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PREFACE

National River Ganga has been at the centre of
the government's multi-decadal efforts to restore
and conserve degraded Indian rivers. The Ganga
River Basin Management Plan (GRBMP) submitted
to the National Mission for Clean Ganga (NMCGQG),
Government of India in the year 2015 by a
Consortium of 7 lITs (Indian Institute of Technology's)
set a clear direction and action-framework for this
purpose, but progress on its implementation was
tardy, partly due to the GRBMP recommendations
being broad-based strategic measures to some
extent. Therefore, after the Centre for Ganga River
Basin Management and Studies (‘cGanga") was
created through a Memorandum of Understanding
between MoWR, RD&GR (now Ministry of Jal
Shakti), Government of India and IIT Kanpur in April
2016, cGanga conducted many field and in-house
studies as well as workshops and consultations with
stakeholders, executive bodies, monitoring agencies
and experts on various components of GRBMP
and its implementation. Based on these activities
over the past few years, a clearer understanding
emerged on some of the major implementation
challenges of GRBMP, especially the difficulty in
restoring a very large and complex river system like
River Ganga. This led to a more refined and detailed
strategic implementation procedure that combines
robust scientific method with a Socio-economically,
culturally and administratively aligned policy
framework.

One of the most important missions of GRBMP was
that of Ecological Restoration. This is because it
was realized during the preparation of GRBMP that
the ecological health of River Ganga would be the
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best indicator of her wholesomeness rather than
piecemeal assessment of hydrological, water quality
or geomorphological characterization of the river.
As a vibrant ecosystem of ancient origin, the river's
biodiversity would be the most complete indicator
of her overall status. It is for this reason that it was
ardently hoped that GRBMP would be implemented
speedily to revive the vibrant River Ganga teeming
with life. And it is for the same reason that the
separate compilation for each focal speciesis planed
which not only covers the biology of the organism
i.e, fish, turtle, gharial, dolphin but also its historical
and current status in terms of abundance and
distribution; major threats; conservation measures,
formulated guidelines, current and future policies
by state and central authorities and challenges for
scientific understanding. The periodic monitoring
of the focal species in river Ganga is necessary to
decipher overall improvements or decline in the
river habitat conditions within the Ganga River Basin.

This document is prepared by dedicated members
of cGanga through the gathering of information taken
from the peer reviewed literature and unpublished
databases, Government sponsored project reports,
and research findings reported in Master's and PhD
dissertations, analyses and discussions with various
agencies and individuals.

VINOD TARE
Professor & Founding Head, cGanga
IIT Kanpur
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1. INTRODUCTION

The world's most threatened mammals are
freshwater Cetaceans. The river Ganga and
its tributaries support a copious biological
growth of rich flora and fauna including
megafauna belonging to cetacean group.
They constitute an upward ecological
pyramid with one or more top aquatic
predators such as freshwater Ganga river
dolphin and other estuarine and marine
Cetaceans in Ganga ecosystem. These
charismatic members of Cetaceans group
play an important role in ecosystem
functioning, controlling community structure
and promoting linkages across ecosystems
(Estes et al. 1998). The Gangetic dolphins
are not only an important indicator but a
flagship and sentinel species for monitoring
the conservation status of the large rivers
in Ganga river basin (GRB) (Aggarwal et al.
2020; Gomez-Salazar et al. 2012; Sergio et al.
2008). There conservation not only protects
a wider range of aquatic and threatened
species but also ensures better health of our
river ecosystem (Aziz 2019; Sinha et al. 2010).
South Asian river dolphin (Platanista
gangetica) has two sub species Platanista
gangetica gangetica (the Ganga river
dolphin) and Platanista gangetica minor
(the Indus river dolphin) (Behera 2019;

Behera et al. 2013). The Ganga river dolphin,

commonly known as Susu, is restricted
to the Ganga, Brahamputra, Meghna,
and Karnaphuli-Sangu river systems and
tributaries. The mammal reported from
the foot hills of the Himalaya to the limits

of the tidal zone in India, Bangladesh, and
Nepal (Sinha and Kannan 2014; Bashir et al.
2012). In Ganga river, freshwater dolphins
also inhabits the habitat of other tributaries
like Yamuna, Chambal, Ghaghra, Gandak,
Rapti, Narayani, Hooghly and Kosi rivers
(Braulik and Smith 2017; Choudhary et

al. 2006; Smith et al. 2001; Smith and
Reeves 2000; Mohan et al. 1997; Reeves
and Brownell 1989; Shrestha 1989). In

the lower Gangetic portion in the state of
West Bengal resides some other in-stream
Cetaceans which are constantly reported

in the area of Sunderbans and near-shore
waters of Bay of Bengal and prefer to stay

in estuarine, coastal and brackish water.
Irrawaddy dolphin (Orcaella brevirostris) is one
of them and, was reported by several authors
(Chowdhury et al. 2020; Kumar et al. 2019;

Cetaceans
constitute

an upward ecological
pyramid with one or more
top aquatic predators
such as freshwater
Ganga river dolphin

and other estuarine and
marine Cetaceans in
Ganga ecosystem

Mallick 2011) in the lower part of Hooghly
and in the upper parts of the rivers Matla,
Bidyadhari, in the confluence of Raimangal
and Jhilla at Bagna, Amlamati and at
Sudhanyakhal. According to Mallick (2011),
Indo-Pacific humpback dolphin (Sousa
chinensis) was sighted near Sajnekhali

few years back but sighting of the black

finless porpoise (Neomeris phocoenoides)

was very rare. Indo-Pacific humpback
dolphin was also found in the Gomor river
of Indian Sundarban during the survey
between Sajnekhali Wildlife Sanctuary

to Sudhanyakhali in 2008 (Saha and

Palchowdhury 2008).

Both (Ganga river dolphin and Irrawaddy
dolphin) obligatory and facultative Cetaceans
are morphologically and phylogenetically
distinct (Hamilton et al. 2001) and facing non-
identical threats at different scales. Tin this
report information and current understanding
about both focal species (Ganga river dolphin
and Irrawaddy dolphin) with respect to their
biology, habitat, distribution, abundance,
threats, conservation and legal status
is presented in the current report under
subsequent sections.

B Introduction of species including its
morphological characters, habitat and
niche preference, breeding, food and
feeding and migratory behavior.

B A global and regional (Ganga River Basin:
GRB) status of focal species.

B Magjor threats and policy steps.

B Management and conservational
challenges and measures of restoration.
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2. BIOLOGY AND ECOLOGY
OF CETACEANS IN GRB

Ganga River Dolphin (Platanista
gangetica gangetica)

The Ganga river dolphin occurrence

in Hooghly river is well documented in
mythological and historical literature by
William Roxburgh, Superintendent of
the Botanical Garden, Calcutta in 1801
(Roxburgh 1801). The first description of the
home range, morphology, and anatomy
was cited by Anderson (1879) (Sinha and
Kannan 2014).

The protection of the “flagship” species,
Ganga river dolphin ultimately leads to
the protection of other wildlife sharing
common niche (Behera et al. 2019; Behera
et al. 2008; Anon 2006; Choudhary et
al. 2006). Ganga river dolphin has been
included as a Schedule-I animal of
Wildlife (Protection) Act of India (1972)
and listed under “Endangered” category
by IUCN (2017) (Braulik and Smith 2017).
Government of India declared Ganga river
dolphin a “National Aquatic Animal’, during

the year 2009.
. sclentificclassifcation
Class Mammalia
Sub-class Eutheria
Order Cetacea
Family Platanistidae
Genus Platanista
Species gangetica
Sub-species gangetica




Irrawaddy Dolphin (Orcaella brevirostris)
The history of river dolphins in India is
dated back in 1852, when a specimen of
Irrawaddy dolphin sighted at the harbor
of Visakhapatnam on the east coast

of India and was described as short-
snouted porpoise by Sir Richard Owen
in 1866 (Sinha 2004). These dolphins
have also been observed in eastern
Indian Ocean from Visakhapatnam to
the deltas of Brahmaputra and Ganga
rivers and in the Chilka lagoon in Orissa
(Mahmud et al. 2018; Dhandapani 1992;
James et al. 1989; Annandale 1915). The
near- and inshore waters of western
Pacific have been associated with the
species habitat at near river mouths
(Smith et al. 2014).

Irrawaddy dolphin is a ‘facultative’
river cetacean, euryhaline in nature
and listed under “Endangered” or
“Critically Endangered” category by
International Union for Conservation of
Nature (IUCN), Red List of Threatened
Species based of their range within
major river systems (Minton et al. 2017;
Sutaria and Marsh 2011, Smith 2004;
Leatherwood and Reeves 1994) and
also included as a Schedule | animal
under Indian Wildlife Protection Act,
1972. Subpopulations reported in
the Ayeyarwady river (Smith 2004),
Mahakam river (Jefferson et al. 2008),
Mekong river (Smith and Beasley
2004b), Malampaya Sound (Smith
and Beasley 2004a) and Songkhla

lake (Smith and Beasley 2004c¢) are
categorized as Critically Endangered.

Class Mammalia
Sub-class Eutheria
Order Cetacea
Family Delphinidae
Genus Orcaella
Species brevirostris

2.1 Morphological Characters

2.1.1 Ganga River Dolphin (Platanista
gangetica gangetica)

The Ganga river dolphin is a well built
aquatic mammal. It has a stocky body, in
the middle, a long snout, broad flippers,
attenuating to a narrow tail stalk behind
the dorsal fin. The body has deep brown
color. The adult body size range between
2.0-2.2 m (males) and 2.4-2.6 m (females)
and weighs about 120 kg. The snout is
long and pointed with sharp teeth on
both the jaws. The sharp teeth can be
seen even in the closed mouth. The eyes
are vestigial as they lack a crystalline
lens making it literally blind, yet able to
perceive light intensity and direction.
The dorsal fin is a very low triangular
hump located two-thirds of the body
length from the anterior end. The flippers
and flukes are thin and large in relation
to body size, the young ones at birth
measures about 70-90 cm and weighs
around 6 kg.
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The most rare freshwater riverine species (Ganga river dolphin), Courtesy Shahnawaz Khan,

WWF India

2.1.2 Irrawaddy Dolphin (Orcaella
brevirostris)

The Irrawaddy dolphin has a blunt,
bulging rounded head, flexible neck and
lack a beak. It is also characterized with
the forehead extending past the mouth,
broad triangular, paddle-like, pectoral
fins, and small, triangular dorsal fins set
approximately two-thirds of the body
length along the back (Koss 2012). The
flippers have a convex leading edge and
about one sixth of the total body length

long and about half this length for the
width (Smith 2009). Span of the flukes

is more than one fourth the total body
length, with a concave leading edge
and median notch (Smith 2009). They
have narrow, pointed, about 68 peg-like
teeth, about 1 cm long in both the jaws.
The body weight varies from 114-200 kg
and the length ranges from 1.4-2.7 m.
Skin coloration varies from blue to grey
colouring with a lighter ventral field. The
young ones at birth measures about
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Table 1: General habit and habitat features of Platanista gangetica gangetica and

90-100 cm and weighs around 10-12 kg. of Ganga river dolphin and Irrawaddy

Males are generally larger than females dolphin, habit and habitat preference are Orcaella brevirostris
(Mitra and Zaman 2015). General features presented in Table 1.
Organism Platanista gangetica gangetica Orcaella brevirostris
Nature Obligate fresh water riverine Facultative, euryhaline
Maximum size 267 m{4m) 275 m
Water temperature 8-33°C 25-31°C

Irrawaddy dolphin (Orcaella brevirostris)

Current speed

Prefer eddy current; counter current associated with confluences; low current
speed; deep waters located in and adjacent to channel convergences
and divergences, and downstream (direction dependent upon the tide)

of sharp meanders

Mystus sp., Puntius chola, Nangra sp.),
and crustaceans

Substratum Silt over sand -
Breeding season Jan-June April-July
Mating March-June June-July
Catholic feeders, bottom feeders, feed Feed on several members of carps
. and cat fishes (Cirrhinus sp., Labeo
on several sp. of fishes of small size (less )
. ; sp., Xenentodon cancila, Channa
Food and feeding than 6 cm) (Wallago attu, Bagarius sp., :
sp., Mystus sp. and Arius sp.),

crustaceans,
cephalopods, and fish eggs

Other requirement

Tolerate 5-35°C; Ganga river dolphins
are not generally known to occur in
salinities greater than 10 ppt, although
they have been recorded in waters as
saline as 23 ppt; Animals prefer wide
sinuous channels with at least two small
confluences or one large confluence

Prefer wide range of habitats from
fresh to marine waters, Animals in
marine coastal areas inhabited in
brackish to high salinity (>20 ppt)
zones,; prefer relatively deep pools
(10-50 m) at confluences or above
and below rapids

References

Jackson-Ricketts et al. 2020; "Aziz 2019; Win and Bu 2019; Smith et al. 2006;
Stacey and Hvenegaard 2002; Morzer-Bruyns 1971




2.2 Habitat and Niche

Ganga river dolphins are exclusively
riverine. Relatively high densities of
dolphins are found at sites where rivers
join or just downstream of shallow
stretches, in areas where the current

is relatively weak; off the mouths of
irrigation canals; and near villages and
ferry routes. The 50% of dolphin sightings
in the Ganga were recorded at deeper
river channels at confluences (Bashir
2010). In the river basins in India, the
Ganga river dolphin is present mostly in
plains where the rivers run slowly. This
seems to be opposite to the habitat
observed in Nepal, where the dolphin can
be found in relatively clear waters and
rapids. In both areas, however, there is a
preference for deep waters (Reyes 1991).

