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ABSTRACT

Bycatch mortality from entanglement in fishing nets is a major threat to the conservation of endangered cetacean
species, including South Asian river dolphins Platanista. Bycatch mortality of Platanista (estimated at around 5%
of total population size per year) is often blamed on the use of illegal fishing gears (especially gillnets), and poor
law enforcement. In our perspective paper, we found that over two-thirds of reported bycatch mortality of
Platanista occurred in legal nets, from sources available on mesh sizes implicated in river dolphin bycatch. This
finding highlights the need to critically revisit net mesh size regulations in existing fishery laws to effectively
tackle the threat of bycatch. We show that minimum mesh size regulations have a colonial legacy and are a
common element of fishery laws across three major range countries of Platanista: India, Pakistan, and
Bangladesh. We also show that the existing gaps between fishery laws and wildlife conservation laws are unlikely
to be helpful in prevention of bycatch. Especially in the event of accidental bycatch mortality in legal nets,
enforcement of wildlife laws protecting Platanista can get complicated. We discuss the consequences of Platanista
bycatch in legal and illegal fishing nets for enforcement and fishers’ compliance, and explore associated factors in

small-scale capture fisheries that can constrain bycatch mitigation efforts.

1. Introduction

Bycatch is a serious and pervasive threat to the conservation of en-
dangered small cetacean species (Read, 2008; Brownell Jr et al., 2019).
Bycatch mortality from entanglements in fishing gears such as gillnets
has been one of the major drivers of recent or imminent cetacean ex-
tinctions, as in the case of Vaquita Phocoena sinus, found in the northern
Gulf of California and Mexico (D’Agrosa et al., 2000; Reeves et al., 2013;
Brownell Jr et al., 2019). Non-targeted mortality from fishing methods
such as electric rolling hooks in the Yangtze River in China were the
ultimate reason behind the extinction of the Chinese River Dolphin or
Baiji (Turvey et al., 2007). Cetacean bycatch is reported from various
kinds of fishing gear, which have been traditional or modern, artisanal
or commercial, small-scale or large-scale, and legal or illegal (Reeves
et al., 2013; Brownell Jr et al., 2019). The most commonly proposed
solutions for mitigating bycatch risk (e.g. fishing gear choice, modifi-
cations, or bans) are not just ecological or technological (Komoroske and
Lewison, 2015). Instead, they intersect a complex sphere of governance
issues, involving legal and socio-political factors (Soykan et al., 2008;

Teh et al., 2015; Whitty, 2015; Dewhurst-Richman et al., 2019), related
to historic changes in ecological baselines or socio-economic trade-offs,
and livelihood/conservation conflicts in small-scale or artisanal fisheries
(Komoroske and Lewison, 2015; Whitty, 2015).

Fishery laws, written usually with a vision of distributive justice or
fisheries sustainability, may not always align with conservation objec-
tives and normative goals (Klug, 2002). Contradictions between fishery
laws and biodiversity conservation laws can thus affect bycatch risk
mitigation and management. If some fishing gears have been declared
illegal and also cause bycatch, enforcement to ban such gears might
appear straightforward. It is also justified to declare a particular gear
illegal after evidence of increasing bycatch risk from its used has
emerged. In reality, though, gear bans and enforcement of fishing reg-
ulations has proven to be difficult, even when exact mechanisms to
prevent bycatch were known (as in the Vaquita case: Rojas-Bracho et al.,
2006, 2019). If banning illegal gears is hard, delimiting the use of legal
gears can be far more challenging, if legal gears too cause bycatch of
protected cetacean species. These are tricky problems and frequently
underlie discussions on cetacean bycatch reduction (Brownell Jr et al.,
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2019).

Illegal (and unregulated) fisheries are often linked with negative
impacts on fishery productivity (Welcomme et al., 2010). These could be
through excessive harvesting, or practices that can damage aquatic
habitats, (e.g. dynamite or poison use), or social impacts, e.g. links to
crime. Probably due to these impacts, there appears to be a general
tendency in the conservation literature to link bycatch risk specifically
to the use of “illegal” gears. This assumption might lead to the belief that
fishery laws are necessarily aligned with conservation laws. However,
most existing fishery laws may predate acknowledgement of the bycatch
problem as per today’s conservation goals.

We believe that some assumptions often made about illegal fishing
lack an understanding of the history of fishery laws. In many developing
African and Asian regions, the category of “illegal” fishing has had
colonial origins in (e.g. Malasha, 2003; Singh and Gupta, 2018). Fishery
laws inherited from colonial times, have carried ideas that have per-
sisted without much review, adaptation, or modification. Mesh sizes of
nets, which are often directly linked to bycatch, offer a good example,
where colonial perceptions of wasteful destruction of small fish by local
fishers led to minimum mesh size restrictions (e.g. Day, 1873). Malasha
(2003) and Kolding et al. (2019) show that, for inland fisheries in all
British colonies as of 1953, the fisheries biologist C.F. Hickling suggested
that unnecessary mesh size regulations be removed, but his advice went
unheeded. There is thus a need to understand why, and in what his-
torical context, particular fishing regulations were declared illegal, or
considered “destructive” or unsustainable. In such situations, conser-
vation interventions based on the straight enforcement of fishery laws
may not be successful in reducing bycatch, as fishery laws were never
intended to tackle that issue.

Here, we argue that a critical review of fishery laws inherited from
colonial legacies could help us identify gaps in dealing with the problem
of bycatch of endangered cetacean species. In this paper, we provide a
perspective on this issue by estimating the approximate contribution of
legal and illegal nets and gears to bycatch mortality of endangered South
Asian river dolphins (Platanista gangetica, the Ganges and Indus dol-
phins) in the Indian subcontinent. Here we do not include intended or
deliberate killing and hunting of dolphins, although Platanista have been
hunted and consumed traditionally (Anderson, 1878; Pilleri and Zbin-
den, 1975; Porter and Lai, 2017; Mintzer et al., 2018). Bycatch mortality
due to entanglement in fishing nets is acknowledged as one of the pri-
mary threats to Platanista (Mohan, 1996; Choudhary et al., 2015; Paudel
et al., 2016; Braulik and Smith, 2017; Dewhurst-Richman et al., 2019).
Mohan (1996) conservatively estimated that 4.4% of the total Ganges
dolphin population might be dying due to bycatch mortality, at around
100 animals per year. Due to limited systematic data, it is difficult to say
if bycatch mortality has increased or decreased at a regional scale since
the 1990s (Braulik and Smith, 2017), but certainly continues to be a
significant threat in most regions (Dewhurst-Richman et al., 2019;
Kolipakam et al., 2020). In general, the absence of invested monitoring
mechanisms to ensure compliance with laws (Keane et al., 2008) is
thought to allow the threat of bycatch to persist. Dewhurst-Richman
et al. (2019) recently estimated annual bycatch mortality of Platanista at
7% of the population size in the Karnaphuli-Sangu river systems of
Bangladesh, and found that bycatch risk increased with larger mesh
sizes and at shallower river depths. These authors focused on lack of
awareness about fishery regulations among fishers and limited
enforcement as major factors causing bycatch. However, they did not
explicitly identify the legal status of net mesh sizes that caused bycatch
mortality, similar to other recent studies on Platanista bycatch (e.g.
Mansur et al., 2015; Kelkar, 2015; Choudhury et al., 2019; Kolipakam
et al., 2020).

For our study, we conducted a review of literature on the history of
inland fishery laws and regulations in the Indian subcontinent, partic-
ularly looking at legally allowed and prohibited mesh sizes and gear
types. Fishing nets and gears used in the Indus-Ganga-Brahmaputra
plains and delta regions are highly diverse, and involve the use of
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various kinds of traps, barricading nets, long-lines, hook-lines, cast nets,
mono- and multi-filament gillnets, seine nets, dip-nets, mosquito nets,
set bag nets, drag-nets, carpet nets, hand-nets, etc. (described in Day,
1873; Hornell, 1924; Ray, 1998; Pathak et al., 2000; Mansur et al., 2015;
Braulik et al., 2015; Dewhurst-Richman et al., 2016, 2019; Paudel et al.,
2016; Choudhury et al., 2019; Dey et al., 2020). We assessed rates of
bycatch mortality of Platanista dolphins by reviewing reports of bycatch
across regions of India, Nepal, Bangladesh, and Pakistan. Our null hy-
pothesis was that there would not be any difference between bycatch
proportions in legal and illegal nets. This was not a non-sense null hy-
pothesis: even if it could not be rejected, it could have serious implica-
tions for fisheries legislation and bycatch prevention. Our alternative
hypothesis, going by the commonplace argument that illegal nets are a
major bycatch risk factor, was that illegal nets would account for higher
bycatch proportions of the total, than legal nets. We discuss the impli-
cations of our results for the governance of small-scale riverine capture
fisheries towards mitigating bycatch risk for endangered river dolphins
in South Asia’s riverscapes.

