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ABSTRACT

This thesis and supporting papers constitute the submission for an award of
a PhD research degree by publication and consists of a colmsitleesis
linking a total ofeight published papers across seven peer review journals
and an IUCN Red List assessment.

The mahseersTor spp.) represent an iconic group of latgmlied cypmid

fishes found throughout the fagdwing rivers of South and Southeast Asia.
Due to the considerable religious, cultural and recreational significance of
these fishes, and the anthropogenic pressures they face, they are of high
conservation concerandrepresent flagship and umbrella focal species for
the sustainable management of river systems throughout their biogeographic

range

Based on research conducted since 2@bhsiderable advances in the
taxonomic and human dimension aspects of mahseeseoa@iionhave
been acheivedEngagement with theecreational angling communityas
demonstrated thieigh value andfuture potential for this rapidly expanding
stakeholdegroupto impact positively on the conservation of mahseer and
rivers more generall This hasbeenevidencedhroughthe development of
economic incentivised community habitat protection initiatives
Specifically, community level recognitiothat a live fish captured and
released by paying anglers has a renewable value over the sngiaue
value of a harvested fishas been shown wffer employment opportunities

andsupport the sustainabstewardshipf aquatic ecosystem8Vhere such



incentives are lackingnowever fisheries continue to bsubject to high
levels of exploitationdue to limited alternative livelihood opportunities
available within impoverished ruracommunities.Further, and dudo a
combinedack of political will and the difficulties associated with sampling
large fishes in large and remote monsoonal rivers, redoodn catckand
release angler logsave providedhe only availablensight to the temporal
performance omahseepopulatiors. Over a 12 year perio@ngler derived
datan ot only revealed a collapse (>90% red
endemic mahsegopulaton, but also evidenced the establishment and rapid
invasion of the noindigenous bludinned mahseer, thus highlighting the
previously undeappreciatedisks of stocking mahseer species into novel

systems beyond their natural distribution range

With particular focus on the thahseers of
work has afforded the largest of all mahseer species, the -haoked

mahseer, with a valid scientific nam@or remadevi and, through

extensive analysis of angler catch dd&as highlighted its high extinction

risk, with it now assessed as Oo6Criticall
of Threatened Species. This has in turn impacted on regional and national

fishery and wildlife policy and affected a concerted internationairtetd

apply a multidisciplinary and multiple stakeholder approach to saving this

iconic speciesof megafaundrom extinction.In the absence dghese works

it is highly probable that the species would have remained on a trajectory

towards rapid extinctio. Instead, the first major steps to safeguarding its

future have been taken.

In achieving these research highlights, this work has also resulted in
extensive gap analyses to identify and address some of the many knowledge
gaps which have been congtiag the effective direction and efficacy of
international efforts to conserve species across the g#Witis. specific
reference to previous taxonomic uncertainties, a comprehensive synthesises
and critique of species descriptions and subsequent mogitellcand
molecular focused literaturbas resulted in thpreviouslylisted 24 species

of Tor, being revisedto just 16 valid speciesAdditional collation of



available data to inforndistribution ranges, population trends and threats

across the genukas facilitatedhe revision olUCN Red List assessments

with onespeciesnow Cr i t i cal |,yhEprdangeoneasdanger ed?o
OVul nerabl ed, t hree a&ight réeNreaai rn i M g r edaltaet nae C

Deficientd.

In discussing residual uncertainties, plgion threats conservation
prospectsand the role of stakeholders across the rediois, submission
concludes withan overarching synthesis of the current knowledge base
pertaining to the genudlor. In discuseg taxonomic clarifications,
emerging resarch priorities and potential mechanisms to effgpecies
conservation, this alsepresents éirst point of reference for researchers
while encouramg further research to challenge and enhance the knowledge
base necessary to conseraed promotethesefreshwater icons afocal

species to support the ecological integrity of South Asian rivers.
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Chapter 1: THESIS OVERVIEW

1.1 Rationale

This documenpresentshe casdor support for the submission for an award
of a PhD research degree by publication. The authowbdsedin the field

of fisheries science since 1988&d over this time has published on a broad
range of related disciplines, including fish migration)yedevelopment and
invasive species. This submission however focusesesearch conducted
since 2012and presents a selection of papers on the themeb$eer Tor
spp.)conservation and associated human dimensiéiisough much work
has been focused onthe River Cauvery catchment i&outh India this
research halkeen instrumental in advancitige taxonomiknowledgebase
and opportunities for conservation action across the géoyshroughout
their biogeographic rang&hich extends ovemuch of Southand Southeast
Asia.

This supporting document is designed fidfil the requirement of a
synthesis tchighlight and critically evaluate the contributions these works
have made towards the advancement of knowledge both within the field of
mahseer consertian and within the discipline disheries and conservation

sciencanore generally.

1.2 Main Research Themes

This submission is based on publications thraivuponresearch skillend
experience gained t hssionalgchreeu Theselhe aut hor ¢
into the following four broad disciplines of fisheries researchand are
frequentlyinterwoven for context throughout many of theividual papers

which form this submission

1. Societal/stakeholder interaction with the biological resource
- Comprehensivedeskbased and stakeholder interview derived

syntheses of individual and cumulativetl@ropogenicpressures



which threaten mahseer populatipasitudes towards conservation,
recreational fisheriesrural livelihoods, government policy and
industrial levé conservation efforts
2. Population dynamics
- Working with angler catch data to define population community
structure and establish temporal trendgapulation size and age
demographics
3. Taxonomy
- Application of a multidisciplinary study approach to eladel the
species identity of; the worl dbés | arge
4. Conservation
- IUCN Red List assessment of the hubgcked mahseer as
6Critically Endangeredd and state of

knowledge and conservation prospects across the gemnus

1.3 Publications Submitted for Examination

The collection ofnine publicationssubmitted for consideratiorepresent a
focusedcollection of works embodied within a broader range of papers
publishedby the authoover his research careefhe rationale for seleon

was that:

1. All works have been published within the last 6 years;

2. These publicationsorm the product of atrategic visionto raise
awareness of aquatic biodiversity in South and Southeast Asia and
effect change to support biological conservation @asgbciated links
with the livelihood prospects of poor rural communities.

3. They provide evidence o& dynamic multidisciplinary research
approach to navigate logical stepping stones within achieving the
overarching vision above.

4. They culminate in evidemrg considerable advancement in the
subject aea and by impacting and changing polegross various

stakeholder levels.



5. Collectively, they demonstrate strength in theu t h abitityd fer
capacity building and effective international scientific collaborat

Eight published papers across seven peer review journals and an [IUCN Red
List assessmettave been selected to demonstrayeresearcltontribution.
Although | have led the authorship @ik of these outputs, | have included a
further three paperthat| have contributed to, which form important links
within my own strategy for contextualising, engaging and communicating
my research across the diverse stakeholder groups needéfédicfuture
conservation effortsThe multidisciplinary approach regred to bring
many of these studies to publication has requiredliaborativeapproach
and the input of a number of specialistg; own contribution to each paper

in relation to that of my cauthorss defined inAppendix 1

The publicationsdbelow arelisted in chronological ordeof study and not

necessarily year of publication

Submission 1. Pinder, A.C., Raghavan, R., 2013Conserving the
endangered mahseerBof spp.) of India: the positive role of recreational
fisheries.Current Sciencé&04, 142-1474.

Submission 2. Gupta, N., Raghavan, R., Skwnar, K., Mathur, V.,
Pinder, A.C., 2015 Assessing recreational fisheries in an emerging
economy: Knowledge, perceptions and attitudes of eatckrelease

anglers in IndiaFisheries Researchi65 79-84.

Submission 3. Bower, S.D., Danylchuk, A.J., Raghavan, R., Clark
Danylchuk, S.,Pinder, A.C., Alter, A., Cooke, S.J.2017. Involving
recreational fisheries stakeholders in development of research and
conservation priorities for mahsediof spp.) ofindia through collaborative
workshopsFisheries Research86, 665671.



Submission4. Pinder, A. C., Raghavan, R.Britton, J. R, 2015 Efficacy

of angler catch data as a population and conservation monitoring tool for the
flagship Mahseer fishes (Topps.) of Southern IndigAquatic Conservation:
Marine and Freshwater Ecosystefts 829838.

Submissbn 5. Pinder, A. C., Raghavan, R.Britton, J. R, 2015 The
legendary humjp ac ked mahseer Tor sp. of l ndi ao
endemic fish swimming towds extinctionZEndangeredSpecies Research

28, 11-17.

Submission 6. Bower, S.D., Danylchuk, A.J., Raghavan, R., Clark
Danylchuk. S.Pinder, A.C., Cooke, S.J.2016.Rapid assessment of the
physiological impacts caused by catnidrelease angling on bldfened
mahseer Tor sp.) of the Cauvery River, Indi&isheries Management and
Ecology23, 208217.

Submission 7. Pinder A.C, Manimekalan, A., Knight, J.D.M,
Krishnankutty, P., Britton, J.R., Philip, S., Dahanukar, N., Raghavan, R.
2018.Resolving thedaxonomic enigma of the iconic game fish, the hump
backed mahseer from the Western Ghats biodiversity hotspot, Pidi&
ONE13(6): €0199328.

Submission 8. Pinder A.C., Katwate, U.,Dahanukar, N.Harrison, A.J.
2018 Tor remadevii The IUCN Red List bThreatened Specie20182.

Submission9. Pinder A.C, Britton, J.R., Harrison, A.J., Nautiyal, P.,

Bower, S.D., Cooke, S,J., Lockett, S., Everard,M., Katwate, U., Ranjeet, K.,
Walton, S., Danylchuk, A.J. & Raghavan, R019 Mahseer Tor spp.)

fishes @ the world: status, challenges and opportunities for conservation.
Reviewsn Fish Biology and Fisherie29, 417452.



1.4The Structure of the Supporting Document

The main commentargnd publicationsupporting this submission for PhD

by publication are contained within Chapter2 to 10. For professional
context Chapter 2provides a brief synopsis of my entire career and the
background research skills gathered in leading up to my relatively recent
(>2012) research on mahseer conservatidngeneral introdction is
provided inChapter 3andin subsequent chaptefspresenta supporting
commentaryprelude)for eachof my selected publicationgither astand

alone chapters or by grouping themed papers within a single chapter. In
each chaptet discuss thedevelopments and events which triggered the
subsequent direction of research and how these pbhpeescontributed as

a) standalone contributions to the research fiekhd b) address their
cumulative relevance and impact as taptes progressChaptes 9 and

10 present a comprehensive synthesis of these works, embodied in a
published review of the current state of knowledge and conservation
prospects across the entire gedus (Chapter 9) and a final concluding

summary (Chapter 10).

The multidiscidinary approach required to bring many of these studies to
publication has required a collaborative approach and the input of a number
of specialistsmy own contribution to each paper in relation to that of my
co-authors is defined in Appendix Two of the papers includeth this
thesis (Submissions 3 and 6), represent works that have been previously
submitted for the award of PhD by the lead autacordingly, these have

not been includedo claim personal credit, but due to ther importance in
building the evidence base and guiding the strategic direction of my own

research journey.

In addition to the traditional bibliography giving details of all the references
cited in the text, AppendiR lists all my publications under the categories of
journal aricles, books, chapters in books, other ISBN outputs (e.g. [IUCN

Red List assessments) and subject relevant popular articles. Due to much of



my career being dedicated to consultancy and the high valed®®) and
diversity of commercialreports | have authed, | have purposely omitted

these outputbom Appendix2.



CHAPTER 2: A VERY FISHY CAREER

My entry into the world of academia is probably best described as
6 unc onv eslmade myaekitdronsecondary school at the age of 16
Having been a faniaal angler from the age of four and spending my early
teens working Saturdays as a fish moGgessistant, enrolling on ti@uth
Training ScheméYTS) to studyFish Farming andrisheries Management
with a view to progressing to a Diploma course at Spalt College,
seemed at the time, the only available option to position mysedf dareer
which involved working with fishThe format of this fondation course was
largely workplacement based with one month residential periods at college
during eachdrm.Being based at the former Dorsgrings trout farm and
fisheriesprovided me the opportunity to develop a broad range of practical
fish husbandrgkills (inclusive of retajlwhile managing the farm shopid
allowed me to focus for the first time aemically on a subject | was
extremely passionate abouDespite my enjoyment and enthusiasm for
completing the course, six months into my studies | became aware of a full
time job opportunitywhich was too good to ignore and subsequently

secured my next9 years of employment.

2.1 Centre for Ecology and Hydrology

My career at the Centre for Ecolognd Hydrology (CEH) began in 1838
when as a 17 yeanld, | was recruited as an Assistant Scientific Officer
under tte supervision of Dr Richard Manio assistwith a longterm study

into the factors affecting the recruitment success of coarse fish populations
in the RiverGreat Ouse in Cambridgeshif@espite an illustrious research
career in the biology and ecology of freshwater fish, the practicalities of
samping and identifying eggs and larval fishes for recruitment studies was
as novel a challenge to Dr Mann as it was® This afforded me a degree

of autonomy at a very early stage in my career, with my passding me

with the time and encouragemerdgquired to research andlevelop the



uniqueskills needed to support the projess these skills developed | was
fortunate to also assist various pdsttoral positions which included
working closely with Dr Gordon Copm researchinghe role of early

ontogeny in determining microhabitat selection damlietary resource

partitioning in lowland river fish communities.

In 1992the offer of relocating to set upnewfield baseand spend the next

four years collecting and analysing predominantly water chemssimyples

for theLand Ocean Interaction Project (LOJ®)ad limited attraction due to

the departure from fisheries research. Fortunately however, by this time, my
field and taxonomic skills were in demand and my -ttaglay
responsibilities were frequentipterrupted with the need to support other
national CEH fisheries teams with commercially funded projects on various
rivers throughout England and Wales. This along with the incentivee of
promotion to Scientific Officer, saw me basatYork University urtil

1997, where in addition to the routine collection and analysis of water
samples, | also gained considerable experience in setting up and running an
extensive network of automatic data sondes, and telemetered depth/turbidity

triggered autevater samples.

Commensurate with the LOIS project coming to an @mdl997 my
reposting to Dorsetods Rongidemblylmarbor at or y
enthusiasm ag was born and raised in the area ahdd already worked

with the Dorsebasedisheries team on a nurabof previous projects. Prior

to the move | had secured my first consultancy project and had been
commissioned over the following three years develop andproduce
illustrated identification keys to the larval and juvenile stages of these&oa
fishes ofthe British Isles. Working on this project was interspensél a

vast array of fishery investigations and the acquisitionew skills required
tostudy the spatial ecology of fish populatiarssng automated fish counters
and biotelemetry tools. With ¢h exception of ongoing work on the
identification keys, this also represented a shift in focus from coarse fish

communities to salmonid research.



Despite continuing to use the River Laboratory as a field base throughout
my time at CEH, in 2001an orgarsation restructure saw all staff relocated

a short distance away to Winfrith Technology Centre. This coincided with
our team recruiting Dr Rudy Gozlan who had undertaken his PhD under the
supervisionof Dr Copp on the subject dhe early ontogeny of cypnid
fishes. This common interegery quickly led to a productive collaboration
and the publication of a number of papers (including my first papers as first
author) on the subjects of early ontogeny and-mative fishes. With my

fish identification keyslso being published as a book in 2001, | now reflect
on this period as a threshold in my career during which | transitionedafrom
research assistant tosamtindependent researcher gaining recognifimm

the first timeamong international peers.

As mentioned previously, salmonid research was also a key theme of my
work at this time and in forging a specific interest in the phenomenon of
autumn seaward migration of salmon parr, and based on my growing
publication record, | was offered the opportunityuiadertake a patime

PhD at Southampton UniversityThe news of another major CEH
restructuring exercise and closure of the CEH Dorset base in 2007 came as a
bitter disappointment. Due to my domestic situation ruling out my ability to
relocate to Oxfordsre, this not only marked the end of my career with
CEH but also forced the termination of my PhD programme after only a

single yearsd study.

2.2 Consultancy

Despite having developed some experience in the delsecpnsultancy
projects and people managemt at CEH my move to the private
consultancy APEM Ltdin 2007, represented a new and exciting challenge.
Recruited as aPrincipal Fisheries Scientistvith the responsibility D
establishingand managinga new regional office required the rapid
acquisiton of new knowledge and skills, particularly with regard to business

acquisitiontendering,competitor analysis and strategic recruitm&¥ith a



remit ofexpanding the companyds <capacity to
broad range of aquatic science duicies, by 2013 | hadbuilt a highly
profitable multidisciplinary team of 15 consultants with expertise spanning
marine and freshwater taxonomy, ornithology, fisheries, remote sensing and
geomorphology.

This role provided the opportunity xpand my pragssional network and
engage with both industrial and environmental regulatlignts across a
broad array of project disciplines, from smadicale local issues to
overseeing the environmental elements of major national infrastructure
builds and proposedegtelopments such as the Tyne Tunnel and Hinkley
Point nuclear power station. In addition to continuing to keep abreast with
the scientific literature ancdollaboratingwith former colleagues in bringing
earlier fisheries research to publication, occasiopgbrtunityalsoarose to
undertake competitively acquired novel research (e.g. the migratory
behaviour of glass eel), which resulted in additional publications in peer
reviewed journals during this appointmebhtaving APEM in 2013 with
established recoquition on the international fisheries research stage,
experience in the commercial application of research skills and business
management, provided the ideal skillset to join Bournemouth University as
an Associate Director with a remit of establishing ewnenvironmental
consultancy business within tHeepartment of Life and Environmental
SciencesWithin three months of my appointment at BU, | had established
Bournemouth University Global Environmental Solutions (BUG)

www.bournemouth.ac.uk/bugnd was already engaged in the delivery of

my first competitively wonconsultancy project. Provided with a free reign

to develop BUG into a financially séBustaining enterprise, thmisiness

model | developed was tase the consultancy a6 s hop wi ndowd t o
promote the breadth of expertise within the departnamt encourage

academic staff to engage with the commercial sector. To date, BUG has

delivered in excess 0100 projects which have engaged 80 percent of

acadents within the department.

My desire to continue and expand my own academic research pohtfslio

been strongly encouraged and supported by BU and in addition to my

papers on mahseer, which constitute ghismission for PhD by publication
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(see also Seicin 2.4), | have also published papers (several as first author)
on the subjects of lamprey conservation, the consequences of angling on
marine fish species, the genetics of Malaysian mahseers, water security in
semtarid landscapesemperature effects ale recovery of recreationally
angled fish andthe global biodiversity threat posed by the practice of
Buddhist Live Releasd-or a full list of publications see Appendix II.

2.3The Mahseer Trust

Prior to joining Bournemouth University and following myitial forays to

South India, | had started to feel my carems becoming treadmill and

was lackingnew challenges anexcitement Having recently familiarised
myself with the River Cauvery in South India, the prospect of directing
some of my professial skills and enthusiasm towards mahseer and their
associated ecosystems became my primary focus; however, what was

lacking was an organisational vehicle to make this aspiration a reality.

Although registered as a Charitable Trust in 2008 by a smallpgodu
British anglers, the Mahseer Trustdonly existed on paper. On contacting
the trustees and pointing this out, | was recruited (in a voluntary capacity) as
Director inApril 2013. Following a few late nights of welbased selfuition

in web design ah hosting, the first Mahseer Trust website

www.mahseertrust.orgvas launched, establishing the Trust with the
following aims:
f To advance scientific knowledge of mahseer taxonomy, biology and
ecology;
1 To provide a interactive online resource for scientists,
conservationists and anglers;
1 To seek funding to support international research and conservation
programmes relating to mahseer;
1 To promote awareness of the conservation, and ®m@oomic

benefits of sport agling;
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1 To engage with all stakeholders and provide regular reporting of the
activities of the Trust.

Following the strategic recruitment ofGhairman andoard oftrusteesin
2016 the MahseerTrust was established as a UK Registered Charity
allowing me to adopt a more focused role asrastee and Director of
Research. Within this role | haveavelled extensively andstablished a
global network of mahseer researchers, organised and hosted several
conferences and workshops, including the Internatiovalrkshop on
Mahseer Conservation in Kochi 2017, and sectuading from Tata Power
to support the conservation of the hutrgcked mahseer. In December 2018
| was invited to deliver the opening keynote at the International Mahseer
Conference in Paro, Bhuta which assisted in establishing formal

partnerships with major conservation organisations, including WWF, and

further funding to support the Trustds

species across their full biogeographical range.
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CHAPTER 3: INTRODUCTI ON

The mahseers represent an iconic group of cyprinid fishes found throughout

the fastflowing rivers of South and Southeast Asia. Characterised by their

very large scales, the name mahseer is often applied to fishes within the
generaNeolissocheilusNazaritor and Tor. However, it is only species

within thi$oWw@hadretypicalyeonsi dered to be the
mahseergDesai 2003; Nguyen et.a2008)and often referred to
tiger of the water 6 duefightimg freshmaterr r eput at
fish in the world(TWFT, 1984; Nautiyal 2006)and thusaffording their

iconic status amongst theternationakecreational arlqqg community.

3.1 Cultural significance of mahseer

Mahseers have | ong been fishéesfamdnmedeged sai ntl y
amongst isolated tribal societies across India and beyGugta et al.

2016) Paintings depicting largecaled fish on Nal pottery, from Pakistan,

i ndi cat e an -sicnalebtrakés earlyi aa 3,000B& (Hgra 1956)

and refereces descri bing sacred afhdke@ascul i ne
fish can also be found in Hindu religis scriptures, symbols, motifs and
sculptures(Jadhav 2009) The first avatar/incarnation of the Hindu god

Vishnu took the f or nshatmanbadifesh (Bigueed, sy mbol
3.11), with sculptures commonly found in ancient temples throughout India

and a mythology with much in common wit
(Pinder2017)
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Figure3.L1.Hi ndu god Vi shnuodés fihast i ncarnat.
man/half mahseerfmage created bgnant Shivaji Desai and sourced from

Wikimedia Commons

This religious connection has led to the establishment of reahse
sanctuaries where huge numbers of fish congregate in pools adjacent to
temples and are fed daily with puffed rice by worshig@andekar 2011)
(Figure 3.12). Some of these sanctuaries have been in existence for
centuries and are safeguarded from exploitation through the social beliefs
and sentiments of devotees from associated villages and temple authorities
(Sen & Jayaram 1982; Bhagwat & Rutte 2006; Katwate et al. 2014)
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Figure3.12. A young family feeding mahseer at a temple pool on the River

Cauvery in South India. Photo: A. Pinder, January 2017.

Within India,eightspeciesofforar e currently known to shar
natural resources with a human pdation of >1.3 billion. This makes

India the second most populated country in the world, accommodating
approximately 18% of the worl dbés popul at
continue to grow and to overtake China b
rivers, from the Himalayas in the North to the tropical rivers of the south,

are under unprecedented anthropogenic predsaanders et al. 2002)

Indeed, extensive deforestation in headwater drainages, massive abstractions

to servce rapidly growingmegacities, and the construction of mega dams

to create storage reservoirs ammbwer generation have left some

catchmets with plummetingand contaminated ground water resources

(Everard et al2018) Exacerbating existing pressures, climate change is

now presenting a direct threat to human life across large parts of India,

through a combination afxtended periods of dughtand flashflooding. In

addition to the loss of hundreds of human lives duttireglevastating floods

and landslidesacrossKerala and krnatakaduring the summer of 2018

large areas of foresin theWestern Ghatwere alsalestroyedthus further

compromisingnatural hydrological process and reducing the resilience of
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these systems to the more extreme weather patterns projgstEegGA
2010)

3.2My introduction to India and themahseer

The name mabhseer first came to my attention in the Iat@ 89s when as
young boy | stumbled across a photograpthe Angling Timesthe image

of which is still etched in my mind, of\Westernanglerstanding chest deep

in a majestic river with an Indian guide assisting him in cradling a gigantic
humpbackedish with bright orange fins and scales the size of the palm of

an adult handAlong with inspirations closer to home, | have no doubt that

this image contributed to igniting my obsessive fascination in fishes, which
defined my career path ama 2010 eventually lured me to undertake my
firsttript o S o u t RiverlCawdryadasquaintyself with the mighty

mahseer.

In both 2010 and 2011 travelled as an angling tourist to the Galibore
Fishing Camp which had become famous for the giant fish captured by
international angleradoptingcatchandrelease (C&R)practises Galibore
Fishing Camp represents one of four former camps situated initltem
reaches of the River Cauvery, KarnataRdnese camps accommodated
paying recreational anglers from anouthe globepperated a stricC&R
policy and providd a classic example of how a natural biological resource
can provide alternativivelihoodsin terms of employment fopoor rural
communities Chapter 4). Here | leaned first hand about livelihood
dependencethe complex dynamics of soeexological systems and the

fragility of theecological balancbetween tourism and conservation.

Prior to my initial trip, my knowledge of the genuBor was somewhat
limited due to a paucity of publications since the early literary works
published duringBritish rule of India. The authors of these pioneering
books were essentially anglers, but they were alswateur natural
historians the works of Thomas (I8), Dhu (1923 and MacDonald
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(1948), still provide some of the most valuabigormation on the biology

and ecology ofmahseers found in the rivers of the southern Western Ghats,
the Himalayas and Burmadw Myanmar).Back in 2010, hese books also
provided me with advanced knowledge over my angling peers and the local
gui de s, whom many had fallen into the m
was a single species. However, they also provided me with sufficient
information to become extremely confused during imial visits to India
about the taxonomy of tHesh | observedThe first mahseer | had ever seen

in the flesh was a fish | caught during mystirevening on the River
Cauvery, a photograph of whid¢tangson my dining roomwall at home to
remind me of where this journey begdrhis was clearly a mahsedyut

quite differentin appearancéo the fish that | had seen in historic pictures
from the RiverCauvery(Figure 3.21). Indeedover the course of the first
week only two fish (both large specimens in excess digdOmatched the
humpbacked fish with orange fins which had made the River Cauvery
famous. All other mahseer caught by anglers exhibited various sbades

blue fins which when quizzedpon,the local guides shook their heads and

suggested they were all the same.

Flgur:e3.21. The legendary orang finned hwbacked mahseer that had
initially drawn metote Cauvery (left), and my first
f i ns & wne sccatching myf head (right).

A thorough literature search on my return to the UK resulted in further
confusion which led me to write to the Zoologi&@lrveyof India (ZSl) to

seek theexpertise of renowned Indian Ichthyologist Dr K ReiDavi.
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Despite not having any definitive answers to my question, Dr Reeva

suggested that | contacted Dr Rajeev Raghaweamwas at the time based at

St Al bertds Coll ege i n beémstudying aniker al a. R
recently published a paper on the mahseer of the western drainage of the

Western Ghats, but after discussing my photographs via email, we made

little progress in determining the species of mahseer present at the Galibore

Fishing Camp oftte mid River Cauvery.

NOTE: the assistance of Dr Reravi represents a pivotal moment in this
journey, as Raghavan has since become an active collaborator -and co
author. In a unforeseen twist of fate, the naiRe ma  [Peeentarstthis

narrative inChgter8.

3.3 Specificresearchobjectives

While my initial trips to India had stimulated a strong personal interest in
masheer, the development of my resealglction has been a dynamic
process, which ha®volved to focus on the following key research

objedives:

1. To qualify the potential forthe global recreational angling
communityto contribute to mahseer conservation efforts;

2. To quantify the scale of participation of recreational angling in India
and the levels of knowledgettitudesand willingnesswithin this
community of stakeholderdo actively engage in conservation
efforts

3. To examine the efficacy of angleatchdata as a sampling tool to
monitor the temporal and spati@éndsin population dynamicef
mahseer throughout the region;

4. To clarify the taxonomy o f t he Ri ver -b&kedveryos h
mahseer, sing a combination of molecular and morphometric

techniques. This was a pivotal step and requiredntble formal
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conservation assessment of this species on the IUCN Red List of
Threatened Species;

5. To synthesise the current statetatonomicknowledge population
threats, emerging research priorities armbnservation prospects

acrosghe entire genugor.
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CHAPTER 4: EXPLORING THE ROLE OF
RECREATIONAL ANGLERS IN MAHSEER
CONSERVATION

4.1 Prelude to Submissioril

Pinder, A.C and Raghavan, R2013.Conserving the endangered mahseers
(Tor spp.) of India: the positive role of recreational fisheri€siurent
Sciencel04, 14721474,

Global participation in recreational fisheriebgtpractice of catching fish
with rod and line for noitommercial gain) has been estimated at C.700
million (Cooke& Cowx 2004). The activity represents the primary use of
wild freshwater fish stocks in all industrialised countries (Arlinghaus et al.
2017; FAO 2012) with participatory growth also now evident in many
developing countried=AO 2012; Freire et aR012 Bower et al2014.

The motivations driving this activity range fronthe necessitated
supplementation of nutritional needs throughetdirdy non-consumptive
leisurepurposes (Cooke et al. 2018stimates suggesttat more than 60 %

of the global recreationatatchof 47 billion fish per annum igpurposely
released alive following capture (Coole Cowx 2004). Despite some
national policies €.9g. Germany) prohibiting the release of recreationally
angled fishon ethical groundéseeChaper 7) and further geographical and
cultural differences influencing the proportion of release to harvest ratios
across the worl{Cooke et al. 2018}he consevation benefits o€atchand
release (C&R) anglingre typicallybeing increasingly implemented as a
management strategy to promotiee sustainability of the recreational
resource(Arlinghaus et al2017). This model of fisheries management is
now gainingtractionin developing countries, particularly at the local scale,
where communities have recognised angling tourism as having the potential

to provideadditional or alternate forms of livelihood (Barnett e28l16).

The former mahseer fishery of thadvRiver Cauvery provides a classic
example of an entirely harvest fishempich transitionedto 100% C&Rin
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t he | atlrdeedtBerrdalisaion that a live fish has a renewable value
which can be capitalised multiplemes has rehabilitated formelocal
poacherdo protect fish stocks with their lives defence of their lucrative
employmentas angling guides anduxiliary support roles (e.g. drivers,
chefs, bait makers etc.puring my time at Galibore Camp | spent many
hours in conversation withh¢ staff and learned that their salaries,
supplemented by tips over several decades/e represented the main
source of income ttheir villages, thus elevating thgaersonakocial status
and garneringommunityrespectand further protection for theiddogical

resource on which their employment relied.

Following my trips in 2010 and 2011 and witnessing the level of illegal
exploitation of fishby highly destructive methods (e.g. dynamite) whiets

had very obvious deleterious effects on fish stamk$ associated aquatic
faunabeyond the boundaries of river sections protected under this model, |
realised the vital importance dhese fisheries to the mahsemnd the
exceptionallyrich aquatic biodiversityand endemisnassociated with the
river drainags of the Western Ghatsi¢lur et al.2011). | had also become
aware that the daily angling logs kept by the camp may offer a valuable
source of data with which to monitor the temporal performance of the
mahseer stockst was therefore a considerable skdc hearin November
2012 that the Supreme Court had passed a ruling which immediately
outlawed any form of fishing throughout the former angling caripe
potential implications of the fishery closure dominated my thoughts for days
and manifested intthe following concerns:

1. There was no longer gnncentive to protectish stocks from illegal
fishing (e.g. dynamite);

2. The loss ofemployment and thus food securityould result in
campstaff returning to theiformer profession as poachers, resulting
in depletion ofthe resource they had until then protected

3. Without angling activity, thergzasno method remaining in plade
monitor populatiorstatus

4. How wouldit be possibldgo resolve the taxonomy of the two distinct
mahseer phenotypes | had obseryedi®
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5. Perhaps the officials responsible for this sudden policy change were
unaware of the conservation benefits and economic dependence

within the region?

With the exception of some of the Norihet states of India, the ban on

angling within Protected Area ( PAO s ) , still extends acr
with the rationale for this policy beingiscussedn Submission 1It was

this abrupt change in policthat was the catalyst whiclrsaw my angling

interest shift into research mode and the onset of my regearciey.

With a busy day job as a consultant at this time, my evenings became
swallowed up by the production of a report to provide stakeholders (the
recreational angling community) with the scientific evidence they had
requested of meo supporta legal challenge to the angling ban.

Although never published in full, thencouraged me to4establish contact

with Raghavan. Following some discussion, it was decided that the best
strategy to gety message to policy makers was to publish a stripped down
and succinct commentary paper in I ndiad
Current SciencélVhile Submission 1 identifies many positive aspects of the
conservation benefits of recreational angling, it was also important to
acknowledge that negative impacts tbe activity (e.g. fish welfare and
ethical considerations) would require further investigation (See t&hap

In May 2018 this paper was cited in the Indidliational Academy of
Agricultural Sciences Strategy Paper 8 on conservation policies for hilsa
and mahseerNAAS 2018. This documenticknowledges the difficulties
associated with monitoring fish populations in dynamic monsoonal rivers
using conventional fisheries assessment tools. Accordindgtightights the
positive role of C&R fisheries immonitoring mahseer populations and
recommendghat a science led angling protocol should be developed to
reinstate the monitoring of mahseer populations on the River Cauvery and

within Protected Areas throughout India.
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4.2 Submission 1

CURRENT SCIENCE, VOL. 104, NO. 12013

Conserving the endangered Mahseeil®( spp.)

of India: the positive role of recreational fisheries

Adrian C. Pinder *and Rajeev Raghavdli

®Faculty of Science and Technology, Bournemouth University, Poole, UK
PMahseer Trust, Freshwater Biological Association, Wareham, Dorset, UK
“ConservationReseac h Group (CRG), St. Al bertodés Co

A third of all freshwater fishes globally are threatened with extinction
(Dudgeon 2012; Gray2011) making them one of the most important
vertebrategroups in need of urgent conservation attention. Frasdnfishes

are increasingly threatened by a range of factors, including habitat loss,
overexploitation and biological invasior{®udgeon 2012; Gozlan et al
2005). Conserving freshwater fishes is therefore a complex challenge
requiring a combination of pactive strategies, on a continuous and
sustained basigDahanukar et al2011; Dudgeon etl. 2006) To be
successful, conservation measures also require the political will of national
and regional authorities, and the participation of local commuriKieselat

etal. 2012)

Many countries, especially those in the tropics where much of the

freshwater fish diversity is concentrated, invest little time and effort on their
conservation. For exampl e, in I ndia, froe
sightétuandf mindd of the pc@hdgktey maker s &
al. 2001) This is in spite of the fact that the country harbours the greatest

number ofendemic freshater fishes in continental Asi®¢ Silva et al.

2007) many of which are threatenédahanukar et aR011;Vishwanath et

al. 2011)and some probably extinRaghavan & Ali2011, 2012)
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Mahseers of the gend®r are large cyprinids endemic to continental Asia,

and popular cultural icons of economic, recreational and conservation

interestin their native rangé¢Siraj et al.2007;Nguyen et al2008).Due to

the |l arge sizes they attain, mahseers f i
of the world (Stone 2007) and have often been call ed
wa t @Naufyal2006) andthewod 6 s har de s (TradsiWprldt i ng f i sh
Fishing Teaml984) There are no reliable estimates of the numberoof

species found in Indian waters, mainly due to the taxonomic uncertainties

within this genus(Siraj et al.2007) However, they comprise one dfet

most threatened groups of freshwater fish in the country. Of the currently

valid species, f i veToakhedredTi kslkamnidT. as O Endan
malabaricus T. mussullah(see Note 1) and. putitora) and two as ONea
Thr eatTetorardld. prdgeniug in the IUCN Red List of Threatened

SpeciegIUCN 2012)

The report of the National Commission on Agriculture (NCA) in 1976 was
probably the first to highlight the plight of the mahseers and the need for
their conservation(National Commission o Agriculture 1976) Several
studies have since revealed that overfishing and habitat alteration have
resulted in severe population decline of differ€at species, including the
golden mahseefT. putitoraand the tor mahseer, tor in the Himalayan
rivers (Bhatt et al.2004; Bhatt et al.2000) and the Deccan mahsedr,
khudreein the Western GhatéRaghavan eal. 2011) More recently, the
escalating listof anthropogenic threats to mahseer populations has been
synthesized to include a broad range mdividual and combined effects
such as catchment fragmentation, water and aggregate abstraction, and the
prevalence of illegal and highly destructive fishing methods such as small

mesh nets, plarderived toxins, electricity and dynam{¢/WF 2013)

The Wildlife association of South India (WASI), an NGO based in

Bangal or e, Karnat aka, came into existen:
conserve and preserve the wildlife of S
obtained a lease of a 22 km reach of the River Cauwgty the aim to
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conserve native mahseer populations. While this initiative lacked influence

over catchmenscale developments impacting either directly or indirectly

on habitat quality and longitudinal and lateral connectivity, the focus of the

WASI effort was to control illegal fishing and replenish wild stocks using

captive bred fish(Sehgal1999) The WASI also set up small seasonal

fishing camps to promote responsible 6ca
The success of WASI encouraged other NGOs siscthe Coorg Wildlife

Society (Sehgal 1999). private individuals(Jung 2012) and the State
Governmenbwned Jungle Lodges arRkesorts (JLR2013 to set up both

seasonal and futime angling camps on the River Cauvery during the 1980s

and 1990s.The inmme generated from recreational fisheries effectively

controlled illegal fishing of mahseer through the establishnoénantk

poaching camps, as well as rehabilitatio
fishing guides, thus providing alternative employmemd associated

societal benefits. Catch records maintained at these fishing camps show that

between 1989 and 1996, the large sized mahseer captured by anglers ranged

from 21.6 to 48.1 kgSehgall999 (Figure4.21).
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Figure4.21. Large Mahseer, Galibore Fishing Camp, River Cauvery
(February 2010).
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Such success was to later capture the attention of international tour
operators, and in 2006 a Britiffased anglingourism specialist, Angling
Direct Holidays(ADH), secured an agreement with JLR for a block booking
at the Galibore Camp between riidnuary and midMarch of each year.
Activity during this period has been restricted to a maximum of ten anglers
practisinga st ri ct 6catch and releasebd policy
(number, weight, phenotype notes, etc.) and fishing effort (time) were
recorded in daily logs. Preliminary analyses of data collected between 1996
and 2012 demonstrate a dramatic increasedndtal number of fish caught
over time along with a reducing trend in individual mean weights. These
data form the basis of a manuscript in preparation, but indicate elevated
levels of recruitment in response to the reduction/ elimination of poaching
activities (Dinesh et al2010)andpossibly assisted through stockif@gale
2002)

While the main focus of mahseer angling in South India has been on the
River Cauvery, there is also considerable interest in recreational fisheries
and conservation of goldemahseerT. putitorain the rivers draining south

from the Himalayan watershe{inesh et al. 2010; Everard & Kataria
2011) Since 2007, Adventure Expedition Travels Pwvt Ltd, through its
subsidiary, India Angling (www.indlangl i ng. com) ratekdapt ed an
catchment val u(verarg sttal@(0%) and appliddeit for
angling tourism in the Ramganga River at Bikhyasen in the Himalayan
foothills. Local people were employed as helpers for the anglers, and the
local temple at Sarna benefitted dnrcially for providing accommodation.
Furthermore, in association with the temple, fishing prohibition signboards
were erected on the two prime pools holding large specimens of mahseer
(Everad & Kataria2011) This model which provides incentives to local
people to protect rivers through economic benefits acquired from
recreational services has helped improve the conservatidn mftitorain

the region(Everard & Katarid2011)

Apart from the positive role played by recreational fishing, the success of
these efforts also demonstrated the importance of engaging local
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communities in theonservation of endemic and threatened freshwater fish
species. Recreational fishers constitute a social group that offers unique
potential to enhance fish conservatiohey have a vested interest in
preserving or enhancing the resources they depend on and there is ample
evidence to demonstrate that anglers work proactively to conserve, and
where possiblenhance, aquatic biodiversi§ranek et al2008) as well as
motivating others to do s(Parkkila et al.2010) In addition, anglers have

also been known to participate in developing-@nwironmental legislations,

and in taking legal action to oppose developments likely b®
environmentally damagin@ate2002;Kirchhafer 2002)

The Indian Wildlife (Protection) Act 1972 (IWPA) was enacted to provide

the much needed legal protection to flora and fauna within areas set aside

for protection (Protected Areas (PA)). While this item of legislation affords

little attention © freshwater fistiDahanukar et al. 2011; Sarkar et2008)

the Act clearly states that ONo person s
in Schedule, 1, 11, Il and IV, except under the provisions defined in Sections

11 and 126. Desputdedfwshbsnbehegdehiniti

under Section 2(1), the Act does not explicitly draw attention to fish under

the definition of owild ani mal 06, whi ch i
birds, mammals, and reptiles, and their young, and in tbe efbirds and

reptiles, their eggs. The only specific reference to protected fish species is

restricted to Part IIA of Schedule I, which includes the following marine

species, whale sharkRlinocodon typysshark and ray (allasmobranchij,

sea horséall Sygnathidiansand giant groupeiEpinephelus lanceolatys

Despite this lack of clarity, the IWPA has previously been highlighted as a
major factor constraining the effective conservation of declining mahseer
populations throughout India due of theonstraints placed on the
development of recreational fisheries being managed to harmonize with
conservation objectivegohnsingh et aR006) Perhaps ironically, the Act

has also been implicated in seriously impeding the access of scientists to
conductscientific research within the PABladhusudan et a2006)
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Despite the effective participation based conservation model practised on
the River Cauvery, on 17 April 2009, a legal notice was issued under
Section 55 of the IWPA. It questioned the condinn(albeit temporary) of

the privately owned Bush Betta fishing canijung 2012) within the
Cauvery Wildlife Sanctuary, without prior approval from the National
Wildlife Board (NWB) and the Supreme Court. This was followed by the
issue of a further legahotice to the Central Empowerment Committee
(CEC) of the Supreme Court, drawing attention to the further violation of
the IWPA by permitting angling within the boundaries of the Cauvery
Wildlife Sanctuary. Under Section 2(16a) of the IWPA, the Ministry of
Environment and Forests (MoEF), New Delhi has considered angling to be
aligned with hunting; an activity which is prohibited within protected areas.
As a result, all angling activity has recently been prohibited throughout the
Cauvery Wildlife Sanctuary.