A rapld ecological
assessment conducted

in the year 2018 by the
experts of Wild life Institute
of India (WIl), Dehradun

in the main stem of river
Ganga between Bijnor to
Ballia, revealed that 74% of
the stretch was devoid of
high water depth classes,
meanders and river islands

Primary habitats are characterized by an
eddy countercurrent system in the main
river flow caused by a fine sand/ silt point
bar formed from sediment deposits of a
convergent stream branch or tributary.
Marginal habitats are characterized by

a smaller eddy counter-current system
caused by an upstream meander.
Dolphins concentrate in locations of high
prey availability and reduced flow (Smith
1993). South Asian river dolphins have
been found in water as cold as 8 *C and
as warm as 33 ‘C (Reeves and Brownell
1989). They often reported in the small
groups of less than 10 individuals and
often found alone or in pair (Jefferson

et al. 2015). In the river Brahmaputra,

the numbers of dolphins occurring

in different depths were found to be
significantly different and the highest
numbers were found in depths of 4.1-
6.0 m (Wakid 2009). While, Mohan et al.
(1998) reported the width of the habitat
for Ganga river dolphin in Kulsi river in
the range 10-30 m while depth ranged
during the rainy (July to August) season
and dry period varied between 1.5-10

m and 0.3-8.0 m, respectively. A rapid
ecological assessment conducted in

the year 2018 by the experts of Wildlife
Institute of India (WII), Dehradun, in the
main stem of river Ganga between Bijnor
to Ballia revealed that 74% of the stretch
was devoid of high water depth classes,
meanders and river islands (W1l 2018).

In the Sundarbans, mangrove forest

of Bangladesh, Ganga river dolphin
distribution was conditionally dependent
on low salinity, high turbidity, and
moderate depth during both low and
high freshwater flow. Animals prefer wide
sinuous channels with at least two small
confluences or one large confluence
(Smith et al. 2009). The diurnal dispersal,
an important consideration in population
assessment is reported by Sinha el

al. (2010b) with vigorous and frequent
surfacing, during morning and afternoon
which also assumed to be their feeding
time. They move far from the confluence
to the quiet and deep zones with low
current in the noon during the period of
their low activity (Sinha el al. 2010a).

The Irrawaddy dolphins are euryhaline
species found in wide range of habitats
from fresh to marine waters. Little is known
about the Irrawaddy dolphin habitat
preferences but they are found in costal as
well as estuarine areas, river deltas, lower
reaches of rivers and mangrove areas.

In coastal waters, it commonly occurs in
areas affected by freshwater inputs and
may enter the lower reaches of rivers. They
prefer relatively deep pools (10-50 meters)
at confluences or above and below rapids
(ESI 2018). Bali and Tisen (2012) reported
the presence of Irrawaddy dolphins, more
than 30 km upstream from the estuaries

in Rajang river with water salinity less than
10 parts per thousands (ppt). The levels

of activities was reported higher in the
morning and decreased during the day
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in the study conducted in Mekong river,
Penang Island and Negros Occidental
(Philippines) (Rodrguez-Vargas et al. 2019;
de la Paz 2012; Stacey and Hvenegaard
2002). Group characteristics provide insights
into social and ecological relationships
(Stacey and Hvenegaard 2002). Smith
(2009) reported the small group size of 2-6
individuals. The study related to the period
of dependency, a measure of age at sexual
maturity, time from one birth to the next,
reproductive senescence and fecundity
status of the population is required for
demographic modeling (Thomas and
Gulland 2017) and are lacking in the
estuarine stretches of river Ganga. Also the
knowledge regarding the social behaviour
and life history of Irrawaddy dolphins is very
scanty and a detailed study on the behavior
and habitat characteristics is needed for
effective conservation measures.

2.3 Breeding

Dolphins are social animals and live in
small to large groups, associated with
many animals like crocodiles, turtles and
wetlands birds. But in adulthood they turn
solitary, remain alone or at best in pairs,
and may group during mating season
where several males display courtship

for the attention of the females (Behera
and Rao 1999; Singh and Sharma 1985).
Gestation period lasts 10-11 months
(Reidenberg and Laitman 2009). Calving
apparently can occur at any time of the
year, but there may be peaks in December




The Irrawaddy
dolphin seems to

be an opportunistic
carnivorous bottom
feeder and its feeding
is fully based on
habitat dependent fish
availability

to January and March to May. The annual
birth rate of Irrawaddy dolphins in the lake
of Chilika was reported one calf per year
(Sarkar 2011). Newborn calves have been
observed mainly in April and May. The
newborns are about 0.85 m with maximum
age ~30 years (Mitra and Zaman 2015).
Calves are weaned within one year of birth
(Jefferson et al. 2008).

The life history of Irrawaddy dolphins is
little studied in the lower reaches of river
Ganga. The winter as well as monsoon
survey between Kolkata to Diamond
harbor sighted single individuals at four
locations which indicated the possibility
of small year-round population in this river
stretch (Chowdhury et al. 2020).

2.4 Food and Feeding

South Asian river dolphins feed on several
species of small fish and invertebrates
ranging from 3.5-11.8 cm. They are
non-selective feeders and mostly feed
at or near the bottom in morning and
afternoon, echolocating and swimming
on one side (Sinha 2013; Jefferson et al.
1993; Reeves and Brownell 1989). Ganga
river dolphins are catholic feeders and
preferred small fishes and gastropods
(Sinha et al. 2010a). They show seasonal
and diurnal dispersal for feeding and
maintaining their territorial behavior.
They aggregated near the drift fishing
nets in shallow zone to capture the pray
entangled/ escape from the fishing nets
(Sinha et al. 2010a).

The Irrawaddy dolphin seems to be
an opportunistic carnivorous bottom
feeder and its feeding is fully based
on habitat dependent fish availability.
The diet composition of Irrawaddy
dolphin constitutes small bony fish
species, crustaceans, cephalopods,
and fish eggs (Win and Bu 2019). The
records of prey preference and food
and feeding behavior in the area of
Indian Sunderbans mangrove regions
are very inadequate. While members of
Cyprinidae, Siluridae, Pangasiidae and
Bagridae constituted preferred prey for
them in Mekong river system (Smith
et al. 2009; Baird and Mounsouphom
1997; Marsh et al. 1989).

3. STATUS OF CETACEANS
3.1 Global Status of Ganga river
dolphin and Irrawaddy dolphin

In Indian Subcontinent, Bangladesh, India,
Nepal, and possibly Sikkim and Bhutan are
the home range of Ganga river dolphin.
Rice (1998) reported their presence at an
elevation level below 250 m. The global
population was estimated about 3,500
individuals throughout its distribution range
in 2014 (Aziz 2019; Sinha and Kannan 2014).
The detailed estimates in tributaries and in
the main stem of river Ganga under GRB

is presented in the subsequent section.
The population assessment survey was
conducted in the Brahmaputra river starting
from Assam - Arunachal Pradesh border

to the India — Bangladesh border in the
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year 1993, 2003, 2005 and 2012 revealed
that the encounter range from 0.23-0.68
dolphins/km with maximum dolphin
prevalence reported in 2012. The favorable
conditions also prevailed in the Kulsi river
before the confluence of Brahmaputra

river between Marabhitha to Pas Gumi
(Mohan 1989). Wakid and Braulik (2009)
proposed the 30 community-based dolphin
conservation habitats in Brahmaputra river
between Assam - Arunachal Pradesh border
to the India — Bangladesh border. The
highest encounter rate was reported in the
river stretch from Dhansirimukh to Tezpur
because of strict protection of the river by
the Kaziranga National Park. A comparative
encounter rate in the river Brahmaputra,
Kulsi and Subansiri is presented in Figure 1.
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Figure 1: Status of Ganga river dolphins in river Brahamputra and tributaries
Data source: Pers. Comm. Wakid (2012); Wakid and Braulik (2009); Mohan (1989)

The most endangered among
all cetacean species is facultative
freshwater species, Irrawaddy dolphin
patchily distributed to the estuarine,
tropical, and subtropical waters of the
Indo-Pacific regions from northeastern
India to the Philippines (Dolar et al.
2002) and south to northern Australia
(Smith 2017, Stacey and Arnold 1999;
Stacey and Leatherwood 1997). The
coastal and estuarine populations
were reported in Borne, central islands
of the Indonesian Archipelago to
Palawan, Philippines and west to the
Bay of Bengal. Three freshwater rivers,
Ayeyarwady (formerly Irrawaddy) in

Myanmar (formerly Burma), Mahakam
in Indonesia, and Mekong in Cambodia
and Lao People's Democratic Republic
carrying freshwater populations of
Irrawaddy (Aziz 2019). The Chilika
Lagoon in India, Songkhla Lagoon

in Thailand, and Malampaya Sound

in the Philippines also having three
subpopulations (Minton et al. 2017). A
total of 451 Irrawaddy dolphins were
sighted with an encounter rate of 0.19
dolphins/ linear km in the stretch

of all navigable channels covering
1,510.4 km in Bangladesh portion of
the Sundarban Mangrove forest (Smith
et al. 2006). Ganga river dolphins (225

individuals) were also reported in

the survey with an encounter rate of
0.47 dolphins/ linear km. Large scale
dispersal up to 300-400 km to follow
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Irrawaddy Dolphin [ Primary Range
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Geographical range of Irrawaddy dolphin
(Orcaella brevirostris) (Wiirsig et al. 2018)
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the pray in tributaries has been reported
by Coates et al. (2003). The geographical
status of Irrawaddy dolphin in the lakes
and rivers is compiled in Table 2.

After the first faunistic survey (1910-
1919) in Chilika by the erstwhile Indian
Museum and Zoological Survey of
India (ZSI) during British regime, the
first account of mammalia of an Island
of Chilika Lake was available that got
published in 1921. Later, ZSI during
its second survey (Chilika expedition)
conducted during 1985-87 reported
occurrence of 18 species of mammals
which was, for obvious reasons, was
not complete and exhaustive for the
total account of the mammal fauna....
Khan et al. (2018)

A total of 451 Irrawaddy dolphins were sighted
with an encounter rate of 0.19 dolphins/ linear km in the
stretch of all navigable channels covering 1,510.4 km in
Bangladesh portion of the Sundarbans




Table 2: Geographical status of Irrawaddy dolphin (Orcaella brevirostris)

Location

Area/ Length

Reported Dolphin
Population

Year

Habitat

References

Min. 20 1090s Dhandapani (1992)
Chilika - 98 2002 | 3-4mdeep o oy
Lak 1,100 km? channels near
aKe ~ 162 2018 the lake mouth TNIE (2020)
TNIE (2020);
~ 146 2020 Beasley (2007)
2-4 m deep
section at the Anderson and Kinze
~ 100 1990s freshwater (1994)
Songkhla portion
Lake 1,082 km? Min. 20 2000 ) Beasley et al. (2002);
' Beasley (2007)
0in 2003 2003- | 2.1-2.8 m water .
~15in 2004 2004 depth Smith et al. (2004)
Deep water
reaches of the
river, where the , . .
33 to 72 dolphins depth is 40-60 Ssmith et al. (1997 Srmth
Ayeyar- 1996- , and Hobbs (2002);
. 2,200 km reported through fathoms; slow- . '
wady River : 2004 . Smith (2004);
eight surveys moving water, Beasley (2007)
area sheltered Y
by mid-channel
islands
Confluence Indonesian nature
Mid point with Conservation
800 km 100-150 10980s tributaries or Office (Tas'an and
lake Leatherwood 1984)
- 68 1990s - Priyono (1994)
_ - 1999- _ Kreb (2004);
Mahakam 33-35 2002 Beasley (2007)
River Between Muara
Kaman (about
180 km from 89in 2005
the river mouth) Q0 in 2007 2005- )
and the village 901in 2010 2012 Kreb (2014)
of Tering (about 92in 2012
420 km from
the mouth)
Deep pool areas
at the river Baird and Beasley
Mekong 4,800 km ~ 200 1997 | confluences, (2005)
River below or after
mid-channel
_ _ 2001- | jslands, or below
138-178 2005 rapid systems Beasley (2007)
2013- _ Mitra and Chowdhury
H%‘i’v%?ly 96.3 km Sighted 2016 (2018)
123 km 2020 - Chowdhury et al. (2020)

