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SESSION I: Ecology 

 

PREDICTING CONTRIBUTION OF BELOWGROUND BIOMASS TO SALT MARSH 
SOIL VOLUME: A CASE STUDY ON THE ST. LAWRENCE ESTUARY 

Wendy Ampuero Reyes**1 and Gail L. Chmura1. O 

1Department of Geography, McGill University, 805 Sherbrooke St W, Montreal, QC, H3A 0B9, 
Canada 

Accumulation of belowground biomass (live roots, rhizomes and dead material) is a 
critical to vertical accretion of tidal salt marsh soils and their ability to maintain elevation with 
respect to sea level rise. Many studies utilize a single, global relationship between soil organic 
carbon and belowground volume, which may not appropriately reflect the contribution of 
vegetation to soil accretion and could vary with species and climate. We examined the 
relationship of belowground biomass to volume of four species in a St. Lawrence estuary salt 
marsh at la Pocatière, Quebec. Spartina alterniflora dominated the low marsh zone, and Spartina 
patens dominated the adjacent high marsh. The third zone was also dominated by S. patens but 
included 20% (by cover) of invasive Phragmites australis. Although not identified in the 
aboveground growth, tubers and roots of Cyperus esculentus, an invasive in Quebec, were found 
in the S. patens and P. australis/S. patens zones. From each zone samples of the top 30 cm of 
soil were collected and cut into 0-15 and 15-30 cm sections from each of three different salt 
marsh zones. Soils were washed over a 1 mm sieve, and the organic matter retained was sorted 
into dead or live. The live material was sorted into fractions of roots and rhizomes by species. 
The volume of all components was measured by displacement in water before drying to obtain 
biomass. Volumes generally followed a similar pattern in all three vegetation zones, with the 
greatest volume contributed by dead biomass and the least by rhizomes. Our results not only 
demonstrate that total mass and volume of each species’ MOM were strongly correlated, but that 
measurements of carbon density underestimate the true volumetric contributions of salt marsh 
plants to the soil, especially in eastern Canada salt marshes. 
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INVESTIGATING ATLANTIC TOMCOD (MICGROGADUS TOMCOD) DIETARY 
HABITS AND SPAWNING MIGRATION WITHIN MINAS BASIN, NOVA SCOTIA 

Lindsay A. Carroll**1, Darren Porter2, Joseph Beland3, Trevor S. Avery1, Montana F. McLean1 
and Mike J.W. Stokesbury1. O 

1Biology, Acadia University, Wolfville, NS 
2Marine Institute of Natural and Academic Science, Hantsport NS 
3Mi’kmaw Conservation Group, Truro, NS 

The Atlantic tomcod is a gadid fish that lives for an average of three years and occurs along 
North Atlantic coastlines from Labrador, Canada to Virginia, USA. It is abundant in coastal waters 
in Nova Scotia and is a valuable resource for many predators. Locally it is known as “frostfish” 
given that it spawns further inshore during the winter months in estuaries and freshwater streams. 
It has been fished as a minor commercial and recreational species and has traditionally been used 
as a winter food source by Mi’kmaq First Nations communities throughout its range. Despite its 
abundance and widespread distribution, there has been little research on its ecology and movement. 
In this study, we tagged 186 tomcod over 2 years using acoustic telemetry to investigate seasonal 
spawning migrations from November – February from adjoining tidal river systems in Minas Basin 
to potential spawning areas. Also incorporated are biological sampling methods, including the 
morphological identifications of consumed prey, to determine baseline tomcod diets and feeding 
habits in the Bay of Fundy area. Results will be used to inform management approaches and 
strategies for Atlantic tomcod in local regions to enable better stewardship of this culturally 
significant fish.  
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NICHE PARTITIONING AND BEHAVIOUR OF MIGRATORY SHOREBIRDS IN THE 
NORTHUMBERLAND STRAIT, NEW BRUNSWICK, CANADA 

Sara Bellefontaine1 & Diana Hamilton1. O 

1Biology, Mount Allison University, Sackville, NB 

Niche partitioning is an important mechanism in determining resource consumption and 
structure of multi-species communities. The Bay of Fundy is recognised as a landscape of 
hemispheric importance for migratory shorebirds, while other stopover sites on the eastern coast 
of New Brunswick, Canada host smaller but more diverse populations. We studied foraging 
behaviour and habitat use of Semipalmated Sandpipers (Calidris pusilla), White-rumped 
Sandpipers (Calidris fuscicollis), Least Sandpipers (Calidris minutilla), Semipalmated Plovers 
(Charadrius semipalmatus), Short-billed Dowitchers (Limnodromus griseus), and Yellowlegs 
(Tringa melanoleuca and Tringa flavipes) at small coastal sites on the Northumberland Strait to 
examine niche dynamics of multi-species shorebird communities. Overall, there is evidence of 
partitioning between species, however, overlap and segregation vary at different niche 
dimensions. Environmental heterogeneity led to variation in flock species composition, with 
Short-billed Dowitchers and Yellowlegs foraging more frequently in tide pools than Calidrid 
Sandpipers and Semipalmated Plovers. Flock species composition was also correlated with 
availability of invertebrate prey. We found that foraging behaviour varied among shorebird 
species. Short-billed Dowitchers primarily forage by probing, and Semipalmated Plovers forage 
by pecking. Semipalmated Sandpipers, White-rumped Sandpipers, Least Sandpipers, and 
Yellowlegs used a combination of pecking and probing. Diet breadth also varied between 
species. The diets of Short-billed Dowitchers and Semipalmated Plovers contain a broad range of 
prey isotope signatures, while Semipalmated Sandpipers and White-rumped Sandpipers have 
more narrow diet niches. Our findings suggest shorebirds partition habitat, behaviour, and diet to 
form diverse populations at small coastal sites, and that conservation of these sites is likely 
important for migratory success in Atlantic Canada. 
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OBSERVING THE MOVEMENT PATTERNS AND SEASONAL HABITAT USE OF 
AMERICAN EEL (ANGUILLA ROSTRATA) IN THE BRAS D’OR LAKE ESTUARY 
USING INTEGRATIVE KNOWLEDGE SYSTEMS AND ACOUSTIC REMOTELY 
SENSED DATA 

Caelin Murray**1*, Megan Bailey2, Shelley Denny3, Sara Iverson1,5, Joanna Mills-Flemming4, & 
Fred Whoriskey5. O 

1Biology, Dalhousie University, Halifax, NS;  
2Marine Affairs, Dalhousie University, Halifax, NS;  

3Unama’ki Institute of Natural Resources, Cape Breton, NS;  
4Mathematics & Statistics, Dalhousie University, Halifax, NS;  
5Ocean Tracking Network, Halifax, NS; *MSc. Candidate, c.murray@dal.ca 

The American eel (Anguilla rostrata) is a facultatively catadromous species. Little 
knowledge exists about how American eels use estuaries and coastal lagoons and there is a need 
to better understand the extent and duration of their range in these habitats. Declines in American 
eel abundance has occurred on a global scale due to barriers to migration, alteration or loss of 
habitat, and over-harvesting of elvers and glass eels. The American eel is culturally significant to 
Indigenous peoples for food and sustenance as well as the transfer of knowledge and culture. 
This project aims to identify eel movement patterns and habitat use in the Bras d’Or Lake estuary 
and a subset of coastal lagoons. Using Two-Eyed Seeing the project will contribute to a better 
understanding of how eels use the Lake. Results of this study will be used to develop co-
management recommendations to guide stewardship of eel and eel habitat. 
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EELGRASS MAPPING IN PRINCE EDWARD ISLAND (SOURIS) USING UAV AND 
SENTINEL-2 SATELITE 

 Eleanor Gallant1, Brigitte Leblon1, Armand LaRocque1, & Angela Douglas2. O 

1FOREM, University of New Brunswick, Fredericton, NB  
2SGSL Coalition, Charlottetown, PEI 

Eelgrass (Zostera marina L.) is a marine angiosperm that grows throughout coastal 
regions in Atlantic Canada. Eelgrass beds provide a variety of important ecosystem services, and 
while it is considered an important marine species, little research has been done to understand its 
distribution and health, within Atlantic Canada. The purpose of this study was to assess the 
capability of Sentinel-2 and UAV imagery to map the presence of eelgrass beds within the Souris 
River estuary in Prince Edward Island. Both imageries were classified using the non-parametric 
Random Forest classifier and the resulting classification was validated using sonar data. The 
Sentinel-2 classified image with the original bands had a validation accuracy of 77.66%, while 
the UAV classified image with the original bands had a validation accuracy of 90.86%. The 
second classification included the addition of bathymetric ratios and vegetation indices, which 
slightly improved the validation accuracy of both the Sentinel-2 (78.33%) and UAV (91.30%) 
classified image. The third classification was the compilation of the best 17 variables from the 
classification including the original bands, bathymetric ratios, and vegetation indices as 
determined by the variable of importance. The Sentinel-2 image classification again had a 
slightly higher validation accuracy (79.33%). The UAV best variables classification had the 
same validation accuracy as the UAV classification that included the bathymetric ratios, and the 
vegetation indices. The variable of importance plots ranked the Red Edge 1 and Red Bands high 
in all 6 of the classifications, highlighting the importance of these bands when classifying 
eelgrass and subaquatic vegetation. The higher spatial resolution of the UAV image resulted in 
more detailed mapping when compared to the Sentinel-2 image, leading to the conclusion that 
UAV imagery is more suitable for eelgrass mapping, although it is only capable of covering 
smaller areas when compared to the wide swath of the Sentinel-2 satellite. 
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BIODIVERSITY OF THE SPONGE SPECIES IN THE GULF OF ST. LAWRENCE AND 
DEVELOPMENT OF LONG-TERM MONITORING STRATEGIES 