2. Materials and methods
2.1. History of mesh size regulations in fisheries policies

We briefly reviewed the history of fishery laws in the period from
1870 till date, across regions of the Indus, Ganga, and Brahmaputra
plains. Specifically, we analysed Francis Day’s (1873) Report on the
Freshwater Fisheries of India and Burma, which made a strong recom-
mendation for uniform minimum mesh size regulations across India,
Bangladesh, and Pakistan (undivided India until 1947). We also
reviewed other relevant literature (e.g. from Nepal) on related fishery
regulations.

2.2. Literature review: fishery regulations across the study area

We reviewed all fishery laws, rules, and acts (with current relevant
amendments) of the major states in India, Pakistan, Nepal, and
Bangladesh, with populations of Platanista (Table Al of Supplementary
Material). Specifically, we scanned regulations pertaining to mesh size
limits, banned gear types, and seasonal bans on the capture of breeding
or migratory fishes, etc., and qualitatively assessed their implications for
Platanista bycatch. We reviewed the available literature documenting
estimates of Platanista bycatch rates from different regions. We also
qualitatively assessed whether regional differences in bycatch were
related to any legal aspects of fishery regulations (Table 1).

2.3. Estimation of proportional bycatch mortality in legal and illegal nets

We obtained mesh size information for all known and reported cases
of bycatch of Platanista (n = 18) from published studies, reports, and our
own field observations of bycatch cases from 2000 to 2020. Of these, 6
reports of mesh sizes were from Bangladesh, 11 from India (Bihar = 6,
Assam = 3, West Bengal = 2), and 1 from Nepal (Table 2 lists sources
used for each region). From Pakistan, we could not find mesh size in-
formation for dolphin bycatch cases, but fishing practices and laws in
North India and Pakistan are fairly similar (see Table 1). From the mesh
size limits prescribed by the fishery laws of different states, we classified
bycatch cases under “illegal” and “legal” categories. We performed a
weighted non-parametric resampling procedure on the small sample of
mesh sizes involved in known bycatch cases (n = 18), with replacement,
with 1000 randomizations. Resampling weights were calculated by
multiplying the probability of bycatch risk (entanglement) in different
mesh sizes (from estimates by Dewhurst-Richman et al., 2019) with the
probability of use (relative frequency) of different mesh sizes in the
Ganga-Brahmaputra plains from fishery assessments (e.g. Kelkar, 2008;
Dey et al., 2020). Resampling with these weights helped us reduce the
reporting bias in mesh sizes, and also estimate confidence intervals
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Table 1

Regulations prescribed by different state rules and acts. Minimum mesh size
specifications, prohibition on fishing during specified breeding seasons, seasonal
bans on capture of juvenile and breeding fish, and prohibitions on particular
types of fishing gears, especially fixed engines and weirs, are common features
across these acts. The origin of all these regulations, except for Nepal, is in the
Indian Fisheries Act (1897). Note: Bangladesh and Nepal (smaller nations) have
national laws for protection of river dolphins and fisheries. In Bangladesh,
fisheries are of critical importance as livelihoods for millions of people across the
nation, and regional guidelines differ slightly for tidal and delta fisheries, and
riverine fisheries (see Table). India and Pakistan are larger nations with state-
level and provincial laws for fisheries, as inland fisheries are a ‘state subject’,
with their importance differing significantly across different states or provinces.
Pakistan also has provincial wildlife protection laws unlike the other three
countries.

State Key features of regulations Acts and rules
relevant to bycatch

Ganges River Dolphin Platanista gangetica gangetica
INDIA: Ganges river dolphins are protected in India under the Wildlife (Protection)
Act, 1972, and its Schedule I, which affords them the highest degree of protection. It
is also designated as India’s National Aquatic Animal.
India: Uttar Minimum mesh sizes, fish sizes or Uttar Pradesh Fisheries Act,
Pradesh weights below which killing or 1948
selling of prescribed fish species
prohibited. Prohibit capture of or
attempt to capture breeding fish in
roe and milt except hilsa. Seasonal
prohibitions on killing or catching
or sale of any spawn, young of
adult fish, of any prescribed
species. Prohibited erection and
use of fixed engines. Fish includes
fishes, turtles, dolphins, aquatic
plants of fisheries, in all states in
its life history. Ban on catching,
destroying, or selling fry and
fingerlings (2 to 10 in. or 5 to 25
cm) from 15th July to 30th
September, and breeding fish from
15th June to 30th July.
India: Bihar Fishing in rivers prohibited from Bihar Fish Jalkar

15th June to 15th August. Management Act, 2006,
Fishing net or gill net with less amended in 2013, 2017,
than 4 cm mesh size prohibited in 2018

rivers.

Fishing of fingerlings of culturable
fishes of any species prohibited.
Putting of fence or any obstruction
restricting the movement of fish
prohibited in rivers and reservoirs.
Use of dynamite or explosives,
poison and poisonous chemicals

for fishing prohibited.
India: West Restrictions on specified area and West Bengal Inland Fisheries
Bengal for specified periods, fishing of Act, 1984

specified size, group or species of
fish. Ban on erection or use of fixed
engines. Ban on construction,
temporary or permanent, of any
weir, dam or bundh. Restrictions
vary on dimensions and kinds of
net or size of any mesh or any
other fishing contrivance, and the
model of using them, according to
periodic notifications. Provision
for fish-pass or fish-ladder when
any weir or other barrier erected
for fishing. Prescribed rules to
prevent harvesting of minimum
age, length and weight of fish used
for induced breeding, for any
purpose other than scientific

research.
India: Assam Fishing by seine nets, barricading Assam Fishery Rules, 1953,
nets, gillnets, and mosquito nets amended in 2005

with meshes less than 14 cm is
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Table 1 (continued)

State Key features of regulations Acts and rules
relevant to bycatch

prohibited from 1st May to 15th
July.

Length-specific restrictions for
below 23 and 10 cm for ten species
from September to October,
including major carps, Chitala,
Channa, etc.

Prohibition on fishing of breeding
fish and fishing with very small
mesh-sized gillnets (or current
jals) from 1 May to July 15.

BANGLADESH: Ganges river dolphins are protected in Bangladesh under the Wildlife
(Conservation and Security) Act, 2012, with special mention and highest protection
under schedule I of the act. The Bangladesh Wildlife Preservation Order (1973) with
amendments (1974 and later) has been repealed, but also had provisions protecting
Ganges river dolphins.

Bangladesh Restrictions and bans on current The Protection and
jals (fishing nets made of Conservation of Fish Act,
monofilament synthetic nylon 1950, East Bengal Act No.
fibre of different mesh sizes), but XVIII of 1950;
more specific restrictions on all The Protection and
other fishing nets. Ban on using Conservation Fish Rules,
fine-mesh mosquito nets and set- 1985,
bag nets. Illegal nets include PL National Fisheries Policy,
nets, monofilament gillnets, and 1998

estuarine set-bag nets with a mesh
size of the cod end less than 3 cm.
Minimum fish sizes of 2 cm below
which no fish of any prescribed
species to be killed or sold
throughout the year. Prohibition
of use of fixed engines, and the use
or method of operation of any kind
of fishing net with restricted size of
meshes. Ban on gill nets with
stretched mesh size <10 cm in the
ilish fishery (all year). Mesh size
restrictions for fishing nets vary
across regions, from 3 to 10 c¢m, to
4.5 cm stretched mesh size for
current jals, to 7.62 cm in Kaptai
lake area, to below 1.5 cm to 1 in.
(2.54 c¢m) in the Sundarbans. Ban
on harvesting young ilish fish
(Tenualosa ilisha) < 23 cm and 15-
day ban on all fishing activity in
September—October every year
protect ilish brood stock. Fish
includes all cartilaginous, bony
fishes, prawn, shrimp,
amphibians, tortoise, turtles,
crustacean animals, molluscs,
echinoderms and frogs at all stages
in their life history.
NEPAL: Ganges river dolphins are protected in Nepal under the Aquatic Animal
Protection Act, 1961, amended in 1999, which is also the law under which fisheries
are regulated.

