa, ON. Canada. 
E-mail: iberb007@uottawa.ca 

 
Effect of Individual Quality on the Detection of Performance Trade-offs in Wild Mice (Peromyscus leucopus) 

 
Effet de la qualité individuelle sur la détection des compromis de performance chez la souris sauvage (Peromyscus leucopus) 

 
Various aspects of performance (e.g., sprint speed, grip strength) are thought to be important determinants of the success of 
animals in natural activities such as foraging, mating, and escaping from predators. However, it is generally known that 
morphological properties enhancing one type of performance can lead to a reduction in another. Such performance trade-   
offs have been difficult to detect at the intraspecific level. Recent research has proposed that trade-offs may be masked due to 
variation in quality among individuals. We explored the difficulties of quantifying performance trade-offs in wild white-footed 
mice (Peromyscus leucopus). In summer 2016, we quantified performance measurements of grip strength and sprint speed in 
169 individuals. Individual differences in performance were repeatable through time for both performance traits. Using 
multivariate mixed models, we detected a significant negative correlation between grip strength and sprint speed at the 
among-individual level, identifying a performance trade-off. Grip strength and sprint speed showed a positive trend at the 
within-individual level, suggesting that some unquantified aspects of the mouse phenotype (e.g., body condition, age) may 
have a positive effect on multiple performance traits. An additional trade-off model excluding body mass highlighted the 
importance of controlling for aspects of intrinsic quality. 
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OANA BIRCEANU*1, H. BAUMAN1, J.M. WILSON1, W. BUGG2, K.M. JEFFRIES2 AND M.P.  WILKIE1 
1 Department of Biology, Wilfrid Laurier University, Waterloo, ON. Canada; 2 Department of Biological Sciences, University 
of Manitoba, Winnipeg, MB, Canada 
E-mail: obirceanu@gmail.com 

 
The Importance of novel detoxification pathways in sea lamprey and lake sturgeon: Implications for sea lamprey control and 
species at risk 

 
L'importance des nouvelles voies de détoxification chez la lamproie marine et l'esturgeon jaune: implications pour la lutte 
contre la lamproie marine et pour les espèces en péril 

 
Two lampricides, TFM and niclosamide, are applied to Great Lakes tributaries infested with larval sea lamprey (Petromyzon 
marinus) to control populations of this invasive jawless fish in the Great Lakes. Larval sea lamprey have a lower detoxification 
capacity than non-target fishes. Yet, some non-target fishes are vulnerable to lampricides, including young of the year (YOY) 
lake sturgeon (Acipenser fulvescens), which are as sensitive to lampricides as lamprey. We hypothesized that the sensitivity 
of YOY sturgeon to lampricides was due to a lower capacity to detoxify lampricides, compared to older, more tolerant 
sturgeon. To test this hypothesis, lake sturgeon (YOY and 1+ year) and larval lampreys were exposed to TFM and 
niclosamide, alone and in combination. Compared to 1+ sturgeon, YOY and lampreys accumulated greater amounts of both 
parent lampricides and lower amounts of the glucuronidated and sulfated metabolites, the two main products of lampricide 
detoxification. We conclude that delaying lampricide treatments until sturgeon are older could mitigate potential adverse 
effects on this at-risk species. Notably, larval sea lampreys accumulated greater amounts of the sulfated than the 
glucuronidated metabolite, suggesting that sea lampreys may be able to evolve resistance to lampricides by increasing their 
detoxification capacity. 

 
TESSA S. BLANCHARD*1 AND PATRICIA M.  SCHULTE1 
1 Department of Zoology, University of British Columbia, Vancouver, BC, Canada 
E-mail: tblanchard@zoology.ubc.ca 
 
Intraspecific variation in gene expression linked to thermal and hypoxia tolerance in Fundulus heteroclitus 

 
Variation intraspécifique dans l’expression génétique lié à la tolérance thermique et hypoxique dans Fundulus heteroclitus. 

 
Temperature and hypoxia are key abiotic factors that play a role in shaping an organism’s geographical distribution. To 
examine the mechanisms underlying variation in thermal and hypoxia tolerance, we are using Fundulus heteroclitus, a species 
of topminnow that inhabit intertidal saltmarshes along the Atlantic coast of North America, through a steep latitudinal thermal 
gradient. This latitudinal distribution has resulted in subspecies that differ in thermal tolerance (CTmax) and hypoxia tolerance 
(LOEhyp). Previous studies have shown that variation in these traits has a genetic basis, with single nucleotide polymorphisms 
(SNPs) explaining 40-50% of the variation in CTmax and LOEhyp. The objective of this study was to examine differential 
expression of multiple candidate genes linked to SNPs that explain the variation in thermal tolerance, hypoxia tolerance and 
metabolic rate between subspecies. We hypothesize that these candidate genes will be differentially expressed across 
subspecies and in response to temperature acclimation.  
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TESSA S. BLANCHARD*1 AND P. M. SCHULTE1   
1Department of Zoology, University of British Columbia, Vancouver, BC, Canada.  
E-mail: tblanchard@zoology.ubc.ca 

 
Intraspecific Variation in Gene Expression Linked to Thermal and Hypoxia Tolerance in Fundulus heteroclitus 

 
Variation Intraspécifique dans l’Expression Génétique Lié à la Tolérance Thermique et Hypoxique dans Fundulus 
heteroclitus. 

 
Temperature and hypoxia are key abiotic factors that play a role in shaping an organism’s geographical distribution. To 
examine the mechanisms underlying variation in thermal and hypoxia tolerance, we are using Fundulus heteroclitus, a species 
of topminnow that inhabit intertidal saltmarshes along the Atlantic coast of North America, through a steep latitudinal thermal 
gradient. This latitudinal distribution has resulted in subspecies that differ in thermal tolerance (CTmax) and hypoxia tolerance 
(LOEhyp). Previous studies have shown that variation in these traits has a genetic basis, with single nucleotide polymorphisms 
(SNPs) explaining 40-50% of the variation in CTmax and LOEhyp. The objective of this study was to examine differential 
expression of multiple candidate genes linked to SNPs that explain the variation in thermal tolerance, hypoxia tolerance and 
metabolic rate between subspecies. We hypothesize that these candidate genes will be differentially expressed across 
subspecies and in response to temperature acclimation.   
 

 

ALYSSA M. WEINRAUCH 1, T.A.  BLEWETT*1 
1 Department of Biological Sciences, University of Alberta, Edmonton, Alberta, Canada 
E-mail: tamzin@ualbert.ca 

 
Anoxia tolerance in the sea cucumbers Parastichopus californicus and Cucumaria miniata reflects habitat use 

 
La tolérance à l’anoxie reflète l’utilisation par les concombres de mer (Parastichopus californicus et Cucumaria miniate) de 
leur habitat 

 
Natural fluctuations in dissolved oxygen are an important physiological challenge faced by marine organisms. We sought to 
determine whether oxygen handling approaches differ in two species of sea cucumber, Cucumaria miniata and Parastichopus 
californicus, which inhabit distinct niches that vary in dissolved oxygen profiles. Cucumaria occupies the rocky intertidal zone 
and thus experiences daily oscillations in oxygen content, whereas P. californicus inhabits the more oxygen stable, subtidal 
zone. Our data showed that Cucumaria have a higher basal metabolic rate than Parastichopus, attributed to continuous filter- 
feeding, a phenomenon that contrasts with the sporadic feeding habits of the sediment-feeding P. californicus. Exposure to 6 
h of anoxia or 6 h of emersion had no effect on coelomic fluid glucose concentrations in either species, however 
Parastichopus body wall glucose concentrations increased ~6-fold relative to immersed normoxic controls under both 
treatments. Lactate production, a marker of anaerobic metabolism, was unaltered in both species under both anoxia and 
emersion conditions. These data demonstrate that habitat influences hypoxia tolerance in sea cucumbers, with the high 
intertidal C. miniata displaying a higher tolerance to both low dissolved oxygen and emersion, than the subtidal species, P. 
californicus. 

mailto:tblanchard@zoology.ubc.ca
mailto:tamzin@ualbert.ca


14 
 

 
BRITTNEY G. BOROWIEC*, G.B. MCCLELLAND, AND G.R.  SCOTT 
Department of Biology, McMaster University, Hamilton, ON. Canada 

 
Intermittent hypoxia is a unique challenge that elicits unique coping mechanisms in killifish 

 
Wild fish encounter daily cycles of hypoxia, but the physiological strategies to cope with such patterns of intermittent hypoxia 
are poorly understood. We used the estuarine killifish (Fundulus heteroclitus) to investigate how the physiological 
adjustments to chronic intermittent hypoxia (12h normoxia: 12h hypoxia at 2 kPa O2) differ from those to constant hypoxia, 
and to determine the implications of each pattern of hypoxia exposure to reactive oxygen species (ROS) homeostasis and 
oxidative stress. Fish acclimated to intermittent hypoxia had higher O2 consumption rates (MO2) in hypoxia and upon 
reoxygenation than normoxic fish exposed to acute hypoxia for the first time, suggesting that they cope with intermittent 
hypoxia by increasing respiratory O2 transport, whereas fish acclimated to constant hypoxia exhibit a pronounced metabolic 
depression. However, fish acclimated to both patterns of hypoxia maintained normal tissue [ATP] and intracellular pH. 
Unexpectedly, both patterns of chronic hypoxia elevated ROS and oxidized glutathione (GSSG) levels, but without any signs 
of oxidative stress (lipid peroxidation). Therefore, killifish use distinct mechanisms to cope with intermittent hypoxia versus 
constant hypoxia, but both strategies contribute effectively to metabolic homeostasis and to avoiding oxidative stress. 
Supported by NSERC. 
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ELIZABETH BOULDING 
Department of Integrative Biology, University of Guelph, Guelph, ON. Canada  
E-mail:boulding@uoguelph.ca 
 
Effect of Mode of Larval Development on the Long-Term Population Dynamics and Evolutionary Responses to Predators 
of four Northeastern Pacific Gastropod species (Littorina spp.) 

 
Effet du Mode de Développement Larvaire sur la Dynamique à Long Terme des Populations et les Réponses Évolutives 
aux Prédateurs de Quatre Espèces de Gastéropodes (Littorina spp.) du Nord-est du Pacifique. 

 
Four species of Littorina with similar feeding niches and predators are native to Pacific Northeastern shores. Two 
species release egg capsules that develop into free-swimming larvae which feed in the plankton for about 70 days before 
metamorphosis. The other two species develop directly from attached egg masses into crawling juveniles. As part of a 
long- term predator addition experiment, I have sampled 65 permanent quadrats twice per year for more than 20 years. 
Two large El Niño events have occurred during that time, the largest from 1997 to 1998 and the second largest from 
2015 to 2016. Both large El Niño events caused a significant increase in the recruitment of the two species with 
planktotrophic development and  a simultaneous range extension by a predatory shore crab from California. The most 
recent El Niño event caused a simultaneous large decrease in the direct-developing species that is normally abundant at 
the two experimental sites which, could not be explained by sea surface or rock temperatures. This differential effect of 
large El Niño events on the population dynamics of species that vary in mode of development has not been described 
previously and should be incorporated into predictive models of climate change. 

RACHEL J. BOYD*1, M.R. DENOMMÉ1, L.A. GRIEVES1, E.A.  MACDOUGALL-SHACKLETON1 
1 Dept. of Biology, University of Western Ontario, London, ON. 
Canada E-mail: rboyd9@uwo.ca 
 
Candidate loci for geographic differences in disease resistance in song sparrows (Melospiza melodia) 
 
Loci présumés pour les différences géographiques quant à la résistance aux maladies chez le bruant chanteur (Melospiza 
melodia) 
 
Parasites, and the infectious diseases they cause, pose a growing threat to wildlife populations. Geographic ranges of 
parasites are shifting and expanding, such that host populations increasingly encounter novel parasites. Such 
encounters are concerning, as hosts are often relatively resistant to infection by local parasites but susceptible to 
nonlocal parasites. For example, song sparrows (Melospiza melodia) are more resistant to local than nonlocal strains of 
avian malaria (Plasmodium sp.). We hypothesized that such “home-field advantage” is explained by population-level 
adaptation to local parasites. To test this, we examined population genetic variation and structure at six innate immune 
loci. We predicted population differences in allele frequencies, and other signatures of balancing selection, at afferent-
arm loci involved in antigen recognition (3 toll-like receptors, TLR) but not at efferent-arm loci involved in antigen clearing 
(3 avian beta-defensins, AVBD). TLR and AVBD loci did not differ in the proportion of variable sites, but the frequency of 
minor alleles was significantly higher at TLR loci, consistent with balancing selection. At locus TLR3, allele frequencies 
differed geographically, largely driven by a variant (S4Y) common in eastern but not western Ontario. This variant may 
represent a candidate allele for “home-field advantage” underlying geographic differences in malaria resistance. 
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CATHERINE A. BRANDT*1, W. GARY ANDERSON1 
1Department of Biological Science, University of Manitoba, Winnipeg, Manitoba, Canada 
E-mail: umbrand8@myumanitoba.ca  

Early Environmental Effects on Growth and Muscle Development in Lake Sturgeon, Acipenser fulvescens. 

Effets Environnementaux Précoces sur la Croissance et le Development Musculaire chez l'Esturgeon Jaune, Acipenser 
fulvescens. 

 
In fishes, differences in water temperature and egg incubation can have a significant impact on determining phenotypes 
during development, especially during the first year of life. In June 2017, Lake Sturgeon eggs were incubated in one of 
two rearing treatments (tumbling or adhering to bioballs) with separate water sources (well vs river). Fish were then 
exposed to a different temperature for two weeks before being transferred to a common garden experiment fed by river 
water for the first year of life. All fish underwent an overwintering period with water temperature at 1.5°C and food 
deprivation for 4.5 months before returning to 15°C with food. Total length and body mass were assessed at least 
monthly and red muscle fiber development was assessed at key periods during the first year of life. The highest 
temperature treatments produced the largest fish before and after the overwintering event. Additionally, there was a 
difference in the fibre area and myonuclear counts in red muscle between sampling times, growing from 9.47mm3 with 
1.88 nuclei/fiber at 3 months post hatch to 14.92mm3 with 2.66 nuclei/fiber after 1 year. Results demonstrate a significant 
impact of early rearing environment on growth and muscle development in age 0 Lake Sturgeon. 

mailto:umbrand8@myumanitoba.ca


17 
 

 

KAYLEN BRZEZINSKI*1 AND H. A. MACMILLAN1 
1 Department of Biology, Carleton University, Ottawa, ON. Canada  
E-mail: kaylenbrzezinski@cmail.carleton.ca  
 
Locust Gut Epithelia Leak Unidirectionally in the Cold. 
 
Épithéliums Intestinaux de Criquet Fuites Unidirectionnellement dans le Froid. 
 
Chill-susceptible insects, like the migratory locust, often die when exposed to low temperatures from an accumulation of 
injuries that are unrelated to freezing (chilling injuries). Chilling injury is consistently associated with a loss of ion balance 
across the gut epithelia that is hypothesized to be caused (in part) by a cold-induced disruption of epithelial barrier function. 
Here, we aim to test this hypothesis in the migratory locust. To quantify chill tolerance, locusts were exposed to -2˚C for 
various durations and monitored for chill coma recovery time and survival 24h post-cold exposure. Longer exposure times 
significantly increased recovery time and caused injury and death. We tested for barrier failure by monitoring the movement of 
an epithelial barrier marker (FITC-dextran) across the gut epithelia during exposure to -2˚C. We found minimal marker 
movement across the epithelia in the serosal to mucosal direction, suggesting that locust gut barrier function remains 
generally conserved during chilling. However, when tested in the mucosal to serosal direction, we saw significant barrier 
failure. This suggests that while cold-induced barrier disruption does occur, it is likely unidirectional. To explore this further we 
are using a modified gut sac technique to isolate barrier failure to specific regions of the gut. 
 

 
PETER JOHN HAWRYSH1 AND LESLIE THOMAS BUCK*1,2 
1Department of Cell and Systems Biology, University of Toronto, Toronto, ON. Canada 2Department of Ecology and 
Evolutionary Biology, University of Toronto, Toronto, ON. Canada 
 
Oxygen-sensitive interneurons exhibit increased activity and GABA release during ROS scavenging in the cerebral cortex of 
the western painted turtle 
 
The western painted turtle (Chrysemys picta bellii) has the unique ability of surviving several months in the absence of oxygen. 
One major protective strategy employed by the turtle during anoxia is a reduction in neuronal electrical activity, which may 
result from a natural reduction in reactive oxygen species (ROS). We previously linked a reduction in ROS levels to an 
increase in γ-amino butyric acid (GABA) receptor currents. The purpose of this study is to understand how fast-spiking, GABA-
releasing neurons respond to reductions in ROS and how this affects GABA release. Using a fluorescence-coupled enzymatic 
microplate assay for GABA, we found that anoxia, the ROS scavenger N-2-mercaptopriopionylglycine (MPG), or the 
mitochondrial-specific ROS scavenger MitoTEMPO resulted in a 2.5-, 2.0-, and 2.5-fold increase in extracellular [GABA], 
respectively. This phenomenon could be blocked with tetrodotoxin (TTX), indicating that it is activity-dependent. Using whole- 
cell patch clamping techniques, we found that fast-spiking, burst-firing GABAergic turtle neurons increase the duration and 
number of action potentials per burst by 26% and 42%, respectively, in response to ROS scavenging via MPG. These results 
suggest that the reduction in mitochondrially-produced ROS during anoxia leads to increased GABA release, promoting post- 
synaptic inhibitory activity through activation of GABA receptors. 
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CAROL BUCKING*1 
1 Department of Biology, York University, Toronto, ON. Canada 
E-mail: cbucking@yorku.ca 
 
Using Integrative and Comparative Approaches to Understand the Ecophysiology of Digestion in Fish 
 
Utilisation d'Approches Intégratives et Comparatives pour Comprendre l'Écophysiologie de la Digestion Chez les Poisons  
 
My lab pursues a holistic understanding of the physiology of aquatic vertebrate animals. In particular, we use comparative 
and integrative approaches to create a comprehensive understanding of the impacts of digestion on fish physiology. More 
specifically, we investigate piscine osmo- and iono-regulatory homeostasis, as well as nitrogen and acid/base balance, during 
digestion. We compare multiple model species, often from a variety of habitats, to uncover the impact of the environment on 
the physiological responses to the ingestion of a meal. For example, using euryhaline and stenohaline models, we uncover the 
impact of the challenges of life in sea- vs. freshwater. Furthermore, we are interested in examining multiple organ   systems 
within individual fish to reveal the complex and influential impacts of digestion across physiological systems. Finally, we 
integrate across biological levels within the gastrointestinal tract itself to expose multiple levels of responses within enterocytes 
during digestion. Overall, digestion is a dynamic process with far-reaching effects on systemic physiology and the environment 
plays an important part in determining the impacts digestion exerts. Integrative and comparative studies have revealed 
diverse, plastic responses to digestion across species. 

 

WILLIAM S. BUGG*1, G.R. YOON1, M.L. EARHART2, A. SCHOEN1, C. BRANDT 1, W.G. ANDERSON1, K.M.   JEFFRIES1 
1 Dept. of Biological Sciences, University of Manitoba, Winnipeg, MB. Canada; 2 Dept. of Zoology, University of British 
Columbia, Vancouver, BC. Canada  
E-mail: buggw@myumanitoba.ca 

Thermal tolerance of age-0 Lake Sturgeon (Acipenser fulvescens) from geographically different populations 

Tolérance thermique dans l"Esturgeons jaunes (Acipenser fulvescens) de populations géographiqument différentes 

This study examined northern and southern populations of Lake Sturgeon (Acipenser fulvescens), separated by 3.5° 
latitudinally, in Manitoba and their response to chronic, elevated temperature. Lake Sturgeon, at 30 days post fertilization, 
from both the Nelson River (northern) and Winnipeg River (southern) populations, were acclimated to one of 16, 20, and 
24°C treatments for the following 60 days. CTmax trials were then conducted by raising water temperatures by 0.3°C minute- 
1 until a loss of responsiveness endpoint was reached. There were significant increases in Nelson River CTmax between 
acclimation temperatures of 16°C (31.94°C) and 20°C (34.12°C) and 16°C (31.94°C) and 24°C (34.60°C) (P < 0.0001). 
Statistically significant effects in the Winnipeg River population were observed between 16°C (32.63°C) and 24°C (34.10°C) 
(P < 0.0001) and 20°C (33.26°C) and 24°C (34.10°C) (P < 0.05) treatments. Comparisons of CTmax between populations 
indicated significant differences observed in the 16°C (P < 0.05) and 20°C (P < 0.01) treatments, where the Winnipeg River 
and Nelson River populations had the highest CTmax respectively. Significant differences in mortality and mRNA expression 
were also observed between treatments throughout the temperature acclimation period. Data will be discussed in terms of the 
effects of acclimation temperature between populations. 
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ROGER D. BULL*, M. GRAHAM 
Research and Collections, Canadian Museum of Nature, Gatineau, QC. Canada 
E-mail: rbull@nature.ca 

 
The National Biodiversity Cryobank of Canada: a Genomic Resource Collection for Global Biodiversity Research 

 
La Cryobanque nationale canadienne de la biodiversité: une collection de ressources génomiques pour la recherche 
mondiale sur la biodiversité 

 
The National Biodiversity Cryobank of Canada (NBCC), located at the Canadian Museum of Nature’s Natural Heritage 
Campus in Gatineau, Quebec, opened in September 2018. The NBCC has a mandate to collect and curate genomic 
resources (tissues, eDNA vouchers, DNA samples) from across Canada and abroad. Collections are stored at -170°C in 
innovative freezers that recondense liquid nitrogen (LN2) coolant, removing the need for regular LN2 input. These energy- 
efficient freezers provide good temperature security, maintaining temperatures below -135°C for nine days without electricity 
or LN2 inputs. Currently with a 200,000-sample capacity, the facility’s footprint allows for additional freezers and a one-million- 
sample capacity. Donations of high quality samples are encouraged if they are accompanied by legal documentation and 
collection data meeting at least a basic standard. Genomic resources stored in the NBCC are available to the global research 
community via a loan program supported by open access specimen information through the Global Genome Biodiversity 
Network Data Portal. The NBCC was made possible by a donation from the Ross Beaty family. 

 
SKYE BUTTERSON*1, A.D. ROE2 AND K.E. MARSHALL1 
1 Department of Zoology, University of British Columbia, Vancouver, BC. Canada; 2 Great Lakes Forestry Centre, Canadian 
Forest Service, Sault Ste. Marie, ON. Canada  
E-mail: butterson@zoology.ubc.ca 

 
Being plastic might help with expansion: interpopulation variation in eastern spruce budworm cold tolerance 

 
Être en plastique pourrait aider à l'expansion: Variation de la tolérance au froid chez différentes populations de la tordeuse 
des bourgeons de l’épinette 
 
The eastern spruce budworm, Choristoneura fumiferana, is a widely distributed native insect known for its extensive 
defoliation of North American boreal forests. The larvae overwinter as second instar, and low temperature stress is an 
important regulator of populations and outbreaks. Current models predict that the distribution of outbreaks is likely to shift 
northward and higher in elevation with climate change, however, it is unknown how plasticity in cold tolerance might facilitate 
this shift. In collaboration with the Canadian Forestry Service, we aim to quantify the existence and breadth of phenotypic and 
transgenerational plasticity in cold tolerance using wild and lab strain spruce budworm. Initial results suggest that the 
frequency of exposure to -10 °C significantly alters lower lethal temperature, demonstrating that the IPQL laboratory strain is 
plastic in its cold tolerance. In addition, northern populations are more cold hardy compared to populations at lower latitudes. 
These findings suggest that plasticity in cold hardiness might facilitate future range expansion in the species. 
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IVAN G CADONIC*1 AND PAUL M CRAIG1 
1Dept. of Biology, University of Waterloo, Waterloo, ON. Canada 
E-mail: igcadoni@edu.uwaterloo.ca  
 
Alteration of Circulating microRNAs After Acute Stress and Cortisol Exposure in Oncorhynchus mykiss  
 
Altération des microARN Circulants Après Stress Aigu et Exposition au Cortisol chez Oncorhynchus mykiss 
 
The stress axis assists organisms in identifying and combatting changes in their environment. Teleosts use the hypothalamic- 
pituitary-interrenal axis to communicate the presence of a stressor between tissues. MicroRNA (miRNA) target and repress 
translation of mRNAs and can be impacted by hormonal signalling. Circulating miRNAs have been shown to alter the 
phenotype of cells they target and can be impacted by the stress axis. To determine the impact of stress on circulating 
miRNAs, adult rainbow trout (Oncorhynchus mykiss) were subjected to a 3-minute air exposure. Plasma, head kidney, and 
liver samples were collected at 1-, 3-, and 24-hours post stress. MiRNAs that are highly expressed in head kidney, liver, and 
pituitary were found to have altered abundances in tissues and in circulation (p<0.05). To determine tissue contributions of 
miRNAs to these changes in expression, hepatocytes were exposed for either 2- or 4-hours to increasing concentrations of 
cortisol (10^-7, 10^-6, 10^-5 M). MiRNAs predicted to target pepck, g6pase, glucokinase, and pyruvate kinase transcripts were 
measured (qPCR) in the cells and supernatant to determine how gluconeogenesis and glycolysis are regulated. These 
experiments provide evidence on how stress impacts miRNAs in circulation and how these changes regulate the stress 
response. 
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Cellular dynamics and developmental pathways guiding rapid arm regeneration in juvenile European cuttlefish (Sepia 
officinalis L.) 

 
Les dynamiques cellulaires et voies de développement guidant la régénération rapide des bras chez les seiches 
européennes juvéniles (Sepia officinalis L.) 

 
Coleoid cephalopods, including the European cuttlefish (Sepia officinalis), possess the remarkable ability to fully regenerate 
an amputated arm with no apparent fibrosis or loss of function. In most applicable model organisms, regeneration usually 
occurs as the induction of proliferation in differentiated cells. However, in select models such as the axolotl, regeneration can 
be the product of naïve progenitor cells proliferating and differentiating de novo, according to early developmental pathways 
modulated by spatiotemporal regulation. Although the wound response is well-characterized, little is known about the 
physiological pathways utilized by cuttlefish to reconstruct a lost arm. In this study, the regenerating arms of juvenile cuttlefish 
were assessed for the transcription of early tissue lineage developmental genes, as well as histological and protein turnover 
analyses of the resulting regenerative process. The transient upregulation of tissue-specific developmental genes and 
histological characterization indicated that coleoid arm regeneration is a stepwise process with staged specification of tissues 
formed de novo, with immune activation potentially affecting the timing but not the result of this process. Together, the data 
suggest that rather than inducing proliferation of mature cells, a pool of naïve progenitors at the blastema site forms the basis 
for this regeneration. 
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Dynamic Interplay of Dietary Iron Exposure and Trace Metal Homeostasis in Developing Zebrafish (Danio rerio) 

 
Iron is an essential trace metal for development and survival however it must be tightly regulated at physiologically safe 
concentrations. The mechanisms regulating iron homeostasis are complex and are poorly understood in fish, particularly 
during development. Divalent metal transporter 1 (DMT1) is thought to be the major iron uptake pathway but this transporter 
may also mediate the uptake of several other divalent metals such as zinc, copper, manganese, cobalt and nickel. In this 
study, the expression profile of iron regulatory genes and the effects of dietary iron exposure on the homeostasis of iron and 
other divalent metals were examined in developing zebrafish. The results demonstrated that most iron-regulatory genes were 
expressed as early as 1 day post fertilization (dpf) and their expression levels varied over development. A transient increase 
in growth was observed in larval zebrafish fed with iron-enriched diets. Notably, prolonged exposure (28 dpf) to iron-enriched 
diets did not affect the whole body levels of iron as well as other trace metals. The maintenance of metal homeostasis was 
likely associated with the dynamic changes in the mRNA expression levels of various metal transporters including DMT1. 
Overall, our study suggests that metal homeostasis is tightly regulated during development in zebrafish. 
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The Stresses of Growing Up: Sexual Dimorphism, Sexual Conflict and Sweet FA. 

Les contraintes de la croissance: dimorphisme sexuel, conflit sexuel et ‘Sweet FA’. 

A.R. Palmer inspired my interest in form and function and taught me morphometric techniques as an undergraduate student. 
Much of that early work was concerned with asymmetries, in particular the variety known as fluctuating asymmetry (FA). FA 
emerged as an index of developmental stability on the premise that random deviations from perfect symmetry reflect failures 
of developmental canalization during growth. While numerous studies have sought to connect individual symmetry to genetic 
quality, the most compelling applications involve population-level analyses. As part of an investigation into intralocus sexual 
conflict, we evolved populations of Drosophila exclusively for male function. In these male-limited (ML) populations, all major 
chromosomes are linked together and transmitted clonally from father to son to grandson, patrilinearly. Competition between 
these clones for fertilizations led to rapid and substantive gains in male fitness; consistent with intralocus sexual conflict, 
females expressing ML chromosomes showed markedly reduced fitness. Multiple phenotypic traits were ‘masculinized’, when 
expressed by both males and females. Males expressing ML genotypes also became slower growing and more symmetrical 
(lower FA) than controls. Although females expressing ML chromosomes also grew more slowly, they showed higher levels of 
FA. These results suggest sexual conflict over size, growth and ontogeny wherein the optimal developmental program of one 
sex is discordant with that of the other. 
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Utilizing XL mass-spectrometry to investigate mitochondrial supercomplexing 

 
Utilisation de la spectrométrie de masse XL pour étudier la formation des supercomplexes mitochondriales. 

 
Supercomplex formation has gained increased interest as a mechanism for altering mitochondrial oxidative phosphorylation 
(OxPhos) and cellular redox status. These supercomplexes are theorized to permit the direct interaction of OxPhos enzymes, 
resulting in increased electron flux, enhanced enzyme stability and perhaps decreased production of free radical species. To 
date, the majority of experimental evidence for the existence of these interactions has relied on gel-based techniques in 
isolated mitochondria. Thus, conclusive experimental evidence supporting the existence of these interactions and their 
physiological relevance in vivo remains elusive. We are currently employing recently developed membrane-permeable 
crosslinking mass spectrometry methods to investigate the role of mitochondrial crosslinking in intact mouse and rabbit heart 
mitochondria. Preliminary data indicate that mitochondrial protein-protein interactions are extensive within the intact 
mitochondrial proteome and a large number of these interactions involve electron transport system complex V (i.e., FOF1  
ATP synthase). Future experiments will aim to characterize the plasticity of these interactions during physiological 
perturbations. Overall, these data have the potential to provide greater understanding of the physiological importance of 
supercomplexing within the in vivo mitochondrial environment. 
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Fish should be concerned about ageing: old age diminishes the response to air exposure in adult amphibious fishes 

 
Les poissons doivent être préoccupés par le vieillissement: la vieillesse diminue la réaction à l'exposition à l'air chez les 
poissons amphibies adultes 

 
The ability to successfully transition between environments may decline as fishes age. We investigated various markers of 
ageing and the scope for phenotypic flexibility in the mangrove rivulus (Kryptolebias marmoratus), an amphibious fish that 
transitions between two very different environments, water and land. We found that older fish (i.e. 4-6 years old) exhibited 
marked signs of ageing. Older fish were reproductively senescent, exhibited skeletal muscle atrophy, and had lower body 
condition and reduced fin regenerative capacity relative to younger adult fish (i.e. 1-2 years old). We then acclimated adult 
fish aged 1-6 years old to water (control) or air and tested the hypothesis that ageing reduces the scope for phenotypic 
flexibility in locomotory and respiratory traits in amphibious fishes. Indeed, we found that older fish exhibited poorer terrestrial 
locomotor performance relative to younger adult fish and lacked plasticity in gill morphology. Collectively, our results suggest 
that ageing may impair the ability of amphibious fishes to successfully exploit terrestrial environments.  
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Immune responses, and their role in mortality, in mosquitoes infected with Hepatozoon parasites from the blood of green 
frogs. 

 
Réponses immunitaires, et leur rôle dans la mortalité, des moustiques infectés par des parasites Hepatozoon du sang de 
grenouilles vertes. 

 
Mosquitoes, Culex territans, that take blood from frogs heavily infected with Hepatozoon species, suffer extensive damage to 
their digestive system and typically die soon after feeding on infected frogs. Dysregulation of the immune system may be 
contributing to this pathology; however, immune responses of C. territans during Hepatozoon infections are currently 
unknown. The objectives of this study were to investigate the immune response of C. territans infected with Hepatozoon 
species and to determine if overactive immune responses in heavy infections contribute to this pathology. Two arms of the 
immune response that may be involved in tissue damage, namely phenoloxidase activity, a proxy for melanisation, and the 
production of reactive oxygen species, were investigated in the midgut and haemocoel of uninfected and infected 
mosquitoes. Phenoloxidase activity decreased in the haemocoel of infected mosquitoes, suggesting that infection causes 
immunosuppression or host regulation of immunity. Conversely, the concentration of reactive oxygen species increased 
linearly with parasitaemia in the midgut, with a significantly higher concentration in heavily infected mosquitoes. Furthermore, 
heavily infected mosquitoes supplemented with antioxidants survived for longer periods post-feeding, suggesting that 
production of reactive oxygen species is involved in the immune response, and that overproduction of these molecules 
contributes to mosquito mortality. 
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Regulation of Pyruvate Dehydrogenase Activity and Glucose Transporter Translocation in Muscle of Exercising High Altitude 
Deer Mice 
 
Régulation De L'activité De La Pyruvate Déshydrogénase Et Le Transfert Du Transporteur De Glucose Dans Le Muscle De 
L'exercice De Souris Sylvestre De Haute Altitude 

 
Hypoxia encountered at high altitude (HA) can limit energy production via aerobic metabolism in animals. Carbohydrate 
oxidation (CHO) has a greater ATP yield/mole O2 than fat oxidation, and HA-native deer mice show an increased reliance on 
CHO during submaximal exercise after hypoxia acclimation as an O2-saving strategy However, hypoxia acclimation does not 
increase glycolytic capacity in muscle. We therefore test the hypothesis that altered metabolic regulation of the CHO pathway 
allows HA mice to achieve higher rates of CHO during submaximal exercise. Using first generation (G1) lab born and raised 
HA deer mice acclimated to normoxic or chronic hypoxic conditions, we examined the metabolic regulation of two key steps in 
CHO: muscle glucose uptake by glucose transporter (GLUT) 4 and glucose oxidation by pyruvate dehydrogenase (PDH). 
Exercise was simulated in situ by electrically stimulating the gastrocnemius under anaesthesia and measuring force 
production using a force transducer.  We found that exercise-induced PDH activation and GLUT4 translocation was 
proportional to exercise intensity. Surprisingly, after hypoxia acclimation PDH activation was blunted at lower intensity 
workloads and GLUT4 translocation followed similar trends. These data will help uncover the mechanistic underpinnings 
responsible for changes in exercise fuel use observed in vivo for HA- native mice. 
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Retinal Horizontal Cells Resist Hypoxia in Goldfish (Carassius auratus) But Not in Rainbow Trout (Oncorhynchus mykiss) 

 
Les Cellules Horizontales de la Rétine Résistent l’Hypoxie Dans les Poissons Rouges (Carassius auratus) Mais Pas Dans les 
Truites Arc-en-ciel (Oncorhynchus mykiss) 
 
In most vertebrate retinas, hypoxia and ischemia lead to neuronal death and vision loss. At the cellular level, hypoxia 
increases cytosolic Ca² and triggers cell death.  In contrast, the common goldfish (Carassius auratus) is hypoxia-tolerant, and 
in the congeneric crucian carp (C. carassius), vision withstands hypoxia. The cellular mechanisms of retinal hypoxia 
tolerance are completely unknown. We investigated whether retinal ne⁺urons would survive p⁺rolonged bouts⁺of hypoxia in two 
species: the hypoxia-tolerant goldfish, and the hypoxia-sensitive rainbow trout (Oncorhyn⁺chus mykiss).  We isolated 
horizontal cells (HCs) from both species and recorded intracellular Ca² concentrations ([Ca²]i) with th₂e  Ca²  indicator, Fura- 
2. We discovered spontaneous activity (SA) ch⁺aracterized by trans⁺ient increases in [Ca²]i of short (seconds) and long 
(minutes) durations. We simulated hypoxia and ischemia by super⁺fusing HCs with solutions without O, without glucose, or 
both.  In trout, hypoxia increased baseline [Ca²]i (p<0⁺ .01) and Ca²  influx during SA transients (p<0.05). In goldfish, hypoxia 
alon⁺e had no effect, but removing glucose increased baseline [Ca²]i (p<0.01) and abolished SA. When glucose removal was 
combined with hypoxia in goldfish, baseline [Ca²]i and SA were unaffected.  Our data suggest hypoxia dysregulates [Ca²]i in 
the trout retina.  In contrast, hypoxia may be neuroprotective, rather than damaging, in goldfish. 
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Too Crude: The Decline of Cardiac Function Pelagic Fish Following Oil Exposure. 

 
Le Déclin de la Fonction Cardiaque des Poissons Pélagiques Après une Exposition à L'huile 

 
Cobia (Rachycentron canadum) and mahi mahi (Coryphaena hippurus) are two species of pelagic fish that were exposed to 
dissolved polycyclic aromatic hydrocarbons (PAH’s), the toxic components of oil during the Deepwater horizon oil spill. 
Analysis of blood plasma taken from mahi mahi exposed to ecologically relevant levels of PAH’s revealed that these fish 
concentrate PAH’s in the plasma following acute (24-hr) exposure. Several of these PAH’s adversely affect the function of 
exposed cardiomyocytes. The aim of this study was to use an in situ heart preparation to assess organ level function with the 
prediction that decreases in myocyte performance would adversely affect the heart’s ability to generate pressure and flow. 
While oil exposure adversely affected cardiac performance, saturation of cardiac β-adrenoceptors with isoproterenol (1 x 10-5 
M) restored cardiac function. This indicates that catecholamine stimulation could play a compensatory role that may mitigate 
some adverse effects of oil exposure in vivo. 
This research was made possible by a grant from The Gulf of Mexico Research Initiative. Grant No: SA-1520; Name: 
Relationship of Effects of Cardiac Outcomes in fish for Validation of Ecological Risk (RECOVER). 
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Direct Effect of Venlafaxine on Mitochondrial Respiration in Zebrafish (Danio rerio) and Brown Trout (Salmo trutta) Species 

 
Effet Direct de la Venlafaxine sur la Respiration Mitochondriale chez les Espèces de Poisson Zèbre (Danio rerio) et de Truite 
Brune (Salmo trutta) 

 
Venlafaxine is a commonly prescribed antidepressant that is contaminating aquatic ecosystems due to its persistence in 
treated wastewater effluent. With venlafaxine and its metabolites detected at concentrations of 1 ug/L, the Grand River 
Watershed represents one affected ecosystem. Previous studies in multiple teleost species have demonstrated negative 
physiological and behavioral consequences of chronic venlafaxine exposure. However, little is known about how the 
underlying mitochondrial physiology is altered under similar conditions. In this study, we investigate and compare the effect of 
venlafaxine exposure on mitochondrial respiration in zebrafish (Danio rerio) and brown trout (Salmo trutta). The activities of 
select mitochondrial enzymes were measured following direct exposure of mitochondrial-rich muscle tissue homogenates to 
various concentrations of venlafaxine. Dose-specific changes in enzyme activity were observed, with marked variation 
between the two examined species. Additionally, mitochondria were isolated from brown trout heart tissue and the Oroboros 
Oxygraph-2k was used to measure mitochondrial oxygen consumption, as well as oxygen flux through the electron transport 
chain following direct exposure to 10 ug/L venlafaxine. These studies suggest that venlafaxine directly impacts mitochondrial 
respiration in a dose-specific and species-specific manner. 
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Sugar Beet De-icing Liquid Exposure Perturbs Salt and Water Balance in Mayfly Nymphs 
 
Le Liquide de Dégivrage à Base de Betteraves Sucrières Perturbe L'Osmoregulation des Nymphes Éphémères 
 
Mayfly nymphs are established bio indicators of freshwater (FW) quality. This study examined the ion/osmoregulatory 
physiology of Hexagenia limbata nymphs following exposure to beet juice de-icing (BJD) liquid, an alternative to rock salt.   
The LC50 of BJD liquid was determined to be 4%, therefore a sub-lethal dose of 3.2% was selected for a 7-day exposure and 
following this, ion (K+, Na+, Cl-, NH4+ and H+) concentrations in nymph hemolymph were examined as well as ion fluxes 
across tracheal gills and rectum. The presence of 3.2% BJD liquid in FW distinctly elevated environmental Na+, Cl-, K+, and 
NH4+ levels as well as pH, but all remained well below their individual LC50.  In the hemolymph, Na+, Cl- and pH were   
higher in 3.2% BJD-exposed nymphs compared to FW nymphs, but other ions did not significantly differ. Na+ was absorbed at 
the rectum regardless of treatment, while the gills in nymphs exposed to 3.2% BJD excreted Na+, which was in contrast to the 
Na+ uptake observed across FW nymph gills. Observations of systemic perturbations in Na+, Cl- and pH balance indicate that 
these mayfly nymphs attempt to deal with 3.2% BJD liquid exposure, in part, by excreting sodium via the gills.  
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The Effects of Varying Salinity Conditions on the Production of Alternative Oxidase Protein in the Marine Copepod Tigriopus 
californicus 

 
Effets de Conditions de Salinité Variables sur la Production de Protéine d'oxydase Alternative Chez le Copépode Marin 
Tigriopus californicus 
 
In addition to the typical electron transport system complexes in animal mitochondria responsible for oxidative 
phosphorylation, some species have an alternative oxidase (AOX) enzyme. AOX is present in most domains of life and was 
discovered in animals in 2004. AOX is hypothesized to confer stress tolerance and metabolic flexibility to organisms that 
express it. We recently identified AOX in T. californicus, a marine copepod inhabiting high rocket splash pools on the west 
coast of North America. This species is exposed to wide changes in salinity and temperature and we hypothesize that T. 
californicus uses AOX as a means of maintaining homeostasis in periods of environmental stress. Our research investigated 
AOX protein levels in T. californicus in response to acute and chronic salinity stress. This research may contribute to a 
deeper understanding of the physiological function of AOX, provide an explanation for the loss of AOX in other animal 
species, and further the treatment of human mitochondrial diseases. 
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Movements of a potential fishery resource, porcupine crab (Neolithodes grimaldii) in Northern Davis Strait, Eastern Canadian 
Arctic. 

