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Introduction

The Department of Fisheries and Oceans
established the Centre of Expertise in Marine
Mammalogy (CEMAM) in 2004 to provide the
national expertise required to deliver peer-
reviewed, evidence-based science advice and

to promote collaboration among researchers
across the country. This built upon the history of
cooperation among marine mammal scientists that
had developed over the years. Since then, CEMAM
has increased from approximately 40 professionals
to more than 60 people as a result of new
investments in science and the government’s new
Oceans Protection Plan. New professionals have
joined the CEMAM team, building our expertise
and bringing a healthy combination of new
quantitative skills and enthusiasm to the group.

Early research on marine mammals in Canada
focussed on gathering basic data on abundance,
vital rates, diet, distribution, and stock delineation.
These longer-term programs give insights as to
how life-history parameters respond to density-
dependence and food resource availability,
allowing us to better predict how populations

will respond to climate change, establishment of
marine protected areas, and industrial impacts.
For example, long-term data collected on harp
seal, grey seal, and southern resident killer whale
have allowed us to identify and understand major
mechanisms that are driving population dynamics
for these species. From these databases we have
learned that harp seals are showing changes

in growth rates and reductions in productivity
related to a combination of high population
densities and factors such as the timing of ice
breakup, which in turn has a cascading effect on
the abundance of capelin, a primary food resource
for harp seals. Grey seal populations have also
recovered significantly since the 1960s and similar
density-dependent changes have been observed

through reductions in juvenile survival. For
southern resident killer whales, long-term studies
have identified that Chinook salmon abundance
remains a major driver in the dynamics of the
population. At the same time, our research has
expanded beyond the collection of basic data to
development of new analytics to improve data
analyses, and to more sophisticated studies of
habitat selection, ocean noise and the impacts of
underwater noise on marine mammals.

Since our last report, advances in technology

have resulted in the appearance of new tools in
the scientist’s toolbox. Unmanned aerial vehicles
(UAVs or drones) were successfully tested in
Cumberland Sound, Nunavut to photograph
belugas for the collection of life history data, in
Atlantic Canada to estimate seal pup production,
and to gather information on sea otters in British
Columbia. Working with colleagues in Academia,
the deployment of acoustic transmitters and
receivers on both fish prey and their predators are
helping us to gain new insight into potential prey
interactions through participation in the Ocean
Tracking Network program. Deployments of
satellite transmitters equipped with accelerometers
provide additional insights into foraging behaviour
of marine mammals.

In addition to long-term studies using more
traditional biological approaches, the field of
acoustics has expanded our ability to monitor the
presence of marine mammals within an area 24
hours a day, 365 days a year, and is now providing
insights into the occurrence of marine mammals
in areas or at times of the year where traditional
approaches such as aerial surveys have been
difficult to undertake. Such areas include all three
of Canada'’s oceans, from nearshore to offshore
sites. The development of automated call detection
algorithms to identify the specific species
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vocalizations have sped up data processing and
our ability to obtain information on distribution

of marine mammals from acoustic datasets.
Furthermore, the collection of acoustic data allows
us to establish baseline noise levels in our oceans,
measure how noise levels change with human
activities, and better assess potential impacts of
noise on marine mammal populations.

Logistical challenges and costs remain a major
barrier to conducting research in the north.
Often the most difficult challenge is the initial
deployment of people, food and equipment.
Once deployed, maintaining the field camp

is relatively easy. Building on this principle,
colleagues in Central and Arctic Region launched
a nine week, major field camp in Tremblay
Sound, Nunavut, where they were able to deploy
satellite transmitters on narwhals to improve our
understanding of narwhal stock structure and
behaviour in the northern Baffin Island area. The
key to the success of this program was due to
collaborations with industry, non-governmental
organizations, universities, and Inuit (the local
knowledge holders). This allowed the project to
be expanded into a multidisciplinary research
program that included other components of the
ecosystem including zooplankton, Arctic char, and
Greenland sharks.

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 through our survey and research programs,
and in response to unusual events. In 2017,

12 North Atlantic Right whale carcasses were
detected in the southern Gulf of St Lawrence. New
researchers from the Gulf Region joined together
with other researchers in CEMAM and coordinated
the response to conduct necropsies. Support from
the entire Atlantic zone was required to complete

the necropsies and obtain biological samples.

The Department also developed a surveillance
program involving support from all Atlantic regions
to coordinate activities and provide staff on aircraft
throughout the summer and fall months to search
for right whales. There are several additional
instances where there has been extensive
collaboration among regions, internationally, and
with Academia such as the High Arctic Cetacean
survey (HACS) conducted in 2013, the North
Atlantic International Sighting Survey (NAISS) in
2016, and the Northwest Atlantic harp seal survey
and Hudson Bay-Davis Strait walrus surveys in
2017.1n 2018, the first ever complete survey

of the Pacific waters off the British Columbia

coast, involving a combination of ship and aerial
platforms, will be undertaken.

In 2017, the Society for Marine Mammalogy
held its 22" biennial conference in Halifax,
Nova Scotia. This is the fourth time that the
meeting has been held in Canada and the

first time in Atlantic Canada. Attended by over
1700 people, the conference was an amazing
success and we extend our congratulations to
our co-chair from the Maritime Region, Hilary
Moors-Murphy, and other members of CEMAM
who were part of the conference and scientific
committees for an extremely ambitious event.

In this, our fourth report, we have highlighted

only a small sample of the wide range of activities
undertaken by Department of Fisheries and
Oceans marine mammal scientists across the
country. We hope you enjoy and learn a little about
the fascinating and useful research being carried
out within DFO!

Mike Hammill

Director, CEMAM

Maurice Lamontagne Institute
Mont Joli-QC
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Using aerial infrared images to count ringed seals on ice

Brent Young and Steve Ferguson

Estimating marine mammal abundance for

stock assessment is challenging. The ability of
visual observers seated in moving aircraft to
reliably detect animals is limited. Although line
transect methods can be employed to account
for undetected animals, these methods have
considerable uncertainty associated with them.
Double -platform line transect methods are based
on a number of key assumptions that require at
least four observers and detailed statistical analysis
to estimate and control for bias. To overcome
these limitations, aerial and satellite imagery is
being used more and more on marine mammal
surveys to try to improve estimates by reducing
the number of missed animals. However, in the
absence of reliable automated detection methods,
analysis of aerial survey photographs is very time
consuming and is not always practical.

For surveys of seals on ice, recent advances in
infrared technology offer one solution to both
improve density estimation while reducing
human resource needs in conducting surveys
and analyzing photographs. To conduct surveys

of ringed seals on ice we used a high resolution
infrared (IR) camera (FLIR T1030sc) paired with a
high resolution digital single lens reflex (DSLR)
camera (Nikon D810). Ice seals in the Arctic,

like ringed and bearded seals, haul out on ice

in spring to molt (change their fur) and are
available to be observed from overhead aircraft
conducting surveys. When the seals are hauled
out on the sea ice, the warmth of their bodies is
contrasted against the cold surface of the ice and
appears as an obvious ‘hot spot’in the infrared
imagery (see photos). Infrared video files were
analysed to identify hot spots of potential seals
and the corresponding photographs from the
DSLR were checked to verify observations. Using
these methods, seals can be efficiently detected
with a high level of confidence, meeting the

key assumptions of strip-transect analysis and
providing considerable advantages over traditional
methods. Fisheries and Oceans Canada continues
to develop these new methods to allow for more
efficient abundance estimation as conservation
efforts call for greater frequency and coverage

of marine mammal stocks in order to improve
assessment.

Aerial view of two ringed seal hauled out on the sea-ice in Eclipse Sound in June 2016. Images were taken with an infrared
camera (left) and a digital single lens reflex camera (right). Inset shows a close up view of the seals (photos: DFO).
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The use of unmanned aerial vehicles (UAV)

Marianne Marcoux

Unmanned aerial vehicles (UAVs), (also called
unmanned aircraft systems or drones) have

been increasingly used in the study of wildlife
populations. They offer a safer, more cost-effective,
and quieter alternative to traditional research
methods. For marine mammals, the use of UAVs

is promising in several aspects of their research
such as the development of method to assess the
size and the structure of populations, as well as for
making direct observation of behaviour.

