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Canada’s Oceans Now
National Public Report 2020

As part of the Government of Canada’s ongoing commitment to inform its citizens
on the current state of its oceans, Fisheries and Oceans Canada produces a series
of reports entitled Canada’s Oceans Now. Each four-year series features an annual
report summarizing the current status and trends for the Pacific, Atlantic, and Arctic
oceans followed by a national synthesis. Reports provide highlights and examples
of the multitude of influences and changes affecting these dynamic ocean systems.

Canada’s Oceans Now, 2020 is a national review and update of Canada’s three
oceans based on previous technical and public reports for the Pacific, the Atlantic,
and the Arctic Oceans. New knowledge was also incorporated based on updated
information. Scientific research was conducted principally by Fisheries and
Oceans Canada and Environment and Climate Change Canada (seabirds); some
information was also based on community and Indigenous knowledge and work by
universities and non-governmental organizations.
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Oceans

Our nation is a steward of the unique
ecosystems and wealth of bIOdIV

With marine waters spanning its west, north, and east coasts, Canada is an ocean
nation. Canadians are influenced in many ways by the Pacific, Arctic, and Atlantic
Oceans. Our three bordering and connected oceans support a bounty of habitats,
plants, and animals, and play a key role in our economy, culture, identity, health
and well-being (See All Canadians are connected to the oceans). While humans
have collected ocean observations for centuries, there is still much to learn about
Canada’s oceans. Today, new technologies are used alongside Indigenous and
local knowledge to further understand marine ecosystems and how they are
changing. Complex issues, such as the behaviour and status of migratory

species that move between oceans, are better addressed when researchers from
different disciplines, organizations, or countries collaborate (See Marine animals
without borders).

The waters surrounding Canada are constantly moving (Figure 1: The ins and
outs of Canada’s oceans). On the west coast, Pacific waters flow into the Arctic,
bringing waters that are naturally acidic northward. On the east coast, the cool
Labrador Current brings water south from the Arctic over the Newfoundland and
Labrador Shelves, while the Scotian Slope is warmed by the Gulf Stream as it
flows northward. Closer to Canada’s coastal communities, the ebb and flow of
tides uncover shallow habitats such as mud flats and rocky shores, while altering
shorelines through the erosion and deposit of sediments. The intertwining networks
of inland lakes, streams, and rivers connect geographic locations across the
country and also bring freshwater to the ocean. For example, the St. Lawrence

River flows from Lake Ontario into the Gulf of St. Lawrence creating a vast and
productive estuarine environment as large amounts of freshwater are brought to the
Atlantic Ocean.

An incredible diversity of species and habitats exist in the unique ecosystems

of Canada’s marine waters. Off Canada’s west coast, hundreds of deep sea
hydrothermal vents spew super-heated gases up from the Pacific Ocean’s seafloor.
On the Juan de Fuca Ridge, vents host around 60 different species, 12 of which

do not exist anywhere else in the world. Up north in the high Arctic, the newly
designated Tuvaijuittug Marine Protected Area (MPA) has some of the oldest and
thickest sea ice in Canada. Old ice from other Arctic waters can collect there,
making it a summertime sea ice preserve and a home for the many species that
rely on sea ice to survive. Out east, Atlantic Canada’s Bay of Fundy has the highest
tides in the world, and its powerful currents stir up the nutrients needed for plankton
growth, making it a hotspot for biodiversity that includes whales, fishes, bottom-
dwellers and seabirds.

Canada’s oceans are also connected by change. Our oceans have all experienced
pronounced physical and biological changes in recent years due to climate change
and human activity —temperatures are rising; habitats are degrading; species
distributions are shifting; and food webs are being transformed. In this National
State of the Ocean report, common and unique observations and trends were noted
in Canada’s three oceans for ocean climate, habitats, species, and food webs.
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Aerial drone photo of tourists visiting the floe
edge near Sirmilik National Park in Nunavut,
Canada. GROGL. Shutterstock.

Canada’s Oceans Now
National Public Report 2020
Fisheries and Oceans Canada

4



All Canadians are connected to the oceans

Canada has the longest coastline of any country in the world, and the ocean
is deeply integrated into the lives of all Canadians.

A connection to the ocean is a natural part of human life. We are drawn to the
ocean for its complexity, diversity, spiritual significance, beauty and beyond.
Canada’s oceans support important aspects of social and cultural identity,
especially among Indigenous and coastal communities.

Oceans provide natural services to life on Earth as they make clean air and
water. They provide food security through recreational, subsistence, and
commercial harvesting of marine plants and animals —feeding communities
and countries near and abroad.

Canada’s three oceans support livelihoods through fisheries, aquaculture,
shipping, energy production, travel and tourism industries. They’re an
efficient method of travel for local movement and for transport of economic
goods across the world. Ocean recreation provides a place for many leisure
activities on or near the water—from dive trips to kayaking adventures and
sailing to fishing.

Given the close linkages between our oceans and human wellbeing, it is not
surprising Canadians also have a strong interest in ocean stewardship. In
particular, balancing how we use the ocean so that it is healthy and continues
to benefit people has been a longstanding driver for focused ocean research
and education in Canada.
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Many marine animals move from ocean
to ocean and cross international borders
to find plentiful feeding grounds, a
preferred water temperature, or to
complete a portion of their lifecycle.
Studying these animals means working
together across regions and countries.

Leatherback and loggerhead turtles are
found in Atlantic Canada throughout
the summer and fall seasons, where
they forage in warm offshore waters
influenced by the Gulf Stream. They
migrate to this area from southern
nesting sites that are found in over

a dozen countries in South America,
the Caribbean, and the southeastern
United States.

Some migratory marine mammals, such
as Atlantic walrus, narwhals, and harp
and hooded seals, migrate southward
from the Arctic into Atlantic waters for
part of the year to give birth (or pup)
and feed. Beluga that feed and give
birth in the western Canadian Arctic
exit westward in the fall, transiting to
American and Russian Arctic waters.

Even species that live near the seafloor
will cross borders. Pacific hake is the
most abundant groundfish (fish that
live and feed on or near the seafloor)
in the northeast Pacific Ocean. Each
year coastal populations migrate from
deeper waters of northern California to
the shallower waters of the continental
shelf break and inshore Vancouver
Island to feed. They travel north along
the British Columbia coast, as far as
southern Alaska in some years. In the
Arctic, Greenland halibut were recently
found to travel all the way from Baffin
Bay, Nunavut to the Grand Banks of
Newfoundland, as well as to the west
coast of Iceland.
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Adult harp seal on pack ice off
Newfoundland and Labrador in 2012.
Fisheries and Oceans Canada, NL Marine
Mammal Section.
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The ins
and outs of
Canada’s
oceans

There is an incredible
diversity of unique
ecosystems in Canada’s
marine waters

Russia

Mackenzie River * .

PACIFIC

Fraser River

PACIFIC

The Fraser River Estuary supports a
wide diversity of plant and animal life,
including seven salmon species

Hydrothermal vents are huge
chimney-like structures that release
plumes of hot, chemical-rich water
that support one of the highest levels
of microbial diversity on earth

The upwelling of deep ocean water
brings nutrients to coastal waters
supporting phytoplankton growth
and ecosystem health, attracting
migratory species

ARCTIC

Nelson River °

ARCTIC

Anguniaqvia nigigyuam Marine
Protected Area provides important
habitat for many Arctic marine
species and is near a bowhead
whale feeding area

The North Water Polynya has
areas of open water all year, providing
needed resources for many species

Estuaries in western Hudson Bay
attract nearly 30% of the global
population of beluga whales

Greenland

ATLANTIC

St. Lawrence/River

/.
é

ATLANTIC

The Grand Banks of Newfoundland,
where the warmer Gulf Stream meets
with the cooler Labrador Current, is a
highly productive area for marine life

The St. Lawrence River meeting
the Atlantic Ocean forms a rich and
diverse estuary ecosystem

The Bay of Fundy’s massive tides
and strong currents cycle nutrients
and concentrate plankton, resulting in
an abundant food supply for whales,
seabirds, and other marine species
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Spotlight

Figure 1: Major currents connecting—and
some unique features of —Canada’s Pacific,
Arctic, and Atlantic oceans. The yellow
numbered circles highlight a few areas of
significance for each ocean.

Left: Sunset in North Vancouver, British
Columbia. Kyle Thacker.

Canada’s Oceans Now
National Public Report 2020
Fisheries and Oceans Canada

7



° .
- e & ¢
L] . .~. j ’.'
- . .. 3 L ' £
. ' : . o o - ® - - -
- - » .
L] g . -~ ' -
5 4 ._. ’ > '.'
-, & . © S . » 5 --
p. L] - ',.. A ."_.j-". . o - T - ‘.—’ - -~ —
. . . o AT e S - _ = T o

Ocean Climate

Canada’s oceans have become warmer,
more acidic, and less oxygenated due to
climate change

Canada’s oceans are closely connected to the atmosphere and
the global climate. Oceans are affected by seasonal and year-
to-year climate variability as well as long-term climate change.
Increasing levels of greenhouse gases in the atmosphere
cause global temperatures to increase. As Canada’s oceans
absorb this heat and carbon dioxide, they become warmer and
more acidic, oxygen levels drop, summer sea ice in the Arctic
decreases, and marine heatwaves become more frequent.
Ocean currents and mixing redistribute the heat and carbon
dioxide absorbed at the sea surface to deeper waters causing
further changes to marine ecosystems that can be expected to
last for decades.
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Top: Jeremy Bishop.

