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ARTICLE INFO ABSTRACT

In this paper, we use a participatory approach, to assess the suitability of data provided
by local fishers for determining the demography and harvest rates of endangered
species, exploited in remotely located small-scale fisheries. We specifically focus on the
Deccan Mahseer (Tor khudree) in the Western Ghats Hotspot of Peninsular India.
Using catch data provided by local fishers, we assessed the dynamics of exploited
populations of T. &budree from six major fishing sites having varying patterns of
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,\,T;Ir\gggrs harvest (commercial vs. subsistence) and protection status (protected vs. non
Endangered protected area).Based on annual length frequency data, growth parameters of T.
Fishery khudree were worked out as Lo = 383.25-1202.25mm total length and K = 0.12—

Participatory research
Sustainability
Western Ghats

0.23year—1. The length frequency data of T. Akhudree individuals exploited from two
fishing sites indicated that a high share of the catches throughout the year, are
contributed by immature size classes. The total mortality coefficient (Z) was calculated
to be between 0.35year—1 and 0.95 year—1 and the fishing mortality coefficient (F)
between 0.13 year and 0.8 year. The fishing mortality rate of T. &hudree in Poringal
Reservoir (0.8year) may probably be one of the highest for any species of Mahseer in
India, and points to the targeted indiscriminate exploitation by local fishers.
Exploitation rate (E) (0.34-0.84 year—1) was higher than the expected optimal level
(0.5) at all, but one fishing sites revealing that 1. &budree populations are over fished in
the study region. Further, a comparison of the exploitation rate at various fishing sites
revealed no significant differences between commercial and subsistence harvest, as
well as inside and outside protected areas. In spite of its* endangered’ status, T. &budree
receives no protection even in Biodiversity Hotspots like the Western Ghats, and its
fishery is under threat of an imminent collapse. Management guidelines for sustainable
Mabhseer fishery in the region are suggested. © 2011 Elsevier B.V. All rights reserved.

While no definitive statistics exist, nearly halt of the world fish
production, and most of the fish consumed in the developing
wortld originate from small-scale fisheries (FAO, 2008-2010).
Despite these big numbers, small-scale fisheries continue to be
neglected, with very little research and monitoring. Of the
various ecosystems where small-scale fisheries operate,
freshwaters (including rivers, lakes and reservoirs) tend to be
the least studied. Small-scale freshwater fisheries are seldom the
focus of attention, because they are located in tropical
developing countries where landings are made at many

1. Introduction

Inland fisheries engage more than 56 million people in
the developing world (BNP, 2009), more than the estimated
50million people who depend on the same activities in coastal
areas (Welcomme et al., 2011). Majority of these inland fishers
are known to be involved in the small-scale sector (Welcomme
et al, 2011), which makes important but undervalued
contributions to the economies of some of the world’s poorest
countties (Andrew et al., 2007).

* Corresponding author at: Durrell Institute of Conservation and Ecology
(DICE), School of Anthropology and Conservation, Canterbury, Kent
CT27NZ, United Kingdom. Tel.:+447564061435. E-mail addresses:
rajeevraq@hotmail.com, prr7@kent.ac.uk (R. Raghavan).

0165-7836/$ —see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.fishres.2011.03.00

dispersed sites (DFID, 2002), often in physically remote
locations, where local management agencies lack human
resource or financial capacity for data collection (Mahon, 1997;
Pauly, 1997; Arce-Ibbara and Chatles, 2008).

One of the few pragmatic solutions to overcome these
constraints is to work directly with fishers, allowing them to
collect and record data, and subsequently forwarding them to
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scientists for detailed analyses (Bene et al., 2009). This method
is not only cost effective but also lays the foundation for co-
management (Bene et al., 2009). Several studies have examined
engaging fishers and researchers together, forgathering socio-
economic and trade data (Martin
Smithetal.,2004;J onesetal.,2008;Castelloetal.,2009; Wiber
etal.,2009), as well as for monitoring, enforcement, education
and advocacy (see Granek etal.,2008), but seldom as a basis for
fish population assessments.

The Western Ghats (hence forth WG), extending
along the west coast of India and covering an area of 180,000
km? (CEPF, 2007), is one of 34 global biodiversity Hotspots
(http:/ /www.biodiversityhotspots.org/Pages/default.aspx) and
one of the two on the Indian subcontinent. Although the total
area is less than 6% of the land area of India, the WG contains
more than 30% of all plant, fish, herpetofauna, bird, and
mammal species found in the country (CEPF, 2007). The
streams and rivers flowing through southern part of the WG is
a discrete freshwater eco-region (Abell et al., 2008) harbouring
exceptional diversity of endemic freshwater fish (Kottelat and
Whitten, 1996; Dahanukar et al., 2004).

