
I
r
t

S
A
a

b

c

d

e

f

g

a

A
R
R
A
H
A

K
R
F
M
S
S

1

i
(
i
2
P
w
h
A

h
0

Fisheries Research 186 (2017) 665–671

Contents lists available at ScienceDirect

Fisheries  Research

j ourna l ho me  page: www.elsev ier .com/ locate / f i shres

nvolving  recreational  fisheries  stakeholders  in  development  of
esearch  and  conservation  priorities  for  mahseer  (Tor  spp.)  of  India
hrough  collaborative  workshops

hannon  D.  Bowera,∗, Andy  J.  Danylchukb,  Rajeev  Raghavanc,d, Sascha  Clark  Danylchuke,
drian  C.  Pinderd,f,  Aaron  M.  Alterg,  Steven  J.  Cookea

Fish Ecology and Conservation Physiology Laboratory, Department of Biology, Carleton University, 1125 Colonel By Dr., Ottawa, ON K1S 5B6, Canada
Department of Environmental Conservation, University of Massachusetts Amherst, 160 Holdsworth Way, Amherst, MA,  01003, USA
Department of Fisheries Resource Management, Kerala University of Fisheries and Ocean Studies, Kochi, 682 506, Kerala, India
Mahseer Trust, c/o The Freshwater Biological Association, East Stoke River Laboratory, Wareham, Dorset, BH20 6BB, United Kingdom
Fish Mission, 11 Kingman Rd., Amherst, MA, 01002, USA
Faculty of Science and Technology, Bournemouth University, Fern Barrow, Poole, Dorset, BH12 5BB, United Kingdom
Fishery Promotion and Conservation, Baobab Educational Adventures, 49 Seahorse Ln., Christchurch, VA, 23031, USA

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 18 January 2016
eceived in revised form 1 May  2016
ccepted 11 May  2016
andled by George A. Rose
vailable online 13 July 2016

eywords:
ecreational fisheries
reshwater fish
igratory fish

ocial-ecological systems

a  b  s  t  r  a  c  t

The  mahseer  (Tor spp.)  of India  are  a  group  of potamodromous  cyprinids  currently  facing  numerous  chal-
lenges  in  their  native  ranges  including  overfishing,  pollution,  and  hydropower  development.  As  a result
of such  challenges,  four  of  the seven  Indian  species  of  Tor  have  been  listed  as  ‘Endangered’  on  the  IUCN
Red  List,  including  two of  the  most  popular  recreationally  fished  species,  Tor khudree  and  Tor  putitora.
Stakeholders  in  the mahseer  recreational  fishery  may  serve  as  an ally  for this  group  of  iconic  fishes,  fos-
tering  aquatic  stewardship  and  providing  livelihood  alternatives  for poachers.  Yet,  information  regarding
species-specific  responses  to  recreational  fishing  practices  is lacking  and  a 2009  decree  equating  fish-
ing  with  hunting  in  the Indian  Wildlife  Protection  Act  (1972)  has  since  2011  effectively  banned  angling
within  protected  areas  and  rendered  the  future  of  mahseer  recreational  fisheries  elsewhere  uncertain.  In
2014,  our  team  collaborated  with  local  organizations,  fisheries  professionals,  non-governmental  organi-
zations  (NGOs),  and  anglers  to conduct  two  stakeholder  workshops  designed  to develop  a research  agenda
takeholder engagement for various  species  of  Indian  mahseer.  General  knowledge  gaps  identified  in the  two  workshops  were
very  similar  and  included  biological,  sociological,  and economic  considerations.  The  resulting  research
priorities  in  both  locations  strongly  highlighted  local  context,  indicating  that  while  opportunities  for
addressing  knowledge  gaps  through  collaboration  exist  at the  national  scale,  there  is a  need  for  regional-
or  fishery-specific  governance  strategies  and approaches  to  mahseer  research  and  conservation.
. Introduction