For several populations of marine mammals in
Canada, we assess the size of the population by
directly counting the animals from an aircraft or
by counting animals on photographs taken from
an aircraft. These methods are costly and can be
dangerous. UAVs equipped with a camera offers a

new platform to perform population assessment
at a lower cost in a safer way. While UAVs don't fly
as fast and for as long as a small aircraft, current
research focuses on the feasibility of using UAVs
to assess population size. In addition, methods
for counting animals in photographs are being
improved.

In order to manage a population of marine
mammials, it is important to know the proportion
of males and females in the population as well

as the proportion of adults and non-adults. This
information can be gathered non-invasively using
photographs taken from a UAV. For example, male
and female narwhals can be distinguished by the
presence of tusks on males (the tusk can be easily
seen on aerial photos). We use videos or photos
taken from UAVs to determine the proportion of
males in the population. Similarly, the proportion
of calves can be assessed from the videos and
photos, which provide important information
about the health of narwhal population.

Videos and cameras attached to UAVs can also be
used to observe marine mammal behaviour from
a view point that was previously unaccessible
and can improve our understanding of marine
mammals. For example, using UAV videography,
we were able to document for the first time that
narwhals use their tusks to feed on small fish at
the surface. With this feeding method, narwhals
were observed using their tusks to stun a fish and
direct it to their mouth. We are also using UAV
videography to link behavioural observations
with underwater sound recordings. Therefore,
we can gain a better understanding of animals’
communication behaviour.

Aerial photograph taken by DFO team studying belugas in
the Churchill River estuary, Manitoba, using an unmanned
aerial vehicle. (photo: DFO).

Center of Expertise in Marine Mammalogy: Scientific Research Report 2015-2017
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Hilary Moors-Murphy

The Society for Marine Mammology's 22

Biennial Conference on the Biology of Marine
Mammals was held at the World Trade and
Convention Centre in Halifax, Nova Scotia on
October 22" -29™" 2017. This international meeting
is the largest marine mammal conference in the
world, attracting over 1700 participants from

70 countries to enhance collaboration, share ideas,
and improve the quality of research on marine
mammals. The 2017 conference was co-chaired

by DFO research scientist H. Moors- Murphy,

and several DFO staff played important roles in
conference preparation as part of the organizing
and scientific program committees. More than
thirty DFO personnel participated in this meeting,
many presenting their research to this international

audience to generate awareness and discussion of
ongoing work within the Department.

The conference featured six plenary talks, over 450
oral, speed and video presentations, and more
than 500 poster presentations; as well as panel
discussion sessions, workshops, and networking
events. Marine mammal conservation was a
central focus throughout the conference, with
about quarter of the presentations falling within
the conservation theme. A new “Conservation
Highlights Series” consisted of dedicated lunchtime
discussion sessions on the plight of North Atlantic
right whales, vaquita and monk seals. Habitat and
distribution, and acoustics and communication
were also popular themes.
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A packed auditorium for the welcoming address by Parliamentary Secretary to the Minister of Fisheries, Oceans and the
Canadian Coast Guard Terry Beech during the conference Opening Ceremonies (photo: Jarrett Corke).

A recurring topic throughout the conference was
science communication. An exciting new and
well-received presentation format was introduced,;
video presentations. This presentation format
allows scientists to distill information about their
research through a short video summary that
can also be used as an outreach tool and will be
encouraged in future biennial conferences. A
panel discussion on “Science Communication for
Conservation” provided examples of successes
and failures of communicating our science. The
well-attended “Canadian Celebration” event was
open to the general public and featured marine
mammal scientists sharing their stories about
conducting research on marine mammals in

Canada. This event highlighted the interest of
conference participants and the public alike on
hearing about the human component of marine
mammal science - understanding what is it like to
conduct marine mammal research and why marine
mammal scientists choose to do the work that they
do can generate interest and help communicate
our research to a broader audience.

Overwhelming positive feedback from the Society
for Marine Mammology's executive board and
conference participants on their 2017 conference
experience has been received. This conference
was truly a successful odyssey, with a little
Canadian flair!

Center of Expertise in Marine Mammalogy: Scientific Research Report 2015-2017 7



Mark-recapture analysis from long-term study on
Sable Island identifies changes in demographic rates in
northwest Atlantic Grey Seals.

Cornelia E. den Heyer’,
W. Don Bowen’, Damian Lidgard?
and Shelley Lang’

The grey seal breeding colony on Sable Island
is the largest grey seal breeding colony in the
world, and in 2016 produced 85% of the total
grey seal pup production in Canadian waters.
After more than three decades of growth at 13%,
the rate of increase has declined to about 4%

(photo: W. Don Bowen).

! Fisheries and Oceans Canada
2 Dalhousie University

since 1997. Large, long-lived vertebrates facing
resource limitation are hypothesized to exhibit
reduced juvenile survival first, followed by natality
and finally adult survival. To monitor and better
understand the changes in demographic rates
and the effect of changing demographic rates on
population dynamics, we need long-term studies.
Since 1969, some 7000 grey seals were uniquely
and permanently marked at weaning on the
Sable Island breeding colony. Each year during

On adults, the permanent individual characters are at least 10 cm high and are easily spotted at a distance
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the December to February breeding season, DFO
science staff and collaborators systematically
survey the entire colony for marked adults.

These data provide individual resighting histories
that allow us to estimate age- and sex-specific
survival for juveniles and adults. Average adult
survival was high, but male Grey Seals had
lower survival at all ages (Fig. 1). Because of the
high fidelity of grey seals to breeding colony,
we can also estimate reproductive rates using
the resighting histories of female grey seals.
Only females with pups are sighted at the
breeding colony; females that skip breeding are
unobservable (temporary emigration). A new
multi-state, open robust design model was used
to estimate the transition probabilities between
breeding and non-breeding states from 1992 to

2016. Females that gave birth had on average an
85% probability of pupping in the following year.
However, females that did not give birth had a
56% probability of giving birth in the following
year, suggesting that female quality plays a role

in breeding probability. Although breeding
probability varied among years, there was no
trend over time. Thus, neither adult survival

nor reproductive rates have contributed to the
reduced rate of increase in pup production. To
date, the reduced growth rate appears to be driven
by a large reduction in juvenile survival from 0.74
(1985-89 cohorts) to 0.33 (1998-2002 cohorts).
Recently marked cohorts (2014-2016) will provide
future estimates to test how vital rates vary as the
population nears environmental carrying capacity.
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Figure 1.

Apparent survival by age for males (black) and females (red) for 6 age bins. The horizontal bars represent the upper

and lower confidence intervals.
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OTN - Using grey seals (Halichoerus grypus) as bioprobes
to estimate phytoplankton biomass

Don Bowen', Benia Nowak? Damian Lidgard? marine mammials are referred to as bioprobes

and Sara Iverson? —animals used to sample properties of their
environment, namely the ocean. An element of the
Ocean Tracking Network (OTN) sought to use grey
seals as bioprobes to sample ocean temperature
and light levels, which together offered a way to
estimate the spatial and temporal distribution of
phytoplankton abundance. By validating the use

Although electronic dataloggers and telemetry
tags are now routinely placed on marine mammals
to study their behavior at sea, more recently these
tags are also being used to sample oceanographic
features (e.g., temperature, salinity). In this context,

0 - Figure 2.
Dive analysis
for a female
(ID=106706)
50 during the
deployment
period 2015-06-20
and 2015-12-22;
data collected
100 during dives
include dive depth
(m), temperature
(°C), and light level
£ 150 every ten seconds.
g
@
(a]
200
250 -
300 —

T 1T T 1 T T T T 1T 1T T T T T T T 1 1
Jun-22 Jul-12 Aug-01 Aug-21 Sep-10 Oct-01 Oct-21 Nov-10 Nov-30 Dec-20

Date (2015)

! Fisheries and Oceans Canada
2 Dalhousie University

10 | Center of Expertise in Marine Mammalogy: Scientific Research Report 2015-2017



of light attenuation as a proxy for phytoplankton
biomass in a continental shelf ecosystem,
electronic tags can be deployed on wider range
of species and allow us to collect fine-scale
primary productivity data in other ecosystems. In
determining the relative distribution of primary
productivity within an ecosystem concurrently
with the foraging paths of large marine predators,
we may also be able to provide insight on
importance of bottom-up drivers for ecosystem
structuring.