3.2 Status of Ganga river dolphin
and Irrawaddy dolphin in GRB

Platanista gangetica gangetica, known locally
as Susu, is endemic to the Indian sub-
continent and reported historically in 1801

by William Roxburgh, Superintendent of the
Botanical Garden, Calcutta (Roxburgh 1801)
in the Hooghly river, the tidal zone of the river
Ganga (Sinha and Kannan 2014; Behera et al.
2013). The historical range of distribution of
Platanista gangetica gangetica in the main
stem of river Ganga was from the foothills

of Himalaya to the Bay of Bengal (Anderson
1879). The actual past records of 19" century
for their abundance in the distribution

range under GRB is unavailable. The
historical distribution of Platanista gangetica
gangetica in GRB is presented in Figure 2
(digitized from Anderson 1879). Historically,
the dolphins were reported year-round in
Yamuna river (upto Tajewala near the foothills
of the Himalayas) and also at Delhi (512-

km upstream of the Chambal confluence)
(Anderson 1879), Sharda (upto Tanakpur)
(Sinha and Sharma 2003a), Sone (upto
Indrapuri barrage) (Sinha and Sharma 2003a),
Ramganga (upto Moradabad) (Anderson
1879) and in the entire stretch of other major
tributaries such as Ghaghara, Gandak, Kosi
and Fulhar. The current distribution and
population of Ganga river dolphins is also
reported by several workers in not only in
different segments of Ganga river and its
tributaries but also in Brahmaputra river
system and Sundarbans delta (Chowdhury
et al. 2020; Mitra and Chowdhury 2018;
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The Vikramshila

Ganga Dolphin had 154
dolphins in the year 2017, as
per the estimates from the
survey conducted by the
researchers from Ashoka
Trust for Research on
Ecology and Environment
(ATREE), Bangalore and
Wild Life Institute of India
(WII) Dehradun

Pers. Comm. Behera S.; Singh and Rao
2012; WWF-Nepal 2006; Sinha and Sharma
2003b; WWF-India Unpublished work).
Once believed to be in the tens of thousands
their number has gradually reduced to four
to five thousand with a further decline to a
mere 1,800 individuals in all the tributaries
of its distribution (Bashir et al. 2007, 2010;
Behera et al. 2008; Behera 1995; Jones 1982;
Anderson 1879). The estimated population
based on the survey conducted during 1994
to 2014, in the main stem of river Ganga and
its tributaries was nearly 2,850 dolphins in
GRB (Sinha and Kannan 2014). The temporal
variation in the encounter rate of Ganga
river dolphin in the main stem of river Ganga
from Haridwar to Farakka Feeder canal is
presented in Figure 3.
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Figure 2: Historical distribution range of Ganga river dolphin in GRB
Source: digitized from Anderson (1879)
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Figure 3: Temporal variation in the encounter rate of Ganga river dolphin in the main stem of river Ganga
Data source: Pers. Comm. Behera S.; WW/F-India Unpublished work; WII (2018); Bashir et al. (2010); Kelkar et al. (2010);
Sinha et al. (2000); Sinha (1999)
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Figure 4: Temporal pattern of encounter rate of Ganga river dolphin in the National Chambal Sanctuary
Data source: Yadav (2020); Choudhary et al. (2012); Taigor (2008)

In many tributaries, the population
facing severe anthropogenic pressure and
is fragmented. The animals maintaining
their population by congregating
themselves in and/ or near the protected
areas of the tributaries as well as
main stem of the river Ganga, and a
comparatively high encounter rate was
reported in these sites i.e., Ramsar from
Brijghat to Narora, National Chambal
Sanctuary, Vikramshila Gangetic Dolphin
Sanctuary and Sundarban Biosphere
Reserve. The temporal patterns in terms
of encounter rate of Ganga river dolphin
in the protected area of National Chambal
Sanctuary, in the main stem of the other
tributaries and in Gandak main stem are
shown in Figure 4, 5 and 6, respectively

The encounter rate in Ramsar site
(between Bijnor to Narora) and Vikramshila
Gangetic Dolphin Sanctuary are presented

in Figure 3. The Vikramshila Gangetic
Dolphin had 154 dolphins in the year 2017,
as per the estimates from the survey
conducted by the researchers from
Ashoka Trust for Research on Ecology
and Environment (ATREE), Bangalore
and Wild Life Institute of India (WII)
Dehradun (Khan 2018). The report also
revealed the declining trend of dolphin
population in the stretch and that is
possibly due to the dredging activities
and the noise pollution created by
large ship propellers. These activities
enhanced manifold in recent years due
to the declaration of the stretch of the
Ganga from Varanasi to Haldia in West
Bengal ‘National Waterway Number 1" by
Government of India. The decline in the
dolphin population even in the protected
zone is matter of concern, which should
be addressed in the proper way in the




novel plan “Project Dolphin” launched by
Government of India for conservation of
river and marine dolphins in the year 2020.
It is also important to mention that little is
known about the behavioral and acoustic
responses, auditory masking, and potential
effect of similar stress response of Ganga
river dophin in the GRB system.

The reported data for tributaries of GRB
clearly revealed the loss of a significant
proportion of dolphin habitat due to the
loss of longitudinal connectivity in dry
season, a decrease in prey fishes due to
intense fishing (Bashir et al., 2010), illegal
poaching (Choudhury 2013), sediment
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deposition owing to high embankments
(Smith et al., 1998) and habitat
destruction and fragmentation (Dudgeon
2000; Reeves et al. 1091). The direct and
indirect drivers for the reduction of the
dolphin population in GRB are addressed
in details in the subsequent section. The
current distribution range of the Ganga
river dolphin in the middle and lower
middle stretches of the Ganga river and
its tributaries is also depicted in the
Figure 7. Encounter rates in the main
stem of river Ganga between Allahabad
and Farakka barrage were recorded
higher in different time frame analysis.
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Figure 5: Encounter rate (dolphins km™) for Ganga river dolphin in various river channels of GRB
Data source: Pers. Comm. Behera S.; WWF-India Unpublished work; Singh and Rao (2012); WWF-Nepal (2006);

Sinha and Sharma (2003b); Sinha et al. (2000)

The data of dolphins encounter rate has
been adopted and reproduced using

the statistics of the published literatures,

personal communications, web articles
and scientific reports. The collection
of data for tributaries from various
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sources have either been discontinued
or fragmented. Data perusal reveals that
the encounter rate (Dolphins/ km) in the
Girwa river is highest for all the reported
years followed by Gandak in the year
2010 (Figure 5 and 6).

Legend
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Figure 6: Ganga river dolphin encounter rate in main channel of river Gandak in the year 2008-10
Data source: Sharma (2013); Choudhary et al. (2012)
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Figure 7: The current distribution pattern of Ganga river dolphin in GRB

In case of lower parts of GRB in cetaceans (Mitra and Chowdhury 2018).

in the habitat and in the presence of
assorted limiting factors. The change in
the habitat due to the spatio-temporal
variation in the salinity value of past

30 years in three sectors of Indian
Sundarbans was studied by Mitra and
Zaman (2015). The results revealed that
the salinity decreased in the western as
well as eastern sectors of the Sundarbans
while the central sector shown a reverse

Salinity (PSU)
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picture. The rise of the salinity in the
central sector is predicted to be 36 psu
after a period of 30 years which will
significantly impact the distribution range
of Platanista gangetica and Orcaella
brevirostris (Figure 8). The loss of the
upstream freshwater connectivity of 5
rivers (Saptamukhi, Thakuran, Matla,
Gosaba, and Harinbhanga) is one of

the reasons behind the change in the

16.00 |
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1980 1980 2000 2010 20230 2030 240 2080
Year

Salinity (PSU)

1980 1890 2000 2010 Qﬂéh 2030 2040 2050
Year
2200 c Locations
Farakka Barrage

the Indian territory of Sundarbans,

the literature reveals the presence of
Ganga river dolphin and Irrawaddy
dolphin, but detailed study regarding
the status, distribution or abundance of
these cetaceans is prerequisite for their
conservation (Manjrekar and Prabu 2013).
The waterways of Sundarbans Reserved
Forest in Bangladesh are the only places
where the sharing of the common habitat
is reported most often for both the

Fluctuations in temperature and salinity
of different water bodies have an a special
impact on the distribution of cetaceans
(Baumgartner and Mate 2005). Mitra and
Chowdhury (2018) also confirm the change
in the distribution range of Platanista
gangetica and Orcaella brevirostris in

the Indian part of the Sundarbans. The
study reveals the gradual disappearance
of Platanista gangetica from the Indian
territory of Sundarbans due to change

1
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g 1o 3 Diamond Harbour
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Legend & 140 5 Kolaghat
@ Sundorbans Wostem Sector Locations — 6 Batanqgar
@  Sunderbans Eastem Sector Locations 7 Kakdwip
10.00 8  Millennium Park
@  Sunderbans Cental Sector Localions: 1980 1990 2000 200 200 2030 2040 2050
Year 9  Baranagar
£ (Hopl e 10 Nabadwip
#  Ganga River Dolphin Sighting Locations -———
#  Imawaddy Delphin Sighting Locations e 0 45 B0 180 o 360
—— Hooghiy River
[ westBengal state Boundary
Figure 8: Distribution of Ganga river dolphin and Irrawaddy dolphin in the common niche in lower

stretches of Hooghly and salinity profile of eastern (A), central (B) and western (C) sectors of
Indian Sundarbans

Data source: Chowdhury et al. (2020); Mitra and Chowdhury (2018); salinity trends are adopted from Mitra
and Zaman (2015)




salinity pattern in central sector. Orcaella
brevirostris is sighted in 2014 and 2016 by
Mitra and Chowdhury (2018). The salinity
levels of western, central and eastern
zones of Sundarbans were <1.0-19 ppt,
9.0-24.6 ppt, 5.0-24 ppt, respectively
(Mitra and Chowdhury 2018). They also
reported the consistent encounter rate
of dolphins at the estuarine mouth

of Ganga in all seasons where hypo

(<1 ppt) and moderate (1-10 ppt) saline
water prevailed. Close monitoring of

the dolphins (Platanista gangetica and
Orcaella brevirostris) behavior, status,
distribution, hotspots and their existing
and historical habitats in the fresh as
well as in estuarine zone of Hooghly and
Sundarbans is required for long term
conservation of the species.

4. MAJOR THREATS AND
POLICY STEPS

Low flows in dry period and loss of
longitudinal connectivity

Dams and barrages have altered the natural
flow regimes by impacting the hydrology
(changing low flow regime and reduce

peak flows and change the interannual flow
variability), geomorphology and aquatic
ecosystem (Mailhot et al. 2018). Studies have
speculated that dam and barrages influence
the Ganga river dolphin habitat occupancy
by not only reducing water depth and
velocity but also altering water flow and
channel width (Sinha and Kannan 2014;
Bashir et al. 2012a). In the study conducted
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by Bharti et al. (2011) on environmental

flows revealed that dams and canals on

the Ganga have also changed the timings

of extreme flow events which altered

the in-stream and floodplain ecological
processes. The impact of water depth on the

abundance of dolphins have been reported 73 e AR g S ;" i g
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river dolphins between Varanasi to
Farakka indicated that the resting depth
preference between 3 m to 9 m and
temperature preference range of 15 to
25 °C (Joshi et al. 2018). These depth

= Preferred Dolphin Arcas
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Figure 9: The impacted flow regime of river Ganga and tributaries due to the construction of dams and
barrages over the last 8-9 decades

preferences are not easy to maintain and Data source: Reeves (2000)
is among the most important threat in
the entire GRB in dry season due to the the main channel of Ganga-Brahmaputra are some of the major concerning factors
“discontinuities” in the river continuum systems is hampered severely during the responsible for declining the number of
produced by existing dams and barrages. dry season from October to April and the dolphins. The success of the ongoing and
In the main channel of river Ganga, dispersal in the tributaries is only possible proposed dolphin conservation programs in
Bhimgoda barrage, Bijnor barrage, Narora during rainy season. They may become GRB and in other riverine systems is based
barrage, Lavkush barrage and Farakka isolated in pools and river branches during on the effective water management policy.
barrage in the upper, middle and lower Ganga the dry season (Reeves and Brownell 1989). A minimum flow of water in the river must
catchment respectively, significantly alter The reduction in the flows, modification in be allowed even during the lean season
the natural sediment flow dynamics of the the habitat downstream to these barrages for the survival and dispersal of the dolphin
system and compromises habitat suitability. and obstacles for longitudinal exchanges population. The institutional and/ or civil
The connectivity between tributaries and along the river Ganga and its tributaries monitoring of flow regimes at the local level




in the entire basin in mainly dry season is
desired to ensure the natural flows in the
entire system. The dams and barrages
constructed over the last 8-9 decades, which
substantially limit he river space available for
dolphins in GRB is illustrated in Figure 9.