Freshwater fish are intricately linked to the livelihoods
of an unquantified number of marginalized tribes and forest
dwelling communities in the Southern WG, providing a source
of food and income. Freshwater fisheries in this region are
however believed to be under increasing pressure, as evident
from the anecdotal reports of declining populations of
important species (Kurup et al.,, 2004; Raghavan et al., 2009).
Nevertheless, dynamics of population and exploitation status of
freshwater fishes are poorly known in the WG and, as such, it is
an area where assessment of stocks is potentially useful.

The Deccan Mahseer, Tor khudree (Sykes, 1839),
along lived and slow growing cyprinid (Froese andPauly,2010)
is the single most important food fish exploited by forest
dwelling communities living within the river basins of the
Southern WG( Raghavan et al., 2008a). However, life history
characters of T. Abudree including high longevity and a
population doubling time of 4.5-14years (Froese and Pauly,
2010) makes them highly vulnerable to over exploitation. Local
fishers in the region have indicated that catches of T. &budree
have declined drastically in the last few years, and only smaller
juveniles appear in the nets, compared to large adults that were
frequently caught in 1980’s (Minimol, 2000; Solomon, 2009).
The TUCN has listed T. &budree as an "Endangered" species
based on circumstantial evidence of their population decline
(Devi and Boguskaya, 2007). Inspite of this, there are no
reliable estimates of the population parameters and stock
assessment of the Deccan Mahseer in its native range.

The absence of scientific data on population status of
T. khudree is in part attributed to the remote locations of fishery,
lack of manpower for monitoring, and, the jurisdictional
complexity over the control of freshwater fishing sites in the
WG. For example, in the Southern Indian state of Kerala,
where the present study is based, most of the Mahseer fishing
sites are located in areas under the jurisdiction of the State
Department of Forest and Wildlife (rivers and streams inside
forest areas) and in some cases under the jurisdiction of the
State Department of Power (reservoirs). The State Department
of Fisheries seldom pay attention to riverine fisheries (Santha,
2007), and fisheries in remote areas such as those covered in
the present study are sometimes even not recognized by these
institutions. Therefore the only feasible way to record and
monitor fish catches in such regions is by working with local
fishers.

In this paper we use a participatory approach to assess
the suitability of data provided by local fishers for determining

the demography and exploitation rates of T. khudree, exploited
in remotely located small-scale fisheries. Based on the length
and weight measurements of T. &budree caught at six major
fishing sites in two of the most important river basins in
Southern WG, we assess sustainability of the fishery, and
determine whether demography and harvests are influenced by
fishing location (inside vs. outside protected areas), fishing
habitat (river vs. reservoir) and/or harvesting regimes
(subsistence vs. commercial).
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2. Materials and methods

2.1. Study area

We  selected six  fishing (Orukomban,
Kuttampuzha, Pooyambkutty, Poringal, Thekkady and
Vettilapara) located in two of the most important river basins,
of the Southern WG — Periyar and Chalakudy (Fig. 1). Periyar
has a total catchment area of 5243 km? and a length of about
300 km (Smakhtin et al., 2007). For a small- sized basin, Periyar
never the less harbours a number of endemic and threatened
species (CAMP, 2001; Kurupetal. 2004, 2006). Chalakudy
(145km) is considered to be one of the richest river systems in
WG with regard to fish diversity and harbours as many as
98species (Ajithkumar etal.,1999; Bijuetal.,2000) several of
which are endemic and threatened (Raghavan etal.,2008a).
However, the Chalakudy river basin is known to be highly
threatened, as a result of extensive habitat alteration (Bachan,
2003), destructive fishing practices (Raghavan et al., 20082) and
alien invasive species (Raghavan et al., 2008b). The six fishing
sites (Table 1 and Fig. 1) were selected based on the high
occurrence of T. &budree in the daily catches of local fishers.

These six sites differed in their protection status
(inside vs. outside protected areas), habitat (river vs. reservoir)
as well as harvesting regime (subsistence fishery vs. commercial
fishery). Two sites, Orukomban (site a) and Thekkady (site ¢)
were located inside the boundaries of terrestrial protected areas
where fishing rights are restricted to resident tribes through the
issue of licenses, but without any restrictions on catch size or
limits. At three sites, Orukomban (site a), Poringal (site b) and
Thekkady (site e), the Mahseer fishery is commercial in nature
with >95% of the catches sold at cooperative societies and
markets; while in the remaining sites, Kuttampuzha (site b),
Pooyamkutty (site ¢) and Vettilapara (site f), fishery was for
subsistence, where local fishers harvested Mahseer for
household consumption and only very rarely (<5%) for selling
in the markets.

sites

2.2. Data collection
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We conducted a series of informal workshops and focus group
discussions with local fishers at the six sites to gather
information on Mahseer fishery (capture techniques, months,
catch levels etc.), and introduce our project to them.

