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Message from the Director of CEMAM

The Centre of Expertise in Marine Mammalogy
(CEMAM) is a virtual centre within the
Department of Fisheries and Oceans Science
sector involving some forty professionals

and support staff located in five laboratories
across the country, as well as at national
headquarters. It was established in 2004, to
promote collaboration, increase visibility and
develop some critical-mass nationally within the
Department’s science sector.

A key challenge in our science activities is to
provide science advice to inform policy and
programs for species ranging from those at risk
to highly abundant species. Over the last couple
of years, there have been important changes
within CEMAM, as well as across the country

in other sectors in the Department. While
program review has modified our mandate and
retirements have affected some of our research
capacity, new researchers have joined CEMAM
with new quantitative skills that are helping

us to address new research challenges. These
new challenges include collecting new data,

as well as building new models or frameworks
to improve our predictive capacity to evaluate
potential impacts of increasing ocean noise
levels on marine mammals, cumulative impacts
of development, modeling predator-prey
interactions and prey selection by marine
mammals, and evaluating habitat needs for
animals that in some cases involve large ocean
basin features.

In Canada, many marine mammals are hunted
commercially and for subsistence. They also
generate considerable public interest as
‘charismatic megafauna’ The habitat needs

of marine mammals extend across provincial,
national and international boundaries. Their
large size often limits the possibility of capture
and handling, and their extensive movements
result in several logistic challenges. In some
cases, linking community observations from
Inuit hunters with remote sensing imagery of ice
conditions have provided insights into how the

timing of beluga migrations have varied with
climate change. At the other end of the scale, the
deployment of satellite and acoustic transmitters
independently or in collaboration with the
Ocean Tracking Network (OTN) at Dalhousie
University is providing insights into blue whale,
narwhal, beluga and grey seal movements and
diving activity as well as interactions with other
components in the ecosystem similarly equipped
with telemetry devices (e.g. Atlantic cod, Bluefin
tuna, Atlantic salmon). In addition, our long-
term studies, such as those monitoring harp

seal productivity since the 1950s, and changes

in grey seal juvenile survival rates and killer
whale survival and productivity since the 1970s,
are unique datasets related to the ecology of
large, long-lived mammalian predators that are
helping us to understand population responses
to changes in environmental conditions.

One of CEMAM's strengths is its high level

of inter-regional collaboration. In part this is
necessary because marine mammals often
straddle regional boundaries, but collaborations
often extend further. This was evident in the
completion of the High Arctic Cetacean Survey
(HACS) during August 2013, which involved

12 researchers from three laboratories from
different provinces flying in three aircraft to
execute the first ever comprehensive survey of
narwhal and bowhead in Canada’s North and
to analyse the data. Results from this survey
have recently been peer-reviewed and will be
provided to our northern clients (e.g. Inuit
co-management boards) in the coming year.

In this our third report, we highlight some of
CEMAM's activities for 2012-2013-2014. We hope
you find this summary from the CEMAM team
both interesting and instructive.

Mike Hammill

Director, CEMAM

Maurice Lamontagne Institute
Mont Joli-QC

Center of Expertise in Marine Mammalogy: Scientific Research Report 2012-2014 3



The 2013 High Arctic Cetacean Survey

Thomas Doniol-Valcroze, Steve Ferguson,
Jean-Francois Gosselin, Jack Lawson and
Kevin Hedges

Numerous Inuit communities across the
Canadian Arctic hunt narwhals and bowhead
whales for subsistence, economic and cultural
reasons. Sustainability of these important
harvesting activities relies on obtaining up-
to-date estimates of population abundance.
Obtaining such estimates, however, is
challenging because of the vast geographic areas
to cover, and difficult Arctic weather conditions.
Moreover, narwhals exhibit site fidelity by
returning to the same summering areas every
year, and therefore each of these summer stocks
has to be surveyed to provide estimates that are
meaningful to local hunters.

The purpose of the High Arctic Cetacean survey,
a large-scale aerial survey conducted in the
eastern Canadian Arctic in August 2013, was to
obtain new abundance estimates of the Baffin
Bay narwhal population and the Eastern Canada-
West Greenland bowhead whale population. The
last estimates were approximately 10 years old
and known to be incomplete, given the broad
spatial range of both populations. Never before
had a survey counted all of the Canadian Baffin
Bay narwhal stocks during one summer. We also
wanted to obtain for the first time an estimate for
the putative narwhal stocks found in the waters
around Ellesmere Island.

The only way to achieve these ambitious goals
within a short time window constrained by ice
cover, weather conditions and whale migrations
was to use three aircraft simultaneously, each
with a full team of experienced observers and
equipment operators. To make this possible,

it was necessary to combine the resources of

three regions of the Department of Fisheries
and Oceans: Central & Arctic, Quebec, and
Newfoundland & Labrador. Marine mammal
specialists from all three regions were involved
in every step of the project, from logistics and
survey design to manning the planes and
analyzing the data. In all, fifteen team members
gathered at the Polar Continental Shelf Program
base in Resolute on August 1** and began
preparing the three aircraft for the survey
(Figure 1). During the first two days, all observers
were given extensive training sessions to
familiarize themselves with the data collection
protocols and included practice flights around
Resolute.

