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Abstract

The length-weight relationship and condition factor of six freshwater fish species were conducted monthly
at selected rivers of Kerian River Basin from May 2008 to May 2009. The fish species studied were
Devario regina, Labiobarbus sp., Puntius binotatus, Rasbora sumatrana, Acantopsis choironrhycos and
Cyclocheilichthys apogon. The value of fish growth (b) shows that D. regina (b = 3.256), P. binotatus (b
= 3.911), R. sumatrana (b = 3.642) and C. apogon (b = 3.623) had positive allometric growth, while
Labiobarbus sp. (b = 2.898) and A. choironrhycos (b = 2.427) had negative allometric growth. The mean
Kn varied from 1.003 £ 0.109 (4. choirorhynchos) to 1.873 + 0.203 (R. sumatrana). Of all the fish species,
only mean Kn of R. sumatrana showed significant difference among the sampling sites, at P < 0.05,
suggesting the fish growth in the Kerian River basin was in a good condition.
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1. Introduction

Length-weight relationship (LWR) is a key factor in investigation of biology and management of fish
species (Odat 2003, Thomas et al. 2003, Frota et al. 2004, Abdurahiman et al. 2004, Golam & Tawfeequa
2006, Ayoade & Ikulala 2007, Samat et al. 2008, Jamabo et al. 2009, Offem et al. 2009). This information
is important to evaluate the general health parameters of fish species (fatness, breeding and feeding states)
and their suitability to the environment (Schneider et al. 2000, Gonzéalez-Gandara et al. 2003, Farzana &
Saira 2008) as well as provides clues to environmental changes and sustainable management of the stock
(Samat et al. 2008, Efitre et al. 2009). The b value from the growth equation (W = a L") indicates the rate
of weight gain relative to growth in length (Frota ef al. 2004).

Suitability of an aquatic habitat for fish growth is determined by the value of relative condition factor,
which higher value indicates better habitat suitability in term of food availability and other requirements,
for optimum fish growth (Samat ez al. 2008, Abowei 2009). The condition factor determines the period of
gonadal maturation, and also attributed to sexual and active spawning sizes (El-Agami 1988, Hadi 2008,
Shalloof & Salam 2008, Mansor et al. in press). Reproduction results in lower value of condition factor (K
< 1) marked the fish loses its weight after spawning period (Froese 2006).

Sachidanandamurthy & Yajurvedi (2008) proved that deterioration in water quality directly or indirectly
affects fish physiology and growth. High water pH causes alkalosis, damaging skin, browning of gills areas
and increasing mucus production. High ammonia increases the toxicity of water, causing ammonia
poisoning to the fish, with symptoms such as red streaking on the body and gills may appear pale in colour.
These types of diseases reduce or inhibit fish growth, affecting the value of growth coefficient (b). This
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paper aims to provide information on length-weight relationship and the relative condition factor of six
freshwater fish species at selected rivers in Kerian River Basin. In addition, we used this data to determine
more productive river and the factors may contribute to the growth of fish including river characteristics
and physical-parameters.

2. Materials and Methods
2.1. Sampling Area

The Kerian River Basin is located at the northern part of Malaysia (5° 9° — 5° 21°’N and 100° 36.5°-100°
46.8’E) and has a population of approximately 190,000 in a catchments area of 1418 km® (Yap 1990).
Kerian River Basin is a formation of Kerian River with a number of tributaries that can supply water to
thousands of people (Che-Salmah ez al. 2004). This river consists of various tributaries of Kerian River and
Selama River from the upstream and meets at the middle of the basin then flowing westward to the Strait of
Malacca. Kerian River starts from the hilly headwaters in Mahang River, Kedah while the Selama River
originates from hilly areas in Selama, Perak (Che-Salmah et al. 2001). Seven sampling sites were selected
for this study namely Mahang, Kangar, Selama, upper of Kerian, middle of Kerian (Selama), Serdang and
Bogak Rivers (Fig. 1). General characteristics of sampling sites were given in Table 1.

2.2. Determination of River Physico-chemical Parameters

In this study, the following parameters were measured to describe the condition of Kerian River tributaries.
In situ physico-chemical readings were taken at each sampling site. Dissolved Oxygen (DO) content and
temperature (°C) were estimated using YSI meter (Model 55), conductivity (uS/cm), total dissolved solids
(TDS) (mg/L) and salinity (ppt) were measured using Hach meter (Model CO150), pH was measured using
Hach Sension 1 meter, velocity and depth of a river were estimated using velocity meter and width of a
river was measured using a measuring tape.