Grey seals are a wide-ranging species that dive
to the ocean floor. Between 2009 and 2016, we
fitted 104 adult grey seals with global positioning
system (GPS) tags which recorded the surface
location about every 15 min, and recorded

ocean temperature and light level every 10

sec, during each seal dive. From these data,

we could determine the path of the seal and
accurately position the recorded temperature
and light level during each dive (Fig. 2). Light
level attenuates with depth, and more so in the
presence of phytoplankton. We calibrated the light
level data from seal tags against oceanographic
instruments during a series of experiments in

the Bedford Basin. These experiments spanned a
range of phytoplankton abundances and showed
that the seal tags performed well against the
oceanographic instruments (Figs. 3 and 4). To
estimate phytoplankton abundance along the
seal tracks, the ascent portion of each dive from
the thermocline to the surface will be used to
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Figure 3.

Comparison of the temperature profiles of a CTD and five MK-10AF FastlocTM GPS tags deployed on 2012-04-02 in

the Bedford Basin.
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estimates the downwelling irradiance (light- linking seal movement behaviour to environmental

level attenuation). Downwelling irradiance is conditions (Fig. 5), estimated chlorophyll-a

then related to chlorophyll-a concentration and concentrations derived from the seal bioprobes

coloured dissolved organic matter concentration can be compared to ocean colour near- surface

to provide a relationship that can be used to measurements from satellite and integrated into

estimate phytoplankton abundance. In addition to models of ocean primary productivity.
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Figure 4.

Comparison of the
light level profiles of a
HyperPro and five
MK-10AF Fastloc™
GPS tags within the
noise equivalence
irradiance of the
HyperPro in the
Bedford Basin on
2012-03-07.
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Figure 5.

GPS locations modelled to estimate
behavioural state every hour for:

(A) a female grey seal (ID=106706)
deployed between 2015-06-20 and
2015-15-22 and

(B) a male grey seal (ID=106715)
deployed between 2013-06-30 and
2014-01-13.
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Northwest Atlantic International Sightings Survey (NAISS)
of Marine Megafauna on the Continental Shelf From
Northern Labrador to the Bay of Fundy

Jack Lawson, Jean-Francois Gosselin

Concurrent with partners in the United States,
and using staff from several DFO Regions, in

2016 DFO conducted a large-scale aerial survey
of the Atlantic Canadian seaboard as part of

a multinational effort to gather data on the
distribution and abundance of a variety of marine
megafauna in the western North Atlantic. This
survey was designated the NAISS (North Atlantic
International Sightings Survey).

This was the second large-scale, systematic
survey effort, and the first in nine years, to survey
the continental shelves along Labrador and
Newfoundland, the Gulf of St. Lawrence, and the
Scotian Shelf for marine mammals, sea turtles,
and other large species that that can be detected
near the sea surface. DFO and its international
partners were extremely pleased with the coverage
achieved during the comparable 2007 TNASS
survey; during both 2007 and 2016 DFO was able
to realize an unparalleled level of aerial survey
coverage.

DFO’s NAISS survey data will be integrated with
the 2016 National Marine Fisheries Service and
European SCANS Il marine surveys, and by
doing so will provide a cross-Atlantic context

to interpret results. For example, summer 2016
offered an excellent opportunity for DFO to
enhance the scientific value of our survey efforts
by coordinating with planned American efforts
in adjacent waters. During July-Sept 2016 NOAA
conducted a 12-ship 2-aircraft marine megafauna
(whales, sea turtles, sharks, seals) survey covering
all northern US. Atlantic waters, as far north as the
Canadian border.

By conducting a survey of Atlantic Canadian waters
at the same time as NOAA, scientists covered
most of the known range of many transboundary

species of conservation and regulatory concern for
DFO, and ensure that distributional anomalies will
not jeopardise the results.

Further, European countries such as the UK,
Spain, France and others also conducted
large-scale megafauna surveys in the summer

of 2016 — further enhancing the value of the
NAISS by facilitating ocean-wide comparisons.

An international workshop at the recent biennial
marine mammal conference finalized plans to
move forward with efforts to compare and merge
these north Atlantic survey data.

The only way to achieve the designed coverage
within a short time window constrained by
weather conditions and whale migration was to
use three aircraft simultaneously, each with a team
of experienced observers. To make this possible, we
combined the resources of three regions of DFO:
Québec, Newfoundland & Labrador, and Maritimes.

The NAISS survey was flown at an altitude of 183
metres ASL using a deHavilland Twin Otter 300 and
two Cessna 337 Skymasters. Expanding slightly on
the 2007 TNASS, the 2016 transect lines extended
from the shoreline to at least 20 miles beyond

the shelf breaks, and crossed bathymetric profiles.
Observers in the survey aircraft collected data on
the identity, group size, position, and behaviour

of large and small cetaceans, plus environmental
covariates. Each aircraft was equipped with bubble
windows, and the Twin Otter had a trackline

video camera system as well. Sighting data were
collected by observers using line transect survey
methods. The data from fore and aft observers on
the same side of the Otter aircraft will be used to
estimate the proportion of sightings missed by
observers (perception bias) and therefore improve
the precision of the results. Surface interval
information from whale tagging data collected

14 | Center of Expertise in Marine Mammalogy: Scientific Research Report 2015-2017



by DFO and others will be used to estimate the marine megafauna survey in 2007 (TNASS); much
proportion of animals available to be sighted poorer weather (i.e., unusually high winds and
during an overflight (availability bias). widespread fog) and an extended NATO naval

Between August 1 and September 27 2016, DFO
achieved almost the same coverage, 49,591 km of

exercise meant that DFO completed 89% of their
planned transect effort in 2016, versus 96% in 2007

line transect effort, as in our previous large-scale (Fig. 6).
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In Labrador and Newfoundland DFO sighted
almost twice as many cetaceans as they did in
2007 (1,073 sightings = 10,956 animals), although
there were relatively fewer large whales (fin,
humpback, minke); white-beaked dolphins were
the most encountered and numerous cetacean.
Most of the additional sightings were collected
on the Labrador and Newfoundland NE coasts,
perhaps a function of intentionally initiating the
survey two weeks later than 2007, the later and
prolonged presence of spawning capelin, or some
other type of environmental change. A greater
number of sightings would have been collected
if DFO been able to complete four long transect
lines off the Newfoundland south coast that were
precluded by poor weather. The two Skymaster
teams amassed slightly fewer cetacean sightings
in the Gulf of St. Lawrence and on the Scotian
Shelf than they did in 2007 (1,182 sightings = 4,819
animals; fewer common and unknown dolphins,
principally). This smaller sighting total may have
been a function of the poorer weather conditions
and the weather-related loss of multiple transects
on the centre of the Scotian Shelf (Figure 6).

Processing of the survey data, which began in the
fall of 2016, involves transcribing, aggregating, and
verifying the recordings made by the observers,
mapping sightings, assessing duplicate sightings
amongst observers, estimating sighting biases
using mark-recapture data, and obtaining
estimates of marine megafauna abundance using
a distance sampling approach. The analysis of the
visual survey data will be presented at the annual
meeting of the national marine mammal peer-
review committee in the winter of 2018.