Curtis Dinn. O 

Fisheries and Oceans Canada – Gulf Fisheries Centre, Moncton, NB 

Marine sponges are sessile animals that pump water through a series of canals and 
chambers to extract nutrients and to excrete wastes. Sponges in the Gulf of St. Lawrence may 
cover a substantial portion of the seafloor, but the true number of species in the region and their 
effect on local ecosystems are largely unknown. Many sponge species create complex three-
dimensional habitat on an otherwise barren seafloor, providing essential nursery habitat for 
juvenile fish and other invertebrates. Despite this, most sponges in the region have historically 
been reported at the phylum level in multi-species research surveys. The Coral & Sponge 
Conservation Strategy for Eastern Canada endeavors to better understand and protect important 
sponge communities which play a vital role in maintaining the health of aquatic ecosystems. 
From 2018–2020 sponges were collected in multi-species trawls and by remote operated vehicle 
in the Gulf of St. Lawrence for taxonomic identification. The specimens were identified to 
species using an integrated taxonomic approach which includes assessment of microscopic 
skeleton morphologies and DNA barcoding. Through this work a field identification guide of 46 
species was created, and species new to science are being described. In light of a changing 
climate, it becomes essential to understand the species which engineer the biogenic habitats that 
support ecosystems in eastern Canada.  
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ANOXIA AND HYPOXIA IN THE BRAS D’OR LAKE ESTUARY: EXISTENTIAL 
THREAT OR SITUATION NORMAL? 

Bruce G. Hatcher. O  

Bras d’Or Institute for Ecosystem Research, Cape Breton University, Sydney, NS, B1P 6L2 

The World ocean has experienced an explosive growth in the magnitudes, extents and 
frequencies of occurrence of “dead zones” over the past three decades.  Effects of these low 
oxygen conditions on aquatic life are most prevalent in coastal and estuarine waters. Canada’s 
Inland Sea provides an exceptional diversity of potential for the development (and study) of 
anoxic zones. 

The concentration of oxygen in seawater is a complex, multifactorial function of water 
chemistry, the exchange turnover of the water, autochthonous and allochthonous inputs of 
organic material to the water body, and the biological processes of life within it.  Measurements 
of oxygen concentration alone, no matter how accurate and often repeated, cannot resolve the 
determining factor(s) of an observed pattern of change: the physical, chemical, ecological and 
historical context is required to do that. 

Programs of oceanographic measurement and modelling have been sporadically 
undertaken in the Bras d’Or Lake since the 1970’s.  Two permanently anoxic zones, three 
consistently hypoxic zones, and two sporadically anoxic-hypoxic zones have been discovered 
and are currently being monitored in the estuary.  The histories and mysteries of these dead 
zones are explored. The long residence time of water in some drowned karst features emerges as 
a major determinant of permanent anoxia, while inputs of organic material drive sporadic or 
seasonal variation of hypoxia in coastal lagoons (barrachois ponds).  Decadal trends of declining 
oxygen tension are also evident at some sites in the estuary, and it is a challenge to separate local 
from distal anthropogenic drivers (i.e. pollution vs. climate warming). 
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COLONIZATION TRAJECTORIES OF MUDFLAT INFAUNA AFTER 
DISTURBANCE IN THE UPPER BAY OF FUNDY 

Gregory S. Norris**1, Myriam A. Barbeau1, Diana J. Hamilton2. O 

1 University of New Brunswick, Fredericton, NB, (gnorris1@unb.ca, mbarbeau@unb.ca) 
2 Mount Allison University, Sackville, NB, (dhamilto@mta.ca) 

Forces driving infaunal community dynamics in intertidal mudflats are not well 
understood. Previous studies of multiple mudflats in the Bay of Fundy suggest that infaunal 
community composition is stable within a mudflat over multiple years but varies among mudflats. 
Further, community composition appears mostly uncoupled from biotic interactions and local 
abiotic conditions. We conducted a disturbance experiment with multiple start times on two 
mudflats to test the role of priority effects in mudflat community succession and provide insight 
into community structuring forces. Disturbed and control plots (5m x 6m) were repeatedly sampled 
to assess their infaunal community and taxa in the water column over ~2 mo post-disturbance. 
Analyses of data collected in 2018 and 2019 provide evidence that, at this scale, priority effects 
were not important in structuring mudflat communities. Sessile taxa tended to be most resistant to 
disturbance and were not well represented in the water column at high tide. Mobile invertebrates 
were more affected by disturbance, and their water column abundance correlated with their 
colonization rate of disturbed plots. Disturbed communities became a mix of relatively sessile and 
mobile invertebrates, like those sampled in control plots, by the end of our experimental trials. Our 
results suggest that individuals that colonize an available mudflat space are unable to resist 
additional colonization attempts by infaunal taxa in the water column at high tide. Enhanced 
knowledge of mudflat infaunal community dynamics is important to inform conservation and 
management strategies for migratory shorebirds and fisheries. 
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THE COASTAL BREEDING HABITAT OF BANK SWALLOWS IN PRINCE EDWARD 
ISLAND NATIONAL PARK: DETERMINING HABITAT SELECTION THROUGH A 
GOODNESS OF FIT TEST 

Tyler J. Power** 1, and Hailey Paynter 2. O 

1Department of Biology, University of Prince Edward Island, Charlottetown, PE 
2Resource Conservation, Prince Edward Island National Park, Dalvay, PE 

As an avian guild, aerial insectivores are experiencing global population declines and the 
bank swallow (Riparia, riparia), a species which occurs in eastern North America, is a prime 
example of this. Between 1970 and 2012, the bank swallow declined by 98% in Canada, and was 
listed as threatened in Canada by COSEWIC in 2013. Most hypotheses suggest that their decline 
is due to a combination of factors, including habitat loss or alteration making it crucial that 
critical bank swallow habitat is protected. An essential aspect of protecting critical habitat and 
knowing the requirements of a species is understanding habitat use and selection. Hence, this 
study examined the use of breeding habitat by bank swallows in Prince Edward Island National 
Park’s coastal habitat. We used two primary data sources: cavity/colony count and habitat 
proportion surveys. We than used a chi-squared goodness-of-fit test to determine if a particular 
habitat (dune, till, or sandstone) was being used in proportion to availability. The results of the 
chi-squared goodness of fit test showed that, habitat was not used in proportion to availability 
suggesting that bank swallow colony sites are selected based upon factors outside of availability. 
We hope to determine which habitat is the being selected for with further analysis in a future 
study. Future research should examine other factors contributing to breeding habitat selection, 
which may include distance from potential roosting and foraging habitat and proximity to high 
traffic human areas.  
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MEASURING DEGREE OF FIT WITHIN SOCIAL-ECOLOGICAL SYSTEMS 

Imogen Hobbs**1, Jennifer Holzer2, Julia Baird2, and Gordon M. Hickey1. O 

1Department of Natural Resource Sciences, McGill University, QC 
2Environmental Sustainability Research Centre, Brock University, ON 

From ocean fishery collapse to chemical pollution, environmental governance across 
Canada has often failed to adequately address ecological issues. Poorly governed ecological 
systems can have lingering consequences that affect local biodiversity and the health of human 
and non-human populations. Institutional action that suitably and efficiently matches the 
ecological needs of a system is called Social-Ecological Fit (SEF), and is an important approach 
by which to assess effective environmental governance. In an effort to understand the factors that 
create a high (i.e. successful) degree of SEF, this project explores how to measure SEF to inform 
decision-making. 