2.3. Fish Sampling

Sampling was conducted from May 2008 to May 2009 using various fishing gears, such as cast, scoop and
insect nets. At each sampling site, fishes were sampled 20 times per 1 hour by the cast net. The scoop and
insect nets were used while sampling on hard substrates; boulder, cobble and river bank areas. Collected
fishes were kept in an ice chest during transportation to the laboratory. The fishes were identified to the
lowest possible taxon using standard taxonomic keys (Mohsin & Ambak 1983, Kottelat et al. 1993,
Rainboth 1996, Ambak et al. 2010), then preserved in 10% formalin for later works.

The fishes, positioned on their left sides, were measured; total length (TL), standard length (SL) in
centimetre and weight (W) in gram (Frota et al. 2004). Total length was measured from anterior mouth to
the tip of the longest caudal fin rays. From anterior mouth part to the end of caudal peduncle was the
standard length. The fish was weighed on an electronic scale.

2.4. Length-weight Relationship

The length-weight relationship (LWR) was estimated using the following formula; W = a L’ (Le Cren 1951,
Pauly 1983); where W is the weight of fish in grams, L is the total length (TL) of fish in cm, a is constant
and b is slope of regression line. The values of a and b were estimated through a logarithmic transformation;
logW =log a + b log TL, the least square linear regression (Froese 2006). Value of b is an index of growth
type of fish (isometric or allometric) and useful for fish classification (Smith 1996), indicating isometric
growth (the fish has an equal increment of both length and weight parameters) (b = 3), the light group or
negative allometric growth (b < 3), heavy group or positive allometric growth with (b > 3) (Smith 1996,
Odat 2003, Thomas et al. 2003, Ayoade & Ikulala 2007, Samat et al. 2008, Jamabo et al. 2009, Laghari et
al. 2009, Offem et al. 2009).

2.5. Relative Condition Factor (Kn)
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The formula for relative condition factor is Kn = W/W’ (Le Cren 1951); where W is the observed weight of
individual fish (g) and W’ is the expected weight of fish (g), which can be determined using the following
formula: W’ = gL’ (Le Cren 1951); the values of Kn are used to compare the well being, healthiness of
fish between species, between rivers or different sampling sites in the Kerian River Basin.

All data on length-weight relationship of different species were subjected to regression analysis. The result
of Kn values for each species were analyzed using One-way ANOVA to determine the significance values
of well being of fish among sampling sites of the Kerian River Basin at P = 0.05. When significant F values
were indicated, they were subjected to multiple mean comparison analysis using the Tukey test at P = 0.05.

3. Results and Discussion

Various fish sizes of many species were captured because more than one sampling gear was used in this
study. The small fishes were sampled using the insect net, while the cast net was capable of capturing a
large number of specimens, ranging from small to large sizes. An electric shocker was extremely
indiscriminate in its catch. Dissolved Oxygen content in various rivers had large variation, ranging from
3.77 mg/L in Bogak River to 8.34 mg/L in Selama River. Values of pH fluctuated from 5.64 in Bogak River
to 6.22 in Mahang River. The water temperature was the highest in Bogak River (28.29°C) and the lowest
in Mahang River (21.82°C). The highest conductivity was recorded in Bogak River (246.47 pS/cm),
followed by Serdang River (40.9 puS/cm). However, in other rivers, the values fall within small range
(16.51 — 27.02 puS/cm). The TDS content was extremely high in Bogak River (126.19 mg/L), while the
content of TDS in other rivers ranged from 8 mg/L (Mahang River) to 18.45 mg/L (Serdang River). The
velocity ranged from 0.13 m/s (Bogak River) to 0.80 m/s (upper of Kerian River). A low concentration of
salinity was recorded in Bogak River (1.50 ppt) (Table 2).

Devario regina, Labiobarbus sp., Puntius binotatus, Rasbora sumatrana, Acantopsis choirorhynchos and
Cyclocheilichthys apogon were common in the river basin hence selected for this study (Table 3). The
lengths of fish species captured ranged from 4.3 to 23.5 cm, while their weights fluctuated from 1.0 to
135.0 g. D. regina was the most abundant species sampled (n = 124). However, this species was the
smallest species, ranging from 4.3 to 10.8 cm. Labiobarbus sp. (6.3 to 23 c¢cm and 3 to 135 g) and 4.
choirorhynchos (7.8 to 23.5cm and 4 to 50g) were the largest fish among the fish species sampled (Table 3).

