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Abstract 
 
Freshwater-dependent cetaceans are among the most threatened species groups of large 
mammals. The effects of climate change on these animals have not been rigorously 
assessed but could lead to population or even species extinctions, especially considering 
the cumulative impacts of climate change and things like bycatch, hunting and dam 
construction. If there is to be any chance of mitigating climate change-related threats to 
freshwater-dependent cetaceans, a much better understanding is needed of their habitat 
requirements and likely changes to the environments where they live. The goal of the 
proposed assessment is to provide resource managers, government officials and 
representatives of multi-lateral institutions with an in-depth understanding of the 
implications of climate change on freshwater-dependent cetaceans and to suggest a range 
of practical measures for mitigating climate-related threats. A strong thematic focus is on 
upstream-downstream connectivity, while the geographical focus is on large river 
systems and associated estuaries that support populations of freshwater cetaceans, 
freshwater-dependent coastal marine cetaceans, or both. Two case studies will be used to 
develop modeling approaches for evaluating potential habitat loss. Qualitative inferences 
will be made for the other river systems and estuaries inhabited by freshwater-dependent 
cetaceans based on the model results.   
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Background 

A great deal of attention has been paid in recent years to the impacts of climate change on 
marine mammals, mainly polar species. This emphasis is not surprising because a 
generally warming climate has already caused rapid retreats and thinning of sea ice in 
both the Arctic and the Antarctic, and ice-dependent marine mammals have been 
effectively promoted as sentinels of projected ecological changes associated with this 
apparently unidirectional trend in sea-ice conditions (Moore 2008). Climate change-
related research on marine mammals inhabiting polar waters has been facilitated by the 
fact that these areas generally fall within the national boundaries of developed countries 
or are subject to international conventions. A number of detailed reviews and rigorous 
studies on polar marine mammals provide an initial framework for developing adaptive 
management responses (e.g., Tynan and DeMaster 1997; Stirling et al. 1999; Ferguson et 
al. 2005; Laidre and Heide-Jørgensen 2005; Laidre et al. 2008; Nicol et al. 2008). 
Measures to mitigate predicted effects are few and at this point managers may be able to 
address only the secondary impacts that are related to changes in how people “use” the 
animals (Ragen et al. 2008). Although the potential impacts of climate change on non-
polar marine mammals have not been discussed to the same extent, a few relevant studies 
have been published (MacLeod et al. 2005; Whitehead et al. 2008; Salvadeo et al. 2010). 

One species-group that has received only minor consideration with regard to potential 
climate-induced impacts, apart from cursory treatments in general reviews (Harwood 
2001; Würsig et al. 2002; Learmouth et al. 2006) and a single study supported by the 
U.S. Marine Mammal Commission on the consequences of declining freshwater supplies 
and sea-level rise for Ganges and Irrawaddy dolphins in the Sundarbans of Bangladesh 
(Smith et al. 2009), is the freshwater-dependent cetaceans. Climate disruption is expected 
to cause dramatic changes in the environments where these animals live (e.g. see Arora 
and Boer 2001), and this could put species and populations that are already among the 
most endangered “marine” mammals (Reeves et al. 2000, 2003; Smith and Smith 1998; 
Smith and Jefferson 2002) at greater risk. If there is to be any hope of mitigating the 
negative effects of climate disruption on these cetaceans and their ecosystems, we need a 
better understanding of the linkages between the animals and specific habitat 
characteristics. Only then can a credible case be made for management actions to address 
climate-change concerns. The clumped distribution of the animals in waters with 
particular characteristics related to upstream hydrological processes and, in the case of 
estuaries, tidal height and flux (Smith et al. 2008, 2010), may justify the prioritization of 
certain areas for special protection within an adaptive management framework.  
 