Nepal Prohibits intentional catching, Aquatic Animal Protection
killing and wounding of the Act, 1961, amended in 1999
aquatic animals of the species (2017 BS and 2056 BS
specified in that order by any according to Nepal calendar
person without obtaining license years)

from Government of Nepal or the
local authority, for any specified
season or animal species by the
act. Does not apply fully to private
waters.

Indus River Dolphin Platanista gangetica minor
INDIA: Indus river dolphins, as a subspecies of P. gangetica, may be interpreted to have
the same legal protection status as Ganges river dolphins in India (see details above).
India: Punjab ~ Seasons and prescribed minimum The Punjab Fisheries Act,
sizes or weights, below which the 1914
killing of any fish of any prescribed
species shall be prohibited.

(continued on next page)
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Table 1 (continued)

State Key features of regulations Acts and rules

relevant to bycatch

PAKISTAN: Indus river dolphins are protected in Pakistan under provincial acts, as

follows:

The Punjab Wildlife (Protection, Preservation, Conservation And Management) Act,

1974;

Sindh Wildlife Preservation Ordinance, 1972; and amendments till 2009, and The

Sindh Wildlife and Protected Areas Act, 2010; the Khyber Pakhtunkhwa Wildlife

and Biodiversity (Protection, Preservation, Conservation, and Management) Act,

2015. In all provinces, the Indus dolphin is protected under the Third Schedule, in

which no hunting or possession is allowed.
Pakistan: Gill net size specifications

Punjab stipulate minimum of 1.5 in. (3.81
cm) of each side of the mesh or
total of all the sides of a mesh not
less than 6 in.. Fishing with a net
having a smaller mesh than the
prescribed mesh is illegal.
Fishing with any gear or method
other than that permitted under
the rules, and using more than two
of either or any of the gears at any
one time is not permitted.
Prohibits killing fish of a size less
than the prescribed size: for trout
9 in. (22.86 cm), and 12 in. (30.5
cm) for Labeo rohita, Cirrhinus
mrigala, Catla catla, and Labeo
calbasu (major carps) prevented
from 10th October to 9th March
(for trout) and from 1 June to 31
August (for major carps). Similar
laws also prevail for the Khyber
Pakhtunkhwa province (Table Al
of Supplementary Material).
Prohibits fishing by any net, cage,

The Punjab Fisheries
Ordinance, 1961

Pakistan: Sind Fisheries Ordinance,

Sind trap or fixed engine of capture of 1980;
fish less than 12 in. for Labeo Sind Fisheries Amendment
rohita, Cirrhinus mrigala, Catla Act 2011

catla, and Labeo calbasu (major
carps) from 1 June to 31 July.
Fishing with a net having a smaller
mesh than the prescribed mesh
prohibited attracts penalty of 100
rupees and cost of fish captured.
Prohibits killing fish of a size less
than the prescribed size, or more
than prescribed number or during
period other than permitted.
Prohibits fishing with any gear or
method, with more than two of
either or any of the gears other
than permitted under the rules.

around our estimates of legal and illegal gears accounting for bycatch.
We used a binomial test to check whether the difference between esti-
mated proportions of bycatch cases in legal and illegal net mesh sizes,
was statistically significant, as per our hypotheses. We interpreted the
result in relation to fishery laws and associated variables of fisheries
management across different regions.

3. Results
3.1. History of mesh size regulations in the Indian subcontinent

Mesh size and gear type regulations were formalized in a sweeping
way in the Indian Fisheries Act (1897), which banned the use of any
“fixed engines” and “construction of weirs” to prevent indiscriminate
fishing, across the Indian subcontinent. These regulations had their or-
igins in important policy debates and recommendations from the 1870s.
Day (1873) in his voluminous Report on the Freshwater Fish and Fisheries
of India and Burma took painstaking efforts to justify the need for min-
imum mesh size regulations. The Report also records the opposition of
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Table 2

A summary of reported bycatch mortality cases in relation to population size
across different regions in the range of South Asian river dolphins Platanista. The
highest reported rates are in Bangladesh, Bihar, and Assam, likely because of
better monitoring. Nepal and Pakistan have low rates, while reporting may be
low in India’s West Bengal (where bycatch mortality is likely to be very high)
and Uttar Pradesh (UP). A weighted sum of percentages by population size gave
an overall minimum estimate of 4.75% bycatch mortality, which was close to the
estimate of Mohan (1996). This is much higher than the 2% sustainable limit for
mortality estimated by Dewhurst-Richman et al. (2019).

State

River systems

Bycatch mortality
status

Data sources

Ganges dolphin Platanista gangetica gangetica

India: Uttar
Pradesh

India: Bihar

India: West
Bengal

India:
Assam

Ganga (Bijnor to
Narora)
Chambal (within
upP)*

Ganga
(Bhagalpur, c.70
km) Ganga
(within Bihar)

Ganga, Hooghly

Brahmaputra
river system”

Barak

Reported population
size: 28 (2010)
Bycatch status: low or
infrequent

Reported population
size: 40-50

Bycatch status: low,
five dolphins caught
in gillnets in a 70 km
stretch in 1988-89.
Since then bycatch
cases rare as fishing is
banned in most of the
river.

Reported population
size: 150-200 (2017)

Bycatch status:
Estimate of 10
(~5.7% of population
size) dying from
entanglement in
fishing nets per year.
Adult mortality likely
to be higher than sub-
adult mortality in
nets.

Reported population
size: 808 (in 2006)
Bycatch status: 50
dolphins (~6% of
population size) in
Bihar estimated to die
from fishery
interactions per year.
Reported population
size: 170-180 (2010)
Bycatch status: Likely
to be high, especially
in the Ganga and
Feeder Canal near the
Farakka barrage, and
along the Hooghly
River.

Reported population
size: ~900 (2017)
Bycatch status: High
but under-reported.
In 1993-94, c. 60
dolphin mortality
reports. About 12 of
16 animals found
dead due to bycatch
in 2008 and 14
mortalities in 2004,

which is around 2% of

population.
A total of 35-45
animals (~4.5% of

Bashir et al., 2010

Hussain et al., 1993

Choudhary et al.,
2006; Kelkar et al.,
2010; Kelkar, 2015
Kelkar, 2015, Kelkar
et al., 2018, field
observations of
authors from 2000 to
2020 in Bihar.

Sinha et al., 2010
Sinha, 2006

Sharma, 2010
Kolipakam et al.,
2020, Samad, 1.
(pers. comm.),
recent reports, e.g.
https://www.
conservationindia.or
g/articles/bycatch-
mortality-and-poach
ing-of-ganges-river-d
olphins-in-malda-d
istrict-west-bengal
Kolipakam et al.,
2020

Mohan et al., 1997
Wakid, 2009

Kolipakam et al.,
2020

Choudhury et al.,
2019

(continued on next page)
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Table 2 (continued)
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Table 2 (continued)

State River systems Bycatch mortality Data sources State River systems Bycatch mortality Data sources
status status
population) estimated 2011-12 (~7.5% of
as annual offtake for population size), but
oil bait fishing. after 2012 fishing-
Reported population related mortality has
size: declined from 14 been low.
to zero animals from I
1999 onwards. Note:
High: about 30 cases # The Chambal flows along the borders of three states: Uttar Pradesh, Madhya
of bycatch mortality Pradesh, and Rajasthan.
known between 1975 b Containing the Brahmaputra main stem, Kulsi River, and Subansiri River.
and 2015. Dolphins
now extinct in the . . . . . s .
Barak, mainly from rpc')st prov1.nc1al fishery ofﬁc1al§ to this 'proposal, citing z.o?loglca}l,.po-
bycatch mortality and litical, socio-cultural, economic, practical, and even divine-religious
hunting in the past. reasons. These reasons are fascinating to read, as they explain why
Other 27 mortalities provincial officials thought of Day’s proposed restrictions as either un-
were due to targeted . . . . . —
. : necessary or impossible to implement without major costs to fishing
hunting and poaching
in harpoons and seine people.
nets. Importantly, fishing with nets having less than mosquito-net mesh
Bangladesh ~ Sundarbans Reported population  Smith et al., 1998, sizes was a widespread practice since the 1800s (Hamilton-Buchanan,
) size: 196-225 (2006) 2006 1812; Day, 1873; Hornell, 1924). Day reported: “There is hardly a dis-
Karnaphuli- Between 2007 and Mansur et al., 2008,

Sangu basins

Nepal Karnali and Sapta
Koshi

2013, 10 Ganges
dolphins confirmed as
entangled in gillnets
(less than 5% of
known population
size).

