Length-weight relationship, condition factor and
TROPH of Scatophagus argus in Malaysian coastal

waters
Marina Hashim, Diana A. Zainal Abidin, ?Simon K. Das,
23A. Ghaffar Mazlan

! School of Environmental Science and Natural Resources, Faculty of Science and
Technology, Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, D. E.,
Malaysia; ? Marine Ecosystem Research Centre, Faculty of Science and Technology,
Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, D. E., Malaysia;
3 School of Fisheries and Aquaculture Sciences, University Malaysia Terengganu, 21030
Kuala Nerus, Terengganu, Malaysia. Corresponding author: M. A. Ghaffar,
magfishO5@yahoo.com

Abstract. The present study was carried out to investigate the length-weight relationship, condition
factor and TROPH of spotted scat, Scatophagus argus collected from the fish landing centre at Gelang
Patah, Johor. The population growth pattern of scats was allometric negative (b < 3) indicated that the
weight increment was lesser than length increment. The Fulton condition factor (K) and relative condition
factor (Kn) were greater than 1 indicated the wellbeing of fish. The highest and lowest condition factor
values were observed in December and June, which may indicate the spawning and recovery season of
S. argus. The results of stomach content analysis showed that the algae and detritus are the most
abundant prey items by weight/volumes followed by crustaceans, and fish. The most represented taxa
were brown seaweed Sargassum spp., shrimp Acetes indicus, and fish. The overall mean trophic level for
S. argus was close to 3 (2.977+0.364) suggesting the herbivory and carnivory feeding behaviour of fish.
However detail fractal TROPH values analysis explained true scenario of S. argus diet denoting that the
fish eat wide variety of diet from algae (2.19+0.2804), crustacean, benthic organism (3.55+0.2087) and
even fishes (4.26+0.1776) referring the omnivory feeding behaviour. The different value of TROPH for
the different standard length indicates that this species developed high degree of resiliency of which the
fish can be categorized as an opportunistic feeder. Therefore, the present study nullify the previous
statement which stated that the S. argus are scat eater. The data obtained from this study would be
useful for fish biologist and resource managers to proper management of this important fishery
resourcenot only in Malaysian waters but also nearby areas of this country.
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Introduction. The spotted scat (Scatophagus argus) is a euryhaline teleost which is
widely dispersed in the near shore waters of the Indo-Pacific (Nelson 1976) and inhibit
coastal muddy areas including estuaries, mangroves, harbours and the lower streams of
rivers (Bianchi 1985; Rainboth 1996). S. argus is a popular ornamental fish because of
its attractive pattern (Morgan 1983; Amarasinghe et al 2002; Bambaradeniya et al 2002)
and it is also a valuable marketed species especially in Philippines and Thailand (Barry &
Fast 1988, 1992; Sawusdee 2010). This species can tolerate high degree of resiliency
which makes them highly desired in cultures finfish (Barry & Fast 1988).

In assessing fish species ecological function and impact, it is important to have a
knowledge of length-weight relationship (LWR) and condition factor of fishes mainly when
the species lies at the base of the higher food web (Lizama & Ambrdésio 2002). LWR
paramerters (a and b) are very useful to estimate weight of individual fish from its
length, to determine condition indices, to equate life history and morphology of
populations belonging to different regions (Petrakis & Stergiou 1995). Fulton’s condition
factor (K) is generally used in fisheries and fish biology studies to calculate the
relationship between weight of the fish and its length, with the aim of depicting the
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condition of the individual fish (Froese 2006). A series of research on basic biology on S.
argus by Barry & Fast (1988, 1992) and Sawusdee (2010) have been performed. Relative
condition factor (K,) of S. argus have been conducted by Sivan & Radhakrishnan (2011)
in Cochin, India but no report on Fulton condition factor (K) is available in the literature.

Aside from the population growth pattern, to understand the trophic interactions
in aquatic food webs, accurate description of diets and feedings habits of a fish species is
essential (Vander Zanden et al 2000). The quality and quantity of food are among the
most important exogenous factors directly affecting growth and, indirectly, maturation
and mortality in fish thus being ultimately related to fitness (Wootton 1990).

