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Executive Summary 
 
There is little useful information available to provide a formal assessment of 
the effects that climate change scenarios are likely to have on marine 
mammals. Most assessments suggest that the effects will be greatest 
amongst species that are most heavily dependent upon sea ice for their 
ecology. There appear to be no special circumstances to suggest that marine 
mammals around the UK are likely to be affected severely by climate change, 
although some migratory species that pass through UK waters to and from 
Arctic breeding grounds may be affected. However, since we do not have 
sufficient information about the populations of these species, any effects of 
climate change will probably pass unnoticed. This reflects a general problem 
with our power to detect even large changes in the population status of most 
of the marine mammals around the UK. 
 
Based upon an analysis of individual species vulnerabilities, it should be 
possible to develop an approach to assessing the risks to different species. 
To date this has not been done but there may be a need to undertake this 
analysis soon as an aid to policy development and management because of 
the need to avoid synergistic effects between climate change and 
anthropogenic stresses to marine mammal populations. 
 
Level of Confidence 
 
Overall, there is a very low level of confidence in the assessment of climate 
change on marine mammals. Much more could be done to improve the 
current level of confidence but there will always be an upper limit to our ability 
to link changes in marine mammal population, when they are detectable, to 
the physical or biological drivers associated with climate change. This ability 
will vary greatly between species. For seals, there is a comparatively high 
level of knowledge and flow of information (even compared with most other 
components of the marine ecosystem) but for many cetaceans there will 
never be sufficient knowledge at current levels of research investment to be 
able to infer with any reasonable level of confidence that population changes 
are the result of climate change. 
 
 
Key sources of Information 
 
See supporting evidence 
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Supporting Evidence 
 
The effects of climate change on marine mammals will be caused by changes 
in the interactions between the physiological state of these animals and the 
physical changes in their environment caused by climate change. In this 
analysis, climate change is defined as a long-term (millennial) trend in the 
physical climate. This distinguishes it from short-term, regional fluctuations in 
the physical climate (e.g. Cavalieri et al., 2003; Sun et al., 2004; Grebmeier et 
al., 2006). Since marine mammals are warm-blooded vertebrates with 
extreme control of their physiology and complex behavioural repertoires that 
adapt rapidly to changes in the conditions of the external environment, in 
general, we would expect the changes in the physical environment at the 
scales envisaged under climate change scenarios to be well within the 
homeostatic capacity of marine mammals.  Equally, we should not imagine 
that any effects of climate change on marine mammals should necessarily be 
negative. 
 
Marine mammals normally experience a level of variance in their environment 
that is very large compared with most variance predicted due to climate 
change. Examples include the temperature gradients that many marine 
mammals experience while diving through the water column and the extreme 
patchiness of the prey resources for marine mammals. The morphologies, 
physiologies, behaviours and life histories of marine mammals have evolved 
to cope with this high level of variance. However, it is generally accepted that 
climate change could result in non-linear processes of change in some of the 
physical and biological features of the environment that are important to some 
marine mammals species (Lusseau et al., 2004). Although speculative, 
obvious changes such as the extent of Arctic and Antarctic season ice cover 
could affect the presence of essential physical habitat for marine mammals, 
and there may be other changes in the structure of marine mammal habitats 
that are less obvious and difficult to both identify and quantify. Through 
changes in the trophic structure of the oceans in icebound regions, the 
ecology of which is very reliant on sea ice, the trophic pyramid that supports 
these top predators could be altered substantially (Laidre and Heide-
Jorgensen 2005). 
 
A common approach to the assessment of the effects of climate change is to 
divide these into direct and indirect effects (Robinson et al., 2005). In this 
case, direct effects are those associated with changes in the physical 
environment, such as those that affect the availability of suitable habitat. 
Indirect effects are those that operate through the agency of food availability 
because of changes in ecology, susceptibility to disease, changed exposure 
to pollution or changes in competitive interactions. This division has little utility 
in terms of rationalising the effects of climate change because, in simple 
terms, the effects will operate ultimately through the availability of suitable 
habitat. Assessing the effects of climate change rests upon an assessment of 
whether there is a functional relationship between the availability of suitable 
habitat and climate, and the form of these functional relationships, which will 
differ between species, has not been determined. 

 2

http://www.mccip.org.uk/arc/glossary.htm
http://www.mccip.org.uk/arc/glossary.htm
http://www.mccip.org.uk/arc/glossary.htm


 
The expansion and contraction of suitable habitat can be affected by a broad 
range of factors and some of these can operate on their own but others are 
often closely related and synergistic, such as the combined effect of retraction 
of sea ice upon the availability of breeding habitat for seals and also for the 
food chains that support these predators. 
 