Bottom: Freshwater flowing into the Beaufort

Sea from the Mackenzie River, Northwest
Territories. NASA Earth Observatory.
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Ocean temperature

Heat from the sun warms ocean surface waters and mixing transfers this heat |

Foreword

Ocean Connections
Ocean Climate

into deeper water layers. As a result of climate change, water temperatures are Topic = Sealice
fluctuating in unprecedented ways from ocean surface to seafloor, Changing

water temperatures can also affect the distribution, growth, and life cycles of Topic Water movement
plants and animals —and the availability and timing of food sources in marine .

ecosystems. Figure 2 Upwelling

STATE OF CANADA’S

IN THE PACIFIC
Canada’s Pacific Ocean shows a long-

IN THE ARCTIC
Average summer (August) sea surface

IN THE ATLANTIC
For sea surface temperature, two of

How We Learn

Monitoring ocean
climate

OCEANS . :

term trend of ocean warming. Daily temperatures have been 1°C to 4°C the five warmest years since satellite Figure 3 Sea level rise
All of Canada’s oceans are sea surface temperatures collected higher than normal in the Beaufort records began in 1985 were recorded

. o ; ; i i Topic Ocean chemistry
warming and sea surface along the coast of British Columbia Sga, Bafflln Bay, and the Canadian . in 2012 (warmest) and 2014 (fourth
o over the past 80 years show coastal High Arctic in recent years. However, in warmest). The Newfoundland and

temperatures are rising by waters have warmed about 0.7°C. In winter when the ocean is ice covered, Labrador Shelves had overall above- Figure 4  Acidification
close to 1°C per century. the northeast Pacific, marine heatwaves  sea surface temperature has ngt | average bottom tempergtures bgtwgen _

have become more frequent. One changed. Loss of summer sea ice is 2012 and 2016. Increasing contribution Spotlight Running out of
However, summer surface multi-year marine heatwave from 2014 allowing sea surface temperature to of warmer water from the Gulf Stream oxygen
waters in some areas of to 2016 —called “the Blob” —saw sea r|§e more quickly |n. response to su.rface has alsolled to successwg 100-year- Habitats

_ surface temperatures reach more than air temperatures. Air temperatures in record high temperatures in the .

the Arctic have warmed 3°C above seasonal averages. Such the Arctic as a whole are warming at northern Gulf of St. Lawrence. SpeC|eS
as rapidly as 1°C per extended warm conditions have not twice the global average. Increasing air Food Webs

decade over the last 20
years. Warmer seasonal
temperatures in deeper
waters and more frequent

been seen in this region since record-
keeping began. In the summer of 2019,
a similar marine heatwave occurred in
the same area, but since then Pacific
sea surface temperatures have been
returning to the 30-year average.

and ocean temperature is also thawing
frozen ground across the Canadian
Arctic and causing coastal areas to
collapse and erode into the ocean.

How We Learn

Top: Juan Chavez.

Bottom: Great Island, Newfoundland. Alex B.

Lampron.

marine heatwaves are being
observed. These increasing
ocean temperatures are
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Sea ice

In the Atlantic and Arctic oceans, entire marine ecosystems are influenced
by the presence and movement of sea ice. In the Arctic, sea ice is the most
influential feature of the ocean environment; entire marine ecosystems are
changing as sea ice is altered by climate change. Sea ice affects livelihoods
along the Arctic and Atlantic coasts and is integral to Inuit culture. It acts as
an ice highway and connects communities to both ocean resources and one
another. As sea ice continues to change, its influence on the climate has far
reaching effects both locally and globally.

STATE OF CANADA’S OCEANS

Across Canada, there is a reduction in the amount and
thickness of sea ice as well as a shorter sea ice season. The
location, stability, and timing of sea ice areas has become less
predictable. Much of the remaining old sea ice is concentrated
in the northernmost part of Canada’s Arctic, making it a unique
refuge for ice-associated ecosystems and species.

IN THE ARCTIC

Sea ice in the Arctic is melting earlier
and forming later, leading to a longer
open water period that is altering how
the ecosystems function and species
interact. Within Canadian Arctic waters,
much of the old ice (having survived
summer and winter periods) still
remains around the islands of Nunavut
and the Northwest Territories, making
Canada one of the last remaining

homes for this shrinking sea ice habitat.

IN THE ATLANTIC

Atlantic waters are experiencing a
loss of sea ice cover. Warmer winters
since the late 1800s have led to less
ice and longer ice-free periods. During
the past decade, the amount of ice
on the Newfoundland and Labrador
Shelves, the Gulf of St. Lawrence,
and the Scotian Shelf has been lower
than average in most years. Record
low amounts of ice were observed in
the Gulf of St. Lawrence in 2010 and
on the Newfoundland and Labrador
Shelves in 2011.

Foreword
Ocean Connections
Ocean Climate

Topic Temperature

Topic Water movement

Figure 2 Upwelling

Monitoring ocean

How We Learn .
climate

Figure 3 Sea level rise
Topic Ocean chemistry

Figure 4 Acidification

Running out of

Spotlight oxygen

Habitats
Species

Food Welbs
How We Learn

Top: Old sea ice viewed from below,
Tuvaijuittug Marine Protected Area. Steve
Duerksen, Fisheries and Oceans Canada.

Bottom: Pilier-de-Pierre Lighthouse (Phare
du Pilier-de-Pierre) in the St. Lawrence
Estuary. Alex B. Lampron.
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“Water movements in Canada s oceans are complex Atntq‘sph r‘lc patterns vary
over time and naturally- alter how ocean waters move. Oeean water moves both

horlzontally (ocean currents) and vertically through _the water column (Figure 2:
Upwelling). These movements are influenced'by.how oceans interact with the
atmosphere and sea ice..As climate changes, the movement of ocean waters
can be affected; this.includes changes in patterns of upwelling, currents,
verfical stability of ocean layers (stratification), and sea level (See Figure 3: Sea
levels are changing). The water circulation patterns shown in Figure 1 provide
a generalized representation of ocean surface currents around Canada.

STATE OF CANADA’S
OCEANS

Increasing temperatures,
increasing freshwater runoff,
and decreasing sea ice are
changing the circulation
patterns of Canada’s oceans.
Warmer surface water is
leading to less vertical mixing
with deeper ocean layers,
affecting energy and oxygen
supply to ocean food webs.
A rise in global sea level is
impacting coastal areas in
Canada.

—

IN THE PACIFIC

The summer upwelling season in the
Pacific has started earlier since 2005
but is not resulting in greater primary
productivity of the ecosystem. Along
the coasts, the flow of freshwater from
the Fraser River into the ocean has
been increasing over the last 100 years.
Peak flow of the Fraser River is also
occurring earlier in the year, though it is
uncertain what influence these changes
may have on nearby ecosystems. Tidal
currents also contribute significantly to
the circulation of many coastal inlets
and fjords in British Columbia but are
not directly affected by climate change.

.' }.)‘) ;

IN THE ARCTIC

Upwelling in coastal waters has
increased in the western part of the
Canadian Arctic due to a sustained
clockwise rotation of surface water far
offshore. In the offshore, the ocean has
become more resistant to mixing as
stratification has been strengthened
by the buildup of freshwater and by
sea surface warming of ice-free areas
in summer. Changes in storms and
winds are also having greater effects
on shorelines as storm waves are less
impeded by sea ice.

IN THE ATLANTIC

Increased stratification in the Atlantic,
which reduces the mixing of surface
and deep waters, has been linked to
warmer sea surface temperatures and
increased freshwater runoff. The water
entering the Gulf of St. Lawrence is
formed by a mix of the Gulf Stream
waters from the south and the Labrador
waters from the north. In recent

years, the warmer Gulf Steam has

had a larger influence than the cooler
Labrador Current, leading to waters of
higher temperature and lower oxygen
concentrations, which is changing

the habitat conditions in the deeper
portions of the Gulf of St. Lawrence.
Sea level rise is variable across the
Atlantic, with levels falling in some
areas (2 mm per year) and rising in
others (2-4 mm per year).
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Top: Kayla Lovely.

Bottom: Rocks eroded by water movement
near Hopewell Cape, Bay of Fundy, New
Brunswick. Peter Lloyd.
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Upwelling

Upwelling is an important physical
process supporting life in the oceans

1 Upwelling brings nutrients from
deep water to the sunlit upper
layers at the ocean’s surface

2 Nutrients and sunlight are needed
for phytoplankton to grow

3 Like other plants, phytoplankton
use carbon dioxide (CO,) and
produce oxygen (O,)

4 Phytoplankton growth, known as
primary productivity, provides food
for many species and supports the
entire food web

5 Freshwater on the surface, for
example from melting ice, can
prevent deep water from mixing
upwards

MONITORING OCEAN CLIMATE

Collecting information on ocean climate to detect changes in the environment
requires precise measurements of water characteristics over the entire water
column and at different times of year. In Canada, oceanographic monitoring
programs are conducted at regular intervals to provide long-term records of
physical, chemical, and biological conditions of ocean waters.

Ocean monitoring uses anchored and shipboard equipment methods, such as
moorings, rosettes, and plankton nets as well as newer technologies such as
remote sensing, oceanographic buoys, and gliders. Integrating satellite technology
to observe the sea surface with a system of Argo floats to observe the water
column has greatly advanced the number and accuracy of oceanographic
measurements in Canada over time (See How We Learn, Figure 12: Ocean
sampling technologies).
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Figure 2: Upwelling, the physical movement
of deep, nutrient-rich water to the ocean
surface, is an important process supporting
the growth of phytoplankton and open ocean
food webs.

Bottom: CTD rosette used for oceanography
measurements during a survey in 2017.
Fisheries and Oceans Canada.
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Global sea level
IS rising

In Canada the sea level rise
depends on where you live

Sea levels are rising globally as a result
of increased freshwater input from
melting glaciers and ice sheets and the
expansion of warming ocean waters.
Rising oceans can erode coastlines,
damage ocean habitats such as kelp
and eelgrass, flood land, and batter
buildings and wharfs during storms.

Sea level rise is complex as it

varies markedly among Canada’s
coastlines, largely as a result of
localized geological processes such
as continental drift and post-glacial
adjustment. For example, on the west
coast of Vancouver Island tectonic
forces are raising the level of the

land faster than global sea level rise,
resulting in sea levels falling locally.
Sea level is also falling in parts of the
Arctic, such as in Hudson Bay, because
the land is rising in response to the
retreat of the last glacial ice sheet. On
the other hand, rising sea levels are
occurring faster than average in the
Halifax area as the land there is falling.