Nunavut communities were involved at every
step of the survey process. A visit was made to
Grise Fiord in 2012 to collect local information
on narwhal movements and distribution around
Ellesmere Island, and four community members
participated in a reconnaissance survey of the
identified areas. Traditional knowledge on
narwhal and bowhead whales all around Baffin
Island was used in conjunction with previous
aerial surveys and satellite telemetry studies

to design the flight plans and determine the
best order and timing of the different spatial
components of the survey. During the survey,
each of the plane crews included one Inuk as
part of the four observers collecting sightings of
whales. Moreover, members of the Hunter and
Trapper Organizations in each community visited
by the survey aircraft (Resolute Bay, Arctic Bay,
Pond Inlet, Clyde River, Kugaaruk, Taloyoak, Hall
Beach and Pangnirtung) took advantage of the
opportunity to fly on the planes during surveys
around their communities.

The aerial survey was flown at an altitude of
1,000 feet using three deHavilland Twin Otter
300 aircraft, each equipped with four bubble
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Figure 1.

The team of the 2013 High Arctic Cetacean Survey and one of the survey aircrafts (photo: P. Carter).

windows and a large belly window. Four
observers were stationed at the windows, with
a fifth team member acting as a navigator and
camera operator. Sighting data were collected
by two observers on each side to increase the
probability of detecting narwhals and to improve
precision of the survey results. In addition to
visual observations, the three aircraft collected
continuous photographic images using two
digital cameras pointing downwards towards
either side of the survey track line, taking
pictures through the belly window (Figure 2).
These geo-referenced images will be used to
generate separate abundance estimates and
will provide another means to estimate the
proportion of whales missed by observers.

Between August 1 and August 26, the three
teams flew for a combined total of 241 hours
and surveyed the majority of the planned areas,
covering the entire summering range of Baffin
Bay narwhal stocks and most of the bowhead
whale range (Figure 3), despite a late ice break-

Figure 2.

An example of the high-definition photographs taken by a belly-

. .. mounted camera in a Twin Otter flying at 1,000 feet. Inset is of
up and difficult weather conditions throughout zoomed-in-view of narwhals observed in Tremblay Sound

the month. The flying sequence was designed to (photo: DFO).
survey areas in order of priority while taking into
consideration local knowledge of ice conditions.
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In an effort to avoid the effect of potential
movements of whales between areas, we tried
to survey each stratum in a day or two. For large
or remote areas, this often required the use of
two, sometimes all three aircraft simultaneously.
Overall, the survey was extremely successful and
represents DFO’s largest scale assessment of
cetacean populations in the Arctic.

Processing of the survey data, which began in
fall of 2013, involved transcribing, assembling
and verifying the recordings made by the
observers, mapping observations, assessing
duplicate sightings and running statistical
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programs designed to best estimate narwhal and
bowhead abundance. Additional analyses have
been undertaken to improve the accuracy of the
stock assessments, including re-analysing dive
times from telemetry data to be able to correct
estimates for whales that were submerged at the
time the aircraft flew over and therefore could
not be counted. The analysis of the visual survey
data was presented at the annual meeting of the
national marine mammal peer-review committee
in the fall of 2014 and will yield new and updated
abundance estimates of the five Canadian stocks
of the Baffin Bay narwhal population and the
Eastern Arctic-West Greenland bowhead whale
population. The reading and analyzing of the
180,000 high-definition photographs is also
underway and will take several more months to
complete.

The abundance estimates for each narwhal
stock and for the bowhead population will
allow managers and stakeholders to determine
how many whales can be hunted sustainably
while decreasing the risk of local depletion of
resources in each community.

Figure 3.

Map of survey effort (blue lines), narwhal sightings (red
circles) and bowhead sightings (blue circles).
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St. Lawrence Estuary Beluga

Véronique Lesage

The St. Lawrence Estuary (SLE) beluga are listed
as threatened under the Species at Risk Act; a
Recovery Strategy is defined, and their summer
Critical Habitat has been identified. A review of
the SLE beluga status (2007) concluded that the
population was stable over the period 1988-
2006. However, in recent years there has been
an increase in reports of death of young-of-the-
year, and an apparent increase in adult female
perinatal mortalities, suggesting that the status
of SLE beluga may have changed.

In the fall of 2013, a thorough review of the
available scientific information was conducted at
the annual national marine mammal peer-review
committee meeting to provide an update of the
status of the SLE beluga population, in particular

information on current population size and
trends, an analysis of factors that are affecting
the population trend, including recruitment
levels, sources of mortality, environmental
conditions, contaminant loads, and their
potential impact on mortality and fecundity. This
review, led by DFO, was the result of concerted
efforts from over 20 scientists, approximately
two-thirds of whom were from DFO.

This review confirmed that the SLE beluga
population was stable or increasing at a slow
rate until the beginning of the 2000s, and also
appeared stable in terms of calf production,
pregnancy rate, age structure, and adult
mortality. During this period, environmental
conditions such as sea ice and water temperature

Beluga adult and calf (photo: DFO).
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were favourable to an Arctic species, although
several of the groundfish stocks, including
known prey of beluga such as Atlantic cod,
collapsed in the early 1990s. The lower-than-
expected population growth observed during
the 1990s suggests that food, environmental
conditions or other factors were limiting
population growth. Other limiting factors may
include high contaminant loads, negative
effects from marine traffic, or high mortality
rate associated with occasional events such as
toxic algal blooms. The relative importance of all
these factors in limiting population growth is not
known.