Evidence for the effects of climate change on marine mammals 

There is no strong evidence that current climate change scenarios are 
affecting marine mammals although there are studies that suggest some 
typical effects of climate change could affect marine mammal distribution and 
abundance. There is an increasing body of literature that links apparent 
variability in marine mammal abundance, productivity or behaviour with 
climate change processes (Walther et al., 2002; Lusseau et al., 2004; 
Forcada et al., 2005; Leaper et al., 2005; McMahon and Burton, 2005). 
However, with the probable exception of those documenting the changes 
occurring to the extent of breeding habitat for ringed seals within some section 
of the Arctic, and the consequences of this also for polar bears, (Derocher et 
al., 2004; Ferguson et al., 2005), most of these studies simply reflect a trend 
towards the interpretation of responses of marine mammals to large-scale 
regional variability in the physical environment, as has already been well 
documented in the Pacific for ENSO (Trillmich et al., 1991), in terms of climate 
trends. Long-term trends in the underlying regional ecosystem structure (e.g. 
Atkinson et al., 2004; Trites et al., 2006) are sometimes extrapolated as 
evidence of climate change (Walther et al., 2002).   In few, if any, of these 
cases is there strong evidence that the physical environmental variability 
being observed is derived from irreversible trends in climate. Some of the 
current literature confounds understanding of the responses of marine 
mammals to regional variability with that of climate change, albeit that an 
understanding of one may be useful in the interpretation and prediction of the 
effects of the other. 

Based upon records of species from strandings, MacLeod et al., (2005) have 
suggested that the species diversity of cetaceans around the United Kingdom 
has increased recently and that this may be evidence of range expansion in 
some species. However, the sample sizes involved are small and there are 
difficulties in these types of studies accounting for observer effort. This is a 
common story for marine mammals, and many other marine predators 
including seabirds (Robinson et al., 2005) in that there is a great deal of 
theory about what the effects of climate change might be but little convincing 
evidence that backs up these suggestions. Even process studies (e.g. 
Forcada et al., 2005) when considered in detail make a tenuous linkage 
between the physical variables and the biological response of the marine 
mammals. 

 
Sea level rise may affect current seal haul-out sites but we suspect that this 
will happen at a rate that would not prevent an adaptive shift in distribution to 
new haul-out sites. Some critical habitat, such as the Monach Isles might 
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disappear but other habitat would be created, and it is hard to say what 
balance there would be between gain and loss.  

Is climate change research on marine mammals scientific? 

Although it is beyond dispute that marine mammals respond to the physical 
effects upon habitat suitability, it is usually not clear what the relationship 
between a particular effect and the response from the marine mammal will be. 
Where data from time-series are analysed, as in the case of Forcada et al., 
(2005), they are used to test post-hoc for relationships between climate and 
biological variables. There is a tendency in these circumstances to test for all 
possible relationships using a range of physical and biological variables. Such 
post-hoc testing is fraught with pitfalls because invariably the final apparently 
statistically significant relationships are not down-weighted in their 
significance by all the other non-significant relationships that were 
investigated alongside those that proved to be statistically significant. Of 
course, there may be a priori reasons for accepting that a particular 
relationship is true, but the approach to examining time-series rarely provides 
an analysis of the relationships that were not statistically significant or the a 
priori reasons there might be for rejection of these. Consequently, current 
suggestions from the literature about the potential effects of climate change 
may be exaggerated because of the strong possibility of the presence of 
statistical error in the assessment process. Moreover, the great majority of 
examples, it will be almost impossible to clearly demonstrate effects of climate 
change, as has been the case with partitioning the variance between a range 
of causes of the decline of the Steller sea lion (Eumetopias jubatus) (Trites et 
al., 2006). 
 
Identifying situations in which climate change is likely to have a 
negative effect on marine mammals – future work 
 
To date, little has been done to build predictive frameworks for assessing the 
effects of climate change on marine mammals. There have been broad 
assessments (Würsig et al., 2002; Robinson et al., 2005) and focussed 
ecological studies but these are a fragile foundation for guiding policy and 
management, and for identifying populations that are at greatest risk. The 
resilience of marine mammals to climate change will simply reflect resilience 
to any other change in habitat quality. The resilience of marine mammal 
populations will depend upon the extent of suitable habitat, the degree to 
which populations currently fill that habitat, the dispersal capacity of the 
species and the structure of the current population, including its capacity for 
increase and demographics. Clearly, populations that are already in a 
depleted state, or that are dependent upon habitat that is diminishing for 
reasons other than climate change will be more vulnerable to the effects of 
climate change (Green and Pershing 2004; Heide-Jorgensen and Laidre 
2004). There are also some, as yet unconvincing, suggestions that habitat 
degradation may occur through effects of climate upon pollutant burdens 
(MacDonald et al., 2005). 
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The general demographic characteristics of marine mammal populations are 
relatively well known so there are simple ways of assessing the risk to 
populations under different scenarios of demographic stochasticity, population 
size and isolation. An analysis of this type could only provide a very broad 
guide to the types of effects that could be expected but, although no such 
analysis has been carried out to date, this should be seen as a first step in the 
risk assessment process. 
 
The metapopulation structure will affect resilience to climate change and will 
be reflected in the dispersal capacity of the population. Again, this type of 
effect could be developed within an analysis of the sensitivity of marine 
mammal populations under different metapopulation structures. A feature of 
climate change is that it is likely to have global as well as local effects and the 
sensitivity to the relative contribution from these would be an important feature 
of such an analysis. 
 
Please acknowledge this document as: Boyd, I. and Hanson, N. (2006). Impacts of 
Climate Change on Marine Mammals in Marine Climate Change Impacts Annual Report 
Card 2006 (Eds. Buckley, P.J, Dye, S.R. and Baxter, J.M), Online Summary Reports, 
MCCIP, Lowestoft, www.mccip.org.uk
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