Stakeholder engagement, the active participation of individuals
n planning, research, or management processes that impact them
Sloan, 2009), has become a popular topic in fisheries research (e.g.,
n the US, Feeney et al., 2010; in the UK, Hartley and Robertson,
008; in Europe, Mackinson et al., 2011; for spatial planning,
omeroy and Douvere, 2008). A number of concerns associated

ith the incorporation of stakeholder engagement into research
ave been identified (e.g., negative impacts on scientific integrity,
bbot and Guijt 1997; the potential exclusion of already marginal-
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ized groups from the engagement process, Kothari 2001; Prell et al.,
2008; potential consequences of negative trust relationships, Smith
et al., 2013). Other studies, however, have noted that incorporat-
ing local context led to improved research outcomes as a result of
access to more relevant information (e.g., anticipating problems
or conflict, Koontz and Thomas 2006; facilitating social learn-
ing, promoting trust among collaborators, Yochum et al., 2011).
These benefits may  be critical for developing sound management
strategies for data deficient recreational fisheries. For example,
Arlinghaus and Krause (2013) suggested that under certain condi-
tions stakeholder estimates of population size could be as reliable

as more traditional stock assessment methods. Other benefits asso-
ciated with the stakeholder engagement process include improved
relationships between researchers and the public, the development
of ongoing partnerships, and acceptance and self-enforcement of

dx.doi.org/10.1016/j.fishres.2016.05.011
http://www.sciencedirect.com/science/journal/01657836
http://www.elsevier.com/locate/fishres
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anagement decisions based on research outcomes (Reed, 2008;
teyaert et al., 2007).

Recreational fisheries have been recognized as a complex social-
cological system, where changes to either component results in
hanges to the other (Mora et al., 2009). In these systems, wicked
roblems, or problems that by their nature are difficult to solve
ue to a combination of complexity and stochasticity, can arise
hich require extensive communication and efforts among numer-

us disciplines to tackle effectively (Jentoft and Chuenpagdee,
009). Stakeholder engagement and partnership strategies have
roven successful in recreational fisheries research and conserva-
ion efforts by incorporating multiple viewpoints and facilitating
ngler participation to engender cooperation and support (e.g. see
rmitage et al., 2008; Granek et al., 2008; Hartley and Robertson,
006). Indeed, when consultation and participatory conditions are
et, harnessing the support of freshwater and marine anglers

an contribute greatly to aquatic stewardship (Cowx et al., 2010;
ranek et al., 2008; Tufts et al., 2015; but see also Danylchuk and
ooke, 2011).

An example of this potential can be found in the management
nd conservation challenges surrounding the mahseer (Tor spp.)
ecreational fishery of India. Mahseer are a group of large-bodied
otamodromous cyprinids targeted by commercial, subsistence
nd recreational fishers in Asia. Despite the fact that four of the
even Tor species in India have been listed as endangered (an addi-
ional species is listed as ‘Near Threatened’, IUCN, 2015), very little
nformation is currently available describing the ecology of these
pecies (but see Bhatt et al., 2004; Bhatt and Pandit, 2016; Nautiyal
t al., 2008; Nautiyal, 2014 describing migration behaviours and
cology of Tor putitora). Catch and release (C&R) was advocated as
n angling ethic in the 1970s in an effort to control poaching activ-
ties after anglers noted a decline in the body size and rate of catch
Gupta et al., 2015a). In an effort to mitigate concerns surrounding
he state of the fishery, anglers developed ‘coalitions’ and leased
roperty along river reaches, developing training programs for
uides and monitoring river activities to reduce poaching (Everard
nd Kataria, 2011; Gupta et al., 2015b; Pinder and Raghavan, 2013).
ngler catch data collected from a former angling camp on the Cau-
ery River has demonstrated an increase in catch rate (along with
oncomitant decreases in body size), indicating strong recruitment
as occurred since this type of fisheries management model was
stablished (Pinder et al., 2015b). However, in 2009, a legislative
ecree equating C&R fishing with hunting effectively shut down the
ecreational fishery in protected areas, while leaving other locales
irtually unaffected. This uneven application of regulations has
ince resulted in anecdotal reports of elevated poaching and illegal
shing activity within the Cauvery Wildlife Sanctuary (Pinder et al.,
015a,b).

