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Report of the IWC Workshop on Climate Change and
Cetaceans

INTRODUCTION
The meeting was held at the Turtle Bay Hilton, Kahuku, 
Hawaii from 25-30 March 1996. The Workshop was 
preceded by a two-day symposium attended by 79 people. It 
was convened by S. Reilly and chaired by A. Martin. Reilly 
welcomed the participants to the meeting and summarised 
the practical arrangements for the Workshop. A list of 
participants is given as Annex B. A number of participants 
acted as rapporteurs and assisted with the report including 
Donovan, Hammond, Everett, Tynan, Hofmann, Clapham, 
Simmonds and von Bismarck.

Gambell thanked the US Government for hosting the 
meeting, welcomed the participants on behalf of the IWC 
and described the background to the Workshop.

In 1993, the Commission had stated that the Scientific 
Committee should

'give priority to research on the effects of environmental changes on 
cetaceans in order to provide the best scientific advice for the 
Commission to determine appropriate response strategies to these 
new challenges' (IWC, 1994a).

At the 1994 Scientific Committee meeting (IWC, 1995), the 
Committee had examined this question further and had 
identified a number of areas that would need to be addressed 
including: (1) global warming; (2) ozone depletion; (3) 
pollution; (4) direct (intentional and incidental mortality) 
effects of fisheries and indirect (ecological ramifications) 
effects of fisheries; (5) noise; and (6) other human activities 
(e.g. tourism, coastal developments). Implicit in this is the 
question of the synergistic and cumulative effects of all of 
these factors.

The Committee had noted that it was not feasible to 
address all these topics simultaneously; this would be a 
longer term iterative project. Given this, it had agreed that 
initially two specialised Workshops should be held, one 
relating to chemical pollutants and cetaceans and the other 
on the potential ecological effects on cetaceans of climate 
change and ozone depletion. The former had been held in 
Bergen in March 1995 (IWC, 1997). It had raised a number 
of issues that should be considered at the present Workshop 
and these have been incorporated into the Agenda of the 
present meeting. The agreed Agenda is given as Annex A.

The Scientific Committee (IWC, 1994b) had drawn the 
Commission's attention to the fact that environmental 
threats relate to all species of cetaceans, not only those 
subject to direct capture. In fact, the species most vulnerable 
to such threats might well be those species that are already 
reduced in numbers, e.g. those for which the Revised 
Management Procedure would set zero catch limits even if it 
were applied. It stressed that the IWC may have to 
contemplate response strategies outside the direct 
management of whaling operations if it wished any 
identified threats to be alleviated. This may include local 
measures in terms of habitat protection or much wider 
considerations concerning pollutants and greenhouse gas 
emissions and ozone-depleting chemicals.

Relevant documents submitted to the 1994 and 1995 
Scientific Committee meeting were distributed to 
participants along with those submitted to the Workshop. 
The list of Workshop documents is given as Annex C.

1. SUMMARY OF PREDICTED EFFECTS OF 
CLIMATE CHANGE1

'What environmental changes are most likely to occur and 
over what time and space scales, given the current increase 
in greenhouse gases?'

The Intergovernmental Panel on Climate Change (IPCC) has 
recently completed its second assessment of climate change. 
Its report was prepared for the world community of 
governments, academia, NGOs and the interested public. 
Two Working Groups, operating simultaneously, with a 
degree of interaction, provide the best predictions of 
physical phenomenon to be expected from a changing 
climate and then apply those predictions to estimate their 
impacts and develop response strategies. A third Working 
Group addresses broad economic impacts and the impact of 
mitigation alternatives on the global economy.

Working Group I evaluated results from Global 
Circulation Models (GCMs), other simulation models, 
observed trends, paleo-ecological data and other information 
and provided Working Group II with information to apply to 
physical, chemical, geological, biological and 
socio-economic systems of significance today and in the 
future. Working Group II then assessed impacts and 
developed possible response strategies.

Working Group I emphasised that

'the role of the ocean, including changes in sea-ice, in modulating 
future climate change'

is an important factor limiting the accuracy of prediction and 
detection of climate change by existing models. The very 
limitations in understanding physical, chemical and 
biological systems in the ocean and their interactions is, in 
fact, one of the key factors limiting the ability of existing 
models to provide Working Group II [and IWC] scientists 
with more precise guidance.

Often the areal and time scales of databases used to fuel 
the GCMs are too broad to support good estimates of impacts 
on populations whose territories and behaviour are far more 
constrained. The models are quite limited in their ability to 
make local or, to a large extent, even regional projections in 
timescales relevant to many biological processes. While it is 
easy to dismiss the significance of the speculation 
encompassed in the resulting documents, the limits of 
models simply have to be acknowledged and proper caveats 
clarified. Even with the limitations, the model projections 
provide bounds that can be considered in addressing 
potential living marine resource responses. The models are 
improving, assisted by greater interplay between modellers 
and their user community.

Many of the physical/chemical changes in which Working 
Group I has the greatest confidence focus around the 
greenhouse effects, man's contribution of aerosols and large 
areal and temporal-scale events. Many of the important 
processes in the oceans, wetlands, lakes and streams are

1 This section was prepared by J. Everett and is simply a summary of 
the IPCC report. It does not contain discussion by Workshop 
participants.
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inadequately described within the GCMs so that the 
predictability of climate impacts diminish as geographical 
scale is reduced.

The following section summarises the key findings of 
relevance to cetaceans.

Pollutants
Changes in the magnitude and temporal pattern of pollutant 
loading in the coastal ocean will occur as a result of changes 
in sea-level, precipitation and runoff.

Temperature
Global average temperature is expected to increase by 
1-3.5°C by 2100. High northern latitudes should warm more 
than the average. Night time and winters should warm more 
than the average. Changes in oceanic conditions will lag 
behind changes on the continents perhaps by about 10 years 
and rise as much or nearly so as the land. Exceptions might 
occur in a belt around Antarctica and in the high-latitude 
North Atlantic. The modelled SST (sea surface temperature) 
around Antarctica increases more slowly because the 
effective oceanic thermal inertia is very large due to the deep 
vertical mixing of water in regions of upwelling and 
formation of Antarctic Bottom Water. The predicted 
temperature increase in the high-latitude North Atlantic is 
also slower due to the thermal inertia from the continued 
operation of the thermohaline conveyor belt and the 
formation of a deep water mass, North Atlantic Deep Water. 
GCMs predict a gradual weakening of the thermohaline 
circulation in the North Atlantic. However, if the 
thermohaline circulation weakens sufficiently, due to 
increased precipitation and resultant freshwater capping of 
the ocean surface layer, the operation of the conveyor belt 
may change suddenly rather than gradually (Broecker, 
1987). Over the past 100 years, the temperature of the land 
and ocean surface has increased by about 0.3-0.6°C. There is 
no consistent, global pattern of change in variability. The 
temperatures of the last 100 years may be as warm as any 
sustained period of several centuries in the past 10,000 years. 
There is strong evidence that the North Atlantic warmed 
many times during the last glacial period by as much as 
5-7°C over a few decades then cooled over centuries. There 
is weaker evidence that similar rapid changes may have 
occurred in the previous inter-glacial period as well. There is 
no information available that indicates similar massive 
movements in other regions. The last 10,000 years have been 
very stable and it is unlikely that mean global temperatures 
have varied by more than 1°C in one century. Model 
assessments of natural climate variability under constant 
atmospheric CC>2 concentration have been able to produce a 
warming trend as large and sustained as that presently 
observed (Stouffer et ai, 1994).

Precipitation
There should be a few percent increase in precipitation, but 
it may be more concentrated in time. Increases are expected 
in low and high latitudes with greater evaporation in 
mid-latitudes. This can affect regional ocean salinity.

Sea-level rise
Sea-level is forecast to rise 15-95cm by 2100. Changes will 
occur from thermal expansion and melting of ice, with 
regional variations due to dynamic effects resulting from 
wind and atmospheric pressure patterns, regional ocean 
density differences, land motion and oceanic circulation. 
Tide gauge and other information show a 10-25cm rise in 
sea-level over the past 100 years. No acceleration in the rate 
of rise has been detected this century.

Stability
Once greenhouse gas emissions stabilise, climate stability 
will not be reached for centuries, largely because of the 
thermal mass of the ocean.

Currents and upwelling
Freshwater influx from the movements and melting of sea 
ice or ice sheets may lead to a weakening of the global 
thermohaline circulation, leading to cooling in the North 
Atlantic and possibly causing unpredictable instabilities in 
the climate system. There are competing arguments as to 
whether oceanic and coastal upwelling would increase or 
decrease. In any case, there is no ability to make reliable 
forecasts at the regional scale which governs the upwelling 
systems.

Storms
It is uncertain whether the frequency and severity of tropical 
cyclones will increase due to climate change. There are no 
definite trends observed in the last 50 years. Similarly, while 
there is some evidence of regional changes in non-tropical 
storminess, there is no evidence of any uniform increase. 
Also, there are no clear trends in variability of extreme 
events at the global scale, although there are some regional 
trends in both directions.

El Nino
It is uncertain whether the intensity or frequency of El Nino 
Southern Oscillation events in the Pacific might change as a 
result of global warming. The instrumental record of the last 
120 years indicates the post-1989 period of ENSO activity is 
unusual, but some important information is not available. 
There is some pre-instrument information that indicates that 
such behaviour has happened before.

Sea ice
Considerable reductions in sea ice are expected. The 
Northwest Passage and Northern Sea Route of Russia will 
probably be opened up for routine shipping. GCM 
experiments predict large reductions in sea ice extent but 
produce widely varying results and do not portray extent and 
seasonal changes of sea ice for the current climate very well. 
One model estimates that with a doubling of greenhouse 
gases, sea ice would cover only about 50% of its present 
area. Another projects a 43% reduction for the Southern 
Hemisphere and a 33% reduction for the Northern 
Hemisphere. The global area of sea ice is projected to shrink 
by up to 17 X106 km2 . One prediction is that in the Northwest 
Passage and Northern Sea Route, a century of warming 
would lead to a decline in winter fast-ice thickness from 
1.8-2.5m at present to 1.4-1.8m and an increase in the 
ice-free season of 41-100 days. A possible feedback with 
snow thickness may alter these relationships and actually 
lead to an increase in ice thickness. Given the complexity of 
many interactions and feedbacks, it is not at all clear what the 
overall effect of an air temperature increase on the Arctic ice
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cover and upper ocean will be. In the Antarctic, where the 
sea ice cover is divergent and where land boundaries are less 
important, it is more reasonable to suppose that the main 
effect of global warming will be a simple retreat of the 
ice-edge southward. Even here, a complex set of feedback 
mechanisms comes into play when the air temperature 
changes. The balance of lead concentration, upper ocean 
structure and pycnocline depth adjusts itself to minimise the 
impact of changes, tending to preserve an ice cover even 
though it may be thinner and more diffuse. There has been no 
trend in sea ice extent at either pole since 1973, when 
satellite data became available. Measurements of total sea 
ice mass in the Arctic show no trends since 1979 when 
monitoring began.

UV-B
The IPCC does not study ozone depletion and resultant 
increases in UV-B radiation. Other groups have this role. 
Most of the following is summarised from the most recent 
WMO/UNEP science and impact assessments.
(a) If there is general compliance with the Montreal 

Protocol to limit ozone-depleting chemicals, 
stratospheric chlorine and bromine levels (the primary 
chemicals) are expected to peak around the turn of the 
century. The ozone layer will be most affected by 
human-influenced perturbations and susceptible to 
natural variations (e.g. major volcanic eruptions or a 
very cold northern winter) during this period. After 
about the turn of the century, as stratospheric chlorine 
and bromine decline, ozone losses will diminish and the 
ozone layer may return to normal about the middle of the 
next century, assuming other global changes are not 
significant.

(b) In clear oceanic waters, penetration to several tens of 
metres has been shown. However, the transparency of 
the water strongly depends on the water type. In coastal 
waters with particulates and dissolved organics, 
concentrations of UV-B may penetrate less than 1 metre 
to the 1% level.

(c) Generally, the size of the Antarctic ozone hole and its 
intensity has increased since its onset in the late 1970s. 
The areal extent of the ozone hole was approaching the 
size of the Antarctic continent in the mid-1980s and now 
is greater than the continent of Antarctica. At its 
maximum, the ozone hole has exceeded 20 million 
square kilometres for each of the years since 1989. 
Ozone losses are increasing in mid-latitude areas and the 
Arctic as well.

