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Abstract — Small, least conspicuous fish species are targeted through subsistence fisheries in many regions
of the world, but little is known about their population dynamics or exploitation levels. In the Western Ghats
of India, part of a global biodiversity hotspot and an exceptional region of freshwater fish diversity and
endemism, several small species of loaches are caught and sold in the local markets by marginalized
communities through an unmanaged fishery, resulting in high levels of exploitation. Of particular concern is
the fishery for the spiny loach, Lepidocephalichthys thermalis whose exploitation rates at various sites in the
northern part of the Western Ghats region were observed to be greater than their £, (exploitation rate where
the stock is reduced to half its virgin biomass). A comparison of various fishing sites showed that
populations in the high anthropogenic impact areas (located close to urban settlements with high human
population density, and impacted by various threats, i.e. introduced species, pollution) are exploited at a rate
greater than 86% of their E,,,x (exploitation producing maximum yield). The first quantitative information
on population dynamics and exploitation levels of small indigenous fish species in tropical rivers indicates
their potential vulnerability to over fishing, and is an important starting point for further investigations into
similar fisheries in other regions of Asia and Africa.

Keywords: Freshwater fish / Inland fisheries / Small-scale fisheries / Western Ghats

1 Introduction

Inland fisheries provide a wide range of societal benefits
(Arthur et al., 2015), including providing employment and
ensuring food security for millions of rural poor in the
developing world (World Bank, FAO & World Fish Center,
2012; Youn et al., 2014). Both commercial and subsistence
small-scale fisheries produce most of the world's inland fish
products, but it has often been difficult to differentiate the two,
as both provide significant contributions to income and
employment (Bartley et al., 2015), and sometimes depend on
the same natural resource base (Islam and Berkes, 2016).
Although most of the subsistence fisheries are directed at
nutritional security of fisher households, fishers may also trade
a portion of their harvest at local markets (Cooke et al., 2016),
like for example in the Amazon (Almeida et al., 2003).

* Corresponding author: n.dahanukar@iiserpune.ac.in

Subsistence fisheries represent one of the most obscure and
complex sectors within the inland fisheries realm, further
understanding of which remains a challenge, as well as an
urgent necessity (Welcomme et al., 2010; Cooke et al., 2016).

In several regions of the world, especially in Africa and
Asia, many small, least conspicuous indigenous fish species
are harvested through subsistence fisheries (Jul-Larsen and
Zwieten, 2002; Kawarazuka and Béné, 2010; Kottelat et al.,
2012), both for food security (Kawarazuka and Béné, 2011)
and for inclusion in specialized local cuisine (Allan et al.,
2005). For example, small cyprinids contribute to almost half
of the total catch from Cambodia's Tonle Sap River (Allan
et al., 2005). The preference for such small fish in several
African cuisines and for use in fish paste and sauces in several
parts of Asia has encouraged their harvests with potential to
deplete the entire assemblage (Allan et al., 2005). In spite of
such large scale harvests, and knowledge that smaller-bodied
freshwater fishes have an increasingly greater risk of extinction
(Olden et al., 2007), small fish species have rarely been the
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focus of research on status, dynamics and trends of population
and exploitation.

Hill stream fishes of superfamily Cobitioidea, generally
referred to as loaches, are known by more than a thousand
different species (Kottelat, 2012), but scientific knowledge on
this group is mostly restricted to taxonomy and biology. Very
little information exists on any demographical aspects of this
group (but see Kharat and Dahanukar, 2013). Although
loaches are primarily exploited for the aquarium pet trade (Ng
and Tan, 1997; Raghavan et al., 2013) they are also harvested
for food, given its nutritional and nutraceutical properties
(You et al., 2009; Kiros et al., 2011; Keskar et al., 2014). In
the northern region of the Western Ghats, a globally important
ecoregion for freshwater fish diversity and endemism
(Dahanukar et al., 2011)many native species of loaches are
caught and sold by an indigenous tribal community called the
Katkari — for whom fishing is one of the most profitable
livelihood option and principal source of subsistence
(Patnaik, 2004). This exploitation is however on-going
despite suggestions by previous studies on the decline of
loaches in this region (Kharat and Dahanukar, 2013; Keskar
et al., 2014, 2015).

