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Abstract. Haser TF, Nurdin MS, Supriyono E, Prihadi TH, Febri SP, Persada AY, Wibowo TH, Sari HPE, Putri KA, Antoni. 2023.
Stock assessment using spawning potential ratio in data poor fisheries for mahseer Tor tambroides (Bleeker, 1854) in Aceh Province.
Biodiversitas 24: 6039-6047. Overexploitation of mahseer has led to a decline in population, posing a threat to its sustainability in the
wild. Therefore, this study aimed to compare the length-based spawning potential ratio of the fish from Atu Suasah and Lawe Melang
Rivers in Aceh Province. The experiment was conducted from January to August 2023, and the population dynamics parameters were
calculated through Response Surface Analysis using Electronic Length Frequencies Analysis in the Fish Stock Assessment Tools
program. Meanwhile, the spawning potential ratio (SPR) was analyzed based on data uploaded to the Barefoot Ecologist's Toolbox. The
results showed that the asymptotic length (Loo) at Atu Suasah and Lawe Melang Rivers was 750 mm and 759 mm, respectively, with K
coefficients of 1.40 year™ and 1.55 year™. The length at first maturity (Lmso) of mahseer in these rivers was 372.52 mm and 438.88 mm.
Total mortality (Z) is 3.88 year and 3.24 year, while natural mortality (M) values are 1.06 year™ and 0.91 year, with corresponding
fishing mortality (F) rates of 2.82 year and 2.33 year™. The Beverton and Holt analyzes of per recruitment results showed that mahseer
in Lawe Melang and Atu Suasah River have exceeded Emax, Where the current E values were 0.73 year? and 0.72 year respectively.
These implied that mahseer stock was overfished with SPR 9% and 16% respectively, falling below the standard biological reference
point. To ensure sustainability, conservation efforts should be put in place, including establishing a capture size limit and reducing
fishing gear by 42%.
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INTRODUCTION

Mahseer is a highly economic aquatic resource widely
distributed in South Asia and Southeast Asia (Arjamand et
al. 2013; Esa and Abdul Rahim 2013; Igbal et al. 2013;
Nath et al. 2016; Laskar et al. 2018), including in Indonesia
(Cahyanti et al. 2019; Muchlisin et al. 2022). In Indonesia,
the distribution of this fish species is limited to the Sunda
Shelf, which includes Sumatra, Java, and Borneo (Hutama
et al. 2016; Roesma et al. 2019; Hendrik et al. 2021).
Locally, it is referred to as tambra and dewa in Java, sapan
in Borneo, and semah and keureling in Sumatra (Akmal et
al. 2018; Andriyanto 2019; Zulfahmi et al. 2019;
Abinawanto et al. 2023). Mahseer is renowned for its
delicious taste and is commonly sold fresh, live, and
occasionally as smoked fish (Chasanah et al. 2021; Lim et
al. 2021), which has spurred an increase in fishing efforts
(Pinder et al. 2015).

Aceh Province provides a conducive freshwater system
for mahseer production in the wild, but the stock in the area

has experienced a significant decline over the past decade
(Muchlisin et al. 2015a; 2016a; 2016b). Mahseer fisheries
in Aceh are primarily small scales, dominated by gillnet
and handlines as the main gear (Nugroho et al. 2021).
Currently, the market supply relies on captured fish due to
the impracticality of cultivation (Haser et al. 2022). The
limited advancement in breeding technology has hindered
the development of mahseer aquaculture (Muchlisin et al.
2014, 2015b; Prihadi et al. 2022). Furthermore, aquaculture
activities are highly sensitive to changes in water quality,
leading to increased costs (Mohd Nosi et al. 2018; Hasan
and Tamam 2019; Tiwari and Tiwari 2022).

Several studies showed that the exploitation rate of
mahseer exceeded its optimum threshold, as observed in
Tor tor Hamilton 1822 (E = 0.71-0.84 year?) in Vindhyan
Region of India (Dwivedi and Nautiyal 2012), Tor putitora
Hamilton 1822 (E = 0.67 year) in Western Himalayan
(Rana and Nautiyal 2023), and Tor khudree Sykes 1839 (E
= 0.34-0.84 year?) in Peninsular India (Raghavan et al.
2011). In the case of T. putitora, the exploitation rate has
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drastically increased over 15 years, from E = 0.37 year to
E = 0.70 year® (Nautiyal et al. 2008), showing a rapid
decline in populations (Sah et al. 2021).