In spite of several decades of research on mahseers, there remain significant
knowledge gaps in our understanding of basic biology and population
dynamics of important species in Indian waters. Uncertainties exist on even
the total number of mahseer sgacthat occur in India, and also on the
exact species status of tfer found in the Cauvery. A recent gathering of

experts agreed that these were immediate research pripniEs 2013)

Due to the fact that many of the areas where mahseers arbutestrare

either physically remote or dispersed, often falling within protected forest
areas, the involvement of local communities and other relevant stakeholders
is vital for advancing both science and conservatitngaging community

and stakeholder pactpation in research is not only casffective, but also

lays the foundation for emanagemen{Bene et al.2009) For example,

with regard to recreational fisheries of mahseers, collaboration between
scientists and anglers can provide valuable data daatinform future
conservation actions. This has been successfully demonstrated in the case of
the worldbés | argest sal moni d, t he

taimen,Hucho taimenn Mongolia(Granek et al2008)

32

t hr ea



Monitoring population performa® of mahseers in monsoonal rivers is
problematic due to the logistical difficulties in sampling such large fishes in
challenging environments. Thus, there is a paucity of available data to
assess the current status and vulnerability of stocks withingbee@y and
other rivers. The value of catch data collected by the Galibore angling camp
on the River Cauvery has only recently been realized (manuscript in prep.).
Despite potential sampling biases, these data provide temporal and spatial
information on fsh numbers, weights and phenotypes over a period of 15+
years. Withinyear sample size can also be substantial, thus enhancing
statistical validity of observations. For example, considering that the
Cauvery angling season typically extends between OctotzeApril, in any

one week, a group of ten anglers would typically amass a sample of 500

hours fishing.

While the promotion of O0catch and rel eas
conservation objectives, consideration should also be afforded to the
potentially damaging influence of poorly informed fisheries management
actions such as stocking to artificially enhance and maintain populations. In
the case of the Cauvery, no baseline exists to describe the original mahseer
community prior to the advancemeasftmahseer culture methods pioneered

by Tata Electric CompanyOgale 2002) and the implications for future
genetic integrity of populations. There also remain a host of anthropogenic
catchment pressures which impact on stocks less directly by influgrsting
movement, habitat and water quality. Until practising ichthyologists are in a
position to quantify these impacts, there remains an urgent need to focus on
the collection and collation of biological data to determine the current gene
pool, and improveinderstanding of the biology and ecological requirements

of these fishes.

Despite the current contentions of whet
constitutes Ohuntingo, provision exists
prohibition of h Seationi 18, @Chidaf WildllkeAMaglens Un d e r
have the authority to grant hunting permits for specified animals animals,

provided their capture is for the purpose of (a) education; 4(b) scientific
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research; (bb) scientific mae@nement. Th
the expression, Oscientific management 0
animal to an alternative suitable habitat; or (ii) population management of

wildlife, without killing or poisoning or destroying any wild animals.

In light of the perilos status of mahseer stocks and the evidence presented

to support the positive role of recreational fisheries, it is recommended that
6catch and rel eased angling be activel
Furthermore, within wellmanaged fisheries, such a® t@auvery Wildlife

Sanctuary, structured data collection programmes should constitute a

condition of anglingpermits being issued to advance scientific research. A

further recommendation is that all stocking activity within the Cauvery

Wildlife Sanctuary ad elsewhere in peninsular Indian river systems should

be strictly prohibited until the current gene pool has been defined and an

understanding of stock/wild fish interactions gained.

While there is bBhttrel dagbbtslkklfmtt 6caschr
limit population performance than indiscriminate fishing methods such as

dynamite fishing, a number of researchers have highlighted a range of risks

which may be associated with recreational fishing methods. Risks have been

synthesized to inclle a range of impacts from delayed padease

mortality (Arlinghaus et al. 2007; Cooke & Cow004)throughto subtle

physiological and behavioural effec&rlinghaus et al2009)which could

potentially impair predator avoidance capabilities of relgadesh,

particularly in the presence of other apex predators such as crocodile
(Crocodylus palustrisand Gavialis gangeticys and otter (utrogale

perspicillatg . I n balancing the perceived bene
angling, there also remains a reggment to quantify any such factors which

have the potential to impair conservation objectiwste 1. Although the

species status of. mussullahis ambiguous, for the sake of the present

commentary, we considelor. omussull ahd as a
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CHAPTER 5: STAKEHOLDER ENGAGEMENT

5.1 Prelude to Submissions 2 & 3:

Gupta, N., Raghavan, R., Skianar, K., Mathur, V.Pinder, A.C.,
2015 Assessing recreational fisheries in an emerging economy:
Knowledge, perceptions arattitudes of catclandrelease anglers in
India. Fisheries Researcii65 79-84.

*Bower, S.D., Danylchuk, A.J., Raghavan, R., Gladnylchuk, S.,
Pinder, A.C., Alter, A., Cooke, S.J.2017.Involving recreational
fisheries stakeholders in developmentregearch and conservation
priorities for mahseerTor spp.) of India through collaborative
workshopsFisheries Research86, 665671.

* Previously submitted for the award of PhD by the lead author. This paper
has not been included to claim personalditreout to demonstrate how |
have contributed towards advancing the knowledge base and the importance

of this work in guiding the strategic direction of my own research journey.

The status and emergence of a recreational fisheries sector in India

As well as supportingnany examples of conservation success stories and
driving major national and locaconomiesaround the worldsee Chapter

4), recreational fishing has also been demonstrated to generate associated
health benefits toindividuals and commurnés through encouraging
increased exercise, social interaction, reduced stress, and improved well
being Cowx et al. 2010:Griffiths et al. 2017).Quantification of these
holistic benefits therefore provideke potential to attract the attenti@mnd
posiive support of policy makers in achieving both positive seamation

and societal outcomgBrownscombe et al. 2019)

To qualify any potential conservation benefits aify recreational fishery
the monitoring of participation rates (Arlinghaus et all®20andangler

behaviours(Hunt et al. 2011)pre vital to understandow anglersinteract
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with fish and their environment andltimately, their collective impact on

the sustainability of the exploited biological resource (Brownscombe et al.
2019) Researb into the human dimensions of recreational fisheriges is
therefore a fundamental component of sustainafidmeries management
developmen{Hunt et al.2013) Yet, knowledge of this type remains poorly
understoodor completely lackingn somedevelopingcountries (Bower et

al. 2014). Despite some challenges associated with collecting and
interpreting data, stakeholder questionnaires have been demonstrated as a
rapid and coseffective mechanism to collate theews of recreational
anglers on fishery manament options (Oh et al. 2005; Carlin et al. 2012),
their willingness to support conservation initiatives (@&hDitton 2008
Drymon & Scyphers 2017 opinionson fish stocking (Arlinghas et al.
2014; von Linder& Mosler 2014, habitat protection (Hu# Bettoli 2007

and the assessment of stakeholdetivity, demographicsand economic
value(Armstronget al. 2018).

Shortly after the publication dubmissionl (Chapter 4)I was contacted

by Nishikant Gupta, a PhD student at Kings College London. Gugace
supervised by academics at the Wildlife Institute of India and was studying
the potential role of mahseer protecting the Indian Himalayan Rivers,
with a particular focus on the role of recreational fisherigeoling our
knowledge of the Himalaya and South Indian mahseer fisheries was
enlightening but highlighted a complete lack of knowledge across the
majority of Indian states, many supporting major river drainages (e.g.
Narmada, Krishna, Godawi) where mahseerpgcies were known to be
present,indicating potential forrecreational fishery activityFollowing
somemeetings and remote communicaspwe codesigned a questionnaire

to exploretemporal and spatigarticipationand comparehe knowledge,

perceptiongandattitudesof recreational agersacross India.

While internet angler forums and the international angling press were at the
time identified as the optimal means to recruit participahes,number of
participating anglerbas since increased substantiatyoss IndiaThis has
driventhe establishment of a natiomapresentative body of anglers, the All
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India Game Fishing Association (AIGFAjttp://www.aigfa.org/and the

participation of large numbersof domestic anglers on social media
platforms, such asstatefegional Facebook angling pages (e.g. Kerala,
Rajasthan, Nagaland, Pune, Bangalore etc.). While this demonstrated
expansion of angling interest, it also highlights a need to reassess the current
status and future trajectory ofetliecreational fisheries sector in Inckend

its associated impacts on natural resour@éss growth,new visibility and
accessibility to the sector via social media platfoprsvides considerable
opportunity for constructive conservation focused compation and the
opportunityto engage anglers in securing the future sustainability of the
resource for recreation, aquatic ecosystem integrity and associated

ecosystem services

Uniting stakeholders

Sociate col ogi c al Ssystems ( S BySdefmgd asc a n be
independenyetlinked systems of people and natamFossio-gecphysical

scales (Folke 2006; Ostrom 2009). Recreational fisheries are being
increasingly consiered within the context of SES frameworka
recognition of the complexity of esgstem functions and anthropogenic
players which combine to complicate their effective managefituntt et

al. 2013) Irrespective of considerations of sustainable fishery exploitation

in rapidly developing countries like Iralithe impacts of local commities

on aquatic resources are frequently eclipsed by government policies enacted
to support the rapid developmentwban and economidemands for water

and powerFor example, the construction of dams for power generation and
the overabstraction of wer from | n d irigeés sare resulting in the
destruction of key functional habitagsollutionandthe drying of river beds
(Everard et al. 2018 Stakeholder interests which may be expected to be
more closely aligned also reveal conflict. For examplectheent policy of

l ndi ads State Hdte btk 3l ddneippoundech eivert s
sections with nomative fisheso fulfil their remit in food security (Sunil

2007). This is in direct conflict with ta interests of conservation and

wildlife organisations via potential deleterious impacts on endemic
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biodiversity, including the decline ofnhative mahseerpopulations (see
MoEFCC 2017).

With multiple and complex demands on aquatic resoufegs recreation,
sustenance fisheries, power generation, ssyegragriculture etc.), it is
perhaps not surprising thaidividual stakeholders tend to work in isolation,
with limited or no appreciation for thmtrinsic links which function to
provide their individual ecosystem services of interése engagementf o
stakeholders hatherefore been effectively incorporated as a central feature
of many biodiversity conservation and natural resource management
projects globally (Sterling et al. 2017This also explainswhy many
researchers argue that fisheries managnt is as much about people
management as it is about stock managenmfatinghaus 2004; Hilborn

2007) Instilling sel-ownership pride and ecouraging the participation of
recreational anglers in conservation planning has been stwogantribute
posiively to aquatic stewardshipgCowx et al.2010; Granek et al. 2008;
Tufts et al.2015. However without appropriate knowledge transfer, the
potentialnaivety of anglers regarding their awareness of the complexity of
ecological interactions and associatmdues has been identified as a
potential weakness of anglers in their collective contribution to conservation

planning Cowx et al. 201Q)

The results presented in Submission 2 revealed sopertantdifferences

in the target speciestegulation, partipation rats and angling methods
employed between North and South Indian fisheries. For example, angling
had recently been banned within the Protected Area which encompasses the
former Cauvery Fishing Camps (see Submission 1, Chapter 4) and while
bait fishing was the favoured angling method foor remadeviiand Tor
khudreein South India, fly and lure fishing dominatdee methods to target

Tor putitorain the Himalayan states. Accordingly was considered that
stakeholder engagement shoullget thesetwo geographical locatian
separatelygiven their contrasts and tkéferernt challengeshey present for
developing research and conservation priorities for mah$berkey aims

of these workshops were to disseminate current scientific knowledge and
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se=k the input of researchers, industry and stakeholder partners to identify
regional specific knowledge gaps, threats and priorities for strategic future

research and conservation action.
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ABSTRACT

Across the globe, cateéindrelease (C&R) angling represents a leisure
activity indulged bymillions. The practice of C&R is camonly advocated

by conservation managers becauseitsfpotential to protect local fish
populations from a range of anthropogenic threats, includingfsieng.

In India, C&R angling in freshwaters has a history dating back to colonial

times. Despite tlgi, little is known about the current state of the sector. To
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address this, aonline webbased survey was conducted to target C&R
anglers who fish in Indian rivers t@ssess their knowledge, attitudes and
perceptions relating to theational status of Indi® freshwater C&R
fisheries. From a total of 148 responses, factors such as angling quality
(score of 4.6/5.0); aesthetics of surroundings (4.6/5.0), presence of other
wildlife  (4.4/5.0), fishery management practices (4.6/5.0) and
socioeconomic benefitgl@/5.0) were evaluate@ver 65% (n=148) of the
anglers reported an observed decrease in the quality of fishinga(e.g.
reduction in the size and/or numbers of fish available for capture).
Respondents alsaonsidered deforestation (score of 4.2/5.0), wate
abstraction (4.4/5.0), pollution (4.4/5.@)ydropower projects (4.2/5.0) and
destructive fishing techniques (4.7/5.0) as factors wkirckaten both the
habitat and species they target. C&R practitioners were largely united
regarding the benefits and limigness to contribute both their time and
financial input to support conservation initiatives (score of 4.7/5.0). The
current study provides the first overview of the status of C&R angling in
India and explores challenges, opportunities, and prioritaes fuiture

resource management.

Keywords: mahseer, conservatipisia, developing country, freshwater,

sport fishing

INTRODUCTION

Apart from being an important protein source and facilitating vital
ecosystem function®ugan et al. 2006; Welcomme et 2010; Brummet et

al. 2013), freshwater fish alsprovide recreationabenefits (Pinder &
Raghavan 2013). Recreational (cat@ndrelease (henceforth C&R))
fishing, d e f-conmmeerdial acsvity fihat captares fishes for
purposes other than mitio n a | needso (Granek et
2010) is a highlyindulged pastime, both in developed and developing
countries. C&R has a very higtarticipation rate (Cook& Cowx 2004;
Granek et al. 2008; Cowx et &010) and itpopularity is expected tgrow
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in developing countries and emerging economies owingcteasedvealth

of their societies (FAO2012). For example, despite the popularity of

recreational angling in India during colonial times, it is only in the past two

decades thatC&R angling hasgained national popularity, and now

represents a fast expanding market Seerard& Kataria2011).Indeed, an

increasing number of tour operators are offeramgling as part of their
wildlife and tourism packaglkotspots,0 two of
the Himalayas and the Western Ghats (Ever&rdKataria 2011). Of

particular attraction to international anglers are the mahseBos pp.);

often considexd to be thavorld s har dest f i1988)tbotmg f i sh (7
foreign and domestic anglers frequent thper Ganges catchment (in the

Himalayas) and the Cauvery (in the Western Ghatglisuit of these fish.

Despite contributing a multitude of key eogical functons and societal
benefits (WWF2006; Collen et aR014), freshwater ecosystems, especially
rivers, comprise one of the mosndangeredand poorly proteed
ecosystems on earth (Dudgeon 2011; Cooke et2@l2). Multiple
interacting threats @©luding habitat alteration/loss, alien species,
overexploitation,pollution and dmate change (Xenopoulos et al. 2005;
Dudgeon et al2006; Strayer& Dudgeon2010; Vorosmartyet al. 2010;
McDonald et al.2011) are widely cited as contributing to the prexs

state of global freshwater biodiversity. Since freshwater fishes are integral
to ecosystem function and are also a source of food andhbtwel to
millions (Dugan et al. 2006; Welcomme et al. 2010; Brummet et al. 2013;
Reid et al.2013), they are ewidered a critical component of freshwater
biodiversity. Freshwater fishes are nevertheless one of the most threatened
vertebrate taxa on earth (Reid et 2013), with more than 36% (of the 5785
species assessed by the IUCN) at the risk of extinctioroeed60 species

having already gone artt since 1500 (Carrizo et &013).

Despite varying levels of threat as a result of escalating anthropogenic
pressures (Vishwartatet al. 2010; Dahanukar et &011), India supports
notably high levels of freshater fish diversity and endemism. National
fishery focused conservation and management policies have often suffered
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from setbacks due to jurisdictional issues, oversights, and implementation of
top-down approaches (Raghavan et2l11); poor enforcemenf existing

laws (Raghavan et al. 2013) and commubigged conservation initiatives
often failing to protectiver stretches outsaltheir own jurisdiction (Gupta
2013). Furthermore, the Indian Wildli{@rotection) Act, 1972, the highest
legal instrumentor wildlife conservationn the country (Dahanukar et al.
2011; Raghavan et aR013), affords no mention of freshwater fish.
Additionally, very few studies on C&R angling and its potential benefits are
available from India (Everar& Kataria 2011; Pinde& Raghavan2013).

This paper seeks to enhance current understanding of the status of
recreational angling by assessing the knowledge, attitudes and perceptions
of both international and domestic anglers practicing C&R angling

in India.

METHODS

Prior to any data collection a pilot survey was carried out. The questions
formulated were based on the concerns and opinions of C&R anglers fishing
in India (N. Gupta, pers. comm. with C&R anglers). Randomly selected
international and domestic respondents (D=f2&m Indiaspecific angling
forums were requested to complete the survey and pinpoint any problems
with its content (Andrews et aR003). A webbased survey was used
(running for six months from November 2013 to April 2014) to facilitate
quicker respores times, increased response satand reduced costs
(Oppermanrl995; Laza& Preece 1999; Andrews et &003). The survey
design was based on a series of 23 questions (see supplementary material).
Information on the fishing locations and target fish ggeof interest to
anglers was first determined. Further, (a) preferred fishing techniques; (b)
factors influencing the angling experience; (c) changes in quality of the
angling experience over of the course of angling at a particular location; (d)
threatsto target species and fishing locations; (e) awareness of the anglers

on the conservation status (International Union for Conservation of
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Nature/lIUCN Red List of Threatened Species) of target species; (f) various
conservation strategies which the C&R amgl felt was needed for the
protection of target species; (g) economics of C&R angling through the
amount of money spent (in US$) annually by the anglers on angling and
related activities; (h) perception on the benefit of C&R angling as a
conservation sttagy; (i) willingness to pay for, and get involved in a
conservation initiative; and (j) anglers willingness to contribute time and
money towards such initiatives was also ascertained. An option for
additional comments was also provided at the end of uheeyg to obtain
views and opinions of anglers fishing in Indian waters. fédspondents
scored each criterion on a scale €5,1in ascending order of preference, and

the mean score calculated and represented in a tabular form.

To assess internahal paticipation, the surveyvas advertised globally to
target anglers spanning different method disciplines. The notification of the
survey was posted on global/domestic conservation and angling websites
and forums, published in international/national fishingd aangling
magazines/newsletters, and posted on social media (Facebook, Twitter)
sites. All known Indisspecific angling forums were also targeted. The
survey was advertised every fortnight to maintain interest. No changes were
made to the survey questiodaring the ourse of data collection (Zhang
2000) and care was taken to allow only one response per individual angler
to avoiddual submission (Hasler et &011) by thoroughly reviewing the

responses to spot any duplicate submissions.

Angling qualityexperience was defined as the availability of fish
(numbers/size) available for capture. The aesthetics of surroundings denoted
the environment of the angling location. The presence of other wildlife
refers to the visual presence of flora and fauna dusimgjing activities.
Fishery management practice considers effort applied by local
fisheries/forest department towards the protection and conservation of fish
communities. L inecolvdmens dna tkkaasparveintdsiearing of

C&R angling revenue dealtith the engagement of and financial benefits to
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local communities. Camp infrastructure considers the accommodation

available to C&R anglers.

RESULTS AND DISCUSSION

A total of 148 responses were obtained and analysed from anglers
specifically targetingishing locations in India, (i.e., Unitedikgdom/UK +

India) (seeFigure5.2.1). In comparison to

anglers from the UK, Indian/domestic anglers chose highly diverse and

multiple fishing sites distributeaicross theountry (sed-igure5.2.1).
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Figure5.21. A heat map showing the States/Union Territories of India
predominantly fished in by anglers.
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Many species targeted by C&Rhglers in India have shown a declining

trend of population and are listed as threatened in the IUCN Red List, (e.qg.

Tor khudree T. malabaricusand T. putitora, al | assessed as OENd
the goonch catfishBagarius bagariusa s sessed as dahdar Thr eat
Schizothorax richardsonina s s es s ed a3, foononel af thesa b | e 6

species has recreational C&R angling so far been mentioned as a threat (see
speciespecific accounts in the IUCN Red List of Threatened Species). This

has also been the casetlwimost threatened fish species targeted by

recreational anglers around the world (see Cookk &t jaress).

Apart from angling quality, aesthetics of surroundings and camp
infrastructure (all directly related to C&R angling experience), ecological
factors such as presence of other wildlife, fishery management practices,
and the inclusion of, and financial benefits to local communities were
valued by C&R anglers (see Table 1). This not only highlights the
ecological and social awareness among C&R anglaus demonstrates
alignment with the current objectives of river and fish conservation policies
in the region. Such awareness has the potential to assist in the co
engagement of key stakeholders (Ever&ré&ataria 2011) and bridge the
gap between sociatconomic and biological dimensions of river ecosystem
conservation (Cowx& PortocarrereAya 2011). Indeed, an opportunity
could exist where C&R anglers could become involved in future
conservation programmes, and possibly assist in monitoring, dataioolject
enforcement and lobbyingt local levels (Granek et al. 2008; Cowx et al.
2010).

OANngl i ng qual ii$akeyanvihg fercdq any C&Rrangkerd

(Arlinghaus 2006; Granek et &008). The responses obtained regarding

decrease in this expence and quality is a cause of concern not only for

ecology and conservation, but also for the human diraeasf the fishery

(Hunt et al.2013). It has been suggested that any conservation assistance

from anglers could rely heavily on the stddoryfu | f i | ment sof an ang
leisure experience (Granek et 2.0 0 8 ) , and that a C&R angl

e X p er dependsend the welleing of the fishes they primarily target
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(Arlinghaus 2006; Granek et a2008). Therefore, a decline in stocks is
likely to have a profound effect on the quality of thirsonal experience,
and subsequently impact the overall socioeconomic viability of the fishery
(Danylchuk& Cooke2011).

The perceptions of UK anglers on the major anthropogenic thteats
angling quality (se Table5.21) were consistent with those recorded in the
scientific literature (Vishwanath et al. 2010; Dahanukar et aD11).
However, 7% of domestic anglers disagreed with some of the identified
threats. There agd be many possible reasons for this (see gHaus et al.
2007; Hunt et al.2013) including a) international anglers being more
environmentally conscious than domestic anglers, or b) domestic anglers
being conditioned to accepting such threata@snaland therefore do not
classify them to be such major issues.

A substantial proportion (26%) of anglers from both groups (n=148) were
unaware of the conservation status (IUCN Red List) of target fish species.
Strict environmental guidelines for C&R anglingcluding those that deal

with threatened species (see Cooke et al., in press) need to be enforced by
the Department of Fisheries and/or the Department of Forest and Wildlife,
and also by the angling associations who can influence the behaviour of
their members and guests. In addition, voluntary regulations and informal
institutions could als@lay a pivotal role in emircing guidelines (Cooke et

al. 2013).

Both UK and domestic anglers highlighted the top three strategies required
for conserving the taej species as education; effective quaaching patrol

and improved legislationsée Table 5.21). Despite only 16% of anglers
highlightin g education as I mpor t antidgtive t he
developed to @ucate anglers in Mongolia about bpsactice catctand

release techniques for the Taimé#tu¢ho taimeip is an example of how
education can also support conservation of threatened species targeted in
recreational fisheries (Baile012). Although there isome legislation
(Indian Fisheries Act and various State inland fisheries acts) to protect
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freshwater fishes in India, effective enforcement is considered to be limited
(see Raghavan et al., 2011). The interest of anglers in conserving their target
habitds and fish species opens up opportunities for developing participatory
enforcement mechanisms based on existing legislations Rseker &
Raghavar2013).

I n considering t hag a potrtial eonserfatiordot®dl,oc ki ng 6
domestic anglers scoredighmore highly (4.2/5.0) than UK anglers
(3.5/5.0). The comments associated with this question were of particular
interest as UK anglers expressed awareness of the potential for genetic
pollution and the need for decisions on stocking policy to be inforoyed

the historical and current population status of a species within catchments
(Hickley & Chare 2004; Everard& Kataria 2011; Pinder& Raghavan
2013). Stocking for angling species has been carried out in major river
systems of India (Pind& Raghavar2013), and this could have influenced

the responses of domestic anglers. However, comparatively higher
awareness among UK anglers could be another reason, as the spread of
knowledge regardinghe associated issues with stocking of fish species is
still in its infancy in India. Indeed, the IUCN Guidelines for Reintroductions
and other Conservation Translocations explicity suggests that
reintroduction should be beneficial to the species in question and the
ecosystem it occupies, and should only be carried ¢etr docusel
scientific research (IUCN/SS@013). Hence, stock augmentation for the
sole purpose of increasing angler catches (numbers and/or size of fish)
should be avoided. This is particularly true of the mahseers for which
satisfactory knowledge pertang to population genetics across India (and
beyond) is still lacking (Pindé& Raghavar013).
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Table5.21. Summary of responses obtained from recreational anglers fishing in the Indian rivers

Criteria

UK anglers (n= 40)

Domestic anglers (n=108)

Preferred fishing locations (rivers)

(a) Cauvery: 75%
(b) Kali: 6%
(c) Ramganga: 19%

Assi Ganga, Barak, Beas, Bhadra, Bhagirathi, Bhakra,
Bhatsa, Bhavani, Bhilangana, Bhima, Cauvery, Damod
Gambur, Ganga, GirlGodavari, Indrayani, Jaldhaka, Jia
Bharali, Kali, Kallada, Kamini, Kosi, Krishna, Manjira,
Mula, Narmada, Nira, Pavana, Ramganga, Rangeet, R
Saryu, Shimsha, Subansiri, Sutlej, Teesta, Tirthan, Tor
Tungabhadra, Ulhas, Wardha, Warna and Yamuna

Preferred target fish species

(a) Tor spp: 82%
(b) Bagarius bagarius18%

(a) Barbodescarnaticus Ctenopharyngodon idella,
Gibelion catla, Hypselobarbuspp,Oncorhynchus mykiss
Salmo trutta, Schizothorax richardsonii, Labeo calbasu
Labeo rohitaChanna marulius, C. striata, Etroplus
suratensis, Oreochromgpp and Wallago attu61%

(b) Tor spp: 26%

(c) Bagarius bagarius13%

Fishing techniques(score from 15, where 5 = most preferred,;
mean score)

(a) Bait (live/dead): 3.6
(b) Lure/spinner: &
(c) Fly fishing: 3.2

(a) Bait (live/dead): 3.6
(b) Lure/spinner: 4.1
(c) Fly fishing: 2.2

Factors influencing angling experiencéscore from 15, where
5 = strongly agree; mean score)

(a) Angling quality: 4.8

(b) Aesthetics of surroundings: 4.7

(c) Presence of other wildlife: 4.5

(d) Fishery management practices: 4.8

(e) Inclusion of, and financial benefit to local
communities: 4.6

(f) Camp infrastructure: 3.6

(a) Angling quality: 4.4

(b) Aesthetics of surroundings: 4.4

(c) Presence of other wildéf 4.2

(d) Fishery management practices: 4.4

(e) Inclusion of, and financial benefit to local
communities: 4.1

(f) Camp infrastructure: 3.7
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Criteria

Changes in quality of angling experience at the angling

locations

UK anglers (n=40)

(a) Negative change: 75%
(b) Positive change: 25%

Domestic anglers (n=108)

(a) Negative change: 65%
(b) Positive change: 35%

Threats to target fish species and fishing locationscore from
1-5, where 5 = strongly agree; mean score)

(a) Deforestation: 4.2

(b) Water absaction: 4.6

(c) Hydropower projects: 4.3

(d) Water pollution: 4.3

(e) Destructive fishing techniques: 4.8

(a) Deforestation: 4.2

(b) Water abstraction: 4.2

(c) Hydropower projects: 4.1

(d) Water pollution: 4.5

(e) Destructive fishing techniques: 4.6

Awareness regarding conservation status of target species
(score from 15, where 5 = strongly aware; mean score)

3.3

3.4

Conservation strategies for target speciegscore from 15,

where 5 = strongly agree; mean score)

(a) Afforestation: 4.1

(b) Legislaion: 4.7

(c) Scientific research: 4.0
(d) Anti-poaching patrol: 4.8
(e) Harsher fines: 4.5

(f) Education: 5.0

(g) Stocking: 3.5

(a) Afforestation: 4.0

(b) Legislation: 4.5

(c) Scientific research: 4.6
(d) Anti-poaching patrol: 4.8
(e) Harsher fines: 4.6

(f) Education: 4.8

(g) Stocking: 4.2

Perceptions on angling as a conservation strategy

(a) Yes: 100%
(b) No: 0%

(a) Yes: 97%
(b) No: 3%

Willingness to pay for and support conservation actiorfscore 4.5

from 1-5, where 5 = very interested; mean score)
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Table5.22. Dominant responses obtained from C&R anglers (UK + Indian; n=148) regarding the benefits of angling as a tool for conservatio

of threatened fish species in India

Activity during C&R anglin g

Benefits to threatened fish species

Reasons

Monitoring

(a)
(b)
(©
(d)

(e)

Protection against poachers

Helps build recognition for the species

Helps raise conservation awareness among the w
C&R angling community

Keeps track of fish counts, species diversity and
habitatstatus

Helps assess the health and quality of the fishery,
applicable

(a) Discourages poaching activities
(b) Limits poaching
(c) Provides more eyes on the water

Prolonged presence along rivers

(a)

Effective bankside protection

(b) A source of firsthand information omatural and

anthropogenic factors affecting fish species

(a) Deterrent to poachers
(b) More easily accessible information regarding fish species

Revenue generation (@) Future conservation work (a) Local availability of funds
(b) Formation of local ardpoaching patrol parties (b) Economic influence by financially supporting local
communities
Involvement of local stakeholders (a) Formation of local groups targeting the conservati (b) Creation of local job opportunities and training

of fish species

(c) Local awareness and education

(d) Spreatéhg understanding of the high value of protecting fisl
species for sustainable recreational purposes

(e) Resulting political influence

58



Along with socieeconomic benefits, the efficacy of C&R fishery
management in conserving fish populations has beeomsnted in many
regions of the world (Arlinghaug006; Granek et al2008). Therefore, the
high agreement rate (99%; n=148) of anglers that C&R fisheries have the
potential to form effective conservation measures was not surprising (see
Table 5.22). Hence, both groups (UK and domestic) expressed personal
willingness to contribute

their own time and money to support conservation initiatives within the
rivers they fish. Willingness to pay (WTP) represents a sucdessfiel of
protecting fish populationfGozlan et al. 2013; Roge2013) and enhance
recreational fishery performance (Kenteraét2013). Added protection of
river reaches can also enhance biodiversity and associateystsm
services (Kenter et al2013). There is also potential for the revenue
generated through C&R angling initiatives to feedback to local
communities, and further strengthsocietal support for future river and fish

conservation strategies (Ever&dKataria2011).

CONCLUSIONS

Both UK and domestic anglers fishing in India have demonstrated
conservation awarenessd a willingness to support local conservation
initiatives. This is important as the industryinsan expansion phase in the
country, and such collaborative opportunitiesuld assistongoing and
future river and fish conservation strategies. However, there are concerns
amongC&R anglers that biodiversity managers and policy makers would
initiate strict managemewf C&R angling activities inndian rivers. This is
becausdhere are serious concerns that some C&R anglers cause more risk
than benefits to the fish species they target, especihligatened species
(Gupta et al.in press). Further, domestianglers were comparatively
unaware of the genetic risks of stockirspéTable5.21). This highlights

the importance of spreading awareness through education. This can be
facilitated by the existing angling organizations among its members through
angling workshops and literature. Addially, Indian anglers are interested
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in a much greater diversity of rivers and figbecies (se&able5.21). This
IS a positive sign from a national perspective and demonstrates that C&R

benefits beyond mahseengtCauvery and Ganges.

Apart from having a current globahlue in billions (in US$) (FAQ012)

C&R angling hasalso generated substantial income for national economies
(Cooke & Suski 2005; Cowx et al. 2010; Danylchuk& Cooke 2011;
Everard& Kataria 2011) Economic benefits in the year 2005 alone were
estimated at US$2 billion in Canada, US$800 million in New Zealand,
US$150 million in Argentina, and US$1® million in Chile (Arismend&
Nahuelhual2007). The amount of money spent by anglers fishing india
rivers represents an emerging economy, and could play a decisive role for
fish conservation by bringing both social and economic benefits for local
communities and associated sthklders. Everard. Kataria(2011) noted

that a single &lay angling tourdr three anglers on the Ramganga River in
2007 generated US$ 1,220; and in 2010 (Febrdanl), US$ 7,800 was
spent by anglers in this region on purchases and accommodation alone
(Everard& Kataria 2011). Such monetary incentives could motivate local
pele to participate voluntarily in fish tourism, and assist in the protection
of threatened species from illegal fishing techniques (Evetaidataria
2011; Pinde& Raghawan 2013).As the industry expands, there remains a
need to maintain transparency dhgyithe profit sharing stages, and ensure
the marginalization of any particular group of stakeholders is avoided. C&R
anglers frequenting the Indian rivers have expressed concern over the
acceptable distribution of angling derived revenue by some anglimigro
operators (see Gupta at al. in review). One way to overcome this would be
to set up community conservation units (CCUs) within local villages, the
members of whom could interact with local angling associations and ensure
that appropriate dividends aeh their communities. With the current
perilous state of Indian rivers and their associated biodiversity, there is an
urgent need for alternate conservation strategies, and C&R anglers as a local

stakeholder group could potentially provide such an oppibytu
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ABSTRACT

The mahseer (Tor spp.) of India are a group of potamodromous cyprinids
currently facing numerous chahges in their native ranges including
overfishing, pollution, and hydropower dewpiment. As a resulbf such
challenges, four of the seven Indian speciesTaf have been listed as
OEndanger edoRed hist, intlugling Itwd @Nthe most popular
recreationally fished specieBor khudreeand Tor putitora Stakeholders in
the mahseerecreational fishery may serve as an ally fas group of iconic
fishes, fosering aquatic stewardship and providing livelihood alternatives
for poachers. Yet, information regardingpeciesspecific responses to
recreational fishing practices is lacgiand a 2009 decree equating figh
with hunting in the Indian Wildlife Protection Act (1972) has since 2011
effectively banned anglingithin protected areas and rendered the future of
mahseer recreational fisheries elsewhere uncertain20td, our team
collaborated with local organizations, fisheries pratessds, non
governmental orgamations (NGOs), and anglers to conduct two
stakeholder workshops designed to develop a research afgenrious
species of Indian mahseer. General knowledge gapdifidd in the two
workshops werevery similar and included biological, sociological, and
economic considerations. The resulting researabrities in both locations
strongly highlighted local context, indicating that while opportunities for
addressing kowledge gaps through collaboration exist at the national scale,
there is a need for regionat fisheryspecific governance strategies and

approaches to mahseer research and conservation.