(d) The latest science assessment notes that the growth rates 
of several major ozone-depleting substances have 
slowed, demonstrating the expected impact of the 
Montreal Protocol and its Amendments and 
Adjustments. Subsequent to the assessment, the 
abundance of methyl chloroform (which is entirely of 
anthropogenic origin) was actually shown to be 
declining (Science, 14 July 1995). Methyl chloroform is 
the first substance regulated under the Protocol that has 
shown a distinct decrease in atmospheric abundance, not 
just a decrease in its rate of growth.

(e) The successful recovery of the ozone layer will depend 
upon the adherence of nations to the Montreal Protocol 
and the 1992 Copenhagen Amendments. Increasing 
concentrations of halogens, such as bromine, are still of 
concern. In addition, developing countries have more lax 
schedules to meet under the protocol and have yet to 
follow suit (Kerr, 1996).

2. SUMMARY OF SELECTED INTEGRATED 
RESEARCH PROGRAMMES

2.1 CCAMLR
Ichii summarised SC/M96/CC32 which outlined the 
approach adopted thus far by the Commission for the 
Conservation of Antarctic Marine Living Resources 
(CCAMLR) for addressing the possible effects of climate 
change on the management of fisheries in the Antarctic. 
CCAMLR does not conduct its own independent programme 
on climate change research but relies on collaboration with 
other international organisations to maintain an overview of 
developments in the field. However, CCAMLR coordinates 
the CCAMLR Ecosystem Monitoring Programme (CEMP), 
which is designed to monitor the status of Antarctic marine 
ecosystems through an international collaborative research 
programme. CEMP relies on the application of standardised 
methods to selected species and sites as a means of collecting 
reliable long-term data series. CEMP contributes to the 
regulation of fisheries so as to avoid unacceptable 
impacts on both target species and other species reliant on 
them for food. The programme will provide useful data on 
ecosystem trends to researchers studying the effects of 
climate change on the Antarctic marine ecosystems. 
Cetaceans are not currently explicitly studied under 
CCAMLR programmes.

2.2 GLOBEC
The International Global Ocean Ecosystem Dynamics 
(GLOBEC) programme is focused on understanding how 
changes in the global physical environment will affect the 
abundance and production of animals in the sea. The overall 
goal of GLOBEC is to understand the response of the marine 
ecosystem to environmental variation well enough to model 
the response in a predictive fashion. The Southern Ocean has 
been identified by International GLOBEC as a region of 
interest. The strong coupling between the Antarctic marine 
food web and the physical environment, especially the 
dependence on sea ice, makes the Southern Ocean an ideal 
environment to test many of the GLOBEC core hypotheses 
on the role of physical variability in marine animal 
population dynamics. To date, three scientific planning and 
implementation workshops have been held to develop the 
basis for a Southern Ocean GLOBEC programme. Reports 
from these workshops (Anon., 1991; 1993; 1995) are 
available from the US GLOBEC Planning Office and the 
GLOBEC International Secretariat. Southern Ocean 
GLOBEC activities have begun in some countries and 
planning is underway for a multidisciplinary and 
multinational programme in the late 1990s. Southern 
Ocean GLOBEC differs from GLOBEC programmes in 
other regions in that there is greater emphasis on top predator 
species such as birds and seals; several of the whale species 
that are found in the Southern Ocean, such as the minke 
whale, fit the criteria that have been developed for top 
predator target species. Although whale research is not yet 
carried out under GLOBEC, the importance of this 
component of the Antarctic ecosystem has been recognised 
in Southern Ocean GLOBEC planning and this provides a 
natural point for interfacing with IWC activities.

Recently, Pacific International Council for the 
Exploration of the Sea (PICES) and GLOBEC International 
approved a multinational research plan on Climate Change 
and Carrying Capacity (CCCC) in the North Pacific Ocean. 
This 4Cs programme will be operated in ten coastal areas 
around the Pacific rim and two basin areas in the central part
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of the North Pacific, addressing four central scientific issues 
such as physical forcing, lower trophic level response, higher 
trophic level response and ecosystem interactions.

Two other US GLOBEC initiatives deserve mention. The 
next GLOBEC activity which will be initiated is the eastern 
boundary current (EBC) GLOBEC initiative which will 
focus on the California current region. An implementation 
plan has been developed and is available from the US 
GLOBEC office. In its current form this programme only 
includes seabirds as top predators. However, EBCs are a 
critical marine mammal habitat. Furthermore, one of the 
only blue whale populations that appears to be healthy is 
found in this oceanic region.

Another US GLOBEC initiative which includes marine 
mammals as top predators is the Gulf of Alaska and Bering 
Sea GLOBEC programmes. These efforts will be part of the 
PICES-GLOBEC 4Cs effort. These programmes are in the 
initial planning stages.

2.3 SCAR/APIS
The SCAR group of specialists on seals has developed a 
research programme on Antarctic pack ice seals (APIS, 
1995). The broad objectives of this programme are to 
examine trends in the distribution and abundance of pack ice 
seals and the causes and consequences of these trends at a 
wide range of spatial and temporal scales.

APIS has initially provided a coordinated scientific 
context within which current and proposed research on 
Antarctic pack ice seals can be placed. It also recognises that 
some questions may only be addressed through the 
coordination of logistics because of the high costs of 
carrying out scientific research in the Antarctic pack ice and 
by ensuring the use of standardised methods.

There has been explicit consideration throughout the 
planning phase of APIS of potential coordination with other 
relevant integrated research programmes. Like most 
Antarctic baleen whales, Antarctic pack ice seals are highly 
dependent upon krill for food. Crabeater seals are the 
greatest single consumer of krill in the Antarctic (accounting 
for up to one-third of total krill consumption by top 
predators). Variability in their distribution and abundance 
may be useful indicators of food availability for whales since 
crabeater seals are likely to exploit the resource at similar 
scales to whales. Consequently, outputs from the APIS 
programme are likely to have important implications for 
IWC considerations of trends in the abundance of 
krill-dependent cetaceans in the Southern Ocean.

2.4 SCOPEX
The South Channel Ocean Productivity Experiment 
(SCOPEX, Kenney, 1990) was a multidisciplinary study of 
a whale-zooplankton predator-prey system in the 
southwestern Gulf of Maine, focusing on the oceanographic 
factors responsible for the development of dense patches of 
the copepod Calanus finmarchicus, which comprise the 
major prey resource for right whales (Eubalaena glacialis). 
Three non-mutually exclusive hypotheses underlay the 
study, patch development is due to: (1) extremely high in situ 
primary and secondary productivity; (2) large numbers of 
Calanus advected into the region and concentrated by 
hydrographic processes; and/or (3) a behavioural tendency 
of the copepods themselves to aggregate. The results 
confirmed the coinciding occurrence of right whales with 
high density Calanus patches and also demonstrated that 
right whales fed on patches with higher proportions of larger 
lifestages. The physical oceanographic studies supported the

advection hypothesis, possibly augmented by the tendency 
of Calanus to aggregate, but there was little evidence to 
support the productivity hypothesis.

2.5 Palmer LTER
Smith summarised the work of the Palmer LTER 
(Long-Term Ecological Research) programme on the 
Antarctic Peninsula. The research area comprises a 900km 
X 200km region along the western coast of the Peninsula. 
The overall objectives of the Palmer LTER are to: (1) 
document the interannual variability of annual sea ice and 
the corresponding physics, chemistry, optics and primary 
production within the study area, as well as the life history 
parameters of secondary producers and apex predators; (2) 
identify the processes that cause variation in physical forcing 
and the subsequent biological response among the 
representative trophic levels; (3) construct models that link 
ecosystem processes to environmental variables and 
simulate spatial/temporal ecosystem relationships; and (4) 
employ such models to predict and validate ice-ecosystem 
dynamics. A key challenge for the Palmer LTER project is to 
characterise and understand the links between the different 
spatial and temporal scales of the various physical and 
biological components of the Antarctic ecosystem.

2.6 Other
As an integral part of the United Nations system-wide 
Earthwatch and the Global Climate Observing System 
(GCOS) and specifically as a response to several resolutions 
of the United Nations General Assembly dealing with issues 
related to climate change, UNEP jointly with IOC and WMO 
undertook the development of a Long-Term Global 
Monitoring System. In this context, six pilot activities have 
been identified to provide coverage of selected variables and 
phenomena which are both economically important and 
deemed to be sensitive to climate change: (1) sea-level 
changes and coastal flooding; (2) coastal circulation; (3) 
assessment of organic carbon accumulation in surface waste 
sediments; (4) changes in plankton community structure; (5) 
benthic communities: coral reef ecosystems; and (6) 
mangrove communities. Priority for implementation is being 
placed on items (5) and (6).

Large-scale global monitoring programmes, also serving 
to improve knowledge of key uncertainties which affect 
predictions of the timing and magnitude patterns of climate 
change, include GCOS, the Global Sea-level Observing 
System (GLOSS) and in particular the Global Ocean 
Observing System (GOOS) being jointly developed by 
IOC-UNEP-WMO-ICSU (International Council of 
Scientific Unions). Among planned pilot activities is 
'Monitoring Plankton Community Structure'. The overall 
goal is to characterise broad-scale status and trends in 
zooplankton species composition and biomass.

ATOC (Acoustic Thermography of the Ocean Climate) is 
an international large scale ocean monitoring programme 
under SCOR (Scientific Committee on Oceanic Research). 
The aim of ATOC is to measure temperature fluctuations in 
a synoptic fashion on an ocean basin scale. A pilot ATOC 
effort is currently underway in the United States off the coast 
of California. Other ATOC efforts are in the planning stages 
(e.g. South Africa, Australia, Europe and Japan).

The Arendal Centre of UNEP-GRID (Global Resource 
Information Database) operating since 1989 in Norway 
provides special emphasis on the polar and Nordic regions 
and adjacent seas. The centre has initiated an Arctic 
Reference Database, with an initial focus on data sources and
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activities in the Arctic part of Nordic countries. A similar 
centre has recently been established in Christchurch, New 
Zealand with focus on the Antarctic region.

3. SCALES (TIME AND SPACE)

Before proceeding with the more detailed part of the 
Workshop, it was recognised that it was important to 
examine the general question of temporal and geographic 
scales involved in considering the effects of climate 
change. '

Fig. 1 illustrates the concepts involved, with timescales 
ranging from seconds to hundreds of years and geographic 
scales from local to global.

3.1 Scales important to cetaceans
Almost any event on any temporal or geographical scale may 
have some potential indirect effect on an individual. It was 
agreed that in the context of this Workshop, it was important 
to focus on effects that may affect individual fitness and its 
population consequences e.g. with respect to reproductive or 
survival rates.

In this regard it was stressed that the variation in the 
biology and ecology of the 79+ species of cetaceans rendered 
it difficult, if not impossible, to make broad generalisations 
with respect to this (or indeed any) Agenda Item. A full 
consideration would probably require evaluation at the 
population level for each species.

Despite this, the Workshop noted that certain concepts 
may be useful in focusing attention on the time-scales that
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might be important, not only to cetaceans, but also to our 
ability to investigate, monitor or predict the effects of 
environmental changes on them. For example, the energetic 
requirements and life history of large oceanic 
Balaenopterids, such as the blue whale, with their seasonal 
migration and feeding, clearly differ from small cetaceans 
with very restricted ranges such as the vaquita, with its 
limited geographical movements and (possible) daily 
feeding requirements. Thus in simple terms, an effect which 
altered prey distribution and abundance on the timescale of 
a week and geographic scale of tens of kilometres would 
have considerably more impact on a species such as the 
vaquita than on one such as the blue whale.

It is also important, when considering the effects of 
environmental change on cetaceans, to try and separate out 
the 'normal' environmental changes animals would have 
encountered throughout their evolutionary past (in terms of 
rate, geographic scale and intensity), from those induced by 
recent human activity. Again, to give a single simple 
example, decadal cycles in environmental variables and 
biotic processes have been documented (SC/M96/CC17) and 
long-lived cetaceans may have adapted their strategies to 
incorporate these. Changes in the intensity, extent and 
duration of such cycles may thus be of importance to the 
long-term fitness of cetaceans but will require long-term 
monitoring and study to detect.