Reported population
size: 170-200

High: 14 deaths per
year, annual take of
over 7% of local
population, data from
2010 to 2012.
Reported population
size: 20-25 (2015)
Bycatch status: Two
confirmed cases
between 2009 and
2015 in the Karnali
(of 10 animals).
Similar levels likely in
the Koshi. These
levels are critical
because Nepal’s rivers
have small
populations of
dolphins.

Indus dolphin Platanista gangetica minor

India: Beas
Punjab

Pakistan: Indus (Jinnah-
Punjab Guddu barrages)

Pakistan: Indus (Guddu to
Sind Sukkur barrages)

Reported population
size: 5-11

Bycatch status: Likely
absent. Indus
Dolphins are
protected in the Beas
Conservation
Reserve, where no
fishing is allowed.
Reported population
size: around 550
(2011)

Bycatch status:
Believed to be low at
present.

Reported population
size: ~800 (2011)
Bycatch status:
Incidental captures in
gillnets not
uncommon.

Between 1993 and
2010, about 60 in

2015

Dewhurst-Richman
et al., 2019

Paudel et al., 2016

Khanal et al., 2016,
Paudel et al., 2016

WWEF-India, 2018

Braulik et al., 2015

Braulik et al., 2015
Reeves and
Chaudhry, 1998

Wagqas et al., 2012;
Braulik et al., 2015

trict in India (Sind, portions of Burma, and parts of the Panjab excepted)
where these fine-meshed nets are not employed as fixed engines.” At
best, the issue of regulating fine-meshed nets might have been moot for
the Indus basin (i.e. Sind and Punjab), but not the Ganga and Brahma-
putra systems where there was a predominance of fine-meshed nets. Day
recommended minimum mesh size regulations of 1.25 in. (32 mm) from
knot to knot for inland fishing, and a seasonal ban on catching any fish
during the monsoon months (from July to October). Minimum mesh size
restrictions have since persisted in fishery legislations across the Indian
subcontinent (Table 1). Even in the 1870s, Platanista bycatch was
occurring in large gillnets and seine-like fishing nets, as reported by
John Anderson (1878) from Hooghly fishers.

3.2. Similarities and differences in fishery regulations in Platanista
habitats

All fishery laws, across states, prescribe minimum mesh size re-
strictions on all nets, and bans on fixed engines, poisoning, and use of
fishing weirs. Here, fixed engines refer to set bag nets, traps, barricading
nets, and other stationary gears, and not to gillnets. Minimum mesh size
limits varied from 40 to 100 mm, with the highest variation seen in
Bangladesh, according to different regions and water bodies (Table 1).
With regard to the use of fishing gears and nets with small mesh sizes,
laws are variable, but prohibit indiscriminate fishing practices, and
capture of breeding and migratory fish during the peak spawning season
(defined variably from May to September, to cover the three-month peak
monsoon period). However, regulations on capture of breeding fish were
usually not linked to mesh size regulations (except for Assam; Table 1).
Maximum mesh size limits were not prescribed explicitly in any other
regulations. Fishing with dynamite or electro-fishing were also banned
from most areas. Oil-bait fisheries, which involved the use of dolphin oil
and fat, was not explicitly banned in any of the fishery acts.

The most detailed rules and regulations on fishing practices were
found in fishing laws in Bangladesh and Assam (India). The level of
detail then reduced in the following order: Assam and Uttar Pradesh in
India, Punjab and Sindh in Pakistan, Bihar, Punjab, and West Bengal in
India, and lastly, Nepal. All four countries had national and provincial
wildlife conservation laws in which the highest level of protection was
afforded to Platanista (Table 1), mostly from the 1970s onwards.
Amendments to fishery laws made later did not reflect any major
changes with respect to bycatch prevention of endangered species such
as dolphins (Table Al of Supplementary Material). Only the state of
Uttar Pradesh in India explicitly mentioned “dolphins” as a fishery
species in its fishery law (1948). In Nepal’s Aquatic Animal Protection
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Act (1961, and amended in 1999 and 2017), there are no specific rules
or regulations on fishing practices, except for a generic ban on the
intentional catching, killing, and wounding of aquatic animals. In this
Act, aquatic animals are defined as “any animal living in water”, but
without a clear statement on whether fish are included. Importantly, the
ban on capture or killing of aquatic animals did not apply in Nepal to
“private waters” such as ponds, lakes, or reservoirs with private
ownership (barring the use of poisonous substances). While many
generic restrictions were eased, bans on indiscriminate fishing practices
remained common across laws for state-controlled, public, and private
fisheries (see Discussion for more details).

3.3. Bycatch mortality rates across regions

Significant variation was recorded in bycatch mortality rates across
different regions (Table 2). Overall bycatch mortality across ranged
from 2% to 10% of local population sizes, wherever population sizes
were greater than 100 animals. These percentages were higher (~20%)
for smaller populations, e.g. in Nepal. The annual percentage of bycatch
mortality (weighted by reported dolphin population size) was estimated
at a minimum of 4.75% of the total population (Table 2). From the
sources reviewed, use of dolphin products from salvage of bycatch
carcasses was found to be fairly common in West Bengal, common or
infrequent but likely reducing in Bangladesh, Bihar, and Assam; and
uncommon or rare in Uttar Pradesh and Pakistan, and probably absent
in Nepal.

3.4. Proportion of bycatch mortality in legal and illegal nets

We estimated between 65% and 78% of the total bycatch mortality of
Platanista to be occurring in legal gillnets. The remaining 22% to 35%
bycatch mortality occurred in gillnets with small mesh sizes or seine nets
(illegal), or other legal gears such as set bag nets and long lines. Dif-
ferences between resampled estimates were statistically significant
(binomial test: P < 0.001) from the null expected probability of 0.5
(equal proportions of bycatch cases in legal and in illegal nets). These
estimates included both flood-season and dry-season mortality due to
bycatch. Median mesh size was 70 mm with a standard deviation of 40
mm.

4. Discussion

Our results revealed that over two-thirds of the existing bycatch
mortality of Platanista might be occurring in legal nets, which was a
surprising finding. More data on mesh sizes implicated in river dolphin
bycatch is needed from future studies to validate this relationship. Our
initial findings still provide an interesting insight, because of their im-
plications for fisheries management, law enforcement to prevent
bycatch, and river dolphin conservation. The riverscapes in which Pla-
tanista live are multi-use systems with intensive competing human de-
mands on water for irrigation, urban and rural supply, power
generation, navigation, fisheries, and ecology (Reeves et al., 2000;
Braulik and Smith, 2017). Bycatch mitigation is thus also a joint man-
agement problem across different state departments (e.g. fisheries,
wildlife, water resources, etc.). In implementing conservation in-
terventions, legal considerations are inevitable, and fishery laws and
conservation goals can be in conflict (e.g. see Kolding et al., 2014).
Ensuring that only legal nets are in use in riverine fisheries may not
necessarily reduce bycatch risk for Platanista.