INTRODUCTION

Stakeholder engagement, the active participatiand¥iduals in planning,
research, or management processes that impact (Bkan 2009), has
become a popular topic in fisheries research (e.g., in the US, Feenky
2010; in the UK, Hartley& Robertson 2008in Europe, Mackinson et al.
2011; for spaal planning, Pomeroy& Douvere 2008). A number of
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concerns associated with the incorporation of stakeholder engagement into
research have been identified (e.g., negative impacts on scientific integrity,
Abbot & Guijt 1997; the potential exclusion of aldyamarginalized groups

from the engagement press, Kothari 2001; Prell et a2008; potential
consequences of negative trust relationships, Setitlal. 2013). Other
studies, however, have noted that incorporating local context led to
improved research ¢eomes as a result of access to more relevant
information (e.g., anticipating problems or conflict, Kooréz Thomas
2006; facilitating social learning, promoting trust among collaborators,
Yochum et al.2011).These benefits may be critical for developiognsi
management strategies for data deficient recreational fisheries. For example,
Arlinghaus & Krause (2013) suggested that under certain conditions
stakeholder estimates of population size could be as reliable as more
traditional stock assessment metho@gher benefits associated with the
stakeholder engagement process include improved relationships between
researchers and the public, the development of ongoing partnerships, and
acceptance and seahforcement of management decisionasddl on
research adicomes (Ree@008; Steyaert et alk007). Recreational fisheries
have been recognized as a complex samalogical system, where changes

to either component results in changes to the other (Mora et al. 2009). In
these systems, wicked problems, or prolsethat by their nature are
difficult to solve due to a combination of complexity and stochasticity, can
arise which require extensive communication and efforts among numerous
disciplines to tackle effectively (Jentdt Chuenpagde@009). Stakeholder
engagment and partnership strategies have proven successful in
recreational fisheries research and conservation efforts by incorporating
multiple viewpoints and facilitating angler participation to engender
cooperation and support (e.g. Feenitage et al. 208; Granek et al2008;
Hartley & Robertson2006). Indeed, when consultation and participatory
conditions are met, harnessing the support of freshwater and marine anglers
can contribute greatly togaatic stewardship (Cowx et &010; Granek et

al. 2008; Tfts et al.2015; but see also Danylchdk Cooke 2011). An
example of this potential can be found in the management and conservation

challenges surrounding the mahseékor(spp.) recreational fishery of India.
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Mahseer are a group of larpedied potamodroous cyprinids targeted by
commercial, subsistence and recreational fishers in Asia. Despite the fact
that four of the seveiffior species in India have been listed as endangered
(an additional species is |listed as ONe
little information is currently available describing the ecology of these
species (but see Bhatt et 2004; Bhat& Pandit2016; Nautiyakt al. 2008;
Nautiyal 2014 describing migration behaviours and ecology Tafr
putitora). Catch and release (C&R) was advwedaas an angling ethic in the
1970s in an effort to control poaching activities after anglers noted a decline
in the body size and rate of cat(Bupta et al.2015a). In an effort to
mitigate concerns surrounding the state of the fishery, anglers dedelope
6coalitionsd and | eased property along
programs for guides and monitoring river activities to reduce poaching
(Everard& Kataria 2011; Gupta et aR01%"; Pinder& Raghavan, 2013).
Angler catch data collected from a rfieer angling camp on the Cauvery
River has demonstrated an increase in catch rate (along with concomitant
decreases in body size), indicating strong recruitment has occurred since this
type of fisheries management model vessablished (Pinder et &015).
However, in 2009, a legislative decree equating C&R fishing with hunting
effectively shut down the recreational fishery in protected areas, while
leaving other locales virtually unaffected. This uneven application of
regulations has since resulted in eshatal reports of elevated poaching and
illegal fishing activity within the Cauvery Wilife Sanctuary (Pinder et al.
2015'9). In 2013, WWF India issued a report detailing the current statds
challenges surrounding mades conservation (see W\WHRdia 2013). A key

report finding was the need to developeatidence based research agenda to
support mahseer conservatidn. 2014, our team collaborated with local
organizations, fisheries professionals, NGOs, and anglers in two regions to
conductstakeholdemworkshops designetb meet this need by faciliiag
discussions to clarify the current state of mahseer reseaettify key
knowledge gaps constraining mahseer conservatma, to develop a

research agenda based on the outcomes of disxsessions.
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METHODS

The goal of both stakeholder workshops was to collabarititeresearchers,
industry and stakeholder partners to identifgy knowledge gaps and
develop a research agenda for mahsesmraddresses these knowledge gaps
and supports current aniture research and conservation efforts. The
unique charactestics of each location, and associated fisheries, threats, and
focal species necessitated different approaches for each workshgthin
cases, preparation consisted of identifying local expeittse target areas to
seek their partnership in facilitating workshopgsrough planning and
participation (as per é&ed et al.2006). Thesefacilitators populated a
balanced Bt of key stakeholders from ntiglle arenas, including fisheries
and forestry ranagers (Karnatak®epartment of Fisheries, Uttarakhand
Department of Forests an#cotourism), representatives from fishing
associations (includinthe Coorg Wildlife Society, the Wildlife Association

of South India, Jungle Lodges, The Himalayan tack, Baobab
Educational Advetures), lodge and homestay owners, anglers, and
representativesrom conservation NGOs (WWIHdia and Zoo Outreach
Organizaion).The South India workshop took place at Jungle Lodges and
Resorts, Bannerghatta Nature Camp, Bangaloegndtaka orMarch 28

and 29, 2014, with 30 people in attendance. Mahsseeational fishing is
firmly established in the southern stategluding Kanataka (Gupta et al.
2018; Sehgal 1999). Participants this workshop were interested in
discussing dvelopments inthe recreational fishery, including rules and
regulations governindishing activity, and the angling ban in protected
areas. The Nortindia workshop took place on April 5, 2014 at the Byasi
BeachCamp, Rishikesh, Uttarakhand, on the baokshe Ganges River,
and on April 6, 2014 at Atali Ganga, Rishikesh, Uttarakhand, with18 people
in attendance. Mahseer recreational fishing is grovas@ tourism industry

in the nothern states (including Uttara&nd), though it is not known to be a
popuar activity undertakenby many domestic recreational anglers.
Participants of this workshop were interested in discussions regarding the
role of tourism inpromoting the sport, and strategies for achieving balance
betweentourism and locallybased activies (e.g., smalscale commercial
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and subsistence fishing).The nature and type of both workshops was
developed iresponse to the preferences of pgvants and partners. For
exanple, the workshop held in South India (Bannerghatta) was very
structured, wh specific time frames allotted for presentations and
discussion. In North India (Byasiali Ganaga), the workshop mess was
more flexible, leaving more time for ad hoc discussionsdawitions from
planned topics. Time frames were estimatedridividual topics and were
adjusted according to how much/hditle participants had to contribute.
Both workshops were scheduled over two days, with diffegeats set for
each day. We opteto provide numerous opportties for relationship
building and onversation prior to initiatingdiscussion regarding the
reseach agenda (as per Allen et a011; Ree®008). For example, on Day

1, participants identifieébcal and regionascale issues impacting mahseer,
discussed thenanagement and conservation teom for these issues, and
baclground topics associated with the research (i.e., current state of
recreational fisheries research, C&R research and associatqutdutites;
Table5.31 andFigure5.32). This method transformed the procéssn a
top-down scenario to a bottenp process in accordaneei t h Reed 6 s
best practices for stakeholder engagement,adfwided the opportunity to
discuss any potential flashpoint issues an openatmosphere. These
flashpoint issues were aired, but ramnsidered an essential part bkt
research agenda by any atteas. The list of knowledge gaps was populated
at the end of Day 1in both workshops. The secayd(Bay 2) was devoted

to devebping aresearch agenda for mahseer based on knowledge gaps and

discussion from Day 1.

72

(2008



Table5.31. Priority knowledge gaps constraining mahseer conservation identified by participants of stakeholder wiori&hapsindia
(Bannerghatta) and North India (Byasi/Atali Ganga). Knowledge gaps have been separated into categories according cm@emmary c
biological, sociological, and economic. Where identical knowledge gaps were identified, identical dedtanedreen used. Where similar

knowledge gaps were identified, descriptors highlight specificities according to each location.

Bannerghatta Workshop Byasi/Atali Ganga Workshop
Biological Insufficient knowledge of: Insufficient knowledge of:

1 Taxonomy and diversity of mahseer dasther freshwater fishes’ 91 Diversity of mahseer (and other freshwater fishes)

1 Natural history and ecology of mahseer, including differences 1 Natural histoy and ecology of mahseer, including differences am
among age/size classes re: physical habitat, habitat use, maj age/size classes re: physical habitat, habitat use, major life even
events, e.g., spawning, migration e.g., spawning, migration

1 Amount and impacts of illegal fishing activity, including use of 1 Amount and impacts of illegal fishing activity, including use of sn
small mesh nets, dynamiting, poisoning, and electrocution mesh nets, dynamiting, poisoniramd electrocution

1 Impacts of invasive species introductions, stocking, and C&R 1 Impacts on mahseer populations arising from invasive species
mahseer, bycatch species (e.g., snakel@aahnaspp.), and introductions and stocking
compare potential tools for improving survivorship of releasec 1 Impacts of hydropower development and pollution on mahseer
fishes populations and behaviour, e.g. impacts of reduced connectivity,

1 Impacts of hydropower development and pollution on mahsee shifting habitat types éhtic to lotic)
populations and behaviour, e.g. impacts of reduced connectiv
shifting habitat types (lentic to lotic) 1 Suitable levels of combined (i.e., among fisheries) harvest

Sociological  Insufficient knowledge of: Insufficient knowledge of:

1 Identifiable crossutting and crosgurisdictional issues 1 Identifiable crossuttingand crosgurisdictional issues

1 Identify effective methods for raising awareness of mahseer 1 Identify effective methods for raising awareness of mahseer
conservation, g., mahseer as umbrella speciepriamote conservation, e.g., mahseer as umbrella species to promote
freshwater conservatio freshwater conservation

1 Collaboration potential among managing entities 1 Collaboration potential for addressing community needs in the

1 Impacts of angling behaviours on mahseer behaviour (e.g., bi fisheries managemenontext
use, grounébaiting) 1 Benefits and constraints of recreational fishing activity to local
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communities

1 Enforcement efficacy, and alternative strategies that promote sai
and compliance

1 Suitable methods for generating community support for recreatio
fishing activities, including recruitment of young, female anglers

1 Suitable management toolbox for integrating different fishery typi

Economic Insufficient knowledge of: Insufficient knowledge of:
1 Economic expenditures associated with all fishery types 1 Economic expenditures associated with all fishery types
1 Suitable access fees for recreationdlifig activities 1 Suitable strategies for sharing benefits arising from recreational
1 Efficacy of fees as enforcement for rule violations, suitable fin fishing activities with local communities
amounts
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Figure5.3.1. Participantsn the South India (Bannerghatta) workshop pose

for a photo at theonclusion of Day 1.

Figure5.3.2. Participa'r{t's';;\“th‘e' North India (Byasi) workshop during

breakout discussioran Day 1.

RESULTS

Stakeholder workshop participants identified knowledge gapeoss

disciplines (e.g., biological, sociological, economic). Wlhsimilar points
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were recogized in both workshops, locati@apecific knowledge gaps were
also idenified (Table 5.31). Twelve knowledge gaps were identifiday
Bannerghatta workshop paipants (5 biological; 4 sociological; 3
economic). Ateen knowledgegaps were identified by Byasi/Atali Ganga
workshop participants (@iological; 7 sociological; 2 econac). Both
locations shared siharities among five biological knowledge gaps, three
sociologicalknowledge gaps, and one economic knog&dap.In both
workshops, participants developed the list of topresearch priorities from
the established knowledge gaps. Theeatified priorities were also multi
disciplinary but exhibited fewer similarities than occurred through
developing the #t of knowledge gapsT@able 5.32). Both groups retained
three of the sharekhowledge gaps, but on refining them into more detailed

researclpriorities differetiated greatly on focusr@ble5.32).
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Table5.3.2. Priority research agenda items identified by participants of stakeholder workshops in South India (Bannerghatta) and North India
(Byasi/Atali Ganga). Research agenda items have beerasspato categories according to primary concern: biological, sociological, and

economic. Where identical research priorities were identified, identical descriptors have been used. Where similaria#es cirgpe

identified, descriptors highlighpecificities according to each area.

Bannerghatta Workshop

Byasi/Atali Ganga Workshop

Biological

Sociological

Economic

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

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

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

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

Dewelop an estimate of the economic expenditures generated by recreatione
angling tradeoff/offsets

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

Clarify the taxonomy of mahseer (and otheslfn@ater fishes), confirrr
identification, and examine local adaptations (e.qg., dietary overlap
competition among freshwater fishes)

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

Determine the suitability of mahseer to act as an umbrella species
freshwater conservation in India and identify other mechanisms for
encouraging conservatiesriented behavior

Measure collaboration potential for addsing community needs in th
fisheries management context, including determining the carrying
capacity of local social systems for ecotourism and angling activitie
and identifying suitable models for facilitating social conflict
resolution

Develop an estimate of the economic expenditures generated by
recreational anglingandestimates for the degree of local dependent
on mahseer for livelihood/food

Evaluate suitable strategies for sharing benefits arising from
recreationafishing activities with local communities , including the
likelihood of success of alternative livelihood strategies
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DISCUSSION

The knowledge gaps and research priorities identified in aitkshops
highlight the need to establish research programas @acknowledge the
integrated nature ofisheries, including multdisciplinary approaches in
research (a need also identifieddarope, Arlinghau006), and addressing

the requirements of locatiespecific stakeholders and sectors (e.qg.,
balancing partipation among different forms of tourism and fisheries).
Indeed, workshop participants identified a greater number of sociological
and economic knowledge gaps than biological knowledge gaps constraining
mahseer conservation. The shared identified knaydeghps 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 ofrecreational (and other sector) fisheries. Both groups prioritized
the research agenda items based on local issues and concerns (i.e., context
mattered) and no individuals or groups disagreed with any included items.
For example, both groups identified iegis of invasive species and
hydropower development as knowledge gaps, but on prioritizing issues for
the research agenda, participants in the Bannerghatta workshop prioritized
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 partnering with management entities to
explore enforcement options aralternatives in an alreg established
fishery, while Byasi/AtaliGanga workshop participants identified
community engagemenand benefisharing as a priority management
strategy to build thenahseer fishery. These differences in priority setting
highlight the need for multiscak approaches (i.e., national and state) to
fisheries research and management. Shared knowledge gaps (including
impacts to mahseer by invasive species, hydropower developitegd|
fishing methods, and the use of mahseer as an umbpalaes to promote
freshwater conservation) could be studiedtla national level, while

adopting management strategies bagedresearch outcomes may benefit
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from a stateor locationlevel focus. Regiondkvel differences in dominant
mahseer species and ecology furttseipport the need for mulivel
mahseer research and management strategies. Recent research by&Everard
Kataria (2011) and Gupta et al. (2014) suggests that the golden mahseer (
putitora) may be useful as a flagship species for promoting freshwater
corservation throughout the Himalayan rivers in Northern India, wtiese
species is found (Nautiy&2014). Tor khudree while endangred in its
native waters (IUCN2015), has been artificially cultured and since the
197060s been peri od e cCaldvdryy This nntendedd u c e d
augmentation of the stock is now strongly suspected to have played a role in
the decline of the yet to be described humpback mahseer endemic to the
Cauvery Rver in the South (Pinder et &015). These nuances indicate
that while priorities for mahseer research (as identified by workshop
participants) may be similar, there will be a need for spepesific
approaches in order to sufficiently address the identified knowledge gaps.
The occurrence of mahseer species in differenht@s in Asia (e.g.T.
putitora, Nguyen et al2008) suggests collaboration and cooperation may
also be possible at the international level. Current research efforts
examining the behavioural ecologyf putitorain Bhutan (ClausseB015)

for example,could offer valuable insights for the same species in the
Himalayan watershed across the border in India. Similarly, ongoing research
efforts in India may be useful in supporting the development of research
priorities for mahseer in other coues (e.g.,in Malaysia, Nguyer2008).

As such, we suggest that international collaboration of mahseer researchers
maybe beneficial for aligning goals and strategies to identify synergies in
research priorities and opportunities for collaboration. The involvement of
stakeholders in the research agenda development process was integral to
identifying priority focal points that may have otherwise been missed, or
possibly discounted. Through stakeholder participation, we were not only
able to benefit from the varied peegpives and expertise of workshop
participants, but incorporate regional and local priorities into goal setting in
a manner that may not have been possible at a more formalized national
meeting. It is essential to note that while we took care to inviteithals

representing as many viewpoints as possible, a strong majority of the
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invitees viewed recreational fisheries positively, and none of the attendees
were subsistence fishers, or members of migrant communities. As such,
priorities of these communitemay not be adequately represented in the
respective researadgendas (see Kothari 2001; Prell et28l08). The views

of local communities and stakeholders vary among fisheries (for e.g., see
Gupta et al2016). As such, we recommend that any futureresffto adopt
research outcomes into management strategies include consultation with
these stakeholder groups also. This workshop process is an example of the
overall value of stakeholder engagement for addressing data deficiencies in
global recreational $heries. Stakeholder engagement affords the
opportunity to gather many perspectives together, thereby bringing more
information to the table through which to develop a knowledge base
(Hartley & Robertson 2008; Reed et &008). Many recreational fisheries
around the world are data deficient, and many managing bodies may be
constrained in supporting fisheries research by dichéxpertise and funding
(Mahon 1997). Creative approaches will be essential in addressing
deficiencies effectively as we move towsrdmproving global fisheries
management and conservation using best available science. Several tools
have been developed and used as a way of addressing such data deficiencies
i n recreational fisheries torapicthsur e
assesments, Bower et &2016"°, Lennox et al2015; speciespecific C&R
research, see examples in Codk&chramm2007, Cooke& Suski 2005),

but to date these approaches have heavily favoured the biological responses
of species to fisheries processes. €heontinues to be a dearth of suitable
tools available for rapidly and thoroughly incorporating sociological and
economic considerations in fisheriessearch (Arlinghaug005), though
strategies for incorporating adaptive management anthaagement
proesses are increasing in otheelds (e.g., see Armitage et al. 2008;
Mackinson et al2011; Pomero® Douvere2008). Using effective methods

of stakeholder engagement can help researchers to address data deficiencies
by allowing researchers to incorpordteal knowledge into priority and

goal setting, and better understand the secmnomic context of specific

fisheries.
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CHAPTER 6: EXPLORING THE VALUE OF
ANGLER LOG BOOKS

6.1 Prelude to Submissions 4 and 5

Pinder, A. C., Raghavan, R& Britton, J. R, 2015. Efficacy of angler

catch data aspopulation and conservation monitoring tool for the flagship
Mahseer fishes (Tor spp.) of Southern Indiguatic Conservation: Marine
and Freshwater Ecosyster2S, 829838.

Pinder, A. C., Raghavan, R& Britton, J. R, 2015 The legendary hump
backedmhseer Tor sp. of I ndiads River

swimming towards extinction2ndangeredspecies Researd@8, 11-17.

The effective assessment of fish populations in large river sysieraents
researchers with multiple challenges (Casselman et12®0) These
challengesbecomeconsiderablymagnifiedin tropical monsoonal systems
where highflows, deep waterand high habitat heterogeneityombine to
preclude the usef conventionh scientific sampling gears (i.dishery
independent monitoring todksuch asetting and electric fishing{Consider
further, the largepotentialbody size (50 kg +) of mahseetBe remoteness
of the rivers which support them and the wildlife associated with these
jungle environsthenit is perhaps not surprising thdtet combination of
poor sampling efficacy and potential dangers to operativesn thatto
date, there isnot a single example of aobust disheryindependerit
assessment of mahsgaopulationabundanceacross theentire genusTor
and its biogeographic mge This is indeedn fitting with the discussion®f
Cooke et al. (2012Which highlightedthat sampling difficulties represetat
key factor in constraininga general lack of information on the abundance,
assemblages and trends @mdangeredriverine fih speciesand their

conservation

In addition to the widespread use of commercial fisheries data to monitor

and manage fisheries resources in both marine and frestematesnments
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temporal and spatial records of angtatchperunit-effort (CPUE) have
alsobeen widelyappliedas proxies for fish population densities (e.g. Jansen
et al. 2013) Due toa broad range of potentially influencing factors (e.g.
abiotic environmental changes, evolution of fishing gears fastions
changing fish community stature, inconsistencies in record keepiagd
sel-biag, there is widespreadcognitionthat angler derived data need to
beinterpreted with cautionQooke et al. 200@orrow & Arlinghaus D11).
Despite the challenges involved in accounting for bias|eadgg books
have been used extensively to provide information on catch and harvest
rates (Cooke et al. 20002018, assess inteannual recruitment success
(Lehtonen et al. 20Q9elucidatetemporal shifts in body size and migration
timings (Quinn et al2006, evaluatestocking success (Champigneulle &
Cachera 2003) and inform conservation management planning
(Environment Agency2018. Hence there isa generaktonsensusmongst
researchers thanh the absence of fishery independent dategler records
can provide a valuablend costeffective sampling alternativéor indexing
long-term trends inthe relative abundanceand population dynamicsf
target specie€Sztramko et al. 1991

It was during my first tripseim South In
2010 and 2011 that | became aware ofdbtailed catch records compiled

by the head angling guide and subsequently realised the potential value of

these recordssgeFigure 6.11). Motivated by the recent baon angling

within this section of river (see Chapter, 4)was keen to explore the

response of the mahseer population to the C&R management regirtee and

raise awarenessspecifically with policy makersthat the recreational

angling communityhad previouly contributeda much needed scientific

monitoring service in the absence of any other fisheries data within one of

the major river systems of the western Ghats biodiversity hotspot.
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Figure6.11. An exampe of one of the catch record sheets kept by the head
angling guide at Galibore Fishing Camp and used to inform Submisisons 4
and 5.

In considering the broad range of potential biases in angler logs, many of
these concerns were reduced by the consistetitad of record collation

and recording coordinated by the head angling guide. Consistency in
angling methods was also evident, with the dominant use of large cereal
paste baitsiot seeming to bias the size of captures and producing mahseer
ranging betweewne and over 100 Ibs in weight. Despite the availability of
earlier catch returns, dating back to 1974, the style of record keeping shown
in Figure6.11, was only availablérom 1998 to 2012thusproviding the 15

year dataset used to produce Submissi@gB8ettion 6.2)and conclude the

positive role of the C&R fishery on the mahseer population

During the production of Submission 4, the same dataset revealed the
potential to examine trends in the relative abundamicthe twomahseer
phenotypeg(later to be confirmed as differespeciey which had been
apparent since my first evening on the River Cauvery (see Sddijon

introduction to Indiaand themahseér Isolating thesewo species and
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revisiting the CPUE analysis was the basis of Submissi(®ebtion 6.3)

which revealed a comprehensive shift in the community structure of the two
species resulting in the rapid expansion of the -iluged mahseer This

was coincident wit a substantial decline the humpbacked mahseerhis

posed new questions regarding which species was endemic to the River
Cauvery: a question which was resolved by investigating previous stocking
records. This parallel investigation revealed that TEctric Company
(TEC) had donatedlarge numbers(> 10,000 of bluefinned mahseer
fingerlings to the Wildlife Association of South India (WASI). These
fingerlings had been produced

and been stocked into the WASorttrolled angling sections of the River

Cauvery since 197@Vildlife, 1976) Figure6.12).

WILD LIFE 4/

Figure6.12. The earliest record of stocking | was able to find was ithe
South

published in 1976 (left). This details the source, recipient site and numbers

Wil dlife

This led me to a number of publications published by employees of TEC
which confirmed thedentity of thestocked fish agor khudreeBrood fish

of this speciediad been procured from the River Krishna River Basin and
by 2002 hatchery produced fingerlingsad been stocked to waters in the
majority of states in Indisand &en shipped outside India taaos Ogale
2002. As anglers had beephotographing theimahseercatcheson the
Cauvery over manydecades| was able to recover many hundreds of
photographs dating back to as early as 1¥®@nhkning these data with

interview feedback fromdomestic and international anglers, including the

TATA’S GIFT TO
W.AS.I

_ Last year the House of Tatas gifted 10,000 Mahseer

fingerlings to the Wild Life Association of South
India for their Reserved Waters in the Cauvery
River. The gift was air lifted to Bangalore.

Picture below shows Mr. K. Matthan of Tatas mak-
ing a token presentation of the fry to Mr. W. J.
Davinson, President of WASI. On right is a Fishery
Biologist of Tatas examining the fry before packing
and crating them.

Association of

of mahseer stocked (right).
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surviving members of the Trans World Fishing Team, who were the first
foreigners to fish the Cauvery since independence (TWFT 1985), revealed
that T. khudreedid not feature in angler catchentil 1993 This provided
corroborating evidence that the huingcked mahseevas endemic to the
Cauvery andr. khudreewas an introducedonindigenous specigbat had
become invasive andas potentially involved in the process driving the

humpbackedmahseer to the edge of extinction.

The publication of Submission f@sultedin high coverage in the popular
press, including in IndiaThis resulted in theinvited production and
publication of anothepopular article which summarised this situation in
Sanctuary Asia Pinder2015. This articleattracted the attention of Tata
Powerandinitially resulted insomeconflicts between us. However, these
wereresolved througla numberof meetings and the eventual launch of a
Tata funded collaborative effort teave the humpacked mahseer from
extinction. However, until the publication 8ubmissior8 (See Chapter 8)
conservation efforts were constrained due to the Rbagked mahseer
lacking a scientific name and thus preventing its qualificationgfobal
conservation assessments, such asgul@N Red Listof Threatened Species
(IUCN 2019)
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ABSTRACT

1. Mahger (Tor spp.) are flagship fishes in South Asian rivers. Their
populations are threatened through poaching and habitat disturbance, yet
they are highly prized game fishes due to their large size, appearance and
sporting qualities. The international redieaal angling community has
been frequently cited as playing a vital role in conserving these fishes
while also providing economic befit to poor rural communities.

2. Due to a lack of scientific data and the considerable challenges
associated with motaring fish populations in large monsoonal rivers,

efforts to determine the loAgrm trends in their populations has focused
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on sportfishing catch records. Here, catch data collected between 1998
and 2012 from Galibore, a former fishing camp on the RGauvery,
Karnataka, India, were analysed to determine the catch per unit effort
(CPUE - by number and weight) as an indicator of relative fish
abundance, along with the size structure of catches. This fishery operated
a mandatory catehndrelease (C&R) plicy, and provided the fish
community with potection from illegal fishing.

3. Between 1998 and 2012, 23,620 hours fishing effort were applied to catch
and release 6,161 mahseer, ranging in size from 1 to 104 Ibs (0618
kg) in weight. Across the ped, CPUE in number increased
significantly over time with a concomitant decrease in CPUE by weight,
revealing strong recruitment in the population and a shift in population
size structure. This suggests a strong response to the C&R policy and the
reducton in illegal fishing, indicating that conservation strategies
focusing on the beneficial and negative aspects of exploitation can be
successful in achieving positive outcomes.

4. These outputs from angler catch data provide insights into the mahseer
popuation that were impossible to collect by any alternative method.
They provide the most comprehensive analysis of a-leng dataset
specific to any of the mahseer species across their entire geographical
range and demonstrate the value of organisedrangb a conservatien
monitoring tool to enhance biological data, and inform conservatidn a

fishery management actions.

KEY WORDS: angler logs; C&R; poaching; Western Ghats, stock
protection, IUCN Red List; ecosystem services, population monitoring.

INTRODUCTION

Freshwater fishes comprise one of the most threatened taxa on earth (Cooke
et al 2012; Carrizoet al 2013; Reidet al 2013), with the extinction of
approximately 60 species since 1500 and a further 1679 currently
threatened with extinctio(Carrizo et al2013). Despite that, conservation
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attention on these fishes is limited, mostly attributable to issues relating to
knowledge gaps on key life history traits, population and habitat
requirements, and geographical distributions, all of wlach crucial for
developing and implementing effective conservation actions (Cooke et al
2012). Moreover, these knowledge gaps are increasing as taxonomists
continue to discover and describe new species of freshwater fishes, many of
them from habitats thaare already facing high levels of anthropogenic

disturbance.

Collection of inland fisheries data, particularly in biodiversity rich, tropical
countries, can be extremely challenging as many of the sites are located in
remote areas and extreme habitatsclv are often inaccessible for research,
and where a lack of political will further limits both financial aajpy and
human resource (Mahoh997; Arcelbbara& Charles2008). Improving
knowledge and understanding of freshwater fish and inland fisheries i
these countries and regions therefore needs to consider the use of
alternative, coseffective approaches (Beret al 2009; Raghavaret al

2011; de Graaét al.in press). Due to the often threatened status of the fish
species concerned, allied withgislation that seeks to protect these species
(even if management strategies are yet to be developed due to the
knowledge gaps), these alternative approaches should also be non

destructive and have a strong ethical basis.

Mahseer Tor spp; Cypriniforms: Cyprinidae) are largeodied freshwater

fishes that are endemic to the monsoonal rivers of Asia. They are popular
throughout their range as flagship species of considerable economic,
recreational ad conservation interest (Sir2)07 Nguyen et al2008 Singh

& Sharmal998). Of the 18 valid species bbr mahseer (Eschmey&014;

Kottelat 2013), six speciesTor ater, Tor khudree Tor kulkarnii Tor

malabaricus Tor putitoraand Tor yunnanens)js ar e OEndanger ed?d,
ONear Threatene®déareadbDatsa xDasfpieci ent 6 on
List (IUCN, 2013; www.iucnredlist.org). The remaining five species have

not been assessed for their conservation status. Despite this, data on mahseer
populations are severely limited, with even fundamental aspects as
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taxonomy, autecology, and population demographics being unknown for
many species Raghavaet al 2011; Pinder& Raghavan2013). For
example, there are no population estimates available for the endangered
speciesT. khudreeand T. malabaricus(Raghava 2011; Raghava®& Ali

2011). Nevertheless, they are internationally recognised for their large size,
attractive appearance, and sporting qualities by recreational anglers; in
India, theyar&k nown as the O6King odtalad0Quati c syst
Dhillon 2004) andcomprise one of the primary groups of fish targeted by
recreational fishers (Coolet al in press. Indeed, the little information that

is available on Indian mahseer populations has largely originated from, or is
related to, the recreatiah angling community (e.g. Thomad873
MacDonald1948; Trans Wold Fishing Teaml984 Dhillon 2004; Everard

& Kataria2011; Pinde& Raghavar2013).

The recreational angling community offers a social group that positively
suppors fish conservation (Arighaus2006) and recreational fishers have
engaged in various activities contributing to freshwater fish conservation
such as monitoring, research, management, advocacy, and education
(Graneket al. 2008; Cooke et alin press). For example, in India, the
recreational fishing sector has played an integral part in the conservation
and management of mahseers through such activities as the implementation
of compulsory catclandrelease (C&R), stock augmentation, stock
protection and, in some cases, the maiaee of catch log books (Everard

& Kataria 2011; Pinder& Raghavan2013; Cookeet al. in press).
Nevertheless, despite recreational fishers and fishery managers having been
previously identified as a potentially valuable source of data, there are, to
date no previous efforts to exploit these catch-bmpks. Consequently, in

this study, catch lopook data from the Galibore Fishing Camp on the
River Cauvery were assessed over a 15 year period (1998 to 2012). In this
period, the fishery management objeetwvere the release of all rodught
mahseers and the elimination of poaching throughout the controlled (~7km)
length of river through enforcement. The study objectives were thus to: (i)
determine the temporal trends in catch per unit effort (CPU¥ number

and weight) of mahseer captured by recreational fishers; (ii) assess the
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extent to which the size structure of the mahseer population has changed
over time and how this might be related to the fishery management
objectives; and (ii) assess the implions of the outputs in relation to

recreational fishery exploitation and species conservation.

MATERIALS AND METHODS

The Cauvery (basin area of 87900%tDe Silvaet al 2007) is a major east
flowing river draining the Western Ghats, an excepti@mah of freshwater
biodiversity and endemism in peninsular India (Mo&iral 2011). The
Cauvery and its tributaries comprise one of the two (the other being the
Himalayan Ganges) river systems where C&R angling for the mahseer has
been practiced isce the colonial times (Thomasl873 Dhu 1923
MacDonald1948). Galibore Fishing Camp represents one of four former
angling camps situated on the River Cauvery encompassed by the Cauvery
Wildlife Sanctuary (an IUCN Category IV Protected Area) in the state of
Kamataka, Southern Indi&igure6.2.1).

77.112 77.364 77.616
AN
N
- KARNATAKA =
3 3
o o
i
SF MU
® CAWERY — & (5
\ SRy
"B
] “—TkM—> MT ]
By TAMIL NADU o
/ NN ]

77.112 77.364 77.616

Figure6.21. Location of the River Cauvery and the study area. Solid line
represents the 7 km Galibore fishery. The dasmedripresents the 22 km
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C&R fishery formerly controlled by WASI. Locations are coded: SF:
Shivasamudram Falls, MU: Mutthattii, G: Galibore, MT: Mekedatu.

The Wildlife Association of South India (WASI) came into existence in

1972 with a maendatde pdtececormrsethe wil dlife
This Bangalore based Nd@Bovernmental Organization was instrumental in

the early development of the C&R fishery which encompassed the 7 km

beat at Galibore and extended 22 km between Mtitthatl Mekedatu

(Figure 6.21). Due to the recognised revenue potential of the fishery, in

1999, Galibore along with two further camps (sited between Galibore and
Shivasamudram Falls were developed into sgenmanent ectourism

estabishments by the state governmemined Jungle Lodges and Resorts

(JLR) . WASI 0s successful mo d e | of emp
poaching camps was maintained and supported by both WASI and JLR at

Galibore until 2012, when the entire fishery was close@ @mder&

Raghavar2013).

Despite current contention regarding the taxonomic identity of mahseer

species present within this section of the Cauvery, there exist two well

defined morphs which are known as blue finned mahseer and golden or

humpback mahseae As works to resolve the exact identity of these
Ospeciesd are underway, this paper refer
as 6fbilnuneedd and 6égol dend mahseers so as

erroneous scientific names.

The fishing season fanahseer typically extends from November to March,
with fishery performance considered to peak, providing consistent sport
quality (number and size of fish caught) between January and March when
river flows are at their lowest and angling can be practifedtely.

Between midlanuary andmid-March of 1998 to 2012, the mahseer fishery
was subject to regulated angling pressure (maximum 10 rods/day),
practicing a very strict C&R policy. Structured catch data collected during

this period included daily o®rds of individual angler identity (name); hours
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fished (effort); number of fish caught; weight of individual fish (the
standard metric used by anglers was imperial Ibs) and notes relating to
mahseer phenotype. With the exception of two years (1999 0@),28
subsample of catch returns spanning 1998012 were available from the
fishery manager and complemented by additional returns retained by anglers
over the same period. The resolution of the recoves&al skt is summarised

in Table6.21.

Table6.21. Temporalresolution of data recovered to inform CPUE.
Individual angler numbers/year (1982012) and hours fished (effort)

between January and March in each year

No. hours fished Total No. Total No.

Year Jan Feb March Anglers  hours fished
1998 580 6 580
1999 0
2000 0
2001 820 9 820
2002 1080 10 1080
2003 1920 19 1920
2004 1868 772 25 2640
2005 848 1756 28 2604
2006 264 1344 17 1608
2007 976 1656 27 2632
2008 736 2028 424 33 3188
2009 692 504 11 1196
2010 848 1136 29 1984
2011 984 976 428 35 2388
2012 980 10 980

While all larger mahseer (>10 Ibs (>4.5 kg)) were typically weighed to the
nearest pound using spring loadedghéng scales, many weights of smaller
individual fish were found to be restricted to estimates. Furthermore, where

an angler recorded a large number of fish during a single (4 hour) fishing
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session, records were typically limited to the weight of the &rfigh with

the remaining catch enumerated, egx fish to 18 Ibs Following
consultation with the camp manager and a selection of the anglers, these
data have been standardised by recording one fish at 18 Ibs with all other
individuals recorded as wéimg 5 Ibs (5 Ibs representing the threshold at
which most anglers were considered to neither weigh nor estimate the
weight of their fish). Where the weight of the largest individual did not
exceed 5 Ibs (either estimated or weighed), mrge fish to 5bs data were
standardised by applying a 50% weight reduction to the remaining eight fish
for which weights were not recorded. In this example the adjusted record
would account for one fish of 5 lbs and eight fish of 2.5 Ibs. While the
aut hor sd dhe lnmeent lingtatigns of these standardised data,
the allocation of arbitrary weights (as guided by the local angling
community) has facilitated a valuable measure of the numbers of young fish

recruiting to the population over the course of the spetjod.

The initial step in the data analyses was to determine catch per unit by
number and weight for each year. These data were then analysed in linear
mixed models where the final model used angler identity as the random
variable (to account in the meldfor differences in their respective abilities,
differences in fishing style etc., and in relation to their catches), year as the
independent variable and catch per unit effort (either in number or weight)
as the dependent variable. Outputs includednaséid marginal means (i.e.
mean adjusted CPUE by year) and the significance of their differences
between years according to pairwise comparisons with Bonferroni
adjustment for multiple comparisons. In addition, the mean weights of fish
captured per yearavr e t est ed wusi ng ANM&@Wests. wi th Tuke
All statistics were completed in SPSS v.21.0.

RESULTS

Annual median CPUE increased over the period, although the vyitain
variability of the data wasonsiderable Kigure 6.22). The linear mixed

models were significant for both catch per unit effort by number.§=
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18.56, P < 0.01) and weight (&251 = 6.13, P < 0.01), with pairwise
comparisons revealing significantly higher CPUE by number between 2010
and 2012 compared to the highest CPUE by number recorded in the early
2000s (2001pP < 0.01;Figure6.23). There were, however, no significant
differences in the mean adjusted catch per unit effort by weight pe(Rear

> 0.05; Figure6.23).
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(P < 0.01). Error bars represent standardrerr
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Over the study period, the mean weight of fish captured by anglers

significantly decreased (ANOVA, k25:= 741,P< 0. 01) , with Tuke:
posthoc tests revealing that the differences between the highest mean

weight recorded in the study, 1998, anthsequent years were significant

between 2007 and 201R € 0.05;Figure6.24).
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Figure6.24. a. Mean weight of fish captured per year; * Difference in
mean weighsignificantly different from highest values in the early 2000s
(P < 0.01) b: Relationship of mean adjusted catch per unit effort per year
and the mean weight of fish captured in that year. In all cases, error bars

represent standard error.
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The significantrelationship between CPUE by number and mean weight of
fish revealed that as catch rates increased over time they comprised of larger
numbers of smaller fish (linear regressioA=F0.83, k 1;= 22.93,P < 0.01;

Figure 6.24). Indeed, by categorising the captured fish into weight
categories of 20 to 39 Ibs, 40 to 59 Ibs and > 60 Ibs, it was apparent that the
contribution of the largest fish to catches significantly reduced between
2001 and 2012 (linear regressi®f. = 0.82, k 10= 18.81,P < 0.01;Figure

6.25), butnot in the smaller weight classes (21 to 40 Ibs: linear regression:
R?=0.12, k10=1.21,P = 0.47; 41 to 60 Ibs: linear regressioﬁ: R0.57,

F110= 0.57,P = 0.47;Figure6.25).
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Figure6.25. Plot of proportion of weight class of fish to total catch per unit
effort by number according to year, where white boxes to 39 Ibs, grey
=40 to 59 Ibs, and black = > 60 Ibs (1 Ib = 0.45 kg).

