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Dear ACS Member,
Scientists do not dispute that fact that climate change is happening, and at a pace beyond some species’ ability to evolve and adapt. Indeed,
climate change is one of the most significant yet least understood threats to cetaceans today. It is therefore both appropriate and timely that an
entire issue of Whalewatcher should be devoted to this global phenomenon.
Some of our most iconic species in the Arctic and Antarctic regions of the world, such as the beluga (Delphinapterus leucas), narwhal
(Monodon monoceros), bowhead (Balaena mysticetus), and Antarctic minke whales (Balaenoptera bonaerensis) are among the most
vulnerable, in part due to changes in sea ice cover. Less ice makes it more difficult for cetaceans to locate prey, allows access by humans
to previously inaccessible habitats, increases interactions among competitors, predators, and disease vectors, and exposes highly social and
vulnerable species to human activity, such as ship strikes, entanglement in fishing gear, and hunting. Moreover, in the Antarctic, reduced ice
cover will likely mean reduced abundance of ice-dependent krill (Euphausia superba), a critical component of the Antarctic food web, and
concomitant impacts on resident and migratory whales. Mobile cetacean species whose habitat needs are more generalist in nature will likely
have a greater ability to adapt and evolve to ever-changing climate conditions than their brethren living in polar regions.
As we navigate the way forward through this complex environmental landscape, there are salient questions to ask, such as, which species will
be most vulnerable under current models of climate change? Which species, habitats, and ecosystems do we prioritize for conservation and
research efforts so that resources can be mobilized and targeted in the most effective manner?
Predicting and mitigating the impacts of climate change on cetacean species is a daunting task, and will require a concerted effort among
marine ecosystems modelers, policy makers, marine mammalogists, and conservation non-governmental organizations (NGOs). Working
together, all must have a unified vision toward stewardship initiatives, agree on a framework for policy coordination, and develop a
transparent and collaborative implementation strategy for dealing with species and habitat conservation in the face of climate change.
However effective this team may be, there’s still an important teammate missing. It’s you... an ACS member, concerned citizen, and someone
who genuinely cares about the protection, safety, and welfare of cetaceans and the habitats in which they live. As you read through the
compelling articles in the pages that follow, I hope that, through your continued support of ACS, your confidence in our ability to work
together toward meaningful climate change research and policy that protects the whales, dolphins, and porpoises we value is strengthened.

										
										

Contents

Executive Director
American Cetacean Society

Climate Change Demands a New Approach to Cetacean Conservation – by Ian Dutton........................................................2
Climate Change: Effects on the Diversity of Whales and Dolphins – by Hal Whitehead........................................................5
Whales Facing Climate Change in the Pacific Arctic – by Sue E. Moore...................................................................................7
Feeling the Heat: Potential Climate Change Impacts on Bottlenose Dolphins – by Randall S. Wells...................................12
Top Ten Percent of Cetaceans Affected by Climate-driven Shifts in Human Behavior – by Uko Gorter...........................18
The Biggest Threat of All – by Elin Kelsey.................................................................................................................................20
Climate Change and European Cetaceans – by Mark Peter Simmonds and Sonja Eisfeld....................................................22
Freshwater-Dependent Cetaceans: Integrating Climate Change-Related Impacts from Mountain to Sea – by
Brian D. Smith and Randall R. Reeves......................................................................................................................................25
Aerial Photo Gallery – by Laura Morse, Courtesy NOAA Fisheries.......................................................................................30
Recent Research: Overview of Research On The Impact of Climate Change On Cetaceans – by Dominique Rossi
and Ian Dutton.............................................................................................................................................................................34
Whalewatcher Vol. 39 #2 Editor - Ian Dutton, Ph.D., Co-editors - Uko Gorter, Barbara Bennett, Kaye Reznick

Climate Change & Cetaceans: Editor’s Introduction

Climate Change Demands
a New Approach To Whale
Conservation
by Ian Dutton
2000: Juan P. has made a good living
for the past 25 years as a whale tour
guide in the Sea of Cortez in Baja
California. Since tourism opened up the
Magdalena Bay area, more and more
ecotourists have come to see California
gray whales, to observe them up close
and return home with a rare photograph
and wonderful stories. His company
worked hard with local officials to
ensure they protected the whales – he
hoped to pass this business on to his
children.
2010: Juan is a little worried about the
whales – he is beginning to see fewer
whales returning to breed – maybe they
have been affected by fishing activities
or pollution in the USA and Canada?
Maybe they are calving further north in
California because their feeding range
has changed? There are still enough
to make the tourism season successful
and they’ll probably come back like
before, but he’s now reading about
all the things that affect these whales
along their west coast migratory route
and he’s hoping that others in North
America are doing their share to protect
this amazing creature. He has started to
read about how the climate is changing
and how that may affect the oceans and
can’t work out why more people are not
doing something about that.
2020: Juan is now really worried about
gray whales coming back – this past
10 years, the numbers have declined to
the point where he rarely takes tourists
out to see them – in fact he has been
2
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encouraged by local authorities to
avoid disturbing them because their
numbers are so low. Instead he now
focuses on other species – sharks and
rays, or people just go kayaking to
other places like the beautiful waters
of Los Islotes. Maybe the whales
will come back when things return to
“normal?” Or maybe the climate really
has changed the ocean and they will
never come back? If so, what will take
their place and what about his kids’
future?
Juan is a fictional character and this
scenario is obviously dramatized
to emphasize just how fast oceanic
habitats for cetaceans are changing
and the many uncertainties that face
all of us in that changing world.
However, they also serve to reinforce
just how much we take for granted.
After all, what could possibly affect a
leviathan creature like a gray whale?
Aren’t these apex species historically
immune from short term change?

Haven’t we been expanding their
protection for the past 50 years? Could
climate really be affecting the oceans
that much?
For most of us, connecting the
dots that link those questions is a
challenging and difficult task. For
much of the past century humanity has
viewed the oceans and marine species
as somehow beyond human influence
and scale. My grandparents, like most
of their generation, thought of the seas
as a source of endless bounty, and so
never gave much thought to limiting
their harvest.
Callum Roberts has described a
similar lag in scientific understanding
of, and concern for, the impacts of
fisheries activities, including the direct
and indirect effects of whaling. Only
recently have biologists, ecologists,
chemists, oceanographers, economists
and the many other disciplines of
marine science begun to broaden our
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knowledge base sufficiently to enable
us to comprehend and predict the
impacts of human uses of the oceans
such as industrial fisheries. Clearly,
as the ambitious Census of Marine
Life (http://www.coml.org/) so vividly
demonstrates, our understanding of
ocean systems and of interactions
between humans and oceans still
lags far behind our understanding of
terrestrial systems.
In a similar vein, our commitment
to ocean conservation also lags far
behind our commitment to terrestrial
conservation. That point was reinforced in a recent global analysis by
Hoekstra and others (2010). In order
to begin to analyze the state of current
conservation in the oceans, his team
had to generate a new marine regional
analysis framework similar to the one
that had existed to describe terrestrial
systems for more than 20 years!
There is similarly a lack of
commitment to comprehensive ocean
governance. Some very good work
is being done at a local and national
level on whale habitat protection (e.g.
efforts to reduce whale collisions in

shipping channels – see http://www.
nero.noaa.gov/shipstrike/) and on
overall species conservation (see, for
example the work of the US Marine
Mammal Commission - http://mmc.
gov/). The recently announced new
National Ocean Policy (http://www.
whitehouse.gov/the-press-office/
executive-order-stewardship-oceanour-coasts-and-great-lakes) also
offers great promise, particularly as
comprehensive coastal and marine
spatial planning is developed and
implemented in regions of the USA.
However, there is a lack of cohesive
effort at larger scales necessary to
integrate these regional and local
efforts. The pre-eminent forum
for global whale management, the
International Whaling Commission
has only a very limited environmental
program (see http://iwcoffice.org/
conservation/environment.htm) that
is not yet focused on addressing the
threats posed by climate change.
Other relevant global conservation
plans such as the Convention on
Biodiversity marine programs (see
http://www.cbd.int/marine/) and
increasingly important international

collaborative plans of action such
as the trilateral North American
Protected Areas Network (NAMPAN http://mpa.gov/pdf/helpful-resources/
nampan_5_09.pdf) have value, but
are also not yet focused on whales
and climate change at scales and with
resources adequate to address the
challenges.
Never before in human history
have we seen such dramatic and
sweeping changes in our oceans.
From increasing ocean temperatures
to increased acidity, from reduced
fish abundance and diversity to
changing trophic relationships, the
oceans are now physically, chemically
and biologically different to those
enjoyed by our grandparents. The
figure below by Elliott and Simmonds
(2007) demonstrates the broad
relationship between these changes
and whales. Later papers in this
special issue describe those impacts
and relationships in more detail and
there was a recent special issue of the
journal Science (Smith et al. 2010)
that gives an excellent overview of
changes in the oceans and how they
are affecting a myriad of species,

Elliott and Simmonds 2007
Reproduced with permission.
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Narwhals, the ocean’s “unicorns,” have a strong association with Arctic sea ice and feed on Greenland halibut at
depths >1,000 m in dense winter pack ice. Photo © Kristin L. Laidre.
including whales.
If those changes were happening in a
single geographic region with a single
root cause and there was a simple
cause and effect relationship, we might
be able to apply a traditional regulatory
response and have confidence that
those effects could be reversed,
as has been done, for example, in
response to localized overfishing.
However, climate change is unlike
anything humans have had to respond
to previously. Climate change is
the result of a profoundly different
relationship between humans and
nature and is affecting the very life
support systems of the planet, both
now and a long way into the future,
as James Hansen and others (2008)
constantly reminds us.
As much as it would be rewarding,
and certainly far simpler, to focus our
response on just a single dimension of
the problem (one species, one place,
one institution, one strategy, etc.), the
challenges posed by climate change

require an urgent, integrated, and truly multi-dimensional response – one that
considers the full mosaic of global cetacean habitats and their connectivity, a
better vertical and horizontal linkage of global institutions and urgent deployment
of strategies and partnerships for action that have both global and local focus.
To maintain the current array of global whale diversity will demand all involved
to think and respond in new ways – from significantly reducing our collective
carbon footprint to minimizing existing sources of stress on natural systems to
helping marine systems and species as well as coastal communities and industries
adapt to change. Anything less will likely ensure that Juan’s grandchildren and
our own will share a world without many of today’s 78 whale species – are you
ready to explain how you let that happen on your watch?
References:
Elliott, W. and Simmonds, M. 2007. Whales in Hot Water? The Impact of a
Changing Climate on Whales, Dolphins and Porpoises: A call for action. WWFInternational, Gland Switzerland / WDCS, Chippenham, UK.
Hansen, J. M. Sato, P. Kharecha, D. Beerling, R. Berner, V. Masson-Delmotte, M.
Pagani, M. Raymo, D. L. Royer and J. C. Zachos 2008. Target atmospheric CO2:
Where should humanity aim?, Open Atmos. Sci. J. (2008), vol. 2, pp. 217-231.
Hoekstra, J. M., J. L. Molnar, M. Jennings, C. Revenga, M. D. Spalding, T. M.
Boucher, J. C. Robertson, T. J. Heibel, with K. Ellison. 2010. The Atlas of Global
Conservation: Changes, Challenges, and Opportunities to Make a Difference. Ed.
J. L. Molnar. Berkeley: University of California Press.
Roberts, C. 2007. The Unnatural History of the Sea, Island Press, Washington
D.C.
Smith, J., N. Wiggington, C. Ash, J. Fahrenkamp-Uppenbrink and E. Penninsi
1010. Changing Oceans: Science, 328: 1497-1528.