There is then the issue of legal priority, i.e. what laws should apply
before others in this kind of problem. It can be argued that bycatch
amounts to the death of a legally protected species and fishermen
involved must be penalized accordingly. But due to the “accidental”
nature of bycatch, proving intent or motive is not easy. Thus the act of
having killed a protected, endangered species may be illegal, but its
unintended nature, in a legally allowed fishing net, can complicate legal
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procedure for conviction or penalization, and therefore limit the success
of enforcement for conservation, which may be easier in cases of
deliberate killing or hunting. For example, Pakistan has been the most
successful in enforcing the ban on hunting dolphins, and has the lowest
reports of bycatch (Braulik et al., 2015). Pilleri and Zbinden (1975) had
also noted that targeted hunting and habitat loss were major reason for
population declines, and not bycatch, which was at best a smaller threat
(Reeves and Chaudhry, 1998). In most cases, proving what is actually
“accidental” or “intended” is difficult, with these categories being
almost inseparable according to Sinha (2002). He defined “assisted
incidental capture”, wherein fishers placed nets in ways that would
entangle dolphins ‘by accident’. In the case of Platanista, a fisherman
might as well use the oil from the entangled carcass as bait than report
the event and bear the risk of being penalized or convicted under
wildlife laws. Non-intended, non-targeted takes of “aquatic wild meat”
from bycatch cases (Robards and Reeves, 2011; Mintzer et al., 2018) also
needs to be addressed by fishery laws and not just wildlife laws.

Existing mesh size regulations in the Indian subcontinent prohibit
fishing with nets or gears with mesh sizes below minimum prescribed
sizes. The purpose of these regulations is to prohibit the capture of small
and immature fish, for the sake of fisheries sustainability. Nets with
mesh sizes below 30-40 mm, while illegal, might cause lower bycatch.
Although many studies indicate that adult Platanista are at risk from nets
with larger mesh sizes (Kelkar, 2008; Bashir et al., 2010; Khanal et al.,
2016; Paudel et al., 2016; Kelkar, 2018; Choudhury et al., 2019; Dew-
hurst-Richman et al., 2019), our paper is the first to analyse the corre-
lation between bycatch risk and legality or illegality of nets.

Adult dolphins may be able to often break free of larger meshed nets
and escape (Dewhurst-Richman et al., 2019). Reeves et al. (2000) cited
Sinha’s observations in the Ganga river as: “small-mesh monofilament
plastic nets cause the greatest damage because of their extensive use and
because dolphins cannot break free of them once entangled”. Anderson
(1878) noted in the Hooghly River that: “Platanista is not unfrequently
captured in the nets of the fishermen, but such an event is not considered
a cast of fortune, for the animal, in its struggles to escape, seriously
damages the nets, which are not adapted for entrapping such unwieldy
and powerful mammals.” Sinha (in Reeves et al., 2000) reported that the
incidence of entanglement changes seasonally for different age classes.
Juveniles and young adults were most susceptible to bycatch-related
mortality, getting caught in nets set in shallow waters during the onset
of the monsoon, while adults were caught in the dry season in the main
channel. However, these observations did not mention numerical ranges
of small and large mesh sizes. Calves and sub-adults also dominated
dolphin bycatch mortality cases from 1975 to 2015 in the Barak River in
Assam (Choudhury et al., 2019). In contrast, our long-term observations
(2000—2020) on bycatch mortality from the Ganga River in Bihar (re-
ported in Choudhary et al., 2006, 2015; Kelkar, 2015; Kelkar et al.,
2018; Dey et al., 2020) found higher rates of adult mortality than sub-
adults and calves, and a higher proportion of male dolphins than fe-
males. Gillnets with large mesh sizes drifted down the main channel
were especially risky for adult dolphin bycatch mortality in the dry-
season. Pregnant or lactating females may also be highly susceptible
to bycatch mortality in the peak breeding season (April to June).
Anderson (1878) reported pregnant females and females with calves to
get caught in nets between March and September. Today, in 2020,
almost all gillnets are made of nylon and plastic monofilament or multi-
filament. Changes in net material from natural fibres to nylon and
synthetic fibres might have significantly increased adult and sub-adult
dolphin mortality, as dolphins may find it harder to break these nets.

Large gillnets don’t just kill adult dolphins. They also selectively
harvest large-sized breeding fishes, and can negatively affect recruit-
ment (Birkeland and Dayton, 2005). In turn, excessive fishing with small
mesh sizes (e.g. mosquito nets) used in the receding flood-season (de
Graaf et al., 1999) could affect fish stocks by preventing growth to
maturity. Mosquito-net use in fisheries is increasing worldwide, but
scientific assessments of their impacts are limited (Short et al., 2018).
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The fact that such nets were historically in regular use points to a critical
re-assessment of their illegal status. Mosquito nets are also selective for
small fishes, and might even contribute to balanced harvesting in inland
fisheries, rather than cause ‘destruction’ of immature fish (see Kolding
and van Zwieten, 2011; Tilley et al., 2020). Abbott and Campbell (2009)
describe similar conflicting views on the use of mosquito nets in Zam-
bian fisheries. But further discussion on the issue of balanced harvesting
or growth overfishing vis-a-vis legal limits on the use of fine-meshed nets
(e.g. Kolding and van Zwieten, 2011; Plank et al., 2016; Pauly et al.,
2016; Tilley et al., 2020) is beyond the scope of this paper.

Gillnet mesh sizes have also reduced over time as large fish have
declined due to selective removal by fisheries, and catches are increas-
ingly dominated by low-trophic, small fish species in the Gangetic plains
(Kelkar, 2008, 2018), conceptualized as a “fishing down” process by
Welcomme (1999), and discussed by Kolding et al. (2019). Kelkar et al.
(2010) also noted a trend of reducing fishing effort with large dragnets
and large-meshed gillnets (e.g. 120 mm+) in Bihar’s Gangetic plains.
Reduction in the use of large nets has also occurred as many fishers have
quit fishing and migrated for non-fishing labour or work opportunities
(Kelkar, 2018). Passive and sedentary fishing gears (traps, stake-nets,
etc.) are, however, increasing significantly. Fixed engines mostly use
fine-meshed mosquito net cloth, and thus can be termed illegal. Harvests
of small fish by such nets might reduce local prey availability for Ganges
river dolphins (Mansur et al., 2015; Kelkar and Krishnaswamy, 2014).
Small-meshed nets (<40 mm) also kill dolphins and result in bycatch,
but the proportion they account for appears to be smaller than large-
meshed nets (Kelkar, 2018). With greater use of small-meshed nets,
bycatch mortality may shift to sub-adults or young adults from adult
dolphins. Bycatch might even reduce if passive and sedentary traps (see
above) start to dominate fishing effort. In this scenario, population-level
impacts of illegal nets on Platanista might be relatively lower than im-
pacts of legal nets! As large and commercially valuable fish species have
also been reducing, fishers have been demanding a lowering of the
minimum mesh sizes legally allowed. Choudhary et al. (2006) cite the
demand of fishers in Bihar for a new legal lower limit of 24 mm, so that
the nets that give them optimal harvests today are not considered illegal.
If this demand to lower the minimum mesh size were conceded, it would
inflate our estimated proportion of dolphin bycatch from “legal” nets.
Mitigating bycatch risk to Platanista may require amendments to exist-
ing fishery laws to introduce maximum mesh size limits and seasonally
optimal size-limits as well, apart from net and gear modifications or
allowances to comply with minimum bycatch targets (Raby et al., 2011).

The legal conundrum of bycatch mortality due to accidental entan-
glement in gillnets also has institutional and political economic di-
mensions. Who controls the fishery and under what (historic and
present) property rights and access regimes, can bear upon how the legal
issues surrounding bycatch risk in fishing nets could be addressed. Large
floodplain regions within the Indus and Ganga plains were under private
or state-controlled auction-lease systems for river fishing (Reeves, 1995;
Pokrant et al., 2004; Singh and Gupta, 2018). Auction-lease systems in
river fishing continue in Punjab (Pakistan) and Uttar Pradesh (India).
Sindh (Pakistan) and Bihar (India) have regimes resembling “open-ac-
cess” (Kelkar and Krishnaswamy, 2014; Braulik et al., 2015). In West
Bengal, Assam, and Bangladesh, fishing is organized today under
different access regimes, from private or state control to open-access to
cooperative management (Pokrant et al., 2004; Chandra and Bhatta-
charyya, 2016; Dewhurst-Richman et al., 2016; Kelkar, 2018). The dif-
ferential consequences of these regimes on compliance with fishing
regulations and bycatch need to be studied further.