Freshwater-dependent cetaceans are species that occur either: (1) Exclusively in rivers 
and lakes (known as obligate river dolphins) including the boto Inia geoffrensis in the 
Amazon and Orinoco systems, the South Asian or blind river dolphin Platanista 
gangetica in the Indus, Ganges, Brahmaputra, Meghna, and Karnaphuli systems, the baiji 
or Yangtze dolphin Lipotes vexillifer, and the tucuxi Sotalia fluviatilis in the Amazon 
system; (2) Primarily in marine waters but also in some large rivers (known as facultative 
freshwater cetaceans) including the Irrawaddy dolphin Orcaella brevirostris in the 
Mekong, Mahakam, and Mekong Rivers, the Guiana dolphin Sotalia guianensis in the 
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Orinoco River, and the finless porpoise Neophocaena phocaenoides in the Yangtze 
system; or (3) In nearshore marine waters with freshwater input (i.e., estuaries) including 
the franciscana Pontoporia blainvillei of northeastern South America and the humpback 
dolphin Sousa chinensis of the Indo-western Pacific. The distribution of some 
populations of belugas Delphinapterus leucas is tied to river mouths during the summer 
(St. Aubin et al. 1990) but our definition focuses on species that are associated with fresh 
water year-round.  
 
According to the IUCN Red List (IUCN 2009), the baiji is “critically endangered, 
possibly extinct,” the South Asian river dolphin and Yangtze finless porpoise are 
“endangered,” the franciscana and Irrawaddy dolphin are “vulnerable,” and the Indo-
Pacific humpback dolphin is “near threatened,” with the boto, tucuxi, and Guiana dolphin 
all considered “data deficient.” The cumulative, interactive, secondary or tertiary effects 
(see Alter et al. 2010) of climate change could easily cause at least some of these species 
to decline rapidly in numbers and range, leading to the loss of populations or even species 
extinctions. Despite the potential for climate change to affect the persistence of 
freshwater-dependent cetacean populations and species, little consideration has been 
given to this potential in their Red List assessments. 
 
Beyond the intrinsic value of freshwater-dependent cetaceans as part of global 
biodiversity and their iconic value as “charismatic megafauna,” it has been suggested that 
the manner by which these relatively conspicuous, highly mobile predators satisfy their 
life history needs (e.g., movement patterns, habitat use, foraging behavior) gives them 
particular value as indicators of certain ecological features of freshwater systems (e.g., 
concentrations of biological productivity) and for monitoring changes in these features 
that are expected to accompany climate change (Smith and Reeves, in press). This could 
be similar, in some ways, to the proposed role of gray whales (Eschrichtius robustus) as 
ecosystem sentinels, where it has been suggested that a record of climate-related 
responses, such as changes in migration, feeding, and calving patterns, strengthens our 
capacity to track ecological changes in the Arctic (Moore 2008; Moore and Huntington 
2008). Our proposed study on the implications of climate change for freshwater-
dependent cetaceans may provide information vital to the conservation of these 
vulnerable species. It should also help to achieve a broader goal of better understanding 
their potential as indicators for predicting and monitoring the ecological impacts of 
climate change in the large rivers and estuaries where they live.   
 
Natural variability in water discharge and sediment inputs determine the geomorphic and 
biological structure of rivers and give them substantial resiliency to withstand or 
accommodate environmental disturbances, including those likely to be driven or 
exacerbated by climate change (Palmer et al. 2008, 2009). However, the natural 
resiliency of most of the world’s major river systems has already been compromised by 
the construction of dams and by water withdrawals (Nilsson et al. 2005). Changes in the 
flow and sediment regimes of rivers have also altered salinity patterns, nutrient and 
sediment supplies, bottom topography, dissolved oxygen, and xenobiotic concentrations 
in open estuarine systems with deleterious consequences for biological productivity and 
diversity (Sklar and Browder 1998). Any meaningful assessment of the implications of 
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climate change and any recommendations on management interventions for freshwater-
dependent cetaceans need to incorporate consideration of the impacts of water 
development. 

In Asia, the large river basins and estuaries inhabited by freshwater-dependent cetaceans 
are used intensively by a significant portion of the world’s human population – together 
the Ganges and Yangtze river basins support roughly 25% of the people living on earth 
today.  Competition for resources, including water itself, is intense and bound to become 
more severe in coming decades. The much less disturbed Amazon, Madeira, and Orinoco 
river basins of South America support ecosystems that contain a significant portion of the 
world’s biodiversity and that play a vital role as global carbon sinks. Thus any insights 
gained on the ecological impacts of climate change in these environments through the 
study and monitoring of freshwater-dependent cetaceans could be of great significance.  