In 2013, WWF  India issued a report detailing the current status
nd challenges surrounding mahseer conservation (see WWF-
ndia, 2013). A key report finding was the need to develop an
vidence based research agenda to support mahseer conservation.
n 2014, our team collaborated with local organizations, fish-
ries professionals, NGOs, and anglers in two regions to conduct
takeholder workshops designed to meet this need by facilitat-
ng discussions to clarify the current state of mahseer research,
dentify key knowledge gaps constraining mahseer conservation,
nd to develop a research agenda based on the outcomes of these
iscussions.

. Methods
The goal of both stakeholder workshops was to collaborate
ith researchers, industry and stakeholder partners to identify

ey knowledge gaps and develop a research agenda for mahseer
arch 186 (2017) 665–671

that addresses these knowledge gaps and supports current and
future research and conservation efforts. The unique characteris-
tics of each location, and associated fisheries, threats, and focal
species necessitated different approaches for each workshop. In
both cases, preparation consisted of identifying local experts in
the target areas to seek their partnership in facilitating workshops
through planning and participation (as per Reed et al., 2006). These
facilitators populated a balanced list of key stakeholders from mul-
tiple arenas, including fisheries and forestry managers (Karnataka
Department of Fisheries, Uttarakhand Department of Forests and
Ecotourism), representatives from fishing associations (including
the Coorg Wildlife Society, the Wildlife Association of South India,
Jungle Lodges, The Himalayan Outback, Baobab Educational Adven-
tures), lodge and homestay owners, anglers, and representatives
from conservation NGOs (WWF  India and Zoo Outreach Organiza-
tion).

The South India workshop took place at Jungle Lodges and
Resorts, Bannerghatta Nature Camp, Bangalore, Karnataka on
March 28 and 29, 2014, with 30 people in attendance. Mahseer
recreational fishing is firmly established in the southern states,
including Karnataka (Gupta et al., 2015b; Sehgal 1999). Participants
in this workshop were interested in discussing developments in
the recreational fishery, including rules and regulations governing
fishing activity, and the angling ban in protected areas. The North
India workshop took place on April 5, 2014 at the Byasi Beach
Camp, Rishikesh, Uttarakhand, on the banks of the Ganges River,
and on April 6, 2014 at Atali Ganga, Rishikesh, Uttarakhand, with
18 people in attendance. Mahseer recreational fishing is growing
as a tourism industry in the northern states (including Uttarak-
hand), though it is not known to be a popular activity undertaken
by many domestic recreational anglers. Participants of this work-
shop were interested in discussions regarding the role of tourism in
promoting the sport, and strategies for achieving balance between
tourism- and locally-based activities (e.g., small-scale commercial
and subsistence fishing).

The nature and type of both workshops was developed in
response to the preferences of participants and partners. For exam-
ple, the workshop held in South India (Bannerghatta) was very
structured, with specific time frames allotted for presentations and
discussion. In North India (Byasi/Atali Ganaga), the workshop pro-
cess was  more flexible, leaving more time for ad hoc discussions and
deviations from planned topics. Time frames were estimated for
individual topics and were adjusted according to how much/how
little participants had to contribute.

Both workshops were scheduled over two  days, with different
goals set for each day. We  opted to provide numerous opportuni-
ties for relationship-building and conversation prior to initiating
discussion regarding the research agenda (as per Allen et al.,
2011; Reed, 2008). For example, on Day 1, participants identified
local and regional-scale issues impacting mahseer, discussed the
management and conservation context for these issues, and back-
ground topics associated with the research (i.e., current state of
recreational fisheries research, C&R research and associated best
practices; Figs. 1 and 2). This method transformed the process
from a top-down scenario to a bottom-up process in accordance
with Reed’s (2008) best practices for stakeholder engagement, and
afforded the opportunity to discuss any potential flashpoint issues
in an open atmosphere. These flashpoint issues were aired, but not
considered an essential part of the research agenda by any atten-
dees. The list of knowledge gaps was populated at the end of Day 1
in both workshops. The second day (Day 2) was devoted to devel-
oping a research agenda for mahseer based on knowledge gaps and

discussion from Day 1.
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Table 1
Priority knowledge gaps constraining mahseer conservation identified by participants of stakeholder workshops in South India (Bannerghatta) and North India (Byasi/Atali Ganga). Knowledge gaps have been separated into
categories according to primary concern: biological, sociological, and economic. Where identical knowledge gaps were identified, identical descriptors have been used. Where similar knowledge gaps were identified, descriptors
highlight  specificities according to each location.