Overexploitation of mahseer fisheries has not only
resulted in environmental degradation but also led to
population decline, reduced distribution, diminished
abundance, and a loss of genetic diversity. This has
consequently led to the unsustainability of this species in
the wild (Ali et al. 2014; Arifin et al. 2015; Bhatt and
Pandit 2016; Wibowo and Dwirastina 2016; Safitri et al.
2021; Imron et al. 2022). Other anthropogenic forces such
as pollution, dam construction and illegal fishing have put
stress on the wild mahseer population (Sharma et al. 2019;
Pinder et al. 2019; Nautiyal and Dwivedi 2020; Everard et
al. 2021). Addressing this situation poses a challenge in
implementing effective fisheries management (Hestirianoto
et al. 2021). In the absence of immediate management
measures, this species may face a high risk of extinction
(Pinder et al. 2018).

Important  information ~ for  mahseer  fisheries
management includes an assessment of stock availability.
This information provided a genuine depiction of the
current status of the wild fish resource (Sarkar et al. 2015).
The spawning potential ratio (SPR) method proves
valuable in assessing mahseer stock (Hordyk et al. 2015;
Miethe et al. 2019; Ault et al. 2022). It is particularly well-
suited for stock evaluation in cases of limited data, a
common scenario in small-scale fisheries (Hordyk et al.
2016; Ault et al. 2019; Serdiati et al. 2023) such as mahseer
in Aceh Province. Therefore, this study aimed to compare
and analyze mahseer stock in Lawe Melang River, South
Aceh District, and Atu Suasah River, Aceh Tamiang
District. The stock assessment included an estimation of
the length-based spawning potential ratio.
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MATERIALS AND METHODS

Study area

This study was conducted from January to August 2023
in Lawe Melang River (3°12°54.01°> N and 97°22°50.33”
E), South Aceh, and Atu Suasah River (4°13°42.96” N and
97°58°39.41” E), Aceh Tamiang, Aceh (Figure 1). Both
locations were known as mahseer habitats, located upstream
and downstream of Amount Leuser (Figure 2) (Haser et al.
2022). The characteristics of the ecosystems in these sites
reflect unique and intriguing conditions. The waters are
clear, allowing sunlight to penetrate the bottom of the river.
Furthermore, the strong currents flowing through created a
dynamic and oxygen-rich environment, supporting the life of
mahseer. The substrates in both waters were diverse,
consisting of rocks, gravel, and sand. This combination of
ecosystem characteristics was highly suitable for mahseer,
facilitating activities such as feeding, sheltering, and
spawning (Haser et al. 2022; Raghavan et al. 2017).

Data collection

Mahseer samples were obtained from local fishermen
using gillnet. The installation of gillnets was conducted
from 09:00 to 15:00, and each was lifted every 2 hours.
This fishing gear had a length and height of 10 and 1 meter,
with a mesh size of 1-1.5 inches. Mahseer length was
measured in total length, from the mouth to the edge of the
caudal fin, using a standard 1 mm scale. The specimens
were collected through observations over a period of 8
months, with sampling intervals of 2 times a month. The
sampling was conducted by a census method due to the
relatively low catch volume each month.

97°12'0"E

97°48'0"E

97°12'0"E 97°48'0"E

Figure 1. Fishing ground of mahseer in Aceh. A. Lawe Melang River, South Aceh; and B. Atu Suasah River, Aceh Tamiang, Aceh,

Indonesia
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Figure 2. Habitat of mahseer in Atu Suasah (above) and Lawe Melang River (middle); and morphology of mahseer (below)

Gonad maturity was observed visually following the
modified Desai (1973) guideline. The immature
characteristic included slim ovarium, thin short ribbon-like,
transparent, and unobservable by the naked eye. Maturing
ovarium was characterized by the larger yolk; the eggs
turned yellow, blurred, and easily observable. In the mature
phase, the ovarium was in the form of a plastic bag packed
with big yellow eggs, while during the spent phase, the
ovarium was softened.

Data analysis

The input parameters used for SPR estimation were fish
length frequency, length at first maturity (Lmso), length at
first captured (SL), Von Bertalanffy growth and asymtotic
length (Loo), as well as natural mortality (M). Mahseer
length difference was calculated using the following T-
student test (Zar 2010) formula:

X~ Ho
S/vn

Where: x, pg, S, and n represent the sample average,
tested average, the standard deviation of a sample, and
sample size, respectively.