Decline of prey base

Ganga river dolphins forage on the fishes
inhabited in shallow river systems. Almost all
the rivers in GRB are subjected to the shift

in catch composition of local fisheries. The
non-selective fishing practices in certain

areas are also responsible for alteration in

the food source for dolphins. The change in
the composition of the fishes in the system
ultimately alter the prey availability prospects
and it directly or indirectly poses serious
threat to the dolphin population (IPPC 2007;
Sinha 2004, Ghosh et al. 1982). The habitat
alteration due to the depletion of abundance
and diversity of planktonic and benthic forms
(Gremion et al. 2004) is induced manifolds due
to the release of noxious pollutants directly into
the many stretches in the rivers in GRB, which
ultimately affect the prey availability for dolphin
population (Bashir 2010). It was recommended
to use the scientifically defensible framework
for protection of freshwater ecosystem from
anthropogenic pollution.

Fish stocks over-exploitation and
application of non-selective fishing practices
should be regulated. The natural breeding
and nursery grounds should be protected by
maintaining the river space. The floodplain
mapping should be done using the GIS and

hydraulic modeling to maintain the prey
availability in all the seasons.

Direct killing and incidental capture/
entanglement in fishing nets

The freshwater Cetaceans are susceptible
to direct conflicts with human beings

for water and food resources and facing
many associated threats (Reeves and
Leatherwood 1994). The decline in the
population of dolphins in various states
under GRB is due to the age old practices
such as the intentional killing for oil, for bait
(used dolphins decomposed flesh as a bait
to catch the scavenger fish of comparably
high prices i.e., Clupisoma garua), for entrails
and for meat (Bairagi 1999; Dhandpani 1992;

Anderson 1879; Motwani and Srivastava 1961).

The intentional killing of local migrants was
also reported in the transition monsoonal
period at the confluence point of the
tributaries (Choudhary et al. 2006). The
proper identification of the communities
engaged in poaching is essential and legal
actions through strict laws by the concerned
authorities should enforce prohibition of such
deliberate killing. The regular awareness
program among the fishers should be
executed at the regional scale to explain the
negative consequences of such catching
activities. The program should be assisted by
awareness campaign for entire spectrum of
communities to convey necessity of dolphin
conservation and the existing rules and
regulations related to dolphins prohibited
actions. The awareness campaign for the

use of low price alternative products such as
fish scraps oil, shark oil and sardine oil (Sinha
2002; Mohan and Kunhi 1996), should be
conducted and the products made available
to the communities using dolphin oil and
entrails to attract fish.

In almost all the years in the dry
season, the dolphin by-catch mortality
increases due to incidentally captured in
gill nets (Beasley et al. 2002; Stacey and
Leatherwood 1997). Authors engaged in
monitoring the stretches of GRB heighten
the similar actions (Paudel and Koprowski
2020; Sinha et al. 2010a; Choudhary et
al. 2006; Sinha and Sharma 2003a). The
fishing gears/ non-selective fishing
methods (e.g. monofilament plastic gillnets
and electricity) and practices, should be
monitored and regulated by State Fishery
Department. The alternative employment
for gillnet fishermen should be provided.
The gillnet-free zones in the basin
should be marked and established. The
fishers should also be advised to use the
traditional fishing methods more frequently
to manage the fisheries sustainable.

Habitat degradation

Habitats of the freshwater Cetaceans
are continuously depleting due to
human actions and in order to minimize
the adverse impact, river management
policies and conservation initiatives

are desired to ensure the ecological
integrity of the system. In 2016, the
proposal of ‘National Waterways Act' by
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the Government of India initiating the
construction of National Waterway 1 or
NW1 to transport passengers and cargo
from the eastern seaport of Haldia (West
Bengal, India) to Varanasi (Uttar Pradesh,
India), about 1,360 km inland which

also is an overlapping habitat for river
dolphins and the 90% of the endangered
dolphin population has the potential

to wipe out from the dolphin habitats.
The commissioning of the projects has
to be critically reconsidered for various
hydrological and ecological functions

of river (Aggarwal et al. 2020). Multiple
habitat variables contribute to varying
degrees of impacts in the basin and are
addressed underneath which threaten
the survival of river dolphins over the past
few decades.

Dredging, sand and soil mining
Dredging (capital dredging or
maintenance dredging) and mining (sand,
soil and gravel) can have significant
direct and/or indirect impacts on aquatic
life. The detrimental impacts and risk

of the associated activities are linked
with its intensity and duration and is

also evaluated on the basis of tolerance
threshold to the various stressors for
riverine organisms including dolphins
(Wenger et al. 2017, Browne et al. 2015;
Erftemeijer and Lewis 2006). These
anthropogenic activities maladjusted

the food chain of the aquatic ecosystem
by disrupting the primary trophic status.
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A rigorous scientific study is lacking in
GRB to access the impact associated with
dredging and mining-related stressors,
impact of suspended and contaminated
sediment on all aquatic ecosystems

in various life stages of associated
organisms. The equilibrium between the
developmental activities and proper risk
management measures for adequate
protection of keystone species is
prerequisite for maintaining the ecological
sustainability.
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Habitat with low salinity, moderate depth
and high turbidity favor Ganga river
dolphin (Smith et al. 2009). The potential
attributes for extirpation of the Ganga
river dolphin from Indian Sundarbans
are reduced freshwater discharge,
elevated sedimentation and swelling
salinity (TNIE 2019). Low flow during

dry season due to the construction of
Farakka barrage causes an increase in

salinity intrusion further upstream in the
estuary (Akter et al. 2016). The change

in the salinity pattern in the Indian part
of the estuary are affecting more to
Orcaella brevirostris than the Platanista
gangetica (Mitra and Chowdhury 2018).
The Sundarbans Mangrove forest of
south-western part of Bangladesh
experienced similar change in the salinity
levels from 27-27.5 ppt to 29.5-30 ppt
which altered the regional ecosystems
drastically (Hussain et al. 2012). In the
current scenario more in-depth study is
required to access the impact of barrage
management on dolphin's ecology and
behavior as it seems to be one of the
most critical factors to decide the home

range of these organisms in the estuaries.

Hydropower and irrigation
projects

The engineering structures for
hydropower and irrigation projects often
fragment cetacean populations in entire
GRB. All these dams and barrages block
the movement of dolphins and other
aquatic mega-fauna and create small
subpopulations. Dolphin's population
was isolated into four subpopulations

in the main stem of river Ganga earlier
in 1975, 1966 and 1984 due to the
commissioning of Farakka barrage, the
lower Ganga barrage at Narora and

the middle Ganga barrage at Bijnor.
After the extirpation of dolphins above
Bijnor, the main stem of river Ganga
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having three subpopulations (Sinha per.
com). These hydraulic structures also
altered the environmental complexity

in the upstream and downstream of the
river channel leading to the reduction

in the environmental suitability for
aquatic life. The literature also reveals
that due to the high water velocity

and turbulence often found within the
barrage gates, it would be difficult for
the animals to move up-stream and lead
to the downstream migratory attrition of
upstream sub-population (Braulik et al.
2014, Reeves 1991; Reeves et al. 1991).
The unidirectional movement of dolphins
and low dry season river discharge in the
stretches lead to the species extirpation.
The conservation of the species requires
maintenance of the habitat which
warrants the future water development
planning and projects to allocate funds
to mitigate the harmful effects of the
planned project.

Toxic effluent of industries and
agricultural activities

The unregulated influx of industrial

and municipal waste into the river is an
important driver for extinction of the
dolphins in most of the riverine systems
of developing countries including GRB.
The industrial and domestic pollutants
altered the mesohabitats characteristics
that lead to the change in the ecological
interactions. The effect of these pollutants
not only alters the food web of the




system but their implication can also be
visualized in the form of morphological
abnormalities in dolphins such as skin
lesions, reproductive and immunological
disorder (NOAA 2018; Than 2013;
Acevedo-Whitehouse and Duffus 2009;
Van Bressem et al. 2009; Colborn and
Smolen 1996). To protect and conserve
the ecological integrity of the rivers, a
stronger enforcement of environmental
compliance is prerequisite for an effective
water management policy. A more
pragmatic approach is desired to find out
the regional solutions for water pollution

and to maintain the balance between
conservation of natural resources and
economic development.

The application of noxious chemicals
and pesticides in agricultural practices
near the main channel of the river and in
the flood plains may seriously threaten
the ecosystem sustainability. Some of
the applied chemicals posed acute
and/ or chronic risks to the living forms
in the streams. The adverse effects of
the agricultural pollutants on Ganga
river dolphin were also reported. The
application of higher level of agricultural

pollutants such as DDT and PCB's in

the floodplain area was reported as one
of the potential driver for reducing the
dolphin abundance (Senthilkumar et al.
1999). The pesticides such as HCH, aldrin,
heptachlor, DDT and endosulphan were
reported from the samples collected from
the river water from different regions in
the middle Ganga stretch from Devprayag
to Bhagalpur (Agarwal et al. 2015).

HCHs were most frequently detected

in mountainous stretch; endosulfans
were prominent in UP stretch while in
Bihar stretch aldrin group of pesticides
were prominent (Agarwal et al. 2015).

In the middle Ganga stretch between
Kachlaghat to Kanpur, a local extirpation
of the dolphins due to pollution was
reported by Behera et al. (2013). Kannan
et al. (2005) also reported the organic
pollutants such as Organochlorine
pesticides, Polychlorinated biphenyls
(PCB's) and Polybrominated diphenyl
ethers (PBDES) in the tissue of Chilika
lake Irrawaddy dolphins. The appropriate
mitigation measures such as appropriate
buffer zone between the agricultural
fileld and water body should be adopted
to reduce the risk of these noxious
chemicals.

Excess abstraction of water

The river discharge generally declining
from year to year due to the increasing
demand of irrigated agriculture, higher
demand of water in the cities along the
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rivers. The change in land use pattern of
the basin leads to the alterations in river
ecology. Higher surface water abstraction
leads to the alteration in the extent of river
and riparian wetland habitat, sediment
deposition, and water temperature and
change in water chemistry impacts the
river biota significantly (Wooster 2016;
Baker et al., 2010; Dewson et al., 2007).
The abundance of the dolphin is positively
associated with channel depth, width

and its quality. The low dry season river
discharge directly and indirectly impacts
the river dolphins by reducing the physical
space available to them and declines the
fish prey (Xenopoulos and Lodge 2006;
Nilsson et al. 2005). Water abstraction

not only exacerbates the chances of
negative human interactions but also
alters hydrological regime which ultimately
diminishes the carrying capacity of the
river and ability to support large numbers
of aquatic megafauna (Braulik et al. 2014).
The environmental flow and impact
assessments studies could be the primary
drivers for restoration and conservation of
dolphin habitat and to maintain a balance
between economical practices and
ecological processes.

Heavy siltation

Heavy siltation in the major rivers in
GRB degrades the habitat for dolphins
which need high scale plantation in
the catchment area. Both the poor
soil conservation techniques and




deforestation are responsible to enhance
the soil erosion in the rivers which lead
to the loss of the spawning and breeding
grounds. The detailed study conducted
on fish, a prey for dolphins, revealed

that siltation heavily impacted spawning
grounds, cause behavioural changes

in spawning fish, decrease in fecundity
and increase in egg mortality, reduction
in larval growth and development rate
and survival of larval fish (Srivastav et al.
2019). All these alterations ultimately lead
to decrease in the prey availability and
forces the dolphins to explore another
niche for their survival. Substantial
research is required on siltation rates,

8 Government of Indi
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nutrient enrichment, textural deformities
and their direct or indirect impact on the
entire natural ecosystem. Comprehensive
international policy and legislation should
be executed to reduce the potential risks
associated due to the heavy siltation from
transboundary rivers such as Kosi, Gandak
and Ghaghara.