PACIFIC

Sea level rise

Current sea level

Juan de Fuca plate

ARCTIC

Sea level rise

Current sea level

ATLANTIC

Sea level rise

Current sea level

Erodes coastline

SEA LEVEL FALLING OR STABLE

Land level rise
WEST COAST OF VANCOUVER ISLAND
Sea levels are rising but the land is
rising faster due to continental drift,
leading to a local fall in sea level

SEA LEVEL MOSTLY FALLING

Land level rise
HUDSON BAY

Sea levels are rising but the land is
rising faster from post-glacial
adjustment, thus Arctic sea level
change depends on the rate of land
rising

Current land level

HALIFAX AREA
In Halifax, sea level is rising as the land
falls from post-glacial adjustment

In other Atlantic areas, sea level is
either steady or falling

SEA LEVEL RISE IS A SERIOUS THREAT

on some of Canada’s coastlines

Damages forests and farmland

Floods buildings Damages infrastructure
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Figure 3: Global sea level is rising. The
amount and direction of sea level change
around Canada’s coastlines varies
because of the influence of local geological
processes.
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mistry

Ocean chemlstry (meanlng the amount of oxygen, carbon d|0X|de and nutrients

However it is 'elng altered. by climate change and human activities. The world’

oceans absorb excess heat ahd carbon dioxide from the atmosphere, which

can have serious blo%l impacts in the marine environment. The increasing
arbon dioxide in the atmosphere react with seawater causing
! ore aCIdIC, (Figure 4: Biological impacts of acidified

STATE OF CANADA’S
OCEANS

Ocean acidity has increased
in all of Canada’s oceans.
Oxygen levels are decreasing
in Pacific and Atlantic
waters—in some places
more than others. The

input of excess nutrients is
creating polluted conditions
along some coastlines and
supporting more productive
ecosystems in other ocean
areas.

IN THE PACIFIC

Waters of the North Pacific are
naturally low in oxygen compared to
other oceans because subsurface
waters are prevented from reaching
the surface to get more oxygen from
the atmosphere by patterns of ocean
circulation. Oxygen-poor water in

the North Pacific forms an oxygen
minimum zone between roughly 500 m
and 2000 m. The depth range of this
area has expanded over the last 60
years with a 15% reduction in oxygen.
These low oxygen conditions pose

a threat to some marine animals but
may be related to greater numbers of
jellyfish observed. Increasing ocean
acidification has also been observed
in the North Pacific over the last 25
years and is of concern for species in
coastal fjords that are sensitive to these
changes. Shellfish farmers in the Salish
Sea report harmful effects from ocean
acidification, especially on the larval
stages of shellfish species.

waters) and the combination of lower dissolved oxygen in warmer water and
less ocean mixing means deep ocean water layers are losing oxygen as well
(See Running out of oxygen). Nutrients like nitrogen, phosphorus, and silica
are needed to support the marine food web, but excess amounts of some of
these nutrients added by human activities can negatively affect water quality.
Ultimately, acidification, low oxygen levels, excess nutrients, and warming
waters can combine to cause serious problems for marine ecosystems.

IN THE ARCTIC

The strength and area of acidification
in the Arctic is increasing as naturally
acidic Pacific waters continue to flow
into the Arctic Ocean. Due to the
acidity of these waters, sea butterflies
(pteropods) in the Amundsen Gulf are
showing high levels of shell damage.
Acidification of ocean waters can
occur throughout the Canadian Arctic
at different times of year, but ocean
acidification trends are not known for
most locations. The Pacific water layer
in the Arctic is also important for the
delivery of nutrients for the food web.
Upwelling is a key process bringing
nutrient-rich water from the Pacific or

other deeper layers to the sunlit surface.

Sea ice and temperature changes are
affecting where and when nutrients are
available for the base of the food web.

IN THE ATLANTIC

The acidity of ocean waters along parts
of the Atlantic coast is increasing at

a rate of 4.5-8.8% per decade. This
threat may be particularly important
for species with hard shells. For
example, laboratory experiments
indicate that ocean acidification may
worsen the death rates of juvenile
stages of American lobster and hinder
their growth and development. In the
Lower St. Lawrence Estuary, record
warm bottom temperatures, additional
nutrients from human activities, and
lower oxygen have worsened the threat
of acidification. Deep-water nitrate, a
nutrient necessary to fuel the base of
food webs, has been well below the
long-term average levels in many parts
of the Northwest Atlantic from 2012

to 2016.
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Top: Bering Sea phytoplankton blooms
visible from space. United States Geological
Survey.

Bottom: Shelled pteropods of Arctic waters.
Hopcroft/UaF/CoML.
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Oceans worldwide are

absorbing much of the
extra carbon dioxide
being released into the
atmosphere
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Oysters and
: shellfish
Corals and . _
sponges 1

Amundsen
Gulf

O Adult lobster

collection areas
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NATURALLY ACIDIC

The Pacific is the most naturally acidic of Canada’s three oceans, so an increase in acidity may
have a stronger effect here. Rising seawater acidity makes it more difficult for the shells of
oysters and other shellfish to form properly. It also impacts corals and sponges, which provide
important habitat for other creatures.

PTEROPOD SHELLS DISSOLVING

Pteropods, tiny swimming sea snails known as
sea butterflies for the way they move, are an
important biological indicator for ocean
acidification. Natural populations in the
Amundsen Gulf have high levels of shell
damage due to exposure to acidic waters."

(photo credit: Nina Bednarsek) | DAMAGED

@ @ Typical acidity

== Higher acidity

&~

2 4 6 8 10 12

JUVENILE LOBSTER GROWTH

Lab experiments indicate that ocean acidification may impact the growth and development of larval
American lobsters as well as increase death rate and slow the development of adult lobsters.?®

Size

Days of growth

Foreword
Ocean Connections
Ocean Climate

Topic Temperature
Topic Seaice
Topic Water movement

Figure 2 Upwelling

Monitoring ocean

How We Learn .
climate

Figure 3 Sea level rise

Topic Ocean chemistry

Running out of
oxygen

Spotlight
Habitats
Species
Food Webs
How We Learn

acidification on marine life in Canada’s three

I Figure 4: Observed impacts of ocean
oceans.

Photo: Off the coast of Newfoundland. Alex
B. Lampron.
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SPOTLIGHT

Running out of~~oxygen‘

Oxygen is a key indicator of
ecosystem health. Warming and
stratification of ocean waters can
lower oxygen to levels that cause
major stress to many forms of ocean
life (hypoxia). Human activity can also
lower ocean oxygen levels.

Excessive inputs of nitrogen and
phosphorus from fertilizers in
_ agriculture, sewage disposal, and
- urban runoff fuel the growth of algae in
coastal areas, resulting in large algal
: blooms. These large algal blooms
(i on the surface of the water prevent
ERr sunlight from reaching deeper waters,
.resultmg in the death and decay
‘%ﬁ planfs BIooms then sink to the
2 seaﬂoor;w ere they are consumed
"‘--Fby microbés that remove oxygen from
the water. High water temperatures
N make the prbblem worse by speeding
up algal growth and the rate that
mlcrobes feed on plant matter.

e

s

Today, there are worrying signs of
worsening hypoxia in some areas of
Canada’s Pacifi¢ and Atlantic oceans.
Waters more than 200 m beneath the

surface of the northeast Pacific Ocean

are particularly oxygen poor, resulting
in an oxygen minimum zone between
500 m and 2000 m below the ocean’s
surface. With greater warming, this
range has expanded vertically. In the
Atlantic, low oxygen conditions in
the deep waters of the St. Lawrence
Estuary have existed since 1984

and have persisted with the greater
influence of lower dissolved oxygen
waters from the Gulf Stream and

" increased nutrient levels due to runoff

from land.

Foreword
Ocean Connections
Ocean Climate

Topic Temperature
Topic Seaice
Topic Water movement

Figure 2 Upwelling

Monitoring ocean

How We Learn .
climate

Figure 3 Sea level rise
Topic Ocean chemistry

Figure 4 Acidification

Habitats
Species

Food Welbs
How We Learn

Phytoplankton bloom where the Fraser River
flows into Georgia Strait, British Columbia.
NASA Earth Observatory.
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£ Figure 5 Surface to seafloor
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Figure 6 Sea-ice habitat

How We Learn Exploring habitats

Human activity and climate change are affecting

all@cean habitats —from nearshore to deep ' | Topic. Offshore habitats
offshore Waters and everywhere in between | Spotight _Life at extremes

Spotlight Tuvaijuittuq

Canada’s marine habitats include rocky shorelines,
seamounts, sea ice, polynyas, and beyond—all supporting a
diverse array of ecosystems and species. Marine life depends
on healthy habitats—places in the ocean that can provide

Top: Juvenile Atlantic cod, Newman Sound,

living creatures with optimal conditions for their growth, Newfoundland. 2019. Shane Gross.

survival, and reproduction. From the coasts to offshore, Bottom: Massive soft coral creating

habitat for squat lobsters, sea stars,

shallow to deep ocean, habitat is provided by a wide variety fish, ang shrimps on a Pacific seamount.