DISCUSSION
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The Indian Wildlife (Protection) Act 1972 (WPA) was enacted to provide

much needed legal protection to flora and fauna. Although this piece of

legislation prohibitsta hunti ng of any o&éwild ani mal 6
for protection (Protected Areas (PA)), the Act only specifies amphibians,

birds, ma mmal s, and reptiles as constitu
& Raghavan2013). Lacking any formal amendment tocagnise and

include freshwater fish, recently revised governmental interpretation of the

Act has resulted in the closure of the four former recreational mahseer

fishing camps sited within the Cauvery Wildlife Sanctuary. The phased

closure of these camps theen 2010 and 2012 has left fish stocks

previously afforded protection from poachers, once again vulnerable to the

effects of illegal and highly destructive harvest methods including the use of

dynamite (Pinde& Raghavan2013). Lacking any scientificallglerived

survey data, the daily catches recorded by anglers at the Galibore Camp

between 1998 and 2012 represent the only available data to examine the

temporal performance of the mahseer stock leading up to the
implementation of the angling ban and to lexp any potential effects that

the C&R fishery may have had on the health of the population.

The outputs of the analyses of the catch data from the Galibore fishery
revealed some marked changes in catch composition over the study period,
with increasechumbers of smaller fish appearing in catches that was allied
with increased CPUE by number. This successful use of recreational catch
data to obtain insights into the mahseer population mirror other examples of
using recreational angler catch data as & toamonitor freshwater fish
stocks and inform population anagement strategies (see CowQ91;
Granek et al 2008). As a consequence of historic overexploitation,
examples in many cases relate to species of high economic value, either as
food and/or sporffishes, which are now facing global and/or localised
population threats e.g. Atlantic salm&almo salar(Gee & Milner 1980)

and white sturgeocipenser transmontanyinglis & Rosenaul994). In

the case of O6Endanger edo opimeauitrms whi ch a
(e.g. Eurasian taimeHucho taimen(Jenseret al 2009); mahseetor spp.
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(Pinder& Raghavar2013)), resources available to monitor and manage fish
populations are typically highly constrained, thus limiting the development
of effective maagement strategies which are urgently required to foster a
balance between exploitation and species conservation (JensefG&3l
Thus, angler catch data can provide a very cost effective alternative in
collating temporal and spatial information o tiish stock that can provide
information on longterm population patterns and trends in that component

of the stock that is being exploited (Cooke etrapress).

While bait selection and angling method can be highly selective with respect
to species r&d sizes of fish captured (Mezzekfa Largiadér2001; Ussi
Heikkila et al 2008), such bias were considered to be minimal here due to
the very large mouth gape of even the smallest mahseers. Despite some
limited effort being applied by anglers to catch fisding artificial lures, the
primary method of capture was based on using large balls (~8cm diameter)
of cereal (RagiEleusine coracanaderived paste as bait that appeared to
randomly capture fish of between 1 Ib and 104 Ibs (0.48.8 kg) in
weight. This was thus likely to have reduced the potential for variability in
the data occurring through use of different methodologies. As any inherent
variance in individual angler ability in the dataset was also accounted for in
the analyses, the increased appeee of smaller fish in catches suggests
this was due to their greater availability to anglers. The data highlight an
apparent threshold between 2007 and 2008, when CPUE by fish number and
total weight demonstrated a marked increase. Given that aneediokahce

has suggested minimal stock augmentation in the river (S. Chakrabarti,
Wildlife Association of South India, pers. com.), the increased abundance of
smaller mahseer has been interpreted as occurring through elevated natural
recruitment success. €mechanisms responsible for the observed sudden
increase in numbers are not yet understood, but the strong year classes
observed since 2008 could potentially be explained by several years of more
favourable environmental conditions (e.g. flows) being tEmiby
synchronised with key life history functions (e.g. spawning and early

development).
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When considering the abundance of fish recorded within weight categories,
fish smaller than 20Ibs (<9 kg) were omitted from the analysis to guarantee
the exclusion b all weights derived by the standardised assumptions
detailed within the methods section. Focusing only on fish with individually
angler assigned weights, it was apparent that the contribution of the largest
fish (greater than 60lbs (>27 kg)) to catclsemificantly reduced between
2001 and 2012 (Fig. 5). While this will have contributed to the overall
decrease in mean weight over the same period, it is important to note that
these larger specimens were represented by a distinct phenotype and
referred tob y angl ers as 6gol dend Tanahseer or
mussullalé (Pinder& Raghavar2013; Cookeet al.2014; also see Kniglt

al. 2013). Establishing the true species identity and conservation status of
these larger specimens lies beyond the scope afuiient study; however

the notes associated with the current dataset indicate the recer2(Pb}t
failure in recruitment of this golden phenotype. The resolution of data
collected by anglers between 1998 and 2012 therefore go beyond the
provision of jist numbers and weights and might also contribute a better
understanding of conservation ecology in defining the temporal genetic
composition of mahseer within this part of the River Cauvery.

Environmental factors also require consideration in influenatadgch
statistics. Potential drivers of catch success include river temperature
(McMichael & Kaya 1991), flow (North 1980), and turbidity (Lehtonen et

al. 2009; Drenner et all997); all of which can vary in response to natural
climatic conditions and/or ni response to river regulation and the
anthropogenic manipulation of flows from upstream dams and reservoirs
(Barillier et al 1993; North& Hickley 1977). Although environmental data

are not available to complement the current dataset, it is considatestiith

to the limited intraannual timeframes of focus (JanuaryMarch), when
weather and river conditions were typically stable as it is outside of the
monsoon season, that environmental factors were likely to have played only

a minimal role in influencig angling success over the study period.
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In a recent review, Cooke et al. (in press) highlighted a global interest in
targeting endangered fish by recreational anglers and proposed a
dichotomous decision tree of indicators to inform whether thetipeaof

C&R angling constitutes a conservation problem or conservation action.
The data recorded from the Galibore Camp between 1998 and 2012 clearly
demonstrate a natural and indeed significant increase in mahseer population
size. However, qualifying thefficacy of the C&R management and stock
protection programme in driving the observed increase in fish biomass
remains constrained by a lack comparative empirical data from control sites,
which were not afforded protection over the same period. There amg m
references specifically documenting the long term efforts of the Cauvery
fishing camps and the role of the Wildlife Association of Southern India
(WASI) in protecting fish stocks by forcing poaching activities beyond the
boundaries of the fishery (Nak010; Pinder& Raghawan 2013 Pinder
2013). Despite the largely anecdotal nature of this information, the data
presented within the present study, coupled with the fact that recreational
fishing interest for these highly prized fish has not since shifésend the
boundaries of the closed fishery, strengthens the evidence to support the
effective conservation benefits of the former management model practiced

within the wildlife sanctuary.

In light of the consistent fishery management practice apptiexsa all four
former camps and throughout the entire controlled reach, it is considered
that the Galibore catch data provides representation of the performance of
the mahseer population throughout the 22 km between Mutthatti and
Mekedatu Gorge (se€igure 6.21). Within the broader contexts of
catchment management (Nguyeh al 2008) and associated ecosystem
services (Everard2013), the population growth and high biomass of
mahseer shown to be present until 2012/ mlso have been significant at
the catchment level. Indeed, in addition to the natural dispersal behaviour
typically exhibited by rheophilic cyprinids (Robinson et #098; Reichard

et al. 2004), annual monsoon river flows are likely to have been highly

effective in delivering larvae and juveniles to the downstream reaches where
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annual augmentation of the stock would have contribtdethaintaining
local populations and/or enhance the harvest potential for sustenance fishers

in downstream rural communise

In summary, this structured catch dataset collected by recreational anglers
visiting Galibore between 1998 and 2012 represents the most
comprehensive long term dataset specific to any of the mahseers across their
entire geographical range in Asia) atheimonstrates the value of organised
angling as a monitoring tool to enhance biological data and inform
conservation and fishery management actions. Not only do these data
demonstrate the conservation benefits realised over a 15 year period, but
also provie a unique baseline against which the population response (either
positive or negative) to the recent and radical change in management policy,
the closure of the catch and release fishery, could be qualified, quantified,

and considered against future canadion targets
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ABSTRACT

The Western Ghats of India is an exceptional area of freshwater biodiversity

and endemism. Mahseer fishes of the gefmrshave acquired a legendary
status in the region, famed for their sporting qualities and cultural

significance, but neverthelesseathreatened as a result of increasing

anthropogenic stressors. In the River Cauvery, the mahseer community

compr i sefsi nan eddl weh d naedbaoadahgerp fish.

it is not yet known if these are distinct species or two different phpest
evidence suggests that the hubgrked phenotype is endemic to the river,
whereas the bluénned phenotype was introduced in the 1980s. Argler
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catch data from a managed fishery on the Cauvery, gathered between 1998
and 2012 and comprising 23,620 mowf fishing effort, revealed that
captured individuals ranged in size from 1 to 104 Ibs (0.46.8 kg), with

the bluefinned phenotype comprising of 95 % of all captured fish and the
remai nder -backgd&dhumpe catch per uni t e f
bluefinned phenotype significantly increased over the study period, while
the mean weight of individual fish significantly declined. By contrast, the
CPUE of the humybacked phenotype declined significantly over the period,
with individual mean weightsignificantly increasing. These data suggest a
recent recruitment collapse in the hufvgcked phenotype resulting in an
ageing population spiralling towards extinction. The introduced-ined
phenotype, however, continues to recruit strongly, sugggedhat the
mahseer community of the River Cauvery has undergone considerable shifts
in the last 30 years.

INTRODUCTION

Freshwater ecosystems and their biodiversity remain one of the most
endangered and poorly protected resources on Bdillenium Ecosystem
Assessment 2005; Dudgeon 2011; Cooke et al. 204i#) almost one in

three freshwater species facing a high risk of extinction (Collen et al. 2014).
Of the 5785 species of freshwater fish assessed for their conservation status
by the IUCN, morehan 36% are threatened, and over 60 species have gone
extinct since 150QCarrizoet al. 2013)

The Western Ghats region of India, part of the Western &ratsanka

Biodiversity Hotspot, is an exceptional area of freshwater biodiversity and

endemism (Dahanukar et al. 2011; Raghavan et al. 2014). Nevertheless,
approximately halfof he r egi onds endemic fish speci
extinction (Dahanukar et al. 2011), a result of escalating anthropogenic

pressures and threats, lack of governmental support for freshwater fish
conservation, jurisdictional issues and oversights, patfiorcement of

existing laws, and implementation of tdpwn approaches (Dahanukar et
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al. 2011; Raghavan et al. 2011; Pinder & Raghavan 2013; Raghavan et al.
2013). In the region, no freshwater fish has garnered attention from the
public as much as the imseer Tor spp.), a group of largkodied fishes of

the Cyprinidae family. For example, they were represented in the ancient
Indian literature (Nautiyal 2014), are revered as gods (Dandekar 2011) and
have been globally recognised as premier game fishes solonial times
(Thomas 1873; Dhu 1923; MacDonald 1948). They are, however, one of the
most threatened groups of freshwater fish species in the Western Ghats,
impacted by habitat loss and destructive fishing, yet with many knowledge
gaps regarding theitaxonomy, natural histories and population statuses
(Pinder & Raghavan 2013). Of particular concern is their systematics and
taxonomy, with continuing ambiguity about the identity and distribution of
species; the increasing volume of information in the-pedewed literature

has also been relatively unhelpful to date as it often provides contrasting

perspectives on these subjeafs Knight et al. 2013; Khare et al. 2014).

Whilst in British colonial times, the mahseer of the River Cauvery in the
Westen Ghats were premier sport fishes, interest in their fishery diminished
following Indian independence in 1947, leading many to assume the fish
had become extinct. In 1978, however, a small team of British explorers
were successful in catching mahseer tokg2(TWFT 1984), reigniting
global interest in the river as a premier freshwater sport fishing destination
and launching a new era of Indian angling ecotourism (Everard & Kataria
2011). The fishery developed on strict catcitrelease (C&R) principles

tha realised tangible river conservation and societal benefits (Pinder &
Raghavan 2013). Despite these benefits, governmental reinterpretation of
the Indian Wildlife Protection Act (1972) resulted in a shutdown of the
angling camps from 2012, exposing aqcabiodiversity generally and
mahseer specifically to elevated levels of illegal and destructive levels of

exploitation (e.g. dynamite fishing) in the river.

A recent study on the mahseer fishery of the River Cauvery highlighted the
value of angler catcheturns in monitoring temporal population trends in

mahseer numbers and weight (Pinder et al. in press), and highlighted a
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marked shift in the weight of individual fish being captured despite a
relatively consistent methodology used across the time sewndh,
increasingly smaller fish being captured over time. Although speculated as
relating to a change in the mahseer community structure from the endemic
humpbacked (orangéinned) phenotype (that grows to over 50 kg) to a
distinct bluefinned, smaller pénotype, this was not tested. Consequently,
through further interrogation of the dataset of Pinder et al. (in press), the
objectives of this study were to a) quantify any shift in mahseer community
structure and the current status of both phenotypes; étifig the
vulnerability to extinction of the humpacked phenotype in the River
Cauvery and the conservation implications of the presence of the blue
finned phenotype; and c) to present the urgency associated with defining the
true scientific identity oft h e ébhaucnkpe d mahseer o to adva
ecological knowledge required to inform speeggcific conservation
action. Note that whilst these two mahseer phenotypes have been previously
referenced respectively d®r mussullaband Tor khudree their taxonmic
classifications are currently under scrutiny and to avoid perpetuating
erroneous scientific names, they are referred to here as only phenotypes, i.e.
as 0-hamgpedd -fainmneddd urespecti vely. Not e
backed phenotype has, historicallgnly been recorded from the River
Cauvery basin (Thomas 1873), including its tributaries, the Kabini (TWFT
2004), Bhavani (Hora 1943) and the Moyar (Jayaram 1997); and thus, based
on its restricted distribution alone, it may be considered as highlyrabliee

to extinction (Helfman 2007; Giam et al. 2011). By contrast, the-firloed
phenotype was not recorded in the river prior to 1993 and is believed to

have originated from artificially propagated stock (Desai 2003).

METHODS

The study area on the RivCauvery was the Galibore Fishing Camp, one of
four former angling camps situated on the River Cauvery encompassed by
the Cauvery Wildlife Sanctuary (an IUCN Category IV Protected Area) in
the state of Karnataka, part of the Western Ghats in Southaen(Fdure

6.31).
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Figure6.3.1. Location of the River Cauvery and the study area. Solid line
represents the 7 km Galibore fishery (G). The dashed line reprdse t

km extent of the former C&R mahseer fishery.

Between midJanuary and midilarch of 1998 to 2012, the Galibore fishery
was subject to regulated angling pressure (maximum 10 rods/day),
practising a very strict C&R policy. Structured catch data catecturing

this period included daily records of individual angler identity (name); hours
fished (effort); number of fish caught; weight of individual fish (the
standard metric used by anglers was imperial Ibs, where 1 Ib = 0.45 kg) and
notes relating to nteseer phenotype (denoted as heimagked (H) and blue
finned (B)). With the exception of two years (1999 and 2000), ssauaiple

of catch returns spanning 1998 to 2012 were available from the fishery
manager and complemented by additional returns retanethdgers over

the same period. The resolution of the recovered data set is summarised in
Table6.31.
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Table6.3.1. Temporal resolution of data recovered to inform CPUE
Individual angler numbers/year (1982012) and hours fished (effort)

between January and March in each year.

Year Total number of Total hours Number of mahseer captured
anglers fished Hump-backed Blue-finned

1998 6 580 14 59
2001 9 820 38 153
2002 10 1080 6 81
2003 19 1920 80 148
2004 25 2640 95 342
2005 28 2604 25 407
2006 17 1608 6 228
2007 27 2632 3 452
2008 33 3188 5 1022
2009 11 1196 4 346
2010 29 1984 9 887
2011 35 2388 1 1095
2012 10 980 3 653

While all larger mahseer (>10 I§s4.5 kg)) were typically weighed to the
nearest pound using spring loaded weighing scales, many weights of smaller
individual fish were found to be restricted to estimates. Furthermore, where
an angler recorded a large number of fish during a single f{gng
session, records were typically limited to the weight of the largest fish with
the remaining catch enumerated, egx fish to 18 Ibs Following
consultation with the camp manager and a selection of the anglers, and as
per Pinder et al. (in presshese data have been standardised by recording
one fish at 18 Ibs with all other individuals recorded as weighing 5 Ibs (5 lbs
(or 2.25 kg) representing the threshold at which most anglers were
considered to neither weigh nor estimate the weight of tisely. Where the
weight of the largest individual did not exceed 5 Ibs (either estimated or

weighed), e.gnine fish to 5 Ibsdata were standardised by applying a 50%
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weight reduction to the remaining eight fish for which weights were not

recorded. In tis example, the adjusted record would account for one fish of

5 I bs and eight fish of 2.5 Ibs. While t
limitations of these standardised data, the allocation of arbitrary weights (as

guided by the local angling commuyjithas facilitated a valuable measure

of the numbers of young fish recruiting to the population over the course of

the study period.

Catch returns were initially sorted into the respective phenotypes and
enumerated as annual totals. To identify whethemiiimber of bludinned
mahseer captured each year was a good predictor of the number of hump
backed mahseer captured, their relationship was tested using linear
regression. To assess whether the differences in the number of each
phenotype captured per yaaere significantly different, the gradient of the
regression linek) was used to test the null hypothesis that equal numbers of
the phenotypes were captured each year; with this acceptedowbasinot
significantly different to 1.0 and vieeersa, basg on its 95 % confidence

limits (Keith et al. 2009). The catch per unit effort (CPUE) of each
phenotype was then determined for each year and expressed as the number
of each phenotype captured per hour per year. Differences in CPUE value
between of the twghenotypes was tested using ANOVA. The temporal
pattern in the CPUE of each phenotype was tested for significance using
linear regression where the independent variable was the number of years
since the study commenced and the dependent variable wasirthal a
CPUE of the mahseer phenotype. To identify whether there was a
relationship between the temporal patterns in the CPUE of the-haoked
mahseer and the CPUE of the blue nned mahseer, Pearsonos
coefficient was used in croserrelation,using time 0 (i.e. testing of CPUE

data from the same year) and at time lagd. @b -3 years.

For the weight of individual fish, differences between the phenotypes were
tested using a Mann Whitney U test due to the data not being normally
distributed The temporal pattern in the mean weights of each phenotype
was then tested for significance using linear regression where the
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independent variable was the number of years since the study commenced
and the dependent variable was the mean annual weidie aihahseer
phenotype. This was also repeated for all the fish captured, i.e. by

combining data from both phenotypes.

Throughout the study, where error was expressed around the mean, it

denoted standard error.

RESULTS

Over the study period, 23,620 heuishing effort were applied to catch
andrelease 6,162 mahseer, ranging in size from 1 to 104 Ibs {04468
kg) in weight. Of these mahseer, 95 % comprised thefslned phenotype
with the remainder being hurfacked Table6.31). The number of blue
finned and humypacked mahseer captured per year were not significantly
related (R = 0.14, i1, = 1.73,P > 0.05;Figure6.3.2a) and gradient of this
regression line k) indicated that significantly more blkfsned mahseer
were captured per year than hutmcked (95% confidence intervalg.09
to 0.02;Figure6.3.28). The annual catch per unit effort of the bfurened
phenotype waslso significantly higher than the hurbpcked phenotype
(ANOVA: F1,,=21.78,P < 0.01), with the mean CPUE of the bifiened
phenotype being 0.248 + 0.050 i &nd the humybacked phenotype 0.014
+ 0.005n A (Figure 6.32b). Across the study period, CPUE of the blue
finned phenotype significantly increased with timé €R0.70, F.1.= 25.65,

P < 0.01), whereas it significantly decreased in the hbangked phenotype
(R> = 0.68, F11= 9.54,P < 0.01) Figure 6.32b). The crosorrelation
revealed that the relationship of the annual CPUE of the fhauked
phenotypes was not significantly correlated to the CPUE of thefiniued
mahseer at time 02 and-3 years (r =0.49,-0.30 and-0.25 respectivelyf?

> 0.05 in all cases), but was significant at tirdeyear (0.58, P < 0.05)
(Figure6.3.2b).
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Figure6.3.2. (a) Comparison of #tnnumber of each mahseer phenotype
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unit effort (CPUE) oftheblué i nned (O0)-baolKef@dci3humphseer

across the study period. Error bars are not displayed for brevity.
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Across the study period, the mean weight of the hbagked mahseer was
24.3 £1.51b (range 1 to 104 Ib.46 to 46.8 kg)) and the bldened 7.8 £

0.1 Ib (range 1 to

62 Ib (0.45 to 27.9 kg)), with this difference significant

(Mann Whitney U test: Z =14.37,P < 0.0%, Figure6.3.3).
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For the humgbacked phenotype, their mean weights per year significantly
increased over the study period® (R0.45, f.11= 8.82,P < 0.02), ranging
between from 16 Ib (7.2 kg) in 2001 and %% (30.4 kg) in2011 (Figure
6.32a). In contrast, the mean weight of the bluemed phenotype
significantly decreased over the study period $R0.63, F.11= 18.60,P <
0.01), ranging between 13.8 Ib (6.2 kg)1i998 and 5.4 Ib (2.4 kg) in 2012
(Figure6.3.2b). Indeed, across the study period, 42 % of the captured blue
finned phenotype were below 5 Ib (<2.25 kg) in weight. When the data for
both phenotypes were combinelde thighest mean weight of captured fish
was recorded in 1998 (17.7 £ 2.0 Ib) and lowest was in 2012 (5.6 £ 0.3 Ib),
with a significant temporal decline in mean weight also evideht(R.83,
F111=51.71,P<0.01).

DISCUSSION

The angler catch data maled some distinct patterns in the composition of
the mahseer catches over time, with a significantly increasing catch rate of
blue-finned phenotype and a significant decline in catch rates of the-hump
backed phenotype. Despite considerable technologadances in
recreational fishing gears (e.g. development of braided lines), the
challenging environmental conditions and presence of sharp submerged
rocks in the Cauvery has dictated that angling techniques remained
consistent over the period and providedepresentative catch rate of all
mahseer between 1 and 104 Ibs (Pinder et al. in press). Hence, these outputs
indicate that the mahseer community of the river is primarily currently
comprised of the bluénned phenotype whose mean weight is substaptiall
lower than the humpacked phenotype. The combination of the significant
decline in catch rate of the hurbacked phenotype and the significant
increase in the sizes of individual fish being captured suggests that there has
been a relatively recent isswgth their recruitment in the river, with this not

evident in the bludinned phenotype.

The recruitment collapse of the hurbpcked phenotype does not appear to
be associated with antagonistic interactions between the two phenotypes,
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given the output fothe crosscorrelation. It does correspond with anecdotal
reports of the failure of the 2004 monsoon, which dramatically reduced river
discharge during the 2005 fishing season and resulted in the observed
mortality of several large hurdpacked mahseer (MBrown pers. com.).
Their overall decline was also coincident with an increase in angling
pressure and although catch and release was practised, it could be
speculated that the capture and subsequent handling of some of the large
humpbacked individuals milted in their postelease mortality and thus
loss from the spawning stock, although there is no supporting anecdotal
evidence of this. Irrespective, without action to remediate or mitigate this
population decline and recruitment collapse in the hbagged phenotype

then their population in the River Cauvery appears to be increasingly

unsustainable and heading towards extinction.

Historical information, including photographs, is critical to understand
status of species and populations (see McClena26@9; McClenachan et

al. 2013 and reveal that only the huntgacked phenotype was captured and
photographed during the colonial timésdeed, photographs of the hump
backed phenotype, as typified by its golden body and orange fins, are
distributed througbut angling literature and were all captured in the
Cauvery River system, suggesting the absence of this phenotype in other
rivers (Thomas 1873; Dhu 1923; MacDonald 1948; Shanmukha 1996).
Moreover, until 1993, it was the only mahseer phenotype captured by
anglers in the Cauvery, suggesting in all probability that they are endemic.
The appearance of the biianed phenotype is likely to relate to fish
movements and hatchergared fish that were initiated in the 1970s. In
response to the realisation tleatombination of anthropogenic threats were
causing a rapid decline in mahseer stocks across India, the Tata Electric
Companies (TEC) fiskseed hatchery at Lonavla, Maharashtra, began the
large scale breeding and culture of mahseer spetoeskbiudreeT. tor, T.
puttoraand t he ararbmussulab & national distribution of
fingerlings to augment stocks (Shanmukha 1®#hgal 1999; Ogale 2002;
Desai 2003). The dates and geographical details of where-brockl was
acquired and the seed distriton of the exact species are scarce, although
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activities included the experimental hybridisation between mahseer species
(Ogale & Kulkarni 1987) and the translocation of species beyond their
endemic geographical ranges (including outside the country® baen
documented (Ogale 2002; Desai 2003). In 1978, the Trans World Fishing
Team (TWEFT) visited the TEC hatchery and provided the first record of
blue-finned mahseer, describing the culturéaostrikingly blue finned fish'
which were targeted for relga in the nearby rivers and reservoirs (TWFT
1984). Sehgal (1999) and Desai (2003) have since reported the release of
150,000 advanced fry/fingerlings ©f khudreeo the River Cauvery by the
Department of Fisheries of the State of Karnataka, with further
documentation that stocking activity on the Cauvery included 30,000
mahseer by the Fish Farmers Development Agency, Mysore (Shanmukha
1996), 15,000 mahseer fingerlings to the Coorg Wildlife Society and 10,000
to the Wildlife Association of South India (@lg 2002).

The dataset used in the present study reveals that théirbled phenotype

was sufficiently well established in the River Cauvery by 1998 to enable
them to be already be captured in greater numbers than thebdaakgd
phenotype, with individal specimens attaining weights to 48 Ibs (21.6 kg).
Also, whereas the catch data suggest declines in the -baoked
phenotype associated with poor recruitment due to the declining catch rate
and increasing individual fish size, data from the #ioeed phenotype
suggests sufficient recruitment occurred that enabled large numbers of
smaller fish to be captured by anglers, as 42 % of alt-iohmed mahseer
captured in the study period were below 5 Ibs (<2.25 kg) in weight. Due to
the lack of detailed celh data prior to 1998, records on the biwmmed
phenotype are limited to articles in the popular press and media. The earliest
record communicating their presence was in 1993 during the mahseer world
angling championships when a fish of approximatelySvas capturedA.

Clark, pers. com.). Based on current knowledge of the growth rates of blue
finned phenotype and thlemographic structure of the population by 1998
(see Pinder et al. in press), it seems highly probable that thdirtnheel
phenotype oginated from the TEC hatchery and was introduced during the
late 1980s. Understanding the ecological mechanisms responsible for the
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high population expansion of the bitiened phenotype at the expense of
the humpbacked phenotype in recent years is culyenonstrained by
insufficient knowledge pertaining to the autecology and genetics of both
phenotypes. However, life history traits, such as growth, age at maturity and
fecundity are considered to be likely factors, with increased plasticity in the
succesful utilisation of key function habitats (e.g. spawning media,
feeding) potentially providing the bltfenned mahseer with greater niche
capacity to exploit and thus facilitating competitive displacement. In
addition, direct predation and hybridisationvealso been frequently cited

as factors increasing the threat to endemic fishes through the introduction of

new species (Crivelli 1995).

Since the Galibore fishery was closed in 2012, the fish community has been
reported to have been subjected to elyagitoaching pressure, but there are
currently no means of measuring and tracking community and population
metrics against the baseline data established from the current dataset.
Accordingly, there is an immediate urgency to establish the status of the
humpbacked mahseer throughout the Cauvery basin and acquire genetic
material to secure the true taxonomic identity of this animal as a precursor

to exploring potential species survival planning.
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CHAPTER 7: SUSTAINABILITY
CONSIDERATIONS OF C&R ANGLING FOR
ENDANGERED FISH

7.1 Prelude to Submissios 6:

*Bower, S.D., Danylchuk, A.J., Raghavan, R., Gladnylchuk. S.,

Pinder, A.C., & Cooke, S.J.2016.Rapid assessment of the physiological
impacts caused by catemdrelease angling on bltienned mahseerT(r
sp.) of the Cauvery River, Indigisheries Management and EcolaZ,
208217.

* Previously stmitted for the award of PhD by the lead author. This paper
has not been included to claim personal credit, but to demonstrate how |
have contributed towards advancing the knowledge &#agthe importance

of this work in guiding the strategic directiohray own research journey.

Despite considerable research and discussioiish welfaren recent years,
the specificquestionof whetherfish feel cognitivepain remaingontentious
andinconclusive Rose et al2014. It wastherefore Bver myintention to
enterinto discussion in this area, but émsure | was suitably informed to
provide an evidence based response to policy makers asking wé&Rer
angling for endangered fisltonstitutes a conservation problem or
conservation action? This was a quastrecently posedand explored by
Cooke et al. (2014) via number ofcase studies focused on sevewall-
known iconic (but alsoendangeredrecreationally targetedish species.
Regardless othe cognitive paindilemma all schools of thought agrekat
any fish subject tadC&R will, as a minimum experiencesome level of
physical injuryvia the mechanics of hook penetratiand be subject to
some degree gthysiological stres@Cooke& Sneddon 2007 Thesefactors
have beerdemonstratedo elicit a relaive scale ofrisk of postrelease
mortality (PRM) orsub lethalkeffects thatanimpact on fithess (Arlinghaus
et al. 2007)

135



The conservation benefits of C&&te therefore fundamentally dependent

on ahigh poportion of the released fish survivinCodke & Schramm,
2007), with impacts on physiological armehaviouralperformance not
compromising the reprodueg potential of individual fisiBartholomew&
Bohnsack, 2005)In recent yearsthere has been considerable attention
directed towardstudying he stress response amsdbsequent survival and
performance of a broadange of C&R angled marine, freshwater and
estuarinesport fishege.g. bonefishAlbula vulpe$ Danylchuk et al2007;
Atlantic cod(Gadus morhupWeltersbacl& Strehlow 2013; peackodkass
(Chichlaocellaris) Bower et al.2016).This has facilitatedhe development

of speciesspecific bestangling practiceguidelinesand informed fishery
management decisions designed m@aximise the survival prospectsof
released fistand the sustaindiiy of the fishery(Cooke & Suski 2005).
Understanding the resilience ofiahseerto C&R is, therefore vital to
inform expected rates of mortaljitand determine whether the practice and
risks posed by the practice of C&R outweigh the benefits of alteenat
management strategjescluding fishery closureThese issues were briefly
touched upon in Submission 1 (Chapter 4) which acknowledged that
potentialnegative impacts of C&R (e.g. fish welfare considerations) would
require further investigation.

Prior to the workshops which formed the basis of Submission 3 (see Section
5.3), | teamed up with Raghavan who introduced me to Dr Steven Cooke of
Carleton University, Canadavith whom he was in the process of-co
authoring the previously cited paper on rati@al angling for endangered
fish (Cooke et al. 2014). Following several teleconferences@attkeand

his researchteam to design a study and resolve a series of logistical
challenges, the opportunigroseto collaboratewith Dr Shannon Boweon

the gplication of novel and rapid assessment tools to assess C&R impacts

on fishes.

Using bluefinned mahseer (now known to bEor khudre¢ as amodel
species for the genudor, Submission 6 concluded thaproviding
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appropriate careis applied (e.g. limiting air exposurg) mahseer are
particularly robust to C&Rwith the risks of PRM and stlethal effects
(e.g. predation risk and reproductive fitness) considered to be negligible at
the population level. However, since conducting this stubdg hump
backedmahseer,Tor remadevii which represents the endemior of the
Cauvery system, has been assessed as O0Cr
Red List of Threatened Species (S&émissiorB, Section 8.8 This raises

the question once more as to whetl@&R angling is acceptablefor
exploiting criticallyendangeredpecie® If robust protection from poaching
wasrealisticallyachievable thethe answelris, arguably,6 n ddéwever, as
evidenced throughouhis thesis, until the closure of the Cauvery fishery i
2012, recreational angling played a vital role in protecting the fish of the
Cauvery Wildlife Sanctuary from illegal fishing usimgdiscriminateand
highly destructive mettds such as dynamite and poispmghich had a
deleterious impactedn all aquaticfauna and respective lfgages.Since

the closure of the fishergnecdotal evidence suggests that illegal fishing is
now highwithin this 27 km section afiver, that is now known to be one of
the remaining habitatof the humpbacked mahseefsee Sedbn 6,
Submission 4) Furthermore, recreational anglers have proved highly
effective in collecting quality data to monitor mahseer populations. Without
their contribution of long term data, the critical status of the hbagked
mahseer would not have beapparent, with a high risk of this species
going extinct before being afforded a valid scientific name. While Cooke et
al. (2014) provide the following decision tres guidancdor determining

the circumstances whemangling for endangered fish should be
allowed/encouraged vs. dissuaded/prohibitéigu(re 7.11), one musitalso
consider and evaluate site specific holistic threatsversus resource$o
mitigate these threatnd base sucbthallengingdecisions on inforne and

balanced appraisal of evidence to maximise conservation lgenefit

My own contribution to Submission 6 has since enabled me to adapt and
apply these newly acquired skills to both marine and freshwater recreational
fisheries research in the UK (Perdet al. 2016, 2019)Specifically, the
Pinder et al (2019) study watesigned to examined the effects of water
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temperature on the C&R resilience of a model coldwater fish species in the
UK and has produced important evidence to support sustainable ¢tévels
recreational exploitation through best practice fishery management and
angler behaviour. Furthermore, these findings also have important
ramifications for recreationally exploited fish populations globally.
Specifically within the context of climate ahge and rivers subject to

accelerated warming due to high | evel

River Cauvery.
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Is there scientific evidence on the effects of fishing mortality or
disturbance on species in question?

NO YES

Is the population critically Are the impacts sustainable
endangered thus any.lovol of NO such that they do not
anthropogenic mortality of negatively impact the
sublethal disturbance could be population in question?
problematic?

NO YES

Is the focus on “resource use" rather than efforts by NO
angling community to engage in conservation-oriented :asnzngmlam i
activities? rogu

NO YES

YES

Does angling generate fundingto | nO :l':c:‘:’:ggtﬂ:‘gn mr;tn;s (:;\

monitor angling effort and
S : - i the resource and recover
population in question population in question?

NO YES YES

Angling should be dissuaded and/or prohibited Angling should be allowed and/or encouraged

Figure7.11. Decision tree for determining when angling for endangered fish shoaliiblbeed/encouraged vs. dissuaded/prohibitémm
Cooke et al. (2014)

139



7.1.1 References

Arlinghaus, R. Cooke, Sl., Lyman, J., Policansky, D., Schwab, A., Suski,
C., Sutton, G& Thorstad, E.B.,2007. Understanding the complexity of
catchandrelease in reeational fishing: an integrative synthesis of global
knowledge from historical, ethical, social, and biological
perspectivesReviews in Fisheries Scient§(1-2), 75167.

Bartholomew, A., Bohnsack, J.A., 2005. A review of cedolrelease
angling mortaliy with implications for netake reservedev. Fish. Biol.
Fish.15, 129154.

Bower, S.D., Daylchuk, A.J., Brownscombe, J.W., Thiem, J.D., & Cooke,
SJ., 2016 Evaluating effects of catelindrelease angling on peacock bass
(Cichla ocellaris) in a PuertdRican reservoir: a rapid assessment
approachFisheries researchh75 95102.

Cooke, S.J.& Suski, C.D, 2005 Do we need speciespecific guidelines
for catchandrelease recreational angling to effectively conserve fishery
resourcesBiodivers. Conservl4, 11951209. DOI 10.1007/s1053104
78450

Cooke, S.J., & Sneddon, W, 2007 Animal welfare perspectives on
recreational anglingApplied Animal Behaviour Scient@4(3-4), 176198.

Cooke, S.J., & Schramm, H.,L. 2Q0Catcl&andZelease science ands it
application to conservation and management of recreational
fisheries.Fisheries Management and Ecolaty(2), 7379.

Cooke, S.J., Hogan, Z.S., Butcher, P.A., Stokesbury, M.J., Raghavan, R.,
Gallagher, A.J., & Danylchuk, A, 2016 Angling for endangeredish:
conservation problem or conservation actidfi8h and Fisheried7(1),
249-265.

Danylchuk, A.J., Danylchuk, S.E., Cooke, S.Dbldberg, T.L., Koppelman,
J.B., & Philipp, D.P., 2007. Pagelease mortality of bonefishlbula

140



vulpes exposed to different handling practices during catutitelease
angling in Eleuthera, The Baham&ssh. Manag. Ecoll4, 143154,

Pinder, A.C., Velterop, R., Cooke, S.J., & BrittorkR.J2016 Consequences

of catchandrelease angling for black bream Spondyliosoma cantharus,
during the parental care period: implications for managen@BS Journal

of Marine Scienc@4(1), 254262.

Pinder, A.C., Harrison, A., & Britton, JR., 2019 Temperature effects on
the physiological status and reflex impairment in European grayling
Thymallus thymallus from catend release anglingisheries
Researci?1l, 169175.

Rose, J.D., Arlinghaus, R., Cooke, S.J., DiggleX.BSawynok, W.,
Stevens, B., & Wynne, C.DL., 2014. Can fish really feel painFish and
Fisheries15(1), 97+133.

Pinder, A.C., Harrison, A. J. & Britton, J.R., 2019. Temperature effects of
the physiological status and reflex impairment in European grayling
Thymallus thymalludrom catchandrelease angilg. Fisheries Research
211, 169175.