In this paper, we provide the first assessment from
anywhere in the world, on the population dynamics and
exploitation levels of native loaches targeted through sub-
sistence fishery, and demonstrate the significant levels of
fishing-induced mortality that these small indigenous species
are subjected to.

2 Materials and methods

2.1 Fish species, study sites and sample collection

Samples of four species of hill stream loaches, Lepidoce-
phalichthys thermalis, Indoreonectes evezardi, Paracanthoco-
bitis mooreh and Schistura denisoni caught by the Katkari
fishers from the upper reaches of the Krishna River System,
Maharashtra, India and available for sale in adjoining local
markets, viz. Bhor (18.153°N, 73.841°E), Paud (18.528°N,
73.610°E) and Lonavla (18.743°N, 73.409°E) all in the vicinity
of Pune city (Fig. 1), which is the ninth most populated city in
India (http://www.censusindia.gov.in/). Specimens were col-
lected on a monthly basis from August 2013 to November 2015.
The collection sites differed in the levels of anthropogenic stress
and were divided into low anthropogenic impact area (Bhor;
located farther away from city, harbours high diversity and
abundance of freshwater fishes other than loaches, and the river
channel is relatively less polluted by both organic and inorganic
wastes) and high anthropogenic impact areas (Paud and
Lonavla; located in outskirts of the city, fish populations other
than loaches are impacted by over harvest and introduced
species, and river channels are polluted by both organic and
inorganic pollution) (see Kharat et al., 2001; Dahanukar et al.,
2012). Based on the 2011 census (http://www.censusindia.gov.
in/), the population at Bhor is 17,886, Lonavala is 55,652 and
Paud is 3730. However, it is essential to note that Paud serves
as a market for several nearby villages and since it is located
upstream of Pune city, fishes from this area are also sold in the
small markets in Pune. As a result the fishing pressure is less in
low anthropogenic impact area (Bhor) than high anthropogenic
impact areas (Paud and Lonavla).
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Fig. 1. Locations of the three study sites in the western part of India.

Size of the monthly sample was subject to the availability
of the loaches in the markets. As the fishing technique
employed by the Katkaris across the study region remained
the same (use of fine-meshed drag nets), there was no bias
regarding the size of the fish collected. For each fish, the
standard length (SL), and the total weight (W) was measured to
the nearest 0.01 mm and 0.01 g respectively.

2.2 Data analysis

Length frequency data was arranged such that the smallest
measurement was 2.5 mm and the interval was 5mm. We
checked for seasonal pattern in growth using LFDA Version
5.0 (Kirkwood et al., 2001) for Pauly's seasonal Von Bertalanfy
growth formula (VBGF) using ELEFAN method (Pauly,
1984). Since there was no significant effect of seasonal pattern,
further analysis was performed in FiSAT II software (FAO
ICLARM Stock assessment tools II) (Gayanilo and Pauly,
1997). Asymtotic length (L.,) and growth constant K of VBGF
were estimated using ELEFAN method (Pauly, 1984). Total
mortality Z was estimated from catch curve analysis and
natural mortality M was estimated using Pauly's M equation for
tropical fish: In(M)=-0.0152-0.279 In(L,,) +0.6543 In(K) +
0.463 In(T), where T is mean annual temperature, which was
26 °C. Fishing mortality (F) was calculated as F'=Z-M and
the current exploitation level (E) was calculated as E=F/Z
(Pauly, 1984). Length converted catch curves were prepared
to understand the length of first capture (L.). Length-structured
virtual population analysis (VPA) was performed based on the
obtained b value of length—weight relationship (allometric
equation W= aSLb; Pauly, 1984), L,, K, M and F. To
understand whether local populations are overexploited, we
calculated the theoretical E5 (exploitation rate where the stock
is reduced to half its virgin biomass) and E,,,, (exploitation
producing maximum yield) using Beverton and Holt (1966)
relative yield per recruit (¥/R) and biomass by recruit (B/R)