Qualitative studies on feeding habits of S. argus has been made in estuaries of
Bengal (Mookerji et al 1949) and Cochin (Sivan & Radhakrishnan 2011); brackish and
freshwater (Datta et al 1984); mangrove areas of Thailand (Monkolprasit 1994); and
marine environment of Mandapam (Gandhi 2002). Despite the large magnitude of the
research on growth and feeding studies of S. argus, no studies have been reported in
Malaysian coastal waters on their annual condition and trophic level.

The aims of this study were to determine the population growth pattern, annual
conditions factor (K, K,) and trophic level of S. argus collected from Johor coastal waters,
Malaysia.

Material and Method. Fish samples were collected from fish landing centre of Gelang
Patah, Johor from January 2013 to December 2013. A total of 958 fish were collected and
fish identification was carried out in the field according to the description of Kottelat
(2001). The fresh fish samples in various sizes were random saved for trophic level
study. To prevent further decomposition and digestion, 4% (w/v) formaldehyde was also
injected directly into the fish’s abdomen after length and weight measurement (Simon et
al 2009).

Length-weight relationship. Population growth of S. argus was estimated based on
length-weight relationship analysis. Fish specimens were measured using measuring
board to the nearest 1 cm (total length, TL) (Simon et al 2008) and weighed to the
nearest 0.1 g (total body weight, BW) using electronic weighing balance (Model: KD-
300KC) (De et al 2016). The relationship between the length and weight of a fish is
expressed by the equation W = alL® (Ricker 1973), where W is body weight (g), L is total
length (cm), a is the intercept, and b is the slope (fish growth rate) (Beverton & Holt
1996). The fish were immediately preserved in 10% (w/v) formaldehyde for further
analysis in the laboratory. Determination of a and b values was done using a non-linear
regression for which curve fitting was carried out by a non-linear iterative method using
Levenberg-Marquardt and Simplex algorithms for obtaining best convergence x2
goodness of fit values using a computer programme, Microcal Origin™ Version 6.0
(Simon & Mazlan 2008). The degree of adjustment of the model studied was assessed by
the correlation coefficient (r2). A t-test was performed to test whether the computed
value of b was significantly different from 3.0, indicating the type of growth: isometric (b
= 3.0), positive allometric (b > 3.0), or negative allometric (b < 3.0) (Spiegel 1991; Das
et al 2014). In all cases a statistic significance of 5% was adopted.

Condition factors. The Fulton condition factor (K) was calculated for each individual fish
according to the equation: K = 1000 W / L*®; where W is the total body weight in g and L
is the total length in cm (Bauchot & Bauchot 1978). The relative condition factor (K,) was
calculated according to equation: K, = W /aL®; the value of a and b from the length-
weight relationship were employed in calculating the relative condition factor (K,)
(Godinho 1997). Analysis of variance was carried out to test the effect of monthly
variation of condition factor (K, K,). Tukey’s post hoc tests were used to compare the
significant differences (p < 0.05) in mean monthly condition factors of S. argus. All
statistical analyses were performed using MINITAB (version 14), and Microcal Origin™
Version 9.0 software (De et al 2016; Simon et al 2013).
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Stomach content and trophic level analysis. In the laboratory, the stomach was
removed and preserved in 70% (v/v) ethanol for longer preservation. Estimation of diet
was achieved by stomach contents analyses from pre-selected samples (n = 360); 30
fish samples were randomly selected from monthly catch collection. In order to provide
an indication of homogeneity of feeding within a fish population, both quantitative and
qualitative methods are taken into account in stomach content analysis (Hynes 1950;
Hyslop 1980; Natarajan & Jhingran 1961; Lin et al 2007; Sivan & Radhakrishnan 2011).
Feeding intensity of S. argus was obtained by monthly variations in feeding index on
stomach fullness as mention by Kow (1950). Estimation of stomach fullness were
measured by estimating the space occupied by food contents in the stomach in
percentage; 50-75% as actively fed and below 50% as poorly fed. The intensity of
feeding was assessed visually based on the distension of the stomachs (Rao 1964) and
was classified as empty, ¥ full, ¥z full, 3 full and full. The empty and % full stomachs
were considered as poorly fed and others as actively fed.