To measure the degree of fit, this research proposes using Bayesian networks (Bn). A Bn 
is a decision-support method that relies on the conditional probabilities of related, preceding 
factors to determine the likelihood of an ecological issue of interest. Focussing on the ecological 
issue of flood-risk in the town of Truro, Nova Scotia, Canada we propose a Bn approach using 
local, expert consultation and a survey of relevant literature to determine key factors that 
influence flood-risk and their associated probabilities. The resulting network will then be used to 
identify SEF, including possible outcomes of decisions and the associated likelihoods for flood-
risk in Truro. The ease of manipulation of Bn can allow the analysis to be regularly updated as 
relevant factors and probabilities change. We argue that this approach offers a quantitative 
analysis of SEF in what has been a largely qualitative field of research, while also blending 
social and ecological variables to better inform decision-making.  
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PATTERNS OF ACCESS AND USE OF NEW BRUNSWICK SALT MARSHES BY 
MUMMICHOG (FUNDULUS HETEROCLITUS) 

Elizabeth M.T. Bateman*1, Myriam A. Barbeau1, Tommi Linnansaari1, & Jeff Ollerhead2. P 

1Biology, University of New Brunswick, Fredericton, NB;  
2Geography & Environment, Mount Allison University, Sackville, NB 

Salt marshes are highly productive ecosystems that support nearshore food webs through 
fish-mediated trophic relay. New Brunswick salt marshes have very different tidal regimes and 
geomorphology and the extent to which fish can access and use these marshes is not known. We 
investigated how mummichog (Fundulus heteroclitus), an abundant salt marsh resident, use salt 
marshes in two distinct coastal regions of New Brunswick (the upper Bay of Fundy and the 
Northumberland Strait) by comparing their gut fullness and prey items on flooding and ebbing 
tides using directional fyke nets over three rounds from July–August 2020. To assess how tidal 
regimes and marsh topography influence the access of fish to the emergent marsh surface, we 
determined the duration of inundation from tidal amplitude and marsh elevation acquired from 
pressure loggers and Real-Time Kinematic GPS, respectively. In the upper Bay of Fundy, the 
low catches of mummichog, along with the high elevation and short inundation times of the salt 
marshes suggested that mummichog may not be important exporters of nutrients in this region. 
However, in the Northumberland Strait, mummichog were highly abundant and tended to have 
fuller guts when they left than they entered the marsh, and salt marshes had low elevations and 
relatively long inundation time. Thus, mummichog have the potential to be important exporters 
of salt marsh nutrients in the Northumberland Strait. Our study is the first to examine salt marsh 
use by fish in New Brunswick and makes recommendations for future study years to increase the 
statistical power of the sampling design and deal with potential confounding effects. 
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USE OF LANDSAT-8 AND SENTINEL-2 IMAGERY AND LOCAL INDIGENOUS 
KNOWLEDGE FOR MAPPING EELGRASS IN EEYOU-ISTCHEE 

Kevin Clyne**1, Brigitte Leblon2, Armand Larocque3, Maycira Costa4, Melanie Leblanc5, Ernie 
Rabittskin6, Marc Dunn7. P 

1 University of New Brunswick, Fredericton (NB), Canada; kclyne@unb.ca 
2 University of New Brunswick, Fredericton (NB), Canada; bleblon@unb.ca 
3 University of New Brunswick, Fredericton (NB), Canada; larocque@unb.ca 
4 University of Victoria, Victoria (BC), Canada; maycira@uvic.ca 
5 McGill University, Ste-Anne-de-Bellevue (QC); melanie-louise.leblanc@mail.mcgill.ca 
6 Niskamoon Corporation, Nemaska (QC); erabbitskin.mdunn@niskamoon.org 
7 Niskamoon Corporation, Nemaska (QC); mdunn@niskamoon.org 

The eastern coastline of James Bay (Eeyou Istchee) is known to be home to beds of 
subarctic eelgrass (Zostera marina L.). These eelgrass beds provide valuable habitat and food 
source for coastal and marine animals and contribute valuable ecosystem services such as 
sediment stabilization along the coast. Despite reports from Cree communities about the 
declining of eelgrass bed health, limited research has been performed to assess and map the 
spatial distribution of eelgrass within the bay. This study aims to evaluate the capability of the 
Landsat-8 Operational Land Imager (OLI) and the Sentinel-2 Multispectral Imager (MSI) 
together with local indigenous knowledge to detect eelgrass in the turbid waters of Eeyou-
Istchee. A baseline distribution map of eelgrass during late summer 2019 was produced for each 
sensor and compared with local indigenous knowledge. Images were acquired on September 16 
and August 22, 2019 for the Landsat-8 imagery, and acquired on August 26, 2019 for the 
Sentinel-2 imagery. Training areas were created through photointerpretation for the four 
following classes: Eelgrass, Turbid Water, Highly Turbid Water, and Optically Deep Water. 
They were used in a Random Forests classifier and the resulting classified images were validated 
against 147 ground truth data points that were obtained from both the eelgrass health and Hydro-
Quebec research teams. The resulting overall validation accuracy was 76.9% and 74.1% for 
Landsat-8 and Sentinel-2, respectively, indicating that a baseline eelgrass map of Eeyou-Istchee 
can be obtained by applying a Random Forests classifier to Landsat-8 or Sentinel-2 imagery. The 
map also corroborated observations from Eeyou Itschee residents on coastal eelgrass distribution. 
Such study is a good example on how local tradtional knowledge can be combined to Western 
science in environmental studies.  
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USING DIFFERENT WAYS OF KNOWING TO ENHANCE STEWARDSHIP OF 
AMERICAN EEL/KATEW (ANGUILLA ROSTRATA) IN MINAS BASIN, NOVA 
SCOTIA 

  
Gabrielle S. Deveau**1*, Lindsay Carroll1, Montana F. McLean1, Darren Porter2, Joseph 
Beland3, Michael J.W. Stokesbury1. P 
1 Department of Biology, Acadia University, Wolfville NS  
2 Marine Institute of Natural and Academic Science (MINAS), Hantsport NS  
3 Mi’kmaw Conservation Group (MCG), Truro NS  
*MSc. Biology Candidate, GabrielleDeveau@acadiau.ca  

American eel/katew (Anguilla rostrata) plays an important ecological role in aquatic 
ecosystems and is harvested in commercial, recreational, and traditional fisheries. Declines in 
American eel abundance has occurred in recent years due to migration barriers, changing marine 
conditions, and the over-harvesting of elvers and glass eels. Their ecology is well documented 
within Lake Ontario and the Upper St. Lawrence River where population declines appear to be 
most dramatic. However, there are few studies on how American eel use Minas Basin, a highly 
productive, macrotidal area of the Upper Bay of Fundy/Pekwitapa’qek in Atlantic 
Canada/Mi’kma’ki. This study is part of Apoqnmatulti’k (Mi’kmaw translation: “we help each 
other”), a collaborative project between academic, government, Mi’kmaw, and local knowledge 
holders carving out a research framework for the collective stewardship of shared resources 
using different ways of knowing. By working with the Mi’kmaw Conservation Group and the 
Marine Institute of Natural and Academic Science, my research aims to describe the movement 
patterns and habitat preferences of American eel in Minas Basin using acoustic telemetry and 
Mi’kmaw ecological knowledge (MEK). To date, 53 American eels have been fitted with 
VEMCO V9 acoustic transmitters. MEK workshops, hosted in the coming months, will provide 
insights on eel fishing methods, abundance patterns in the region, and their current uses and 
relationship with the species. This will also provide a space for community members to discuss 
concerns and advise on eel management approaches. Research outcomes will contribute to strong 
management recommendations that support the rights and privileges of eel harvesters for 
generations to come. 
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BEHAVIOURAL AND PHYSIOLOGICAL RESPONSES OF CARCINUS MAENAS TO 
WINTER TEMPERATURES IN NEWFOUNDLAND 

Molly Rivers**1 & Iain McGaw1. P 

1Ocean Sciences, Memorial University of Newfoundland, St John’s, NL 

In 2007 C. maenas was first recorded in Newfoundland, which remains the northern-most 
limit of their current range in the West Atlantic Ocean. Water temperatures in coastal regions of 
Newfoundland can drop below 1 ˚C during the winter: these are harsher conditions than 
experienced by C. maenas in their native range. In November/December C. maenas are no longer 
caught in baited traps and disappear from the intertidal zone in Newfoundland. Anecdotal evidence 
suggests they move offshore into deeper water and bury in the mud for the winter. However, the 
physiological and behavioural mechanisms behind their survival at these low temperatures during 
prolonged periods (4-5 months) are unknown. Lab experiments were used to assess physiological 
(heart rate, metabolic rate) and behavioural responses (activity, burying behaviour) to a decline in 
temperature (12 ˚C to 2 ˚C) representative of seasonal change from summer to winter. This found 
heart rate and metabolic rate declined, accompanied by a decline in activity rates and an increase 
in the percentage time spent buried. A similar pattern of physiological and behavioural responses 
were observed during long-term acclimation to constant temperatures (either 12 ˚C or 2 ˚C). 
Activity was not completely absent at 2 ˚C however, suggesting C. maenas do not become fully 
torpid during winter conditions. Additionally, although 2 ˚C acclimated crabs had slower reaction 
times to the presence of food items compared with 12 ˚C acclimated crabs, most still fed at the 
lower temperature. These results confirm anecdotal evidence that C. maenas respond to the 
extremely cold winter conditions in Newfoundland by burying in the sediment and reducing 
requirements for oxygen and food. However, the fact that activity and feeding continued at the low 
temperature, albeit at a lower rate, suggests they are not totally unresponsive to their environment. 
Current investigations C. maenas seasonal movements and habitat use during the winter period 
will complement these lab-based studies and enable us to determine how it survives the prolonged 
cold Newfoundland winters. 
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SEED VIABILITY, GERMINATION, AND EARLY SURVIVAL OF SPARTINA 
ALTERNIFLORA FROM THE BAY OF FUNDY AND NORTHUMBERLAND STRAIT 
FOR SALT MARSH RESTORATION 

