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Opening Remarks and Land Acknowledgement
Allen (Haolun) Tian, Department of Biology, Queen’s University
Good afternoon to all attendees of the 52nd Ontario Ecology, Ethology, and Evolution
Colloquium. The Department of Biology at Queen’s University welcomes you to the Biosciences
Complex and Kingston
Let us begin by acknowledging that Queen’s University is situated on traditional Anishinaabe
(Ah-nish-in-ah-bay) and Haudenosaunee (Ho-den-o-show-nee) territory. We are grateful to be able to
live, learn and play on these lands. We are grateful to live as uninvited guests upon the traditional
territories of the Haudenosaunee Confederacy and the Anishinabek Nation. To acknowledge this
traditional territory is to recognize its longer history, one predating the establishment of the earliest
European colonies. It is also to acknowledge this territory’s significance for the Indigenous Peoples who
lived, and continue to live, upon it and whose practices and spiritualities were tied to the land and
continue to develop in relationship to the territory and its other inhabitants today. This area was originally
known as Katarokwi to the Mohawk of the Haudenosaunee Confederacy, meaning a place where there
is clay or where the limestone is or great meeting place. It was inhabited by various families of Seneca,
Cayuga, and Mohawk ancestry, as well as the Mississauga, until it was ceded to the British Crown in
1783 as part of the Crawford purchase. It is my understanding that this territory is included in the Dish
With One Spoon Wampum Belt Covenant, an agreement between the Haudenosaunee Confederacy and
Anishinaabeg peoples, to peaceably share and care for the resources around the Great Lakes. The
Kingston Indigenous community continues to reflect the area’s Anishinaabek, Haudenosaunee and
Huron-Wendat roots. There is also a significant Métis community as well as First Peoples from other
Nations across Turtle Island present here today.
I’d like to extend my gratitude to the people gathered here today. Thank you to our distinguished
plenary speakers, Dr. Jillian Harvey, Dr. Rowan Barrett, Dr. Hilary Young, and Dr. Christopher Sturdy,
for making the long trip to Kingston and taking the time and energy out of their busy schedules to present
for us. Thank you to you, my peers, fellow young researchers in the fields of ecology, ethology, and
evolution, for supporting us in making this conference possible. Thank you to my fellow committee
members, Dr. Stephen Lougheed, Dr. Orianne Tournayre, Kelly Balfour, Chloe Robinson, Xinyu Sun,
Damian Bourne, Monica Garvie, and Alyson Van Natto, for their hard work and support in organizing
this conference. Thank you to the previous Guelph OE3C organizing committee for your support.
Maintaining the continuity of a conference over COVID is not easy, and we would not be able to host
this year’s OE3C without you. Finally, we’d like to thank our generous sponsors, who have consistently
provided significant financial support throughout the years, and the universities of Ontario.
The Ontario Ecology, Ethology, and Evolution Colloquium has been held annually at various
Ontario universities since 1970, and this year marks our 52nd meeting. As with all of science, OE3C is
constantly evolving – it was only in our 40th conference, in 2010, that Evolution was added to the scope
of our conference. Queen’s University last hosted OE3C in 2017, For many young researchers, OE3C is
our first academic meeting. For more experienced researchers, it is a gathering to examine changes in
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our fields, socialize and share thoughts with old colleagues, and see what aspiring new colleagues are up
to. We hope to provide a platform for collaboration and inspiration for young researchers in Ontario this
year and for years to come. Again, welcome to Queen’s University and Kingston, and we hope you enjoy
your stay here.
The theme of this year’s conference is anthropogenic disturbance. Although we apologize for
neglecting to inform you of this in advance, many of this year’s submissions nevertheless touch upon
topic. It is clear that disturbance from human activities is a major factor in our fields today. Understanding
human impacts on the natural world, whether it is on a localized scale, such as habitat loss from logging
and agricultural land clearing, or a global scale, such as shifts in polar ice cap cycles from anthropogenic
global warming and large algal blooms from nutrient loading and warming, is key to limiting manmade
harm in the Anthropocene.
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Schedule
Wednesday, May 25th, 2022
14:00 to 14:30
14:30 to 15:30
16:00 to 16:15
16:00 to 16:15
16:15 to 16:30
16:15 to 16:30
16:30 to 16:45
16:30 to 16:45
16:45 to 17:00
16:45 to 17:00
17:00 to 17:15
17:00 to 17:15
17:15 to 17:30
17:30 to 17:45

Opening Remarks from Dr. Stephen Lougheed and Allen Tian
Plenary Presentation by Dr. Jillian Harvey
Student Presentation Session 1: Ecology
Effect of mismatch on bighorn ewe energy allocation by Victoria Crozier
Species differences in response to light and their implications for selective passage of desirable fishes at instream barriers by Emily Fields*
Cover crops improve the soil health characteristics and impact soil cytokinin profiles by Imesha Perara
An assessment of factors leading to increased coyote reports during the COVID-19 pandemic in Vaughan,
Ontario by Juhaku Okugawa*
The role of chance in mating and reproductive success in natural plant populations of the clonal aquatic plant
Sagittaria latifolia (Alismataceae) by Allison Kwok
Can you teach a captive fish new tricks? Aversive learning in wild and captive fathead minnow (Pimephales
promelas) by Megan Cyr*
Effects of nutrient deposition and drought on floral traits in Mimulus guttatus by Hannah Brazeau*
Phenotypic plasticity and microevolution drive the metabolic phenotype of Daphnia under hypoxia by
Tingyat (Marco) Lee
Transplant populations of a coastal dune endemic plant can self-replace outside the natural range at multiple
sites and in multiple years by Regan Cross
Spatial-rotational abilities of wild rufous hummingbirds (Selasphorous rufus) in a foraging task by Christine
Mishra
The influence of shelter on the establishment of the invasive dandelion, Taraxacum officinale, at its northern
range limit by Francine Da Silva
Promoting climate resilient cities and fostering social engagement through interdisciplinary work by Melissa
McLeod, Regan Cross, Ryan Zhou, Jill Price, & Julianah Adediji

Thursday, May 26th, 2022
09:00 to 09:30

09:30 to 09:45
09:30 to 09:45
09:45 to 10:00
09:45 to 10:00
10:00 to 10:15
10:00 to 10:15
10:15 to 10:30
10:15 to 10:30
10:30 to 10:45
10:30 to 10:45
10:45 to 11:00
11:00 to 12:00

Breakfast in the Biosciences Atrium
Student Presentation Session 2: Evolution
Estimating the stability and heritability of resistance fueling copy number variation in glyphosate-resistant
Amaranthus palmeri by Lisa Han
Probing intralocus sexual conflict through sex limited selection by Harshavardhan Thyagarajan
The effect of mate-limitation on evolutionary rescue by Puneeth Deraje
Discovering endophytes from big bluestem (Andropogon gerardii) for economic and agronomic applications
by Fani Goltsios*
Genomic tools to inform restoration strategies of three species of Calamagrostis in Canada’s Northwest
Territories by Maria Jose Gomez Quijano
Using evolutionary biology and mathematical modelling to explore how cancer shapes the life cycle by
Sydney Ackermann*
Investigating the effects of varying recombination rates on the DNA sequence polymorphism due to nonrandom selection processes using an individual based model by Imran Sayyed
Conservation genetics of an imperilled freshwater fish (Erimyzon succetta) across its entire geographic range
by Sumeet Sekhon*
No altitudinal clines for cyanogenesis in populations of White Clover (Trifolium Repens) in Alberta, Canada
by Chloe Dean-Moore
Artificial selection on clonal growth in Mimulus guttatus by Christina Steinecke
Two of a kind, or do opposites attract? Quantifying patterns of assortative mating by size in fruit flies,
Drosophila melanogaster by Sanduni Talagala*
Plenary Presentation by Dr. Rowan Barrett
Student Presentation Session 3: Ethology and Ecology
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13:00 to 13:15
13:00 to 13:15
13:15 to 13:30
13:15 to 13:30
13:30 to 13:45
13:30 to 13:45
13:45 to 14:00
13:45 to 14:00
14:00 to 14:15
14:15 to 16:00
16:00 to 17:00
17:00 to 17:15
17:00 to 17:15
17:15 to 17:30
17:15 to 17:30
17:30 to 17:45
17:30 to 17:45
17:45 to 18:00

Where are we going to eat? Drosophila melanogaster change cluster structure dependent on spatial
distribution and quality of food by Tanya Shoot
Effects of transport stress on thermal tolerance in Chinook salmon (Oncorhynchus tshawytscha) fry by Chris
Tracey
The effects of socioeconomic variation on the natural selection of Eurosta solidaginis by Samer ElGalmady*
Estimates of migratory flight speed in black-throated blue warblers (Setophaga caerulescens): an automated
radio telemetry study using Motus by Patricia Rokitnicki
Caffeine’s effects on the complex behaviour and physiology of fathead minnow (Pimphales promelas) by
Jacqueline Bikker*
Post-breeding survival of adult and first-year Bank Swallows in the Great Lakes ecoregion: a radio telemetry
study by Christian Buchanan-Fraser
Gulping air: The influence of temperature and feeding on Betta breath rate by Gracie Li-Ting-Wai
Local and landscape drivers of frog communities in urban stormwater management facilities by Danny
McIsaac*
Western Hognose Snakes prefer environmental enrichment by Gokulan Nagabaskaran
Poster Session
Plenary Presentation by Dr. Hilary Young
Student Presentation Session 4: Ecology, Ethology, and Evolution
The vulnerability of urban green spaces to plant invasions by Garland Xie
The impacts of environmental variability on parasite diversity within-hosts by Madeline Jarvis-Cross*
Improving rehabilitated eastern cottontail (Sylvilagus floridanus) survivability and welfare by Pauline
Kosmal*
The effect of urbanization and latitude on melanin display in monarch (Danaus Plexippus) caterpillars in
Central Canada by Rohab Batool and Juriyah Jenan*
Translocation of microplastic particles observed in Lake Ontario sportfish by Madeleine Milne
Frogs, food, and feces: Analyzing Anuran diets across a habitat disturbance gradient in Southern Ontario by
Natalie Houde*
Urban stormwater ponds: habitat refuges for communities of freshwater aquatic insects? by Ilia Maria
Ferzoco*

Friday, May 27th, 2022
09:30 to 10:30

10:30 to 10:45
10:30 to 10:45
10:45 to 11:00
10:45 to 11:00
11:00 to 11:15
11:00 to 11:15
11:15 to 11:30
11:15 to 11:30
11:30 to 11:45
12:30 to 12:50

Plenary Presentation by Dr. Christopher Sturdy*
Student Presentation Session 5: Ecology, Ethology, and Evolution
A shift from sexual to asexual reproduction in a wetland plant: implications for range edge dynamics by
Hana Thompson
Bed bug mating networks: the effect of female reproductive status on male mate choice and female avoidance
behaviour by Janice Yan
The relation between environmental salinity and salt tolerance of a glycophytic sunflower (Helianthus
annuus) by Aaron Dain
The urban squirrel: Assessing the impact of urbanization on behaviour by Nathan Lewis*
Investigating differences in plant community composition and environmental characteristics associated with
the varying sexual systems of Sagittaria latifolia by Tamy Puniani*
The efficiency of wind pollination in angiosperms by Claire Smith
Personality assessments in two wild populations of vervet monkeys (Chlorocebus pygerythrus) by Justine
Vermey
Development of diagnostic tools for agrochemical exposure in the western honey bee (Apis mellifera) using
transcriptomics by Aidan Jamieson
Colonization reduces the diversity of an ecologically important trait in introduced Hesperis matronalis by
Katherine Maunder
Closing remarks and award ceremony by Dr. Stephen Lougheed and Allen Tian

* indicates a virtual presentation
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Posters
The exudation of secondary metabolite, (-)-antofine, in Vincetoxicum rossicum in different ecological contexts by Andrew Le
Developing methods for non-standard toxicity tests on juvenile freshwater mussels (Lampsilis siliquoidea) by Elli Hung
The influence of injury status on landing velocities in laying hens by Jacob Brost
Assessing the potential of Caenorhabditis elegans in the bioremediation of
Microcystis aeruginosa by Jordan Balson
Genomic detection of hybridization in Typha latifolia and T. angustifolia by Jose Alberto Aleman
The genetic covariance between mating success and fitness by Hana Fahim
An optimized whole-genome library preparation technique for genome-wide SNP sequencing by Tulsi Patel
Kin discrimination and plastic responses in growth and flowering in a plant by Isabeau Lewis
STREAMlining community assessment: An evaluation of primers for eDNA metabarcoding of fishes in the Grand River watershed by
Erika Myler
Uncovering the genomic basis for parallel allochronic divergence in a seabird species complex (Hydrobates spp.) by Gihyun Yoo
A multivariate analysis of whether phenotypic covariance matrices are a good substitute for genetic covariance matrices by Alexander
MacKenzie
No trade-off between protection from seed predation and plant size among flower colour morphs of Hesperis matronalis by Lauryn
Joslin
Developing novel citizen science protocols for environmental DNA based biodiversity surveys by Allen Tian
Exploring relationships between latitude and immunity gene diversity in the black-legged kittiwake by Kaitlyn Lew
Assessing spatiotemporal variation and foraging patterns of polar bears across Canada via DNA metabarcoding by Emily Landon
Climatic variation in flower colour in the mustard Hesperis matronalis across its native and introduced ranges by Caroline Tang
Application of genomics to population assignment of threatened leach’s storm-petrels in the Atlantic Ocean by Heather Lounder
Fishing for genes: Comparing environmental DNA fish community sampling with conventional sampling methods in thermally
stratified lakes by Adam Poulin
Canadian bee-cology: climate and the distribution of solitary bees using DNA metabarcoding by Lucie Vézina*
The dispersal and activity of juvenile round goby by Grace Burgess*
Intraspecific variation in mutualism effectiveness in plant-animal interactions by Sol Park*
Evolution of the long-wavelength sensitive opsin gene (LWS) in South American electric fishes (Gymnotiformes) by Esme
Macpherson*
An annotated draft genome of Lythrum salicaria (Purple loosestrife) to study rapid evolution and invasion genetics by Mabel Fuentes
Vergara*
Forage crop plant species are overused in competition experiments by Jahanara Jabbar*
Variation in foraging strategies of New Zealand albatross species within a dominance hierarchy by Eryn Basham*
N. orbicollis vs. N. pustulatus: bigness in a fight for fitness by Yohanna Vangenne*

* indicates a virtual poster
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Plenary Presentations

Wildfire and drought in B.C. forests
Dr. Jillian Harvey
In British Columbia (BC) the three largest wildfire seasons on record occurred in the last four
years (2017, 2018,2021). Climate change is driving more frequent and severe wildfires in western Canada
and increasing the occurrence and persistence of drought conditions. Wildfire is a complex ecological
process that is driven by numerous top-down (e.g., climate) and bottom-up (e.g., fuels) factors. Wildfire
regimes can be described by different metrics including fire size, frequency, intensity, severity and
interactions with other disturbances. Fire ecology includes areas of research that examine the nature of
historical wildfire activity and also the effects of contemporary wildfires. Tree-rings provide an
opportunity to characterize the frequency of past wildfires and when combined with other records of
forest information, can give insights on past fire severity. In the context of contemporary wildfires,
research documenting the effects of fire severity on vegetation regeneration is important to understand
forest resilience and whether more frequent wildfire is driving landscape change. The successful
management of forests and wildfire in the future will require an interdisciplinary approach that is
inclusive of Indigenous fire stewardship and other approaches to manage landscape fuels.

Biography:
Jill Harvey is an Assistant Professor and Canada Research
Chair in Fire Ecology at Thompson Rivers University,
Kamloops, Canada. She completed her PhD at the University
of Victoria and was a postdoctoral research associate at the
University of Greifswald, Germany. Dr. Harvey’s research is
focused on understanding the patterns of historical wildfire,
the ecological effects of wildfire on forest regeneration, and
how drought impacts tree growth. Dr. Harvey and her
students conduct research in wildfire and drought across
spatial scales from cellular wood anatomy to describing
landscape level processes.
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Testing the mechanisms of adaptation
Dr. Rowan Barrett
What factors explain variability in how far and fast adaptation proceeds? Two fundamental
challenges are identifying the molecular basis of adaptive phenotypes and elucidating the evolutionary
processes acting on this variation. We would like to know which genes and, in particular, which alleles
produce phenotypic diversity, and how natural selection influences this variation. Putatively adaptive
loci often have been identified using genome scans, which detect outlier loci with variation significantly
different from neutral expectations. Yet, this approach has some limitations; for example, it cannot
inform us about the mechanistic basis of selection, recombination can obscure signals of past selection,
and it can be difficult to distinguish between patterns created by demographic versus selective forces.
Studies that investigate ‘evolution in action’ can help to clarify the genetics of adaptation by documenting
the mechanisms and targets of selection that drive changes in allele frequency (the process) in ways that
are rarely possible when investigating historical signatures of selection (the outcome). Here, I will
describe research with snakes, fish, and mice that directly test the functional connections between
genotype, phenotype, and fitness to shed light on the mechanisms that drive adaptation.

Biography:
Rowan Barrett is an Associate Professor and Canada Research
Chair in the Redpath Museum and Biology Department at
McGill University, Montreal, Canada. He completed his
Ph.D. at the University of British Columbia in 2010 and
received postdoctoral training at Harvard University before
taking up his current position. Dr. Barrett’s work is focused
on understanding the genetic basis of adaptation to changing
environments. His research bridges theoretical and empirical
approaches in population genetics, evolutionary ecology, and
molecular biology to ask questions about the reciprocal
interactions between ecological and evolutionary processes.
He has pursued this research program with a variety of key study systems, including stickleback fish,
deer mice, anolis lizards, and microbes.
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Large landscape conservation in practice
Dr. Hilary Young
The science is clear that large landscape conservation benefits biodiversity, ecosystems, wildlife
populations, and human communities. But it takes a lot more than good science to achieve big, ambitious
conservation goals! Dr. Young will dive into the work she does as the Alberta program manager
at Yellowstone to Yukon Conservation Initiative (Y2Y), a transboundary organization working to protect
and connect one of the world’s last intact mountain ecosystems. Y2Y works with Indigenous
communities, governments, industry, academia, businesses, grassroots organizations and many other
partners to move the Y2Y vision forward, with a particular focus on reconnecting fragmented grizzly
bear populations in the region. In this talk, Dr. Young will explore challenges (such as polarizing politics
and a depressed economy) and highlights (such as Indigenous-led conservation and Albertans uniting
against coal development) of large landscape conservation work in Alberta in recent years. She will also
share a number of significant wins that have been achieved through committed partnerships across the
Yellowstone to Yukon region as a whole since the organization’s inception in 1993.