Table 1

Bertalanffy Growth Formula (vBGF) given by the
formula, Lt = Lo (1 - e -KD (t — t0) 11 /D where, Lo is the
a asymptotic length, K is the growth constant, t is the time, Lt
is the length at time t, t0 is the hypothetical time when the

Details of habitat, protection status and harvest regime of the fishing sites examined in the present study.

Site Name Elevation m ASL.  Habitat Protection Harvest regime
a. Orukomban 470 River Protected/WLS Commercial
b. Kuttampuzha 50 River Not Protected/RF  Subsistence
c. Pooyamkutty 220 River Not Protected/RF  Subsistence
d. Poringal 418 Reservoir Not Protected/RF ~ Commercial
e. Thekkady 870 Reservoir Protected /NP Commercial
f. Vettilapara 53 River Not Protected Subsistence

NP: National Park IUCN Category II). RF: Reserved Forest. WLS: Wildlife Sanctuary (IUCN Category 1V).

Subsequently, we selected 12 fishers (2 fishers X 6 sites) and
trained the min simple data collection relevant to fisheries such
as measuring and recording length (total and standard length to
a precision of 0.1mm) and weight (total weight to the nearest
1g). These 12 local fishers acted as our field assistants for a
period of 1 year (January—December2009)providing us with
data on length and weight of T. Abudree specimens (n =
30/month X 12 months) caught at their respective fishing sites.
The 12 field assistants agreed to spend 4 h every month for
helping us with data collection including recording length and
weight on random days, and recording catch details. The
sample size of 30 was the (average) number of fish that could
be measured within this time frame. Fach of these field
assistants was paid a monthly honorarium. Random visits were
made by the project team to the six fishing sites once a month
to validate the data collection techniques, assess the quality of
data entries (Ticheler etal.,1998) and provide any technical help,
if required.

Monthly total catch data of T. kbudree and co-
occurring species harvested by local fishers at the six fishing
sites were also collected with the help of the field assistants.
Harvests from three fishing sites (Orukomban, Poringal and
Thekkady) are sold through an eco-development society, which
maintain landing records (numbers and weight). In addition, we
provided additional data sheets, and weighing balance(s) to the
society staff for recording catch details. At the sites where
fishery was subsistence in nature, (Pooyamkutty, Vettilapara
and Kuttampuzha), a log book and weighing balance was
provided to each of the field assistants to record their catch
details. These local assistants also visited households of the
other major fishers operating in the area and recorded their
catch details as well. At the end of the study, we compiled the
information that were entered in the datasheets and log books
by our local assistants, and determined the total monthly catch
at each site.

2.3. Analyses

Data provided by the field assistants were arranged in a length
frequency table with 5mm as the smallest mid length, and with
a 10mm class interval. A contour plot was prepared using
Microsoft Excel® 2003 to understand the disttibution of length
classes in relation to different months and different fishing
sites. Growth and mortality parameters, as well as exploitation
levels were then estimated from the length frequency data using
Electronic Length Frequency Analysis I (ELEFANI) routing
incorporated in the FAO- ICLARM Stock Assessment Tools 11
(FiSATTI) software (Gayanilo and Pauly, 1997). As there was no
strong influence of season in the study sites, we used von

length is zero and D is the positive constant (Pauly, 1984). A
asymptotic length (I.) and growth constant (K) of vBGF were
estimated using Shepherd’s method embedded in ELEFANI
routine of FISATII (Pauly, 1984). The score (S) for Shepherd’s

method is defined by, § = (s +57) 1/2 where 54 and S5

are the goodness-of-fit scores (5tz) obtained with the origin of
the vBGF in calendar time (£z) set to 0 and 0.25, respectively.
sty is defined by, 5S¢z = T .‘,-"Fl- where, N; is frequency for
length group i, T; - D-cos 2 (t-£;), D = (sin® (&t)/m(A¢), t
=4t/2, D - tmgy — tmin, & - £z = (1/K)In (1-(Li/Lx)), and
tz - (1/2m) - tan~*(s5/5,). This generates a plot of S values
(with Smgy standardized to 1) for a range of K values (0.1 —
10year ™) on a log scale, thus enabling the identification of the
best value of K for a given value ofLg.