A model informed by various data sources
suggests that the SLE beluga population began
to decrease in the early 2000s. This decline was
concomitant to an increased, and more variable
newborn calf mortality with cascading effects on
the reproductive pattern of females, and to an

Beluga whale (photo: DFO).

observed and predicted decrease in the number
of younger age classes in the population.
During this period, females having lost their calf
became available for reproduction earlier than
the normal 3-year cycle, resulting in years with
over half of the mature females being pregnant
at the same time. These peaks were usually
followed by peaks of high newborn mortality.
Based on the analysis of some ecosystem
indices in the Gulf of St. Lawrence, this change
in population dynamics coincided with a period
of warming temperatures, decline in ice cover,
negative spring herring and large demersal

prey abundance indices, and change in indices
of beluga diet. This period also followed one
characterized by an exponential increase in some
chemical substances such as polybrominated
diethyl ethers (PBDEs) in beluga and their
environment, and when these substances were
at their maxima.

8 Center of Expertise in Marine Mammalogy: Scientific Research Report 2012-2014



The decrease in population size documented
in recent aerial surveys appears to be a lagged
response resulting from lower recruitment
propagating through the population.
Although the events that initially triggered
this perturbation are not fully understood,

the problem seems to have worsened in the
last six years, following a harmful algal bloom
of Alexandrium tamarense in the SLE beluga
summer range, which probably played a
major role in the high mortalities observed in
2008, on its own or in conjunction with other
unfavourable environmental and anthropogenic
factors.The 2010 and 2012 anomalies in the
numbers of newborn calves washing ashore
cannot be explained by higher calf production
alone. These anomalies resulted from a
combination of an increased calf production,
and reduced calf survival, likely related partly to
unfavorable environmental conditions for the
species, although the mechanisms leading to
these additional mortalities in newborn calves
are not understood.

This review also suggests that SLE beluga live
in an environment less favorable to an Arctic
species since the late 1990s, also characterized
by chronic exposure to potentially aggravating
stressors such as marine traffic, persistent
organic pollutants, and occasional toxic algal
blooms.

Climate variability resulting, among other things,
in increases in water temperature and associated
declines in ice-cover may further affect this
beluga population, for instance through changes
in food resources and increases in inter-specific

competition as other species expand their range
due to loss of ice cover. In the short term, efforts
can be directed towards reducing anthropogenic
stressors such as disturbance in sensitive areas
and critical periods for females and calves,
chemical contamination, nutrient enrichment,
habitat loss, and competition for food resources
from fisheries. This underlines the importance of
maintaining a critical population to withstand
periodic downturns, in particular by addressing
anthropological factors that could delay
recovery.

Environmental shifts resulting in poor foraging
conditions have been observed in other
ecosystems and have resulted in several years
of little or no population growth, for example,
North Atlantic Right Whales in response to low
copepod abundance; northern resident killer
whales in the Pacific in response to declines in
salmon abundance. However, observations from
other systems also show that populations of
long-lived mammals do respond to favourable
conditions when they occur.

DFO continues to monitor the SLE beluga
population dynamics, and trends in habitat
quality, and contributes by its innovative
research to further our understanding of the
ecological needs of beluga, and the mechanisms
of action and relative importance of current
environmental stressors and to implement
actions that are the most appropriate to help the
recovery of this population.

Center of Expertise in Marine Mammalogy: Scientific Research Report 2012-2014 9



Predator-Borne Acoustic Transceivers and GPS Tracking
Reveal Encounters with Acoustically Tagged Free-ranging
Marine Fish

W. Don Bowen, Lidgard, D.C., Jonsen, I., and
Iverson, S. J.

There is increasing evidence that upper

trophic level predators, such as seals, play

an important role in shaping and stabilising
ecosystem structure and functioning. Although
technological advances in telemetry have

led to a greater understanding of movement,
foraging behaviour and habitat use of upper
trophic level marine predators, still little is
known about how marine mammals interact
with their prey or competitors. The innovative
use of location telemetry coupled with coded
acoustic transmitters and transceivers, through
a collaborative research program called the
Ocean Tracking Network (OTN), promises to
radically improve our understanding of predator
behaviour and predator-prey interactions in the
ocean.

The Ocean Tracking Network (OTN) is a $35
million Canada Foundation for Innovation

(CFI) - International Joint Ventures Fund global
research and technology development platform
headquartered at Dalhousie University, Halifax,
Nova Scotia, Canada, that aims to revolutionize
the way oceans are viewed and understood.
Through the CFl funding in partnership with
NSERC and DFO, OTN is implementing a
robust, open-access global infrastructure in
Canada’s three oceans to establish a new and
unique ocean observation system, one that

is centered on scientifically documenting
animal movements, habitat use, and survival

in relation to changing physical, chemical and
biological ocean conditions. Starting in 2008,
OTN began deploying Canadian state-of-
the-art acoustic receivers and oceanographic

monitoring equipment in key ocean locations.
“OTN Canada” is the seven-year Canada-wide
integrative research network program that was
funded beginning in January 2010 by the Natural
Sciences and Engineering Research Council
(NSERC) of Canada.