Bannerghatta Workshop Byasi/Atali Ganga Workshop

Biological Insufficient knowledge of:

• Taxonomy and diversity of mahseer (and other freshwater fishes)
•  Natural history and ecology of mahseer, including differences among

age/size classes re: physical habitat, habitat use, major life events, e.g.,
spawning, migration

•  Amount and impacts of illegal fishing activity, including use of small mesh
nets, dynamiting, poisoning, and electrocution

•  Impacts of invasive species introductions, stocking, and C&R on mahseer,
bycatch species (e.g., snakehead; Channa spp.), and compare potential tools
for improving survivorship of released fishes

•  Impacts of hydropower development and pollution on mahseer populations
and behaviour, e.g. impacts of reduced connectivity, shifting habitat types
(lentic to lotic)

Insufficient knowledge of:

• Diversity of mahseer (and other freshwater fishes)
•  Natural history and ecology of mahseer, including differences among

age/size classes re: physical habitat, habitat use, major life events, e.g.,
spawning, migration

• Amount and impacts of illegal fishing activity, including use of small mesh
nets, dynamiting, poisoning, and electrocution

• Impacts on mahseer populations arising from invasive species introductions
and stocking

•  Impacts of hydropower development and pollution on mahseer populations
and behaviour, e.g. impacts of reduced connectivity, shifting habitat types
(lentic to lotic)

• Suitable levels of combined (i.e., among fisheries) harvest

Sociological Insufficient knowledge of:

• Identifiable cross-cutting and cross-jurisdictional issues
•  Identify effective methods for raising awareness of mahseer conservation,

e.g., mahseer as umbrella species to promote freshwater conservation
•  Collaboration potential among managing entities
•  Impacts of angling behaviours on mahseer behaviour (e.g., bait use,

ground-baiting)

Insufficient knowledge of:

• Identifiable cross-cutting and cross-jurisdictional issues
•  Identify effective methods for raising awareness of mahseer conservation,

e.g., mahseer as umbrella species to promote freshwater conservation
•  Collaboration potential for addressing community needs in the fisheries

management context
• Benefits and constraints of recreational fishing activity to local communities
•  Enforcement efficacy, and alternative strategies that promote safety and

compliance
•  Suitable methods for generating community support for recreational fishing

activities, including recruitment of young, female anglers
• Suitable management toolbox for integrating different fishery types

Economic Insufficient knowledge of:

• Economic expenditures associated with all fishery types
•  Suitable access fees for recreational fishing activities
•  Efficacy of fees as enforcement for rule violations, suitable fine amounts

Insufficient knowledge of:

• Economic expenditures associated with all fishery types
•  Suitable strategies for sharing benefits arising from recreational fishing

activities with local communities
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Fig. 1. Participants in the South India (Bannerghatta) wo
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ig. 2. Participants in the North India (Byasi) workshop during breakout discussions
n Day 1.

. Results

Stakeholder workshop participants identified knowledge gaps
cross disciplines (e.g., biological, sociological, economic). While
imilar points were recognized in both workshops, location-
pecific knowledge gaps were also identified (Table 1). Twelve
nowledge gaps were identified by Bannerghatta workshop partic-
pants (5 biological; 4 sociological; 3 economic). Fifteen knowledge
aps were identified by Byasi/Atali Ganga workshop participants (6
iological; 7 sociological; 2 economic). Both locations shared sim-

larities among five biological knowledge gaps, three sociological
nowledge gaps, and one economic knowledge gap.

In both workshops, participants developed the list of top six
esearch priorities from the established knowledge gaps. These
dentified priorities were also multi-disciplinary but exhibited

ewer similarities than occurred through developing the list of
nowledge gaps (Table 2). Both groups retained three of the shared
nowledge gaps, but on refining them into more detailed research
riorities differentiated greatly on focus (Table 2).
rkshop pose for a photo at the conclusion of Day 1.