Ocean Exploration Trust/Northeast Pacific

of environments, ocean conditions, and even marine species Seamounts Expedition Partners.

themselves. However, human activities and a changing climate

. I : Canada’s Oceans Now
are degrading ecosystems for their inhabitants. In some cases, National Public Report 2020
multiple threats have been documented (Figure 5: Canada’s FRCEE OO b

ocean habitats from surface to seafloor). 17



SURFACE WATER r SEAMOUNTS Foreword

High oxygen,imore Ocean Connections
light, less salty,
Phytoplankton Bloom Warmeur,sggtrlents Ocean Climate
fans RELE, o 20 50 on e GRS Habitats

excess nutrients Erosion \ w0 e expanding and threatening habitat
oz y Topic Nearshore habitats

Intertidal habitat provides food for many 3. _ e h Pacific seamounts provide unique
species, including humans Sy W offshore habitat and food sources

Topic Sea-ice habitats

PELAGIC
In open water

CORAL AND SPONGE Figure 6 Sea-ice habitat
b 1 '

How We Learn Exploring habitats

Spotlight Tuvaijuittuq

(v <P Shelf | |

VA Invasive European Fishing equipment / Topic Offshore habitats
== T U green crabs damages habitat '

Eelgrass is a nursery habitat for young DEMERSAL / Corals and sponges provide important Spotlight = Life at extremes

cod, salmon, and herring Just above seafloor habitat and are slow to recover

Species
Food Webs

~ KELP FOREST VENTS & SEEPS
» How We Learn

BENTHIC : - gy Diverse .
| : On seafloor / | O 2 Figure 5: Canada’s three oceans host
_ i 2 ‘ a diverse array of habitats that support
)= Wgrmir!g water .and DEEPER WATER T . : fre gbundqnt marine Iife. These habitats are
invasive species UDEWOIMS S P increasingly experiencing stress due to

Layers with various climate change and human activities.
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Canada’s ocean habitats from surface to seafloor S S—

. ) . . National Public Report 2020
Species and ecosystems depend on healthy habitats, but many important habitats are Fisheries and Oceans Canada
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Nearshore habitats

The coastal seascape of Canada has a diverse array of marine environments—
estuaries, rocky shores, salt marshes, kelp forests, mud flats, eelgrass

meadows, and land-attached sea ice. Sand and mud habitats just below the
coastal high-tide line support worms, molluscs, and small crustaceans—
important food for fishes and seabirds. Shellfish harvested in these habitats also
support local commercial, recreational, and subsistence fisheries. Eelgrass beds
and kelp forests form three-dimensional habitat along coastlines that serve as a
protected fish nursery —a safe place for young fishes to feed and grow.

STATE OF CANADA’S OCEANS

Commercial and industrial development along with
recreational activities are leading to the degradation of
some coastal habitats. Climate change impacts such as sea
level rise, increased storm surges, and frozen land melting
can cause coastal erosion. Many of Canada’s estuaries are
suffering from increased nutrient levels from runoff from land
resulting in excessive algae blooms and loss of light and
oxygen for plants and animals living on the seafloor. Invasive
species in Pacific and Atlantic waters continue to threaten
some coastal habitats. Such influences on the coast may also
be creating less suitable living conditions for many marine
species that depend on these habitats.

IN THE PACIFIC

Range expansions of invasive species
in the Pacific, aided by a warming
climate, are having negative effects on
habitats and the species they support.
For example, the invasive European
green crab, established in areas of
the Pacific, continues to be found in
new adjacent areas. Large groups

of green crabs damage important
eelgrass habitat and negatively impact
the animal species that live there.

Low oxygen in the Saanich Inlet has
negatively affected the abundance of
commercial shrimp species at their
preferred coastal depth.

IN THE ARCTIC

Coastal areas across the Canadian
Arctic are being altered by the thawing
and collapse of frozen cliffs and the
decreased protection of shorelines by
sea ice. Erosion is threatening homes
and historical sites in the western Arctic
and is adding sediments and nutrients
to the coastal ocean with unknown
consequences for marine life. Pristine
nearshore habitats are at high risk

from increased human activity, such as
shipping, which facilitates introductions
of invasive species.

IN THE ATLANTIC

Increased nutrient levels in Atlantic
estuaries are leading to loss of habitat
quality; in the Gulf of St. Lawrence
species living in intertidal flats and
eelgrass habitats have decreased.

In the nearshore, cold-water-loving
kelps face dual threats from warming
waters and the presence of an invasive
invertebrate, the coffin box bryozoan. In
some places, this has destroyed entire
kelp forests and allowed opportunistic
seaweeds, such as the invasive oyster
thief, to establish. Additionally, damage
to eelgrass beds by invasive European
green crabs has occurred in some
areas. Bottom-contact fishing gear

is disturbing some seafloor habitats,
affecting the marine communities that
depend on them.
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Top: Sea lions on rock, British Columbia.
UBC-DFO Research Cruise.

Bottom: Common sea star juvenile on
eelgrass blade in Newfoundland. Shane

Gross.

Canada’s Oceans Now

National Public Report 2020
Fisheries and Oceans Canada

19



et

Sea-ice habitat

Near the surface of the water column in the Arctic and Atlantic oceans, sea ice
supports marine plants and animals. Ice algae bloom in the sea ice, nourishing
grazing zooplankton; seals and walruses rest and give birth on the ice; and
polar bears travel across sea ice to hunt for fishes and seals. Sea ice is also a
fundamental part of the culture and food security of Inuit and affects coastal
Atlantic communities. Changes to sea ice can impact all marine animals that

STATE OF CANADA’S OCEANS

Sea-ice habitat in Canada is undergoing rapid changes. These
include sea ice loss, thinning, dominance of seasonal rather
than year-round sea ice, reductions in its extent, and changes
in timing of yearly sea-ice formation. These changes are linked
to climate change and impact the entire ecosystem including
marine animals that live or reproduce on or around sea ice.
Increasingly dangerous or unreliable ice conditions are also
limiting where and when Inuit can travel and hunt on the ice.

live or reproduce on or around it (Figure 6: Sea-ice habitat) as well as the open
water and seafloor habitats below it. Polynyas are unique and important habitats
of open water surrounded by sea ice. These ice-free areas can support an
abundance of marine life sustained by high primary productivity —particularly

marine mammals and birds.

IN THE ARCTIC

Across the Canadian Arctic, the ice-
covered period is shortening—ice
melts or clears away earlier and freezes
later. In some areas, old ice no longer
dominates offshore waters of the Arctic
Ocean and the new thinner ice pack

is more easily moved around by wind.
Around the many islands in the far
Canadian north, old ice remains, with
some ice as thick as was measured
nearly four decades ago in the Arctic
Ocean. A unique area with old sea-

ice habitat has been established as

a Marine Protected Area to protect
important ice ecosystems and ice-
associated species (See Tuvaijuittug).

IN THE ATLANTIC

The amount of sea ice has been
generally lower than average over the
past decade. Poor sea-ice conditions
have resulted in the loss of breeding
areas for grey seals in the Gulf of St.
Lawrence. In contrast, the loss of sea-
ice extent and northward shift of prey
has resulted in more frequent visits
by killer whales to the northern areas
of the Atlantic and into the Arctic.

In coastal areas of Newfoundland,
increased eelgrass cover has been
linked to less damage from ice due to
reduced winter sea-ice conditions.
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Top: As temperatures rise in summer, melt
ponds speckle the surfaces of Arctic ice.
MABEL team, NASA.

Bottom: Herd of walruses on ice floe in
Canada. Amelie Koch. Shutterstock.
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Changes in sea-ice
habitat

In the Arctic and Atlantic
oceans, sea ice supports major
life events for many species

r

ARC

Less old, thick ice,
thinner seasonal ice
each winter

FEEDING

r

Ice melts earlier
and freezes later

g Aol AT

Ice edge location
is changing

,

Arctic Atlantic

r

More mobile ice Where is this

happening?

HUNTING
TRAVEL
LIVELIHOOD

! Ecosystem stressor

EXPLORING HABITATS

Nearshore habitats are often explored from the shoreline or from small boats
using small scale equipment such as nets and sensors or divers to acquire
information. Aerial drones are also being used to provide wide overhead
images or video to measure habitats such as eelgrass and kelp. When it comes
to exploring offshore and deep sea habitats, large ships that can support
collaborative research and specialized equipment are needed. Remotely
operated vehicles (ROVs) on research vessels allow for the exploration of
habitats rarely seen before. Remote sensing technologies such as multibeam
sonar, aircraft-borne LiDAR (light detection and ranging), and earth observation
satellites can be used to map and study habitats such as surface waters,

the seafloor, and sea ice (See How We Learn, Figure 12: Ocean sampling
technologies).
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Figure 6: Major life events of species in
the Arctic and Atlantic oceans are affected
by the many changes in sea ice: presence,
timing, and thickness.

Bottom: ROV exploring dense glass
sponge garden on a seamount summit.
Ocean Exploration Trust/Northeast Pacific
Seamounts Expedition Partners.
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Multidisciplinary Arctic Program (MAP) — Last
Ice camp in Tuvaijuittug in 2019. Christine
Michel Fisheries and Oceans Canada.
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Offshore habitats

Offshore habitats include pelagic and water column
environments of the open ocean as well as deep sea
habitats. Despite their deep and often harsh conditions,
offshore and deep sea marine environments host a
surprising diversity of habitats that support unusual
organisms. Seamounts can rise over 1,000 m from the
seafloor creating biodiversity hotspots. Hydrothermal vents,

STATE OF CANADA’S OCEANS

The extent and health of offshore habitats
provided by corals and sponges, seamounts,
and hydrothermal vents in Canada has
declined in some areas due to physical
disturbance (bottom-contact fishing and
resource extraction), pollution, and variation
in ocean climate (warming waters). Living
coral gardens and glass sponge reefs are
especially vulnerable habitats as they are slow
growing; even after bottom-contact fishing

is prohibited, it takes a long time for these
species to recover. Lost or discarded fishing
gear may continue to impact all of these
habitats.

_\ T —— =k

cold seeps, and mud volcanoes are places where'}
chemical-rich fluids escape from.the seafloor, sometif
sustaining lush communities in very harsh environments.
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Cold water corals and sponges shelter small fishes and Figure 6 Sea-ice habitat

invertebrates from predators, serving as feeding areas,
resting sites, and protected areas for eggs (See Life at

the extremes).