Based on L. and X values, the growth performance
index (= 2Xlog L. + logK) and potential longevity (3/K) of
fish were estimated for different sites (Pauly and Munro, 1984).
Total mortality (£) was estimated using length converted catch
curves (Pauly, 1984). Natural mortality (M) was determined
using Pauly’s Mequation, In (M) = —0.0152 —0.279In (L) +
0.6543ln (]) + 0.463ln (T), where, T is the average annual
temperature (24°C) of the site. Fishing mortality (F) was
calculated as FF' = Z—M and the exploitation level () was
calculated as E = F/Z (Gulland, 1970). Exploitation that retains
50% of the biomass (E5p) and maximum yield per recruit
(Emax) were then predicted using relative yield per recruit(Y/R)
and relative biomass per recruit (B/R) analysis using knife-edge
selection method (Pauly, 1984).

To understand how different growth and mortality
related parameters differed among study sites, a principle
component analysis (PCA) was performed using correlation
matrix between the variables. Correlation biplot was plotted to
visualize PCA results (Legendre and Legendre, 1998). Further,
we performed two-way cluster analysis to understand patterns
in the weight of T. &budree in the total fish catch across different
months and at different sites. Dendrograms were plotted using
Euclidian distances based on Wards method for different
months and different sites, based on the ratio of weight of T.
khudree and the weight of total fish catch. In spite of the fact
that this study did not have a truly factorial design with
replicates, we catried out Mann—Whitney U test to understand
whether protection status of the fishing location (inside vs.
outside protected areas),fishing habitat (river vs. reservoir) and
harvesting regimes (subsistence vs. commercial) influenced
growth, mortality and exploitation rate of T. khudree. 3. Results
3.1. Length frequency distributions
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Fig.3. von-Bertalanffy growth curves for T. khudree from different fishing sites in the Western Ghats #7z.(a) Orukomban, (b) Kuttampuzha, (c) Pooyamkutty, (d)
Poringal, (¢) Thekkadyand (f) Vettilapara [Goodness of fit (Rn values) of the VBGF to the data was 0.129,0.151,0.152,0.123,0.135 and 0.139 respectively].
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Table 2 Growth parameters of T. gbudree from different fishing sites in the Western Ghats.

Size Asymptotic length Growth coefficient (K)  Growth performance Potential longevity
(Leo) mm year—* index (¢) G/K)

Orukomban 729.75 0.16 4.9305 18.75

Kuttampuzha 393.75 0.19 4.4692 15.7895

Pooyamkutty 383.25 0.17 4.3974 17.6471

Poringal 1202.25 0.12 5.2392 25

Thekkady 572.25 0.12 4.5944 25

Vettilapara 677.25 0.23 5.0232 13.0435

Table 3 Mortality rates (year—1) and exploitation level of T. &budree from six fishing sites in the Western Ghats.

Size Total mortality Z Natural mortality M Fishing mortality F=Z-  Exploitation rate
MZ E=F/7

Orukomban 0.9 0.2 0.7 0.78
Kuttampuzha 0.69 0.27 0.42 0.6

Pooyamkutty 0.39 0.26 0.13 0.34

Poringal 0.95 2.15 0.8 0.84

Thekkady 0.35 0.17 0.18 0.51

Vettilapara 0.76 0.27 0.49 0.64

Frequency distributions of length classes (Fig. 2) reveal that the
length range of T. kbudree populations in Pooyamkutty and
Kuttampuzha are much smaller than other fishing sites. In
Pooyamkutty and Kuttampuzha the maximum length of fish
wete recorded in the size class 300 - 400mm, and the maximum
length recorded were 370mm and 374mm respectively. In
Thekkady, the maximum length of T. &budree was 545mm, while
in Orukomban and Vettilapara the maximum length were
693mm and 644mm respectively. In Poringal, the maximum
length recorded was 1142mm.

3.2. Growth and mortality parameters

Restructured form of the length frequency data of
exploited T. &budree populations from six fishing sites presented
as output of ELEFAN I shows that the growth curves for
different populations differ considerably(Fig. 3). Asymptotic
length (Lx) varied from 383.25mm (Pooyamkutty) to
1202.25mm (Poringal) while growth coefficient (K) varied from
0.12 year™ (Poringal and Thekkady) to 0.23 year™*
(Vettilapara) (Table 2). Potential longevity of T. &hudree was the
highest (25years) among Thekkady and Poringal populations
(Table 2). Fishing mortality (F) was the highest in Poringal
(0.8year ™% and the lowest in Pooyamkutty (0.13 year™%),
while natural mortality (M) was the lowest in Poringal (0.15
year"l) and highest in Kuttampuzha and Vettilapara (0.27
year'_l) (Table 3). Exploitation level (E) at five of the six
fishing sites was above the expected optimal exploitation level,
E.ne = 0.5 (Table 3), and at three of the six fishing sites was

above the Eug, (Table 4; Fig. 4), indicating that these
populations are severely overexploited.