First length at maturity (Lmsg) was analyzed using a
logistic function based on the following equation (King
2007):

1
(1 + explr(L-La])
Where: Lmso is the proportion of matured mahseer, Lc

is the length average when 50% of mahseer were at the
reproductive stage, L is fish length, and r is the slope.

Lmsu =
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Mahseer growth was analyzed using the following Von
Bartalanffy exponential growth (Sparre and Venema 1998):

Lt = Loo {1 — exp Kt~}

Where: Lt is mahseer length at the age of t, Lo is
asymptotic length, K is growth coefficient, and t0 is
theoretical length at age O, estimated using Pauly (1980):

Log (—t,) = —0.3922 — 0.2752 log Lo — 1.038 log K

Where: Loo is asymptotic length, K is intrinsic growth
coefficient, and T is average annual temperature (°C).

Total mortality (Z) of mahseer was estimated from the
length converted catch curve in FISAT Il (Sparre and
Venema 1998) as:

( Leo-L )
L-L'

Where: Z is total mortality (per year), K is the growth
coefficient, Lo is the asymptotic length (mm), L is the
mean length at capture (mm), and L’ is the smallest length
at capture (mm).

Rate of natural mortality was computed using Pauly
(1980) empirical formula:

LogM = —0.0066 — 0.279 log Lo + 0.6543 logK + 0.4634logT

Fishing mortality (F) was estimated using the equation
by (Sparre and Venema 1998):

Z=K

F=Z-M

Where: F is fishing mortality, Z is total mortality, and
M is natural mortality.

Exploitation rate (E) was estimated using the following
equation (Pauly 1980):

E=7

Where: E is exploitation rate, F is fishing mortality, and
Z is total mortality.

The relative yield per recruit (Y/R) was estimated using
the following analytic equation from Beverton and Holt
(1964):

! M

_ _ 2
%:E(l—c)?xl—a(l c) 3(1-¢)

+
1+ 5 +72(1MTE) 1+
3 % I3
Where: ¢ = 0.05 for Lawe Melang and Atu Suasah. SPR
was analyzed using input parameters such as M/k and
Lm/Loo (Hordyk et al. 2015; Prince et al. 2020) based on
uploaded data in Barefoot Ecologist's Toolbox (LBSPR

Version: 0.1.9).

(1-0)?
3(L—E)
M

RESULTS AND DISCUSSION

Size structure and length at first maturity

Length frequency distribution of fish captured in Lawe
Melang and Atu Suasah ranges from 110-711 mm and 111-
680 mm with total lengths average of 379.19+141.16 mm
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and 393.30+147.43 mm (Figure 3). In Lawe Melang, 29%
of the total catch belonged to the size class of 301-400 mm,
while in Atu Suasah, the majority, 34%, fell in the size
class of 401-500 mm. Mahseer captured in Atu Suasah did
not exceed 70 mm in length. However, a t-test shows that
there is no significant difference in the total length of fish
captured in both rivers (p>0.05). Asymptotic length (L)
of samples captured at both Atu Suasah and Lawe Melang
were 750 mm and 759 mm respectively. The Von
Bertalanffy equations for these two species, include
Lt = 750 {1 — e~ 140(t+0.0462)} and
Lt = 759 {1 — e~ 1:55(t+0.0415)} yegpectively (Figure 4), and
the K coefficients were 1.40 year™ and 1.55 year™.

The length at first maturity (Lmsg) for mahseer in Lawe
Melang and Atu Suasah were 372.52 mm and 438.88 mm
(Figure 5). The results showed a dominance of young
mahseer that had not reached gonadal maturation, with
percentages of 68.20% and 47.30% in the respective
locations. This suggests the occurrence of growth
overfishing, which has the potential to disrupt the stability
of mahseer stock in the wild by inhibiting their spawning
ability.