Weltersbach, M.S& Strehlow, H.V., 2013. Dead or aliveestimating post
release mortality of Atlantic cod in the recreational fishEDES J. Mar.
Sci.70, 864872

141



7.2 Submission6

FISHERIES MANAGEMENT AND ECOLOGYVOL. 23, 208217
(2016)

Rapid assessment of the physiological impacts
caused by catcland-release angling on
blue-finned mahseer (Tor sp.) of the

Cauvery River, India

S.D. Bower', A.J. DanylchuKk, R. Raghavafh'® S .E ClarkDanylchuk,
A .C. Pinder*’, SJ. Cooké

!Fish Ecology and Conservation Physiology Laboratory, Department of

Biology, Carleton University, Ottawa, ON, Canada

’Department of Environmental Conservation, University of Massachusetts

Ambherst, Amherst, MA, USA

3Conservaton Reseac h Group ( CRG) , St. Al bertods
“Mahseer Trust, Freshwater Biological Association, Wareham, Dorset, UK
®Laboratory of Systematics, Ecology and Conservation, Zoo Outreach

Organization (ZOO), Coimbatore, India

®Fish Mission, Amherst, MAUSA

"Faculty of Science and Technology, Bournemouth University, Poole, UK

ABSTRACT

Forty-nine bluefinned mahseer (Tor sp.; mean total length 4580 mm)
were angled using a range of bait/lure types, angling and air exposure times
in water that average27+ 2 °C over the course of the assessment. No cases

of mortality were observed, and rates of moderate and major injury were
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low, with 91% of mahseer hooked in the mouth. More extreme
physiological disturbances (i.e. blood lactate, glucose, pH) in reahsze
associated with longer angling times. Sixteen fish (33%) exhibited at least
one form of reflex impairment. Moreover, longer air exposures and angling
times resulted in significant likelihood of reflex impairment. Findings
suggest that bluBnned nmahseer are robust to catahdrelease, but that
anglers should avoid unnecessarily long fight times and minimise air
exposure to decrease the likelihood of -tethal effects that could

contribute to postelease mortality.

INTRODUCTION

Recreational fiseries are increasingly recognised as an important fisheries
sector around the globe (FAO 2012). Although anglers harvest some fish,
catchand release (C&R; i.e. the act of returning a fish to water after
landing, presumably unharmed; Arlinghaus et al.7206 common; it can

be voluntary due to the conservation ethic of the anglers or a result of
compliance with regulations that require fish to be released. The extent to
which C&R behaviours practiced by anglers can act as a conservation tool
in any particlar fishery is a complex one, particularly when targeting
endangered species (Cooke et al. In Press). Target species exhibit a wide
range of outcomes associated with C&R (i.e. various species respond
differently to the same angling practices), suggesteggarch should be
conducted on individual species to assess the suitability of C&R as a
management strategy (Cooke & Suski 2005). For example, some species
may demonstrate sensitivity to air exposure or exhibit high-raetshse
mortality rates (see nunmis examples in reviews by Muoneke & Childress
1994; Bartholomew & Bohnsack 2005; Arlinghaus et al. 2007). Even if data
are available for species known to exhibit similar physiologies, findings
may not be transferable to target species occupying diffeeitat types,
life-history stages or targeted using different angling behaviours (Cooke &
Suski 2005).
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Fisheryspecific research can be challenging when resources for fisheries
management or data availability are limited; an issue that may be of
particdar concern in developing recreational fisheries in-towmiddle
income countries (LMICs; Bower et al. 2014) or for endangered species
(Cooke et al. In Press). Rapid C&R assessment protocols that combine
injury and mortality observations with assessmeaitphysiological state

(see Cooke et al. 2013) and reflex impairment (see Davis 2010) have been
developed as a way of generating data on such key response attributes in a
swift and coseffective manner. In a C&R rapid assessment, researchers
first interad¢ with stakeholders to identify likely areas to focus research
efforts based on specific elements of a fishery (e.g. gear type, angler
behaviour, environmental conditions) and then use a combination of simple
endpoints to obtain a snapshot of the extemthich behaviours practiced in

a given C&R fishery may be sustainable. By combining these approaches
(i.,e. injury and mortality assessment, physiological analyses, reflex
indicators) into a single study to generate essential baseline data forspecies
specfic responses to C&R practices, rapid assessments can also serve as a
tool to triage future research priorities. Fexample, a rapid assessment
could identify the need for a larger scale assessment across multiple seasons
if there is evidence of a thermatress component or perhaps looking at
different lure, bait or hook types should there be evidence of deep hooking.
Essentially, a rapid assessment is a first step towards ensuring that C&R
fisheries are sustainable and that angling practices are optitoiseaintain

the welfare status of fish that will be released.

Mahseer (Tor spp.) is a group of potamodromous cyprinids endemic to Asia.

The mahseer of India are currently declining as a result of a multitude of

pressures including changes in land usgrjcultural ruroff, hydropower

projects, invasive species, overexploitation and use of damaging fishing

gears (Everard & Kataria 2011; Raghavan et al. 2011; WWF 2013). Indian

populations of the Tor mahseer consist of seven species as yet identified in

sdentific literature, although there is still much confusion surrounding their
taxonomy. Four known species are current

IUCN RedList (IUCN 2014), including the two most popular game species
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Tor khudree Sykes (blunned or he Deccan mahseer), and Tor putitora
Hamilton (Golden mahseer). In India, these species are primarily targeted
by subsistence and recreational fishers (Everard & Kataria 2011; Raghavan
et al. 2011). In the 1970s, recreational fishers first noted a dedline
mahseer size and numbers and took action to address the problem, forming
angling conservation groups and coalitions [e.g. Wildlife Association of
South India (WASI)]. These groups established angling camps based on
strict C&R principles, employed guartts protect stocks from poaching and

began collecting catch data (Pinder & Raghavan 2013).

Despite the lengthy history of recreational fishing for mahseer in India, little

is known about the responses of the species to common angling practices.
Indeed, here are currently no known studies that have evaluated any
elements of C&R practices (spanning injury, mortality or stress) for any
mahseer species in India or anywhere within their range. To address these
knowledge gaps, working in partnership with locatglers and river
managers, a rapid assessment was used to evaluate C&R practices for
angled bludinned mahseer (which will be referred to as Tor sp. to reflect
current taxonomic uncertainty; also see Pinder et al. In Press) in the Cauvery
River, India.Results of this study can be used to support evidbased
decision making in mahseer recreational fisheries, and the rapid assessment
process can support the development of spesgesific best practices for
recreational fisheries in dafoor LMICs tha can be communicated to

anglers and other relevant stakeholders.

METHODS

Study site

Angling and sampling took place along the Cauvery (Kaveri) River
(Ammangala Village, Valnur; 12.457494°N, 75.960%8; Figure 7.21) in
Kodagu District (Coorg), Karnataka State, India in March, 2014. Angling on
much of this stretch of river (exceptions include temple sanctuary waters
and the Nisargadhama Reserve) is managed by the Coorg Wildlife Society
(CWS), an NGO that coordired C&R angling in the area. The river in the
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study site also supports a variety of other uaatspurposes, including local
and farming use (i.e. irrigation

source), subsistence fishing, religious use (i.e. tensplectuaries) and
tourism (i.e. rafting) Sandmining operationsalso occur on this stretch of

the Cauvery (S. Bowepersonal observation). Water temperatures during

the rapid assessment averaged 27 + 2 °C.

—_
Andhra Pradesh g Q\ .

..............

River Kaveri

Figure7.21. Locationof the Cauvery Rier in India and the rapid

assessment sampling area in Valnur, Kodagu (inset).

Angling practices

Angling and sampling was conducted over the coursdsys along a 20

km stretch of the Cauvery by twassessment teams, each consisting of
between three tsix anglers and amndividual responsible for processing
samplesand recording data. Rather than simulating fisheteesl anglers

and river managers were engaged to ensure that C&R practices studied
reflected actual practices used for bfimed mahsee(Cooke et al. 2013;
Figure7.22). To account for differences in angler expertise (anglers varied
in experience from novice anglers with little fishing experience overall to
expert anglers with decades of fishingperience in the study area), each
angler spent time collecting fish for both groups over the course of the rapid

assessment.
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Figure7.22. Blue-finned mahseer (Tor sp.) during analysis. Photo credit:
Steve Lockett.

All anglers used lightto mid-weight spinning gear and adopted a variety of
terminal tackle (hereafter collectively referred to as lure types), all of which
are commonly employed in the recreational fishery, including: spoons,
spinners, plugssoft baits and a traditional flolmased dough bait locally
referred to as ragi (sé@gure7.23). Ragi recipes use a variety of spices and
flavours, but are universally fashioned into a balled shape aroundla sing
barbed or barbless hook. Pellet floats were also used to target mahseer, a
technique less commonly employed in the area. Angling took place from
shore, from a dinghy and from a coracle (a traditional réasttbmed boat;
Figure7.23).
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Figure7.23. (a) Ragi ball affixed to a single, barbed hook; a traditional bait
used in the mahseer recreational fisheries of south India. (b) Volunteer
anglers fish from a coracla,traditional rounébottomed boat used for

fishing activities in south India. Photo credits: Shannon Bower.

Rapid assessment protocols

Over the course of the rapid assessment, 49-filned mahseer were
angled and processed. Prior to angling, the hpe,tnumber of hooks and

hook type (barbed or barbless) were recorded. Processing began by
recording the time taken to land the fish (angling time in sec), beginning
from the initial setting of the hook by the angler and terminating at landing.
Once landedthe anatomical hooking location for each fish was recorded
and each fish was measured (total length in mm; TL). Fish were scored for
the presence of injury using a standardised objective scoring system, where
a score of 0 indicated no discernible injuayscore of 1 indicated a minor
injury such as minor tearing of tissue (i.e. <5 mm in length, including any
visible tissue tear or abrasion resulting from hooking); a score of 2 indicated
moderate injury such as the presence of bleeding, bruising oue téss >5

mm in length; and a score of 3 indicated major injury, such as ocular or gill
damage with significant pulsatile bleeding (as per Gutowsky et al. 2011). A
standardised scoring system was also applied to describe the ease of hook
removal, where acore of O referred to a hook that was removed easily and
immediately (i.e. in <10 s); a score of 1 referred to a hook that required
between 10 and 20 s to remove; and a score of 2 was assigned when hooks

required >20 s to remove (a time based variatioth@ok removal scores
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used in Cooke et al. 2001). To standardise scoring methods, only those fish
scored for injury and hook removal by the assessment teams were included
in analysis for these variables. Landed fish processed forscare
variables (lengthlure type, hook type, angling time) by team members
without a prior training in scoring standards were not included in analysis of
scored variables (injury, ease of hook removal). The cumulative amount of
air exposure time (s) accrued during handling wasorded by all

participants.

A 6whol e bodydé stress response in fish ¢
inhibition of reflex behaviours) and/or delayed responses, such as decreased
reproductive outputs or growth (Pankhurst & Van Der Kraak 1997).

Immedate reflex responses may be measured during a rapid assessment

using reflex action mortality predictors (RAMP), indicators developed by

Davis (2010). The use of indicators to measure reflex responses as proxies

for physiological stress and as predictoos postrelease mortality and

behavioural impairment have been used in a variety of teleost fish studies

(for e.g.Oncorhynchus kisutcivalbaum, Raby et al. 201&lbula vulpes

Linnaeus, Brownscombe et al. 2013). With the fish submerged, RAMP

indicators wee measured prior to release. Four reflex indicators were used

in this rapid assessment, including: 0t a
reflex when grabbed by the tail); 6body
al ong t he dor sovenplreax 6 a(xfiiss)h eoxhheiabdi t s
operculum beats during handl ing); and,
within 3 s after being placed upsidewn in water) (Davis 2010). Binary

RAMP scores of O (reflex present) or 1 (reflex absent) were assigned to each

indicator measurement, resulting in a total score ranging friofn Dhese

individual RAMP indicator scores were then combined to produce a

proportional impairment score ranging fronin10for each fish, where 0

indicated no overall impairment and 1 indicated|tmtgairment.

Blood sampling
In addition to measuring reflex responses, -tethal blood samples were

obtained from a subset of fish (n = 36) to quantify the physiological stress
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response of mahseer to C&R angling. These responses may be measured in
a rapd assessment by obtaining a Aethal blood sample from the caudal
vasculature (Barton 2002) and processed quickly in the field usinggfeint

care devices and techniques validated on fish and other species (as reviewed
by Stoot et al. 2014). Prior torspling, these fish were subject to the same
measurements as described above. Following these measurements, fish in
the bloodsampled subgroup were sampled immediately (i.e. in <30 s; as per
Meka & McCormick 2005).

Nontlethal blood samples were obtaingdtbmporarily inverting fish in the
water column while <1 mL of blood was drawn from the caudal vasculature
with a 22G needle (BD Vacutainer Mutample Needles and 4.0 mL
lithium heparin collection tubes, 75 USP, Becton, Dickson and Company
(BD), Frankln Lakes, NJ, USA). Blood was analysed onsite immediately
after withdrawal for blood lactate (mmol L_1, Lactate Prel71L0, Arkray

Inc., Kyoto, Japan), glucose (mmol L_1, AeChek Compact Plus, Roche
Diagnostics, Basel, Switzerland) and pH ®#9161, Hana Instruments,
Woonsocket, RI, USA). Fish that were blood sampled were released
immediately after sampling was completed. All experimental manipulations
performed during this study were conducted in accordance with Canadian
Council of Animal Care regulatis under permit number BAR (file #
100105).

Statistical analyses

To determine whether angling variables such as lure type, angling time, air

exposure and difficulty of hook removal influenced differences in injury

score (mortality rate was not includeas no cases of mortality were

observed), ChBquare (lure type, difficulty of hook removal) and Krugkal

Wal |l is tests (angling ti me, air exposur e
tests were applied as post hoc testing for all Kruiskallis tests. To

evallate stress response in blesaimpled mahseer, general linear models

were applied to measure the relationship between blood values (glucose,

lactate and pH) and angling variables (angling time, air exposure).To

normalise residuals in the model examining lexggvariable contributions
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to blood glucose values, blood glucose values werdrétgsformed but
predictor variables were not (as recommended in Zuur et al. 2009).
Contributions from uncontrolled independent variables (i.e. water
temperature, °C; TL, mmere accounted for by including these variables

in analysis. Models were chosen based on a combination of parsimony (i.e.
fewest variables explaining the most variation) and minimum Akaike

Information Criterion (AIC) value.

Chi-square analyses (lurepty, injury score) and Kruskalvallis analyses
(angling time, air exposure time) were performed to compare reflex
impairment responses among mahseer subject to different angling times, air
exposure times, lure type and injury score. RAMP scores were trasted
objective measurements during analysis (RAMP scores were converted to
ordinal variables; 0.0, 0.25, 0.5, 0.75, 1), a common assumption in studies
using RAMP scoring (see Raby et al. 2012; Brownscombe et al. 2013;
Nguyen et al. 2014 for examples). Howevthe low numbers of nerero
RAMP scores prevented formal statistical analysis by individual score
category. Thus, nermero RAMP scores were binned into a single category
and the contributions of angling time, air exposure, lure type and injury

score tanon-zero RAMP scores were measured.

The datasetods compliance with assumption
normality of distribution were assessed using Levene and Sheilko

tests on each variable prior to analysis. Variables found to meet assusnpti

were treated with general linear models, while the remainder were subject to

the nonparametric analyses described above. Unless otherwise noted, all

data are presented as mean _ standard error. All analyses were conducted

using R (version 3.1.0, © 281 The R Foundation for Statistical

Computing, Vienna, Austria).
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RESULTS
Injury and mortality
Of the 44 angled bluBnned mahseer assessed for hooking location, most
(91%) were hooked in the mouth, specifically in the corner of the mouth (n
= 16), laver jaw (n = 12) or upper jaw (n = 12). Four fish (9%) were-foul
hooked, and each instance of ftwoking was also categorised as a minor,
moderate or major injury, according to the degree of resulting tissue
damage. Of the 39 fish assessed for injuryw23e classified as having
minor (n = 18, including two instances of fduboking) or moderate (n = 5,
including one instance of folooking) injury, and one fish exhibited major
injury in the form of a loss of perfusion to fins and damage t®eyill
arch after being fodhooked in the gills. Increases in injury score were not
associated with geaelated variables such as lure typé € 6.49, d.f. = 8,
P = 0.59), or hooking locatiort{ = 5.60, d.f. = 8, P = 0.69). Increased
difficulty in hook removal €2 = 5.66, d.f. = 6, P = 0.07), extended angling
times € = 1.13, d.f. = 2, P = 0.57) or extended air exposurés=(2.34,
d.f. = 2, P = 0.31) also did not significantly increase injury score. Finally,
there were no observed instances of mitytaluring the course of this
study, although one highly impaired and injured fish (see above) was not

expected to survive over the short term.

Blood chemistry

Mean length of mahseer angled for the rapid assessment was24681m

TL (n = 49; range 200r00 mm TL),while fish in the blooesampled subset

(n = 36) averaged 44824 mm TL. Mean values for blood glucose, lactate
and pH in this sampled subset were £.6.2 mmol L', 5.7 _ 0.4 mmol L

'and 7.30+ 0.16 respectively. GLM models identified which #ng
variables (angling time, air exposure time, TL and water temperature)
contributed most to variability in physiological parameters. In the model
analysing factors contributing to blood lactate values, the lowest AIC value
occurred when all independeuariables (angling variables above) were
included in the model. However, when all independent variables but angling

time (the only statistically significant predictor) were removed from the
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model, AIC value remained low and the adjustesigdared value reamed
stable (Adj. R for full model = 0.47, Adj. Rfor reduced model=0.46). As
such, the latter model was chosen on the basis of parsimony and revealed
that elevated blood lactate values in mahseer were significantly, although
weakly, correlated with layer angling times (Ad;. R=0.46, F = 31.37, d f.

= 34, P < 0.001). The lowest AIC values in the model analysing angler
variable contributions to log transformed blood glucose occurred when all
variables were retained. This model revealed that lengthainezkposure
times (t = 2.73, P = 0.01), longer angling times (t = 3.39, P = 0.002), and
shorter fish lengths (t .4, P < 0.001) all correlated with increased blood
glucose values (Adjl> = 0.42, F = 5.13, d.f. = 28, P = 0.001). Finally,
angling time vas also identified as being the variable contributing most to
changes in blood pH of sampled mahseer, with the lowest AIC value and
most parsimonious model occurring when all variables but angling time
were removed. Extended angling times were correlatgd significant
decreases in mahseer blood pH (Adj=10.55, F = 7.94, d.f. = 33, P <
0.001).

Reflex impairment

Mean RAMP score for the total number of fish measured for reflex
impairment (N = 49) was 0.20. Sixteen mahseer (33%) tested positive for
imparment for at least one of the four RAMP indicators tested. Seven of
these 16 mahseer scored 0.25, indicating impairment of a single reflex
behaviour. Four mahseer scored 0.50, indicating impairment of two reflex
behaviours, and four mahseer scored O.@8icating impairment of three
reflex behaviours. Lastly, one mahseer scored 1.00, indicating that all four
reflexes were impaired. Among the indicators measured, equilibrium, and
tail grab were most commonly impaired, followed by body flex, and head

comple (Figure7.24).
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Figure7.24. Proportional contributions of individual indicators to RAMP
score (0, 0.25, 0.5, 0.75, 1).

Air exposure, angling time, lure type damnjury score were included in
analyses of mahseer RAMP score. Longer air exposure times were
significantly more likely to result in nemero RAMP scoresc¢ = 5.55, d.f.

=1, P = 0.02), as were longer angling times £ 4.02, d.f. = 1, P = 0.045).

Of the different lure types used (pellet floats, plugs, ragi, soft plastics,
spinners and spoons), spinners caught the most mahseer over the study
period (25 of 49 fish were angled using spinners). However;sjeeific
catchperunit-effort was not trackedo it is unclear which lure type was
most effective. Possibly due to the dominance of captures by spinners, not a
single lure type was associated with a significant increase in RAMP score,
suggesting that reflex impairment was not related to lure typeisrstudy

(c> = 4.11, df. = 6, P = 0.53). Injured fish were also not more likely to
demonstrate reflex impairment. among mahseer angled during the rapid
assessment as there was no evidence of a significant relationship between
injury scores (1, 2, 3) amibnzero RAMP scoresc{ = 5.66, d.f. =3, P =
0.12).

DISCUSSION

Overall, injuries were found to be minor in nature anmdrtality was

negligible in the mahseer rapid assessmarttigh rate of minor injury to
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mahseer was observéd6%), but this was Kely due to the conservative
standardemployed in the assessment of injury. It is wartling that it is
impossible to capture a fish by hook withaaiusing some level of injury;
an unavoidable functioof hook and tissue interaction (Cooke & Sneddon
2007). Measurements of injury were categorised using conservative
standards by including any visible tissue damagguding hook puncture
sites, as a minor injury and hbgonsidering a tissue tear > 5 mm as a
moderate injuryThis standard was deemed appiaigly risk averse due to
the endangered status of mahseer. Given the lack of signifisaatiation
between injury and angling variableach as gear type, this standard was
likely responsible forthe high rate of minor (23 of 39 fish assessed for
injury) and moderate (five of 39 fish assessed) injury recodigohg the
rapid assessment. The rate of fbobking(9%) may also be a result of the
use of treble hooked luras targeting bludinned mahseer (commonly
considered tde an aggressive strikinigsh). These lures are commonly
employed in the study area, but to date less frequerstyl elsewhere in
south India (D. Plummer, CauverRiver angling guide personal
communication). Despit¢his relatively high rate of minor injury (60%),
91% ofthese ifjuries occurred at the hook site in the modthroughout the
study, only one fish was considered likédydie, but no cases of mortality
were observed during tletudy period. Additional mortality can occur after
release(i.e. delayed mortality) but fistwere generally vigorous ditme of
release with little reflex impairment (see belosyggesting mortality was
unlikely. Analysis of blood chemistry in angled bliened mahseer
revealed that longer angling times correlateth increases in blood lactate
and glucose, andecreases in blood pH, while longer air exposure tianes
smaller fish size were found to correlate with highkrod glucose values.
The relationship between anglingne and key stress markers has been
documented in @aumber of specigsncluding great barracud&ghyraena
barracudag O6Tool e et al (A valPeslQ pPuskaetdl. bonefi sh
2007). As with angling timethe relationship between longer air exposure
times andincreases in blood glucose has also been noted in ptpelar
sport fish, such as largemouth baddicfopterus salmoidesLacepede;
White et al. 2008) and northepike (Esox Luciud.innaeus; Arlinghaus et
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al. 2009).The negative relationship between air exposure anddrgith in
this study, however, is contratp typical findingsthat describe larger
bodied fish as more likely texhibit higher stress responses (see Meka &
McCormick 2005). Meka and McCormick (2005) postulated that fish
maintaining a higher weight/length ratio may exhibicreased stress
resporse as a result of experiencing more anaerobic exercise (than fish
maintaining a loweweight/length ratio) during a stressor of equal duration
and intensity. No trophgized fish (bludinned mahseecan attain masses
that exceed 50 kg in this region) wdamded during the rapid assessment,
however, and as mahseer weight was measured it was not possible to
determine whether thisiypothesis applies to bltfeined mahseerThe
potential impacts of specispecific stressesponses are also important to
consider. For examplghe amount of variability in blood lactate, glucose
andpH measurements explained by the predictors wasdoggesting that
these correlations may be weak in thigecies. Weak correlations may also
be a result of speciespecific ghysiological traits robust to such stressors.
Nonetheless, we did observe that quickly angled mal{seerangled and
sampled in <1 min, n = 9) had levelslaftate that averaged 3t3.2 mmol

L™ which is presumablyndicative of neaibaseline valuesof this species
(Romero 2004). The minimum values found in thigdy for lactate were
1.4 + 0.2 mmol ! with a maximumof 11.6 + 0.2 mmolL™. Given the
potamodromouscology of mahseer, further study to explore toke of
lactate metabolism in mahseeecovery from angling is warranted.
Exploratory analysis of RAMP scores demonstrétet rates of mahseer
reflex impairment were relativelpw, with the 40 of 49 fish exhibiting no
impairment(n = 33) or impairment of a single indicator behavigur= 7)
Burst swimming and equilibrium were the mditely to be impaired,
followed by loss of torso flexioand irregular operculum beats. While other
studiesemploying RAMP have also found that the burst swimmeftgx is
most likely to be impaired (for e.geeRaby et al. 2012; Brownscombe et
al. 2013), these studiegso found that loss of torso flexion was the second
most frequently impaired reflex. During the present ragisessment, it was
noted that body flex in mahseer less evident than in othepecies and

therefore its presencer absence was less easily visible. Anglers using
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RAMP to assess the status of landed fish prior to releadejure studies
incorporating measurements of RAM® study mahseer, should consider
prioritising indicatorsother than body flexLonger angling and air exposure
times were the variablesiost likely to contribute to nemero (impaired)
RAMP scores. The rate of minor impairment (14%)thrs study further
suggests that negative reflex respomsethese angling stssors is not
uncommon in mahseeBoth the contributions of angling variables and this
evidence of reflex impairment suggest that further reseaimto the

occurrence of sukethal effects in mahseer mhg advisable.

Conclusions from rapid assessment aacbommended best practices

The rapid assessment findings suggest mahseeolaust to C&R, but also
provide data to support tleevelopment of best angling practices designed
to reduce unnecessarily long angling times and air expostiate angling
times for larger bodied fish aldéely to be longer than for smaller fish,
anglers shouldpt for gear choices appropriate to their target species as
inappropriate gear choices can result in extended angimes (Meka &
McCormick 2005) and avoid unnecessatelay in landing hooked fish.
Handling time maybe reduced by using fewer hooks (i.e. single hooks
rather than treble hooks) and/or barbless hooks, whah reduce the time
needed for hook removal (Cooke al. 2001). Anglers should also attempt
to redwce theamount of time landed fish are subjected to air exposure,
particularly in higher water temperatures (Gingerethal. 2007). In this
study, mahseer demonstrateatreased blood glucose after air exposures
greater thar80 s in mean water temperatuds27 + 2 °C, whichcould be
considered a conservative maximum for cumulagixgosure time in similar
conditions. Future research recommendations include quantifyiing
physiological stress responses of larger bodied(fishtrophy mahseer) and
idenifying sublethal impactsresulting from angling, particularly those
relevant tomahseer natural history (which is understudied in mostspp.;
Nautiyal 2014). Fish considered to be of troige were not targeted or
captured in this studysuch mahseeaare known to be subject to fight times
often exceeding 1 h (D. Plummer, Cauvery Rigagling guide, personal
communication) and may therefdse more susceptible to delayed recovery
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and stressinduced mortality. The physiological challenges poség
migration behaviours may increase the likelihosalrlethal impacts of
recreational angling on mahseer cdrtain times of year (i.e. migratory
periods) or in differingenvironmental conditions (i.e. different water
temperatures)it should be noted that maleseare not typicallyargeted by
C&R anglers during monsoon season (approximatilgy-October);
however, migration phasesay extend beyond monsoon season according
to habitattype/life stage (e.g. T. putitora is believed to migatelifferent
times accading to age class; Nautiyal 2014oreover, information on
population size and demographicsHifestory characteristics (e.g. age at
maturation,natural mortality rates) is needed to understandlekiel of
C&R-induced mortality than can be considesestainablel information
that is typically absent faendangered species targeted by recreational C&R
anglergCooke et al. In Press).
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CHAPTER 8: RESOLVING THE TAXONOMY AND

CONSERVATI ON STATUS OF THE WORL

LARGEST SPECIES OF MAHSEER

8.1Prelude to Submissiong and 8:

Pinder A.C, Manimekalan, A., Knight, J.D.M, Krishnankutty, P., Britton,
J.R., Philip, S., Dahanukar, N& Raghavan, R.2018 Resolving the
taxonomic enigma of the iconic game fish, the hdyapked mahseer from
the WesterrGhats biodiversity hotspot, IndiRLoS ONEL3(6): e0199328.
https://doi.org/10.1371/journal.pone.0199328

Pinder A.C., Katwate, U.,Dahanukar, N.,Harrison, A.J. 2018. Tor
remadevii The IUCN Red List of Threatened Species 2€A.8

Despite representing the essential foundation of biodiversity and ecological
research (Costello et.8015),the science of classtaxonomy has fallen

out of vogue in recdryears, with maintenance afuseumfish collections
frequently reported tte threatened by both a lack specialist skillsand
available funding being redirected towards a rapidly expanding field of
molecular based phylogenetic stu@Wheekr 2004; Chakrabarty2010).
While the race iurrentyontosequence the genomes of
eukaryotic biodiversity over the next deca(earth Biogenome Project
2018, a high volume of publications concernifigshwater ¢hthyofauna
have relied implicitly on the generation ofolecular DNAbarcodesfrom
fishes collectedfrom the wild without any reference to species type
localities and/or cross referencing with original species descriptions and
type specimenslhis disconnect from classic taxonone@nventionand the

strict rules within the Internatial Code for Zoological Nomenclature
(ICZN) is particulaty prevalent in Indian researchlany studies havthus
generated erroneous assumptions asdided confusio rather than

taxonomic clarity;this has been further amplifietthrough the propagation
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of errors through citation networks Greenberg2009. With specific
reference to mahseer range couniriaed other developing countries
harbouring rich biodiversitywvhere researcls underfunded andccess is
problematic, many species have not yet been d&seovand risk going
extinct without our knowledg€Cooke et al 2012. Persisting taxonomic
uncertaintiespertaining to described speci@dso continue toconstrain
knowledge on species distributions, population standthe development
and implementatin of effective conservation strategiedofan 2011).
Indeed, this waghe case with the hurdApacked mahseer; erroneously
referredto under the Nominaauda Tor mussullahthrough blind citation,
numerous publications haveacorporatedthis name within phylgenetic
trees. Thiswasdespitenor e f e r e nspeximéns$ angvendafteiKnight

et al. (2013, 20143tabilisedthe name mussullah to a species of the cyprinid
genusHypselobarbuga genuswith very little resemblance toor).

With the preliminary malysis of the anglezatch data reported in Chapter 6
commencing in 2012and early indications thathe population ofhump
backed mahseer wasperilled, resoling the taxonomic identitgf this fish
(and the invasive bluBn mahseer) were firmly at thimp of my research
priority list, as | knew thathe lack of a formal scientific nanveould act as
a major impediment t@arnering conservation interest. This was indeed
evidencedn feedback from conservation grant proposals | had submitted,
which confimedthatwhile it lackeda o0t hr eat enedd status in
List, the humgbacked mahseer would not qualify fmnservation funding
Considering that the huriipacked mahseer was by now extremely scarce
and recreational angling had been banned in thetegted area which
supported these fishesuring the evidence to achieve this task presented a
major challengedefined by the followingnitial hurdles
1) To find a single humybacked mahseer to acquire a tissue sample for
DNA analysis and
2) Assuming the DN did not match previously describ&ar, procure
three small specimens of humpacked mahseer taeposit as

voucheré t ygpexithens
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Despite being geographically focussed in the upper reaches of the Cauvery
where the humybacked mahseer had been ramggorded in recent years,
the plannedfieldwork to undertake the rapid assessment study in March
2014 provided the first opportunjtyout subsequentailure to secure a
humpbacked specimen(see Chapter 7; Submission. &ollowing the
acquisitionof reseach permission$rom Karnataka Forest Departmeand

with the support of the Wildlife Association of South India (WASIked a
further expeditionto survey the Protected Area tite former Galibore
Fishing Campin February 2015 Again this effort failed to secure a
specimen, or even confirm that the fish was still present. Over the duration
of these two expeditions in 2014 and early 2015, the survey team did
manage to catch and release a totdl I blue-fin mahseeTor spp.)from
which fin-clip sampleswere collected for subsequent mitochondrial DNA
analysis.With 114 of thesesamples providing an exact match with records
submitted to Genbank fromor collected inthe state of Maharashtend
topotypic museum specimense were abléo confirm the identy of the
bluefinnedmahseer a$or khudree a species now known to be endemic to
the River Krishna basin in Maharashtra and North Karnatakd the
specieghat had beeatrtificially propagated by Tata Power at their Lonavla
Hatchery in Maharashtra feine previous 40 year$his left a single sample
from a fish of 35 cm in lengtbaptured from the upper River Cauvery in
2014that did not matcA or khudree Although not recognised by the captor
as a different species, the DNA results were diffebemtid not match with

any previously described speciesTalr. The DNA sequence did however
offer a perfect match with three other records in Genbank, deposited.by
Manimekalan from the lower River Cauvery and one of its tributaries, the
River Bhavani,in the neighbouring state of Tamil Nadu.

An internetsearchsoonrevealed that Dr A. Manimekalan was an associate
professor within the Department of Environmental Sciences at Barathiar
University in Coimbatore, Tamil Nadu. Followingliscussionsabout
specfic sampling sites and theisual characteristiceof the Tor which
matched my Cauvery fish, it was agreed that in return for me delivering an
open lecture at Barathiar University, Dr Manimekalan would show me the
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fish in the wild.On the 18 December 2015Manimekalan organised my
access to the River Moyar, where my search for the Hoswged mahseer
was finallycompleted Figure8.11).

—d &

for the first timein December 2015.

Despite having found a population of fish which superficially matched the
giant humpbacked mahseer of the middle Cauvery, it was a further two
years before official researglermits were issuetb allow the collection of
specimens, which were subsequently used for genetic and morphometric
analysis and comparison with historic photographkis facilitated an
integrated approacto characterisavhat at the time Ibelievedwas a new
species to sciencdndeed,armedwith all the evidence requiddo name the
humpbacked mahseer as Tor kaveri (Kaveri being theaprgicized
Cauvery),l thought thathis process was now completddowever, during

the preparation of the initial dft manuscript, aelatively recent description

of a fish from the River Pambar (the
came to light. Despite lacking any molecular characterisation against which
to compare the humbpacked mahseer, the description Tadr remadevii
(Kurup & Radhakrishnar2007) reported some similarities'hus, until a

DNA sample could be sourced from these fishs thiork wasput on hold.

167

Ca



With these results evidencing an exact matofd morphometricsof T.
remadeviitype specimens deposited the Zoological Survey of India
Southern Regional Center, Chennai, India (B8IC) alsoclustering with
the humpbackwith discriminant analysisit was apparentthat the iconic
humpbacked mahseawvas conspecific withTor remadevii Regardless of
the name finally attributed to the hunifjacked mahseer, the taxonomy of
this species was finally fixedn June 2018(see Submissior¥), thus
affording the humgbacked mahseer formedcognitionand qualifying it for
IUCN Red List Assessment.

With referenced Chapter 3, my research journey began in earnest when Dr
K. Rema Devi, a senior ichthyologist at the Zoological Survey of India, put
me in touch with my c@uthor Rajeev Raghavawith the etymology of the
humpbacked mahseer adopted from the earlier rijggan of T. remadvij
following the publication of Submission | re-established contact with Dr
Rema Devi to inform her that the largest mahseer and one of the most iconic
freshwater fish in the world was named after her. Her response was of
delight, with the comical exception of being associated with a humpback.

Red Listing Tor remadevii

The IUCN is the global authority on the status of the natural world and the
measures to safeguard it. Its Red List uses precise crib@sad on
population size andlistributions,t 0 assess speciesd extinct
assessments made in formal meetings by panels of international experts.
With the manuscript clarifying the identity of the hui@cked mahseer as

T. remadeviifinally submitted and under review at ®5 One, Icontacted

Drs William Darwall and lan Harrison of the IUCN Global Species
programme to enquire about the process of Red Listing this species as a
matter of urgency. This was met with considerable enthusiasm and
encouragement to convene a workshbgelect expertdo not only assess

T. remadevij but also to revise the entire genus Tor, consisting of the 16

species presented in Chapter 9 (Submis8ibiMahseers of the World).
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Capitalising on Raghavandés comasi derabl e

Freshwater Fish Red List Authority Coordinator (Asia/Oceanma)pril

2018 we jointly convened ahreeday workshop at the Indian Institute of
Science and Environmental Reseatfebing(IISER). In November 2018, the
IUCN Red List was updated with. remadeviibeing the firstTor to be
assessed as iGically Endangered. e full assessment is presented as
Submission8, with all 16 species assessments available to download and

view onlineat https://www.iucnredst.org/
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ABSTRACT

Growing to lengths and weights exceeding 1.5 m and 45 kg, the-hump
backed mahseer fisi the Western Ghats biodiversity hotspot, India, is an
iconic, megafaunal species that is globally recognized as a premier
freshwater game fish. Despite reports of their high extinction risk,
conservation approaches are currently constrained by theirofagklid
taxonomic identity. Using an integrative approach, incorporating
morphology, molecular analysis and historical photographs, this fish can
now be revealed to be conspecific withr remadevii a species lacking a
common name, that was initiallyubpoorly, described in 2007 from the
River Pambar, a tributary of the River Cauvery in Kerala. Currently known
to be endemic and restricted to the River Cauvery basin in the Western
Ghats,T. remadeviis distinguished from congeners by its prominent hump
originating above the prepercle and extending to the origin of the dorsal
fin, a welldeveloped mandible resulting in a terminal or slightly superior
mouth position, and the dorsal orientation of the eyes. While body
colouration varies (silver, bronzgreenish) and is not considered a reliable
diagnostic character, orange coloration of the caudal fin (sometimes
extending to all fins) is considered a consistent charactetitaiing been

first brought to the attention of the scientific community in 1848d the
recreational angling (game fishing) community in 1873, it has taken over
150 years to finally provide this iconic fish with a valid scientific name.
This taxonomic clarity should now assist development and delivery of

urgent conservation actioeemmensurate with their extinction risk.
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INTRODUCTION

Freshwater megafauna (defined as species with adult body weights of at
least 30 kg) occur in large rivers and lakes of eveoptinent except
Antarctica Carrizo et al.2017) These megafauneomprise one of the
worl dés most vulnerable groups of verteb
species at threat from stressors including overexploitation, habitat alteration
and pollution(Carrizo et al.2017 He et al.2017) Despite this, for many
freshwater megdauna, knowledge on their taxonomy, natural history and
threats remain incomplete, as despite their body sizes providing high
anthropogenic interest, some species hanly recently been described
(Last et al.2008) while the identity of dtersremain to be elucidated
(Stewart2013)

With validatedbody weights exceeding 45 k&ifider et al.2015a) the
humpbacked mahseer of the River Cauvery (Western Ghats, India)
represents the largest of all known mahseers of éhgenus Figure8.21).
Globally recognized by recreational fishers as an icgaroe fish for over a
century Thomas1873) it was initially brought to their attention in 1873,
under the nom deThpmasl®rd),withRBlecontetatton t or 6
of a world record specimen of 119 Ibs (54 kg) captured in 1921 from the
River Kabini, a tibutary of the River Cauvery (Wiltife 1977) Following
Indian independence in 1947, the fish was largely forgotten until a
resurgence in recreational angjimterest and subsequent development of
catchandrelease fisheries in the mainver Cauvery in the early 1970s
(Pinder & Raghavan2013; Pinder et al. 2015b) These fisheries
subsequently became world famous for $iee of mahseer they produced
(Pinder& Raghava 2013;Pinder et al2015b)and were also recognized for
the socieeconomic benefits afforded to poor rural communities via

ecotourism based employment opportuniffeisder & Raghavag013)
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Figure8.21. Adult Cauvery humgbacked mahseefor remadevicaptured
by Martin Clark, 1978 [Photo Credit: Trans World Fishing Team].