One of the Atlantic components of OTN is

the use of grey seals (Halichoerus grypus) as
“bioprobes” to collect both biological and
physical data from the continental shelf off
eastern Canada. Predator—prey interactions have
important population and community level
consequences that depend on the frequency

of predator and prey encounters. Nevertheless,
little is known about the spatial and temporal
patterns of encounters between predators and
prey in the ocean. Through the use of acoustic
and satellite telemetry, a team of researchers
from the Bedford Institute of Oceanography
(BIO) and Dalhousie University have begun to
collect data on the spatial and temporal pattern
of grey seal encounters with Atlantic cod (Gadus
morhua) and Atlantic salmon (Salmo salar). These
fish species are of conservation concern and
commercial interest and grey seal predation is
hypothesized as one factor influencing recovery.
Interactions among acoustically tagged grey
seals and between grey seals and acoustically
tagged tuna, a presumed competitor for prey, are
also being revealed for the first time.

This research has two components. The first is to
equip grey seals with an Argos satellite-linked
and GPS location and behaviour tag and a
Vemco mobile transceiver (VMT) that both
receive and transmit coded acoustic messages
(Figure 4). The second is to tag prey, such

as Atlantic cod, with Vemco coded acoustic

tags that identify individual fish through the

10 | Center of Expertise in Marine Mammalogy: Scientific Research Report 2012-2014



transmission of unique acoustic messages.

The VMT was programmed to transmit on an
irregular schedule, every 60 to 180 s (to avoid
VMTs transmitting at the same time and causing
code collisions and false detections) and to
remain in listening mode for the remainder of
the time. Over the same period, a total of 623
Atlantic cod were tagged with aVemco V13
acoustic transmitter in the southern Gulf of St.
Lawrence and the Eastern Scotian Shelf, as were
about 300 Atlantic salmon.

During the first four years of study (beginning

in 2009), the VMT on 16 of 64 adult grey seals
recorded detections from 17 adult Atlantic

cod and 7 Atlantic salmon that had been
implanted with coded acoustic tags (Figure 5).
An examination of the temporal and spatial
pattern of these seal—fish interactions suggested
that one salmon and two cod might have been
eaten. However, in addition to acoustic detection
of prey, most of the acoustically tagged grey
seals also detected one another. Over the first
four years about 7,000 detections were recorded
among tagged seals. Detailed analysis of the
2009 data revealed that these detections were
not randomly distributed in space and time

but preferentially occurred at offshore banks
where feeding is presumed to mainly take place
(Figure 6).

The need to recover the VMT for data retrieval
has limited deployments to locations where
confidence in instrument recovery is high, such
as Sable Island, and has thus restricted both
species and areas where this tag could be used.
To overcome these limitations, a Bluetooth link
was integrated into the VMT and GPS-satellite
linked transmitter through a partnership with
SMRU Limited, St. Andrews, Scotland and
Vemco, Canada. The two-unit design allows
data collected by the VMT to be transmitted

via Bluetooth to the satellite transmitter, which
relays the data to the ARGOS satellite system for
retrieval. To evaluate in-situ performance, units

Figure 4.

Adult male grey seal equipped with an Argos/GPS tag
(head) and VMT (middle back) heading to sea at Sable
Island, June 2014. (Photo: W. D. Bowen)

were deployed on two adult female grey seals on
Sable Island, NS in October 2012 and recovered
during the subsequent breeding season. Data
archived by the VMT were compared with data
uploaded via ARGOS and found to be for all
intentions identical. In July 2013, eight Bluetooth
VMTs were deployed in the Gulf of St. Lawrence
and another five were to be deployed in 2014.

Researchers have demonstrated that a novel
combination of acoustic transceivers and
ARGOS/GPS technology can be used to
determine the spatial and temporal pattern

of interactions between grey seals and fish
species in two large marine ecosystems, the
Eastern Scotian Shelf and the southern Gulf of St.
Lawrence, Canada.
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Figure 5.

Distribution of fish deployments (A), grey seal—fish encounters (O) and movement tracks (light blue) for 16 grey seals on the
Eastern Scotian Shelf and in the southern Gulf of St. Lawrence from 2010 to 2012. Atlantic cod are represented by orange
symbols, Atlantic salmon smolts by red and Atlantic salmon kelts by yellow. The white arrows indicate the location of a
possible predation event.
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Figure 6.

Location of associations between grey seals for A) all seals (n = 14), B) seal 98430 and C) seal 98428. Figures B) and C) are
examples to illustrate the correlation between location of associations, bathymetry and seal behaviour. Pr(ARS behaviour)
is a continuous measure (0 to 1) of the probability of exhibiting area-restrictive search behaviour (an indication of foraging)

according to the hidden Markov model.
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Long-term Measures of Reproductive Performance Reveal
Marked Variation in Fitness in Grey Seals

Figure 7.

Adult female grey seal with her pup just prior to weaning at
about 18 days after birth.
(Photo: W.D. Bowen).
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Bowen, W. D., den Heyer, C. E., McMillan, J. I., Lang.,
S., Lidgard, D.C. and Iverson, S. J.

Marine mammals are long-live vertebrates with
delayed maturation and low reproductive rates.
Therefore, long-term studies are needed to
understand both the sources and extent of variation
in reproductive success among individuals and the
effect of this variation on population dynamics.