Stomach contents were analysed and sorted under light microscope to quantify in
accordance with occurrence method (Hyslop 1980). Frequency of occurrence (fo) and
percentage weight (wt%) were examined for different length classes (Simon & Mazlan
2010). The frequency of occurrence method was applied by counting the number of
stomachs which consist of one or more individuals of each consumed item, and the total
was enunciate as a percentage of the total number of stomachs examined (FO%).

Trophic level (TROPH) represents the position of an organism which it occupies in
the food webs that largely define aquatic ecosystems (Pauly et al 1995, 1998; Pauly &
Christensen 1995, 2000; Pauly & Palomares 2000). Trophic level of S. argus were
estimated using diet composition data of which later analysed using a TROPHLAB
software (Pauly et al 2000), which is a stand-alone application for estimating TROPH and
its standard error (S.E) using the weight or volume contribution and the trophic level of
each prey species to the diet (Pauly et al 2001). Real consumers do not usually have
TROPHSs with integer values and the definition of TROPH for any consumer species i is:

TROPH = 1+Zf=1DCij *TROPH;
where TROPH]j is the fractional trophic level of prey j, DCij represents the fraction of j in
the diet of i, and G is the total number of prey species. Thus defined, the trophic level of
aquatic consumers is a measurable entity that can take any value between 2.0 for
herbivours and 5.0 for piscivorous/carvivous organisms (Pauly et al 1998; Pauly &
Palomares 2000).

Results

Length-weight relationship. General analysis of length and weight of the whole
samples (n = 958) indicated that the total body wet weight of fishes collected throughout
the study ranged within 11.69 to 470.0 g and total length ranged between 9.00 to 24.30
cm, respectively. Further analysis of length-weight relationship (W = alL®) provides
population growth information of S. argus fish collected from study areas. The results of
analysis for combined length-weight relationship (LWR) showed that intercept a were
0.05537 (£0.00557) whiles exponent b were 2.76035 (£0.03681), with correlation
coefficient r 2 = 0.82445. The exponent b value were significantly (p < 0.05) below than
3 indicate it is negative allometric growth pattern which explains the increment of weight
in S. argus does not in proportionate to its length increments (Figure 1).

However calculated monthly LWR of S. argus showed a variation of parameters.
The exponent b value for April, July, August, September and October is less than 3 was
expected considering the laterally compressed body form of S. argus and the exponent b
value is the same as the entire sample. Meanwhile for January, February, March, May,
June and November shows that the exponent b value is more than 3 indicating that the
growth is positive allometric, the fish is relatively stouter or deeper-bodied as it increases
in length. The growth coefficient was minimum in July/August (b = 1.44/2.14) and
maximum in February (b = 3.37) (Table 1). The calculated b value for combined LWR is
significantly different from b = 3 (p < 0.05), however in monthly b values as presented
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in Table 1 all are significantly different from b except March and November (p > 0.05)
representing isometric growth form.
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Figure 1. Length-weight relationship of S. argus samples collected from January to December
2013 (combined sex). Empty circles represent individual sample and solid line represents non-
linear curve fitting.

Table 1
Estimated parameters of length-weight relationship, Fulton’s condition factor and relative
condition factor analysis based on monthly data collection from January to December
2013 of S. argus from Gelang Patah, Johor, Malaysia

Month n a b r2 K Ka
January 56 0.01+0.005 3.28+0.11 0.95604 2.99°°+0.17 1.03°**+0.08
February 118  0.01+0.003 3.37+0.09 0.90228 3.18°+0.24 1.10°+0.10