Biography:
Shortly after completing her PhD in Ecology at the University
of Calgary, Dr. Hilary Young was thrilled to find work at the
Yellowstone to Yukon Conservation Initiative (Y2Y) that
blends her passion for the beautiful Rocky Mountains with her
background in ecology and conservation biology. Now, as
Alberta program director for Y2Y, Dr. Young and her team
work with governments and dozens of partners to protect key
wildlife habitats along the western margin of the province.
Their focus on headwaters regions, wildlife corridors, and
highway crossings ensures that wide-ranging species like
grizzly bears, wolves, and elk can move between and beyond
protected areas. Central to Y2Y’s work is an equity- and justice-oriented lens so that the organization’s
efforts benefit both nature and people along the Rocky Mountain front.
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A voice of their own: Individual recognition in female black-capped chickadee song
Dr. Christopher Sturdy
For over two decades, the Songbird Neuroethology Laboratory has been studying songbird
communication and cognition at the nexus of psychology and biology. A cornerstone to our work has
been combining convergent techniques such as bioacoustic analyses, operant conditioning
discriminations, playback studies, and immediate early gene expression experiments, all aimed to
understand the mechanisms and neurobiological bases of perception and cognition in songbirds. Using
complementary methods, along with a firm understanding of our subjects’ natural history gleaned from
behavioural ecological investigations, we can gain a fundamental understanding of avian communication
and cognition. Today I will present some of our most recent discoveries about individual recognition in
female black-capped chickadee fee-bee song including: (1) operant discriminations aimed at
demonstrating individual recognition in female black-capped chickadee fee-bee songs, (2) bioacousitcal
analyses combined with artificial neural network and statistical approaches to identify putative
mechanisms of individual recognition in female black-capped chickadee fee-bee songs, and (3) the
impact of anthropogenic noise on individual recognition in female black-capped chickadee fee-bee songs
assessed in an operant discrimination task. Taken together, the current suite of studies makes significant
strides towards increasing our understanding of the mechanisms involved in female black-capped
chickadee fee-bee song perception, cognition, and communication

Biography:
Chris Sturdy completed a B.A. in Psychology at the University
of Windsor in 1994 where he studied spatial memory in rats
with Jerry Cohen. He then completed an M.A. in 1997 and a
Ph.D. in 2000 in Psychology at Queen’s University where he
examined songbird bioacoustics, cognition, and neuroscience
with Ron Weisman. From 2000 to 2001, Sturdy worked at the
Duke University Medical Center with Rich Mooney
(Department of Neurobiology) and Duke University with Steve
Nowicki (Department of Biology) where he examined the
cellular basis of song production. In 2002 he was appointed
Assistant Professor of Psychology at the University of Alberta,
promoted to Associate Professor of Psychology in 2008, and promoted to Professor in 2013. Sturdy
served as Chair of the Department of Psychology from 2016-2019. Sturdy is currently Professor of
Psychology, a member of the Neuroscience and Mental Health Institute, and Canada Research Chair in
Animal Cognition, Communication, and Neuroethology, Tier 1 (2020-2027).
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Student Presentation Session 1: Ecology
*Bold indicates presenting author
Effect of mismatch on Bighorn ewe (Ovis canadensis) energy allocation
Victoria E. Crozier1, L.-A. Renaud2, F. Pelletier3
1.

victoria.crozier@usherbrooke.ca, Département de biologie, Université de Sherbrooke

2.

limoilou-amelie.renaud@dfo-mpo.gc.ca, Maurice Lamontagne Institute, Fisheries and Oceans Canada

3.

fanie.pelletier@usherbrooke.ca, Département de biologie, Université de Sherbrooke

Phenological changes in response to climate change have been documented across taxa
throughout the Northern Hemisphere. The rate of advancement often decreases with increasing trophic
level, resulting in mismatch between consumers and their resources. The match-mismatch hypothesis has
been investigated in bighorn sheep (Ovis canadensis) at Ram Mountain, Alberta (52oN, 115oW), a
population which has been monitored since 1971. The gestation period of bighorn sheep is 172 ± 2 days,
and our team previously showed that ewes have plastically responded to environmental changes in fall
by advancing their conception date and giving birth on average 15 days earlier in recent years. However,
spring conditions have changed at a much faster rate, resulting in lambs being born an average of 10 days
later with respect to spring green-up. Ewes do not seem to pass on costs of mismatch onto lambs, leading
us to hypothesize that mismatch may increase maternal reproductive costs. Our goal was to determine
whether maternal summer mass gain is affected by increasing mismatch. We use parturition dates
recorded since 1992, and spring green-up dates obtained from the Enhanced Vegetation Index available
since 2000, to test the effects of phenological mismatch on bighorn ewe summer mass gain.
A total of 152 females were measured, between 1-11 times each, with a total of 449 parturition
dates recorded since 1992, 279 of which have been recorded since 2000. Mismatch between spring greenup and parturition, (parturition date - green-up date, in Julian days) ranges from -24 days (early
parturition) to +120 days (late parturition), and population mismatch, (individual parturition date population median parturition date, in Julian days), ranges from -18 to +95 days. Preliminary results
indicate that ewes with a greater positive mismatch, both green-up and population, gain less mass over
summer; those with the greatest mismatch gain up to 6kg less during summer than those whose parturition
dates are matched with spring green-up or median parturition date. This suggests that ewes who are
missing the highest quality forage have the greatest reproductive cost, using their fat reserves for
lactation. Current knowledge of the effects of climate change on phenological plasticity are primarily
from studies on birds, which are income breeders and thus more sensitive to daily changes in food
abundance. This study improves our understanding of large mammal phenological plasticity, and the
potential costs of phenological mismatch, which are expected to increase with climate change.
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Species differences in response to light and their implications for selective passage of desirable fishes
at in-stream barriers
Emily N. Fields1, A. Hellmuth1, M. R. Smith1, R. Booth2, G. A. Bravener2, T. C. Pratt3, R. L.
McLaughlin1
1.

University of Guelph

2.

Sea Lamprey Control Centre, Fisheries and Oceans Canada

3.

Great Lakes Laboratory for Fisheries and Aquatic Sciences, Fisheries and Oceans Canada

Increasingly, river managers are facing a connectivity conundrum. Removal of in-stream barriers
can facilitate freer movement of desirable native and non-native fishes and improve fish production and
diversity, yet it can also facilitate the spread and reproduction of invasive fishes and their unwanted
impacts on the production and diversity of native fishes. Selective passage of desirable fishes and
blocking or removal of invasive fishes at in-stream barriers could resolve the connectivity conundrum
but requires efficient mechanisms for sorting desirable species from invasive species. We tested
experimentally if desirable fishes differed in their responses to light in a two-chambered trap-and-sort
fishway used to sort invasive sea lamprey from desirable fishes at an inflatable sea lamprey barrier on
Big Carp River near Sault Ste. Marie, ON. Addition of light was predicted to improve the efficiency of
size-selective sorting in the fishway if desirable species responded similarly to the light. The
experimental design consisted of 17 two-night strata where one night within each stratum was assigned
randomly to a lit treatment and the other night assigned to an unlit treatment. Model comparisons based
on Akaike’s Information Criterion (AIC) demonstrated that desirable fishes differed in their responses to
light. The species differences indicate that integration of multiple sorting mechanisms will be needed to
achieve selective fish passage and resolve the connectivity conundrum.
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Cover crops improve the soil health characteristics and impact soil cytokinin profiles
Imesha D. Perera1, A. Kisiala2, R. J. N. Emery3, K. A. Thompson4
1.

ushettigeperera@trentu.ca, Trent University

2.

annakisiala@trentu.ca, Trent University

3.

nemery@trentu.ca, Trent University

4.

karenthompson@trentu.ca, Trent University

Cover crops (CC) are living ground covers integrated into crop rotations, often during the fallow
period. They are used to protect soil from erosion and to improve soil health. Soil health, which is defined
as the capacity of soil to function as a living ecosystem while sustaining life, is assessed using a combined
set of measurable physiochemical and biological attributes called soil health indicators that include:
aggregate stability, soil pH, soil organic matter (SOM), soil organic carbon (SOC), labile or active C
(AC), extracellular enzyme activity, and abundance, structure, and diversity of soil microbial
communities (SMC). Cytokinins (CK) are a group of phytohormones that positively affect growth
promotion and cell division. For example, in plants, CKs play a key roles in: promoting root growth,
initiating shoot growth, delaying leaf senescence and facilitating symbiotic relationships with
mycorrhizae and rhizobia. CKs also mitigate responses to (i) abiotic environmental stresses such as low
nutrients, osmotic imbalance, heat, salinity, and drought stress, and (ii) biotic stresses such as pathogen
infections. Since living plant parts, decaying organic matter, and SMCs can produce and release CKs to
the soil environment, we hypothesized that CC can modify soil CK profiles as a part of improving soil
health. To date, there have been few studies on the occurrence of CKs in soil; moreover, the role of CKs
in promoting soil health have not yet been examined. We grew CCs (tillage radish and cereal rye grass)
in a greenhouse to study the impact of CCs on CK profiles in soils, and to assess any relationships
between soil health indicators and CK profiles. Our results showed a significant increase in SOC, AC,
and SMC diversity and as well as soil CK levels in cover cropped soils compared to bare soils revealing
the positive impact of CCs on soil health indicators and soil CK profiles. Rhizosphere soils had
significantly higher levels of AC, SMC diversity, phosphatase activity and soil CK levels compared to
bulk soils, and in addition, the C-source utilization patterns of SMC were significantly different between
rhizosphere and bulk soils. Moreover, a significant difference in AC, SOC, SMC diversity, Nacetylglucosaminidase activity, phosphatase activity and MeSiPR-CK levels were observed between CC
type. Interestingly, our results showed a positive correlation between soil CK levels and soil health
indicators- AC, extracellular enzyme activities, and SMC diversity.
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An assessment of factors leading to increased coyote reports during the COVID-19 pandemic in
Vaughan, Ontario
Juhaku Okugawa1, A. Ahmed2, C. Fenton-Stickle3, T. Banerjee4
1.

juhaku.okugawa@mail.utoronto.ca, University of Toronto

2.

affan.ahmed@mail.utoronto.ca, University of Toronto

3.

chilyn.fentonstickle@mail.utoronto.ca, University of Toronto

4.

trisha.banerjee@mail.utoronto.ca, University of Toronto

Coyotes (Canis latrans) are mammalian predators that have adapted well to urban areas and are
found in most cities in North America. In recent years, the city of Vaughan, ON has experienced
increasing numbers of coyote sightings and interactions reported to Animal Services, with a significant
surge since the start of the COVID-19 pandemic. An increase in the frequency of calls could indicate an
increase in coyote numbers, changes in coyote behaviour, or changes in human awareness, and/or
responses to the presence of coyotes. We examined spatial and temporal patterns in call records of coyote
sightings from the City of Vaughan Animal Services in the context of demographic and economic
variables (income, property size, green space, and pet expenditures) to help understand the underlying
factors leading to the increase in call frequency during the pandemic. We hypothesized that coyotes
would be observed more frequently in areas with large properties and areas of green space, as these
landscape features are attractive to coyotes. We further hypothesized that the pandemic-era increase in
sightings could be attributed to people working from home (WFH), with increased opportunities to
observe coyotes on or around their properties. Thus, we expected to see a greater increase in coyote
sightings during the pandemic relative to pre-pandemic levels in high-income areas (where people are
more likely to WFH) than in lower-income areas (where fewer people WFH). We also hypothesized that
areas with an increase in pet ownership during the pandemic would also show an increase in calls, as petcoyote interactions are of considerable concern to pet owners. Data on property size and density of green
spaces were obtained from York Region’s parcel open database and YorkMaps, respectively. Pet
ownership and income data were collected from SimplyAnalytics.
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The role of chance in mating and reproductive success in natural plant populations of the clonal aquatic
plant Sagittaria latifolia (Alismataceae)
Allison Kwok1, M. E. Dorken1,2
1.
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2.

marceldorken@trentu.ca, Trent University

Mating and reproductive success are influenced by the traits that regulate gamete transfer between
mates. During mating, deterministic processes subject to natural and sexual selection are important, but
so are stochastic, non-deterministic processes. Mating success in plants is known to be affected by
specific floral and plant traits but the movement of pollen by third-party vectors of pollination introduces
stochasticity. The relative importance of deterministic versus stochastic processes during mating has
received little attention. In two natural populations of the clonal aquatic plant Sagittaria latifolia, we
examined the extent to which patterns of mating and reproductive success could be explained by
measurable features of the plants and their populations already known to affect reproductive fitness in
this plant, including plant and inflorescence size, flower size, floral display size, the spatial intermingling
of different clonal genotypes, and the temporal overlap in flowering among clones. We then compared
the total variance in mating and reproductive success explained by these measurable features to the
residual variance associated with non-measurable and presumably stochastic processes using multiple
regression. Our ability to predict mating and reproductive success using plant- and population-level
features varied widely across populations. In one population only 31% of the variance in mating success
could be attributed to measurable features, but in the other population 85% of the variance was
explainable from the measurements made. In both populations, measured features explained much of the
variation in reproductive success (92% and 83%). Our results provide a clear demonstration of how
deterministic processes that limit opportunities for natural and sexual selection in plant populations can
vary across populations.
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Can you teach a captive fish new tricks? Aversive learning in wild and captive fathead minnow
(Pimephales promelas)
Megan D. Cyr1, J. Bikker2, S. Balshine2
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McMaster University

The vast majority of animal-based research studies are performed on captive animals in laboratory
settings. As captive animals are subject to different selection pressures and experience different sensory
inputs during development compared to their wild counterparts, they commonly have relatively smaller
brains. Brain mass is often associated with cognitive abilities including learning, so captive animals with
smaller brains may also have reduced learning ability. To test this idea, we compared the learning abilities
of captive and wild fathead minnow, Pimephales promelas. More specifically, we investigated the ability
of wild and captive populations to learn to avoid an aversive stimulus (a trawl), and also used the trawl
assay to investigate reversal learning, which is considered to be a more cognitively demanding task
compared to associative learning, requiring greater cognitive flexibility. We did not detect a difference
in the proportion of wild versus captive fish that managed to learn to avoid the trawl by swimming to the
correct escape route. We also did not detect a difference in how long it took for wild and captive fish to
initially learn to use the correct escape route, however wild fish managed to forget a previously correct
escape route and learn a new one (reversal learning) more quickly than captive fish, taking 14 fewer trials
to master this more challenging task. These findings suggest that captive fathead minnows appear to have
some cognitive deficits, and researchers should use caution when applying results from captive fish to
wild populations.
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Effects of nutrient deposition and drought on floral traits in Mimulus guttatus
K. Alipanah1, Hannah A. Brazeau2, C. M. Caruso3
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Human-mediated environmental change can impact plant reproductive strategies by altering both
interactions with pollinators and abiotic resources. The combined effects of these multiple environmental
change factors could alter how plants adapt to anthropogenic pollinator decline by causing plastic shifts
in floral traits. To test for plasticity in floral traits in response to multiple environmental change factors,
we exposed the wildflower Mimulus guttatus to drought and nutrient deposition treatments in a fullyfactorial greenhouse experiment. For all plants in the experiment, we measured flower size, which can
affect attractiveness to pollinators, and stigma-anther separation, which can affect the capacity for selfpollination in the absence of pollinators. We found that drought alone did not impact flower size or
stigma-anther separation. In contrast, adding fertilizer to simulate anthropogenic nutrient deposition
increased both flower size and stigma-anther separation. However, the effect of adding fertilizer on
flower size was dependent on drought: flower size increased 8% under well- watered conditions, but only
3% under drought. Our results suggest that floral traits associated with pollinator attraction and selfpollination can respond plastically to anthropogenic changes in the abiotic environment, and highlight
the importance of examining the combined effects of multiple environmental change drivers on plant
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Phenotypic plasticity and microevolution drive the metabolic phenotype of Daphnia under hypoxia
Tingyat M. Lee1, K. M. Westbury2, C. J. Martyniuk3, W. A. Nelson2, C. D. Moyes2
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2.
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3.

University of Florida

Hypoxia is a stressor that influences animal function from ecology to molecular biology. Animals
cope with hypoxia through strategies that improve oxygen delivery and anaerobic energy metabolism.
Daphnia is a freshwater crustacean that can upregulate hemoglobin (Hb) in response to hypoxia,
imparting a red color. We combine multiple field surveys across season with a common garden
experiment to evaluate changes in the metabolic phenotype of Daphnia in relation to environmental
hypoxia. We observed seasonal changes in the metabolic phenotype that differed between red and pale
animals. Hb was upregulated early in the season in Daphnia in hypoxic lakes, and a relationship between
Hb and lactate dehydrogenase, a key enzyme in anaerobic metabolism, only emerged later in the season
in a lake-specific temporal pattern. To evaluate whether these differences were due to specific lake
environments or microevolutionary differences, we ran a common garden experiment using six isofemale
lines from each of four lakes. We found that Daphnia increased the expression of Hb homologs and LDH
by 20 – 200-fold and 2-fold respectively after an acute 18 h hypoxia exposure. Unexpectedly, other
glycolytic enzymes, pyruvate kinase and enolase, were not upregulated under hypoxia. This contrasts
observations in vertebrate models, as hypoxia often triggers a suite of responses controlled by the master
transcriptional regulator hypoxia-inducible factor. Overall, the combination of lab and field studies
suggest that the metabolic phenotype of the animal is dictated by both microevolutionary differences
(within and between lakes) as well as the spatial and temporal environmental heterogeneity of the lakes.
In addition, hypoxic responses in Daphnia may be regulated by several independent pathways,
highlighting the importance of studying animal models with distinct ecology to understand the evolution
of hypoxia-driven phenotypic remodeling.