Ian M. Dutton is President and CEO of the Alaska SeaLife Center and Chairman of the North Pacific
Research Board. Ian is actively engaged in several national and international initiatives to promote better
understanding of climate change processes and to build the capacity that will be needed to help human
and natural systems adapt to change. He has worked for more than 25 years on marine conservation
and education programs in the Asia-Pacific region with The Nature Conservancy, University of Rhode
Island, Southern Cross University and the Great Barrier Reef Marine Park Authority. Ian holds a Ph.D. in
environmental monitoring from the University of Queensland.
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Climate Change

Effects on the Diversity of Whales and Dolphins

Identifying dolphins in the Indian Ocean. Photo © A. Alling.

by Hal Whitehead

Department of Biology, Dalhousie University
As whale watchers, we value the diversity of the cetaceans that we
see - “I saw a humpback, AND two beaked whales AND a school of
right whale dolphins.” Climate change is changing the ocean, changing
its nature and processes and the habitat that it provides for whales and
dolphins. How will these changes affect the diversity of whales and
dolphins?
To look at this, my colleagues (Brian McGill, Kristin O’Brien, and Boris
Worm) and I first tried to work out what drives cetacean diversity. Why

It turned out that only one of these predictors was
necessary: sea temperature. Cetacean diversity,
as we measured it, is low in cold polar waters,
and then increases as one moves towards the
equator, peaking at about 21 degrees Celsius (70
degrees Fahrenheit), before declining at higher
temperatures.

are there more species in some areas than in
others? I have been travelling the deep oceans
of the world for over 25 years in 33’ and 40’
sailing boats, mainly focused on studying
sperm and northern bottlenose whales. But
when we saw other species we made records.
We had 1,930 deep-water records of cetacean
sightings, from the Indian, Pacific and Atlantic
Oceans, and from the Davis Strait to southern
Chile. We divided them up into blocks of five
sightings, and then looked at how many genera
of cetaceans were included in the block. Our
score would be one if all five sightings were
of species from the same genus, and five if
they were all different. We then looked at
how these scores related to various potential
determinants, or at least predictors, of cetacean
diversity: latitude, depth, primary productivity,
sea-temperature, ocean (Atlantic, Pacific,
Indian), and places within oceans.
It turned out that only one of these predictors
was necessary: sea temperature. Cetacean
diversity, as we measured it, is low in cold
polar waters, and then increases as one
moves towards the equator, peaking at about
21 degrees Celsius (70 degrees Fahrenheit),
before declining at higher temperatures.
The pattern was the same in the Atlantic and
Pacific. It was also the same in the Gully, a
submarine canyon off Nova Scotia where we
study northern bottlenose whales and where
the water warms from about 6 degrees Celsius
to 20 or more degrees Celsius (42->68 degrees
Fahrenheit) over our summer field season.
With cetacean diversity so dependent
on temperature, we used records of sea
temperature to build global maps of expected
diversity in different seasons. Generally
diversity is highest in mid-latitudes, falling
in the tropics, and more sharply towards the
poles.
Having estimated the current pattern, we could
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go on to look at potential changes with
climate change. We used our relationship
between sea temperature and cetacean
biodiversity as well as forecasts of sea
temperatures produced by the models
used by the Intergovernmental Panel
on Climate Change to draw maps of
cetacean diversity in 2020, 2050 and
2080. As the waters warm, diversity
drops in the tropics, especially in the
middle of the Pacific (with a decline of
about 20% in our measure of diversity),
but increases between about latitudes
40o and 60o North and South. Using
some models, the overall global diversity
decreases with global warming, but
with others the increase at high latitudes
roughly balances the decline in the
tropics. All this is because each species
has a preferred temperature range, and as
waters warm its members are predicted
to move generally polewards. This leaves
the tropics, which are getting hotter
and hotter, depauperate of deep-water
cetaceans.
All this is predicted without considering
the negative effects of global warming on
particular species. As discussed in other
articles in this issue, some species, such
as polar and inshore animals, will face
particular threats. Our work and similar
studies on other groups of animals
suggests that the deep-water oceanic
communities that cover over 60% of
the Earth’s surface will reorganize in
response to ocean warming. The ocean
will be different for the whales, for its
other inhabitants and for whale watchers.
For More Information:
Whitehead, H., B. McGill and B. Worm.
2008. Diversity of deep-water cetaceans
in relation to temperature: implications
for ocean warming. Ecology Letters 11:
1198-1207.
Whitehead, H., O’Brien, K. and B. Worm.
2010. Diversity of deep-water cetaceans
and primary productivity. Marine
Ecology Progress Series 408: 1-5.

6

Study Results: Estimated diversity of deep-water cetaceans across the
globe (a), and pattern of expected changes with global warming (b-d).
Whitehead et al. (2008).

Hal Whitehead is a University Research Professor in the
Department of Biology at Dalhousie University. He holds a Ph.D.
in Zoology from Cambridge University in England. His research
focuses on social organization and cultural transmission in
the deep-water whales, but he also works on their ecology,
population biology and conservation. Field work is mainly carried
out in the North Atlantic and South Pacific Oceans from a 12-m
sailing boat. He has developed statistical tools and software
for analyzing vertebrate social systems. He uses individualbased stochastic computer models to study cultural evolution,
gene-culture coevolution and mating strategies. Hal coedited
“Cetacean Societies: Field Studies of Whales and Dolphins”
(University of Chicago Press; 2000) and has written “Sperm
Whales; Social Evolution in the Ocean” (University of Chicago
Press, 2003) and “Analyzing Animal Societies: Quantitative
Methods for Vertebrate Social Analysis” (University of Chicago
Press, 2008).
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Whales Facing Climate
Change in the Pacific Arctic
by Sue E. Moore

NOAA, Office of Science and Technology
Global climate change is shifting the state of the world
ocean toward a future of reduced sea ice cover, increased
acidity, higher sea levels and a loss of marine biodiversity
and ecosystem function (IPCC 2007). The impact of
these changes on marine mammals will vary with the
resilience imparted each species through its natural
history (Moore 2008a). For example, loss of sea ice will
have an immediate negative impact on walrus and seals,
which rely on it as a platform for resting and rearing
pups, while impacts to cetaceans are less certain and
more likely mediated thought shifts in ocean productivity
and predator-prey dynamics (Kovacs and Lydersen
2008; Moore and Huntington 2008). In addition to
primary (habitat loss) and secondary (changes to the food
web) challenges that climate change imparts to marine
mammals, tertiary impacts resulting from climate-related
shifts in human behaviors and economic activities also
must be considered (Alter et al. 2010).
We are in a period of rapid directional change in Earth’s
environment and nowhere is this more evident than in
the Pacific Arctic region, where sea ice loss has become

an iconic symbol of climate change. The loss of sea ice was
especially dramatic (and surprising to scientists!) in late
summer 2007, an event against which all subsequent measures
have been compared. Recently, a team of scientists proposed
the development of an ocean observatory to track biological
responses to the striking loss of seasonal sea ice in the Pacific
Arctic (Grebmeier et al. 2010).
Because whales can act as sentinels to ecosystem alterations
(Moore 2008b), they were included as a key element in the
scope of this nascent observatory. To be effective as sentinels,
we need to both establish what is known now about whales
in the Pacific Arctic and anticipate how these species might
respond to an ecosystem in transition – a short summary of
this two-step approach follows.
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north of Bering Strait each year. The
Beaufort Sea population, numbering
roughly 40,000 belugas, undertakes
a migration similar to BCB bowhead
whales, while the much smaller Eastern
Chukchi population, numbering about
4,000 whales, spends summer and
autumn in the Chukchi and Alaskan
Beaufort seas (Suydam et al. 2001).
Bowheads and belugas are pagophilic
(ice loving) species, completely at
home resting, feeding and traveling
though sea ice. Although not reliant on
sea ice, they are strongly adapted to
habitats and food webs where sea ice is
a key element, with diets comprised of
various species of zooplankton, shrimp,
crabs and fish.
The Pacific Arctic is a region of
strong seasonal contrasts, both in sea
ice extent and in ocean productivity.
Cetaceans that migrate to the Pacific
Arctic to feed during the ice-free

summer-autumn period include gray
whales (Eschrichtius robustus), fin
whales (Balaenoptera physalus),
humpback whales (Megaptera
novaeangliae), minke whales
(Balaenoptera acutorostrata) and
killer whales (Orcinus orca). Of these
seasonal migrants, gray whales are
the species for which the best longterm record of migration, distribution
and abundance exists. In the eastern
North Pacific, gray whales generally
migrate north each spring from
breeding lagoons in Baja California,
Mexico, reaching the northern Bering
Sea by May. In summer, they feed
there and in the Chukchi and Beaufort
seas before migrating south again in
November and December. However, a
collation of recent information reveals
that gray whales may be changing
this annual pattern, with reports of
delayed southbound migration, feeding
whales reported year-round offshore

The bowhead whale is one of the
longest-lived mammals. Photo © J.
Craig George.

