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Abstract 
 
Upwelling in submarine canyons supports increased biological production and these areas 
are ecological “hotspots” for cetacean diversity and abundance. Evidence from cetacean 
range shifts during oceanographic perturbations suggests that submarine canyons may 
serve as ecological refuges from the impact of warming ocean temperatures. The refuge 
role of these relatively circumscribed environments may be especially important for 
protecting species populations from extirpation in ecological cul-de-sacs, such as in the 
northern Indian Ocean, where northern range shifts to cooler waters are impossible due to 
the geographic barrier of the Asian continent. The Swatch-of-No-Ground (SoNG) is a 
submarine canyon in the northern Indian Ocean that supports a fairly well described 
cetacean fauna that includes one of the world’s largest known populations of Indo-Pacific 
bottlenose dolphins (Tursiops aduncus), a possibly resident population of Bryde’s whales 
(small form, Balaenopta edeni), and large groups of spinner and pantropical spotted 
dolphins (Stennela longirostris and S. attenuata, respectively). The submarine canyon is 
the focus of a proposal to establish a transboundary protected area for cetaceans between 
Bangladesh and India. Current research and monitoring of cetaceans and their habitat in 
the SoNG offer an ideal opportunity to use these waters as a case study for evaluating the 
potential role of submarine canyons as ecological refuges from the impacts of warming 
ocean temperatures and to develop science-based recommendations for conservation 
management.  
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Background 
 
The steep topography of submarine canyons induces upwelling that supports elevated 
cetacean diversity and abundance compared to surrounding waters (e.g. The Gully in 
eastern Canada; Hooker et al. 1999). These areas are also important refuges for cetaceans 
and their prey when biological production is reduced by oceanographic perturbations 
(e.g. the submarine canyon of Monterey Bay, California, during the 1997-98 El Niño; 
Benson et al. 2002). Submarine canyons are also major hotspots of biological production 
and fisheries catch (Breaker and Broenkow 1994; Sobarzo et al. 2001). The warming 
trends associated with human induced climate change will be greater over continental 
interiors compared to oceans causing strong convection winds that may result in 
increased upwelling and nutrient availability in coastal waters associated with steep 
bottom topography. However, increased thermal stratification and a deepening 
thermocline could also prevent nutrient-rich waters from being upwelled (Roemmich and 
McGowan 1995; Harley et al. 2006). 
 
Significant numbers of Indo-Pacific bottlenose dolphins, Tursiops aduncus, Bryde’s 
whales, Balaenoptera edeni, and spinner and pantropical spotted dolphins, Stenella 
longirostris and S. attenuata, respectively, were recently discovered in the Swatch-of-No-
Ground (SoNG), a 900+ m deep submarine canyon in the Bay of Bengal (Smith et al. 
2008). The distribution of these species is stratified according to environmental 
characteristics, with Bryde’s whales and bottlenose dolphins concentrated in relatively 
shallow waters close to the canyon head where upwelling is maximized, followed by 
spinner and spotted dolphins occurring farther offshore in the mouth (Smith et al. 2008). 
A mark-resight analysis of bottlenose dolphins occurring in the SoNG indicates a 
population of almost 2,000 individuals making it one of largest known of the species 
(Mansur et al. in review). 
 
A recent paper in Ecology Letters suggested that deep-water cetacean communities may 
reorganize in response to ocean warming with substantial losses in species diversity at 
low-latitudes (Whitehead et al. 2008). As large mobile predators cetaceans may be able to 
shift their ranges in response to warming ocean temperatures; however, in some areas 
they occupy ecological “cul-de-sacs” where range shifts are impossible. The 
consequences of habitat loss in these cul-de-sacs could be catastrophic for species 
populations that cannot adapt to changing ocean conditions.  
 
The northern Indian Ocean is one of the most clear-cut examples of a large-scale 
ecological cul-de-sac because northward range shifts of marine species to cooler waters 
are impossible due to the geographic barrier of the Asian continent. Cool, upwelled 
waters in the SoNG may provide ecological refuge for marine species in the northern 
Indian Ocean that cannot adapt to increasing ocean temperatures and declines in 
biological productivity that could accompany predicted changes in thermal/current 
regimes.  
 