OEC3 2022 Proceedings

P a g e | 20

Transplant populations of a coastal dune endemic plant can self-replace outside the natural range at
multiple sites and in multiple years
Regan L. Cross1, C. G. Eckert2
1.
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2.

chris.eckert@queensu.ca, Queen’s University

Why species have stable limits to their geographic ranges is an unresolved but important area of
study from evolutionary and ecological standpoints. The most direct test of the factors limiting a species’
range is a beyond-range transplant experiment. If populations planted beyond the range can replace
themselves, we can infer that poor dispersal has stalled further range expansion. Beyond-range transplant
experiments have been done with diverse species, and eight of ten well-executed and controlled
experiments beyond geographic limits display estimated population growth rates above one, indicating
apparently stable population persistence. However, experiments rarely include multiple planting sites
(especially beyond the range) and are seldom repeated across years or monitored for more than one
generation. If environments beyond the range are heterogeneous and experience interannual changes in
conditions, then persistence, or lack thereof, at one site does not necessitate the same fate in other years
or at other sites beyond the range. Here, we repeat a beyond-range transplant experiment using the Pacific
coastal dune endemic plant Camissoniopsis cheiranthifolia 13 years after the first experiment, and we
use an additional beyond-range planting site. In 2018, we planted ~ 550 individuals into each of five
sites: two within the range, one at the northern range limit, and two beyond the range. As in the original
experiment, lifetime fitness of transplants was higher at the site 60 km beyond the northern range limit
than at the within- range planting sites. Moreover, when planted even further beyond the limit (220 km),
individual lifetime fitness was higher than or on par with transplants at within-range sites. Topperforming source populations at the site 60 km beyond the range differed from the top-performers at the
same site in 2005, and from those at the site 220 km beyond-range in 2018, suggesting environmental
differences among sites and years. In 2021, four years after transplanting, there were 1624 and 1421
descendants at the sites 60 and 220 km beyond-range, respectively, which represents population size
increases of ~2.6 and 2.9x since the initial generation. This provides strong evidence that the northern
range limit of this species is not limited by low fitness but likely by poor dispersal capacity, as it can
establish self-replacing populations beyond the range in at least two sites and in two different years.
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Spatial-rotational abilities of wild rufous hummingbirds (Selasphorous rufus) in a foraging task
Christine E. B. Mishra1, I. E. Bailey2, S. Healy3, T. A. Hurly4
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There is longstanding interest in the behavioural processes that animals use to track spatial and
temporal variation in food resources. Returning to exploited food locations and failing to find available
food sources can reduce an animal’s net rate of energy intake, and potentially its Darwinian fitness. This
study investigated the food tracking abilities of wild male Rufous hummingbirds (Selasphorus rufus) in
their summer breeding territory in the mountains of southwestern Alberta, feeding on experimental
flower arrays that were altered spatially over time. Hummingbirds are an excellent model organism for
studying foraging behaviours, spatial and cognitive abilities, and other decision-making tasks because
they are territorial and feed on a regular schedule, which allows for ease of experimental design, and
their tight energy budgets mean that it is likely that natural selection would favour efficiency in their
behaviour. We tested if the hummingbirds showed consistent spatial preferences in their use of flowers
over time, which could indicate the use of a behavioural rule of thumb to make efficient decisions and
avoid revisiting depleted flowers, or if hummingbirds tracked changes in the spatial orientation of the
flower array. Our experimental approach involved presenting individual birds with an array of 20
artificial flowers, rotating the array 90 degrees before they returned for the next foraging bout and
tracking the test bird’s responses. Five of 8 birds showed consistent spatial preferences for certain areas
(e.g. lower left) of the flower array, regardless of the flower array’s orientation. Some birds also showed
indications of an ability to track changes in the array’s orientation. Our results shed light on the spatial
tracking abilities of hummingbirds and the spatial preferences revealed in this study may explain some
of the noise observed in previous studies of hummingbird foraging behaviour.
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The influence of shelter on the establishment of the invasive dandelion, Taraxacum officinale, at its
northern range limit
Francine Da Silva1
1.
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Invasive species represent a serious threat to many native ecosystems, but currently are nearly
absent from arctic and subarctic Canada. In particular, the treeline and tundra habitats are often the
northern limit for these invaders, likely due to their unsuitable conditions and limited human activity,
resulting in unsuccessful dispersal and establishment of invasive species. The outlier is the town of
Churchill, Manitoba (58.76° N, 94.16° W), which has an unusually high number of invasive species due
to the presence of a grain port and railway that enabled transportation of invasives to the town footprint.
However, few of these invasive species have spread to the surrounding tundra. I attempt to understand
why one of these highly invasive species, Taraxacum officinale (common dandelion), currently is
restricted to town, focusing on an anthropogenic effect: the tendency of buildings to provide shelter.
Previous observations suggest that T. officinale occurs primarily on the south side of large buildings,
suggesting it benefits from warmer habitats. Thus, I compared common dandelion and a native species,
Taraxacum lacerum, to test whether a warmer microclimate created by buildings improves survival. If
the establishment of these non-natives, such as T. officinale, are temperature-dependent, they may escape
townsites in the future if the climate warms sufficiently, potentially representing a serious threat to the
integrity of currently native-dominated northern ecosystems. My research may provide the first evidence
of a highly invasive population establishing in the arctic pristine community. As climate change becomes
an increasing concern, being able to understand the extent to which microclimate influences invasions
may help predict future responses of these plants to a warmer climate. Additionally, the ability to predict
invasive species distributions in northern environments is crucial to aid conservation and management
efforts in order to prevent new introductions, spread, and increase the possibility of eradication.
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Promoting climate resilient cities and fostering social engagement through interdisciplinary work
Queen's PhD Community Initiative - Community Roots (Melissa McLeod, Regan Cross, Ryan
Zhou, Jill Price, Juliannah Adediji)
Through the PhD-Community Initiative at Queen’s University, an interdisciplinary team of Ph.D.
students from biology, computing, cultural studies, education, and geography partnered with a variety of
community groups (Little Forests Kingston, Kingston Indigenous Languages Nest, Three Things
Consulting, Kingston Secondary School, and Pathways to Education Kingston) to design a toolkit for
local youth to assess the climate resilience of their neighbourhoods. Youth will engage with their local
environments through several activities including describing and depicting trees, measuring temperature
to understand heat build-up in urban spaces, identifying and measuring trees to estimate species and size
diversity, and using computer programs to estimate coverage of tree canopy and impervious surfaces like
pavement in their neighbourhoods. The toolkit will be piloted by youth in summer 2022, and the resulting
data and information will be used to improve the community’s ability to anticipate and respond to
hazardous climate events or disturbances (such as extreme weather), and advocate for the planting of
more Little Forests in Kingston. Communities of densely planted diverse native tree and shrub species
(termed Little Forests) that are intentionally selected to grow in layers (canopy, understory, etc.) can
grow ten times faster, increase biodiversity of other species, and reduce pests compared to lone trees and
single-species plantations. Building climate resilient neighbourhoods will promote the health and safety
of our plant, animal, and fungi neighbours alongside that of human inhabitants. The interdisciplinarity of
our team allowed us to come up with unique solutions to problems that arose throughout development of
the toolkit, and broadened our independent perspectives. We learned a great deal from each other and
found interesting ways to apply the knowledge we’d each gained in graduate school to address a need
expressed by our community. Our team presentation will highlight our different perspectives on the
project, focused on the process of toolkit development, and encourage development and use of similar
toolkits in other locations.
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Student Presentation Session 2: Evolution
*Bold indicates presenting author
Estimating the stability and heritability of resistance fueling copy number variation in glyphosateresistant Amaranthus palmeri
Lisa H. Han1, K. F. Dungey2, S. B. Yakimowski2
1.

15lh29@queensu.ca, Queen’s University

2.

Queen’s University

Genomic variation within species is often generated and adopted as a response to selection
pressures from the environment. One such stressor is herbicide application, for which copy number
variation (CNV) of genes has been found to be critical for adaptation to this stress. In Amaranthus
palmeri, CNV of herbicide glyphosate’s target gene, EPSPS, ranges from 1 to >160 copies, and is the
primary source of genetic variation of glyphosate resistance. As these copies occur as extrachromosomal
circular DNA (eccDNA), this raises fundamental questions about the stability and inheritance of EPSPS
CNV. We used 750-900 F1 plants from 30 crosses of A. palmeri to investigate the following: (i) Is CNV
stable within individual plants throughout its development? (ii) Is there a deviation from Mendelian
expectations in progeny CNV when crossed experimentally? (iii) If deviations occur, does the parental
EPSPS CNV influence the direction/magnitude of deviation in progeny? EPSPS CNV were estimated
using probe-based droplet digital PCR and used to perform controlled crosses in a greenhouse. In
addition, 119 F0 plants were sampled 5x throughout their developmental period (10-day interval: juvenile
to reproduction) to assess potential CNV instability and intra-individual variability.
Our results indicate minimal variability within individual plants when CNV is low, but this intraindividual variation increases with higher mean plant CNV. This developmental variability departs from
Poisson mean-variance relationship expectations at high mean CNV. Additionally, standardized residuals
of the Poisson expectations revealed a significant linear relationship with higher variation in CNV among
temporal replicates than expected alone by the Poisson expectations (R2=0.23, F(1,114), p<0.001). This
suggests a higher likelihood of greater instability in high CNV within an individual plant. Next, our F1
study demonstrated a deviation from classical Mendelian inheritance in all F1 crosses, along with
significant differences in progeny CNV mean among crosses (ANOVA; F(22,623)=8.83, p<0.05). There
was also a moderate, significant positive relationship between parental and progeny CNV (R 2=0.31,
p<0.05). Moreover, 74% of the progeny resulting from low CNV parents (15-49 copies) demonstrated
increasing CNV patterns relative to parental means. Meanwhile, only 38.4% of the progeny from high
CNV parents (50-92 copies) demonstrated CNV higher than mean parental CNV. Our data is consistent
with a constraint on the generation and maintenance of extreme amplification of resistance conferring
gene CNV. This study will increase our understanding of sources of gene CNV, which will inform
ongoing efforts to understand the evolutionary trajectory of resistance in A. palmeri populations.
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Probing intralocus sexual conflict through sex limited selection
Harshavardhan Thyagarajan1, A. Chippindale2
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Theory predicts that the adaptation of sexes to sex-specific selection is constrained by a shared
genome in the absence of a sex-specific genetic architecture, producing a “sex load” on fitness. This load
on fitness through divergent pressures on shared loci, termed intralocus sexual conflict (IaSC), is of
especial interest as a form of balancing selection that could aid in the maintainance of genetic variance
for fitness. In order to probe the consequences of sex specific selection pressures on the shared genome,
we artificially subject a population of haploid genomes to experimental evolution under male-limited
selection, through cytogenetic manipulation. In this talk, I describe how such a selection treatment is
made possible and discuss questions we address through this evolution experiment.
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The effect of mate-limitation on evolutionary rescue
Puneeth Deraje1, H. Uecker2
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Successful adaptation of a population after a severe environmental change, that without evolution
would drive the population extinct, is termed evolutionary rescue. Whether a population succeeds in
adapting or goes extinct depends on many genetic and ecological factors. Models investigating the role
of the reproductive mode in rescue have mostly focused on genetic aspects so far, assuming that mating
is assured. Yet, for sexually reproducing species, the drop in abundance following the change in
environment may pose a particular challenge, since finding a mate in a sparse population may be difficult.
Here, we investigate how this density-dependent mate limitation impedes evolutionary rescue by
analyzing a one-locus two-alleles model for different reproductive systems, namely unisexual, bisexual,
and androdioecious systems. We find that, as expected, increased mate limitation always leads to a
reduced survival probability. This reduction is most severe for unisexual populations and least severe for
bisexual populations. In all cases, adaptation through increased fecundity is more likely than adaptation
through a higher mate searching efficiency. Further, in unisexual species, female-biased populations have
a higher chance of rescue when mates are assured but when mates are limiting, populations with a
Fisherian sex ratio of 1:1 have a better chance of survival. This may add an eco-evolutionary reason for
the diversity of sex ratios observed in nature. Finally, for androdioecious populations, the chance of
surviving increases with the proportion of bisexual individuals, with mate limitation reducing the range
of sex ratios where male-biased populations can survive. This provides a plausible reason for the higher
prevalence of androdioecy in animal populations, which are less prone to mate-limitation problems due
to higher mobility, as compared to plant populations. Overall, our results demonstrate that the ecological
dynamics resulting from mate limitation are an important determinant of rescue, by which models with
a more complex genetic basis of adaptation should be expanded to obtain a more complete picture of
rescue in sexually reproducing populations.
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Discovering endophytes from big bluestem (Andropogon gerardii) for economic and agronomic
applications
Fani Goltsios1, H. Hager3, R. Matias2, S. Adamowicz2, P. M. Antunes2, J. Newman2,3
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We need better methods for producing food and fuel crops to sustain the growing global
population without expanding the cultivated land area. One sustainable alternative to explore involves
using plant species containing endophytes, which are non-pathogenic microbes that can provide benefits
that improve plant performance. Big bluestem (Andropogon gerardii) is a perennial grass with
recognized potential for biomass production known to host endophytes, but little is known about the
identify and function of its endophytes. We addressed two research questions: What are the plant-growth
promoting benefits and antimicrobial resistant properties of endophytes identified in big bluestem? and
How do individual endophyte species affect the growth of their host plants? Endophytes were isolated
from germinated seeds of 24 individual big bluestem plants that were selectively bred for performance
in low-input systems. Bacterial and yeast endophytes were identified using barcoding of the 16S rRNA
and ITS gene regions, respectively, and their potential plant-growth promoting properties were
characterized using biochemical and phenotypic assays. The best-performing endophytes were
experimentally inoculated into big bluestem and switchgrass (Panicum virgatum) to test whether they
can promote host plant growth compared to uninoculated plants (controls). We isolated a total of 14
bacterial and seven yeast endophytes, of which several exhibited enzyme production associated with the
breakdown of organic compounds (e.g., cellulose). Several endophytes also demonstrated resistance
towards a common agricultural fungal pathogen in antagonistic assays. Big bluestem seeds inoculated
with different bacterial endophytes showed significant differences in seedling root biomass compared to
controls. However, switchgrass inoculated with different bacterial and yeast endophytes showed no
differences in growth compared to uninoculated controls. Endophyte benefits to the plant host may be
more likely if the plant is experiencing abiotic or biotic stressors (e.g., drought, low nutrients, herbivory),
which can be explored in future studies.
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Genomic tools to inform restoration strategies of three species of Calamagrostis in Canada’s Northwest
Territories
A. L. Villalobos1, Y. Wu2, C. Smith2, Maria Jose Gomez Quijano2, P. Seccombe-Hett2, R. Colautti2
1.
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Negative environmental impacts associated with vegetation decline have triggered an increase in
the restoration efforts of critical landscapes. Arctic ecosystems are under extreme ecological pressure
from extensive natural resource extraction combined with warming at a rate 2-3 times faster than the
mean increase in global temperature. Local adaptation can be an important consideration in plant
restoration, but for most native populations inhabiting arctic ecosystems, the question of “how local is
local?” remains unexplored. A lack of data on genetic diversity and population structure hinders the
ability to successfully establish restoration sites as genetic variation is necessary for evolutionary change
to occur. Species in the Calamagrostis Adans. genera are perennial rhizomatous grasses that occur
primarily in cool-temperate regions of the world. Within North America, C. canadensis, C. stricta and
C. purpurascens are widespread across heterogeneous environments. However, taxonomic identification
has been complicated by variation in morphology, ploidy, apomixis, and hybridization. We used double
digest restriction- site associated DNA sequencing (ddRAD-seq) to investigate genome-wide population
structure and genetic diversity among 26 collections of C. canadensis (N= 10), C. stricta (N= 9) and C.
purpurascens (N= 7) from the Northwest Territories to aid in seed collection and identification of units
for restoration projects in the Canadian Arctic. Our discriminant analysis of principal components
(DAPC) results grouped individuals into three clusters that represented the three study species. This
shows that populations from the C. canadensis, C. stricta and C. purpurascens species are genetically
differentiated and highly structured, despite the historically observed variation of life history traits within
species. Nevertheless, we found evidence for interspecific hybridization of C. stricta with C.
canadensis and C. purpurascens but not between C. purpurascens with C. Canadensis. Our DAPC
showed one C. canadensis and one C. purpurascens individual that clustered with the C.
stricta population. Meanwhile, our STRUCTURE analysis identified three individuals with over 40%
admixed ancestry and five individuals with over 20% admixed ancestry. Despite the presence of hybrids,
we found low levels of gene diversity, heterozygosity, and high levels of F IS within each species. Our
results suggest that populations of Calamagrostis species in the Northwest Territories might experience
moderate rates of hybridization between species, but low levels of gene flow between populations within
each species, possibly due to the large geographic distance separating some populations.
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Using evolutionary biology and mathematical modelling to explore how cancer shapes the life cycle
Sydney Ackermann1
1.

sydney.ackermann@mail.utoronto.ca, University of Toronto

A multicellular organism is a group of cooperating cells. This cooperation has been incredibly
successful evolutionarily, but how is it maintained? On a cellular level there is selection for cells that
proliferate faster, even if it is to the detriment of the organism, as is the case with cancer. Cancer is a
break-down of cooperation among cells and therefore a breakdown of multicellularity. Has this
fundamental problem shaped the life cycle of multicellular organisms? It has been hypothesized that
vertical transmission of cancer promoted the evolution of the unicellular stage of the life cycle during the
transition to multicellularity.
Vertical transmission of cancer is a particular threat to multicellularity, as full cooperation is
required for cell differentiation to occur. Without adaptations to mediate this issue, defector cells would
accumulate in lineages and organisms would become increasingly less functional. A unicellular stage,
however, would align the cellular and organismal levels of selection; purging lineages of cancer cells,
and increasing kinship to close to 100% during that early period of cell differentiation, critical to
functionality.
I will explore how selection acts on variation in the number of cells in a zygote in the presence
of cancerous mutations. My hypothesis is that cancer selects for a unicellular zygote.
To explore this, I will build and analyze a mathematical model. One locus will experience cancercausing mutations, which will experience different selection on the cell and individual levels. A second
locus will determine the number of cells in a zygote. The question is if a mutant allele at this second
locus, which reduces the number of cells in a zygote, spreads. Evolutionary invasion analysis will be
used to determine if a unicellular zygote evolves to combat cancer. A particularly exciting extension
would be to ask if vertically transmitted cancers can explain the evolution of both a unicellular zygote
and sexual reproduction.
One potential result is that the unicellular zygote is an evolutionarily and convergently stable
strategy; implying that the unicellular stage has been selected for to prevent vertical transmission of
cancer, and that cancer was a serious obstacle to the persistence of multicellularity at the time of the
transition from unicellular ancestors. Other potential results include the strategy being convergently or
evolutionarily stable, or neither.
This model will provide important insight into what selective forces were operating during the
transition to multicellularity and shed light on how fundamental cancer is to multicellularity.
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Investigating the effects of varying recombination rates on the DNA sequence polymorphism due to
non-random selection processes using an individual based model
Imran Sayyed1
1.

Queen’s University

Recombination plays an important role in maintaining genetic polymorphism which are occurring
due to ongoing processes such as mutation-drift equilibrium, directional selection and balancing
selection. Recombination rate varies from species to species, thus affecting the maintenance of genetic
polymorphism under random and non-random processes. Here, we create a model which allows us to
vary recombination rate while process such as directional and balancing selection are still ongoing and
see how it affects DNA polymorphism. With these individual based simulations, based on the life cycle
of D. melanogaster, a statistical test – Tajima’s D is performed on the evolved DNA sequences to infer
about DNA sequence polymorphism.
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Conservation genetics of an imperilled freshwater fish (Erimyzon succetta) across its entire geographic
range
Sumeet Sekhon1, R. Corchis-Scott2, N. Mandrak2, C. Wilson3, T. Pitcher1
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Trent University

The Lake Chubsucker (Erimyzon succetta) is an imperilled freshwater species with distributions
in Ontario and multiple basins in the USA. This species is significantly impacted by environmental
perturbations and anthropogenic effects, leading to its designation as endangered in Canada and
threatened in parts of its American range. Due to ongoing population declines, management agencies
have considered possible translocation of this fish from one area to another, necessitating a better
understanding of the population genetics for the species range. We collected tissue samples across the
entire geographic range, sequenced the samples for cytochrome oxidase 1, NADH dehydrogenase 2, and
cytochrome b, and used genetic software to analyze the mitochondrial DNA sequences of these genes
from basins in Ontario and 14 states in the USA. The final haplotype maps depicted the relationships
among the DNA sequences for each gene, and 13 unique haplotypes for cytochrome oxidase 1, 61
haplotypes for NADH dehydrogenase 2, and 37 haplotypes for cytochrome b were found. The haplotype
networks will prove useful in the creation of designable units and for choosing appropriate populations
for future conservation efforts.
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No altitudinal clines for cyanogenesis in populations of White Clover (Trifolium Repens) in Alberta,
Canada
Chloe E. Dean-Moore1, C. G. Eckert2
1.

16cedm@queensu.ca, Queen’s University

2.