IN THE PACIFIC

The number of identified Canadian seamounts

in the Pacific has tripled in the last two years;
however, low-oxygen conditions are affecting
animals living on them. Underwater surveys

have shown that most glass sponge reefs (some
located in the nearshore environment) have been
negatively affected by human activities and are

in poor overall condition and have been in poor
overall condition for the last five years. Living coral
gardens and glass sponge reefs are especially
vulnerable habitats as they are slow growing, and
recovery may be hindered by ongoing physical
and environmental threats.

IN THE ARCTIC

Deep sea corals and sponges and mud volcanoes
are unique offshore habitats in Arctic waters.
There are also ocean canyons and troughs, where
adult Arctic cod, key prey fish in the Arctic, prefer
to live; beluga can dive to depths over 1,000 m to
access their preferred prey. There is a vast area
of offshore habitats in Canada’s Arctic that has
never been studied and the biodiversity is still
unexplored.

How We Learn Exploring habitats

Spotlight Tuvaijuittuq

IN THE ATLANTIC _ :
Forty species of coral are known from Atlantic Topic | Offshore habitats

Canadian waters, although in many areas,

sponges are the dominant organism in terms of Spotlight Life at extremes
abundance and biomass. Corals and sponges
have not been fully documented in Atlantic waters, SpeCIGS

and many new species continue to be discovered.
The only known coral reef complex in Atlantic Food Webs

Canada is found at 300 m depth on the Scotian How We Learn

Shelf and measures over 1 km in length. In the

Gulf of St. Lawrence Channel, dense groups of

sea pens are found, forming habitat for other

species. Deep sea corals and sponges are highly Bamboo coral forests and wolffish. Disko
vulnerable to human activities like fishing and Fan, Baffin Bay. ROPOS. ArcticNet 2016.
resource extraction. Corals may also be vulnerable Fisheries and Oceans Canada.

to the effects of climate change as some species

can only survive at certain temperatures.
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SPOTLIGHT

Life at extremes

Among the unique offshore habitats

in Canada’s oceans are places where
chemical and physical conditions are
considered extreme compared to other
deep sea habitats. Hydrothermal vents
and cold seeps in the Pacific Ocean
and mud volcanoes in the Arctic
Ocean are places where gases spew
up from the seafloor. The resulting
chemical habitat prowdes energy to
microbes—the base of the food v veb -
which survive by using chemloars-
(chemosynthesis) rather than unlig

- (photosynthesis).

can rise 200-300 m up.into the Ié
column Some vents form Iarge* i

life around the ve
living organisms
of other anlmal
tubeworms. ai}

In the Canadian Beaufort Sea, acti\}é s
mud volcanoes spew warm mud
and methane into the Arctic ocean
waters. In 2013, tubeworms.'tffat _e"
use chemosynthesis to survive werg
discovered living on these mud o
volcanoes. They form the first and onIy
—known chemosynthetic communlty in
Canadian Arctic waters. :
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Super-heated hydrothermal venting at
Canada'’s first Marine Protected Area,
Endeavour Hydrothermal Vent MPA.
Fisheries and Oceans Canada. ROPOS.
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Topic Species trends

and animals in the ocean are shifting in  ~._ iz Topic. | Increasing and
ways that are difficult to predict Spotight | A salmon story

Spotlight Whale tales

Changes in the ocean environment are altering the abundance Topic | Decreasing trends
numbers) and distribution (range) of phytoplankton,
( ) . range) .p J p_ _ Food Welbs
zooplankton, plants, invertebrates, fishes (Figure 7: Fish

: : How We Learn
on the move), marine mammals, seabirds, and sea turtles.
The response of plants and animals to seasonal and year-
to-year climate variability depends on their ability to adapt.

Top: Narwhal in the Arctic. Marianne
In addition, human activities such as fishing, shipping, and Marcoux. Fisheries and Oceans Canada.
Bottom: Atlantic cod swimming over a large
patch of sea anemones and corals in the

: : : : : Cape Breton Trough, Gulf of St. Lawrence.
distribution, which can leave some species more vulnerable to n . OO, Ot o, S o

and Oceans Canada.

resource extraction can directly affect species abundance and

environmental change. Some groups of species, like Canada’s
many species of shrimp, tell a complex story of warming

i ; ; ; : . ’ Canada’s Oceans Now
waters, overfishing, and increased predation (Figure 8: What’s e [ s e
the catch with shrimp?). For many species, trends in their Fisheries and Oceans Canada

abundance over time or in their distribution are still not known. 25
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¥= was taken in 2019 in the western
Canadian Arctic, including some in
western Nunavut
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Previously few and far between in the - = S . _
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as far north as Pond Inlet on Baffin Island
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Warm water
exotic species
® 2010-2017
1970-1979

Figure 7: New information shows how fishes
in Canada’s oceans are arriving and moving
to different areas in response to changing

SILVER HAKE environmental conditions.

ARMORED SEA ROBIN As the Atlantic Ocean warms, fishes
One of several exotic species that prefer warmer waters, such as

increasingly found along the Scotian silver hake, are found farther north
Shelf is being captured over a broader and in greater abundance
area as bottom waters warm
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What'’s the catch with
shrimp?

Shrimp are a critical forage species for
many species at higher levels in the
food web. Canada exports more cold-
water shrimp than any other country in
the world.

! Ecosystem stressor

Stressors
Warming water
More predators

Sidestripe shrimp

2016 catch: 2,900 tonnes
2017 catch: 300 tonnes

The Pacific smooth pink shrimp fishery
is in decline, with catch down 90%
from 2016 to 2017

p— '-"_‘-\ Stressors

Warming water
More predators

Northern shrimp

Striped shrimp Northern shrimp

Striped shrimp
2018-2019 catch: 13,000 tonnes

2018 catch: 62,759 tonnes

Arctic shrimp fishery populations can
vary but are stable overall

Since the mid-2000s, northern
shrimp have declined in most areas
due to multiple stressors

STUDYING SPECIES

Monitoring the health of species is an important part of ocean science. This means
understanding where a species lives, where and when it reproduces, its growth,
health, and death rates, its numbers, and its movement pattern. Information on
invertebrates, fishes, marine mammals, and seabirds is gathered through a number
of separate research approaches. Common approaches to studying ecosystems
are plankton tows, multispecies fishing trawls, and hydro-acoustic and video
surveys. These surveys are carried out from research vessels and used to monitor
the distribution and abundance of plankton, invertebrates, and fishes. Marine
mammals and birds are observed from the land, sky, and sea and even tracked by
satellite tags. Listening for underwater sounds is an important way of monitoring
whale populations. Invasive species and their spread are studied through
deployment of collector plates or trapping depending on the species. Yearly
monitoring of species provides long-term data needed to conserve and protect
marine life (See How We Learn, Figure 12: Ocean sampling technologies).
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Figure 8: Shrimp are important harvest
species for the fishing industry. Warming
waters, overfishing, and increased predation
are major factors affecting abundance of
shrimp in the Pacific and Atlantic Oceans.

Bottom: A monitoring collector plate with
both native (mussel, sea star) and invasive
(vase tunicate) species. Fisheries and Oceans
Canada Maritimes AIS program.

Canada’s Oceans Now
National Public Report 2020
Fisheries and Oceans Canada

27



}\

A II.. "; ! W , I '."‘n.:'r..- ,’-._ i l."<

e
! L4
woa ! 783!
! e

Spéciss Trends

Marine life can respond positively or negatively to changing ecosystem
conditioné, depending on the context. Population numbers may increase or
stabilize after’a species moves to take advantage of more suitable habitat. A
species may also benefit from greater food:availability fueling their population J
growth. Other positive changes can result from conservation efforts, such as
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Figure 7

> Figure 8

marine species can be negatively affected by continued humari*éqtj?:_i"{ies‘f-br by How We Learn
climate changes to the ecosystem. If a habitat becomes more streséful_ or offers
less food, the health, number, or range of a species declines. Understanding the
distribution and abundance of marine species in ever-changing ecosyS’géms'c_ah'-’

be challenging. Topic

Ocean Climate

Fish on the move

What’s the catch
with shrimp?

Studying species

Increasing and
stable trends

the reduction of commercial harvest or protection of habitat. On the other hand,

Spotlight A salmon story

STATE OF CANADA'’S OCEANS
Climate change and human activities are the dominant
pressures acting on Canada’s marine ecosystems.

Spotlight Whale tales

Topic

Food Webs
How We Learn

Decreasing trends

Some populations of invertebrates, fishes, marine mammals,
and seabirds are increasing or stable over time and others
are decreasing. Animals that are normally occasional visitors

in Canada’s oceans are being increasingly observed and P N

steep, rocky slope of Dellwood Seamount.
Ocean Exploration Trust/Northeast Pacific
Seamounts Expedition Partners.

previously unknown species are now appearing. Management

efforts have allowed the recovery of some populations, but

Bottom: Black legged kittiwake with capelin
in its mouth. J.-F. Rail, Canadian Wildlife
Service.

other populations continue to decline. Climate change impacts

are creating new and complex challenges for individuals
and populations. Population trends of many marine species

Canada’s Oceans Now
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in Canada are unknown, especially in the Arctic where
information on a number of species is sparse.
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IN THE PACIFIC

Recent unprecedented marine
heatwaves in the Pacific have
contributed to the altered distribution
and abundance of some marine
species, such as pyrosomes. Normally
found only as far north as California,
these tubular free-floating invertebrates
are low-oxygen tolerant and were
abundant along the beaches of British
Columbia in 2017. Warmer ocean
temperatures have also played a role in
the increased abundance of northern
anchovy migrating to and spawning

in Canada’s Pacific waters as well as
sightings of triggerfish, swordfish, and
bottlenose dolphins in recent years.
Other species have shown variable

or stable trends. The trends of Pacific
herring, an important forage fish, vary
by area, and many salmon population
abundances are declining in British
Columbia, with some exceptions

(See A salmon story). The abundance
of harbour seals in the Strait of Georgia
increased following their protection

in the early 1970s and then stabilized
in the mid-1990s. Steller sea lion
populations have also rebounded and

continue to increase in British Columbia.