A combined picture of growth and mortality related
parameters for different sites is depicted in TFig. 5. PCA
extracted two significant factors with Eigen value more than
one. First factor explained 76.18% while second factor
explained 20.08% of the total variation in the data. Variables
such as asymptotic length (L), growth performance index (@),
potential longevity (3/K), total mortality(Z), fishing mortality
(F) and exploitation levels (E£) had positive factor on the F1 axis
while growth coefficient (K) and natural mortality(M) had
negative factor loading on F1 axis. All the commercially
exploited sites (Poringal, Orukomban and Thekkady) had

positive factor loading on F1 axis while all sites with subsistence
level fishery (Vettilapara, Pooyamkutty and Kuttampuzha) had
negative factor loading on the Flaxis.This indicated that all
commercially exploited areas have relatively high values
forLu,p [, 3/K, Z, F and E and relatively low values for K and
M, while it was vice versa in the case of sites with subsistence
fishery.

3.3. Spatial patterns in catches

Ratio of weight of T. &budree to total weight of catch
which was plotted as two-way dendrograms showed that the
ratio for Vettilapara, Pooyamkutty and Thekkady are similar
and much lesser than the ratios for Kuttampuzha, Poringal and
Orukomban (Fig. 6). Among the sites in latter cluster,
Kuttampuzha is separated from the cluster of Poringal and
Orukomban because of smaller ratio values. Month wise
analysis suggests the presence of three clusters i.e. (1) June, July,
August and September, (2) January, February, March, April and
May, and (3) October, November and December. During June—
September, the contribution of T. &hudree to total catch is very
high, followed by January—May, and October—December. This
clustering suggests that there are specific trends in the catches
of T. khudree in different months.

3.4. Effect of habitat type, protection status and harvesting
regime on the dynamics of population

Growth, mortality and exploitation levels of T. &budree
were not significantly different in the fishing areas located
inside and outside protected areas. Asymptotic length, growth
performance index, total mortality, fishing mortality and
exploitation levels of T. &budree was not significantly different
between populations in rivers and reservoirs. However, growth
coefficient (one tailed Mann—Whitney U=8, p = 0.05) and
mortality (one tailed Mann—Whitney U=8, p = 0.05) of T.
khudree in rivers was marginally more than that in reservoirs.
Harvesting regimes had significant effects on the growth
coefficient, potential longevity and natural mortality, but had no
effect on the asymptotic length, growth performance index,
total mortality and fishing mortality. The growth coefficient of
T. kbudree populations subjected to subsistence fishery was
more than those in commercial fishery (one tailed Mann—
Whitney U=9, p = 0.0385). Potential longevity in T. &budree
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Size Length at first capture g, E.p E
(Lcymm
Orukomban 308.54 0.516 0.342 0.610
Kuttampuzha 39.99 0.306 0.265 0.410
Pooyamkutty 41.94 0.309 0.263 0.408
Poringal 269.59 0.402 0.294 0.472
Thekkady 229.48 0.513 0.334 0.600
Vettilapara 335.64 0.553 0.363 0.675
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Fig. 4. Prediction of exploitation that retains 50% of the biomass Esz (shown by dashed arrow), and maximum vyield per recruit £ == (shown by solid arrow)
using relative vield per recruit (Y/R) and relative biomass per recruit (B/R) analysis with knife-edge selection method viz.(a) Orukomban, (b) Kuttampuzha, (c)

populations subjected to commercial fishery was higher than
those populations subjected to subsistence fishery (one tailed
Mann—Whitney U=9, p = 0.0385). Natural mortality of T.
khudree in subsistence type of fishery, was more than that in
commercial fishery (one tailed Mann—Whitney U=0, p =
0.0385).

4. Discussion

4.1. Fishery
Fishery for the Deccan Mahseer in the rivers and
reservoirs of WG use similar gears as those used for Tor

Mabhseer in Central India (Desai, 2003), and Golden Mahseer in
the Himalayas (Joshi, 1988; Bhatt et al., 2000, 2004). However it
was revealed from our results that, apart from cast nets and gill
nets, which are the major gears used to target T. khudree, local
fishers at some sites (Pooyamkutty and Kuttampuzha) are also
resorting to destructive fishing practices. This was indicated by
the presence of smaller sized fish in the landings, which
normally do not entangle in either the gill nets or cast nets used
by local fishers. Upon detailed enquity, it was revealed that
fishers use dynamite to catch Mahseer if they are unable to do
so with the conventional gears. Dynamite fishing has been
documented from the Southern WG since the early 1940s
(Jones, 1946) and continues to be one of the most widely used
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Fig. 5. Principle component analysis based on growth and mortality related
parameters of T. khudree at various fishing sites (percentage in parenthesises
the percent variation explained by the factor).

destructive fishing techniques practiced in the region (Kurup et
al., 2004; Raghavan et al., 2008a). Although dynamite fishing
has been banned vide the Travancore Cochin Fisheries Act of
1950 (Government of Kerala, India) there is very little or no
enforcement from the concerned authorities, and the practice
continues to exist even inside protected areas of the region
(Abraham et al., 2010).