Page 2 of 7


http://www.censusindia.gov.in/
http://www.censusindia.gov.in/
http://www.censusindia.gov.in/

A. Keskar et al.: Aquat. Living Resour. 2017, 30, 13

Table 1. Range of length, range of weight, b value for LWR and test for isometry for the four loach species from three localities.

Species Location Anthropogenic impact n Standard length (mm) Weight (g) b SE(b)
Indoreonectes evezardi Bhor Low 335 18.06-49.30 0.10-2.28 3.11 0.03
Lepidocephalichthys thermalis Bhor Low 358 24.84-45.97 0.16-1.27 2.98 0.05
Paracanthocobitis mooreh Bhor Low 193 20.67-54.15 0.11-3.44 3.75 0.06
Schistura denisoni Bhor Low 294 17.43-61.97 0.09-5.05 3.12 0.03
Lepidocephalichthys thermalis Paud High 143 24.08-40.02 0.13-0.93 3.53 0.15
Paracanthocobitis mooreh Paud High 178 19.43-49.98 0.14-2.11 3.20 0.05
Lepidocephalichthys thermalis Lonavla High 429 19.56-58.86 0.10-2.70 3.19 0.04

Table 2. Growth and mortality related parameters for the four loach species from three localities. Key: AS, anthropogenic impact; L, low; H,
high; L., asymptotic length (mm); K, growth constant (y~'); M, mortality (y '); Z, total mortality (y '); F, fishing mortality (y'); L, length of
first capture (mm); E, exploitation (y'); Eso, exploitation rate where the stock is reduced to half its virgin biomass (y '); Emax, exploitation

producing maximum yield (y ).

Species Locality AS Ly, K M Z F L. E Esg Eax
Indoreonectes evezardi Bhor L 44.63 1.70 2.19 2.53 0.34 23.99 0.14 0.36 0.69
Lepidocephalichthys thermalis Bhor L 49.88 1.30 1.78 3.33 1.55 28.27 0.47 0.38 0.79
Paracanthocobitis mooreh Bhor L 55.13 0.64 1.09 1.58 0.49 40.06 0.31 0.43 1.00
Schistura denisoni Bhor L 65.63 1.60 1.89 2.80 0.91 14.30 0.33 0.30 0.47
Lepidocephalichthys thermalis Paud H 49.88 0.56 1.03 3.26 2.24 24.71 0.69 0.36 0.76
Paracanthocobitis mooreh Paud H 49.88 1.70 2.12 5.54 3.42 26.15 0.62 0.37 0.71
Lepidocephalichthys thermalis Lonavla H 49.88 1.20 1.17 3.48 2.31 27.82 0.66 0.38 0.71

analysis with Knife-Edge selection method by inputting the
values for L., L., M and K. Principal component analysis
(PCA) was performed to understand how the growth and
mortality related parameters of the loaches from different sites
differ. PCA was performed in PAST 3.09 (Hammer et al., 2001)
on correlation matrix to compensate for differences in units of
different parameters.

3 Results

3.1 Growth and mortality related parameters

All populations, irrespective of their anthropogenic
impacts, showed a significantly (two tailed t test, P < 0.008)
higher b value of LWR, as compared to cubic value expected
from isometric growth, except for only L. thermalis
population from Bhor (i.e. the low anthropogenic impact
area, P=0.7274) (Table 1). This indicates that the weight
of the fish grew with higher increments while the standard
length grew with smaller increments, a result consistent with
an independent study (Keskar et al., 2015) based on non-
overlapping samples. In general, populations from low
anthropogenic impact area showed relatively higher asymp-
totic length (L), length of first capture (L.) and lower
fishing mortality and exploitation as compared to populations
from high anthropogenic impact areas (Table 2). The three
populations of L. thermalis showed the same asymptotic
length; however, population from one of the high anthropo-
genic impact area (i.e. Paud) had much lower growth constant
(K) indicating that the fish was growing at lower rate than at