Following depletion by commercial
whaling, the number of humpback
whales continues to increase and

their distribution has been expanding
over the last ten years. Populations

of northern resident killer whales and
Bigg’s (transient) killer whales have also
been increasing.

IN THE ARCTIC

Pacific salmon have recently increased
in number in the northern extent of
their range and are now being caught
in nets intended for Arctic char (See

A salmon story). Bowhead whales in
the Arctic are known to be increasing

in numbers, recovering from historical
whaling. Shrinking ice has allowed

both beluga and killer whales to spend
more time in Hudson Bay (See Whale
tales). Commercially harvested species
including shrimp and Greenland halibut
are currently stable as are several
harvested stocks of Arctic char and
Dolly Varden.

IN THE ATLANTIC

Exotic warm water fishes, such as
American John Dory, armored sea
robin, spotted tinselfish, and deep-
bodied boarfish are being found
more often on the Scotian Shelf.
American lobster, which prefer warmer
temperatures, have increased in
abundance over the last decade in
most areas and are expanding their
distribution to deeper waters on the
Scotian Shelf and to the north of the
Gulf of St. Lawrence. Other warm

water species, such as silver hake,
have shifted their distributions and
increased in abundance in some areas
in response to warming temperatures.
The closure of the large-scale Atlantic
cod fishery in 1992 has decreased the
chances of seabird entanglement in
gillnets, allowing some species such as
common murres and Atlantic puffins to
experience population growth. Some
fish populations previously impacted
by overfishing, such as Atlantic cod
and American plaice, have had modest
increases in some areas but are

nowhere near their historic abundances.

Other fish, like Atlantic halibut and
Atlantic redfish and mammals, like
humpback whales and grey, harp, and
ringed seals have also been increasing
in numbers. Sightings suggest
leatherback turtle populations are likely
stable, but current population size and
trends remain unclear.
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Humpback whale fluke, Vancouver Island,

British Columbia. Thomas Lipke.
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SPOTLIGHT

A salmon story

Atlantic and Pacific salmon spend
their early lives in freshwater streams,
rivers, and lakes then one or more
years in the ocean before returning

to freshwater to spawn as adults.
Changes in these environments

and other factors, including fishing,
hatcheries, disease, pollutants, and
new invasive species, have collectively
impacted salmon populations.

Warming oceans and marine
heatwaves are affecting environmental
and biological processes in the ocean.
These changes are contributing to
salmon population declines in both the
Atlantic and Pacific oceans. Warmer
ocean years are becoming increasingly
common and this has resulted in '
shifts towards less nutritious species -
of zooplankton an\rmportant food
source for salmon: These changes
near the base of the salmon food
web may be a big reason for they,
trends observed for many salmoén
populations. ‘

2

Canada’s iconic salmon varies across
its three oceans:

of PaCIflc salmon wer

In the Pacific, Chinook salmon have ' SpeC|eS
declined throughout their range. " E

Sockeye and coho salmon have

declined, particularly in southern _
latitudes, while chum and pink B i
salmon have generallykbeen stable.

Figure 7 Fish on the move

What’s the catch

gl e with shrimp?

How We Learn Studying species

Most Canadian popula 1s of
Atlantic salmon (a smgle.spemes)
are declining and some are ™
experiencing critical declines; such ™
as those in the Bay of Fundy,_ ‘n.g

Topic Species trends
Increasing and

liogte stable trends

In the Arctic Ocean, Iocal'

communities are reporting that
C

salmon are now being

e

greater numbers. A recc

Spotlight Whale tales

Topic Decreasing trends

thousands coﬂg_gted by:Lliers ine 3 N
ifort’Sea and the @ackenme
some even found further o
navut (Figure 7).

,...«.*’a Kluane chum in the Yukon Territory. Paul
s> \ecsei
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SPOTLIGHT

Whale tales

Studying Canada’s whale populations
provides insight into their behaviour and
movement.

In the Atlantic Ocean, North Atlantic
right whales are moving north into

the Gulf of St. Lawrence. Their
favourite prey, a nutritious species

of zooplankton, has increased in
abundance there. But the Gulf is a busy
fishing and shipping area. Right whales
are now increasingly at risk of being
killed or injured after being entangled in
fishing gear or being struck by vessels.

In eastern Arctic waters, shrinking sea
ice has allowed killer whales to explore
areas they may never have visited
before. In recent decades, sightings

of killer whales in Hudson Bay have

increased drastically. Because these
killer whales prey on other whales,
narwhal and bowhead are changing
their behaviour and location in response
to these aggressive predators.

Some whale populations are facing
challenging environmental and food
conditions. This has led to a critical
situation for the endangered southern
resident killer whale population off
the Pacific coast. This population
of killer whales has dwindled to an
estimated 73 individuals, in part
because Chinook salmon (which
provide 90% of their summer food)
are declining in several areas.

Foreword
Ocean Connections
Ocean Climate
Habitats
Species
Figure 7 Fish on the move

What’s the catch

gl e with shrimp?

How We Learn Studying species

Topic Species trends

Increasing and

ligpre stable trends

Spotlight A salmon story

Topic Decreasing trends

Food Webs
How We Learn

Killer whale breaching in the Salish Sea.
Thomas Lipke.
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IN THE PACIFIC

Multiple stressors, such as warming
ocean temperatures, decreasing
dissolved oxygen, changes to the

food web, and human activities have
negatively affected some species in
the Pacific. Smooth pink shrimp are
declining off the coast of Vancouver
Island due to warm water and predation,
and the abundance of commercial
smooth pink shrimp species in Saanich
Inlet has been negatively affected by
low oxygen. Eulachon populations
have also experienced long-term
declines in many rivers from California
to Alaska. Pacific sardine population

is low in British Columbia and has

not yet returned to previous levels.
Chinook salmon numbers are declining
and populations of sockeye and coho
salmon are doing poorly in southern
latitudes (See A salmon story). The
numbers of southern resident killer
whales are low and expected to keep
declining under current conditions (See
Whale tales).

IN THE ARCTIC

Long-term trends of marine mammals,
fishes, and their supporting prey are
generally not known for many species
in the Canadian Arctic. Abundances
can sharply decline in a single year (for
example Arctic cod in 2014) and appear
recovered the next. However, extreme
warming events have been documented
to impact populations such as in 2010
when a low ice year combined with
warm temperatures resulted in lower
ringed seal pup survival in Hudson Bay.

IN THE ATLANTIC

Overharvesting of many species has
reduced their populations and many
have not recovered from historically low
levels. Abundances of Atlantic herring
(Gulf of St. Lawrence and western
Scotian Shelf) and Atlantic mackerel
(entire North Atlantic) have declined.
Species such as blue whales, North
Atlantic right whales, St. Lawrence
beluga, capelin (Newfoundland and
Labrador Shelves), and northern shrimp
do not appear to be recovering. Snow
crab, a species with a preference for
colder waters, has been impacted by
warming of deeper waters, contributing
to recent declines in some areas.
Numbers of surface-feeding seabirds
like herring gulls and black-legged
kittiwakes have declined, in part due to
the reduced availability of high-quality
prey fish.
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Top: Capelin surge ashore to spawn at
Chance Cove in Newfoundland and Labrador
in a seasonal natural event. Florence-Joseph
McGinn. Shutterstock.

Bottom: Blue whale. NOAA Fisheries/Peter
Duley.
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How We Learn webs

= = Topic From the top down
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affect lower parts of the food web, impacts flow upwards:
bottom-up control. When changes occur at the top of the food
web, such as predator abundance or behaviour, impacts flow

Marine food webs represent linkages among living organisms
in the ocean. Most food webs start with phytoplankton at the
bottom (microscopic single-celled plants and bacteria), which

are eaten by zooplankton (small animals that drift or swim in downwards: top-down control.

Top: Eagle makes a catch. Vancouver Island,
water), which in turn are eaten by fishes and invertebrates British Columbia. Thomas Lipke.

Bottom: An assemblage of diatoms, a
common phytoplankton in a sample of water
collected below Arctic sea ice. NASA.

and ultimately marine mammals. Because of these linkages,
changes to one part of the food web have implications on

the status and health of the rest of the food web. Since, the
livelihoods and well-being of many people in Canada’s coastal
communities are dependent upon marine food webs, changes
to marine food webs affect the people that depend on them
too. When changes to habitat or environmental conditions

Canada’s Oceans Now
National Public Report 2020
Fisheries and Oceans Canada

33




From the bottom up

Phytoplankton need sunlight and nutrients to live and grow, and when conditions

are right, they can grow rapidly—blooming in the spring, summer, and fall.
Changes in the peak timing of these blooms can impact the food web from the
bottom up (See Figure 9: Timing is critical). Zooplankton, a diverse group of
copepods, krill, jellyfish, and larval stages of fishes and shellfish are food for
forage fish, some larger-sized fishes, turtles, and some whales and seabirdsm
Changes in zooplankton communities have impacts on their predators (See

Shifting links in food webs, Figure 10: Zooplankton). Farage fishes, such as Arctic

cod, capelin, and herring are, in turn, food for other larger-sized fishes as well as
seabirds and marine mammals (See Forage fish at the centre of food webs).

STATE OF CANADA’S
OCEANS

The type and timing of
phytoplankton blooms
affect zooplankton species
abundance, composition,
timing, and distribution.

In turn, a match or
mismatch in timing between
phytoplankton blooms and
zooplankton impacts the
amount of food available

to their predators, such as
forage fishes, seabirds, and
whales.