From data gathered during the survey, the team
will produce abundance estimates and distribution
maps for species including cetaceans, sea turtles,
and large fish species such as basking sharks and
sunfish sighted in Canada’s Atlantic waters. Target
species include multiple Species at Risk such as the
blue whale, north Atlantic right whale, fin whale,
St. Lawrence Estuary beluga whale,

Scotian Shelf northern bottlenose whale,
Sowerby's beaked whale, leatherback and
loggerhead sea turtles, and basking sharks.
Further, these data will be gathered in a way that
facilitates their integration with similar types of
data being collected concurrently in adjacent
regions (e.g., the NOAA surveys). Sighting

density data will be compared with physical and
biological features such as bathymetry, sea surface
temperature, and productivity to determine if
there are relationships that could be used later in
habitat assessments (such as to support critical
habitat designation), or to refine future survey
designs. In particular, the effort-weighted sightings
data will be used to analytically challenge DFO's
MaxEnt habitat suitability models, and create new
GLMMs. As well, DFO will compare the 2016 results
with the distribution patterns and estimates from
the 2007 survey using density surface mapping
and MaxEnt habitat models.
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Monitoring Movements of Whelping Seals on
Drifting Pack Ice

Garry Stenson

Harp, hooded and grey seals give birth on drifting
pack ice off the coast of Newfoundland and
Labrador or in the Gulf of St. Lawrence. In order to
determine abundance of these populations, we
estimate the number of pups born every four or
five years. The first step is to search the ice in the
historical whelping (pupping) areas to find the
concentrations of seals which in the case of harp
seals is an area larger than England and Wales
combined. Once these concentrations are found,
we carry out visual and/or photographic surveys to
count the number of pups hauled out on the ice.

However, a major challenge facing us is to ensure
that once we find the seals, we are able to monitor
where they are as the pack ice drifts with the
current and winds. This movement can be very
extensive, particularly during a storm. Even under
normal conditions, for example, the ice moves at a
speed of one nautical mile per hour off the coast of
Labrador. We need to account for this movement
to ensure that we are able to find each pupping
concentration again in order to survey it and that
we do not unknowingly count the same animals
twice. Historically, finding these groups each day
using helicopters or planes was costly, and took a
tremendous amount of effort and time.

GPS unit

Deploying a GPS ice beacon to monitor movements of harp seal whelping concentrations, March 2017

(photo: A. Buren).
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Fortunately, new technologies have made it far
easier to monitor ice movements. During the
most recent harp seal survey, we tested the use
of small, inexpensive GPS beacons. These units
determine their location to within 10 meters and
then send their position to a satellite where it can
be uploaded to a website for researchers. The
frequency of reporting can be set by the user; in
our case we obtained beacon positions every 30
minutes in order to ensure that the batteries lasted
for the entire project (in fact they lasted for over
2 months).

S50.0000'W

One or more beacons were deployed in each of
the pupping concentrations and their movements
tracked for over 3 weeks. The GPS beacon was
place in a specially constructed tube to protect
them from the weather and keep them upright
(see photo). The tubes were then placed on the ice
and marked with highly visible, non-toxic dye so
that they could be retrieved after the survey.

The movements of the beacons (Fig. 7) illustrates
how dynamic the ice is and the amount of drift
that can take place. The average displacement
for all beacons off Newfoundland and Labrador
SI0.0000'W 51°0.0000'W

S40.0000'w S20.0000'W

Figure 7.

Movements of ice beacons deployed during the harp seal pup production survey, March 2017.
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was over 210 km. While the general pattern of
drift is southward, strong winds can drive the ice
movements into quite complex patterns (Fig. 8).
For example, in the northern Gulf of St. Lawrence,
winter storms drove the ice and seals northward
early in March while later in the month, the
currents had greater influence and the ice drifted
southward. After three weeks, this beacon ended
up less than 10 km from where it started! Trying to

follow each of the groups and keep them separate
would be almost impossible and very expensive
using traditional search methods

Carrying out surveys of seals pupping on drifting
pack ice is a complex and difficult task. Thanks

to the development of GPS beacons that can be
deployed quickly and transmit information on their
locations to us, it has made this survey a

little easier.
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Example of the complex movements of two ice beacons.
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Marine Mammal Genomics Research in the Central

and Arctic Region

Lianne Postma and Denise Tenkula

Over the last couple of decades, the use of genetic
tools (the study of genes) has become the gold
standard to define units (populations, stocks)

for conservation and management of marine
mammals. Especially in the Arctic, DFO has been
a leader in using population genetic research

to identify distinct stocks of marine mammals

in Canada, monitor the impacts of subsistence
harvests on these stocks, and understand how
historical environmental events may have shaped
current migration and distribution patterns.

Belugas in the Churchill River Estuary (photo: DFO).

For many years, sequencing portions of the
control region (CR) in mitochondrial DNA
(MtDNA) of belugas (Delphinapterus leucas) has
provided valuable insight for conservation and
population studies for these whales. However, the
advantages of increasing the overall amount of
mtDNA sequence and including mtDNA protein-
coding genes for investigating stock structure
and phylogenies has been demonstrated in other
species, including other cetaceans. A next-
generation workflow was developed to sequence
complete mitochondrial genomes (mitogenomes)
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for population studies of belugas and narwhals
(Monodon monoceros). In a recent study, a total

of 106 belugas and 94 narwhals from across each
species’ Canadian range were sequenced, which
resulted in complete mitogenomes for all samples.

Genetic diversity and phylogenetic analyses of
beluga mitogenomes supported previous results
found with CR sequence, but finer resolution

of sub-groups were found that further inform

our understanding of stock structure and
evolutionary relationships among the sample
groups. Preliminary tests of selection detected the
presence of negative, or purifying, selection on all
protein-coding genes of belugas, particularly for
the ND,, CO, and CO, genes. However, no signals
of positive selection were detected with the
analytical methods used. In contrast to belugas,
narwhal mitogenomes continued to exhibit much
lower levels of genetic diversity and offered no
improvements compared to previous approaches
to resolve phylogenetic relationships among
geographic sample collections. This could be due

to insufficient numbers of samples for the analyses.

Future studies will also focus on highly informative
genomic approaches (the study of whole nuclear
genomes) that have the potential to inform even
more complex questions about the adaptive
potential of marine mammals to a changing
climate and their role in the ecosystem. Genomics
research has been applied to understanding and
monitoring the potential of animals to adapt and
persist in polluted habitats, the physiological and
health conditions of individuals, range shifts of
animals in response to changing environments and
changing prey availability, and novel perspectives
on ecosystem processes, such as nutrient and
energy flux.

Center of Expertise in Marine Mammalogy: Scientific Research Report 2015-2017 21



OTN and predator-prey interactions

Don Bowen', Damian Lidgard? and Sara Iverson?

The Canadian Ocean Tracking Network (OTN
Canada) was a 7-year integrative research program
which began in 2010 to understand changing
continental shelf marine ecosystems across Canada
in relation to important issues in fisheries and
resource management. The program was funded
by the Canadian Foundation for Innovation,
Natural Science and Engineering Research Council,
and DFO. One of the themes of OTN concerned
the spatial and temporal characteristics of
foraging by predators and the role they play in
structuring trophic interactions and understanding
ecosystems. Using newly developing acoustic
technology, this study set out to test hypotheses
concerning predator impacts on prey populations.

In eastern Canada, grey seals fitted with satellite
tags and acoustic transceivers were used to
examine the spatial and temporal pattern of
encounters between seals and Atlantic cod. Grey
seals were fitted with instruments in each year of
the 7-yr study (115 at Sable Island and 20 in the
Gulf of St. Lawrence). During the same period,
acoustic tags were surgically placed in ~1200
Atlantic cod (800 on the Scotian Shelf, 400 in the
southern Gulf of St. Lawrence). Species tagged by
other investigators that co-occurred with grey seals
included bluefin tuna and Atlantic salmon.