4.2. Length frequency

Daniels (2002) reported that T. kbudree grows to a
maximum size of 1000mm, with specimens larger than 460mm
rarely seen, while Talwar and Jhingran (1991) observed that this
species grows to a maximum of 460mm in River Godavari
and130mm in Tamil Nadu. Our observation on an adult T.
khudree measuring 1142mm caught from the Poringal reservoir
therefore extends the maximum size of the species beyond
1000mm. From the length frequency distributions, it canal so
be seen that T. khudree populations in Poringal, Thekkady,
Orukomban and Vettilapara had large number of individuals
>460mm, thought to be the average size of large T. &hudree
currently seen in rivers and reservoirs of WG (Daniels, 2002).
The size at first maturity of 1. &budree is known to be between
172mm and 220mm (Arun, 1999; Arunetal.,2001). The length
frequency data of T. Abudree individuals exploited from
Pooyamkutty and Kuttampuzha indicate that a high share of
the catches throughout the year, are contributed by immature
size classes, thereby reducing the spawning stock and damaging
the reproductive potential of the population.

4.3. Growth and mortality

Since there are no previous studies on the
demography and population dynamics of T. gbudree, our results,
have been compared with other Mahseer species occurring in
India. T. &budree has a higher growth coefficient (K = 0.12-0.23;
mean of 0.19; » = 6) and lower asymptotic length (L =
383.25-1202.25mm; mean of 659.75mm; # = 6) compared to
the Golden/Himalayan Mahseet, Tor putitora (K - 0.035-0.041;
mean of 0.038; #-2) (L. = 2160-2720mm; mean of 2440mm; »
= 2), and a lower growth coefficient (K = 0.12-0.23; mean of
0.19; » = 6) and a mean lower asymptotic length (L = 383.25—
1202.25mm; mean of 659.75mm; #» = 6) compared to the Tor
Mahseer, Tor tor (K = 0.50-0.78; mean of 0.64; #=2) (L. = 787—
946mm; mean of 866.5; #=2) (Nautiyal et al.,2008). The total
mortality rate of T. &budree (Z = 0.35-0.95year—1; mean of

0.67year—1; #n = 06) is higher than that of T. putitora (Z = 0.366—
0.58 year—1; mean of 0.473year—1; » = 2), but lower than that
of T. tor (Z = 4.08-5.57 year—1; mean of 4.825 year—1; #=2)
(Nautiyal et al., 2008). However, T. &budree has a comparable
fishing mortality rate (F = 0.13-0.8 year—1; mean of 0.45
year—1; #n=06) to T. putitora (IF = 0.312-0.517 year—1; mean of
0.414year—1; #»=2) (Nautiyal et al., 2008). The fishing mortality
rate of T. kbudree in Poringal Reservoir (F' = 0.8year—1) may
probably be one of the highest for any species of Mahseer in
India, and points to the targeted indiscriminate exploitation by
the local fishers.

4.4. Exploitation rate

Over fishing is now considered to be a contributing
factor to the decline of freshwater biodiversity (Allan
etal.,2005). Although Mahseers are known to be threatened
throughout its range countries (Nguyen et al., 20006), their
exploitation continues unabated. Severe over fishing and
population declines have been observed in many parts of India
for Golden Mahseer, T. patitora (Bhatt et al., 2000, 2004,
Nautiyal et al.,2008) and the Tor Mahseer, T. #or (Desai, 2003).
Similarly, various South FEast Asian species of Mahseer
including Tor douronensis and Tor tambroides are also known to be
under severe fishing pressure (Nguyen et al., 2007).

In an optimally exploited stock, fishing mortality (I)
should be about equal to natural mortality (M), resulting in an
exploitation rate (E) of 0.5year—1 (Gulland, 1970). In the
current study, exploitation rate of T. gbudree at five of the six
study sites were higher than ‘0.5 The computed exploitation
rates at three of the six sites were also more than the predicted
Ezy indicating that Mahseer populations in these areas are
under excessive fishing pressure, and at some sites (Poringal
and Orukomban) under the threat of an impending collapse.
These results also validate the anecdotal information provided
by local fishers that numbers, and size of the Mahseer caught
are declining in the region (Minimol, 2000; Solomon, 2009).