Whales of the Pacific Arctic: Yearround Residents and Seasonal
Migrants
Two cetacean species occupy waters
of the Pacific Arctic year-round, the
bowhead whale (Balaena mysticetus)
and the beluga, or white whale
(Delphinapterus leucas). Bowheads
are one of the longest-lived mammals,
with age estimates toping 200 years
(George et al. 1999). The BeringChukchi-Beaufort (BCB) population,
the largest of four stocks recognized
for this pan-Arctic species, migrates
annually from wintering areas in the
northern Bering Sea to summering
grounds in the Canadian Beaufort Sea.
Although bowhead numbers were
dramatically reduced by commercial
whaling in the 1800s, the population
has been growing at a steady pace and
now numbers roughly 12,000 whales.
There are five genetically distinct
populations of beluga recognized
offshore Alaska, two of which migrate
8
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production will likely vary by region and will be very dependent on
wind, which can either enhance or impede production.
The future for beluga and bowhead whales will depend, in part, on
their ability to adapt to changing food web pathways to their prey.
Bowhead whales eat zooplankton that are carried into the Arctic by
ocean currents (advection) as well as species that are the result of
local production, while beluga are known to feast on a variety of
local crustaceans and fishes. This plasticity in feeding will serve both
species well, but they may have to contend with more competitors
for their meals if the seasonally-migrant cetacean species arrive in
the Pacific Arctic in greater numbers and are able to forage there over
longer periods. A big unknown is what might happen if killer whales
enter the system in greater numbers, or remain in the Pacific Arctic
longer. To date, a single pod of killer whales “routinely” appears
offshore Barrow, Alaska each summer, but there has been no upsurge
in numbers in the Pacific Arctic, as appears to be the case in the
Canadian Arctic. As top predators, killer whales could significantly
alter numbers as well as patterns of distribution and movement of
both arctic-adapted and seasonally migrant cetaceans.

Kodiak, Alaska and at least some gray whales
overwintering in the Beaufort Sea, as indicated
by detection of their calls there (Moore 2008b).
This change in gray whale natural history may
reflect a re-occupation of habitats by an expanding
population, a response to ecosystem shifts related
to climate change, or (more likely) both factors.
One thing that seems clear is that continued
evaluation of this (comparatively) well-studied
species is warranted with regard to understanding
the effects of climate change on large whales.
Loss of Sea Ice: Challenges and Opportunities
Sea ice scientists are now predicting ice-free
summers in the Arctic by mid-century (Wang
and Overland 2009), a situation that will bring
both challenges and opportunities for cetaceans.
Arctic food webs are simple when compared to
those of temperate and tropical seas, but even so
it is difficult to predict how a seasonal loss of sea
ice will impact them. Forecast models suggest
that although primary production associated with
ice algae will be lost, the additional months of
light on the sea surface will spur production of
phytoplankton, which will in turn feed a richer and
more pelagic biome. Actual changes to primary

Moore & Laidre 2006
Anticipating Commercial Activities in the Pacific Arctic
The rapid reduction in sea ice has precipitated a surge of commercial
activities in the Pacific Arctic, including increases in shipping
(including tourism) and in exploration for offshore oil and gas (O&G)
reserves. In response, the Arctic Council produced the Arctic Marine
Shipping Assessment (AMSA) as a way to gauge extant and project
future shipping through 2020 (http://arctic-council.org). While the
focus of the AMSA is marine safety and marine environmental
protection, one of 17 formal recommendations specifically addresses
potential impacts of increased commercial shipping on marine
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mammals; it states that:
The Arctic states decide to engage with relevant
international organizations to further assess
the effects on marine mammals due to ship
noise, disturbance and strikes in Arctic waters;
and consider, where needed, to work with the
International Maritime Organization in developing
and implementing mitigation strategies.
At present, most shipping in the Arctic is coastal,
with transits focused through Bering Strait, eastern
Fram Strait, Hudson Strait and through Parry
Channel in the Canadian High Arctic. A variety of
ships pass through the Bering Strait in support of
hard minerals/mining, offshore O&G exploration
and development, science and tourism. For
example, roughly 25 large bulk carriers annually
pass through the Strait in the ice-free season to the
DeLong Mountain Terminal off Kivalina, Alaska
and, in 2010, it is anticipated that two seismic
survey vessels and ‘several’ support ships will be
operating in the northeast Chukchi and US Beaufort
seas in support of O&G exploration. In addition,
roughly ten scientific cruises will be undertaken

The combined low-frequency
“acoustic footprint” from these
activities is potentially large and could
mask signals important to baleen
whales.
in the Pacific Arctic region. The combined lowfrequency ‘acoustic footprint’ from these activities
is potentially large and could mask signals
important to baleen whales. The AMSA Report
also projects ‘Regional Futures to 2020’ for the
Northwest Passage and for the Northern Sea
Route and Adjacent Areas. While the Northwest
Passage is not expected to become a viable
trans-Arctic route due to seasonal ice conditions,
complex topography, draft restrictions and choke
points, destinational shipping is anticipated to
increase, driven by demand for seasonal re-supply,
expanding resource development and tourism.
Conversely, since 2002 there has been significant
planning underway for development of the
Northern Sea Route, with marine transportation,
especially of oil, the primary focus of a series of
workshops and conference (see AMSA Report for
details). All of these commercial activities add risk
to cetaceans in the Arctic, via increased likelihood

10

of mortality or injury by ship strikes and increased exposure to
pollution including underwater sound.
Conclusions
The climate of Arctic regions has changed demonstrably in the past
50 years, with projected changes of a magnitude not seen during the
time frame of human history. Impacts of this change on cetaceans
will depend on their resilience – that is, their ability to survive
negative impacts and to seize on new opportunities presented by
ecosystem shifts. The future for cetaceans in the Pacific Arctic is
probably one wherein beluga and bowhead whales will increasingly
have to share their habitats with seasonally-migrant species. This
already seems to be the case for bowhead and gray whales offshore
in N.E .Alaska where the two species now commonly feed together
in late summer – something not seen 25 years ago. Yet we must be
cautious in the interpretation of changes in distribution over only a
few seasons. Long-term observations at sentinel sites and based upon
research partnerships with local residents is key to understanding
how cetaceans are (and will) respond to climate change in the Pacific
Arctic (Grebmeier et al. 2010). As iconic species and long-lived
ocean sentinels, whales are uniquely poised as guides to how climate
change is affecting marine ecosystems – it is to our peril to ignore
their message.
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Feeling The Heat

Potential Climate Change Impacts on Bottlenose Dolphins

By Randall S. Wells

Chicago Zoological Society
The concept of global climate change
means that there will be ramifications
for life throughout the world from
changes associated with global
warming. Among the predicted largescale impacts of global climate change
are increases in sea surface temperature
and sea level, decreases in sea ice cover,
and changes in salinity, alkalinity,
wave climate, ocean circulation, and
primary productivity. Some of these
are being demonstrated first and most
dramatically at the poles (Moore 2005),
but environmental changes associated
with climate change should be expected
for most of the marine mammal species
around the world. Exactly when these
environmental changes may become
detectable in different habitats outside
of polar regions, how severe they will
become, and how the marine mammals
will respond to them is unknown.
Learmonth et al. (2006) summarized
some of the potential effects of
climate change on marine mammals
as including changes in abundance,
distribution, timing and range of
migration, community structure, the
presence and species composition of
competitors and/or predators, prey
availability and distribution, timing
of breeding, reproductive success
and survival. With changing water
temperatures, species constrained to
specific ranges of water temperature
might be expected to shift their ranging
patterns to remain within preferred
or required temperature regimes. Our
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knowledge of natural history and
physiology for some species may
provide us with sufficient information
to refine hypotheses about how these
animals might be impacted, and how
they might respond. Armed with these
hypotheses, we can be better prepared
to detect deviations from normal
patterns that might be related to climate
change. Well-supported predictions of
impacts may also encourage increased
efforts to mitigate anthropogenic
threats in order to reduce the possibility
of cumulative impacts leading to
population extirpation.
Increase in sea surface temperature
is one of the primary direct effects of
global warming. As organisms that
are finely attuned to their thermal
environment, marine mammals should
be expected to respond to increased
sea surface temperatures. In particular,
cetaceans must contend with the
challenges of maintaining a constant
body temperature while immersed in
water throughout their entire lives.
Over evolutionary time, cetaceans have
developed complex physiological and
behavioral adaptations for meeting
thermal challenges. Water draws heat
from a body 25 times faster than air
at the same temperature. Cetacean
blubber, a dynamic insulative layer
that varies in thickness and lipid
composition with water temperature,
is very effective at retaining heat. This
benefits the cetacean when the water is
cooler than the animal, but may limit
the body’s ability to lose excess heat as
waters warm. Larger body sizes with
relatively smaller ratios of surface area