 
Les mouvements d’une resource halieutique propose, l’araignee de mer (Neolithodes Grimaldii) dans le nord du detroit de 
Davis, dans l’est de l’Arctique canadien. 

 
The offshore commercial fishing industry contributes substantially to Nunavut’s economy. Given a limited number of exploited 
species, there is interest in seeking new fisheries opportunities. The porcupine crab (Neolithodes grimaldii) has potential as a 
new fishery resource, but gaps remain in describing aspects of its distribution. This study aimed to address those gaps by 
administering pop-up satellite archival tags (PSATs; mrPAT/miniPAT) on 18 porcupine crabs to track their movement 
behaviour and thermal/depth preference. Tags were programmed to release sequentially, providing the location of a crab 
every six days across the study period (July - October 2018). Of the 18 tags, 17 (94%) successfully reported locations. A 
systematic method was established to estimate the final tag location for each crab considering tag drift and satellite accuracy 
error. Six crabs (35%) moved between 3.1 - 33 km away from the deployment site; the rest were highly site attached. 
Individual crabs moved in various directions (compass bearings:113.6 - 283.7 degrees), with no clear indication of group 
movement. To our knowledge, this study is the first to administer PSATs on porcupine crabs to investigate their 
spatiotemporal movements. We propose further tagging work to support the development of a porcupine crab fishery in the 
Canadian Arctic. 
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Maybe She's Born with It, Maybe It's Plasticity: Basal Cold Tolerance Cannot Explain Drosophila Biogeography 
 
Peut-être qu'elle est Née avec ça, Peut-être que c’est la Plasticité: La Tolérance Basale au Froid est Incapable d'Éxpliquer la 
Biogéographie de la Drosophile 
 
Cold tolerance plays an important role in where insects can live: Drosophila melanogaster populations from cooler regions in 
Africa and Europe are more cold tolerant than sister populations from warmer regions, and appear to have independently 
evolved this trait. This system provides a unique opportunity to study the parallel adaptation of cold tolerance mechanisms, 
but the ways we define and measure cold tolerance traits can confound mechanistic interpretations. The cold tolerance 
assays used to support this parallel evolution of cold tolerance (the ability to stand after 4 days at 4°C), does not clearly 
distinguish between basal and inducible (plastic) cold tolerance. To test the relative importance of these two ‘forms’ of cold 
tolerance, we measured basal cold tolerance of the same populations using two well-established assays: chill coma onset 
(CCO) and chill coma recovery time (CCRT). To our surprise, populations from cooler climates tended to have similar or 
worse basal cold tolerance than closely-related populations from warmer climates. We interpret these results as evidence 
that the populations differ primarily in cold tolerance plasticity, with cold-adapted populations exhibiting the most plasticity. If 
this is the case, cold tolerance plasticity may be more relevant to insect biogeography than basal cold tolerance. 
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Evolved changes in respiratory capacity and O2 kinetics of subsarcolemmal mitochondria from the muscle of high-altitude 
deer mice (Peromyscus maniculatus). 
 
The hypoxic and cold environment at high altitude increases the O2 demands of thermogenesis but constrains mitochondrial 
O2 supply. We examined whether the respiratory capacity for oxidative phosphorylation (OXPHOS) or the O2 kinetics of 
mitochondria have evolved in high-altitude mice to help overcome this challenge. High- and low-altitude deer mice were 
acclimated to normoxia or hypobaric hypoxia, and the subsarcolemmal and intermyofibrillar subpopulations of mitochondria 
were isolated from the gastrocnemius muscle. Subsarcolemmal mitochondria had higher OXPHOS capacities in highlanders 
than in lowlanders when both carbohydrate and lipid substrates were used to support respiration. Subsarcolemmal 
mitochondria of highlanders also exhibited greater mitochondrial O2-affinity (lower P50, the O2 pressure at 50% of maximal 
respiration), which should better sustain OXPHOS at low O2. In contrast, there were no differences between highlanders and 
lowlanders in the function of intermyofibrillar mitochondria. However, P50 was lower in intermyofibrillar than in 
subsarcolemmal mitochondria, a difference that may exist to allow the former subpopulation to support OXPHOS at the lower 
O2 pressures that exist deep within the muscle fibre. Our results suggest that evolved specializations in the function of 
subsarcolemmal mitochondria may help confer a greater capacity for thermogenesis and greater hypoxia resistance in high- 
altitude mice. 
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Tempo and mode of divergence in the weakly-electric fish Sternopygus dariensis in the Isthmus of Panama 
 
Tempo et mode de divergence chez le poisson faiblement électrique Sternopygus dariensis dans l'isthme de Panama 
 
Spatial isolation is one of the main drivers of allopatric speciation, but the extent to which spatially-segregated populations 
accumulate genetic differences relevant to speciation is not always clear. We used data from Ultra-Conserved Elements (UCEs) 
and whole mitochondrial genomes (i.e., mitogenomes) to explore genetic variation among allopatric populations of the weakly 
electric fish Sternopygus dariensis across the Isthmus of Panama. We found strong genetic divergence between eastern and 
three western populations of S. dariensis. Over 77% of the UCE loci examined were differentially fixed between populations, and 
these loci appear to be distributed across the species’ genome. Population divergence occurred within the last 1.2 million years 
ago, perhaps due to global glaciation oscillations during the Pleistocene. Our results are consistent with a pattern of genetic 
differentiation under strict geographic isolation and suggest the presence of allopatric species within S. dariensis. Genetic 
divergence in S. dariensis likely occurred in situ, long after the closure of the Isthmus of Panama. Our study highlights the 
contribution of spatial isolation and vicariance to promoting rapid diversification in Neotropical freshwater fishes. 
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Does Parkin Regulate Mitochondrial Degradation and Metabolic Suppression in Diapausing Colorado Potato Beetles? 

 
Parkin Régule-t-il la Dégradation des Mitochondries et la Suppression Métabolique Pendant la Diapause dans le Doryphore 
de la Pomme de Terre? 

 
Most temperate insects overwinter by entering diapause, a pre-programmed process that favours physiological changes over 
morphological development. Diapausing insects consistently suppress metabolism to conserve energy stores, but we have a 
limited understanding of the biochemical mechanisms driving this metabolic suppression. The Colorado potato beetle (CPB; 
Leptinotarsa decemlineata) suppresses its metabolism by 88% and degrades nearly all mitochondria in its flight muscle 
during diapause. In this study, we investigated the role of Parkin, a ubiquitin ligase that targets mitochondria for degradation, 
in regulating mitochondrial degradation and metabolic suppression in diapausing CPB. CPB increase parkin expression 
during diapause, so we knocked down parkin in diapausing CPB using RNA interference and measured how knockdown 
affects 1) whole animal metabolic rate using flow-through respirometry, 2) mitochondrial abundance in flight muscle using a 
citrate synthase enzyme assay, and 3) mitochondrial morphology in flight muscle using transmission electron microscopy. 
Knocking down parkin in diapausing CPB increases metabolic rate and citrate synthase activity, suggesting Parkin is a key 
regulator of mitochondrial degradation and metabolic suppression during diapause. This study will help contribute to our 
understanding of how insects suppress metabolism during diapause and provide new insights into the mechanisms 
regulating the diapause phenotype.  
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Metabolic, Ventilatory, and Thermoregulatory Response of Giant Zambian Mole Rats to Graded Hypoxia and Hypercapnia.  
 
Réponse Métabolique, Ventilatoire et Thermorégulatrice de Rats-Taupes Zambiens Géants à l'Hypoxie et à l'Hypercapnie 
Graduées. 
 
Subterranean Giant Zambian mole rats (GZMR) live in a putatively hypoxic and hypercapnic environment but their 
physiological adaptations to this challenging niche are entirely unknown. To address this knowledge gap, we exposed GZMR 
to graded hypoxia (18-5% O2) or hypercapnia (2-10% CO2), while measuring ventilation, metabolic rate, and body 
temperature. We found that metabolic rate decreased by up to 68% with progressive hypoxia but no significant change was 
observed in progressive hypercapnia. GZMRs exhibited typical hypoxic and hypercapnic ventilatory responses such that 
ventilation increased starting at x% O2 and y% CO2, respectively, increasing up to 200% in hypoxia and 66% in hypercapnia. 
Body temperature was not significantly changed in either hypoxic or hypercapnic conditions. All responses were reversed 
upon reoxygenation. Taken together, these results indicate that GZMRs do not have a blunted hypoxic or hypercapnic 
ventilatory response and employ metabolic suppression to tolerate acute hypoxia. 
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Role of MAPK’s in temperature-dependant cardiac remodelling of rainbow trout (Oncorhynchus mykiss) 
 
Rôle des MAPK dans le remodelage cardiaque, dépendant de la température, de la truite arc-en-ciel (Oncorhynchus mykiss).  
 
Rainbow trout (Oncorhynchus mykiss) experience seasonal variations in temperature between 4 °C and 20 °C and previous 
work has demonstrated that this leads to significant changes in the structure and function of the heart. For example, cold 
acclimation causes cardiac hypertrophy and an increase in cardiac collagen while warm acclimation has the opposite effect. 
The cellular mechanisms behind this temperature induced cardiac remodeling is not known. We hypothesize that thermal 
acclimation differentially effects the activation of mitogen-activated protein kinase (MAPK) cell signalling pathways. This 
pathway involves three groups of MAPKs: p38, extracellular regulated-kinase (ERK), and c-Jun NH2-terminalinase (JNK). In 
the mammalian heart, the activation of MAPKs, via phosphorylation, results in changes of downstream transcriptional factors 
that alter the transcription of collagen remodelling genes: matrix metalloproteinases (mmp’s), tissue inhibitor of matrix 
metalloproteinases (timp’s), and collagen type 1α1 (col1α1). To test this hypothesis, trout were acclimated to winter and 
summer conditions and hearts was sampled at multiple time points. Histological analysis was used to assess collagen 
remodelling, western blot techniques were used to quantify MAPK activation, and RT-qPCR will be used to quantify the 
molecular response. Results indicate that MAPK cell signalling pathways are sensitive to changes in physiological temperature.  

TRINA Y. DU*1 AND EMILY. M. STANDEN1 

1Department of Biology, University of Ottawa, Canada, ON. Canada 
E-mail: tdu@uottawa.ca 

 
Plasticity of the Pectoral Fin of Polypterus senegalus — Changes in Morphology and Composition in Different Loading 
Environments 

 
Plasticité de la Nageoire Pectorale du Polypterus senegalus — Changements Morphologiques et de Composition dans des 
Conditions de Différentes Mise En Charge 

 
Amphibious fishes provide unique opportunities to study the challenges vertebrates face when transitioning between water and 
land. Fishes that employ pectoral-driven terrestrial locomotion serve as particularly interesting models for plesiomorphic 
vertebrate responses to mechanical loading on limbs. We examined phenotypic plasticity in the pectoral fin skeleton on 
Polypterus senegalus, a basal actinopterygian, in response to chronic loaded and unloaded conditions. Fish were reared for 
five weeks in either a fully aquatic environment or one of two terrestrial conditions designed to separate the effects of passive 
loading due to increased gravitational effects and active loading during locomotion. Enzymatic clearing and staining and 
histology were used to characterize differences between groups at the gross anatomical and tissue levels. The shape of fin 
bones was analyzed using geometric morphometrics and elliptic Fourier analysis. We discuss the potential mechanisms and 
biomechanical implications of pectoral fin plasticity. 
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Flying hot and high: Tropical stingless bee flight performance in the warming rainforest canopy 
 
Voler chaud et haut: performance de vol des abeilles sans aiguillon tropical dans la canopée de la forêt tropicale qui se 
réchauffe 
 
Flight is the most metabolically expensive activity an ectothermic insect can engage in, and costs generally increase with 
temperature.  Allometric scaling of flight metabolic rate (FMR) in insects are nearly always hypometric, with greater energetic 
costs per gram of body tissue paid by smaller insects. However, only a few small flying insects have been measured to date.  
Using 13 species of stingless bees, a tropical clade that varies in body mass among species by three orders of magnitude, we 
find that FMR scales hypermetrically. Energy savings in smaller species are partly explained by differences in head and wing 
morphology that alter flight biomechanics, and tradeoffs in physical forces at small size (friction vs. inertia). When compared to 
all flying insects, a breakpoint in FMR exists at 53mg body mass, below which flight costs are cheaper than expected. This result 
was not explained by temperature. Thermal performance curves varied by species; flight metabolic rate increased or decreased 
with increasing air temperatures in some species. In others, there was no effect of air temperature between 25-40°C. However, 
smaller species had lower flight CTmax than larger species, and therefore may be less tolerant of rising air temperatures. 
 
RYAN M.G. EAGLESON*1, L. ALVAREZ-FILIP2, R. HORRICKS1, J.S.  LUMSDEN1 
1 Ontario Veterinary College, University of Guelph, Guelph, ON. Canada; 2 Institute of Ocean Sciences and Limnology, National 
Autonomous University of Mexico, Mexico City, Mexico 

 
Population Dynamics of the Mustard Hill Coral (Porites astreoides) in the Nearshore Waters Grenada. 

 
Dynamique des populations du corail de moutarde en pente (Porites astreoides) dans les eaux littorales de la Grenade. 

 
Despite the decline in Caribbean reefs in the last several decades, Porites astreoides (pa) has become one of the most 
abundant corals in the Caribbean. To assess local factors that may influence pa, we analysed the relationship between pa 
coverage and MPAs, rivers, and other benthic components in Grenada. Temporal changes in size, abundance, and coverage 
were also assessed. Four permanent 30 m transects were photographed at 0.5 m intervals at each of four sites in Grenada 
and Carriacou in 2014 and 2017. Coverage, size, and abundance of pa was assessed using ImageJ and the coverage of 
other biotic factors were assessed using stratified random sampling in Coral Point Count. MPA and rivers were classified as 
‘present’ or ‘absent’ for analysis. The mean abundance of pa colonies fell (p<0.05); and mean colony size increased (p<0.05) 
in all sites, and the overall coverage also increased (p>0.05). Correlation analysis with compiled island data (each year) 
revealed that pa coverage was significantly correlated with rubble (-), sand (-), macroalgae (-), and coralline algae (+) 
(p<0.05). This revealed that pa faces similar settlement challenges as other stony corals and that its population recently 
experienced a substantial recruitment event in Grenada. 
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Stress response in Two Killifish (Fundulus heteroclitus) Populations  
 
Réponse au stress chez deux populations de Fundulus heteroclitus 

 
Mummichogs, a killifish typically found in salt marshes, are an integral part of the intertidal zone along the east coast of North 
America. Due to the thermal gradient along the coast, northern and southern killifish populations differ in morphology, 
behavior, physiology and genetics. To this end, we hypothesized there would be differences in the stress response between 
the northern and southern populations. In this experiment, interpopulation differences were measured in response to both an 
acute and chronic stress event. Differences in plasma cortisol levels between northern and southern populations were 
observed following a chronic stressor (p=0.05) but not an acute stressor. Stress response was further measured through 
corresponding hypothalamic-pituitary-interrenal (HPI) axis mRNA expression. Plasma cortisol and HPI-axis-related gene 
expression will be discussed in terms of differences between the two populations, following an acute and chronic stressor.  
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Measuring Reactive Oxygen Species and Nitric Oxide during Acute Hypoxia in Cortical Neurons of Naked Mole Rats 
(Heterocephalus glaber) 

 
Mesure des espèces réactives de l'oxygène et de l'oxyde nitrique au cours de l’hypoxie aiguë dans les neurones corticaux de 
rats taupes nus (Heterocephalus glaber) 

 
Neuronal death during acute hypoxia and following reoxygenation is partially attributable to oxidative damage caused by 
deleterious bursts of reactive oxygen species (ROS) and nitric oxide (NO). This oxidative damage is thought to be attenuated 
to some degree in the brains of hypoxia-tolerant species. Naked mole rats (NMRs, Heterocephalus glaber) are the most 
hypoxia-tolerant mammal and we hypothesized that ROS and NO production from NMR cortical neurons would be minimal 
during a normoxic to hypoxic transition and following reoxygenation. To test this hypothesis, we measured ROS and NO flux 
in cortical neurons using corrected total cell florescence from live brain slices during a normoxic to hypoxic (1% O2) transition 
and following reoxygenation (20 mins each). We found that ROS flux in NMR cortical neurons remained relatively unchanged 
during normoxia-hypoxia-normoxia compared to control treatments. Conversely, NO flux in NMR cortical neurons decreased 
during hypoxia and increased back to the normoxic baseline upon reoxygenation. These results suggest that NMRs may have 
adapted a strategy to attenuate increased ROS production in hypoxia and following reoxygenation while living in an 
intermittently hypoxic environment. 

 
ERICH EBERTS*1, CHRISTOPHER G. GUGLIELMO 2, KENNETH C. WELCH JR  1 
1 Department of Biological Sciences, University of Toronto Scarborough, 1265 Military Trail, Toronto, ON M1C 1A4, Canada; 
2 Dept of Biology, Univ of Western Ontario, London, ON Canada 
E-mail:  erich.eberts@mail.utoronto.ca 

 
Seasonal Changes in Body Condition and Torpor Use of Ruby-throated Hummingbirds’ (Archilochus colubris) 

 
Hummingbirds can use torpor to reduce metabolic rate overnight as part of a strategy to manage daily energy balance or to 
maximize energy storage during certain life stages. However, the rules that govern torpor use are unclear. While torpor may 
be used only during times when energy stores fall below a critical level, an ‘emergency only’ strategy may be abandoned to 
facilitate fat conservation during migration. We tracked body composition and torpor use in male ruby-throated hummingbirds 
throughout the breeding season and the beginning of the fall migration period using quantitative magnetic resonance, 
respirometry, and thermal imaging. During the summer, birds that entered torpor did so at very low estimated fat stores (~5% 
of body mass). Interestingly, torpor use occurred repeatedly during the migratory period in birds that had accumulated high 
body fat stores (>20%). Overall, our preliminary results suggest that in the breeding season, hummingbirds use torpor only 
when their energy reserves are especially low, but that in the migratory season some individuals use torpor to facilitate 
storage of fat needed to fuel their migratory journey. Ongoing analyses aim to explore individual variation and to elucidate the 
mechanistic link between torpor use and seasonal changes in body condition.  
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Seasonal variation in coastal residency and fine-scale movements of the Greenland shark (Somniosus microcephalus) 

La variation saisonnière de résidence côtière et de mouvements précis du requin du Groenland 

In seasonally variable marine ecosystems, mobile predators provide community stability by exhibiting behavioural plasticity in 
response to environmental change. As Arctic ecosystems become increasingly vulnerable to the effects of anthropogenic and 
climate-induced stressors, an understanding of the energetic pathways that confer community stability is critical for   
developing effective marine management practices. In the Eastern Canadian Arctic, the Greenland shark (Somniosus 
microcephalus) is an excellent model predator for quantifying behavioural flexibility in a seasonally dynamic ecosystem. Using 
an array of 77 moorings equipped with acoustic receivers and environmental sensors, the long-term movements (7 y) of 81 
Greenland sharks (51 males, 30 females [mean TL = 2.48 ± 0.50 m]) were monitored within a deep-water coastal fjord. 
Specifically, we investigated fine-scale movement behaviours (track tortuosity), localized distributions and residency times 
(activity hotspots) and the timing of immigration/emigration between coastal and offshore waters. These data will allow an in- 
depth examination of the responses of Greenland sharks to seasonal and inter-annual changes in primary productivity and 
other oceanographic variables (temperature, dissolved oxygen, salinity) and will permit predictions of the influence of shifting 
climatic conditions on future behaviours. Ultimately, this study provides novel insight into the movement dynamics of this 
potentially vulnerable polar predator. 
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Intraspecific Variability in Thermal Tolerance in Pacific Salmon 

 
Variabilité Intraspécifique de la Tolérance Thermique chez le Saumon du Pacifique 

 
Thermal tolerance can vary widely across individuals of the same species. Our research has examined how thermal tolerance 
differs across populations, over the life history, and between sexes in Pacific salmon. We take advantage of this variation to 
investigate the underlying mechanisms that determine thermal tolerance. Our most recent work has focused on   
understanding why migrating, sexually maturing adult female salmon have reduced survival at high temperature compared to 
males. During migration, both males and females undergo major morphological changes. While swimming upstream, both 
sexes develop their secondary sexual characteristics and grow their gonads. By the time they reach the spawning grounds, 
females support a much greater egg mass (~17% of body mass) compared to male testes (~3% of body mass). We   
examined several hypotheses: 1) males have a superior aerobic scope and swim performance at high temperature compared 
to females; 2) females have impaired oxygen delivery to their hearts; 3) females have prolonged recovery from anaerobic 
metabolism at high temperature. By using intraspecific comparisons, this research offers valuable insight into the factors that 
limit ecological thermal tolerance. 

 
WASSIM, ELKHATIB*1, A, SENATORE1 
1 Cells and Systems Biology, University of Toronto Mississauga, Mississauga, ON. Canada 
E-mail: wassim.elkhaitb@mail.utoronto.ca 
 
Characterization of ASIC-like subunit homologs in Trichoplax adhaerens, an early diverging seawater animal.  
 
Caractérisation d'homologues de sous-unités analogues à l'ASIC chez Trichoplax adhaerens, un animal marin divergeant 
précoce. 
 
Trichoplax adhaerens is a simple animal with only six identified cell types. It lacks a nervous system and synapses, yet its 
feeding behaviour involves gliding over surfaces, pausing over detected algae and feeding by external digestion. A recent 
study has shown that secreted peptides control Trichoplax behaviour, where application of various peptides caused body 
crinkling, turning and flattening and churning, which are behaviours associated with feeding. My work aims to find the key 
ionotropic receptors responsible for this observed behaviour, by studying a group of ion channels known to respond to 
neuropeptides in other species called DEG/ENaC channels. Acid-sensing ion channels (ASIC) are part of this large family 
and in vertebrates they play important roles in nociception, ischemic stroke detection and learning and memory. In Hydra, 
homologs of DEG/ENaC channels were found to potentially mediate neuromuscular transmission through RFamide 
signalling. Though a repertoire of peptides were found to control Trichoplax behaviour, the receptors are still unknown. Our 
lab was able to clone nine ASIC-like subunits (TadASIC2-10) from Trichoplax for functional expression. 
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Sometimes, You Need to Chill Out: Recovery Time, Survival, and Offspring Viability After Repeated Cold Exposures in 
Drosophila melanogaster 

 
Parfois, Vous Devez Vous Détendre: Temps de Récupération, Survie et Viabilité de la Progéniture Après des Expositions 
Répétées au Froid en Drosophila melanogaster 

 
Insects exposed to low temperatures typically enter a state of paralysis known as chill coma, and individuals that do not suffer 
extensive injury can recover from this state after an amount of time known as Chill Coma Recovery Time (CCRT). During 
Repeated Cold Exposures (RCE), periods of recovery interrupt periods of low temperature exposure and can enhance low 
temperature survival. This increased survival, however, comes at a cost of lower fecundity. Here, we used a similar method to 
a previous study to examine if longer recovery periods improve survival, speed up CCRT, and improve fecundity and   
offspring viability of female Drosophila melanogaster. We found that flies that experienced multiple cold exposures with short 
warm periods, compared to flies continually exposed to the cold, had higher mortalities and longer CCRT than flies that 
stayed warm for longer between cold bouts. Surprisingly, we found that longer recovery periods in virgin flies between RCEs 
led to a greater number of offspring produced compared to those continually exposed to the cold, but also, shorter recovery 
periods proved to be lethal. Future studies will look at whether these differences in survival and recovery time are caused by 
tissue damage or differences in energy reserves. 

SIMON G. ENGLISH*1, N. SANDOVAL-HERRERA2, C.A. BISHOP3, J.E. ELLIOTT3, K.C. WELCH1,2 
1 Department of Biological Sciences University of Toronto Scarborough, Scarborough, ON. Canada; 2 Department of Ecology 
and Evolutionary Biology, University of Toronto, Scarborough, ON. Canada; 3 Wildlife Research Division, Science and 
Technology Branch, Environment and Climate Change Canada, Vancouver, BC. Canada 
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An Integrative Analysis of the Effects of Neonicotinoids on the Ruby-throated Hummingbird, A. colubris. 
 
Une analyse intégrée des effets d’imidacloprid sur le colibri à gorge rubis, A. colubris 
 
Neonicotinoids are the most widely used class of insecticides, owing to their high efficacy and apparent specificity. However, 
neonicotinoids are detected in hummingbirds foraging on nectar and insects on and near sprayed crops, raising questions 
about unintended effects. To address this knowledge gap, we assessed the sublethal cellular, physiological, and organismal 
level effects of imidacloprid, a prominent neonicotinoid, on ruby-throated hummingbirds (Archilochus colubris). We exposed 
birds to one of three field-realistic doses (control, 0.172 mg/kg, and 2.5 mg/kg) once per day for three days, followed by 
terminal sampling. Preliminary results suggest dose-dependent neurotoxicity of imidacloprid in hummingbirds. Following 
dosage, feeder tracking ability was tested, while behaviour was indexed using ethograms to elucidate how exposed 
individuals’ behaviour is perturbed by acute toxicity. Physiological studies of thermal and metabolic responses provided 
insight into how imidacloprid exposure affects daily energy budgets. Additionally, corticosterone and its metabolites were 
measured in urine to asses stress axis activation. Immunosuppressive consequences of imidacloprid were determined 
through blood smear analysis, providing insight into exposed birds’ response to immune challenge. Oxidative damage 
biomarkers were quantified to elucidate the non-specific effects of detoxification in liver tissue. This integrative study 
highlights the ramifications of neonicotinoids’ use in Canadian agriculture. 
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The effect of ventricular stretch on rainbow trout (Oncorhynchus mykiss) cardiac remodeling. 

 
L’effet de l’étirement ventriculaire sur le remodelage cardiaque dans la truite arc-en-ciel (Oncorhynchus mykiss). 

 
The collagen content of the rainbow trout (Oncorhynchus mykiss) heart changes in response to temperature acclimation. For 
example, cold acclimation increases connective tissue content and warm acclimation has the opposite response. The 
physical trigger that links temperature change to cardiac remodeling is not known. However, mammalian studies have 
demonstrated that increasing stretch of endothelial cells releases the cytokine, tumor growth factor beta-1 (TGF-B1) which 
then initiates a cell signaling cascade resulting in collagen deposition. We have recently demonstrated that exposure of 
cultured trout cardiac fibroblasts to TGF-B1 stimulates collagen production and that increased stretch of trout cardiac 
fibroblasts activates the associated cellular pathways. In the current study we tested the hypothesis that increased extension 
of the intact rainbow trout heart induces collagen deposition via activating either the SMAD or p38 MAPK pathway. Hearts 
were perfused using a Langandorff preparation and stretch was applied by increasing the volume of a balloon inserted into 
the ventricle. Protein phosphorylation of SMAD2 and p38 was measured, as were gene transcript abundances of collagen 
promoting genes.  
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Oviposition preference and potential alternate hosts of Anthonomus eugenii in southern Ontario 

 
The pepper weevil is a major pest of cultivated pepper plants and it is thought to be native to Mexico. It is present in Central 
America, United States, and some Caribbean Islands with recent outbreaks in Ontario, Canada. Although the weevil develops 
in cultivated pepper plants, infestation varies among cultivars, and it is occasionally found in wild Solanum species - 
commonly known as nightshades. In Ontario, climbing nightshade, eastern black nightshade, and hairy nightshade are 
commonly found in agricultural lands, and may contribute to the establishment and maintenance of A. eugenii in the field. We 
tested the oviposition preference of pepper weevil in different pepper varieties, and the suitability for insect development in 
alternate hosts species present in southern Ontario. Our results showed that pepper weevil oviposited in all hosts tested. 
However, average egg laying was variable among cultivars. Additionally, all alternate hosts species tested supported the 
development to adulthood of pepper weevil suggesting that these species have the potential to maintain pepper weevil 
populations in the field. Although additional experiments are required to test the importance of alternate hosts in the dynamics 
of A. eugenii, our findings provide information that serve to develop a pest management program for this species. 

 
ERIK J. FOLKERTS1*, R.M. HEUER2, M. GROSELL2 AND G.G.  GOSS1 
1 Department of Biological Sciences, University of Alberta, Edmonton, AB, Canada; 2 Rosenstiel School of Marine and 
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Mahi mahi Cardiomyocyte Contractility Alterations Following Acute Exposures to Hydraulic Fracturing Flowback and 
Produced Water. 

 
Modifications de la contractilité des cardiomyocytes du mahi-mahi suite à une exposition aiguë aux eaux de reflux produites 
par la fracturation hydraulique. 

 
In North America, horizontal hydraulic fracturing (HHF) is an emerging industrial practice used to extract oil and natural gas 
reserves. However, little investigation has been performed on the wastewater by-product of HHF activities: flowback and 
produced water (FPW). The aim of this study was to determine if acute FPW exposures alter cardio-respiratory responses in 
fish which may encounter FPW - akin to a spill event. Using isolated Mahi mahi primary cardiomyocytes, sarcomere 
contractile properties were analyzed in fish acutely exposed to different fractions of an FPW sample collected from a well 2 
hours post-stimulation. Cardiomyocytes exposed to 2% FPW dilutions displayed decreased sarcomere peak contraction 
events relative to control conditions (p < 0.05), while 2% exposures also significantly decreased cardiomyocyte relaxation 
properties and increased cardiomyocyte 50, 75, and 90% sarcomere return to repolarized/baseline distance times compared 
to all other exposure treatments (p < 0.05). This is one of the first studies to mechanistically investigate FPW effects on 
cardio-respiratory parameters at the cellular level, and determine that even at relatively low dilutions, FPW may elicit effects 
on fish cardio-respiratory systems. Our results validate the cardio-respiratory system as an important endpoint to consider for 
FPW risk assessment and adverse outcome pathway analysis. 
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Heterochrony in the Avian Ocular Skeleton: Clues to its Function  
 
Hétérochronie dans le squelette oculaire aviaire: indices sur sa fonction 
 
All reptiles have an ocular skeleton in their eyes that is composed of a scleral cartilage cup and a series of scleral ossicles. 
The function of these elements is not well understood although it is highly likely that one or both of these elements provides 
structural support to the delicate eye ball. The ring of scleral ossicles has also been hypothesized to play a role in visual 
accommodation at least in some reptiles. A comparative analysis of the development and growth of the eyeball and its 
ocular skeleton in chicken and barn owl embryos and hatchlings, has revealed that there is a distinct shift in the ossification 
of the scleral ossicle ring in owls compared to chickens despite similar early developmental patterning. These differences 
could indicate a more general trend in altricial and precocial birds. Since functionally important bones ossify earlier than 
others, these findings suggest that the scleral ossicle ring may indeed play a functional role in vision, at least in birds. 

 

CALLI R. FREEDMAN*, N.J. BERNIER AND T.E. GILLIS 
Dept. of Integrative Biology, University of Guelph, Guelph, ON. Canada 
E-mail: cfreedma@uoguelph.ca  

The protective actions of the cardiac CRF system in the rainbow trout (Oncorhynchus mykiss) 

Les actions protectrices du système cardiaque CRF chez la truite arc-en-ciel (Oncorhynchus mykiss) 
 

The corticotropin-releasing factor (CRF) system has been shown to exert a variety of physiological actions in the 
cardiovascular system of mammals, including positive inotropy and cardioprotection against ischaemia-reperfusion injury. In 
contrast, little is known about the cardiac CRF system in non-mammalian species. We investigated whether CRF modulates 
the cardiac cellular response to severe acute hypoxia in rainbow trout and the role of CRF in maintaining cardiac function and 
integrity. We examined myocardial contractility during hypoxia/reoxygenation in vitro, by measuring ventricular pressure 
generation using a modified Langendorff preparation. We also investigated the effects of pre-treatment with 1.0 nM trout CRF 
or 10 nM antalarmin, a CRF type 1 receptor antagonist. All CRF system components are expressed in the atrium and 
ventricle of the rainbow trout, and these hearts predominantly express the CRF type 1 receptor and the ligand CRFa1. 
Untreated hearts failed to recover contractile function following exposure to hypoxia, while CRF-treated hearts recovered. 
Antalarmin exerted immediate negative inotropic effects and contractility declined throughout both the hypoxia exposure and 
recovery period. These results suggest that endogenous CRF plays a cardioprotective role during hypoxia/reoxygentation 
and is involved in the maintenance of cardiac function in excised hearts. 
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The development of cytokine protein assays for assessing immune function in salmonids 

 
Développement d’essais de dosage de cytokines pour l’évaluation des fonctions immunitaires des salmonidés 

 
The Canadian salmonid aquaculture industry, valued at $1.3 billion dollars (2017), faces several climate change-related 
challenges, including increasing water temperatures and hypoxic events. These abiotic stressors may potentially exacerbate 
bacterial and viral diseases, further disrupting production and resulting in losses to the industry. In mammals, genes coding 
for small signalling proteins (cytokines) regulate stress and immune responses during infection. Genes encoding cytokines 
have also been identified in many fishes, but whether or not their biological function is analogous to that of mammals has yet 
to be elucidated. Herein, we report on the development of quantitative enzyme-linked immunosorbent assays (ELISAs) for 
rainbow trout (Oncorhynchus mykiss) interleukin-1 beta and tumor necrosis factor alpha that utilize polyclonal antibodies. 
These quantitative ELISAs were validated through Western blot and sequence assessment of protein profiles, and by 
comparing results with quantitative polymerase chain reaction (qPCR) gene expression data. Assay effectiveness was 
demonstrated by being able to detect protein concentrations of these cytokines <10 pg/ml in both fish tissues and cell culture. 
The development of functional diagnostic assays for immune markers in fish will facilitate more effective aquaculture disease 
management (including more efficacious vaccines) and improve our understanding of several aspects of fish immunology. 
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The infection biology of Loma morhua (Microsporidia) in cultured Atlantic cod (Gadus morhua) reveals negative effects of 
parasitism on growth 

 
La biologie de l'infection avec Loma morhua (Microsporidia) dans la morue Atlantic d'élevage (Gadus morhua) dévoile les 
effets négatifs du parasitisme sur la croissance 

 
Canadian Atlantic cod aquaculture efforts failed partially due to the emergence of a known but poorly characterized 
microsporidian parasite, Loma morhua. We report an integrative parasitological and molecular (quantitative polymerase chain 
reaction; qPCR) approach for quantifying L. morhua infection intensities using host spleens. A hatchery epizootic revealed 
variable spleen infections among 50 cod families from which putatively resistant lines were identified. Fish growth was 
inversely correlated with infection intensity and an estimated 14% fillet loss occurred in those individuals most susceptible to 
L. morhua infections, regardless of family affiliation. Similarly, the first L. morhua exposure trial using specific pathogen-free 
fish induced a period of significant growth rate suppression prior to detection of subclinical spleen infections using a novel 
qPCR approach. Though growth rates stabilized after initial suppression, parasitized fish showed an estimated 19.3% fillet 
loss compared to uninfected controls. Furthermore, experimental infections revealed that gill infections are phasic and an 
order of magnitude higher than infections observed in spleen during the acute phase of infection. Given the ubiquitous 
distribution of microsporidia among commercially-relevant fish species and and the negative effect of L. morhua on fish 
growth, this research has implications for disease mitigation strategies (e.g. selective breeding, husbandry, 
vaccine/chemotherapy assessment). 
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Changes in host chemical communication through host-parasite interactions 
 
Changements dans la communication chimique de l’hôte par des interactions hôte-parasite 

 
Many parasites alter the behaviour of their hosts to increase the likelihood of transmission, but the mechanisms underlying 
this interaction are poorly understood. Some h‐osts and parasites release chemical signalling molecules that may affect 
transmission, but the limited taxonomic and contextual scope of these studies limits our ability to understand the role of 
signalling molecules, like oxylipids, in parasite modified behaviour. Thus, we characterized oxylipins in two species of 
freshwater snails that are commonly infected with trematode parasites. We tested for differences in the diversity and amounts 
of oxylipins based on host species, host diet, infection status, and parasite activity. Oxylipins were extracted from snail- 
conditioned water samples and quantified using high performance liquid chromatography-tandem mass spectrometry. 
Preliminary results indicate that the diversity and amounts of specific oxylipins differ between host species and according to 
infection status. In contrast, parasite activity did not affect most oxylipins. Snails are required hosts in the life cycles of many 
trematode parasites. By determining the factors that affect oxylipins, we will better understand their function in this essential 
host-parasite relationship. As parasite behavioural modification can play an important part in ecosystem structure and 
function, further understanding of the mechanisms behind these interactions is crucial. 

 

NIKITA FRIZZELLE*1, A. CHAULK1 AND N. KEYGHOBADI1 
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Dispersal Ability and Flight Morphology of the Rocky Mountain Apollo Butterfly (Parnassius smintheus). 

Dispersion et Morphologie de Vol du Papillon Apollo des Montagnes Rocheuses (Parnassius smintheus). 

Insects move across uninhabitable environments from their natal patch to a more desirable one, a behaviour known as 
dispersal. This process plays a vital role in the function and survival of a species and is driven by both internal and external 
factors; however, these internal factors are currently understudied. We expand the knowledge of which internal factors 
influence dispersal behaviour by studying flight morphology in the Rocky Mountain Apollo butterfly, Parnassius smintheus. In 
July 2018, butterflies were collected from a metapopulation in Kananaskis, Alberta, consisting of individuals that have 
completed a dispersal event (dispersers) and those that have not (non-dispersers). Individuals were then frozen, dissected, 
and weighed, while their wings were photographed to create high resolution images for digital analyses. Body mass, wing 
area, and wing shape were contrasted between dispersers and non-dispersers with univariate and multivariate analyses to 
investigate if flight morphology influences the ability of this species to cross forest matrices. Additionally, these traits were 
contrasted between the sexes to determine whether flight morphology is influenced by the species’ sex-specific mating 
behaviours. By investigating how flight morphology influences dispersal, we are furthering our understanding of how dispersal 
operates, which is essential to understanding the ecology of a population.  
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Diuretic Neuropeptide Leucokinin Inhibits Drosophila Chill Tolerance 

 
Le Neuropeptide Leucokinin Diurétique Inhibe la Tolérance au Froid du Drosophila 

 
Insects that are unable to tolerate low temperatures undergo a loss of water and ion homeostasis (hyperkalemia) in the cold 
that causes cellular depolarization, organismal injury, and death. The ability to maintain ion balance in the cold has been 
linked to the neuroendocrine control of the Malpighian tubules in these chill susceptible insects. Leucokinin (LK) is a 
neuropeptide found in most insects that promotes diuresis in the Malpighian tubules, but its potential role in chill tolerance 
through its effects on renal function have not been tested. The primary goal of this study was to investigate the effect of 
Drosophila leucokinin on chill tolerance in Drosophila melanogaster. I found that injections of a micromolar concentration of 
LK into the hemolymph of D. melanogaster reduces chill tolerance (measured as the time required to recover from a cold- 
induced comatose state, chill coma). This suggests that LK can modulate the chill tolerance of D. melanogaster, likely 
through its effects on the renal system. The diuresis caused by the injection of LK creates a negative effect on the chill 
tolerance of D. melanogaster. 
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The one that got away: using integrative taxonomy to explore speciation in Quinqueserialis (Platyhelminthes: Trematoda) 
parasites. 

 
Celle qui s’est échappée: l’utilisation de la taxonomie intégrative pour étudier la speciation des parasites Quinqueserialis 
(Platyhelminthes: Trematoda). 

 
Accurate estimates of parasite species diversity are essential for understanding their ecological roles and evolutionary 
history. DNA barcoding has indicated that trematode parasite diversity is often underestimated, which suggests that their life 
cycles and host specificity may require revision. Here, we integrate information from geographic distribution, host use, 
morphology, and gene sequences to investigate the species diversity of the trematode group Quinqueserialis. Parasites from 
throughout North America were obtained from museums and from field-collected intermediate host snails and final 
mammalian hosts. Genetic analysis suggests at least two species that differ by 1.6% and 10% (28S and CO1 genes, 
respectively). Multivariate analyses with 13 adult features show that these genetic groups are also morphologically distinct 
and confirm that one species has host-induced phenotypic plasticity. There was also a third cluster that consisted only of 
museum specimens suggesting there are three putative species in North America. They appear to have different geographic 
ranges with two being more restricted and a third being widespread. Two species co-occur only at one site and are found in 
the same host species. Integrative taxonomy of Quinqueserialis revealed more species diversity, a potential hotspot of 
parasite co-speciation, and suggests that factors influencing speciation vary among species. 