4.5. Effect of habitat, protection status and harvesting regime

Dams are generally considered to be a threat to
riverine fishes (Dudgeon, 2000; Dudgeonetal.,2000), especially
to those making an upstream migration for spawning or
breeding purposes. Mahseer perform seasonal migrations within
a short distance mainly for breeding and feeding, with the limits
of such movements determined by water temperature and
flooding (Desai, 2003). Previous studies from the Chalakudy
River basin indicate that dams have blocked spawning
migration paths of T. &budree (Biju et al., 2000). However, our
results indicate that there is no significant difference in the
asymptotic length (L), growth performance index (¢) and total
mortality (Z) of T. khudree occurring in reservoirs(created as a
result of large dams) compared to rivers, indicating that the
species have now adapted to the altered environments and are
doing well in the modified ecosystems. Similar observations
have also been made from Central India where T. &budree and
Tor mussullah have adjusted to the conditions in reservoirs and
are maintaining breeding populations (Valsangkar, 1993). In
addition, the potential longevity of T. &hudree was found to be
significantly higher in reservoirs when compared to rivers, and
natural mortality significantly higher in rivers than in reservoirs,
suggesting that reservoirs are also favourable habitats for
growth and survival of T. &hudree if fishing mortality is
controlled through the regulation of harvests.

Worldwide, protected areas (with the exception of
Ramsar Sites), are designed for the protection of terrestrial
fauna, often viewing rivers and lakes as useful park boundaries
rather than as targets for inclusion and protection in their own
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Fig. 6. Fraction of weight conttibuted by T. £hudree in the total weight of each catch for various fishing sites in Western Ghats. Dashed line gives cut-off for

significant clusters.

right (Darwall et al., 2008). Nevertheless, some freshwater
regions are also protected — but incidentally through their
incorporation into terrestrial protected areas (Saunders et al,
2002). The Wildlife Protection Act of India (WLPA), the
highest legal instrument for the protection of flora and fauna in
the country, provides protection to terrestrial and (some)
marine mammals but little or no emphasis is placed on the
conservation of freshwater biodiversity (Sarkar et al., 2008;
Abraham et al., 2010). No freshwater fish species in India is
listed in any of the appendices of the WLPA (Raghavan, 2010).
This laxity has hugely impacted the conservation and
management of several endemic and threatened freshwater fish
species in the country.

Recent studies from North India have indicated that
water bodies located inside protected areas are important for
conservation of the regional fish biodiversity, especially for
endemic and endangered species (Sarkar et al., 2008). However
this observation was based only on differences in species
richness as well as size groups of selected species (Sarkar et al.,
2008). Out results from the Southern WG have come out with
a entirely different picture, suggesting that terrestrial protected
areas may not help in conservation of freshwater fish species
including the mighty Mahseer as there were no significant
differences in their fishing mortality and exploitation rate within
and outside protected areas. The exploitation rate of T. &hudree
inside two major protected areas of the region—Periyar National
Park (Thekkady) and Parambikulam Wildlife Sanctuary
(Orukomban) are above the optimal limits indicating that the
local populations may decline drastically if management plans
are not urgently implemented.

4.6. Quality of participatory data

One of the main limitations in using data provided by
local fishers for assessing population status is its quality. Most
scientist perceive fishers as unreliable or biased, either
intentionally, because it may serve their interest to under report
their catch, or involuntarily as a consequence of limited
education (Bene et al., 2009). The design of a fishery logbook—
where data needed for the researcher is entered by the fishers is
often considered to be a compromise between the desire of the
researcher to obtain as much as information as possible, and
the desire of fishers to spend as little time filling in information
(King, 1995). Most fishers have an aversion to filling and
entering data into forms and therefore a complicated
questionnaire or logbook demanding too much information is

likely to be completed carelessly or even fictitiously (King,
1995). Taking these aspects into consideration, we asked fishers
to enter only minimum data (length, weight and total catch) that
was required for completing our analyses. This was based on
King’s (1995) suggestion that for a scientist, a small amount of
accurate information is better than a large amount of suspect
information.

During random visits to the fishing sites to validate
the quality of data provided by field assistants and, subsequently
during final analyses, we noticed that at certain sites
(Pooyamkutty and Kuttampuzha), the size class of the catches
that were recorded in the logbooks were much lower than the
theoretical length which should have been obtained with the
gears used. This indicated that fishers were resorting to fishing
techniques other than those revealed to us during the initial
workshop.

4.7. Management challenges

Small-scale fisheries have many features that make
them vulnerable to collapse including over fishing, excess
capacity (Andrew et al.,2007) and ineffective governance
(Berkes et al., 2001). Traditional fishing communities in Kerala
have often maintained a relationship of conflict or
accommodation with state institutions (Santha, 2007), and there
is a lack of mutual trust between formal institutions and
traditional riverine fishing communities (Santha, 2007,
Arunetal., 2001). Formal institutional arrangements in the
region have also lacked the participation as well as
representation of traditional riverine fishing communities
(Santha, 2007). Man aging small-scale fisheries in such a region,
especially in remote locations is therefore an immense
challenge.