The head of the SoNG in Bangladesh has been the focus of periodic surveys since 
December 2005, which include the systematic collection of cetacean sighting, 
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environmental, and fishing vessel and gear data, fieldwork to compile a photo-
identification catalogue of Indo-Pacific bottlenose dolphins and Bryde’s whales, and 
biopsy sampling for genetic analyses. A proposal has also been developed to establish a 
transboundary protected area, managed by both India and Bangladesh, for cetaceans in 
the SoNG.  
 
Goal 
 
The overall goal of the proposed case study is to provide scientists, resource managers, 
and conservationists with information on the potential role of submarine canyons for 
conserving cetacean populations and species in the context of changing oceanographic 
conditions.  
 
Objectives and Activities 
 
The objectives/activities of the proposed study are to: 
 
(1) Carry out a literature review on cetacean diversity and abundance in submarine 

canyons and on changes in their species composition and density resulting from 
seasonal or episodic warming events. 

(2) Conduct additional photo-identification and line-transect surveys of cetaceans in the 
SoNG for developing baseline estimates of abundance, movement patterns and 
survival. 

(3) Model the preferred habitat conditions of each species using environmental data 
derived from satellite imagery or collected during extensive, systematic field surveys, 
which encompass a sufficiently large area in the SoNG and surrounding waters and 
range of environmental variability for habitat preferences to be detected. 

(4) Use ocean temperature and current scenarios derived from climate change models and 
information on the types of habitat selected by cetaceans in the SoNG to develop 
predictive models of climate related impacts on species abundance, survival and fine-
scale distribution. 

(5) Use the habitat characteristics of other deep-water cetaceans in the northern Indian 
Ocean to predict whether or not new species may shift their range to occupy the 
SoNG as an adaptive response to warming ocean temperatures.   

(6) Develop a low-cost, robust system for monitoring the species occurrence, fine-scale 
distribution, abundance, survival and health of cetaceans in the SoNG as a means for 
testing predictions on the implications of climate change in the northern Indian 
Ocean. 

 
References 
 
Benson, S.R., Croll, D.A., Baldo, B., Marinovic, B., Francisco, P., Chavez, C., James, T. 
and Harvey, A. 2002. Changes in the cetacean assemblage of a coastal upwelling 
ecosystem during El Niño 1997-98 and La Niña 1999. Prog. Oceanogr. 54: 279-91. 
 

SC/N10/CC 3

C:\Climate Change Workshop\SC-N10-CC 3 3 22/11/2010



Breaker, L.C. and Broenkow, W.W. 1994. The circulation of Monterey Bay and related 
processes. Oceanogr. Mar. Biol. Ann. Rev. 32: 1-64. 
 
Harley, C.D., Hughes, A. R., Hultgren, K.M., Miner, B.G.. Sorte, C. J., Thornber, C.S., 
Rodriguez, L.F., Tomanek, L. and Williams, S.L. 2006. The impacts of climate change in 
coastal marine systems. Ecology Letters, 9: 228-241.  
 
Hooker, S.K., Whitehead, H. and Gowans, S. 1999. Marine protected area design and the 
spatial and temporal distribution of cetaceans in a submarine canyon. Conserv. Biol. 
13(3): 592-602. 
 
Mansur, R., Strindberg, S. and Smith, B. D. in review. Mark-resight abundance and 
survival estimation of Indo-Pacific bottlenose dolphins Tursiops aduncus in the Swatch-
of-No-Ground, Bangladesh. Marine Mammal Science. 
 
Roemmich, D. and McGowan, J.A. 1995. Climatic warming and the decline of 
zooplankton in the California current. Science, 267, 1324–1326.  
 
Smith, B. D., Ahmed, B. and Mansur, R. 2008. Species occurrence and distributional 
ecology of nearshore cetaceans in the Bay of Bengal, Bangladesh, with abundance 
estimates for Irrawaddy dolphins Orcaella brevirostris and finless porpoises 
Neophocaena phocaenoides. Journal of Cetacean Research and Management. 10(1):45–
58. 
 
Sobarzo, M., Figueroa, M. and Djurfeldt, L. 2001. Upwelling of subsurface water into the 
rim of the Biobío submarine canyon as a response to surface winds. Continental Shelf 
Research 21(3), 279-299. 
 
Whitehead, H., McGill, B. and Worm, B. 2008. Diversity of deep-water cetaceans in 
relation to temperature: implications for ocean warming. Ecology Letters 11: 1198-207.  
 
 

SC/N10/CC 3

C:\Climate Change Workshop\SC-N10-CC 3 4 22/11/2010