Our perspective paper demonstrates how the implementation of
plans to mitigate bycatch risk of South Asian river dolphins can be
complicated by the legality of nets and gears used in small-scale fish-
eries. We emphasize the need to unpack the categories of legal and
illegal fishing in a historical sense, than just deal them with an
enforcement-oriented approach. We suggest that there is scope to amend
current fishery laws in the context of minimizing river dolphin bycatch
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risk. Adaptive species- and size-based regulations, and risk-based quota
and insurance systems (Holland, 2010; Komoroske and Lewison, 2015)
rather than blanket bans on minimum mesh size, will be more prudent
(but also complex to implement). Local state and non-state institutions,
and not law enforcement alone, would play a key role in minimizing
bycatch risk. Effective governance of capture fisheries of South Asian
river-floodplain systems is linked to reforming the access regimes in
which fisheries across these river basins are being worked (Choudhary
et al., 2015; Kelkar, 2018). It is here that strong collaborations between
state fisheries and wildlife departments, fishing communities, conser-
vationists, scientists, and civil society will be needed for effective
governance. In the absence of such governance, legal enforcement so-
lutions to reduce bycatch could get entangled in their own meshwork
and remain with loopholes.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.biocon.2020.108844.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

This paper contributes to partial fulfilment of the publication re-
quirements of the Ph.D. thesis of Nachiket Kelkar at the Manipal
Academy of Higher Education. We thank Sunil Choudhary, Jagdish
Krishnaswamy, Sushant Dey, and Rohan Arthur for their insights on
some perspectives we have presented in the paper. We wish to thank all
the fishers who have been our long-term collaborators and critics, for
their support over the years. We sincerely acknowledge the funding
support from the Duleep Matthai Nature Conservation Trust, Interna-
tional Whaling Commission’s Small Cetacean Fund (2013), and the Ravi
Sankaran Inlaks Small Grants Program (2012). N.K. thanks the Ashoka
Trust for Research in Ecology and the Environment (ATREE), and S.D.
thanks the Wildlife Institute of India CAMPA project, for institutional
support. We thank the anonymous reviewers and the editor for their
constructive suggestions and positive feedback.

Author contributions

Nachiket Kelkar conceptualized the article, conducted the research
and literature review, compiled and analysed data, and wrote the paper.
Subhasis Dey conducted the research and literature review, compiled
data, and helped in developing the ideas presented in the perspective
article.

References

Abbott, J.G., Campbell, L.M., 2009. Environmental histories and emerging fisheries
management of the Upper Zambezi river floodplains. Conserv. Soc. 7, 83-99.

Anderson, J., 1878. Anatomical and Zoological Researches: Comprising an Account of
Zoological Results of the Two Expeditions to Western Yunnan in 1868 and 1875; and
a Monograph of the Two Cetacean Genera, Platanista and Orcella [Sic]. Bernard
Quaritich, London.

Bashir, T., Khan, A., Behera, S.K., Gautam, P., 2010. Socio-economic factors threatening
the survival of Ganges River dolphin Platanista gangetica gangetica in the upper
Ganges River, India. J. Threat. Taxa. 2, 1087-1091.

Birkeland, C., Dayton, P.K., 2005. The importance in fishery management of leaving the
big ones. Trends Ecol. Evol. 20, 356-357.

Braulik, G.T., Smith, B.D., 2017. Platanista gangetica. The IUCN Red List of Threatened
Species 2017: e.T41758A50383612. https://doi.org/10.2305/IUCN.UK.2017-3.
RLTS.T41758A50383612.en (accessed 05 September 2018).

Braulik, G.T., Noureen, U., Arshad, M., Reeves, R.R., 2015. Review of status, threats, and
conservation management options for the endangered Indus River blind dolphin.
Biol. Conserv. 192, 30-41.

Brownell Jr., R.L., Reeves, R.R., Read, A.J., Smith, B.D., Thomas, P.O., Ralls, K.,
Amano, M., Berggren, P., et al., 2019. Bycatch in gillnet fisheries threatens critically
endangered small cetaceans and other aquatic megafauna. Endanger. Species Res.
40, 285-296.


https://doi.org/10.1016/j.biocon.2020.108844
https://doi.org/10.1016/j.biocon.2020.108844
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0005
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0005
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0010
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0010
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0010
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0010
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0015
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0015
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0015
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0020
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0020
https://doi.org/10.2305/IUCN.UK.2017-3.RLTS.T41758A50383612.en
https://doi.org/10.2305/IUCN.UK.2017-3.RLTS.T41758A50383612.en
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0030
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0030
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0030
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0030

N. Kelkar and S. Dey

Chandra, G., Bhattacharyya, U., 2016. Institutions and governance in fisheries of Indian
Brahmaputra River basin. J. Agric. Res. 3 (1), 51-56.

Choudhary, S.K., Smith, B.D., Dey, S., Dey, S., Prakash, S., 2006. Conservation and
biomonitoring in the Vikramshila Gangetic dolphin sanctuary, Bihar, India. Oryx 40,
189-197.

Choudhary, S.K., Dey, S., Kelkar, N., 2015. Locating Fisheries and Livelihood Issues in
River Biodiversity Conservation: Insights From Long-Term Engagement with
Fisheries in the Vikramshila Gangetic Dolphin Sanctuary Riverscape, Bihar, India, in:
Proceedings of the IUCN Symposium on Riverine Biodiversity, Patna, India (April
2014) (30 p).

Choudhury, N.B., Mazumder, M.K., Chakravarty, H., Choudhury, A.S., Boro, F.,
Choudhury, I.B., 2019. The endangered Ganges river dolphin heads towards local
extinction in the Barak river system of Assam, India: plea for conservation. Mamm.
Biol. 95, 102-111.

D’Agrosa, C., Lennert-Cody, C.E., Vidal, O., 2000. Vaquita bycatch in Mexico’s artisanal
gillnet fisheries: driving a small population to extinction. Conserv. Biol. 14,
1110-1119.

Day, F., 1873. Report on the Freshwater Fish and Fisheries of India and Burma. Office of
the Superintendent of Government Printing Press, Calcutta (118 p. + 357 p.
appendices).

de Graaf, G.J., Born, A.F., Uddin, A.M.K., Huda, S., 1999. Larval fish movement in the
river Lohajang, Tangail. Bangladesh. Fisheries Manag. Ecol. 6, 109-120.

Dewhurst-Richman, N., Mohammed, E., Ali, M., Hassan, K., Wahab, M., Ahmed, Z.,
Islam, M., Jade Bladon, A., et al., 2016. Balancing Carrots and Sticks: Incentives for
Sustainable Hilsa Fishery Management in Bangladesh. International Institute for
Environment and Development, UK, London.

Dewhurst-Richman, N.I., Jones, J.P.G., Northridge, S., Ahmed, B., Brook, S., Freeman, R.,
Jepson, P., Mahood, S.P., Turvey, S.T., 2019. Fishing for the facts: river dolphin
bycatch in a small-scale freshwater fishery in Bangladesh. Anim. Conserv. 23,
160-170.

Dey, S., Choudhary, S.K., Dey, S., Deshpande, K., Kelkar, N., 2020. Identifying the
potential causes of fish declines through local ecological knowledge of fishers in the
Ganga River, eastern Bihar, India. Fisheries Manag. Ecol. 27, 140-154.

Hamilton-Buchanan, F., 1812. In: Oldham, C.E.A.W. (Ed.), Journal of Francis Buchanan
Kept During the Survey of the District of Bhagalpur in 1810-11. Superintendent
Government Printing, Patna ((reprinted 1930), 312 p).

Holland, D.S., 2010. Markets, pooling and insurance for managing bycatch in fisheries.
Ecol. Econ. 70, 121-133.

Hornell, J., 1924. The fishing methods of the Ganges. Memoirs of the Asiatic Society of
Bengal 8 (3), 201-238.

