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Article Randall R. Reeves and Stephen Leatherwood 

Dams and River Dolphins: 

Can They Co-exist? 

Dam construction is one of many ways that humans have 
modified river-dolphin habitats. It is suggested that 
physiographic and hydrologic complexity plays an important 
role in making rivers suitable for dolphins. If this hypothesis 
is true, then it can be assumed that dams and other artificial 
obstructions degrade dolphin habitat insofar as they reduce 
such complexity. This paper identifies some of the impacts 
that dams, barrages, and dikes might have on dolphins. 
Research is needed at project sites, both before and after 
construction, to document impacts. Specially-designed 
"swimways" may allow upstream and downstream passage 
by dolphins and thus mitigate at least one of the adverse 
effects of dam projects, namely population fragmentation, 
but such measures aimed at benefitting single species are 
no substitute for protecting ecosystems. 

INTRODUCTION 
River dolphins are unique among the cetaceans in that they 
compete directly with humans for fresh water. People deprive 
dolphins of habitat and food resources in many ways. We alter 
rivers, lakes, and estuaries to "reclaim" flooded lands and make 
room for settlement, agriculture, aquaculture, and industry. 
Deforestation and crop farming contribute to soil erosion and 
siltation in streams. Floodplain farming degrades foraging grounds 
for fish and other aquatic organisms. We harvest fish and 
crustaceans that would otherwise be available as prey for the 
dolphins. We contaminate inland waters with sewage, industrial 
effluent, mining wastes, spilled oil, and runoff from farm fields 
and city streets. We use rivers as highways-straightening, 
dredging, and clogging them with noisy boat traffic. The damming 
of rivers for irrigation, hydroelectric power generation, and flood 
control has many effects on dolphins and their prey, some of 
which are considered in this article. 

The problems of river degradation and misuse are by no means 
limited to Third World settings. In fact, virtually all major river 
systems in the developed countries have been drastically 
transformed to serve human purposes. These systems have 
experienced all of the impacts listed above, often with additional 
ones in the more affluent areas. If dolphins inhabited the rivers of 
North America and Europe today, they would probably have to 
dodge power yachts and runabouts, water skiiers, and jet skis to 
survive in their constricted habitats. 

GEOGRAPHICAL CONTEXT AND BACKGROUND 

Indian Subcontinent 
Dams and barrages (1) have long been present on rivers of the 
Indian subcontinent, and they have had a major impact on dolphins. 
The Indus dolphin (Platanista minor; also known as Indus susu or 
bhulan) now exists only as a metapopulation consisting of four or 
five artificially-isolated subpopulations (2). Barrages built by 
India along the Nepalese border have left Nepal with only a few 
small subpopulations of Ganges dolphins (Platanista gangetica; 
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Taunsa Barrage, one of a series of Irrigation dams constructed since 
partition to allow agricultural development of the Indus Plain in 
Pakistan. One effect of the dams has been to fragment the population 
of Indus dolphins. Photo: R. Reeves. 

Some of the dams and barrages that are known to have 
partitioned river dolphin populations. 
This list is not comprehensive. 

River Structure Year of 
completion 

Brazil 
Uatuma Balbina Dam 1989 
Tapaj6s Curua Una Dam Mid-1 970s 
Tocantins Tucuruf Dam 1984 

Bangladesh 
Kamaphuli Kaptai Dam 1961 

India 
Ganges Farakka Barrage 1975 
Sarda Sarda Nagar Barrage 1972 
(India)/ 
Mahakali (Nepal) 

Gandak Tribeni Barrage 1964 
(India)/ 
Narayani (Nepal) 

Ghaghara Girijapur Barrage 1976 
(India)/ (Kailashpuri, Ind.) 
Karnali (Nepal) 

Kosi (India) Kosi Barrage 1965 
Koshi (Nepal) 

Nepal 
Mahakali Banvasa Barrage ? 

Pakistan 
Indus Jinnah Barrage ? 
Indus Chashma Barrage ? 
Indus Taunsa Barrage ? 
Indus Guddu Barrage 1969 
Indus Sukkur Barrage 1932 
Indus Kotri Barrage 1955 
Chenab Panjnad Barrage ? 
Chenab Trmmu Barrage ? 
Ravi Sidhnai Barrage ? 
Sutlej Islam Barrage ? 
Sutlej Suleimanki Barrage ? 
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Looking inside the 
fish-passage facility 
at Taunsa Barrage, 
Pakistan. Although 
fishways are of only M 

limited benefit in 
allowing migratory 
fishes to move 
upstream in the Indus :j 
and its tributaries, 
their integration with 
some dams at least 
signals a recognition 
of the need for 
mitigative measures. 
Photo: R. Reeves. 
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The Yangtze dolphin, l : |l ffi 
or baiji, may be the l 
most critically 
endangered 
cetacean in the 
world. Photo: 
S. Leatherwood. 