IN THE PACIFIC

In the Pacific, nutrient-rich deep water
upwells and mixes into the upper ocean
layer, fueling phytoplankton growth

and the rest of the food web. In warmer
years, zooplankton communities shift
towards a greater abundance of a less
nutritious southern copepod species
and fewer of the energy-rich northern
copepods. The southern copepods

are considered to be an energy-poor
food for other animals in the food web,
such as juvenile salmon and seabirds
due to their smaller size and lower
energy content. Triangle Island, British
Columbia, has the world’s largest
breeding colony of Cassin’s auklets;
these seabirds grow more quickly when
there are more energy-rich northern
copepods present in their diets. The
timing or match/mismatch between
when food is available and when
herring larvae (a forage fish species)
first start to feed is important to their
survival.

IN THE ARCTIC

Thinning sea ice as well as earlier
yearly ice clearance (or melt) is altering
the timing and type of phytoplankton
blooms. In some areas there is
evidence that marine ecosystems
are changing from a sea-ice-based
to open-water supported food web.
At these locations, more energy for
the food web now originates from
phytoplankton rather than the algae
that grows in sea ice in the spring.
The response of zooplankton and
fishes to changes in the timing and
characteristics of phytoplankton
blooms are not well understood for
coastal and offshore areas.

IN THE ATLANTIC

Mixing of ocean waters creates
biologically productive marine
ecosystems that drive the growth

and abundance of capelin and their
predators —Atlantic cod and harp seals.
When less prey, or food, is available
during mismatched phytoplankton
blooms, forage fish abundance can
decrease. In turn, declines in capelin
are delaying the recovery of cod

that feed on them, and declines in
herring are affecting the health of
seabirds, such as terns and puffins.
Populations of seabirds such as
northern gannets, herring gulls, and
black-legged kittiwakes have leveled off
or declined in recent years, due in part
to a reduction in the abundance and
shifts in the distribution of high-quality
prey fish. Large densities of clams and
worms that live within the sediments
of intertidal flats of the Bay of Fundy
support the migration of millions of
shorebirds each year.
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Plankton from the Strait of Georgia, British
Columbia. Fisheries and Oceans Canada.
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Timing is
critical

The lifecycle of each species
is timed to best use its food
source — climate change

is altering food web timing,
especially primary productivity

TIMING MATCH

Zooplankton

Phytoplankton

Population

Time

TIMING MISMATCH

Phytoplankton

Zooplankton

Population

Time

A mismatch in timing of phytoplankton
blooms has serious consequences for
the rest of the food web
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Mismatch in timing with zooplankton
food sources can affect juvenile
herring and juvenile salmon
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b

Figure 9: Changing oceanographic
conditions are altering the timing of spring
phytoplankton blooms—with cascading
consequences to food availability for other
species.

Predatory fishes Predatory fishes Mammals

rATLANTIc
Mismatch in timing of plankton is
affecting forage fishes like capelin
and herring. This affects the recovery
of cod and the available food for
seabirds.

P arcTic

Earlier sea ice melt is changing the
timing and composition of algal

blooms Canada’s Oceans Now
National Public Report 2020

Fisheries and Oceans Canada
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Shifting links in food webs [ ' ZOOPLANKTON CHANGES AFFECT FISH [ =0 EEGIEERORIERIEHE
Zooplankton are the first step in ' - Do AN RVIVAL e Ocean Climate

transferring energy from the base of

Nutritious zooplankton is a key component in a healthy food web

the food web (phytoplankton) to their Habitats

predators. These organisms graze in the Speoies

water column, some drifting with the

currents and some making migrations Food Webs

between the surface to deeper waters LARGE, HIGH FAT, NUTRITIOUS SMALL, LOW FAT, LESS NUTRITIOUS

every day. They are one of the ocean’s Filling up is easy, energy is plentiful Eating takes more work, provides less energy Topic  From the bottom up

most abundant food sources.
. . Figure 9 Timing is critical
An energy-rich source of fats and protein, 2 &

zooplankton are food for forage fish,
young of other fish, and some whales.
Zooplankton groups include crustaceans
such as krill and copepods, larval stages
of fish and shellfish, and larger gelatinous
species such as jellyfish.

More energy Less energy iR S .
for fishes for fishes - - ) o Sidebar

Forage fishes

In the Atlantic and Pacific oceans, there
are significant shifts in phytoplankton
and zooplankton abundance and species
compositions, thought to result from
warming ocean temperatures (See
Figure 10). As ocean waters warm and
cold water copepods are replaced by
warm water species, there is less energy
available to fishes.

Unraveling food

How We Learn webs

Topic From the top down

How We Learn

Figure 10: In the Atlantic and Pacific Oceans,
shifts in zooplankton species composition and
abundance have cascading consequences for
other species in the marine food web.

Bottom: Live female copepod carrying eggs,
west coast Vancouver Island. 2009. Moira
Galbraith. Fisheries and Oceans Canada.
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Forage fishes at the
centre of the food web

Small fishes often play a central role Habitats

in pelagic food webs. They feed on ,
plankton at the base of the food web SpeC|eS

and are in turn prey for larger fishes, Food Webs

seabirds, and marine mammals. These
forage fishes, such as Arctic cod,
capelin, and herring, are thus a critical
link in transferring energy within the
ecosystem.

Topic From the bottom up

Figure 9 Timing is critical

Forage fishes’ diets range from
phytoplankton, including diatoms, to
zooplankton, including copepods and
krill, depending on the species and the
age of the fish.

Figure 10 Zooplankton

Shifting links in

Sidebar food webs

The numbers of forage fishes can

vary considerably from one area to
another and from one year to another.
A significant change in their abundance
can have serious impacts on food webs
and the successful reproduction of their
predators.

Topic From the top down

How We Learn

Top: American sand lances underwater in the
St. Lawrence River. RLS Photo. Shutterstock.

Bottom: Twillingate, Newfoundland. Alex B.

UNRAVELING FOOD WEBS Lampron.

To understand how complex marine food webs work, researchers bring together
information from the wide variety of marine science disciplines. This means
combining data from physical and chemical oceanography with knowledge of
habitats and the biology of plants and animals, including humans. Knowing who
eats what and when is a fundamental part of understanding food webs. One method _ CEnERES Qs Moy
. L . . . National Public Report 2020
for unraveling diet information includes collecting and analyzing stomach contents Fisheries and Oceans Canada
to look for linkages between predator and prey species (See How We Learn).
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From tﬁé top down

More or less favourable environmental conditions or more or less pressure from
human activities, such as fishing and harvesting, can impact predators in marine
food webs. In turn, predators can have significant impacts on lower parts of the

%m.,ﬁoodweb, particularly on their immediate prey species. This is especially evident

in close predator—prey relationships, where predators only feed on a single type
of prey. Changes to predator abundance, distribution, or prey choice can flow
‘down towards prey species, impacting their abundance and range. These are

STATE OF CANADA’S
OCEANS

The relationships between
predators and prey in
Canada’s oceans are
shifting. Some predator—prey
relationships have become
less predictable because
they are affected by fishing
or hunting, loss of sea ice,

or changing temperatures.
Human impacts continue to
contribute to changes to food
webs in both positive and
negative ways.

ﬁ%ﬁ%ﬁﬁéﬁéﬁﬁehﬁonships that maintain balance within marine food webs.

IN THE PACIFIC

Smooth pink shrimp are declining off
the west coast of Vancouver Island
due to a combination of warming
temperatures (a bottom-up process) as
well as increased predation (a top-down
process). Several marine mammal
populations in Canadian Pacific waters
have shown strong recovery trends
and their large numbers have the
potential to impact food webs. For
example, the increase in the number of
Bigg’s killer whale sightings in coastal
British Columbia is likely slowing the
population growth of their prey, harbour
seals, which had recovered after

the end of commercial exploitation

in the 1970s. Sea otter populations,
reintroduced to British Columbia

after being hunted to near extinction,
increased as a result of their protected
status and abundant invertebrate prey.

In several areas, sea otter population
growth has slowed as they have
exerted a strong top-down pressure on
their invertebrate prey, which, in turn,
has had positive impacts on kelp.

IN THE ARCTIC

In Arctic waters, predators are adapting
to eat different foods. Some fishes and
marine mammals have changed their
diet to eat more similar prey to one
another as sea ice conditions change.
It is unknown if groups of predators
with similar diets will weaken the
ecosystem’s ability to deal with future
environmental change. In a single

year, predator diets may shift entirely.
For example, belugas harvested near
Ulukhaktok (Beaufort Sea) in 2014 were
found to have mostly fish other than the
expected Arctic cod in their stomachs
as well as squid beaks.

IN THE ATLANTIC

In the northwest Atlantic the number

of grey seals has rebounded in the last
few decades, slowing the recovery of
their prey, Atlantic cod, in the southern
Gulf of St. Lawrence and elsewhere.

In contrast, Atlantic cod stocks off

the northeast coast of Newfoundland
increased in abundance over this

same period despite a large harp

seal population. In the northern Gulf

of St. Lawrence, increased predation
from bottom-dwelling fish species

like redfish may have contributed

to declining populations of benthic
invertebrates. In some offshore areas of
the Atlantic, leatherback sea turtles may
contribute to ecosystem balance by
consuming jellyfish, a major predator of
zooplankton and larval fish.
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Floating sea otter, Tofino, British Columbia.
Shutterstock.
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Combining multiple methods and
knowledge systems helps broaden our
understanding of Canada’s oceans

Humans have long been expanding their knowledge and understanding of the
oceans. Indigenous knowledge has accumulated and evolved over centuries to
inform the safe navigation of Canadian waters, provide food security, and sustain
relationships and cultural practices. Today, a wide range of complementary and
collaborative approaches are being used to further study and more holistically
understand Canada’s oceans.

MONITORING AND RESEARCH

Long-term monitoring programs combined with focused research are the
foundation for understanding Canada’s oceans. These programs allow scientists
to detect changes happening in ocean environments and help them learn about
the status and trends of species and habitats. The longer these programs run, the
better the information becomes. Monitoring programs that extend over several
decades are used to identify observed changes as either a long-term trend, part of
a cycle, or a one-off event. For example DFO has monitored Pacific Ocean oxygen
levels since 1960 and temperature in coastal areas of Newfoundland and Labrador
since 1967. Field and laboratory research studies are also undertaken across
Canada’s oceans to address specific questions such as those related to ocean
climate, habitats, species, and food webs. Together, ocean monitoring and research
activities continue to improve the understanding Canada’s marine ecosystems as
well as their conservation and management.