Queen’s University

White clover (Trifolium repens) exhibits natural variation in cyanogenesis (the ability to release
cyanide following tissue damage), with both cyanogenic and non-cyanogenic plants occurring in natural
populations. This polymorphism for cyanogenesis is one of the longest studied and best documented
examples of adaptive polymorphisms in plants, which has made white clover a model system for studying
how and why natural selection maintains genetic variability in populations. Over the last several decades,
dozens of studies have investigated the ecological factors that maintain this polymorphism in natural
populations. Several studies have found elevational and latitudinal cyanogenesis clines, with higher
frequencies of cyanogenic individuals in warmer climates. While the selective pressures that favour
cyanogenesis in warm climates are well established (differential protection against herbivory), the factors
that select for acyanogenesis in colder regions are less understood. Previous studies have proposed that
cyanogenesis is deleterious in colder climates since freezing might cause cells to rupture which would
release cyanide and result in autotoxicity. Alternatively, if there are fewer herbivores in colder climates,
plants that do not invest in chemical defence may have a competitive advantage. To further explore the
selective pressures maintaining this polymorphism, I assayed clover populations for cyanogenesis across
an elevational gradient in Alberta Canada and expected to find higher rates of cyanogenesis with
increasing elevation. I assayed 20 clovers from 31 different sites ranging from 1000 – 2250 meters above
sea level. While I detected significant variation in cyanogenesis among sites, I did not find a significant
relationship between cyanogenesis frequencies and elevation. Since I did not detect an elevational cline,
I considered what other selective factors might be at play and I returned to each site to measure population
density, soil moisture and herbivory rates. However, my analysis revealed that none of those selective
pressures had a significant relationship with cyanogenesis frequencies. Moreover, none of my selective
pressures even had relationships with elevation. The selective pressures that are maintaining the
cyanogenesis polymorphism in these populations remain unknown. In this presentation I will explain my
methodologies, interpret my results, and discuss the file drawer effect.
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Artificial selection on clonal growth in Mimulus guttatus
Christina Steinecke1, J. Friedman1
1.

Queen’s University

For many plants, sex is optional. Many species have the ability to asexually reproduce (for
example, via stolons or corms) and sexually reproduce via flowers and seed. The question, then, is why
some invest resources into both, and whether a trade-off exists when investing in traits associated with
one mode or the other. It is likely that a trade-off between asexual and sexual reproduction does occur,
and that it is maintained by a correlated suite of underlying traits. By imposing artificial selection on a
population of Mimulus guttatus in the greenhouse, our research aims to identify how investing in asexual
reproduction through stolons affects the evolution of correlated sexual traits, such as flowering time,
flower number, and male/female investment. After establishing an outbred population from field
collected seed in a common greenhouse environment, we imposed divergent, artificial selection on stolon
number for four generations. Within each generation, we used quantitative genetic analyses to investigate
additive genetic variance, heritability, and genetic correlations among vegetative and reproductive traits
measured throughout the life cycle. The suite of traits includes germination timing, leaf size, stem size,
flowering time, flower size, pollen number, ovule number, stolon number and stolon size. This first
analysis will provide a framework for understanding and predicting the evolutionary trajectory of this
population as it evolves in response to artificial selection. The study will test a classic, yet unresolved,
evolutionary question and provides novel insight about the joint evolution of sex and sex allocation.
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Two of a kind, or do opposites attract? Quantifying patterns of assortative mating by size in fruit flies,
Drosophila melanogaster
Sanduni Talagala1
1.

tala5870@mylaurier.ca, Wilfred Laurier University

The outcome of mate competition contests and/or mate preferences is an important source of
variation in an individual’s fitness and also can have important consequences for the evolutionary
pathway a species follows. As such, the specific nature of the mating patterns seen at the population level
may reinforce or interfere with rate and direction of natural selection. Many theoretical models indicate
that patterns of assortative mating (where mates are of similar phenotypes and/or genetic “quality”) can
enhance the purging rate of deleterious mutations and/or the rate of spread of beneficial alleles in the
gene pool. However, existing empirical studies looking to quantify the extent of assortative mating by
“quality” have yielded results that are somewhat contradictory and inconclusive. This may be (in part)
due to the ways in which genetic “quality” in individuals was artificially manipulated in these
experiments. In this study, we set out to examine whether fruit flies (Drosophila melanogaster) engage
in assortative mating by body size phenotype. Body size is a complex, composite trait that is strongly
associated with individual survival and reproductive success, and is widely considered a reliable indicator
of natural genetic “quality”. In our assay, we collected adult male and female flies of different body sizes
(large and small) that were raised under the typical culture conditions to which their populations were
well adapted. We placed these flies under competitive reproductive conditions, and made observations
on the mating interactions between same- and differently-sized individuals, as well as quantified biases
in mating patterns by examining the paternity of offspring produced by both large and small-bodied
females. Finally, to better understand the selective pressures acting on patterns of mating, we measured
offspring production rates and the fitness of both sons and daughters sired by different combinations or
large and small- bodied males and females. This study ultimately helps advance our understanding of
how sexual selection influences the rate of adaptive evolution.
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Student Presentation Session 3: Ethology and Ecology
*Bold indicates presenting author
Where are we going to eat? Drosophila melanogaster change cluster structure dependent on spatial
distribution and quality of food
Tanya T. Shoot1, N. Y. Miller1, T. A. Long1
1.

Wilfrid Laurier University

Being part of a group has known costs and benefits. Examining when groups are formed can help
identify which benefits apply. Fly larvae have been observed clustering when close to pupating.
Clustering has been shown to provide individuals within the group more access to food than when alone
in harsh environments. As clustering progresses, food is broken down, making it easier to eat, but
degrading its nutritional value. To understand the dynamics of clustering, we manipulated the quality of
food available and its spatial structure. In experiment 1, we had three conditions: standard, low (50%
nutrition, diluted), or both types, vertically split. In experiment 2, we had four conditions: standard or
low on the top 5 mm of the vial, and either standard or low underneath. Populations of 100 larvae were
randomly assigned to a condition for 5-7 days and observed three times per day. The number of clusters,
individuals within clusters, and depth and width of clusters were recorded. There was strong evidence of
an effect of day in experiment 1, where generally earlier days had fewer individuals per cluster, narrower
and shallower clusters. There was less of an effect of condition, except for depth of clusters in the lowquality condition who had deeper clusters compared to standard and vertically split conditions.
Conversely, in experiment 2 there was extreme evidence of an effect of condition, with clusters changing
structure and number of individuals in a cluster depending on what type of food was encountered. These
results highlight a group’s flexibility in the face of a fluctuating environment.
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Effects of transport stress on thermal tolerance in Chinook salmon (Oncorhynchus tshawytscha) fry
Chris M. Tracey1, V. Smit-Heath2, T. E. Pitcher3
1.

traceyq@uwindsor.ca, University of Windsor

2.

heathv@uwindsor.ca, University of Windsor

3.

tpitcher@uwindsor.ca, University of Windsor

Many species of fish face the threat of extirpation as populations decline due to challenges such
as habitat degradation, rising water temperatures, and pollution. Reintroduction and translocation
methods are conservation tools in which imperiled populations are supplemented by individuals
translocated from captive-bred populations and source populations, respectively. Both of these
conservation-based methods require transportation of individuals from one location to another.
Conditions during transportation have been shown to impact the success of reintroduction/translocation
efforts, as the individuals being transported encounter many stressors which can impact survival postreintroduction/translocation. However, the extent to which time spent in transit can affect fish health and
viability is not well understood. To investigate the potential effects of transport stress using an
ecologically relevant assay, we tested the thermal tolerance (using critical thermal maximum, CTMax) of
Chinook salmon (Oncorhynchus tshawytscha) fry after undergoing 0, 2, and 4 hours of transport. We
observed no significant variation in the mean CTMax between the treatment groups. We did however find
significant positive correlation between body condition of chinook salmon fry and thermal tolerance.
Overall, we found no evidence to support a link between time spent in transport and thermal tolerance of
Chinook salmon fry suggesting that transportation up to four hours is unlikely to affect their initial
survival in streams and rivers that fluctuate significantly in temperature during times of the year when
reintroductions occur.
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The effects of socioeconomic variation on the natural selection of Eurosta solidaginis
Samer El-Galmady1
1.

University of Toronto

Urban areas are dynamic ecological systems where human decisions can define the ecological
setting and evolutionary trajectories of urban organisms. Humans transform urban landscapes to include
buildings, roads and associated infrastructure that dramatically alter the environment. Urban planning
and regional policies often create variation in the average socioeconomic level of neighbourhoods within
a city, which can influence the abiotic and biotic environment in profound and often unexpected ways.
For example, poorer neighbourhoods often have less tree cover and fewer parks than more affluent
neighbourhoods. These systemic inequities among neighbourhoods are known to have profound impacts
on local biodiversity, but whether socioeconomic variation within cities affects the ecology of species
interactions and evolutionary processes like natural selection is poorly understood. This project tests how
urbanization, and more specifically neighbourhood-level socioeconomic variation, affects ecology of
predator-prey interactions and the natural selection imposed by predators on prey. To address this
problem, I studied ball gall flies (Eurosta solidaginis) that are specialist herbivores of tall goldenrod
(Solidago altissima), and their natural enemies, across the Greater Toronto Area (GTA). The flies are
attacked by two bird predators (Picoides pubescens and Poecile atricapillus), two parasitoid wasps
(Eurytoma obstusiventris, Eurytoma gigantea), and Mordellistena beetles, that preferentially attacks
galls of specific sizes. I quantified attack rates on ball gall flies and selection by predators on the size of
galls in patches of Solidago altissima across the GTA. I quantified survival, frequency of attack, gall
size, and estimates for phenotypic selection on gall size for ~ 2000 galls in ~100 populations across the
GTA. For each sampling site, I quantified the vegetation cover, impervious surface cover, average
income, and education level in the surrounding neighbourhood. I found that vegetation cover and
impervious surface cover are good predictors of attack rates and frequency of attack by each species on
ball gall flies. The changes in bird and parasitoid attack decreased directional selection on gall size in
high socioeconomic status neighborhoods and increased directional selection on gall size in low
socioeconomic-status neighborhoods. This project shows that urbanization and neighbourhood-level
socioeconomic variation have predictable consequences on the predation rate and natural selection of
ball gall flies.
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Estimates of migratory flight speed in black-throated blue warblers (Setophaga caerulescens): An
automated radio telemetry study using Motus
Patricia Rokitnicki1, Y. E Morbey2
1.

prokitni@uwo.ca, University of Western Ontario

2.

ymorbey@uwo.ca, University of Western Ontario

In songbirds, age classes can vary in physiological, morphological, and behavioral traits, with
potential effects on their movement ecology. Our objective was to test whether migratory flight speeds
differ between age classes in Black-throated Blue Warblers (Setophaga caerulescens). Birds were caught
at Long Point Bird Observatory during their 2021 spring migration, where they were aged and sexed
based on plumage, photographed for measurements of wings, then tagged with radio transmitters and
released. Birds were then tracked with the Motus Wildlife Tracking System, which is a coordinated array
of automated radio receivers. The data collected with Motus in 2021 and previous data collected in 2014
and 2015 was used to calculate ground speeds during inter-tower nocturnal movements. Ground speeds
were then decomposed into airspeeds and tailwind advantage by using information on a bird’s heading,
wind speeds, and wind directions. Across the three years, 58 birds had 1-3 inter-tower movements and
the overall average airspeed was 9.83 ms-1, average ground speed was 12.23 ms-1, and tailwind advantage
was 1.51 ms-1. Age class differed in wing wear but not in wing pointedness (ANOVA: F1,32=7.111,
p<0.01, and ANOVA: F1,32=0.503, p=0.76 respectively). In 2021, there was no evidence that age affected
airspeed or tailwind (LMM: F1,20=0.75, p=0.40, and LMM: F1,20=0.46, p=0.50 respectively) and there
were also no differences between sexes. Using data for all birds, tailwind advantage affected airspeed
(LMM: F1,31=14.32, p<0.01) and ground speed (LMM: F1,31=22.93, p<0.01), with birds having slower
airspeeds but faster ground speeds when flying in more favorable wind conditions. This result is
consistent with optimal migration theory and suggests that birds partially compensate for flying in poorer
conditions by flying faster. Overall, this study demonstrates how Motus data can estimate flight speeds
on known aged individuals and test optimal migration theory. Interestingly, despite age classes having
some differences in wing morphology, they had similar flight behaviour as adults.
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Caffeine’s effects on the complex behaviour and physiology of fathead minnow (Pimphales promelas)
Jacqueline Bikker1, H. MacDougall-Shackleton1, B. B. M. Wong2, S. Balshine1
1.

McMaster University

2.

Monash University

Caffeine is a psychostimulant and a staple in many of our lives. For example, in North America
over 80% of adults consume caffeine daily. While much of this consumed caffeine is metabolised by the
liver, excreted caffeine from urine makes its way to wastewater treatment plants (WWTP) where it is
treated and thus partially removed before being released into the environment as a component of
wastewater effluent. As a result of the incomplete removal, aquatic organisms living downstream of
WWTPs are exposed to caffeine daily. To date, most studies investigating the effects of caffeine on
aquatic organisms use exposure concentrations that are much higher than those found in the environment
(e.g., 25 – 100 mg/L caffeine) and use short exposure times (e.g., 1 hour) despite the fact that organisms
in the wild are chronically exposed. Here, we aimed to determine how environmentally relevant
concentrations of caffeine and chronic exposure periods (5 weeks) affected fathead minnow (Pimphales
promelas) behaviour and physiology. More specifically, we investigated how caffeine exposure affected
associative and reversal learning and assessed how caffeine exposure affected anxiety and activity.
Finally, we measured standard metabolic rate, maximum metabolic rate, and aerobic scope to determine
how caffeine exposure affected metabolism. Fish exposed to high levels of environmentally relevant
concentrations of caffeine appeared to grow faster compared to other treatments, but sex differences in
growth may have driven this pattern. Exposure to environmentally relevant concentrations of caffeine
did not modulate standard metabolic rate, maximum metabolic rate, or aerobic scope. Our results will
add to a growing body of literature examining caffeine as an emerging contaminant of concern and shed
light on its impacts on the behaviour and physiology of organisms exposed to it.
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Post-breeding survival of adult and first-year Bank Swallows (Riparia riparia) in the Great Lakes
ecoregion: a radio telemetry study
Christian Buchanan-Fraser1, Y. Morbey2, G. Mitchell3
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ymorbey@uwo.ca, University of Western Ontario
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The post-breeding period poses significant threats to young newly fledged birds due to predation,
starvation, exposure to inclement weather, and collision risk prior to their first southward migration. To
address the gap in knowledge about this period for Bank Swallows (Riparia riparia), I aim to estimate
and compare the survival rates of adults and first-years in the Great Lakes ecoregion. In 2018 (firstyears) and 2021 (first-years and adults), individuals were captured using mist nets, banded, had
morphological measurements taken and were radio tagged. 74 first-year Bank Swallows were radiotagged during the 2018 field season while 116 adult Bank Swallows and 76 first-year Bank Swallows
were radio-tagged during the 2021 field season. There are approximately 500 000 Motus detections for
birds that were radio-tagged in 2018 and approximately 800 000 Motus detections for birds radio tagged
in 2021. Bank Swallows tagged in 2018 were detected on 51 Motus towers and Bank Swallows tagged
in 2021 were detected on 42 Motus towers. Detection data was obtained and downloaded from the Motus
Wildlife Tracking System. Detection data was used to generate movement paths and encounter histories
for the estimation of adult and first-year post-breeding survival rates in mark-recapture models. Markrecapture models will be tested, ranked, and compared in the R package RMark. Comparisons between
Bank Swallow age (adult or first-year) and habitat (lakeshore colony or aggregate pit colony) will be
implemented in mark-recapture models when calculating post-breeding survival.
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Gulping air: The influence of temperature and feeding on Betta breath rate
Gracie Li-Ting-Wai1, N. Miller2, J. M. Wilson3
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jmwilson@wlu.ca, Wilfrid Laurier University

Bettas (Betta splendens) are native to stagnant tropical freshwaters of Southeast Asia. Such
habitats are prone to temperature fluctuations and hypoxic conditions, of which bettas have adapted to
with the development of a bimodal breathing system. Due to their economic importance and the
development of such a breathing system, bettas are an excellent candidate to study the influence of
temperature and feeding on breathing rate. Specifically, the present study investigated whether an
increase in temperature would result in an increased breathing frequency, as well as whether there would
be a post-prandial effect on respiration. An ethological translation tool was used to track the breathing
rates of female bettas at 20 °C, 25 °C, and 30 °C. Bayesian statistics were implemented to determine the
effects of temperature treatments and feeding. Results showed a higher breathing frequency as
temperature was increased, the most notable was the difference in breathing frequency between the 20
°C and 30 °C treatments, with a Bayes factor of 3.09 x 109. A post-prandial effect on breathing frequency
was observed in every temperature treatment group. At present, this is the first study of its kind on
bettas. The results of this work will help further our understanding of how climate change may affect
both the wild populations and aquaculture stocks of important species. Additionally, this study provides
a new tool to investigate respiration of bimodal breathing fish in the laboratory.
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Local and landscape drivers of frog communities in urban stormwater management facilities
Danny McIsaac1
1.

University of Waterloo

Wetlands provide numerous critical services, including flood mitigation and erosion control, and
are important wildlife habitats. However, increased urbanization has led to degradation and loss of
wetlands worldwide. Stormwater management facilities (SWMFs) are often constructed in urban areas
to provide flood mitigation and runoff control, and functionally replace wetlands, but their suitability as
habitat is contested. Determining the biodiversity services of these systems is the precursor step to
maximizing their habitat suitability in the future, which will be critical due to large extent of already lost
wetlands. My research objective was to determine habitat suitability of SWMFs in Brampton, Ontario
by assessing impacts of local and landscape drivers on frogs, a widely used indicator taxon. In and
surrounding 21 SWMFs, I measured water quality, vegetation, and land cover, and used frog auditory
sampling methods to quantify frog community composition and species richness. Frog occupancy was
generally low in SWMFs where green frogs, A highly disturbance tolerant species, was abundant, and
all species of regional concern were rare. The composition of most species was influenced by broad leaf
emergent vegetation (e.g., cattail). Similarly, species richness was positively correlated with area of
emergent vegetation. My results indicate that naturalization of SWMFs through increased vegetation at
a local scale would enhance habitat suitability for frogs and likely other aquatic species. Integrating
SWMFs that more closely match wetlands that have been lost will help combat biodiversity losses caused
by urbanization, while maintaining ecosystem services for human benefits.
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Western Hognose snakes (Heterodon nasicus) prefer environmental enrichment
Gokulan Nagabaskaran1, M. Skinner1, N. Miller1
1.

Wilfrid Laurier University

Environmental enrichment is rarely studied in snakes, but recent evidence suggests they benefit
when implemented properly. However, since little is known about reptilian behaviour, it is difficult to
gauge the efficacy of enrichment. This is especially the case when observing prey species that may
negatively react to novelty. This can be circumvented via preference testing. Preference testing consists
of supplying the subjects with the freedom to choose between environments, followed by observing the
time spent in each location. We aimed to assess snake enrichments in this manner using Western Hognose
snakes (Heterodon nasicus; n=16), by splitting their home enclosures into an enriched and standard half.
Enriched halves housed larger water dishes, interactive stimuli, and loose substrate for burrowing, while
standard halves had paper towel substrate and a smaller water dish. Both sides also included a single
shelter of similar size, and heat was pseudo-randomly assigned to either the enriched or standard half to
observe a preference for heat. We hypothesized that the snakes will significantly prefer the enriched
halves given their burrowing ecology, and even more so when paired with heat given their ectothermic
nature. Snakes were housed in these enclosures for 1 habituation day and 6 observation days, during
which the snake’s location was recorded 4 times daily. We found that the snakes had an overall preference
for the enriched environment. However, unlike our hypothesis, the snakes preferred enriched
environments more-so when they were not paired with a heat source. This may be explained by the
ecological nature of the snakes, since they tend to burrow underground where temperatures are far lower
than on the surface. Fossorial snakes seem to gravitate towards cooler temperatures unlike other snake
species, thus emphasizing the importance of preference testing in reptiles prior to enrichment
implementation. Future experiments will place half the snakes in an enriched environment, and the
remaining in a standard environment to observe long-term effects of preferred enrichment on welfare
and cognition.