45
40
35 Lawe Melang
30 = Atu Suasah

25
20
15
10

Frequency (Ind)

150.5

250.5 350.5 4505 5505 6505
Size-class Mid-point (TL in mm)

750.5

Figure 3. The size structure of mahseer caught in Aceh, Indonesia
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Figure 4. Length-frequency based growth curves for mahseer
generated in FISAT II
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Mortality and exploitation rate

The total mortality of fish captured at Lawe Melang and
Atu Suasah were 3.88 year™ and 3.24 year, respectively.
Natural mortality values were calculated as 1.06 year™ and
0.91 year?, while fishing mortality was estimated at 2.82
year! and 2.33 year?. This indicated that the mortality
resulting from fishing activities for both mahseer caught in
Lawe Melang and Atu Suasah, surpasses natural mortality.
According to the Beverton and Holt yield per recruit
analysis, mahseer in both waters have been overexploited,
with current E values of 0.73 year? (Figure 6) and 0.72
year? (Figure 7), respectively, exceeding the respective Emax
values of 0.47 and 0.46.

Spawning potential ratio (SPR)

SPR analysis yielded values of 9% and 16% for Lawe
Melang and Atu Suasah (Figure 8). These values were
associated with F/M ratios of 2.80 and 1.59. The obtained
SPR values fell below the biological limit reference point
(BRP) of 20%, showing that mahseer in both waters has
been overexploited. The estimation below 20% was
attributed to the high proportion of the immature catch.
Meanwhile, the current estimation showed that only about
9% of the mahseer population in Lawe Melang and 16% in
Atu Suasah have the opportunity to spawn or experience
recruitment. Overexploitation of mature and spawning
mahseer led to a decline in recruitment, resulting in a
depletion of the stock over time.

Discussion

Mahseer (Tor tambroides Bleeker 1854) is widely
distributed in Southeast Asia, including Indonesia (Java,
Borneo, Sumatra), Malaysia (Peninsular Malaysia, Sabah,
Sarawak), Thailand, Brunei Darussalam, Vietnam, and
extending to China (Esa and Abdul Rahim 2013; Kottelat
et al. 2018; Sharma et al. 2019; Hasan et al. 2022). The
average size in this study was bigger (Muchlisin et al.
2015a) compared to those captured in Nagan and Sikundo
Rivers in Aceh, as well as Manna and Tarusan in West

Length-Converted Catch Curve
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Sumatra (Wibowo and Dwirastina 2016). However, it was
smaller than those captured in Bundelkhand Region,
Central India, where the length reached 820 mm (Nautiyal
and Dwivedi 2020).

The caught samples in Atu Suasah and Lawe Melang
have experienced a decrease in size. This was in line with
previous studies, which reported a reduction in the size of
mahseer population. According to Muchlisin et al. (2015a),
the search for a big-size Tor tambra Valenciennes 1842 is
very difficult in Nagan and Sikundo River, Aceh.
Additionally, mahseer wild population is significantly
declining and has been classified as threatened (Kottelat et
al. 2018; Sah et al. 2021). Kottelat et al. (2018) stated that
the decline in the population of mahseer was attributed to
illegal fishing and habitat fragmentation (Lau et al. 2021;
Everard et al. 2021).
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Figure 5. Lmso of mahseer caught in Aceh, Indonesia
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Figure 6. Length-converted catch curve (left) and yield per recruit versus exploitation rate (right) for mahseer in Lawe Melang River,
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Figure 7. Length-converted catch curve (left) and yield per recruit versus exploitation rate (right) for mahseer in Atu Suasah River,
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Implementing policies that regulate gear size to allow
fish to reach reproductive maturity is a crucial aspect of
responsible fisheries management (llkyazi et al. 2018;
Achmad et al. 2020). The parameter Lmso can serve as a
threshold for determining the appropriate mesh size of
gillnets, thereby enabling fish to spawn (Sabrah et al. 2017,
Udoh and Ukpatu 2017). The results from this study
showed that the length at first maturity was bigger than the
selectiveness of fishing gears. Therefore, the mesh size of
the gillnet used in both rivers (1 to 1.5 inches) was
inadequate to ensure the sustainability of mahseer fisheries.
Irpan et al. (2018) reported a maximum length of mahseer
captured with an inch mesh size of 227.50 mm. Continuous
fishing practice in this current state may lead to growth
overfishing (Joshi et al. 2018), resulting in reduced
populations and diminished productivity (Raghavan et al.
2011; Lappalainen et al. 2016).