to volume can also aid in heat retention,
by limiting the body surface across
which heat can be lost. Conversely,
smaller body sizes with relatively
larger surface area to volume ratios can
work to the animal’s advantage when
waters are warmer. Specialized blood
vessel configurations and control of
blood flow to the radiating surfaces
of appendages can aid in keeping
cetaceans warm when necessary, and
can cool the body and especially the
reproductive organs under warmer
ambient conditions, as long as water
temperature does not exceed body
temperature (Meagher et al. 2008).
Cetacean ranging patterns are defined
in part by temperature extremes, with
the animal moving within a temperature
regime that can be handled by its
physiological adaptations. What is
likely to happen to a non-polar cetacean
when temperature regimes change as
part of global climate change?
Impacts of sea surface temperature
increase may vary widely from
species to species and even from
one cetacean population to another.
For example, deep-diving species
are adapted for exposure to a wide
range of water temperatures that may
change markedly with depth. Changes
in water temperature should occur
faster and to a greater degree at or near
the surface. Thus, species inhabiting
shallower, coastal waters may be
impacted sooner through greater
exposure to warmer waters. One of
the better-known non-polar cetacean
species, distributed widely through
temperate-tropical coastal waters,
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is the common bottlenose dolphin,
Tursiops truncatus. The species
is found as far north as the Moray
Firth in Scotland, and as far south
as the fjord-lands of southern New
Zealand, and at latitudes in between.
However, different populations are
limited in their movements – none
experience the full temperature range
of the species. Because it is common
to many coastlines around the world,
and because of the availability of
knowledge about the biology of this
species, we will consider it as a model
for developing hypotheses about the
potential impacts of climate change on
non-polar, inshore small cetaceans, and
the potential responses of the species.
Bottlenose dolphins impacted by
changing environmental conditions due
to climate change are faced with three
basic options for responses.They may
be able to redistribute as conditions
change, meaning that they can follow
or avoid changes to remain within
an acceptable range of temperatures
or other environmental parameters.
Alternatively, they may remain within
their historical ranges and adapt
to the changing conditions, within
the physiological, ecological, and
behavioral limitations of the species or
population. The third option is to go
extinct. What capacity do bottlenose
dolphins have to redistribute or adapt as
conditions change?
Bottlenose dolphins demonstrate a high
degree of behavioral plasticity, and this
variability is evident in the ranging
patterns exhibited by populations in
different parts of the species’ range
(Wells and Scott 1999). Relatively
isolated populations of large-bodied
bottlenose dolphins reside year-round
at the extremes of the species’ range,
off Scotland and New Zealand. At the
northern extent of the species’ range
along the U.S. Atlantic coast, bottlenose
dolphins are seasonally migratory,
shifting southward as waters cool in
the fall and returning to more northerly
waters as they warm in the spring

(Barco et al. 1999). Farther to the south
along the Atlantic seaboard and through
much of the Gulf of Mexico, year-round
resident populations occur in bays,
sounds, and estuaries (Wells and Scott
2009).
An example from the coast of
California suggests that at least some
bottlenose dolphins can change their
long-term ranging and habitat use
patterns in response to direct or indirect
effects of large-scale temperature
change. Individually identifiable
bottlenose dolphins were documented
to have extended the species’ range
northward 670 km in association with
warming of the waters during the
1982-83 El Niño Southern Oscillation
event, shifting from southern California
to Monterey Bay and vicinity (Wells et
al. 1990). It could not be determined
if the movements resulted directly
from water temperature increases, or
from associated movements of prey
fish. Over the ensuing three decades,
bottlenose dolphins have continued to
inhabit Monterey Bay.
Elsewhere, away from the extreme
limits of the species’ range, the
redistribution option may be less viable.

For example, long-term, year-round
residency in bays, sounds, and estuaries
has been documented for bottlenose
dolphins through much of the southern
United States. Although bottlenose
dolphins are nearly continuously
distributed along shorelines and through
bay systems in this region, population
structuring has become apparent from a
number of photographic identification
and genetic studies, leading to the
description of discrete communities.
Repeated sightings of distinctive
individual dolphins in the same bay
systems have been compiled over
periods of years to decades, with little
exchange noted. Communities share
home range borders with similar
adjacent units, forming a mosaic along
the coast of regions such as the Gulf of
Mexico (Wells et al. 1987; Duffield and
Wells 2002; Sellas et al. 2005; Urian et
al. 2009). How much capacity do these
locally resident communities have to
shift their ranges in the face of severe
environmental changes, especially
in light of the fact that their shifts
would likely impact other established
communities?
Bottlenose dolphins along the west
coast of Florida have demonstrated

An example from the coast of California suggests that at least some bottlenose
dolphins can change their long-term ranging and habitat use patterns in response
to direct or indirect effects of large-scale temperature change. Photo © Michael Ho,
www.michaeldanielho.com.

																											

Whalewatcher

13

Climate Change & Cetaceans: Bottlenose Dolphins
a high degree of site fidelity over at
least the 40 years that research has
been conducted in this region. For
example, the Sarasota Bay community
of about 150 resident dolphins currently
spans five generations, and includes
individuals up to 60 years of age (Scott
et al. 1990; Wells 2003, 2009). The
community still includes individuals
first identified when the research was
initiated in 1970-1971 and 96% of the
resident dolphins of at least 15 years
of age have been seen in the region for
15-40 years. It is bordered by other
communities in Tampa Bay to the north,
Charlotte Harbor to the south, and the
Gulf of Mexico to the west.
The communities along this 200 km
section of coastline have faced a series
of large-scale environmental changes
in recent years that have tested the
strength of their site fidelity. A series of
red tide harmful algal blooms, including
a severe 11-month bloom in 2005
along the entire central and southwest
coast of Florida, killed millions of
fish, as well as numerous seabirds,
marine turtles, manatees, and dolphins,
leading to the federal declaration of
a Multi-Species Unusual Mortality
Event. In spite of the loss of 71% to
97% of some of their primary prey fish
to the red tide toxins (Gannon et al.
2009), the long-term resident dolphins
of Sarasota Bay remained in the area.
Body condition for some age and sex
classes declined from the loss of prey,
as exemplified by weights of 2-year-old
calves that were more than 20% below
normal in 2006. Also on the heels of
this decline in available prey, long-term
residents with no previous history of
interacting with humans began taking
bait and catch from recreational anglers
on boats and at piers. This led to the
death of at least 2% of the resident
community from ingestion of fishing
gear in 2006 (Powell and Wells in
press). In 2004, Category 4 Hurricane
Charley passed through Charlotte
Harbor, devastating the region, altering
the barrier islands that define the area,
and introducing massive quantities of
pollution to the local waters. However,
14

the Gulf of Mexico, there has so far
been no indication that dolphins have
abandoned coastal waters even when
faced with large quantities of oil from
the Deepwater Horizon spill. What
does the fact that the dolphins do not
leave areas in response to devastating
hurricanes, severe harmful algal blooms
or massive oil spills mean with regards
to their potential response to other large
scale environmental changes such as
climate change and associated warming
waters?

Water temperature measurements
are part of a suite of data collected
with each dolphin sighting as part of
a regular monthly survey program in
Sarasota Bay, Florida. Photo courtesy
Sarasota Dolphin Research Program.

94% of the resident dolphins were
found within their original ranges
following the severe storm and the
red tides that plagued Florida’s west
coast. The long-term attachment of
these dolphins to specific geographic
regions is remarkable. Elsewhere in

We hypothesize that bottlenose
dolphins inhabiting bays, sounds, and
estuaries away from the limits of the
species’ range may live in “ecological
cul-de-sacs” where they cannot, or
will not, shift their ranges in response
to large scale environmental changes.
Unlike the case for bottlenose dolphins
living at the edges of the species’
range, there is no readily available,
unoccupied habitat that could facilitate
population-level range shifts to
more favorable conditions. If the
redistribution option is not available to
these inshore dolphins, then the only
viable option remaining is for them
to adapt to changing conditions. How
much capacity do these animals have to

Dolphin mortalities in Sarasota Bay appear to be related to water temperature.
Deaths depicted here exclude those resulting from human interactions, and those
of young-of-the-year calves. Water temperatures are monthly averages from data
collected during 1993-2008.
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respond to environmental changes such
as increases in water temperature?
Bottlenose dolphins residing in Sarasota
Bay, Florida, face a wide range of
water temperatures over the course
of a year, from about 10o C up to 35o
C, just below body temperature. The
dolphins cope with this range through
a variety of physiological mechanisms,
including changes in blood flow to
the appendages as thermal windows
for radiating heat, and seasonal
changes in blubber thickness and
composition. Winter blubber depth
is 32% greater than summer, and the
lipid content is 55% higher in winter.
This blubber apparently provides very
effective insulation against the cold,
as preliminary studies of metabolic
rates have found lower rates in winter
than in summer (Costa et al. 1993).
The higher metabolic rates in summer
suggest it may be easier to stay warm
in winter than it is to offload body
heat into water that is about the same
temperature as the dolphin’s body in
summer. How important is the issue
of thermal stress to these animals in
the summer – are they already living
near the limit of their capacity to cope
with heat? Although no cause and
effect relationship has been established
relative to water temperature, more
Sarasota Bay dolphins die in summer
than in winter. The average water
temperature for days when resident
dolphins die is significantly higher than
the average daily water temperature to
which the residents are exposed over
the entire year.
If the Sarasota Bay and similar inshore
dolphin communities live in ecological
cul-de-sacs, then what might be
predicted regarding the environmental
changes and threats they will face as
waters warm? There will be increasing
numbers of days each year during
which heat stress may be a concern.
Elevated metabolic rates will need to
be sustained through increased food
intake. Increased foraging and feeding
activity will generate additional body
heat, potentially exacerbating the

Increasing occurrence of disease is one concern associated with climate change.
This 42-yr-old male in Sarasota Bay suffers from a Lacaziosis fungal infection, and
is also entangled in monofilament fishing line. Sarasota Dolphin Research Program
staff members were able to disentangle this dolphin when it swam alongside our
vessel. Photo courtesy Sarasota Dolphin Research Program/K. McHugh.