 
 

mailto:SeritaFudlosid@cmail.carleton.ca
mailto:gagnond6@myumanitoba.ca


45 
 

JULIA GAUBERG*, SALLY ABDALLAH, ADRIANO SENATORE 
Dept. of Cell and Systems Biology, University of Toronto Mississauga, Mississauga, ON. Canada 
E-mail: j.gauberg@mail.utoronto.ca 

 
Signalling Without Synapses: Exploring Voltage Gated Calcium Channel Properties in Trichoplax adhaerens 

 
Signalisation Sans Synapses: Exploration des Propriétés du Canaux Calciques Dépendants du Voltage dans Trichoplax 
adhaerens 

 
In excitable cells, voltage-gated calcium (CaV) channels are essential for converting electrical signals into cytoplasmic calcium 
signals. Most animals have three types of CaV channels, CaV1, CaV2, CaV3, which exhibit unique properties and functions. 
For example, CaV1 channels are expressed in muscle where they drive excitation-contraction coupling, while CaV2 channels 
are expressed in nerve terminals where they drive regulated exocytosis of neurotransmitters. Although these functions are 
conserved across many animal phyla, the evolution of this functional divergence is unclear. To gain a better understanding of 
the divergence of these channels, we are studying homologues from the most early-diverging animal to possess these genes, 
Trichoplax adhaerens. Trichoplax lacks synapses and muscle and yet demonstrates complex and coordinated motile 
behaviour, including feeding, chemotaxis, and phototaxis. Trichoplax has six functionally distinct cell   types, including 
contractile and neuroendocrine-like cells. We are exploring whether Trichoplax CaV1 and CaV2 channels are expressed in 
these cells, and whether they provide them with “muscle-like” and “neuron-like” qualities. We have cloned the Trichoplax CaV1 
and CaV2 channels for functional expression in vitro, permitting electrophysiological and proteomic studies. Our work will 
provide important insights into the evolution of CaV1 and CaV2 channel biophysical properties, cellular localization, and 
physiological functions. 
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Evolutionary Trajectory of Activation-Induced Aytidine Deaminase in the Extant and Ancestral Gadiform Species    
 
Trajectoire d'évolution de cytidine désaminase induite par activation dans les espèces gadiformes existantes et ancestrales  
 
Functional analyses in Atlantic cod (Gadus morhua) have shown that cod lacks affinity matured antibodies. The enzyme 
activation-induced cytidine deaminase (AID) initiates affinity maturation of antibodies. Sequencing of Gadiform species 
genome revealed a drastic remodeling of their immune system in which a unique loss of key genes required in antibody 
immunity, have coincided with the expansion of genes involved in innate and cell-mediated immunity. To further investigate 
the plasticity of Gadiformes’ immune system, we studied the evolutionary trajectory of AID within this order. We found that 
cod AID exhibits barely detectable cytidine-deaminase activity. AID preferentially mutates WRC (W=A/T, R=A/G) motifs. 
Accordingly, the complementarity determining region (CDR) of Ig variable (IgV) genes of mammals and fish are enriched in 
WRC motifs, reflecting substrate:enzyme co-evolution. In contrast, we found cod IgV gene CDRs do not exhibit WRC 
enrichment, consistent with compromised cod AID functionality. Using Ancestral Sequence Reconstruction (ASR), we 
showed that the catalytic activity of AID was drastically reduced in the ancestor of the Gadidae. In this light, our findings 
suggest that the Gadidae family may represent an instance in the evolution of immunity wherein AID has become nearly 
inactive to reflect lesser reliance on high affinity antibody responses.   
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Gene Expression during Conjunctival Papillae Formation in the Embryonic Chicken Eye 

Expression des Gènes au cours de la Formation des Papilles Conjonctivales dans l’Oeil de Poulet Embryonnaire 
 

In chickens, development of the scleral ossicles, a ring of bony intraocular elements, takes place in two phases. First, a series 
of conjunctival papillae form in a precise spatiotemporal pattern in the epithelium overlying the sclera from embryonic days 
6.5-8. Scleral ossicle condensations are then induced to form directly below each papilla in the mesenchyme. A number of 
signalling molecules are known to be involved in the second phase; however, those involved in the first phase remain largely 
unknown. Therefore, the objective of this study was to identify signalling factors present during the formation of conjunctival 
papillae. Quantitative real-time PCR experiments were carried out on dissected eyes of chicken embryos from 6- 8 days of 
age. 14 genes from the wingless, bone morphogenetic, fibroblast growth factor, hedgehog and ectodysplasin A families were 
shown to be expressed, and expression levels varied with advancing stage of development and region of the eye. The results 
indicate that gene expression during conjunctival papillae formation is similar to other developing epithelial appendages such 
as hair, feathers and scales. The scleral ossicle system therefore holds potential as a model for studying epithelial patterning. 
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Pulling the Plug on Rorqual Breathing: Sealing the Blowhole in Two Steps 

Contracter les Muscles Respiratoires de la Baleine Rorqual: Sceller l’Évent en Deux Étapes 
 

Rorqual whales engage in explosive periodic breathing, exhaling and inhaling in only 1-2 seconds while the head briefly 
breaks the water surface. Protecting the airway from water entry during each breath is vitally important but the mechanism is 
not well understood. Here, we present the functional morphology of two groups of nasal muscles at the blowhole, the naso- 
labial muscles, which control the blowhole margins, and the deeper nasal plug muscles. External morphology was obtained 
from drone video of surfacing blue, fin, and humpback whales, while internal gross and microscopic morphology were 
obtained from dissections of adult and fetal fin whales. We observed that the blowhole margins regularly remained open 
briefly after the rostrum was submerged, allowing water to enter the vestibule at the top of the blowhole. We hypothesize 
nasal plug activation and movement occurs prior to naso-labial muscle activation, sealing the nasal cavity even while the 
blowhole margins remain open. This prevents water from traveling beyond the vestibule and protects the airway. We 
conclude the naso-labial muscles and nasal plug muscles form a two-stage valve, where the combined and coordinated 
action and timing of both is necessary to protect the upper respiratory tract below the water surface. 
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A field-based investigation of the cardiorespiratory and thermal physiology of migratory Arctic Char (Salvelinus alpinus) using 
a remote mobile laboratory 

 
There is a paucity of environmental-physiological research on valuable northerly-distributed fish, such as migratory Arctic 
char, despite the fact that the Arctic is warming much faster than the global average. This knowledge gap persists largely due 
to logistical challenges associated with conducting sensitive physiological techniques in remote arctic field settings. In this 
study, we utilized innovative mobile research infrastructure developed by the Arctic Research Foundation to conduct a field- 
based assessment of the thermal limits to cardiorespiratory performance in Arctic char. Maximum heart rate in migratory  
Arctic char captured between 10 and 13°C was constrained below 4°C and above ~18°C, with the heart beat becoming 
arrhythmic at ~21°C. In agreement with the heart rate data, aerobic capacity was not impaired between 4 and 16°C, although 
the ability of fish to recover following handling and exercise stress may be. The observed thermal tolerance breadth 
encompasses the river temperatures migrating Arctic char would commonly encounter in the central Canadian Arctic. 
However, some Arctic char bearing rivers do occasionally exceed these temperatures during the migration period. We are 
currently investigating the prevalence of supra-optimal temperatures during migration, the thermal acclimation potential of 
Arctic char, and population specific differences in thermal physiology. 
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Fascination de la Manipulation: Les Zoologues Marchent avec les Fourmis Zombie 
 

The absurd behaviours of ants infected with larvae of the lancet fluke, Dicrocoelium dendriticum, have captivated 
parasitologists and ecologists for over 50 years. Ants that contain even a single brain-worm are chauffeured from their nests 
onto flower blossoms, where they remain firmly attached with their mandibles. The ants remain attached until ambient 
temperature exceeds a fatal maximum. Then they detach and return to their nests. The fluke was introduced from Europe into 
parkland habitats in southern Alberta in approximately 1980, then emerged within local snail, ant, and ungulate hosts in the 
1990’s. Determining the underlying mechanisms behind the bizarre ‘attach-detach-repeat’ sequence of behaviours and their 
adaptive significance is a focus of our ongoing research. One guiding premise is that determining the nature of the 
presumptive ‘on/off’ switch that characterizes the manipulation will help us better understand the general phenomenon of host 
manipulation by parasites. A second premise is that integrative approaches that march between GIS technology, molecular 
ecology, behavioural ecology, and the imaging sciences can provide key insights into the nature of the manipulation and into 
the nature of parasite emergence into novel hosts. 
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Response of a locust motion sensitive neuron, flight muscle activity, and wing asymmetry during flight steering    
 
Réponse d'un neurone sensible aux mouvements acridiens, activité musculaire en vol et asymétrie des ailes pendant la 
conduite en vol 

 
Flying animals display a variety of adaptive behaviours to avoid predators and collisions with conspecifics and other objects. 
The locust Descending Contralateral Movement Detector (DCMD) is a well characterized motion-sensitive visual neuron that 
responds with an increased firing rate that peaks near the time of collision (TOC) of an approaching object. Increasing 
stimulus complexity (number and shape of objects or object trajectory changes) dynamically modulates the amplitude and 
temporal properties of the DCMD response profile. This is the first experiment to examine DCMD responses, EMG muscle 
activity and wing asymmetry during flight steering. Previously described DCMD bursting occurrs in non-flying and flying 
locusts, suggesting that bursting is critical for coding object approach. When exposed to a looming 14 cm diameter sphere, 
DCMD burst responses showed dynamic changes that depended on background complexity and object trajectory. During 
flight, the DCMD peak burst firing rate and peak width at half height differed significantly compared to the non-flying 
condition. Timing of the first DCMD burst correlated strongly with flight muscle synchrony, left-right muscle latency and 
forewing asymmetry timing. Our findings indicate an important role of burst timing in the initiation of collision avoidance 
behaviour during flight. 

mailto:cam.goater@uleth.ca


49 
 

 

ELIA GRIECO-GUARDIAN* AND A. DONINI 
Dept. of Biology, York University, Toronto, ON. Canada 
E-mail: egrie@my.yorku.ca 

 
Aquaporin Expression in the Gastric caeca and Malpighian tubules of Aedes aegypti Mosquito Larvae Reared in Different 
Salinities. 

 
Les Effets de la Salinité sur l'expression de l'aquaporine dans les Tubes Caeca Gastriques et Malpighiens de Larves de 
Moustiques Aedes aegypti. 

 
The larvae of the disease vector Aedes aegypti have been found inhabiting freshwater and salinated water, which impose 
different challenges to osmoregulation. The gastric caeca (GC) and Malpighian tubules (MTs) are osmoregulatory organs of 
larval mosquitoes in which ion transporter expression and ion transport has been studied, however, comparatively little is 
known about water transport. Aquaporins (AQPs) are water and/or solute channels which mediate water flux across cell 
membranes allowing rapid responses to changes in osmolarity.  In this study the localization of AQP1 and AQP5 in the GC 
and MTs of larval mosquitoes reared in different levels of salt were examined using immunohistochemistry. Water-specific 
AQP1 was found in the apical membranes of both GC and MTs and was not affected by salinity. AQP5 is a water and solute 
channel and immunolocalization on the GC basolateral membrane intensifies with increasing salinity. Using RNAi we show 
that whole organism knockdown of these AQPs affects larval survival in different levels of salt; larval survival decreased after 
treatment with AQP5 dsRNA and increased with AQP1 dsRNA. Results suggest that aquaporins in the GC and MTs play a 
role in osmoregulation and may contribute to mosquitoes’ ability to inhabit water with different salt levels. 
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The Impact of Lean Mass Loss During Migratory Flight on Muscle Energetics and Contractile Properties in the Yellow- 
Rumped Warbler (Setophaga coronata) 

 
L’Impact de la Perte de la Masse Maigre Pendant un Vol Migratoire sur l’Énergétiques Musculaires et la Propriétés 
Contractiles Chez la Paruline à Croupion Jaune (Setophaga coronata) 

 
Fat is the primary fuel for migratory flight, but protein catabolism also occurs concurrently, and its rate depends on ambient 
humidity. As a result, pectoralis muscle mass can drop by up to 20% over a migratory flight. However, the functional 
consequences of this decline in muscle mass have never been examined. We hypothesized that muscle breakdown would 
impact muscle energetics and contractile performance, and this decline in function would correspond with flight duration and 
be greater under dry conditions. We exposed Yellow-rumped Warblers to dry or humid conditions while flying or resting for up 
to 6 hours and sampled the pectoralis either immediately after flight or after 24 hours of recovery. We measured enzymatic 
capacity for aerobic metabolism and the contractile properties of single muscle fibers. There was no change in the metabolic 
capacity or force generation of the muscle due to flight or humidity. However, there was a significant increase in the myosin 
attachment time under dry compared to humid conditions, indicating shifts in cross-bridging. Therefore, muscle function is 
largely preserved after 6 hours of exercise, irrespective of lean mass loss, suggesting that migratory birds do not suffer 
exercise induced muscle damage at the same rate as other animals. 
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Plastic Degradation in Caterpillars of the Greater Waxworm (Galleria mellonella) and the Route to Metabolic Effects 

Dégradation du Plastique par les Chenilles du Ver de Cire (Galleria mellonella) et ses Effets Métaboliques 

The wax moth (Galleria mellonella) is a holometabolous insect of the order Lepidoptera. They are ubiquitously found   
wherever beekeeping is practiced where the larval caterpillar (waxworm) primarily feeds on honeycomb. Interestingly, the 
waxworm is able to biodegrade plastic bags (polyethylene) at unprecedented rates in comparison to other biological systems. 
Previous work suggests that polyethylene degradation seems to involve both the intestinal microbiome of the caterpillars and a 
unique physiological response of the waxworm, specifically through the metabolism of bulky hydrocarbons. However, a 
component of this biodegradation also yields ethylene glycol, a toxic chemical that may be responsible for lower survival rates 
of caterpillars fed polyethylene. In this study, we explore this further by assessing the metabolic pathways affected by plastic 
biodegradation. In particular, we assess the alcohol dehydrogenase (ADH) pathways in key tissues to better understand this 
exceptional capacity. We find that ADH, an enzyme involved in alcohol metabolism, is expressed in several tissues important 
in detoxification processes. Our results also suggest that waxworms feeding on polyethylene exhibit a strong biochemical 
signature indicative of higher potential for ethylene glycol flux through detoxification enzymatic cascades. Ultimately, this 
overactive system accumulates toxic metabolites and induces lower survival when feeding on polyethylene.   
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Measuring Power Input, Power Output and Fuel Substrate Oxidation in Flying Birds 

 
Mesure de la Entrée de Puissance, de la Sortie de Puissance et de L'oxydation du Substrat de Carburant Chez les Oiseaux 
en Vol 

 
Measuring energy expenditure and the mix of metabolic fuels used by animals during various activities is of keen interest to 
physiologists and ecologists. To understand the energetics of migratory birds which can fly for days continuously it is common 
to estimate power output by parameterizing aerodynamic models and then scaling up to estimate metabolic energy 
expenditure (power input) using an assumed efficiency. However, empirical measurements of efficiency vary widely, and it is 
unknown if power input follows the theoretical U-shaped power curve or how metabolic efficiency might vary with flight speed. 
New techniques in particle image velocimetry (PIV) allow measurement of aerodynamic power output from wake velocity 
fields. New laser spectroscopic analyzers can measure 13C/12C in the carbon dioxide in gas streams making it possible to 
measure power input non-invasively in real time by injecting 13C enriched sodium bicarbonate and subsequently measuring 
breath isotopic enrichment. We developed and used these methods with two species of birds flying in wind tunnels to better 
understand the energetics of flight across a range of speeds. Furthermore, isotopically labelled fuel substrates can be used 
trace fuel oxidation. I will give a brief introduction to the methods and illustrate their use in research. 
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Species-Specific Metabolic Responses of Mammalian and Avian Skeletal Muscle Myocytes to n-3 Polyunsaturated Fatty Acid 
Supplementation 

 
Réponses Métaboliques Spécifiques aux Espèces des Myocytes de Mammifères et des Oiseaux à la Supplémentation 
D'acides Gras Polyinsaturés n-3 

 
The n-3 Polyunsaturated Fatty Acids (PUFA) are widely considered to influence aerobic metabolic function in animals through 
their role in signalling and incorporation into cellular membranes. The availability of dietary n-3 PUFA to animals over 
evolutionary time has been proposed to influence their effects on metabolic processes. Migrant shorebirds consuming high 
amounts of n-3 PUFA at stopover during migration are thought to have improved metabolic function from a ‘natural doping’ 
effect of diet. We compared the effects of n-3 PUFA supplementation on fatty acid metabolism in cultured skeletal muscle 
myocytes of mouse (Mus musculus), a songbird (yellow-rumped warbler, Setophaga coronata coronata), and a shorebird 
(sanderling, Calidris alba). Expression of PPARs and fatty acid transporters responded differently among species to n-3 
PUFAs whereas CS and LDH activities were not affected. CPT and HOAD activities of mouse and warbler were influenced by 
n-3 PUFA treatment. Mitochondrial respiration profiles of mouse and sanderling differed with increased ATP synthase-linked 
oxygen consumption in mice under docosahexaenoic (22:6n-3), and oleic acid (18:1n-9) treatments whereas sanderling had 
increased basal and maximal oxygen consumption rates under eicosapentaenoic acid (20:5n-3) treatment. Our study   
provides evidence for species-specific roles of n-3 PUFA in altering lipid metabolism in mammals and birds. 
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Development of a quantitative sandwich ELISA for plasma cardiac troponin I (cTnI) as a marker of heat-induced cardiac 
stress in rainbow trout (Oncorhynchus mykiss) 
 
Développement d'un test ELISA sandwich quantitatif pour la troponine I cardiaque (TnIc) dans le plasma comme marqueur 
du stress cardiaque induit par la chaleur chez la truite arc-en-ciel (Oncorhynchus mykiss) 
 
The salmonid-dominated aquaculture industry, worth approx. $1 billion in Canada, is facing climate change-related   
challenges such as rising water temperatures. Higher water temperatures have been shown to induce stress in the salmonid 
cardiac system. There are currently no quantitative assays available to assess cardiac stress levels in salmonids. In 
mammals, cardiac stress is primarily assessed by quantifying levels of the contractile heart protein cardiac troponin I (cTnI) in 
the blood. Therefore, we are developing a cTnI sandwich enzyme-linked immunosorbent assay (ELISA) for salmonids that 
can be used to detect cardiac stress (damage) following exposure to elevated temperature and other stressors. To 
accomplish this, we injected recombinant rainbow trout cTnI into chickens to produce chicken-α-cTnI polyclonal antibodies 
(PAbs). An allocation of the chicken-α-cTnI PAbs was biotinylated to facilitate biotin-streptavidin bridge formation in the assay 
cascade to improve detection sensitivity. A suitable standard curve diluent was then developed and optimized to demonstrate 
parallelism of cTnI detection in the standard curve diluent and plasma. The assay’s specificity was validated using rainbow 
trout heart homogenate and western blotting. This assay has a detection range between 12.5 and 3200 pg/mL and will be 
applicable for commercial aquaculture operations and for research purposes. 
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Schistocephalus solidus and threespine stickleback holobiont coevolution; the building blocks of local adaptation 

 
La coévolution de Schistocephalus solidus et threespine stickleback holobiont; les éléments constitutifs de l'adaptation locale 

 
Next generation sequencing has given us the ability to study holobionts more intimately than ever before and it has become 
apparent that parasites interact with their host microbiome. Helminth parasites can alter the composition, diversity, and 
abundance of their host gut flora, and different parasite species impact the host microbiota differently. However, it remains 
unknown whether parasite-microbes interaction has evolved over time as a result of antagonistic coevolution with the host 
holobiont. Threespine sticklebacks are widely distributed and freshwater populations isolated in hundreds of distinct lakes 
evolve independently and host distinct microbiomes. Freshwater sticklebacks are infected by the cestode parasite 
Schistocephalus solidus that locally adapts to its fish host, thus providing the opportunity to study the adaptation of a parasite 
to its host holobiont. Using lab reared fish and parasites from three different populations from Alaska and Europe, we 
completed a fully reciprocal cross-infection experiment. The composition of the bacterial microbiome of control non-exposed 
fish, exposed but non-infected fish, and infected fish was characterized using 16S sequencing to determine whether the fish 
microbiome composition depends more on fish origin, exposure to S. solidus, or infection by S. solidus. This experimental 
design also allowed us to test whether parasites from different origin can differentially impact the fish host microbiome. We 
found that both fish and parasite origin play a role in determining the abundance and composition of stickleback gut 
microbiota and discuss our results in light of our knowledge of stickleback co-evolution with S. solidus. 

 
ADAM A. HARMAN*1, JOANNA Y. WILSON1, MEGHAN L.M. FUZZEN1, DOUGLAS R. BOREHAM2, CHRIS M. 
SOMMERS3, RICHARD G. MANZON3, BHUVAN AGGARWAL1 
1 Department of Biology, McMaster University, Hamilton, ON. Canada; 2 Department of Medical Sciences, Northern Ontario 
School of Medicine, Sudbury, ON. Canada; 3 Department of Biology, University of Regina, Regina, MB, Canada  
E-mail: harmaa1@mcmaster.ca 

 
Effect of Elevated Embryonic Incubation Temperature on the Temperature Preference of Juvenile Lake Whitefish 
(Coregonus clupeaformis) 

 
Effet de la Température d’Incubation de l’Embryon sur la Préférence de Température du Corégone Juvenile (Coregonus 
clupeaformis) 

 
Lake whitefish (Coregonus clupeaformis) is an economically, and ecologically important species that has a wide distribution 
across Canada and Northern USA. Lake whitefish (LWF) spawn in shallow coastal areas in early winter, subjecting embryos 
to temperature fluctuations caused by thermal effluent discharged by coastal power stations. Previous research shows that 
LWF embryos incubated at 8°C experience increased mortality and altered metabolic/heart rate. They also display an “early 
hatch phenotype” exhibiting less developed body features, which may affect fitness during early development. Using a 
Loligo® shuttle box system, this study compares temperature preference (median occupied temperature) of juvenile LWF 
post-hatch, by exposing them to a range of temperatures and recording the behavioral response. Behavioral tests were 
optimized for a two-hour acclimation period (static) followed by two hours of data collection (dynamic). The temperature 
preference of LWF juveniles incubated at elevated temperatures (5°C, 8°C) will be compared to those incubated at the 
control temperature (2°C). Elevated temperature treatments are predicted to modify the temperature preference of juvenile 
LWF. The effect of body size, as a confounding variable, is being examined. The results of this study will be used to help 
inform management decisions on thermal effluent discharged into Lake Huron. 
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Phylogenetic Assessment of Protein Interactions between the Pre-synaptic CaV2 Calcium Channel and the Scaffolding 
Protein RIM 
 
Évaluation Phylogénétique des Interactions Protéiques entre le Canal Calcique Pré-synaptique CaV2 et la Protéine 
D'échafaudage RIM 
During synaptic transmission, voltage-gated calcium channels type-2 (CaV2) mediate transient influxes of Ca2+ into the 
cytoplasm upon depolarisation, mediating synaptic vesicle (SV) calcium sensor activation, docking and fusion at the plasma 
membrane, and release of vesicle contents (i.e., neurotransmitters). A proposed mechanism for tethering CaV2 channels in 
nanometer proximity to SVs is through a direct interaction, mediated by the scaffolding protein Rab3a-Interacting Molecule 
(RIM) that binds with the distal C-terminus of CaV2 and the vesicular protein Rab3. Work done in vertebrates (Chordata) and 
invertebrates (Drosophila) suggests a conserved function for RIM at the synapse, where disruption of RIM function leads to 
loss of CaV2 channel accumulation at the active zone. Though, whether CaV2 channel accumulation in Drosophila occurs 
through a direct interaction between CaV2-RIM has yet to be determined. Moreover, whether more basal animals rely on the 
CaV2-RIM interaction for regulated exocytosis of SVs has not been addressed. Using in vitro co-immunoprecipitation, my 
work explores the presence or absence of an interaction between CaV2 channel C-termini and the RIM-PDZ domain in 
organisms spanning several Metazoan phyla, in hopes of shedding light on the conservation of molecular structure- function 
of CaV2 channels, and ultimately, the evolution of the synapse. 

ALICIA N. HARRACKSINGH*1, A.R. TAHA1, A.  SENATORE1 
1 Department of Biology, University of Toronto Mississauga, Mississauga, ON. Canada.  
E-mail: alicia.harracksingh@mail.utoronto.ca 

 
Phylogenetic assessment of protein interactions between the pre-synaptic CaV2 calcium channel and the scaffolding protein 
RIM 

 
Évaluation phylogénétique des interactions protéiques entre le canal calcique pré-synaptique CaV2 et la protéine 
d'échafaudage RIM 

 
During synaptic transmission, voltage-gated calcium channels type-2 (CaV2) mediate transient influxes of Ca2+ into the 
cytoplasm upon depolarisation, mediating synaptic vesicle (SV) calcium sensor activation, docking and fusion at the plasma 
membrane, and release of vesicle contents (i.e., neurotransmitters). A proposed mechanism for tethering CaV2 channels in 
nanometer proximity to SVs is through a direct interaction, mediated by the scaffolding protein Rab3a-Interacting Molecule 
(RIM) that binds with the distal C-terminus of CaV2 and the vesicular protein Rab3. Work done in vertebrates (Chordata) and 
invertebrates (Drosophila) suggests a conserved function for RIM at the synapse, where disruption of RIM function leads to 
loss of CaV2 channel accumulation at the active zone. Though, whether CaV2 channel accumulation in Drosophila occurs 
through a direct interaction between CaV2-RIM has yet to be determined. Moreover, whether more basal animals rely on the 
CaV2-RIM interaction for regulated exocytosis of SVs has not been addressed. Using in vitro co-immunoprecipitation, my 
work explores the presence or absence of an interaction between CaV2 channel C-termini and the RIM-PDZ domain in 
organisms spanning several Metazoan phyla, in hopes of shedding light on the conservation of molecular structure- function 
of CaV2 channels, and ultimately, the evolution of the synapse. 
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Partitioning the Contribution of Wildlife, Domestic Animals and Humans to Waterborne Microbial Communities 
 
Nutrients, chemicals and fecal wastes are main source of aquatic ecosystem pollution. Fecal waste from different sources 
including human, wildlife (Canada goose, seagull, etc.) and domestic (cow, pig, etc.) animals impose the most acute risk to 
beach goers. We aimed to define the contribution of human, wildlife and domestic animals in pathogen shedding to water by   
a novel nanofluidic quantitative real time PCR (qRT-PCR) chip in two public beaches; Sand Point (SP) and Lakeview Park 
(LP) beaches (Windsor, ON). Water samples were collected weekly and tested for each beach over summer 2016 (June, July 
and August). In total, 54% and 42% of the samples were contaminated with Canada goose and seagull fecal matters 
respectively in each beach. Only 16% samples polluted with human fecal matter in each beach. Dog marker was detected also 
in 16% and 8% of the samples in LP and SP beach respectively, while there was no contamination by pig and cow source 
tracking markers. Coincidence of water pollution with pathogens (Campylobacter coli and C. jejuni) and Canada   goose and 
seagull fecal matters shown that wildlife birds are the leading causes of contamination of beaches and potential source of 
those waterborne pathogens.  

AYAAT T. HASSAN*1 AND R.W.M.  KWONG1 
1 Dept of Biology, York University, Toronto, ON. Canada 
E-mail: ayaath18@my.yorku.ca 

 
Examination of the Neurophysiological Responses to Iron Exposure in Developing Zebrafish (Danio rerio) 

 
Examen des réponses neurophysiologiques à l'exposition au fer chez le poisson zèbre en développement (Danio rerio) 

 
Despite previous studies showing that iron loading (>10 mg/L) of freshwater ecosystems is a pressing environmental issue in 
many geographic regions, the effects of Fe exposure on fish physiology have remained largely unknown. In this research, we 
examined the effects of iron exposure on neurophysiological performance and oxidative-stress responses in developing 
zebrafish (Danio rerio). Our findings showed that exposure to elevated Fe levels (measured total Fe level: 12 mg/L) from 0 to 
5 days post-fertilization (dpf) significantly increased Fe concentration in both the whole body and head region of larval 
zebrafish. These Fe-exposed fish exhibited delays in touch-evoked escape response, which appeared to be associated with 
an impairment in sensory-motor function. We also observed that exposure to Fe decreased the swimming activity of larval 
zebrafish (quantified using a tracking software), particularly during the dark period. Droplet digital PCR analysis revealed that 
mRNA expression levels of iron transport genes (e.g., DMT1, IREG1) were decreased following iron exposure at 5 dpf. 
Interestingly, the expression levels of various oxidative stress-responsive genes (e.g., SOD2 CAT, GST) were found to be 
differentially modulated by iron exposure. Overall, our research suggested that exposure to elevated iron adversely affects 
the neurophysiological performance of developing zebrafish. 
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Genomic basis of mitonuclear breakdown in F2 hybrids of Tigriopus californicus 

 
Base génomique de la dégradation mitonucléaire des hybrides F2 de Tigriopus californicus 

 
Mitonuclear interactions play a key role in establishing genomic incompatibilities between populations or species, resulting in 
low-fitness hybrids and early-stage reproductive isolation. Nearly 1,500 mitochondrial proteins are encoded in the nuclear 
genome, and ~180 generate proteins that closely interact with mitochondrial-encoded products. Consequently, identifying the 
nuclear loci that contribute to hybrid breakdown is challenging. We used variation in developmental time to score hybrid 
breakdown among F2 hybrids of the copepod Tigriopus californicus. Mitochondria isolated from fast developers had higher 
ATP synthesis rates than those isolated from slow developers consistent with effects of mitochondrial performance on 
developmental rate. Fast and slow developing reciprocal hybrids were used for Pool-seq to determine allele frequency 
variation at single nucleotide polymorphisms between the parental populations. Large regions of at least four chromosomes 
demonstrated substantial allele frequency deviations consistent with mitonuclear effects on developmental rate, and these 
regions were generally consistent with involvement of nuclear proteins that are expected to interact with mitochondrial gene 
products. These data identify mechanistic candidates potentially underlying mitonuclear incompatibilities, demonstrate the 
likelihood of strong selection for mitonuclear matching throughout development even over a single generation, and highlight 
the important role variation in the mitochondrial genome can play on nuclear genome evolution. 

VICTORIA L.S HEATH*1, DENNIS M. HIGGS1 
Dept. of Biological Sciences, University of Windsor, Windsor, ON. Canada   
E-mail: heathv@uwindsor.ca 
 
Behavioural Response of Sea Lamprey (Petromyzon marinus) to Acoustic Stimuli in a Laboratory and Field Setting 
 
Réponse Comportementale de la Lamproie Marine (Petromyzon marinus) aux Stimuli Acoustiques en Laboratoire et sur le 
Terrain 
 
Sea lamprey are an invasive species present in the Great lakes that parasitically prey on native species, such as trout and 
salmon. There have been many different methods proposed for controlling and limiting lamprey such as barriers, pheromones 
and toxins, none of which can limit lamprey populations on their own. Sound is used for deterring other invasive species, as it 
can commonly direct fish behaviour, but has never been tried for sea lamprey. This experiment will test the possible efficacy of 
sound on sea lamprey behaviour in a natural and controlled environment with both lab and field components. Behaviour 
threshold testing in-lab will determine what sound intensities are most effective while in-field PIT tag arrays will examine the 
potential of sound to move lamprey toward active traps. Preliminary results in the field show 70 and 90 Hz tones do direct 
lamprey away from the sound source, thus showing potential for this in a management context. Specifically, playing either 90 or 
70 Hz tones showed reduction in lamprey activity near the speakers. A wider knowledge of how to control lamprey’s behaviour 
may lead to new integrated strategies for more effective control methods. 
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Exploring the antiviral mechanisms of rainbow trout vig-3 Exploration du mécanisme antiviral de la truite arc-en-ciel vig-3 
 
Rainbow trout is the most farmed fish in Ontario and pathogen infections, including virus infections, cause catastrophic mortality 
rates and substantial economic losses. Despite this, there is a lack of understanding regarding fish innate immunity, specifically 
with regards to interferon-stimulated genes (ISGs) and their antiviral effects. Viral Hemorrhagic Septicemia Virus (VHSV) induced 
gene (vig)-3 in rainbow trout is homologous to ISG15 in mammals. It is a small ubiquitin-like protein inducible by type I 
interferons (IFN), suggested to have antiviral effects within the cell. Vig-3’s antiviral activity is proposed to act both intracellularly 
through covalent modification of proteins, as well as extracellularly as a signaling molecule. The proposed project aims to 
investigate the role of vig-3 in rainbow trout antiviral innate immunity. To do this, rainbow trout gonadal cells (RTG-2) will be 
infected with fish viruses, and the expression of vig-3 expression will be monitored over the course of each infection. The 
subcellular localization of vig-3 will be observed via immunocytochemistry during viral infection, and the ability of overexpressed 
vig-3 to limit virus infection will be investigated. These findings will contribute to a better understanding of a poorly studied aspect 
of innate antiviral immunity in an economically valuable fish species.  

RHIANNON M HODGSON*1, M. R. SERVOS1, AND P.M CRAIG1 
1 Dept. of Biology, University of Waterloo, Waterloo, ON. Canada 
E-mail: rmhodgso@uwaterloo.ca  
 
Wastewater Effluent Effects on Metabolism of Darter Species (Etheostoma spp.) in the Grand River  
 
Effets des effluents d'eaux usées sur le métabolisme des Etheostoma spp. dans la Grand River 
Effluent released from municipal wastewater treatment plants contains harmful contaminants that affect fish populations living 
in receiving waters. The physiological effects of effluents on common darter (Etheostoma spp.) species are largely 
understudied. Metabolism is a measure of total energy demand of the body, making it a useful bioindicator for physiological 
changes due to contaminant exposure. Additionally, the gills have major physiological functions such as respiration and 
osmoregulation. Impairment of these functions due to effluent contamination may be reflected in changes in energetic 
demand and gill physiology. In this experiment, the impacts of effluent exposure and seasonal variation on metabolism and 
gill physiology of three closely related species of darters (rainbow, greenside, and fantail) are investigated. Fish were 
collected from sites upstream and downstream of effluent-receiving waters. Metabolism, osmoregulatory activity, and gill 
histopathology were measured using closed-chamber respirometry, enzyme assays, and histological analysis, respectively. 
This study aims to link changes in metabolism and gill physiology to whole effluent toxicity in the Grand River to better 
understand physiological compensation occurring in contaminated environments. 
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Absence of Plasticity in Skeletal Muscle Mitochondrial Functions Following Acute In Vivo Hypoxia in Naked Mole Rats  
 
Absence de Plasticité dans les Fonctions Mitochondriales du Muscle Squelettique Après Hypoxie Aiguë In Vivo chez les Rats 
Taupes Nus 

 
Naked mole rats (NMRs; Heterocephalus glaber) are among the most hypoxia tolerant mammals and likely undergo vigorous 
physical activity in severe hypoxia while working in their underground burrows. Supporting muscle function in hypoxia is 
challenging because reduced oxygen availability compromises aerobic mitochondrial energy production. Therefore, we 
hypothesized that NMR muscle mitochondria would 1) exhibit functional plasticity following acute in vivo hypoxia that would 
enhance energy production efficiency, and 2) support an increased reliance on carbohydrate fuel substrates in hypoxia. To 
test these hypotheses, we exposed NMRs to 4 hrs of normoxia (21% O2) or acute hypoxia (3% O2) and used high-resolution 
respirometry to measure O2 consumption. Surprisingly, we found no effect of in vivo hypoxic acclimation on oxidative 
phosphorylation or electron transport system capacity when fueled by either carbohydrate or lipid substrates. Furthermore, 
mitochondrial production of reactive oxygen species was not altered following hypoxic acclimation. These results are contrary 
to our expectations because mitochondrial adaptations to in vivo hypoxia have been found in other NMR tissues and in 
skeletal muscle from other hypoxia-tolerant species, suggesting that this apparent lack of plasticity in NMR skeletal muscle 
mitochondria is a unique adaptation to life in an intermittent hypoxic environment in this species. 

  

 
RYAN A. HORRICKS*1,2, D.P. MARANCIK2 AND J.S.  LUMSDEN1,2 
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Using three-dimensional photogrammetry to model coral reefs in Grenada. 

 
Utilisation de la photogrammétrie tridimensionnelle pour modéliser les récifs coralliens à Grenade. 