March 72 0.03+0.009 3.02+0.11 0.92003 3.20°+0.13 1.06°°+0.04

April 101  0.07+0.020 2.66+0.11 0.84287 2.75°+0.22  0.96°9+0.08
May 95 0.01+0.003 3.26+0.08 0.93434 2.82%'+0.13 0.97°“+0.06
June 110  0.01+0.002 3.27+0.05 0.9446 2.73'+0.12 0.959+0.05
July 52 2.06+0.916 1.44+0.16 0.62452 2.96°°+0.31 1.03°**+0.09
August 86 0.30+0.104 2.14+0.12 0.76193 2.92%+0.18 1.02°+0.06
September 99 0.05+0.145 2.78+0.10 0.88285 2.75°+0.08  0.96%+0.03
October 108 0.06+0.016 2.74+0.10 0.87381 2.88%'+0.17 0.99%"+0.05
November 47 0.03+0.012 3.05+0.16 0.88579 3.17°°+0.22  1.07°°+0.09
December 48 0.20+0.035 2.51+0.07 0.94846 3.65°+0.19 1.33°+0.07

N: number of sample; a: intercept; b: slope (fish growth form); r?: the goodness of fit; K: mean Fulton
condition factor; K,: mean relative condition factor; K* and K,*9: Tukey pairwise comparison means that do not
share a letter are significantly different at p < 0.05.

Condition factors. The mean condition factors for S. argus from Gelang Patah, Johor
are shown in Table 1. The results indicated that there was a significant difference
between mean K and K, in January, March, April, May, Jun, August, September and
October (p < 0.05). There were no significant differences between monthly K and K, in
February, July, November and December (p < 0.05). The mean Fulton condition factor
(K) for S. argus ranged from 2.73 to 3.65. The relative condition factor (K,) ranged from
0.95 to 1.33 (Figure 2). In January, the mean monthly K rose from 2.99 to reach a peak
of 3.20 in March and then decline abruptly in April to 2.75 and reached their lowest mean
K values of 2.73 in June. In July it rose to 2.96 and declined again to 2.75 in September
and reached the highest peak of 3.65 in December. The mean monthly K, also followed
similar trend rising from 1.03 in January however to reach a peak of 1.10 in February and
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decline gradually to 0.96 in April and reached their lowest mean K, values of 0.95 in
June. In July it rose to 1.03 and declined again to 0.96 in September and reached the
highest peak of 1.33 in December. Overall, the mean monthly K and K, have three
noticeable peaks which is in February, July and December with the highest peak in
December and the values were no significantly different (p < 0.05).
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Figure 2. Monthly variation in condition factor of S. argus: (a) Fulton condition factor (K),
and (b) relative condition factor (K,). Letters above the mean values indicate significant differences
of mean condition factors at p < 0.05. Data are represented as mean+SD.

Stomach content and Troph level analysis. The stomachs of 360 S. argus samples
were examined, and only 85% contained food items and 15% were found empty. The
food items were grouped into eleven major categories, detritus (38.03%) were found the
most abundant by weight/volumes followed by crustaceans (20.26%), algae (17.10%),
brown seaweed (12.28%), and teleost (9.41%). Other prey categories which contributed
a small proportion of diet were scales (2.16%), insect (1.45%), cnidaria (0.89%),
cephalopod (0.48%), polychaetes (0.08%) and bivalve (0.01%) (Table 2). The most
dominant and most frequent food items were algae (Cyanophyceae) f, = 19.4 (17.10%
w/v) followed by detritus f, = 19.4 (38.03% w/v), shrimp (Acetes indicus) f, = 18.9
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(19.2% w/v), teleost f, = 13.1 (9.41% w/v), and brown seaweed (Sargassum sp.) f, =
8.9 (12.28% w/v). The least prey item occur were Bivalve (juveniles cockles) f, = 1.32
(0.01% w/v) which found only in two fish stomach. The presence of scales (f, =2.2%)
could not be considered as intended feeding item as observation on the groups of S.
argus in captivity exhibits antagonistic behavior where the fish fighting by biting scales of
their tank mate. Therefore this may indicate that the fish either purposely biting their
mate for scales or it was one of offensive strategies during fighting.