3.2 Scales of predictions from oceanic circulation and 
physical-biological models
The current generation of oceanic general circulation models 
are designed primarily for research as opposed to predictive 
applications. These models are used to provide simulations 
of the oceanic circulation at basin or global scales and to 
provide insight as to the processes that underlie observed 
current patterns. These models do well at large space (e.g. 
1,000 km) and time (e.g. climatological) scales and to a large 
extent provide accurate simulations of the large-scale ocean 
circulation (e.g. Semtner Jr and Chervin, 1988). These 
circulation models are the ones that have been used in 
climate change studies.

Recently there have been attempts to couple oceanic 
models with models of the lower trophic levels of the marine 
ecosystem (e.g. Sarmiento et al., 1993). The models are still 
in the developmental stages and are not yet sufficient to 
provide accurate simulations of large-scale nutrient and 
plankton fields. Considerably more development is needed 
in the formations and parameterisations of biological 
processes at basin scales before these models can be used in 
any type of predictive mode (Slater et al., 1993; Fasham 
et al., 1993). Moreover, these models have yet to be linked to 
higher trophic levels such as cetaceans. The manner in which 
the simulations from these models can be used to understand 
and investigate processes related to the effects of circulation 
and prey distribution variability on cetacean distribution and 
production has not been considered and is an area where 
input from the IWC would be helpful.

The coarse spatial and temporal resolution of the general 
circulation models, the climatological datasets used as input 
to the model and the questions that the models are designed 
to answer are such that these models are not appropriate for 
investigating short space- and time-scale processes. 
Regional circulation models have been developed that 
operate on finer space (lOs-lOOs km) and time (seasonal or 
event) scales (e.g. Haidvogel et al., 1991). While these 
models can provide accurate simulations of the circulation in 
limited regions, they are not appropriate for application to 
climate scale processes. However, there has been much

progress in coupling regional circulation models to marine 
ecosystem models (see Hofmann and Lascara, in press a and 
b, for a review and discussion). These coupled 
physical-biological models have a longer history of use, are 
available and have been tested in many marine 
environments. Consequently, these models may provide, in 
the short term, the best starting point for learning how to 
incorporate cetacean behaviour and biology processes in 
coupled physical-biological models of marine ecosystems. 
While these models may not address directly questions of 
climate change effects, they do provide frameworks for 
understanding how prey and environmental variability can 
potentially affect cetaceans.

However, independent of the model used, it is important 
that it be made clear to those developing the circulation and 
marine ecosystem models precisely what space- and 
time-scales and biological linkages are of relevance to 
cetaceans. It is much easier to do this at the start than to 
retrofit the circulation or biological models after 
development. This could be facilitated by the development 
of conceptual models of how cetaceans interact with their 
environment. Thus, one charge to the IWC is to make clear 
to the oceanographic and climate modelling communities 
what questions are of interest, the scales over which these 
operate and the processes of importance. Development of 
these linkages could represent an important step for the IWC 
since models are likely to be a primary tool for investigating 
environmental variability and its effect on cetacean 
populations.

3.3 Scales addressed by current data sources and existing 
research approaches
Appendix Table 1 provides examples of current 
(non-cetacean) data sources and the collection methods and 
scales involved. It was noted that it may be valuable to use 
some of these data in conjunction with existing cetacean data 
(for example the large whale catch database). However, it 
was stressed that as in all scientific studies, it is important 
to:

(a) define particular questions that need to be addressed;
(b) determine the temporal and geographical scales 

required;
(c) design integrated research programmes using the 

appropriate methods for the scales required, that may 
involve simultaneous collection of physical and 
biological data.

3.4 Linkages and mismatches
It is clear from Items 3.1-3.3 above that there are a number 
of problems associated with the differences between scales 
of the predictive models used for climate change (both global 
and to a lesser extent, regional models) and the likely scales 
that affect the fitness of cetaceans populations. This is true 
both at the level of direct effects (Item 4) and indirect effects 
(Item 5).

In addition, there is clearly a lack of suitable models 
linking the physical processes with the biological processes 
and subsequently, linking the biology through the trophic 
levels to cetaceans. As noted earlier, it is important that 
cetacean biologists explain to climate modellers what 
information they require before the models are developed. 
Given the wide variety of habitats and life strategies of the 
79+ species of cetaceans this will not be a trivial task.
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4. DIRECT EFFECTS (AT THE LEVEL OF THE 
ORGANISM)

4.1 Effects of UV radiation
There are no published records of direct cetacean health 
problems associated with exposure to UV-B radiation. 
However, the link between exposure to UV and health 
problems (e.g. skin cancer, optical problems) has been 
established for some terrestrial mammals (Hughes et ai, 
1965; Slatter et al., 1977; Slatter, 1990; Anderson and 
Badzioch, 1991). Consequently, it is possible that increased 
exposure to UV-B radiation due to ozone depletion 
(SC/M96/CC22) may affect cetaceans, particularly those 
with low skin pigmentation living in areas subject to the 
occurrence of holes in the ozone layer.

4.2 Effects of thermal change
In general, the Workshop agreed that the thermoregulatory 
ability of cetaceans (many are subjected to a wide 
temperature range during their lives or as a species) coupled 
with their mobility, suggests that direct health problems 
associated with thermal changes were unlikely, whilst 
recognising that the thermoregulatory ability of calves 
would be less than adults. However, direct effects may occur 
in species at the limits of their range; especially if climate 
change causes a greater variance in seasonal temperatures. 
Species which have a limited ability to migrate (e.g. due to 
physical barriers) may be susceptible to direct thermal 
effects.

SC/M96/CC31 examined the case of the bowhead whale 
and the author concluded that this species may be uniquely 
heat intolerant.

5. INDIRECT EFFECTS (AT THE POPULATION
LEVEL)

'Given that these changes occur, what trophic processes would link 
them to the distribution and abundance of cetaceans?'

This introduction, compiled by J. Everett, summarises the 
IPCC findings on this matter.

Global warming will likely be accompanied by changes in 
water temperature, precipitation, winds, water and nutrient 
flows, water level, biogeochemistry, sedimentation, salinity, 
water mixing, upwelling, ice coverage and UV-B radiation. 
Changes in amounts, structures and timing will affect 
ecosystem components, including habitats, entire food webs 
and species interactions.

The IPCC Fisheries and Oceans Executive Summaries 
make the following general conclusions. From Oceans 
(Ittekkot et al., 1996):

Redistribution of sea surface temperature could cause 
geographical shifts in biota as well as changes in biodiversity 
and in polar regions the extinction of some species and 
proliferation of others. A rise in mean SST in high latitudes 
should increase the duration of the growing period and the 
productivity of these regions if light and nutrient conditions 
remain constant (High Confidence).

Changes in circulation and vertical mixing will influence 
nutrient availability and primary productivity (Less 
Confidence).

From Fisheries (Everett et al., 1996):
Any effects of climate change will occur in oceans already 

characterised by full utilisation of most fishery resources, 
massive overcapacities of human usage and sharp conflicts

between fleets and among competing uses of aquatic 
ecosystems. Climate change impacts are likely to exacerbate 
existing stresses on fish stocks, notably overfishing, 
diminishing wetlands and nursery areas, pollution and UV-B 
radiation.

Globally, under the IPCC scenarios, saltwater fisheries 
production is hypothesised to be about the same, or 
significantly higher if management deficiencies are 
corrected. These conclusions are dependent on the 
assumption that natural climate variability and the structure 
and strength of wind fields and ocean currents will remain 
about the same. If either changes, there would be significant 
impacts on the distribution of major fish stocks, though not 
on global production (Medium Confidence).

Even without major change in atmospheric and oceanic 
circulation, local shifts in centres of production and mixes of 
species in marine and fresh waters are expected as 
ecosystems are displaced geographically and changed 
internally. The relocation of populations will depend on 
properties being present in the changing environments to 
shelter all stages of the life cycle of a species (High 
Confidence).

While the complex biological relationships among 
fisheries and other aquatic biota and physiological responses 
to environmental change are not well understood, positive 
effects such as longer growing seasons, lower natural winter 
mortality and faster growth rates in higher latitudes may be 
offset by negative factors such as a changing climate that 
alters established reproductive patterns, migration routes and 
ecosystem relationships (High Confidence). Changes in 
abundance are likely to be more pronounced near major 
ecosystem boundaries. The rate of climate change may prove 
a major determinant of the abundance and distribution of 
new populations. Rapid change due to physical forcing will 
usually favour production of smaller, low-priced, 
opportunistic species that discharge large numbers of eggs 
over long periods (High Confidence). However, there are no 
compelling data to suggest a confluence of climate change 
impacts that would affect global production in either 
direction, particularly because relevant fish population 
processes take place at regional or smaller scales for which 
general circulation models (GCMs) are insufficiently 
reliable.

Regionally, freshwater gains or losses will depend on 
changes in the amount and timing of precipitation, on 
temperatures and on species tolerances. For example, 
increased rainfall during a shorter period in winter still could 
lead to reduced levels in summer in river flows, lakes, 
wetlands and thus in freshwater fish production. Marine 
stocks that reproduce in freshwater (e.g. salmon) or require 
reduced estuarine salinities will be similarly affected (High 
Confidence).

An impact ranking can be constructed. The following 
items will be most sensitive to environmental variables and 
are listed in descending order of sensitivity (Medium 
Confidence).

(a) Freshwater fisheries in small rivers and lakes, in 
regions with larger temperature and precipitation 
change.

(b) Fisheries within Exclusive Economic Zones (EEZs), 
particularly where access-regulation mechanisms 
artificially reduce the mobility of fishing groups and 
fleets and their capacity to adjust to fluctuations in stock 
distribution and abundance (this would not apply to 
cetaceans).

(c) Fisheries in large rivers and lakes.
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(d) Fisheries in estuaries, particularly where there are 
species without migration or spawn dispersal paths or in 
estuaries impacted by sea-level rise or decreased river 
flow.

(e) High-seas fisheries (Everett et al., 1996).

In addition to the above, a number of other important points 
must be borne in mind (see Everett et al., 1996 for the 
complete supporting references and extensive examples).

(a) The linkage between climate and marine fisheries is 
complex and poorly understood. Physical changes 
influence recruitment and abundance, the centre of 
distribution and range and availability by concentrating 
stocks. The many interacting variables (such as currents, 
upwelling, winds, cloudiness, nutrient flows, salinity, 
temperature and solar irradiance) make predictions of 
changes in primary production unclear. However, 
understanding is growing. For instance, in the Pacific, 
the relationships among the intensity of the Aleutian, 
primary production and ecosystem production are 
becoming understood.

(b) Overfishing and diverse human stresses on the 
environment will probably continue to outweigh climate 
change impacts for several decades. However, fishing 
impacts are usually reversible - but climate change and 
habitat loss are not. It is believed that the overfishing 
problem may be solved by 2050.

(c) Climate variability is not a new problem for fish 
production. Social policies and controls needed to adapt 
to global change and those required for managing 
high-sea stocks are of similar geopolitical magnitude.

(d) We can expect poleward movement of ecosystem 
components with climate warming. However, habitat, 
food supply, predators, pathogens and competitors 
must be within the species 7 ability to cope. Suitable 
dispersion routes are also needed. Further, in eastern 
boundary currents, movement may be towards the 
equator.

(e) Anadromous fish (e.g. salmon) production depends on 
the amount and timing of precipitation. Expected 
precipitation increases in high northern latitudes - 
extending well into mid-latitudes in most cases - in 
winter could provide largely positive benefits overall.

(f) Changes in species dominance may occur.

Positive factors associated with greater warming and 
precipitation at higher latitudes include faster growth and 
maturation rates, lower winter mortality rates due to cold or 
anoxia and expanded habitats with ice retreat. Offsetting 
negative factors include increased summer anoxia, increased 
demands for food to support higher metabolism, possible 
negative changes in some thermal structures and reduced 
thermal habitat for cold-water species. Most warming should 
occur during fall, winter and night-time during the summer, 
improving the survival offish in shallow waters that are less 
tolerant of cold and having little effect on many species near 
their upper lethal temperature. Productivity in high latitudes 
should increase with longer growing periods and faster 
growth. The limiting factors in polar and sub-polar regions 
are light and temperature.