 
Changes in the three-dimensional topography of coral reef habitats affect ecosystem-wide processes and functions. Despite 
this, many coral reef studies do not take three-dimensional complexity into consideration when assessing reef habitats and 
may be ignoring an important measure of reef capacity. The present study investigated the change in three-dimensional 
complexity of Grenadian reefs over a three-year period. 
Images of coral reefs at eight 15 m x 30 m study sites in Grenada were captured and used to generate three-dimensional 
models of the coral reefs. Dense point clouds derived from the models were used to assess differences in three-dimensional 
topography between years. Surface complexity was measured as the ratio of three-dimensional to two-dimensional surface 
areas. There were significant differences (p<0.05) in dense point clouds between years at a given site. These differences can 
be attributed to shifting coral rubble, minor inconsistencies in alignment, and potential coral growth. There were no significant 
differences in surface complexity (p>0.05) at a given site between years. Three-dimensional models are a useful tool for 
quantifying coral reef complexity and can easily be incorporated into regular coral reef monitoring programs. 
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Identification of Secreted microRNA from Acutely Stressed Oncorhynchus mykiss  
 
Identification des microARN Secrétés de Oncorhynchus mykiss en État de Stress Aigu 
 
Measurements of waterborne environmental DNA are currently being employed to monitor both invasive and endangered fish 
species in Canadian waterways. However, few studies have examined environmental RNA within the water as a marker of 
the health status of a local community. MicroRNA (miRNA) are stable, targeted, post-transcriptional regulators of mRNA, and 
are therefore useful markers that can be linked to phenotypic responses. Changes in miRNA levels in tissues and circulation 
have previously been measured in fish due to acute and chronic stress. Additionally, miRNA have been measured in water 
samples; however, changes to specific miRNA in response to stress have never been identified in water. This study   
examines all miRNA present in blood plasma, mucus, and water samples before and after an acute stressor in order to 
identify environmental markers of stress. Samples were collected before (control) and one hour following (stressed) a three- 
minute air stressor. From these samples, all miRNA were sequenced using NGS technology. Differentially expressed miRNA 
were identified and validated via RT-qPCR. This study identifies novel candidates for non-invasive biomonitoring using 
waterborne miRNA. These altered miRNA can be linked to altered phenotypes in organisms and indicate the overall health 
status of fish in the environment. 
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A Multigenerational Study on the Chronic Effects of Venlafaxine, Heat, and Hypoxia in Zebrafish (Danio rerio) 
 
Une Étude Multigénérationnelle sur les Effets Chroniques de la Venlafaxine, de la Chaleur, et d’hypoxie dans le Poisson 
Zébre (Danio rerio) 
 
Aquatic organisms are subjected to a multitude of anthropogenic stressors. These include pharmaceuticals, such as the 
antidepressant venlafaxine (VFX), and climate change stressors, specifically heat and hypoxia. Currently, there is a lack of 
research on how multiple stressors can impact aquatic organisms and subsequent generations. This study determines how 
microRNA (miRNA) and mRNA are changing in zebrafish exposed to these stressors. This study also determines if these 
changes are passed down to non-exposed offspring. Parental zebrafish were exposed to control (27oC, 100% dissolved O2, 
0 µg/L VFX) or stressed conditions (32oC, 50% dissolved O2, and 1 µg/L VFX) for 28 days. Following exposure, zebrafish 
were bred to produce the F1 and F2 generations. Cyp3a65, hsp70, hsp90, and ppargc1a transcripts and miRNA most-likely 
to target each transcript (in silico prediction) were measured via RT-qPCR. Hsp70 and hsp90 were increased for all 
generations of exposed zebrafish, indicating that there is a change that is being inherited transgenerationally. Future 
generations of exposed and control fish exhibit no changes for the other targets, indicating no response in terms of 
detoxification and hypoxia. The inheritance of the hsp transcript response could be indicative of a beneficial adaptation being 
inherited through multiple generations.  
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Comparing the Effects of Poly(I:C) and LPS on the Macrophage Transcriptome of Atlantic Salmon (Salmo salar)   
 
Comparant les Effets du Poly(I:C) et du LPS sur le Transcriptome des Macrophages du Saumon Atlantique (Salmo salar)  
 
Pathogen associated molecular patterns (PAMPs) are widely used in immunological studies to observe immune responses 
without the use of live pathogens. In teleost fish research, both polyinosinic:polycytidylic acid [poly(I:C)] and bacterial 
lipopolysaccharides (LPS) are commonly used to stimulate antiviral and antibacterial innate immune responses, respectively. 
In this study, isolated head kidney macrophages of Atlantic salmon were stimulated with poly(I:C), LPS, or a phosphate- 
buffered saline (PBS) control, and transcript expression was analyzed in a 44K microarray experiment followed by QPCR. In 
total, 1094 transcripts were dysregulated (795 up, 299 down) in response to poly(I:C), and 546 were dysregulated (280 up, 
266 down) in response to LPS, with 135 transcripts dysregulated (57 up, 78 down) by both treatments [overlap SAM (FDR 
0.05) and RP (p<0.05) analyses]. QPCR was used to confirm the dysregulation of selected microarray-identified transcripts 
as responsive to poly(I:C), LPS, or both. Preliminary gene ontology (GO) term enrichment analysis using BLAST2GO 
software indicated that most transcripts dysregulated by both treatments function in binding or catalytic activity. Further 
analysis should advance our understanding of genes and molecular pathways that may have broader roles in the innate 
immune response, compared to those with specifically antiviral or antibacterial roles. 
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The Effects of Sub-Lethal Concentrations of the Lampricide Niclosamide on Energy Stores and Muscle Intracellular pH in 
Rainbow Trout (Oncorhynchus mykiss) 

 
Les Effets des Concentrations Sublétales du Lampricide Niclosamide sur les Réserves D'énergie et le pH Musculaire 
Intracellulaire chez la Truite Arc-en-ciel (Oncorhynchus mykiss) 

 
Niclosamide (Bayluscide®), is often applied in combination (1-2%) with the lampricide 3-trifluoromethyl-4-nitrophenol (TFM) 
to control invasive sea lamprey (Petromyzon marinus) populations in the Great Lakes. Niclosamide is also used exclusively 
for treating lentic habitat and in population surveys. Yet, little is known about its pathophysiological effects on non-target 
organisms. Because TFM and niclosamide are thought to impair mitochondrial ATP production by uncoupling oxidative 
phosphorylation, we predicted that niclosamide would necessitate anaerobic metabolism in fish, to meet their ATP demands, 
resulting in metabolic perturbations. Accordingly, juvenile rainbow trout were exposed to sub-lethal concentrations of 
niclosamide for 1-9h. This led to increased variation in ATP, PCr, creatine, glycogen and lactate in muscle. However, 
glycogen decreased by 60% after 9h with a concomitant 3-fold increase in pyruvate. This glycolysis increase was 
accompanied by an acidosis, characterized by a 0.3 unit decrease in muscle intracellular pH. In brain, ATP and glycogen 
were significantly reduced by 50-60%, and lactate increased by 25%. In liver, glycogen concentrations were reduced by 
approximately 50% during niclosamide exposure. We conclude that sub-lethal concentrations of niclosamide, can impart 
adverse effects on internal energy stores and acid-base balance in rainbow trout. Work is needed on long-term implications 
for rainbow trout populations. 
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Similar but Not the Same: Space Use Patterns of Panthera tigris Subspecies 

 
Semblable mais pas le Même: Modes d’Utilisation de l’Espace dans la Sous-espèce de Panthera tigris 

 
The tiger is globally recognized as an icon of wildlife conservation, yet with numbers declining by more than 90% over the 
past century, the future of its survival in the wild remains of concern. Prompted by recent genomics establishing six living 
subspecies of tigers, we investigated if these subspecies have distinct spatial requirements. We compiled data on home 
range estimates for 95 individuals across 17 studies employing radio and satellite telemetry. Methods to estimate home range 
were Minimum Convex Polygons (MCP) and Fixed Kernal estimates (FK). Of the five subspecies currently extant in the wild, 
home range data for four are represented in this study; the Amur (P. t. altaica), Bengal (P. t. tigris), Indo-Chinese (P. t.  
corbetti) and Sumatran (P. t. sumatrae). Preliminary results reveal the Amur tiger requires an average home range more than 
twice the size of any other subspecies (FK95♂ = 1081.50 km2 ± 514.73; FK95♀ = 403.34 km2 ± 159.57). These findings 
provide the first synthesis of individual space use data within the Panthera tigris species. Results will provide 
recommendations for future telemetry research into the spatial requirements of individual subspecies serving to improve 
conservation efforts, specifically spatial planning for this iconic species. 
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Evolved changes in the control of breathing in deer mice native to high altitude 

 
Changements dans le contrôle de la respiration chez les souris sylvestres originaires de haute altitude 

 
Hypoxia at high altitude can constrain O2 supply to support physiological processes. Respiratory O2 uptake in hypoxia 
depends critically on the magnitude and pattern of breathing. We uncovered how the control of breathing has evolved in high- 
altitude deer mice and examined the development of evolved differences during early post-natal life. Breathing, metabolism, 
and arterial O2 saturation (SaO2) were measured during progressive hypoxia. High-altitude mice breathed more than low- 
altitude mice (higher total ventilation relative to metabolism) across a range of inspired O2. Highlanders also breathed deeper 
for a given total ventilation (higher tidal volumes and lower breathing frequencies), a breathing pattern that further augments 
alveolar ventilation, and maintained higher SaO2 in hypoxia. The population difference in total ventilation arose at postnatal 
day 21 (P21), at roughly the time of weaning, in association with the full maturation of the carotid bodies (the peripheral O2 
chemoreceptor). The population difference in breathing pattern arose slightly afterwards, during adolescence at P30. 
However, highlanders maintained consistently higher SaO2 in hypoxia across development, by virtue of having higher blood- 
O2 binding affinity. Therefore, evolved changes in the control of breathing augment alveolar ventilation in high-altitude mice, 
and become fully apparent after weaning when mice become active and independent.  
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Ontogenetic Trajectories of Skeletal Variation in Threespine Stickleback (Gasterosteus aculeatus) 

 
Trajectoires Ontogénétiques de la Variation Squelettique chez l’Épinoche à Trois Épines (Gasterosteus aculeatus) 

 
Development links genes and environment to structure phenotypic variation. Despite their prominence as an evolutionary 
model, little is known about the developmental trajectories that produce phenotypic differences among threespine stickleback 
(Gasterosteus aculeatus) occupying different habitats. The relationship between shape and size over ontogeny is known to 
provide an important context for the study of rapid adaptive change. We used 3D geometric morphometrics to quantify 
phenotypic variation in cranial and post-cranial skeletal shape and examined the relationship between shape and size across 
ontogenetic stages from 90 days post-fertilization to reproductive maturity in stickleback occupying representative marine and 
freshwater habitats in coastal British Columbia. We found that skeletal phenotypes were already distinct by 90 days post- 
fertilization and remained so throughout ontogeny. The relationship between shape and size was different for each habitat at 
each timepoint. Ontogenetic trajectories differed among all three habitats. Our results indicate that genetic differences may 
contribute more strongly to the divergence of freshwater forms from marine forms, while stratification between marine 
phenotypes may be more strongly influenced by developmental timing changes and functional constraints. Further, our 
results highlight the importance of considering how selection acting at early life stages structures adult phenotypic variation. 
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Tropical/Subtropical Aedes aegypti Mosquito Larvae Have an Impressive Capacity for Cold Acclimation 

 
Les Larves de Moustiques Aedes aegypti Tropicales et Subtropicales ont une Capacité Impressionnante d'Acclimatation au 
Froid 

 
The geographic distribution of the disease-vector mosquito, Aedes aegypti, is thought to be associated with its lack of cold 
tolerance; however, few studies have focused on quantifying its minimum viable temperature and ability to acclimate. In this 
study, we used multiple metrics to define the lower thermal limits of larval A. aegypti, including chill coma onset temperature 
(CCO), chill coma recovery time (CCRT), chilling injury, and survival following cold stress. Thermal plasticity was evident   
from differences observed between larvae reared at 15°C and 25°C, where 15°C (cold) acclimated larvae had significantly 
lower CCRT, lower levels of chilling injury, and higher rates of survival at low environmental temperatures. Furthermore, to 
investigate the internal mechanisms underlying cold acclimation, we measured hemolymph [K+] and [Na+] using ion-selective 
microelectrodes. Upon cold exposure, larvae reared at 15°C were better able to maintain ion homeostasis by attenuating 
increase of K+ in the hemolymph. Collectively, these experiments demonstrate that larval A. aegypti can adjust their 
physiology to maintain performance at lower subtropical temperatures. In light of the forecasted changes in global climate, our 
findings may serve to inform predictions of the range of these important disease vectors, as well as their capacity to change 
over time. 
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Environmental factors driving aquatic invertebrate community composition in Alberta wetlands 

 
Facteurs environnementaux déterminants les communautés d'invertébrés aquatiques dans les milieux humides de l'Alberta 

 
Since 2007, the Alberta Biodiversity Monitoring Institute (ABMI) have sampled biota to assess biodiversity patterns   
throughout the Province of Alberta. ABMI aims to better characterize the possible relationships between biodiversity and 
environmental factors, especially those associated with human activities (i.e. human footprint). Aquatic invertebrate data 
collected by sweep-netting wetlands at >1,000 sites were summarized at various levels of taxonomic resolution (species to 
family) and analyzed using the recently developed joint modelling approach. This approach permits simultaneous assessment 
of both community and taxon- specific levels. Wetlands from the Boreal and Grassland natural regions were analyzed 
separately. In both natural regions, invertebrate distribution was mainly associated with local environmental variables (pH, 
conductivity) and to spatio-climatic gradients. Landscape alteration affected few species and did not correlate with 
dissimilarities in community composition. These findings are consistent with previous analyses of aquatic invertebrates at large 
spatial scale and may limit their utility in estimating human footprint impact on wetlands in Alberta. Hence, these results raised 
questions about how to monitor and use aquatic invertebrates to assess wetlands health at large spatial scale. 
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Using Transcriptomics to Assess the Physiological Status of Walleye (Sander vitreus) in Lake Winnipeg 

L’utilisation de la transcriptomique pour évaluer le statut physiologique du doré (Sander vitreus) dans le Lac Winnipeg 

Walleye (Sander vitreus) are an important fish for commercial and recreational fishing in Lake Winnipeg, Manitoba. 
However, the consequences of significant alterations to this system (e.g., eutrophication, invasive species, commercial 
fisheries) on walleye are poorly understood. The goal of the present study was to assess the physiological status of walleye 
across Lake Winnipeg. A non-lethal gill biopsy was collected from walleye sampled across 3 locations within Lake Winnipeg 
in 2017 and 2018. Using RNA sequencing, gill transcriptomes of walleye were characterized from the North Basin, near the 
South Basin and the channel connecting the two basins over two years. Our results suggest that walleye sampled in 2018 
exhibited an increased immune response and an increase in protein translation relative to 2017 walleye. Additionally, 
regardless of year, walleye showed transcriptomic profiles consistent with a latitudinal gradient.  South Basin walleye 
exhibited enrichment of metabolic processes and structural components in the gill, while North Basin walleye showed 
enrichment of processes involved in DNA replication and mitotic cell division. Analyses and interpretation of these data are 
ongoing; however, our results suggest site- and year-specific effects on Lake Winnipeg walleye. 
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Enhancing the efficacy of inosine monophosphate in production animals using a novel delivery system 

 
Amélioration de l'efficacité de l'inosine monophosphate chez des animaux d'élevage utilisant un nouveau système 
d'administration 

 
Optimal animal health is important for profitable livestock farming, as healthier farmed animals are more capable of defending 
themselves against infectious diseases. Nutrition is a key strategy to support and maintain good animal health.  The purpose 
of the present project is to increase bioavailability of inosine monophosphate (IMP), a key micronutrient for two important 
farmed animals, Alberta cattle and Ontario’s rainbow trout, in order to increase growth rates and strengthen immune 
responses. Increased bioavailability will be achieved by binding inosine monophosphate (IMP) to a safe, and edible novel 
carrier that can effectively enter cells. To date the work has been performed at the cell culture level. IMP-NC is more   
effective than IMP alone at enhancing cellular metabolism in the rainbow trout intestinal cell line (RTgutGC), but not in the 
bovine intestinal myofibroblast cell line (BT-IMF). Both cell lines demonstrated enhanced proliferation with IMP-NC treatment. 
Interestingly, in RTgutGC IMP-NC also induced a prolonged innate antiviral immune response.  As BT-IMF is a novel cell   
line, characterization of the cell line is included in the project. This work forms a basis for future in vivo studies, to enhance 
fish and cow growth.   
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Live Yeasts Reduce the Development Time of Drosophila melanogaster Larvae 
 
Les Levures Vivantes Réduisent le Temps de Développement des Larves de Drosophila melanogaster 
 
The insect gut is host to bacteria, archaea, yeasts, protists, and viruses. This gut microbiota affects host immunity, 
development, and even behaviour. Yeasts are commonly recovered from the gut of wild-caught Drosophila and are often 
provided to flies as nutrients; however, their role in the gut microbiota is poorly understood. Using fluorescence and phase 
contrast microscopy, we showed that not all yeast cells are digested – some yeasts cells survive passage through the gut of 
fly and even divide. To better understand the effects of gut yeasts on D. melanogaster physiology, we studied the effect of S. 
cerevisiae (the most commonly-used yeast in lab settings) and Lachancea kluyveri (isolated from the gut of various wild- 
caught Drosophila species) on fly development time. We reared D. melanogaster either as axenic (free of microbes), or 
gnotobiotic (with a known yeast species in their gut) and recorded the pupation and eclosion times. Both live yeasts reduce 
larval development time by c. 23 %. The effect is not purely nutritional, as heat-killed yeasts and nutritional supplements 
(amino acids and B-vitamins) reduce development time only by c. 10 %. Future studies will focus on identifying possible 
mechanisms underlying the effects of gut yeasts on D. melanogaster physiology. 
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Evolutionary variation in Salinity Tolerance among species of Killifish (Fundulus spp.) 

La variation Èvolutive de la Tolérance à la Salinité parmi des espèces de Killifish (Fundulus spp.) 
 

In this study, we examined candidate mechanisms underlying differences in salinity tolerance among species of Killifish 
(Fundulus spp.). We measured overall salinity tolerance in Banded Killifish (Fundulus diaphanus), Common Killifish 
(Fundulus heteroclitus) and clonal F1 hybrids that naturally form between F. diaphanus and F. heteroclitus by measuring 
muscle moisture content and plasma sodium (Na+) and chloride content (Cl-). We found all three species could maintain 
homeostasis from 0-32ppt, but F. heteroclitus showed increased tolerance to hypersaline conditions (45ppt to 60ppt), with 
hybrids performing almost as well as F. heteroclitus. F. diaphanus performed poorly in comparison and had a reduced 
hyperosmoregulatory capacity (45-60ppt). We are currently comparing the expression of Claudin 10-C, Claudin 10-F and 
Cystic fibrosis transmembrane conductance regulator (CFTR) in gills between all three species to determine if the expression 
of these tight junction and ion transporter genes are associated with increased hypersalinity tolerance and/or differences in 
tolerance among species. 
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Transforming Functions - Examples from "Snapping" Claws in Shrimps and Amphipods 

 
Fonctions de transformation - Exemples de "capture" d'une pince dans des crevettes et des amphipodes 

 
Form and function cannot be separated from one another, but an integrated approach to them has not received much 
attention in biology. I present two model cases where enhanced understanding of joint function helps explain the evolutionary 
origins of dramatic snapping claws in caridean shrimps and mearidaen amphipods. Both studies examine joint morphologies 
specialized for “latching”, a mechanism that facilitates high-speed claw closing. Based on comparative studies of many 
species in both taxa, we describe how impressive novel functions evolved from mundane joints that had no latch mechanism. 
In both cases, the evolutionary change of form itself was subtle, but the functional consequences were large enough to cross 
a threshold to a novel function. In addition, experimental restrictions of claw movement during shrimp ontogeny suggest that 
the amount of “use” modifies the opener angle of claws, via phenotypic plasticity. This angle change may facilitate transition 
across a threshold to yield a novel latching mechanism during an individual’s lifetime. This approach reveals the value of 
integrating studies of developmental plasticity and functional morphology to better understand developmental and 
evolutionary transformation of function. 

VLADIMIR KODZHAHINCHEV*1, L.P. WEBER2, S.  NIYOGI1 
1 Dept. of Biology, University of Saskatchewan, Saskatoon, SK, Canada; 2 Dept. of Veterinary Biomedical Sciences, 
University of Saskatchewan, Saskatoon, SK, Canada 
E-mail: Vladimir.kod@usask.ca 
 
Acute aqueous co-exposure to sublethal doses of cadmium and benzo-a-pyrene cause greater-than-additive effects in adult 
zebrafish (Danio rerio) 
 
La co-exposition aqueuse aiguë à des doses subléthales de cadmium et de benzo-a-pyrène a des effets plus que additifs 
chez le poisson-zèbre adulte (Danio rerio) 
D 
Cadmium (Cd), a trace metal, and benzo-a-pyrene (BaP), a polycyclic aromatic hydrocarbon, are pollutants commonly 
found in water bodies in Canada. Cd is released as a by-product of mining, while BaP is found in petroleum products and 
released during incomplete combustion of organic matter. Both pollutants are toxic to aquatic organisms and can induce a 
variety of harmful effects at sublethal doses, primarily through the decimation of the anti-oxidant defences. Despite a wealth 
of literature on the toxic effects of either pollutant, relatively little is known about their interaction during aqueous exposures. 
This experiment assessed the effects of acute (72hr) co-exposures to sublethal, environmentally relevant doses (5.8-22 μg/L 
Cd; 1.5-15 μg/L BaP) on adult zebrafish (Danio rerio). Cadmium accumulation in muscle tissues was found to significantly 
increase during co-exposures, relative to single exposures of the same concentration. Additionally, co-exposures were found 
to have tissue-specific effects on transcript expression, with metallothionein2 and cyp450 expression increasing in the gills. 
Finally, lipid peroxidation content and physiological endpoints (body weight change, body condition and feeding rates) were 
assessed as markers of overall toxicity. Our findings suggest that Cd-BaP mixtures exert synergistic effects on zebrafish.     
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Blending RNAseq, physiology and pharmacology to reveal regional functional diversity and novel epithelial ion transport 
control mechanisms in Malpighian tubules of caterpillars. 

 
Tubules de Malpighi des chenilles: diversité fonctionnelle régionale et nouveau mécanisme de contrôle du transport des ions 
épithéliaux 

 
Malpighian tubules (MTs) and hindgut constitute the functional kidney of insects. MTs are outpouches of the gut and in most 
insects demonstrate proximodistal heterogeneity in function. In most insects, such heterogeneity is confined to ion/fluid 
secretion in the distal portion and ion/fluid reabsorption in the proximal portion. By contrast, MTs of larval Lepidoptera 
(caterpillars of butterflies and moths), are comprised of five regions that differ in their association with the gut, their structure 
and ion/fluid transport function. Recent studies have also shown that several regions can rapidly and reversibly switch 
between ion secretion and reabsorption. The current study employed RNAseq, pharmacology and electrophysiology to 
characterize four distinct regions of the MT in larval Trichoplusia ni. Luminal microelectrode measurements indicate that fluid 
changes in [K+], [Na+] and pH as it passes through different regions of the tubule. Additionally, the regions examined differ in 
gene ontology enrichment, as well as demonstrate robust gradients in expression of ion transporters and endocrine ligand 
receptors. Lastly, the study provides evidence for direct involvement of voltage-gated and ligand-gated ion channels in 
epithelial ion transport of insect Malpighian tubule. 
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Auditory Evoked Potentials to Quantify Hearing Abilities of Black Bullhead (Ameiurus melas) 
 
Les Potentiels Évoqués Auditifs pour Quantifier la Capacité Auditive de la Barbotte Noire (Ameiurus 
melas) 
 
A common technique used to assess the hearing abilities of fishes is that of the auditory evoked potentials (AEPs), which 
records whole-brain potentials that are elicited during the presentation of sound stimuli. The current study sought to measure 
the hearing abilities of black bullhead (Ameiurus melas) using the AEP methodology. Bullhead were exposed to varying 
frequencies (100-2000 Hz) of sound at different sound levels to ascertain the sound level threshold of each frequency. 
Factors such as body size and length of residence in a noisy laboratory setting were also taken into consideration to 
determine how such factors may impact hearing. Sound detection occurred over the entire range of frequencies tested, with 
400 Hz found to be the most sensitive. No relationship was found between hearing sensitivity and body size, indicating that 
specialized structures may have already been developed. Overall, these findings provide greater insights into the 
physiological capabilities of the black bullhead in sound detection and how development may play a role in this ability. The 
current study also provides a better understanding of how hearing abilities of bullhead may be affected with greater exposure 
to a loud environmental setting, which is applicable in conservation efforts to reduce anthropogenic noise. 

mailto:kolosovd@mcmaster.ca
mailto:kotrrie@uwindsor.ca


67 
 

 
NICHOLAS KURCHABA*1, CHRISTOPHE M.R.  LEMOINE1 
1 Department of Biology, Brandon University, Brandon MB, Canada  
E-mail: kurchan90@brandonu.ca 
 
PGC-1 beta Knockout in Larval Zebrafish (Danio rerio) 
 
Invalidation génique de PGC-1 beta de l’alevin poisson zèbre (Danio rerio) 
 
The metabolism of an animal must be tightly regulated in order to persist in periods of limited nutrients, physical exertion and 
impact from environmental stressors. This process is highly regulated by the Peroxisome Proliferator Activated Receptor 
Coactivators (PGC-1), a group of molecules that regulate the transcription of genes required for mitochondrial biogenesis and 
function. Of these co-activators, PGC-1α and PGC-1β are together known as the master regulators of metabolic function 
within mammalian species; but genetic and physiological evidence indicate that these regulatory functions may be different in 
non-mammals, particularly in fish species. In an attempt to understand the function of these co-activators in a fish model, we 
generated PGC-1β knockout zebrafish using CRISPR technology. The genetic knockdowns were successfully validated 
through the use of High Resolution Melting, indicating the presence of distinct genotypes within our mutant lines. Our results 
also indicate that while development and survival are unaffected by this knockout, fat metabolism may be stunted in early 
development, giving new insight onto the roles of PGC-1β in a model fish species. 
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Mitochondria in Painted Turtle Hepatocytes are Unresponsive to Severe Hypoxia 
 
Les Mitochondries Dans les Hepatocyte des Tourtes Peintes ne Réagissent pas à l’hypoxie Sévère 
 
The Western painted turtle (Chrysemys picta bellii) has evolved to survive the winter months submerged under ice covered 
lakes without access to air. Upon reoxygenation, the turtle does not experience any apparent organ damage, making it an 
ideal model for studying the cellular processes that are protective of hypoxic stress. Recently we discovered that under 
hypoxia (< 30 torr O2) the mitochondrial membrane potential (MMP) of pyramidal neurons depolarize and calcium is released 
through mitochondrial KATP channels (mKATP), rendering the mitochondria an oxygen sensor. Little is known about the role 
of mitochondria in non-excitable tissue such as liver tissue. Therefore, we examined membrane potential, mitochondrial Ca2+ 
release and MMP in hepatocytes during a normoxic to severe hypoxic or artificial anoxic, via sodium cyanide, transition. 
Unlike neurons, hepatocyte membrane potential, Ca2+ concentration and MMP did not change under severe hypoxia (≥ 1.0 
Torr O2). However, under artificial anoxia MMP was depolarized, whereas Ca2+ concentration remained constant. Therefore, 
unlike pyramidal neurons, hepatocyte mitochondria do not act as oxygen sensors in the 1 torr O2 range. The different 
responses to hypoxic stress between the two cell types could be due to membrane characteristics and differing metabolic 
activity and energy demands.  
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Mitochondrial responses to anoxia-recovery in the crucian carp Carassius carassius 

Réponses mitochondriales à la récupération de l'anoxie chez la carpe de crucian 

Crucian carp are champions of anoxia-tolerance, primarily due to key strategies such as relying on high liver glycogen stores 
to fuel anaerobic glycolysis and generating the alternative glycolytic end-product ethanol. Crucian carp are thus able to 
maintain energy balance through anoxic bouts. Reactive oxygen species (ROS) are inevitable by-products of aerobic 
metabolism, generated when electrons reduce O2 to form free radicals at sites along the mitochondrial electron transport 
system (ETS). Although the lack of O2 halts ROS production during anoxia, the reoxygenation phase in mammalian systems 
causes excessive ROS levels to be generated that cause tissue oxidative damage. However, crucian carp do not appear to 
experience oxidative damage, as assessed as lipid peroxidation, with 5 days anoxia exposure and 1 day normoxia recovery. 
Recent transcriptomics and preliminary mitochondrial complexomics data indicate changes in mitochondrial supercomplex 
association and subunit expression occur in crucian carp exposed to anoxia-recovery. These changes would presumably 
affect individual protein function and also overall ETS function. The goal of this present study is to characterize mitochondrial 
function in anoxia-acclimated and normoxia recovered crucian carp in order to elucidate how anoxic crucian carp are able to 
mitigate oxidative damage upon normoxic recovery. 
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Reversible Mitophagy Drives Metabolic Suppression During Diapause in the Colorado Potato Beetle (Leptinotarsa 
decemlineata) 

 
La Mitophagie Réversible Drive Suppression Métabolique Pendant la Diapause Dans la Doryphore de la Pomme de Terre 
(Leptinotarsa decemlineata) 

 
Temperate insects spend over half their lives overwintering, during which most enter diapause; a programmed state of 
developmental arrest characterized by metabolic suppression. During diapause in the Colorado potato beetle (Leptinotarsa 
decemlineata), beetles suppress their metabolic rate by ~90% and degrade energetically costly flight muscle. In this study, we 
investigated the extent to which diapause-induced flight muscle degradation contributes to metabolic suppression, especially 
at the mitochondrial level. As beetles enter diapause, metabolic suppression is closely followed by the gradual suppression of 
flight muscle mitochondrial respiration rates. Both metabolic rate and mitochondrial respiration rates are rapidly recovered 
after beetles emerge from diapause. Diapausing beetles have drastically reduced mitochondrial number, which appears to be 
driven by mitophagy, as Parkin (a ubiquitin ligase involved in tagging mitochondria for removal) is upregulated during 
diapause. Furthermore, PGC1α and NRF1 (transcription factors that initiate mitochondrial biogenesis) are upregulated in 
anticipation of emergence from diapause, coincident with a full recovery of functional mitochondrial number. RNA    
interference knockdown of Parkin in diapausing beetles reverses whole animal metabolic suppression, and prevents 
mitochondrial breakdown in flight muscle, which suggests that mitophagy pathways play a crucial role in mitochondrial 
regulation, and ultimately metabolic suppression during diapause. 
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The Application of Acoustic Telemetry to Improve Population Estimates within Fisheries Management 

L'application de la Télémétrie Acoustique pour Améliorer les Estimations de Population dans la Gestion des Pêcheries 

The sustainable management of fisheries is underpinned by the accurate estimation of demographic parameters; natural 
mortality, survival, and abundance. Mark-recapture studies are a popular and well understood method used to estimate these 
parameters; however, recapturing marked individuals is logistically demanding, and models can perform poorly if the 
encounter rate of the marked individuals is low. Remote data collection via passive acoustic telemetry has the potential to 
address some of these limitations and improve the precision of parameter estimates. The temporal resolution of acoustic 
telemetry data also provides an opportunity to directly link behaviour to demographic parameters, in a way that can truly 
inform spatial fisheries management. Despite this potential, acoustic telemetry has not yet been widely used within mark- 
recapture frameworks. We undertook a systematic literature search to assess: the range of mark-recapture studies that have 
used acoustic telemetry; the associated benefits of acoustic telemetry compared to traditional external marker tag methods 
for these models; and to make recommendations on how to widen the application of acoustic telemetry within aquatic 
population studies. We present initial survival estimates of the deep-sea Greenland halibut Reinhardtius hippoglossoides to 
illustrate the benefits of acoustic telemetry for improving the management of an important Arctic fishery resource. 
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Plastics, Antifreeze and the Demise of Very Hungry Caterpillars: Polyethylene Metabolism in the Greater Waxworm (Galleria 
mellonella) 
 
Plastiques, Antigel et la Débacle des Chenilles Gloutonnes: Métabolisme du Polyéthylène chez le Ver de Cire (Galleria 
mellonella) 
 
Plastics are an integral part of our modern daily routines as they are low cost, versatile, and durable. However, while 
attractive for producers and consumers, these characteristics make them a nightmare for waste management. For example, it 
takes years for abiotic processes to break polyethylene down, and although a few micro-organisms can degrade plastics, 
these biodegradative pathways are very slow. Recently, caterpillar larvae of the greater wax moth (Galleria mellonella) have 
been found to eat and metabolize polyethylene at accelerated rates. However, little is known about this unique ability from a 
mechanistic and physiological perspective. In particular, we know virtually nothing about the respective role of the   
microbiome and the host caterpillar in these processes. Therefore, in the current study we use high throughput sequencing 
and physiological approaches to investigate plastic metabolism at various levels of organization. Specifically, we assess the 
consequences of a polyethylene diet on the waxworms and their microbiome, and how modulating bacterial abundance 
affects biodegradation. As suspected, we observe a crucial role of the microbiome in the biodegradation process. However, 
our results also suggest that the waxworm’s physiology responds to the polyethylene diet, implying a pivotal role for the 
caterpillars in plastic biodegradation. 

 
ERIN M. LEONARD*1, M. ZHANG1 AND C.A. NURSE1 
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Pannexin-1 regulation by protein kinases in carotid body glial cells 

Régulation de la pannexine-1 par les protéines kinases dans les cellules gliales du corps carotidien 
 

Chemoreceptor (type I) cells of the rat carotid body (CB) synthesize and release several neurochemicals including ATP and 5- 
hydroxytryptamine (5-HT), implicated in enhanced CB excitation following exposure to chronic intermittent hypoxia, e.g. sleep 
apnea. However, both ATP and 5-HT potently stimulate adjacent type II glial cells, leading to intracellular Ca2+ elevation 
[ΔCa2+i] and activation of ATP-permeable pannexin-1 (Panx-1) channels. Using dissociated rat CB cultures, we investigated 
the role of protein kinases in the intracellular signalling pathways in type II cells. The 5-HT-activated Panx-1 inward current 
was strongly inhibited by the Src family kinase inhibitor PP2 and the PKA blocker H-89, however the PKC blocker   
GF109203X was largely ineffective. By contrast, the ATP-activated Panx-1 current was inhibited by both H-89 and 
GF109203X. Using fura-2 spectrofluorimetry, the 5-HT-induced [ΔCa2+i] was unaffected by PP2, H-89, and GF109293X, 
suggesting the kinases acted downstream of the Ca2+ rise. Because intracellular Ca2+ chelation was previously shown to be 
necessary for receptor-mediated, Panx-1 activation in type II cells, these data suggest that CB neuromodulators use 
overlapping, but non-identical signalling pathways to activate Panx-1 channels and release of ATP. In conclusion, these 
studies provide new mechanistic insight into receptor-mediated signalling pathways in the CB that has pathophysiological 
relevance. 
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Chronic Effects of Sewage Treatment Effluent, 17α-ethinylestradiol and fluoxetine on Male Hatchling Snapping Turtles 
(Chelydra serpentina). 

 
Effets chroniques des effluents de traitement des eaux usées, de 17α-éthinylestradiol et de fluoxétine sur la tortue serpentine 
(Chelydra serpentina) du jeune mâle. 

 
Pharmaceuticals and personal care products (PPCPs) are widespread environmental contaminants frequently detected in 
municipal wastewater effluents (MWWE). Some PPCPs are incompletely removed or degraded to bioactive metabolites during 
processing at municipal wastewater facilities. The persistence and environmental effects of some PPCPs has led to 
heightened research interest evaluating the endocrine disrupting properties of MWWEs on taxa inhabiting receiving 
environments. Snapping turtles (Chelydra serpentina), being quite tolerant of organic enrichment, are commonly found below 
MWWE discharges. Male hatchling snapping turtles, collected as eggs from a relatively pristine location (Algonquin Park, 
northern Ontario) were reared in a laboratory setting and exposed to MWWE (concentrations up to 90%), synthetic estrogens 
(EE2; 0.1 µg/L) and fluoxetine (0.32, 32 and 320 µg/L) for 82 d. Turtles exposed to MWWE displayed reduced liversomatic 
indices (LSI) and somatic growth commensurate with an observed decrease in appetite. Oxidative stress was induced by EE2 
and reduced by fluoxetine. However, no changes were observed in brain citrate synthase, lactate dehydrogenase or 
acetylcholinesterase activity indicating metabolic rate was not significantly altered in this organ. Overall, these results suggest 
that chronic exposure to MWWE, EE2 and fluoxetine affected growth and LSI of hatchling snapping turtles but had limited 
effect on metabolism. 
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Sex Change in Marine Snails: Leveraging Ecotoxicology to Identify Developmental Mechanisms 
 
Changements de sexe chez les escargots marins: Exploiter l’Écotoxicologie pour Identifier les Mécanismes de 
Développement 
 
Sequential hermaphroditism, where individuals produce gametes of both sexes at different points in the life cycle, is relatively 
rare but phylogenetically widespread, providing a useful case study for understanding the evolution of diverse sexual 
systems. The calyptraeid gastropods, which change sex once from male to female (protandry), are well known as sequential 
hermaphrodites. The precise timing of their transition from male to female is environmentally controlled, primarily by contact 
with conspecifics. However, the molecular mechanisms controlling sexual development and sex change remain unknown. 
Taking advantage of the effects of the reproductive disruptor tributyltin (TBT), which causes growth of male reproductive 
organs in females of various marine molluscs (imposex), we confirm that TBT induces growth of the external penis in 
Crepidula atrasolea, both in immature juveniles and in mature females (imposex). TBT is thought to act by binding with the 
retinoid X receptor (RXR). We therefore tested the effects of various pharmacological agents known to disrupt RXR and other 
members of the associated retinoic acid (RA) pathway. Generally, RA agonists induce penis growth, as do compounds that 
block RA synthesis. Dual drug treatments (i.e., TBT and RA antagonists) show reduced penis growth compared to animals 
treated with TBT alone. 
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Looks Can Be Deceiving! Rampant Diversity Among Haemogregarines (Apicomplexa: Adeleorina) Infecting Ontario Frogs and 
Turtles Detected Using Sequence-Based, Multi-Locus Genotyping. 

 
Les Apparences Sont Parfois Trompeuses! Diversité Rampante Détectée Parmi les Hémogrégarines (Apicomplexa: 
Adeleorina) Infectant des Grenouilles et Tortues Ontariens à l'aide du Génotypage de Séquences Multi-Locus. 

 
Haemogregarines (sensu lato) are heteroxenous adeleorinid parasites characterized by “gregarine-like” gamonts found within 
vertebrate blood cells. Ontario herptiles are rife with haemogregarines (Hepatozoon spp. in frogs or Haemogregarina spp. in 
turtles). Ranid frogs (179 individuals of 4 species) and freshwater turtles (46 individuals of 2 species) from several Southern 
Ontario locations were sampled. DNA was extracted directly from blood for PCR and Sanger sequencing to generate 
sequences from a subset of haemogregarine-positive samples (30 frogs and 13 turtles). Short mitochondrial sequences (~700 
bp) revealed 3 genotypes of Hepatozoon spp. and 3 genotypes of Haemogregarina spp., often occurring concurrently in one 
animal. Complete nuclear 18S rDNA (~1800 bp), partial apicoplast 23S rDNA (~500 bp) and complete mitochondrial genome 
(~6000 bp) sequences were generated for each genotype. Pairwise sequence similarities among the Hepatozoon spp. and 
Haemogregarina spp. were, respectively: 99.7-99.9% and 96.4-97.2% for nuclear 18S rDNA; 98.9-99.3% and   89.4% for 
apicoplast 23S rDNA; and, 98.1-98.8% and 65.6-76.4% for mitochondrial genomes. Genetic divergence recorded among the 
mitochondrial genomes of cryptic Haemogregarina spp. (up to 34% pairwise difference) was unexpected and unprecedented; 
pairwise sequence divergence this vast is usually only found between distantly related apicomplexan parasites, not members 
of the same genus! 

 
CHEN-HUA LI*1, S. DUNEMANN1, M. WORKENTINE1, C. GOATER2, J.S. GILLEARD1, D. COLWELL3 AND J.D. 
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The Pitfalls of using Gene Ontology to understand Host-parasite Interactions 
 
Les Pièges de l’utilisation de l’Ontologie Génique pour comprendre les Interactions Hôte-parasite 
 
With the growing number of omic datasets, there is a need to rapidly and robustly assign function to gene sequences. The 
Gene Ontology (GO) project is the largest resource for cataloguing gene functions in a controlled vocabulary (‘GO terms’). It 
can be used to identify functions that are enriched or depleted in particular subsets of genes. However, accurate specification 
of the GO background distribution is necessary for these enrichment analyses to generate meaningful results. 
Our species of interest is the lancet liver fluke, Dicrocoelium dendriticum. We generated a transcriptome-based assembly and 
use proteomics to survey the secretome of adult flukes. We wanted to use GO annotation to identify functions that were 
enriched in the secretome, and better understand the interactions between the fluke and its host. 
During this process, we noticed that by using different parameters of the assignment of GO terms to proteins, e.g. evalue, 
number of matches, the number and distribution of retrieved GO terms were differed noticeably. This influenced the 
enrichment analysis results, for example under one set of parameters, plant-based terms, including ‘cell wall’, were 
significantly enriched. Therefore, careful consideration of assignment criteria of GO terms is necessary. 
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I know what you ate last summer – DNA metabarcoding for tick blood-meals 

 
Je sais ce que vous avez mangé l’été dernier – métabarcodage de l’ADN pour les repas de sang de tiques 

 
In Eastern North America, the vector-host assemblages for Borrelia burgdorferi, the causative agent of Lyme disease, are likely 
changing due the northward range expansion of both the pathogen and its vector, Ixodes scapularis. Vector blood-meal analysis 
(BMA) can identify the origin of blood-meals consumed by ticks thus providing valuable insights into host-vector interactions. DNA 
metabarcoding may be an effective way to assess vector BMA; however, studies on questing, unengorged ticks are lacking. Here 
we aimed to: 1) assess the ability of DNA metabarcoding to identify blood-meals in engorged adult ticks fed on known hosts, and 
2) test the technique on unengorged nymphs that fed on unknown hosts as larvae. To infer host species identification, vertebrate 
DNA was amplified and sequenced for comparison against known COI barcode references. Preliminary results yielded a putative 
species identification for 68.8% of engorged adults (n=16) and 18.2% of unengorged nymphs (n=55). Further optimization of the 
technique will be conducted to improve detection of remnant blood-meals in unengorged nymphs. Validating this approach as a 
convenient tool for tick BMA will permit comprehensive investigations into the role of vertebrate hosts in the transmission of B. 
burgdorferi and other tick-borne pathogens. 
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Neuromotor Control of Swimming in Viscous Water 

Contrôle Neuromoteur de la Natation en l’Eau Visqueuse 

Animal locomotion is controlled by the concerted efforts of central pattern generators, the brain, sensory systems, nerves, 
tendons, muscles, bones and their interaction with the environment. This system allows for the incredible diversity and 
flexibility of animal locomotion observed in nature. By understanding how control changes in novel environments, we gain 
insight into how mechanical and sensory feedback facilitates locomotor flexibility. Here, we focus on the control of swimming 
in viscous water using Polypterus senegalus. This fish changes gait in response to terrestrial substrates; we asked if such 
flexibility extends to the aquatic environment as well. Fish were placed in four viscosities of water ranging from normal water 
(1 cP) to high viscosity water (40 cP) and their kinematics and muscle activity were monitored during steady swimming. In 
high viscosity water, muscle activation intensity increased, resulting in larger amplitude of body undulation and faster, higher 
frequency waves of undulation along the body. These results will be discussed in relation to the role of sensory feedback and 
environmental constraint in locomotor flexibility. 
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Age-Specific Physiological Organization Underlies Excitation-Contraction Coupling Differences in The Mantle of European 
Common Cuttlefish (Sepia officinalis L.) 

 
The mantle of cuttlefish (Sepia officinalis) is responsible for both locomotion and ventilation, necessitating robust metabolic, 
electrophysiological, and structural organization. Previous investigations revealed an unusual ion channel complement in 
mantle myocytes, the most notable feature of which is a missing sodium current in adult animals. Furthermore, our previous 
work in adult heart reveals an important role for taurine in contractile and metabolic function. However, little is known about 
the juvenile mantle myocytes in cuttlefish. Here we investigate mantle contractility, including the individual components of the 
total Ca2+ flux driving contraction. Results indicate that the majority of Ca2+ current underlying force production in juvenile 
cuttlefish is not mediated by L-type channels, in contrast to adults, and that the SR contributes little to contractility. Results 
further indicated an insensitivity to taurine in contractile performance. Studies on subcellular architecture revealed the 
presence of sarcoplasmic tubular aggregates suggesting that oxidative inhibition of sarcoplasmic reticulum refilling limits its 
role in this life stage. Together, these data suggest a compelling adaptation to the need for rapid growth and maturation 
through the compromise of advanced contractile performance. 

mailto:klute061@uottawa.ca


75 
 

HEATH A. MACMILLAN 
Department of Biology, Carleton University, Ottawa, ON. Canada 
E-mail: heath.macmillan@carleton.ca  
 
How can we Dissect Cause from Consequence in the Physiology of Thermal Limits? 
 