Hussain, S.A., Sharma, R.K., Choudhury, B.C., 1993. Morphometry of an accidentally
caught Ganges river dolphin Platanista gangetica in National Chambal Sanctuary with
comments on its mortality in fishing net. J. Bom. Nat. Hist. Soc. 93, 214-218.

Keane, A., Jones, J.P.G., Edwards-Jones, G., Milner-Gulland, E.J., 2008. The sleeping
policeman: understanding issues of enforcement and compliance in conservation.
Anim. Conserv. 11, 75-82.

Kelkar, N., 2008. Patterns of Habitat Use and Distribution of Ganges River Dolphins
(Platanista gangetica gangetica) in a Human-dominated Riverscape in Bihar, India
(M.Sc. thesis in). Wildlife Biology and Conservation, Centre for Wildlife Studies and
National Centre for Biological Sciences, Manipal University, India (87 p).

Kelkar, N., 2015. Strengthening the Meaning of a Freshwater Protected Area for the
Ganges River Dolphin: Looking within and beyond the Vikramshila Gangetic Dolphin
Sanctuary, Bihar, India. Final report submitted to the Small Cetacean Fund,
International Whaling Commission (IWC), United Kingdom (45 p).

Kelkar, N., 2018. The resource of tradition: changing identities and conservation conflicts
in Gangetic fisheries. In: Srinivasan, U., Velho, N. (Eds.), Conservation From the
Margins. Orient BlackSwan, India, pp. 9-32.

Kelkar, N., Krishnaswamy, J., 2014. Restoring the Ganga for its fauna and fisheries. In:
Madhusudan, M.D., Rangarajan, M., Shahabuddin, G. (Eds.), Nature Without
Borders. Orient BlackSwan, India, pp. 58-80.

Kelkar, N., Krishnaswamy, J., Choudhary, S.K., Sutaria, D., 2010. Coexistence of fisheries
with river dolphin conservation. Conserv. Biol. 24 (4), 1130-1140.

Kelkar, N., Dey, S., Deshpande, K., Choudhary, S.K., Dey, S., Morisaka, T., 2018. Foraging
and feeding ecology of Platanista: an integrative review. Mamm. Rev. 48, 194-208.

Khanal, G., Suryawanshi, K.R., Awasthi, K.D., Dhakal, M., Subedi, N., Nath, D.,
Kandel, R.C., Kelkar, N., 2016. Irrigation demands aggravate fishing threats to river
dolphins in Nepal. Biol. Conserv. 204B, 386-393.

Klug, H., 2002. Straining the law: conflicting legal premises and the governance of
aquatic resources. Soc. Nat. Resour. 15, 693-707.

Kolding, J., van Zwieten, P.A.M., 2011. The tragedy of our legacy: how do global
management discourses affect small scale fisheries in the south? Forum Dev. Studies
38, 267-297.

Kolding, J., Béné, C., Bavinck, M., 2014. Small-scale fisheries - importance, vulnerability,
and deficient knowledge. In: Garcia, S., J. Rice, J., Charles, A. (Eds.), Governance for
Marine Fisheries and Biodiversity Conservation. Interaction and Coevolution. Wiley-
Blackwell, pp. 317-331. https://doi.org/10.1002/9781118392607.ch22.

Kolding, J., van Zwieten, P.A.M., Marttin, F., Poulain, F., Funge-Smith, S., 2019.
Freshwater small pelagic fish and fisheries in the main African great lakes and
reservoirs in relation to food security and nutrition. In: FAO Fisheries and
Aquaculture Technical Paper 642. Food and Agriculture Organization of the United
Nations (FAO), Rome (110 p). (ISBN 978-92-5-130813-4).

Kolipakam, V., Singh, S., Ray, S., Prasad, L., Roy, K., Wakid, A., Qureshi, Q., 2020.
Evidence for the continued use of river dolphin oil for bait fishing and traditional
medicine: implications for conservation. Heliyon. 6, e04690.

Komoroske, L.M., Lewison, R.L., 2015. Addressing fisheries bycatch in a changing world.
Front. Mar. Sci. 2, 83.

Biological Conservation 252 (2020) 108844

Malasha, 1., 2003. Colonial and post-colonial fisheries regulations: the cases of Zambia
and Zimbabwe. In: Jul-Larsen, E., Kolding, J., Nielsen, J.R., Overa, R., van
Zwieten, P.A.M. (Eds.), Management, Co-Management or no Management? Major
Dilemmas in Southern African Freshwater Fisheries. Part 2: Case Studies. FAO
Fisheries Technical Paper No. 426/2, Rome, pp. 253-266.

Mansur, E.F., Smith, B.D., Mowgli, R.M., Diyan, M.A.A., 2008. Two incidents of fishing
gear entanglement of Ganges River dolphins (Platanista gangetica gangetica) in
waterways of the Bangladesh Sundarbans. Aquat. Mamm. 34, 362-366.

Mansur, R.M., Alom, Z., Smith, B.D., Akhtar, F., 2015. Monitoring the mortality of
freshwater cetaceans in the Sundarbans, Bangladesh: progress, challenges, and
potential. In: Rivers for Life. Proceedings of the International Symposium on River
Biodiversity: Ganges-Brahmaputra-Meghna River System, IUCN, Patna, India,
pp. 124-128.

Mintzer, V.J., Diniz, K., Frazer, T.K., 2018. The use of aquatic mammals for bait in global
fisheries. Front. Mar. Sci. 5, 191-216.

Mohan, R.S.L., 1996. Mortality of Ganges River dolphin, Platanista gangetica, in gillnets of
Ganges and Brahmaputra in India. Tiger Paper. 22 (1), 11-13.

Mohan, R.S.L., Dey, S.C., Bairagi, S.P., S. Roy, S., 1997. On a survey of the Ganges River
dolphin Platanista gangetica of the Brahmaputra river, Assam. J. Bom. Nat. Hist. Soc.
94, 483-495.

Pathak, V., Chaudhury, M., Lal, A K., Bhattacharjee, H., Sarkar, A., Mahavar, L.R., 2000.
Ecology and Production Dynamics of River Brahmaputra With Special Emphasis on
Its Tributaries. Central Inland Fisheries Research Institute, Bulletin No. 97, CIFRI,
Barrackpore, India (60 p).

Paudel, S., Levesque, J.C., Saavedra, C., Pita, C., Pal, P., 2016. Characterization of the
artisanal fishing communities in Nepal and potential implications for the
conservation and management of Ganges River dolphin (Platanista gangetica
gangetica). PeerJ 4, e1563.

Pauly, D., Froese, R., Holt, S.J., 2016. Balanced harvesting: the institutional
incompatibilities. Mar. Pol. 69, 121-123.

Pilleri, G., Zbinden, K., 1975. Size and ecology of the dolphin population (Platanista indi)
between the Sukkur and Guddu barrages. Indus River. Invest. Cetacea 5, 59-69.
Plank, M.J., Kolding, J., Law, R., Gerritsen, H., Reid, D., 2016. Balanced harvesting can
emerge from fishing decisions by individual fishers in a small-scale fishery. Fish Fish.

18, 212-225.

Pokrant, B., Reeves, P., McGuire, J., 2004. Bengal fishers and fisheries: a historiographic
essay. In: Bandyopadhyay, S. (Ed.), Bengal: Rethinking History. Manohar, Delhi,
India, pp. 93-117.

Porter, L., Lai, H.Y., 2017. Marine mammals in Asian societies: trends in consumption,
bait, and traditional use. Front. Mar. Sci. 4, 1-8.

Raby, G.D., Colotelo, A.H., Blouin-Demers, G., Cooke, S.J., 2011. Freshwater commercial
bycatch: an understated conservation problem. BioScience 61, 271-280.

Ray, P., 1998. Ecological Imbalance of the Ganga River System: Its Impact on
Aquaculture. Daya Books (241 p).

Read, A.J., 2008. The looming crisis: interactions between marine mammals and
fisheries. J. Mammal. 89, 541-548.

Reeves, P., 1995. Inland waters and freshwater fisheries: issues of control, access and
conservation in colonial India. In: Arnold, D., Guha, R. (Eds.), Nature, Culture and
Imperialism. OUP, New Delhi, pp. 260-292.

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).

Reeves, R.R., Chaudhry, A.A., 1998. Status of the Indus River dolphin Platanista minor.
Oryx 32, 35-44.