Embankments of river

River embankments destroy the lateral
connectivity of rivers to its riparian zone
ultimately leading to the habitat loss
for terrestrial and aquatic floral and
faunal species. Riparian (buffer zone as
well as buffer strip) as well as wetlands

should be protected through appropriate
legislative framework for managing range
of functions and services. An appropriate
buffer mapping and designing is a
prerequisite for conservation of native
fishes in river Ganga which leads to the
habitat conservation and restoration

for dolphins.

Anthropogenic noise load
Cetaceans populations are acoustically
reliant animals and is directly impacted by
anthropogenic noise produced through
commercial and tourist boat traffic. These
animals utilize sound for detecting prey,
navigating, and communicating (Todd

et al. 2015). The emitted acoustic signals
are of low frequency and are prone to
interference from similar low-frequency
noise produced by ship engines (Dunlop
2016; Weilgart 2007). Boat movements in
the streams, a causative factor for severe
injury are sometimes responsible for
dolphins killing. Their operations modify
the geomorphologic and hydraulic
attributes of the river. Many information
gaps exist in the knowledge regarding
the impact of boat trafficking on dolphin
behaviour in the rivers of GRB. A balance
between economy related to dolphin-
watching tourism, commercial navigation
and safeguarding habitat availability

for dolphins is mandatory in a way that
would neutralize the negative impacts in
the form of only short-term behavioural
alterations.
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5. MANAGEMENT AND
CONSERVATION MEASURES

1. The closed monitoring of river

dolphins and their habitats is
prerequisite for assessing the impact
of short and long term conservation
measures. Local level monitoring
units “Dolphins Rakshak" should

be formed to work in coordination
with national and international
NGOs, State Forest Department,
State Fisheries Department and
other Scientific Institutes to form a
dolphin conservation network for
close monitoring of dolphins status,
identification of important dolphin
habitats and its suitability, impact
of anthropogenic activities on the
dolphin behavior, spontaneous
information dissemination and
simultaneous actions.

. Long-term research oriented

biomonitoring program covering
detailed scientific study on cetaceans
in GRB should be financially
supported which not only enhance
the knowledge in scientific community
but also dispersed awareness within
stakeholders and local communities.
Education and training should be at
higher priority at the regional level to
increase the number of trained people
engaged in dolphin conservation.

. Local fishers should encourage adopting

traditional fishing practices that leads
to dissuade the non-selective fishing



methods used by non-local contractors
as soon as they get the fishing rights
from regional governments.

. States should follow the “Guidelines for
implementing Wetlands (Conservation
and Management) Rules, 2017"
formulated by “Ministry of Environment,
Forest and Climate Change,
Government Of India” for aquatic and
semi-aquatic biodiversity conservation.
. The status of dolphins sub-population
in the tributaries of river Ganga is

still alarming and these areas be
investigated more systematically

than has been done to date. Local
people should be encourage for
community based conservation
program to prevent the large scale
ecological destruction by involving in
regular ‘local ecological surveillance’
as they share the common interest

for resources.

. Multi-task water diplomacy covering
the transboundary approach using
environmental component of the
South Asian Association for Regional
Cooperation (SAARC) should be
developed to link among national and
international agencies for conserving
river dolphin populations (Yasuda

et al. 2017).

. Government of Bangladesh in 2012
declared three Wildlife Sanctuaries
for the protection of freshwater
dolphins in the eastern Sundarbans,
where both the species (Ganga river

dolphins and Irrawaddy dolphins)
co-occur most often (Thomas and
Gulland, 2017). Similar habitat need
to be identified and designated
as hotspots in the 38% of the
“Sundarbans National Park" area that
lies in the Indian territory.

8. Multi-species conservation program
should be formalized for the protection
and conservation

5.1 Key actions for dolphins conservation

recommended under “The Conservation Action

Plan for the Gangetic dolphin 2010-2020"

(Sinha et al. 2010) and Project Dolphin 2020

B |nitiating state-wise Gangetic dolphin
population status surveys and
threat assessment

B Setting up of protected areas for the
Gangetic dolphin

B Capacity building for Gangetic Dolphin
conservation and management
and promotion of the Participatory
Management' of these secured habitats
with help of local communities

B Minimising fisheries interface and
incidental capture of river dolphins

B Prevention, mitigation and restoration
of impacts on dolphin habitats from
developmental projects

B Safeguarding dolphin populations and
habitats through scientifically robust
monitoring program

B Develop and implement the river
conservation management framework to
maintain the connectivity among populations

Community involvement in river
dolphin conservation and management
Identification and mitigation of direct
and indirect threats to survival of
dolphin populations through:

. Bycatch and poaching reduction

with a programme that incentivize
the dolphin conservation to local
communities i.e. via dolphin tourism,
stock enhancement of commercially
important native fishes, etc.

. Understanding and minimising the

effect of vessel traffic

. Monitoring and control of pollution levels
. Reduction of unsustainable fishery

practices

. Ensuring ecologically safe habitat

modification practices including the
e-flows

Monitoring and controlling the spread
of diseases

. Management of invasive species

in GRB

. Riparian (buffer zone as well as buffer

strip) as well as wetlands should

be protected through appropriate
legislative framework for managing
range of functions and services
Promote awareness through outreach
and education and enhance livelihoods
and well-being of dependent
communities through:

. Evaluation and integration of inter-

sectoral policies to achieve maximum
benefit to conservation and people
dependent on river
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b. Community engagement, sensitisation of
stakeholders through awareness activities,
education on alternate livelihood options
and ecotourism models

B Rescue and rehabilitation of
Gangetic dolphin

B Enhance national, regional and
international cooperation on dolphin
research and conservation

5.2 Glimpse of the existing and proposed
conservation initiatives

The limited informational crisis
associated with species habitat is always
a bottleneck in the conservation of any
focal species. A successful conservation
action plan for the keystone species
such as Ganga river dolphins and other
Cetaceans requires the integration of
multiple factors (social, economic and
political). The inclusion of demographic,
genetic, behavioural, ecological

and systematic knowledge with the
management and conservation approach
of an endangered species is prerequisite
for an effective and auspicious on-the-
ground conservation.




Chilika lake declared as a Ramsar

site in 1981 for the conservation of
Irrawaddy dolphins.

Conservation programs were launched
after the declaration of Ganga river
dolphin (Platanista gangetica gangetica)
as “National Aquatic Animal" on 5"
October 2009 with a formal notification
by MoEF on 10" May 2010.

The action plan for the conservation of
the Gangetic dolphin was prepared by a
working group of three members “Dr RK
Sinha, Dr Sandeep Behera and Dr BC
Choudhary" and submitted to National
Ganga River Basin Authority, Ministry

of Environment and Forests, Gol in
November, 2010.

A scientific compilation written in a

lucid manner and apitly illustrated on
Gangetic river dolphin by Dr RK Sinha,
was published by “Department of
Environment and Forest, Government of
Bihar, Patna" in 2013.

A decade after the declaration of Ganga
river dolphin (Platanista gangetica
gangetica) as “National Aquatic

Animal” a stronger impetus by Indian
governmental authorities leads to the
announcement of 10-year ‘Project
Dolphin'in the line of Project Tiger and
Project Elephant, for the conservation

SIGNIFICANT ACTIONS AND MILESTONES BY THE INDIA
GOVERNMENT AND CONCERN STATES

and protection of not only the Ganga
river dolphins but also ocean and
estuarine population of dolphins by
Hon'ble Prime Minister on 15" August
2020. The project dolphin will be
planning to execute in cooperation and
support with Ministries/ Departments/
Scientific Organizations/ Civil Society
Organizations etc.

The National Mission for Clean Ganga
with Wildlife Institute of India, Dehradun
and State Forest Department launched
‘My Ganga My Dolphin” campaign at six
sites across river Ganga in the states of
Uttar Pradesh, Bihar and West Bengal
on 6" October 2020, to link the tourism
with dolphin's conservation.

REFERENCES

Acevedo-Whitehouse, K., Duffus, A.L. (2009). Effects
of environmental change on wildlife health.

Philosophical Transactions of the Royal Society B:

Biological Sciences. 364:3429-3438.

Agarwal, A, Prajapati, R., Singh, O.P, Raza, SK,
Thakur, LK. (2015). Pesticide residue in water-
A challenging task in India. Environmental
Monitoring and Assessment. 187:54.

Aggarwal, D., Kumar, N., Dutta, V. (2020). Impact
on endangered Gangetic dolphins due to
construction of waterways on the river Ganga,
India: An overview. Environmental Sustainability.
3:1123-138.

Akter, J., Sarker, M.H., Popescu, |., Roelvink, D. (2016).
Evolution of the Bengal Delta and its prevailing
processes. Journal of Coastal Research.
32(5):1212-1226.

Anderson, J. (1879). Anatomical and Zoological
Researches: Comprising an account of the
Zoological results of the two expeditions
to Western Yunnan in 1868 and 1875 and
a monograph of the two cetacean genera
Platanista and Orcaella. Bernard Quaritch,
Piccadilly, London, 1878, vol. 2.

Andersen, M,, Kinze, C.C. (1994). The small cetaceans
of Thailand: Review and status. International
Whaling Commission Meeting Document
SMIWP/2, Kyoto, Japan, May 1993. p. 9.

Annandale, N. (1915). Fauna of the Chilka Lake:
Mammals, reptiles and batrachians. Memories of
the Indian Museum. 5:166-167.

Anon, (2006). Species / Freshwater fact sheet: River
Dolphins. WWF International Avenue du Mont-
Blanc, CH-1196, Gland, Switzerland. pp. 1-4.

Aziz, M.A. (2019). Conservation action plan for
Ganges river dolphin and Irrawaddy dolphin of
Bangladesh. Bangladesh Dolphin Action Plan
2020-2030. Bangladesh Forest Department
Ministry of Environment, Forests and Climate
Change. https://bforest.portal.gov.bd/sites/

ECOLOGY AND CONSERVATION OF DOLPHINS

(CETACEANS) IN GANGA RIVER BASIN

default/files/files/bforest.portal.gov.
bd/notices/3c350df6_a887_4067_
bf6c_6dfogf3492e2/Bangladesh%20Dolphin%20
Action%20Plan%202020-2030_Final%20
report%20April%202019.pdf. (Accessed on 20
February 2020).

Bairagi, S.P. (1999). Oil bait fishery of catfishes
in Brahmaputra river affecting river dolphin
populations in Assam, India. Journal of the
Bombay Natural History Society. 96:424-426.

Baird, I.G., Beasley, |.L. (2005). Irrawaddy dolphin
Orcaella brevirostris in the Cambodian Mekong
river: An initial survey. Oryx. 39(3):301-310.

Baird, I.G., Mounsouphom, B. (1997). Distribution,
mortality, diet and conservation of Irrawaddy
dolphins (Orcaella brevirostris Gray) in Lao PDR.
Asian Marine Biology. 14:41-48.

Baker, DW., Bledsoe, B.P,, Albano, C.M., Poff, N.L.
(2010). Downstream effects of diversion dams
on sediment and hydraulic conditions of
rocky mountain streams. River Research and
Applications. 27:388-401.

Bali, J., Tisen, O.B. (2012). Distribution of Irrawaddy
dolphins (Orcaella brevirostris) in Sarawak,
Malaysia: An Update. The International
Conference Marine Science and
Aquaculture.

Bashir, T. (2010). Ganges river dolphin (Platanista
gangetica) seeks help. Current Science.
08(3):287-288.

Bashir, T., Khan, A., Behera, SK., Gautam, P. (2012a).
Factors determining occupancy of Ganges river
dolphin (Platanista gangetica gangetica) during
differing river discharges in the upper Ganges,
India. Mammalia. 76(4):417-426.

Bashir, T., Behera, S.K, Khan, A., Gautam, P. (2012).
An inventory of mammals, birds and reptiles
along a section of the river and banks of Upper
Ganges, India. Journal of Threatened Taxa. 4(9):
2900-2910.




Bashir, T., Khan, A., Gautam, P, Behera, S.K. (2010).
Abundance and prey availability assessment
of Ganges river dolphin (Platanista gangetica
gangetica) in a stretch of upper Ganges river,
India. Aquatic Mammals. 36(1):19-26.

Bashir, T., Khan, A., Khan, JA., Gautam, P., Behera,
S.K. (2007). Aspects of ecology of Gangetic
dolphin (Platanista gangetica) in Western Uttar
Pradesh, India. In: A survey report funded by
WWF-India, Department of Wildlife Sciences,
AMU, Aligarh, U.P, India. p. 68.