Comment Distinguer la Cause de la Conséquence: la Physiologie des Limites Thermiques 
 
Critical thermal limits mark the boundaries of ectotherm performance and are increasingly appreciated as strong correlates 
and possible determinants of animal distribution patterns. Here, I provide a perspective on our divided understanding of the 
mechanisms setting thermal limits of ectothermic animals. Complexity and variation in animal forms drive complexity in the 
interactions within and among levels of biological organization, creating a formidable barrier to determining mechanistic 
cause and effect at thermal limits. Progress in our understanding of thermal limits will require extensive collaboration and 
systematic approaches that embrace this complexity and allow us to separate the causes of failure from the physiological 
consequences that can quickly follow. I argue that by building integrative models that explain causal links among multiple 
organ systems, we can more quickly arrive at a holistic understanding of the varied challenges facing animals at extreme 
temperatures. 
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The Fish Perspective of Artificial Light at Night 

 
La Perspective de Poisson de l’Éclairage Artificial de Nuit 

 
In many organisms, natural cycles of light and dark are necessary to cue processes such as foraging, growth, reproduction, 
and migration. Given that the geographic extent of artificial light at night (ALAN) is increasing steadily and 25% of the world's 
population lives along coastlines, ALAN has great potential to impact aquatic communities. We quantitatively illustrate that 
fishes have been under-represented in the scientific literature documenting and interpreting the effects of ALAN in 
comparison to birds, mammals, reptiles, and invertebrates. However, the number of publications investigating responses to 
ALAN in fishes has been increasing since 2002. To understand where research to date has been focused, we partitioned 
studies on ALAN in fishes by physiology, behaviour, fitness, and other aspects of general ecology. Nearly 40% of studies 
have focused on the behavioural response to light, such as changes in swimming activity, foraging, and parental care. In 
contrast, the physiological and fitness-related consequences of ALAN for fishes have been less studied. Finally, we provide 
recommendations for future research that can aim to understand how changing intensity, coverage, and spectral composition 
of artificial light could have downstream consequences for fish health and persistence. 
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The reproductive investment strategies of Brachyhypopomus occidentalis under divergent predation risk  
 
L’effet de la prédation sur l’investissement reproductif chez Brachyhypopomus 
occidentalis 
 
Organisms’ ability to produce viable offspring or reproductive fitness, is often dependent on various environmental factors. 
When an environmental factor becomes a stressor, organisms need to optimize their energy investment strategies, creating 
intrinsic constraints (trade-offs). In this study, we investigate the effect of predation risk on the reproductive potential (body 
condition [K]), gonad size [GW] and gonadosomatic index [GSI]) of the South American electric fish Brachyhypopomus 
occidentalis. Fish were sampled during the reproductive season at four sites: Frijolito and LaPuente in the Chagres drainage, 
and Tumagantí and Tapagrilla in the Bayano drainage. Significant differences were observed between sites nested within 
drainages for K, GW and GSI (P= 0.003, P< 0.0001 and P< 0.0001 respectively). Higher K values were observed in high 
predation populations (P= 0.023, Frijolito; P= 0.013 Tapagrilla). Contrastingly, fish from low predation sites had significantly 
heavier gonads (LaPuente P= 0.007, Tumagantí P= 0.003) and a higher GSI (LaPuente P= 0.003, Tumagantí P= 0.003). 
Finally, we observed that females under low predation pressures invested highly in gonad size (LaPuente P= 0.001 and 
Tumagantí P= 0.007) compared to their counterparts. Collectively, our results strongly suggest that predation is in part 
responsible for the presence of energetic trade-offs in this species. 
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Ontogenic allometry of brain size in Brachyhypopomus occidentalis from Panama  
 
L’allométrie ontogénique du cerveau chez Brachyhypopomus occidentalis du Panama 

 
Brain allometry evaluates the scaling relationship between body size and brain size. This relationship can be subjected to 
environmental pressures, creating trade-offs between tissues. This study investigates brain allometry in the electric fish 
Brachyhypopomus occidentalis from four sites displaying divergence in predation risk: Frijolito and LaPuente (Chagres 
drainage), and Tumagantí and Tapagrilla (Bayano drainage). Significant differences were observed between sites for body 
length (TL), body mass (MT), body condition factor (K) and brain mass (BM) [P< 0.0001 for TL, BM; P=0.003 for MT, K]. 
Significant differences in brain size were only evident in Bayano sites (P < 0.0001), where high predation site (Tapagrilla) 
displayed lower brain mass than low predation risk (Tumagantí). The overall brain allometry shows a slope of 0.64 which is 
very close to the slope of 0.67 for brain in most vertebrates. Static allometric slope among adults shows a slope of 0.5. 
Interestingly little variation was observed based on predation risk (b= 0.55 high predation; b=0.48 low predation) or sex 
(b=0.49 females; b=0.55 males). These results suggest little evolutionary constraints in brain size for this species. 
Furthermore, it seems that there might be intrinsic environmental factors related to each drainage contributing to the variation 
in brain size. 
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Which One is Which? Improving the Taxonomic Resolution of Larval Echinostomes. 

 
À qui fait-on affaire? Améliorer la résolution taxonomique chez les larves d'echinostomes. 

 
Increased taxonomic resolution of helminth parasite diversity requires the use of genetics, morphology, and host use. By not 
recognizing parasite diversity within ecosystems, estimates of biodiversity, geographic distributions, and host specificity are 
compromised. Among echinostome trematodes, species diversity may be underestimated due to cryptic species. Our 
objective was to determine if crypsis was present in samples of larval echinostomes from freshwater snails. Helisoma trivolvis 
and Lymnaea elodes echinostome-infected snails were collected from Minnesota and Manitoba. Partial ND1 gene sequences 
revealed one species (Echinostoma trivolvis lineage a) in H. trivolvis and two species (Echinoparyphium sp. and   
Echinostoma revolutum sensu lato) in L. elodes. Morphological analysis of stained specimens showed that the two genera 
differed in spine count (37 vs 45), and in the presence of penetration glands and paraesophageal glands. These features 
were present in E. trivolvis lineage a and absent in Echinoparyphium sp. In contrast, multivariate analysis of 12 other features 
from live cercariae showed no differences between the genera. Preliminary results show no crypsis between the genera and 
results for congeners will be discussed. The goal is to identify a set of morphological characteristics that could be 
incorporated into a dichotomous key to improve the taxonomic resolution of larval echinostome identification in North 
America. 
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Amplitude of Temperature Fluctuation Induces Distinct Transcriptomic and Metabolomic Responses in the Temperate Dung 
Beetle Phanaeus vindex. 

 
Amplitude De La Fluctuation de la Température Induit des Réponses Transcriptomiques Et Métabolomiques Distinctes dans 
le Bousier Phanaeus vindex. 

 
 

Climate change has resulted in increased diurnal temperature variation, and a growing body of evidence suggests that this 
variation will likely exert greater selective pressure on species than shifts in mean temperature. Accurate predictions of the 
impacts of increased temperature variation require integration across levels of biological organization, however currently we 
lack a mechanistic understanding of the effects of temperature fluctuation on organismal functioning. Here we test the effects 
of increasing amplitude of temperature fluctuation in the temperate dung beetle Phanaeus vindex by subjecting beetles to a 
week of acclimation at a mean temperature of 20 °C with a daily temperature fluctuation with an amplitude of 0 °C, 6 °C, or 15 
°C. We find that a moderate amplitude of temperature fluctuation causes the greatest differential regulation of both the 
transcriptome and metabolome. The functional profiles of each amplitude of temperature fluctuation differed significantly as 
well, with greater involvement of juvenile hormone pathways and histone modifications after high amplitude fluctuations and 
greater involvement of calcium signaling after low amplitude fluctuations. Taken together this suggests that amplitude of 
temperature fluctuation can significantly impact physiological functioning, and that mean values are insufficient for describing 
the impacts of temperature on physiology. 
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Don’t Let it Get Under Your Skin: Mechanisms of Hydrogen Sulfide Tolerance in an Amphibious Mangrove Fish (Kryptolebias 
marmoratus) 

 
Mécanismes de Tolérance au Sulfure D’hydrogène du Poisson Amphibie Mangrove (Kryptolebias marmoratus) 

 
Mangrove rivulus (Kryptolebias marmoratus) are hermaphroditic, amphibious fish inhabiting mangrove swamps where they 
frequently experience high concentrations of hydrogen sulfide (H2S), concentrations toxic to most other fish species. We 
know rivulus have behavioural and biochemical adaptations to limit H2S toxicity and may have additional morphological 
adaptations that impact H2S tolerance. Rivulus have a highly vascularized skin surface facilitating gas and ion exchange. 
Thus, we asked, do rivulus have skin surface adaptations allowing them to tolerate high levels of H2S? We measured H2S 
concentrations that elicit emersion behaviour in three distinct isogenic lineages of fish and observed significant differences in 
emersion concentration and H2S tolerance among lineages. Furthermore, we physically disrupted the skin mucus layer and 
exposed fish to incremental increases of H2S until emersion or loss of equilibrium. Fish with a disrupted mucus layer 
appeared to be less tolerant than control fish, suggesting skin mucus contributes to H2S tolerance. We will also assess 
changes in ion levels in skin/mucus during H2S exposure using energy dispersive X-ray spectroscopy. Overall, our results to 
date indicate a genetic component to H2S tolerance in rivulus and suggest that the skin/mucus impacts H2S tolerance, 
possibly acting as a barrier, allowing fish to tolerate sulfidic environments.  
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A Review of Fluctuating Incubation in the Laboratory 

Une Synthèse des Études Traitant de la Variabilité Thermique en Lab 
 

Variability in temperature is a key feature of natural environments, yet the vast majority of laboratory studies incubate animals 
under constant thermal conditions. Here, I review existing studies of laboratory incubation that incorporate thermal variation. I 
focus on studies of the early life-history stages of oviparous vertebrates, and discuss distribution of taxa in these studies, the 
phenotypic measures chosen by authors, and the number and nature of thermal fluctuation treatments. Integrating these 
findings with thermal performance theory, I highlight existing strengths and areas for improvement within these studies. 
Finally, I give suggestions for future studies, including the incorporation of thermal data from the field and informed selection 
of physiologically-relevant fluctuating temperatures. 
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The antioxidant PQQ alters mitochondrial metabolism in intrauterine growth-restricted fetal guinea pigs 

 
Intrauterine growth restriction (IUGR) is associated with decreased nutrient transfer and fetal hypoxia during mammalian 
pregnancy. In the guinea pig (Cavia porcellus), 10-20% of offspring experience spontaneous IUGR, which is associated with 
increased oxidative damage and results in permanent metabolic changes in offspring, including impaired mitochondrial 
function. Pyrroloquinoline quinone (PQQ) is an antioxidant that occurs naturally in several foods and is associated with 
increased antioxidant capacity and mitochondrial proliferation. We predicted that supplementing pregnant guinea pigs with 
PQQ would improve metabolic outcomes for IUGR fetuses. PQQ (1.5mg/L) was administered in drinking water from mid- 
gestation until gestational day 65. Fetuses were classified as IUGR by brain-to-liver-ratio (>0.65). In maternal livers, citrate 
synthase (CS) activity increased in the PQQ group, indicating increased mitochondrial content. CS activity was higher in 
livers of IUGR fetuses exposed to PQQ compared to the control group, but PQQ did not affect CS activity in normal-growth 
individuals. There were significant PQQ effects on succinate-fueled State 3 respiration rates in mitochondria isolated from 
placenta and liver, but the PQQ group showed lower respiratory rates compared to the control group. Future work will 
investigate effects of PQQ on oxidative damage and antioxidant capacity in maternal and fetal tissues. 
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Living in liquid: How ancestrally air-breathing insects reinvaded the aquatic environment 

Despite their terrestrial origins, the insects have been remarkably successful adapting to life in water. This talk will examine   
the respiratory strategies of two insects that spend their juvenile stage underwater: dragonflies and spittlebugs. Dragonflies   
are amphibiotic, transitioning from a water-breathing nymph to an air-breathing adult. While the consequences of this water-to- 
air shift have been well studied in vertebrates and crustaceans, the respiratory challenges faced by amphibiotic insects, an 
air-breathing group that evolved the ability to breathe water secondarily, are not well understood. We show that dragonfly 
nymphs are like other aquatic animals in their responses to aquatic O2 and CO2 but possess hemolymph with a much higher 
TCO2 level than most aquatic animals. Both PCO2 and bicarbonate level rise further in the late final instar, associated with a 
bimodal breathing stage preceding metamorphosis. Spittlebugs also live in an aquatic environment, but it is one they 
themselves create. They produce a wet foam as a by-product of their copious xylem sap ingestion. We demonstrate that 
these bugs ‘snorkel’ in the froth but can use the bubbles of air within the foam as a source of O2 when forcibly submerged. 
The energetics of their xylem feeding habits will also be discussed.  
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In Vitro Fish Meat in the Making 
 
For over 35 years, I have been involved in developing continuous cell lines for applications in environmental and biomedical 
research. More specifically, fish cell lines have been developed for basic and toxicological research. Fish cell lines are becoming 
popular for biotechnological applications as tools for environmental surveillance and water quality monitoring, but more recently, 
with the popularity of “clean meat” technologies, fish cell lines are being sought for developing fish meat in vitro, ie growing fish 
muscle in the lab. Finless Foods, a new biotech start-up based in California, has begun the commercial process for producing fish 
meat products entirely from fish cell lines. Several other companies have since sprung to achieve similar goals. These include 
BlueNalu, WildType, SeaFuture, and others in Japan, Chile, Norway and New Zealand. In Canada, CleanResearch has recently 
ventured into the cell-based fish food research. Considering that the seafood industry is worth over a 120 billion dollar market, 
and our oceans are being depleted not only by overfishing and climate change but also by pollution, in vitro fish meat has become 
a “disruptive technology” to watch. This presentation will provide details on fish cell lines, and the progress being made in the 
“cellular agriculture/aquaculture” industry. 
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Trypanosoma carassii infection in goldfish (Carassius auratus L.): changes in the expression of erythropoiesis and anemia 
regulatory genes 
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Contribution of muscle metabolism to aerobic scope in rainbow trout (Oncorhynchus mykiss) 
 
Contribution du métabolisme musculaire à la portée aérobie chez la truite arc-en-ciel (Oncorhynchus mykiss) 
 
Fish require additional energy beyond cellular maintenance to accomplish activities such as swimming, digestion, growth, 
reproduction, etc. Aerobic scope defines the capacity to increase metabolic rate above the minimum (i.e. resting vs maximal 
metabolism) to meet the demands required for other activities. Increasing temperatures often increase the resting metabolic 
rate more than the maximal metabolic rate, and thus reduces and limits the aerobic scope, which may ultimately limit heat 
tolerance in fishes. We tested the hypothesis that red, aerobic muscle will be the primary user of oxygen (as a measure of 
aerobic metabolic rate) during routine swimming in fish and will yield a similar aerobic scope curve to that of the whole fish. 
This would suggest that red muscle metabolism is responsible, to a large extent, for determining aerobic scope of the intact 
fish. Swim tunnel respirometry with rainbow trout (Oncorhynchus mykiss) and measures of oxygen consumption on isolated, 
working muscle were used to determine their respective aerobic scopes. Initial results suggest red muscles have higher mass- 
specific aerobic metabolic rates than other skeletal muscles, in support of the hypothesis, but the contribution of muscle to 
metabolism is a complex interaction between muscle-type, swimming activity and temperature. 
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Aquatic toxicity of technology critical elements and the influence of modifying factors. 

Toxicité aquatique des éléments critiques pour la technologie et influence des facteurs modificateurs 
 
The growing use of rare earth elements and other technology critical element such as In and Ga in personal electronic 
devices, green technologies and medical applications results in a developing concern for impacts in aquatic environments. 
However, there are no water quality guidelines/criteria for REEs and few studies available.  The objective of this research is   
to contribute data towards the establishment of assessment tools for the effects of REEs. We have studied the toxicity of Ce, 
Sm, Dy Tm, In and Ga to fish and sensitive invertebrates (e.g. Hyalella azteca and Daphnia).  The toxicity modifying 
influences of cationic competition (Ca, Mg and Na) and dissolved organic matter (DOM) were assessed. With some 
exceptions, Ca and DOM provide protection against toxicity but the incorporation of these effects into toxicity prediction 
models was inhibited by a lack of understanding of solution geochemistry. The pH of test solutions had a significant influence 
on toxicity with, for example, low pH resulting reduced Dy toxicity.  Funded by NSERC and Environment Canada via a 
Strategic Grant. 
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Chaoborus midge larvae regulate buoyancy by harnessing acid-base shifts to alter the volume of air-filled sacs 

 
The larvae of the Chaoborus midge are the only aquatic insects that actively regulate their buoyancy within the water column. 
They do this using two pairs of air-filled tracheal sacs. While this ability has been known for over a century, how Chaoborus 
control the volume of these air sacs has remained unknown. Our findings indicate that the air sac wall contains bands of 
resilin, an insect cuticle protein, which expand and contract to change the sac’s volume. This process is driven by changes in 
pH. Exposing the sacs to pH buffers from pH 2 to 11 causes volume changes consistent with those of resilin isolated from the 
wing hinges and muscle tendons of dragonflies and locusts. The air sacs fluoresce blue under UV illumination, typical of 
resilin, and they are immunolabeled by pro-resilin antibodies. Inhibition experiments using bafilomycin reveal vacuolar-type 
proton ATPase (VHA) activity responsible for acidifying the sac wall, reducing its volume. Furthermore, exposing isolated air 
sacs to cAMP or serotonin demonstrate that Chaoborus VHA is activated using the same signalling pathway seen in other 
insects. The buoyancy regulation mechanism in Chaoborus represents the first known example of pH-controlled expansion 
and contraction of resilin employed in the animal kingdom.  
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Identification of an avian schistosome that infects Helisoma snails 
 
Identification d’un schistosome aviaire infectant des escargots du genre Helisoma 
 
A large trematode biodiversity survey performed across three years on six lakes in Alberta revealed Physid and Lymnaeid 
snails to be the hosts of the avian schistosome parasites that cause swimmers’ itch in these lakes. However, one species of 
avian schistosome was found to be parasitizing a single Helisoma trivolvis snail, which are a snail genus/species not known   
to host parasites of the genus Schistosoma. In parallel, an ongoing study of swimmer’s itch-causing schistosomes in   
Michigan discovered H. trivolvis snails from five lakes that were infected with a schistosome that was 99% identical, based on 
Cytochrome oxidase I (COI) sequence, to the single parasite found in Alberta. Both the COI and 28S genes were used to 
generate a phylogenetic tree with other members of the family Schistosomatidae. The new parasite grouped in between 
Trichobilharzia stagnicolae and a clade consisting of T. physellae and T. querquedulae sequences, suggesting that this 
parasite is also an avian schistosome. Further collections are necessary to complete the life cycle of this parasite, but qPCR 
assays employed in areas where cases of swimmers’ itch are reported should now incorporate a test for this schistosome 
parasite and may expedite identification of the definitive host. 
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High Frequency Auditory Amplification by Collective Action of Low Frequency Motors 
 
Amplification Auditive Haute Fréquence par Action Collective de Moteurs Basse Fréquence 
 
Vertebrate and insect ears are endowed with remarkable auditory sensitivity and frequency selectivity that arise through the 
concerted action of amplifying molecular motors. In insects, forces are generated by dynein motors attached to the axoneme 
in auditory neurons. Dynein kinetics, however, can support ciliary beat frequency up to ~100 Hz. Yet, auditory amplification in 
tree crickets has been shown to take place at frequencies that are 25x to 55x faster (2.5 to 5.5 kHz). Here, we use the 
spontaneous oscillations (SOs) of tree cricket tympana to investigate the underlying force production mechanism. Time- 
resolved waveform analysis shows that SO amplitudes and related forces are quantally distributed. Quantal distribution 
suggests that each observed unitary force betrays the action of one dynein molecule, implying that only some of the dynein 
molecules in the whole auditory organ are active during one cycle of amplified SO. The data suggest a new model by which 
the amplification of high frequency sounds may be the result of a spatially distributed, yet coordinated, high-speed 
amplification across a large population of low-speed motor molecules. 
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Integrative response of elasmobranchs to noise 

Réponse intégrative des élasmobranches au bruit 

Elasmobranchs possess multiple sensory and behavioural adaptations used for communication and migration, however, little 
is known about their hearing and mechanosensory systems when compared with teleosts. It is hypothesized that 
elasmobranchs use their ears and lateral line to orient themselves to biotic sounds, therefore noise present within their 
environment could potentially interrupt or mask ecologically relevant acoustic information. Here we aim to determine a 
behavioural and physiological response of male and female southern stingrays (Hypanus americanus) to both low frequency 
sounds and boat noise. We demonstrate that female stingrays exposed to tones (50-1000 Hz) and boat noise exhibited clear 
changes in behaviours such as: increased swim-speed, decreased rest time, increased surface breaches and pectoral 
flapping. Preliminary results indicate differences in male and female response to sound, with apparent greater auditory 
sensitivity in mature females. As stingrays are generally sedentary animals, an increase in these energy expenditure 
behaviours can lead to a decrease in time spent foraging or acquiring a mate. Understanding the impacts of increasing 
anthropogenic noise levels is critical when proposing conservation action plans such as locations of marine reserves or 
restrictions on other fishing initiatives. 
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Mortality Syndrome in Ricordea yuma. 

Syndrome de Mortalité chez Ricordea yuma. 
 

Coral diseases are increasingly reported globally and combined with environmental changes place significant stress on coral 
reef health. Corallimorpharia are an order of corals that, morphologically and phylogenetically fall between hard (Scleractinia) 
and soft corals (Octocorallia). The cause of the mortality events, colloquially known as ‘melting’, is unknown and there are no 
scientific descriptions of this syndrome from corals in captivity or in nature. This phenomenon has been described in the ‘grey 
literature’ focusing on captive corals, however a detailed description is lacking. A mortality event recently occurred in the 
Hagen Aqualab, University of Guelph, that was isolated to eight Ricordea yuma. Our hypothesis is that the cause is an 
infectious agent. Samples were collected from morphologically normal and affected corals for bacteriology, transmission 
electron microscopy (TEM), histology, proteomics and virome analysis. Twelve pure bacterial cultures were obtained using 
marine agar and 16S rDNA sequencing revealed high similarity to seven different species. No inclusion bodies or viruses 
were noted using TEM. Histology revealed diffuse necrosis affecting multiple cell types in diseased corals, compared to 
healthy specimens, and few bacteria were seen. There was also a noticeable decrease in zooxanthellae present in the 
gastrodermis. Proteomics and virome analysis are underway. 
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A Search for Models of the Vertebrate Ancestry 

Tests d’hypothèses de l'ascendance des vertébrés 

Vertebrates feature a breathtaking diversity of complex forms. The evolutionary root of this diversity has generated profound 
questions, including: How are major lineages of vertebrates related to one another? What suite of characters existed in the last 
common ancestor of all living vertebrates? Do the ‘primitive’ lineages inform us about origins of novel morphologies like the 
neural crest or jaw? A combination of new fossils and embryological insights is reshaping the theoretical framework in which to 
ask these questions. I present evidence that the last common ancestor of all living vertebrates had a bony dermal skeleton, 
contrary to the conventional soft-bodied ancestor. I also show that this armoured ancestor is unlike amphioxus and larval 
lampreys — the two conventional models for the vertebrate ancestry. Even though the life history of modern lampreys is often 
considered to recapitulate vertebrate origins, my analysis of new fossils suggests that the filter-feeding larval phase is a later 
invention, independent of vertebrate origins. To provide alternatives to these traditional models, I explore intriguing preliminary 
results: (1) functionally jawless zebrafish mutants that phenocopy early fossil vertebrates; and (2) supertree of early 
vertebrates that provides estimates for modes and rates of character evolution at a given node. 
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Effects of the Inhibition of Gastric Acid Secretion on Growth & Specific Dynamic Action in the Nile tilapia 
 
Effets de l'inhibition de la sécrétion d'acide gastrique sur la croissance et l'action dynamique spécifique du tilapia du Nil  
 
The presence of an acid-secreting stomach provides many selective advantages to higher vertebrates. Understanding the 
importance of acid-secretion on growth and the metabolic costs of digestion (specific dynamic action) will help provide 
information about the metabolic expense of acid-production. Omeprazole, a gastric proton pump inhibitor, was used to 
simulate the agastric phenotype in both trials by ‘knocking-out’ acid- production. A growth trial was performed feeding both 
control and omeprazole-supplemented feed with a sample size of 15 Nile tilapia per group over a 38-day period. Fish were 
fed 2% body mass (BM) · day -1. The dose of omeprazole was 25 mg · kg -1 BM · day -1. Stop flow respirometry was 
used to determine standard metabolic rate (SMR) and SDA in Nile tilapia fed either a control or omeprazole meal of 2% 
BM of pellets. Data was analyzed using R. Data are compared using paired t-tests. Data gathered from this study showed 
that the specific growth rate of Nile tilapia was negatively affected by the addition of omeprazole in the feeding trial 
(p<0.005). The feeding of Omeprazole was shown to decrease duration (p<0.005) and magnitude of SDA (p<0.05). In 
separate feeding trials we confirmed that Omeprazole inhibited stomach acidification. 

mailto:tetsuto@uchicago.edu
mailto:moff8300@mylaurier.ca


86 
 

 

CAROLYN MORRIS*1, MICHAEL SAKARYA1, GAGANDEEP SINGH1, MICHAEL J.  O’DONNELL1 
1 Dept. of Biology, McMaster University, Hamilton, ON. Canada  
E-mail: morric24@mcmaster.ca 

 
Hemolymph Ion Concentration and Major Ion Toxicity in Daphnia magna 

 
L'hémolymphe de la Concentration en Ions et des Ions Majeurs de la Toxicité de la Daphnia magna 

 
Cladocera are powerful osmoregulators and thrive in a wide range of aquatic ecosystems. Fluctuating ion concentrations 
within these environments cause disturbance to homeostasis, particularly for freshwater species. Major ions (Na+, K+, Ca2+, 
Cl- and HCO3-/CO32and HCO3-/CO32-) in freshwater systems are critical for physiological functions. However, elevated 
concentrations of these ions cause osmoregulatory stress, compromising homeostasis. Many anthropogenic activities (e.g. 
mining, de-icing with road salt, irrigation) have been identified as sources of excess major ions. These activities disturb the 
hypo-osmotic freshwater medium of Daphnia magna, a cladoceran toxicology model, that is adapted for active ion uptake and 
reduction of ion loss to maintain osmotic balance. Using ion selective microelectrode techniques, hemolymph ion 
concentrations were evaluated. In ≥10mM KCl, a sustained increase in hemolymph K+ concentration correlated well with LC50 
values of previous toxicology studies. In ≥30mM NaCl, hemolymph Na+ concentration rises and does not return to control Na+ 
levels. Perturbations in hemolymph Na+ and K+ homeostasis were seen at ambient levels of these ions previously shown to 
cause mortality. Na+ and K+ concentrations in hemolymph may thus be used to predict toxicity. 
Increased [Na+] in fresh water was correlated with smaller increases in hemolymph [K+] in response to elevation of 
freshwater [K+]. 
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Physiological Effects of Increasing Acclimation Temperature on Brook Trout (Salvelinus fontinalis) 

 
Effets Physiologiques de L'augmentation de la Température D'acclimatation sur L'omble de Fontaine (Salvelinus fontinalis) 

 
Increasing water temperature affects the physiology of many freshwater ectotherms. Brook trout (Salvelinus fontinalis) are 
declining in their native range in North America, however, they are increasing in abundance in some regions where they have 
been introduced. Thermal tolerance is suspected to contribute to the success in their non-native range. Upper thermal 
tolerance was estimated using a critical thermal maxima (CTmax) protocol on brook trout acclimated for 3 weeks at 5℃, 10℃, 
15℃, 20℃, 23℃, and 25℃. The CTmax estimates (mean±SEM) increased with acclimation temperatures by 26.5±0.2℃, 
29.7±0.1℃, 30.6±0.2℃, and 31.7±0.1℃ at the 5℃, 10℃, 15℃, and 20℃ acclimation temperatures, respectively (ANCOVA, 
p<0.002). The CTmax estimates of 32.1±0.1℃ and 31.9±0.1℃ at 23℃ and 25℃ acclimation, respectively, did not significantly 
differ from the 20℃ acclimation fish (ANCOVA, p>0.05). Plasma lactate was measured to assess by-products of anaerobic 
metabolism at the different acclimation temperatures and were higher in fish acclimated to 23℃ and 25℃ than fish at 5℃ and 
15℃ (two-way ANOVA, p<0.0002). Hepatosomatic index, which can act as an estimate of the energetic status of a fish, was 
lower in fish acclimated to higher temperatures than the lower temperatures, despite there being no difference in body 
condition between the groups. 
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Localization of SLC41a1 magnesium transporter in freshwater goldfish (Carassius auratus) 

 
Localisation du transporteur de magnesium SLC41a1 dans le poisson rouge d’eau douce (Carassius auratus) 

 
Diffusive loss of ions is a consequence for fish living in freshwater environments. Carassius auratus (goldfish) use specific 
organs for osmoregulation; the gill, intestine, and kidney. These organs contain specific transporters that control the 
movement of ions such as magnesium. Magnesium concentrations in freshwater environments exists in relatively low 
amounts making absorption difficult. Hence fish depend on dietary sources for magnesium, making the intestine primarily 
responsible for maintaining Magnesium levels. SLC41a1, a solute carrier homologous to the bacterial MgtE Mg2+ channel, 
has been suspected of contributing in the regulation of Mg2+ levels in fish. We measured the impact of feeding and fasting   
on the expression and localization of this transporter in goldfish tissues. We predicted high levels of SLC41a1 in the 
osmoregulating tissues and that feeding would impact expression. Contrary to previous findings where mRNA expression of 
SLC41a1 was primarily detected in the gill, kidney and intestine, SLC41a1 protein expression was primarily expressed in the 
brain. Furthermore, subcellular fractionation revealed the solute carrier was confined to the nuclear and mitochondrial 
membranes. The lack of SLC41a1 protein expression in the kidney, gill and intestine was surprising. Our studies suggest that 
SLC41a1 is not involved in osmoregulation. 
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Chemosensory Responses Recorded from Sea Lamprey (Petromyzon Marinus) Gill Papillae  

Réponses Chimiensores Enregistrées Auprès Du Mer Lamprey (Petromyzon Marinus) Gill Papillae 

Chemicals in the external environment are detected by the senses of smell and taste, as well as by specialized receptor cells 
called solitary chemosensory cells (SCCs). The SCCs are epithelial cells that connect synaptically to nerve fibers. In 
mammals, these nerves respond to irritants and to bacterial toxins, where this chemosensory response stimulates a coughing 
response. SCCs are located on cutaneous papillae on the mouth, on the nostril, gill pores and tail fins of the basal vertebrate, 
the sea lamprey, however the function of these cells is unknown. Several amino acids, a bile acid and water collected from 
thawed dead trout are potent stimuli to sea lamprey gill papillar neural responses. It is not known which molecules within this 
thawed dead trout water stimulate this chemosensory response.  In this study, dead trout water was collected, then 
fractionated by HPLC fractionation and the chemical composition was probed by mass spec analysis. Electrophysiological 
recordings tracked chemosensory responses to the thawed dead trout water, and isolates containing specific molecular 
compounds that are potentially derivatives of taurocholic acid. These isolates as well as synthetic analogues of the   
predicated chemical structures were tested and revealed chemostimulatary potency. Knowledge of molecules that stimulate 
chemosensory SCCs in the sea lamprey will contribute to an understanding of the function of the SCC system in vertebrates. 
This study contributes to the management of sea lamprey populations through chemical attraction or avoidance strategies in 
a push-pull scenario. 
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Sugar Flux and Metabolism in the Ruby-Throated Hummingbird (Archilochus Colubris) 

Flux de Sucre et Métabolisme chez le Colibri à Gorge Rubis (Archilochus Colubris) 

The ruby-throated hummingbird can uniquely use recently ingested fructose or glucose to power metabolically intensive 
hovering flight. Previous work in our lab has shown that this is partly due to glucose transporter expression and hexokinase 
activity that may give the hummingbird an ability to metabolize some native fructose directly in muscles. However, the 
hexokinase rates observed for fructose are not enough to support flight direct alone. Thus, it is unclear how the sugar flux 
occurs in the ruby throated hummingbird both at the organ and cellular level. To determine flux, ruby-throated hummingbirds 
were separated into fed and fasted conditions. We then used LC-MS based metabolomics to determine the metabolite 
signature in highly metabolic tissues (liver, heart, pectoralis muscle) and report previously unknown circulating blood fructose 
levels. The pathway specific metabolite data elucidated which organs the sugars were going to, and which cellular metabolic 
pathways were active such as glycolysis or fructolysis. In addition, relative amounts of glucose transporters and 
monocarboxylate transporters at each organ provide support for metabolite data. We show that the ruby-throated 
hummingbird has higher blood fructose levels and has higher capability to use exogenous fructose via different metabolic 
pathways in tissues, like muscle, than that of mammals. 
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A change of heart: Developmental plasticity in cardiac performance and heart morphology of juvenile Atlantic salmon 
 

Un changement d’avis: la plasticité développementale dans la performance cardiaque et la morphologie du cœur chez le 
saumon Atlantique juvénile 
The oxygen- and capacity-limited thermal tolerance hypothesis suggests that in many fishes, upper temperature tolerance is 
limited by the cardiorespiratory system’s ability to deliver oxygenated blood to tissues. As average global temperature is 
predicted to increase up to 4°C this century, it is increasingly important to understand the effects of elevated temperature on 
the cardiorespiratory systems of cold-water fish, such as salmonids. Here, developmental plasticity in cardiac performance 
was assessed in Atlantic salmon (Salmo salar) reared at either low (present-day temperatures) or elevated temperatures 
(present-day temperatures +4°C) from fertilization. At the parr stage, we used a Doppler flow velocity system to measure 
maximum heart rate and atrioventricular blood flow velocity across a range of experimental temperatures. A 4°C increase in 
developmental temperature was associated with a 4°C increase in the mean Arrhenius breakpoint temperature (TAB) for 
maximum heart rate and cardiac output, and a 4°C increase in the mean temperature at which cardiac arrythmias developed 
(Tarr). To investigate a potential mechanism for the observed differences in cardiac performance, heart morphology (ventricle 
size and compact myocardium thickness) is now being examined via histology. We propose that this observed plasticity in 
cardiac performance may aid Atlantic salmon in coping with climate change. 
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Understanding the physiological and behavioural response of Lake Sturgeon (Acipenser fulvescens) to catch and release 
angling 

 
Comprendre le reponse physiologique et comportementale de l`esturgeon jaune (Acipenser fulvescens) apres etre pecher et 
remise a l`eau. 

 
Catch and release fishing, a conservation-based management tool, operates under the assumption that the health and 
survival of released fish is not compromised. However, angling may have lethal and sub-lethal impacts to fish that are 
vigorously exercised, air exposed, and handled prior to release. Lake sturgeon (Acipenser fulvescens), once widespread in 
Manitoba, are now endangered, however, catch and release fisheries for the species exist throughout their natural range. In 
this study we hypothesise that lake sturgeon subjected to catch and release angling would be minimally impaired. Fish were 
captured by volunteer anglers in the spring and summer of 2018 on the Winnipeg River. Blood and behavioural samples were 
taken immediately upon capture then approximately 0.5, 24 and 48 hours later. Behavioural responses for all fish sampled, 
regardless of season, were deemed normal within 24 hours post capture. Blood acid-base status in all fish followed a 
predictable immediate increase and then decline during recovery. Plasma glucose and cortisol concentrations remained 
elevated throughout the study suggesting some level of confinement stress that may have masked any acute response 
observed from the angling event. Results of this project will help support best handling practices to reduce stress and 
mortality of released lake sturgeon. 

 

DANIEL MUNRO*1, D. HART2, B. VAN JAARSVELD2, N. BENNETT2, M.E.  PAMENTER1,3 
1 Dept. of Biology, University of Ottawa, 30 Marie Curie, Ottawa, ON. K1N 6N5 Canada; 2 Dept. of Zoology and Entomology, 
University of Pretoria, Pretoria 0002, South Africa; 3 uOttawa Brain and Mind Research Institute. 
E-mail: dmunro2@uottawa.ca 

 
Digging up the Mitochondrial Origins of Hypoxia-Tolerance in African Mole-Rats 

Creuser les Origines de la Tolérance à l’Hypoxie chez les Rats-Taupes Africains 

African mole-rats live in densely populated burrows and putatively experience intermittent periods of limited oxygen. These 
species can tolerate O2 concentrations down to 3% without apparent detriment, with the naked mole-rat tolerating anoxia for 
18 minutes. In most mammals, including humans, reoxygenation following hypoxia causes well-characterized tissue injury, 
particularly in heart. It has been suggested that succinate accumulation during hypoxia, followed by its rapid oxidation via 
reverse electron flow (and associated high rates of ROS formation) underlies such reoxygenation injury. Therefore, we 
hypothesized that African mole-rats would exhibit adaptations at the mitochondrial level that limit ROS damage during 
hypoxia/reoxygenation. We compared rates of oxygen consumption and ROS (H2O2) production and elimination in heart 
mitochondria from mice, rats, and seven species of African mole-rats. Relative to mice and rats, African mole-rats exhibited 
significantly lower rates of oxygen consumption when using succinate, a respiratory substrate for complex II, with the naked 
mole-rat exhibiting the lowest rates of all. Constitutively lower complex II activity likely minimizes both the rate of succinate 
accumulation during short term hypoxia and the rate of its oxidation upon reoxygenation. This adaptation likely ameliorates 
deleterious ROS bursts in animals who are adapted to life in intermittent hypoxia/reoxygenation in nature. 
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Effects of chronic 17β-estradiol exposure on the marine polychaete Capitella teleta 

 
Capitella teleta is a marine lophotrochozoan used as an indicator species for pollution due to its high growth rate in 
contaminated sediments. An in vitro reporter assay has previously shown that the C. teleta estrogen receptor is ligand 
activated by estradiol (EC50= 9.2 nM). However, in vivo biological effects of estrogen have not been investigated. This study 
investigated the biological effects of chronic exposure to 17β-estradiol (E2) in C. teleta over different life stages to explore 
potential roles in development and reproduction. C. teleta were exposed to control conditions, 0.1% ethanol vehicle control, 
and two doses of E2 (0.367 nM and 36.7 nM). Exposures began post-metamorphosis (5 days postemergence or dpe), at 
sexual development (21 dpe) or sexual maturity (70 dpe). Prior to exposure, animals were reared in control conditions. 
Survival, sex ratio, and body volume were monitored weekly from 35 dpe until they reached sexual maturity. At maturity, 
paired worms (1 male and 1 female) remained isolated in control conditions, and were checked for survival, time to first brood 
tube appearance and number of larvae per brood tube formed. These data will help elucidate the role that estradiol may play 
in endocrine signaling during development and reproduction of C. teleta. 

 
REBECCA NAKHOUL1*, R. PALAZZOLO1*, G. REMPEL1*, P. RISTOSKI1*, M. D’AGNILLO2, C. SMOCZER3, L. 
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Beta b1 Crystallin is Directly Regulated by Homeobox Transcription Factor Pitx3 During Lens Development 

 
Crystallin Beta b1 Est Directement Régulée Par le Facteur de Transcription Pitx3 de Homeobox au Cours du Développement 
de la Lentille 

 
We previously demonstrated that frog beta b1 crystallin (crybb1) is a likely candidate for direct regulation by the 
homeodomain transcription factor pitx3 in the developing lens. In humans, congenital cataracts result from the mutation of 
either the transcription factor PITX3 or of CRYBB1, so we sought to investigate and confirm pitx3-binding motifs in Xenopus 
crybb1. We deployed our recently described flow cytometry method to assesses gene activity on a cell-by-cell basis using 
cells derived from tissue culture. Pitx3 binding sites were then analysed using promoter mutants to drive a fluorescent 
reporter in transgenic frog embryos. We establish that pitx3 directly regulates expression of crybb1 to either activate or 
repress transcription in a context-dependent manner. This variable response is presumably due to the presence or absence 
of specific partners and epigenetic modifiers in tissue culture lines versus living embryos. These differences may provide 
tools to search for the transcriptional partners that help to mediate the versatility of pitx3. 

 
GABRIELE NANDAL*, L. BUCK 
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Characterization of Sirtuin 3 and potential targets in the Western painted turtle (Chrysemys picta) 

 
The western painted turtle is a champion anaerobe that can survive prolonged periods of complete anoxia, unlike most 
vertebrates that cannot survive more than several minutes. While the turtle possesses many biochemical and physiological 
adaptations to enable their hypometabolic survival, of particular interest is a family a deacetylation enzyme called sirtuins 
(SIRTs) that may be involved in regulating and maintaining this state. SIRTs have shown to be involved in regulating 
apoptosis, cell longevity, stress responses, and metabolism. Protein expression of the mitochondrial SIRT3 as well as 
potential targets (SOD2, NF-kB, and CycloD) were measured in brain and liver in response to 2,6, and 24 hr forced dives and 
following 2hr recovery from a 6 hr dive. Some of the observed changes include CycloD expression increasing by 500% at 6hr 
before returning to normoxic control values. Overall, this data will advance our understanding of stress tolerance during 
anoxia and the impact of SIRTs in the painted turtle. 
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Exploring the contribution of Heat Shock Proteins (HSPs) to the Hypoxia Tolerance of Naked Mole Rats (Heterocephalus 
glaber). 

 
Explorer la contribution des protéines de stress (Heat Shock Protein, HSPs) à la tolérance à l'hypoxie des rats-taupes nus 
(Heterocephalus glaber). 

 
Hypoxia is a key component of numerous pathologies. Acute hypoxia can result in cellular damage; while chronic hypoxia can 
lead to lethal organ failure and eventual death. Naked mole rats (NMRs) are one of the most hypoxia-tolerant mammals; 
however, the cellular adaptations that underlie this tolerance are poorly understood. Heat shock proteins (HSPs) are cellular 
chaperones that are putatively cytoprotective during hypoxia and we hypothesized that their expression would increase during 
acute hypoxia in NMRs. To test this hypothesis, we used qPCR and Western blot approaches to measure changes in gene 
and protein expression of Hsp27, Hsp40, Hsp70, and Hsp90 in brain, heart, liver, and skeletal muscle from NMRs following 
exposure to normoxia (21% O2) or hypoxia (7% O2 for 4, 12, or 24 hours). Contrary to our expectations, we observed 
significant global reductions of ATP-dependant Hsp70 and Hsp90 in hypoxia (83% and 78%, respectively). Conversely, the 
expression of ATP-independent Hsp27 and Hsp40 remained constant throughout the hypoxic treatment in brain, heart and 
muscle. These results suggest that energy conservation is prioritized over cytoprotective protein chaperoning in hypoxic NMR 
tissues. 
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Mayfly nymph gills functionally modify in response to salt-contaminated water exposure 

 
Les branchies des nymphes de mayfly se modifient fonctionnellement en réponse à une exposition à l'eau contaminée par du 
sel 

 
Salt contamination of freshwater (FW) from human activities (e.g. mining, agriculture and winter de-icing) is a global concern. 
FW dwelling mayfly nymphs appear to be particularly sensitive to salt contamination but very little is known about their 
ion/osmoregulatory response to this environmental insult. This study found that exposing nymphs of the mayfly (Hexagenia 
rigida) to salt contaminated water (SCW; 7 days in FW containing 7.25 g/L NaCl) resulted in elevated hemolymph ion levels 
and body water content. Furthermore, whereas FW nymph gills acquire Na+ from FW, SCW nymph gills secrete Na+ and this 
coincides with modifications of gill septate junction ultrastructure which suggest that a leakier paracellular pathway develops. 
Interestingly, there was no change in the surface ultrastructure, surface area or abundance of gill ionocytes and gill Na+-K+- 
ATPase as well as V-type H+-ATPase activity were unaltered. These results suggest that H. rigida nymphs respond to a 7 
day SCW exposure in part by altering gill permeability in order to secrete excess Na+, but also that the gill transcellular 
pathway remains largely unchanged. This ability to functionally alter only one of the two ion regulatory pathways in response 
to SCW exposure may partly explain why mayfly nymphs exhibit salt sensitivity.  