There was a significant relationship between the total length and weight of all six fresh water species in the
Kerian River (P < 0.001). High values of regression coefficient (R*) from the result showed a strong
correlation between the length and weight of all fish species (Table 3). Similarly, the strong correlation of
these two parameters was recorded by Ayoade and Ikulala (2007) and Jamabo et al. (2009), stating that an
increase in weight is directly proportionate to an increase in length for a normal fish. The b values (2.427 —
3.911) in this study were in normal range for the growth of most fishes. Generally, most fishes scored b
values from 2 to 4 (Samat et al. 2008, Jamabo et al. 2009).

D. regina, P. binotatus, R. sumatrana and C. apogon experienced a positive allometric growth (b > 3),
indicating most of fishes in this area live in healthy environment condition (Table 3). However,
Labiobarbus sp. and A. choirorhynchos had a negative allometric growth (b < 3). The variation in food
supplies could be contributed to the different size of species. However, dorso-ventrally compressed body of
A. choirorhynchos was one of the reasons to have b value less than 3. The inherited body shape of this
species suggests that it tends to grow longer than its weight (Farzana & Saira 2008).

Base on our result, most fishes in the Kerian River Basin experienced a positive allometric growth,
suggesting the space area and food supply were sufficient throughout the year (Farzana & Saira 2008,
Samat et al. 2008). The b value, which represents the body form is related to the ecological and biological
factors such as Dissolved Oxygen content in the water, food supply, spawning conditions and other factors
such as sex and age of fish (Shukor ez al. 2008, Offem et al. 2009). Generally, suitable ranges of water pH
and DO for the fish are 6.5-9 and more than 5 mg/L, respectively (Othman et al. 2002). Except in Bogak
River, all sampling sites provided suitable habitats for all fish species, since DO contents in the water were
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within the optimal range for fish growths. According to Interim National Water Quality Standards (INWQS)
(Lawson 1995), only tolerant species can adapt to live in water with DO lower than 5 mg/L. Aerobic
decomposition of organic matter by microbes reduces the oxygen level in the water which probably it was
happened in Bogak River (Othman et al. 2002). In this case, most fishes that live in such water have
adapted well by having their modified morphologies.

The growth pattern of the various fish species showed that the fish with longer body are heavier in weight
(Table 4). Based on the values of the slope (b) (Table 4), D. regina (b =3.256), P. binotatus (b =3.911), R.
sumatrana (b = 3.642) and C. apogon (b = 3.623) were categorized into heavy group (b > 3), while
Labiobarbus sp. (b =2.898) and A. choirorhynchos (b = 2.427) were classified into light group.

The mean Kn varied from 1.003 £ 0.109 (4. choirorhynchos) to 1.873 £ 0.203 (R. sumatrana). The highest
mean Kn values for D. regina, R. sumatrana, P. binotatus, Labiobarbus sp., A. choirorhynchos and C.
apogon were 1.14 + 0.257 (Kangar), 1.873 + 0.203 (Mahang), 1.131 + 0.212 (upper of Kerian), 1.076 +
0.155 (Serdang), 1.003 + 0.109 (middle of Kerian) and 1.317 + 0.208 (Bogak), respectively. Of all fish
species, only R. sumatrana showed significant different in mean Kn values among the sampling sites (F; ;5
=120.818, P <0.05). The Tukey test resulted in significant differences of mean Kn values between Mahang
River (1.873 + 0.203) and upper of Kerian River (1.079 £+ 0.152), and between Mahang River and Serdang
River (1.073 £ 0.231) (P < 0.05).

The mean Kn values for all the fish species were greater than one in each sampling sites (Table 5),
indicating fishes were in better condition. The gonad developed gradually until the maturation stage (Samat
et al. 2008). The weight per unit length of fish is greater when it grows rapidly. The mean Kn values of less
than one represent slow growth of fish. Overcrowding, parasite, disease and low productivity may attribute
to the lower Kn value. Froese (2006) and Samat et al. (2008) stated that a larger part of the energy is
transferred for other activities such as growth and emptying of ovaries.