OEC3 2022 Proceedings

P a g e | 44

Student Presentation Session 4: Ecology, Ethology, and Evolution
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The vulnerability of urban green spaces to plant invasions
Garland Xie1
1.

University of Toronto

The likelihood of being invaded (‘invasibility’) differs among urban green spaces (UGSs). This
is because of varying environmental and societal influences that drive abiotic and biotic characteristics,
as well as propagule pressure of prospective invasive species. Reactive management to thwart invasion
is common, but proactive approaches are rare. Practitioners need tools to prevent invasion before
incurring management costs; however, in UGSs it is not clear what promotes high invasibility.
Here I present a framework to evaluate UGS invasibility and the results of an observational study.
This framework divides invasibility drivers into three pillars, each influenced by human activity: abiotic
context, biotic interactions, and potential propagule pressure. The study took place in ‘The Meadoway’,
a 16 km stretch of meadows undergoing restoration in Toronto Canada by repeated mowing then sowing
using native seed mixes. One invasive species present in the region is Vincetoxicum rossicum (dog
strangling vine; DSV) and difficult to eradicate. The goal was to quantify the relative importance among
different drivers on invasibility across two management regimes (tilling and restored sites): tilling
disturbs soil to release resources for the growth of DSV, seed bank density resists the colonization of
DSV, and seed rain from nearby DSV disperses propagules.
First, tilling during the early stages of restoration practitioners significantly lowers invasibility of
meadow habitats by 15% compared to restored sites. Structural equation modelling shows that tilling
facilitates spontaneous non-native plant species (which are not invasive) by increasing available
resources for growth. This saturates the available niches through higher non-native species richness,
leaving fewer opportunities for future invasion events. Tilling also reduces potential propagule pressure
by depleting the seed rain of DSV. Second, we found that a higher seed bank density increases the
resistance to invasion by 15% across management regimes. Seed rain from nearby DSV did not affect
invasibility. DSV also never emerged from the seed bank due to either dispersal limitation or a “sit-andwait” strategy until favorable conditions occur for germination.
Overall, we show invasibility is lowered with active management strategies and native seed
mixes. A proactive strategy is to modify existing mixes before restoration, by using cost-effective native
plants that grow quickly and produce many seeds to reduce germination of invasive species. These
findings also show the flexibility of this invasibility framework to different scenarios with clear
actionable outcomes and can be applied to other UGS with different properties that affect its vulnerability
to plant invasions.
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The impacts of environmental variability on parasite diversity within-hosts
Madeline Jarvis-Cross1, M. Krkosek1
1.

University of Toronto

Though we are beginning to understand the mechanisms that facilitate zoonotic spillover, we’ve
left the mechanisms that promote parasite diversity within-hosts, creating opportunity for spillover
events, understudied. Additionally, while attention has been paid to the effects of increasing temperatures
on disease systems, we’ve neglected to explore the effects of environmental variability, despite evidence
of its outsized impact on species diversity. Thus, understanding how climate change-induced
environmental variability affects parasite diversity within-hosts will be vital in addressing the threat of
zoonotic disease emergence. To investigate the impacts of environmental variability on parasite diversity
within-hosts, we modified Antia et al.’s (1994) model of within-host population dynamics to include a
secondary parasite which could indirectly compete with the primary parasite through the host’s immune
response and defined the growth rates of each parasite along nonidentical thermal performance curves.
We simulated the model under constant, demographically stochastic, environmentally stochastic, and
demographically and environmentally stochastic conditions, and compared the ability of the secondary
parasite to invade a single-parasite system, the tendency of one parasite to outlast another, and the amount
of time for which both parasites co-occurred. Preliminarily, we’ve found that where constant and
demographically stochastic conditions may prohibit or limit parasite co-occurrence, environmental
stochasticity may allow for or increase the longevity of parasite co-occurrence, suggesting that
environmental variability may promote parasite diversity within-hosts. Climate change has made the next
pandemic inevitable. Understanding how climate change-induced environmental variability impacts
parasite diversity within-hosts will bolster our understanding of zoonotic disease emergence and allow
us to make robust predictions and implement actionable mitigation strategies.
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Improving rehabilitated eastern cottontail (Sylvilagus floridanus) survivability and welfare
Pauline Kosmal1
1.

University of Guelph

Infant eastern cottontails, even those classified as clinically healthy on admission, have poor
outcomes in rehabilitation and we have little scientific evidence to explain this trend. Young cottontails
are high stress, have rapid growth rates, and sensitive digestive tracts, creating further challenge for
rehabilitators. In addition, there is the concern for the welfare of the eastern cottontails’ themselves.
Because most animals enter rehabilitative care due to improper human-wildlife interactions,
rehabilitators feel there is a necessity to restore balance and release healthy animals back to their
respective environments. Previous research has identified biological variables affecting survivability of
infant eastern cottontails while in care. However, these factors do not adequately explain the high
mortality rates, especially in those classified as clinically healthy. In general, we have a poor
understanding of how rehabilitated cottontails adapt to the novel environment. Primary causes of death
in rehabilitated infant eastern cottontails (without injury on intake) are related to gastrointestinal
illnesses, yet we have little understanding why so many suddenly die while in care without the common
symptoms (diarrhea, bloat, lethargy, and loss of appetite) of these diseases. Importantly, the lack of
scientific literature and protocol variation is likely contributing to knowledge gaps within the field of
wildlife rehabilitation. For this study I will take a mixed-model approach, combining data from wildlife
rehabilitators’ experiences, backgrounds, attitudes, and beliefs with young eastern cottontail biological
data. From this, we create evidence-informed standardized protocols to significantly improve the quality
of care and welfare of young eastern cottontails. Fecal analyses, which are commonly used as measures
of health, will be conducted to determine if there is a significant difference in the gut composition of
surviving and deceased rehabilitated cottontails, as well as the difference in those wild-caught. To further
explore the cause of sudden death, we will then conduct a second study - gross post-mortems and
pathologies of deceased apparently healthy infant cottontails. We will search for abnormalities, both in
the tissues and histology, specifically focusing sections on the small and large intestines. If there is a
difference in the physiology of those who survive and those who do not, then we may be able to prevent
sudden death by adding preventative measures to protocols, based on our findings. Results will be linked
to the information provided from the survey and interview tools to assess the relationship between
rehabilitators, the influence of environmental factors, and eastern cottontail health and welfare.
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The effect of urbanization and latitude on melanin display in monarch (Danaus Plexippus) caterpillars
in Central Canada
Rohab Batool1, Juriyah Jenan2, R. Murray3
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Monarch caterpillars (Danaus plexippus) rely on the amount of melanin they display on their
exoskeleton for thermoregulation. This process is particularly important for those caterpillars living in
Central Canada, the northern edge of the monarch range. While there are many studies on how
environmental factors can affect regulation of melanin in adult butterflies, the factors involved in melanin
regulation within caterpillars are less known. Latitude and urbanization are two factors that can affect
the amount of melanin a caterpillar displays. While latitudinal gradients can indicate climatic differences
in temperature that might be driving melanin displays, cities acting as ‘urban heat islands’ might also
affect melanin-based thermoregulation in monarch caterpillars. Our study investigates the effect of
latitude and urbanization on the thickness of the black bands in monarch caterpillars using community
science data. We hypothesized that latitude would have a positive relationship with caterpillar melanin,
and urbanization would have a negative relationship with caterpillar melanin. We collected 130 Canadian
fifth instar monarch caterpillar images from sighting-based citizen science websites, iNaturalist.org and
BugGuide.net. The websites provided the date observed and the latitude and longitude coordinates for
each image. We curated the collected images based on image quality, phenology, larval instar, and
available information, which resulted in 114 images across an urban-rural gradient in Central Canada.
We used ImageJ to measure the width of the black bands within caterpillar segments 3, 4 and 5 and then
standardized these measures by the total length of the segments. To estimate urbanization for each image,
we used the census profile for 2016 within the Statistics Canada Government website to get the
population density per km2. Consistent with our hypothesis, we found that latitude significantly increases
the melanin display in monarch caterpillars. However, we did not see an effect of urbanization on
caterpillar melanization. Our findings at the northern edge of the monarch range have implications for
climate change effects on Canadian monarch populations. Future research will focus on melanin displays
and melanin-related immunity to parasitism by Ophryocystis elektroscirrha (OE) at the northern edge of
the monarch range.
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Translocation of microplastic particles observed in Lake Ontario sportfish
Madeleine Milne1, K. Munno2, P. Helm3, S. Bhavsar4, C. Rochman5
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Microplastics are a pervasive contaminant in the environment. As a consequence, they are
ingested by a variety of organisms, including fish. How microplastics move through, and accumulate in,
the food web, is not well understood. This includes the translocation of microplastics from the
gastrointestinal (GI) tract to other tissues. Here, we sampled five species of sportfish from Lake Ontario
and examined their GI tracts and fillets for the presence of microplastics. We observed microplastic
particles in both tissues of all fish samples; fish had a mean of 237 particles per fish (SD 334), with the
total number of particles in a single fish as high as 1588. The total particles per individual fish were
significantly different among species (p < 0.05). Fish GI tracts had a mean of 156 particles/fish (SD 317),
and fish fillets had a mean of 79 particles/fish (SD 66). The number of particles observed in the GI tract
was not positively correlated with the number of particles in the fillet, suggesting that the particles in the
gut are transitory and not a predictor of the amount in other tissues. The particularly high number of
particles that were observed to translocate to the fillets highlights the need for further research to better
understand the mechanisms and consequences of the translocation of microplastics. Further, the presence
of microplastics in tissues consumed by humans (the fillets), suggest that fish may contribute to
microplastic burdens in humans.
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Frogs, food, and feces: Analyzing Anuran diets across a habitat disturbance gradient in Southern
Ontario
Natalie Houde1
1.

University of Guelph

Most wetlands in Ontario have been lost to anthropogenic development. As a result, species
which are dependent on these habitats, such as frogs and toads, are facing alarming declines. Currently,
there is insufficient information on how disturbances are altering frog behaviour, specifically in relation
to their diets. Additionally, studies on amphibian diets use invasive and outdated methods which are
unsuitable for future research, especially since many amphibians are classified as species-at-risk. For
these reasons, my project uses non-invasive fecal sampling and molecular techniques to explore the
effects of habitat disturbance on frog diets in Southern Ontario.
The aim of this study is to investigate the use of these non-invasive techniques to 1. determine
the efficacy of fecal sampling and DNA metabarcoding for amphibian dietary studies, and 2. collect data
to address important ecological questions relating to the relationship between habitats, their disturbance
level, and diet diversity.
To accomplish this, feces are collected by keeping wild-caught frogs in cages for 24 hours.
Between April and October 2021, 419 frogs were captured, resulting in 353 fecal samples. Prey DNA
from these samples is identified by conducting DNA metabarcoding analysis and using the BOLD
database’s extensive inventory of invertebrate DNA barcodes. Finally, a habitat disturbance gradient
based on land use categories is used to compare diets across varying levels of human disturbance. This
information will assess whether habitat degradation lowers the diet diversity of frogs and whether this
trend is reflected similarly across species, sex, and size.
This is currently the only research on amphibian diets in Canada that combines metabarcoding
techniques with fecal sampling. It will not only provide an unprecedented depiction of the anuran diet in
Southern Ontario, but it will also promote the implementation of non-invasive sampling techniques in
amphibians, which is especially important for developing species-at-risk sampling protocols.
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Urban stormwater ponds: habitat refuges for communities of freshwater aquatic insects?
Ilia Maria C. Ferzoco1, S. J. McCauley2
1.

ilia.ferzoco@mail.utoronto.ca, University of Toronto

2.

University of Toronto

As the number of natural wetlands decline in urban areas, constructed ponds may provide a refuge
for biodiversity. Stormwater management ponds, in particular, play a critical role in collecting excess
rainfall and pollutants, reducing flooding, and acting as buffers to filter the surrounding environment.
These ponds may also provide discrete habitat for aquatic biodiversity despite not being constructed for
that primary purpose. Using a combination of field surveys of stormwater ponds in the Greater Toronto
Area, Canada, as well as manipulative experiments, I will determine whether there are predictable
associations between aquatic insect community composition, local environmental stressors, and species
dispersal and life history traits. I have collected samples of aquatic macroinvertebrates and will be placing
specific focus on species identification and functional trait composition analysis within the suborder
Heteroptera, by examining morphological traits associated with dispersal and life history. This insect
assemblage is an ecologically important and diverse suborder present in stormwater ponds, making them
a useful group to examine community responses to human-induced environmental change. Using pondspecific environmental data as well as regional landscape data, I am investigating how urban
environmental stressors impact community composition in these constructed urban ponds. By examining
community responses as well as trait-by-environment interactions, I will test the hypothesis that
urbanization leads to shifts in community composition and/or traits affecting dispersal and local
performance in an actively dispersing insect assemblage. This work will provide insight into how we can
better manage these urban constructed ponds as habitat for aquatic insect biodiversity and how
communities of aquatic insects respond to anthropogenic stressors associated with urbanization. This
work will also help determine whether these systems primarily engineered for urban flooding control and
water quality control have ecological conservation value with respect to freshwater biodiversity.
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A shift from sexual to asexual reproduction in a wetland plant: Implications for range edge dynamics
Hana C. Thompson1, C. G. Eckert2
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All species have limits to their geographic distributions, and these limits are thought to reflect a
failure of adaptation to conditions beyond the range. The adaptive capacity of populations at range limits
could be strongly influenced by the amount and distribution of genetic variation, which in turn is strongly
affected by variability in reproductive system, particularly in plants which exhibit diverse reproductive
modes. Plants can reproduce sexually, either through outcrossing (exchanging pollen with other
individuals) or self-fertilization. Many plants have the capacity for some form of asexual reproduction
as well, by producing parthenogenic seeds or clonal reproduction via vegetative propagation. Sexual and
asexual reproduction have different ecological requirements, meaning that a species with both methods
of reproduction can have separate sexual and asexual niches. In some species, the sexual niche is
narrower than the asexual niche, thus shifts to asexuality might allow these species to thrive in
environments where sexual reproduction is inhibited. Decodon verticillatus is a wetland plant that
reproduces sexually through most of its range and exhibits a shift to asexual clonal reproduction at the
northern range margin. We investigated the evolutionary causes and consequences of this shift to
asexuality, and the implications for range edge dynamics in Decodon verticillatus. We conducted a
transcriptomic study to determine whether the asexual populations represent temporary sink populations,
or long-lived, well-adapted populations that may have allowed for range expansion beyond the sexual
niche of D. verticillatus. We did a de-novo transcriptome assembly and analyzed single nucleotide
polymorphisms (SNPs) from sexual and asexual populations to determine whether the asexual
populations show signatures of long-term asexuality, such as increased heterozygosity, an accumulation
of deleterious mutations, and a breakdown of isolation by distance. We found that the asexual populations
did have increased heterozygosity and a breakdown of isolation by distance, indicating that a shift to
asexuality may have allowed for range expansion in D. verticillatus beyond what would have been
possible through sexual reproduction alone. Understanding the factors that influence range limits and
range expansion is becoming increasingly important to better anticipate the capacity of species to adapt,
and potentially shift their ranges in response to anthropogenic environmental changes.
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Bed bug mating networks: the effect of female reproductive status on male mate choice and female
avoidance behaviour
Janice L. Yan1, R. Dukas1
1.

McMaster University

Polyandry can play a significant role in both male mate choice and female avoidance behaviour
due to post-copulatory sexual selection mechanisms such as sperm competition as well as the fitness
costs associated with frequent matings for females. In a system where females remate multiply and often,
how recently a female has mated may serve as a key predictor of both male and female sexual behaviour.
Males are likely under selective pressure to allocate their reproductive efforts towards virgin and distantly
mated females as this can reduce sperm competition intensity. Likewise, how recently a female has mated
may influence the likelihood of her evading future copulation attempts. Our recent experiments involving
detailed observations of bed bug sexual interactions revealed complex mating networks with high levels
of polyandry making bed bugs an ideal system for testing our hypothesis that female reproductive status
plays a large role in both male mate choice and female avoidance of males. In this study, we introduced
6 recently mated and 6 distantly mated females into a large arena containing 12 males and continuously
observed all sexual interactions. We predicted that recently mated females would be rejected by males at
higher rates and would evade mating attempts more often than distantly mated females. We also expected
recently mated females to occupy more peripheral mating network positions compared to non-recently
mated females. Our results indicate that males indeed abort mating attempts with recently mated females
more often and that these females are also more likely to avoid males.
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The relation between environmental salinity and salt tolerance of a glycophytic sunflower (Helianthus
annuus)
Aaron Dain1
1.