This male dolphin, Qi 0i, has been in captivity at the Institute of 
Hydrobiology in Wuhan, China, since January 1980. 
Photo: Courtesy Zhou Kaiya. 

also known as Ganges susu), confined to the upstream ends of 
Ganges tributaries such as the Karnali, Narayani, Koshi, and 
Mahakali (3). Farakka Barrage, constructed near the Indian border 
with Bangladesh in the early 1970s, mainly to improve navigation 
in the Hooghly River, partitioned the dolphin population in the 
lower Ganges (4) and drastically reduced the flow of fresh water 
into the biologically-rich Sundarbans region of Bangladesh (5). A 
high dam completed in 1961 on the Karnaphuli River in Bangladesh 
isolated a reservoir-entrapped subpopulation of Ganges dolphins. 
Although a few individuals apparently remain upstream of Kaptai 
Dam, the prognosis for their survival is poor (6). China's Yangtze 
dolphin (Lipotes vexillifer; also known as baiji) may be the most 
endangered cetacean in the world, with an estimated current 
population of less than two hundred. Among the reasons cited by 
Chinese scientists for the species' decline is the construction of 
dams and floodgates that interrupt flow between the Yangtze and 
adjoining lakes (7). Riverbed scouring and altered flow caused by 
the planned high dam at Three Gorges will degrade about 10% of 
the habitat currently used by Yangtze dolphins (8). 

South America 
South America has two kinds of river dolphin. The Amazon 
dolphin (Inia geoffrensis; also known as boto, tonina, or bufeo 
colorado) is common and widespread throughout the Amazon 
and Orinoco systems (9, 10). The other South American species, 
Sotalia fluviatilis (known as tucuxi or bufeo gris), is sympatric 
with the Amazon dolphin throughout most of the Amazon drainage 
but apparently shares only a portion of the Amazon dolphin's 
range in the Orinoco of Venezuela and Colombia (10, 1 1). 

Both South American river dolphins are currently much more 
abundant and occupy much vaster ranges than any of the Asian 
species, but there is no reason for complacency. Three large dams 
(Balbina, Curua'-Una, and Tucurul) have already been built in the 

Brazilian Amazon, and several others are planned or under 
construction (12). The geomorphology of the Amazon region, 
with its flat relief and wide floodplains, makes dams relatively 
intrusive. Reservoirs inundate enormous tracts of land, which are 
often densely forested and rich in biotic and mineral resources. 
Curua'-Una and Balbina are among the least efficient large dams 
in the world when judged by the amount of hydropower generated 
per hectare of land flooded (13). 

Although there are no immediate plans for major dams in the 
mainstem of the Orinoco, dams are already present in three 
tributaries: Caroni, Apure, and Meta (Robert H. Meade, US 
Geological Survey, Denver, Colorado, pers. comm.). A Venezu- 
elan national land-use plan includes a scheme to make the Orinoco 
and Apure rivers navigable year round. This would involve the 
modification of rapids, construction of locks, and other activities 
potentially inimical to aquatic wildlife, including dolphins (14). It 
may be only a matter of decades before at least some South 
American river dolphin populations join their Asian counterparts 
on the growing list of vulnerable and endangered cetaceans (15). 

HOW DAMS THREATEN DOLPHINS 

Previously Identified Effects 
A 1986 international workshop on river dolphins identified a 
number of potential problems caused by waterway obstruction: 
(a) fragmentation of populations into genetically-isolated 
subpopulations; (b) reduction in prey due to blocked migratory 
routes; (c) less diversity and smaller biomass of prey in 
impoundments upstream of dams due to lowered nutrient 
availability; (d) downstream effects on prey caused by changes in 
flow rate, sediment transport, and estuarine salinity; and (e) 
limited dispersal of dolphins between river systems due to saline 
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encroachment in estuaries (7). With regard to item (c) in the above 
list, we agree that species diversity is usually diminished upstream 
of dams, but the reasons are different and perhaps more complex. 
Nutrient enrichment and increased sedimentation rates above 
dams can, in fact, become problems in themselves. The formation 
of a reservoir (or "head pond" in the case of a barrage) typically 
changes that reach of the river from a lotic to a lentic environment, 
with physical, chemical, and biological characteristics that 
distinguish it from natural rivers and lakes (16). 