Lyle M. Vicaire**1, Myriam A. Barbeau1. P 

1University of New Brunswick, Canada 

Along the east coasts of North America, the saltwater cordgrass Spartina alterniflora is the 
bioengineer species of salt marshes, and essential for salt marsh restoration. However, at north 
temperate latitudes, little is known about its reproductive biology. Our research objective is to 
determine and compare seed viability, germination success and early seedling survival for different 
S. alterniflora populations in Maritime Canada. In September-October 2020, we collected seeds 
once each location had felled 5 to 10 seeds in our shake test, from 8 populations (i.e., sites) in the 
Bay of Fundy (macrotidal environment) and Northumberland Strait (microtidal environment). 
Seeds were stored for cold stratification, submerged in freshwater and 40 ppt saltwater at 4oC for 
a minimum of 12 wk. During winter 2021, a seed viability using tetrazolium chloride indicated an 
overall viability of ~35% to ~55%. We had germinated seeds under recommended diurnal 
thermoperiod conditions, and quantifying success using presence of epicotyl (embryonic shoot) 
and root with overall germination success of 44.7 ± 2.3%. Growth and survival of seedlings have 
been quantified in the greenhouse under three watering treatments: 0 ppt salinity, 10 ppt, and 
incremental increases of 5 ppt/wk starting at 10 ppt, until full strength seawater is reached. Current 
overall seedling survivability is 50.11%. Future plans include evaluating performance of seedling 
during outplanting in summer 2021. This research will contribute to creating a guide for salt marsh 
restoration and creation for Maritime Canada, by evaluating the strategy of using S. alterniflora 
seedlings.  
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MONITORING SALT MARSH RESTORATION USING UNMANNED AERIAL 
VEHICLE (UAV) MULTISPECTRAL IMAGERY 

Gregory S. Norris**1, Armand LaRocque1, Brigitte Leblon1, Myriam A. Barbeau1. P 

1 University of New Brunswick, Fredericton, NB, (gnorris1@unb.ca, armand.larocque@unb.ca, 
bleblon@unb.ca, mbarbeau@unb.ca) 

There is interest in restoring and monitoring salt marshes given their many ecosystem 
services and past loss. Available remote sensing technology, specifically unmanned aerial vehicles 
(UAV), can be used to examine environments that are time-consuming and difficult to monitor via 
field-survey, such as salt marshes. Vegetation has high reflectance in the red edge and near-infrared 
electromagnetic spectra and using sensors with such wavebands makes it possible to discriminate 
plant species, density, and state at high spatial resolutions. In 2019 and 2020, our research team 
from the University of New Brunswick and in partnership with Ducks Unlimited Canada, 
monitored salt marsh restoration and reference sites in Aulac and Musquash, New Brunswick, 
using UAV multispectral imagery. Images acquired in Musquash on 5 July 2020 were used to 
discriminate different land covers of the sites which were also observed during our ground-truth 
sampling. We applied a supervised Random Forest Classifier to our ten-band multispectral 
imagery. Twelve land cover classes were used in our preliminary classification including six 
vegetation classes of different types and states. The classifier produced an overall classification 
accuracy of 99.80%. The most important band in the classification was the Near-Infrared band. As 
our research progresses, we will first validate the classified images using GPS ground sites and 
expand the number of vegetation classes to include more precisely identified taxa of vegetation. 
To do this, we will use GPS located field data, reflectance mosaics, textural variables extracted 
from the imagery, and vegetation indices. In addition, we will also assess ground-level 
characteristics of the vegetation, including biomass, using a machine-learning approach and apply 
our UAV-derived classification algorithms to Sentinel-2 satellite imagery. 
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SESSION II: Phycology & Coastal Mycology 

 

DYNAMICS OF BIOFILM IN RELATION TO MIGRATORY SEMIPALMATED 
SANDPIPER (CALIDRIS PUSILLA) PRESENCE IN THE UPPER BAY OF FUNDY, 
CANADA 

Matthew Mogle**1, Justin Liefer1, Doug Campbell1, Diana Hamilton1, and Myriam Barbeau2. O 

1Department of Biology, Mount Allison University, Sackville, New Brunswick, E4L 1G7, Canada 
2Department of Biology, University of New Brunswick, Fredericton, New Brunswick, E3B 5A3, 
Canada 

The upper Bay of Fundy is a critical stopover site for Semipalmated Sandpipers (Calidris 
pusilla) during their post-breeding southward migration. Abundant nutritious prey is essential for 
these sandpipers to build fat stores needed to complete their journey to South America. 
Microphytobenthic (MPB) biofilm is the base of the intertidal mudflat food web, serving as the 
primary source of energy and nutrition for the mudflat biotic community. Therefore, the standing 
crop and nutritional quality of MPB biofilm plays a critical role in supporting a prey base for 
Semipalmated Sandpipers. Previous studies report that the fatty acid composition of MPB 
biofilm shows pronounced spatial differences. To further investigate this variation, we assessed 
spatiotemporal trends in MPB biofilm nutritional quality before, during, and after sandpipers 
pass through the Bay of Fundy. Additionally, we evaluated the overall caloric content of MPB 
biofilm, polychaetes, bivalves, and Corophium. Results suggest that the nutritional quality of 
MPB biofilm is highly variable, with 30% of the variation attributable to small-scale spatial 
factors and 32% attributable to temporal factors. Notably, in 2019 MPB biofilm had higher 
densities of lipids than 2020. This is likely driven by the higher levels of MPB biofilm standing 
crop in 2019. Additionally, prey types differ in nutritional composition and caloric content, with 
polychaetes having the highest caloric value. This work improves our understanding of variation 
in MPB biofilm nutritional quality and standing crop as well as the relative nutritional quality of 
common Semipalmated Sandpiper prey items. Further study may elucidate patterns of shorebird 
habitat use and help pinpoint areas of high conservation importance. 
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SPATIAL AND TEMPORAL DYNAMICS OF MICROBIAL EUKARYOTES IN 
MUDDY INTERTIDAL SEDIMENTS OF THE BAY OF FUNDY 

Eke I. Kalu**, Adrian Reyes-Prieto & Myriam A. Barbeau. O 

Biology, University of New Brunswick, Fredericton, NB 

Microbial eukaryotes are ubiquitous and abundant in all environments. They represent the 
bulk of eukaryotic diversity and perform fundamental roles in several important processes, 
including energy transfer between trophic levels and global biogeochemical cycling. Yet, our 
understanding of these microbes continues to lag behind their prokaryotic counterparts. 
Furthermore, microbial eukaryotes remain poorly characterized in coastal sediments like those of 
mudflats in the Bay of Fundy. Our 18S rDNA metabarcoding study investigated the taxonomic 
and functional dynamics of microbial eukaryote communities at different sediment depths in two 
Bay of Fundy mudflats. We also investigated the extent to which sediment physicochemical 
properties are correlated with microbial community composition. Among the major groups of 
eukaryotes, the microbial component accounted for 52% of total DNA sequences (abundance 
measure) and 82% of amplicon sequence variants (diversity index), surpassing the contributions 
of animals, fungi, and land plants and highlighting their important role in mudflats. Spatial 
variability in the composition of the microbial eukaryote communities generally decreased from 
early-June to mid-October, while temporal variability was generally at its peak at the sediment 
surface. Functionally, free-living heterotrophs accounted for 27-37% of the total dissimilarity 
between communities, photoautotrophs for 22-32%, mixotrophs for 15-25%, and parasites for 
11-18%. Taxonomically, cercozoans, diatoms and core dinoflagellates accounted for 70% of 
DNA sequences, on average, and much of the total dissimilarity between communities. 
Community composition was weakly associated with sediment properties, suggesting the 
influence of other factors like biotic interactions and neutral processes. Our study is the first of 
its kind in the Bay of Fundy and establishes a baseline of the dynamics and previously 
unexplored diversity of microbial eukaryotes in this ecosystem. This is a crucial first step 
towards creating a conceptual framework to model how environmental changes in coastal 
ecosystems could impact microbial eukaryote communities, their ecological roles, and therefore 
the diverse communities they support. 
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SECRETS OF THE SEDIMENT: A METABARCODING STUDY OF FUNGAL 
DIVERSITY IN NOVA SCOTIAN SALTMARSHES 

Tyler W. d’Entremont1, Zoë Migicovsky2, Juan C. López-Gutiérrez1, and Allison K. Walker1. O 

1Department of Biology, Acadia University, Wolfville, Nova Scotia, Canada 
2Department of Plant, Food, and Environmental Sciences, Faculty of Agriculture, Dalhousie 
University, Truro, Nova Scotia, Canada 

Saltmarshes in Nova Scotia are essential for coastal stability and sustainability of 
intertidal ecosystems. Despite storing large quantities of blue carbon and having highly 
productive vegetation, little is known about how belowground fungi affect saltmarsh plants. We 
surveyed Spartina saltmarsh sediment rhizosphere fungal communities at three saltmarshes 
(Kingsport, Windsor, and Wolfville, NS) and two timepoints (early and late growth season) in 
the Minas Basin using ITS2 Illumina miSeq rDNA data and multivariate analysis. Using fungal 
ASVs, we estimated alpha diversity by performing pairwise comparisons for location, collection 
period, and sediment zone independently. Neither collection period nor sediment zone 
significantly affected ASV richness, but richness was site specific. Shannon diversity found 
conflicting results, showing sediment zone affected ASV richness and not site, likely meaning 
both have a cumulative effect on diversity. Principal coordinate analysis, using unweighted and 
weighted UniFrac distance, was used to estimate beta diversity, with an Adonis test estimating 
variance. Collection site explained sample variation, with most dissimilarity being found for 
Kingsport, NS. Sediment zone and collection period also explained a significant amount of 
variation in beta diversity. We conclude that the collection location and vegetation both 
significantly affect the fungi found in saltmarsh sediments and that belowground fungi may have 
a role in sustaining saltmarsh ecosystems and preserving our Nova Scotian coastlines. 
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ISOLATION AND IDENTIFICATION OF FUNGI ASSOCIATED WITH THE MARINE 
GREEN MACROALGA CODIUM FRAGILE (SURINGAR) HARIOT IN NOVA SCOTIA 