We studied the number and weaning mass of
offspring of 619 known-age, grey seal (Halichoerus
grypus) females annually between 1978 and 2012
(Figure 7). Individual females varied significantly

in reproductive quality. The percentage of females
that failed to produce offspring increased with
population density. Modal number of births by
individual females was 20, but varied from 1 to 30

in 242 females aged 25 years or greater. Number of
offspring produced was negatively correlated with
age at primiparity, but positively correlated with age
at last birth (Figure 8), underscoring the influence of
longevity on fitness. Individual variation in maternal
quality, as judged by birth rate, was not significantly
correlated with maternal energy investment during
lactation (i.e., mean weaning mass of offspring) for
212 females in which three or more of their pups
had been weighed at weaning. Our long-term study
reveals considerable heterogeneity in reproductive
performance among females. Such heterogeneity
has implications for understanding the response of
populations to environmental forcing.

Figure 8.

Relationship between longevity and the number of pups
produced by grey seal females at Sable Island.
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Year-round Atlas of Shipping Noise: The PSSEL Model

Yvan Simard, Nathalie Roy, Florian Aulanier,
Cédric Gervaise

The main source of anthropogenic noise in ocean
is shipping. World shipping has increased at a
high rate in both size and number of ships since
the 1960s. Because shipping noise is peaking at
the low frequencies that propagate over large
distances (> 100 km), low-frequency ocean noise
is expected to have increased in the northern
hemisphere shipping belt, in proportion to
world shipping growth and economic activity.
The potential adverse effects of increasing
underwater noise on marine life and ecosystems
have attracted the attention of the scientific
community, regulators and the International
Maritime Organization.

Numerical modeling and software tools have
been proposed to assist in the estimation
shipping noise threat for marine organisms,
notably using shipping traffic distribution. For
instance, accurate maps of shipping noise are
needed for marine spatial planning in support
of ocean activity regulation. This request

may seem straightforward and simple but

its proper response for sound management
decisions represents a tremendous task
(Figure 9). The quality of the response can be
judged with: a) the capacity of the modeling
to adequately replicate in situ measurements;
b) the adequate spatial resolution of the whole
modeling process to properly account for the
high propagation loss close to the sources and
small-scale environmental gradients (i.e. chosen
mesh size of inputs and mapping grid); c) the
temporal resolution, notably over the annual
cycle for seasonally varying environments such

as Canadian three-ocean waters; and d) the
capacity of providing meaningful metrics for
management decisions, such as the complete
probability distribution of the values, their
temporal breakdown for time budgets, and not
only central statistics such as the mean value,
which cannot provide the needed proportion of
time that critical high levels are encountered.

The ongoing probabilistic shipping sound
exposure level (PSSEL) project was launched in
2012 to develop a new shipping noise modeling
and mapping approach to provide adequate and
efficient tools to respond to the above needs

for assessing conditions presently prevailing in
Canadian waters and expected in the near future
with increasing shipping activities, notably along
projected new routes in Canadian Arctic and
Subarctic.

The St. Lawrence Seaway in the ~300-m deep
Lower St. Lawrence Estuary (Figure 11), where
several marine mammals are encountered
year-round or seasonally, is taken as pilot
region for developing the PSSEL model. An
underwater acoustic observatory called AS*

(for Acoustic Surveillance of Seaway and Ship
Signatures) was deployed along the in-going
lane of the St. Lawrence Seaway rail (Figure

11) and operated for one year in 2012-2013

to measure ship spectral source levels (SSL)

of the present merchant fleet, following ANSI
protocol (Figure 9, left violet box). The shipping
traffic was monitored from the Canadian Coast
Guard networks of AIS (Automatic Identification
System) antennae deployed in southern
Canadian waters (Figure 11) for 12 months in
2013, which provided the ship characteristics
and their locations with high resolutions in time
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and space (Figure 10). These AlS data were used
to compute a year-round shipping traffic atlas
per ship type, length and speed with a monthly
scale (Figure 9, right violet box). Both shipping
traffic density and SSL data bank are feeding the
PSSEL modeling. The third and last input to the
PSSEL model is the acoustic propagation loss
from the sources (i.e. ships), which can come
from the output of one of several simple or
complex propagation models that are fed with
the characteristics of the propagation medium,
with its bathymetry and bottom geological
structure (Fig. 9, orange box).

Preliminary results of the PSSEL model applied
to the 2013 summer traffic in the Lower St.
Lawrence Estuary illustrate the importance of
taking into account the complete probability

of the shipping sound exposure level (SSEL)

to assess the shipping noise and its impact on
marine life. As a corollary, it illustrates the low
relevance of central metrics averaged over long
periods and coarse grids for realising such a task.
Maps of the percentage of time the SSEL exceeds
given levels, which the PSSEL model algorithm is
able to efficiently compute, appear very helpful
to rapidly assess the hottest and coldest areas in
marine spatial planning. The PSSEL model was
used in forecasting mode to simulate a traffic
increase with a realistic traffic composition

for the pilot area. Such simulations are in the
process of implementation for expected new
routes in Canadian Arctic and Subarctic.
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Figure 9.

Flowchart of the several steps involved in generating accurate 2D or 3D maps of probability metrics of shipping noise
exposure.

Green: raw inputs;

violet: processed input for ship spectral source levels (SSL) and maps of shipping traffic density per ship type;
orange: sound propagation loss model;

red: PSSEL model of probability of shipping noise exposure;

blue: family of maps of the shipping-SEL (SSEL) occurring over selected percentiles of time;

burgundy: family of maps the percentage of time selected SSELs are exceeded.
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Figure 10.

