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Abstract
The spotted scat (Scatophagus argus) is widely distributed throughout Indo Pacific basin. This species is valuable
brackish water aquarium fish and an important food fish in parts of its range. A study on the feeding habits, condition factor
and muscle biochemical composition was carried out. The present study on the food and feeding revealed that algae and
detritus dominated the gut contents of the fish. Spotted scat showed flexibility in their feeding ecology and food selection was
based on relative abundance of prey. The gut contents showed an ontogenetic shift in diet with an increase in length. The
results showed that the relative length of gut is 3.1 (ranging from 2.14 to 3.96) which is commonly considered normal for an
omnivorous fish. The muscle biochemical composition of the fish, S. argus was studied. It showed variation with season in its
proximal composition.
Keywords: Scatophagus, condition factor, spotted scat, omnivorous.

Scatophagus argus‘un Yem, Beslenme Alışkanlıkları ve Biyokimyasal Kompozisyonu
Özet
Scatophagus argus, benekli argus balığı, Pasifik havzası boyunca geniş bir alana dağılmıştır. Bu tür, acı su akvaryum
balığı olarak değerlidir ve kendi doğal ortamında önemli bir yem balığıdır. Çalışmada bu türün beslenme alışkanlıkları,
kondüsyon faktörü ve kas biyokimyasal kompozisyonu değerlendirilmiştir. Balığın yem tercihi ve beslenmesi konusunda
alglerin ve taş döküntülerinin balığın bağırsak içeriğinde baskınlık oluşturduğu belirlenmiştir. Benekli argus, avının bolluğuna
bağlı olarak beslenme ekolojisinde ve yem seçiciliğinde esneklik göstermektedir. Bağırsak içeriği, boyda artış ile birlikte
diyette ontogenetik değişim göstermektedir. Sonuçlar, bağırsak bağıl boyunun omnivor bir balık için normal sayılabilecek
ortak bir görüş olan 3,1 (2,14 ile 3,96 arasında dağılım göstermektedir) olduğunu göstermiştir. S. argus’un kasının
biyokimyasal kompozisyonu çalışılmıştır. Mevsimlere bağlı olarak proksimal kompozisyonda çeşitlilikler tespit edilmiştir.
Anahtar Kelimeler: Kondüsyon faktörü, Benekli argus, omnivor.

Introduction
Scatophagus argus also known as spotted scat
(Bardach et al., 1972) butterfish, Argus fish, spade
fish, spotted spade fish (Barry and Fast, 1988) is
widely distributed in the mudflats, mangrove swamps,
harbors, upstream swamps, estuaries and marine
habitats of Indo Pacific, the Malay Archipelago, the
Philippines, Australia and South and South East Asia
especially India. The habits inhabited by scats are
characterized by fluctuations in salinity, temperature,
dissolved oxygen, tidal movements, river run off,
turbidity and turbulence. These adaptations to live in
such ever changing environments endow them with
many biological attributes highly desired in cultured

finfish (Barry and Fast, 1988). The quality and taste
of the fish ranks it as an edible fish and the spotted
rhombic body ranks it as a fascinating aquarium fish.
Large size fish are transported to inland markets
where they fetch price just like any other table fish
(Gandhi, 2002, Barry and Fast, 1988). Because of
their favorable biological characteristics and
economic importance, considerable interest exists in
developing propagation and culture techniques for the
spotted scat. This species is very potential for
brackish water aquaculture in this region.
There is little information about the biology of
spotted scat despite its palatability and consumer
appeal. Studies on the food and feeding habits of S.
argus in estuaries of Bengal by Mookerji et al.
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(1949), in brackish and fresh water by Datta et al.
(1984), the mangrove areas of Thailand by
Monkolprasit et al. (1994) and the marine
environment in and around Mandapam by Gandhi
(2002) have all studied the qualitative aspects.
Keeping in mind the paucity of information on the
biology of spotted scat the aim of this present study is
to provide some basic biological information
concerning the food and feeding habits as well as the
feeding indices of S. argus. The changes in muscle
biochemical composition of spotted scat with regard
to season are examined to evaluate its paramount
importance in regard to nutrient value and
physiological condition.

(adult) were studied by the method of Hynes, (1950)
using the formula,

Material and Methods

Protein content was determined by Lowry’s
(1951) method using BSA (Bovine serum albumin) as
standard. To determine the moisture content known
amount of fish sample was dried in an oven at 50–
60°C for 8–10 hours. Finally the moisture content was
calculated and reported in percentage (AOAC, 1988).
The percentage composition of fat and carbohydrates
of collected samples were analyzed according to
AOAC (1988) methods.