! Fisheries and Oceans Canada
2 Dalhousie University

Acoustic detections occurred both among the
acoustically tagged seals and fish species, mainly
Atlantic cod. Seals tended to encounter other
tagged seals at offshore banks, presumably were
most feeding occurred (Fig. 9). There was no
evidence that seals travelled together to these
feeding sites, rather seals used the same limited
number of feeding hotspots. Of the 104 seals from
which data were recovered, only 25% detected
tagged cod even though the movements of

70% of these seals overlapped with known cod
distribution, underscoring the difficulty in using
overlap as the basis for inferring predation rate.
Most detection of cod were of short duration (~5
min compared to > several hours if the tag where
ingested) and, thus, did not appear to represent
predation events. The distribution of cod detected
by grey seals on the Scotian Shelf and in the Gulf
of St. Lawrence are illustrated in Fig. 10. Overall,
these data demonstrate the feasibility of studying
predator-prey interactions in the open ocean, but
also underscore the importance of tagging large
number of prey to have confidence in estimates of
prey encounter rate and predation events.
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Figure 9.

Yellow dots represent the location of acoustic detections between two seals. In the lower panels are shown the movement of
two individual grey seals where blue symbols represent travelling and red, presumed foraging sites. Again yellow dots show
where an instrumented seal detected another acoustically instrumented seal.
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Figure 10.

Individual acoustically tagged Atlantic cod detected by instrumented grey seals on the Scotian Shelf (orange symbols) and in
the Gulf of St. Lawrence (red). Grey (males) and pink (females) lines represent seal tracks based on GPS locations.
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Listening in on the Deep: Passive Acoustic Monitoring

of Whales off Nova Scotia

H. Moors-Murphy

More than twenty different species of marine
mammals occur off Nova Scotia including resident
and migratory species and several species at risk.
Despite this diverse marine mammal community,
relatively little is known about the year-round
distribution, movement patterns and habitat use
of many of these species throughout most of

our waters. Of the species and areas that are well
studied, the majority of available information on
their occurrence comes from studies conducted

on boat-based platforms during summer months,
when weather conditions are favorable and it is the
most logistically feasible to be out in the Northwest
Atlantic studying marine mammals.

Most marine mammals in our waters produce
underwater calls, unique to each species. Passive
acoustic monitoring, or ‘listening in"on the ocean
environment, can provide a means to gain
information on how marine mammals are using an
area that is less restricted by weather conditions
and at-sea platforms. Based out of the Bedford
Institute of Oceanography in the Maritimes

Region, Team Whale uses underwater listening
devices called Autonomous Multichannel Acoustic
Recorders (or AMARSs for short) to monitor for
whale presence in various areas of interest off Nova
Scotia. These systems are anchored to the seafloor
and collect and store data autonomously. With
their terabytes of memory space and large number
of batteries, AMARSs can be deployed to collect
acoustic data for a year or more at a time.

Ocean Bottom

Left: Autonomous Multichannel Acoustic Recorders (AMARs) manufactured by JASCO Applied Sciences
(photo: H. Moors-Murphy). Right: Sample AMAR mooring diagram.
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AMARs were used to collect acoustic data from the
Gully Marine Protected Area and two nearby
shelf-edge areas during 2012-2014 (Figure 11).
These systems sat on the ocean bottom at
approximately 1500 m depth for about six months
at a time, with a few weeks gap between each
deployment period to download data, change
batteries and refurbish the systems. This resulted

in a near-continuous two-year acoustic dataset
that could be examined for the presence of

whale calls. Analysis has provided information on
the regular year-round occurrence of northern
bottlenose whales in both canyon and non-canyon
areas along the eastern Scotian Slope, and will
contribute to identifying additional important
areas outside of identified Critical Habitat for this
Endangered species. New information on the
seasonal occurrence of other species in these

areas has also been gained including peaks in
Endangered blue whale and species of Special
Concern fin whale calls and humpback whale
singing' during winter months, peaks in sei

whale calls during summer months, the relatively
consistent year-round occurrence of sperm whale
and species of Special Concern Sowerby's beaked
whale clicks, and most excitingly the discovery

of a new regular user of the Gully MPA — Cuvier’s
beaked whales! While Cuvier's beaked whales were
acoustically detected in the Gully on about 25% of
the recording days and showed low but consistent
presence throughout the year?, only one visual
sighting has ever been documented in the canyon
despite the numerous beaked whale vessel-based
surveys that have been conducted in the area
dating back to the 1980’s.

The clicks of Endangered Scotian Shelf northern bottlenose whales are acoustically detected in the Gully Marine Protected
Area and nearby shelf-edge areas regularly throughout the year (photo: H. Moors-Murphy).

! Kowarski, K., Evers, C., Moors-Murphy, H.B., Martin, B.and Denes, S.L. 2017. Singing through winter nights: The seasonal and
diel occurrence of humpback whale calls in and around the Gully MPA, offshore eastern Canada. Canadian Journal of Zoology.

In press.

2 Stanistreet, J.E,, Nowacek, D.P, Baumann-Pickering, S., Bell, J.T., Cholewiak, D.M,, Hildebrand, J.A, Hoidge, LEW,,
Moors-Murphy, H.B., Van Parijs, S.M. and Read, A.J. 2017. Using passive acoustic monitoring to document the distribution of
beaked whale species in the western North Atlantic Ocean. Canadian Journal of Fisheries and Aquatic Sciences. E-first article:

1-12 pp.
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Figure 11.

DFO’s three AMAR deployment stations (blue stars) in 2012-2014 along the eastern Scotian Shelf including in the Gully

Marine Protected Area and two nearby shelf-edge areas.

During 2015-2017 (Figure 12), Team Whale's passive
acoustic monitoring program was expanded to
five AMAR deployment stations and complimented
a larger acoustic study conducted by JASCO
Applied Sciences. In total, 25 AMAR recorders were
deployed throughout Nova Scotia, Newfoundland
and Labrador during this period. Analysis of the
large amount of acoustic data collected is currently
underway in collaboration with JASCO and the
Taggart Lab of Dalhousie University.

Similar passive acoustic monitoring programs using
bottom-mounted recorders known as AURALS
(Autonomous Underwater Recorder for Acoustic

Listening) are being led by DFO researchers in
other eastern Canadian regions. Yvan Simard from
the Institut Maurice-Lamontagne in Quebec has
been conducting AURAL deployments in the St.
Lawrence Estuary and Gulf of St. Lawrence and
Jack Lawson of the North Atlantic Fisheries Centre
in Newfoundland has been deploying AURALs off
southern Newfoundland and eastern Labrador
since 2009.

Over the next few years, DFO’s passive acoustic
monitoring program off eastern Canada will
continue to expand under the new Ocean
Protection Program (OPP). Funding through OPP
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Figure 12.

AMAR deployment stations in 2015-2017 off Nova Scotia, Newfoundland and Labrador by DFO (blue stars), JASCO Applied
Sciences (red stars) and the Taggart Lab of Dalhousie university (yellow star — system lost/not recovered).

supports the acquisition of additional acoustic monitoring efforts into the future will allow us to
recording equipment and personnel with acoustics  continue to expand our knowledge of when and
expertise to help increase our understanding of where whales occur off eastern Canada, will help
the impacts of human-made noise, particularly us to monitor ocean noise in our waters, and will
shipping noise, on at-risk whale species including contribute to our understanding the impacts of
Endangered North Atlantic right whales, St. human-made noise on whales to better assess
Lawrence belugas and southern resident killer how to mitigate these impacts and protect whales
whales in the Pacific. Enhanced passive acoustic in our waters.
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Sharing Meals Keeps Killer Whale Families Together:
Provisioning relatives maintains long-term social bonds
and helps pass on shared genes