Examples of 1-km resolution AlS shipping traffic maps for 2013 on Western and Eastern Canadian waters
(from Simard et al. 2014b, ).
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Figure 11.

Example of the computation flowchart of the ANSI third-octave SSL for 5 isolated ships crossing the AS* acoustic observatory
in St. Lawrence Seaway off DFO-MLI on 21 November 2012 and respecting the imposed conditions.
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Climate Related Changes in the Quality and Availability of
Land Fast Sea Ice Suitable for Breeding Ringed Seals Along
the Coast of Labrador

Becky Sjare

Ringed seals are a key species in seasonally
ice-covered Arctic marine ecosystems because
they link the aquatic food web to higher level
predators such as polar bears, arctic fox and
ravens. In addition, they are an important
country food for Inuit in northern communities
and are also of cultural significance. Ringed seal
pups are born in a snow cave (lair) constructed
by the female near a well-drifted pressure ridge
or ice hummock of rough ice. The lair provides
much needed shelter from the cold temperatures
as well as helps protects the pup from predation.
Adequate snow cover and appropriate ice
roughness have been correlated with increased
survival of ringed seal pups. Ice that is too
smooth does not allow adequate snow drift
development for the proper construction of the
lair and extremely rough ice is often too thick
and potentially to too mobile for the females to
effectively maintain the lair and ensure the pup
is not crushed by the ice.

A GIS-based model that uses RADARSAT satellite
imagery (24m resolution; Figures 12 and 13) of
land fast ice has been developed to quantify
changes in the availability of quality ringed seal
pupping habitat along the coast of Labrador.
Three core study sites were located in the vicinity
of Nain, Hopedale and Rigolet (2001-2013) and
four in more northern fjord areas (Nachvak,
Saglek, Hebron and Okak; 2008-2013). Most
recently, exploratory research is ongoing at sites
near the Belcher Islands and in the eastern James
Bay region of Hudson Bay (2012-2013). The key
land fast ice parameters used by the model to
identify quality habitat included the presence,

concentration and distribution of rough ice.
Although various analyses are ongoing, for areas
of the coast that generally have the highest
availability of quality pupping habitat, it is
apparent that in some years pack ice surges very
close to shore compressing favorable rough ice
habitat into a narrow band. In other years when
wind forcing on the pack ice is minimal, freezing
occurs quickly and a near solid sheet of smooth
ice extends right out to the edge of the pack

ice — again minimizing the availability of useable
rough ice. There is evidence of these two
unfavorable types of scenarios occurring in 2001,
2002 and 2004-06 and 2010.

This research will provide a comprehensive
geographic perspective of changing land fast
ice for coastal Labrador as well as a comparative
glimpse at sites in eastern Hudson Bay. In the
future, it may allow researchers to quantitatively
link the reproductive productivity of seals to
changing habitat availability and/or quality.
These new data will also provide the opportunity
to both identify areas of land fast ice that may be
especially vulnerable to climate related changes
along the coast of Labrador and to better
understand what this may mean for successful
ringed seal production in the future. The USA
has recently listed the Arctic sub-population

of ringed seals as threatened under their
Endangered Species Act based on medium and
longer term projections of sea ice deterioration
in Arctic regions. This development emphasizes
the importance of understanding and predicting
the relationship between changing sea ice
habitat and ringed seal productivity in Canada’s
northern waters.
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Figure 12.

(A) A near raw RADARSAT-1 image of the Nain, Labrador study area recorded on 18 March 2003. In this image land masses
are intense black and the heavy pack ice along the eastern edge of the frame is bright white. Dark to intermediate grey
areas identify relatively smooth ice while the brighter white spots and bright linear structures highlight moderately rough
ice including ice hummocks and pressure ridges. To produce the habitat suitability map (B), a neighbourhood focal statistic
(ArcGIS 2010) was used to calculate the amount of rough ice around individual pixels in the image. In this image the color
legend is as follows: white with blue speckle = land; black = smooth ice (generally unsuitable habitat); blue = light rough
ice (useable); red = moderate rough ice (prime pupping habitat); yellow = heavy rough ice (useable); grey = rubble or pack
ice (generally unsuitable). Ice conditions were favorable for ringed seals in the Nain area in 2003 (one of the better years in
the time series) with 30% of the habitat being classified as prime or useable and 48% and 22% being too smooth or rough
respectively. Images are displayed north-up.

Color legend: white with blue speckle=land; black = smooth ice (generally unsuitable habitat); blue = light rough ice
(useable); red = moderate rough ice (prime pupping habitat); yellow = heavy (useable); grey = rubble or pack ice (generally
unsuitable).
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Figure 13.

Results of a habitat suitability map
of ringed seal pupping habitat
covering a larger geographic area

(~ 3400 km?). The area inside the
red box represents the core area
shown in Figure 12A &B. The good
correspondence between key ice
features in each of the two images
indicates that the current version of
the model can be successfully scaled
to a larger geographic area. The red
arrows identify examples of important
pressure ridges that characterize
prime pupping habitat.