The K coefficient of mahseer in Atu Suasah and Lawe
Melang was lower compared to 1.90 year™ and 1.70 year!
of Manna and Tarusan River, West Sumatra, respectively

(Wibowo and Dwirastina 2016). Raghavan et al. (2011)
reported a K coefficient of 0.19 year? for mahseer from T.
khudree Sykes 1839 in India, while Nautiyal et al. (2008)
discovered a K coefficient of 0.04 year for T. putitora in
Gangga River, India. The K coefficients showed significant
differences between Indian and Indonesian mahseer. Most
of the values for Indian mahseer were below one (<1),
while in Indonesia, they exceeded 1. According to Sparre
and Venema (1998), fish with K coefficients smaller than
one grow faster and reach the maximum size more quickly.

Natural mortality of the stuck is directly associated with
the K coefficient (Beverton and Holt 1957), signifying that
it is a dynamic parameter subject to change due to
predation. Consequently, the size structure will also be
subjected to alterations (Powers 2014). The rate of natural
mortality is classified as normal when its ratio to the K
coefficient falls in the range of 1.5-2.5 (Beverton and Holt
1957; Rahangdale et al. 2016). The ratio of M/k for the two
populations of Lawe Melang and Atu Suasah River is 0.62
and 0.68, respectively. Therefore, the natural mortality rate
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for both populations was significantly low. This low result
is suspected to stem from the limited number of individuals
that survive fishing activity until they reach maturity
(Permatachani et al. 2017). The high fishing mortality is
evident in the exploitation rate, which has surpassed Emax,
showing overfishing of mahseer in Lawe Melang and Atu
Suasah. The exploitation rate surpassing Emax leads to a
decline in the recruitment of mahseer populations in Lawe
Melang and Atu Suasah.

Overexploitation of mahseer in Lawe Melang and Atu
Suasah was a pressing concern, with a predominant capture
of undersized fish indicative of growth overfishing. This
alarming trend has been corroborated by studies from
Hendrik et al. (2021) and Abinawanto et al. (2023),
highlighting a critical stage in mahseer population in
Indonesia, potentially leading to extinction. The adverse
effects of overexploitation were manifested in size
reductions and a dearth of genetic diversity (Arifin et al.
2015; Muchlisin et al. 2015a). These impacts were
attributed to the sustained overharvesting driven by high
market value, along with habitat degradation, pollution, and
alterations in water usage patterns that disrupt the
reproduction and life cycle of the species (Arjamand et al.
2013; Sarkar et al. 2015; Bower et al. 2017; Pinder et al.
2019).

SPR is identified through modeling to predict the
number of mature mahseer capable of maintaining
reproductive capacity or spawning stock biomass (SSB)
(Bunnell and Miller 2005). The data for mahseer in Lawe
Melang and Atu Suasah indicated that only about 9% and
16% of the remaining breeding stock in nature were
capable of reproduction. These assessments were based on
Lmso measurements of 372.52 mm and 438.88 mm,
respectively. This disruption in the mahseer recruitment
process had a pronounced impact on both water bodies. To
ensure the reproductive sustainability of the stock, it was
imperative to set the SPR at a minimum of 20% (Prince
2014). Consequently, concerted efforts were required to be
implemented for the conservation of mahseer (Bhatt and
Pandit 2016; Pinder et al. 2018). Additionally, the
imposition of gear restrictions, specifically aimed at
preventing the capture of fish below 439 mm in Atu Suasah
and 373 mm in Lawe Melang River through the
establishment of minimum legal sizes, held significant
potential for reducing the likelihood of capturing young
fish.

To ensure the sustainability of mahseer fisheries,
careful monitoring and regulation of the number of fishing
efforts operating in both waters, including fleets and
fishing gear, was necessary (Achmad et al. 2022; Azmi et
al. 2022). According to the Beverton and Holt yield per
recruit analysis at 50%, a reduction of 42% in fishing effort
is required in Lawe Melang and Atu Suasah Rivers from
the current exploitation rate to reach Esy 0.31 and Eso 0.30.
Another management action is the application of the “no-
take zone” in areas identified as spawning grounds. It
appears that you are providing information from a study
about mahseer fish and their spawning behavior. Dash et al.
(2021) categorized mahseer as part of the lithophils group
due to their tendency to spawn in river banks characterized
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by sand substrates, shallow depths, and high water clarity.
Consequently, the ideal spawning grounds for mahseer are
shallow river banks (Subagja et al. 2017; Saxena et al.
2022).
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