Brianna Wright, Eva Stredulinsky, Graeme Ellis,
John Ford

A study conducted by researchers at the Pacific
Biological Station (Fisheries and Oceans Canada,
Pacific Region) has received the award for the
Assistant Deputy Minister's 2016 Science Paper of
the Year. The award recognizes an innovative and
thought-provoking scientific paper in a peer-
reviewed journal that advances a field of study of
relevance to DFO’s mandate. The paper, entitled
“Kin-directed food sharing promotes lifetime natal
philopatry of both sexes in a population of fish-
eating killer whales, Orcinas orca’, was published in
the journal Animal Behaviour. The study found that
northern resident killer whales frequently share

A34, an adult female (30 years old) northern resident killer
whale, passes a portion of fish to A80, her male calf (1 year
old), in a food-sharing event recorded in Blackfish Sound,
British Columbia, Canada on October 26, 2005

(photo © Cetacean Research Program, Fisheries and
Oceans Canada).

fish with members of their family groups (known
as matrilines). Over a twelve-year period (2002-
2014), researchers observed killer whales from this
population catch 685 salmon, over 70% of which
they shared with other individuals. Animals of all
ages (except very young calves) and both sexes
participated in this behaviour. When prey was
shared, one whale usually made a long foraging
dive while other individuals milled at the surface.
Once the hunting whale surfaced with prey, it
carried the fish towards the milling individuals

or it was approached and joined by one or more
of these animals. Killer whales frequently swam
from as far as 400 m away to join in, although
more often, they were within 100-200 m when

the salmon was brought to the surface. Fish scales
and pieces of tissue were typically found at the
surface of the water where whales came together,
indicating that fish had been broken apart for
sharing. Researchers identified the species and age
of the shared fish by collecting these scraps or ‘left-
overs. This prey sharing behavior was also captured
on video, using an underwater camera on a pole
that was lowered off the side of the research boat.

Resident killer whales prey almost exclusively on
salmon and depend particularly on Chinook (the
least common species of salmon in the Pacific
Northwest), which makes up the majority of their
known diet. Despite the importance of Chinook
to the survival of individual killer whales, they
frequently choose to share this critical resource
with family members. This behaviour is quite
remarkable, since any of these fish could easily be
eaten whole by a single whale, but instead they
choose to break them apart and share them. The
vast majority of salmon that were shared by whales
were given to close maternal relatives (84%) —
fish were rarely shared with animals outside the
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matriline. This type of self-sacrificing behaviour
can actually end up benefitting whales that give
up a portion of their meal. First, it limits the level
of competition among family members for access
to salmon, and second, by helping close relatives
and ensuring their health and survival, it helps
to pass on shared genes to future generations.

In other words, performing a helping behaviour
that favours the successful reproduction of close
relatives results in the proliferation of genes
common to both the helping individual and the
recipient; this is an evolutionary strategy known
as kin selection. Kin selective behaviours provide
the greatest benefit to helpers when they assist
individuals that are the most closely related to
themselves, as well as those with the highest
potential future reproductive output.

Food sharing is a kin selective behaviour that
helps to reveal how the exceptionally stable

social structure of resident killer whales may

have evolved. Typically, male mammals leave

their social groups when they reach reproductive
age, to prevent inbreeding and to reduce
competition between relatives. However, neither
male nor female resident killer whales ever leave
their mother’s social group, a pattern that has
been documented in only a handful of species
worldwide. Resident killer whales remain with their
mothers for their entire lives because food sharing
with close maternal relatives provides significant
benefits, such as proliferation of shared DNA. These
benefits are only available to whales that stay with
the group they are born into. Resident killer whales
are able to avoid inbreeding without permanently
leaving their mother’s group because they have
sophisticated acoustic dialects that help them to
recognize and avoid mating with kin.

Although both sexes of resident killer whale
remain with their mother’s group throughout
life, the study found a significant difference in
the way that males and females shared fish with
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Figure 13.

Percentage occurrence of prey sharing based on the
age-sex class of the whale making the kill (i.e. the ‘sharer’).
Includes only those kills made by a single, photo-identified
individual and for which sharing probability was certain

(N = 466). Adult: =12 years old; subadult: individuals of
both sexes <12 years old.

their family members (Figure 13). Adult females
shared almost all of the fish that they caught (91%),
and shared most frequently with their offspring.
Unlike females, adult males shared fish much less
frequently (25% of salmon caught), which might
be explained by several factors. The first is that a
male’s offspring are born to females outside of

his matriline, and therefore males are less related,
on average, to the members of their family group
and as a result are less likely to share fish with
them. Adult males also have greater nutritional
requirements because of their large body size, and
therefore probably need to retain more food in
order to meet these needs.

When adult males did share fish, it was often with
their mothers. Since these females were usually
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older, post-reproductive matriarchs (Figure 14),
this behavior is surprising, because assisting an
individual that can no longer reproduce does

not help perpetuate shared genes. There is no
apparent advantage in doing this from a kin
selection perspective. However, post-reproductive
matriarchs favoured sons when they shared
salmon (Figure 14), and other research has shown
that adult sons whose mothers have died are less
likely to survive themselves. Adult males probably
share fish with their mothers to ensure that their
mothers survive and continue to provision them
into adulthood.

Conversely, the study found that mothers stop
sharing prey with their daughters around the
time that daughters reached adulthood and
produced their first calves. This is probably
because daughters became more focused on
provisioning their calves than on sharing food with
their mothers. Mothers may also choose to favour
adult sons instead of daughters because sons have
a greater expected lifetime reproductive output
(female killer whales produce around 5-7 calves

in their lifetime, whereas a successful male could
potentially sire many more). Mothers who share
fish with sons to enhance their survival therefore
receive a greater return on their investment

(in terms of shared genes passed to the next
generation). The decline in sharing with daughters
may help to explain why resident killer whale
groups sometimes split across maternal lines —
daughters that no longer receive the benefit of
salmon from mom may strike out on their own
with their offspring.

The research paper is available online, free of
charge, at the following link, along with video of
northern resident killer whales sharing a salmon:
http://www.sciencedirect.com/science/article/pii/
S0003347216000737
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Figure 14.

Percentage of sharing interactions by age-sex class of
recipients for each age-sex class of sharer: sexually mature
male (12-17 years, N = 12 interactions); physically mature
male (>17 years, N = 32); reproductive female (12-39 years,
N = 286); post-reproductive female (>39 years, N = 28);
subadult (<12 years, both sexes, N = 73). Includes a total of
N =431 sharing interactions observed during 341 different
predation events in which sharing was confirmed with the
highest level of observer certainty.
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New developments in the use of fatty acids to determine
marine mammal diets

Shelley Lang’, Connie Stewart?, Don Bowen’
and Sara Iverson®

Determining the diet of marine mammal species

is difficult because most feeding occurs while

they are diving at remote locations in the ocean
and thus cannot be observed directly. Traditional
methods using prey hard parts recovered from
feces or stomach can provide useful information,
but known sources of error and bias have
motivated the development of new methods to
determine marine mammal diets. Quantitative fatty
acid analysis (QFASA) is one of these new methods.

Fatty acids are the building blocks of fat. In the
ocean, there are about 67 such building blocks

in the fats of most marine fish and invertebrate
species such as Atlantic cod and squids,
respectively. Although the same fatty acids occur
in most species, their relative abundances differ
greatly providing a fingerprint by which, for
example, cod can be distinguished from herring
and other fish and invertebrate species. An
important feature of prey fatty acids is that they
are deposited in predator fat stores in a predictable
way. Thus, by comparing the predator’s fatty acid
profile with a library of prey species fatty acids, we
can estimate how much of each prey species must
have been eaten to produce the predator profile.
From this the diet composition of the predator can
be estimated.