problem of heat stress. Changes in
water temperature, salinity, sea level,
acidity, and other environmental factors
associated with global climate change
may alter the composition of the
estuarine fish community upon which
the dolphins depend for their survival.
Global climate change is projected
to increase the frequency and/or
intensity of both harmful algal blooms
involving dinoflagellates (such as the
red tide organism, Karenia brevis), and
hurricanes.
The dolphins may face increased health
risks from warming seas. As described
by Kathy Burek and colleagues (Burek
et al. 2008) “...the overall health of
an individual animal is the result of
complex interactions among immune
status, body condition, pathogens and
their pathogenicity, toxicant exposure,
and the various environmental
conditions that interact with these
factors.” Effects of climate change on
health in non-polar regions are likely to
include thermoregulatory challenges,
changes in pathogen availability and
transmission, body condition changes
from changes in the prey base, changes
in exposure to toxicants in the form of
anthropogenic chemicals and biological

wastes, and biotoxins from harmful
algal blooms. Warmer water conditions
may lead to increased exposure
to pathogens if they contribute to
increased pathogen survival in the local
environment, or they increase contact
with intermediate hosts or vectors,
especially those carrying pathogens to
which the resident community has not
been previously exposed (e.g., host
population is immunologically naïve
to an “exotic” pathogen) (Buck et
al. 2006). Dolphin susceptibility to
pathogens may increase if the animals
face nutritional or toxic stresses,
leading to increased morbidity and
mortality, and decreased reproductive
success.
The bottlenose dolphins of Sarasota
Bay and other inshore communities,
especially males of all ages and
females who have yet to give birth,
have been documented to have blubber
concentrations of pollutants such as
persistent organic pollutants (PCBs,
pesticides and related toxic compounds)
exceeding theoretical thresholds for
health and reproductive impacts (Lahvis
et al. 1995; Schwacke et al. 2002; Hall
et al. 2006; Wells et al. 2005). These
contaminants, which bind with lipids,
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are sequestered in developing blubber
as waters cool. Climate change is
expected to change exposure of marine
mammals to toxicants through changes
in atmospheric and oceanographic
transport, prey availability and/
or selection, local weather-related
patterns of run-off, and distribution and
frequency of harmful algal blooms and
alteration of physiological processes.
During times of warming water or
nutritional stress, contaminants bound
to lipids and stored in the blubber
may be released into the blood at
an increased rate (e.g., redistributed
to target organs or biotransformed),
leading to impacts on target organs
including immune system compromise,
or transfer to calves through lactation,
creating the potential that contaminants
could work together with nutritional
and disease stresses to cause significant
morbidity and mortality (Yordy et al.
2010).
Available evidence suggests that
seasonal warming already appears to
lead to health challenges for Sarasota
Bay bottlenose dolphins. It is difficult to
predict how this scenario might change
under an incremental warming situation
as might occur with climate change.
How might the animals respond to
longer periods of thermal stress?
Will accumulation of contaminants
decrease if less blubber is deposited
seasonally? How will the animals
contend with the contaminants to which
they continue to be exposed, but which
are not sequestered (e.g., loss of depot
protection) or released seasonally? Will
exposure to more or different pathogens
in chronically warmer waters cause the
animals to experience a period of initial
extensive mortality and morbidity,
followed by development of immunity
and resolution of the epidemic, or will
numbers be reduced to the point were
they are vulnerable to stochastic events
or other factors? A robust immune
system can face a new pathogen by
responding and allowing the host to
develop resistance, but how does the
thermally, nutritionally, and/or toxically
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A healthy newborn calf. Fewer than half of first-born calves in Sarasota Bay survive
their first year of life, perhaps due at least in part to concentrations of environmental
contaminants transferred from their mothers. Photo courtesy Sarasota Dolphin
Research Program/J. Allen.

stressed immune system fair in this
scenario?
Regardless of the exact scenario
that unfolds, it seems clear that
dolphins will be facing challenges
from global climate change, and
that these challenges are likely to be
exacerbated by the cumulative impacts
from natural threats and those of
human origin. The cessation of global
warming from anthropogenic sources
will require international political
and economic will beyond what has
been demonstrated to date, and this
will no doubt take time. Threats to
dolphins living in ecological cul-desacs and elsewhere exist now and are
growing, and may reduce the ability of
populations to adapt to climate change.
Cumulatively, deaths, injuries, and/
or disturbance from human activities
such as pollution, entanglement in,
and ingestion of, recreational and
commercial fishing gear, boat collisions
and traffic, coastal construction and
habitat alteration, provisioning, and
swimming with wild dolphins are of
concern for inshore dolphin populations
(Wells and Scott 1997; Nowacek et al.
2001; Wells et al. 2005, 2008; Powell
and Wells in press). Increased efforts at
the national and local level to mitigate
the impacts of human activities, through
increased education, outreach and
enforcement of existing regulations,
and consideration of the full range
of cumulative impacts of human
activities when management actions are

developed, could help to provide these
animals with a greater capacity to adapt
to their changing environment.
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The Biggest Threat of All
by Elin Kelsey
Like Yossarian in “Catch‑22” who doesn’t notice Snowdon’s
fatal belly wound because a less serious leg wound distracts
him, it’s easy to loose track of climate change in the
immediate horror that is the Gulf Oil Spill. Yet to do so, in
the case of whales, would be a mistake. In a recent edition
of the Huffington Post, Julie Packard, Executive Director
of the Monterey Bay Aquarium writes: “The oil blowout
that’s fouled the Gulf of Mexico since April is many things:
a human tragedy, an environmental disaster and a wake-up
call….but we can’t be distracted from Ocean Enemy No. 1:
the grave threat of accelerating global climate change caused
by the carbon pollution that people produce.” Packard goes
on to cite a report published in the journal Science (June
13, 2010) describing how human-made greenhouse gases
are driving an irreversible and fundamental ecological
transformation of the world’s oceans. The lead author, Ove
Hoegh-Guldberg, the Director of the Global Change Institute
at the University of Queensland in Australia, puts it bluntly:
“The oceans are choking on greenhouse gases. Our emissions
are changing ocean temperature, pH and circulation
with wide-ranging effects on biological productivity and
ecosystem health….It’s not climate change. It’s ocean
change!”
Unlike the Gulf oil spill, “ocean change” is hard to see. Its
effects on whales are invisible to the vast majority of us. Yet
the impacts we collectively cause are dramatic: skinny gray
whales in the Baja birthing lagoons (Barrett, 2010; Nichols,
2007), right whales unable to find enough zooplankton
(“Climate Change Effects,” 2010); mass strandings along the
coast of Australia (AFP/Economic Times, 2009). Tragically,
the same ships that spew CO2 into the atmosphere creating
climate change have also made the oceans 1000 times noisier

“Blue whales have lost 90% of their
opportunities to communicate,” says
Christopher Clark. “Most of that loss comes
from shipping because 97-98% of all
commercial goods travels on the backs of
ships.”
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With their ability to reach millions of individuals all across
the country, aquariums are well-placed to take on this
communication challenge. Photo courtesy Monterey Bay
Aquarium.

than they were 40 years ago, when many of the whales
living today were youngsters or teenagers. “Blue whales
have lost 90% of their opportunities to communicate,”
says Christopher Clark (Imogene P. Johnson Director,
Bioacoustics Research Program, Cornell University). “Most
of that loss comes from shipping because 97-98% of all
commercial goods travels on the backs of ships.” (Clark,
2009, McNaughton, 2005).
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So how do we communicate what’s happening with climate
change, whales, and the world’s oceans? Look at the
references for this piece and you’ll notice that I sourced
much of my information from aquariums. With their ability
to reach millions of individuals all across the country,
aquariums are well-placed to take on this communication
challenge. And in December 2008, that’s exactly what
nearly 40 aquariums and national marine sanctuary visitor
centres, from across the USA, as well as Canada and Hong
Kong pledged to do. The group gathered in Monterey to
attend a multi-day workshop. They heard from leading
climate change, ocean and social scientists studying
psychological and behavioral aspects of climate change.
They worked with communication experts on how to craft
messages and target audiences. When they walked out the
door at the end of the workshop, they had made more than
one hundred pledges to communicate climate change and
the oceans through exhibits, education programs, websites,
policy advocacy, greening operations, and more. Today,
consortium members refer to that meeting as “the birth of
a movement.” Most fulfilled their pledges and have taken
on larger commitments in the past six months. A workshop
on communicating the impact of climate change on gray
whales, for example, was initiated by Santa Monica Pier
Aquarium/Heal the Bay and COSEE West - the west coast
hub for the National Science Foundation supported Centers
for Ocean Sciences Education Excellence effort. A number
of aquariums in the consortium have secured significant
NOAA grants and other financial support to extend the
reach of their efforts.

Warming/Climate-change-to-bring-more-whale-beachings/
articleshow/4348181.cms)
Barrett, A. (January 26, 2010). Which way, gray? Retrieved
July 16, 2010 from http://montereybayaquarium.typepad.
com/sea_notes/2010/01/which-waygray.html?utm_
source=feedburner&utm_medium=feed&utm_campai
gn=Feed%3A+SeaNotes+%28Sea+Notes%29&utm_
content=Google+Reader
Clark, C. (2009). Whale Voices from the Blue Deep.
Retrieved July 12, 2010 from http://www.cornell.edu/video/
index.cfm?VideoID=694
Climate change effects ocean animals (2010). Retrieved
july 16, 2010 from http://www.neaq.org/conservation_and_
research/climate_change/effects_on_ocean_animals.php
McNaughton, A, (March 10, 2005). North Atlantic. Old
technologies shed new light on whale communication.
Retrieved July 16, 2010 from http://www.vanaqua.org/
aquanew/fullnews.php?id=1925
Nichols, W. J. (2007). The Skinny Gray Whales. Retrieved
July 15, 2010 from http://climateofourfuture.org/the-skinnygray-whales/
Packard, J. (July 16, 2010) Ocean Enemy No. 1. Retrieved
on July 16, 2010 from http://www.huffingtonpost.com/juliepackard/ocean-enemy-no-1_b_645980.html

Climate change. Ocean change. Social change. We are not
in a Catch-22. We know that urgent action is needed. But
like Yossarian, the distraction of crises could blind us from
attending to the biggest threat of all.
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Climate Change and
European Cetaceans
by Mark Peter Simmonds and
Sonja Eisfeld - The Whale and
Dolphin Conservation Society (WDCS)

We have been surveying cetaceans in the
outer Moray Firth, north-east Scotland,
for several years. Our aim has been to
address the paucity of data on the cetacean
inhabitants of this sea area, particularly
as there is a rapid expansion of human
activities ongoing there. The Firth is
well known for its resident population of
bottlenose dolphins (Tursiops truncatus).
Far less is known about cetacean
populations and away from the near-shore
zone where the bottlenose dolphins seem to
be concentrated. Offshore we were surprised
to find numbers of short-beaked common
dolphins (Delphinus delphis) a species
more commonly found further south, and
when our observations were combined
with those of others, a pattern of changing
distribution was revealed (Robinson et al.
2010). Hitherto, the short-beaked common
dolphin was regarded as rare or absent
from the northern North Sea. In reporting
on the systematic surveys made of the
outer Moray Firth between 2001 and 2009
(including our own and a resighting of
recognizable individuals), (Robinson et
al. 2010) provide the first evidence for the
sustained occurrence of these delphinids
in this region during the warmer summer
months at least in the deeper waters of
the embayment. This seems to fit into the
pattern of likely consequences of climate
change for cetaceans that has been predicted
(see for example, Simmonds and Elliot
2009), including movements away from
low latitudes towards the poles (Whitehead
et al. 2008; MacLeod, 2009). However,
determining changes in distributions
presents major challenges, and needs to
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A common dolphin races the research boat. Photo © Sonja Eisfeld.