About 70% of global fish resources used by humans 
depend on near-shore or estuarine areas for part of their life 
cycle. Growing human occupation of coastal areas - with 
associated pollution - and the high property values of littoral 
areas, especially in Western countries, constrains the inland 
displacement of wetlands and other habitats as sea-level 
rises. Loss of coastal habitats will diminish fish production.

Wetlands, coral reefs, mangroves and sea grasses require a 
healthy environment to keep pace with a rising sea, to 
continue coastal protection benefits and to serve as 
fisheries habitat. Sea-level rise with defence of properties, 
increased freshwater diversion and human and industrial 
concentration in coastal areas would be detrimental to fish 
production.

There is accumulating evidence that environmental 
changes, often in combination with fishing pressure, 
determine fish abundance and distribution. Relatively 
small changes in climate can produce major changes in 
species abundance - sometimes of many orders of 
magnitude.

Warming impacts can be inferred from movement of 
transition zones in the past - for example, the Russell cycle 
in the western English Channel and the Bay of Biscay where 
opposing fluctuations of pilchard and herring have followed 
long-term changes in climate for three centuries.

Warming and possible wind changes would affect the 
distribution and characteristics of polynyas (ice-free areas) 
and ice-edges that are vital to polar ecosystems. Changes in 
the extent and duration of ice, combined with changes in the 
polar frontal zone and the circumpolar current in southern 
latitudes, may also affect the distribution, mass and human 
harvesting of krill. Krill is the fundamental link in the food 
web of the southern ocean; much of the fishery it supports is 
used as feed in aquaculture. Warming could affect pack-ice 
movement and extent - in turn, affecting the distribution, 
abundance and productivity of krill. However, little change 
is forecast in Antarctic ice for 100 years (see 
Intergovernmental Panel on Climate Change; WGI, 1996). 
Changes in wind strength also may affect productivity in the 
ice-edge zone.

Major shifts in regional and global climate, for example, 
the decadal climatic regime shift in the North Pacific Ocean, 
have major effects on the abundance and distribution offish 
stocks.

Most marine organisms have rather high genetic and 
behavioural plasticity, making them able to adapt to 
constantly changing conditions and enhancing stability. 
Although the mix of marine species is always changing with 
climate, the changes forecast by IPCC would happen 
relatively rapidly and be long-lasting. Since not all parts of 
an ecosystem shift at the same rate or amount, there will 
likely be some food chain disruptions and instabilities in 
populations.

Changes in currents could lead to changes in population 
location and abundance and the loss of certain populations - 
or the establishment of new ones - at the periphery of the 
present species distributions. Current GCMs do not 
adequately incorporate the ocean and coupled 
physical-biological models for marine systems are in their 
infancy. Only the global ocean circulation model by Semtner 
and Chervin (1988) has been successfully used to provide 
information at the local and regional fisheries level.

A general poleward extension of habitats and range of 
species is likely, but an extension toward the equator may 
occur in eastern boundary currents.

Winds can change local currents and upwelling 
dramatically even if the major currents are unchanged. If 
upwelling-favourable winds intensify, mixing of surface and 
sub-surface waters will increase, improving their nutrient 
contents. Conversely, there could be a reduced temperature 
gradient between the poles and the equator leading to 
decreased oceanic winds and decreased mixing of surface 
and deep waters. Both factors may be important, varying by 
region.
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Increases are expected in evaporation in mid-latitudes and 
precipitation in low and high latitudes. Freshwater flowing 
to the sea lowers local salinity, brings nutrients to increase 
primary production, enhances turbidity and impacts coastal 
ecosystems. Salinity changes and warming of coastal 
waters may lead to a latitudinal redistribution offish stocks, 
with changes in timing and pathways for migrating 
species.

Higher temperatures and greater water-column 
stratification can result in organic material staying higher, 
longer and thus favour pelagic upper level fish. Also, 
changes in phytoplankton production, such as shifting 
downward to smaller species, can lead to longer food webs 
or benefit smaller fish feeding at lower trophic levels. Some 
species depend on turbulence at critical stages - for example, 
to oxygenate eggs or habitats - whereas others require 
stability to allow surface-water stratification and the 
concentration of food organisms. Low turbulence is 
useful to enhance the encountering rate of particles 
and predators, whereas strong turbulence breaks up 
aggregations of particles on which feeding is possible. 
This apparent contradiction illustrates the complexity 
of ecological relationships and the difficulty of 
prediction.

The nature of climate change impacts on fish can 
be inferred, in part, from an analysis of current interannual 
fluctuations of marine populations. Catch statistics and 
research surveys can yield information on stock fluctuations. 
Fish variability has been classified on the basis of 
taxonomic groups and environments. These categories 
describe:

(a) highly unstable and unpredictable stocks varying by 
several orders of magnitude due to sporadic climatic 
shifts (e.g. capelin, sand eel and saury);

(b) unstable and partly predictable stocks varying by 
a few to several times due to cyclic climate and 
fishing variations (e.g. sardines, herrings and 
mackerels);

(c) stable and predictable stocks varying by tens of percent 
to a few times due to fishing and climate trends (e.g. 
bottomfish such as cods and flatfishes and large pelagics 
such as tunas).

In most cases, temperature increase is not the direct reason 
for change in aquatic ecosystems, although animals may 
react physiologically or behaviourally. The most crucial 
problems are associated with the whole complex of 
ecological changes. Fish have developed many patterns of 
behaviour to deal with climate variability and migrating 
predators and prey. Some environments call for tightly 
constrained windows within which reproduction can 
succeed. Others require constant or prolonged spawning to 
cope with even finer-grained, less-certain opportunities. 
Many early-life stages of fish occur in shallow layers and 
estuaries where various climate components are important, 
leading to a potential for significant effects on fisheries and 
dependent communities.

It is difficult to disentangle human and natural climate 
effects. For example, the environment adversely affected 
cod off eastern Canada, but the additional burden of heavy 
fishing probably caused the stock collapse - reducing the 
biomass, eliminating older year classes and increasing stock 
vulnerability.

There may be a synergistic effect between climate change 
and overfishing. With overfishing, the age composition of a 
stock becomes increasingly unbalanced; fewer year classes

and mature individuals are available and fewer reproductive 
opportunities occur. Overfishing eliminates species 
characterised by low fecundity, slow growth and late sexual 
maturation, while favouring species with opposite strategies. 
It introduces new trophic pathways, possibly produces 
empty ecological niches and creates new competitive 
relationships.

Fish production can be balanced on the number of larger 
and older fish in the population. Although some species can 
rebuild quickly, most large species will have difficulty 
taking advantage of a favourable environmental episode that 
may come only once in several years. Overfishing also may 
reduce the genetic resilience of the population, with similar 
consequences. Climate changes may magnify the effects of 
overfishing at a time of an inherent instability in world 
fisheries.

Hydrodynamic structures are largely determined by wind 
fields, currents and fronts, temperature, salinity and 
geographic topography. As new hydrographic structures 
stabilise, new populations may take advantage of the 
physical features. Colonisation is determined by 
ecological constraints affecting reproduction. For species 
dependent on geographical features, there is less 
flexibility.

Global warming is likely to cause collapses of some 
fisheries and expansions of others. It may be one of the most 
important factors affecting fisheries now and in the next few 
hundred years. The level of impact will vary widely and will 
depend on the complexity of each ecosystem, the attributes 
and adaptability of each species. If climate change occurs on 
the scale indicated by GCMs, we can expect significant 
effects, both beneficial and destructive, on the distributions 
and productivity of fish stocks.

Over the long term, global changes in fish production may 
maintain some relative balance, but there could be important 
regional shifts in fishing areas and species compositions. 
However, significant differences may occur in habitat 
suitability and species dominances at the thermal limits of 
species ranges. Changes in climate near ecosystem borders 
could mask impacts from harvesting excesses and other 
anthropogenic changes.

In some cases, fisheries on the margin of profitability 
could prosper or decline. For example, if there is 
a rapid retreat of sea ice in Antarctica or if the ice has 
reduced extent, the krill fishery - which is regulated by 
the three months that the continental shelf is ice-free - could 
become more attractive to nations not already involved.

Major storms cause mixing of ocean waters and internal 
up welling over the edges of shelf seas, moving nutrients and 
organisms into the photic zone - which then helps local food 
web production. This mixing, however, can disturb the 
stratification of water masses and their biological 
components, on which many species depend as part of their 
reproductive strategies. Storms also can be disruptive to 
reefs, mangroves and shoreline habitats and to egg masses 
laid on substrate. Changes in storm paths can affect the 
density of plankton forage, modifying the recruitment 
success of pelagic stocks.

Some Antarctic krill and some eastern Pacific pelagic 
eggs and larvae have been shown to have mortality rate 
changes in response to changes in UV-B radiation. There 
could be significant changes in ecosystem function and 
functioning as species sensitive to UV-B radiation are 
replaced by more-resistant species.

It was agreed that this section should consider the effects 
of climate change (as summarised under Item 1) on cetacean 
habitats and their prey on a regional basis.
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5.1 Polar regions
5.7.7 Antarctic
OBSERVATIONS AND MODEL PREDICTIONS
Given a rate of increase in greenhouse gas concentrations of 
1% CO2 per year, GCMs predict less warming in the 
Antarctic over the next century than in northern polar 
regions. The presence of a deep water mass forming near the 
Antarctic continent, Antarctic Bottom Water, is expected to 
spread heat over a greater vertical section of the water 
column. This process results in the relative 'thermal inertia' 
around Antarctica. Although GCMs predict delayed 
warming of sea surface temperature in the Antarctic for the 
next 6-8 decades, after 140 years there is expected to be a 
marked reduction in the production of Antarctic Bottom 
Water and a disruption of the thermohaline circulation of the 
Southern Ocean.

Antarctic air temperature has risen since the mid-1960s; 
however, the extent of the ice-edge during the past two 
decades has been highly variable and region dependent. 
Polar processes and regions are among the more complex 
and difficult to model, due in part to the reliance and 
sensitivity of models to highly parameterised snow-sea ice 
albedo and complex feedback loops. Continued 
improvements of the parameterisation and refinements of the 
processes should reduce the amount of uncertainty 
associated with Antarctic climate projections.

The response of the Antarctic ice sheets, both continental 
and sea-level, to long-term warming is uncertain. This is due, 
in part, to variability in accumulation patterns and large 
uncertainties in ice calving and melting (Vaughan and 
Doake, 1996). Accumulation rates vary from the margin of 
the ice sheet to the interior and are very dependent on 
regional temperature. Sea-level around the Antarctic 
Continent is expected to fall due to increases in accumulation 
(Warrick et al, 1996).

Seasonal production on the marginal ice-edge zone (MIZ) 
plays an important role in the Antarctic ecosystem. Climate 
models at present do not have the regional resolution and 
predictive capabilities to project changes in ice-edge 
dynamics.

KRILL
SC/M96/CC10 discussed the dynamics of sea ice and krill 
abundance in the Antarctic Peninsula region. Put simply, 
extensive winter sea ice is associated with high krill 
recruitment whilst minimal sea ice is associated with low 
krill recruitment and high salp (the other dominant 
macrozooplankton organism) recruitment. There is evidence 
from this region that there is a trend towards lower 
frequencies of extensive winter sea ice years and estimates of 
krill abundance have declined by a factor of 10 near the 
Antarctic Peninsula (Siegel and Loeb, 1995) over the same 
period.

SC/M96/CC14 and Eraser and Trivelpiece (1996) have 
shown how this influences the distribution and abundance of 
seabirds (krill predators) in the same region. However, it 
should be noted that krill predators such as chinstrap and fur 
seal populations in the same region have been increasing in 
spite of a potential decrease trend in krill abundance.

Ichii noted that the data on krill recruitment and 
abundance in the Indian Ocean (both from year class and 
CPUE data) did not show a similar pattern to that off the 
Antarctic Peninsula. Whilst a number of explanations for 
this apparent contradiction can be considered (including the 
more southerly location of the Indian Ocean sector), this 
illustrates that current and future changes in the Antarctic 
cannot be expected to be spatially uniform.

In addition to the effect of sea ice cover, water circulation 
is of great importance to the distribution of krill, as witnessed 
by substantial changes in the abundance of krill near South 
Georgia depending on the current direction in the 
Weddell-Scotia Confluence. The importance of the 
Antarctic Circumpolar current to the distribution of krill is 
well known (e.g. Marr, 1962).