Nevertheless, as T. &budree stocks in Kerala continue
to be over- exploited and face an imminent collapse, there is
need for urgent management intervention. Currently, the
fishery for Mahseer in the protected areas of Kerala is not de
facto open access, as fishing licenses are issued by the State
Department o Forest (Arun et al, 2001; Solomon, 2009).
However, there is no restriction on catch size or limits.
Regulating total harvest could therefore be the single most
important management strategy for protecting Mahseer stocks.
However, implementation of a management plan to "reduce
fishing effort" could prove to be unsuccessful as WG and
Kerala are regions without any history of inland fisheries
management.
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A combination of different technical measures such as
restrictions on gear size, catch size and closed seasons maybe
ideally suited. In order to allow juvenile T. &budree to reach
sexual maturity, before they are subjected to fishing mortality, a
minimum size limit of 220mm should be enforced. Setting of
minimum size limits should also be supplemented with
restriction on the mesh size of the gill nets. If suitable gear
restrictions are effectively implemented, there is little chance
that the fishery will come in contact with the animals to be
avoided (immature juveniles) (Charles, 2001). There is also a
need for a ban on T. kbudree fishing from October to
December, when this species is known to breed in the waters of
Kerala (Arun et al., 2001). During this time, the fishers can
however turn their attention towards the harvest of more
robust species such as the exotic Mozambique Tilapia,
Oreochromis mossambicus, Common Carp, Cyprinus carpio, and
transplanted Indian Major Carp Gibelion catla, all of which are
available in the rivers and reservoirs from where T. khudree are
caught. Through such selective harvesting, fisher livelihoods
can be maintained without impacting the spawning stock of
Mahseers.

Finally, a strict enforcement of the existing ban on
dynamiting in the main Mahseer habitats of the region,
following the Travancore Cochin Fisheries Act of 1950 and the
recently proposed Kerala Inland Fisheries Act of 2010 should
be carried out. Fishers who resort to dynamiting, and the
owners of the quarries who supply dynamites to the fishers
should be penalized strictly through appropriate measures such
as payment of fines, cancellation of licenses and permits.

There is also a need to augment the Mahseer
population through periodic stock enhancement and ranching
of captive bred fry and fingerlings, similar to those carried out
in the Central and Northern WG (Basavaraja, 2007; Ogale,
2002). However, this is a challenge as currently there is no
hatchery for Mahseer in Kerala. Any plans to transport seeds
from the nearest facilities located at Harangi Reservoir in
Karnataka, or from the hatchery of the Tata Electric Company
at Lonavala in Maharashtra may prove risky and resulting
genetic contamination of stocks, as studies have indicated that
T. kbudree stocks in northern WG are different from those in
southern WG (Kerala) and may even represent distinct species
(Nguyen et al., 2008).

The biggest challenge for successful implementation
of the above said management plan is the multiple ownership
of the habitats of T. gbudree. In Kerala, the state Ministry of
Electricity and Power controls the reservoirs under hydro-
electric power projects (for e.g.Poringal), while those reservoirs
and streams located inside protected areas are under the
jurisdiction of Ministry of Forest and Wildlife (for e.g.
Thekkady). The Fisheries Department on the other hand has
access only to a few irrigation reservoirs (Sugunan, 1995). The
reservoirs under the Power and Forest Departments are
currently not available for fish stocking (Harikumar and
Rajendran, 2007) and therefore will require a great amount of
bureaucratic interventions if plans to stock T. gbudree are to be
materialized in the immediate future. Even if management plans
are designed, there are more questions that will need to be
answered before the future of T. &hudree is secured in the
reservoirs of the region. These include (1) who will implement
the stocking programs in the reservoirs? (2) Who will regulate
the fishery of T. &hudree in the reservoirs? (3)What legislations
will be taken into account to prosecute fishers involved in
illegal harvests?

5. Conclusions

Our study has revealed that the impact of small-scale fisheries is
not always "small", and that populations targeted by such
fisheries are susceptible to over fishing, as are large stock sin
oceans, and are in need of urgent management interventions.
We have also successfully demonstrated the utility of
participatory data collection in assessing the status of remotely
located fisheries which can be replicated elsewhere in the
tropics where such small-scale fisheries are seldom given
attention, and are under threat. Lastly, our study on the
demography and exploitation of T. &budree in the remote aquatic
habitats of the WG is expected to provide valuable baseline
data on which future conservation and management plans can
be designed and implemented.
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