! Fisheries and Oceans Canada
2 University of New Brunswick
® Dalhousie University

Although the method has been used for more than
a decade, improvements continue to be made.
Principle among these concern the library of prey
species fatty acids and the calibration coefficients
needed to account for predator metabolism of
prey fatty acids. Although 87 prey species are
represented in the fatty acid library, 21 species are
now used to estimate the diet of grey seals on the
Scotian Shelf. Estimates are now based on a subset
of dietary fatty acids (i.e, those that can only come
from the diet and cannot be synthesized by the
predator) that are reliably estimated. Finally, the
calibration coefficients that are associated with
these 28 fatty acids have been tested for how well
they work by comparing model results against
diets fed to captive harbour and grey seals. These
improvements in QFASA should provide more
accurate estimates of not only the diets of grey
seals but other marine mammals.
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More than a mouthful - unlocking bowhead whale
foraging and reproductive histories from baleen

Cory Matthews’, Nadine Lysiak?, Kathleen Hunt?,
Conny Willing’, Claire Hornby', Mads Peter Heide
Jorgensen®, Steve Ferguson'’

Effective management of marine mammal
populations requires knowledge of habitat use (for
example, where do they feed, and where do they
raise their calves?). Understanding reproductive
rates, which allows for projecting population
growth from current levels, is also important.
Bowhead whales, which exist as two populations
in the eastern and western Canadian Arctic,

are currently recovering from severe depletion
from commercial whaling over the past several
centuries. While their populations are now doing
well, a good understanding of when and where
bowhead whales feed throughout the year, as well
as the calving rates of mature females, can help us
understand how bowhead whale populations may
respond to climate change-related stressors such
as changes in prey availability, increased shipping
activity, and oil exploration.

Studying the ecology and reproduction of

large whales is difficult, especially for bowhead
whales that migrate long distances in a region
that is inaccessible to conduct research during
much of the year. Recent scientific studies have
shown that measurement of the composition of
baleen, a keratinous material (like fingernails) that
grows in long, thin plates from the upper jaw of
bowhead whales, can be used to reconstruct diet,
movements, and reproductive histories. Baleen
plates, which are closely packed together and
coated in long hairs, allow the whales to filter tiny
organisms called zooplankton — which form their

! Fisheries and Oceans Canada

2 University of Massachusetts, Boston

* Northern Arizona University

4 Greenland Institute of Natural Resources

diet — from the water. Baleen grows continuously
at about 20 centimeters a year, and can reach
lengths of 3 to 4 meters in bowhead whales - in
other words, one baleen plate can represent up to
20 years of growth!

One of the most interesting developments in
marine mammal research over the past decade is
the measurement of the chemical composition
of continuously growing structures like baleen

to learn about past diet and migration patterns,
and reproductive history. Because baleen forms
directly from dietary metabolites in the blood,

its composition reflects that of the whale’s diet

at the time of growth. The nitrogen and carbon
composition of animal tissues like baleen in
particular can be used to assess what and where
an animal eats because ratios of stable isotopes
of these two elements vary with an animal’s
trophic position (where it is located within the
food web), and its habitat. Similarly, hormone
concentrations that peak in an animal’s blood,
for example, progesterone during pregnancy, are
also incorporated into baleen as it forms. Baleen
is therefore an archive of an animal’s dietary and
reproductive history that can be accessed by
measuring the isotope and hormone composition
along its length.

Fisheries and Oceans Canada and the Greenland
Institute of Natural Resources have collected
baleen plates from more than 20 whales harvested
in subsistence hunts in both countries over the
past 10-15 years. Researchers have drilled small
samples of baleen in 2-cm increments along

the length of each plate, which corresponds to
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a sampling interval of about 1 to 2 months, and
measured them for stable isotope and hormone
concentrations. All individuals exhibited stable
isotope cycles every 20 cm, or equivalent to

the annual baleen growth rate. By matching
zooplankton isotope values with the baleen
isotope peaks (Figure 15), which occurred in
summer, and troughs, which occurred in winter,
researchers showed that bowhead whales
forage throughout their annual range. While

it has long been known that bowhead whales
forage intensively during the summer months
on zooplankton known as copepods, it has been
assumed that winter, when the cover of sea ice
limits ocean productivity, was a time that bowhead

Drilling baleen at 2-cm increments (photo: Cory Matthews).

whales fasted and relied on their blubber stores

for energy. However, results of the baleen isotope
research indicate that bowhead whales feed to
some extent during winter, perhaps on copepods
that hibernate at the sea floor. This research
therefore indicates bowhead whales may select
winter habitat in regions that allow them to dive

to the bottom and forage, and that winter feeding
forms a more important part of their annual energy
budget than previously thought.

More recent analyses of baleen hormones are
ongoing, but initial results have shown this to
be a promising technigue to learn more about
both female and male reproductive behaviour.
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Isotope ratio oscillations along the baleen of one bowhead whale are related to seasonal movements and foraging. The
isotope values of zooplankton, which bowhead whales feed on, differ between their summer and winter grounds. As the
bowhead whales migrate and feed between these areas, the distinct isotope ‘signature’ of each region is recorded as an

annual cycle in their baleen.

For example, progesterone peaks indicating
pregnancy were detected along the baleen

plates of 10 females. The next step — analysis of
the placement of these peaks relative to annual
isotope cycles — will allow for researchers to
determine calving interval, or how often each
female was pregnant and gave birth (versus
pregnancies that were terminated prematurely).
Simultaneous measurement of the stress hormone
corticosterone showed that all progesterone

peaks were associated with elevated stress, likely
reflecting the extra investment required by females
in terms of allocating resources to the developing
fetus. Researchers were also able to detect annual
peaks in testosterone in male bowheads, which
indicates they breed annually. Further, testosterone
peaks were offset from the peaks in nitrogen and
carbon isotopes that occurred in summer, which is
consistent with observations of bowhead whales
breeding in the spring.

The long baleen plates of bowhead whales make
them an ideal species for applying this novel

method of reconstructing dietary and reproductive
histories. Research has already shown foraging
patterns that were previously unknown, and
further analysis of reproductive hormone data will
allow for researchers to develop better models of
bowhead whale population growth. Ultimately,
isotope and hormone patterns in individual plates,
including remnants from commercial whaling
hundreds of years ago that are currently housed
in museums, can be combined to examine
changes in diet and reproduction over much
longer periods of time. For example, a clear
decline in stable isotope values was observed
across the three decades represented by the
sample of 20 whales that have been measured

so far, which may be related to diet shifts. As the
Arctic climate continues to change, future analysis
of diet variations and concomitant variation in
reproductive parameters and stress levels may

be used to indicate negative health impacts and
population trends.
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Observing walrus behaviour at haulout sites in

quasi real-time

Arnaud Mosnier and Mike Hammill

Walrus follow a typical pinniped life history strategy
combining marine foraging with hauling out on
land or the ice to rest and for reproduction. The
effects of climate change are already impacting
seasonal ice cover. In the future, walrus are
expected to have fewer haulout options as
summer pack ice recedes, forcing animals to make
greater use of a restricted number of terrestrial sites
and limiting availability of foraging areas to those
in proximity to these haulout sites.

In Canada, a decline in ice cover may impact
walrus, but perhaps not as severely as in the
Pacific, where walruses are making extensive use
of the offshore pack-ice. One potential benefit

(Note: the photo was taken at 10 PM) (photo: DFO).

is that as summer ice cover declines, animals

will make greater use of islands and coastal

areas which may be easier to survey to derive
abundance estimates. Currently, coast surveys

are characterized by considerable uncertainty in
the day to day numbers of walruses hauled out at
any one time and uncertainty in the proportion

of the population hauled out. One approach to
improving our understanding of changes in counts
of walrus at haulout sites is to increase the number
of overflights of key sites during surveys, which is
expensive and time consuming.

The deployment of remote cameras at principle
haulout sites could provide information on
numbers of walruses using a site on a daily basis,
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information that could

be incorporated into

surveys. At the same time,
cameras could record
activity patterns on daily

and seasonal haulout use.
Data can be stored and
downloaded onsite later in
the season. However, this
approach is cumbersome
and would mean data are
not available until a year later
when the site is revisited.
Transmission of remote

data via mobile telephone
and VHF networks is S
common but is not possible p——t

on walrus haulout sites
because they are generally
located far from any human
installations. The use of
satellite communications is
becoming more affordable
and some companies are
developing smaller systems
that can take advantage of
such technology.