 
CHIDOZIE N. OKOYE*1 and C. KAMUNDE 1 
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Effect of Temperature and Cadmium on Mitochondrial Hydrogen Peroxide Homeostasis 

 
Effet de la Température et du Cadmium sur L'homéostasie du Peroxyde D'hydrogène Mitochondrial 

 
A corollary of mitochondrial substrate oxidation and electron transfer for ATP generation is reactive oxygen species (ROS) 
production as superoxide anion radical and hydrogen peroxide (H2O2). To illuminate how stressors modulate mitochondria 
ROS homeostasis, we investigated the effects of temperature and cadmium on H2O2 emission and consumption in rainbow 
trout liver mitochondria under different bioenergetic states. We show that H2O2 emission rates increase with temperature 
irrespective of the bioenergetic status and cadmium exposure. Energizing mitochondria with malate-glutamate or succinate 
increased the rate of H2O2 emission. Interestingly, malate-glutamate imposed a hyperbolic concentration-response curve 
that plateaued at 5 µM, while succinate evoked a biphasic response characterized by a spike in the emission rate at 1 µM 
cadmium followed by gradual diminution at higher metal concentrations. The biphasic H2O2 emission response emanated 
from site IIF (complex II) with some contribution from site IIIQo (complex III) while the hyperbolic response was consistent 
with effect of cadmium on site IF (complex I). Cadmium, temperature and bioenergetic status did not affect the kinetics of 
H2O2 consumption by the mitochondria. Overall, our data indicate that the emission arm of trout liver mitochondrial H2O2 
metabolism is highly responsive to stressors and bioenergetics whereas the consumption arm is resilient. 
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Understanding the Mechanisms of Coexistence in Carrion Communities: A Case Study in Phormia regina and Lucilla sericata 
(Diptera: Calliphoridae). 

 
Comprendre les mécanismes de la coexistence dans les communautés charognards: étude de cas chez Phormia regina et 
Lucilla sericata (Diptera: Calliphoridae). 

 
Species interactions exerted within and between species can lead to high levels of competition and competitive exclusion. 
Female blow flies engage in aggregated egg laying, resulting in larval feeding masses often varying in density and species 
composition. The ability to successfully coexistence within carrion, an ephemeral resource has been attributed to resource, 
spatial, and temporal heterogeneity. However, several blow fly species are abundant within the same seasons, and some are 
observed to oviposit near or directly on eggs of other species. The mechanism of coexistence within blow fly communities is 
poorly understood; hence this study aims to investigate the mechanism of coexistence between two forensically important 
blow fly species Lucilia sericata Meigen and Phormia regina Meigen (Diptera: Calliphoridae) at varying temperatures and 
densities. The density and developmental temperatures experienced by the larvae during development was manipulated in 
the presence of conspecifics and hetero-specifics, and fitness of each species was measured. The results of this study 
indicated that in the presence of L. sericata, survival of P. regina significantly increased even at high developmental 
temperatures. At high temperatures, the negative effects of density were more prevalent. Coexistence is often dependent on 
temperature, which mediates the outcome of species interactions. 
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Tissue-specific Transcriptome Atlas of the Asian Longhorned Beetle  
 
Atlas du Transcriptome Spécifique au Tissu du Longicorne Asiatique 
 
The Asian long-horned beetle (ALB; Anoplophora glabripennis) is an invasive wood-boring pest in North America and 
Europe. Phenotypes influencing successful invasion likely have mechanistic signatures that are useful in the development of 
biomarkers to quantify risks of invasion across populations. The molecular resources for developing these tools are currently 
absent for ALB. In this study, we characterized the transcriptomic profiles of developing larvae in five tissues; the 
subesophageal ganglion, midgut, hindgut, Malpighian tubules, and fat body. We sequenced three biological replicates 
containing pooled samples from five individuals, mapped our reads against the ALB reference genome and assembled 
transcripts using HISAT2. We then assessed differences among tissues using DESeq2 and principal component analysis. 
Finally, we characterized the differences in functional classes among tissues using gene ontology enrichment. Overall, this 
work will serve as a basis for population-level comparisons of the mechanisms driving invasion-relevant traits.   
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Intestinal Parasite in Relation to Haemaglobin Level and Nutritional Status among Primary School Children in Egbuoma Imo 
State, Nigeria. 

 
The prevalence of intestinal parasite in relation to haemoglobin level and nutritional status among two primary schools in 
Egbuoma, Imo-State Nigeria was conducted. Faecal and blood samples were collected from the respondents and taking to 
laboratory for analysis using direct wet mount for stool and blood dilution techniques respectively. Anthropometric tudies were 
also conducted to determine their height and weight, while structured questionnaire was used to determine the socio- 
economic factors enhancing the transmission of the parasite. Of the 100 samplesscreened,47% were infected with differesnt 
types of parasites. Taenia spp had highest prevalence of 19%, followed by hookworm 13%, Ascaris lumbricoides 8% and E. 
histolytica recorded the least prevalence with 7% respectively. Fifty-six percnt (56%) were well nourished while 44% were 
malnourished. The malnourished  children were more infected than the nourished with 70.5% and 28.6%  respectively. The 
age group between 7-10 years had the highest infection with 56.7%. Both male and female has the same chances of 
contaminating the disease. The overall prevalence of anaemia was 24%. The prevalence of anaemia among infected children 
(38.6%) was higher than non-infected children (12.5%). Infection was higher among pupils who used bush pathway for 
defaecation than those of latrine and water closet. The rate of infection was higher among those whose parents were farmers 
and traders than those of civil servants. Sanitation should be encouraged in order to control the disease since high 
prevalence was found to be associated with unsanitary habits. There is also need for Iron supplementation programme in the 
study area.  
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Who Knew? Ultrafast Limb Movements in an Amphipod that Snaps 

 
Qui Savait? Mouvements Ultra-rapides des Membres dans un Amphipode qui se Casse 

 
Ultrafast appendage movements have evolved in many arthropod groups including snapping shrimp, mantis shrimp, trap-jaw 
ants and smashing-mandible termites. We discovered such motions in another arthropod group: maerid amphipods. We 
confirmed prior anecdotal reports that male amphipods of the genus Dulichiella produce a snapping sound with their second 
gnathopod. This massively hypertrophied gnathopod exhibits pronounced positive allometry: in large males of Dulichiella 
appendiculata it may exceed 20% of the total body weight. Preliminary high-speed video recordings of gnathopod closing 
(more than 200,000 fps) and synchronized audio recordings revealed a) angular velocities among the highest known in 
animals, b) surprisingly large appendage recoil motions, c) occasional formation of cavitation bubbles, and d) hints of an 
unexpected mechanism for sound production. MicroCT images of the claw tendon reveal a novel mode of latching that likely 
facilitates high-speed closing. Much remains to be learned about how this small animal achieves such remarkable claw 
closing speeds and produces an audible snap. 
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Neuroethology of Neonicotinoid Toxicity: Visual Motion Detection to Collision Avoidance Behaviour 

 
La Neuroéthologie de la Toxicité des Néonicotinoïdes: la détection visuelle de mouvement et le comportement d’évitement 
des collisions 

 
Neonicotinoids are used globally to support commercial agriculture, despite known detrimental effects on important 
pollinators, including altered flight, foraging, and navigation success. We studied effects of imidacloprid (a neonicotinoid) and 
its metabolites (imidacloprid-olefin and 5-hydroxy imidacloprid) on visual motion detection and collision avoidance behaviours 
in the locust (Locusta migratoria). Imidacloprid reduced the locust’s ability to steer while in flight or jump to avoid a potential 
collision. These effects were present 2 and 24 hours after a single sublethal exposure and also occurred in the presence of 
metabolites. We used three distinct electrophysiological techniques to quantify effects on visual interneurons. We found 
significantly effects on neural coding, resulting from reduced firing of an important visual interneuron, decreased neural 
conduction velocity, and reduction of information carried by a neural population. We also examined effects of a novel 
cholinergic insecticide, sulfoxaflor, and found that at similar doses, sulfoxaflor did not display comparable toxicological 
properties. These results indicate that sublethal exposure to neonicotinoids has dramatic and lasting effects on visual motion 
detection and important behaviours associated with flight and predator avoidance. We additionally have highlighted the 
potential reduction in these risks posed by novel insecticides, such as sulfoxaflor. 
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Hydrogen Sulfide as a potential low oxygen signal in anoxia-tolerant painted turtle neurons. 

Sulfure d’hydrogène, un signal potentiel de faible teneur en oxygène, en tortues peintes tolerants de l’anoxie. 
 

The freshwater Western painted turtle, Chrysemys picta bellii is one of the most anoxia-tolerant vertebrates, able to withstand 
months of anoxic conditions in ice-covered lakes during North American winters. The turtle demonstrates remarkable recovery 
upon reoxygenation without sustaining organ damage associated with oxidative stress. It owes its winter survival to its 
metabolic suppressing abilities, termed “metabolic arrest”, enhanced glycogen stores and proton buffering. Our recent 
discovery of pyramidal mitochondrial membrane potential depolarization and mitochondrial Ca2+ release via mitochondrial 
ATP-sensitive potassium (mKATP) channels and the mitochondrial permeability transition pore (mPTP) has rendered 
mitochondria a possible oxygen sensor in turtle neurons. However, the initial signaling molecules remains unknown. We 
speculate hydrogen sulfide (H2S) to act as a low oxygen signal in neurons by its action on Ca2+ channels during anoxic 
stress. Additionally, H2S has a propensity to bind to NMDA and AMPA receptors, potentially silencing the receptors during 
anoxic stress. We have demonstrated an anoxia-dependent H2S increase (~10%), a H2S-induced Ca2+ increase (~10%) and 
reduced NMDA receptor activity via application of exogenous Na2S. Thus, we postulate H2S to have retained its primordial 
significance by switching from its role as a final electron acceptor 4 billion years ago, to an oxygen sensor about 2.5Bya. 

PENNEY, BRIAN K.1* 
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Sea Slug Skeletons 

Squelettes de limaces de mer  

Dorid nudibranchs typically contain innumerable calcareous spicules, yet the function of these elements is unknown. Two 
possible roles are antipredator defense or structural support. Current evidence for defense is equivocal: bioassays show that 
spicules do not deter a number of invertebrate predators, but spicules (and aragonite in general) can deter fish. How they 
might function as a defense is unclear: spicule density is typically highest in peripheral areas but low or absent over the 
viscera, and spicule shapes and arrangement seem improper for penetrating predator tissues. Spicule-laden tissue has very 
low nutritional quality, which may deter predator attack in some cases. Another potential defensive role might be to increase 
efficacy of chemical defense, but bioassays do not support this hypothesis. Regardless, spicules clearly serve a structural 
role, as they are bound into networks that support mantle and foot extensions, as well as rhinophores and gills. It is unclear 
why these regions would have skeletal support when it is lacking in other molluscs, but possibilities include increased mimicry 
of prey organisms or a way to grow quickly using inexpensive materials. Spicule network form varies across dorid taxa, 
providing fertile ground for phylogenetic explorations of this question. 
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Variation in Size-based Trophic Shifts of Two Coastal Fish Species in The Western Arctic With Contrasting Seasonal 
Behavioural Strategies 

 
Variation Dans les Changements Trophiques en Fonction de La Taille de Deux Espèces de Poissons Côtiers Dans l'Ouest 
de l'Arctique Avec des Stratégies Comportementales Saisonnières Contrastées 

 
Understanding within and among species variation in trophic shifts with body size can indicate the mechanisms for the 
development of flexible phenotypes and adaptive capacity to ecosystem change. We examined the relationships among body 
size, condition factors, trophic position (δ15N), and prey habitat (δ13C) between the anadromous Arctic char (Salvelinus 
alpinus, n = 38) and the marine and relatively sedentary Greenland cod (Gadus ogac, n = 53) in coastal marine waters near 
Ulukhaktok, NT during summer. As predicted, differences in δ13C between tissues with different turnover rates (plasma-Red 
Blood Cells) in Arctic char were positive, indicating a seasonal habitat shift associated with anadromy, whereas tissue- 
differences in cod centred on zero (fully marine). Inter-individual variation increased significantly with body size for δ15N in cod 
and δ13C in both species (R2 0.16 - 0.19). Our findings for Arctic char indicate the importance of seasonal mobility for 
flexibility in prey habitat (δ13C), whereas Greenland cod utilizes a broader trophic range (δ15N) within a single habitat. A 
stronger negative relationship between body size and condition in Arctic char (R2 0.41) relative to cod (R2 0.16) highlights the 
trade-offs of these contrasting adaptive strategies and provides insights on potential flexibility to food web restructuring. 
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Immunomodulatory Effects of Oil Sands Process Affected Water (OSPW) and its Fractions in Murine Macrophages 

 
Effets Immunomodulateurs des Sables Bitumineux Processus Affecté Eau et ses Fractions dans les Macrophages Murins 

 
 

The assessment of OSPW content and potential toxicity is a formidable challenge due to its complex and variable nature. 
Previously, we developed and used a series of mammalian macrophage-based assays for assessment of toxic effects of 
whole (unfractionated) OSPW and its organic (OSPW-OF) or inorganic (OSPW-IF) fractions. Here, we report that exposure    
of cells to equivalent doses of whole OSPW and OSPW-IF induced significant toxicity whereas OSPW-OF did not. Cellular 
metabolism was affected similarly by OSPW-IF and whole OSPW, with both causing ~90% reductions at 17 mg/L (or volume 
equivalents for OSPW-IF) and producing IC50 values of ~13 mg/L. Only comparatively high NA concentrations (>100 mg/L) 
significantly affected cellular metabolism following OSPW-OF exposure. Exposure of macrophages to whole OSPW or OSPW-
IF significantly impaired the production of antimicrobial molecules, such as reactive nitrogen intermediates (RNI). This 
decrease in RNI production paralleled sustained down-regulation in the expression of genes encoding inducible nitric oxide 
synthase (iNOS) and an increase in the expression of arginase 1. Together these data suggest that exposure to OSPW-IF or 
whole OSPW may have altered the macrophage phenotype from classically activated/killer (M1) to alternatively-activated 
(M2), potentially decreasing the ability of macrophages to control pathogens. [Supported by NSERC Canada]  
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How Boat Noise Affects Foraging and Avoidance Behaviours in Wild Freshwater Fishes 
 
Comment le bruit des bateaux affecte les comportements de recherche de nourriture et d'évitement chez les poissons 
sauvages d'eau douce. 

 
Understanding the consequences of anthropogenic noise in aquatic ecosystems is of increasing concern around the world. 
Anthropogenic noise interferes with animal communication, as well as causes physiological damage and changes in 
behaviours such as navigation and foraging efficiency. Here, we focused on the effects of boat noise on foraging and 
avoidance behaviours in wild Laurentian Great Lake fish species using baited underwater video. Pieces of earthworms were 
hung from a floating array to quantify foraging behaviour and a camera documented all fish behaviours. The behaviours were 
quantified by counting the number of fishes eating, inspecting, and swimming near the worms and recording each of their 
families or, if possible, species. Preliminary results suggest that freshwater fish decrease foraging behaviours and avoid the 
immediate area in response to boat noise; further analysis may reveal differences between species with and without 
specialized hearing structures. Understanding the effects noise has on foraging behaviour can be a direct indicator for 
survival, and therefore can give a good representation of the extent to which noise impacts fishes. The relationship between 
noise and fish foraging behaviour is still largely understudied and few field studies, such as this one, have taken place in 
freshwater environments.  
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Role of the mitochondrial pyruvate carrier (MPC) modulation in metabolic dysfunctions. 

 
Rôle de la modulation du transporteur de pyruvate mitochondrial lors de dysfonctions métaboliques. 

 
Substrates derived from the dietary nutrients are transported inside the mitochondria by rate-limiting carriers such as the 
mitochondrial pyruvate carrier (MPC). Considering that pyruvate is at the node of several metabolic pathways, we 
hypothesized that this gatekeeper should underlie important functions for the regulation of substrate oxidation by mitochondria 
depending on the diet. We showed that MPC knock-down Drosophila melanogaster displayed reduced mitochondrial oxygen 
consumption with pyruvate+ADP as substrates compared to wild-type flies when fed a standard (SD) or a medium sucrose 
diet (MSD: 18% sucrose) (both P-values ˂ 0.001). However, when fed a high sucrose diet (HSD: 30% sucrose), the wild-type 
flies displayed lower mitochondrial oxygen consumption compared to the MPC deficient flies (P = 0.006). Further metabolomic 
analysis using NMR spectroscopy revealed intricate metabolic reprogramming, with MPC deficient flies showing defects to 
metabolize sugars on the MSD and HSD, a general increased in glycerol content, lower proline and ornithine contents, as well 
as accumulation of beta-alanine which is a metabolite known to modulate mitochondrial respiration. Our results suggest that a 
knock-down of MPC induces a switch of oxidative substrate utilization and that MPC is involved in the occurrence of 
mitochondrial dysfunctions during nutrient overload.    
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Fish Getting the Bends: Total Dissolved Gas Supersaturation and Depth Effects on Fish 

 
Les Poissons qui Souffrent du Mal des Caissons: les Effets des Gazes Totals Dissous et la Profondeur sur les Poissons 

 
As water spills from dams it entrains air to depth and bubbles dissolve under pressure. As this water returns to the surface, it 
is supersaturated with total dissolved gas (TDG). TDG supersaturation causes bubbles to grow in the tissues of fish, which 
can result in injuries known as gas bubble trauma (GBT). There have been many studies on the topic, but there is a need for 
a quantitative meta-analysis of the GBT data that includes key factors that effect the progression and severity of the 
condition. To address this, we conducted a meta-analysis of laboratory studies on the time to mortality and time to GBT of 
fish exposed to TDG. We also tested the theoretical model of the relationship between TDG, depth, and bubble growth in fish 
tissues by monitoring the time to loss of equilibrium of fish exposed to various TDG levels at two depths. Depth was protective 
as predicted. We propose a model for TDG impacts on fish mortality which includes key environmental factors that may be of 
interest in establishing criteria for TDG and GBT in fish.  We also identify research gaps and discuss considerations for those 
conducting TDG studies on fish in the future.  
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Breadth of the wild: global patterns of dietary niche across latitude in the marine realm 
 
Largeur de la nature: les tendances mondiales de niche diététique à travers les latitudes du domaine marin 
 
A widely recognized pattern in ecology is the latitudinal diversity gradient: increasing biodiversity with decreasing latitude. The 
latitude niche-breadth hypothesis (LNB) suggests that the stable climates of the tropics allows for increased specialization 
(smaller niche), allowing more species to occupy the same niche space, thus driving greater biodiversity. At the same time, the 
highly dynamic climate of the poles drives the evolution of generalists (larger niche), limiting biodiversity. While the fundamental 
question of “what drives species richness?” on land remains debated, it is even less understood in the marine environment. 
Elasmobranchs (sharks, skates, and rays) are a data-rich, globally distributed group that occupy an array of functional roles, 
inhabiting coastal to open ocean habitats from the poles to the tropics. Using a global-scale stomach contents dataset, the 
Global Predator Database (University of Windsor; n = 146 studies), dietary (Eltonian) niche breadth was calculated for 122 
elasmobranch species in order to examine latitudinal patterns in marine niche breadth and test the LNB. Levins’ and Shannon-
Wiener niche indices were calculated for 84,433 individuals across tropical, temperate, and polar regions. These data provide the 
first comprehensive, global-scale estimates of niche breadth trends for elasmobranchs with latitude. 
 

 
JESSICA PRESTON*1, SHAYEN SREETHARAN1, LISA STOA1, SUJEENTHAR THARMALINGAM2, T.C. TAI2, 
DOUGLAS BOREHAM2, JOANNA WILSON1 
1 Dept. of Biology, McMaster University, Hamilton, ON. Canada; 2 Northern Ontario School of Medicine, ON. Canada  
E-mail: prestojm@mcmaster.ca 

 
Effects of Low-dose Ionizing Radiation In Utero on Post-natal Growth and Cardiovascular Physiology in BALB/cJ Mice 

 
Diagnostic radiation is typically avoided during pregnancy, as the effect of low-dose radiation exposure on the fetus is 
uncertain. The objective of this study was to determine if ionizing radiation exposure during late fetal development would 
cause an adverse intrauterine environment, and lead to growth restriction of offspring and a hypertensive phenotype later in 
life. To study this, pregnant BALB/cJ mice were exposed to ionizing radiation at 5, 10, 50, 100, 300 or 1000mGy on 
gestational day 15. Offspring were weighed weekly from the age of weaning until a mature age of 16 weeks. Cardiovascular 
effects were assessed every other week via heart rate and blood pressure measurements using tail plethysmography. Low to 
mid-doses (≤300mGy) of radiation were observed to have no effect on growth, blood pressure and heart rate. Only the 
highest dose (1000mGy) showed a reduction in body weight for male and female offspring. Gene expression of markers for 
endothelial dysfunction, inflammation, mitochondrial function and oxidative stress in the aorta and heart will also be 
presented. This study helps to provide knowledge on the possible effects of radiation on in utero development, which 
broadens the knowledge on the range of stressors capable of affecting offspring growth and development.  
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Immunohistological identification of crypt cells in spawning Chinook salmon 

 
Identification immunohistologique des cellules de la crypte dans l'espèce saumon quinnat 

 
Teleost fish rely on olfaction to mediate appropriate behavioural responses such as feeding, spawning, and migration in 
relation to odourants encountered in their environment. Intermingled within the olfactory epithelium are different types of 
olfactory sensory neurons; the ciliated & microvillous olfactory neurons and the crypt cells which all send axonal projections 
into the olfactory bulb terminating on odourant discriminating glomeruli further processing and transferring information to 
higher brain structures producing a relevant behavioural response. The crypt cell is the least understood olfactory sensory 
neuron under investigation but a role in sexually mature teleosts has been suggested. Crypt cells have been visualized 
across different teleost species by immunocytochemistry against the calcium binding S100 protein. Thus, this 
immunohistological technique was implemented to visualize the distribution of crypt cells in the olfactory epithelium of 
spawning Chinook salmon. S100 positive cells have been observed in all spawning classes (female, hooknose & jack male) 
with differing and similar morphological features between these labeled cells and known teleost crypt cells. This is significant 
in providing an understanding of the spatial organization of the olfactory system in a non-model species and to further 
comprehend how fish use their olfactory system to assist with behaviour critical to survival and fitness.  
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Elucidating Complex Animal Interactions in the Modern World: Measuring the Occurrence and Effects of Intraguild Predation 
Within Food Webs 

 
Élucider les Interactions Complexes D'Animaux Dans le Monde Moderne: Mesurer l'Occurrence et les Effets de Prédation 
Intraguilde dans les Chaînes Alimentaires 

 
Hierarchical animal interactions drive the structure of food webs, ultimately determining ecosystem stability and function. 
Traditionally these interactions are studied by examining the inter-relationship between two species, negating the fact that 
multi-species interactions can drive indirect effects within food webs that study of single species may not detect. Intraguild 
predation (IGP) is a holistic approach to study these relationships, through combined examination of predation and 
competition. A multi-trophic interaction ubiquitous in nature, IGP consists of a minimum of three species; an intraguild 
predator, prey, and a common resource for which both compete. The strength of the interaction can vary from weak to strong 
and thus determine the occurrence and direction of trophic cascades, developmental bottlenecks, and biomass availability 
across trophic levels. IGP is highly relevant as it’s occurrence shapes individual, population and community level processes. 
We review and synthesize current knowledge to (i) estimate the prevalence and effects of IGP that occur in food webs (ii) 
determine how the study of IGP has evolved since the seminal review paper of Polis et al. (1989) and iii) conclude by 
establishing a roadmap for future research on multi-species interactions by determining effects of IGP that require the 
greatest focus of future study. 
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Effects of ocean acidification on the postprandial metabolic response in a larval coral reef fish 
 
Acclimation to near-future levels of dissolved CO2, termed ocean acidification, has been reported to have wide-ranging 
effects on the sensory physiology and behaviour of marine fishes, particularly among coral reef species. A single previous 
study reported effects of high CO2 on intestinal ion movement and oxygen consumption in isolated tissues, raising the 
possibility that digestive processes could be affected by acclimation to elevated CO2. A small number of other studies have 
examined specific dynamic action (SDA), the postprandial metabolic response, in response to high CO2 levels in the context 
of aquaculture, levels far higher than projected under OA. In this study, using SDA to quantify the energy used in the 
digestion, absorption and assimilation of a meal, we examined the role of end-of-century CO2 (1000 µatm) on postprandial 
processes in early life stages of spiny chromis (Acanthochromis polyacanthus), a common coral reef damselfish widely 
distributed among Indo-Pacific coral reefs. This presentation outlines the influence of elevated CO2 on SDA compared with 
fish held under control conditions (450 µatm), providing some of the first insights into potential effects of ocean acidification 
on the digestive physiology of fishes. 
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Sessile, Suspension-Feeding, Irregularly-Coiled Gastropods: Investigations into the Enigmatic Vermetidae 

 
Gastéropodes Enroulés Irrégulièrement, Sessiles, avec Alimentation en Suspension: Enquêtes sur le Vermetidae 
Énigmatique 

 
In tribute to Dr. Richard Palmer’s life-long fascination with the “weird and wonderful”, here we present our investigations into 
the systematics and evolution of the Vermetidae – an enigmatic family of sessile, irregularly-coiling, suspension-feeding 
marine snails found in warm temperate to tropical waters around the world. The study of vermetids and their interesting 
ecologies and life-histories has long been limited by the lack of a reliable systematic framework for this family and confusion 
over species identities and species boundaries. Over the past twenty years, we have undertaken a combined morphological 
and molecular approach to bring some structure to this family and to provide a robust template upon which to explore 
morphological and life-history evolution within the group. Our ongoing investigations have resulted in a revised classification 
and phylogenetic framework, new species discovery, and an improved understanding of the phylogenetic utility of key 
morphological traits. An unexpected outcome has been the discovery of a dynamic mitochondrial genome, with evidence of 
frequent gene order rearrangements during vermetid evolution, including tRNA remoulding. With renewed interest in the role 
of vermetids in threatened coral reef habitats, our studies are providing a much-needed framework for further exploration of 
these weird, but wonderful snails.  
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Inactivity as the Convergent Mechanism Underlying the Metabolic Phenotype in Winter Dormant Fish. 

Est l'Inactivité le Mécanisme Convergent qui Sous-Tend le Phénotype Métabolique chez les Poissons qui Sont en Dormance 
en Hiver? 

 
Winter dormant endotherms actively depress their energy expenditure via metabolic rate depression (MRD). However, 
controversy exists over the involvement of MRD in winter dormant ectotherms, including many temperate fishes. Previous 
studies have argued both for and against the presence of MRD in winter dormant fish, suggesting considerable interspecific 
variation in the capacity for MRD. However, these studies may suffer from confounding influences of variation in activity on 
metabolic rate. Recent work on a winter dormant model fish species (Tautogolabrus adspersus), showed that low winter 
metabolic rate was explained not by MRD, but rather by inactivity combined with the physicochemical effects of cold on 
metabolism. To test if inactivity is the convergent mechanism underlying the metabolic phenotype of winter dormant fish, I 
assessed dormant behaviour and dormancy threshold temperature in three temperate fish species. All species showed 
reductions in activity and feeding cessation, but the dormancy threshold temperature differed among species. We also found 
that, contrary to previous speculation, mummichogs do not engage in burying dormant behaviour in the cold. The relationship 
between activity and metabolic rate will next be measured simultaneously using video and automated respirometry in each 
species during an acute cooling period and long-term acclimation to winter temperatures.  
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Shifts in Metabolic Fuel Use Coincide with Maximal Rates of Ventilation and Body Surface Rewarming in an Arousing 
Hibernator 

 
Les changements dans l'utilisation du carburant métabolique coïncident avec les taux maximaux de ventilation et de 
réchauffement de la surface corporelle chez un hibernant en phase de réveil 

 
Lipids are the predominant metabolic fuel of the hibernation season; however, we investigated whether non-lipid fuels are 
recruited during arousal from torpor, when metabolism is rapidly elevated ~400-fold. We measured fuel use in arousing 13- 
lined ground squirrels using cavity ring-down spectroscopy (CRDS), and simultaneously measured ventilation and surface 
temperature change in various body regions using infrared thermography. These data were interpreted in light of changing 
plasma metabolite abundances at multiple torpor-arousal stages. We found that squirrels fueled the initial ~60 min of arousal 
using mixed fuels – lipids and likely carbohydrates – before switching to predominantly lipid oxidation. This fuel switch 
coincided with maximal rates of ventilation and rewarming of different body surface regions, including brown adipose tissue 
(BAT). Infrared thermography revealed zonal rewarming, whereby the BAT region was first to warm, followed by the thoracic 
and head regions, and finally the posterior body. Consistent with the CRDS results, plasma metabolite dynamics during early 
arousal suggested a large reliance on fatty acids with a contribution of carbohydrates and glycerol. High oxidative flux rates 
and efficient O2 use may make carbohydrates an advantageous metabolic fuel during early arousal, when metabolic 
demands are high but ventilation rates, and thus O2 supply, are low. 
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Seasonal Shifts in Gut Microbiota-Mediated Nitrogen Recycling in 13-Lined Ground Squirrels 

 
Changements saisonniers dans le recyclage de l'azote induit par le microbiome intestinal chez les écureuils terrestres à 13 
bandes. 

 
Near the end of the hibernation season, muscle volume and protein synthesis rates in the 13-lined ground squirrel rise   
despite months-long fasting and no dietary nitrogen. A possible nitrogen source could be from urea nitrogen salvage (UNS), a 
nitrogen recycling process mediated by the ureolytic activity of the squirrel’s gut microbiota. We hypothesized that the UNS 
contribution to muscle growth increases over the hibernation season, and tested this by comparing UNS processes in summer, 
early hibernation (1 month), and late hibernation (>3 months) ground squirrels. Data collected thus far indicate that urea 
transporter expression in cecal tissue is 3-fold greater in late winter than in summer squirrels, suggesting a greater urea- 
cecum transport capacity in winter. In vivo microbial ureolytic activity measurements using cavity ring-down spectroscopy on 
squirrels I.P.-injected with 13C,15N-labeled urea confirms the bacterial origin of UNS, because breath D13C are significantly 
lower in squirrels with antibiotic-depleted microbiotas. Early metabolomics results indicate that bacterial ureolysis provides the 
squirrels with urea-derived metabolites, and pending work will reveal whether urea-derived amino acids are incorporated into 
the squirrel’s protein pool. Together, these results corroborate UNS in ground squirrels and suggest it is a key aspect of the 
host-microbe symbiosis in hibernating mammals. 
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Using qPCR to quantify and differentiate species of schistosome from concentrated water 

Utilisant la qPCR pour quantifier et distinguer les espèces schistosomes dans l’eau concentrée 

William Cort discovered the life cycle of avian schistosomes responsible for causing swimmer’s itch in Michigan in 1928.    
Over 100 species responsible for this dermatitis have been described worldwide since then, but Michigan remains a hotbed for 
contracting and researching swimmer’s itch. Most species of swimmer’s itch-causing schistosome rely on a freshwater snail 
and a bird, typically waterfowl, in order to complete their life cycle. However, it is the cercarial stage that is shed from an 
infected snail that is the causative agent of the rash. In 2015, a qPCR assay was developed that allowed for quantitative 
assessment of this cercarial stage from a concentrated water sample. This test allowed us to evaluate how environmental 
factors and commonly implemented control initiatives, such as CuSO4 application and bird relocation efforts, impacted the 
abundance of avian schistosomes in lakes. We also found that it was likely that numerous species of schistosome caused 
swimmer’s itch in Michigan. This early work led to the development of four qPCR tests that allow us to differentiate and 
relatively quantify schistosome species. These tests allow us to track the contribution of each bird and snail host to the overall 
schistosome population in these high use recreational lakes. 
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The Effect of Exposure to Wastewater Effluent on the Gut Content Microbiome of Rainbow Darter (Etheostoma caeruleum) 

 
Effet de l'exposition aux effluents d'eaux usées sur le contenu intestinal du microbiome du Rainbow Darter (Etheostoma 
caeruleum) 

 
The microbiome is a community of bacteria integral in maintaining host health. At present, little is known about the gut   
content microbiome of fish, but preliminary research suggests that it is influenced by environmental stressors, diet, and 
habitat. This study aims to evaluate if exposure to wastewater treatment plant (WWTP) effluent in the Grand River affects the 
diversity of the gut content microbiome of the rainbow darter (Etheostoma caeruleum), a sentinel species common in this 
system. In October 2018, rainbow darter gut content (from 10 sites located at varying distances upstream and downstream of 
two major WWTPs) was sterilely collected and stored in buffer solution. Genomic DNA was extracted, and PCR amplification 
of the 16S rRNA gene V3-V4 region and Illumina sequencing were performed. Amplicon sequence variants were mapped 
back to bacterial species using the SILVA database and DADA2 pipeline. Diversity of the gut content microbiome increased 
significantly downstream of both WWTP outfalls (p<0.001) when compared to upstream samples, with dominant bacteria 
belonging to the following phyla: Proteobacteria, Firmicutes, and Cyanobacteria. This research provides insight into the 
response of the fish gut content microbiome after exposure to complex mixtures of emerging and legacy contaminants found 
in WWTP effluent. 
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To shiver or not to shiver? Delayed muscle development in high altitude deer mice 
 
At high-altitude, low ambient temperatures and PO2, limit aerobic thermogenesis of small endotherms. Many alpine natives 
have evolved adaptations to enhance thermogenic capacity as adults, including a more aerobic muscle phenotype. In altricial 
species (e.g. deer mice) the thermo-effector organs and endothermy develop after birth. We have previously shown that 
maturation of brown adipose tissue and non-shivering thermogenesis is delayed in high-altitude deer mice. Thus, we tested 
the hypothesis that selection has compensated by accelerating the ontogeny of shivering via changes in skeletal muscle 
development. We characterized the maturation of skeletal muscle over the first month after birth in lab-reared descendants of 
deer mice native to low (LA; 400 m) and high (HA; 4300 m) altitude and a LA congeneric (P. leucopus). We compared this to 
the age when mice begin to shiver. Contrary to predictions muscle maturation was delayed in HA native mice leading to poor 
thermogenic performance early in development. However, by 30 days old the HA pups had developed the more aerobic 
muscle phenotype and enhanced thermogenic capacity compared to LA mice, characteristic of adults. Our data suggest a 
global inhibition of thermogenesis in young HA rodents, highlighting important early-life tradeoffs between metabolic heat 
production and growth.  

mailto:roberceg@mcmaster.ca


106 
 

 

Emeline D. ROMELUS*1, C. GOURTAY1, 3, D. CHABOT2, J. ZAMBONINO4, C.  AUDET1 
1 Institut des Sciences de la Mer, Université du Québec à Rimouski, QC. Canada; 2 Institut Maurice-Lamontagne, Pêches et 
Océans Canada, QC. Canada; 3 Université de Bretagne Occidentale, Brest, France; 4 Ifremer, Brest, France 
E-mail: EmelineDurand.Romelus@uqar.ca 

 
Fatty Acids and Stress Tolerance in Striped Bass (Morone saxatilis) 

Acides Gras et Résistance au Stress chez le Bar Rayé (Morone saxatilis) 

Phytoplankton is the main source of polyunsaturated n-3 fatty acids (n-3 HUFA), and changes in phytoplankton communities 
related to global warming may affect n-3 HUFA availability in the food web. A scarcity of fatty acids could impact fish 
performance because n-3 HUFA play key roles in many physiological processes. The two objectives of this study were to test 
if the diet’s fatty acid content alters physiological performance under stress and to assess the physiological components that 
can explain inter-individual variations in stress tolerance. Two groups of striped bass juveniles were fed diets containing 
different proportions of n-3 HUFA: an “earth” diet with 0.854% and a “sea” diet with 1.854%. We submitted both groups to 
temperature challenge tests where we identified and removed the juveniles from the experimental tank as soon as they lost 
equilibrium. Juveniles fed the “earth” diet showed greater tolerance to the rapid increase in temperature conditions than those 
fed the “sea” diet. The liver mass and the relative liver glycogen content were higher in the most temperature tolerant 
juveniles, but these differences were not related to diet. Heart lactate and pyruvate concentrations were very low, irrespective 
of diet, but lactate concentration was significantly higher in the most tolerant juveniles. 
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Behavioural thermoregulation and metabolic recovery after exhaustive exercise in brook trout (Salvelinus fontinalis) 

Thermorégulation comportementale et rétablissement métabolique après un exercice exhaustif chez l'omble de fontaine 
(Salvelinus fontinalis) 

 
The effects of temperature on post-exercise recovery in fishes are widely studied, but questions remain about which metabolic 
processes are most important in driving temperature-dependent recovery and whether fish prioritize certain advantageous 
processes through thermal preference. We examined the influence of temperature on metabolic recovery and behavioural 
thermoregulation following exhaustive exercise in juvenile brook trout (Salvelinus fontinalis). Fish were   acclimated to and 
exercised at 15°C, then recovered at 15°C or 10°C while their oxygen consumption rates (ṀO2) were measured. Post-
exercise metabolite levels were analyzed in fish recovered at either 15°C for 6 hr, 10°C for 6 hr, or 10°C for 3 hr followed by 
15°C for 3 hr (to simulate behavioural thermoregulation). We found that ṀO2 returned to pre-exercise levels more quickly at 
10°C compared to 15°C, but 10°C hindered the recovery of plasma lactate and osmolarity levels: both remained elevated for 
the entire recovery period at 10°C, whereas these recovered fully by 6 hr in fish from the other two recovery regimes. 
However, fish did not exhibit behavioural thermoregulation, with an average 53% of time spent in 15°C and 47% of time spent 
in 10°C, suggesting the physiological recovery processes measured here are not prioritized by the fish.   
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Do Thermal Constraints on Physiological Performance Drive Winter Dormancy in Fish? 

Les Contraintes Thermiques sur les Performances Physiologiques Entraînent-Elles une Dormance Hivernale chez 
les Poissons? 

 
Winter dormancy (an inactive, fasting, slow metabolism state) is used by certain fishes to endure the frigid and food-
poor winter and persist at poleward latitudes. However, little is known about the mechanisms and drivers of winter 
dormancy. We hypothesized that winter dormancy arises because of severe constraints on physiological performance at 
frigid temperatures. To test this, we measured the thermal sensitivity of fitness-linked physiological performance (burst 
exercise duration, metabolic rate, aerobic scope, metabolite levels, and enzyme activities) in the winter-dormant cunner 
(Tautogolabrus adspersus), which enters dormancy below ~7°C, after acute exposure to 2-26°C and acclimation (≥5 
weeks) to 2-14°C. Performance declined with cooling below the thermal optimum in both exposure groups, and acutely 
exposed fish exhibited greater thermal sensitivity of performance below the dormancy threshold temperature than 
above, suggesting a major constraint of cold. However, at 2°C, acclimated cunner partially compensated their 
performance, with lower thermal sensitivity compared to acutely exposed cunner (Q10 of 1.1-2.0 vs. 3.9-4.3 between 8-
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Lakeside qPCR: Community based water monitoring using quantitative polymerase chain reaction 

 
qPCR à l'air libre: Surveillance de l'eau dans le programme de surveillance communautaire utilisant une réaction en 
chaîne de la polymérase quantitative 
 
Community based monitoring (CBM or citizen science) has been hailed as a highly effective tool for environmental 
monitoring. As a methodology it enables data collection and analysis on a large scale (geographically and 
longitudinally), for less cost. Additionally, CBM provides educational value to participants, and engages them in 
environmental protection. 
However, managing and implementing these projects can be highly complex, and there is a great deal of uncertainty in 
the integrity of the data collected. This study details the development and implementation of a CBM program designed 
to monitor water for ecological and health-related targets. We focused on gathering data related to toxic cyanobacteria, 
avian schistosomes, invasive zebra mussels, human fecal indicator bacteria, and pseudomonas bacteria using a 
portable qPCR methodology. Our CBM partners ran 985 independent water samples, and an assessment of accuracy 
was performed to determine if the CBM program generated trustworthy data. Reproducibility analyses were performed 
by calculating an interclass correlation coefficient (ICC), which ranged between 0.53-0.63 depending on the test used, 
which is comparable to ICCs calculated between professional laboratories. This study demonstrates the accuracy of 
portable qPCR technologies and provides practical information for others who may wish to implement a CBM project. 
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Ionome and elemental transport kinetics shaped by parallel evolution in threespine stickleback 

Ionome and elemental transport cinétique altéré par parallèle evolution dans threespine stickleback 

Evidence that organisms evolve rapidly enough to alter ecological dynamics necessitates investigation of the reciprocal links 
between ecology and evolution. Data that link genotype to phenotype to ecology are needed to understand both the process 
and ecological consequences of rapid evolution. Here, we quantified the suite of elements in individuals (i.e., ionome) and 
differences in the fluxes of key nutrients across populations of threespine stickleback. We find that allelic variation associated 
with freshwater adaptation that controls bony plating is associated with changes in the ionome and nutrient recycling. More 
broadly, we find that adaptation of marine stickleback to freshwater conditions shifts the ionomes of natural populations and 
populations raised in common gardens. In both cases ionomic divergence between populations was primarily driven by dif- 
ferences in trace elements rather than elements typically associated with bone. These findings demonstrate the utility of 
ecological stoichiometry and the importance of ionome-wide data in understanding eco-evolutionary dynamics.  
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Thermorgulation in Three Different Phenotypes of Bearded Dragon (Pogona vitticeps) 
 
Thermorégulation en Trois Phénotypes Différents du Dragon Barbu (Pogona vitticeps) 
 
Body temperature and rate of evaporative water loss are positively correlated in terrestrial animals. The magnitude of this 
correlation should depend on the degree of permeability of an animal’s integument. A single gene mutation has arisen in 
captive populations of bearded dragon (Pogona vitticeps) wherein the heterozygote exhibits scales of reduced prominence 
(“Leatherback”) and the homozygote completely lacks scales (“Silkback”). This experiment assessed whether or not bearded 
dragons with less prominent scales would choose cooler environments than Wild Type bearded dragons to compensate for 
the reduced thickness of their integument. Leatherback, Silkback, and Wild Type bearded dragons were placed in a thermal 
gradient varying from ~45°C at one end to ~20°C at the other. Chosen temperature was inferred from position in the gradient. 
No apparent difference in temperature preference was observed between the three phenotypes. This suggests that in 
squamates the correlation between reduced chosen temperature and increased rates of evaporative water loss is ultimately 
governed over the course of evolution and not proximately governed by an individual animal in response to physical 
phenomena. 
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Chronic Exposure to Bisphenol S Causes Abnormal Social Behaviours and Disrupts Isotocin Signaling in the Central Nerve 
System of Zebrafish (Danio rerio). 
 