Baumgartner, M.F, Mate, B.R. (2005). Summer
and fall habitat of north Atlantic right whales
(Eubalaena glacialis) inferred from satellite
telemetry. Canadian Journal of Fisheries and
Aquatic Sciences. 62:527-543.

Beasley, I, Chooruk, S., Piwpong, N. (2002). The
status of the Irrawaddy dolphin, Orcaella
brevirostris, in Songkhla Lake, southern Thailand.
The Raffles Bulletin of Zoology Supplement.
10:75-83.

Beasley, |. (2007). Conservation of the Irrawaddy
dolphin Orcaella brevirostris (Owen in Gray
1866) in the Mekong River: Biological and
social considerations influencing management.
Townsville, Queensland, Australia: School of
Earth and Environmental Sciences, James
Cook University.

Behera, S.K. (1995). Studies on population dynamics,
habitat utilization and conservation aspects of
for Gangetic dolphin (Platanista gangetica) in a
stretch of Ganga river from Rishekesh to Kanpur.
Ph.D. Thesis, School of Studies in Zoology, Jiwaji
University, Gwalior. p. 198.

Behera, S.K., Sagar, V., Nawab, A. (2008).
Environmental flow requirements vis-a-vis
habitat use pattern of freshwater dolphins.
Proceedings in 11th International River
Symposium, Brisbane, Australia. pp. 1-4.

Behera, S.K., Rao, R.J. (1999). Observations on
the behaviour of Gangetic dolphin Platanista
gangetica in the upper Ganga river. Journal of the
Bombay Natural History Society. 96:42-48.

Behera, S.K., Singh, H., Sagar, V. (2013). Status of
Ganges river dolphin (Platanista gangetica
gangetica) in the Ganga River Basin, India:

A review. Aquatic Ecosystem Health and
Management. 16(4).425-432.

Behera, S.K., Singh, H., Sagar, V. (2019). Floating in
the Ganga: A species (River Ganga Dolphins) of
special concern. Lambert Academic Publishing,
Mauritius, pp. 225-238. ISBN 978-613-9-92340-3.

Bharati, L., Lacombe, G., Gurung, P., Jayakody, P,
Hoanh, C.T., Smakhtin, V. (2011). The impacts
of water infrastructure and climate change on

the hydrology of the upper Ganges River Basin,

I\WMI Research Report 142. Colombo,
Sri Lanka: International Water Management
Institute. p. 44.

Braulik, G.T., Arshad, M., Noureen, U., Northridge,
S.P. (2014). Habitat fragmentation and species
extirpation in freshwater ecosystems; Causes
of range decline of the Indus river dolphin
(Platanista gangetica minor). PLoS ONE.
9(7).€101657.

Braulik, G.T., Smith, B.D. (2017). Platanista gangetica.
The IUCN Red List of Threatened Species
2017. https://doi.org/10.2305/IUCN.UK.2017-3.
RLTS.T41758A50383612.en. (Accessed on 11
February 2018).

Browne, N.K.,, Tay, J., Todd, PA. (2015). Recreating
pulsed turbidity events to determine coral-
sediment thresholds for active management.
Journal of Experimental Marine Biology and
Ecology. 466:98-109.

Chatterjee, A., Dey, D. (2006). Water woes in South
East Asia: Geo-ecology of trans-border river
system and dams between India and Nepal,
A-301. http://balwois.mpl.ird.fr/ balwois/
administration/full_paper/ffp763.pdf (Accessed
on 09 February 2018l.

Choudhary, S., Smith, B.D., Dey, S., Dey, S., Prakash,
S. (2006). Conservation and biomonitoring in the
Vikramshila Gangetic Dolphin Sanctuary. Oryx
40(2):189-197.

Choudhary, S., Sushant, D., Subhashish D.,
Viveksheel S., Nair, T., Kelkar, N. (2012). River
dolphin distribution in regulated river systems:
Implications for dry-season flow regimes in the
Gangetic basin. Aquatic Conservation: Marine
and Freshwater Ecosystems. 22:11-25.

Choudhury, A.U. (2013). The mammals of North
East India. In: Gibbon Books (Guwahati) and the
Rhino Foundation for Nature in North East India,
Guwahati, India. pp. 221-222.

Chowdhury, G.R., Roy, K., Goyal, N., Warudkar, A.,
Raza, R.H., Qureshi, Q. (2020). On the evidence
of the Irrawaddy dolphin Orcaella brevirostris
(Owen, 1866) (Mammalia Cetartiodactyla
Delphinidae) in the Hooghly river, West Bengal,
India. Journal of Threatened Taxa. 12(8):
15905-15908.

Coates, D., Poeu, O, Suntornratana, D., Tung, N.T.,
Viravong, S. (2003). Biodiversity and fisheries in
the lower Mekong basin. Mekong Development
Series No. 2, Mekong River Commission, Phnom
Penh, Cambodia. p. 30.

Colborn, T., Smolen, M.J. (1996). Epidemiological
analysis of persistent organochlorine
contaminants in cetaceans. In: Whitacre, D.M.
(ed.). Reviews of environmental contamination
and toxicology. Springer. New York. pp. 91-172.

Dewson, Z.S,, James, ABW., Death, RG. (2007). A
review of the consequences of decreased flow
for instream habitat and macroinvertebrates.
Journal of the North American Benthological
Society. 26:401-415.

Dhandapani, P. (1992). Status of Irrawaddy river
dolphin Orcaella brevirostris in Chilka Lake.
Journal of the Marine Biological Association of
India. 34:.90-93.

Dolar, M.L.L,, Perrin, W.F., Gaudiano, J.P., Yaptinchay,
AAS.P, Tan, JM.L. (2002). Preliminary report on a
small estuarine population of Irrawaddy dolphins
Orcaella brevirostris in the Philippines. The Raffles
Bulletin of Zoology. 10(Suppl.):155-160.

ECOLOGY AND CONSERVATION OF DOLPHINS

(CETACEANS) IN GANGA RIVER BASIN

Dudgeon, D. (2000). Large-scale hydrological
changes in tropical Asia: Prospects for riverine
biodiversity. BioScience. 50(9):793-806.

Dunlop, R.A. (2016). The effect of vessel noise on
humpback whale, Megaptera novaeangliae,
communication behaviour. Animal Behaviour.
111:13-21.

Erftemeijer, PL.A, Lewis, R.LLl. (2006). Environmental
impacts of dredging on seagrasses: A review.
Marine Pollution Bulletin. 52:1553- 1572.

ESI (2018). Bringing back the Irrawaddy dolphin.
https://www.endangeredspeciesinternational.
org/news_feb18.html. (Accessed on
01 July 2020).

Estes, J A, Tinker, MT., Williams, T.M., Doak, D.F.
(1998). Killer whale predation on sea otters
linking oceanic and nearshore ecosystems.
Science. 282:473-476.

Ghosh, B.B., Mukhopadhya, M.K., Bagchi, M.M.
(1982). Some observations on bio-accumulation,
toxicity, histopathology and haemotology of
some fishes in relation to heavy metal pollution
in the Hooghly estuary between Nabadwip and
Kakdwip. First National Environment Congress.
Indian Environmental Congress Association and
Department of Environ., Government of India. p. 25.

Gomez-Salazar, C., Coll, M., Whitehead, H.A. (2012).
River dolphins as indicators of ecosystem
degradation in large tropical rivers. Ecological
Indicators. 23:19-26.

Gremion, F., Chatzinotas, A., Kaufmann, K, Sigler,
W.V., Harms, H. (2004). Impacts of heavy metal
contamination and phytoremediation on
microbial communities and functions during a
twelve month microcosm experiment. FEMS
Microbiology Ecology. 48:273-283.

Hamilton, H., Caballero, S., Collins, A.G., Brownell
Jr, R.L. (2001). Evolution of river dolphins.
Proceedings of the Royal Society of London.
Series B. 268:549-556.




Hussain, M.A,, Islam, A K.M.S,, Hossain, M.A., Hoque,
MT. (2012). Assessment of salinity distributions
and residual currents at the northern Bay of
Bengal considering climate change impacts.
International Journal of Ocean and Climate
Systems. 3(3):173-186.

IPPC (2007). Summary for Policymakers. In: Climate
Change 2007: The physical science basis.
contribution of working group | to the Fourth
Assessment Report of the Intergovernmental
Panel on Climate Change. Solomon, S., Qin,
D.M.,, Manning, Z., Chen, M., Marquis, K.B., Avery,
T., Tignor, M., Miller, H.L. (eds.). Cambridge
University Press, Cambridge, United Kingdom
and New York, NY, USA.

IUCN (International Union for Conservation
of Nature) (2019). Platanista gangetica.
The IUCN Red List of Threatened Species.
Version 2020-1. https://www.iucnredlist.org/
species/41758/151913336.

Jackson-Ricketts, J., Junchompoo, C,, Hines, EM,,
Hazen, E.L., Ponnampalam, L.S., llangakoon,
A., Monanunsap, S. (2020). Habitat modeling of
Irrawaddy dolphins (Orcaella brevirostris) in the
eastern Gulf of Thailand. Ecology and Evolution.
10(6).2778-2792.

James, PS.B.R, Rajagopalan, M., Dan, S.S., Fernando,
A.B. Selvaraj. V. (1989). On the mortality and
stranding of marine mammals and turtles at
Gahirmatha, Orissa from 1983 to 1987. Journal of
the Marine Biology Association of India. 31:28-35.

Jefferson, T.A., Karczmarski, L., Kreb, D., Laidre, K.
(2008). Orcaella brevirostris (Mahakam river
subpopulation). In: IUCN Red List of Threatened
Species, Version 2011.1. [IUCN, Gland. Available
atwww.iucnredlist.org. (Accessed on 16 July 2011).

Jefferson, TA, Leatherwood, S., Webber, MA. (1993).
FAO Species identification guide: Marine Mammals
of the World. UNEP/FAO, Rome. p. 320.

Jefferson, T A, Webber, M.A,, Pitman, R.L. (2015).
Marine mammals of the world: A comprehensive
guide to their identification. Academic Press,
Elsevier Inc. p. 348.

Jones, S. (1982). The present status of the Gangetic
Susu Platanista gangetica (Roxburgh) with
comments on the Indus Susu P. minor (Owen).
FAO Fisheries Series. 5:97-115.

Joshi, B.D., Bhadula, S., Rawat, S.S. (2018). A short
term expedition of river Ganga: Part-I: brief eco-
biology of river Ganga, with a note on Gangetic
dolphin: between Varanasi to Farakka. Journal of
Environment and Bio-Sciences. 32(2).:349-357.

Kannan, K., Ramu, K., Kajiwara, N., Sinha, RK,,
Tanabe, S. (2005). Organochlorine pesticides,
polychlorinated biphenyls, and polybrominated
diphenyl ethers in Irrawaddy dolphins from India.
Archives of Environmental Contamination and
Toxicology. 49:415-420.

Kelkar, N., Krishnaswamy, J., Choudhary, S, Sutaria,
D. (2010). Coexistence of fisheries with river
dolphin conservation. Conservation Biology.
10:1523-1739.

Khan, M., Mohanty, S.K, Bhatta K:S. (2018). Mammalia
and Irrawaddy dolphin. In: bibliography of
publications: Research and investigations
in Chilika lake (1872-2017). Mohanty, S.K.,
Krupasindhu, B., Nanda, S. (eds.). Chilika
Development Authority, Bhubaneswar. p. 190.

Khan, M.I. (2018). Dolphin population declines in
India's only dolphin sanctuary.
https://www.downtoearth.org.in/news/wildlife-
biodiversity/dolphin-population-declines-in-
india-s-only-dolphin-sanctuary-61192. (Accessed
on 22 August 2020).

Koss, M., Mahan, L., Merrill, S. (2012). “Orcaella
brevirostris" (On-line), Animal Diversity Web.
https://animaldiversity.org/accounts/Orcaella_
brevirostris/. (Accessed on 05 October 2020).

Kreb, D. (2004). Facultative river dolphins:
conservation and social ecology of freshwater
and coastal Irrawaddy dolphins in Indonesia.
Amsterdam: Universiteit van Amsterdam.

Kreb, D. (2014). Irrawaddy dolphins (Pesut) in
Indonesia’'s Mahakam river. [IUCN - SSC
Cetacean Specialist Group. https://iucn-csg.

org/irrawaddy-dolphins-pesut-in-indonesias-
mahakam-river/. (Accessed on 22 August 2020).