the other two sites. Populations of L. thermalis from high
impact areas had very high fishing mortality and were
captured at smaller sizes. Paracanthocobitis mooreh caught
from the low impact area had a higher asymptotic length than
from one of the high impact area (i.e. Paud); however the
fishing mortality was less and length at first capture (L) was
higher. Virtual Population Analysis (Fig. 2) in general showed
higher fishing mortality estimates for the sites with high
anthropogenic impacts. This is obvious for P. mooreh but less
clear for L. thermalis, which seems to have high fishing
morality rates in all the sites.

3.2 Exploitation

Exploitation (£) of all the loach populations (Table 2) were
less than the predicted E,,,x indicating that the populations
were not overfished. However, there was considerable
variation in the exploitation between low and high anthropo-
genic impact areas. All loach populations at the low impact
area were exploited at lower rates with £ < 70% of the E, .«
values, while populations from high impact areas, were
exploited at a rate >86% of their respective E,.x. All three
populations of L. thermalis were exploited at a rate >E5, but
populations in the low impact area was exploited at a rate of
60% of E,,x while the populations at high impact areas, were
exploited at a rate of 91 and 93% of their respective E ..
Exploitation of P. mooreh in the low impact area was <FEs
and was around 31% of E,.., while much higher in the
population at one of the high impact areas (Paud) which was
almost twice than its expected Esy and 87% of the Ep .y
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Fig. 2. Virtual population analysis of the four loach species from low anthropogenic impact (A-D) and high anthropogenic impact (E-G)
localities. (A) Indoreonectes evezardi from Bhor, (B) Lepidocephalichthys thermalis from Bhor, (C) Paracanthocobitis mooreh from Bhor,
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Fig. 3. Principle component analysis (PCA) of growth, mortality and exploitation related parameters for the four loach species from the
low (Bhor) and high anthropogenic impact areas (Paud and Lonavla). Scree plot of percent variation explained by each PCA axis is shown in

the inset.

3.3 Multivariate analysis of growth and mortality

When performing PCA on growth and mortality related
parameters as well as exploitation parameter computed by the
VPA on loach populations from the three locations (Fig. 3), we
extract six axes. First two axes explained 39.7% and 36.7%
of the total variation respectively (Fig. 3 inset). There was
a negative relationship between asymptotic length and
exploitation and between length at first capture and exploita-
tion with respect to the first PCA axis, indicating that exploited
populations reached lower asymptotic lengths and were
captured mainly at smaller size. Paracanthocobitis mooreh
from high anthropogenic impact area, i.e. Paud, was placed
on the positive side of the first PCA axis that had positive
factor loading for fishing mortality and exploitation, while
the same species from low impact area, i.e. Bhor, was on
the negative side of the first PCA axis. This placement of
P. mooreh populations on the first PCA axis clearly depicts that
the Paud population of this species is overexploited. The
second PCA axis had a positive factor loading for exploitation.
Populations of L. thermalis from both the high impact areas,
Paud and Lonavala, showed positive loading on the second
axis indicating that these populations were exploited relatively
more than the population from low impact area, Bhor.
Although, we do not have populations of /. evezardi and
S. denisoni from high impact areas for comparisons, the
placement of these species on the origin or negative side of
the first PCA axis and negative side of the second PCA axis
indicates that these species are relatively less exploited than
other loach species from high impact areas.

4 Discussion

Conservation of exploited populations presents consider-
able biological and social challenges (Mace and Reynolds,
2001), especially in poorly known and documented tropical
freshwater fisheries. Only very few studies have focused on
the population dynamics of tropical freshwater fishes exploited
through small-scale fisheries (Raghavan et al., 2011; Prasad
etal., 2012) and none have looked at small fish species, despite
its importance for global food security (Kawarazuka and Béné,
2011) and vulnerability to overfishing (Allan et al., 2005).