Queen’s University

Environmental salinity is a common source of abiotic stress, but less than 1% of angiosperm can
tolerate high concentrations of environmental salinity. Though Helianthus annuus is considered only a
moderately salt tolerant glycophyte, populations occur in the saline Great Salt Lake (GSL) region of
Utah. This raises the question: can populations of glycophytes in saline habitats locally adapt to more
extreme salinity? Variation in salt tolerance is well known among species, but the potential for intraspecific variation in salt tolerance is less known. To investigate variation in the relation between
environmental salinity and phenotypic variation, we conducted a common-garden experiment using H.
annuus seeds collected from 20 populations of the species’ range with varying concentrations of
environmental salinity. Five of these populations are considered non-saline, and 15 are considered saline
based on qualitative estimates. Seedlings were treated with control, moderate (field), and high (field x2)
salinity treatment solutions mimicking the ionic composition of H. paradoxus (a closely related
halophyte) habitat. Phenotypic traits related to salt tolerance (above- and below-ground biomass, plant
height, and growth rate) of juvenile plants were measured and compared among populations and
treatment groups. Quantitative salinity data was collected for 26 populations across the GSL region to
estimate the range in salinity of these habitats. In this region of H. annuus’ range, soil salinity ranged
from 1.3% to 37.9% sodium; thus, high-saline sites exhibit salinity in the concentration associated with
H. paradoxus. When populations were grouped by environmental salinity (saline and non-saline), saline
populations showed a shallower decline in phenotypic trait values under salinity than non-saline
populations. Non-saline populations have higher biomass than saline populations under control
conditions, but under medium and high salinity, saline populations have higher aboveground,
belowground, and total biomass. Under control conditions saline and non-saline populations do not
appear to differ in height and growth rate, but under medium and high salinity plants from saline
populations are taller and exhibit a higher growth rate. In all cases, the value of the performance traits
decline under salinity, but as predicted the declines are less severe in the saline populations. These trends
are consistent with the prediction that key traits may be shaped by environmental salinity at the
population level. We are continuing to explore the responses of individual populations to the salinity
gradient in the GSL region, and whether these populations exhibit variation in key salt tolerance traits
such as succulence and ion sequestration.
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The urban squirrel: Assessing the impact of urbanization on behaviour
Nathan Lewis1, E. Porter, N. Byrne, A. McCarthy, K. Raine, C. Earley, S. Jacobs
1.
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Urbanization affects local populations at many scales, causing extirpations, range shifts, or subtler
effects like character displacement. While the more immediate effects, such as extirpation may be more
readily observed if in charismatic or larger species, the subtler effects that can occur over evolutionary
timescales will have long lasting implications for both the urban habitats and for our understanding of
evolutionary mechanisms. To study the effects of urbanization on the character displacement of animal
behaviours, we will use squirrels as a biological model, and we will observe their behaviour over a
‘wildness’ gradient. Squirrels are an ideal target species for this study because they are commonly seen
along walking trails in urban and suburban environments, which makes them easy to find and observe.
To determine the effects human influence has on squirrel behaviour, six parks in Guelph, Ontario were
selected, each with a different degree of ‘wildness,’ as determined by human presence, the landscape,
and the surrounding land-use. In this study location observers will record the behaviour of the eastern
grey squirrel (Sciurus carolinensis) and the American red squirrel (Tamiasciurus hudsonicus), but the
primary focus of our study will be eastern grey squirrels. Squirrel behaviours observed will be recorded
using a standardized citizen science data collection protocol (provided by Squirrel Life) and compared
between the six sites in order to determine whether squirrels are more likely to perform a variety of nonevasive behaviours in front of humans while living in a less ‘wild’ environment. Common squirrel
behaviours will be classified as either “evasive” (e.g. running away) or “non-evasive” (e.g. foraging,
eating). This study builds on the traditional method of measuring squirrel behaviour around humans –
flight initiation distance – to gain a deeper understanding of how different degrees of human influence
impact the level of comfort squirrels may display in human presence. Observers will also record how
the squirrel responded to their presence (e.g. ran away, noticed the observer but did not change behaviour,
did not notice observer). The behaviour observations will be used to investigate if squirrels in urban
environments change their behaviour beyond their known annual cycles when faced with different
degrees of ‘wildness’. This study will create a baseline for comparing the effects of human influence on
animal behaviour overall and will demonstrate a novel methodology for observing the reaction of
squirrels to human presence beyond flight initiation distance.
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Investigating differences in plant community composition and environmental characteristics associated
with the varying sexual systems of Sagittaria latifolia
Tamy Puniani1, S. B. Yakimowski2
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Separate sexes (dioecy) have arisen independently in angiosperms hundreds of times. This has
led to the question of whether ecological conditions contribute to the evolution of different sexual
systems. Sagittaria latifolia is an aquatic perennial plant that allows us to examine abiotic and biotic
associations with sexual system with minimal confounding variables because both monoecious (a type
of hermaphrodite with both female and male flowers) and dioecious populations occur within the species.
The question of whether ecological differentiation contributes to the maintenance of sexual system
diversity remains open. Genetically admixed hybrid populations of S. latifolia are composed of a mixture
of monoecious and dioecious individuals and raise the question of whether they represent a breakdown
in ecological isolation. We collected plant community abundance data and environmental data associated
with 28 natural populations of S. latifolia in Ontario and Quebec, Canada. To investigate community
composition, we analyzed species abundance data with a multivariate non-metric multidimensional
scaling (NMDS) analysis; we also looked at trends in relative proportions of the most abundant plant
species to compare plant community composition between population types. For environmental data, we
assigned numeric values to characteristics (e.g., soil composition, presence of plant debris and roots) and
analyzed them with the multivariate NMDS analysis and analyses of variance (ANOVAs). We detected
significant differences in plant community compositional variation associated with natural monoecious,
dioecious, and hybrid populations of Sagittaria latifolia. Overall, we found evidence that dioecious and
monoecious S. latifolia are found in plant communities that differed in their average proportions of
species; for example, Bidens cernua was more common in dioecious populations, while Lemna minor
was more common in monoecious ones. The plant communities associated with hybrid populations were
found to be more similar to those of dioecious populations rather than those of monoecious populations.
Additionally, hybrid-associated communities contained greater proportions of Eleocharis acicularis,
Sparganium eurycarpum, and Lythrum salicaria than dioecious-associated communities. L. salicaria and
S. eurycarpum are considered dominating species; thus, the co-habitation of larger proportions of these
species with hybrid populations of S. latifolia suggest a competitive novelty in hybrid S. latifolia
populations. Overall, we did not detect significant associations between soil characteristics and sexual
systems. The found differences in the associated plant communities of each S. latifolia population type
emphasizes the potential importance of species-interactions for the maintenance of multiple sexual
systems, and more broadly, for the trajectory of evolution.

OEC3 2022 Proceedings

P a g e | 56

The efficiency of wind pollination in angiosperms
Claire A. Smith1, J. Friedman2
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Wind pollination has long been considered an inefficient process, dependent on multiple
environmental factors and resulting in extensive pollen loss. In wind-pollinated angiosperms, patterns of
male and female investment are thought to reflect this apparent inefficiency and low probability of
successful pollen transfer: while pollen production tends to be high, many species produce only a single
ovule per flower. Nonetheless wind pollination has evolved repeatedly in diverse angiosperm lineages,
suggesting it must be an effective means of pollen transfer under some conditions. The few studies that
quantify pollen transfer efficiency—the ratio of pollen capture to pollen production within a flower—in
wind-pollinated species report values within the same order of magnitude as animal-pollinated species.
This challenges the assumption that wind pollination is inefficient and suggests much remains to be
understood. To this end, we measured pollen capture and production for 27 wind-pollinated species in
Alberta and Ontario, Canada, sampled between 2001-2005 and 2021. To estimate pollen capture, we
collected stigma-bearing flowers and counted pollen loads on squashed, fuschin-stained stigmas under
light microscopy. We accounted for local density by recording the distance from each stigma-bearing
plant to its five nearest pollen-producing neighbours. To estimate pollen production, we collected and
counted pollen from undehisced anthers. Additionally, to determine whether the ability to self pollinate
affects efficiency, we compared dioecious, monoecious, and hermaphroditic species. We found pollen
capture to be highly variable within species. Pollen loads tended to be higher in hermaphroditic and
monecious species, suggesting frequent transfer of self-pollen. Ultimately, high pollen production in
wind-pollinated species may represent a balance between selection to maximize mating and reproductive
success through pollen dispersal and subsequent pollen competition for fertilization, while low ovule
numbers may be driven by a combination of resource allocation and packaging strategies that favour few
ovules distributed in multiple flowers.
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Personality assessments in two wild populations of vervet monkeys (Chlorocebus pygerythrus)
Justine L. Vermey1, S. E. MacDonald1, V. A. M. Schoof1
1.

York University

Research into animal personality has been of growing interest in the past two decades. One
valuable tool that has been used to examine personality in many species is the Hominoid Personality
Questionnaire (HPQ), which is comprised of a list of 54 distinct personality traits. We aimed to validate
the use of the HPQ in wild vervet monkeys and examine variation within and between a protected and
an unprotected population. Two field assistants used the HPQ to rate adults, subadults and juveniles from
two habituated groups of vervets (N=27) at the protected Lewa-Borana Conservancy in Kenya and 63
individuals from three habituated groups (N=63) along the unprotected shores of Lake Nabugabo in
Uganda. Intra-class correlations indicated that 48 of 54 personality traits were suitable for consideration
from the Lewa dataset, these traits varied in inter-rater reliability from poor (0-0.4; ICC (3,1) = 18,
ICC(3,k) = 15), fair (0.4-0.59; ICC(3,1) = 12, ICC(3,k) = 7), good (0.60-0.74; ICC(3,1) = 7, ICC(3,k) =
8), and excellent (0.75-1.00; ICC(3.1) = 11, ICC(3,k) = 18) In contrast, intra-class correlations from the
Nabugabo dataset indicated that only 44 personality traits were suitable for consideration with inter-rater
reliability being considerably lower from poor (0-0.4; ICC (3,1) = 38, ICC(3,k) = 30), fair (0.4-0.59;
ICC(3,1) = 5, ICC(3,k) = 8), good (0.60-0.74; ICC(3,1) = 1, ICC(3,k) = 5), and excellent (0.75-1.00;
ICC(3.1) = 0, ICC(3,k) = 1). Principal components analysis indicated that the traits clustered along three
components at Lewa and four at Nabugabo (three at both sites combined). Of the three components at
Lewa, one was characterized by submissiveness. We validated this component by comparing it with Elo
ratings (used to determine dominance rank) of the monkeys at Lewa and found a strong trend towards a
significant negative correlation. This means that the lower they scored on the submissiveness component,
the higher their dominance rank. We will also evaluated if/how these components reflect overall
behaviour by examining differences in dominance rank at Nabugabo, as well as sociality, and overall
activity at both sites. In recent years, some personality research has shifted to explore how personality
profiles can assist in conservation efforts through identification of potentially problematic individuals or
through reflection of population genetic diversity. We hope that our research will help to support this
work by exploring how contrasting living situations affect personality differences.
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Development of diagnostic tools for agrochemical exposure in the western honey bee (Apis mellifera)
using transcriptomics
Aidan Jamieson1, M. Pepinelli2, L. R. Newburn3, A. Zayed4
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Pollination is vital in agriculture as it is a key process in the reproduction of flowering plants. The
eusocial western honey bee, Apis mellifera, is the only honey bee in North America and is the most
commonly used managed pollinator in the world. In Canada, honey bees contribute $3.97 to $5.5 billion
to the national economy each year via their pollination services. Unfortunately, honey bees are
susceptible to a wide range of interacting stressors, including chemicals used in agriculture. These
agrochemicals are used for a wide range of purposes and can include insecticides, herbicides, and
fungicides. Many of which are systemic in the environment and can affect off-target organisms. This has
resulted in increasing rates of overwintering mortality worldwide. In particular, Canadian beekeepers
have been losing more than a quarter of their colonies annually since 2006. Neonicotinoids are a specific
class of insecticides that have been linked to decline in pollinator health. Exposure results in neural
dysfunction leading to changes in behavior, altered development, or death. It can be difficult to
disentangle and identify specific stressors that affect a particular colony. Our research aims to solve this
problem by conducting field and laboratory studies to develop biomarkers specific to common
agrochemicals based on differential gene expression in response to exposure.

OEC3 2022 Proceedings

P a g e | 59

Colonization reduces the diversity of an ecologically important trait in introduced Hesperis matronalis
Katherine G. Maunder1, C. G. Eckert1
1.

Queen’s University

During colonization, introduced species often undergo rapid range expansion that can alter
population genetic diversity and shift the distribution of phenotypic traits through a combination of
genetic drift, gene flow and natural selection. We evaluated the relative influence of these evolutionary
processes on flower colour diversity in nonindigenous, colonizing populations of the biennial Hesperis
matronalis (Brassicaceae) in eastern Ontario. This species was introduced as an ornamental plant and
its spread seems to be closely associated with human activity. Therefore, we hypothesised, that
population genetic diversity and human activity correlate positively. Across 150 sampled populations
that varied in census size, opportunity for gene flow, and proximity to human activity, we found a
positive effect of all three predictors on diversity, particularly human activity (as measured by night
light levels) and population size. This suggests an important role for genetic drift. However, selection
may also underly this pattern because the relative frequency of one flower colour, purple, increased
with decreasing human activity thereby reducing flower colour diversity. Our findings highlight the
potential influence of genetic drift on ecologically important traits during colonization and contribute to
the ongoing effort to elucidate the relative effect of evolutionary processes.
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The exudation of secondary metabolite, (-)-antofine, in Vincetoxicum rossicum in different ecological
contexts
Andrew Le1
1.

Queen’s University

Secondary metabolites may directly inhibit the growth of native plants or act indirectly by altering
soil microbial communities. Vincetoxicum rossicum is an invasive vine known to exudate such a
metabolite, (-)-antofine. Although (-)-antofine has been shown to exhibit antimicrobial properties,
whether the chemical is ecologically relevant is unclear. The objective of this study was to assess how ()-antofine production relates to the abundance of V. rossicum in different habitats. Soil cores were
collected across twelve meadow and nine understory sites covering replicated gradients (n=8) of V.
rossicum at Rouge National Urban Park, Canada. In total 1344 soil samples were analyzed using Liquid
Chromatography – Mass Spectrometry to measure the (-)-antofine concentration. V. rossicum and (-)antofine patterns were compared using linear-mixed effect models with site as a random effect to control
for site level differences in (-)-antofine.
Our results show that (-)-antofine concentration was higher in areas where V. rossicum is more
abundant (P < 0.05). The same held true in both meadow (P = 0.049) and understory (P < 0.05) habitats.
As site was used as a random effect, this suggests that the abundance of (-)-antofine is not dependant on
site but on the density of V. rossicum. This may suggest that V. rossicum ability to invade a wide range
of habitats is due to (-)-antofine exudation. As (-)-antofine has anti-microbial properties, V. rossicum
invasion success may involve changes in plant-soil interactions. Our research indicates that (-)-antofine
may be an important factor in the invasive success of V. rossicum.
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Developing methods for non-standard toxicity tests on juvenile freshwater mussels (Lampsilis
siliquoidea)
Elli Hung1, R. Giles, C. Rochman
1.