William A. Younger* & Allison Walker. O 

Biology, Acadia University, Wolfville, NS 

Fungi associated with marine macroalgae are a relatively unexplored ecological 
grouping. Recently there has been an increase in the interest of studying this aspect of fungal 
biodiversity, the ecological roles and phylogenetic history of marine and marine-derived species, 
and their potentially useful secondary metabolites. We aimed to better understand the 
biodiversity of fungi specifically associated with the marine green macroalga Codium fragile in 
Nova Scotia. We collected samples of C. fragile from the intertidal zone of 3 coastal sandy beach 
sites along the Atlantic coast, incubated them in sterile damp chambers, and observed and 
isolated morphologically distinct fungi as they emerged. Fungi were isolated using a variety of 
culturing techniques and growth media. Axenic cultures were identified using morphological and 
molecular analysis. 23 filamentous fungi were obtained representing 11 species, 7 families, 4 
orders, and 3 classes, all of which belonged to the subphylum Pezizomycotina. The predominant 
genus isolated was Acremonium, with A. fuci being the most frequently isolated species, 
followed by Akanthomyces attenuatus, Penicillium brevistipitatum and Parasarocladium sp., 
respectively. To our best knowledge, this sample contained 2 species unknown from marine 
environments, 8 novel host records for C. fragile, and 5 novel regional species records. 
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THE EFFECTS OF TOP-DOWN AND BOTTOM-UP FORCES ON THE 
NUTRITIONAL QUALITY OF BIOFILM AT AN INTERTIDAL MUDFLAT IN THE 
BAY OF FUNDY 

Madeleine C. Robitaille1, Justin Liefer1, and Diana Hamilton1 

1Biology, Mount Allison University, Sackville New Brunswick 

Mudflats in the upper Bay of Fundy are highly productive ecosystems that support 
shorebird and invertebrate life.  The base of mudflat food webs is a biofilm containing 
microphytobenthos— photosynthetic microorganisms that are the main primary producers in 
mudflats.  Major consumers, like snails and shorebirds, directly consume biofilm, prey on 
biofilm consumers, and cause physical disturbance to biofilm.  The goal of this study was to 
determine the factors that affect the nutritional quality (measured as content of protein, 
carbohydrate, and total organic matter) of mudflat biofilm.  We experimentally manipulated the 
top-down effects of key predators (mud snails and Calidrid shorebirds) and the bottom-up effects 
of increased nutrient availability for microphytobenthos from July – August, when mudflat 
consumers are most active and abundant.  We established a manipulative experiment at Grande 
Anse, in the upper Bay of Fundy, in summer of 2020, in which control plots, bird exclosures, and 
bird and snail (full) exclosures were established at each of twenty sites with fertilizer applied to 
ten randomly selected sites.  We collected the top 2 mm of sediment, containing biofilm, from all 
experimental plots during three sampling periods.  We found clear temporal trends in biofilm 
protein and carbohydrate content, with the absolute abundance of both declining after the first 
sampling period and a corresponding increase in organic matter-normalized protein content.  
Predator treatments also had a significant effect on the absolute carbohydrate content in late 
August in unfertilized plots, with more carbohydrate in bird exclosures compared to controls.  
Fertilizer treatment significantly decreased the organic matter-normalized carbohydrate content 
in late July.  These findings indicate that biofilm protein and carbohydrate content are affected 
by seasonal factors and that their abundance might not be limited by external nutrient supply.  
Additionally, this work shows that shorebirds might alter the nutritional content of mudflat 
biofilm, in addition to being supported by biofilm.    
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SESSION III: Blue Carbon 

 

INCREASING ACCURACY OF MEASUREMENTS OF EASTERN CANADA’S BLUE 
CARBON STOCKS 

Gail L. Chmura. O 

Department of Geography, McGill University, 805 Sherbrooke St W, Montreal, QC, H3A 0B9, 
Canada 

The amount of blue carbon (e.g., the organic carbon in salt marsh soils) gained through 
marsh restoration and conservation can be used to gain credit on the voluntary carbon offset 
market, but requires accurate measurements.  Direct measurement of organic carbon (OC) on an 
elemental analyzer is expensive and based upon only mgs of a soil sample.  Thus, estimates of 
%OC are often based upon measurements of soil organic matter, determined through loss-on-
ignition (LOI), that are then multiplied by a conversion factor to estimate OC. The conversion 
factor that is regularly used is based upon research in North Carolina, but recent studies have 
shown that calibration of %OC to %LOI can regionally. We measured %LOI and %OC of soil 
samples collected from 20 salt marshes at locations spanning both NB’s coastlines, the Gulf of 
St. Lawrence and the Bay Fundy, thus are likely to be representative of salt marsh soils of the 
Maritimes overall.  LOI was run at temperatures that avoided ignition of inorganic carbon and 
%OC samples were pretreated with HCl to remove carbonates prior to measurement on an 
elemental analyzer.  Statistical analysis reveals that LOI is a highly significant predictor 
(R2=0.97, p<0.001) of %OC over the set of all samples.  LOI was also a highly significant 
predictor when analyses were restricted to Spartina alterniflora and Spartina patens marsh, as 
well as coastal reach (Gulf, upper and lower Fundy).  Disappointingly, results suggest that the 
previously used conversion factor overestimates the %OC in NB salt marsh soils, particularly at 
high %LOIs. 
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SEA LEVEL RISE BUT NOT INVASIVE VEGETATION AFFECTS CH4 FLUXES 
FROM SALT MARSH SOILS 

Sophie Comer-Warner1,2, Wendy Ampuero Reyes1, Sami Ullah2, Stefan Krause2 and Gail L. 
Chmura1. O 

1 Department of Geography, McGill University, Montreal, H3A 0B9, Canada 
2 School of Geography, Earth and Environmental Sciences, University of Birmingham, 
Edgbaston, Birmingham B15 2TT, UK 

Salt marshes are important blue carbon ecosystems that sequester large amounts of 
carbon mitigating the effects of climate change. This negative climate feedback, however, may 
be offset by soil emissions of the potent greenhouse gas CH4, which some studies have shown to 
vary with marsh elevation and vegetation zone. Salt marshes of the northern Northwest Atlantic 
typically have unvegetated tidal flat at the lowest elevation, which transitions with increasing 
elevation into two grass zones: Spartina alterniflora followed by Spartina patens. The increased 
flooding that occurs with climate-related sea level rise may cause a landward shift in these zones. 
An additional zone of the invasive common reed Phragmites australis is found at higher 
elevations in many regions. Here we present findings from a study conducted on a salt marsh at 
La Pocatière, Quebec, located on the St. Lawrence River estuary, which is typified by this 
zonation. Here the average annual temperature is 4.5°C and the marsh is subject to extensive 
winter freeze. We measured CH4 fluxes from the four different areas of the marsh to investigate 
differences in climate feedbacks between them and to determine how this feedback may shift 
with sea level rise and increases in invasive species. We considered multiple environmental 
drivers to explain differences found in CH4 emissions between zones, including plant 
characteristics. 
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EVALUATING SALT MARSH RHIZOSPHERE CARBON STOCKS AND 
ARBUSCULAR MYCORRHIZAL COLONIZATION IN VEGETATION ZONES 
ACROSS A CHRONOSEQUENCE IN THE BAY OF FUNDY, NOVA SCOTIA 

Kendra Sampson**1, Danika van Proosdij2, Jeremy Lundholm1, and Allison K. Walker1,3. O 

1Department of Biology, Saint Mary’s University, Halifax, NS, Canada 
2Department of Geography, Saint Mary’s University, Halifax, NS, Canada 
3Department of Biology, Acadia University, Wolfville, NS, Canada 