Although six species of loaches, 1. evezardi, L. thermalis,
Nemachilichthys ruppelli, Nemacheilus anguilla, P. mooreh
and S. denisoni are known to occur in the study area (Kharat
et al.,, 2003; Dahanukar et al., 2012; Keskar et al., 2014),
we could not record good populations of N. ruppelli and
N. anguilla from any of the sites during the present study.
While, these two species were present as stray catches in the
low anthropogenic impact area, they were completely absent in
the markets in the high anthropogenic impact areas. Further,
we could also not record good catches of 1. evezardi, P. mooreh
and S. denisoni from the high anthropogenic impact areas,
from where these species were previously reported to occur
in moderate numbers (Kharat et al., 2001; Dahanukar et al.,
2012). Although several anthropogenic stressors have been
identified as potential threats to fish populations in the study
area (Kharat et al., 2003; Dahanukar et al., 2011, 2012; Keskar
etal.,2014,2015), there has not been any quantitative evidence
as yet to understand species-specific impacts. However, in
this study, we provide the first evidence that unmanaged
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exploitation can have population-level impacts on small
loach species.

Our results suggest that small fish species are vulnerable to
overexploitation in subsistence fisheries, unless management
interventions are implemented. Loach populations in the high
anthropogenic impact areas were exploited at a much higher
rate (closer to their E,,« values) than those in the low
anthropogenic impact area, consistent with the theory that
species living within easy reach of human settlements are easy
targets for exploitation (Mace and Reynolds, 2001).

A higher fishing pressure exists on L. thermalis, a species
that is comparatively smaller in size than its congeners
occurring in this region such as N. ruppelli, N. anguilla,
P. mooreh and S. denisoni. The larger sized loach species were
common in the local fish markets, until two decades ago
(N. Dahanukar, Pers. Observ.) after which increasing
anthropogenic impacts including overfishing could have led
to their local extirpation. Because loaches are sold in the local
markets based on their weight, higher numbers of L. thermalis
need to be exploited compared to larger loach species,
subjecting the former to a higher fishing pressure as evident
from the higher exploitation rates of the species in high
anthropogenic impact areas.

Because we could not record good populations of
L. evezardi and S. denisoni from high anthropogenic impact
areas there is no reference point to compare the growth and
mortality related parameters for these species. However, the
data we have generated can be used as a baseline for future
studies on other populations of these species.

5 Conclusion

While it is known that the inland fishery resources are
intensively exploited in Asia (Welcomme et al., 2010) and
many fisheries are also overexploited (Smith et al., 2005),
there is little quantitative information on their impacts to the
populations of small indigenous fish species and the livelihood
of local communities that specialize in capturing these fish.
Since small fish are primary source of protein and micro-
nutrients to millions of people in the developing world
(Hall et al., 2013), as well as an important income earner for
marginalized communities, overexploitation and concomitant
scarcity of these fish species will have far-reaching implica-
tions not only for fisheries, but also for global food security
and livelihoods. Our study provides the first evidence on the
vulnerability of small indigenous fish species to unmanaged
exploitation, and is an important starting point for further
studies on the long term sustainability of similar fisheries that
exists in many regions of South and South East Asia.

Among several anthropogenic stressors to loach popula-
tions in the study area, which include fishing pressure,
pollution of water bodies and habitat modifications, we only
provide evidence for fishing pressure as a plausible threat.
Therefore, it would be important to conduct a survey to
determine whether environmental factors, such as habitat loss
and pollution, can contribute to weaker renewal rates (due to
lower fertility as example), thereby affecting loach population.
Further studies that systematically address the contribution
of different threats alone and in combination will be essential
to design and implement conservation strategies for loaches.
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