Need to Document Effects 
In almost every case when a dam or barrage has been constructed 
in an area inhabited by dolphins, no systematic effort has been 
made to document both pre- and post-development conditions. As 
a result, little has been learned about what actually happens. How 
do dolphins respond to the changed conditions in the river? Do 
they avoid the obstacle initially, then gradually adapt to its 
presence? Do their food preferences, foraging strategies, and 
social affiliations change? What causes dolphin abundance to 
decline in reservoirs? Do individuals emigrate upstream to more 
suitable areas, or downstream past the dam or barrage-whether 
voluntarily or by being swept across accidentally during floods? 
However improbable it may seem, do dolphins manage to move 
upstream past a dam or barrage in years of exceptional flooding 
(17)? Does the physiological condition of individual dolphins 
upstream of the dam decline? If so, does the decline occur 
gradually or abruptly? Does the birth rate decline? How, if at all, 
do causes and rates of mortality change? Such questions are not 
easy to answer even in the best of circumstances. To address them 
properly requires a substantial commitment of resources as well 
as sufficient time before and after construction to design and 
conduct the necessary studies and to test new hypotheses that arise 
during the course of research. 

Habitat Preferences 
Recent work in a segment of the Karnali River in Nepal suggested 
that Ganges dolphins have a marked preference for particular 
reaches with specific physiographic and hydrologic features (18). 
"Primary habitats" were defined as those sites where convergent 
flow caused counter-current eddy systems to develop. Such 
microhabitats were created where small stream branches or 
tributaries converged with the main river channel. Brian Smith, 
author of the study, hypothesized that such areas enable dolphins 
to maintain their position with minimal energetic output while at 
the same time monitoring opportunities to catch fish that pass in 
higher-velocity currents nearby. He also suggested that the reduced 
stream velocities within eddies create especially favorable 
conditions for production and diversity at all lotic trophic levels. 

Smith's findings in Nepal are consistent with the more qualitative 
descriptions of Ganges dolphins elsewhere (19) and of Indus 
dolphins in Pakistan (20) and Yangtze dolphins in China (21). 
Amazon dolphins in Brazil are found in highest densities at river 
confluences, below rapids, and in small channels appended to 
main rivers (9). In the Orinoco River, dolphins characteristically 
congregate at river confluences, as do fish-eating birds and 
fishermen (10). Our own observations of both Amazon dolphins 
and Sotalia in Peru have shown a similar pattern of highest 
densities at confluences and higher densities near sandbars, at 
major bends, and downstream of large temporary islands of debris 
than elsewhere in the rivers (22). 

Working Hypothesis Applied 
The working hypothesis that river-dolphin density in a particular 
reach of river is positively correlated with sites where eddies or 
counter-current systems form, whether due to sandbar formation, 
stream convergence, bends, bridge pilings, or substantial 
accumulations of debris, is supported by available data. Thus, any 
human development that reduces the complexity of a river's 

natural flow pattern is of concern. Dams trap sediments upstream 
and reduce the volume of suspended matter transported 
downstream, lessening the potential for bars and sand islands to 
form in the lower reaches of the river. They reduce or eliminate the 
"freshet effect," which in many wild rivers renews the floodplains 
and contributes to meandering. 

Dams are not the only developments that tend to "simplify" a 
river's physical characteristics and hydrology. Bangladesh' s Flood 
Action Plan, a multi-billion-dollar engineering program to manage 
flooding and drought, may be the most ominous single water- 
development project currently underway in the Indian subcontinent, 
at least from a river dolphin's perspective. The plan involves 
construction of a vast network of embankments, dikes, and canals, 
as well as dams to create large storage reservoirs (23). At a recent 
meeting of river-dolphin experts in New Delhi, Professor A. K. M. 
Aminul Haque predicted that the Flood Action Plan would have 
significant impacts on the hydrology, morphology, ecology, 
agriculture, and fisheries of the floodplain system in Bangladesh 
(24). He fears that these changes will make it even more difficult 
to arrest the rapid decline of river dolphins in the Jamuna, Padma, 
and Meghna rivers. 