be based on robust long-term data sets. Similarly, assigning causes to any
detected changes is inherently difficult. Population changes, for example
increases in population sizes in some regions, could be driven by non-climate
related factors such as the cessation of commercial whaling for most species in
European waters, or changes in prey perhaps resulting from changes in fishing
pressure. Efforts to interpret population changes are also hampered because
cetaceans are typically fast moving and wide ranging species which are both
difficult and expensive to monitor.
The difficulties inherent in such research are exemplified by the debate
over the harbour porpoise (Phocoena phocoena) in the North Sea. The key
prey species, sandeels (Ammodytes marinus) are known to be affected by
climate change and links have already been made between crashes in seabird
populations and sandeel declines (Rindorf et al. 2000; Lewis et al. 2001;
Fredriksen et al. 2004). It seems reasonable to postulate that the harbour
porpoises might be affected similarly. Macleod et al. (2007a) considered
this by examining porpoise diet in Spring (March–May), “a critical time of
year for survival when sandeels are important prey,” from 1993 to 2001.
Comparing these baseline data with data from Spring 2002 and 2003, they
found a smaller proportion of sandeels being consumed and differences in
the number of porpoises starving: 33% in the Spring periods of 2002 and
2003, but only 5% in the baseline period. This, they argued, suggested that
a lower proportion of sandeels in the diet of porpoises in Spring increased
the likelihood of starvation. They linked this observed pressure on the
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porpoise population to climate change.
However, Thompson et al. (2007)
sharply criticized these notions,
suggesting that small sample sizes and
uncertainty over biases in these data
cast doubt on the study’s evidence
for any impact of climate change. For
example, they noted that the claim
that the percentage of porpoises that
starved increased from 5 to 33% was
based on only 11 starved individuals.
The authors replied that they had “been
careful to stress that [their] conclusions
were based on a small dataset from
a localized area” and they believed
“that highlighting a possible concern
worthy of further research is a positive
contribution to conservation” (Macleod
et al. 2007b).
Several papers have recently reported
changes in cetacean distributions
around the UK using sightings
and strandings data. For example,
Macleod et al. (2005) looked at the
cetacean communities of Northwest
Scotland. They analyzed strandings
from 1948 to 2003 and found that
whilst no new species per decade
were recorded in north-west Scotland
between 1965 and 1981, this changed
to two new species per decade from
1988 onwards. They found that in
the period 1992 to 2003, the relative
frequency of strandings of whitebeaked dolphins (Lagenorhynchus
albirostris), a colder water species,
declined, while strandings of common
dolphins, a warmer water species,
increased. Sighting surveys in 2002
and 2003 support these trends, which
are consistent with increases in local
water temperature. Interestingly, a
similar northward movement was
recently reported for the Pacific
white-sided dolphins (Lagenorhynchus
obliquidens) in the North Pacific
(Salvadeo et al. 2010). Macleod et al.
(2008) detected a significant trend in
the increasing occurrence of harbour
porpoises in summer months in the
English Channel.

There may be many conservation
implications of climate change for
cetaceans, one being that formerly
abundant cold-water species, such as
white-beaked dolphins, may be lost
from the cetacean community off
Scotland (Macleod et al. 2005). In a
wider context, such changes may lead
to populations of cetaceans moving out
of areas designated for their protection
or indeed out of the habitat areas
that they favour with unknown but
likely negative consequences for their
survival.
These northerly shifts of cetaceans may
be due to their thermal preferences
or limits or changes in their prey
and there is evidence for significant
changes in the distribution of North
Sea fish. Indeed, Perry et al. (2005)
have shown that the distributions of
both exploited and non-exploited fish
have responded strongly to recent
increases in sea temperature, with
nearly two-thirds of species shifting in
mean latitude or depth or both over 25
years, with all but one having moved
northwards.
In recent years, in Europe, in addition
to the shifts in delphinid populations,
there has also been increased interest
in the movements of beaked whales
(Ziphiidae). Firstly, various sightings
and strandings of northern bottlenose
Climate changes that cause
cetaceans to move into
new areas either because
of their thermal preferences
or prey changes, may bring
them into new conflicts with
human activities in such
areas. This might include
novel interactions with
fisheries, for example, or
with loud noise sources.

whales (Hyperoodon ampullatus) in
recent years have led to speculation
in the press about changes in its
population. However, the species
remains little studied in this region,
although it was severely reduced by
hunting pressure, and so changes
(if real) might relate to a growing
population. Secondly, in 2008, a large
number of whale bodies came ashore
in Britain and Ireland in the first half
of the year. Eighteen Cuvier’s beaked
whales (Ziphius cavirostris), four
Sowerby’s beaked whales (Mesoplodon
bidens), five unidentified beaked
whales and twenty-nine long-finned
pilot whales (Globicephala melas)
were recovered (Dolman et al. 2010).
There may well have been other bodies
lost at sea but the decomposition of
those animals suggests that an unusual
mortality event took place in midJanuary but with most carcasses too
decomposed for necropsy, the cause(s)
remain unknown.
Of course, there are many more things
happening at sea than the effects of
climate change and the waters of
Europe are increasingly busy with
shipping and other industry. Climate
changes that cause cetaceans to move
into new areas either because of their
thermal preferences or prey changes,
may bring them into new conflicts with
human activities in such areas. This
might include novel interactions with
fisheries, for example, or with loud
noise sources. Several authors have
recently considered likely implications
for cetaceans of a rapidly changing
climate (e.g. Simmonds and Elliot,
2009; Alter et al. 2010) and MacLeod
(2009) provides some predictions about
what range changes may occur for
cetacean species and their implications.
It will be interesting to see which
predictions turn out to be realized in
due course, although we should not act
simply as disinterested observers in
this matter but plan our conservation
strategies accordingly. Certainly,
changing distributions and new
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cetacean-human interactions are going
to make cetacean conservation all the
more challenging and we shall need to
be swift to respond.
WDCS would like to thank the BBC
Wildlife Fund for supporting its
research, including the surveys in
the Moray Firth, and the Cetacean
Research and Rescue Unit for inspired
collaboration.
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Freshwater-Dependent
Cetaceans

Integrating Climate Change-Related Impacts from Mountain to Sea

Irawaddy dolphins are notably more social than the “true” river dolphins. Also, in the Ayeyarwady River, Myanmar, they have
a longstanding relationship with the local cast-net fishermen. Photo © Aung Myo Chit.

by Brian D. Smith and
Randall R. Reeves
Climate change will affect all kinds of cetacean
habitat, but to what degree and in what manner is
uncertain. Among the most vulnerable species are
those that depend on fresh water (see next page).
The ecological requirements of these animals are
linked to the entire global water cycle in all its
complexity, from glacial melt and rainfall patterns
in the Himalayas and Andes, to sea level rise and its
effects on salinity in estuaries of the Bay of Bengal
and western Atlantic. Their dependence on fresh
water binds the fate of this cetacean group to that of
a large fraction of the world’s human population. For
example, the Ganges and Yangtze basins together
support roughly 25% of the people living on earth
today. Moreover, much of the world’s biodiversity

is connected, in one way or another, to these large
river systems along with the Amazon, Orinoco, and
Mekong.
Due to threats unrelated (or only indirectly related)
to climate change, such as incidental mortality
in fishing gear, hunting, and the construction of
dams and embankments, freshwater-dependent
cetaceans already rank among the most endangered
mammals. Climate change is a new (or at least
newly-recognized) wildcard that could tip the balance
for some species. The effects of climate change
can be overt: habitat may literally disappear as a
result of altered hydrologic regimes or sea level
rise. The effects can also be subtle and insidious:
shifts in temperature or precipitation may lead to
increased fishing intensity, which in turn depletes prey
populations and heightens the risk of entanglement
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in fishing gear. The ever-increasing demand for fresh water in urban centers, industrial parks, and farmlands is
bound to exacerbate the already existing competition between people and dolphins for this fundamental resource.
Although they live in environments of great importance to biodiversity conservation and human welfare,
surprisingly little is known about specific habitat needs of the freshwater-dependent cetaceans, or about how
climate change might affect the processes that allow rivers, lakes, and estuaries to meet those needs. It makes
sense to assume that the freshwater-dependent species are adapted to the environmental conditions in which
they are found, but we really have only vague notions about the limits to their adaptability. Within freshwater
systems, they appear to require access to hydraulic refuge from high-velocity currents and sufficient flow (i.e.
channel depth) to allow movement between deep pools. This makes them particularly vulnerable to changes in
upstream flow regimes, which often lead to more simplified canal-like waterways.

Freshwater-Dependent
Cetaceans
Freshwater-dependent cetaceans are species that occur either: (1) exclusively in rivers and
lakes (known as obligate river dolphins), including the boto (Inia geoffrensis) in the Amazon
and Orinoco systems, the South Asian or blind river dolphin (Platanista gangetica) in the
Indus, Ganges, Brahmaputra, Meghna, and Karnaphuli systems, the baiji or Yangtze dolphin
(Lipotes vexillifer), and the tucuxi (Sotalia fluviatilis) in the Amazon system; (2) primarily in
marine waters but also in some large rivers (known as facultative freshwater cetaceans)
including the Irrawaddy dolphin (Orcaella brevirostris) in the Mekong, Mahakam, and Mekong
Rivers, the Guiana dolphin (Sotalia guianensis) in the Orinoco River, and the finless porpoise
(Neophocaena phocaenoides) in the Yangtze system; or (3) in nearshore marine waters with
freshwater input (i.e. estuaries) including the franciscana (Pontoporia blainvillei) of eastern
South America and the humpback dolphin (Sousa chinensis) of the Indo-western Pacific. The
distribution of some populations of belugas (Delphinapterus leucas) is tied to river mouths
during the summer but our definition focuses on species that are associated with fresh water
year-round. According to the IUCN Red List, the baiji is “critically endangered, possibly
extinct,” the South Asian river dolphin and Yangtze finless porpoise are “endangered,” the
franciscana and Irrawaddy dolphin are “vulnerable,” and the Indo-Pacific humpback dolphin is
“near threatened,” with the boto, tucuxi, and Guiana dolphin all considered “data deficient.”