Despite this longerm interest in the species, the hubgrked mahseer
continued to be erroneously known under the naBaabus mussullaland
Tor mussullahboth in scientific Hora1943a,1943; Sen & Jayarar982;
Jayaraml997)as wdl as in popular literatureJung2012) This continued
until Knight and coworkersKnight et al.2013, 2014 )stabilized the use of
the maumsesud | ahd t o a spedypselbarbus t he cypr
However, this taxonomic revision continued to leave the hbagked
mahseer without a valid scientific identity, thus denying the formal
recognition required to undertake IUCN Red list assessmedt afford
protection commensurate with th@pparent high extinction risiP{nder et

al. 2015a)

A new species of mahsedror remadeviiwas described in 2007 from the

River Pambar, the southemost trbutary of the River Cauver)Krup &
Radhakrishan 2007) This was based on the examination of 19 juvenile
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specimens(lengths 113.64mm to 331.82mmKurup & Radhakrishnan

2007) However, neither a photograph of a live/preserved specimen, nor an

illustration, accompanied the description, with no compari®do material

from congeners. The description thus relied entirely on morphological
measurements and counts available in the literat@irup &
Radhakrishnar2007). Despite these issues and the limited sample size,

many of the characters were consisteith those observed from images of

the humpbacked mahseer caught by recreational fishers in the River
Cauvery (e.g. body shape: Ador s al prof il
bet ween the head region and the dorsal

with bl ack patcheso; Ayounger speci mens Wwi
Adi stinctively |l onger ma n dor bpkcees, t h an ot h
resul ting i n a terminal / posterior and

Consequently, given the outstanding requirement tduwegbe taxonomic
identity and assist the conservation of the htrapked mahseer, the aim of
this study was to 1) apply morphological and molecular analyses to test
whether the humypacked mahseer is distinct from the currently known
South IndianTor spedes, and whether it is conspecific with remadevii 2)
provide definitive morphological characters which can be reliably used to
identify this species from congeners in the field, and 3) provide notes on

current knowledge relating to distribution and ikettutilization.

MATERIALS AND METHODS

Ethics Statement

Samples for the present study originated from three sources: (1) tissue
samples (as fielips) for molecular analyses obtained from aast
sampling and catebndrelease angling, where the simeens were released

back in the wild, (2) voucher specimens collected from inland fish markets
(from where dead specimens were purchased), and (3) voucher specimens
collected from stream habitats inside protected areas. Permissions for
collecting specimensiside protected areas were issued by the Department
of Forests and Wildlife, Government of Kerala to Rajeev Raghavan (WL12
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8550/2009) and Government of Tamil Nadu (WL5 (A) /26789/2017) to A.
Manimekalan. Immediately upon capture using a cast net ecanutine,
specimens were euthanized (anesthetic overdosaine methanesulfonate
MS222; following the guidelines developed by the American Society of
Ichthyologists and Herpetologists (ASIH) (http:/ www.asih.org/pubs/;
issued 2013)). Samples of pelvie tissue were taken and stored in absolute
ethanol. Voucher specimens were preserved whole in either 5% formalin or
70% ethanol. Institutional ethics committee of Mahseer Trust approved the
design and implementation of the study (MTE/ 17/01)cdantry (India)
ethical approvals were not required as no experimentation or manipulations
were carried out. All molecular genetic work was completed within India
and no specimens or fish tissues were taken out of the country. Voucher
specimens were primarily degited in national and/or regional repositories.
Individual participants appearing iRigure 8.21, Figure 8.26 and-igure

8.27 in this manuscript have given written informed consent (as outlined in

PLOS consent form) to publish these case details.

Specimen collection and vouchers

Topotypic specimens of mahseer species were collected from various rivers
in India: Tor khudregrom River Krishna and its tributaries in Maharashtra,
Tor malabaricusfrom River Chaliyar in Kerala]. remadeviifrom River
Pambar in Kerala, and the hurbpcked mahseer from River Moyar in
Tamil Nadu. The fishes were preserved in 10% formaldehyde and
transferred tdb% formaldehyde or 70% ethanol for leteym storage. Fin

clips from topotypicTor putitorafrom River Teesta in West Bengal, and
humpbacked mahseer from the River Cauvery at Dubare, Karnataka and
River Moyar in Tamil Nadu were taken. In addition, fifpslfrom a yeto-

be identified mahseer species from River Vaitarna, Harkul Reservoir,
Krishna River in Maharashtra and Forbes Sagar Lake in Karnatak@iqisee

sp 1 inFigure8.22) were also collected following thesampling by catch
andrelease angling. Tissue samples were preserved in absolute ethanol.
Voucher specimens are in the museum collections of the Zoological Survey
of India, Kolkata (ZSl); Zoological Survey of IndiaSouthern Regional
Center, Chennai, tha (ZSFSRC); Zoological Survey of India Western
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Regional Center, Pune, India (Z8IGRS); Kerala University of Fisheries
and Ocean Studies, Kochi, India (KUFOS); Department of Aquatic
Biology and Fisheries, University of Kerala, Thiruvananthapura
Kerala (DABFUK); and in the private collections of J.D. Marcus Knight
(MKC).

Comparative material examined for morphometric analysis

Tor malabaricus5 ex,MKC 450,196.6 231.7mm SL, lvarnadu, Payaswini
River, Karnataka, India (12.522°N & 75.425°Egjlected by A RaiAugust
2014.

Tor kulkarnii Holotype, ZSI F2710, 220.0mm SL, Nashik, Darna River,
between Sawnuri and Beladgaon, Deolali, Maharashtra, India (19.929°N &
73.856°E); collected by AGL Fraser, 29 April 1936; paratypes, ZSI F2711,
3 ex., 1032 197.0mm SL, same data as holotype.

Tor khudree ZSIFWRC P/2451, 1 ex, 121.9mm SL, Neera River, Bhor,
Pune, Maharashtra, India (18.152°N & 73.829°E); collected by N
Dahanukar and M Paingankar, 20 August 2010;-&RC P/3067, 6 ex.
106.1171.2mm SL, Krisha River, Wai, Satara, Maharashtra, India
(17.991°N & 73.786°E); collected by N Dahanukar and M Paingankar, 2
February 2011; ZSWRC P/3072, 5 ex. 77.451.2mm SL, Krishna River,
Wai, Satara, Maharashtra, India (17.991°N & 73.786°E); collected by N
Dahankar and M Paingankar, 18 February 2011;-¥RC P/3071, 7 ex.
51.566.7mm SL, Koyna River, Patan, Satara, Maharashtra, India
(17.367°N & 73.903°E); collected by N Dahanukar and M Paingankar, 1
July 2007.

Morphometric analysis

Point to point measurement&ere made using digital calipers, to the nearest
0.1 mm, based on standard methodspleyed for cyprinid fishes
(Armbruster 2012) and Tor mahseer ZiMing C & JunXing 2014)
Morphometric data used in the study is available online on figshare
(https://doi.org/10.6084/m9.figshare.608598Statistical analysis of the
morphometric data was performed on sazgusted measurements of

subunits of the body expressed as proportions of standard length and
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subunits of head expressed as proportions of head length. The null

hypothesis that the data wereilltivariatenormal was checkedpornik &

Hansen 2008) Multivariate Analysis of Variance (MANOVA) was

performed to test whether the populations of differepecges (see

comparative material examined) formed digantly different clusters

(Huberty & Olejnik 2006) u si n g Pi |l | ay @Harrist200d)c e st ati s
Mahalanobis distance@Harris 2001 between pairs of individuals were

calculated and used for computiRgi sher 6s di stances (distan
centroids of the clusters, divided by the sum of their standard deviations)

between two clusters to check if the species clusters were significantly

different from each other. Statistical analysese performed ifPAST 3.16

(Hammer et al2001).

Molecular analysis

DNA extraction, PCR amplification for cytochrome oxidase subunit 1
(cox1l) gene and sequeing protocols were as peAl( et al. 2013)
Sequences were checked using BLAGNItschul, et al.1990) and the
sequences generated as part of this work deposited in GenBank (S1 Table).
Neolissochilusspecies were used as gwgup based on earlier study
(Nguyen et al2008) Gene sequensavere aligned using MUSCLE (Edgar,
2004) and raw (p) distances for cox1l betwegairs of sequares were
calculated in MEGA 7Kumar et al2016) The besffit partition model and
the substitution model was founding the 1QTree softwareNguyenet al.
2015 based on the Bayesi Information Criterion (BIC)Ghernomor et al.
2016; Kalyaanamoorthy et a@2017) Maximum likelihood analysis based on
best partition sadme was performed in KQree Kumar et al.2016) with
ultrafast bootstrapupport for 1000 iterationsMinh et al. 2013) The
phylogenetic tree was edited in FigTree vA (lRambau®2009)
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RESULTS

Molecular analysis

The results suggested that the best part
(Tamura & Neil1993) model with invariant sites (TN+I, BIC = 3622.967,

InL = -1580.211, df = 71) for combined partition of all threedan

positions. TopotypicT. remadeviiformed a monophyletic clade with the

humpbacked mahseer collected from widely distributed populations from

within the Cauvery River systenfFigure 8.22; Table 5.21). Genetic

distance betweeil. remadeviiand other species dfor from peninsular

India ranged between 2.3 and 4.6Pable8.2.1).

Table8.21. Pairwise percentage raw (p) genetic distances betiheen

species.
[1] [2] [3] [4] [5] [6]
Tor remadeviii
[1] 0.6/ 0.0
Tor malabaricus
[2] 2.312.8 0.30.3

Tor khudred3] 2.73.2 1.62.0 0.0/0.0

Tor putitora[4] 2.74.3 2.003.5 2.23.0 0.0'1.0

Torsp2 [5] 3.346 2134 3138 1122 0004

Tor spl [6] 2836 1830 2833 2429 2834 0.060.0
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Tor remadevii (JX401300)

76! Tor remadevii (KC559903)
91 Tor remadevii (KC559905)
- Tor remadevii (KC559904)

Tor remadevii (MF591715)
87 Tor remadevii (MG769028)
o4 Tor remadevii (MG769029)
Tor remadevii (MG769030)
Tor remadevii (MG769031)
Tor remadevii (MG769032)
100 Tor remadevii (MG769033)
Tor remadevii (MG768034)
Tor remadevii (MG768035)
Tor remadevii (MGT769036)
Tor remadevii (MGT769037)
59 Tor remadevii (MGT769038)
Tor remadevii (MGT769039)
Tor remadevii (MG763040)
Tor remadevii (MG769041)
86 60 Tor remadevii (KM191354)
Tor malabaricus (MG769042)
77 Tor malabaricus (JX401293)
61 Tor khudree (MG769043)
96 Tor khudree (MGT769044)
Tor khudree (MG769045)
Tor khudree (KJ702318)
Tor khudree (KP965407)
£| Tor putitora (MG769046)
50, Tor putitora (MG769047)
60 Tor putitora (MG769048)
Tor putitora (HQ609722)
91 I— Tor putitora (HQB09723)
Tor sp. 2 (MG769049)
Tor sp. 2 (MG769050)
99 Tor sp. 2 (MG769051)
93 Tor sp. 2 (MG769052)
Tor sp. 2 (MG769053)
Tor sp. 2 (MG769054)
Tor sp. 2 (MG769055)
Tor sp. 2 (MGT769056)
Tor sp. 2 (JX260986)
Tor sp. 2 (EU714120)

64 Tor sp. 1 (KX234717)
495‘ Tor sp. 1 (EU714109)
Tor sp. 1 (JN965197)

93 Neolissochilus hexagonolepis
68 Nealissochilus hexastichus
Nealissochilus wynaadensis

Figure8.22. Maximum likelihood phylogenetic tree based onXox

0.02 89

sequences of mahseer species occurring in Iidiasp 1 represent
individuals not matching any of the described species from India and could
potentially comprise new speci@®r sp. 2 are sequences available in
GenBank with uncertain identities, ilmder different species names).
Species oNeolissochiliusare used as outgroup. Values along the nodes are
percentage bootstraps for 1000 iterations.

Morphometrics

Morphometric data were multivariate normal (Doornik and Hansen
omnibus, Ep = 55.11, P =1®8). The four peninsular Indian speciesrof
formed distinct clustersFHgure 8.23), with T. remadeviidistinguished

based on comparatively larger feal length, head length, pventral
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length, prepectoral legth and predorsal length, and comparatively smaller
dorsal to caudal length, head length and iotéital length Table 8.22).

The specimens that make up theremadeviigroup/clade includes the type
material ofthe species (ZSWGRS V/F 13119a and 13119b) as well as
freshly collected specimens from the River Moyar (see section on
comparative material belowfable 8.23) (ZSI-SRS F 9145, 9148, 9149,
9150).

Table8.22. Factor loading on the first two axes of discriminant analysis.

Axis  Axis
Character 1 2
Head length -0.19 0.08
Snout length 0.08 -0.12
Inter orbital length 032 011
Eye diameter 0.18 0.06
Head depth 0.09 -0.22
Head width 0.41 -0.40
Predorsal length -0.11 -0.02
Dorsal to cauda
distance 0.64 0.07
Prepectoral length -0.16 0.01
Preventral length -0.18 0.00
Preanal length -0.22 0.05
Caudaipeduncle
length -0.03 -0.07
Caudaipeduncle
depth 0.03 0.01
Dorsatfin length -0.07 -0.01
Dorsalfin base 0.01 -0.02
Pectoralfin length -0.01 0.16
Ventrakin length -0.01 0.13
Anal-fin length -0.02 0.21
Anal-fin base -0.01 0.06
Body depth (D) 0.05 -0.08
Body depth (A) 0.06 -0.03
Body width (D) -0.01 0.14
Body width (A) 0.01 0.04
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5 Tor malabaricus
Tor remadevii
N J '&
2
3 Tor khudree
Q:
= -5
(o]
w
x
<
-101 Tor kulkarnii
(1] [2] [3] (4] I
-15- Tor malabaricus [1] 7.39 9.13 49.76
Tor khudree [2]  0.003 10.37 51.87
Tor kulkarnii [3]  0.002 0.001 41.00
Tor remadevii [4] <0.0001 < 0.0001 < 0.0001
'20 T T T T T T T T T
-30 -25 -20 -15 -10 -5 0 5 10 15 20

Axis 1 (80.56%)
Figure8.2.3. Discriminant analysis of the four peninsular Indigor
species. Fisher's distances between clusters (blue cells) and associated p
values (red cells) are prioked in inset. Values in parenthesis are the

percentage variation explained by each discriminant axis.
Taxonomy

Tor remadeviKurup & Radhakrishnan 2007
(Figure8.21andFigure8.2.4i Figure8.2.6)
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Figure8.24. Lateral (A), dorsal (B) and ventral (C) view Bbr remadevii
(ZSI 9150, 487 mm SL) collected from the River Moyar, India.
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Figure8.25. Lateral (A), ventral (B) and dorsal (C) view of the head region
of Tor remadevi(ZSI 9150, 487 mm SL) collected from the River
Moyar, India.
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Figure8.26. Freshly caught adultor remadeviirom the River Moyar,

India, showing the characteristic orange coloured fins

Material Examined

Type material: ZSWGRS V/F 13119a (holotype) and 13119b (paratypes),
3 ex, 168.0217.063mm SL, River Pambar, Champakkad, Kerala, India;
collected by KV Rabakrishnan, 18 May 2004.

Additional material: ZSISRS F 9145, 9148, 9149, 9150, 4ex, 3@ mm

SL, River Moyar, Thengumarahada, Tamil Nadu, India (11.614°N &
76.740°E; 474m ASL); collected by A Manimekalany 8ctober 2017;
KUFOSPK-2016.100.1, 1ex, 84mnsL, Pambar River, Chinnar Check
Post, Chinnar Wildlife Sanctuary, Kerala, India (10.353°N, 77.216°E, 454m
ASL); collected by P. Krishnankutty, 12 October 2016.

Diagnosis

Tor remadeviican be distinguished from all its congeners by the following
combinatia of characters: | arge adul t
Length/TL and 45kg), dorsal orientation of eyes not visible from ventral
aspect, shorter intarbital distance (7119.6% of Standard Length/SL), a
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distinctive kink in the profile of the prepercle anda welldeveloped
mandible extending to either equal distance or anterior of the maxilla,

resulting in a terminal or slightly superior mouth positibig(re8.25).

Description

A large sizedTor attaining a maximunsize of 1500mm TL. For general
shape and appearance Begure8.21i Figure8.22 andFigure8.24i Figure
8.26. Morphometric data are providedTiable5.2.1.

Table8.23. Morphometric data of or remadevitype and comparative

material.
Comparative material (ZSI

Paratypes SRS)
Characters Holotype #1 #2 F9148 F9149 F9150 F9145
Standard length (SL,
mm) 217.1 194.1 168.0 356.0 369.0 487.0 572.0
Head length (HL,
mm) 66.0 63.0 605 112.8 117.2 159.0 1824
%SL
Head length 304 325 360 317 318 326 319
Predorsal length 544 521 571 56.2 515 550 54.9
Dorsal to caudal
distance 304 330 333 337 363 363 323
Prepectoral length 290 314 340 309 296 303 302
Preventral length 535 56.8 583 584 583 577 565
Preanal length 825 888 822 843 846 842 813
Caudalpeduncle
length 198 242 241 179 16.7 18.3 154
Caudaipeduncle
depth 120 124 131 10.8 9.1 104 9.9
Dorsatfin length 272 294 304 236 233 211 21.0
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Dorsatfin base 14.7 150 143 125 126 11.3 12.6

Pectoraffin length 212 211 203 185 193 195 201
VentraHin length 189 186 191 170 172 172 16.6
Anal-fin length 20.8 20.7 19.7 16.0 183 17.6 18.2
Anal-fin base 56 73 7.2 7.7 7.2 7.2 7.1
Body depth (D) 26.7 289 316 259 265 245 248
Body depth (A) 171 191 191 174 161 159 158
Body width (D) 14.0 144 137 146 142 151 16.2
Body width (A) 97 88 84 8.6 8.3 9.6 11.7
% HL

Snout length 304 327 315 320 290 306 293
Inter-orbital length 289 20.7 282 240 226 21.7 235
Eye diameter 21.3 191 199 141 145 122 11.9
Head depth 576 508 529 714 761 699 756
Head width 41.0 365 337 43.0 416 463 482

Consistent withthe common name, the dorsal profile ®f remadevii
exhibits a prominent hump originating above the-qguercle and extending
to the origin of the dorsal fin. Dorsal fin with 4 unbranched and 9 branched
rays, the fourth unbranched ray forming a strong $imepine. Dorsafin
origin directly above the pelvifin origin. Pelvic fin with one utbranched
and 718 branched rays. Anal fin with two tbranched and five branched
rays. Pectoral fin with one doranched and 145 branched rays. Lateral
line completewith 24i 29 scales. Transverse scales from defisabrigin to
ventratfin origin %23/1/2%. Pralorsal scales iB. In contrast with the
description (Kurup & Radhakrishnan 200dprsalfin height less than and
not exceeding 91% of dorsal bedgpth. Consitent with other species of
Tor, pharyngeal teeth display a 5,3,2:2,3,5 ratio.

Colouration
Live specimens off. remadeviifrom the River Moyar display contrasting
dorsal and lateral body colouration, from deep bronze to metallic greens.
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Bright orange fis (Figure8.26) were consistent in all specimens examined.
Photographic records captured by anglers from the main stem of the River
Cauvery exhibit body colouration ranging from silver to deep bronze, with
orange ctouration of fins always evident in caudal fin as a minimum.
Colour of the remaining fins range between deep orange and bluish grey.
With the exception of fircolour, observed variations suggest that body

colouration may not be a reliable diagnostic chiarac

Distribution

Tor remadeviiis currently known only from the eastward flowing River
Cauvery and its tributaries including the Moyar, Kabini, Bhavani and the
Pambar, in the Western Ghats Hotspot of peninsular |ktaie8.2.7).

~13°N

~12°N

elevation m a.s.l.
0-50m

5 50-100m

~11°N © 100-200m
200-400m
400-800m

Il 800-1600m
>1600m

~10°N (\Western Ghats

~9°N

~8°N

® Tor remadevii

721°E 731°E 74]°E 7510E 76[°E 771°E 78|0E 79|0E

Figure8.27. Collection locations oT or remadevifrom the tributaries of

the River Cauvery, India

Habitat

While functional habitats are yet to be elucidatediemadeviinhabits he
middle to upper reaches of the River Cauvery and some of its tributaries.
Mesohabitat utilization is known to incorporate shallow high velocity rapids
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to deep, slow flowing pools, with substrates typically composed of bedrock
and bouldersKigure8.2.8).

Figure8.2.8. Typical habitat ofTor remadeviin the River Moyar, India

DISCUSSION

These results confirm that the huibacked mahseer, an iconic species th
can be classed as mefgaina on account of its large body size, is
genetically distinct from other South Indidor fishes and is conspecific
with T. remadevii In addition to their potentially large adult body sizes,
they can be distinguished from othior fishes by definitive morphological
characters including their interbital distances, distinctive kink in the pre
opercle, a weldeveloped mandible and orange colouration of the caudal

fin. These results also reveal thht remadeviionly occurs inthe River
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Cauvery basin, and thus appears to be endemic with a limited distribution.
Given the orgoing threats to thepopulations in the Cauveryinder et al.
2015a) these results highlight that despite their iconic statussmadeviis
imperiled and urgent conservation assessments and actions are needed
forthwith.

The first documented record of the huimgcked mahseer in scientific
literature dates back to 1849, when Bhtnaturalist Thomas Jerdade(don
1849)mentioned collecting from Seriagatanam (=Srirangapatanam) in the

River Cauvery, a juvenile specimen of a mahseer that grows to enormous
sizes, which he identified &arbus megalepid.ater, in a clagsal work on

angling in India Thomasl1873) Henry Sullivan Thomas characterized this

fish as having a deeper body and higher back and called it the Bawwany
mahseer, or O6Bar bus (Hor@1948a,1943h Ben&q u e n't
Jayaram 1982; Jayarat®97)c onsi dered Jerdonds and
synonymous wittBarbus mussullatsykes, ad calledit the humpbacked

mahseerNlenon1992)

The identity and generic placementBdrbus mussullalsykes, which was
long unclear, having been considered a synonynCyfrinus curmuca
Hamilton, or a species ofor Gray, was clarified to be a spesi®of

HypselobarbusBleeker and the identity stabilized Ibhe designation of a
neotype (Knight et al., 2013, 2014)jlowever, Knight et al(2013, 2014)

also brought attention to the fact that the identitBafbus(Tor) mussullah

Thol

sensu Hora (1943a,bstill remai ned to be elucidated.

coloration and local knowledge (including local namesgharacterize this
species Klora 1946a)was unreliable, as fishes often have a greater variety
of local names thamany other group of animalsSpence & Prair 1932)

with the same name being used for different species and different names
being used for the same species. Although there was uncertainty in the use
of vernacular names, Ho (1946a)distinguished the higbacked species,

which he called’. mussulih, from T. khudreesensu Sykes.
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In their work, Knight et al. (2013, 2014)also drew attention to dor
specimen in the unregistered, reserve collections in the Zoological Survey of
India, Southern Regional Center, Chennai (B8IS), labeled or neilli and
originating from the River Krishna at Satara, Maharashtra with a
characteristic high back and 24 scales in the lateral series. Knight et al.
(2013) speculated that this could be the species witidra (1946a)
considered a3. mussullah  Qu ot i ngriptdm of 0 seilli ffan the

River Tungabhadra at KurnodDéy 1878) part of the Krishna River basin
(from whereHora (1946axollected hisT. mussullah as a large species of
mahseer with tubercles on its snout. His illustration of quite a-dedjad

fish, and opinion that this species sometimes has reddish fins, Knight et al
(2013) suggested that in the event ® mussullahsensu Hora(1946a,

1946) is found to be a valid, the nariie neilli should be considered for it.

Comparison of topotypicpecimens and/or type material of valid mahseer
species of peninsular Indid.(malabaricus T. khudreeand T. remadevii
with specimens of the hurpacked mahseer collected from River Cauvery
and its tributaries revealed striking similarities between tmagbacked
mahseer and. remadeviiin morphometrics, meristics and mitochondrial
DNA (cox1). TheTor specimens from the Tungabhadra, a tributary of the
Krishna matched topotypi€. khudreeand not the specimens collected in
the various tributaries of th@auvery in their genetic make. Tor neilli is
therefore treated as a junior synonymTofkhudree while T. remadeviiis

considered as a valid species restricted to the Cauvery River system

including its northern andoyautemesr s otri b

propagated inpopuldri t er at ur e i sRaghavanretap®83) nud u mo

The first mention of the nam&or remadeviiwas made in 2007, when

Kurup & Radhakrishnandéds description

global mahser symposium é&ld in Malaysia (Kurup &,Radhakrishnan
2007) Perhaps, because of the limited circulation of this publication, the
description went unnoticed, and the same authors publiseedoad paper

in the year 2011Kurup & Radhakrishna@011)reproducing the bulkf the

original text, probably with a view
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reviewed journal. However, the description made in 2007, satisfies all the
6criteria of availabilityo as per t he
Nomenclature (ICZN) (Artles 10, 11, 13 and 16), and therefore the paper

published in 201{Kurup & RadhakrishnaB011)is merely a redescription

and irrelevant to nomenclature. The original year of publication is 2007,

from when the name&. remadevibecame available.

The Caalog of FishesEschmeyer et al2017) mentions that the species

epithet should be 6remadeviaed and not ¢
that the species was named for K. Rema Devi, (a feminine name). However,

the 1 CZN in its Aspdaciesgrdugnar@el(or,2n.thg caset at es il
of a compound speciggoup name, its final component word) is not a Latin

or latinized word [Articles 11.2, 26], it is to be treated as indeclinable for the

purposes of this Article, and need not agree in gender vatgeheric name

with which it is combined (the original spelling is to be retained, with

ending unchanged; also see Article 34. 2.

should beTor remadevii

Having been first brought to the attention of the sdientommunity in the

year 1849 (Jerdon 1849and the recreational amyy community in the
year 1873 Thomas1873) a century and half has since passed before the
iconic humpbacked mahseer is afforded a scientific name. With the name
now assigned td. remadeviand the previously reported imjded status of

this megafauna Pinder el al.2015a) there is an immediate urgency to
assess its extinction risk based on the IUCN Red List Categories and
Criteria, with a view to affording this iconic species appropnatgection

and accelerating the conservation agenda to secure the future sustainability
of remaining populations from severe and &go#y anthropogenic threats
(Pinder & Raghavag013)
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8.3 Submission8

IUCN Red List of Threatened Species:
Tor remadevii,Hump-backel Mahseer

Pinder, A.C., Katwate, U., Dahanukar, N. & Harrison, A.

NOT DATA LEAST NEAR CRITICALLY EXTINGT
CONGERN THREATENED VULNERABLE ENDANGERED (K4 ENDANGERED > A exinet

NE DD Lc NT vu EN CR EW EX

View onwww.iucnredlist.org

Taxonomy
Kingdom Phylum Class Order Family
Animalia Chordata Actinopterygii Cypriniformes Cyprinidae

Taxon Name:Tor remadeviMadhusoodana Kurup & Radhakrishnan, 2011
Common Name(s):

AEnglish: Humpbacled Mahseer
Taxonomic Source(s):

Eschmeyer, W.N. 2014. Catalog of Fishes. Updated 3 January 2014.
Available at:
http://research.calacademy.org/research/ichthyology/catalog/fishcatmain.asp
. (Accessed: 3 Jan 2014).

Taxonomic Notes:

Kurup & Radhakrishnan (200 describedror remadeviirom the Pambar,

the southerimost tributary of the River Cauvery in Kerala. Adescription

was subsequently published in 2010 (KugupRadhakrishnan 2010). While

this update usefully included a line drawing of the fish, theaatstill

failed to include photographs, molecular evidence or congeneric
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morphological comparisons (using specimens). Despite these descriptive
details being limited, recent research has confirfnegmadevito be
conspecific with the Humpacked Mahser of the wider Cauvery

catchment (Pindest al 2018).

The name 'Humpbacked Mahseer' was wrongly applietypselobarbus
mussullah another endemic species of the Western Ghats, until Keigtht
(2013, 2014) and Pindet al (2018) clarified the idetity and nomenclature

of the Humpbacked Mahseer. The common name, 'Hump Backed Mahseer'
previously available on the IUCN Red List accounHgpselobarbus

mussullahs therefore incorrect.

Assessment Information

Red List Category & Criteria: Critically Endangered A2abce ver 3.1

Year Published: 2018
Date Assessed: April 19, 2018
Justification:

Tor remadeviigndemic to the River Cauvery and its tributaries in the
Western Ghats Biodiversity Hotspot of peninsular India has been assessed
as Criticaly Endangered as its populations is estimated to have been
reduced by > 90% over three generations due to combined effects of illegal
and unsustainable exploitation, effects of introduced taxa and decline in
critical habitats. Historic records dating {850s suggest these declines to
be even more significant, with the species now absent from the majority of

previously known sites.
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Geographic Range

Range Description

Endemic and exclusively restricted to the River Cauvery catchment in South
India (Pincer et al 2018), this species is thought to have been once
widespread throughout much of the River Cauvery ancha®r tributaries
(Thomas 1873). Following a collapse in recruitment in the main river
population duringhe mid2000s (see Pindet al 2015a,201%), the only
recent records are restricted to small pockets itviingar tributary in Tamil

Nadu (Pinderet al. 2018), Pambar tributary in Kerala (Kurup
Radhakrishnan 2007), main Cauvery River in Coorg (from Dubare to
Valnur) (Coorg Wildlife Soaty perscomm.), and in the Cauvery Wildlife
Sanctuary (from Shivasamudram to Mekadattu) (Wild#fesociation of
South India pers. comm.), and a small reach of the stream and reservoir
between Pilluand Athikadavu regions of the Bhavani tributary (A.John
Singh pers. comm()

Figure8.3.1). The Extent oOccurrence (EOQO) has been estimated at 19744
km2 and the Area of Occupancy (AOO) at 64 km2. Basedthe
availability of suitable habitat throughout the Cauv&iyer System, the
distribution range iknown to have dramatically reduced by around 90%.
Due to the intensely controlled and regulatedearch access to the upper
reaches of the Moyar, Bhavani and Kabini tributaries, which lie within the
protected areaetwork, it is uncertain whether populations are still extant in

these areas.

Country Occurrence

Native: India (Karnataka, Kerala, Tamil Nadu)
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Population

No scientific studies have been undertaken to assess population status or
trends across the entire range of this species. Analysis based omamatch
release fisheries in the main stem of the River Cauvery suggested declines
greater than 90% due tadk of recruitment (Pindest al 2015, 201%). In

the years 2003 and 2004 combined, a total of 174 fish were caught and
released from a single fishing camp in the middle reaches of the Cauvery
(currently inside the Cauvery Wildlife Sanctuary), which oest to a total

of 26 fish between the years 2006 and 2012. In accounting for numbers of
hours fished, the catch per unit effort (CPUE) declined from 0.038 fish/hr to
0.002 fish/hr over this period. In 2012, only two individuals were captured
from this camp, after which the fishery was closed (Pin@¢ral 2015,
201%). In the upper reaches of the River Cauvery at Coorg/Kodagu,
remadeviiwas abundant until 2000, but since 2012 only three individuals
have been recorded. In the remainder of the Riverv&guwhereT.
remadeviiwas once abundant, the species is now absent, representing a
100% decline in population. Anecdotal information and local knowledge of
fishers in the three major tributaries (Pambar, Bhavani and Moyar) suggest
steady declines in cdtes over the last two decades (Mahseer Trust pers.
obs.). In the River Pambar, targeted surveys have recorded 13 individuals in
2007, reducing to the capture of a single individual in 2017. In the River
Bhavani where the species was reported to be abubglarhomas (1873),

only a single specimen has been recorded in the past 10 years. In the River
Moyar, multiple surveys conducted since 2015 have recorded nine
individuals from a 'single pool'. Despite evidence of strong recruitment in
the main stem of thRiver Cauvery until 2004 (Pindet al 2015,201%),
recruitment is now limited entirely to the Moyar and Pambar tributaries,
where immature specimens (n = 9) have been recorded (<40 cm TL) since
2015. Across the entire distribution range, these combin&dmation
sources suggest a minimum population decline of 90% in the last ten years.
Historic records dating pr#950s suggest these declines to be more

significant, withT. remadeviinow absent from the majority of previously
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known sites. Population gwth and mortality parameters for remadevii

are not available. However, Raghavat al (2011) provided these
parameters for six south Indian populationsTofkhudree Assuming that

two species of the same genus will have similar-Hitory associate
demographic parameters, the average generation time of the species will be
approximately 7 years (mean 7.06, sd 1.85). The CPUE data provided by
Pinder et al. (2015b) foF. remadevi(as Humpback mahseer) suggests that
there is a decline in the CPUE &n1998, which can be explained by an
exponential function y = 0.0618*Ex(265*x), R? = 0.5638, P < 0.001,
where x is the number of years since 1998. The projected CPUE after 3
generations or 21 years since 1998 is 0.00024 fish/hr which is 99% decline
from 0.02414 fish/hr in 1998. Thus, for the study area of Pieteal
(2015a) in the middle reaches of the Cauvery, there is projected decline of
99% in three generations. There is no quantitative data available for the
species from other parts of its disution. However, given that the threats

to the species are widespread, other known population of the species are
also likely under similar stress. As a conservative estimate, it can be
proposed that there could be more than 90% decline in three geme@itio

T. remadevithroughout its range.

Current Population Trend: Decreasing

Habitat and Ecology

This species is known to occur in fast flowing rivers and demonstrated
adaptations to adjoining lacustrine habitats. In rivers, adult fish have been
shownto utilise foraging habitats ranging from deep slow flowing pools
with a mixed substrate of sand and rock, through to high energy rapids
flowing over bedrock and boulders (Pindetr al 2018). Temporal and
spatial information pertaining to functionahbitats are still lacking, yet it
seems highly probable that a lack of observed spawning is explained by
these activities occurring during the monsoon period (Jur@ctober)
(Pinderet al 2018). Insight into the diet of these fish is restricted to the baits

used by anglers confirming an omnivorous dietary spectrum, with fish being
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captured on live/dead fishes, lures and cereal derived pastes Budhele
1992).

Systems:Freshwater

Use and Trade

It was one of the world's most popular and iconic freshwaiert gish
known from the 19th century (Thomas 1873) until the closure of the premier
recreational fisheries in the middle River Cauvery in the year 2012 (Pinder
et al 2015a,201%). Recreational angling activity is currently restricted to
nonprotected aas of around 10 km river reach in Coorg/Kodagu
(Karnataka) region. Subsistence fisheries occur in many of the currently
known localities, and threatens populations through the use of unsustainable
capture technigues (dynamiting, smalkshed nets, plafased poisons)
(Mahseer Trust pers. comm.).

Threats

This species is threatened by a range of anthropogenic stressors including
habitat degradation and destruction as a result of river engineering projects,
sand and boulder mining, domestic, industrial agiobased pollution,
water abstraction and unsustainable methods of harvest such as dynamiting,
use of finemeshed gears and pldmsed poisons (Pindet al 2018). In
addition, T. remadeviihas been threatened by the introduction of the non
indigenousT. khudree a species which has been demonstrated to have
rapidly dispersed throughout the Cauvery catchment and has been
implicated as a contributing factor in the collapse of Theremadevii

population in recent years (Pindgral 2015a201%).

Conservation Actions

No conservation actions are currently in place. However, 70% of the

currently known distribution range falls inside protected areas (Wildife
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Sanctuaries and National Parks). However, illegal fishing often using
unsustainable gears, pffeliation of invasive species, and a combination of
other anthropogenic threats (e.g. river fragmentation, abstraction, pollution)
are known from both inside, as well as areas upstream and downstream of
the protected areas, and therefore the protected @ifeaso real protection

to the species.
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CHAPTER 9: FINAL SYNTHESIS - MAHSEER (TOR
spp.) FISHESOF THE WORLD : STATUS,
CHALLENGES AND OPPORTUNITIES FOR
CONSERVATION

9.1Prelude to Submissior:

Pinder A.C, Britton, J.R., Harrison, A.J., Nautiyal, P., Bower, S.D., Cooke,
S,J., Lockett, S., Everard,MKatwate, U., Ranjeet, K., Walton, S.,
Danylchuk, A.J. & Raghavan, R2019. Mahseer Tor spp.) fishes of the
world: statuschallenges and opportunities for conservati®eviews in Fish
Biology and Fisherieg9, 417452.

Having undertakemanytrips to India and visited eigluf herstates (many

multiple times) at this time of writing it is now clear that my initial
romantaisedimageofa si ngl e str etRwvdiCaovery@asut h | ndi e
viewedt hr ough 6 r oascel etsiont ele sspppeécet bei ng i mme
aware of the widespread and rampant poaching of fish using highly

destructive methods, it was only through subsequeps that | have

personally observed the full ranged intensityof anthropogenic stressors

acting independently and/or in combinatitimat compromise(andin some

cases destroy)he natural hydroecological functiog o f I ndi.ads river
While many of these threats are encompassed aodhprehensively

discussed within a recent review of emerging threatsl persisting

conservation challengdsr global freshwater biodiversity (seReid et al.

2018)and summarised in SubmisisBr{Section 9.2), this holi& symptom

of the Anthropocene isn some regionsthreatening not just aquatic

biodiversity, but also the future sustainability of the most basi@ssential

ecosystem services provided by freshwater systems (e.g. drinking water and

crop irrigation)tha are fundamental to supporting human lifdilfenium

Ecosystem Assessmef005; Darwall et al. 2018). This is particularly

concerning as Reid et al. (2018), highligivie are merely at the beginning
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of t he Ogreat accel eoraadtare anaware offthe t he Ant h
nature of environmental challenges likely to emerge in the coming decades.

In response to these escalatstgessorsfreshwater vertebrate populations

have declined by more than 8Qfthe global scale over the past 50 years.

This represntsa rate of decline twice as high as recorded in terrestrial or

marine systemsWWWF 2016 and placesfreshwater fishesas one of the

most threatened taxa dhe planet{Cookeet al 2002; Carrizoet al 2013;

Reidet al 2013) Yet, dueto their generainvisibility from both the general

public and policy makerghe plight of freshwater fishes and associated

freshwater biodiversith as been referred to as the 0
pl ace beneath the surf ac dRicotdretalhe wor |l do
1997) and thusafforded inadequateattentionand the researchneededto

inform conservation requirements, particularly within developing countries

harbouring rich biodiversityQfudgeon et al. 2006; Sarkar et al. 2008; Reid

et al. 20183.