SC/M96/CC9 reviewed the response of marine fauna 
(including krill) to UV-B radiation exposure. Although a 
controversial area, the author noted that consensus appears 
to be building towards the view that present levels of UV-B 
play a major role as an ecological determinant, influencing 
both survival and distribution and that future research is 
needed to determine the effects on marine species in a 
manner that may also allow prediction of the likely effect of 
increased exposure. At present there are no available data on 
the direct effects of ozone related increases in UV-B on krill 
in situ. However, laboratory studies have documented 
negative effects of UV-B on adult euphausiids (Damkaer and 
Dey, 1983).

Antarctic studies have shown measurable reductions of 
primary production (3.8-12%) due to enhanced UV-B 
inhibition (Smith et al, 1992; Holm-Hansen et al., 1993). 
Differences in phytoplankton species sensitivity to increased 
UV-B are well known (Worrest et al., 1981; Helbling et al., 
1992; Davidson and Marchant, 1994). However, McMinn 
et al. (1994) present results suggesting that there have been 
no changes in diatom species composition during the past 20 
years of ozone hole development. However, the authors add 
that their findings are not necessarily applicable to the 
ice-edge and sea ice communities, nor are they relevant to 
non-diatom species of the Antarctic phytoplankton 
community.

From the perspective of highly mobile oceanic predators, 
such as baleen whales, changes in the distribution of krill 
concentrations as a result of climate change may not in 
themselves be a major problem. Even declines in the overall 
abundance of krill may not necessarily represent a problem, 
depending on how such declines manifest themselves in 
terms of the amount of krill 'available' to cetaceans. 
Availability will be a function of: patch area and volume 
density of krill within the patch; and density and abundance 
of suitably sized patches; and the degree of habitat 
specialisation exhibited by cetaceans. However, there have 
been no Southern Ocean studies of the foraging ecology of 
baleen whales, or of the characteristics of patches which they 
exploit; a few such studies have been conducted in the North 
Atlantic (Mayo and Marx, 1990) and North Pacific (Dolphin, 
1987a; b; Schoenherr, 1991). Furthermore, little is known 
regarding interspecific competition in baleen whales (see 
review by Clapham and Brownell, 1996).

Kawamura (1980; 1994) reviewed what is known of the 
feeding ecology of Southern Ocean baleen whales. Although 
a wide variety of prey species have been found in baleen 
whale stomachs, it is clear that for all but the sei whale, E. 
superba is the key species, despite some regional variation. 
In general, sei whales feed more on copepods.

There is little direct evidence of competition amongst 
baleen whales in the Southern Ocean but there are a number 
of spatial and temporal factors that relate to possible niche 
separation. Perhaps the most obvious relates to the 
geographical distribution on the feeding grounds. 
Sei whales are generally found near or north of the Antarctic 
Convergence as are pygmy blue and right whales. 
The other baleen whales are found further south with minke 
and blue whales being the most southerly, often being seen 
near to the ice-edge. In addition, there is a temporal
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pattern to the arrival and departure not only among species 
but also within different age/sex classes of the same species 
(see summary in Lockyer and Brown, 1981). Although prey 
size might be thought to be a likely factor in any niche 
separation, Kawamura (1994) found no clear evidence of 
size selectivity among blue, fin, humpback or minke 
whales.

It is clear, as Kawamura (1994) concluded, that a 
considerable amount of research is needed with respect to the 
relationship between krill and baleen whales.

With respect to krill, this can best be achieved in 
collaboration with CCAMLR. In addition to the work 
currently underway relating krill abundance and distribution 
to environmental variables such as sea ice and ocean 
currents, from the perspective of cetacean feeding ecology, 
it would be useful if CCAMLR could provide advice 
on:

(a) the level of resolution currently available in determining 
the characteristics of krill concentrations;

(b) the methodology and resolution currently available in 
assessing the abundance and distribution of krill, 
particularly outside CEMP areas and the power to detect 
significant trends in abundance.

The need to collect simultaneous data on prey availability 
and cetacean distribution, abundance and feeding behaviour 
was stressed and this is discussed further under Item 7. 
One possibility is that the current Southern Hemisphere 
cruises carried out under the auspices of the IWC might 
concentrate in CEMP areas. Kawamura (1994) had 
suggested that the waters between 50°-60°S in Area II and 
part of Area III.

Many of the research questions related to feeding ecology 
identified by APIS for seals (APIS, 1995) are relevant to 
those that must be addressed for cetaceans.

OTHER PREY SPECIES
A number of odontocete species are found south of the 
Antarctic Convergence2 , including sperm whales (the large 
male component only), killer whales, long-finned pilot 
whales, southern bottlenose and other beaked whales and 
Cruciger's and southern right whale dolphins (Kasamatsu 
et al, 1988; Kasamatsu and Joyce, 1995). Most information 
on prey species is available for sperm whales (e.g. see review 
by Clark, 1980) and killer whales (see review in IWC, 
1982).

Cephalopod species form a major part of the diet of the 
sperm whale and probably other odontocetes in the region 
and the biology and ecology of Southern Hemisphere 
cephalopods is reviewed in SC/M96/CC13. The authors 
concluded that given the relationship between the life-cycles 
of squid (especially ommastrephids) and large and 
mesoscale oceanographic processes, predicted 
oceanographic response to global climate change such as 
changes in thermohaline circulation and intensification of 
coastal upwelling might have dramatic effects on 
populations. The short life-cycle and lack of interbreeding 
between generations in coleoid cephalopods suggests that 
evolutionary response to global environmental change may 
be faster in this group than in longer lived, slower 
reproducing nektonic groups.

2 Within the oceanographic literature, the term Antarctic Convergence 
has been replaced by Antarctic Polar Front. This change reflects the 
increased understanding that this area is not simply a convergence zone, 
but rather one that is characterised by a wide range of circulation 
processes.

The cephalopod prey of sperm whales has been 
principally studied with materials from sperm whale gut 
contents because of the low level of effective scientific 
sampling for squid (Clarke, 1980). It has generally been 
assumed that these squid feed on krill but recent studies 
(Rodhouse et al., 1996) show that some species at least feed 
on myctophid fish which in turn feed principally on 
copepods.

It is important to note that species once thought to be 
mesopelagic have been found in the diet of albatrosses 
(Prince and Morgan, 1987), showing that at least some of the 
time, they are found in the uppermost metre of water. It has 
been suggested that this might be due to them being driven 
up to this region by feeding cetaceans (Croxall and Prince, 
1996).

A major factor influencing the distribution of squid is the 
Antarctic Circumpolar Current. Predicted changes in this 
will alter their distribution.

It is clear from this review that little is known about either 
the feeding ecology of odontocetes in the region or the 
ecology of their cephalopod prey. However, it has been 
noted that cephalopod numbers often fluctuate greatly; the 
effect on odontocete reproductive success of such 
fluctuations or of protracted periods of low abundance, if 
any, is unknown.

5.7.2 Arctic
OBSERVATIONS AND MODEL PREDICTIONS
The Intergovernmental Panel on Climate Change (IPCC) 
concluded that mean global air temperature will rise by 
1-3.5°C by 2100 (Intergovernmental Panel on Climate 
Change, 1996). GCMs predict that greenhouse gas induced 
wanning will be greatest at high latitudes in the Northern 
Hemisphere. Associated with this warming is a reduction of 
the sea ice cover. The polar amplification of warming in the 
Arctic is attributed to the positive albedo feedback of snow 
and sea ice.

At the present rate of increase of greenhouse gases (1% 
CO2 per year), average sea surface temperature is predicted 
to increase by 2-3 °C over the northern North Pacific and 
North Atlantic. GCMs predict a warming of this magnitude 
to occur over a period of 60-80 years (Manabe et al., 1991). 
The sea surface temperature rise south of Greenland is 
projected to be slower due to the ameliorating effect of a 
deep water mass, North Atlantic Deep Water (NADW). 
Vertical mixing in this region penetrates deeply and 
generates 'thermal inertia' as heat is mixed to greater depths 
in this region of the northern North Atlantic.

Overlying the predictions from GCMs is the concern that 
the thermohaline circulation in the North Atlantic, the 
'conveyer belt', might be suddenly altered due to global 
warming (Broecker, 1987). One of the challenges facing 
modellers is to predict the response of the thermohaline 
circulation to the present rate of warming. Paleoclimatic 
studies are examining the link between cessations of the 
conveyer belt and the onset of glaciation. A sluggish or 
disrupted conveyer belt would possibly alter not only the 
circulation in the North Atlantic, but the global ocean 
circulation as well. If the present North Atlantic 
thermohaline circulation were to stop abruptly, Europe and 
adjacent seas would become much colder.

GCMs predict that increased precipitation will accompany 
increase of warming in high latitudes. Additional freshwater 
run-off or ice melt would lower surface salinities, decrease 
the formation of North Atlantic Deep Water and reduce the 
thermohaline circulation of the North Atlantic. The 'Great 
Salinity Anomaly' of the early 1970s, an introduction of low
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salinity water in the North Atlantic, has been recognised as 
among the largest oceanographic changes in this region 
(Mertz and Meyers, 1994). Models of oceanic circulation 
have shown how small variations in external forcing can 
weaken or shut down the conveyor belt; however, it is 
premature to predict at what threshold of warming this could 
occur.

Over the last century global mean sea-level has been rising 
at an average rate of l-2.5mm/year (Warrick et al., 1996). By 
the year 2100 global mean sea-level is expected to rise on the 
order of 0.5-1.Om. Global warming is expected to increase 
both the melting rates at the margins and accumulation rates 
in the interior of the Greenland Ice Sheet. Because melting is 
projected to dominate accumulation, sea-level is expected to 
rise. Present data however are insufficient to determine 
whether the Greenland Ice Sheet is currently in balance.

FAUNA
The Arctic ecosystem is more complex than that of the 
Antarctic, in that no single species dominates in the way that 
krill does. There are four cetacean species that spend a 
considerable part of their lives in the Arctic: the bowhead 
whale, narwhal, white whale and gray whale - all but the last 
being almost exclusively Arctic species.

Feeding in the Beaufort-Chukchi-Bering Seas bowhead 
whale is reviewed by Lowry (1993). From stomach contents 
data, it appears that the primary foods are copepods and 
euphausiids between 3mm and 30mm long, although other 
similarly sized invertebrates are eaten. It seems reasonable to 
assume that this pattern will be true throughout the range 
although stomach samples from outside the hunting areas 
will rarely be available. There appears to be a considerable 
degree of adaptability in feeding behaviour, enabling 
bowheads to exploit relatively fast-swimming zooplankton 
and epibenthos as well as copepods. For example, in the 
Eastern Beaufort Sea they appear to be feeding on copepods, 
whereas in the Chukchi and western Beaufort Seas 
euphausiids predominate. Information from analyses of 
stable isotopes in baleen plates suggests that they are also 
feeding in the Bering Sea in winter.

Seaman et al. (1982) provide an overview of white whale 
feeding and demonstrate that the species has a catholic diet 
overall. However, some stocks are likely to be specialist 
feeders on a small number of prey species, especially where 
prey diversity is low, as in the high arctic. In high latitudes, 
especially, white whales are tightly distributed close to the 
ice-edge and are probably dependent on prey which is itself 
directly or indirectly tied to sea ice cover. Further, recent 
satellite telemetry results from several white whale stocks 
(A.R. Martin, pers. comm.) indicate that critical habitat is 
seasonal ice cover over shelf waters. This is because most 
feeding is on the seabed and breath-hold capacity limits 
foraging to waters of 600m or less.

There have been relatively few studies on the feeding 
behaviour of narwhals (e.g. Hay and Mansfield, 1989; 
Heide-Jorgensen et al., 1994), but they appear to be feeding 
largely on cephalopods and large fish.

The distribution of these three species appears to be 
closely linked with the movements of sea ice and they would 
probably be sensitive to the predicted reduction in sea ice 
extent. It is not clear, however, how they might respond in 
such circumstances and this is considered further under 
Item 7.

The situation with respect to increased UV-B levels is 
somewhat similar to that noted for the Antarctic. Again 
considerable work is needed to try to quantify likely effects 
on the lower trophic levels in the region.