The baiji is “critically
endangered, possibly
extinct.”
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The Ganges River dolphin is an unrivaled freshwater specialist with a long evolutionary history that has allowed it to finely tune
its adaptations to a running water environment. Photo © Mowgliz.

The only dedicated study, to date, on
the implications of climate change for
freshwater-dependent cetaceans focused
on Ganges and Irrawaddy dolphins in the
Sundarbans mangrove forest of Bangladesh
(see suggested reading on page 29). Smith
and his colleagues concluded that both
species depend on abundant freshwater
flow, which keeps salinity low and creates
channel confluences. Confluence zones
provide refuge from downstream and tidal
currents, thus sparing dolphins from the
constant energy drain of trying to maintain
their position against the flow. Such zones
also concentrate biological productivity,
as any river fisherman can attest. Until
now, declines in freshwater flows, at least
in Asian rivers, have been caused mainly
by upstream water withdrawals. In the
future, reduced runoff from glacial melt,
in combination with sea level rise, will
certainly change the dynamics of rivers and

In running waters, freshwater-dependent cetaceans have a strong
affinity for deep pools that form at confluences. These areas, which are
also important to local human communities, are particularly vulnerable to
upstream changes in river flow. Photo © Mowgliz.
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their floodplains and estuaries. It is difficult to
imagine how the net impact of climate change
could be other than detrimental to freshwaterdependent cetaceans.
In the absence of additional empirical studies, we
can use the already realized impacts of habitat
loss from water development as a proxy for
predicting some of the potential consequences
of climate change. For example, prior to the
extensive construction of hard (concrete) flow
regulation structures in the Indus River following
Partition 1, the upstream range of Indus dolphins
was limited only by rocky barriers and high
water velocity. The Indus is now subdivided
by more than 20 dams, which contribute water
to the largest irrigation network in the world.
Meanwhile, the range of the dolphins has shrunk
from approximately 3,400 linear kilometers in
the main channel and tributaries to about 1,000
linear kilometers in the main channel.
Although it is hard to differentiate between
the impacts of population fragmentation and
habitat degradation caused by dam construction
and water diversion, there has been a clear
pattern of successive extirpations from the
extreme upstream and downstream segments
of the historical range of Indus dolphins. A
recent study of snow and ice reserves upstream
of major Asian rivers (see suggested reading)
suggests that, regardless of the claimed
compensatory effects of predicted increases in
rainfall, freshwater discharge in the Indus will
be markedly less after another 50 years or so of
enhanced flow due to accelerated glacial melt.
The many millions of people living downstream
will certainly be affected, as will the dolphins.

Freshwater-dependent cetaceans generally live in close proximity
to people that depend on many of the same natural resources.
Therefore, the survival of the dolphins and the welfare of local
people are linked, and both must adapt to climate change. Photo
© Mowgliz.

_______________
In 1947, India was divided into an Islamic state (Pakistan) and a secular one (India). East Pakistan separated from West
Pakistan in 1971, forming the independent state of Bangladesh.
1
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Existing hydrological models for the large rivers that
support freshwater-dependent cetaceans do not offer
a clear or consistent picture of probable outcomes.
The situation for estuaries is even more complicated
because salinity levels and geomorphic structure in
these systems will also be affected by sea level rise.
Integrating hydrological and sea level models with the
ecological, behavioral, and population characteristics
of freshwater-dependent cetaceans to produce
meaningful predictions will remain a major challenge.
It seems unlikely that we will know enough, soon
enough, to devise, much less implement, mitigation
measures for preventing or moderating climate
change-related impacts on freshwater-dependent
cetaceans. What we can do, however, is use the
clumped distribution of these animals to identify key
habitat characteristics related to upstream hydrology
and, in the case of estuaries, tidal height and flux.
We can then direct management attention toward
areas of particularly high conservation value, and do
things in these areas like restrict fishing, avoid water
development, and encourage nature-oriented tourism
to give value to the animals in the eyes of local people.
In this manner, we may be able to protect populations
of freshwater-dependent cetaceans that are resilient to
environmental perturbations in coming decades.
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for the last 30 years in the work of the
International Whaling Commission Subcommittee on Small Cetaceans. His main
field experience with river dolphins has
been in Pakistan, Peru, and China.

For additional reading see:
Alter, E.S., Simmonds, M.P., Brandon, J.R. 2010. Forecasting the consequences of climate-driven shifts in human
behavior on cetaceans. Marine Policy 34:943-954.
Immerzeel, W.W., van Beek, L.P.H., Bierkens, M.F.P. 2010. Climate change will affect the Asian water towers.
Science 328: 1382-1385.
Smith, B.D., Braulik, G., Strindberg, S., Mansur, R. Diyan, M.A.A. and Ahmed, B. 2009. Habitat selection of
freshwater cetaceans and the potential effects of declining freshwater flows and sea-level rise in waterways
of the Sundarbans mangrove forest, Bangladesh. Aquatic Conservation: Marine and Freshwater Ecosystems
19:209-225.
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Aerial Photo Gallery

by Laura Morse, Courtesy NOAA Fisheries
Polar bear, Ursus
maritimus, along an
ice-free shore.

Pod of beluga whales,
Delphinapterus leucas.
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Mother and
calf bowhead
whales, Balaena
mysticetus.

																										

Pod of bowhead whales,
Balaena mysticetus, along
the ice edge.
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Gray whale,
Eschrichtius
robustus,
feeding with a
visible trailing
mud plume.

Four bowhead
whales, Balaena
mysticetus, near
the ice edge.
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Bowhead whale, Balaena
mysticetus, swimming near the
pack ice.

Laura Morse is currently contracted at the Permits, Conservation and Education
Division of NOAA Fisheries’ Office of Protected Resources in Silver Spring, MD. Prior
to that, she was employed at the Cetacean Assessment and Ecology Program at the
National Marine Mammal Laboratory in Seattle, WA.
Laura spent the past 14 years working as a marine mammal field biologist worldwide
on aerial, shipboard and land/ice based projects. She has participated in multiple
large scale cetacean abundance surveys throughout US and international waters.
Laura’s favorite hobby in the field is photography of marine life.
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Recent Research

Overview of Research On Impact of Climate Change on Cetaceans

by Dominique Rossi and
Ian Dutton
One of the joys of the digital age
is the vast reservoir of information
that one can so very easily jump
into from almost anywhere on the
planet. However, upon taking that
plunge many of us soon become
frustrated – the reservoir soon
expands into a sea, navigation aids
are inadequate or fail, resources are
used up without achieving results,
etc. For example, if one googles
“whales and climate change” the
search yields about 9.3 million
results. “Cetaceans and climate
change” yields a much more
manageable 115,000 results, while
“ocean acidification and whales”
only 67,500! But which of those
‘hits’ are really what you need to
know, which are reliable, and how
does one know that other than
by literally wading or swimming
through screen after screen of increasingly more obscure research?
This review of recent research into
the impacts of climate change on
cetaceans was undertaken to give
The project was
undertaken as part of
an internship on climate
change and the marine
environment at the Alaska
SeaLife Center.
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Whalewatcher readers a quick
overview of salient recent research
that has been peer-reviewed and
published within the last five years.
It is intended to complement information presented in other papers in
this special edition. All papers reviewed below are accessible online,
although because of copyright limitations, the public may need access
to a University or public library to
be able to download a hard copy of
the full article.
During analysis of this specialized
literature, two key points were
observed. Firstly, there are still
vast gaps in our knowledge of
many species and how they use
habitats and so it is very difficult
to make accurate assessments of
their vulnerability to change and
hence generate realistic options
for adaptation and management.
Secondly, it is increasingly evident
that long-term programs of study
on particular species or habitats
are critical in order to document
the initial and evolving effects of
climate change.
Burek, Kathy A. , Frances M.D.
Gulland, and Todd M. O’Hara.
2008. Effects of Climate Change
on Arctic Marine Mammal Health
Ecological Applications, s126s134.
This article is broad in the sense
that it discusses expected climate

change impacts on all marine
mammals found in the Arctic.
Specific to whales, it highlights
concerns regarding increased
exposure to diseases, such as St.
Louis Encephalitis, and pathogens,
because winters will become
milder and host species will
extend their ranges. Furthermore,
the frequency and distribution of
toxigenic phytoplankton blooms
are currently increasing worldwide,
events which are known to increase
marine mammal mortality. Other
concerns include shifts in prey
availability, and (as receding
ice opens more northern water)
increased encounters with human
activity. According to the article,
noise pollution is known to alter
migration in bowhead whales and it
is considered a stress factor for all
cetaceans.
Calarne, Cinnamon 2007. Climate
Change - the New Superwhale in
the Room: International Whaling
and Climate Change Politics - Too
Much in Common, 80 S. Cal. L.
Rev. 753-764.
This article analyzes the evolution
of the International Whaling
Commission (IWC) and global
climate policy and makes the case
that the latter is following too
closely in the footsteps of IWC.
The author argues that a change
of course is necessary to avoid
climate change being stymied by