4. Discussion

The knowledge gaps and research priorities identified in both
workshops highlight the need to establish research programs that
acknowledge the integrated nature of fisheries, including multi-
disciplinary approaches in research (a need also identified in
Europe, Arlinghaus, 2006), and addressing the requirements of
location-specific stakeholders and sectors (e.g., balancing partic-
ipation among different forms of tourism and fisheries). Indeed,
workshop participants identified a greater number of sociological
and economic knowledge gaps than biological knowledge gaps con-
straining mahseer conservation. The shared identified knowledge
gaps indicate that there are opportunities to collaborate among
states/regions to establish an evidence base for mahseer biology,
ecology, and behaviour, in addition to opportunities for research
studying the biological, social, and economic impacts of recre-
ational (and other sector) fisheries.

Both groups prioritized the research agenda items based on
local issues and concerns (i.e., context mattered) and no individ-
uals or groups disagreed with any included items. For example,
both groups identified impacts of invasive species and hydropower
development as knowledge gaps, but on prioritizing issues for the
research agenda, participants in the Bannerghatta workshop pri-
oritized invasive species concerns over hydropower development,
while participants in the Byasi/Atali Ganga workshop prioritized
issues arising from hydropower development over invasive species.
Bannerghatta workshop participants were interested in partner-
ing with management entities to explore enforcement options and
alternatives in an already established fishery, while Byasi/Atali
Ganga workshop participants identified community engagement
and benefit-sharing as a priority management strategy to build the
mahseer fishery. These differences in priority setting highlight the
need for multi-scale approaches (i.e., national and state) to fish-
eries research and management. Shared knowledge gaps (including
impacts to mahseer by invasive species, hydropower development,
illegal fishing methods, and the use of mahseer as an umbrella

species to promote freshwater conservation) could be studied at
the national level, while adopting management strategies based
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Table 2
Priority research agenda items identified by participants of stakeholder workshops in South India (Bannerghatta) and North India (Byasi/Atali Ganga). Research agenda items have been separated into categories according to
primary  concern: biological, sociological, and economic. Where identical research priorities were identified, identical descriptors have been used. Where similar research priorities were identified, descriptors highlight specificities
according to each area.

Bannerghatta Workshop Byasi/Atali Ganga Workshop

Biological Clarify the taxonomy and systematics of mahseer (and other endemic
freshwater fishes)

Clarify the taxonomy of mahseer (and other freshwater fishes), confirm
identification, and examine local adaptations (e.g., dietary overlap and
competition among freshwater fishes)

Quantify trends in natural history and ecology of mahseer, including:
differences among age/size classes re: physical habitat; habitat use; major life
events, e.g., spawning, migration; and mahseer population dynamics,
including age, growth, reproduction, mortality (natural mortality rates and
external sources such as angling)

Identify impacts of hydropower development and pollution on mahseer
populations and behaviour, e.g. impacts of reduced connectivity, shifting
habitat types (lentic to lotic)

Determine impacts of invasive species introductions, stocking, and C&R on
mahseer, bycatch species (e.g., snakehead; Channa spp.), and compare
potential tools for improving survivorship of released fishes

Sociological Determine the suitability of mahseer to act as an umbrella species for
freshwater conservation in India by determining the value of mahseer (and
C&R) to the public, and identify other routes of knowledge mobilization

Determine the suitability of mahseer to act as an umbrella species for
freshwater conservation in India and identify other mechanisms for
encouraging conservation-oriented behavior
Measure collaboration potential for addressing community needs in the
fisheries management context, including determining the carrying capacity of
local social systems for ecotourism and angling activities and identifying
suitable models for facilitating social conflict resolution

Economic Develop an estimate of the economic expenditures generated by recreational
angling, trade-off/offsets

Develop an estimate of the economic expenditures generated by recreational
angling, and estimates for the degree of local dependence on mahseer for
livelihood/food

Evaluate efficacy of fees as enforcement for rule violations, and identify
alternate methods for regulation enforcement (e.g., discouraging the sale of
mahseer at market)

Evaluate suitable strategies for sharing benefits arising from recreational
fishing activities with local communities, including the likelihood of success of
alternative livelihood strategies
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n research outcomes may  benefit from a state- or location-level
ocus.