Several balaenopterid species occur in the northern North 
Pacific and North Atlantic (Barents Sea). Minke whales in 
both areas exploit a wide range of species. Studies of the 
feeding ecology in the northeastern Atlantic reveal that 
herring, capelin and gadoids are the major fish prey species 
but that there is considerable spatial, seasonal and annual 
variation, with krill also being seasonally important 
(Christensen et al, 1992; Haug et al., 1996; Haug et al., 
1995). The Barents Sea fish stocks have always exhibited 
wide annual fluctuations in abundance associated with the 
influx of Atlantic water into the Barents Sea (SC/M96/CC18) 
and there is evidence of changed distribution of cetacean 
stocks in the northern North Atlantic area in response to this 
(e.g. killer whales and herring - Simila and Ugarte, 1993; 
humpback whales and capelin - Jonsgard, 1966; Whitehead 
and Carscadden, 1985). Fin whales also feed on krill, herring 
and capelin and exhibit considerable seasonal variation in 
diet (e.g. Christensen etal, 1992; Sigurjonsson, 1995). By 
contrast, the limited information available for blue whales 
suggests that they are largely dependent on euphausiids 
(Christensen etal, 1992).

The likely reduction in sea ice cover and opening up of the 
Northwest Passage have a number of implications for the 
region. The first is the possibility of interchange between 
once geographically isolated stocks (e.g. Bering- 
Chukchi-Beaufort Seas and Davis Strait bowhead whales). 
The second is the potential increased ship traffic, noise and 
mineral exploitation with the associated problems for 
cetaceans (e.g. Bratton et al, 1993; Richardson and Malme, 
1993; Fitzharris et al, 1996).

Gray whale feeding is reviewed by Nerini (1984) and 
Murison et al (1984). Bottom dwelling amphipods form an 
important part of their diet. Changes in the strength of 
vertical mixing in the northern North Pacific affect primary 
and secondary productivity (SC/M96/CC17). The combined 
effect of predicted changes in sea ice extent and storm 
frequency would tend to suggest increased productivity for 
amphipods and the benthic community upon which gray 
whales feed.

Given the uncertainties in the model predictions for both 
climate and productivity in these areas, particularly with 
respect to potentially dramatic changes in water circulation, 
it is very difficult to predict likely outcomes for cetacean 
populations, beyond making a number of general 
observations. It seems likely that changes in the distribution 
of prey species will be less significant for wide ranging 
oceanic species than those occurring at the ice-edge. 
Similarly, catholic feeders will be better able to cope with 
changes in the relative abundance of potential prey than 
those dependent on one prey species. Large natural 
variations in the distribution and abundance of cephalopod 
species suggests that cetaceans feeding on cephalopods may 
be capable of adjusting to such change arising out of climate 
change.

Populations at the extremes of their species range (e.g. 
bowhead and white whales in the Okhotsk Sea) might be 
more susceptible to change, although models predict the 
least temperature variation in the Okhotsk Sea area.

5.2 Tropical/warm temperate regions
OBSERVATIONS AND MODEL PREDICTIONS
It should be noted that one of the first 'flips' in ocean 
circulation has been registered in a warm temperate region, 
specifically in the eastern Mediterranean, where Aegean 
waters have replaced Adriatic waters in the bottom layers.
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This salinity-induced influx resulted from changes in either 
circulation pattern or large-scale freshwater balance and thus 
may have a regional climate component.

GCMs predict: less warming in low latitude waters than in 
high latitudes e.g. one model predicts a 1-2°C rise in sea 
surface temperature after 60-80 years, (Manabe et aL, 1991); 
sea-level rise of the order of 0.5-l.Om by 2100 (Warrick 
et al., 1996); and a decrease in trade wind intensity (Ittekkot 
et al., 1996). Climate change is expected to create a new 
framework for the manifestation of other environmental 
stresses and increased opportunities for synergistic effects 
(Oppenheimer, 1989; Intergovernmental Panel on Climate 
Change; WGII, 1996). GCMs predict recent trends better in 
low latitudes because of the very strong coupling between 
ocean and atmosphere. In tropical and warm temperate 
regions the most important effect is on wind-driven 
productivity. Warming leads to weaker wind fields and 
frontal patterns, which lead to shallower mixed layers and 
weaker circulation, which affects productivity. It is 
premature to predict whether the frequency and intensity of 
ENSO events, monsoons and tropical cyclones will increase 
with long-term global warming (Ittekkot et al., 1996). It 
should be noted that increased alongshore winds can lead to 
upwellings.

Sea-level increases will affect coastal features (e.g. 
lagoons and shelf areas) and the availability of these areas to 
some cetacean species. Among the baleen whales, 
humpback and gray whales breed in such areas but may not 
be disadvantaged by sea-level changes. For example, on a 
geologic time scale, it was noted that there have been 
dramatic changes in coastal features throughout the region 
currently occupied by the gray whale. In recent historical 
times, gray whales have had to cope with variants in their 
breeding lagoons. For this and other cetacean species, the 
loss of specific coastal areas as the result of rapid sea-level 
rise could cause the redistribution of some species into areas 
that are not currently protected. Furthermore, coastal 
development may block the mobility of suitable habitat, 
thus potentially depriving some cetaceans of new habitat 
that, without such development, would have been 
available.

The direct effects of sea temperature changes will be most 
important in species at the limit of thermal tolerance. Some 
individuals in a population will be more susceptible than 
others; it was suggested that calves of the finless porpoise 
may be the most extreme example. Humpback dolphins in 
the Arabian Gulf may also be particularly susceptible. 
Increased variation in sea temperature in coastal areas may 
be important; the example of the mass mortality of 
bottlenose dolphins, possibly as a result of an unusual cold 
water event in the Gulf of Mexico was noted (Blaylock, 
1992).

Productivity is expected to vary as a result of climate 
change leading to increases or decreases in cetacean prey. 
Cephalopod populations are known to be highly variable; 
more so than most finfish. It was noted that the effects of 
natural variability on annual and decadal time scales (such as 
ENSO and decadal scale regime shifts) and the effects of 
longer-term climate change may be difficult to separate. 
Increases in productivity may be disadvantageous in some 
areas, particularly shallow, enclosed sea areas 
(SC/M96/CC19 and Stachowitsch et al. 1990). Overall 
specific effects of climate change on cetacean prey cannot be 
predicted. However, it was noted that changes in estuarine 
circulation resulting from sea-level rise and run-off from 
increased precipitation could affect the development of fish 
prey in coastal nursery grounds. The extent to which

balaenopterids other than Bryde's whales feed in these 
regions is not known. IPCC (1996) concluded that although 
the balance of species taken would change, the total 
production of fisheries would probably be unchanged as a 
result of climate change.

It was noted that in these regions it was particularly 
difficult to differentiate between the effects of natural 
variability (including ENSO) and the effects of climate 
change. The importance of using ENSO events as a proxy for 
investigating the effects of climate change was stressed. 
Some examples of major observed changes in distribution 
and foraging behaviour of small cetaceans were noted. 
Research efforts should be directed towards examining 
existing data particularly on reproductive rates and survival 
before, during and after ENSO events and to continuing such 
studies. Several species were noted as being 
potentially valuable for study. This discussion was referred 
to Item 6.

5.3 Cold temperate regions
GCMs predict sea surface temperature rises of up to 2°C in 
the North Pacific, 0-3°C in the North Atlantic and 1-2°C in 
the Southern Hemisphere after 60-80 years (Manabe et al., 
1991). In these regions, the most important climate signal 
is the movement of ocean gyres which affects the patterns of 
upwelling and other mesoscale oceanographic events. 
GCMs can predict the effect of climate change on ocean 
basin scales, however, possible changes at regional scales 
cannot be predicted reliably from current climate 
simulations (Kattenberg et al., 1996). What is needed 
are regional models. But existing regional models 
cannot currently be used to look at the effects of climate 
change.

Concerning the likelihood of a failure of the thermohaline 
conveyor belt in the North Atlantic, it was noted that GCMs 
predict a more ' sluggish' circulation in the region. It was also 
noted that a non-linear response with respect to changes in 
sea temperature is possible; that is, an initial warming could 
be followed by cooling.

As noted earlier, it is mesoscale effects which are most 
important to cetacean populations. Mesoscale patterns are 
driven by ocean-wide processes. In cold temperate regions, 
at least in the Northern Hemisphere, there is strong 
ocean/atmosphere coupling which produces decadal scale 
variability at the mesoscale. It is not known how this will be 
affected by climate change.

Cold temperate regions are the feeding areas for many 
baleen whales and strong links between invertebrates, fish, 
cephalopods and cetaceans are to expected. For example, the 
SCOPEX research programme has linked right whale 
distribution to the availability of calanoid copepods in the 
western North Atlantic. Cephalopods, which are the primary 
prey of pilot whales, sperm whales and other odontocetes in 
these regions, are inherently variable in distribution and 
abundance. The larger oceanic cephalopod species which 
display migrations of 1,000s of km are likely to be affected 
by climate change more than the neritic cephalopods, such as 
those off California. It was noted that fishing has likely had 
a greater effect on the fish prey of cetaceans in these regions 
than in others.

5.4 Other effects
The interplay between global climatic change, chemical 
pollution and pathogens was considered. There was not 
enough information available to report on a regional basis 
and therefore only broad areas of potential concern have 
been identified.
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Coastal processes
Any changes in precipitation will affect run-off and, 
consequently, the movement of xenobiotics and nutrients 
into coastal waters. Biotic shifts on land are also expected 
(Intergovernmental Panel on Climate Change; WGII, 1996) 
and, coupled with an increase in tropospheric oxidants, are 
likely to lead to increased nutrient and contaminant flow into 
the marine system (Oppenheimer, 1989).

Sea-level rise, where it occurs, will also affect the 
movement of anthropogenic chemicals. Particular concerns 
are the loss of wetlands that presently filter out water-borne 
contamination. A rise of one metre is expected to threaten 
half of the world's coastal wetlands (Bijlsma el al., 1995). 
Such inundation would also threaten coastal hazardous 
waste sites, with potential consequences for chemical release 
into marine systems (Everett et al., 1996).

Change in water movements will also affect the 
bioavailability of xenobiotics. This would be true for both 
vertical and horizontal water movements. Some changes, for 
example increasing storminess leading to greater mixing and 
re-suspension of sediments, would be likely to increase 
chemical pollutant concentrations in the water column. 
Others, such an increasing fresh water flow from melting 
polar ice, leading to increased stratification could reduce 
xenobiotic bioavailability in upper waters.

Increasing storminess and changes in ice movements in 
some regions also presents a potential threat to oil and gas 
production sites and transport of fossil fuels and other 
chemicals at sea (Fitzharris et al., 1996). The previous global 
change workshop reported that it had been unable to consider 
the implications of oil pollution for cetaceans.

Offshore processes
The workshop noted that changes in precipitation and wind
patterns will alter wet and dry deposition. These impacts are
highly regionally specific. Large-scale oceanic circulation
changes will also affect long-distance transport of
contaminants.

Phytoplankton-related
There are particular concerns that relate to the triggering and 
enhancement of phytoplankton growth. Sea surface 
temperature, stratification changes and nutrient loading are 
important in this respect.

Massive non-toxic blooms, which are sometimes 
mucilaginous (foam or marine snow), can exclude cetaceans 
from habitats and damage their food chains. Some regions, 
notably the Adriatic, have been repeatedly impacted by such 
events, meaning that ecosystem recovery has not occurred 
over a number of years (Ott, 1991). An overlap of the bloom 
and stratification periods leads to increased biological 
impact.

Anoxia may be induced by decaying phytoplankton, even 
in the absence of blooms and typically in systems that are 
shallow, semi-enclosed and have soft bottoms (Stachowitsch 
and Avcin. 1988). This again can impact prey, for example 
through the resulting biotic shifts (SC/M96/CC19).

An apparent worldwide increase in toxic blooms has been 
reported with associated impacts on human health (e.g. 
Smyda and Shimizu, 1993) and some associated poisoning 
of marine mammals (e.g. Geraci, 1989). Algal toxins are also 
being reported from areas where they have not previously 
been recorded (e.g. Italy). Blooms have also recently been 
associated with the transport of pathogens, including Vibrio 
choleme (Huq et al., 1990 and Bryd et al., 1991). The 
relationship, if any. between the increase in toxic blooms and 
climatic change remains uncertain.