The mean Kn values of R. sumatrana showed a significant different (P < 0.05) among the Mahang, upper
of Kerian and Serdang rivers. According to our results, Kn values of the Mahang river was significantly
different with both the upper of Kerian and Serdang rivers, but Serdang River was not significantly
different with upper of Kerian River. Mahang River had the highest mean value of Kn, reflecting high food
availability in this river. The presence of fruit trees along Mahang River presumably provided additional
food sources for fish compared to other rivers. Shukor et al. (2008) suggested that R. sumatrana, which
swims near the water surface, has more opportunity to pick up any terrestrial insects and detritus falling on
the water surface. In fact, larger rivers and limited food availability in Serdang and upper of Kerian Rivers
increased the competition among fishes and predation, that could trigger linear b values.

There was no significant difference in the mean Kn values of D. regina among the Mahang, Kangar and
Selama rivers (see Table 5). Partially shaded by the riparian vegetation, fast flowing water, sandy and hardy
substrate types of these rivers are the most preferable habitats for this fish (McClure et al. 2006). A
streamlined body with a superior mouth enables this species to get food sources from the water surface.
Insects are the main diet of all Danio species. C. apogon preferred poor quality in Bogak River as its main
habitat because slow moving water was suitable for its morphology. This species fed on detritus, the main
food for most fishes living in this river (Yap 1988). Substrate types also play an important role to
distinguish fish adaptation. It is assumed that 4. choirorhynchos is an active burrower. Only a few numbers
of individuals of this species were found in Mahang, upper of Kerian and Serdang rivers.

4. Conclusion

In this study, all the selected rivers were productive to certain fish species. Based on the Kn values,
Kangar River is considered as the best habitat for D. regina, while Mahang River for R. sumatrana, upper
of Kerian River for P. binotatus, Serdang River for Labiobarbus sp., middle of Kerian River for A.
choirorhynchos and Bogak River for C. apogon. The physico-chemical parameters and characteristics of
the rivers played an important role in determining the growth type of fish and their adoptions to certain
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rivers. In addition, availability of food sources could possibly influenced the growth performances of
fishes.
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Table 1. General characteristics of selected rivers in the Kerian River Basin with coordinates

Approximate sampling

Name of site Description of site

location
Mahane River S220743.70°N Small hillstream. steep gradient of a river bank. relatively fast flowing water. partially shaded by fruiting and bamboo
& 100°46°17.70"E trees, sand mining areas and fruit orchards near the river area. sandy and gravel substrates.
Kangar River 5°20°17.17"N Small hillstream, shallow gradient of a river bank. oil palm plantation, slow moving water, very shallow, the river is
= 100°46°28.30"E partially shaded by the niparian vegetation. substrates dominated by sand.

Selomea River 5°15°34.60"N Moderate size hillstream. shallow gradient of a river bank. relatively fast flowing water. the river is located in hilly
) (upstream) areas, recreation areas, fruit orchard nearby. the main substrates are boulder and cobble, the river is partially shaded by
up 100°50°42.10"E the niparian vegetation such as Koompassia malaccensis, Aglaonema nitidum, Chassalia chartacea and Bambusa sp.,

Kerian River 5°18°48.60"N )
A large hillstream, moderate gradient, cobble, very strong current, Melastoma malabathricum dominates the river bank
(upper) 100°46°57.30°E
Kerian River 5°13°41.50"N
iddl A large niver. steep and unstable bank near the oil palm plantation. the river is near residential areas,
(middle) 100°41°13 50°E
C] . > ] »

Serdang River S*11°32.40°N Steep gradient of a niver bank, exposed directly to sunlight, surrounded by o1l palm plantation, the main substrate was
= 100°36°57.20"E sand, only grass as the main vegetation. A small scale of aquaculture was found here. very near to residential areas.
Bogak River S 380N Moderate gradient of a river bank. surrounded by oil palm. paddy field plantations and residential areas. exposed