Large bodiedfish specieqe.g. mahseergnd particulag those qualifying

as megafauné&efined asexceethg a body mass of 30 kgfarrizo et al.
2017 He et al.2017) often represent attractive exploitative targets due to
their consumptive value to humans Many are ao apex predators,
susceptible tapwardly cascadingisruptions withinthe food chain@Cooke

et al. 2012), making hie largest, most visibland charismatic specidmth
vulnerable to extinctionRower 1990 and strongindicators of ecosystem
change. Akit o t he &écanary in the coal mi nebd c.
the potential to be used as warnings of impending impacts on human well
being from environmental chandéynch et al.2016) This leads us to
explorethe potential forTors p p . as GffladleDlll) whapc i e

raise public awareness and support freshwater conservidioet @.2017).
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Table9.11. Focal species concepts for freshwater ecosystems (adapted
from He et al. (2017))

Type Description

Flagship Charismatic species that could act as ambassadors fo
broadscale conservation, used to raise conservation
funding, and to attract public attention.

Umbrella Species with large habitat requirements for which

corservation action potentially benefits other species

Chapter 4has already outlinethe role of recreational anglers in mahseer

conservationwith strong evidence presented for thempbackedmahseer

(T. remadevii)of Saut h |l ndi ads qRalifyilgrasb@aavery

0 f | agasnhdi p®u nspecies| Thia & on the basis ©f remadevii
having previously attracteahglers from around the world, which supported
a thriving ecotourism industyyandin turn affordedeffective protection of
27 km of river andassociatediparian habitatin addition to direct economic
benefts to local communities and the mahseer representinggéonal
symbol of pride, the use of funtts police he river by antipoaching guards
effectively protectedll aquatic fauna fronthe impacts of dynamite fishing.
The recent naming and Red Listing Bf remadevii(see Chapter)8has
sinceled to significant interest from key conservation organisati@ng.
WWF and the Wildlife Institute of India (WIand the species being
selected aa O0f |l agshi pd to rai se Projectds
Mahseed supported by the SHOAL initiative
https://www.synchronicityearth.org/wntent/uploads18/10/ShoaP-

pagerv4c.pdf These funds will be used supportthe research needéo

inform thespatial ecology, critical habitat requirements &eesibility of a
species recovery programpend draw pulic and government attentico

the holistic vdue and vulnerability of the River Cauvery basin.The
promotion of T. putitoraas a 0 fhds algos beénpe&plored in the
Himalayan states, with stakeholders (e.g. anglers, forest managers, local
communities) embracing the concept based on tblearisméic body
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colouration of the fishgultural pride,the economic potential of catch and
release fisheriesard the potential to discourage undesired illegal activities
(such as sand mining and loggingithin the floodplain and riparian zone
(Gupta et al2014). Although not validated to date, due to their considerable
migration distances, the presence of self sustaining populationk. of
putitora (and otherTor spp.)in a river system also confirms that other
potatodromous species are unlikely to be compsethiin their ability to
make longitudinal migrations and access the full range of halatads

resourcesequired by all life stages.

It is importanthereto distinguish the difference betweenstu and insitu
conservation measures. While-gitu congrvation efforts (e.g. the hatchery
production of mahseer) may be necessary in some caspsevtent a
critically endangered specié®m going extinct the stocking of these fish

wi | | not achieve the 6umbrell ad&@ effect.

limiting natural recruitment gxploitation, habitat quantity, quality and
connectivity and restoring natural ecosystem function througtsitun
monitoring and interventignconservation effort for both the focal species
and associated fauna are unlikedybesuccessful.

While strong evidence already exists for the potential qualification of the
two most widely recognised speciesTair (T. remadeviandT. putitorg as
both o6flagshipbé and umbrell ad species,
equally ctarismatic and threatendar spp. have come to my attention and
stimulated my intaesst across the fulbiogeographicrange of the genus
throughoutthe remote rivers dbouth and Southeast AsiBhis has revealed

that the former taxonomic ambiguity assoethtwith the humybacked
mahseer was not an isolated case. Indeed, the available litevatlios is
littered with inconsistencies, conflicting opinion and confusion over a) the
number of valid species @for; b) the identity and distribution of individual
species; c¢) the autecology of individual species; and d) the population status
and extinction risk of individual specieshesethusrepresent fundamental
knowledge gaps impeding the development of conservation prioritisation
and subsequent action plans implementatiorfCookeet al.2012)
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In Chapter 6it was revealed thay research has identified significant new
insight to the endemism arwdtical population status of. remadeviiand

the deleterious impact of the introduction and subsequentiamvak

hatchery reared. khudreeThisevidencehas recentlypoeen used to inform
policyywi t h both species now featuring
Plan 20172031

http://www.indiaenvironmentportal.org.in/files/file/nwap_ 2017 31.pdf

The following actions are listed in Chapter 7, Conservation of inland aquatic

ecosystems:

12.2 Initiate special breeding programmes for threatened fish species such
as orangdinned (hump-backed) and golden mahseer. Adequate care
should be taken to prevent any genetic contamination or
deterioration during these breeding and restocking programmes.

12.3 Undertake measures for reviving the population of native species of
fish by removaof bluefinned mahseer in the Cauvery and exotic
trout in the Himalayan rivers through angling or other suitable
means to reduce the population of these undesirable species. This
should go hand in hand with the release of captive stocked erange
finned am golden mahseer in Cauvery and the Himalayan rivers

respectively.

With T. khudref i nger |l i ngs originating from Tat a

known to have been dispatched in their millions to every state in India (and

to Laos) Si nce tehnore necedt tran® §f Oearsmg anca n d

stockingT. putitoraboth within and beyond its endemic rangdald long
recognised @endingurgency for an up to datgpraisal of the status of the
entire genusTor. In addressing this aim, migey objectives werdo g
reducefurther risk of endemic extinctions through poorly informed pseudo
conservation actions (e.g. stocking); and b) provide a new error free baseline
of knowledge on which to rebuild and develop the knowledge base needed

to conserve these fish and éqe their individual and collective potential to
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promote broader conservation gains to both aquatic biodiversity and

humans

Submission9 represents one of the most significant challenges | have
undertaken to date, requiring the baeltidation of lierature to establish if
and how original data had become distorted through inappropriate citation,
or where original species descriptions have simply leeeliableand unfit

for purpose. In stripping the literature base back to its very foundations,
Submssion 9 providesa comprehensive overhaul of the genngevising

the current number of valid speciesTadr to 16. At the time of going to
press, FishBase continued to list 50 different specieBoofof which 23
were suggested to be valid (FroesePaudy 2018). Despite considerable
remaining knowledge gaps, this simplification of the genus has facilitated
the revision of species distribution magsd through a workshop convened

by Raghavan and myself, hasabled revision of the IUCN Red List status

of Tor fishes Thr ee species are now assessed

6Vul nerabl eb, three OEndanger edd

Howevereightspeciestilr e mai n 6 Data deficient 6.
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ABSTRACT

The mahseer fishesIdr spp.) repreent an iconic genus of largpedied
species of the Cyprinidae family. Across the 16 recognised species in the
genus, individual fish can attain weights over 50 kg, resulting in some
species being considered as premier sport fish@sspecies also gendisa

have high religious and cultural significance throughout South and
Southeast Asia. Despite their economic and cultural importance, the status
of Tor fishes has been increasingly imperilled through their riverine habitats
being impacted by anthropogenactivities, such as hydropower dam
construction and exploitation. Moreover, conservation efforts have been
constrained by knowledge on the genus being heavily skewed towards
aquaculture, with considerable knowledge gaps on their taxonomy,
autecology, distbution and population status. Whilst taxonomic ambiguity
has been a major constraint on conservation efforts, this has been partially
overcome by recent, robust taxonomic revisions. This has enabled revision

of the IUCN Red List status dfor fishes; thee species are now assessed as

ONear Threatened?d, one O6Vul nerabl ed,

Endanger edo. However, ei ght speci es

information on these 1®or fishes is synthesised for the first time, outlining

the current state of knowledge for each species, including their known
distributions and population status. For each species, the outstanding gaps in
knowledge are also identified, and their population threats and conservation
prospects outlined. Consequegntlthis review provides the basis for
researchers to challenge and enhance the knowledge base necessary to
conserve these freshwater icons in an era of unprecedented environmental

changes.
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INTRODUCTION

Global freshwater resources include a diverdefasina comprising close to
16,000 species (i.e. ~47% of all fishes and ~25% of all vertebrates), with
around 250 new species described each year (Reldgmil et al. 2015;

Arthington et al. 2016; Eschemeyer and Fong 2016). This diversity is,

however, oncentrated into | imited areas (<1%

are extensively exploited and modified for societal requirements (Dudgeon

et al. 2006; Vorosmarty et al. 2010; Closs et al. 2016). For example, 60 % of
wetlands have been lost globally (Dasadh 2014), the majority of large

rivers are now impounded (Poff and Schmidt 2016), and rivers are generally

used to discharge high quantities of sewage and industrial waste (Keller et

al. 2014). These stressors have resulted in freshwater fishes being taeon

most threatened taxa. Of approximately 7,588 species of freshwater fish
assessed for the IUCN Red List, more than 20% are threatened, with 69
species already Oextinctd or 6extinct
2016).

A high proportion of fishd ver sistpyot &®otoccur within coul

rapidly developing economies where protection of vulnerable habitats is of
relatively low priority (Dudgeon et al. 2006; Sarkar et al. 2008; Reid et al.
2018). These hotspots include freshwaters within SanthSoutheast Asia

that cover the native range of the mahseer, an iconic group of fishes of the
family Cyprinidae (Thomas 1873; Dhu 1923; Pinder and Raghavan 2013;
Nautiyal 2014). Characterised by their very large scales, thesebadigd

carps (maximumrecorded weight 54 Kkg) are -currently partitioned
taxonomically into the gener&aziritor, Parator, Neolissochilusand Tor
(Kottelat 2013; Froese and Pauly 2017, Eschemeyer et al. 2017). Despite
some morphological similarities across these fishes, ihlis those species

of the genusTort h a't are considered the O6true
Nguyen et al. 2008) and which form the focus of this review. This genus
currently comprises 16 valid species (Table 1), all of which are considered

to exhibit highly pdadromous behaviours, with upstream spawning
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mi grations, often over O6considerabl ed di
to facilitate successful reproduction (Nautiyal et al. 2001, 2008; Shrestha
1997).

The high nutritional value ofor mahseer (Day 1&j) and their ability to
provide food security in regions with high poverty levels means that reports
of their high exploitation date back to the™@entury (Thomas 1873).
More recently, in many Asian countries, combinations of major river
engineering prects, declining water quality and other anthropogenic
impacts (e.g. invasive species) are resulting Tor mahseers facing
unprecedented population pressures (Dudgeon 2011; Grumbine and Pandit
2013). Despite their high economic and cultural importanceut{id

2014), population level data across fha genus remain severely limited,

with fundamental aspects of their biology and autecology unknown for most
species (Raghavan et al. 2011; Pinder and Raghavan 2013; Bhatt and Pandit
2016). Whilst research effts on the genus have accelerated in recent years
(Figure9.21), this has been heavily skewed towards aquaculture (Kumar et
al. 2013; Norfatimah et al. 2014; Raman et al. 2016).

While some of these studies providérong contributions to thé&or

taxonomic knowledge base (Hora 1939; Roberts 1999; Walton et al. 2017),

many fail to reference original species descriptions, type localities and lack

the integration of morphological data that would assist field biologists

(Nguyen et al. 2008; Mani et al. 2009). Furthermore, with frequent evidence

of the O6blindé propagation of repetition
Greenberg 2009), many studies (for e.g. Laskar et al. 2013; Khare et al.

2014) have only resulted farther taxonomic confusion across the genus.
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Figure9.21. Cumulative publications by subject area from 1950 to 2017.
Based on a Google Scholar search ['tor mahseer", all words, anywhere in
article]. Frst 1,000 search results manually filtered to remove duplicates
and retain relevant publications only (n=591). Each publication was
categorised into one of five subject areas (Biology and Aquaculture,
Molecular/Taxonomy, Population, Ecology or Other [utthg Review,
Recreation and Conservation]), based omthe theme of the publication.

With interest to conserve this group of iconic fishes growing rapidly across
multiple stakeholder groups (e.g. scientists, conservationists, recreational
anglers, lad and water resource managers) (WWF 2013; Bower et al.
2017), there is an immediate urgency to provide practitioners, regulators and
policy-makers with standard points of reference to benchmark the current
state of knowledge and conservation status ofjmusTor. Consequently,

by synthesising the literature @br fishes, the objectives of this paper are
to: (1) highlight the importance of the fishes of the gehoisin Asia with
respect to religion and society; (2) clarify the validity and taxonomic
identity of species included within thior genus; (3) provide the geographic
distribution of eachTor species based on current understanding and
uncertainties, and outline their popul at

risks; and (4) identify the prioritesl research and conservation needs, and
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actions for policy makers. With specific reference to Objective 3, we present

a revised conservation status of 16 valid species of which each has been
recently assessed (four for the first time) cassessed againdJCN Red

List categories and criteria (IUCN 2012, 2017). This has resulted in eight
species being assessed as Data Deficient, three as Near Threatened, one as
Vulnerable, three as Endangered and one as Critically Endangexiele (

9.21).

ROLE IN HISTORY RELIGION AND CULTURE

Whether due to their large body size and/or attractive appearance, mahseer
fishes have | ong been afforded saintly s
biogeographic range, being revered anstngplated tribal societies (Gupta

et al.2016a). Paintings depicting largealed fish on Nal pottery, from the

Baluchistan region of Pakistan, indicate an interest in these fishes as early as

3,000 BC (Hora 1956)0ther archaeological studies of the sageographic

area and era have recorded bones of freshwater fishes, but not those of

mahseers. This suggests that although fish represented a staple part of the

diet of thelndus Valley Civilisation(Belcher 1998), mahseavere not

consumed due to theirdh cultural value.

References describing sacr eldi kaendd fmasshc ul i
can also be found in Hindu religious scriptures, symbols, motifs, sculptures,

and in ancient literature (Jadhav 2009; Nautiyal 2014). The accounts on

Vi shnudés nfciamrsmati on as the fish AMatsyao,
zoomorphic and anthropomorphic sculptures, are commonly found in

ancient temples throughout India. At many religious temples nestled along

river banks throughout India, adjacent pools have ladfemded protection

from exploitation for centuries and, outside of the monsoon season, these

support dense accumulations of mahseer (Dandekar 2011a, 2011bgGupta

al. 2016a). These communifyr ot ect ed ar eas, often desc
sanctuaempsé ooolbs 6, are safeguarded thr
and sentiments of devotees, and the participatory approach of villagers and

temple authorities (Sen and Jayaram 1982; Gadgil 1991; Bhagwat and Rutte
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2006; Dandekar 2011a; Katwateal.2014). Althogh the exact number of
communityprotected fish areas within India is unknown, the state of
Karnataka has at least 17 sanctuaries, with Uttarakhand also reported to
have a large number of protected sites (Dandekar 2011b). These numbers
are likely to be suftantial underestimates, as personal observations of the
authors have witnessed numerous pools alongside small tributary streams
that are adjacent to temples. Although such commuonityected areas
provide an example of effectivia situ conservation aatn, the migratory
behavior of these fishes suggests that these need to work alongside
catchmensscale habitat management and harvest regulation in order to

promote seklsustaining populations.

Paradoxically, there are also examples of where temple saestleve
exposed mahseer populations to elevated risk from degraded environmental
conditions. For example, large congregations of Deccan mah%eer (
khudreg near the temples of Alandi and Dehu on the Indrayani River and
Pandharpur on Bhima River, Mahdnas, have been killed via major
pollution events, with the fish unable to escape the pollutants due to their
captive habitat (Sen and Jayaram 1982). Other authors have also highlighted
the risks posed to temple pools by the upstream construction of
hydrodectric dams that subject the stocks to abrupt changes in flow regime
(Dandekar 2011b) and block access to spawning habitat (Everard 2013).
The intentional destruction of an entire stock of mahseer from a temple pool
in River Kapila, Karnataka has also beeported when fishermen who had
previously been prosecuted for illegally harvesting the fish, returned and
deliberately poisoned the remaining fish in an act of sabotage (Jayaram
1997).

The strength offTor mahseer has also been recognised in anciemnnd
culture, with a record highlighting the
fishesd fr o'hcentutydHora 4951; yadhav22009; Nautiyal

2014). In 11271138 AD, the King of Western Chalukya, King Someshvara

lll, authored a compendium in S&ns i t AMaimsol |l asa
MU n a s o(méatlirgah® "refresher of the mind"). This referred to 35

different species of marine and freshwater sport fishes, each with unique
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name (Sadhale and Nene 2005; Jayaram 2005). Within these works, the
riverine game fisé@scrnibed a@&Mabadhiladi ns
fisho. Mahashil a i n -liRea(poweeful)ifish,andesans a | ar
thought to refer to the mahseers (Hora 1953; Sadhale and Nene 2005). There

are, however, contradictory views among researchers regardingabe e

species of mahseer to which this refers (Hora 1953; Sadhale and Nene

2005). Indeed, during the rule of Someshvara lll, the Empire of Western

Chalukya was confined to the current geographical areas of Andhra Pradesh,

Karnataka, and Maharashtra state®aning that the fish could have been

any one or a combination dfor species found in Southern India. In his

compendium, King Someshvara lll also provided discussion on angling

techniques, selection and use of fishing rod, rope, different kind of fith bai

and their preference to the wide array of fish types. This also provided

robust evidence that the art of recreational angling was practiced in ancient

India since the early 2century (Hora 1953; Sadhale and Nene 2005;

Nautiyal 2014).

POPULATION THREATS

The regions in the developing world in which mahseers occur are subject to
spiralling resource demands from a rapidly growing and industrialising
population. In examining trends in largeale hydrological changes across
Asia, Dudgeon (2000) highligéd four principal threats to freshwater
fishes: flow alteration and regulation (e.g. dam construction and
abstraction), pollution, drainage basin alteration (e.g. deforestation), and
overharvesting. Each of these categories is highly relevant to thoetits
population status ofor species (Raghavan et al. 2011; Bhatt and Pandit
2016; Everard et al. 2018).

With specific focus on India, the World Bank (2018) recorded a 1.2%
annual economic growth rate and a near doubling of energy use between
2000 and Q15. These rising demands place significant pressures on water
resources, including the harnessing of river water for domestic, industrial,

irrigation and electricity generation purposes. India has a long history of
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hydropower development with, for examptee hydroelectric power plants
constructed at Darjeeling (West Bengal) and Shivanasamudram (Karnataka)
at the turn of the 2DCentury being among the first in Asia (Ullah 2015).
Rivers are also regularly harnessed for water supply purposes, routing rive
flows by canals and pipes from areas of perceived excess to those of higher
demand (World Commission on Dams 2000). To support these spiralling
water and energy demands, India has developed a high dependence on large
dams, with 4877 completed and 313 monder construction (CWC 2017).
Development of largecale hydropower schemes has also increased across
other mahseer range countries, with dams typically impounding rivers in the
higher topography landscapes that constitute prime habital dorspp.
(Shrestha 1997; Nautiyal 2014; Bhatt and Pandit 2016).

The multiple environmental and social impacts of dams are complex but
include the compromised movement of diadromous and potamodromous
fishes, which can often deny access to optimaometimes critical-
spawning habitats (Ferguson et al. 2011). Modified flow rates, habitat
structure and limited sediment transport also result in progressive erosion,
depletion of lithophilic spawning substrates and invasion of novel
macrophytes in affected downstream logaches (Poff et al. 2007; Johnson

et al. 2008; Poff and Zimmerman 2010; Poff and Schmidt 2016).
Ecosystems are further perturbed by simplification of habitat hydrology,
often with excess macrophyte growth in the littoral zone, and the
colonisation of inasive species in the water and also in the riparian zone
(De Jalon et al. 1994). Indeed, the simpler habitat structure and changed
hydrology of impounded rivers increases their vulnerability to alien invasive
species (Johnson et al. 2008; Quinn and Ada98$§)1

With particular relevance to environmental policy designed to protect Indian
biodiversity and habitats, freshwater fish are excluded from definitions of
owild animalsé and from inclusion
Wildlife Protection Act1972 (Pinder and Raghavan 2013). The net result is
that there is minimal responsibility on developers to incorporate fish
passage or mitigation into dam construction (Theophilus 2014). Indeed, the

consequences of river impoundments on native aquatic kisity appear
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to have been overlooked in favour of the perceived positive benefits of the
6cleand contribution of hydropower
large lentic waterbodies to enhance fisheries potential (particularly ef non
native specig) to contribute to nutritional food security (Sharma 1987). This
is important, as the continuing construction of dams is resulting in increased
impoundment and loss of longitudinal connectivity that is assumed to
impact the natural movements ®br spp., such as spawning migrations
(Shrestha 1997; Nautiyal 2014; Bhatt and Pandit 2016).

In the tropical regions inhabited by mahseer, the creation of large expanses
of lacustrine habitat also results in high levels of evaporation, which can
result in substantiawater losses. This reduces the dilution potential of
pollutants, further threatening the maintenance of ecologically acceptable
flows to support the various life history stagesTafr spp., as well as
compromising the quantity of water available for humase (e.g.

consumption and irrigation) (Everard et al. 2018).

Invasive aquatic species are a pervasive problem across South and Southeast
Asia (Johnson et al. 2008; Peh 2010; Dudgeon 2011). These include fish
that may directly compete with mahseer, dnestflora and fauna which
impact indirectly by disrupting ecological function (Gupta and Everard
2017). Related to this issue, the stocking of cap@aed mahseers,
particularly norindigenous species, has been shown to not only threaten the
integrity o ecosystem function, but also threaten the extinction of endemic
mahseer species (Pinder et al. 2015b). Further pressure arises from direct
exploitation of mahseer stocks beyond natural regeneration rates. This age
old issue, first reported by Thomas (B3and Dhu (1923), is compounded

by contemporary unsustainable fishing methods, such as indiscriminate gill
netting, dynamiting and poisoning (Raghavan et al. 2011), and particularly
when mahseer stocks are at their most vulnerable when concentrated in
summer pools and/or ascending small tributaries during the spawning

migration (Everard and Kataria 2011).
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A range of other anthropogenic stressors then further exacerbates these
population pressures that primarily relate to human population growth and
its upward resource demands, including from industrialisation and intensive
farming. Although population growth and resource demands are typically
focused on India, throughout Asia as a whole, poverty of resources and poor
education is also resulting in peepbverexploiting natural resources such

as fisheries to fulfil immediate needs, rather than stewarding them for the
longer term (Smith et al. 2005). Climate change is a significant additional
pressure, with direct impacts on the drying out of springthén middle
Himalayas that constitute important spawning areas (ICIMOD 2009). There
is also a trend towards increased river flow variability and river runoff in
premonsoon months, potentially leading to a higher incidence of
unexpected droughts and floodgh widespread consequences for climate
dependent sectors such as agriculture, water resources and health (Shrestha
et al. 2015).

TAXONOMIC CHALLENGES

Despite the first mahseer species being described in 1822 (Hamilton 1822)
and methodical investigatis on the taxonomy, nomenclature and
systematics starting in the early "™2@entury (e.g. Hora 1939), some
taxonomic ambiguity remains across fher genus (Pinder and Raghavan
2013). Original descriptions of many mahseer species are vague and finding
stardard diagnostic characters to distinguish species has been difficult
(Walton et al. 2017). In addition, the mahseer literature of tHecgatury,
particularly descriptions and illustrations available in species accounts, are
inconsistent and highly vabée, increasing the likelihood of
misidentifications. Published evidence on range limits has also been highly
confusing and contradictory, and authentication of such information has
now become impossible due to the absence of accompanying voucher
specimengcf. Walton et al. 2017). The quantity of taxonomic literature is
also not an indication of its quality and tends to increase confusion further

(Figure9.21). Many recent studies on mahseer taxonomy have notedferr
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to original descriptions and have uncritically relied on compilations and
published papers (for a discims see Raghavan et al. 2017).

Tor are tetraploid (Arai 2011) and possess 100 diploid chromosomes (Mani
et al. 2009). Such polyploid taxa therefope@se significant challenges for
interpretation of phylogenetic data. Many of the phylogenetic studies carried
out on theTor mahseer have focused on the mitochondrial CO1 gene, whilst
others have used nuclear markers but without understanding the issue of
paralogy associated with polyploid taxa (Yagtgal. 2015). Nuclear genes

are expected to have two copies in tetraploid taxa and these different gene
copies can be quite divergent and belong to distinct clades in a phylogenetic
tree €f. Evanset al.2005 Saitohet al.2010; Yanget al.2015). Therefore,

the results of several phylogenetic studies undertakemoormahseer to

date are considered to be misleading and should be treated with caution.

Issues with historic and current literature on mahse@mtamy are further
exacerbated with the unique morphological variations that mahseer fishes
exhibit. As a group, mahseer exhibit considerable phenotypic plasticity,
including intraspecific morphological variation, trophic polymorphism, and
sexual dimorptlim, making precise, morphologically based identifications
extremely difficult (Walton et al. 2017). For example, whilst many previous
workers have used diagnostic characteristics such ashéyge, size and
length of the median lobe (the key diagnosticrabger of the genus), as
well as body colour, to distinguishor species, these characteristics are
known to be highly variable within species (Roberts 1999; Menon 1992).
This variability has been attributed &nvironmental influences, habitat
changesHora 1939;Esa et al. 2006) and trophic polymorphism (Walton et
al. 2017). Despite this, there have been very few studies that have explored
how this plasticity contributes to the observed diversity of morphologies in
mahseers. Whilst Roberts and Khaironizé2008) attempted to examine
these relationships, their observations were based on a polymorphic
population of aNeolissochiluspecies and not of Bor species (Walton et

al. 2017).
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Commensurate with the publication of this paper, the IUCN Red List of
Threatened SpeciesE has published revise
currently considered as valid species within Tloe genus.Table9.2.1 lists

the currently valid species, their endemism, common names, synongms a
current/previous Red List status. Despite considerable recent advances in

knowledge, the taxonomy and conservation status acros3ahgenus

remain dynamic. For exampl e, ei ght speci
Deficientod due t oy awilabfe adatax fotaysessotheir cur r ent |
extinction threat. A summary of the taxonomy and revised Red List

assessment status is provided for each species under individual species

summaries.
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Table9.21. List of curently valid mahseefTr spp.), distribution and

1996)

228

conservation status as per the
(*Version 2018.2)
IUCN IUCN
Valid species Common o i
Synonyms Distribution Previous Current
name name(s)
status  status*
Tor ater(Roberts
Laos VU NT
1999)
Tor barakae
Barak .
(Arunkumar and India NE NT
Mahseer
Basudha 2003)
Tor dongnaiensis )
Dongnai )
(Hoang,Pham, Vietnam
Mahseer NT
Durand, Tran
and Phan 2015)
Barbus
Tor khudree Deccan S _
longispinis, Tor India EN EN
(Sykes 1839) mahseer o
neilli
Tor kulkarnii Dwarf .
India EN DD
(Menon 1992) mahseer
Tor laterivittatus
(Zhou and Cui China, Laos DD DD
1996)
Tor malabaricus Malabar _
India EN EN
(Jerdon 1849) mahseer
Mosal
Tor mosal mahseer, Barbus India,
(Hamilton 1822) Copper megalepis Myanmar NE DD
mahseer
Tor polylepis
(Zhou and Cui China DD DD

UCN Red



IUCN IUCN

Valid species Common o i
Synonyms Distribution Previous Current
name name(s)
status  status*
Putitor Barbus Afghanistan,
mahseer, microcephalus, Bangladesh,
Tor putitora Himalayan Tor macrolepis, Bhutan, India, EN
(Hamilton 1822) mabhseer, Tor mosal Myanmarr,
Golden mahanadicus,  Nepal,
mahseer Tor progeneius  Pakistan
Tor remadevii
Hump-
(Kurup and .
) backed India CR
Radhakrishnan
mahseer
2007)
Tor sinensi{Wu China,
Red .
1977) Vietnam, Laos DD DD
mahseer
Puntius
Tor tambra streeteri, Tor )
_ ) Indonesia,
(Valenciennes douronensis, _
Malaysia DD DD
1842) Tor
mekongensis
Tor tambroides Indonesia,
_ DD DD
(Bleeker 1854) Malaysia
Tor
mahseer, Bangladesh,
Redfin Bhutan, India,
Tor tor Tor barakae,
) mahseer, o Myanmar, NT DD
(Hamilton 1822) Tor hamiltonii
Deep Nepal,
bodied Pakisan
mahseer
Tor
ingjiangensis
yingang China DD

(Chen and Yang

2004)

IUCN Red List status key: NE = Not Evaluated; LC = Least Concern; NT = Near Threatened;
VU = Vulnerable; EN= Endangered; CR = Critically Endangered; DD = Data Deficient *In

Press.
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INDIVIDUAL SP ECIES SUMMARIES

With reference to the key aims stated in the introduction, the purpose of the
following species summaries is to (1) clarify the validity and taxonomic
identity of species included within this gendsale9.21); (2) provide the
geographic distribution of eackor species based on current understanding
and uncertainties; and (3) briefly summarise the evidence informing current
IUCN Red List assessment status, inclusive of population threats and
extindion risk. Individual species summaries, with varying levels of
available detail, are presented in alphabetical order by scientific name, as
listed inTable9.21.

Tor ater

Described from Nam Theun at Ban Talangnta Laos (Roberts 1999)
(Figure9.2.2), T. ateris characterised by its relatively small scales and dark
fins, with adults and suldults also exhibiting a dark mldteral band of
pigment. The entire distributiorange of this species falls within tinakai
National Biodiversity Conservation Area in Laos, having only been
recorded from two stream# the upper Nam Theun catchment, with
definitive records only from the Nam Xot and the Nam Theun, located
upstream othe Nam Theun 2 Dam (Kottelat 2016; Kottelat et al. 2012).
Although lacking any scientific information on population stafusateris
considered, based on local knowledgeaaare species but does feature in
the catch of local subsistence fishers. @gbking and the relatively recent
fragmentation of habitat by the construction of the Nam Theun Dam in 2010
are key threats to the species, which has been assessed as Near Threatened
(Kottelat et al. 2018a).
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Figure9.2.2. Distribution of Tor ater.Inset imageT. aterholotype (308
mm) from the Nam Theun at Ban Talang, Laos. With kind permission of T.

Roberts.

Tor barakae

Tor barakae,described from the Barak River, Manipur, India (Arunkumar
and Basudha 2@), was considered a questionable synonymr oftor
(Kottelat, 2013) until recent research by Laskar et al. (2018) clarified the
validity of the species, and distinguished it fromamzurringT. putitoraby

a relatively short healtngth to bodydepth raib. Although not compared
againstT. tor from the type locality, the same relative features also reliably
separated. barakaefrom T. tor collected from the Central Indian Narmada
system. Available photographs from the type locality display a-ded@d

Tor with a relatively small terminally positioned mouth and fins of red and
blue colouration. This species is endemic to the Barak River, having been
recorded from the streams near Vanchengphai, and Makru in Manipur, and
from Madhpur on the ManiptAssam lorder (Arunkumar and Basudha
2003; Laskar et al. 2018Figure9.23). Tor barakae is poorhknown with

no information on thepopulation, biology and micrtevel distribution.
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Available information on the restrictedistribution of the species and
threats to the habitat has led to it being assessed as Near Threatened on the
IUCN Red List(Vishwanath et al. 2018).
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Figure9.23. Distribution of Tor barakaelnset imageT. barakag405
mm) from the Barak River, Manipur, India. With kind permission B. Amin

Laskar.

Tor dongnaiensigand T. mekongensis

Two speciesTor dongnaiensisand T. mekongensiaere recently described

from the Upper Krong No and middle Dong Nai basim Southern Vietnam
(Hoang et al. 2015). Whild. dongnaiensidhas been assessed as Near
Threatened on the IUCN Red List (Version 22)8due to its apparent
restricted distribution(Pinder and Harrison 2018jFigure 9.24), T.
mekongensiss currently considered to be a questionable synonym of the
wide-rangingT. tambra(see Walton et al. 2017). Further taxonomic studies
are required on both these species of Vietnamese mahseers by including and
comparing them to Erger sample/dataset ©br species from other parts of
South East Asia.
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Figure9.24. Distribution of Tor dongnaiensisinset imageT. dongnaiensis
(240 mm) from they” ng Nai River Vietnam. With kind permission dduy
nuc Hoang.

Tor khudree

British naturalist W.H Sykes describdar khudreefrom the 'Mota Mola
River, approximately eight miles to the east of Poona' (= Nu¢ha River

in the current day Pune, Mahartsh India) (Sykes 1839)Fgure 9.25).

The species epithet was most likely derived from the local name of the
species O0Khudi s or Khadshi 0 i n Mar at hi
original description was laconic, witdn extended description later offered
by Sykes (1841) still lacking an illustration or details of any type material.
For the next one hundred years (from 1849 to 1940), several workers
presented contrasting opinions regarding the identity and taxonaaiss st

of this species. Hora (1942, 1943) was the first to resolve the idenflty of
khudree re-describing the species based on specimens (and illustrations)
collected from the type locality. Although the first genetic characterization
of this species wasrovided by Nguyen et al. (2008), the local extirpation of
T. khudreefrom the type locality (Wagh and Ghate 2003; Khaettal.
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2003) dictated that genetic material had to be sourced from fish originating
from artificially propagated stocks known to hakeen introduced, and
successfully established populations in reservoirs in Mahasashtl Kerala
(see Ogale 2002).

All available evidence suggests that the historic distribution rangg. of
khudreewaslimited to the northern and Central Western Ghatsréoi day
Maharashtra, Telengana and Karnataka states) in the eastward flowing
Krishna River system including its tributaries, the Indrayani, Mula Mutha,
Koyna, Krishna, Tungabhadra and Panchaganga (Sykes 1841; Hora 1942,
1943).However, the species is cantly known to be distributed throughout
peninsular India, particularly in the westward flowing river systems
originating from the southern Western Ghats (Menon 1992; Jayaram 1995;
Jayaram 2005). Since the early 1970s, artificial propagation and national
stocking augmentation policy has resulted in a dramatic expansion of the
natural biogeographic range of. khudree with large numbers of
fingerlings having been distributed to every state in India, with a further
record, predating 2002, of 1500 khudreefingerlings being shipped and
introduced to Laos (Ogale 2002). Some of these introduced populations in
India are now known to be thriving and demonstrating invasive
characteristics by limiting populations of endemic fishes, including other
species ofTor (Pinder 2015; Pinder et al. 20150)or khudreehas been
assessed as Endangered due to continuing decline in the overall population
(Raghavan 2018 in press). However, it is to be noted that beyond the
Krishna drainagel. khudreds now considered neimdigenous and in some
cases (e.g. River Cauvery) invasive and detrimental to endemic aquatic
biodiversity (Pinder 2015; Pinder et al. 2015b).
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Figure9.25. Distribution of Tor khudreelnset imageT. khudreg520 mm)
from the River Cauvery and believed to be the progeny of hatchery stocks
introduced from Lonavla, Maharashtra, India. Note: delineation of
0Ointroduced, establishedd and o6introduce

only.

Tor kulkarni

Tor kulkarni (Figure9.26) was described as a dwarf cognatd okhudree

from the Dharna River at Deolali, a tributary of the River Godavari in
Maharashtra, India (Menon, 1992), but subsequently considered as a
synonym ofT. khudree(Jayaram 1999, 2005, 2010). Interestingly, there are
no confirmed records of the species backed by voucher specimens or
photographs after its description. The species is known from only a single
location in the upper reaches of the Godavari Reystem Darna River at
Deolali, Nashik District, MaharashtraFigure 9.26) and not from the
Krishna River system, as is mistakenly indicated in a distribution map
provided by Menon (2004). Despite noting that tpecses is remarkably
similar to T. khudreg(Dahanukar 2011), subtle yet statistically significant
variations in body morphology (e.g. ratio oéad length versustandard
length) have seeii. kulkarniaccepted as a valid speci@he taxonomic
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status of tis species is, therefore, likely to be secure until molecular
evidence from the type locality is available (if the fish is still present) to
confirm or dismiss taxonomic validity. In the absence of any other
information apart from its type locality and gypnaterial, the species is

assessed as Data DeficiéDbahanukar et al. 2018a).
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Figure9.26. Distribution of Tor kulkarnii.Inset imageT. kulkarnii
holotype (208 mm) from the museum collection of ZoatagSurvey of
India (ZSI), Kolkata.

Tor laterivittatus

Tor laterivittatuswas described from the Nanla tributary of the Lancang
Jiang in Yunnan Province (Zhou and Cui 1996) and is known to occur in the
Mekong basin in China (Yunnan), Lao PDR (Xe Kong mlge) and
Thailand (Kottelat 2001)Higure 9.27). Like many mahseer known from
China, T. laterivittatus is poorlystudied species and much of the
information has been generated outside China (in Laos) and thrazagh lo
knowledge of fishers. This species is known to be threatened by overfishing,

especially where dynamite and illegal nets are used. Logging, deforestation
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agriculture and hydropower dams represent additional threats. The current
conservation status diie species is Data Deficiefifottelat 2018).
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Figure9.27. Distribution of Tor laterivitattus.Inset image: adult.
laterivitattuscollected from dish market at Louang Prabang, River
Mekong basin, LaodNith kind permissiorMuséum National d'Histoire

Naturelle, Paris, France.

Tor malabaricus

The Malabar mahseefor malabaricuswas described from ghmountain
streams of Malabar (an erstwhile province of Southern India; currently in
the northern part of Kerala State), India (Jerdon 1849). The species had a
confusing taxonomy, as some authors considered it a synonym of the
Deccan mahseef,. khudreg(Menon 1992; 1999), while others believed it

to be a valid sulspecies,T. khudree malabaricu@ndra, 1993). Known to

be endemic to the Western Ghats region (part of the Western-&inats
Lanka Biodiversity Hotspot), the species has been recorded fronppiee u

and middle reaches of westward flowing rivers in the states of Karnataka,
Kerala and Tamil NaduFjgure 9.28). In at least two rivers in Kerald.,

malabaricusare known to coexist with introduced populatiohd okhudree


https://www.mnhn.fr/en/collections/collection-groups/vertebrates/fishes-and-ichthyology
https://www.mnhn.fr/en/collections/collection-groups/vertebrates/fishes-and-ichthyology

(Raghavan and Ali 2011). It forms the target of subsistence fisheries by
local communities in all major river systems in which they occur. Although
levels of offtake are not very high, the life history traits of the speé&ies (
selective) coud with increasing anthropogenic stressors in their habitats,
including habitat loss due to hydropower dams and reservoirs, pollution
from multiple sources and sand mining, the species has been assessed as
Endangered (Raghavan and 2011).
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Figure9.28. Distribution of Tor malabaricusinset imageT. malabaricus
(260 mm) from the Chaliyar River in Northern Kerala, India.