Table 2
Prey items observed in 360 spotted scat stomachs from Gelang Patah, Johor, Malaysia
were grouped by major prey categories

Prey category N W (9) wt % n f, w (9)
Algae - Cyanophyceae 82.3 16.73 70 19.4 0.23
Bivalve - cockles 10 0.07 0.01 2 0.6 0.0002
Seaweed - brown seaweed 59.1 12.02 32 8.9 0.16
Cephalopod - squid 17 2.3 0.47 11 3.1 0.01
Cnidaria - jellyfish 724 4.28 0.87 6 1.7 0.01
Crustaceans - amphipod 7361 51 1.04 10 2.8 0.01
Crustaceans - shrimp 975 92.4 18.79 68 18.9 0.26
Detritus 183 37.20 70 19.4 0.51
Insect 233 7 1.42 7 1.9 0.02
Polychaetes 8 0.4 0.08 4 1.1 0.001
Scales 532 10.63 2.16 8 2.2 0.03
Teleost 323 45.3 9.21 47 13.1 0.13
Total 10183 491.88 100 1.37

N: number of organisms of prey category; W: total weight; wt%: percentage weight in g; n: number of
stomachs with prey item; f,: frequency of occurrence; w: weight per stomach sampled in g.

The estimated trophic level ranged from 2.0 to 4.5 with mean values of 2.977+0.364
(Figure 3).

Trophic level

i } I
i
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Total length (cm)

Figure 3. Trophic level-size relationship of S. argus (circles represent mean trophic level
estimated by TROPHLAB program and bars represent variants of prey items).

The trophic level for smallest (TL = 10.8 cm) and the largest fish (TL = 24.2 cm) were
estimated at 2.13 and 2.0 respectively indicating the fish is herbivores/detritivores.
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Trophic level class between 3.0 to 3.5 were omnivorous ranging from 12.1 cm to 22.2 cm
in total length and trophic level 4 were piscivorous ranged from 13.5 cm to 21.8 cm.
Overall, the smallest fish size, 10.8 cm, were herbivorous then the diet shift to
omnivorous at size length 12.0 cm and at size length 20.0 cm it shift it's diet back to
herbivorous. The results of fractal TROPH analysis may indicate that there is a possibility
of ontogenetic shift of feeding throughout life history of S. argus. However, overall
trophic level analysis of S. argus did not follow a regular pattern and the diet highly
depended on the availability of food.

Discussion. In the current study, S. argus displayed negative growth (b < 3) pattern,
indicating fish become more slender as length increases. The similar growth pattern for
S. argus was recorded in Thailand and Philippines waters (Sawusdee 2010; Barry & Fast
1992). The exponent ‘b’ values of afore mentioned areas are within the range of
2.552~2.92 (Bagenal & Tesch 1978). High values of correlation coefficient r? indicated a
high degree of positive correlation between the total length and total weight of this
species. In terms of monthly growth type, it was observed in January, February, May,
and June fish present positive allometric growth (b > 3) while in other month it shows
negative allometric growth (b < 3) except for March and November (p > 0.05)
representing isometric growth form. Such changes in b value may be attributed to certain
environment factors such as food competition, availability of food, season, temperature,
salinity, time of maturity and sex (Pauly 1984; Sparre 1992). Considering the b values at
the time of samplings, large specimens have a body shape that becomes more elongated
or the small specimens were in better nutritional condition (Froese 2006). Unlike
parameter a that may vary between habitats, seasonally or even daily (Bagenal & Tesch
1978; Gongalves et al 1997; Taskavak & Bilecenoglu 2001; Ozaydin & Taskavak 2007).
Therefore, the LWR in fish is influenced by gonad development, feeding intensity, diet,
stomach fullness, and preservation technique, nevertheless none of them are taken into
account in the present study.