Color legend: white with blue
speckle=land; black = smooth ice
(generally unsuitable habitat);
blue = light rough ice (useable);
red = moderate rough ice (prime
pupping habitat); yellow = heavy
(useable); grey = rubble or pack ice
(generally unsuitable).
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Belugas and Ringed Seals:

Indicators of Ecosystem Change in the Beaufort Sea

Lois Harwood

As long-lived and wide-ranging oceanic
predators, marine mammals can act as indicators
of the state of the ecosystem, providing evidence
of changes to the food web and ecosystem
structure. They often first respond to ecosystem
variation with changes in body condition, a
direct link to the year-to-year availability and
quality of their prey. Changes in condition can
eventually affect reproduction, growth rates

and survival of individuals, and impact marine
mammal populations.

A hunter enjoying freshly cooked muktuk at the whaling
camp at Baby Island, Mackenzie Delta, NT (photo: DFO).

The Beaufort Sea stock of belugas winters in

the Bering Sea, and each spring migrates along
the north coast of Alaska to summering areas in
the Mackenzie Estuary, as well as the offshore
Beaufort Sea and Amundsen Gulf. This stock is
shared with Alaska and Russia, and is the second
largest in Canada. The stock was last assessed by
DFO as stable or increasing.

Belugas aggregate in the warm, shallow waters
of the Mackenzie River estuary during summer,
during which time they are the subject of a
sustainable, subsistence harvest by the Inuvialuit
of the Western Canadian Arctic. Subsistence-
harvested belugas have been measured and
sampled since 1980. Our study objectives, using
harvest monitor-collected data on the sex,
length, age and blubber thickness of landed
belugas, were to examine beluga growth rates
and blubber thickness, specifically for indications
of temporal trends which could ultimately be
linked to environmental change.

Our analyses revealed there has been a subtle
(0.08% per year), but sustained decline in beluga
growth rates, 1.75% over the time series from
1988-2008. Also, of 300+ male belugas landed
between 2000 and 2007, there was significant
variation in blubber thickness among years, with
belugas being thinnest in 2005. This, along with
subtle changes in growth of the belugas over
the time series, may be a reflection of ecosystem
changes that are negatively influencing the
availability or quality/quantity or distribution of
their prey.
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Ringed Seals

We also obtained measurements and samples
from ringed seals taken in the subsistence
harvests near Ulukhaktok, NT, formerly known
as Holman. We worked with our seal monitor at
this location, John Alikamik, and his family, since
the beginning of the study. The seal harvestin
this area is the largest and most predictable in
the western Canadian Arctic, and provides the
best opportunity to obtain adequate sample
sizes on a reliable, long-term basis. We examined
the relationship between body condition,
reproduction (ovulation rate, percent pups

in harvest) and sea ice in a time series from
1992-present, building on work started in this
area in the 1970s through similar collaborations
among hunters and DFO scientists. A subsistence
harvest-based sample of approximately 100
seals per year was obtained annually during
1992-2011, from the family’s traditional hunting
camp located on the northwest shore of west
Prince Albert Sound, 5 km from east Amundsen
Gulf. The results from 2 decades of monitoring
revealed two main findings. First, there was

a temporal, statistically significant trend of
decreasing mean annual body condition of
ringed seals (using an index of length, mass, fat
depth: adults) beginning in 1994, and detected
in adult males, adult females and subadults.

A second and parallel result was that body
condition of the seals was negatively correlated
with the timing of fast ice clearance in spring,
obvious during extreme ice years. Failure to
ovulate was striking in the most extreme late
ice clearance year in our series, 2005, when only
30.0% of the mature adult females sampled
ovulated. This came at a time when seal body
condition indices and percent pups in the

Ringed seal (photo: DFO)

harvest were among the lowest annual values,
and when spring ice clearance in Amundsen Gulf
was delayed by more than five weeks compared
to the 1992-2011 average. While the seal
population in this core habitat appears to recover
from natural and extreme-year fluctuations over
four decades in this and previous studies, the
possible magnified effect of several consecutive
extreme ice years, compounded by the
simultaneous occurrence of the temporal decline
in seal body condition, is of particular concern.
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Indications of Ecosystem
Change

Concurrent declines in growth, condition and/or
reproduction in ringed seals and belugas suggest
that changes that are occurring in the Arctic
marine ecosystem. Results can be augmented
further with published and anecdotal
observations from other species (concurrent
studies/observations are available for black
guillemots, polar bears, Arctic char, bowhead
whales) which are indicating environmental
change relating to prey shifts and/or changes

in distribution. Belugas and ringed seals

are excellent indicator species for measuring
environmental change. Concurrent changes

in belugas and seals, based on 2-decades of
consistent, robust monitoring, are particularly
informative as this link appears to indicate subtle
climatic/oceanographic changes are occurring
lower in the trophic pyramid, and this could have
cascading and profound ecosystem impacts, and
would be difficult or impossible to study by other
methods.