Regional-level differences in dominant mahseer species and
cology further support the need for multi-level mahseer research
nd management strategies. Recent research by Everard and
ataria (2011) and Gupta et al. (2014) suggests that the golden
ahseer (T. putitora) may  be useful as a flagship species for pro-
oting freshwater conservation throughout the Himalayan rivers

n Northern India, where this species is found (Nautiyal, 2014).
or khudree, while endangered in its native waters (IUCN, 2015),
as been artificially cultured and since the 1970’s been periodi-
ally introduced to the Cauvery. This intended augmentation of
he stock is now strongly suspected to have played a role in the
ecline of the yet to be described humpback mahseer endemic to
he Cauvery River in the South (Pinder et al., 2015a). These nuances
ndicate that while priorities for mahseer research (as identified
y workshop participants) may  be similar, there will be a need
or species-specific approaches in order to sufficiently address the
dentified knowledge gaps.

The occurrence of mahseer species in different countries in Asia
e.g., T. putitora, Nguyen et al., 2008) suggests collaboration and
ooperation may  also be possible at the international level. Current
esearch efforts examining the behavioural ecology of T. putitora in
hutan (Claussen, 2015) for example, could offer valuable insights

or the same species in the Himalayan watershed across the border
n India. Similarly, ongoing research efforts in India may  be useful
n supporting the development of research priorities for mahseer in
ther countries (e.g., in Malaysia, Nguyen, 2008). As such, we sug-
est that international collaboration of mahseer researchers may
e beneficial for aligning goals and strategies to identify synergies

n research priorities and opportunities for collaboration.
The involvement of stakeholders in the research agenda devel-

pment process was integral to identifying priority focal points that
ay  have otherwise been missed, or possibly discounted. Through

takeholder participation, we were not only able to benefit from
he varied perspectives and expertise of workshop participants, but
ncorporate regional and local priorities into goal setting in a man-
er that may  not have been possible at a more formalized national
eeting. It is essential to note that while we took care to invite

ndividuals representing as many viewpoints as possible, a strong
ajority of the invitees viewed recreational fisheries positively,

nd none of the attendees were subsistence fishers, or members
f migrant communities. As such, priorities of these communi-
ies may  not be adequately represented in the respective research
gendas (see Kothari, 2001; Prell et al., 2008). The views of local
ommunities and stakeholders vary among fisheries (for e.g., see
upta et al., 2016). As such, we recommend that any future efforts

o adopt research outcomes into management strategies include
onsultation with these stakeholder groups also.

This workshop process is an example of the overall value of
takeholder engagement for addressing data deficiencies in global
ecreational fisheries. Stakeholder engagement affords the oppor-
unity to gather many perspectives together, thereby bringing

ore information to the table through which to develop a knowl-
dge base (Hartley and Robertson, 2008; Reed et al., 2008). Many
ecreational fisheries around the world are data deficient, and
any managing bodies may  be constrained in supporting fish-

ries research by limited expertise and funding (Mahon, 1997).
reative approaches will be essential in addressing deficiencies
ffectively as we move towards improving global fisheries man-
gement and conservation using best available science. Several
ools have been developed and used as a way of addressing such

ata deficiencies in recreational fisheries to ensure that we are
ot ‘managing blind’ (rapid assessments, Bower et al., 2016a,b,
ennox et al., 2015; species-specific C&R research, see exam-
les in Cooke and Schramm, 2007, Cooke and Suski, 2005), but
arch 186 (2017) 665–671

to date these approaches have heavily favoured the biological
responses of species to fisheries processes. There continues to
be a dearth of suitable tools available for rapidly and thoroughly
incorporating sociological and economic considerations in fisheries
research (Arlinghaus, 2005), though strategies for incorporating
adaptive management and co-management processes are increas-
ing in other fields (e.g., see Armitage et al., 2008; Mackinson et al.,
2011; Pomeroy and Douvere, 2008). Using effective methods of
stakeholder engagement can help researchers to address data defi-
ciencies by allowing researchers to incorporate local knowledge
into priority and goal setting, and better understand the socio-
economic context of specific fisheries.
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