Xenobiotic impacts relating to climatic changes
The following points were noted.

(a) Changes in the concentrations of xenobiotics entering 
marine food chains are predicted to result from global 
climatic change (Intergovernmental Panel on Climate 
Change; WGII, 1996).

(b) Any changes in food chain length resulting from climatic 
change will affect bioaccumulation, leading to increases 
or decreases in accumulation rates and body 
burdens.

(c) Increased contamination burdens may have health 
consequences for cetaceans (see IWC, 1997).

(d) Overall, whilst most impacts can be expected to shift 
existing pollution to new areas, some climate-related 
perturbations will result in a general intensification of 
pollution problems (SC/M96/CC22). Associated 
impacts on cetaceans would be expected to be most 
significant in populations living near highly populated 
coastal areas and/or where wetlands are lost.

Disease
It was noted that disease, for example marine mammal 
epizootics, are multi-factorial in nature and that it has been 
suggested that some recent die-offs have been exacerbated or 
precipitated by environmental factors, including climate 
change (e.g. SC/M95/P11; SC/M96/CC34; SC/M96/CC22; 
Aguilar et al., 1992). Increasing temperatures may augment 
the growth and spread of marine disease agents and parasites 
(Everett et al., 1996).

Recommendations
Noting that some existing programmes already consider the
contamination present at various trophic levels in some
marine ecosystems (e.g. the Arctic AMAP programme),
influences of climatic changes on the transport and
bioavailability of xenobiotics and nutrients remain important
topics.

In the light of predicted climatic changes, the 
recommendations made at the Bergen meeting were 
reviewed and endorsed, including the suggestion that the 
IWC should initiate a programme to consider the 
significance of the full range of environmental factors. 
Separate appraisal of the impacts of environmental changes 
may not be sufficient to evaluate cetacean responses. It was 
also noted that the IWC may need to respond rapidly as new 
information in this developing field becomes available.

A number of existing programmes focus on the need to 
investigate mortality events in marine mammals (e.g. the 
Emergency Task Force of the Marine Mammal Action Plan), 
however, this remains a priority research area. Indeed, 
noting the potential significance of mass mortalities and 
emergent diseases to population dynamics (Harwood and 
Hall, 1990; Schrag and Wiener, 1995; SC/M96/CC34; 
SC/M96/CC22) and their potential role as integrators of 
global changes, the IWC should consider holding a 
workshop on this theme.

6. KEY SPECIES

The Workshop determined a number of criteria for selection 
of key species and to list such species, for two purposes: first, 
those for which research programmes related to climate 
change could be pursued; and second, those which are
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considered to be particularly vulnerable to major 
environmental perturbations because of endangered status or 
other reasons.

The Workshop also noted that from an IWC perspective, 
all exploited species/populations were of special interest.

6.1 Research species
6.1.1 Selection criteria
In considering selection of species or populations for 
research, the Workshop took as its starting point the 
following hypothesis:

Global climate change will indirectly affect the 
reproductive rates and survival of cetaceans through 
changes in prey abundance and availability via 
biophysical interactions.

A number of criteria are used by some of the large-scale 
Southern Hemisphere physical-environmental research 
programmes (e.g. CCAMLR) with regard to selection of key 
study species, including those given below.
(a) Appropriateness - the species or population should be an 

appropriate subject with which to address the relevant 
research questions.

(b) Accessibility - the species should exist in sufficient 
numbers, or be sufficiently accessible, to allow research 
to be conducted in a logistically straightforward 
manner.

(c) Data availability - species which are already the focus of 
ongoing research, or for which relevant historical data 
exist, are particularly valuable subjects for study.

The Workshop provided an additional criterion for selection 
of study species or populations; that they should collectively 
represent a broad range of climate zones, latitudes, habitats 
and prey preferences in order to be broadly representative of 
other (unstudied) cetacean species. It was also noted that the 
selected criteria were similar in many respects to those 
adopted by the IWC Pollution Workshop (IWC, 1997). That 
Workshop had also noted the potential value of captive 
animals to address certain issues, in the context of the present 
Workshop it was noted that studies on such animals can 
provide valuable information on topics (e.g. energetics) not 
easily addressable in wild populations.

Research which does not include directed collection of 
environmental data is of dubious value in studying the 
effects of climate change on cetaceans. The Workshop 
therefore recommends that research programmes be either 
designed with this in mind, or linked to existing programmes 
of this nature. Specific links to such programmes should be 
investigated by the IWC. It was noted, for example, that the 
Southern Ocean GLOBEC programme was currently in the 
process of formulating future research design, thus providing 
the IWC with a valuable opportunity to integrate cetacean 
studies into this framework. This is discussed further under 
Item 7.2. It was further noted that coupling of 
physical/environmental and cetacean data has already been 
carried out in certain areas (e.g. Norwegian minke whale 
studies).

Particular emphasis is placed on the value of conducting 
comparative studies, among either different populations of 
the same species, or among species which differ 
significantly in key characteristics (e.g. trophic level). 
However, the former should be conducted with care given 
that in many cases there are outstanding taxonomic 
questions; specifically, animals currently considered as 
single species may not be and may therefore represent

distinctly different ecotypes which are not comparable. 
Examples include minke whales (probably more than one 
species in the two hemispheres), Bryde's whales (at least two 
species, with nothing known concerning ecological 
differences) and bottlenose dolphins (at least two species and 
possibly different ecotypes across a wide latitudinal range). 
However, not all potential study species suffer from such 
complications: for example, humpback whales, while 
differing in primary prey between areas, are clearly of the 
same species and ecotype in all studied populations.

The Workshop next considered which measures or 
characteristics of a species' biology and demographics might 
be used in order to provide reasonable indicators of response 
to climate change. It was agreed that these included 
distribution, abundance, reproductive parameters and 
mortality/survival. In addition, body condition was 
considered to be a potentially useful indicator, although 
techniques for easily and reliably assessing this variable 
through biopsies are still under development. It was noted 
that there are some existing historical datasets with regard to 
lipids and biochemical variables (e.g. Southern Hemisphere 
minke whales, collected by Japan since the 1970s) which 
could potentially prove useful in this regard. However, it 
recognised the inherent difficulties, not only in detecting 
significant trends in these parameters (as witnessed by many 
years of discussion within the IWC Scientific Committee) 
but also in relating these to climate change as opposed to 
naturally occurring variability.

6.1.2 Species
The Workshop recognised the general difficulty of obtaining 
reliable data and adequate sample sizes for many aspects of 
cetacean biology and that this problem applies to greater or 
lesser extents to virtually all species. With this caveat in 
mind, the following species were selected as potential 
subjects for studies of the effects of climate change, or for 
studies that would provide valuable information on aspects 
of biology or behaviour relevant to broader investigations of 
such changes.

MINKE WHALE
The minke whale is relatively abundant and accessible in 
many locations, including the Antarctic, North Atlantic and 
Norm Pacific. It is useful for comparative studies since it 
feeds on different primary prey in different areas (e.g. krill in 
the Antarctic, fish in some Northern Hemisphere locations), 
although there are probable taxonomic/ecotype differences 
among populations which must be borne in mind. There is a 
considerable quantity of existing data. Given that in all ocean 
basins minke whales are the target of either aboriginal 
subsistence, commercial or scientific permit operations, the 
availability of fresh carcasses provides opportunities to 
conduct studies that are not possible with unexploited 
species.

HUMPBACK WHALE
A considerable volume of humpback whale data exists from 
both whaling and ongoing long-term studies of identified 
individuals; there are often detailed data available on 
distribution, abundance, reproductive rates, foraging 
ecology and other behaviour. As in the case of minke whales, 
they feed on different primary prey items in different areas. 
Furthermore, there appear to be no outstanding taxonomic 
questions involved.



308 REPORT OF THE IWC WORKSHOP ON CLIMATE CHANGE AND CETACEANS

RIGHT WHALE
There is a large volume of existing data relating to some 
populations of right whales, largely deriving from 
longitudinal studies of identified individuals. Right whales 
feed primarily on copepods. a comparative study involving 
right and minke whales might be particularly instructive in 
examining behaviour and changes at different trophic levels. 
It was noted that some recent sightings of right whales in the 
high Antarctic were associated with an influx of warm water, 
suggesting that right whales may be good indicators of 
sensitivity to temperature changes.

BLUE WHALE
Useful data exist from studies off California of blue whale 
biology and associated environmental characteristics. The 
California population (probably pygmy blue) is the only- 
known population that appears to be showing strong 
recovery and might therefore represent a productive subject 
for comparative studies with other populations. A 
comparative study of blue and minke whales would provide 
information on differences between animals that represent 
extremes of body size among the mysticetes, as well as 
different foraging ecologies (stenophagous versus 
generalist).

BOWHEAD WHALES
There is a 15-year time-series of abundance data on western 
Arctic bowheads. In addition, bowheads represent an 
important region (the Arctic) where a particularly strong 
signal is expected as a result of climate change. Given that 
bowheads remain the target of an aboriginal subsistence 
take, the availability of fresh carcasses provides 
opportunities to conduct studies that are not possible with 
unexploited species.

GRAY WHALE
The gray whale feeds primarily on benthic organisms and 
thus represents an ecotype not included by the other 
suggested species. Considerable data exist on the abundance, 
distribution and behaviour of the eastern North Pacific gray 
whale. Although this population is clearly in a healthy state, 
the western North Pacific population is very small; thus 
studies from the eastern population would be of great value 
to an understanding of factors which might affect the 
vulnerability of the western group to climate change. Given 
that gray whales remain the target of an aboriginal 
subsistence take, the availability of fresh carcasses provides 
opportunities to conduct studies that are not possible with 
unexploited species.

WHITE WHALE
The white whale is an important candidate for research on 
effects of climate change because it exists in a restricted 
range where such change is expected to be markedly 
manifest. In addition, its lack of pigmentation and residence 
in a polar area, might make it particularly vulnerable to 
increased UV-B exposure and its potentially negative 
effects. There are existing data on abundance, distribution 
and behaviour and a number of relevant questions can be 
explored through satellite tracking. White whales are also 
the target of subsistence harvest and therefore represent a 
subject for relevant studies that can utilise carcasses. This 
species was identified to be of primary research interest by 
the Pollution Workshop.

TURSIOPS SPP.
Bottlenose dolphins are found over a wide range and in many 
different habitats. Because of the clear ecological and 
taxonomic differences among many populations that

currently fall under this common name, caution must be 
exercised when considering comparative studies. That said, 
the latitudinal range encompassed by Tursiops makes it a 
valuable subject for research, particularly given the wealth 
of existing data from longitudinal studies in some areas. 
Tursiops was also identified to be of primary research 
interest by the Pollution Workshop.

HARBOUR PORPOISES
Harbour porpoises are also found over a wide range in both 
oceanic and coastal waters. Their susceptibility to incidental 
capture in fishing gear is well known and a considerable 
volume of life history data is available from examining the 
carcasses of incidentally-caught animals. They are already 
subject to considerable research effort, much of which is 
related to ecological parameters as it is linked to fishery 
related topics. This species was also identified to be of 
primary research interest by the Pollution Workshop.

KILLER WHALES
Killer whales are found over a wide range and in many 
different habitats. The differences observed in the feeding 
ecology of so-called 'residents' and 'transients' makes them 
particularly interesting. Their taxonomy requires further 
investigation.

OTHER SPECIES
The Worksop agreed that a study of a representative pelagic 
dolphin species (if any one can be considered representative) 
would be an important undertaking. However, with the 
possible exception of common dolphins off Costa Rica, it 
was unable to nominate a species that met the selected 
criteria, notably with regard to accessibility.

Pilot whales are prime consumers of cephalopods 
and are a species for which biological data do exist; this 
includes information from bycatches and from the Faroese 
drive fishery. However, while this makes them a good 
candidate for studies, it was noted that there was 
considerable difficulty in estimating demographic changes, 
despite the availability of a large sample size from the 
Faroes.

Both Sousa and Hector's dolphins were nominated as 
potential study species, but there was disagreement as to 
their utility, largely due to lack of existing data on either 
general biology or associated environmental variables. 
Sperm whales are another possible candidate; there are good 
existing data on aspects of population biology and life 
history from certain areas, but the general inaccessibility of 
their pelagic habitat will likely remain a problem. Finally, 
Bryde's whales (which represent at least two species and 
perhaps two or more ecotypes) are important since (with the 
exception of Arabian Sea humpbacks) they are the only 
mysticete which lives in warm water year-round. However, 
they probably do not meet the criterion of accessibility; nor 
is there good existing information on their biology and 
behaviour.