Whalewatcher																										

Climate Change & Cetaceans: Research Overview
the actions of opposing nations perhaps this advice should have
been considered in the lead up to
last year’s Copenhagen CoP15
meeting?
COSEWIC 2005. COSEWIC
assessment and update status
report on the bowhead whale
Balaena mysticetus in Canada.
Committee on the Status of
Endangered Wildlife in Canada.
Ottawa.viii + 51 pp. (http://bit.ly/
ccfqBX ).
This report gives a broad overview
of the status of bowhead whales,
but also discusses future impacts
on the species related to climate
change. Between the years of
1966-1997, a 30-40% lost of
primary productivity was reported
within the Bering Sea, which
has generated concern over the
entire food chain including marine
mammals. In the High Arctic,
the food chain is dependent upon
the production of ice algae that is
eaten by copepods, which in turn
make up the bulk of the bowhead
diet. A reduction of ice edge would
greatly impact the blooms of ice
algae and could have “deleterious
consequences for marine
mammals.” The report also states
that as ice recedes, the current
southern boundaries of bowhead
populations will shift as the species
will progress further north.
Laidre, Kristin L., and Mads
Peter Heide-Jørgensen. 2005.
Arctic Sea Ice Trends and
Narwhal Vulnerability, Biological
Conservation. 121: 509-517.
This report examines areas in
the Arctic that have experienced

increases in ice cover over recent
years, a pattern which is projected
to continue. While this is not the
case in most regions, cooling
trends are present in Western
Greenland and areas of the
Canadian High Arctic. The paper
focuses on increasing ice cover in
Baffin Bay, which is home to the
largest population of narwhals.
Narwhals cannot maintain open
breathing holes and rely on cracks
in the ice to receive oxygen. It is
well-documented that narwhals
experience high mortality rates
during sudden weather changes
that freeze cracks and leads among
coastal pack ice. The main point
of the article is concluded in the
following: “cetacean occurrence is
negatively correlated with dense or
complete ice cover due to the need
to breathe at the surface. In the case
of a species with high site fidelity
such as the narwhal increasing
ice may be lethal if open water
accessibility declines beyond the
threshold which can be tolerated.
Increasing sea ice may also affect
prey availability, as the timing of
primary and secondary production
blooms occurs in concert with
cetacean seasonal feeding patterns.”
Lambert, Emily, Colin Hunter,
Graham J. Pierce, and Colin
D. MacLeod 2010. Sustainable Whale-Watching Tourism
and Climate Change: Towards a
Framework of Resilience, Journal
of Sustainable Tourism. 18(3):
409-427.
The article addresses how cetacean
changes associated with climate
change will impact whale-watching
tourism. It mentions that the ranges
of bowhead whales, narwhals

and belugas will become more
limited as ocean temperatures
rise. Reproductive success may
become an issue for species that are
dependent on being synchronized
with peak plankton blooms, e.g.
calf survival in Northern and
Southern right whales is linked
to variability in sea surface
temperatures indirectly because of
its impact on their prey. Similarly,
sandeels are negatively impacted
by high temperatures, and low
production of sandeels is associated
with porpoise starvation in the
North Sea. For whale watching
businesses, climate change could
mean the loss of target species,
but the gain of new species. New
areas may become available as
the distribution and migration of
cetaceans is altered.
MacLeod, Colin D. 2009. Global
climate change, range changes
and potential implications for the
conservation of marine cetaceans:
a review and synthesis, Endangered Species Research .Vol. 7., p
125.
This paper focuses on how cetacean ranges are predicted to shift
based on rising ocean temperatures. Water temperature is said
to be the most important factor in
defining the ranges of whales and
porpoises, followed by water depth
and distribution of prey. According
to MacLeod, “the current tropical
zones are expected to expand into
higher latitudes, temperate zones to
shift polewards and polar zones to
contract.” To understand what this
means for whales, cetaceans are
divided into four categories:
•

																										

Cosmopolitan species - such as
orcas and humpbacks that are
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found in various ocean
temperatures and regions.
The report concludes that
given their versatile nature,
cosmopolitan species will not
experience significant changes
in their ranges, aside from the
possibility of expansion.
•

Cold Water Limited (CWL)
species - such as beluga and
narwhale that are found in polar
waters or waters that border
ice. Research indicates that the
range available to CWL species
will be greatly reduced as they
will become more restricted at
the poles.

•

Cold and Warmer Water
Limited (CWWL) species whales and porpoises with
restrictions on both sides will
see a shift polewards.

•

Warmer Water Limited (WWL)
species - will expand their
ranges polewards.

The most negatively impacted
species will be those that fall into
the CWL and CWWL categories.
Challenges for these species will
include competing with species
that have recently colonized their
ranges because of the elimination
of current temperature barriers
and land barriers that will prevent
expansion of newly restricted
ranges.
MacLeod, Colin D. , Sarah M.
Bannon, Graham J. Pierce,
Caroline Schweder, and Jennifer
Learmonth. 2005. Climate Change
and the Cetacean Community of
North-West Scotland. Biological
Conservation. 124: 477-483.
The article looks at stranding data
from 1948 to 2003 to figure out
if the ranges of cold water and
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water warm species are shifting.
For every decade after 1998, two
new water warm species were
discovered stranded in the region.
New warm water species found in
the area include the striped dolphin,
common dolphin and harbor
porpoise. The warm water striped
dolphin is now an established
species in the community and it
was never recorded in Scottish
waters prior to 1988. Meanwhile,
the sightings of cold water species,
such as orcas and long-finned pilot
whales, declined. The sightings
are evidence of shifting ranges due
to warming ocean temperatures.
The report reiterates what has been
stated in several of the previous
reports- that cold water cetaceans
will continue to be pushed
polewards as sea temperatures
increase. For some species, this
will limit the extent of their ranges
considerably.
Moore, Sue E., and Henry
P. Huntington. 2008. Arctic
Marine Mammals and Climate
Change: Impacts and Resilience,
Ecological Applications,
s157-s165.
The fin, humpback, minke,
gray and killer are whales who
seasonally occupy the Arctic
and sub-Arctic, but are expected
to stay longer and move further
north as climate change escalates.
This will encroach on the limited
territories of the Arctic whales
- narwhal, beluga and bowhead.
Some evidence indicates that
gray whales are already present
in the arctic. Furthermore, gray
whales were recently “documented
feeding year-around off Kodiak,
Alaska.” The presence of new
competition or the longer arctic
duration of competitors may have

adverse effects on the Arcticlimited species, especially if marine
productivity becomes less stable
due to the predicted reduction in ice
cover.
Moore, Sue E., and Kristin L.
Laidre. 2006. Trends in Sea Ice
Cover within Habitats Used by
Bowhead Whales in the Western
Arctic, Ecological Society of
America. 16(3): 932-944.
This article analyzed data on sea
ice cover in the western Arctic
collected from 1979 to 2002 and
examined how changes in sea ice
could impact the bowhead whale,
the only baleen species endemic
to the Arctic. Overall, the data
concludes that there is a “weak but
consistent annual increase in open
water.” Bowhead whales feed on
zooplankton whose populations
are influenced by sea ice patterns.
The report concludes that bowhead
whales may experience a temporary
increase in prey availability,
however the authors caution that
“some ecological models suggest
that reduction of ice cover over the
deep Canada Basin may ultimately
result in less energy transfer to
higher trophic levels.” In context of
the report, this cautionary statement
seems to relate to how receding sea
ice can cause abrupt fluctuations in
primary production (phytoplankton
blooms), which has residual effects
through out the rest of the food
chain.
Robinson, Robert A., Jennifer A.
Learmonth, Anthony M. Hutson,
Colin D. Macleod, Tim H. Sparks,
David I. Leech, Graham J. Pierce,
Mark M. Rehfisch and Humphrey
Q.P. Crick 2005. Climate Change
and Migratory Species, British
Trust for Ornithology, The
Nunnery, Thetford, Norfolk.
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This is a comprehensive review of
marine species, including seabirds
and contains both summaries of
current responses to climate change
and predicted future impacts based
on know life history of individual
species. The authors observe
that a major effect of climate on
migratory (and other) species will
be changes in prey distribution,
some of which are already well
documented. Such changes are a
major threat in marine ecosystems.
Large shifts in distribution (as much
as 10° latitude) and abundance
(with declines to a hundredth or
a thousandth of former values)
of plankton communities in
response to changes in sea surface
temperature have already been
demonstrated (particularly for
krill, a key component of marine
foodwebs). These changes have
already resulted in changes in the
distribution and abundance of
many marine species, such as cod,
salmon, long-finned pilot whale,
kittiwake and a number of penguin
species.
Simmonds, Mark P. and Stephen
J. Isaac 2007. The impacts of climate change on marine mammals:
early signs of significant problems,
Oryx, 41, 19-26.
This article reports that climate
impacts on marine mammals will
be mediated primarily via changes
in prey distribution and abundance
and that the more mobile (or
otherwise adaptable) species may
be able to respond to this to some
extent. However, the authors
observe that the extent of this
adaptability is largely unknown.
They note that recent observations
have been made of several marine
mammal populations that illustrate
reactions to climate change. These

indicate that certain species and
populations may be especially
vulnerable, including those with
a limited habitat range, such as
the vaquita (Phocoena sinus), or
those for which sea ice provides an
important part of their habitat, such
as narwhals (Monodon monoceros),
bowhead (Balaena mysticetus) and
beluga (Delphinapterus leucas)
whales and polar bears (Ursus
maritimus). Similarly, there are
concerns about those species that
migrate to feeding grounds in
polar regions because of rapidly
changing conditions there, and
this includes many baleen whale
populations. They highlight the
need to take projected impacts
into account in future conservation
and management plans, including
species assessments. How this
should be done in an adequately
precautionary manner offers a
significant challenge to those
involved in such processes,
although it is possible to identify at
this time at least some species and
populations that may be regarded
as especially vulnerable. They
recommend that marine ecosystems
modelers and marine mammal
experts will need to work together
to make such assessments and
conservation plans as robust as
possible.

greatest number of genera were
at temperatures between 17-26
Celsius, but many tropical regions
are expected to warm beyond this
range. The researchers anticipate
that pelagic diversity will decline
in the tropics (low latitudes) and
will increase at higher latitudes.
This shift will include cetaceans
migrating to higher latitudes
as the report found sea surface
temperature to be a highly
reliable indicator for predicting
the diversity and distribution of
cetaceans.
Dominique Rossi is a
journalism major at the
University of Oregon and
undertook this review
as part of an internship
program at the Alaska
SeaLife Center; Ian Dutton
is President and CEO of
the Alaska SeaLife Center.

Whitehead, Hal, Brian McGill,
and Boris Worm. 2008. Diversity
of deep-water cetaceans in relation
to temperature: implications for
ocean warming, Ecology Letters,
11(11): 1198-1207.
The research presented in this
paper focused on predicting
how ocean warming will impact
the distribution of deep water
cetaceans such as sperm whales.
The researchers found the
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