= 100°31°13.70"E directly to sunlight. muddy substrates covered by Cabomba sp. and Salvinia molesta
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Table 2. The site description and the mean in situ reading (%s.d.) by sampling sites during the study period.
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Sampling site Mahang River Kangar River e P Kenavn s Serdang River Bogak River
(upper) (upstream) (nuddle)
DO (mg/L) 8.28+0.17 7.71+0.14 814042 834=0385 6.99=0.09 6.69+0.33 377046
pH 6.22+0.71 5.95+0.27 5.83x0.74 6.05=0.51 5.80=0.29 6.04+0.20 5.64=0.45
Cond (uS/cm) 16.51£0.79 18.6+0.17 2249299 19.6£0.63 27.02+2.56 409£9.70 24647 £ 143.63
Temperature (°C) 2182033 23.6%0.57 2261%0.15 224£057 2332077 26.00 = 1.46 28.29+3.09
TDS (mg/L) 8x0.58 8.63=0.00 10.61£225 9.11x0.58 1225+1.26 1845+ 1.50 126.19 = 68.02
Salinity (ppt) 0 0 0 0 0 0 1.50+0.71
Velocity (m/s) 0.69+0.14 0.49+0.08 0.80=0.08 042=0.08 0.65=0.03 0.56=0.07 0.13+0.02
Depth (cm) 46.13£11.09 175+£733 62.25+13.65 62£26.75 400 = 74.58 325+526 230+25.32
Width (m) 491+1.10 3.64=0.65 224=0.14 887=0.75 41.15=0.00 128+0.30 15.6=0.00

Table 3. Estimated parameters of the length-weight relationship for six selected freshwater fish species in Kerian River. (n: number of samples. min: mmimum.
max: maximum, a- intercept of regression line, : slope of regression line, S E: Standard Error, Cl: confidence level, R”: regression coefficient). *Significant at P

<0.01.
Famulies Species n  Total length (cm) Weight (g) Lna b  SEofb 95% of Cl R?
min max min max

Cyprinidae D. regina 124 43 108 1 16 -5101 3256 0203 30522461  0.89*
Labiobarbus sp. 104 63 23 3 135 4464 23898 0130 2788-3010  0.96*
P. binotatus 92 5 12.6 1 32 6570 3911 0272 37334249  091%
R. sumatrana 92 51 116 1 16 6041 3642 0206 33633921  0.88*
C. apogon 35 5.7 14 1 39 5948 3623 0158 33853861 097*

Cobitidae A. choirorhynchos 56 78 235 4 50 3960 2427  0.148 22142640  091%

Table 4. Fish grouping in Kerian River based on the value of 5 (slope of the linear equation) and mean condition
factor for combined sexes with standard deviation (K + s.d); b < 3: light group (NA. negatively allometric), while b

= 3: heavy group (PA. positively allometric). R*: regression coefficient.

Fish species Group Growth pattern W =aqL?

D. regina Heavy PA W =0.013TL***?
Labiobarbus sp. Light NA W =0.028TL***
P._ binotatus Heavy PA W =0.05TL3%!
R. sumatrana Heavy PA W= 0.011TL*"
A. choirorhynchos Light NA W =0.019TL**
C. apogon Heavy PA W = 0.002TL>**
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Table 5. Mean relative condition factor with standard deviation (Kn = s.d) and growth performance of six species collected from seven sampling sites in the Kerian River Basin.

Sampling sites
Tl Selama Kangar Mahan; Upper of Serdan; Maddle of Bogak
& 3 Kerian - Kerian €
Kn 1.033x0.2133 1.14£0.257 1.027£0.156
D. regina TL(cm) (4.3-10.5) (49-9.7) (6.1-10.8) NA NA NA NA
W(g) (1-12.9) (1-11) (2-16)
b 2.882 3.574 3212
Kn 1.873+0.203*  1.079%0.152* 1.073+0.231*
R sumatrana TL(cm) NA NA (6.7-10.5) (6.6-11.6) (5.1-10.5) NA NA
W(g) (2-14) (3-16) (1-13)
b 3.770 3.095 3.538
Kn 1.131x0.212 1.052=0.219
.4-9.7 -12.1
P. binotatus TL(cm) NA NA NA 6497) (-12.6) NA NA
W(g) (3-12) (1-32)
b 3.133 3.507
Kn 1.076=0.155 1.034=0.084 1.048=0.136
i TL(cm) (6.3-23) (8.5-16.2) (6.5-11)
Labiobarbus sp. Wi(g) NA NA NA NA (4-135) (6-34) (3-13)
b 3.037 2.533 2.889
Kn 1.003=0.109
TL(cm) (16.8-23.5)
A. choirorhynchos NA NA NA NA NA NA
W(g) (16-50)
b 2,678
Kn 1.317£0.208
TL(cm) (5.7-14)
C. apogon W(e) NA NA NA NA NA NA (1-39)
b 3.629
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Fig. 1. The map of Kerian River Basin (inset square) mn the northem of Peninsular Malaysia.

Red circles representing sampling sites.
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