Kumar, J.SY., Mohapatra, A., Balakrishnan, S.,
Venkatraman, C. (2019). Irrawaddy dolphin
(Orcaella brevirostris) washed ashore on Digha
Coast, West Bengal, India. Indian Journal of Geo
Marine Sciences. 48(02):239-242.

Leatherwood, S, Reeves, R.R. (1994). River dolphins:
A review of activities and plans of the Cetacean
Specialist Group. Aquatic Mammals. 20:137-154.

Mahmud, A.l, Jaaman, S.A., Muda, A.M., Muhamad,
H.M., Zhang, X., Scapini, F. (2018). Population
estimation, distribution, and habitat preference of
Irrawaddy dolphins Orcaella brevirostris (Owen in
Gray, 1866) in the Brunei Bay, Malaysian waters.
Wildlife Biology. wlb.00383.

Mailhot, A., Talbot, G, Ricard, S., Turcotte, R., Guinard,
K. (2018). Assessing the potential impacts of
dam operation on daily flow at ungauged river
reaches. Journal of Hydrology: Regional Studies.
18:156-167.

Mallick, J.K. (2011). Status of the mammal fauna in
Sundarban Tiger Reserve, West Bengal - India.
Taprobanica. 3(2):52-68.

Manjrekar, M.P,, Prabu, C.L. (2013). Status of
Irrawaddy dolphin (Orcaella brevirostris Gray,
1866) and Ganges river dolphin (Platanista
gangetica Roxburgh, 1801) in the water channels
of Sundarban Tiger Reserve, India. Journal of the
Bombay Natural History Society. 110(1):72.

Marsh, H., Lloze, R., Heinsohn, G.E., Kasuya, T.
(1989). Irrawaddy dolphin Orcaella brevirostris
(Gray, 1866). In: Handbook of marine mammals.
Ridgeway, S.H., Harrison, R.J. (eds.). Volume 4.
Academic Press, London, U.K.

Minton, G., Smith, B.D., Braulik, G.T., Kreb, D., Sutaria,
D., Reeves, R. (2017). Orcaella brevirostris (errata
version published in 2018). The IUCN Red List of
Threatened Species 2017:e T15419A123790805.
http://dx.doi.org/10.2305/IUCN.UK.2017-3.
RLTST15419A50367860.en. (Accessed on 12
February 2020).

ECOLOGY AND CONSERVATION OF DOLPHINS

(CETACEANS) IN GANGA RIVER BASIN

Mitra, A,, Zaman, S. (2015). Blue carbon reservoir of
the blue planet. Springer India. p. 70.

Mitra, S., Chowdhury, M.R. (2018). Possible range
decline of Ganges river dolphin Platanista
gangetica (Mammalia: Cetartiodactyla:
Platanistidae) in Indian Sundarban. Journal of
Threatened Taxa. 10(13):12738-12748.

Mohan, RS.L. (1989). Conservation and management
of Ganges river dolphin Platanista gangetica in
India. In: Biology and conservation of the river
dolphins. Perrin, W.F., Brownell Jr., R.L., Kaiya,

Z., Jiankang, L. (eds.) IUCN Species Survival
Commission Occasional Paper No. 3. [UCN,
Gland, Switzerland. pp 64-69.

Mohan, RS.L.,, Dey, S.C., Bairagi, S.P. (1998). On a
resident population of Ganges river dolphins
in the Kulsi river (Assam), a tributary of
Brahamputra. Journal of Bombay Natural History
Society. 95:1-7.

Mohan, RS.L., Dey, S.C., Bairagi, S.P, Roy, S. (1997). On
a survey of the Gangetic river dolphin Platanista
gangetica of Brahmaputra river, Assam. Journal
of Bombay Natural History Society. 94:483-495.

Mohan, R.S.L., Kunhi, M.KV. (1996). Fish oils as
alternative to river dolphin, Platanista gangetica
(Lebeck) oil for fishing catfish Clupisoma garua
in the river Ganges, India. Journal of Bombay
Natural History Society. 93:86-88.

Mohanty, PK., Otta, S.N. (2008). Dolphins of Chilika.
Orissa Review. pp. 21-26.

Motwani, M., Srivastava, C. (1961). A special method
of fishing for Clupisoma garua (Hamilton) in the
Ganges River system. Journal of Bombay Natural
History Society. 58:285-286.

Morzer-Bruyns, W.F.J. (1971). Field guide of whales
and dolphins. Zieseniskade 1411, Uitgeverij
Tor, Amsterdam.

Nilsson, C., Reidy, C.A, Dynesius, M., Revenga,
C. (2005). Fragmentation and flow regulation
of the world's large river systems. Science.
308:405-408.




NOAA (2018). Physiological and biological impacts
of freshwater exposures on cetaceans, with
an emphasis on bottlenose dolphins, Tursiops
sp. U.S. Department of Commerce, National
Oceanic and Atmospheric, Administration
Office of Oceanic and Atmospheric Research,
NOAA Central Library, Silver Spring,
Maryland.

Paudel, S., Koprowski, J.L. (2020). Factors affecting
the persistence of endangered Ganges river
dolphins (Platanista gangetica gangetica).
Ecology and Evolution. 10:3138-3148.

Paudel, S, Pal, P, Cove, MV, Jnawali, S.R., Abel,
G., Koprowski, J.L., Ranabhat, R. (2015). The
endangered Ganges river dolphin Platanista
gangetica gangetica in Nepal: Abundance,
habitat and conservation threats. Endangered
Species Research. 29:59-68.

Priyono, A. (1994). A study on the habitat of Pesut
(Orcaella brevirostris Gray, 1866) in Semayang-
Melintang lakes. Media Konservasi. 4:53-60.

Reeves, R.R. (1991). Conservation of the bhulan (blind
river dolphin) in the Punjab. Natura. 3-22.

Reeves, R.R., Brownell, Jr.R.L. (1989). Susu Platanista
gangetica (Roxburgh, 1801) and Platanista minor
Owen, 1853. In: Handbook of Marine Mammals.
Vol.4, River dolphins and the larger toothed
whales. Ridgway, S.H., Harrison, S.R. (eds.).
London, UK: Academic Press. pp. 69-99.

Reeves, R.R., Chaudhry, AA., Khalid, U. (1991).
Competing for water on the Indus Plain: Is
there a future for Pakistan's river dolphins?
Environmental Conservation. 18:341-349.

Reeves, R, Leatherwood, S. (1994) Dolphins,
Porpoises and Whales: 1994-1998. Action Plan
for the Conservation of Cetaceans. [IUCN Species
Survival Commission. Gland, Switzerland.

Reeves, R.R., Smith, B.D., Kasuya, T. (2000). Biology

and conservation of freshwater cetaceans in Asia.

IUCN, Gland, Switzerland and Cambridge, UK.
pp. viii + 152.

Reidenberg, J.S., Laitman, J.T. (2009). Encyclopedia
of marine mammals. Perrin, W.F., Wrsig, B.,
Thewissen, J.G.M. (eds.). Academic Press,
Elsevier Inc.

Reyes, J.C. (1991). The conservation of small
cetaceans: A review. Report prepared for the
Secretariat of the Convention on the Conservation
of Migratory Species of Wild Animals. UNEP /
CMS Secretariat, Bonn, Germany.

Rice, D.W. (1998). Marine mammals of the world.
Special Publication No. 4. Lawrence, KS: Marine
Mammal Society.

Rodriguez-Vargas, L.H., Rajamani, L., Dolar, L.,
Porter, L. (2019). Population size, distribution
and daylight behaviour of Irrawaddy dolphins
(Orcaella brevirostris) in Penang Island, Malaysia.
Raffles Bulletin of Zoology. 67:671-683.

Roxburgh, W. (1801). An account of a new species of
Dolphinus, an inhabitant of the Ganges. Asiatic
Research. 7:170-174.

Saha, B., Palchowdhury, S. (2008). Sighting of Indo-
Pacific Hump-Backed dolphin Sousa chinensis
in Gomor river of Indian Sundarban. Journal of
Environment and Sociobiology. 5(2):275.

Sarkar, S.K. (2011). Dolphins in Chilika Lake -
Endangered due to tourist activities. In:
Odontocetes the Toothed Whales. Culik, B. (ed.).
UNEP/CMS/ASCOBANS Technical Series No. 24,
Bonn. pp. 141-144.

Senthilkumar, K., Kannan, K, Sinha, R.K,, Tanabe,
S., Giesy, J.P. (1999). Bioaccumulation profiles
of polychlorinated biphenyl congeners and
organochlorine pesticides in Ganges river
dolphins: Environmental Toxicology and
Chemistry. Environmental Toxicology and
Chemistry. 18(7):1511-1520.

Sergio, F., Caro, T., Brown, D., Clucas, B., Hunter, J,,
Ketchum, J., McHugh, K, Hiraldo, F. (2008). Top
predators as conservation tools: Ecological
rationale, assumptions, and efficacy. Annual Review
of Ecology, Evolution, and Systematics. 39:1-19.

Sharma, G. (2013). Current status of Susu (Platanista
gangetica gangetica Roxburgh, 1801) in river
Gandak, a major tributary of the holy river Ganga
in Bihar, India. Records of the Zoological Survey
of India. 113 (Part-1):39-59.

Shreshtha, T.K. (1989). Biology, status and
conservation of the Gangetic river dolphin,
Platanista gangetica, in Nepal. In: Biology and
conservation of the river dolphins. Perrin, W.F.,,
Brownell, JrR.L., Zhou, K., Liu, J. (eds.). Occasional
paper of the IUCN Species Survival Commission
No.3. Gland, Switzerland: [IUCN. pp. 70-76.

Singh, H., Rao, R.J. (2012). Sighting frequency and
group composition of Ganges river dolphin
(Platanista gangetica gangetica) in National
Chambal Sanctuary, India. Zoo's Print. 8:18-23.

Singh, L AK., Sharma, RK. (1985). Gangetic dolphin,
Platanista gangetica, observations on habits
and distribution pattern in National Chambal
Sanctuary. Journal of the Bombay Natural History
Society. 82(3):648-653.

Sinha, R.K. (1997). Status and conservation of Ganges
river dolphin in Bhagirathi - Hooghly river
systems in India. International Journal of Ecology
and Environmental Sciences. 23:343-355.

Sinha, R.K. (1999). The Ganges river dolphin—A tool
for baseline assessment of biological diversity
in river Ganges, India. Final Technical Report No.
1/99. Patna University, Patna, India.

Sinha, R.K. (2002). An alternative to dolphin oil as
a fish attractant in the Ganges river system:
Conservation of the Ganges river dolphin.
Biological Conservation. 107(2):253-257.

Sinha, R.K. (2004). The Irrawaddy dolphins Orcaella
brevirostris of Chilka lagoon, India. Journal of the
Bombay Natural History Society. 101(2):244-251.

Sinha, R.K. (2013). The Gangetic dolphin and
action plan for its conservation in Bihar, India:
Department of Environment and Forests,
Government of Bihar, India. p. 52.

Sinha, RK., Behera, S., Choudhary, B.C. (2010).
The conservation action plan for the Gangetic

ECOLOGY AND CONSERVATION OF DOLPHINS

(CETACEANS) IN GANGA RIVER BASIN

Dolphin 2010-2020. Ministry of Environment and
Forests, Government of India. p. 44.

Sinha, R.K., Kannan, K. (2014). Ganges river Dolphin:
An overview of biology, ecology, and conservation
status in India. AMBIO. 43:1029-1046.

Sinha, R.K., Sharma, G. (2003a). Faunal diversity of
the river Sarda, Uttar Pradesh, India. Journal of
Ecophysiology Occupational Health. 3:103-116.

Sinha, R.K, Sharma, G. (2003b). Current status of the
Ganges river dolphin, Platanista gangetica in the
rivers Kosi and Son, Bihar, India. Journal of the
Bombay Natural History Society. 100(1):27-37.

Sinha, RK, Sinha, S.K., Sharma, G., Kedia, D.K. (2010b).
Surfacing and diving behaviour of free-ranging
Ganges river dolphin, Platanista gangetica
gangetica. Current Science. 98(2):230-236.

Sinha, R.K., Smith, B.D., Sharma, G, Prasad, K,,
Choudhary, B.C., Sapkota, K., Sharma, RK,
Behera, S.K. (2000). Status and distribution of the
Ganges susu (Platanista gangetica) in Ganges
river system of India and Nepal. In: Biology
and conservation of freshwater cetaceans in
Asia. Reeves, RR., Smith, B.D., Kasuya, T. (eds.).
Occasional paper of the IUCN Species Survival
Commission. Gland, Switzerland and Cambridge,
United Kingdom. pp. 23, 42-48.