Bisphenol S (BPS), an organic compound suggested as a safe alternative to Bisphenol A, is increasingly used throughout 
manufacturing processes, ranging from epoxy resins to polycarbonate containers. Hence, across ecosystems, organisms, 
including humans, are commonly exposed to this compound. Mounting evidence suggests that BPS acts as a harmful 
estrogenic and antiandrogenic compound. However, little is known about the impact of BPS on social behaviours and 
mechanisms underlying these behaviours. We exposed adult male and female zebrafish to 0, 0.25, 2.5, and 25 µg/L of BPS 
and 0.25 µg/L of 17-β-estradiol (E2) for 75 days. Afterwards, we tested the consequences on non-reproductive social 
behaviours by applying a novel tank test and by measuring shoal preferences as well as shoaling behaviour. All doses of 
BPS and E2 significantly decrease bottom-dwelling behaviour and the latency to reach the upper water column. Furthermore, 
both BPS and E2 exposure induced a significant decrease in shoal preferences. Our results also suggest that BPS disrupts 
important genes involved in the regulation of isotocin that may underly of the observed abnormal behaviours. Subsequently, 
we suggest that chronic exposure to environmentally relevant concentrations of BPS have adverse effects on non- 
reproductive social behaviours and thereby negatively impact ecosystems. 
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Molecular mechanisms regulating electric signal plasticity in the gymnotiform fish Brachyhypopomus gauderio. 

 
Mécanismes moléculaires régulant la plasticité du signal électrique chez le poisson gymnotiforme Brachyhypopomus 
gauderio. 

 
The nocturnal gymnotiform electric fish Brachyhypopomus gauderio emits a continuous electric organ discharge (EOD) to 
sense its environment and communicate with conspecifics. B. gauderio males generate larger EODs than females and 
increase their EODs every night during the hours of spawning. Although melanocortins and metabolic stress have been 
shown to mediate this sex-specific EOD circadian rhythm, the molecular and cellular mechanisms underlying this EOD 
plasticity are not fully understood. In this study, we isolated and characterized the entire cDNA sequences of the melanocortin 
receptor 5 (mc5r) and the insulin-growth factor II (igf2) genes from the electric organ of B. gauderio. Using RT-qPCR, we 
measured the expression of mc5r and igf2, and their potential targets, the voltage-gated sodium channel (scn4aa) and the 
Na+/K+ ATPase (atp1a2a) genes, in electric organs harvested from males and females during the day and night. Although 
the expression of mc5r and igf2 was not significantly different between males and females, scn4aa and atp1a2a were more 
highly expressed in females. These results align with previous pharmacological studies that suggest that the dynamic EOD 
plasticity in males is mediated by post-translational modifications and trafficking of ion channels. Sex differences in the 
morphology of the electric organs could also account for the differences in ion channel expression. 

NICOLAS SALCEDO-PORRAS*1, C. CAI1,2, C.  LOWENBERGER1 
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Rhodnius prolixus Peptidoglycan Recognition Proteins (PGRPs) in the Immune Response to Bacteria. 
 
Peptidoglycan Recognition Proteins (PGRPs) dans la Reponse Immunitare de Rhodnius prolixus vis-à-vis des Bacteries. 
Chagas disease affects 8 to 10 million people worlwide. It is caused by the protozoan Trypanosoma cruzi and transmitted by 
the hematophagous vector Rhodnius prolixus. The innate immune responses in insects are well understood in holometabolous 
insects: In the canonical Drosophila model, the Toll-pathway is activated by Gram-positive bacteria and fungi and the Immune 
Deficiency pathway (IMD) is activated by Gram-negative bacteria. Recent evidence in hemimetabolous insects suggest that 
this model might not conserved in all insects. The immune response in the hemimetabolous stinkbug, Plautia stali, revealed 
that the IMD and Toll pathways are intertwined and coregulate the expression of antimicrobial peptides (AMPs). We 
investigated the regulation of immune receptors of the IMD and Toll pathways in R. prolixus. Using   bioinformatics and wet 
bench studies we identified multiple PGRPs and Gram-Negative Binding proteins (GNBPs) and functionally characterized 2 
PGRP isoforms after inoculation with Gr- and Gr+ bacteria. These data were compared with insects that had PGRPs knocked 
down using RNAi. The overall results suggest that both PGRP isoforms are translated in   the fat body but that only one of 
them affects AMP expression. The potential models of how PGRPs recognize bacteria will be discussed. 
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Analysis of energy mobilization during an induced stress response in an elasmobranch fish, the spiny dogfish (Squalus 
acanthias). 

 
Analyse de la mobilisation de l'énergie lors d'une réponse au stress chez l'élasmobranche, l'aiguillat commun (Squalus 
acanthias). 

 
The vertebrate endocrine stress axis demands an increase in energy mobilization to reestablish internal equilibrium in 
response to a deviation in homeostasis. In the present study, we describe energy regulation during a stress event in an 
elasmobranch, the spiny dogfish (Squalus acanthias). Fish were fitted with an indwelling dorsal aortic cannula and placed in a 
blacked-out box fed with flow through seawater. Fish were treated in one of three ways: air exposure, administration of 
corticosterone (4ug/100ml/kg), or control. Blood samples were taken at 0, 0.5, 1, 3, 6, 12, 24, and 48 hours post-treatment, 
and plasma was analysed for osmolality, osmolytes, glucose, ß-hydroxybuterate, and lactate and compared to controls. There 
was no increase in the measured metabolic fuels in comparison to control fish immediately post-stress or corticosterone 
administration, indicating that the induced air exposure stressor of a total of 10 minutes was insufficient to mount an   
endocrine stress response, or any acute endocrine stress response was masked by confinement stress of fish held in our 
experimental chambers. There was an increase in glucose and ß-hydroxybuterate 24 hours following confinement, indicating 
a correlation between a secondary stress event and the mobilization of these fuels.  

ALEXANDRA M. SCOVIL*1 AND R.H. EASY1 
1 Department of Biology, Acadia University, Wolfville, NS. Canada 
E-mail: 130380s@acadiau.ca 

 
Exploring Gene Expression During Wound Healing and Limb Regeneration in the Common Sea Star, Asterias Rubens 

 
There are over 1500 species of sea stars living in aquatic ecosystems worldwide. The common sea star, Asterias rubens, is a 
marine invertebrate of the phylum Echinodermata, and is found predominantly in intertidal zones of the Northeast Atlantic 
Ocean. A. rubens have regenerative capabilities; they can undergo autotomy in response to a traumatic event and regenerate 
a genetically identical appendage. The objective of my research was to explore developmental genes involved in wound 
healing and arm regeneration in A. rubens. Using reverse transcription polymerase chain reaction, we explored four sets of 
genes involved in sea star regeneration including the immunoglobulin kappa region, genes for cysteine proteases, a 
homeobox domain, and an elongation factor subunit. Prior to experimental amputation, expression levels of all genes were   
not detectable. Following post-arm amputation, expression was seen in all genes of interest though the time at which this 
expression was detected varied between gene targets. Since 70% of echinoderm genes have human homologs, 
understanding the regenerative capacity of sea stars may provide insight into the molecular basis of wound healing and 
regenerative capacities of higher vertebrates. 
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Oxygen Supply and Demand at the Incipient Lethal Oxygen Level. 

Offre et demande en oxygène au niveau initial d'oxygène létal. 
 

Several prominent physiological and ecological theories posit that oxygen supply limits metabolic rate and aerobic scope for 
performance. Here I show, in contrast, that oxygen supply evolves to meet the ecologically mandated maximum demand at 
the prevailing environmental oxygen partial pressure. Exercise and environmental hypoxia pose distinct oxygen supply 
challenges that must be met by a common oxygen supply system. As a result, maximum and basal metabolic rates, their 
respective critical oxygen partial pressures, and the temperature and size coefficients for each metric, are mechanistically 
and quantifiably linked in animals across the tree of life. From this relationship I estimate the oxygen partial pressure under 
which maximum metabolic demand has evolved and the decrement in performance under hypoxia. I show that absolute 
aerobic scope, and optimal and pejus temperatures are not ecologically meaningful as typically defined. That said, any 
reduction in oxygen partial pressure or increase in temperature from current levels results in a reduction in factorial aerobic 
scope toward levels that impair organismal performance and limit geographic ranges.  

CHRISTINA A.D. SEMENIUK 
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Examining and predicting the adaptive capacity of individuals to cope with environmental change in the Anthropocene 

 
Examiner et prévoir la capacité d'adaptation des individus à faire face aux changements environnementaux dans 
l'Anthropocène 

 
Over time, organisms have evolved mechanisms to respond and perform optimally to expected ecological and environmental 
variation. However, when experiencing anthropogenic change, certain species succeed while others fail, challenging our 
ability to accurately assess how, why, and when success will occur. I am developing a robust new approach in predictive 
systems ecology that recognizes the effects of rapid ecological change on population persistence depend on the species’ 
adaptive capacity. Specifically, my research program focuses on three questions: i) what is the role of behavioural flexibility in 
mediating an individual’s ability to persist in situ or shift to more suitable habitat?; ii) how do these behavioural traits integrate 
with underlying physiological and/or gene-expression phenotypes to generate physiological acclimation, allostatic overload, or 
the potential for evolutionary adaptation?; and iii) can the resultant integrated phenotypes predict performance and fitness in 
future states and/or under multiple-stressor scenarios? I will discuss three study systems to demonstrate my approach: 
capacity for invasiveness in the round goby (Neogobius melanostomus), capacity for captive-living in the production of 
Chinook salmon (Oncorhynchus tshawytscha), and capacity for climate-change resilience in the polar bear (Ursus maritimus). 
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Understanding the pathogenesis of, and immunity to, the coldwater pathogen, Flavobacterium psychrophilum. 

Comprendre la pathogenèse de, et l'immunité à, Flavobacterium psychrophilum, un agent pathogène de l'eau froide. 

Aquaculture places fish in conditions deviating significantly from their natural state, making the animals susceptible to 
opportunistic pathogens. One problematic pathogen in rainbow trout aquaculture is Flavobacterium psychrophilum, the 
causative agent of bacterial coldwater disease (BCWD). Outbreaks of BCWD occur at temperatures between 8-12°C with 
losses ranging from 30-90%. There are few treatment options for BCWD as little is known regarding the pathogenesis of F. 
psychrophilum. Thus, in vivo methods were used to determine whether functional immune parameters could predict 
resistance to BCWD in high- and low-performing rainbow trout families (IgM titre and respiratory burst activity). This revealed 
that F. psychrophilum inhibited respiratory burst activity of host leukocytes, so a rainbow trout monocyte/macrophage-like cell 
line (RTS11) was used to further explore the pathogenesis in vitro. Interestingly, bacterial supernatant alone could induce a 
response in RTS11. This model was further used to explore alternative treatments for BCWD including the antimicrobial 
peptide, PACAP (pituitary adenylate cyclase-activating polypeptide). PACAP was shown to increase bactericidal activity of 
RTS11 while also stimulating immune genes. Gaining a deeper understanding of both the pathogenesis of F. psychrophilum 
and what constitutes an effective immune response in rainbow trout will provide valuable insights to effectively combat this 
troublesome disease. 
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Adventures in zoology with rorqual whales.  
 
Aventures en zoologie avec des rorquals. 

 
The lunge feeding behaviour of Balaenopterid whales (a.k.a. rorquals) is one of the most spectacular events in nature, 
although rarely witnessed by humans. Over the past 15 years our research group has endeavoured to shed light on this 
phenomenon in a quantitative manner by integrating a foundation of anatomy and tissue biomechanics with kinematics data 
from whale-borne recording devices and mathematical modeling. In the course of our work several novel discoveries have 
shed light on not only the mechanistic basis of lunge feeding, but also on the energetics, the effects of scale, and possible 
scenarios for the evolution of this highly efficient feeding mode that can support life at extreme body size in the ocean. In this 
talk I will present an overview of our research on lunge feeding, with a focus on blue, fin and humpback whales.  
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Structure and function of the fin whale mandible.  
 
Structure et fonction de la mandibule du rorqual commun. 
 
Mandibles of rorqual whales are highly modified to support loads associated with lunge-feeding, a dynamic filter feeding 
mechanism that is characterized by rapid changes in gape angle and acceleration. Although these structures are the largest 
ossified elements in animals and an important part of the rorqual engulfment apparatus, forces that are sustained by the 
mandibles are unknown; internal structure and mechanical properties are reported here for an adult fin whale. Ten transverse 
sections cut from a 3.6m left mandible of a 16m fin whale were CT scanned to make density maps. Cylindrical samples were 
cored and tested in compression to determine the Young’s modulus and compressive strength. Wet density, dry density and 
mineral density were measured. Dense cortical bone occupies a relatively narrow peripheral layer while much less dense and 
oil-filled trabecular bone occupies the rest. Mineral density of both types is strongly correlated with dry density and CT 
Hounsfield units. Compressive strength is strongly correlated with Young’s modulus, while strength and stiffness are both 
correlated with mineral density. It appears that the superficial compact layer is the main load bearing element, and that the 
mandible is reinforced against dorso-vental flexion that would occur during the peak loads while feeding. 
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Subcellular Distribution of Cadmium Explains Species-specific Differences in the Sensitivity of White Sturgeon and Rainbow 
Trout to Cadmium 

 
Several recent studies suggest that white sturgeon is significantly more resistant to cadmium relative to rainbow trout during 
both acute and chronic exposures, especially at the juvenile life-stage. The mechanisms of these differences are not fully 
understood. In the present study, despite its high resistance to Cd, white sturgeon accumulated significantly higher whole- 
body cadmium than rainbow trout when both species were exposed to 5 µg/L Cd, which is not consistent with the higher 
resistance of sturgeon to cadmium. Differences in metallothionein induction was also not indicative of the differences in the 
sensitivity to Cd, as both species showed similar level of MT induction (~2-3 fold induction) following exposure to cadmium for 
96 hours. However, following exposure to 2.5 µg/L cadmium for 20 days, we found that rainbow trout accumulated ~55% of 
total Cd in metabolically active pool (MAP) of liver, whereas sturgeon accumulated only ~22% in this fraction.  MAP consists 
of nuclei-cell debris, organelles and heat sensitive cellular moieties, and metal accumulation in subcellular fraction are 
believed to induce toxicity in organisms. Hence, the pattern of subcellular distribution of cadmium in liver seems to explain the 
higher resistance of white sturgeon to cadmium relative to rainbow trout. 
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Transplantation of fish blood fluke sporocysts to natural and unnatural polychaete intermediate hosts. 

Transplantation de sporocystes d’aporocotylide sur des hôtes polychètes naturels et non naturels. 

A fish blood fluke Cardicola orientalis (Aporocotylidae) is an important pathogen of farmed bluefin tuna around the world. 
Aporocotylids infecting marine teleost are unique among digeneans that they use the terebellid polychaete as the sole 
intermediate host. In the present study, cercariogenous sporocysts of C. orientalis obtained from naturally infected Nicolea 
gracilibranchis (Terebellinae) were injected into uninfected N. gracilibranchis as well as into other polychaete species. A few 
recipient worms were dissected weekly to check the presence of sporocysts. Within 2 to 4 wk post transplantation, a large 
number of sporocystogenous sporocysts and daughter sporocysts were detected in the recipient N. gracilibranchis, indicating 
a success of in vivo culturing of C. orientalis. However, there were high mortalities of recipient worms shortly after the 
injection, and the overall success rate of transplantation was only 11% (22/200). Sporocysts were also detected from 
unnatural hosts, but only from the genus Thelepus (Thelepodinae). The sporocyst intensity and success rate were lower in 
unnatural recipient polychaetes compared to the natural host. Ecological significances of the results and possible applications 
to tuna farming industry will be discussed. 

mailto:kamran.shekh@usask.ca
mailto:shirakashi@kindaisuiken.jp


116 
 

HANNAH S. SHUSTER-HYMAN*1, R.A. VAN DUSEN1 AND R.M.  ROBERTSON1 
1 Department of Biology, Queen’s University, Kingston, ON. Canada  
E-mail: 14hsh1@queensu.ca 

 
ATP-Sensitive Potassium Channels Contribute to CNS Ion Homeostasis during Anoxic Stress in Locusta migratoria. 

 
Les Canaux Potassiques Sensibles à l'ATP Contribuent à l'Homéostasie des Ions du SNC pendant le Stress Anoxique chez 
Locusta migratoria. 

 
Under extreme environmental conditions, many insects enter a protective coma associated with a spreading depolarization 
(SD) of neurons and glia in the CNS. Recovery depends on the restoration of ion gradients by mechanisms that are not well 
understood. We investigated the role of ATP-sensitive K+ channels (KATP) in the response to anoxia in adult female locusts 
using glybenclamide and pinacidil to block and open the channels respectively. In intact locusts, we measured the time to 
enter a coma after water immersion and the time to recover the righting reflex after returning to normoxia. In dissected 
preparations, we measured the time to SD in the metathoracic ganglion after flooding the preparation with saline and the time 
for the intraganglionic field potential to recover after removal of the saline. Glybenclamide shortened the time to SD in anoxia 
and delayed recovery, whereas pinacidil delayed SD and shortened the time to recovery. We conclude that KATP has a role 
to play in the CNS response to anoxia by regulating K+ homeostasis in the interstitial space. The relative roles of glial and 
neuronal KATP remain to be determined.  
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Salinity tolerance of Halocladius variabilis (Diptera: Chironomidae) larvae from the rocky intertidal zone of Nova Scotia, 
Canada. 

 
Limites de tolérance à la salinité des larves de Halocladius variabilis (Diptera: Chironomidae) de la zone intertidale rocheuse 
de la Nouvelle Écosse, Canada. 

 
The non-biting midge Halocladius variabilis inhabits the intertidal zone along temperate rocky shores where its larvae form a 
symbiotic relationship with the epiphytic fucoid algae, Elachista fucicola. H. variabilis larvae are among the few insects that 
have adapted to a marine environment, providing a unique opportunity to examine the osmoregulatory physiology of a marine 
insect and its contribution to the insect’s distribution and ecology. Algae harbouring midge larvae were collected at Tor Bay, 
Guysborough County, NS, between July and August 2018. Larvae were sorted into groups of 10 and transferred to seawater 
concentrations of 0% (freshwater) to 270%. Three replicates were performed at each concentration. Larvae were maintained 
at 15oC with a 12h:12h light:dark cycle and survival monitored over 12 days. Two-way ANOVA and post hoc analyses 
revealed a salinity tolerance from 50% to 200% seawater, which differs from that of related marine species in which this has 
been studied. Preliminary immunohistochemical investigations showed differences in the distribution of two major ion 
channels in osmoregulatory tissues of H. variabilis compared to the freshwater midge Chironomus riparius. These results 
indicate that H. variabilis is well-suited to its variable intertidal habitat and suggest that different midge species employ 
different physiological osmoregulatory strategies. 
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The Evolution of Complex Courtship Traits: Covariation and Interactions between Hummingbird Displays, Feather Structure, and 
Color Appearance  
 
L'évolution des traits nuptiales complexes: covariation et interactions entre les vols nuptiaux des colibris, la structure de leurs 
plumes, et l'apparance de leurs couleurs 
 
 
There is an astonishing diversity of animal signals, and often animals possess multiple signals. Selection will favor signals that can 
effectively be transmitted through the environment and detected by the receiver; and how multiple signals interact with each other 
and the environment during use can further influence signal efficacy. Angle-dependent, coloration often co-occurs with behavioral 
displays and can vary among species, providing an excellent model to study signal interactions. In these signaling systems, the 
environment and behavioral displays will interact directly with the angle-dependent structures to create the ornament's appearance 
to the receiver (i.e. color appearance). We tested how interactions between these three factors produce variation in color appearance, 
and how micro- and nano-structures of angle-dependent ornaments covary among species with behavior, the environment, and color 
appearance. We tested these hypotheses in "bee" hummingbirds, as nearly all species in this tribe possess a variant of an angle-
dependent ornamental throat patch and stereotyped courtship display. We found interspecific variation in feather structure/reflectance, 
display behaviors, solar-positional environment, and color appearance, and a negative co-evolutionary relationship between 
properties of the feathers and behaviors. We also found both positive and negative relationships between feather and behavioral 
properties with color appearance, illustrating the complex evolutionary relationships between these traits. By integrating the study of 
intricate behavioral displays, specific color production mechanisms, and environment, our results help improve our understanding the 
diversity of signals and their interactions. 
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The Role of Ploidy and Cell Size on Vascular Morphology and Microcirculation in Diploid and Triploid Zebrafish (Danio rerio) 

 
Le Rôle De La Ploïdie Et La Taille Des Cellules Sur La Morphologie Vasculaire Et La Microcirculation Chez Le Poisson Zèbre 
Diploïde Et Triploïde 

 
Polyploidy is prevalent in the evolutionary history of eukaryotes. Curiously, there have only been ~6 ploidy transitions during 
~300 million years of teleost evolution. The study of polyploid vertebrates has been focused on aquaculture as triploidy is the 
best strategy for producing infertile animals at industrial scale. Recent work implicates reduced aerobic scope in triploids (due 
to higher routine metabolic rates) as a primary cause of triploid susceptibility to sub-optimal conditions. Understanding why 
aerobic scope is impaired in triploid fish may help explain why polyploidy is so rare in teleost evolution. 

 
Erythrocytes undergo significant deformation in capillary transit; triploids have larger erythrocytes suggesting that 
microcirculation could be impaired when larger triploid cells must deform during capillary transit. Using various transgenic 
zebrafish lines and confocal microscopy, I demonstrate that A) triploids have larger embryonic erythrocytes, B) microvascular 
morphology is unaffected by ploidy, and C) that capillary transit time is affected by ploidy. Taken together, these data support 
a mechanistic explanation for the observed reduction in the aerobic scope of triploids: triploid hearts must work harder to 
force erythrocytes through capillaries that are proportionally smaller, thereby increasing routine metabolic rate and reducing 
aerobic scope. 
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Getting Deep into Skates: Biology of the Arctic Skate (Amblyraja hyperborea) in the Eastern Canadian Arctic 

Un Regard Approfondi des Raies: La Biologie de la Raie boréale (Amblyraja hyperborea) dans l'Est de l'Arctique Canadien 
 

The Arctic skate (Amblyraja hyperborea) has been identified as one of the most common bycatch species in Arctic fisheries. 
Global skate populations have declined by 90% since 1970, raising concern over exploitation of A. hyperborea in expanding 
northern fisheries. To better understand the ecological role of this species, we examined individuals sampled at six sites 
across the inshore and offshore environment of Baffin Bay, Eastern Canadian Arctic. Stomach contents, stable isotopes 
(ẟ15N and ẟ13C) and biometric profiles were used to draw conclusions over A. hyperborea diet, trophic position/foraging 
location and condition. A. hyperborea fed on small pelagic and benthic prey. With increasing size, energy was allocated 
towards sexual reproduction (increasing gonadosomatic index – decreasing hepatosomatic index) in inshore vs. offshore 
locations. Stable isotopes (ẟ15N and ẟ13C) of muscle and liver tissue revealed a degree of resource partitioning amongst 
sampling sites. Through comparison with other data, this study will allow a revaluation of the status of this species and inform 
bycatch management in Arctic fisheries. 
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Organism-to-Organism Communication Involving Calcium and Sodium Channel Dependent Action Potentials in Single Cell 
Choanoflagellates. 

 
Communication d'organisme à organisme impliquant des potentiels d'action dépendants des canaux de calcium et de sodium 
dans les choanoflagellés à cellule unique. 

 
Three micron-sized, single cell choanoflagellate, Salpingoeca rosette undergoes serial cell division to form a multi-cellular 
rosette upon induction by commensal bacteria. The choanoflagellates in rosette conformation generate spontaneous 
extracellular field potentials on a Med64 multielectrode array, of 10 microvolt in size with a spike width of an average of 7 
milliseconds.  Spike repolarization possess a consistent decay rate, but depolarization has a variable-sized plateau, 
suggesting of multiple components to the inward current.  100 pA sized sodium- and calcium- dependent inward currents 
were isolated in single choanoflagellates in whole-organism patch clamp, using a Nanion automated Port-a-Patch. Full length 
cDNAs underlying the choanoflagellate inward currents were characterized in HEK 293T cells.  The sodium channel, 
SroNav2, generates a slow and non-selective ionic current compared to a classical Nav1 channel. Selective mutations 
transforms an SroNav2 channel with high Na selectivity and fast conductance like a mammalian Nav1 channel. The L-type 
calcium channel, SroCav1 is reminiscent of mammalian Cav1.2, but lacking in calcium-dependent regulation of inactivation 
kinetics. Our findings indicate that the requirements for organism-to-organism communication in a common single cell 
eukaryotic ancestor likely predates and serves as the template for the emergence of cell-to-cell communication (eg. involving 
nervous tissue) in the metazoans. 
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Elevated ambient temperature accelerates aspects of torpor phenology in a hibernator. 
 
Une température ambiante élevée accélère certains aspects de la phénologie de la torpeur dans un hibernateur. 
 
The thirteen-lined ground squirrel (Ictidomys tridecemlineatus) is assumed to be an obligate hibernator - hibernating with a 
circannual rhythm, regardless of environmental conditions - but this assumption has never been tested. We housed three 
groups of captive-born ground squirrels from Aug. 2017 to Aug. 2018 under constant photoperiod (12L:12D) at 5°C, 16°C or 
25°C, and monitored hibernation using body temperature loggers. At 5°C and 16°C all animals hibernated from autumn to 
spring with no differences in date of first/last torpor or duration of interbout euthermic periods (IBE), but torpor bout duration 
was 25% shorter at 16°C. One of four animals housed at 25°C did not hibernate. In the other 3 animals, the first torpor (23 
Sept.) did not differ from the other groups, but the last torpor (5 Feb.) occurred almost 8 weeks earlier. These animals 
aroused from torpor more frequently, and IBE lasted significantly longer, so the total time spent torpid was less than half of 
the 5°C or 16°C animals. Unlike the other groups, some 25°C animals re-entered torpor in spring 2018. Taken together these 
data suggest that, below 25°C, this species is an obligate hibernator, but that high ambient temperatures can accelerate the 
endogenous circannual hibernation rhythm. 
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The Cost of Life in the Slow Lane: Estimating the Metabolic Rate and Trophic Impact of Greenland sharks (Somniosus 
microcephalus) 

 
Une Vie au Ralenti: Estimer les Taux Métaboliques et le Rôle Trophique du Requin du Groenland (Somniosus microcephalus) 

 
The metabolic theory of ecology states that the rate at which an organism uses energy is a key driver of its ecology and can 
provide a framework for the study of its behaviour, life history, population dynamics, and impact on the greater ecosystem. 
The inherent logistical challenges associated with estimating the metabolic rates of large aquatic wildlife, however, has 
limited our knowledge over their energetic demands. My project focuses on determining the cost of life for one such species, 
the Greenland shark. Specifically, I will use oxygen consumption data from static respirometry trials, coupled with 
measurements of swim speed, tail beat frequency and temperature from archival tag packages, to estimate the field 
metabolic rates of Greenland sharks living in the Canadian Arctic. In order to scale our measured oxygen consumption 
estimates according to size, temperature and activity level, we will use published relationships derived for other sharks. 
Finally, when combined with existing knowledge over diet and local population size at several sites across the Eastern Arctic, 
this approach will allow us to estimate Greenland shark consumption rates and, in turn, inform our understanding of their role 
as consumers in a rapidly changing Arctic ecosystem.  
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“Whale, Whale, Whale...What Do We Have Here?”: A Tale on Satellite Telemetry of Narwhals to Date  
 
“A l'eau, A l'eau, A l'eau”: Un Conte sur la Télémétrie par Satellite au sujet des Narvals 
 
Satellite telemetry is providing unique insight into movements and behaviours of many terrestrial and marine species, as well 
as the complex environments that they inhabit. Arctic environments are, however, very difficult to study due to their harsh 
climate and isolated nature. The narwhal (Monodon monoceros), as a yearlong Arctic inhabitant, is thus among some of the 
least understood organisms on our planet. Nonetheless, since the narwhal is particularly vulnerable to changes in its 
environment, it is imperative that a clear understanding of its movement ecology emerges. Here we review 28 studies, from 
1994-2017, that addressed or employed satellite telemetry. For each study, we extracted data on the study location, purpose, 
sample size (and sex), tag types used, and capture and tag attachment methods. The studies were explored within the 
context of discerning potential biases in study location (or effort), study design and scientific/management questions 
addressed as well as forming a consensus regarding tagging and reporting of field protocols. The purpose of this review is to 
identify the strengths and limitations of telemetry studies on narwhals thus far, and to help expand and improve our 
knowledge by directing future research, including welfare, methodology and scientific questions posed. 
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Evidence for Multiple Origins of Feeding Head Larvae during or before the Lower Cambrian 

 
In many animals the head develops early, most of the body axis later. A larva composed mostly of the developing head 
therefore can attain mobility and feeding earlier in development. On present evidence, head larvae, including feeding head 
larvae, evolved multiple times early in the evolution of bilaterian animals and never since. Fossils, functional morphology, and 
inferred homologies indicate that feeding head larvae existed by the Lower Cambrian in members of three major clades of 
animals: ecdysozoans, lophotrochozoans, and deuterostomes. Some larval feeding mechanisms were also those of juveniles 
and adults (the lophophore of brachiopod larvae, possibly the ciliary band of the dipleurula of hemichordates and 
echinoderms); some were derived from structures which previously had other functions (appendages and labrum of the 
crustacean nauplius). Trochophores with a prototroch for swimming originated before divergence of annelids and mollusks, 
but evidence of larval growth of molluscs, and thus a prototrochal role in feeding, is first seen in the Ordovician. Feeding 
larvae that definitely originated much later (in malacostracan crustaceans, insects, teleost fish, and amphibians) develop what 
will become the adult body axis before they begin locomotion and feeding. 
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Rainbow Trout (Oncorhynchus mykiss) Responses to Climate Change Stressors Across Multiple Life-stages 

 
Réponses aux Facteurs de Stress Liés au Changement Climatique à Différentes Étapes de Vie dans des Truites Arc-en-Ciel. 

 
Increases in temperature, coupled with decreases in dissolved oxygen, threaten the habitat of coldwater fishes, such as 
Rainbow Trout. In this experiment, we examined variation in thermal and hypoxia tolerance within and between several 
strains of Rainbow Trout to assess their relative resilience to climate change stressors.  We detected significant differences 
in upper thermal tolerance, measured as critical thermal maximum (CTmax), and hypoxia tolerance, measured as incipient 
lethal oxygen saturation (ILOS), among strains at the fry (four strains; p < 0.05) and yearling life stages (3 strains; p < 0.05) 
across multiple brood years. Tolerance of thermal and hypoxic stressors was significantly correlated within individuals at the 
yearling life stage (p < 0.05), such that more thermally tolerant juvenile Rainbow Trout tend to also be more hypoxia tolerant. 
Strains also differed in their post-trial recovery, with some strains incurring more post-trial mortality. Taken together, these 
results suggest that different populations and life stages will have different responses to increasing temperatures and 
reduced oxygen. 
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Thermal Acclimation Effects on Whole Animal Tolerance Traits, Metabolism, Cardiac Function, and Gene Expression in 
Rainbow Trout 

 
Effets de l'Acclimatation Thermique sur les Caractères de Tolérance, le Métabolisme, Fonction Cardiaque et l'Expression des 
Gènes chez la Truite Arc-en-Ciel 

 
Acclimation may be one way in which animals cope with the stressors associated with climate change. We assessed the 
effects of thermal acclimation (12°C, 18°C, 24°C) on critical thermal maximum (CTmax), incipient lethal oxygen saturation 
(ILOS), metabolism, the response of maximum heart rate, and cardiac gene expression in two strains of rainbow trout. 
Thermal acclimation increased CTmax and partially offset increases in ILOS at high acclimation temperatures. In addition, 
acclimation reduced maximum heart rate at intermediate temperatures and resulted in a progressive increase (~5°C total) in 
the temperature at which peak heart rate and heat-induced cardiac arrhythmia occurred. Absolute aerobic scope (AAS) was 
maintained or elevated from 12-18°C, but in contrast AAS decreased from 18-24°C. Reduction in AAS led to a reduced ability 
to acquire oxygen in hypoxia at the highest acclimation temperature. In support of the observed physiological responses to 
acclimation, gene-ontology analyses indicated that thermal acclimation resulted in significant enrichment for terms associated 
with aerobic metabolism, cardiac muscle membrane potential and regulation of ryanodine-sensitive calcium release channel 
activity. These results indicate thermal acclimation enhances whole-organism and cardiac thermal tolerance as well as 
hypoxia tolerance and these changes are reflected at the molecular level. 
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Cellular Aspects of Metabolic Depression in Cunner (Tautogolabrus adspersus). 

 
Aspects Cellulaires de la Tanche-Tautogue dans la Dépression Métabolique (Tautogolabrus adspersus). 

 
The cunner, a temperate member of the Labridae (wrasses), actively depresses its metabolism in winter. However, the cellular 
processes mediating this metabolic downregulation are largely unknown. In this experiment, adult cunner and rainbow trout 
(used as a comparative species) were acclimated to 1 and 10°C, and state 3 and 4 respiration rates were determined on 
isolated liver mitochondria at 1, 5, 10, and 20°C. Acclimation temperature did not affect either parameter, however, assay 
temperature (p<0.001) and species (p<0.001) both had significant effects. For example, high Q10 values (>10) for state 3 and 
4 respiration were recorded in cunner from 5-10°C in both acclimation groups indicating the capacity to rapidly depress 
metabolism (values for trout < 2.5). Cunner proton leak was also measured at 20 and 5°C and showed that mitochondria 
assayed at 20°C were much 'leakier' than when assayed at 5°C. CS and CCO activities will also be reported for both species. 
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Sequence variation suggests signals of local adaptation and population structure in Lake Winnipeg walleye (Sander vitreus) 

 
La variation de séquence indique une adaptation locale et une structure dans la population du doré jaune (Sander vitreus) 
de lac Winnipeg 

 
Connectivity, local adaptation, and population differentiation in the Lake Winnipeg walleye are largely unknown, which are 
unfortunate gaps in scientific knowledge given the walleye’s great importance to Manitoba’s economy. Wild-caught walleye 
were individually implanted with acoustic tags in 2017 and 2018 from several spawning regions for tracking with a receiver 
array spread throughout the Lake Winnipeg basin. Gill tissue was collected from a subset of these fish (n = 48) for RNA 
sequencing, where we examined whole transcriptomes (i.e., mRNA) of fish from three collection sites over a latitudinal 
gradient (n = 8 per year per site). These data yielded 52,372 neutral single nucleotide polymorphisms (SNPs) that indicate 
differences between years and sites. Weir and Cockerham’s pairwise Fst values were low among sites (between 0.0012 and 
0.0069), suggesting a single population. However, STRUCTURE analysis and Discriminant Analysis of Principal Components 
revealed site- and year-specific differentiation. We also investigated signatures of local adaptation using 204,887 high-quality 
SNPs and the R-package ‘pcadapt’, where early results show significant outlier SNPs in genes involved in cytokine signal 
transduction and cell growth. These results support subpopulation structure in the Lake Winnipeg walleye along with   
providing important signals of site-specific local adaptation. 
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A Dive into the Circadian Clock of Chinook Salmon 
 
Une Plongée dans l'Horloge Circadienne du Saumon Quinnat 
 
Circadian rhythms are thought to maximize organism fitness. Like all animals, Chinook salmon have an endogenous 
molecular clock that regulates their physiology in response to light-dark cycles. This clock was proposed as a factor in the 
genetic divergence of Chinook salmon populations receiving different photoperiods at different latitudes. However, the function 
of the clock in Chinook salmon has not been studied. We developed RT-qPCR reagents to study this non-model organism and 
found that the clock is transcriptionally active in multiple tissues. We then reared Chinook salmon under different photoperiods 
and feeding times to explore the effects of photoperiod versus feeding cues on the clock and its downstream targets. Samples 
were collected from the intestine, liver, brain, heart and muscle to test clock gene activity. Our goal is to design OpenArray 
chips to assay the expression of genes involved in digestion, hormonal appetite regulation, inflammation, and intestinal 
regeneration. This will explore whether clock function is a factor in the evolution of Chinook salmon by comparing clock output 
in conditions that resemble those of southern and northern latitudes. By determining when growth is up-regulated, optimal 
rearing conditions can be identified to improve yields in aquaculture and to better manage this threatened species. 
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Attraction of mosquitoes to epidermal bacteria isolated from green frogs infected with Hepatozoon blood parasites 

 
Attraction des moustiques à épidermiques bactéries isolées des grenouilles vertes infectés par des parasites sanguins 
Hepatozoon 

 
Mosquitoes, Culex territans, are preferentially attracted to green frogs, Rana clamitans, that are heavily infected with 
Hepatozoon blood parasites compared to lightly infected or uninfected frogs, and bacteria cultured from the epidermis of 
heavily infected green frogs are significantly more attractive to C. territans than lightly infected or uninfected frogs. The 
objective of this study was to examine the individual culturable components of the epidermal microbiome of green frogs 
infected with Hepatozoon species to determine which bacterial species are involved in the attraction of C. territans to heavily 
parasitized frogs. DNA sequence data was used to identify culturable components of the epidermal microbiome of green 
frogs and revealed similarities in species of bacteria isolated from frogs of similar infection levels. Attractiveness to 
mosquitoes of each purified bacterial colony was tested against a control plate in a choice assay, and showed that two 
species, Morganelli morganii and a Proteus species, were significantly attractive. However, significant correlations were not 
observed in the distribution of these attractants among frogs with different levels of Hepatozoon infection, suggesting that 
synergistic effects of two or more bacteria species, or attractiveness manifested by unculturable components of the 
microbiome, are driving attraction of mosquitoes to heavily infected frogs. 
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Developmental Changes of Microglia Morphology in Naked Mole Rats (Heterocephalus glaber) 
 
Les Changements de Développement de la Morphologie de la Microglie des Rats-Taupes Nus (Heterocephalus glaber)   
 
Naked mole rats (Heterocephalus glaber) are the most hypoxia-tolerant mammal and have an exceptionally long lifespan. It 
has been hypothesized that the retention of neotenic traits into adulthood may underlie both of these characteristics. Microglia 
are the immune cells in the central nervous system and exhibit clear morphological changes with development. Therefore, we 
hypothesized that microglia in adult NMR brain would retain a neotenic morphology into adulthood. To test this, we used 
immunohistochemistry to examine microglia morphology in the brains of 1, 6, and 36 month-old NMRs. We found that 
microglia of 1 month-old NMRs are less ramified, and have shorter branches than those of 6 month-old and 36 month-old 
NMRs. Compared to mice and rats, which have fully ramified microglia 1 month after birth, these results indicate that NMR 
microglia exhibit a neotenic morphology for a longer period of time than other rodents. However, NMR microglia do not retain 
this neotenic morphology into adulthood. 
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The physiology and functional genomics of overwintering in the Asian longhorned beetle 

La physiologie and génomique fonctionelle de l'hivernage chez le longicorne asiatique 

To cope with low temperature stress during winter, many insects enter a state of developmental arrest known as diapause – a 
phenotype characterized by decreased metabolic rate and increased stress tolerance. The Asian longhorned beetle 
(Anoplophora glabripennis; ALB) is an invasive species whose native range spans a large latitudinal gradient likely containing 
populations that vary in their overwintering capacity. The objectives of this study were to 1) test the hypothesis that ALB 
overwinters as a diapausing larvae, 2) determine its cold℃tolerance strategy, and 3) understand the mechanisms driving these 
phenotypes using tissue-specific metabolomics and RNA-seq. Larvae exposed to low temperatures suppress their metabolic 
rate by 62 %, decrease their supercooling point to -16.9, and are freeze tolerant. Both the transcriptome and metabolome 
varied significantly during diapause and we observed differential regulation of glycerolipid, alanine and glutathione metabolism 
in the fat body. We also observed increases in proline and glycerol that correlate with a decrease in supercooling point. In 
conclusion, ALB enter an obligate diapause during wintering and become increasingly cold-tolerant with the accumulation of 
cryoprotectants.  
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Development and Thermal Sensitivity of the Apple Maggot Fly (Rhagoletis pomonella): Implications for Overwintering Ecology  
 