Continued Research

To further our understanding of ecosystem
change, itis important to continue, among
studies of other species, monitoring of beluga
growth and ringed seal body condition
through long-term, standardized monitored of
subsistence-harvested specimens. This, paired
with direct (stomach contents) and indirect
(isotopes, fatty acids) monitoring of diet, and
detailed study of movements and seasonal
ranges through telemetry, will refine our
understanding of the possible prey shifts and
critical habitats used by these marine mammals.
Ultimately, this would be coordinated with
biophysical and oceanographic sampling, at
spatial and temporal scales, and geographic
locations, that are relevant to the home range,
critical habitats and prey of marine mammals.
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The Impact of Climate Change on Reproduction in an
Ice-dependent Species, the Northwest Atlantic Harp Seal

L 2

Garry Stenson

Trends in populations are influenced by changes
in reproduction that are the result of a complex
interaction between intrinsic factors related to
changes in population (i.e., density dependent)
and extrinsic factors driven by environmental
variability (i.e., density independent). As species
encounter changing environmental conditions
as a result of climate change, understanding

the influence of these different factors becomes
critical if we wish to predict how a species will
respond. Unfortunately, determining the relative
importance of these different factors is difficult
for most species as they require extensive, long
term measurements of reproductive rates,
population size, and a variety of environmental
factors. Notwithstanding these challenges,
gaining an understanding of the factors

that influence reproduction is important as
environmental conditions throughout the world
are changing rapidly, particularly in Arctic and
sub-Arctic areas. Perhaps the most dramatic have
been the reductions in sea ice extent. As the
earth continues to warm, these alterations in the
sea ice will continue, resulting in serious impacts
on a number of species that inhabit ice-covered
areas for reproduction and/or feeding during all,
or part of the year.

Harp seals (Pagophilus groenlandicus) are the
most abundant marine mammals in the North
Atlantic. They are an ice-dependent species,
giving birth and nursing their pups on pack ice
each spring. Their annual movements appear
to follow the development and retreat of the
ice pack, and these seals are often seen feeding
along the ice edge throughout the year. The
Northwest Atlantic population ranges from the

Harp seal mother feeding her pup, March 2012.
Photo: Garry Stenson

eastern Canadian Arctic and Baffin Bay in the
north to the Gulf of St. Lawrence in the south.
Each spring they give birth on the pack ice of the
Gulf of St. Lawrence or off the coast of southern
Labrador and northeastern Newfoundland.

Although water temperatures have varied
historically, over the past four decades there

has been a trend towards warmer water
temperatures. As a result, there has been a
decline in sea ice extent and coverage. Poor ice
conditions have been shown to impact harp
seals directly by increasing mortality of young-
of-the-year seals who need stable ice for nursing
and later for resting during their post-weaning
fast. If the ice is not extensive or thick enough,
winter storms can break up the ice forcing the
young seals into the water where they can
drown. Additionally, these changes in ice quality
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and extent can also induce changes in the

ecosystem which can impact harp seals indirectly
by influencing prey availability and subsequent

reproductive success.

White-coated harp seals that drowned due to the breakup
of the sea ice upon which they were born.
Photo: Garry Stenson

To determine if environmental changes are
impacting the reproductive success of harp
seals, late-term pregnancy and abortion rates
of Northwest Atlantic harp seals were estimated
from female harp seals collected between 1954
and 2014 off Newfoundland and southern
Labrador. Most of these samples were collected
by hunters who are part of a cooperative
science programme with the Marine Mammal
Section that has been in place since the late
1970s. In some areas we are working with the
third generation of collectors from the same
family. During the winter, hunters collect seals
and freeze them whole until DFO personal can
visit to carry out necropsies. At that time, the
seals are thawed, and we collect morphometric
measurements and biological samples to
determine reproductive status, age, and recent
diets. All of the hunters have also been trained
to collect and preserve the samples if they
hunt in the spring. This long term data series
allows us to examine the importance of various
factors that influence reproduction in Northwest
Atlantic harp seals.
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Figure 14.

Proportion of mature northwest Atlantic harp seal females that are pregnant (fecundity) for the

period 1954 to 2014.
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Since the early 1980s, pregnancy rates have
declined (Figure 14), while inter-annual
variability increased, with late-term pregnancy
rates among mature females falling to less
than 30% in 2011. Comparing the reproductive
data to a variety of concurrent environmental
and biological factors, we found that while the
general decline in fecundity is associated with
increased population size, including late term
abortion rates in the analysis explained much
of the large inter-annual variability (Figure 15).
Changes in abortion rates can be described by a
model that incorporated late January ice cover
and capelin biomass; it is likely that ice cover

is also a proxy for ecosystem changes in prey
availability or abundance.

Thus it appears that harp seal reproductive rates
are extremely sensitive to inter-annual variation
in the biological and physical environment
during periods of high seal abundance. Although
environmental conditions varied while the

late 1980s, however, poor ice conditions and low
capelin abundance resulted in high abortions
rates and as a result, low fecundity.

Climate change models predict that the warming
trend seen in the Gulf of St. Lawrence and
Newfoundland waters will continue and that
there will be greater inter-annual variability

in environmental conditions. If correct, future
climate-related impacts on harp seals will be
unpredictable, but generally negative; pup
mortality will likely be high, and reproductive
rates will remain, on average, relatively low

and highly variable. Given the highly variable
annual pregnancy rates we have seen, continued
effort to obtain accurate estimates is critical for
assessing this population to determine harp
seals’ future population responses in a changing
environment. As a key component of the
Northwest Atlantic ecosystem, such responses
could have significant impacts on other species
that harp seals consume or with whom they

population was relatively low during the 1970s compete.
and early 1980s, fecundity remained high. By the
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Figure 15.

Results of models to examine the influence of biological and environmental factors on pregnancy rates of mature
harp seals (fecundity) in the Northwest Atlantic. The best model (red) incorporates changes in harp seal population

size and late abortion rates.
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