Salt marshes are essential ecosystems that stabilize coastlines while providing a habitat 
for many invertebrates, juvenile fishes, and birds. Unfortunately, due to the development of 
agriculture, recreational land, commercial land, and embanking/dyking, salt marshes are 
declining worldwide. Salt marshes can accumulate and store large amounts of carbon. Carbon is 
trapped from the atmosphere and rhizosphere by the salt marsh, which allows it to be utilized by 
salt marsh vegetation and their fungal associates. Recent studies have found that beneficial fungi 
form associations with salt marsh plant roots. Arbuscular mycorrhizal fungi (AMF) form these 
associations with approximately 80% of all land plants, including salt marsh species. AMF 
receive fixed carbon from their host plant, and in return, provide the plant with mineral nutrients 
and an increased surface area, which leads to greater carbon storage. We are investigating the 
role of AMF in carbon sequestration. We are assessing AMF in dominant salt marsh plant 
species, from low to high elevations at sites fringing the Bay of Fundy, Nova Scotia. We are 
examining the correlation between the amount of carbon and AMF colonization present in salt 
marsh plants. Additionally, we are analyzing the quantity of nitrogen, phosphorus, and salt 
present in the rhizosphere and exploring its effect on AMF colonization. Furthermore, we are 
comparing restored marshes of different ages to reference (natural) salt marshes and dykeland 
habitats, by taking sediment cores at each site. We found high AMF colonization rates in 
Spartina pectinata roots with varying organic carbon rates. Root fungi influence on carbon 
storage as well as the importance of carbon sequestration in salt marshes are novel areas of 
research in Atlantic Canada. Our carbon stock and mycorrhizal association data will increase our 
knowledge of their contributions to salt marsh restoration methods.   
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IMPACT OF SHRIMP AQUACULTURE ON BLUE CARBON STOCKS- A CASE 
STUDY IN WEST BENGAL, INDIA 

Anushka Sah** & Gail L. Chmura. O 

Department of Geography, McGill University, 805 Sherbrooke St W, Montreal, QC, H3A 0B9  

The shrimp aquaculture industry in India is growing and encompasses an area of 176,000 
hectares. In 2019, 87% of shrimp produced in India was exported to the USA, China, Japan, EU 
and SE Asia, generating a revenue of USD 5 billion. In West Bengal, India, these shrimp 
aquaculture ponds are built by displacing mangroves. As mangroves are one of the world’s most 
efficient carbon sinks, substantial losses of their soil organic carbon (SOC, i.e., blue carbon) 
occur with this transformation (globally 7 TgCO2eqyr-1). We investigated these losses in West 
Bengal, India, which has the country’s 2nd highest shrimp production and contains part of the 
world’s largest contiguous mangrove forest area, the Sundarbans. We examined soil carbon 
stocks of shrimp aquaculture ponds in the southern part of Jharkhali Island that previously was 
covered by mangroves. In this region of West Bengal, mangroves are still being cleared for 
shrimp aquaculture ponds. Our study targeted ponds that were constructed 6-7 years ago, coring 
soils from 5 active shrimp ponds. Ponds were sampled while they were drained for maintenance. 
Although in some locations we retrieved soils down to 1 m, we normalized our results to 50 cm 
depth, which was approximately the minimum depth retrieved. Calculated over a 50 cm depth, 
the average SOC in the aquaculture ponds is 59 Mg C ha-1, which means that 20% (14 Mg C ha-

1) of the SOC is lost when Sundarbans mangroves are converted to aquaculture ponds. We also 
assessed the landscape transformation of our research site and mapped the pattern of construction 
of aquaculture ponds in 53 ha of deforested and drained mangrove land. Over 20 years, 12.08 ha 
(23%) was transformed to aquaculture ponds, resulting in an overall loss of 710 Mg SOC. 
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SESSION IV: Climate Change and Coastal Marine Management 

 

DATA MANAGEMENT BEST PRACTICES FOR COASTAL AND OCEAN DATA  

Presentation included as part of the live Coastal Restoration Fund Session 

Alexi Baccardax Westcott 

COINAtlantic - Coastal and Ocean Information Network Atlantic 

The Coastal and Ocean Information Network Atlantic (COINAtlantic) is a non-governmental 
organization based in Halifax, Nova Scotia. COINAtlantic is dedicated to supporting coastal and 
marine spatial planning and decision-making in Atlantic Canada through open data management 
and information sharing. COINAtlantic has observed that there is a range in competency when it 
comes to data management practices within non-governmental organizations, that there is 
growing recognition of the importance of data management to achieve shared goals and a desire 
for training to increase in-house capacity.  

Data management is a process that includes acquiring, validating, storing, protecting, and 
processing data to ensure accessibility and reliability for data users. Data organizations create 
and compile is a valuable resource that supports action and change through evidence-based 
decision making. Data management can help mitigate the risk that data is lost and can support 
data sharing so that the value of data is fully maximized over the short and long term. 

COINAtlantic works collaboratively on data management related projects. We currently work 
with the Canadian Integrated Ocean Observing System and have recently worked with Clean on 
the Northumberland Strait Saltmarsh Atlas. COINAtlantic is currently engaged in a project 
aimed to empower non-governmental organizations with educational materials to help increase 
organizational data management capacity. 

We have completed the first phase of our work including a survey to help to guide the 
development of educational materials and a best practices guide regarding data management. 
Key objectives of the survey included: understanding current data management practices; 
determining data management areas of least proficiency and needs going forward; and assessing 
level of interest in various forms of content that COINAtlantic could develop. Our presentation 
will review survey results including those that display a clear interest in proposed educational 
resources. 
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THE WAVE DISSIPATION POTENTIAL OF SPARTINA ALTERNIFLORA IN THE 
BAY OF FUNDY  

Makadunyiswe D. Ngulube*. O 

Saint Mary’s University 

The purpose of this research is to determine the wave dissipation potential of salt marsh 
vegetation in a temperate, hypertidal estuary. The study site is Clifton Marsh, Nova Scotia, in the 
Bay of Fundy. This site was selected in part because it is monospecific, with Spartina 
alterniflora. The research addresses two key questions:  

1. How effective is the Spartina alterniflora at attenuating wave energy? 

2. What is the variability in wave height as the vegetation height increases over time?  

A transect was set up with 4 RBRduet3 T.D|wave16 — temperature & pressure loggers 
extending from the mudflat to the vegetated section dominated by Spartina alterniflora. Data 
were collected from mid June to early December 2020. For each two-week dataset, the data was 
sorted to include only that with a depth greater than 0.1 m, and events were selected to have a 
significant wave height that is greater than 0.05 m. Vegetation surveys were carried out bi-
weekly to measure the various parameters such as the stem height, stem diameter and the width 
of the middle top parts of the leaves. The outcomes show that vegetation has an effect on the 
wave energy and significant wave height, and affects the attenuation capacity of salt marshes. 
This research demonstrates that the presence of vegetation on salt marshes plays an important 
role in wave dissipation and attenuation. There needs to be a better understanding of vegetated 
intertidal environments and incoming waves, to achieve sustainable coastal management and 
planning. 
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POTENTIAL OF NATURE-BASED INFRASTRUCTURE FOR COASTAL 
RESILIENCE AND RISK REDUCTION IN THE CHIGNECTO ISTHMUS  

Danika van Proosdij1,2; Gavin Manson3; Emma Poirier1,2; Makadunyiswe Ngulube1; Enda 
Murphy4; Ivana Vouk4, Andrew Corning4 & Ryan Mulligan5. O 

 1Geography and Environmental Studies, Saint Mary’s University, Halifax, NS  
2TransCoastal Adaptations: Centre for Nature-based Solutions, Halifax, NS  
3Geological Survey of Canada, Bedford, NS  
4National Research Council, Ottawa, Ont  
5Civil Engineering, Queen’s University, Kingston, Ont 

The Chignecto Isthmus between the Provinces of Nova Scotia and New Brunswick 
contains some of the most highly vulnerable critical infrastructure in Canada.  The Isthmus is one 
of the four sites chosen within the ‘Nature-based infrastructure for Coastal Resilience and Risk 
Reduction” project led by the National Research Council which brings together engineers, 
scientists and practitioners from federal, municipal, first nations governments and academia to 
develop an improved understanding of the performance of nature-based infrastructure in 
Canadian coastal environments.  The research is coupling field modelling, physical scale 
laboratory experiments and numerical modelling to demonstrate how nature-based approaches 
can be applied in Canada.  It will develop a Knowledge Base and Design Guide on implementing 
nature-based infrastructure in coastal communities.  Research in the Isthmus will include an 
investigation of the role of marsh vegetation in attenuation storm waves and alleviating flood and 
erosion hazards, and the potential impacts of multiple managed realignment scenarios on 
regional hydrodynamics.   This presentation will provide key findings from a pilot project within 
the Minas Basin of wave attenuation and dissipation from deep water to upper intertidal zone in 
2020 and an overview of planned deployments in the Cumberland Basin in 2021.  It will 
introduce preliminary results of wave attenuation and dyke overtopping using physical models of 
dyke and foreshore platforms constructed within the National Research Council wave tank.  We 
will solicit suggestions and inputs of planned or potential managed realignment scenarios to be 
included within our hydrodynamic modelling scenarios and provide an opportunity for 
engagement of interested stakeholders.      
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IMPACTS OF ALTERED SEDIMENT CARBONATE CHEMISTRY ON INFAUNAL 
COMMUNITIES IN THE BAY OF FUNDY 