6.2 Species of concern to conservation and 
management
It was agreed that, while it was possible to construct 
scenarios indicating that climate change might have a 
significant effect on virtually any population of cetaceans, 
consideration under this section should be confined to those 
which could be considered especially vulnerable because of 
severe existing problems, or other factors which might 
increase their susceptibility.
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In addition, as noted in the introduction to Item 6, all large 
whale species/populations subject to exploitation are of 
special management interest to the IWC. These are: minke 
whales (Northeastern Atlantic, Greenland, North Pacific, 
Southern Hemisphere); fin whales (West Greenland); 
bowhead whales (Bering-Chukchi-Beaufort Seas); gray 
whales (eastern Pacific); and humpback whales (western 
North Atlantic).

6.2.7 Selection criteria
The criterion listed below were used to select key species.

(a) Low abundance and associated problems - a small 
population will be more vulnerable to stochastic effects, 
including negative perturbations introduced by climate 
change.

(b) Life history characteristics - for populations of any size, 
stenophagy (reliance on a single prey source) will make 
the population more vulnerable to major ecosystem 
changes. For small populations, there is a suite of life 
history variables that have been related in avian and 
terrestrial mammalian taxa with 'extinction-proneness'. 
These include: large body size, large home range needs, 
migration, slow breeding and late maturation and 
existence in a few or isolated populations. Not all will 
necessarily be relevant to baleen whales. For example, 
vulnerability due to migratory behaviour relates 
primarily to the fact that many migratory species will 
have problems if habitats at either endpoint are 
significantly degraded; this is presumably not as critical 
for an animal that does not rely on its winter habitat for 
food or shelter.

(c) Range restrictions - dependence upon a small area or 
narrow range of habitats will make a population more 
vulnerable to major negative perturbations.

6.2.2 Key species or populations
The species or populations listed below are considered to be 
potentially more vulnerable than others through meeting one 
or more of the three primary criteria above.

ALL NORTHERN RIGHT WHALE POPULATIONS
Problems here which would make the animal especially 
vulnerable to major environmental changes include critically 
low abundance, stenophagy, low reproductive rate and 
various anthropogenic threats to survival.

EASTERN ARCTIC BOWHEADS
Problems include low abundance, late maturity and possibly 
range restriction or dependence upon a habitat that may be 
particularly affected by climate change.

WESTERN GRAY WHALES
The primary concern is low abundance.

OKHOTSK SEA BOWHEADS
The primary concern is low abundance.

MANY TRUE BLUE WHALE BALAENOPTERA MUSCVLVS 
POPULATIONS
With the exception of the California population (generally 
considered to be B. in. brevicauda), all blue whale 
populations are of concern because of both low abundance4 
and heavy reliance upon krill.

4 Although there is some evidence that blue whales in the North 
Atlantic are increasing (Sigurjonsson and Gunnlaugsson, 1990).

WHITE WHALES AND NARWHALS
Like bowhead whales, both monodontid species exist in a 
restricted range and may be highly dependent upon ice. As 
noted above, the lack of pigmentation in white whales may 
increase their vulnerability to UV effects. Both are the 
subject of substantial aboriginal takes and the Scientific 
Committee has expressed concern about some populations 
(e.g. see Bj0rge et ai, 1994).

VAQUITA
This phocoenid suffers from critically low abundance as well 
as range restriction and other problems including incidental 
mortality that make its imminent extinction a strong 
possibility. It has long been of concern to the Scientific 
Committee (e.g. Bj0rge et al, 1994; IWC, 1995).

OTHER SPECIES
In response to a request from the Commission, the Scientific 
Committee has carried out a review of significant direct and 
incidental catches of small cetaceans (Bjorge et al., 1994) 
and has been reviewing small cetacean populations as part of 
its ongoing work. This has highlighted a number of other 
species/populations that are thus potentially more vulnerable 
to climate change. These include: river dolphin populations 
(restricted ranges, some incidental capture and relatively low 
abundance in most areas); and Black Sea dolphins (restricted 
north-south movements, continued mortality).

7. RESEARCH RECOMMENDATIONS
The Workshop noted the broad charge given to the Scientific 
Committee by the Commission in IWC Resolution 
1995-10:

'...the focus of the workshops on environmental changes on 
cetaceans should be to identify research activities that might enable 
the eventual prediction of the effects of factors both direct and 
indirect on cetaceans and to incorporate such knowledge into 
conservation and management programmes for cetaceans."

The Workshop recognised that given the uncertainties in 
modelling climate change at a suitable scale and thus 
modelling effects on biological processes (see Item 3.4), at 
present it is not possible to model in a predictive manner the 
effects of climate change on cetacean populations. Despite 
this, the Workshop believed that the available evidence is 
sufficient to warrant some general concern for cetaceans.

If prediction of the effects of climate change on cetaceans 
is a long-term goal, then a considerable amount of 
fundamental research is needed. The simple schematic 
shown in Fig. 2, provides one example of a conceptual model 
showing linkages, particularly with respect to predator-prey 
relationships, that need to be made. More detailed 
illustrations, showing complex feedbacks, will be needed if 
such diagrams are to guide the development of future 
research programmes.

In assessing potential research programmes, the following 
factors could be borne in mind.
(1) Research to address the effects of climate change on 

cetaceans should aim to fill one or more gaps in the 
pathways identified (such as those in Fig. 2).

(2) For some species or populations, some of these steps 
may already be clear or at least partly understood.

(3) A potentially useful shorter-term approach is to explore 
the functional relationships between (i) fitness and/or 
abundance and (ii) physical or low trophic level 
biological processes, without explicitly determining the 
intermediate steps. This is the approach adopted in 
SC/M96/CC16, 28 and 29.
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(4) It is not useful to fill in some gaps with a high degree of 
knowledge if there are other steps about which nothing 
is known or likely to become known. For example, there 
is no point in studying how whale fitness relates to a 
particular variable on a particular space and time scale, 
if there is no reasonable prospect of finding out how this 
variable at this scale is affected by climate change.

(5) Long-term monitoring alone is not sufficient for 
prediction. It is difficult to determine trends in 
population parameters and there will be difficulty in 
separating decadal scale variability from the effects of 
climate change.

(6) It is useful to consider the current accuracy/precision of 
knowledge about a particular step compared to what 
could likely be achieved by a (possibly expensive) 
research programme.

(7) Prediction does not have to be perfect. If some effects 
can be established as particularly strong, it may be 
unnecessary to describe other links in as much detail in 
order to make useful predictions.

ABUNDANCE 

FITNESS
OTHER

PREYAVAILABILITY'} t
othetvtrophic levels 

PRIMARY PRODUCTIVITY

PHYSICAL 
PROCESSES

CLIMATE 
CHANGE

Fig. 2. Some of the pathways involved in the relationship between 
climate change and cetaceans.

The Workshop stressed the major difficulties in reaching the 
long-term goal of being able to usefully predict the effects of 
change on cetacean populations, given the complexities of 
the physical and biological processes involved. It is clear that 
if any progress is to be made in describing and understanding 
pathways such as those illustrated in Fig. 2, this must be 
carried out within the context of a multidisciplinary, 
multinational focused programme of research that 
concentrates on those species/areas where there is most 
chance of success. The Workshop strongly recommends 
that the Scientific Committee (and the Commission) 
consider ways to facilitate the development and execution of 
such research.
7.1 Accommodation of IWC interests in the framework 
of existing programmes
Throughout the Workshop it was apparent, as previously 
noted by the Scientific Committee (IWC, 1995), that any 
attempts to address issues relating to the effects of climate 
change are beyond the capacity of the IWC alone. This is 
well illustrated by the example in Fig. 2, in which most of the 
links are outside the competence of cetologists.

It is thus essential to continue to strengthen and forge links 
with other relevant international organisations. It is 
important for the IWC to emphasise that cooperation will be 
two-way. For example, the IWC has considerable expertise 
that may be of value to cooperative programmes, both in 
available data on past and present abundance and 
distribution of cetaceans as top-level predators in the 
ecosystems under investigation and in providing expertise 
and advice for further work. In this regard, as noted under 
Item 5.1.1, the focus of current Southern Hemisphere 
research cruises might be reviewed in the light of 
cooperative studies.

It is particularly important that, where possible, the IWC 
becomes involved in the planning stages of cooperative 
programmes. It is not sufficient merely to ask that cetacean 
sightings be recorded. The IWC should consider developing 
and distributing advice on standard data collection and 
methodology and, where appropriate, encourage the 
placement of trained observers on existing surveys, taking 
into account the spatial and temporal aspects of the 
sampling.

The Workshop noted the particular relevance of the work 
of CCAMLR and Southern Ocean GLOBEC to its work (e.g. 
see Items 2.1, 2.2 and 5.1). It recommends that joint 
CCAMLR-IWC and GLOBEC-IWC working groups be 
established to consider collaborative work in the Southern 
Ocean.

Similarly it notes the value of the SCAR/APIS programme 
which is investigating the role of other marine mammals in 
the Antarctic region (an APIS survey is in fact planned for 
1998). A number of other SCAR programmes are of 
relevance to the IWC and the Workshop recommends that 
the Secretary contacts SCAR with a view to establishing 
formal IWC/SCAR links.

The input from the IPCC has been essential to the conduct 
of this Workshop. The Workshop recommends that IPCC 
be contacted about the possibility of IWC input to the next 
series of reports.

The Workshop noted that a number of other organisations 
(see Item 2.5 and 2.6) were undertaking work of potential 
value to the IWC. It recommends continued contact with 
these and requests that they be sent copies of this report.

Many member nations of the IWC are carrying out related 
work under national research programmes. The Workshop 
recommends that member governments make known the 
interest of the IWC in such work and recommends that they 
consider contacting the IWC with a view to adding cetacean 
components where appropriate. The need to consult the IWC 
for advice on standard data collection and analytical 
methodology is stressed.

7.2 Implications for the work of the Scientific 
Committee
The Workshop urges that the impetus generated by its report 
and recommendations should not be lost and that the 
Scientific Committee should consider ways to ensure that 
this does not happen. It made a number of suggestions:

(1) that the Committee invites scientists with the relevant 
expertise to its regular meetings and member nations 
include such experts on their national delegations;

(2) the holding of a future Workshop to review progress;
(3) that a mechanism should be developed to synthesise 

results of the various topics included in the overall 
examination of effects of environmental change on 
cetaceans and in particular the results of the two 
Workshops held thus far;
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(4) that consideration should be given to collection of 
samples and associated data from any directed takes of 
cetaceans under IWC regulations.

8. MANAGEMENT RECOMMENDATIONS
Current attempts to predict the effects of climate change on 
cetaceans are severely limited by the inherent uncertainties 
in the GCMs and other models, the mismatch of scales (see 
Item 3), the lack of knowledge of biological responses of 
both cetaceans and their prey and the lack of suitable models 
(including a guiding conceptual model of how cetaceans 
interact with their environment) and data for several of the 
many stages of the predictive process.

However, in accord with the precautionary principles that 
guided the development of the Revised Management 
Procedure (which the Scientific Committee agrees has been 
shown to be robust to effects of environmental change - 
IWC, 1995), the Workshop believes that the uncertainty 
about the effects of climatic change implicit throughout its 
deliberations makes it possible to suggest broad 
management actions that the Commission might urge its 
member governments to take.

(1) Whatever the detailed consequences might be at the 
ecosystem level, it is clear that increased UV-B radiation 
will act in a negative manner. The Workshop therefore 
recommends that the IWC urges its member nations to 
abide by the provisions of the UN Protocol on 
Substances that Deplete the Ozone Layer (and 
amendments).

(2) Notwithstanding the uncertainty about the predicted 
effects of climate change and the rates at which these 
changes might occur, concerns about the ability of at 
least some cetacean populations to adapt to future 
conditions are justified. The IPCC models predict that 
such changes will be heightened by increasing 
greenhouse gas emissions. The Workshop therefore 
recommends that the IWC urges its member 
governments to join international efforts to reduce 
greenhouse gas emissions.
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