Goals, Objectives and Focus  
 
The overall goal of the proposed assessment is to provide resource managers, government 
officials, and representatives of multi-lateral institutions with an in-depth understanding 
of the implications of climate change on freshwater-dependent cetaceans and to suggest a 
range of practical measures that could be taken to mitigate climate-related threats. More 
specifically, the objectives are to: (1) Investigate the implications of climate change for 
freshwater-dependent cetaceans including potential direct and indirect impacts, (2) 
Develop ways of incorporating climate change-related threat mitigation measures into 
species conservation plans, and (3) Assess the value of freshwater-dependent cetaceans as 
indicators for monitoring the long-term ecological impacts of climate change in the rivers 
and estuaries where these species live. 
 
A strong thematic focus of the study will be on upstream-downstream connectivity, while 
the geographical focus will be on the large river systems that support populations of 
freshwater cetaceans and on their associated estuaries that support marine species 
dependent on freshwater input (i.e., the Ganges-Brahmaputra-Meghna, Indus, Yangtze, 
Mekong, Mahakam, Ayeyarwady, Amazon, and Orinoco systems). Two case studies will 
model potential habitat loss, probably in the Amazon system (addressing boto, tucuxi, 
and franciscana) and the Ganges-Brahmaputra-Meghna system (addressing Ganges, 
Irrawaddy and Indo-Pacific humpback dolphins), with qualitative inferences made on the 
habitat implications of the models for the other river systems and estuaries inhabited by 
freshwater-dependent cetaceans.   
  
Methods and Activities 
 
The methods and activities proposed for conducting this assessment include: 
 
(1) Compiling data on the hydrology, geomorphology, and ecology of the large rivers and 

estuaries inhabited by freshwater-dependent cetaceans, these animals’ habitat 
preferences, and projected environmental changes under various climate change 
scenarios; 
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(2) Developing spatial modeling approaches to predict the impacts of various climate 
change scenarios on the availability of suitable habitat for freshwater-dependent 
cetaceans; 

(3) Assessing uncertainties in the spatial models, identifying significant data gaps, and 
making recommendations for improving the accuracy of the models and developing 
ecosystem-based approaches to forecasting climate change impacts; 

(4) Summarizing the potential indirect effects of climate change on freshwater-dependent 
cetaceans including changes in the availability of prey, vulnerability to contaminants 
and disease, and interactions with other threats like directed and incidental mortality 
and water development projects;  

(5) Evaluating the potential role of freshwater-dependent cetaceans as indicators for 
identifying ecologically significant attributes of large rivers and estuaries, including 
local aggregations of biological productivity, and for monitoring the impacts of 
changes in these features in response to climate change;  

(6) Evaluating whether climate-related considerations would result in a change in the 
assessed status of freshwater-dependent cetaceans according to IUCN’s new red-
listing guidelines (see IUCN Standards and Petitions Subcommittee 2010); and 

(7) Assessing potential approaches to mitigate the impacts of climate change on 
freshwater-dependent cetaceans, including the development of a framework for basin-
wide adaptive management and the designation of protected areas designed in part to 
account for climate change (also see background above). 

 
Research and Management Utility 
 
The research and management utility of the proposed assessment is that scientists, 
resource managers, and conservationists will have a much stronger base of knowledge for 
implementing long-term, science-based strategies to conserve freshwater-dependent 
cetaceans in the context of climate-related changes to their habitat. As mentioned above, 
there may be few options available to prevent or mitigate the direct impacts of climate 
change on Artic marine mammals. However, possibilities for freshwater-dependent 
species could include manipulation of upstream flows using existing water engineering 
structures to maintain suitable salinity gradients in estuaries and preserve essential habitat 
features, such as bars and mid-channel islands that induce counter-currents, in rivers. 
Other ecosystem-based interventions that could be made in river systems already affected 
by water developments could include dam removals, revegetating damaged areas to 
temper peak flow releases, removing or setting back levees to allow natural channel 
migration, and reconfiguring channels to increase water retention or correct past 
channelization (Palmer et al. 2008). Possible approaches for mitigating the indirect 
effects of climate change include (1) reduction of cetacean bycatch in fisheries; (2) 
management of climate-affected fisheries with due consideration for the prey of 
freshwater-dependent cetaceans; (3) elimination or reduction of contaminant inputs 
whose deleterious effects are expected to be magnified by changes in freshwater quality 
and supply predicted to accompany climate change; and (4) establishment of protected 
areas designed to ensure maximum resiliency to climate change-related impacts. 
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