Samantha McGarrigle**1 & Heather Hunt1. O 

1Biological Science, University of New Brunswick Saint John, Saint John, NB 

In the coastal environments, eutrophication and ocean acidification both decrease pH and 
impact the abiotic conditions experienced by marine life. Open ocean pH has already declined 
due to anthropogenic CO2 emissions, and this trend is projected to continue with an additional 
decrease of 0.15 pH units by 2050. Algal blooms due to eutrophication and their subsequent 
decomposition can also increase CO2 and decrease pH. Infaunal invertebrates are exposed to 
more extreme pH conditions that epifauna as porewater pH is typically lower than the overlying 
water. The purpose of this experiment was to investigate the impacts of altering sediment 
carbonate chemistry, through the addition of transplanted green algae and/or crushed shell hash, 
on the infaunal community. The addition of transplanted green algae was expected to reduce pH 
while the addition of crushed shell hash was predicted to increase the sediment porewater pH. 
Crushed shell hash has been suggested as a potential mediation technique against future 
acidification of sediment porewater. This factorial field experiment was conducted on an 
intertidal mudflat in Lepreau, New Brunswick from July to September. All combinations of three 
levels (none, low, and high) of both the algal treatment and shell hash treatments as well as an 
undisturbed treatment were tested. To account for as much spatial variability as possible the 
experiment was set up as a randomized block design with a single replicate of each treatment 
combination within each of 8 blocks. Once a month, sediment cores were collected from every 
plot to complete pH profiles as well as quantify the invertebrate community in the treatment plot. 
Both univariate and multivariate analyses will be completed to determine if the treatments 
resulted in changes to the communities within the sediment. Due to the complexity of the 
processes driving sediment pH and carbonate chemistry in the coastal ocean, experiments 
focusing on sediment acidification are required to deepen our understanding of the impacts of 
ocean acidification on infaunal marine species.  
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EUTROPHICATION AND THE ROLE OF SEDIMENT-BOUND NUTRIENTS WITHIN 
WHEATLEY RIVER ESTUARY, PRINCE EDWARD ISLAND 

Jerrica M. Cormier**1, Simon C. Courtenay2, Christina C. Pater3, Kyle M. Knysh4, Michael R. 
van den Heuvel5. O 

1University of Prince Edward Island, Charlottetown, PE (jmcormier@upei.ca) 
2University of Waterloo, Waterloo, ON (simon.courtenay@uwaterloo.ca) 
3University of Prince Edward Island, Charlottetown, PE (mheuvel@upei.ca) 
4University of Prince Edward Island, Charlottetown, PE (cpater@upei.ca) 
5University of Prince Edward Island, Charlottetown, PE (kknysh@upei.ca) 

 The Wheatley River, Prince Edward Island (PEI) is subject to anthropogenic nutrient 
enrichment during summer months. Nutrients (mainly nitrogen (N)) applied to crops can enter 
estuaries through both surface runoff as well as by leaching into groundwater. In the estuary 
nutrients are assimilated by aquatic plants, particularly Ulva spp. Most estuaries are narrow 
upstream and widen into a bay; consequently, the inner estuary experiences reduced tidal 
exchange, and has a smaller area than the outer estuary. For this reason, nutrient input has more 
impact on the inner estuary compared to the outer estuary leading to spatial differences in carbon, 
chlorophyll, and oxygen. Eutrophic conditions that arise following high nutrient input result in 
internal nutrient dynamic alterations. That is, nutrients bound to benthic sediment particles may be 
released into the overlying water under low oxygen conditions. Internal nutrient release adds to 
the external nutrient input making consequences more severe. To quantify spatial changes along 
the estuary, sediment and water samples were collected at ten locations throughout the estuary and 
oxygen level loggers were placed at the same ten locations from May to October (2019). Results 
show that inner estuary zones experience more anoxia and have higher quantities of sediment 
organic carbon, inorganic carbon, and chlorophyll a compared to outer estuary sites. Reactor 
experiments were also conducted to quantify sediment nutrient release, and results show higher 
nutrient release under anoxic conditions compared to oxic conditions. Understanding how 
susceptible inner estuaries are to nutrient input may encourage better nutrient management.  
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FORAMINIFERA DISTRIBUTION IN SUBSURFACE SEDIMENT FROM AROUND 
SOUTHAMPTON ISLAND, HUDSON BAY 

Hannah Sharpe*1, Audrey Limoges1, Guillaume Masse2, Christopher J. Mundy3. O 

1Earth Sciences, University of New Brunswick, Fredericton, NB;  
2Biology - Takuvik, Université Laval, Québec, QC;  
3Environment and Geography, University of Manitoba, Winnipeg, MB 

Hudson Bay is Canada’s largest ocean watershed with one of the country’s most 
significant aggregations of Arctic marine mammals. However, there are large gaps in scientific 
knowledge regarding the impact of climate changes on its oceanography and biological 
productivity. Foraminiferal tests preserved in sediment represent one of the most common 
proxies used in paleoceanographic studies, as their distribution, species composition, and 
abundance are strongly linked to water mass properties. This study focuses on the analysis of 
foraminifera preserved in six surface sediment samples from around Southampton Island, 
situated in northwest Hudson Bay. This work includes the analysis of benthic taxa (>106mm) to 
gain a better understanding of their present-day distribution. Foraminifer data are also compared 
with data on the distribution of the lipid sea-ice biomarkers IP25 and triene (HBI III). Our results 
show that the sediment samples are dominated by calcareous taxa, with small contributions of 
agglutinated taxa. Samples collected along the northern coasts of the island, which represent 
regions influenced by Arctic waters from Foxe Basin, have significantly lower foraminifer 
concentrations than stations located along the southern coasts of the island, which have 
additional influential traces of Atlantic waters. This work contributes to the development of a 
modern reference database that will be instrumental to the subsequent interpretation of tracer 
variations from long sedimentary cores from around Southampton Island.  
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Ecosystem characterization and evidence-based decision making are crucial to the 
effective management and preservation of marine ecosystems in Canada’s busiest and most 
industrial ports. The collection of comprehensive baseline data, will provide a snapshot in time, 
and allow for changes in the environment to be better detected over time. The Coastal 
Environmental Baseline program, is an initiative under Canada’s Ocean Protection Plan, will be 
piloted in 6 sites across Canada - the Port of Saint John being one of the pilots. The Port of Saint 
John is located in the Bay of Fundy, which has the highest tidal ranges in the world, and is home 
to industries such as fisheries, aquaculture, oil and gas, mining and ecotourism. Fisheries and 
Oceans Canada is working with Indigenous nations, organizations and local stakeholder groups 
to collaboratively identify key ecosystem components and study site boundaries; compile current 
and historical environmental datasets to identify outstanding data needs; prioritize, plan and 
carry out data collection; as well as data management and visualization. The data sets will be 
available to participating groups as well as Fisheries and Oceans Canada and other federal 
departments to inform management decisions in areas such as fisheries management and 
protection. This program sets out to strengthen relationships with Indigenous and stakeholder 
partners by helping to increase local capacity to collect ecological, social and culturally 
important ecosystem indicators to better reflect their needs in decision making and to allow for 
changes in the environment to be better detected over time. 
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Microplastics (<5mm) in marine and coastal habitats continue to be a contaminant of 
emerging concern in Atlantic Canada. Originating primarily from the degradation of larger plastic 
debris deposited in the marine environment, microplastics become widely distributed and can 
accumulate in marine sediments where they can leach toxins introduced in the original production 
processes (i.e. bisphenol A, phthalates). Microplastics can also adsorb hydrophobic background 
contaminants such as persistent organic pollutants (POPs) which has the potential to 
bioaccumulate through the marine food web as microplastics become an unintended food source. 
Microplastic accumulation affects all marine and coastal wildlife, increasing mortality and 
reducing the availability of healthy coastal habitat. This study builds upon work conducted in the 
southwestern New Brunswick portion of the Bay of Fundy and continues to quantify regional 
microplastic distribution in intertidal marine sediments and the potential for biological uptake in 
bivalve communities. Bivalves and adjacent intertidal sediment were harvested from various sites 
along the Bay of Fundy coastline. Microplastics were separated from bivalve tissue using a 
potassium hydroxide digestion. For sediment samples, microplastics were removed by density 
separation in a concentrated salt solution. Both bivalve and sediment samples were filtered through 
a 0.22 µm membrane and inspected under a dissecting microscope (40x). In analyzing the data, a 
strong relationship was observed between bivalve size and microplastic retention. Further analysis 
focused on whether there is a relationship between microplastic concentrations in bivalves and that 
in the surrounding intertidal sediments or proximity to potential sources of microplastics 
contamination as well as potential hot spots for coastal microplastic production. 
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The American lobster (Homarus americanus) fishery and the salmon aquaculture 
industry are both major contributors to the economy of the southwest Bay of Fundy area, where 
there is spatial overlap between salmon farming sites and nursery habitats of young American 
lobsters. This poses a cause for concern as aquaculture can produce effluents, such as organic 
matter in the form of salmon feces and uneaten feed. Despite this interaction potential, there are 
no field studies investigating the interaction of salmon aquaculture practices and these young 
lobsters. Therefore, the objectives of this study are to determine the impact of salmon 
aquaculture on American lobster: 1) settler abundance, 2) juvenile abundance, 3) consumption of 
aquaculture waste, 4) nutritional condition. Twenty “bio-collectors” were placed at one site 
“near” and “away” from each of three aquaculture sites within the southwest Bay of Fundy, as 
well as in six “reference locations” within the area. After analyzing the abundance of settler and 
juvenile American lobsters among these sites, there is no evidence that salmon aquaculture 
practices impact the abundance of settlers or juveniles within this area. Upon observation of the 

patterns of 15N within juvenile American lobster abdominal muscle and digestive gland tissues, 
a tentative conclusion can be made that lobsters are consuming (directly or indirectly) 
aquaculture organic matter in areas exposed to such effluents. This same pattern is not observed 

in the 13C values of these same tissues. Results regarding the impact of salmon aquaculture on 
juvenile American lobster nutrition is still in progress.   
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Despite the existence of policy outlines for incorporating genetic information into 
conservation management plans, namely the international Convention of Biological Diversity (of 
which Canada is a member), incorporation of genetic information into conservation or industry 
management remains rare. Even with the development of Next Generation Sequencing 
techniques suitable for non-model organisms, which allow for the evaluation of neutral and 
putatively adaptive variation, genetic analysis as related to conservation and fisheries remains 
largely restricted to academic literature. Through a literature review of several studies, reports, 
and policy documents, barriers to incorporation are mentioned and discussed looking at both the 
results of genetic studies and the kinds of problems conservation agencies want to address. 
Consideration is given both to the level of understanding conservation biologists have regarding 
genetics and whether they view genetics as beneficial to their practice. 