Sinha, R.K,, Verma, S.K, Singh, L. (2010a).
Population status and conservation of the
Ganges river dolphin (Platanista gangetica
gangetica) in the Indian subcontinent, Chapter
22, In: Biology, evolution, and conservation of
river Dolphins within South America and Asia.
Ruiz-Garcia, M., Shostell, J. (eds.). New York,
USA: Nova Science Publishers. Inc. ISBN: 978-1-
60876- 633-8.

Smith, B.D. (2004). Orcaella brevirostris (Ayeyarwady
river subpopulation). In: The IUCN Red List of
Threatened Species 2004: € T44556A10919593.
http://dx.doi.org/10.2305/IUCN.UK.2004.RLTS.
T44556A10919593.en

Smith, AM,, Smith, B.D. (1998). Review of status and
threats to river cetaceans and recommendations
for their conservation. Environmental Reviews.
6:189-206.




Smith, B.D,, Tun, MT, Chit, AM., Win, H.,, Moe, T. (2009).
Catch composition and conservation management
of a human-dolphin cooperative cast-net fishery
in the Ayeyarwady river, Myanmar. Biological
Conservation. 142:1042-1049.

Smith, B., Ahmed, B, Ali, M.E., Braulik, G. (2001).
Status of the Ganges river dolphin or shushuk
Platanista gangetica in Kaptal lake and the
southern rivers of Bangladesh. Oryx. 35:61-72.

Smith, B., Kong, S., Saroeun, L. (2014). Conservation
status and the use of Irrawaddy dolphins as a
flagship species for climate adaptation in the
Peam Krasop Wildlife Sanctuary, Cambodia.
Thailand: [IUCN. pp. 80.

Smith, B.D. (1993). 1990 Status and conservation of
Ganges river dolphin (Platanista gangetica) in
the Karnali river, Nepal. Biological Conservation.
66:159-169.

Smith, B.D. (2009). Irrawaddy dolphin, Orcaella
brevirostris. In: Encyclopedia of marine mammals.
Perrin, W., Wursig, B., Thewissen, J.G.M. (eds.).
Elsevier Inc. pp. 638-642.

Smith, B.D. (2017). Irrawaddy dolphin, Orcaella
brevirostris. In: Encyclopedia of Marine Mammals.
Wadrsig, B., Thewissen, J.G.M., Kovacs, KM. (eds.).
Elsevier, San Diego.

Smith, B.D., Beasley, |. (2004a). Orcaella brevirostris
(Malampaya sound subpopulation). The
IUCN Red List of Threatened Species 2004:
€.T44187A10858619. — http://dx.doi.org/10.2305/
IUCN.UK.2004.RLTS.T44187A10858619.en.
(Accessed on 30 November 2017).

Smith, B.D., Beasley, |. (2004b). Orcaella brevirostris
(Mekong River subpopulation). The IUCN Red List
of Threatened Species 2004: e T44555A10919444.
- http://dx.doi.org/10.2305/IUCN.UK.2004.
RLTS.T44555A10919444.en. (Accessed on 30
November 2017).

Smith, B.D., Beasley, |. (2004c). Orcaella brevirostris
(Songkhla lake subpopulation). The IUCN
Red List of Threatened Species 2004:
€.T44557A10919695. - http://dx.doi.org/10.2305/
IUCN.UK.2004.RLTS.T44557A10919695.en.
(Accessed on 30 November 2017).

Smith, B.D., Braulik, G., Strindberg, S., Ahmed, B.,
Mansur, R. (2006). Abundance of Irrawaddy
dolphins (Orcaella brevirostris) and Ganges
river dolphins (Platanista gangetica gangetica)
estimated using concurrent counts made
by independent teams in waterways of the
Sundarbans Mangrove forest in Bangladesh.
Marine Mammal Science. 22(3):527-547.

Smith, B.D., Braulik, G., Strindberg, S., Mansur,
R., Diyan, M.AA.A., Ahmed, B. (2009). Habitat
selection of freshwater-dependent cetaceans
and the potential effects of declining freshwater
flows and sea-level rise in waterways of the
Sundarbans mangrove forest, Bangladesh.
Aquatic Conservation: Marine and Freshwater
Ecosystems. 19:209-225.

Smith, B.D., Haque, A., Hossain, M.S,, Khan, A. (1998).
River dolphins in Bangladesh: conservation and
the effects of water development. Environmental
Management. 22:323-335.

Smith, B.D., Hobbs, L. (2002). Status of Irrawaddy
dolphins Orcaella brevirostris in the upper
reaches of the Ayeyarwady river, Myanmar.
Raffles Bulletin of Zoology, Supplement. 10:67-74.

Smith, B.D., Thant, U.H., Lwin, J.M., Shaw, C.D. (1997).
Investigations of cetaceans in the Ayeyarwady
river and northern coastal waters of Myanmar.
Asian Marine Biology. 14:173-194.

Smith, B.D., Reeves, R.R. (2000). Report of the second
meeting of the Asian river Dolphin Committee,
Rajendrapur, Bangladesh, 22-24 February 1997.
In: Biology and conservation of freshwater
cetaceans in Asia (IUCN Occasional Papers
Series 23). Reeves, RR., Smith, B.D., Kasuya, T.
(eds.). IUCN, Gland, Switzerland. p. 152.

Smith, B.D., Sutaria, D., Piwpong, N., Choorak, S.,
Koedpoen, W. (2004). Can Irrawaddy dolphins
Orcaella brevirostris survive in Songkhla Lake,
Thailand? Natural History Bulletin of the Siam
Society. 52(2):181-193.

Srivastav, K,, Srivastava, R.S., Thakur, V. (2019). Role
of siltation in declining Indian Major Carp (IMC)
in the river Ganga, India. Journal of the Kalash
Science. 7(1):1-3.

Stacey, P.J., Arnold, PW. (1999). Orcaella brevirostris.
Mammalian Species. 616:1-8.

Stacey, P.J.,, Hvenegaard, G.T. (2002). Habitat use
and behavior of Irrawaddy dolphins (Orcaella
brevirostris) in the Mekong river of Laos. Aquatic
Mammals. 28:1-13.

Stacey, P.J., Leatherwood, S. (1997). The Irrawaddy
dolphin, Orcaella brevirostris: A summary of
current knowledge and recommendations
for conservation action. Asian Marine Biology.
14:195-214.

Sutaria, D., Marsh, H. (2011). Abundance estimates
of Irrawaddy dolphins in Chilika Lagoon,
India, using photo-identification based mark-
recapture methods. Marine Mammal Science.
27:E338-E348.

Taigor, S. (2008). Threats of Sand Mining on the
nesting of Turtlesand Gharial in the National
Chambal Sanctuary,Madhya Pradesh.

Report prepared for Madhya Pradesh State
Biodiversity Board Bhopal. https://mpsbb.nic.
in/completedProject/TSM.pdf. (Accessed on 15
September 2018).

Tas'an, Leatherwood, S. (1984). Cetaceans live-
captured for Jaya Ancol Oceanarium, Djakarta,
1974-1982. Reports of the International Whaling
Commission. 34:485-89.

Than, K. (2013). Dolphin illnesses linked to Gulf oil
spill, National Geographic, December 20, 2013.

Thomas, P, Gulland, F. (2017). Report of the
International Workshop on the Conservation
of Irrawaddy dolphins in the Mekong river.
http://www.iucn-csg.org/wp-content/
uploads/2010/03/Report-of-the-2017-
International-Workshop-on-the-Conservation-
of-lrrawaddy-Dolphins-in-the-Mekong-River.pdf.
(Accessed on 01 June 2020).

Thomas, P, Gulland, F. (2017). Report of the
International Workshop on the conservation of
Irrawaddy dolphins in the Mekong river. World
Wide Fund for Nature (WWF) - Cambodia and
FiA of MAFF. pp. 1-36.

TNIE (2019). Gangetic dolphins in the Sundarbans
struggle with swelling salinity. https:/www.

ECOLOGY AND CONSERVATION OF DOLPHINS

(CETACEANS) IN GANGA RIVER BASIN

newindianexpress.com/nation/2019/jan/18/t-
technology-services-posts-robust-growth-and-
operational-performance-in-q3-1926746.htmL.
(Accessed on 25 August 2020).

TNIE (2020). Irrawaddy dolphins colonise Chilika lake
in Odisha. https://www.newindianexpress.com/
states/odisha/2020/jan/20/irrawaddy-dolphins-
colonise-chilika-lake-in-odisha-2091830.html.
(Accessed on 20 August 2020).

Todd, V.L.G,, Todd, |.B., Gardiner, J.C., Morrin, E.C.N.,
MacPherson, N.A., DiMarzio, N.A., Thomsen, FA.
(2015). A review of impacts of marine dredging
activities on marine mammals. ICES Journal of
Marine Science. 72:328-340.

Van Bressem, M.F,, Van Waerebeek, K., Aznar,
F.J., Raga, J.A., Jepson, P.D., Duignan, P,
Deaville, R., Flack, L., Viddi, F., Baker, J.R,,
Beneditto, A.P.D., Echegaray, M., Genoy,
T. Reyes, J,, Felix, F., Gasper, R., Ramos,
R., Peddemors, V., Sanino, G.P, Siebert, U.
(2009). Epidemiological pattern of tattoo skin
disease: A potential general health indicator
for cetaceans. Diseases of Aquatic Organisms.
85:225-237.

Wakid, A. (2005). Status and distribution of newly
documented residential Gangetic Dolphin
(Platanista gangetica gangetica) population
in eastern Assam. The Journal of the Bombay
Natural History Society. 102:158-161.

Wakid, A. (2009). Status and distribution
of the endangered Gangetic dolphin
(Platanista gangetica gangetica) in the
Brahmaputra river within India. Current
Science. 97:1143-1151.

Wakid, A., Braulik, G. (2009). Protection of
endangered Gangetic dolphin in Brahmaputra
river, Assam, India. Final report to IUCN-Sir Peter
Scott Fund. p. 44.

Wenger, A.S,, Harvey, E., Wilson, S., Rawson,
C., Newman, SJ., Clarke, D., Saunders,
B.J., Browne, N., Travers, M.J., Mcilwain,
J.L., Erftemeijer, P.LA., Hobbs, JPA., Mclean,
D.. Depczynski, M., Evans, R.D. (2017). A critical
analysis of the direct effects of dredging on fish.
Fish and Fisheries. 18(5).9067-985.




Weilgart, L.S. (2007). The impacts of anthropogenic
ocean noise on cetaceans and implications for
management. Canadian Journal of Zoology.
85:1091-1116.

WII (2018). Assessment of wildlife values of the
Ganga river from Bijnor to Ballia including
Turtle Wildlife Sanctuary, Uttar Pradesh.
Technical Report. Wildlife Institute of India,
Dehradun. p. 66

Win, N., Bu, S.S.H. (2019). Food and feeding aspect
of Irrawaddy dolphin Orcaella brevirostris
(Owen in gray, 1866) related to fish abundance.
International Journal of Fisheries and Aquatic
Studies. 7(4):321-326.

Wooster, D., Miller, SW., DeBano, S.J. (2016).
Impact of season-long water abstraction on

invertebrate drift composition and concentration.

Hydrobiologia. 772:15-30.

Wadrsig, B., Thewissen, J.G.M., Kovacs, KM. (2018).
Encyclopedia of Marine Mammals. 3 ed.
Academic Press, Elsevier: San Diego. CA.
Copyright Elsevier: http:.//www.elsevier.com.

WWF-Nepal (2006). Conservation and Management
of river dolphins in Asia. Proceedings of
the regional meeting on conservation and
management of river Dolphins. 26-27 May,
Kathmandu, Nepal.

Xenopoulos, MA,, Lodge, D.M. (2006). Going with
the flow: using species-discharge relationships
to forecast losses in fish biodiversity. Ecology.
87:1907-1914.

Yadav, S. (2020). Dolphin count dwindles to 68 in
Chambal sanctuary, finds survey. https:/www.
thehindu.com/news/national/dolphin-count-
dwindles-to-68-in-chambal-sanctuary-finds-
survey/article32205810.ece. (Accessed on 10
January 2021).

Yasuda, Y., Aich, D., Hill, D., Huntjens, P., Swain,
A. (2017). Transboundary water cooperation
over the Brahmaputra river: Legal political
economy analysis of current and future potential
cooperation. The Hague Institute for Global
Justice.




Centre for Ganga River Basin Management and Studies
Indian Institute of Technology Kanpur

© cGanga & NMCG, 2021