University of Toronto

Toxicity experiments are informative tools to understand the biological response of organisms to
chemicals. Anthropogenic stressors such as salt, polycyclic aromatic hydrocarbons (PAHs), and heavy
metals often run into aquatic systems interfering with the physiological processes of organisms and
creating a rippling affect through ecosystems. Freshwater mussels are particularly sensitive to
anthropogenic contaminants because they spend much of their lives buried in substrate where toxins can
accumulate. Many studies have used them to assess the toxicity of environmental contaminants, although
the methods for conducting these tests in non-standard conditions are not well established. The purpose
of this pilot project was to modify current standard mussel toxicity protocols to conduct toxicity
experiments in well plates at low temperatures. Most standard tests are conducted in beakers at room
temperature (21-25°C), but we aimed to determine if mussel survival differs when housed in 24-well
plates and at a non-standard temperature (8°C). Additionally, we determined whether mussel survival is
affected by a 0.025% acetone solvent driver. Differences in survival were not observed between mussels
kept at 8°C and room temperature, well plates and beakers, or when exposed to a solvent driver (all
survival was above 80% for each condition). Because differences were not observed using non-standard
methods, we can confidently perform an experiment to determine the effect of a multiple-stressor mixture
of anthropogenic contaminants on freshwater mussels. Overall, this project will help us to better
understand how multiple stressors interact with each other in aquatic systems while bringing
environmental relevance into toxicity tests to help us create guidelines to protect and monitor aquatic
systems.
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The influence of injury status on landing velocities in laying hens
Jacob Brost1, B. Tobalske3, N. van Staaveren2, A. Elias2, R. Sharma2, A. Harlander2
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When chickens need to jump/flap down from elevated resources and land on the ground they rely
on their legs and wings. The current transition to more three-dimensional housing environments for
chickens kept for egg laying makes aerial locomotion and safe landing a necessity. However, it is
estimated that between 40-90% of laying hens kept in human-managed systems are affected by footpad
dermatitis (inflammation on the plantar surface of the foot, FPD) or keel bone fractures (fracture of the
sternal keel, KBF). These injuries are painful and an important welfare issue in laying hens, but the effect
of injury on locomotion in laying hens, specifically during the critical landing phase of flight, is unknown.
We hypothesized that landing mechanics would vary as a function of FPD, KBF, or neither condition
(assumed healthy). We visually inspected hens to determine their injury status and trained them to land
onto two force plates (Bertec Corporation, Columbus, OH, USA) from a 30 cm drop. Three-dimensional
ground reaction forces were obtained from the plates, and we used Igor Pro 6 (Wavementrics, Lake
Oswego, OR, USA) to measure landing velocity (m s-1) as mass-specific impulse (N s kg-1). and calculate
landing velocity (m s-1). We measured landing performance in 22 hens (FPD n = 8, KBF n = 8, Healthy
n = 6) with an average landing velocity of 2.1 ± 0.34 m/s. Injury status affected landing velocity, with
higher velocities in KBF than FPD hens (P = 0.06). This suggests that birds with KBF are less able to
use their wings to slow down their landing. and further increased landing velocities in birds with KBF
could potentially increase the risk of additional injuries. However, this hypothesis requires further
investigation. Regardless of injury status, hens landed at relatively high velocities with peak groundreaction forces of up to four times their body weight. This highlights the importance of designing housing
to provide birds with a safe environment to land.
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Assessing the potential of Caenorhabditis elegans in the bioremediation of Microcystis aeruginosa
Jordan Balson1
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Reported incidences of cyanobacterial harmful algal blooms, or CHABs, are increasing across
the world due to climate change and nutrient loading. CHABs can produce dangerous cyanotoxins and
dominate freshwater ecosystems, causing damage. Microcystis aeruginosa is one of the most common
species of cyanobacteria and can produce hepatotoxic and neurotoxic microcystins. The ecological and
human impact of algal blooms are immense, and traditional CHAB remediation methods are not always
adequate in eutrophic regions. A proactive, targeted approach is needed to bioremediate CHABS.
Bioremediation of CHABs with Viviparus georgianus (the banded mystery snail) is somewhat effective,
as the snail filter feeds and ingests intact cyanobacteria cells, which are then translocated to the benthos
in pseudofeces or feces. Although this keeps cyanobacteria from entering its disruptive colonial phase,
this is temporary, as currents eventually liberate live cyanobacteria cells. Nematodes, such as
Caenorhabditis elegans, are potential candidates for bioremediating this pseudofeces and feces. C.
elegans have detoxification pathways which may break down microcystin. We analyzed C. elegans
health and fat accumulation on a diet of toxic M. aeruginosa and found that C. elegans are able to ingest,
digest and metabolize the diet. It is unclear if a diet of toxic M. aeruginosa has some health impacts,
however overall, it was able to sustain C. elegans development and C. elegans were tolerant of it. C.
elegans detoxification response was analyzed on a diet of toxic M. aeruginosa, and it was found that in
the presence of nematodes, microcystin concentrations first increased, and then in both the presence and
absence of nematodes, they decreased to a steady concentration. It is unclear if this decrease is due to
detoxification, or natural degradation. SKN-1 (a central regulatory protein to the phase II detoxification
system) expression was not significantly greater on a diet of toxic M. aeruginosa, suggesting that this
diet doesn’t induce a stress response. Finally, C. elegans populations were observed, and several
generations of nematodes demonstrated their ability to digest pseudofeces and feces containing toxic M.
aeruginosa. Overall, these results suggest that C. elegans could be a viable CHABs bioremediation
candidate in combination with V. georgianus.
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Genomic detection of hybridization in Typha latifolia and T. angustifolia
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Hybridization can yield profoundly different evolutionary outcomes, from the establishment of
novel lineages to admixture and despeciation. The study of hybridizing species requires the accurate
identification of parentals and admixed individuals, which becomes complex in hybrid swarms that
include advanced-generation hybrids and backcrossed individuals. Broad-leafed and Narrow-leaved
cattails (Typha latifolia and T. angustifolia) have sympatric distributions across the temperate northern
hemisphere. They are reproductively compatible and, in some regions, produce the hybrid T. × glauca.
First-generation hybrids are formed after mating between T. angustifolia and T. latifolia as the maternal
and paternal plants, respectively. Individuals of T. × glauca are fertile and capable of producing
advanced-generation hybrids and backcrossing with both parental species. In regions around the
Laurentian Great Lakes, F1 hybrids are highly invasive, displacing parental species and altering wetland
ecology; however, recent evidence suggests that advanced-generation hybrids suffer from hybrid
breakdown. To better understand the dynamics of this hybrid system, our short-term goal is to
differentiate F1s, advanced-generation hybrids and backcrossed individuals, something not possible
using existing molecular markers. We combined total DNA extraction and the assay for transposase
accessible chromatin with high- throughput sequencing protocols, producing a quick and cost-effective
genome-wide library. We developed a library from ~240 T. angustifolia, T. latifolia,
and Typha × glauca plants across North America and Europe. We present a reproducible workflow to
identify species-specific single nucleotide polymorphisms (SNPs), i.e., loci with fixed alternative alleles
in each of the two parental species. We have identified ~6000 species-specific SNPs between the parental
taxa that will allow us to differentiate among F1s, advanced-generation hybrids and backcrossed
individuals, and identify genetic regions of introgression across the genomes of T. latifolia and T.
angustifolia. Our long-term goals are to 1) evaluate the distribution of genetic variation within
the Typha hybrid swarm by quantifying the extent of introgression between the parental species and
looking for recombination patterns across the Typha × glauca genome, 2) investigate potential adaptive
introgressions, and 3) estimate the role of genetic introgressions on the Typha invasion around the
Laurentian Great Lakes.
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The genetic covariance between mating success and fitness
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In polyandrous species, mating success is thought to be a major component of overall male
fitness. Mating success is often used as a proxy for male fitness in evolutionary studies. However, we
have a limited understanding of how different components of fitness genetically covary, and what the
magnitudes of these genetic covariances are. If the genetic covariance between mating success and
overall fitness is low, then we may largely overestimate predicted responses to selection in contemporary
populations. Here we use a quantitative genetic experiment in the polyandrous fruit-fly Drosophila
serrata to estimate the heritabilities and genetic covariances between male cuticular hydrocarbon
pheromone profile, male mating success, and the number of offspring males produce in a competitive
context. Our results show the genetic association between mating success and overall male fitness and
highlight the difficulties of estimating genetic covariances of traits measured on different scales.
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An optimized whole-genome library preparation technique for genome-wide SNP sequencing
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In North America, Broad-leafed and Narrow-leaved cattails (Typha latifolia and T. angustifolia)
hybridize to produce Typha x glauca. First-generation hybrids are fertile and generate advancedgeneration hybrids and backcrosses with both parental species. Hybrids are invasive in the Laurentian
Great Lakes region; here, they dominate wetlands, reduce biodiversity, and alter nutrient cycling.
Identifying different hybrid classes, particularly advanced-generation versus backcrosses, is crucial for
characterizing this hybridizing system and predicting the sustainability of these invasive hybrids;
however, neither morphological characters nor currently available molecular markers allow this
differentiation. Genome-wide species-specific single nucleotide polymorphism (SNPs) will allow us to
differentiate and assess fitness levels of backcrossed and advanced-generation hybrids.
While high-throughput sequencing (HTS) development and use for population genetics studies
have dramatically increased in recent years, many existing protocols to characterize single nucleotide
polymorphisms (SNPs) in non-model organisms are time-consuming, costly, and require high DNA
inputs. Here we describe a rapid and cost-effective method for generating genome-wide sequence data.
We extracted DNA from 168 T. latifolia, T. angustifolia, and T. x glauca leaf samples, quantified them
using a Qubit fluorometer, and standardized DNA concentrations. Whole-genome libraries were prepared
using the Illumina Nextera tagmentation protocol. This protocol uses Illumina Tn5 transposase to cleave
and tag DNA with adaptors in one step. After that, tagmented DNA was amplified using a hot-start PCR
cycle to add indexed adaptors to each end of the tagmented DNA; this permits the pooling of hundreds
of samples. With our optimized protocol, the whole-genome library was prepared in less than 2 hours
with adequate quantity and quality to be used for high-throughput sequencing. Genomic libraries were
sequenced, and the amount and quality of raw reads were evaluated. We explored the informativeness of
the data in terms of the proportion of reads that mapped to the T. latifolia reference genome, coverage,
depth, and mapping quality. Our results provide a reproducible-optimized resource for a straightforward,
quick, and robust library preparation protocol.
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Kin discrimination and plastic responses in growth and flowering in a plant
Isabeau Lewis1, J. Friedman1
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Altruistic behaviour towards relatives can increase an individual’s fitness. However, kin selection
requires two fundamental capabilities. First, individuals must have the capacity to distinguish between
related and unrelated individuals, and second, they must have the ability to change their behaviour in
response. For a long time, it was believed that plants did not have these abilities. However, plasticity in
growth and development in addition to the ability to detect neighbours’ identities may provide the
conditions necessary for kin discrimination and its associated fitness benefit in plants. In a species that
reproduces both sexually and clonally, we tested the predictions that a response to neighbouring kin
would i) increase floral display, with higher rewards for attracting pollinators to the patch and ii) decrease
vegetative and clonal growth, to reduce competition between relatives for resources. For this, we grew
seed from 25 families from a population of perennial, greenhouse-adapted Mimulus guttatus (syn:
Erythranthe guttata, Phrymaceae), which reproduces both sexually and clonally (via stolons). In each
pot, we planted one central focal plant surrounded by four neighbours, which were either all selfed fullsiblings, all outcrossed full siblings, or all unrelated. To quantify floral display, for each focal plant we
measured flowering time, flower size, and node of first flower. For vegetative growth, we measured a
suite of traits including leaf size, stolon length and number. We measured traits at 4, 6, and 8 weeks after
germination followed by dry biomass of rosettes and stolons. We expect focal plants surrounded by selfand full sibling-neighbours to flower earlier with larger flowers, as well as fewer and smaller stolons,
with more pronounced effects in the selfed treatment. In comparison, we expect focal plants in the
unrelated treatment to invest more in stolon and vegetative growth in an attempt to crowd out their
neighbours. Our results will contribute a novel perspective on the evolutionary strategy of kin
discrimination in plants, and provide insight into the capacity for plasticity in response to relatedness of
neighbours.
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STREAMlining community assessment: An evaluation of primers for eDNA metabarcoding of fishes
in the Grand River watershed
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DNA is shed by all organisms into their environment, including water, soil, and air (1). This
environmental DNA (eDNA) may be captured through collection of bulk environmental samples and
analyzed using DNA barcoding approaches to detect biological species without organism capture or
sighting (1). Whole community biodiversity assessment is possible through eDNA metabarcoding, using
universal primers and next-generation sequencing technology (2). However, limitations imposed by the
taxonomic coverage and amplification efficiencies of existing universal primer sets remains a significant
challenge for community detection (3). Accurate, reliable inferences of community composition using
eDNA require optimal primer selection through in vitro validation for the community of interest (3). In
this study, we aimed to evaluate and compare the amplification efficiency and taxonomic coverage of
three existing primer sets for eDNA metabarcoding of fishes in the Grand River watershed. Water was
sampled from the Grand and Eramosa Rivers on three properties owned by the rare Charitable Research
Reserve. eDNA was extracted and amplified by PCR using one primer set targeting the 12S rRNA gene
and two primer sets targeting different regions of the cytochrome oxidase I (COI) gene. A second-round
PCR affixed multiplexing indices and Illumina adaptors prior to sequencing on the MiSeq platform. Raw
sequence reads were processed using a bioinformatics pipeline carried out in Geneious Prime, including
demultiplexing, quality filtering, chimera and duplicate removal, clustering, and taxonomic assignment
with reference to GenBank and BOLD sequence databases. Using a locally-curated mock community as
a positive control, primer sets will be evaluated based on the alpha diversity of the detected fish
communities and compared to identify potential primer set-specific gaps in taxonomic coverage or
amplification inefficiency. The conclusions will direct primer selection in future eDNA studies of local
fish communities towards the optimization of this innovative community assessment approach in
Canadian freshwater environments.
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Uncovering the genomic basis for parallel allochronic divergence in a seabird species complex
(Hydrobates spp.)
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Examples of parallel phenotypic divergence have revealed important insights into the
repeatability of evolution. However, determining the genomic conditions that lead to parallel evolution
remains challenging. We examined the band-rumped storm-petrel species complex, a group of islandbreeding seabirds in the tropics and subtropics. These birds provide a unique example of parallel
evolution, in which sympatric populations breeding in different seasons have evolved independently on
multiple archipelagos. We aim to use low-coverage whole genome sequencing to disentangle the
mechanisms underlying the repeated evolution within this group. We will sample 8 individuals from each
seasonal population, for a total of 128 samples. Our samples will represent all known breeding colonies
of the band-rumped storm-petrel, including the major colonies in the North and South Atlantic,
Galapagos, Hawaii, and Japan. We will first use FST-based outlier analyses to examine shared
differentiated regions among the sympatric population pairs. The degree of genetic parallelism among
sympatric populations will indicate the likely source of parallel evolution. Secondly, we will assess the
role of adaptive introgression in the evolution of seasonal populations using allele frequency-based
introgression tests (F-statistics). Understanding the mechanisms influencing parallel evolution will help
better identify the factors leading to population divergence and inform assessments of adaptive potential.
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A multivariate analysis of whether phenotypic covariance matrices are a good substitute for genetic
covariance matrices
Alexander MacKenzie1
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Variance and covariance are key parameters in evolutionary biology to predict evolution and the
response to selection. The G-matrix encapsulates genetic variance and covariance information while the
P-matrix encapsulates phenotypic information on variation. G has been widely used in evolutionary
studies, however obtaining an estimate of G is difficult in many cases, as relatedness information between
individuals and large sample sizes are required. Cheverud noted that if P could be used as a proxy for G
under certain conditions, evolutionary inference could be made without genetic data, and evolutionary
theory could be applied in a less restricted form. He postulated that P was a fair estimate of G, and
further, was a better estimate than G when morphological traits were studied. To test this conjecture,
pedigrees were created, and data were simulated under two heritability levels of 0.10 and 0.55, three trait
levels of 4, 8, and 12, four half-sib family levels of 30, 72, 222, and 402, and two multicollinearity levels
of low and high. Heritability levels were based on empirical estimates regarding morphological traits and
the notion that the environment would be more influential for life history and behavioural traits. Overall,
there were 48 total combinations. G and P were compared in three ways, namely comparing magnitudes
of squared correlations, comparing similarity of correlation matrices using Pearson-matrix correlation,
and a Krzanowski subspace comparison between G and P. In each level of heritability, both the
differences in magnitudes and matrix correlations showed increased similarity as effective sample size
increased under low multicollinearity conditions, while high multicollinearity results were less clear.
Krzanowski subspace comparison was used in two ways between G and P, namely comparing the first
two eigenvectors, and comparing the last two eigenvectors. This last form of comparison is still in
progress. Given that multiple levels of heritability were used to simulate empirical heritability values for
different types of traits, this analysis serves as an introduction to Cheverud’s conjecture for nonmorphological traits. Future research should simulate many realizations of G to draw general
conclusions.