 

  



37 
 

ASSESSMENT OF ATRAZINE AND ARSENIC LEVELS IN DRINKING WATER 
SOURCES OF NOVA SCOTIA SOUTHWESTERN REGION, CANADA 

Nora Benachour1. P 

1Université Sainte-Anne, Department of Sciences, NS. (Nora.Benachour@usainteanne.ca) 

Water is an essential source of the life. The major challenge is to maintain its availability 
both in quantity and in quality. Today, drinking water resources are limited due to the increase in 
population pressure, global warming and human activities in agriculture and industry. In fact, 
water quality is compromised by different emerging contaminants. The production, use, and 
release into the environment of the chemical pollutants continues to increase worldwide and in 
Canada. They are widespread in many life-forms, are persistent and bioaccumulate through food 
chains raising questions about the validity of current threshold exposure levels and mechanisms of 
their toxic action. We are interested in this work by the pesticide-Atrazine and the heavy metal-
Arsenic which Monitoring of Canadian drinking water sources has revealed such as emerging 
pollutants of concern. Atrazine and Arsenic have been selected based on their widespread use and 
large number of applications, their penetrability into mammalian tissues, and their endocrine 
disrupting potential, leading to hormone-dependent diseases such as cancers, or reproductive 
disorders. Our study is focused on the measurement of Atrazine and Arsenic levels in different 
drinking water sources of the Nova Scotia Southwestern Region where Université Sainte-Anne is 
located. Thus, our results will be the firsts to quantify these compounds and will contribute to their 
risk management then to answer the questions of the Acadian community which get their drinking 
water from wells. 
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Due to their natural geochemistry, estuarine ecosystems are vulnerable to 
bioaccumulation of methylmercury (MeHg), a neurotoxin that readily bioaccumulates in 
organisms. Determining uptake of MeHg by intertidal invertebrates at the base of the food web is 
crucial in determining MeHg exposure in higher trophic level organisms like fish and birds. This 
research will quantify MeHg levels in sediment, porewater and invertebrates, and relate 
bioaccumulation of MeHg to changes in concentrations of sulfate and dissolved organic matter, 
in the Minas Basin, Bay of Fundy (UNESCO & Ramsar Sites). The formation of MeHg by 
sulfate-reducing bacteria during the reduction of sulfate to sulfide suggests that systems with 
sulfate loading may have increased MeHg concentrations in sediments. Dissolved organic matter 
(DOM) may reduce the uptake of MeHg by invertebrates, however DOM may also increase 
MeHg production by acting as an energy source for methylating bacteria. I hypothesize that 
bioaccumulation of MeHg in invertebrates will be greater in sediments with increased sulfate and 
DOM. To assess MeHg bioavailability invertebrates, MeHg concentrations will be compared to 
DOM concentration, sulfur speciation, and Hg speciation in porewater and sediment. By 
identifying areas that are at greater risk for MeHg production and bioaccumulation, this research 
will help to protect the health of ecosystems critical to migratory birds, coastal fisheries, and 
many industries in Atlantic Canada. 
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In the 1600s, French Acadian settlers began the practice of building dykes to drain tidal 
wetlands along the Bay of Fundy for agriculture. Much of these dyked lands or dykelands still 
exist today for both agricultural and non-agricultural uses. These dykes generally require 
maintenance to prevent tidal flooding, which may become more likely as sea levels continue to 
rise. Managed dyke realignment is one approach to protect some dykeland areas by restoring 
tidal wetlands in front of a reinforced landward dyke. While some dykelands have already begun 
the process of realigning their dyke, little is known about how stakeholders view it as an 
adaptation strategy. Groups of private landowners known as marsh bodies have jurisdiction over 
their local dykeland and can vote on development that occurs within it. Communicating with 
marsh bodies about managed realignment has shown some promise in helping to implement 
managed realignment proposals. Knowing more about how the marsh bodies and landowners 
view managed realignment would improve how it is communicated and implemented in the 
future. 
  

Property owners within a marsh body were randomly selected and invited to participate 
in a semi-structured interview over the phone. Preliminary analysis suggests a high prioritization 
for agriculture on the dykelands to maintain both food security and an agricultural way of life. 
Managed dyke realignment was rejected based on aesthetic, economic, and flood protection 
reasons. Other participants agreed that managed realignment may be necessary if the cost of 
maintaining the dykes is too high and the land is not being used. While many marsh bodies are 
no longer active, participants agreed that local communities should work together for their 
mutual benefit. Future work should incorporate the views of the wider stakeholder community in 
order to capture the full range of benefits and trade offs that come with managed realignment on 
dykelands. 
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Salt marshes are some of the most productive ecosystems on the planet however they 
continue to experience destruction and severe threats from human activities. These ecosystems 
have been increasingly recognized for their capacity to sequester large amounts of carbon and 
keep pace with sea level rise. Salt marshes provide numerous other ecosystem services including 
water quality enhancements, reduced flooding in coastal areas, and the provision of critical 
habitat for a diversity of fish and nekton species. Many species of marine fish and crustaceans 
including those that hold commercial value utilize salt marshes at some point throughout their 
life history. The importance of salt marshes for nearshore fisheries is often poorly understood and 
is difficult to quantify. While the nursery value of salt marshes and other coastal wetlands is 
widely known, these ecosystems contribute more to fisheries than just the direct export of 
juvenile fish. The densely vegetated salt marsh surface offers an abundance of food resources and 
refuge to fish despite only being accessible when flooded during periods of high tide. When fish 
and nekton retreat out of salt marshes with the ebbing tide to subtidal nearshore environments, 
they act as biological vectors moving energy and nutrients mainly in the form of their biomass, 
subsequently forming important ecological linkages between these two systems. Additionally, 
large amounts of detrital matter from salt marshes are moved by the tides providing another 
important source of energy and nutrients to nearshore food webs. This project synthesizes 
existing research in relation to the ecological linkages between salt marshes and nearshore 
fisheries in order to better understand the importance of salt marshes for fish. This is a severely 
understudied area of research in Atlantic Canada and an improved understanding of these 
linkages may provide additional support for undertaking salt marsh restoration and conservation 
efforts in this region.  
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The effects of eutrophication-induced acidification on coastal sediment and infaunal 
invertebrates are understudied. Shell hash, which has been suggested to increase the 
concentration of calcite in the benthos and protect calcifying invertebrates from acidification, 
and green algae, which was expected to decompose and decrease sediment pH, were applied to 
the substrate of a mudflat to investigate effects on the amphipod Corophium volutator. Sediment 
pH and Corophium abundance, body length, and wet weight were measured over two months. 
The addition of green algae had no effect on the pH while adding shell hash stabilized pH 
variability across depth. This stabilizing effect suggests that shell hash may mitigate sediment 
acidification. Corophium abundance was unaffected by either treatment but Corophium wet 
weight increased at high algae density. Further research is necessary to explore the extent to 
which Corophium may be resilient to sediment acidification.  
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Human development usually wins competition for space in the coastal zone.  The 
Canadian Fisheries Act legislates that there be no net loss of fish habitat as the result of such 
victories.  A small industry has developed in trading equivalent areas of “enhanced” benthic 
habitat for areas altered, damaged or destroyed, with transaction costs paid by the developer.  
Until recently, the currency of exchange was simply area of seabed in denominations of 
“quality”, and success was measured by the output of square metres of new benthos.  The new 
standard is fishery production, lost as a result of habitat destruction, and gained as the result of 
enhanced habitat elsewhere.  This criterion for success poses significant challenges to ecological 
theory and engineering practice. 

Since 2011 we have been experimenting with different types of benthic habitat 
enhancement to compensate for losses (both real and perceived) of marine fish habitat within the 
urban marine ecosystem of the Sydney Harbour (Cape Breton, not Australia).  Initial 
experiments with rip-rap reefs increased biomass and primary production, but had no measured 
effect on fishery yields, and disappeared into the silty sediments of the Harbour harbour floor.  In 
round two, we are trying to float 450 metric tonnes of small flakes of mudstone shale, clam 
shells and blast-furnace slag on the surface of 0.21km3 of organic silts in an effort to provide 
settlement substrata for sessile macro-flora and fauna.  Lessons are being learned from 
challenges and outcomes in the field and the laboratory. 

 