Le Développement et la Sensibilité Thermique de la Mouche de la Pomme (Rhagoletis pomonella): Implications pour 
l’Écologie Hivernale 
 
Rhagoletis pomonella flies lay their eggs in fruits (most commonly apple and hawthorn) in the late summer and early fall, and 
the timing of their life cycles is associated with the phenology of their host plants. That is, because apple trees fruit earlier than 
hawthorn trees, flies that lay their eggs in apples (apple race) develop earlier in the summer than flies that lay their eggs in 
hawthorn fruit (haw race). Following development within the fruit, R. pomonella overwinter as diapausing (dormant) pupae in 
the soil, and eclose as adults the following summer. Differences in developmental timing limit gene flow between the two 
races, likely facilitating sympatric speciation. In addition, sympatric populations of apple and haw flies experience similar 
environmental stressors, but at different times in their developmental trajectory. For example, apple pupae are more 
developmentally-advanced than haw pupae at the onset of winter. Here, we examine the effect of prolonged warm 
temperature exposures (simulating autumn) and the timing and duration of low temperature exposures (simulating winter) on 
developmental progression and cold tolerance of R. pomonella apple and haw pupae. This study improves our understanding 
of R. pomonella overwintering ecology, with implications for evolution and pest management of this species. 
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Responses of Neurons in the Rat’s Auditory Midbrain to Two Spatially Segregated Sounds 
 
Réponses des Neurones du Cerveau Moyen du rat à Deux Sons Séparés dans L'espace 
 
The ability to recognize and localize sounds is critical for the biological fitness of animals, including the rat. A natural acoustic 
environment typically contains multiple qualitatively different, temporally non-overlapping, and spatially segregated sounds. 
Recognition and localization of a target sound in such an environment with competing sounds is different from that in an 
environment with the target sound alone. We want to understand how acoustic information from a complex acoustic 
environment is processed in the rat’s brain. Key to this understanding is to find how the response of a neuron to a sound is 
affected by a preceding sound that has a different quality and spatial location. To address this question, we recorded 
responses to a pair of tone bursts from the rat’s auditory midbrain. The frequencies of the two tone bursts were different from 
each other. The timing and location of each sound was controlled independently. Our results indicate that the response of a 
midbrain auditory neuron to a sound can be affected by a preceding sound, with the effects being dependent on the temporal 
and spatial relationship between the two sounds. Our results are important for the understanding of hearing mechanisms in a 
real-world situation. 
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The D-Lightless effect of a vitamin: Dietary manipulation and dark exposure does not impair vitamin D homeostasis or muscle 
function 

 
D’Illuminé l’effet d’une vitamin: Les manipulations alimentaires et l’exposition à la noirceur n’altèrent ni l’homéostasie ni la 
function musculaire de la vitamin D 

 
Vitamin D is a steroid that promotes healthy bone structure and muscle function. It is obtained from the diet and synthesized 
in the skin during UV-B exposure from sunlight. In muscle, it influences calcium transport and promotes growth, with varied 
responses depending on muscle type. We hypothesized that reduced exposure to UV-B, as occurs during hibernation or the 
Polar winter, might impact circulating levels of vitamin D to the extent that muscle contractile performance is altered, and that 
fast-twitch muscles will show greater responses compared to slow-twitch muscles. Mice were used as a model, and fed diets 
with normal or low vitamin D, and exposed to normal or no UV-B doses for 3 months. Neither fast nor slow muscle types 
showed significant differences between treatment groups in force, relaxation periods, power or force-velocity measures. 
Serum vitamin D levels, measured at midpoints and endpoint, varied substantially between individuals, but indicate 
mechanisms of compensatory homeostasis in the face of reduced vitamin D supply. These results suggests that intermittent 
interruptions in dietary vitamin D or light exposure in mammals, such as those that hibernate or live above the Arctic Circle, 
do not impair muscle contractile function.  
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Amphibious Fish Maintain Blood O2 Transport During Air-Exposure Despite Whole-Body CO2 Accumulation 

 
Les Poissons Amphibies Maintiennent le Transport de l'Oxygène Sanguin Pendant l'Exposition à l'Air Malgré l'Accumulation 
de CO2 dans tout le Corps 

 
Terrestrial air-breathers have higher internal PCO2 than water-breathers. Therefore, without compensatory responses, O2 
transport in amphibious fishes may be impaired during air-exposure as haemoglobin-O2 binding is sensitive to elevated 
PCO2. We tested the hypothesis that amphibious fishes have co-opted an aquatic hypercarbic response to maintain blood 
oxygen transport during air-exposure. We used the amphibious mangrove rivulus (Kryptolebias marmoratus) as a model, and 
exposed individuals to either water, air, or aquatic hypercarbia (4% CO2) for 7 days. First, we established that CO2 is 
accumulated internally, to the same degree, by both air-exposure and aquatic hypercarbia treatments. We found that 
mangrove rivulus compensated for elevated CO2 by increasing haemoglobin-O2 affinity which would facilitate effective O2 
transport. However, a shift in haemoglobin isoforms was not responsible for this compensatory affinity response. Finally, our 
proteomics data showed that the protein-level response to air-exposure is distinct from that of aquatic hypercarbia. Overall, 
the data suggests that aquatic hypercarbia has not been co-opted to cope with air-exposure, at least by mangrove rivulus. 
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Seasonal variation in thermal tolerance and energy allocation of endangered Redside Dace Clinostomus elongatus in the wild  
 
Variation saisonnière de la tolérance thermique et investissement énergétique de l'espèce menacée, Clinostomus elongatus   
à l'état sauvage 

 
Urbanization increases water temperatures in streams and rivers, via decreased canopy cover and warming of stormwater 
runoff, and is hypothesized to be responsible for the declines of many endangered fishes. However, little is known about 
seasonal variation in thermal tolerance for many species at risk, nor do we understand the physiological factors that promote 
increased tolerance. Redside dace (Clinostomus elongatus) is listed as endangered in Canada but some healthy populations 
persist in the USA. Using fish from a robust Ohio population, we measured acute thermal tolerance (CTmax) in summer, 
autumn, and winter. In summer (when stream temperature was ~22°C) CTmax was significantly higher in juveniles than 
adults, but in winter (when stream temperature was ~2°C) CTmax was higher in adults. Body condition was positively 
correlated with CTmax at each time point, but CTmax was not related to reproductive investment or energy stores. 
Temperatures in Canadian redside dace habitat approach summer CTmax values when pavement-warmed stormwater is 
discharged directly to streams, so restoration strategies that mitigate these temperature spikes should be emphasized. We 
also suggest that overall body condition of redside dace may provide an indication of the capacity of these fish to tolerate 
acute thermal stress. 

 
KURTIS F. TURNBULL*, J.N. McNEIL, B.J. SINCLAIR 
Biology Department, Western University, London, ON. Canada 
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Energetics of Burrowing during Winter Site Selection in the Western Bean Cutworm (Striacosta albicosta) 
 
Coût Energétique des Fouissement pour la Sélection des Sites D’hiver dans le Western Bean Cutworm (Striacosta albicosta)  
 
Many insects burrow to protected sites in soil prior to winter dormancy. Because soil buffers the effects of air temperature, 
insects that overwinter deeper underground exploit mild, thermally stable microclimates. However, burrowing is among the 
most energetically expensive forms of locomotion, and the benefits of deeper sites could trade-off with the energetic cost of 
entry and exit from soil, constraining insects to shallow sites if moving through the soil is costly. We tested this hypothesis 
using a limbless insect, the western bean cutworm, Striacosta albicosta (Lepidotera: Noctuidae) which burrows into soil to 
overwinter. Using artificial soils that varied in clay content, we examined the effect of soil texture on the net cost of burrowing. 
We found that cutworms penetrate deeper in soils with a low net cost of burrowing. Although the cost to burrow per unit 
distance is high for cutworms, the energy required to disperse to soil sites is low relative to the total energy used over winter 
dormancy. We hypothesize that biomechanical mechanisms, and not burrowing energetics per se, may limit dispersal depth 
of insects in clay-rich soils.  
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Expression of alternative oxidase in the copepod T. californicus when exposed to environmental stressors 

 
Expression d'une oxydase alternative dans le copépode T. californicus lors d'une exposition à des facteurs de stress 
environnementaux 

 
In addition to the typical electron transport system in animal mitochondria responsible for oxidative phosphorylation, some species 
possess an alternative oxidase (AOX) pathway, which causes electrons to bypass proton pumping complexes. 
Although AOX appears to be energetically wasteful, studies have revealed its wide taxonomic distribution. AOX discovery in 
animals is recent, and further research into its expression, regulation, and physiological role has been impeded by the lack of 
an experimental model organism. DNA database searches using bioinformatics revealed an AOX sequence present in the 
arthropod Tigriopus californicus. Multiple sequence alignments compared AOX proteins and examined amino acid residues 
involved in AOX catalytic function and post-translational regulation. The physiological function of a native AOX has never been 
identified in an organism that produces it. This study will examine the roles of AOX in the tolerance to environmental stressors 
in T. californicus. This will be tested by subjecting the copepods to five different temperatures (6-28°C), and extended periods 
of light/dark exposures. Samples will be taken after 24hours (acute) and 1week (chronic) of incubation at each stress. By 
understanding why T. californicus possesses AOX, we can better understand why some other organisms, including humans, 
do not express or have lost the AOX gene. 

 

NAHID VAGHARFARD*, C. BUCKING 
Dept. of Biology, York University, Toronto, ON. Canada 
E-mail: nahidva@my.yorku.ca 

 
Enzyme Activities in the Intestinal Layers of Teleost Fishes: Host versus Gut Microbe Contribution 

 
Activités Enzymatiques dans les Couches Intestinales des Poissons Téléostéens: Contribution du l’Hôte contre de la Microbe 
Intestinale 

 
Digestive enzymes are essential for the metabolism of dietary nutrients. Animals rely on both endogenous and exogenous 
sources of these enzymes. Microbes in the gastrointestinal tract (GIT) produce exogenous enzymes that help break down 
carbohydrates, proteins, and fats from the diet. Total activity levels are known to correlate with dietary concentrations, but the 
contribution of endogenous versus exogenous enzymes to the digestion of various diets is mostly unknown. The present study 
looked at the host tissue (endogenous) versus bacterial (exogenous) contribution to GIT enzyme activity. Specifically, the 
cellulase and trypsin enzyme activities in the intestinal layers of the carnivorous rainbow trout (Oncorhynchus mykiss), 
herbivorous central stoneroller (Campostoma anomalum), and omnivorous goldfish (Carassius auratus) were compared. 
Through PCR, the presence or absence of bacteria in the intestinal layers were confirmed. Enzyme assays showed that 
goldfish had the highest cellulase activity and rainbow trout had the highest trypsin activity. The bacteria showed variable 
contributions that were species-specific. These results describe the differences in host versus bacterial contribution in three 
fish species and attributes the activity to specific intestinal layers. Diet appears to influence enzyme activity and bacterial 
contribution. 
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The Role of Adenosine in the Functional Recovery of Locusta migratoria Following Anoxic Coma 

Le Rôle de L'adénosine dans la Récupération Fonctionnelle de Locusta migratoria à la Suite d'un Coma Anoxique 
 

When exposed to prolonged anoxia insects enter a reversible coma in which neural and muscular systems are temporarily 
shut down. Nervous system shut down is a result of a spreading depolarization event throughout neurons and glial cells. Upon 
return to normoxia, recovery occurs following the restoration of ion gradients. However, there is a delay in the functional 
recovery of synaptic transmission following membrane repolarization. In mammalian research, it has been shown that the 
build-up of extracellular adenosine contributes to this delay following spreading depolarization. Adenosine accumulation is a 
marker of metabolic stress and leads to many downstream effects through the activation of A1 receptors. Here we 
demonstrate that manipulation of the A1 receptor through the administration of receptor agonists and antagonists does 
influence functional recovery time following anoxic coma in locusts. Measurements were both qualitative; time to stand and 
time to ventilate, as well as quantitative; nerve activity, field potential, and CO2 output. Our results show that the rate of 
recovery in insect systems is affected by the presence of adenosine. This finding provides insight into the cellular mechanisms 
involved in recovery following neural shut down and allows for future investigation into the pathways responsible.  

HEATHER D. VEILLEUX*1,2, T. RYU3,4, J.M. DONELSON2,5, P.L. MUNDAY2, T.  RAVASI4 
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Engineering, King Abdullah University of Science and Technology, Thuwal, Saudi Arabia; 5 School of Life Sciences, 
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Epigenetic Mechanisms of Transgenerational Acclimation to Ocean Warming in a Tropical Reef Fish 

 
Mécanismes Épigénétiques de l'Acclimatation Transgénérationnelle au Réchauffement Océanique dans un Poisson de Récif 
Tropical 

 
Epigenetic inheritance is a potential mechanism by which the environment experienced in one generation can influence the 
performance of future generations. Rapid climate change threatens the survival of many species; however, there is 
increasing evidence that some species have the capacity to acclimate when exposed to predicted climate-related stress 
throughout life or across generations. For example, the damselfish, Acanthochromis polyacanthus, can fully restore aerobic 
performance when both parents and offspring experience the same elevated temperatures. However, whether these 
transgenerational changes are regulated by epigenetic mechanisms is unknown. Thus, we sequenced and compared the 
methylomes of A. polyacanthus exposed to control (+0 °C) and increased temperatures (+3 °C) within and between 
generations. We identified 2,467 differentially methylated regions associated with 1,870 genes, of which 193 significantly 
correlated to the transgenerationally acclimated phenotypic trait, aerobic performance. Many of these genes play important 
roles in energy homeostasis, oxygen consumption, and angiogenesis. One gene, Igf2, is a well-studied imprinting gene 
involved in growth and had significantly lower methylation in transgenerational damselfish. In conclusion, we found that 
exposure to high temperatures associated with climate change caused genome-wide changes in DNA methylation, 
suggesting that epigenetic regulation is possible in a species facing a warming environment.  
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Community Composition and Relative Abundance of Zooplankton in Lake Erie’s Western Basin Between 2010 and 2018 

Composition de la Communauté et Abondance Relative de Zooplancton dans le Bassin Ouest du lac Érié Entre 2010 et 2018 

The composition and relative abundance of Lake Erie’s western basin zooplankton community was studied between 2010 
and 2017, with the aim to determine seasonal and annual changes in community assemblage. Samples were collected and 
preserved by the Ontario Ministry of Natural Resources and Forestry (Wheatley Ontario). Preliminary results (2010, 2012, 
2014, 2016) reveal a consistent spring peak occurring in May to early June with the four most abundant groups of 
zooplankton being calanoid copepods, cyclopoid copepods, Bosmina and Daphnia; however, their relative abundances differ 
each year. We also observed a consistent spring clearing event, when community densities decreased an average of 4400 
organisms/m3 during June or early July. Results from the 2010-16 period appear to show a depression in summer and early 
autumn Bosmina and Daphnia populations. In late September, these populations have decreased from an average 513 
organisms/m3 (2012) to 149 organisms/m3 (2016). Although Microcystis-containing harmful algal blooms generally occur 
during late summer months, it is unknown if these depressions are a result of Lake Erie’s recent re-eutrophication. 
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Does Thermal Stress Post-Hatching, in Grey Carpet Sharks (Chiloscyllium puncatum), Affect Their Hypoxia Tolerance?  
 
Est-ce que le Stress Thermique Après Eclosion, a un Effet sur la Tolérance a L’hypoxie du Requin-Chabot Bambou 
(Chiloscyllium puncatum)? 

 
Climate change exacerbates the extent of hypoxic zones, their duration and intensity, potentially impairing the physiology of 
susceptible organisms. This study explores the effect of thermal stress post-hatching on the ability of Grey Carpet Sharks to 
cope with a hypoxic challenge based on the time to loss of righting reflex (TLRR) in response to a hypoxic challenge at 0.35 
mgO2 L-1. Within the first 24 hours after hatching, temperature was elevated to 32 ºC or kept at 24 ºC for 2 hours a day for 
five days, then maintained at 24 ºC. Data analysis demonstrated that a post-hatching exposure to a thermal stress of 28 ºC 
did not have a significant effect on the TLRR (P=0.896). Surprisingly, the best predictor of TLRR among the set of body traits 
measured, was the ratio between the length of the first dorsal fin and the total body length (P=0.015; R2=0.606). Neonatal 
ventilation rates varied during hypoxic exposure (P<0.0001). Compared to the resting state, a steep increase of 208% 
occurred within 20 minutes of exposure; followed by a decrease (≈1.35 fold). The change in ventilation rates reflects a unique 
strategy displayed by neonates but not by adults. Future studies should investigate this unique response. 
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The Impact of Cyclic Thermal Stress on Embryo Development in the Grey Carpet Shark (Chiloscyllium punctatum)  
 
Effet du Stress Thermique Cyclique sur le Développement Embryonnaire du Requin-Chabot Bambou (Chiloscyllium 
punctatum) 

 
Environmental stressors such as temperature fluctuation can compromise successful development. Projected increases in 
temperature in the coral reef flats over the next 100 years (of up to 7°C), could compromise the embryonic development of 
oviparous sharks. In this study we explored the impact of cyclical thermal stress on normal embryonic development in the 
Grey Carpet Shark.  This study mimicked the cyclical pattern of temperature variation on coral reef flats.  Egg cases 
containing embryos were moved to either 28ºC or 24ºC (controls) for two hours on five consecutive days, then returned to 
their 24ºC holding tank for an interval of nine days before another heat exposure. Results revealed that neonates exposed to 
thermal stress cycles at 28ºC were shorter in length at hatching (P=0.044). There was a 10 day delay in the time to hatching, 
compared to controls (P=0.004). While these temperatures are lower than the projected future reef temperatures, this is the 
first report to reveal that even brief cyclical exposure to modest thermal stress resulted in significant differences in embryo 
size and development time compared to controls. Future studies should explore cyclic thermal stress at higher temperature 
(32 - 36ºC) to complete the profile. 
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Fish in hot water: can maternal stress adaptively modulate offspring thermal tolerance in a world impacted by climate change?  
 
Poisson en eau chaude: le stress maternel peut-il moduler de manière adaptative la tolérance thermique des progénitures 
dans un monde impacté par le changement climatique? 
 
Climate change is increasing global water temperatures, and by altering temperatures, is subsequently impacting aquatic life, 
particularly ectothermic fish. When mothers encounter environmental stressors such as elevated temperatures during 
follicular recruitment (maternal stress), resultant offspring often have altered phenotypes. Although these effects are often 
considered negative, recent studies suggest this maternal stress signal may prepare offspring for a similarly stressful 
environment (environmental match). We applied the environmental match hypothesis to investigate whether a maternal 
stress signal can prepare offspring to behaviourally cope in a stressful environment. Specifically, we exposed Lake Ontario 
Chinook salmon (Oncorhynchus tshawytscha) eggs to a biologically relevant maternal stress signal (1000ng/mL cortisol or 
control). We split and reared these dosed groups at temperatures indicative of current and future temperature conditions 
(+3°C). To test the offspring thermal tolerance, we determined their CTMax and their energetic response (plasma cortisol, 
glucose and lactate concentrations) to temperature spikes over 3 consecutive days. Elevated rearing temperatures led to 
higher CTMax, and overall maternal stress did not modulate thermal tolerance. By examining an ecologically and 
commercially important fish within the environmentally relevant context of climate change, our results should facilitate 
predictions of how fish may persist with increased temperatures under projected climate scenarios. 
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A Phylogenetic and Genomic Approach to Understand Blood-feeding in Parasitic Nematodes 
 
Une Approche Phylogénétique et Génomique pour Comprendre l’Alimentation Hemoatophage chez les Nématodes Parasites.  
 
Hematophagy has evolved multiple times independently across the Phylum Nematoda. Many of these species cause 
significant negative impacts to global human health and livestock industries, in terms of animal welfare and loss productivity. 
Our goal is to understand the molecular mechanisms that enable hematophagous parasites to obtain nutrients from their 
hosts’ blood and use these as targets for new and urgently needed antiparasitic drugs. This project has required us to decide 
which nematode species are hematophagous—the literature is less than clear. Adding to the confusion is that published 
phylogenies of hematophagous nematodes frequently disagree—the only agreement is that the hookworms are paraphyletic. 
We will present these problems in more detail and our strategy to resolve them. 
With respect to the molecular mechanisms of hematophagy, we are characterising the parasite-derived proteins that act as 
anticoagulants, which are the focus of efforts to develop an anti-hookworm vaccine. We will show that even closely related 
species do not share homologous anticoagulants. These data go a long way to explain the lack of a vaccine that is effective 
against multiple species of hookworm. It is important to explore the genome of each species in its own right. 
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Regulation of Glucose Acquisition in the Pacific Hagfish Hindgut 

 
Régulation de l'acquisition du glucose dans l’intestin de la myxine du Pacifique 

 
Hagfish are model organisms for the study of evolutionary physiology as the oldest living representatives of the vertebrate 
lineage. Previously, we identified transporters for glucose acquisition in the hagfish hindgut akin to glucose transporters 
(GLUT) and sodium-glucose linked transporters (SGLT). This study sought to identify whether hagfish regulate glucose 
acquisition similarly to other vertebrates across the hindgut. Previous research has revealed that the canonical effects of 
insulin persist in Pacific hagfish, albeit over a longer incubation time, and that an immediate hyperglycaemia occurs in 
glucose-loaded Atlantic hagfish. Injection of glucose (0.5 g/kg) and insulin (1 IU/kg) each altered plasma glucose 
concentrations. However, no effect on hindgut glucose acquisition occurred 8- or 24-h post-injection. Furthermore, there was 
no alteration in the localization of SGLT as determined via immunocytochemistry. Conversely, a significant ~2.5-fold increase 
in glucose acquisition was observed 8-h following a feeding event. This was accompanied by substantial recruitment of SGLT 
proteins to the apical hindgut membrane. Overall, these results demonstrate that hagfish have similar strategies for dietary 
glucose uptake. The means of regulation, however, may not be conserved across vertebrate phylogeny. Additionally, the time 
course used here may not encompass the time frame required to elicit changes in glucose acquisition. 
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The role of lung structure and function in adaptation to high-altitude hypoxia in deer mice (Peromyscus maniculatus). 

 
Le role de la structure et de la function pulmonaire dans l’adaptation a l’hypoxie de haute altitude sur les souris sylvestre 
(Peromyscus maniculatus). 

 
The low partial pressures of oxygen (‘hypoxia’) and low temperatures at high altitude are particularly challenging for small 
endotherms. Deer mice (Peromyscus maniculatus) that are adapted to high altitude provide a unique opportunity to 
investigate naturally evolved solutions to hypoxia. We have previously shown that high-altitude populations maintain higher 
aerobic performance (VO2max) in hypoxia than populations from low altitude, in association with increased pulmonary O2 
extraction; however, the underlying mechanism for this improved performance remains unknown. We investigated whether 
highlanders exhibit (1) differences in lung microstructure that increase morphological capacity for O2 diffusion, or (2) 
improvements in ventilation/perfusion matching during hypoxia that increase lung O2 extraction. Both populations increased 
lung volume following hypoxia acclimation, but highlanders showed higher alveolar surface density than lowlanders 
regardless of acclimation environment. Preliminary evidence also suggests that highlanders resist pulmonary artery 
thickening, a maladaptive response to chronic hypoxia that may disrupt ventilation/perfusion matching. Ongoing research is 
evaluating this possibility using SPECT-CT imaging. This study demonstrates that evolved changes in lung structure and 
function are involved in hypoxia adaptation and contribute to survival in extreme environments.  
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Does thermal preconditioning during development alter the stress and immune responses of juvenile rainbow trout 
(Oncorhynchus mykiss) exposed to a thermal challenge? 
 
Le préconditionnement thermique pendant le développement modifie-t-il le stress et la réponse immunitaire des truites arc-en- 
ciel juvéniles (Oncorhynchus mykiss) exposées à un choc thermique? 

 
Climate change is the leading threat facing Canadian Aquaculture, causing increases in a plethora of stressors that can have 
long-lasting damaging effects. Of these stressors, increasing temperatures are perhaps the most predominant threat, causing 
reduced feeding and an increase in susceptibility to disease as a result of stress. This increase in stress results in a decrease 
in the health of the fish and from an aquaculture perspective, a decrease in productivity and harvest. One of the methods 
suggested as a way of mitigating the stress associated with increasing temperatures is thermal preconditioning. Exposing fish 
to spikes in temperature throughout development is expected to induce a long-lasting physiological response that increases 
overall resiliency to temperature fluctuations. To assess the impact of thermal preconditioning on the stress and immune 
responses of rainbow trout (Oncorhynchus mykiss), we exposed developing fish to spikes in temperatures twice a week for  
six weeks after the swim-up stage before exposing them to a thermal challenge and assessing the expression and protein 
levels of several stress and immune genes. This presentation will explore changes at the transcript and protein levels for 
Hsp70, Hsc70, IL-1β and TNF-α. The outcomes of this work could improve overall fish health and aquaculture productivity.  
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Ecological factors influence primate vocal behaviour in a Neotrpoical Dry Forest: Habitat and behaviour in three primate 
species. 

 
Les facteurs écologiques influencent le comportement vocal des primates dans une forêt sèche néotropique: habitat et 
comportement de trois espèces de primates. 

 
Auditory signals are used across taxa to convey information over long distances. Animals can alter their vocal behaviour in 
response to environmental differences such as variation in habitat age or habitat complexity. The seasonal dry forests of the 
Guanacaste Conservation Area offer a unique situation to study the behaviour of primates in varying habitats as it is a large 
protected area of one of Earth’s most endangered ecosystems. Our research uses a bioacoustic approach to explore the 
relationship between vocal behaviour and the environment in three tropical primate species: Golden-Mantled Howler 
Monkeys (Alouatta palliata), Geoffroy’s Spider Monkeys (Ateles geoffroyi), and White-faced Capuchin Monkeys (Cebus 
capucinus). We hypothesize that habitat maturity and seasonal changes in habitat structure influence the presence of 
primates and their vocal behaviour. We collected recordings at 44 sites within the Guanacaste Conservation Area in both wet 
and dry seasons.  Presently we are comparing acoustic data to data of habitat maturity and time of year.  Current results 
show that the vocal behaviour of all three monkey species varies with vegetation features and with time of year. Our results 
illustrate the impacts of restoration programs and provide support for further restoration efforts in at-risk tropical 
environments.    
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The Organization of Ion Transport Machinery Provides Insight Into the Evolution of Lamprey Gill Function. 

L’organisation des Machines Ion Transport Fournit un Aperçu de l’Évolution de la Fonction de la Lamproie Gill. 

Some freshwater parasitic lampreys, such as the well-known sea lamprey (Petromyzon marinus), are derived from lampreys 
that feed at sea. Others, including the silver lamprey (Ichthyomyzon unicuspis), appear to have been freshwater resident for 
long periods of evolutionary time based on the absence of seawater-type ionocytes in their gills at metamorphosis (Bartels et 
al. 2012; Can. J. Zool. 90:1278). We used immunohistochemistry to independently test this conclusion. Using the sea 
lamprey as a seawater-dwelling outgroup, we predicted that silver lampreys would exhibit freshwater (V-ATPase)-type 
transporters if they have indeed been freshwater resident for long periods of evolutionary time or saltwater (Na+/K+-ATPase; 
NKA)-type transporters if recently derived from an anadromous ancestor. In silver lamprey, the apical membrane of gill 
ionocytes was dominated by V-ATPase transporters, consistent with active H+ excretion, indirectly coupled to Na+ uptake in 
fresh water. In sea lamprey, V-ATPase was virtually absent in sea lamprey gill but NKA was highly concentrated in ionocytes 
found in the interlamellar space of sea lamprey, a likely adaptation for seawater acclimatization not observed in silver 
lamprey. Therefore, our results support the conclusion that the ancestor of silver lampreys was likely a freshwater lamprey, 
rather than a seawater-dwelling ancestor.  
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High Throughput Screening and Catalytic Function of Heterologously Expressed CYP3 Enzymes from Zebrafish 

 
Cytochrome P450 (CYP) enzymes in the CYP3 family are important for xenobiotic metabolism. In humans, CYP3A enzymes 
account for the metabolism of >50% of all pharmaceuticals.  The CYP3 family is diversified in teleosts and evolutionary 
studies place the teleost CYP3 subfamilies in one clade, suggesting that mammalian and teleost CYP3A genes are not 
orthologues. This raises questions regarding the functions of CYP3s in fish. We have expressed zebrafish CYP3C1 and 
CYP3A65 and determined function using two approaches. Proteins were screened using commercially available fluorogenic 
probes. CYP3C1 and CYP3A65 were well able to metabolize 7-methoxyresorufin and other alkoxyresorufin substrates, 7- 
benxyloxy-4-(trifluoromethyl)coumarin and dibenzylfluorsecein. Using a NADPH co-factor consumption assay, CYP3C1 and 
CYP3A65 function was tested in high throughput screen with 4000 compounds. We found 200 and 343 positive hit 
compounds for CYP3C1 and CYP3A65, respectively. Top hits were examined for protein independent NADPH consumption 
and reactive oxygen species generation to rule out false positives and highly uncoupled reactions, respectively. Substrate 
concentration was varied to determine Km and 7-benxyloxy-4-(trifluoromethyl) coumarin inhibition assays were used to 
determine IC50s for the top 48 hits.  There was large overlap in the top hits for CYP3A65 and CYP3C1 suggesting 
overlapping function for these CYP3 enzymes. 
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Transepithelial Potential as a Predictor of Major Ion Toxicity in Fish 

 
Le Potentiel Transépithélial en tant que Prédicteur de la Toxicité des Ions Majeures chez les Poissons 

 
Salinization of fresh waters is increasing world-wide, and a variety of major ions contribute. Here we explore the premise that 
major ion toxicity to fish can be predicted as a function of changes in transepithelial potential (TEP) across the gills. This 
approach evolves from theoretical predictions of the depolarizing effects of major waterborne ions. These rely on the 
Goldman-Hodgkin-Katz and Spangler equations, which are extensions of the well-known Nernst equation. Here we present 
proof-of-principle experiments on three freshwater fish (fathead minnow Pimephales promelas, channel catfish Ictalurus 
punctatus, and bluegill Lepomis macrochirus). The fish were exposed separately to 8 different salts (KCl, NaCl, MgCl2, 
CaCl2, K2SO4, Na2SO4, MgSO4, CaSO4) across a range of concentrations that encompassed the 96-h LC50. Acute 
changes in TEP were measured using a high impedance voltmeter, and indwelling peritoneal catheters connected to silver 
chloride electrodes via KCl-agar bridges. The results of these single salt tests indicate that while there are species-specific 
differences, within each species there is remarkable consistency between TEP changes and toxicity. These results reinforce 
the mechanistic basis for the TEP model for predicting major ion toxicity and have encouraged us to now test the approach 
using binary salt mixtures. (Rio Tinto, Ecotox, EPRI). 
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Thyroid-Hormone Mediated Apoptosis is the Driving Mechanism Behind Larval Arm Retraction in Stronglyocentrotus 
purpuratus. 

 
L'apoptose Médiée Par les Hormones Thyroïdiennes est le Mécanisme Primere Soutenaient la Rétraction du Bras de la 
Larve Chez le Strongylocentrotus purpuratus. 

 
Stronglycentrotus purpuratus (purple sea urchin) develops a pluteus larva, an enigmatic dispersal stage with skeletal arms 
supporting swimming and feeding. Metamorphosis of this pluteus larva into a sessile adult coincides with arm retraction. 
While the mechanisms of arm retraction are unknown, preliminary research suggests that apoptosis in the arm tips may be 
responsible. Here we show that thyroid hormone (TH)- mediated apoptosis is one mechanism of arm retraction in pluteus 
larvae. Morphological assays established a correlation between exposure to thyroid hormones and larval arm retraction. 
Furthermore, apoptotic assays were used to observe the number of dying cells in the larva and establish a correlation 
between increased apoptosis in the arm tips and exposure to thyroid hormones. Finally, qPCR of larvae exposed to thyroid 
hormones provides insight into the apoptotic pathway involved. Specifically, larvae exposed to thyroid hormones showed 
upregulation of the nuclear thyroid hormone receptor (Thr) and Caspase 7/3 (Cas7) genes which indicates the involvement of 
the caspase pathways in TH-mediated apoptosis. The study of TH-mediated apoptosis in sea urchin larvae provides insight 
into the mechanisms of arm retraction during metamorphic development and the extent of conservation of programmed cell 
death mechanisms in animals. 
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Growing Pains & Shrinking Brains: Industrial Pollution in the Detroit River is Associated with Reduced Brain Size in Yellow 
Perch (Perca flavescens) 

 
La pollution industrielle est associée à une réduction de la taille du cerveau chez les perchaudes (Perca flavescens) de la 
rivière Détroit 

 
The industrial sector has rejected a plethora of waste products into water bodies resulting in the identification of 
environmentally sensitive areas of concern across Canada. Industrial pollutants have sublethal effects on fish physiology, 
including reductions in relative organ sizes. However, it is unknown how pollutants elicit these physiological consequences. 
We sampled yellow perch from three impacted sites (Peche Island, Belle Isle, Trenton Channel) and one reference site 
(Mitchell’s Bay) from the Detroit River and Lake St. Clair area and determined the relative organ sizes (gonad, liver, heart, 
gut, brain) and stable isotope (d15N, d13C) profiles of yellow perch from each site. We found that perch from most impacted 
sites had enlarged livers relative to our reference site, and that perch from Trenton Channel, our most impacted site, had 
smaller brains compared to the other sites. Curiously, we also found that perch from our reference site had smaller guts 
compared to perch from impacted sites. Isotopic analyses for the perch and baselines organisms (invertebrates, forage fish) 
revealed disrupted perch nitrogen ratios at Trenton Channel, suggesting that food web differences could explain the 
observation of reduced brain size at this site.   

mailto:hwynen@uoguelph.ca
mailto:iyinliao@uoguelph.ca


139 
 

MICHAEL E. YUSISHEN*1, G.R. YOON1, W. BUGG1, K.M. JEFFRIES1, S. CURRIE2, W.G.  ANDERSON1 
1 Dept. of Biological Sciences, University of Manitoba, Winnipeg, MB. Canada; 2 Dept. of Biology, Acadia University, 
Wolfville, NS. Canada 
E-mail: yusishem@myumanitoba.ca 

 
Effects of conspecific presence on thermal tolerance and stress response in age-0 lake sturgeon (Acipenser fulvescens) 

 
Effets de la présence conspécifique sur la tolérance thermique et la réponse au stress chez l'esturgeon jaune âgé de 0 ans 
(Acipenser fulvescens) 

 
Critical thermal maximum (CTmax) is an important physiological measure in fish. Many fish are highly social, which may 
confer physiological benefits relevant to environmental stressors. We examined how social context (i.e., isolated, 3 
conspecifics, and 6 conspecifics) influenced CTmax, whole body cortisol, and steroidogenic acute regulatory protein (StAR) 
and heat shock protein (hsp) mRNA levels in age-0 lake sturgeon, Acipenser fulvescens. Social context had no effect on 
CTmax; however, whole body cortisol levels in isolated fish were approximately 3-fold higher than both grouped treatments 
one-hour post CTmax and 2-fold higher than grouped treatments twenty hours post CTmax. Cortisol levels did not differ 
between groups of 3 or 6. Similarly, one-hour after the CTmax test mRNA expression of StAR, hsp70a, hsp90a and hsp90b 
were not significantly different between groups of 3 or 6, but 3-4 fold higher in isolated fish. Furthermore, twenty-hours 
following the CTmax test, expression levels of StAR, hsp70a and hsp90b in isolated fish were approximately 2-fold higher, 
but expression of hsp90a was not significantly different from the fish in the grouped treatments. Our results demonstrate that 
conspecific presence did not affect CTmax, but it had a significant impact on the endocrine and cellular response following 
thermal stress. 
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The impact of viral infections on salmonids: Assessments using respiratory performance 

 
L’impact des infections virales sur des salmonidés: une évaluation par la performance respiratoire. 

 
We examined the sub-lethal effects of piscine orthoreovirus (PRV), which replicates in erythrocytes and can be associated 
with heart inflammation and mortality, and infectious hematopoietic necrosis virus (IHNV), which triggers anti-virus responses, 
suppresses cell proliferation pathways and causes mortality, using well-established performance indices [whole-animal  
oxygen uptake and red blood cell (RBC) oxygen affinity]. Atlantic salmon (Salmo salar) injected with a strain of PRV from 
British Columbia developed severe viremia, a transient cellular antiviral response and minor heart pathology. Yet, no 
respiratory indices, including RBC oxygen affinity, changed appreciably or consistently at weeks 3, 9, 18 and 21 post-infection 
when compared with sham-injected controls. In contrast, sockeye salmon (Oncorhynchus nerka) that survived an IHNV 
injection (76% survival rate) initially suppressed energetic demanding cell proliferation and protein synthesis pathways while 
clearing the IHNV load (up to day 28). They also reduced standard (19%; p=0.015) and routine (19%; p=0.019) metabolic 
rates as well as their Pcrit (15%; p=0.0007). Thus, while standard respirometry practices detected sub-lethal consequences of 
an IHNV infection, the viremia produced by PRV did not limit maximum oxygen uptake, mask standard metabolic rate or 
impair red blood cell oxygen binding. 
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Locust Flight Muscle Activity and Body Orientation in Response to Objects Moving within Different Backgrounds.  
 
Activité Musculaire et Orientation du Corps en Réponse à des Objets que se Déplaçant Dans Différents Milieux 
 
Flying animals continuously detect the visual environment to generate proper flight maneuvers. In locusts, identified neural 
circuits encode moving objects, and subsequently modulate behavioural outputs. Bilateral latency of forewing depressor 
muscles (m97) predicts changes in body orientation. Neural recordings have revealed background visual flow affects 
responses of a motion-sensitive pathway to approaching objects. By projecting complex visual stimuli to loosely-tethered 
flying locusts, we compared the flight muscle activity, rotational degrees of freedom (RDOF, roll(η), pitch(χ), and yaw(ψ)), and 
their correlation in response to objects approaching against different visual backgrounds. In most trials, the animal responded 
to the stimulus by exiting a pre-response volume of space. The time of behaviour (TOB) varied among trials. Neither 
depressor asymmetry (DA) nor m97 firing rate changed significantly at the TOB. Against a simple background, the correlation 
between certain RDOFs and DA became significant during the interquartile range of TOB. Against a flow field background, 
the correlation between certain RDOFs and DA became significant, while the correlation between DA and χ became 
insignificant, during the interquartile range of TOB. These results suggest that the visual background affects correlations 
between RDOFs and DA, and that the time of correlation changes is related to TOB.  
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Population and family effects on the microbiome of Chinook salmon (Oncorhynchus tshawytscha) across eight hybrid 
populations 

 
Le rôle des effets sur la population et la famille sur le microbiome du saumon Chinook (Oncorhynchus tshawytscha) dans huit 
populations de saumon. 

 
The microbiome is a community of microbes living in or on an organism, and has been implicated in host development, 
behavior and physiology. The effects of diet, interspecific competition, and rearing conditions on the microbiome have been 
studied in many fish species, but the role of genetic adaptation has not been investigated. To address this knowledge gap, 
Chinook salmon (Oncorhynchus tshawytscha) were used to determine the roles of additive genetic variation and population- 
level differences on the microbiome. The salmon were from 8 different hybrid stock families created using an inbred line of 
self-crossed hermaphrodite female salmon. The 16S rRNA gene from extracted gut contents DNA was sequenced and the 
microbiome was clustered into operational taxonomic units (OTUs) for analysis. Compositional differences in microbiome 
community structure were analyzed using permutational multivariate analysis of variance, and OTUs were tested for 
differences in relative abundance among hybrid populations. Community structure and OTU-level differences were found 
among and within hybrid populations (P<0.05), highlighting the effects of divergent selection in shaping the microbiome. 
Furthermore, additive genetic variance varied among hybrid populations indicative of population-specific patterns, suggesting 
the capacity to select for specific microbiomes. These results will impact conservation efforts for declining populations of 
Chinook salmon. 
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Cartilage Development in Danio rerio: an analysis of the role of BMP and Wnt signaling 
 
Développement du cartilage chez Danio rerio: analyse du rôle de la signalisation BMP et Wnt 
 
Cartilage development requires the function of the BMP and Wnt signaling pathways. These pathways are involved in 
mesenchymal cell condensation formation and for the differentiation of cartilage precursors. Thus, inhibiting BMP and Wnt 
signaling should influence the morphology of developing cartilage. I hypothesize that disruption of the BMP and Wnt signaling 
pathways using small molecule inhibitors during cartilage development will result in altered or disrupted cartilage that is developing 
at the time of disruption. Larval zebrafish were treated with a BMP inhibitor (LDN193189) or a Wnt inhibitor (IWR- 1-endo) over a 
four-day period. Fish were collected at approximately 6 mm standard length and double-stained for bone and cartilage. Structures 
of the ocular and axial skeletons were examined for disrupted cartilage development characterized by altered morphology. Our 
data shows that the morphology of cartilage endoskeletal elements in the tail were disrupted after inhibition of the BMP signaling 
pathway. Additionally, posterior vertebra showed delayed or disrupted ossification due to inhibition of the Wnt signaling pathway. 
These findings suggest involvement of the BMP pathway in determining cartilage morphology in the zebrafish. This research adds 
to our current understanding of skeletal development and the roles of BMP and Wnt signaling in skeletal morphology in vertebrates.
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