Ocean science through monitoring and research not only provides new insights into
Canada’s oceans and their complex marine life, but also helps scientists ask the
right questions for future research (See Building Knowledge, Figure 11).

EVOLVING OCEAN TECHNOLOGIES

Much of the monitoring and research in Canada’s oceans is done using standard
tools such as oceanographic sensors and fishing trawls, but innovative, evolving
ocean technologies are increasingly providing new kinds of observations that
improve large-scale and long-term monitoring (Figure 12: Ocean sampling
technologies). Different tools are used together to study and sample the different
aspects of Canada’s oceans to help us gain a greater understanding of these
marine ecosystems.

Remote sensing technologies collect data from a distance by detecting energy
reflecting from the surface of the planet. These tools include satellites, sonar, and
aircraft-borne light detection and ranging (LiDAR). These technologies are making
hydrographic surveys, multispecies surveys, and habitat maps more complete and
more accurate.

Passive and active sampling technologies are providing researchers with high
resolution oceanographic data with lower effort. Specialized sensors can be
installed on fixed moorings, floating circulation trackers, or remote controlled
gliders to transmit information on water characteristics, animal movements, and
ocean noise.

High definition imaging, taken from above or below the ocean’s surface, is
providing non-invasive and detailed ways to study marine biodiversity —especially
in unique habitats—and live animal behaviour. Below the surface, drop cameras
and remotely operated vehicles (ROVs) capture immersive underwater views of the
seafloor; above the surface, aerial drones take wide-angle surveys of coastal and
open ocean areas that are otherwise difficult to reach.
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surface after exploring the seafloor of the
Laurentian Channel MPA, September 2017.
Peter Lawton. Fisheries and Oceans Canada.
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Electronic tagging of marine life paired with underwater acoustic microphones
and satellite tracking greatly increases our understanding of species movements
and habitat use. This technology is especially helpful for tracking migratory fishes,
sharks, seals, whales, turtles, and seabirds over long ranges and time periods.

Innovative analyses of seawater and animal tissue samples are being undertaken
in Canadian ocean science labs. New equipment and digital tools are being
combined in sample and data processing. Water samples can now be analyzed
for environmental DNA to reveal which species were recently in a given area with
greater detail than physical sampling alone.

COLLABORATIVE SCIENCE

Ocean science increasingly means working together. Many complex issues in
ocean science are better understood through stronger cooperation at the local,
regional, national, and international levels as well as across areas of research.
Cooperating in this way helps align research plans and funding and opens up
opportunities to continue to support technologies and furthering Indigenous self-
determination in research.

Collaboration in ocean science takes on many forms to suit its varied participants,
which may include governments, Indigenous groups, academia, non-governmental
organizations, industry, and community groups.

Research partnerships between government and non-government organizations
or other groups with a shared interest in ocean science are being established more
often. At-sea-science expeditions aboard vessels that can support a variety of
areas of research and complex equipment offer a greater depth of understanding
to the research area. By expanding the number of parties collecting data, we can
expand our knowledge of our coasts.

Weaving Indigenous knowledge with scientific information is often done
through joint development of research objectives and plans or collaborative work
on specific projects. Scientists work alongside Indigenous peoples to address
issues related to Canada’s coastlines and marine resources, especially those
contributing to food security and maintaining cultural identity. Community-based
and community-led programs also provide important information about fishes and
marine mammals and their environment (see Learning together).

Community science is a growing source of monitoring and research data in
Canada. Many new digital technologies facilitate communities who want to engage
in ocean science to collect useful scientific information. Information gathered from
the public can range from casual observations to coordinated data collection;

both can help scientists understand complex issues, including changes in species
movement patterns and the health of populations.

THE FUTURE OF OCEAN SCIENCE IN CANADA

Canada is exploring more parts of the ocean than ever before as new technologies
and remote data collection are being tested and used for research. Our
understanding of the oceans continuously grows as monitoring and research is
carried out more collaboratively and information is updated and shared sooner
and more broadly. Computer-based analysis, including modeling and detailed
mapping, has become the backbone of ocean science, which is leading to a better
understanding of ocean ecosystems and improving our ability to report the state of
the oceans to Canadians and decision makers.

The ongoing advancement of marine science technologies alongside multiple
knowledge systems through collaborative partnerships shows that innovative and
inclusive approaches to monitoring and research in the marine environment will
continue to evolve.

How We Learn

Figure 11 Building knowledge

Ocean sampling

Pl 12 technologies

Spotlight Learning together

ROV control during exploration of a
seamount. Shelton Du Preez. Fisheries and
Oceans Canada.
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Building knowledge

Key steps for monitoring and
research to expand understanding
of the oceans

FIELDWORK

Monitoring and research programs
set out to answer questions or resolve
issues identified by regulators,
stakeholders, and communities.

The more collaborative the research
objectives are, the more interests they
can benefit.

Ocean science data is gathered in
various ways. It may come from direct
sampling or existing datasets, and
collected from field sites, laboratories,
or databases.

Ocean data analysis produces results
that can inform ecosystem status and
trends. Scientists may also develop

MAKE
? PLAN
]
RESEARCH
QUESTION
MODELING

AND ANALYSES

computer models that can use past
observations to predict future states of
the ocean.

Sharing science through open
data portals, scientific publications,
or meetings and conferences is
important to maintain the credibility

and transparency of scientific activities.

Access to this information can help
with research or conservation plans by

making it known to a broader audience.

Providing information and advice
based on Canadian ocean science
supports evidence-based decision
making and the development of
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Ocean Climate
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Food Webs
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ANALYZE
DATA

SHARE
RESULTS

GATHER
DATA

INFORM AND
ADVISE

LAB WORK

Sharing knowledge and
publishing scientific results

with the global community Figure 12 T e
builds our collective
understanding of the oceans Spotlight ~ Learning together

Scientists provide crucial
information to policymakers
and ocean communities to
help them make decisions

policies on fisheries and aquaculture
management to marine protected
areas—in Canada and abroad.

Knowledge gaps that are identified for
species or ocean areas can influence
future data collection efforts. New

data may be collected or methods
developed to gather information that

is more accurate or detailed to fill
gaps. This is how the research cycle
continues and our knowledge expands.

Figure 11: Scientists build knowledge and
expand our understanding of Canada’s
oceans through an continual process , using
multiple tools and methods, for the benefit of
all Canadians.
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Ocean
Sampling
Technologies

Technologies—old and
new —help to fill gaps in
knowledge of Canada’s
vast and complex oceans

Oceanographic missions support
multiple technologies and ocean
monitoring

Small drones with cameras are
used to take aerial photos of habitats
and species

Buoys and other moorings
use sensors to take frequent
measurements of ocean conditions
at a single location for up to a year

Aerial surveys are used to monitor
marine mammals, seabirds, and
habitats

LiDAR (light detection and ranging)
is a remote sensing technology used
to monitor habitats from the air

10

11

Research vessels are used to 12
conduct multispecies and acoustic
surveys

Satellites gather data and images 13
year-round about temperature, sea ice,
and phytoplankton

Observers document occurrences 14
of seabirds and marine mammals

Rosettes collect water samples
and carry sensors to measure 15
environmental conditions throughout

the water column 16

ROVs (remotely operated vehicles)
explore habitats far below the surface

Plankton nets collect phytoplankton
and zooplankton samples 17

Satellite tagging tracks migratory
species such as turtles, fish, sharks,
mammals, and seabirds

Gliders and Argo floats travel long
distances on very little power to gather
ocean climate data

Collector plates are used to sample
invasive tunicate species that attach
to them

Trawl nets collect samples of
invertebrates and fishes

Sonar is used to collect data on fishes
and zooplankton in the water column
and to conduct hydrographic surveys
and classify seafloor habitats

SCUBA divers collect samples and
data in coastal areas
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Figure 12: Multiple methods and
technologies improve our knowledge of
Canada’s oceans.
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SPOTLIGHT

Learning together

Each summer, one of Canada’s
largest populations of beluga whales,

~estimated at about 40,000 individuals,

visits the Mackenzie Estuary of the
- Beaufort Sea. For the past 40 years,
_scientists, community members,
. and .oo-_m'anagemerit_ boards have
. worked. together to study these:

; _‘whales through a unique, communlty- :

based harvest momtorlng program

The program collects data to- address

ommunlty concerns about the '

: Eastern Beaufort beluga poputatlon

- and identify ; areas for. new-or different

o, researchp o]ects Current interest is
Fis I_,;_focused on | beluga population status,

£l _"'thelr health, and food web Ilnkages

Over the past four decades the
7% program has’ grown. to engage all -
six communltles W|th|n the Inuvialuit
: Settlement Reglon Collectlng field
samples workmg on. samples in

the lab, and presenting findings at
scientific conferences are jointly
undertaken by government and
Inuvialuit participants, including elders
and youth.

In 2016, the first ever Beluga Summit
was held in Inuvik, Northwest
Territories, bringing together 80
participants from Inuvialuit Settlement

-Region communities, government,

and academia. The summit explored
the status of the belugas and
created an environment of dialogue,
discussion, and learning where Inuit
knowledge and science were equally
valued and respected.
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Left: Aerial photo of surfers near Tofino,
British Columbia. Fokke Baarssen.
Shutterstock.

Centre: Aerial photo of tourists visiting the
floe edge near Sirmilik National Park in
Nunavut. GROGL. Shutterstock.

Right: Quaco Lighthouse, West Quaco, New
Brunswick. Tim Foster.

Cunningham Inlet, Nunavut. @WeberArctic
@NansenWeber.
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