Tor mosal

Much confusion has surrounded the identity and distribution of the ropsal

copper mahseerT. mosal (Figure 9.29). Although the species was

described by Hamilton (1822), several authors have wrongly attributed the
species authority to O6Sykesd (e.g. Khar
Mohindra et al. 2007). Described &smosalfrom the Kosi, a river flowing

through Tibet and Nepal before entering the Indian State of Bihar, many

authors wrongly considered the type localityTofmosalt o be T60Kosi 6
another river by the same name whisla tributary of the Ramganga in the
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northern Indian state of Uttarakhand (for a discussion see Raghavan et al.
2017). Adding to this uncertainty has been the suggestion (see Menon 1992,
1999) thatT. mosalis a synonym of the wide ranging golden mahsé&er
putitora; although both species can easily be distinguished by their fin ray
counts (13vs 11 dorsal fin rays, 1Vs 15 pectoral fin rays; 8s 7 anal fin

rays) (see Hamilton 1822) and additional morphological characters
mentioned in Hora (1940)nlthe absence of reliable records backed by
voucher specimens, it has become difficult to ascertain the exact distribution
range ofT. mosal but it is more or less certain that this species occurs in the
rivers of Bihar (and likely further upstream in Ndjpand Assam in India, as

well as in northern (Kachin State/Myitkyina) and southern
(Tanintharyi/Dawei) regions of Myanmar (Hamilton 1822; Macdonald
1929; Hora 1940). Although a recent paper (Khare et al. 2014) used genetic
data to confirm the species fhidentity of T. mosalusing specimens from

the tributaries of the Ganges in Uttarakhand and Haryana states, no
comparisons were made with topotypic fish from the Kosi River in Bihar,
thereby raising doubt over the exact identity of the species andttresian

of the distribution range of. mosako the middle reaches of the Central and
Western Himalayan rivers (Ramganga, Yamuna and Bhagirathi). The lack
of reliable distribution records backed by voucher specimens and the non
availability of specimensithe recent past from its type locality has meant
that there is very little scientific evidence to carry out a conservation
assessment for the species; hence it has been assessed as Data Deficient
(Dahanukar et al. 2018b).
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Figure9.29. Distribution of Tor mosal Inset imageT. mosalfrom the

Brahmaputra Basin. With kind permission B. Artiaskar.Note: until

collected from the type locality, data are lacking to validate the genetic
authenticity and physat appearance df. mosalkollected from other river

systems.

Tor polylepis

Tor polylepiswas described from the Nanla tributary of the Lancang Jiang
in Yunnan, China (Zhou and Cui 1996 qure9.210). It is oneof the most

poorly known of all mahseers as no information exists on the distribution,
ecol ogy, popul ation or threats to

assessmergHuckstorf et al. 2018).
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Figure9.2.10. Distribution of Tor polylepisInset image: adult. polylepis
(Holotype K1Z863563) collected from the Lancang Jiang in Yunnan, China
and deposited in the Kunming Institute of Zoology, China.

Tor putitora

Tor putitora was described from EasterBengal (now Bangladesh) by
Hamilton (1822). This specias naturally distributed throughout the rivers

of the South Himalayan drainage (namely the Indus, Ganges and
Brahmaputra) from Pakistan (also unverified reports from Afghanistan) in
the West, throgh India, Nepal, Bhutan to Myanmar, with its range also
extending throughout the Eastern Brahmaputra catchments encompassing
the Northeastern states of India and Bangladesh (Rahman 188f)r¢
9.211). Due to itslarge size, gaming traits and culinary vallie putitora
represents the most comprehensively studied ofTatl spp. (Bhatt and
Pandit 2016) and has attracted considerable interest from anglers and
amateur natural historians from as early as the 1800wi(tda 1822). It is

the only species ofor to have been studied for its spatial ecology using

radio telemetry, with recent research in Bhutan revealing large scale
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migrations (>50km in a 48h period), the utilisation of warmer {soow

fed) tributaries fo spawning, and homing behaviour of individual fish to
distinct tributaries on an annual basis (Fisheries Conservation Foundation
and World WildlifeFundBhutan pers. comm. 2018).

Despite having been historically reported to attain lengths of 275 cm
(Hamilton 1822) and weights of 54 kg (Nautiyal et al. 2008), the largest fish
reported in the last decade by anglers practicing catch and release have not
exceeded 150cm (30kg) from North India (M. Dhillon, pers. comm.) and
32kg from Nepal (I. Martin (pers. commTor putitora is under severe
threat from overfishing, loss and deterioration of key habitats resulting in
loss of breeding grounds, and from other anthropogenic effects that have
directly resulted in declines in catches in several locations. In additie

spate of dams constructed and planned in the Himalayan region, is likely to
have a cascading effect on the breeding migrations of the species.
Population declines inferred from observed cases across the entire
distribution range is around 50% in tphast and continuing into the future

(if current trends persist). The species is therefore assessed as Endangered
and needs urgent conservation efforts to save it from becoming extirpated in

several localitiegJha et al. 2018).
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Figure9.211. Distribution of Tor putitora Inset imageT. putitora
photographed by Tristan Téghutterstock.com.

Tor remadevii

Kurup and Radhakrishnan (2007) describeat remadeviibased on 19
juvenile specimens ranging betweEld mm and 332 mm from the Pambar,
the southerimost tributary of the River Cauvery in Kerala. Probably, based
on the paucity of detail included in the original description,-degcription

was published in 2010 (Kurup and Radhakrishnan 2010). Whilepliate
usefully included a line drawing of the fish, the authors still failed to include
photographs, molecular evidence or congeneric morphological comparisons.
Despite these descriptive details being limited, recent research has
confirmed T. remadeviito be conspecific with the iconic hunijacked
mahseer of the wider Cauvery catchment (Pinder et al. 2018a), thus
affording the humgbacked mahseer the first valid scientific name since it
was first brought to the attention of the scientific community ingaey

19" century (Jerdon 1849).

Endemic and exclusively restricted to the River Cauvery catchment in South
India (Pinder et al. 2018a), this species is thought to have been once
widespread throughout much of the River Cauvery and its major tributaries
(Thomas 1873)Kigure9.212). Following a collapse in recruitment in the
main river population during the m@D00s (see Pinder et al. 2015b), the
only spawning populations currently known to persist are restrioted40

km reach of the River Moyar, Tamil Nadu (Pinder et al. 2018a) and the
Pambar River in Kerala (Kurup and Radhakrishnan 2007). Based on its
alarming reduction in population size and persistent thréatgmadeviis

now recognised as the most imiled of all Tor spp. and the only species to

be assessed as Critically EndangdRidder et al. 2018b).
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Figure9.212. Distribution of Tor remadeviilnset imageT. remadevi(487

mm) from theRiver Moya, Tamil Nadu, India.

Tor sinensis

Tor sinensisvas described from the upper reaches of the Mekong (Lancang
Jiang) in Yunnan Province, China (Wu 1977), with its current distribution
confined to the upper Mekong River system, from where it has been
recordel from Luosuo Jiang, Jinghong and MenghanLancang Jiang
(Upper Mekong), Yunnan Province, China (Wu 1977; Zhou and Cui 1996);
the Nam Theun, Nam Hinboun, Xe Bang Fai, Se Kong and upper Nam
Ngum in Lao PDR (Roberts 1999), upper Ea Krong No and Sre P&k Riv
in Vietnam (Hoang et al. 2015) and Nong Khai in Thailand (on the border
with Lao PDR) (Kottelat 2000). Despite the apparent wide distribution
(Figure 9.213), the actual area of occupancy (AOO)Tof sinensisis not

more than 2000 kfmand the populations exist in nine fragmented basins
part of the nosinterconnected tributaries of the Mekong System. Due to this
restricted distribution and high levels of anthropogenic threats existing and
forecasted for the Mekongmost important of which is the mega
hydropower damslor sinensigs assessed as Vulneralp\édthayanon and
Pinder 2018).
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Figure9.213. Distribution of Tor sinensisinset imageT. sinensig465

mm) fromthe River Mekong, Laos. With kind permission T. Roberts.

Tor tambraand Tor tambroides

Five species names, viz., douronensis, soro, soroides, tambra and
tambroideshave beencommonly referredto in the literature dealing with
mahseer®f SoutheastAsia (e.g. Mohsin and Ambak 1983; Ambak et al.
2012;Ng 2004;Bishop1973;Kottelat2013),0f which Gsoroide®andd&orod
haverecentlybeenassignedo the genusNeolissochilugseeKhaironizamet
al. 2015). The original descriptionsof T. tambrg T. tambroides and T.
douronensisverebasedon specimengollectedfrom IndonesiaCuvierand
Valenciennesl842; Bleeker 1854). The type locality of T. tambroidesis
Sumatra:PadangPajakombo, Solok, Lake Maninjau/Java;andthat of T.
tambraand T. douronensids Java: Bogor (seeKottelat 2013) (seeFigure
9.214). The proliferation of nominal namesof Tor from Indonesiais
attributed (by Roberts1993) to the work of Valenciennegin Cuvier and
Valenciennesl842), who describé T. tambra and T. douronensis and
Bleeker(1854,1863),who recognizedall of Va | e n c iToe speciessnd
addedonemore, T. tambroides.Thesenameswveresubsequentlyecognized
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(without any detailed studies) and uncritically used in the literature
pettaining to freshwaterfishesof mainlandSE Asia, thus propagatingun-
reliable information over long periods of time. Further, the original
descriptionsof the three Tor speciesfrom Indonesia are vague and
ambiguous,increasingthe likelihood of misidentfication (Walton et al.
2017).

Much confusion still surrounds the taxonomy of these three species. Several
authors have suggested synonymy between two or all of thes®dibhrts
(1993, 1999) maintaing. tambra(Figure9.214), a speciesvidely reported
throughout S.E. Asia, is the senior synonym of several spéciesroand

T. douronensis(now both considered invalidand T. tambroidesput
provides little quantitative evidence to support this. Kottelat (2013)
considers T. tambroidesvalid and agrees with the synonymy 0f
douronensisand T. tambra,based on the similarity of original descriptions
of both species, but consideréd tambroidesonly to be valid in its type
locality (Sumatra and Java), pendingnygmarison of other suggested
populations with Javan topotypic material. Topotypictambrahas been
found to be genetically similar to populations of mahseer occurring
throughout mainland S.E. Asia, including populations in Malaysia recorded
asT. tambroies (Walton et al. 2017), adding weight to the suggestions of
Roberts et al. (1993; 1999), who considefedambroideso be a junior
synonym ofT. tambra Despite this recent evidence of the misidentification
of T. tambroidesacross S.E. Asia (Walton et 2017), it cannot currently

be concluded thak. tambraandT. tambroidesare synonymous, as material
from Sumatra, identified ab. tambroidesappears to be genetically distinct
to all material of T. tambrafrom the peninsula and Java (Walton et al.
2017). Based on the uncertainties discussed above, hotambraand T.
tambroidesare currently assessed as Data Defic{&atitelat et al. 2018b,
2018c).
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Figure9.214. Distribution of Tor tambra and Torambroidesinset image:
T. tambra(560 mm) from the Serayu River basin Seaémtral Java,

Indonesia.

Tor tor

Frequently ref-eirm@dot oé6dse pThridwidiredd mahs
the type species of the genudescribed by Hamilton (1822) from the
Mahananda, a tributary of the Ganges flowing through Northeast Bengal,
India, Tor tor is considered to be the most widely distributed of mahseer
(Lal et al. 2013), with a range extending throughout the South Himalayan
drainage from Pakistan in the westMganmar in the East, and southwards

to the peninsular Indian rivergigure9.215). While the westward flowing
Narmada River in Madhya Pradesh (Central India) was believed to be the
southernmost limit of native digbution (Desai 2003), the recent discovery

of T. torin the Godavari and Krishna River basins (Lal et al. 2013) throws
into question whether the species is native to tropical peninsular India, or if
range expansion has resulted from the introduction esmtablishment of
populations derived from artificially propagated stock. In spite of a large

number of studies on the distribution ©f tor in Northern, Central and



Southern India, it remains to be proved conclusively whéelheor of the
Mahananda Riveltype locality) is conspecific with the populations in
Central and peninsular Indian rivers from where they have been
subsequently recorded. Nonetheless, if the biogeographic range tof
presented by Lal et al. (2013) is considered accurate, thapplagent wide
distribution range off. tor indicates a highly adaptive nature and reveals
that the species is naturally eurythermal, inhabiting both cold and warm
waters at various altitudeB.r evi ousl y assessed as
IUCN Red List de to rapidly declining populations (Rayamajhi et al.
2010),T. tor has been recently reassessed as Data DefigRaytamajhi et

al. 2018),based on an urgemteed to validate the conspecificity of the

Mahananda type locality population with recordsTofior from other parts

of India.
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Figure9.215. Distribution of Tor tor. Inset imageT. tor (410 mm) from the
Choral River in the Narmada River basin, Madhya Pradesh, Mdta:

until collected from the typlocality, data are lacking to validate the genetic
authenticity and physical appearancd ofor collected from other river

systems.
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Tor yingjiangensis

Tor yingjiangensisdescribed from the Yingjiang River in the upper reaches
of the Irrawady, wasong misidentified ag. putitorg an allopatric species
found in the Himalayan river systems in India and Pakistan (Chen and Yang
2004). The Chinese species is currently known only from the upper
Irrawady in the Yunnan province of China, although it cquidsibly also
occur in streams of northern Myanmar as well (Chen and Yang 2004)
(Figure 9.216). No information exists on any aspect of this species
including its biology, ecology and threats and is therefore askassPata
Deficient(Pinder 2018).
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Figure9.2.16. Distribution of Tor yingjiangensis.

Uncertain species

At least one species dior is present in Sri Lanka, which continues to be
referred to asTor khudreelongispinis considered a sugpecies ofT.
khudree(Talwar and Jhingran 1991). Historic angling records, referring to
the species as vermin, due to it inhibiting the establishment of introduced
brown trout,Salmo trutta(Ceylon Fishing Club 1925), suppdhe endemic

status ofTor to Sri Lanka. Exhibiting contrasting pigmentation from the
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khudreeof South India, this species is commonly known as the yellow
mahseer and often displays a dark lateral band of pigrireniré 9.217)
which is consistently absent in Indidn khudree Recent molecular studies
have shown Sri Lankaior to be genetically distinct from Indian samples,
with an average level of divergence of 0.046 (Ngyuen et al. 2008).
Accordingly, further @&xonomic studies, integrating morphology and
molecular techniques are urgently required to elucidate the taxonomic
identity and conservation status of this species. Consistent with Tawher
this species is likely to be of high conservation concern ateeved by
reports in the mid900s of the species becoming scaméh individual

fish rarely reaching the once common weights of over 10 kg (Department of
Fisheries, Ceylon 1958).

Figure9.217. The yelbw mahseer of Sri Lanka currently recorded in

literature aslor khudree longispinnis.

Despite considerable recent progress in resolving taxonomy across the
genusTor, fundamental knowledge gaps continue to persist across Asia.
Once filled, these may resuh further major taxonomic revisions. Such
revisions may be due to the addition of new previously undescribed species
from poorly researched regions, or through molecular and morphometric
evidence from type localities, concluding erroneous formersparificity

assumptions.
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MAHSEER CONSERVATION

The recent Red listing of the 16 species in Toe genus (Table 1) should
provide fresh impetus to their conservation efforts and guide prioritised
research to address remaining data deficiencies. Althoudtast been
outlined that a series of substantial anthropogenic threats remain and
continue to imperil populations, there are also various opportunities to
conserveTor spp. throughout its native range. These opportunities are
outlined in the following sulsections.

RECREATIONAL FISHING

Recreational fishing, where fish are captured using a variety of gears for
pur poses other than consumption (fish dc
source of protein) or sale (fish are not sold or traded at market), islg high
popular activity occurring worldwide (FAO 2012), particularly in inland
waters (Cooke et al. 2016dh highly industrialized countries, recreational
fisheries are the largest fishing sector in inland waters (in terms of both
revenue generated and cashreported; Arlinghaus et al. 201&stimates
suggest that in highly industrialised and transitioning countries, over 10 %
of people engage in recreational fishing activi(iddinghaus et al. 2015)

and recreational fishing is believed to be growingidly in less
industrialised countries around the world (Bower et al. 2014). Several
important benefits of recreational fishing activity have been identifieéd (
Arlinghaus and Cooke 2009). For example, conservative estimates of
global recreational fishiees expenditures indicate that recreational fisheries
generate $190 billion USD in direct expenditures annually (World Bank
2012). In addition, numerous psyekocial benefits have been ascribed to
recreational fishing activities, including heightenedxation and improved
relationships with naturéd=édler and Ditton 1994; Fedler 200 fishing
communities of the developing world, recreational fisheries can play a
different role. Smaltscale fishing activity provides the main source of

income and pri@in for millions of people around the world, and these same
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communities are less resilient to ecological and economic shocks (FAO
2010). Recreational fisheries can act as a livelihood buffer in these
communities, providing an important source of inconm@ugh additional

or alternate forms of livelihood (Barnett et al. 2016).

To evaluate recreational fisheries as a conservation tool, the negative
impacts and potential traddfs of the activity need consideration.
Recreational fishers (anglers) utilise eggches ranging from entirely
catchandrelease (C&R; returning captured fish to the water, presumably
unharmed; Arlinghaus et al. 2007) to entirely cedoltharvest (Cooke et

al. 2018). In harvedtased recreational fisheries, the amount of harvest
must be accounted for in management models to ensure sustainable
management (Lester et al. 2014). In C&R fisheries, or fisheries that permit
or require (e.g. due to harvest regulations) a combination of behaviours,
managers must account for additional souroésmortality (immediate
mortality, Muoneke and Childress 1994 postrelease mortality,
Bartholomew and Bohnsack 2005with anglinginduced mortality rates
varying widely between species (Cooke and Suski 2005). Recreational
fishing is, however, rarely coitered a factor in the endangerment of fishes,
although it has been a factor in the localized extinctions of some populations
(Post et al. 2002; Post 2013; Johnston et al. 2014) and has resulted in
phenotypic and behavioural changes in othehsrgensen etl. 2007;
Arlinghaus et al. 2010; Alés et al. 2012). Furthermaramerous data
deficiencies are high (e.g. only 39% of known fish species have been
assessed by IUCN to date; IUCN 2018), constraining theuatiah of

conservation actions.

The role of reeational fishing in fish conservation includes promoting
conservation through participation in research and citizen science (Granek et
al. 2008). This highlights the relationship between recreational fishing and
animal welfare (Arlinghaus et al. 2012) mgirecreational angling to protect
threatened and endangered species (Cooke. 20abb), with species
specific examples includinglucho taimen(Jensen et al. 2009),utjanus
goldiei (Sheaves et al. 2016) afadr putitora(Everard and Kataria, 2011).
Thus recreational fisheries can play positive roles in conservation (Tufts et
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al. 2015). However, there are currently few case studies that describe
recreational fisheries as a positive factor in fish conservation in the onger
term. This is partly due to thaften ignored and highly complex social and
cultural attributes of recreational fishing, including understanding angler
motivations and behaviours, relationships among governance entities, and
community perspectives (for e.g. Hunt et al. 2013; Naiman ;28tE®island

and Aas 201} Increasingly, researchers are recognising the importance of
socialecological relationships in recreational fisheries and the need to
account for interactions among these systems in their evaluation (Barnett et
al. 2016; Arlinghaus et al. 2016, 2017). This viewpoint is particularly
relevant when examining recreational fisheries targeting mahseers, where
differing cultural, traditional, and social norms can produce different
conservation outcomes, depending on the existing anatmdteegree of
support for recreational fishing as an activity, dod conservation more

broadly.

Recognised as a sporting challenge to anglers as early ad'tbent@ry ¢f.
ORol e in history, religion and <culture)
fighting qualities in 1833 in the Oriental Sporting Magazi@Ger¢ington
1946), before being further popularised across Indiaing British
occupancy (Thomas 1873; Dhu 1923; MacDonald 1948). Following Indian
independence in 1947, interest in mahseer fisdingnished, leaving the

few who knew of the fish to believe they had become extinct. However, in
1978, a small team of British explorers were successful in catching mahseer
to 42 kg (TWFT 1984), which reignited a global interest in mahseer angling
and coservation, and launched a new era of Indian angling ecotourism
(Everard and Kataria 2011; Pinder and Raghavan 2013).

Case studies of how recreational fisheries have supported mahseer
conservation in India can help guide future fisheries management policy

across Asi a. [ n Uttarakhand, the potent
servicesbéo (PES) mar ket s based on reci
recreational anglers to local people has been recognised as a potentially

powerful conservation mechanism. Based on thedptegm revenues from

C&R fisheries exceeding the immedidaégm market value of harvested

258



fish, this has led to the incentivised community policing of illegal and
destructive fishing (Everard and Kataria 2011). Pinder and Raghavan (2013)
described the rel of recreational fisheries on the Cauvery River in
Karnataka as positive overall, with local NGOs sustainably managing
fisheries and offering alternative employment as guides and guards to
fishers that previously used illegal tactics to catch fish. Ancgéch data

has been applied to track changes in mahseer size and weight (Pinder et al.
2015a). Bower et al. (2017) used a participatory approach to include
stakeholders in prioritgetting activities, finding that a soci@tological
systems approach wagrranted in studying mahseer recreational fisheries
in both Karnataka and Uttarakhand. When examining angler perspectives,
Gupta et al. (2015) found that most anglers are aware of the conservation
status of mahseer and indicated high willingness to dané&itime and
money to supporting conservation. A subsequent study found that blue
finned mahseerT( khudreg in the Cauvery River are physiologically
resilient to the process of C&R but suggested that best practices should
include minimizing angling timeand air exposure to reduce poskase
mortality (Bower et al. 2016a).

While there is an emerging trend amongst major wildlife organisations,
conservationists and scientists towards encouraging angling tourism to
support the conservation of mahseer atitosport fishes throughout their
ranges, recent scrutiny and -interpretation of the Indian Wildlife
(Protection) Act 1972 (WPA) led to a national prohibition of angling within
protected areas, thus terminating the incentivised stock protection piactice
over a preceding period of four decades on the River Cauvery (Pinder and
Raghavan 2013; Pinder et al. 2015a; 2015b). As a consequence,
opportunities for angling on the River Cauvery are currently limited.
Despite growing participation levels in recreabd angling throughout
mahseer range countries, interest in mahseer fishing is now largely focused
on the catch and release Df putitorafrom the Himalayan drainage, with
some interest in the wild rivers supportiig tambrain Thailand also

evident. Whie there remains much scope for the development of mahseer
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angling tourism, organised recreational angling opportunities are currently

limited.

AQUACULTURE

Mahseer conservation has tended to rely heavily on the production of
hatcheryreared mahseers foelease into the wild as a mitigation measure

of, for example, loss of river connectivity due to hydropower development.
Captive breeding mahseer for conservation and stock enhancement was first
carried out in India by the Tata Electric Company (TEC) ataltm in
Maharashtra in the 1970s, and gradually expanded to Nepal, Bangladesh
and Malaysia. Millions of seeds of various mahseer spe€iesh(idree, T.
puttoraand an ambiguous species O0Tor mus s ul
Lonavla and distributed to variou&tate Fisheries Departments and other
stakeholders throughout India (and elsewhere), primarily for stock
enhancemernh natural waters (Ogale 2002).

Currently, techniques for breeding and artificial propagation are available
for many of the popular mahsegpecies including. khudree, T. putitora,

T. tor and T. tambroides(Gurung et al. 2002; Ogale 2002; Ingram et al.
2005, 2007). Early hatchery production of mahseer juveniles were derived
by hand stripping wilecaught mature spawners during the breedeason,

with or without artificial hypophysation (Ogale 1997), but has now
expanded to the use of peneared broodstock (Gurung et al. 2002; Ingram
et al. 2005; Joshi et al. 2002). Advances in the standardisation of effective
induced breeding and seed guwaotion technology has enabled development
of grow-out techniques that cut across the boundaries of traditionat pond
based farming systems to highly sophisticated cage farming (Kohli et al.
2002; Shahital. 2014; Sarma et al. 2016).

Evidenced by photogphns available from TEC hatchery in Lonavla,
Maharshtra (A. Pinder pers. obsipr remadevii the humgbacked mahseer
(under the guise of O0T. mussull ahad) is |

Lonavla from the River Cauvery for aquaculture trials in the0%9and
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successfully hybridised witit. putitora (Ogale 2002). No further records

are available to determine the | evel of
Lonavla and efforts appear to have been redirected in favour of the culture

of T. khudree (Kulkarni 1971; Kulkarni and Ogale 1978]), tor (Ogale and

Kulkarni 1987; Ogale 2002) and putitora(Tripathi 1978;Pathani and Das

1979).

The Indian Council for Agricultural ResearéhDirectorate of Coldwater
Fisheries Research (ICABCFR) is involved in beeding ofT. putitorg the
fingerlings of which are used for rehabilitating both rivers and lakes in
North Eastern India (Sarma et al. 2016). Currently, five mahseer hatcheries
operate in India, producing fry and fingerlings primarily for the purpose of
ranching and stock enhancement to aid conservation. There is very little
information on whether the breeding and culture trials for mahseer in Nepal
and Bangladesh (see Shreshta 2002; Gurung et al. 2002; Rahman et al.
2005) have resulted in commercialisatifum either food or conservation
aquaculture, or even stock enhancement and ranching. Similarly, although
the captive breeding techniques for the sundaic speCigambraandT.
tambrodieshave been standardised (Ingram et al. 2005, 2007), there is a
patcity of information to demonstrate its effectiveness for conservation,
despite some commercistale farming operations being in existence. Since
the inception ofTor aquaculture, there are numerous examples of seeds of
individual species being distributdeyond their natural geographic range
(see Ogale 2002). While such activities directly negate conservation action
and will have resulted in unknown impacts on local biodiversity, recent
raised awareness (e.g. Pinder et al. 2015b) has resulted in some Indi
aquaculture facilities recognising the importance of endemic biodiversity
and has subsequently driven a shift towards preserving indig&oospp.

by limiting culture to only using locally sourced broodstock. Overall,
despite considerable effort ovigre last 50 years to utilise aquaculture as a
tool to assist the conservation of wild mahseer, there remains a
comprehensive lack of population monitoring, both- aned posistocking,

to quantify the efficacy of these efforts.
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FRESHWATER PROTECTED AREAS

The true extent of the worldés fresh wai
(PA) network remains largely unknown (Saundetsal. 2002). Although,

15.4% of the worldbés oO6terrestrial and ir
the PA network (Juffdignoli et al. 2014) , t he oinland/ fr.
ecosystemso wi t hin terrestri al PAs receé

(Saunderset al. 2002). Estimates of the area within mahseer distribution
range that fall inside the terrestrial PA network is also not known for many
spedes, but for some rangestricted species such a& remadevi
terrestrial PAs play a significant conservation role as they encompass ~70%
of the current species distribution range. Since the majority of national PA
networks are biased to higher elevafip steeper slopes and greater
distances to urban settlemerf®oppa and Pfaff 2009they coincide with

the ecological requirements and distribution of mahseer (i.e. middle to upper
reaches of major rivers), and thus have high potential for playing a majo

role in their cirrent and future conservation.

Even in cases where mahseer populations occur inside PAs, their
effectiveness is not typically encouraging. lllegal fishing often using
unsustainable gears, alien invasive species, and a combination of other
anthropogenic threats (e.g. river fragmentation, abstraction, pollution) is
known from both inside, as well as areas upstream and downstream regions
of many Indian PAs (Guptet al.2014; Raghavagt al.2011). In reservoirs

and streams inside terrestrRAs, where mahseer can be legally exploited
(largely through the provision of the Indian Forest Rights Act), fishing
mortality and exploitation rates have been observed to be above the optimal
limits, indicating the need for urgent management intervest{®aghavan

et al.2011). The only example of a PA being designated exclusively for the
protection of mahseer is ti®oonch RiveNational Mahseer Park that flows
throughAzad Jammu Kashmir (AJK)nitiated as a joint venture between

the AJK government anithe Mira Power Company Ltd, 62 km of the river
has since been afforded protection from illegal exploitation, with the support
of newly enacted legislationAJK Wildlife and Fisheries Act 2010),

deterring poachers and allowing the populationTofputitora to persist.



Alongside the legal protection, a system of rural support ensures 80 % of the
revenue generated inside the PA goes to lockgals (A. Rahman pers.

comm.).

Informal forms of protected areas also exist throughout India, where

mahseer are revr e d as godods fishes (Gupt a et
sentiments have helped protect the endangered golden mahsgetitbra

in several tributaries of the River Ganges, while peninsular Indian species of

Tor (T. malabaricusand T. khudreg continue to b protected in several

stretches of rivers associated with temples (Dandekar 2011b), where
exploitation is prohibited and local communities, pilgrims and temple

authorities help monitor and safeguard the fish population (Gefpt.

2015a). Yet another ptection strategy for mahseer has been through
communitymanaged areas, the classical exampl
system of Borneo which was initiated by the communities in response to

dwindling fish resources in the early”?ﬁentury (Wong et al. 2®). Under

the Tagal management system eachgssigned stretch of a river is divided

into three zones: red, yellow and green, each differing in access and
regulations on fishing. Currently 240 Tagal systems are in operation in

Sabah helping protect the Mgsian mahseers.

RESTORATION OF RIVER CONNECTIVITY

As already highlighted cf. Population Threats), instream engineering
projects represent a major and escalating anthropogenic threat constraining
mahseer populations across their entire biogeographge ralthile mega
hydroelectric dams are known to exclude the upstream migration of all
fishes, the bigpermeability and impact of smaller structures (e.g. check
dams designed for storage and irrigation) also have the potential to fragment
the accessibilityof key functional habitats by disrupting or obstructing the
access of adult cyprinid fishes to their spawning grounds (Ovidio and
Philippart 2002). Although largscale habitat restoration for mahseer is
currently constrained due to a paucity of knowledgetheir ecological
requirements across different lisgagesf. Future Research Opportunities),
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incorporating fish passes into the design of future projects and the
retrofitting of easements on existing barriers has the potential to deliver
relatively mapid benefits via enabling the movement of mature adults to
access upstream spawning areas. The construction of fish passes on
migration barriers has been a common practice in the last 50 years (Wilkes
et al. 2018) and although engineering solution desipase been
traditionally heavily skewed towards salmonid fishBgr{ieAsauvin et al.
2018) there are a growing number of studies which have demonstrated
appropriate designs which incorporate species specific biological knowledge
of behaviour and swimmingerformance (Williams et al. 2012), can be at
least partially successful for enabling the upstream passage of
potamodromous cyprinids (Santos et al. 2012; Rorefoal. 2017)
Notwithstanding the need for appropriate design, the conservation benefits
of reconnecting migratory pathways for mahseers would also critically
depend on the ability of juveniles to safely navigate these structures during
their downstream migratiorKémp and O'hanley 2010)

INTEGRATION WITH WIDER ENVIRONMENTAL PROTECTION
POLICY

Remgnition of both the taxonomic validity and conservation status of

mahseer fishes also offers the potential to integrate them into wider
conservation mechanisms beyond the IUCN Red Lishese large

omnivorous fishes can act as top predators, potentiating as key agents

in trophic cascades, but also as 6fl agsh
Kataria 2011 use the term 6iconicd in pr.
are potentially exploitable); thus mobilising wider public support for

protedion and restoration of the networks of interconnected habitats upon

which they depend to complete their life cycles (Caro, 2010), along with

associated uplift in other species and linked ecosystem services beneficial to

human communities (Everard et aD12). Populations of mahseer fishes,

then, can have a direct role as key indi



(Ramsar Convention Secretariat 2010), wherein exploitation is balanced
with protection of the ecological characteltloé river systems thephabit.

Mahseer and their sustainable use can also benefit from protections such as
management of their host ecosystems under the principles of the Convention

on Biological Diversity lttps://www.cbd.intfaccessed 12/02019]); with

particular emphasis placed on following the Ecosystem Approach and
ensuring exploitation is governed by the Nagoya Protocol (on Access and
Benefit Sharing). Controls on the spreading of invasive hybrid species
arguably also fall under the as@f the Cartagena Protocol on Biosafety to
the Convention on Biological Diversitadditional conservation tools, such

as the Conservation Management
System(https://www.software4conservation.corfacessed 12/03/2019]),

can also be applied within an adaptive management framework to secure the
long-term viability of mahseer (and other linked species) populations and

the habitats upon which they depend.

FUTURE RESEARCH OPPORTUNITIES

In synthesising theurrent state of knowledge pertaining Tor spp., this
review has highlighted a series of high uncertainties regarding species
taxonomy, distributions, population status and ecology that provide
substantial research opportunities outlined in this suiosect

SPECIES TAXONOMY

There have been some recent advances in taxonomic knowledgeTior the
genus that have removed some of the ambiguities that have been
problematic for conservation (Pinder et al. 2018a). Original descriptions of
someTor fishes do, havever, contairinconsistencies and ambiguities, with

an absence ddccompanying voucher specimens, increasing the likelihood
of potential misidentifications (Waltoet al. 2017). Consequentlythere
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remains an outstanding research requirement for a coensi®e mahseer
rangewide taxonomic study across all major drainage basins, incorporating
molecular taxonomic studies using multiple mitochondrial and nuclear
genes, andaccounting for all visible diagnostic characteristics to

discriminate between species.

SPECIES DISTRIBUTION AND POPULATION STATUS

Coupled with their taxonomic ambiguities, there remains a paucity of
information on the distribution ranges of soiia fishes. This is at least in

part due to resourcing issues around field expeditions, ghemange of
many mahseer fishes are in developing countries where funding for
biodiversity assessments tend to be limited. It might also relate to issues
around many mahseer species being present in rivers that are relatively
remote and/or difficult to saphe. This flags the importance of frequent
reviewing and revisingor IUCN Red List assessments in accordance with

emerging evidence.

A method that potentially helps overcome this issue is the widespread
application of environmental DNA (eDNA), a methodsed on detecting

species DNA from water samples (Jerde et al. 2011; Davison et al. 2016;

Turner et al. 2015). The method is increasingly being applied to the
monitoring of freshwater species, including those of conservation
importance (e.g. Takahara et 2012; Thomsen et al. 2012). eDNA can be

used to screen to characterise whole communities of organisms using
Omet abarcodi ngd (Lawson Handl ey 2015;
determining mahseer distributions, however, a more-effsttive method

could beused of specific primers in reime PCR that enable detection of

the presence/ absence of a specliar species. Although representing a

maj or devel opment i n mapping speciesbo
remain on its use, given multiple factor$luencing DNA dynamics in the
environment (Barnes et al. 2014). For example, tbe-detection of

speciesspecificDNA fragments in a sample of river water does not
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automatically imply the absence of the target species (LacouRmersesel
et al.2016).

ECOLOGICAL KNOWLEDGE GAPS

Over the last 20 years, the attention researchers have applied to ecological
aspects of study across the genus has been negligiblEidure 1) and
entirely limited in focus to just two speci€es, putitora (Shrestha 1997;
Nautiyal et al. 2001; Nautiyal 2014; Bhatt and Pandit 2016) &ndor
(Shrestha 1997; Desai 2003). While there is considerable scope to enhance
knowledge of these two species, attention to offearspecies should be
prioritised in accordance with their consatien status. For example,
nothing is yet known about the basic biology and ecologVy. sEmadevii
despite it achieving the largest body sizes ofTalt (Pinder et al. 2018a)
and being the only mahseer asgeceds$
(Pinderet al. 2018b).

The application of aquatic telemetry technologies as @tneeillance tool

is still in its infancy across mahseer range countries (Baras et al. 2002).
Research to date has been exclusively limited to the Manas watershed in
Bhutan, but hasrevealed fascinating insight to the movements Tof
putitora, with upstream movements of 30 km and elevation gains of 200 m
recorded within single 24 hour periods (J. Claussen pers. comm.). While
some records suggest that the elevation rangk. @utitora extends to a
maximum of 1,800 m in India (Cordington 1946) and 2,100 m in Nepal
(Shreshta 1997) #oountry development of skills will be critical to
accelerate the knowledge gain required to validate these observations,
qguantify natural home ranges aing functional habitat utilisation of allor

Spp. across a representative range of watersheds. These data will be of
fundamental importance to schemes aiming to restore river connectivity for
populations impacted by impoundmentcf.( Restoration of river

connectivity).
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Dynamic shifts in physiological and morphological development and
corresponding organism/microhabitat associations during early development
remain a poorly researched component of life history in fishes (Browman
and Skiftesvik 2014). Despiteepresenting the most critical life history
period and, thus, key to regulating recruitment success (Fuiman and Higgs
1997), such detail is often overlooked due to perceived challenges
associated with capture and identification of larval and juvenile rugsri
(Pinder 2001). While some mahseer habitat has already been lost, most
remaining populations are subject to variable but escalating degrees of
habitat deterioration. With migratory access frequently compromised or
blocked by instream engineering prdgand the associated shift from lotic

to vast expanses of lentic habitat, understanding the adaptive plasticity of
species throughout their entire ontogenetic ecology will be critical in order
to assess population resilience to the joint threats of gubemic re
engineering of rivers and climate change. Without such knowledge,
evidencebased input to Environmental Impact Assessment (EIA),
understanding and predicting the mechanistic risks of climate change, and

future species conservation planning wélinain severely compromised

CONCLUSIONS

To date, the taxonomy across the gemaos has been confused and a key
factor identified in constraining extinction risk assessment and the
development of effective species conservation planning. At the time of
writing, FishBase continued to list 50 different specie3 af of which 23

were suggested to be valid (Froese and Pauly 2018). Incorporating recent
species descriptions, examining the validity of synonymies and extensive
literature review, the revision tihe number of currently valid species to 16,
represents a comprehensive overhaul of the genus and a long overdue
baseline on which to build further knowledge. With new species
descriptions anticipated from less studied regions and the emergence of

evidenceto challenge former assumptions of species-suecificity also
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expected, this dynamic state of knowledge means regular conservation
reassessments will be essential to prioritise research focus and facilitate
effective conservation planning. While thispea presents a synthesis of
population threats and opportunities to conserve these freshwater icons,
their future security rests in the hands of local and regional biodiversity
managers and polieyakers, and critically relies on a shift from piecemeal

reactive to proactive multidisciplinary conservation planning.
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