The condition factor of S. argus showed no regular patterns. The Fulton condition
factor (K) in this study were above 1 which shows that the fish in this study are in good
condition. It is documented by Bagenal & Tesch (1978) that the ideal condition factor for
mature fresh and brackish water fish were ranged of 2.9-4.8. Sivan & Radhakrishnan
(2011) studied the relative condition factor (K,) of S. argus in Cochin, India in 2007
ranged from 0.9 to 1.3 which was similar with our findings which ranged from 0.95 to
1.33. There were three evident peaks in both condition factor K and K, which is in
February, July and December and the values were no significantly different (p < 0.05).
However, Sivan & Radhakrishnan (2011) findings were otherwise for June and
September. These high and low peaks suggest that the energy of the fish is concentrated
on the growth of the fish and development of the gonad. This suggests that S. argus may
start its reproductive period in February/March and recover in December.

The authors’ findings show that the S. argus in Johor coastal waters feed primarily
on algae (Cyanophyceae) followed by detritus, shrimp, teleost and brown seaweed
(Sargassum sp.) (Table 1). In terms of dominated the stomach content by weight was
detritus and algae, while bivalve (cockles juvenile) was the least. The presence of
detritus, algae, brown seaweed and fish scales prove that S. argus is a bottom feeder. It
is believed that the cockle juveniles were fed by accident while they are feeding on algae
and detritus on the ocean floor.

This study shows that S. argus in Johor coastal waters feed primarily on algae
(Cyanophyceae) followed by detritus, shrimp, teleost and brown seaweed (Sargassum
sp.) (Table 2). In terms of dominated item (preys) by weight were detritus and algae,
while bivalve (cockles juvenile) was the least. The presence of detritus, algae, brown
seaweed and fish scales prove that S. argus is a bottom feeder. It is believed that the
cockle juveniles were fed by accident while they are feeding on algae and detritus on the
ocean floor. Similar findings were reported in previous studies (Mookerji et al (1949),
Khan (1979), Datta et al (1984), Monkolprasit (1994), Gandhi (2002), Wongchinawit &
Paphavasit (2009) and Sivan & Radhakrishnan (2011)) in different localities, however,
our findings reported for the first time some new prey items including insect, cephalopod
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(squid juvenile), teleost and cnidarian (jellyfish juvenile) in S. argus stomach. It is
presumed that the insects were attracted to light at the jetty / harbour and fall on the
water surface which then was eaten up by S. argus. Sivan & Radhakrishnan (2011) found
that detritus and algae were always associated together in the diet which actually the fish
preferred algae while feeding on algae attached with detritus. Shrimp and teleost were
found frequently in fish stomach which suggests that S. argus diets are related to food
availability. The presence of both animal and plant food items in the diet indicates that
the fish is omnivorous.

The overall mean trophic level for S. argus is 2.977+0.364 indicating that they fell
in between herbivorous and omnivorous category. However detail fractal troph values
analysis explained true scenario of S. argus diet denoting that the fish eat wide variety of
diet from algae (2.1940.2804), crustacean, benthic organism (3.55+0.2087) to fish
species (4.26x0.1776). At TL < 12.0 cm the trophic level was mainly 2, meanwhile at TL
ranged 12-20 cm the trophic level was in between 2 to 4.5. When the scat fish reach at
certain length (TL > 19.0 cm), the diet are mainly plant food items. The different value of
trophic level for the different standard length indicates that this species developed high
degree of resiliency of which the fish can be categorized as an opportunistic feeder. The
TROPH of S. argus have not been previously recorded in Malaysia or elsewhere.

Conclusions. Our study provides the first report on population growth pattern and
condition of S. argus in Malaysian waters. The calculated LWR analyses denoted that S.
argus exhibit negative allometric growth (b < 3) indicating its length increased faster
than its body weight while growing. High condition factor in December suggest that the
energy of the fish is concentrated on the growth of the fish and recovering after
spawning season. The estimated trophic level of 2.977+0.364 indicates that S. argus is
omnivorous feeder. However, the ontogenetic niche shift throughout their different
development stages of life considering them an opportunistic feeder. New diet findings of
S. argus also include fish juvenile, jellyfish juvenile, insect, and squid juvenile. The
information obtained from this study would add some basic information on the growth,
condition factor, and TROPH of S. argus in Johor coastal waters.
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