A tower mounted digital
camera was installed in
early August at an haulout
site along the Nottingham
Island coast, located in the
Hudson Strait, north of the
Nunavut Inuit community
of Ivujivik. The choice of
the site was based on the
local knowledge of the
hunters and the installation was conducted in
collaboration with them. The camera system is
powered by a solar panel and a rechargeable
battery pack provides electricity to the camera
and the satellite modem allowing the transmission
of the data. A small weather station installed on

The camera system installed on the island (photo: Samuel Turgeon).

another part of the tower also records the wind
speed and direction along with the temperature.
The camera is programmed to take several
pictures per day so as to cover the daily patterns
of occupation of the site by walrus. Among those
photos three are transmitted through satellite to a
website that can be accessed from DFO's Maurice
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Lamontagne Institute. This allows us to recover the
information collected in quasi real-time (photos
are uploaded daily). The photos are also accessible
to local hunters allowing them to observe what is
happening with walrus as well.

This first installation is a test from various points
of view. The plan is to deploy the system on site
during one year as a test to see how it will react
to the harsh conditions that can occur in this area.
This is also a test for the feasibility of the use of

satellite transmission in those conditions, including
during the winter, when the limited number of
daylight hours may limit the solar panel’s abilities
to keep the system operational. Depending on

the result of this project, similar systems could be
deployed at other walrus haulout sites and be used
to monitor other species, including for example
the monitoring of the use of some estuaries by
belugas.

From the left to the right: Jusipi Padlayat, Charlie Paningajak, Adamie Paningajak,
Paulusie Tarriasuk, Samuel Turgeon (DFO Quebec), Tivi Alaku, Arnaud Mosnier
(DFO Quebec), Jusi Sala (photo: DFO).
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Moving towards automated counting

Garry Stenson, Mike Hammill

Obtaining an estimate of animal abundance is
needed to identify conservation objectives, for
setting harvest limits and evaluating the impact of
development. To do this, we often carry out visual
or photographic surveys, to determine the number
of animals in an area. During visual surveys, trained
observers detect and tabulate animals as they
pass by along a predetermined transect in a boat
or aircraft. The advantages of such surveys are

that observations can be made quickly, the data
entered and analyzed to produce an estimate
within a period of days to only a few weeks.

However, visual observations are transient; the
observer quickly sees the animal, identifies species,
number and other data which are recorded, but
there is no way to return later to verify if the data
are correct.

The preferred approach is to use a sensor, such

as a camera, to photograph the area. However,
each photograph must be examined which can
be difficult and time consuming. Detection of
animals in a photo depends on the quality of the
image and the ability of the reader to identify the
animal on the photograph (Figure 16). This ability
to detect an animal will vary between readers, but

e

Figure 16.
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Photograph of ice taken during a harp seal pup production survey. White coated pups are circled. Counts
of dark adults are not used in the assessment. The counting process is laborious because of the number of
images and the time needed to search each image. For many ice-breeding seals this is further complicated
because of the lack of contrast between a white-coated pup and the white background.

Center of Expertise in Marine Mammalogy: Scientific Research Report 2015-2017 39



because there is a physical image that can be
re-checked, protocols can be developed and
quality of identifications evaluated. Over the

last three decades we have seen tremendous
improvements in image quality as platforms have
incorporated motion-compensation mechanisms,
and moved from film to digital systems. With
current digital systems the resolution is so great
that readers can hone in on a single image,
magnify it and determine if it is an animal or

some other object. This has reduced the amount
of correction that has been applied to counts to
compensate for missed animals. Incorporating the
imagery into Geographic Information Systems (GIS)
has also helped to accelerate counting since each
animal is georeferenced on the screen and entered
automatically into a database, thereby saving time;
any questionable observation can be checked
right away, and time-wasting physical entry of data
is avoided. Geo-located data can also be used for
additional studies such as identifying the types

of ice used for pupping. However, many surveys,
particularly those of marine mammals, cover large
areas, so there can be an enormous number of
photographs to read. In our harp seal surveys we
generate 25,000 to 35,000 images each year that

a survey is flown. Currently, this requires three
people, working full-time, a year to read all of the
imagery.

An automated detection and counting system
would speed up the processing of photographs
and reduce both the amount of time and energy
needed to count animals on images. Such an
approach could be semi- or fully automated. In a
fully automated system, the number of animals
present on an image is detected and tabulated
by the system. This reduces the amount of effort
needed and speeds up the final results, but is very
difficult to actually develop. A semi-automated
system, where potential animals are highlighted
and a trained observer decides if it is a marine
mammal or not, is more feasible. Over the years,
various attempts have been made to create

a semi-automated system to count seal pups

but it is only in the last decade with significant
improvements in computing power, and major
advances in facial recognition systems, that some
progress has been made. These features, combined
with an approach referred to as deep learning

have opened up possibilities to developing new
automated detection systems. Deep learning

is where the computer, exposed to hundreds of
images of marine mammals (e.g. seals on the ice),
slowly learns to distinguish what a seal on the ice
looks like. This differs from earlier, more traditional
approaches in which scientists attempted to define
the shape of a seal using very complex algorithms.

DFO scientists are working with researchers from
the Norwegian Institute of Marine Research and
the Norwegian Computing Center to develop a
program that automatically identifies potential
harp and hooded seal pups in aerial images using
a Deep Convolutional Neural Network (CNN).
While still in the developmental stage, early results
suggest that this is a useful approach. The method
was developed using images from older Canadian
and Norwegian surveys and is now being tested
against images obtained during the harp seal
survey DFO carried out in March of 2017. It is
hoped that the program will be operational in time
for the next survey.

The greatest challenge in identifying marine
mammals, and in particular seals that give birth

to white-coated pups like harp and grey seals,

on images obtained using normal sensors is

the lack of contrast between the seals and their
background. In the past, ultra-violet cameras have
been used to improve the contrast of harp seals
but such cameras were expensive and hard to
obtain. However, over the last few years, sensors
that operate using other wavelengths, have
become readily available. Thermal sensors which
can measure the difference between the warm
temperatures emitted from an animal and its
colder surroundings are one example of a sensor
that offers potential. Working with researchers from
the Duke University Marine Laboratory, we recently
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deployed a thermal sensor in a small Unmanned
Aerial Vehicle (UAV) to collect imagery of grey
seal pups born on small islands during January in
Atlantic Canada.

A seal detection model was developed to scan
thermal imagery, detect seals, and count them.
Counts obtained using the automated counter
were compared to manual counts obtained from
two island breeding colonies in Atlantic Canada.
The tool used temperature thresholds and pixel
cluster size sorting to detect grey seal adults and
pups. The images were first examined manually
to provide a baseline count. They were then
examined using the automated thermal model.
At one island, the automated counter detected
5% fewer seals than were detected manually. At
the second island, the automated counter only

Figure 17.

detected 2% fewer seals than were counted
manually (Figure 17).

In our analyses, the automated method performed
better than manual counts at the prediction site
(site two) where ambient landscape temperatures
were lower, allowing for better contrast between
seals and the environment. However, the model
failed to detect young animals that were not warm
enough. These ‘cold’animals were likely dead
animals that did not have a thermal signature

but could be seen by the human readers. This
automated system is relatively easy to set up and
apply using commonly used GIS software. In areas
where multiple sensors are used, it offers a clear
way forward to improve counting and tabulation
of imagery obtained from our surveys.

Imagery of a grey seal pupping colony on an island in Atlantic Canada taken using a normal camera (left) and an image for
the same island colony as recorded using a thermal infrared camera (right). From Seymour et al. 2017 (Seymour, A.C,, J. Dale,
M. Hammill, PN. Halpin, and D.W. Johnston.2017. Automated detection and enumeration of marine wildlife using unmanned
aircraft systems (UAS) and thermal imagery. Scientific Reports 7 :000-000. http://dx.doi.org/10.1038/srep45127. Published

online 24 March 2017)
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