OEC3 2022 Proceedings

P a g e | 71

No trade-off between protection from seed predation and plant size among flower colour morphs of
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The existence of phenotypic variation in traits that are likely to affect fitness is a long-standing
problem in evolutionary biology. A likely explanation is that trait variation is rendered selectively neutral
by trade-offs between components of fitness. Flower colour is a trait that is usually stereotypical and
relatively invariant within a species, which implies that it is often under strong purifying selection.
Flower colour can affect multiple components of fitness. This can be from its effect on pollinator
attraction which leads to both male and female reproductive success. The pigments that cause flower
colour can also provide protection from herbivory. When a species is polymorphic for flower colour it is
interesting to investigate what mechanisms maintain that variation in the species. Hesperis matronalis is
a non-native plant species in Ontario that is polymorphic for flower colour, usually within the same
populations. Hesperis matronalis has two main flower colour morphs: white which have no anthocyanin
pigment and purple that has anthocyanin pigment. Available data from controlled crosses suggest that
this polymorphism involves a single locus with two alleles, referred to as white and purple, with white
dominant to purple. It is currently unknown what maintains the flower colour polymorphism in Hesperis
matronalis. In the eastern Ontario populations, we found that 77% of Hesperis matronalis plants are
attacked by a pre-dispersal seed predator (likely a moth). Based on reported effect of anthocyanin on
herbivory, I predicted that, compared to white flowered plants, purple flowered plants would experience
less seed predation but at the cost of reduced growth. With 283 plants we sampled from 23 populations
we found no difference in the female seed fitness between the colour morphs (the white morph had an
average of 646 seeds per plant and the purple morph had an average of 657 seeds per plant). There was
no difference in the proportion of seeds escaping predation between the morphs (average of 0.24 for
white morph, 0.21 for purple morph). There was also no difference in plant size between the morphs
(example the average dry weight of the vegetative stem was 7.98 grams for white morph and 9.24 grams
for purple morph). After adjusting for the different locations using a mixed model there remained no
difference between these variables. Together this does not support the prediction that there is a trade-off
to producing anthocyanin through protection from seed predation at the cost of reduced growth.
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Novel low-cost 3D printed apparatus for aseptic eDNA sampling
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Environmental DNA (eDNA) is an emerging tool in ecological monitoring that uses genetic
material directly sampled from environmental sources such as water and soil. Community science can
greatly expand the geographic/temporal scope of ecological research projects at a low cost through
recruiting non-academics in sampling and has the additional benefit of engaging the public in
conservation awareness. eDNA is a seemingly ideal addition to community science research, as it has
low technical and natural history skill requirements and is non-invasive. However, potential
contamination during eDNA sampling and the rapid degradation of sampled genetic material continues
to challenge even experienced researchers, while the high cost of apparatus limits widespread public
participation in potential community science eDNA projects. Here, we present a novel, no-contact,
simple protocol and 3D printed apparatus for sampling and preserving eDNA from animal tracks in snow
and freshwater bodies. Through using a low cost DLP resin 3D printer and silicone conformal coating,
we developed a filter holder system with a material cost of under $4 CAD. Combined with a simple, oneway sampling system, syringe filtration, and preservation through desiccation, our protocol minimizes
user error, minimizes sampling costs, and can be scaled to widespread distribution through public postal
systems. Our protocol is currently in the process of field testing and adoption, and validation results will
be released in late 2022.
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As climate change progresses, environmental impacts are expected to worsen, causing many
species to shift their distributions poleward as local climates become altered. This collective movement
is likely to be accompanied by distribution shifts in pathogens, creating opportunity for novel
introductions or increased prevalence of infectious diseases. The black-legged kittiwake (Rissa
tridactyla), which inhabit northern areas of the Atlantic and Pacific oceans, is one such species that is
expected to both shift northwards and be impacted by increased pathogen pressure. Kittiwakes’ innate
and adaptive immune system will be critical in the response to increased pressure or new exposures to
pathogens. I examined whether diversity metrics at TLR genes (innate immune system) show a latitudinal
gradient. I also compared the variation present in TLR genes to other immunity genes, including genes
found in the MHC region, an immunity locus known to be highly polymorphic, and antimicrobial (AMP)
genes (specifically gallinacin genes) downstream in the signal cascade from TLRs. I found very weak
support for a trend of increasing TLR diversity with decreasing latitude. Results of locus comparisons
were consistent with expectations, as AMP genes had comparable nucleotide diversity to TLRs with
similar targets and MHC variation was in general greater than that of both the TLR and AMP genes.
Interestingly, TLR3 was found to be one of the most polymorphic genes studied, and due its role in
detection of viral RNA, may indicate that black-legged kittiwakes have been most exposed to viral
pathogens in the past. Patterns of diversity between the two MHC regions opposed those seen in other
species, so given the two classes recognize different classes of pathogen, further study could investigate
the pathogen landscape black-legged kittiwakes. Overall, it appears that black-legged kittiwakes have
consistent levels of TLR diversity across their Atlantic distribution, but polymorphism of the TLRs and
associated downstream genes was lower than that of the adaptive immune system.
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Assessing spatiotemporal variation and foraging patterns of polar bears across Canada via DNA
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Dietary studies of apex predators can enhance our understanding of predator-prey interactions
and provide important insights into species’ life histories and the complexity of food webs. Polar bears
(Ursus maritimus) reside at the top of Arctic food webs. They integrate trophic information from both
marine and terrestrial ecosystems, such as prey availability and species diversity, across their large
circumpolar territories. Polar bears are sentinels of environmental change as they are highly adapted to
using sea ice as a platform for foraging and are therefore vulnerable to current and projected changes in
Arctic sea ice conditions. Given that changes in ice conditions will alter the composition and accessibility
of prey, this study aimed to investigate what dietary information could be retrieved from 740 polar bear
fecal samples collected across the Canadian Arctic using DNA metabarcoding methods. A combination
of PCR assays were designed to target potential taxonomic groups of prey, including birds, fish, and
mammals. Additionally, two novel blocking primers specific to polar bear DNA were designed to
maximize detection of prey species within samples. Over 8 million metabarcode sequences identified 44
species, belonging to 26 families, representing 16 orders. Results confirm that polar bears consume Arctic
seal species, present in >50% of samples, more often than any other group. Taxa such as seals, small,
toothed whales, and eider confirm previous knowledge regarding polar bear dietary composition, while
others, including caribou, muskox, and various bird species, may represent new dietary insights. Further,
the detection of multiple domestic taxa may represent a trend of polar bears foraging in anthropogenically
influenced areas. This study is the first to use multi-marker, fecal-based DNA metabarcoding to provide
a comprehensive assessment of the relative use of fish, bird, and mammal prey taxa by polar bears across
the Canadian Arctic. This method offers a cost-effective, non-invasive approach for examining regional
prey diversity and species interactions, in addition to reliably monitoring the diets of wide-ranging
predators.
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The most compelling demonstrations of natural selection in the wild started by showing how an
ecologically important trait correlates with some aspect of the abiotic or biotic environment. In plants,
flower colour can affect several components of fitness and may be under selection. Most species exhibit
little or no variation in flower colour, suggesting a history of strong selection. Species with floral colour
polymorphisms provide an opportunity to identify important agents of selection. Though different
coloured flowers are typically pollinated by different animals, flower colour may also be influenced by
climatic factors and historical events. Darker flowers may be favoured in colder climates because they
absorb more heat and would be selected by pollinators seeking to thermoregulate. In warmer climates,
however, absorbing too much heat runs the risk of damaging gametes. Darker flowers are also likely
selected for in dry climates because floral pigments such as anthocyanins correlate with drought
resistance, while in more mesic areas, producing anthocyanins can be metabolically costly. The mustard
Hesperis matronalis exhibits a flower colour variation with two distinct modes: white to light pink and
dark pink to purple and is abundant in both its native European range and the introduced North American
range. This allows for the comparison of trait-environment correlations between the ranges to evaluate
the hypothesis of parallel climatic adaptation of flower colour. I scored > 9000 geo-tagged photos of H.
matronalis from iNaturalist, a community science database, and estimated temperature and precipitation
at each location using WorldClim data. As predicted, the frequency of dark flowered plants in the native
range correlated negatively with temperature and precipitation. In the introduced range, dark flowers
were also more frequent in colder climates but only in dry regions. Contrary to expectations, when
precipitation was higher, dark flowers were more common in warmer climates. The differences in
correlations suggest that there may be differences in selection, possibly by biotic agents, in the introduced
range, or that there may not have been enough time since introduction to establish the clinal patterns seen
in the native range.
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Application of genomics to population assignment of threatened Leach’s Storm-Petrels in the Atlantic
Ocean
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Seabird life history traits, such as long time to maturity, low reproduction rate and seasonal
migration, make them particularly vulnerable to rapid environmental change associated with human
activities. Our current inability to accurately delineate populations and assign individuals to their colony
of origin makes effective management strategies difficult to generate. The Leach’s Storm Petrel
(Hydrobates leucohous) is a migratory pelagic seabird that breeds in large colonies throughout the North
Atlantic Ocean. In the past 50 years, Atlantic populations have declined by an estimated 54%, resulting
in the bird’s listing as a threated species in 2020 by the Committee on the Status of Endangered Wildlife
in Canada (COSEWIC). Various sources of mortality, such as offshore oil platforms, pollution and
artificial light at night, have been identified, however the impact of these threats on specific colonies is
unknown. We are using double-digest restriction-site associated sequencing (ddRADseq) to provide
single nucleotide polymorphisms (SNPs) in investigate in detail the genetic structure of Leach’s Storm
Petrels across the North Atlantic Ocean. We are then applying neural networks to assign individuals of
unknown origin to their breeding colonies to determine whether identified threats are exhibiting colony
specific effects. Results will aid in creating effective management plans for this threatened seabird, as
well as test the effectiveness of neural networks for population assignment of non-model organisms
which have previously exhibited low genetic differentiation.
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Fishing for genes: Comparing environmental DNA fish community sampling with conventional
sampling methods in thermally stratified lakes
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Aquatic communities worldwide are facing a variety of threats, including climate change,
invasive species, and habitat loss. Environmental DNA (eDNA) provides additional capacity to monitor
the fish communities of these ecosystems. By collecting DNA from the environment, amplifying this
genetic material using PCR, and using DNA barcoding to identify the species that shed it, we can
effectively determine which species are present in any waterbody. Sampling using eDNA may be
advantageous in cases where conventional sampling is not possible, impractical, or expensive, such as
sampling for rare species or in complex habitats. I conducted a study to compare the effectiveness of
eDNA methods with conventional bio-monitoring techniques, such as gill-netting, in five northern
Ontario lakes that were stratified by temperature. I replicated the depth-stratified sampling approach
taken by gill-net surveys by sampling eDNA in the water column at multiple depths. I expect to see
species-specific eDNA concentrations stratify by temperature, consistent with the thermal preference of
fishes shown in the gill-net captures. For each depth stratum, I anticipate that eDNA surveillance will
show a greater detection of fish species, especially small-bodied fishes, compared to conventional
methods. These findings will increase understanding of the strengths and limitations of eDNA sampling
techniques and will help inform methods of monitoring species composition of aquatic ecosystems.
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Canadian bee-cology: climate and the distribution of solitary bees using DNA metabarcoding
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Solitary bees are an important part of Canadian ecosystems, contributing massively to the
pollination of agricultural crops and wild plants. Unfortunately, there is a global decline in their health
and abundance. The climate is changing alarmingly fast with greater temperature extremes and changes
in precipitation – all of which affect the performance of solitary bees. Moreover, mismatches between
bee and flower phenology lead to shifts in population dynamics and increase the likelihood of local
extinctions. Thus, I aim to address the following questions: (1) How do changes in temperature and
precipitation affect the distribution of solitary bees across Canada? (2) How does climate affect the diet
of solitary bees across Canada?
By using the community-based data collection of the Bees@Schools program, I have sampled
200 locations across Canada since 2019 where participants set up nest boxes. When the samples are
returned to the University of Guelph in the fall, I use DNA metabarcoding to identify the species of bees
and the species of flowers whose pollen provisioned the nests. I will gather government weather data
from each site from April thru August over the last 20 years. Finally, I will be modelling the results in
MaxEnt to generate predictive distribution patterns as the climate continues to change.
While data collection has been on-going since 2019, this project began in the fall of 2021, and I
do not yet have results. However, I anticipate differences in occupation rates and species composition
between sites of varying temperature, aridity, and humidity as well as between latitudes. I may not be
able to identify specific phenological mismatches between solitary bees and their floral resources, but I
may be able to identify preferences and patterns of the diets of the more cosmopolitan solitary bees across
Canada.
This research will contribute to current knowledge of Canadian solitary bee distribution and
diversity as well as their preferred floral resources. Using artificial nest boxes provides a novel way of
determining both the bee species occupied and the pollen sources used to provision the larvae which
allows me to generate plant-pollinator networks. This information is essential for effective conservation
practices. Finally, this project is continuing a longitudinal dataset which will become increasingly
valuable for future analyses as the climate continues to change.
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The dispersal and activity of juvenile round goby
Grace Burgess1, S. Zarini2, S. Balshine3
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Movement is critical for many organisms’ existence, allowing individuals to find resources, avoid
danger and survive. In fishes, our estimates of a species’ dispersal capacity are often limited by the size
of remote tagging technology and even observational studies can be biased towards certain body sizes
and life-stages, usually larger animals and adults. In invasive species, dispersal ability is important to
ascertain as it can dictate the speed of range expansion. In this study we investigated the dispersal ability
of the round goby (Neogobius melanostomus), an invasive benthic fish species, that was introduced
accidentally to the Great Lakes region in 1990. While the adult round goby movement and dispersal
capabilities are relatively well studied, little is known about the dispersal and movement of juvenile round
goby. Juvenile round goby were captured in early summer 2021 from two sites on Lake Ontario using a
beach seine net. Fish were tested using a dispersal assay under light and dark conditions and both in the
presence or absence of water flow. Of the fish tested 23% (n=92) dispersed out of the first start chamber.
Surprisingly for a nocturnal species, juveniles were more active under light conditions. Smaller juveniles
were more likely to disperse than larger juveniles. Understanding dispersal at early life stages will help
us better understand the true range expansion capacity of the round goby, and potentially help with
needed mitigation and control strategies.
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Intraspecific variation in mutualism effectiveness in plant-animal interactions
Sol Park1, M. C. Tocora2, M. E. Frederickson3
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Mutualisms are interactions where both interacting partners benefit from one another by
providing a variety of services. A measure of the fitness benefit gained by each partner is called
mutualism effectiveness (ME) and considers species coexisting in mutualist guilds. Intraspecific trait
variation (ITV) is the variability in values of a trait displayed by different individuals of a species, which
could be an important but extensively overlooked determinant of ME. Therefore, we ask in this study,
what is the contribution of ITV in relation to interspecific variation in ME of plant-animal interactions?
We perform a meta-analysis by conducting Boolean searches across 5 databases to seek original
published data about mutualisms in the categories of protection, pollination, and seed dispersal. We
obtained a total of 3452 articles that we filtered according to five criteria. A total of 61 papers met the
requirements from which we collected the n, mean, and variance values explicitly stated in text or tables
or extracted from graphs using a digitizer. By implementing a variance-based approach, we used the
coefficient of variation (CV) to quantify the relative ITV by determining whether the dispersion of data
within a species was greater, equal, or less than the data dispersion between species. We obtained CV
values of ITV and interspecific ME variation with the package “cvquality” in the R program. We
analyzed a total of 412 interactions (96 plant protection; 161 pollinations; 155 seed dispersal) consisting
of 127 animal species of 101 genera and 82 plant species of 65 genera. Overall, our results show that
92.23% of the interactions had ITV greater than or equal to the interspecific variation (97.06% plant
protection; 87.58% for pollination; 93.96% seed dispersal). We conclude that the contribution of ITV
cannot be ignored when observing and analyzing ME as ITV often contributes greater than or equal to
the total interspecific variation.
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Evolution of the long-wavelength sensitive opsin gene (LWS) in South American electric fishes
(Gymnotiformes)
Esme S. B. Macpherson1, F. E. Hauser2, N. R. Lovejoy2
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Vision is essential for survival in many animals as it facilitates rapid relay of sensory information.
Opsin proteins absorb incoming light in the eye and initiate the visual transduction pathway, therefore
studying opsin genes allow us to examine the direct influence of varied environmental stimuli on
molecular adaptation. Species that develop alternate sensory systems for typically vision-directed tasks
have the potential to experience evolutionary trade-off between the systems. One such group are
Gymnotiformes, a diverse Neotropical order of freshwater fish that primarily use electroreception over
vision for communication and movement. They live in rivers where the water’s spectral properties vary
in clarity, colour, and light intensity, creating varied and discrete visual conditions among habitats.
Several species are known to have poorly developed eyes, and many are suspected to functionally retain
only one of the four types of cone opsins typical in fishes, the yellow/red light-detecting long-wavelength
sensitive opsin (LWS). The diversity of spectral conditions across Gymnotiform habitats provides an
ideal model for studying how vision has evolved between differing light environments in the presence of
a novel and dominant sensory system: electroreception. To-date there is limited research into
evolutionary patterns in Gymnotiform cone opsin genes, especially on a taxonomically broad scale.
Using phylogenetic and codon-based likelihood models, we study how the colour and clarity of the
spectral environment in clearwater (transparent), blackwater (transparent but shifted to red-spectrum),
and whitewater (opaque) has influenced the molecular evolution of the LWS gene in 92 Gymnotiform
species. While we predicted relaxed selection in the gene consistent with reduced investment in
conserving vision over electroreception, we found no evidence for reduced selection pressure. Instead
there were consistent signals of positive diversifying selection across the gene, consistent with continued
use and importance of red-spectrum colour vision in these fishes. When partitioning based on water
clarity, species living entirely in transparent habitats (clear or blackwater) showed a significantly elevated
nonsynonymous mutation rate, suggesting different degrees of diversification between those in bright
and turbid environments. These findings do not exclude the possibility of evolutionary trade-off between
vision and electroreception. Losses of cone opsins has occurred on a large scale in this order, and visual
capabilities may still be reduced in many species. However, significant positive selection on the LWS
opsin gene and diversification between visual habitat types demonstrates long-wavelength photopic
vision remains a useful aspect in Gymnotiform ecology.
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An annotated draft genome of Lythrum salicaria (Purple loosestrife) to study rapid evolution and
invasion genetics
Mabel Fuentes Vergara1, N. Alabi, M. Dixon, R. I. Colautti1
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Invasive species spread rapidly displace native species, posing a threat to native ecosystems. The
field of invasion genetics examines the genetic causes and consequences of biological invasions and how
gene expression and plasticity evolve as invasive species adapt to new environments. Here, we present
the de novo assembly and annotation of a genome for the perennial plant Lythrum salicaria (Lythraceae),
which is widespread in Eurasia and invasive across North America. There is good evidence that L.
salicaria has rapidly evolved differences in flowering time to adapt to differences in season length,
facilitating its spread. We sequenced and assembled a genotype (IL-3-3-1) collected from Israel and
confirmed as a diploid using flow cytometry. To annotate the genome and identify genes associated with
flowering time variation, we sequenced mRNA from floral tissue (meristem + flowers + fruits + stems)
from five early and five late flowering plants. These individuals were grown from seeds collected in the
field (41.975/-75.196) and maintained in a large common garden field experiment located at Queen’s
University Biological Station (QUBS).
The draft genome assembly contains 648 sequences ranging from 1005 bp to 160 Mbp. We did
two transcriptome assemblies, a de novo assembly (355878 transcripts) and one using the genome as a
reference (79682 transcripts). From a differential expression (DE) analysis we found that 2466 transcripts
are differentially expressed (padj < 0.05) between early and late flowering plants, some of those
transcripts align to genes that control flowering in model species like Arabidopsis thaliana. We are using
the transcriptome results to annotate the draft genome. Our draft assembly will enable molecular and
functional genomic studies of L. salicaria to examine genetic mechanisms of invasion and rapid
adaptation in novel environments.
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Forage crop plant species are overused in competition experiments
Jahanara Jabbar1, Brandon Schamp1
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Forage crop plant species are planted widely in fields for livestock to eat, either fresh or as part
of a hay mix. Based on germination studies, forage crop species germination differs significantly from
that of congeners and coexisting non-forage crop species (germination speed, dormancy). It is also likely
that human selection on forage crop species has resulted in them differing from other species in other
ecologically important ways. Because these species are widespread and frequently naturalized, and
because they germinate exceedingly well, we set out to determine whether they are over-represented in
competition studies. Our results indicate that these species are indeed significantly over-represented in
both glasshouse and field competition studies. Based on our results, it is possible that our understanding
of natural competitive dynamics among has been negatively impacted by the over-use of plant species
that have undergone considerable human selection.
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Variation in foraging strategies of New Zealand albatross species within a dominance hierarchy
Eryn Basham1
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Co-occurring species that share a limited resource are thought to adopt alternative strategies to
coexist. Here, we investigate the differences in foraging strategies among 4 species of co-occurring
albatross species that share food resources but differ in their behavioural dominance status, testing for
variation in their strategies to acquire supplemental food provided by ecotourism boats in southern New
Zealand. We found evidence for distinct foraging strategies related to the species’ position in their
dominance hierarchy. Thalassarche bulleri was the most subordinate and pursued peripheral scraps of
fish and avoided interacting with other species. Thalassarche salvini and Thalassarche cauta were
intermediate in dominance status; both species were fast and pursued the main food source, though T.
cauta successfully stole fish and T. salvini did not. Diomedea epomophora was the dominant species and
did not avoid interactions with other species and pursued the main food source but was slower to respond
compared with some subordinates. Natural food sources mirror the scenarios seen behind ecotourism
boats, suggesting that differences in foraging strategies associated with social dominance among species
are also present without human intervention, and could help to structure broader seabird communities.
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Nicrophorus orbicollis vs. N. pustulatus: bigness in a fight for fitness
Yohanna D. Vangenne1, B. R. A. Sheppard2, P. R. Martin3
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Closely related species with ecological similarity often aggressively compete for a common,
limited resource. This competition is often asymmetric and results in one species being behaviourally
dominant over the other. Trade-offs between traits for behavioural dominance and alternative strategies
result in different methods of resource acquisition between the dominant and the subordinate species,
with important consequences for resource partitioning and community structure. The key traits that
determine behavioural dominance often involve body size, but priority effects can also determine
dominance, as can other traits that give an advantage in aggressive contests, such as weapons. Here, we
test among these three alternative hypotheses for the traits that determine behavioural dominance among
two species of burying beetle, Nicrophorus orbicollis and Nicrophorus pustulatus. Both overlap in
habitat and seasonality and exhibit fierce competition over a shared breeding resource of small vertebrate
carrion. In experimental trials, we simulated what would happen upon the beetle’s first discovery of a
carcass in nature by placing a carcass and one beetle of each species in a container and observing
interactions over 13 hours. We recorded and categorized interactions between beetles and the duration
each individual was in contact with the carcass (the key resource) to determine what trait best predicted
trial outcomes. Body size was our only significant predictor for behavioural dominance – the larger
species usually won most aggressive interactions and spent more time in contact with the carcass. Our
results offer insight into the ecology and patterns of resource partitioning of N. orbicollis and N.
pustulatus, the latter of which is unique among Nicrophorus for being a canopy specialist. Beyond that,
we reiterate the importance of body size and related trade-offs in ecology and draw parallels to other
coexisting species and their communities.
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Closing Remarks
Professor Stephen C. Lougheed, Baillie Family Chair in Conservation Biology, QUBS Director
I will keep this brief. We live in troubling times. A global pandemic with another worrisome virus
on the horizon, unprecedented global temperatures and disappearing glaciers, collapsing insect and thus
pollinator diversity, one million species at risk of extinction … I could of course go on with this cheerful
list. But I wish to make two points.
The first is simply this. Whether the world knows it or not, it desperately needs biologists like
y’all and biology in all its complexity and diversity. Solutions to all these incredibly pressing issues
involve ecology, evolution, genomics, and myriad other biology-related fields. Engineering alone will
not solve these issues or help mitigate, slow or reverse the environmental damage that we have done.
Most of us will not be traveling to space with the Bezos or Musks or Bransons of the world in their penisshaped vanity rockets. We and our descendants will remain earthbound and must care for the earth and
each other. Conferences like OE3C simply highlight why should retain optimism, and why my statement
that we need biologists is true and relevant – I saw such creativity and diversity in the work presented
here that one cannot fail to be hopeful.
To my second point. At meetings such as these, one often hears what might on the face of it seem
a platitude … that we are in good hands, that the future is bright, that young people are accomplishing
great things and will help bring us out of this dismal trap we have set ourselves.
Now of course a platitude is a statement that has been repeated so often as to be vacuous and
uninteresting, so it is most emphatically not a platitude. You all did terrific jobs of presenting your work,
wearing your enthusiasm on your sleeve, representing yourselves, your labs and your institutions – doing
science! I congratulate you all.
I am an old fart now, it pains me to acknowledge, and I have been to many conferences local,
national and international. I have seldom seen a conference with such consistently engaging plenary
speakers. I think Drs. Jillian Harvey, Rowan Barrett, Dr. Hilary Young, and Christopher Sturdy delivered
wonderful, informative, and inspiring talks.
Finally, I think the organizing committee led by Allen Tian did an amazing job. I think that we
should show a gratitude to Allen and his fellow committee members, Orianne Tournayre, Kelly Balfour,
Chloe Robinson, Xinyu Sun, Damian Bourne, Monica Garvie, and Alyson Van Natto for their hard work
in organizing this conference.
For those of you attending virtually, thank you for doing so. We appreciate you. For those
departing for home right after the meeting please drive carefully. For those going on the field trip to
Elbow Lake, we will see you again soon.
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Awards
Best Presentation in Ecology
Sumeet Sekhon
Best Presentation in Ethology
Janice Yan
Best Presentation in Evolution
Victoria Crozier
People’s Choice in Presentations
Christina Steinecke
People’s Choice in Presentations
Chloe Dean-Moore
Best Poster in Ecology
Lucie Vézina
Best Poster in Ethology
Yohanna Vangenne
Best Poster in Evolution
Isabeau Lewis
People’s Choice in Posters
Emily Landon
Canadian Herpetology Society Award
Danny McIsaac
Canadian Herpetology Society Award
Gokulan Nagabaskaran
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About the logo design:
When I was asked to design this piece, I knew I wanted to
do it justice to what I knew as an artist – further, I would in no
way want to bring any lack of authenticity in my work, and should
disclose my position and background to the piece: the design for
the colloquium was created by myself as a Saulteaux Metis
woman from Treaty 1 Territory, currently residing in Winnipeg,
Manitoba. Though unfamiliar with the lands and it’s history in
what is now present day Kingston, I knew the design would pay
its respect to the Indigenous peoples residing there, who have
been since time immemorial. This piece was designed with
utmost respect to the original Haudenosaunee and Anishinaabe
inhabitants and their present-day descendants.
On the topics of science, I am much less well versed. However, I too researched the background
of the colloquium. Of that I researched, I picked up on a key theme: the collective will to work towards
an understanding our natural world, and thereby doing our best to aid in the preservation and protection
of that world. As an Indigenous woman, this is something I proudly stand behind. However, in these
endeavors it is of utmost importance that one treads with due diligence – this logo too then acts as a
reminder and emblem of respect: to the various ecosystems on Mother Earth, to the original inhabitants,
their descendants, to present-day relations and neighbours, and to the patience required of time.
The

design features the Tree of Peace, derived from a traditional governance system
of the Mohawk of Tyendinaga. The Tree of Peace, a white pine, was
selected by Tekanawita, the Peacemaker, and acted as a reminder to
bring together the five nations of the Iroquois Confederacy to
end their warring of their past. The great branches of this pine
would reach far and wide to all the nations and remind them
of the Great Law of Peace – thus these nations agreed to
these guidelines to establish an understood peace amongst
them. I imagined similarly then that the studies of ecology,
ethology and evolution must too then work together in the
same fashion at this very gathering here today. These
studies are represented in the design by the white pine, the
passage of time and change marked by a young pine on the
left, and a mature pine on the right, and lastly, the three figures
along the bottom are a nod to the three clan systems of the
Mohawk – a bear, a turtle, and a wolf. All three studies weave
together, as like a sweetgrass braid, to act stronger together as you are here
today. It is my hope that the colloquium brings together a time of sharing, knowledge, familiar
faces and above all, a commitment of excellence to Mother Earth and one another.

- Kayla Tanner, Artist
OEC3 2022 Proceedings
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