MITIGATIVE MEASURES 

Continuing Appeal of Dams 
Proponents of large dams rarely acknowledge, or at least fail to 
emphasize, that there is a "progressive loss of function through 
sedimentation" (23). In other words, dams have a fixed life span. 
The benefits that they provide are transitory, whereas much of the 
ecological damage that they cause is permanent. There is a strong 
tendency among planners to define environmental effects only in 
terms of human welfare. For example, the "recreational" 
opportunities and potential for lake fisheries offered by reservoirs 
are sometimes construed as beneficial environmental effects or as 
project outputs, to be weighed against the loss of biological 
diversity and traditional human uses of the wild river. Similarly, 
sedimentation in reservoirs can be seen as functioning to "cleanse" 
water, thus improving the "quality" of downstream water for 
irrigation and household use (25). 

In spite of their many drawbacks, dams continue to hold the 
promise of "clean" power, irrigation, flood control, and improved 
navigation. Water megaprojects often become sources of national 
pride. Politicians invest their personal reputations in them and 
then push to have the work proceed regardless of the human and 
environmental costs. There is much "structural inertia" behind 
dam building. Often planners and engineers are influential people 
whose training and outlook make them predisposed to favor large 
construction projects which challenge their designing skills and 
prove the worthiness of their professions. Many companies in 
developed nations depend on contracts with aid agencies. Water 
megaprojects in Third World countries are especially appealing. 
They promise immediate, tangible benefits to recipients, and 
donor countries actually end up paying their own highly-skilled 
professionals to do much of the work. 

Reducing the Impact of Dams 
With these forces operating in their favor, more dams are likely to 
be built. But what can be done to reduce their impact on dolphins? 
For a start, dams should be concentrated as near headwaters as 
possible. Also, a series (or "staircase") of dams on one tributary 
is usually preferable, from an ecological perspective, to having 
single dams constructed on several rivers (7). An excellent example 
of an area where staircase development would be optimal is the 
Caroni River of Venezuela, a tributary of the Orinoco. Not only 
does the Caroni already have Guni Dam (the world's second- 
largest hydroelectric project in terms of megawatts of capacity) 
and many other sites well suited for further hydroelectric 
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development, but river dolphins apparently have been excluded 
naturally from this tributary by waterfalls at its mouth (Robert H. 
Meade, US Geological Survey, Denver, Colorado, pers. comm.). 
Engineers, planners, politicians, and policymakers need to be 
made aware of the problems that dams create for dolphins and 
other wild organisms, then recruited to the cause of developing 
innovative measures to mitigate or eliminate the impacts. 

The "Swimway" Concept 
Until recently, little serious attention had been given to the idea of 
creating corridors between artificial subpopulations of river 
dolphins (26). This may seem surprising in view of the long 
history of using fishways to permit anadromous fish to maintain 
their upstream spawning migrations. However, commercial 
fisheries have provided a strong incentive for resolving the 
problem of interrupted fish migrations. In contrast, river dolphins 
lack demonstrated economic value, and it has been easy for water 
and power authorities to ignore them. 

Only in the last few years have development agencies been 
forced to look beyond immediate economic benefits and to 
evaluate their activities in a broader framework. The World Bank 
now cites concern for the preservation of biological diversity as a 
sine qua non of development projects (27). Most national and 
regional strategies for sustainable development at least pay lip 
service to the value of preserving biological diversity. Such 
commitments make it possible to argue for inclusion of dolphin- 
passage facilities at dams and barrages, particularly in areas where 
endangered species are likely to be affected. 

Last year, at our urging, a Montreal engineer prepared a 
preliminary sketch of a prototype dolphin swimway (28). On 
paper at least, it appears that one can be designed and built at a 
reasonable cost-when judged in the context of megaprojects 
sponsored by aid agencies. There remains the problem of ensuring 
that wild dolphins would actually avail themselves of such a 
structure. Also, there is a danger that dolphins would use the 
swimway mainly (or only) for downstream movement, thus 
contributing to the already existing problem of attrition and rapid 
extinction of small upstream subpopulations. 

As mammalogists with a special interest in aquatic and marine 
species, we tend to judge human activities by their impact on our 
study subjects. However, it is important to bear in mind that 
aquatic mammals are only one group among many wild organisms 
that can be seriously affected by dams. Species that depend on 
floodplain habitats suffer, as do those whose habitats are inundated 
during reservoir formation and those whose up- or downstream 
migrations become blocked. Protection of the aquatic ecosystem 
as an integrated whole, rather than piecemeal protection of specific 
groups of favored species, should be given highest priority (9). By 
advocating dolphin swimways we run the risk of having them 
become, as fish ladders have done, palliatives that help to disarm 
the opposition to dams. Swimways can reduce the impact of a dam 
on the dolphin population, but they cannot make the dam 
environmentally benign. Other problems caused by dams are 
likely to prove less amenable to technological fixes. 
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