Reeves, R.R., McClellan, K., Werner, T.B., 2013. Marine mammal bycatch in gillnet and
other entangling net fisheries, 1990 to 2011. Endanger. Species Res. 20, 71-97.

Robards, M., Reeves, R.R., 2011. The global extent and character of marine mammal
consumption by humans, 1970-2009. Biol. Conserv. 144, 2770-2786.

Rojas-Bracho, L., Reeves, R.R., Jaramillo-Legorreta, A., 2006. Conservation of the
Vaquita Phocoena sinus. Mamm. Rev. 36, 179-216.

Rojas-Bracho, L., Gulland, F.M.D., Smith, C.R., Taylor, B., Wells, R.S., Thomas, P.O.,
Bauer, B., Heide-Jgrgensen, M.P., Teilmann, J., Dietz, R., Balle, J.D., 2019. A field
effort to capture critically endangered vaquitas Phocoena sinus for protection from
entanglement in illegal gillnets. Endanger. Species Res. 38, 11-27.

Sharma, G., 2010. Current status of Susu (Platanista gangetica gangetica, Roxburgh, 1801)
in river Hooghly in West Bengal, India. Rec. Zool. Surv. India 110, 61-69.

Short, R., Gurung, R., Rowcliffe, M., Hill, N., Milner-Gulland, E.J., 2018. The use of
mosquito nets in fisheries: a global perspective. PLoS One 13 (1), e0191519.

Singh, V., Gupta, S., 2018. Modern acts, conservation of fish and colonial interest: inland
fisheries in mid-Ganga diara ecology, India. In: Song, A.M., Bower, S.D.,

Onyango, P., Cooke, S.J., Chuenpagdee, R. (Eds.), Inter-Sectoral Governance of
Inland Fisheries. TBTI Publication Series, St John’s, NL, Canada, pp. 122-133.
Sinha, R.K., 2002. An alternative to dolphin oil as a fish attractant in the Ganges River
system: conservation of the Ganges River dolphin. Biol. Conserv. 107, 253-257.
Sinha, R.K., 2006. The Ganges River dolphin Platanista gangetica. J. Bom. Nat. Hist. Soc.

103, 254-263.

Sinha, R.K., Verma, S.K., Singh, L., 2010. Population status and conservation of the
Ganges River dolphin (Platanista gangetica gangetica) in the Indian subcontinent. In:
Ruiz-Garcia, M., Shostell, J. (Eds.), Biology, Evolution, and Conservation of River
Dolphins Within South America and Asia, Eds. Nova Science Publishers, New York,
USA.

Smith, B.D., Aminul Haque, A.K.M., Hossain, M.S., Khan, A., 1998. River dolphins in
Bangladesh: conservation and the effects of water development. Environ. Manag. 22,
323-335.

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


http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0035
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0035
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0040
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0040
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0040
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0045
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0045
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0045
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0045
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0045
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0050
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0050
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0050
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0050
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0055
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0055
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0055
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0060
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0060
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0060
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0065
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0065
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0070
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0070
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0070
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0070
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0075
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0075
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0075
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0075
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0080
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0080
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0080
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0085
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0085
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0085
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0090
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0090
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0095
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0095
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0100
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0100
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0100
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0105
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0105
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0105
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0110
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0110
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0110
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0110
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0115
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0115
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0115
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0115
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0120
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0120
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0120
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0125
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0125
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0125
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0130
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0130
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0135
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0135
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0140
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0140
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0140
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0145
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0145
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0150
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0150
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0150
https://doi.org/10.1002/9781118392607.ch22
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0160
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0160
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0160
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0160
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0160
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0165
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0165
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0165
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0170
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0170
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0175
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0175
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0175
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0175
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0175
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0180
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0180
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0180
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0185
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0185
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0185
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0185
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0185
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0190
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0190
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0195
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0195
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0200
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0200
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0200
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0205
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0205
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0205
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0205
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0210
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0210
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0210
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0210
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0215
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0215
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0220
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0220
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0225
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0225
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0225
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0230
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0230
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0230
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0235
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0235
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0240
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0240
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0245
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0245
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0250
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0250
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0255
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0255
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0255
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0265
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0265
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0260
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0260
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0270
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0270
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0275
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0275
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0280
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0280
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0285
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0285
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0285
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0285
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0290
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0290
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0295
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0295
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0300
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0300
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0300
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0300
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0305
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0305
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0310
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0310
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0315
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0315
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0315
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0315
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0315
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0320
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0320
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0320
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0325
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0325
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0325

N. Kelkar and S. Dey

in waterways of the Sundarbans mangrove forest in Bangladesh. Mar. Mamm. Sci. 22
(3), 527-547.

Soykan, C.U., Moore, J.E., Crowder, L.B., Safina, C., Lewison, R.L., 2008. Why study
bycatch? An introduction to the Theme Section on fisheries bycatch. Endanger.
Species Res. 5, 91-102.

Teh, L.S.L., Teh, L.C.L., Hines, E.L., Jumchompoo, C., Lewison, R.L., 2015.
Contextualising the coupled socio-ecological conditions of marine megafauna
bycatch. Ocean Coast. Manage. 116, 449-465. https://doi.org/10.1016/].
ocecoaman.2015.08.019.

Tilley, A., Mills, D., Short, R., Kolding, J., 2020. Valuing small fish from mosquito nets: a
comment on Jones & Unsworth (2019). Ambio 49, 1268-1270.

Turvey, S.T., Pitman, R.L., Taylor, B.L., Barlow, J., Akamatsu, T., Barrett, L.A., Zhao, X.,
Reeves, R.R., et al., 2007. First human-caused extinction of a cetacean species? Biol.
Lett. 3, 537-540.

Wakid, A., 2009. Status and distribution of the endangered Gangetic dolphin (Platanista
gangetica gangetica) in the Brahmaputra River within India in 2005. Curr. Sci. 97,
1143-1151.

Biological Conservation 252 (2020) 108844

Wagas, U., Malik, M.I., Khokhar, L.A., 2012. Conservation of Indus River dolphin
(Platanista gangetica minor) in the Indus River system, Pakistan: an overview. Rec.
Zool. Surv. Pakistan 21, 82-85.

Welcomme, R.L., 1999. A review of a model for qualitative evaluation of exploitation
levels in multi-species fisheries. Fisheries Manag. Ecol. 6 (1), 1-19.

Welcomme, R.L., Cowx, L.G., Coates, D., Béné, C., Funge-Smith, S., Halls, A.,

Lorenzen, K., 2010. Inland capture fisheries. Phil. Trans. Roy. Soc. B 365 (1554),
2881-2896.

Whitty, T.S., 2015. Governance potential for cetacean bycatch mitigation in small-scale
fisheries: a comparative assessment of four sites in Southeast Asia. Appl. Geogr. 59,
131-141.

WWF-India, 2018. Status of the Indus River Dolphin in India. Technical Report
Submitted to the Department of Forests and Wildlife Preservation, Punjab. WWF-
India, Delhi, (62 p).


http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0325
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0325
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0330
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0330
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0330
https://doi.org/10.1016/j.ocecoaman.2015.08.019
https://doi.org/10.1016/j.ocecoaman.2015.08.019
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0340
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0340
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0345
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0345
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0345
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0350
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0350
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0350
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0355
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0355
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0355
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0360
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0360
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0365
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0365
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0365
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0370
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0370
http://refhub.elsevier.com/S0006-3207(20)30902-2/rf0370

	Mesh mash: Legal fishing nets cause most bycatch mortality of endangered South Asian river dolphins
	1 Introduction
	2 Materials and methods
	2.1 History of mesh size regulations in fisheries policies
	2.2 Literature review: fishery regulations across the study area
	2.3 Estimation of proportional bycatch mortality in legal and illegal nets

	3 Results
	3.1 History of mesh size regulations in the Indian subcontinent
	3.2 Similarities and differences in fishery regulations in Platanista habitats
	3.3 Bycatch mortality rates across regions
	3.4 Proportion of bycatch mortality in legal and illegal nets

	4 Discussion
	Declaration of competing interest
	Acknowledgments
	Author contributions
	References