Specimen Collection
The specimens for the study of food and feeding
habits were collected from the fish landing centers in
and around Cochin Estuary, fortnightly for a period of
one year from January, 2007 to December, 2007. Gut
contents of a total of 764 specimens were dissected
out weighed and preserved in 5% formalin. The gut
contents were analysed through quantitative and
qualitative methods (Hynes, 1950; Natarajan and
Jhingran, 1961). The volume (displacement method)
and occurrence of various food items in each stomach
were recorded. Monthly variations in feeding index
were obtained on the basis of fullness of stomach as
suggested by Kow (1950) to assess the feeding
intensity. Depending on the relative fullness and the
space occupied by the food contents fish were
classified as gorged, full, ¾ full and ½ full as actively
fed whereas those with ¼ full, trace and empty as
poorly fed. For analysis of gut content fish were sized
into two different size groups (<70 mm length and
>70 mm length). Spotted Scat sexes could be
differentiated by head shape. In females, the head
profile ascends at a constant slope, whereas males
have a concave curvature of the head above the eye.
Females are often a lighter olive green color
compared to the darker males.
Specimens were collected using Chinese net
from Cochin estuary from January, 2007 to
December, 2007. Fish were transported to the
laboratory in ice cold condition, where their body
weight and length (Standard Length) were recorded to
the nearest 0.01g and cm respectively and stored in
liquid nitrogen at -80°C until analysis. Their fins and
spines were removed and flesh pooled together,
weighed to the nearest mg and biochemical analysis
carried out. Triplicate set of experiments were carried
out (n=6).
Relativegut Index (RGI)
The values of relative gut indices of S. argus in
the size range of <70 mm (juvenile) and >70 mm

R.G.I. = Length of gut (mm) x 100
Total length (mm)
Condition Factor
The relative condition factor (Kn) was computed
using LeCren’s (1951) modified formula,
Kn = W/aLn
Muscle Biochemical Analysis

Statistical Analysis
The SPSSâ statistical software for windows,
version 13.0 (SPSS Inc., Chicago, USA) was used in
all data analysis. Analysis of variance method was
employed to determine the statistical significance of
the changes in muscle biochemical composition and
the variations were compared using Duncan’s
Multiple Range Test. In all cases statistical
significance is indicated by P<0.05

Result
The diet pattern at various length group showed
that there was a gradual shift in diet from smaller
sized(<70 mm) to larger sized fish(>70 mm). Stomach
is enlarged and U shaped with high consumption of
food. The main food of the smaller specimens
consisted of different species of unicellular algae and
detritus. The components of detritus were mud, sand,
minute broken shells of molluscs and other inorganic
matter. Fish scales, diatoms, copepods and fish eggs
were also found. The percentage occurrence of algae
(58.2–88.1%) and detritus (12.3–32.4%) were higher
than diatoms (7.2–19.3%), copepods (0.8–28.3%),
fish scales (1.2–9.1%) and fish eggs (0.7–5.3%) were
also observed (Figure 1a).
Larger sized fish have the most diversified food
items in their diet. Multicellular algae were the
predominant food of the adult fish (>70 mm)
throughout the period of observation. Algae (48.4–
86.3%), detritus (12.4–46.9%), diatoms (8.9–28.3%),
fish scales (2.8–15.9%), crustaceans (1.2–13.6%), fish
eggs (0.2–11.3%), bivalves (1.1–8.2), copepods (0.7–
16.3%), rotifers (0.4–5.2%) sea anemones ( 0.2–
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4.9%), sponges ( 0.4–3.1%) and polychaetes (0.2–
2.9%) were found in the gut contents (Figure 1b).
Maximum occurrence of algae in the stomach
contents were found during post monsoon months.
There were two occurrences of crustaceans
throughout the year, first during February and March
and the second during September and November.
Among crustacean larva zoea was common and found
in maximum during January–March and September–
October. Prawn larvae were present in dominance
during March–May. Fish eggs were also found in
maximum occurrence in November and December.
It was observed that the diet of scats depended
largely on the availability of the food. A special
preference was observed for filamentous algae in the
case of larger fish otherwise the study clearly shows
that the scats take in food which they happened to
encounter. The fish were sometimes seen to have
swallowed whole organisms depending on the size of
the prey. Small prawns, copepods, sponges were eaten
as whole organisms. Undigested chitinous remains
and molluscan shells were observed. Lengthy
filamentous algae have been nibbled or browsed by
larger fish. Detritus, fish scales, bivalves, anemones
and fish egg have been swallowed. Since detritus was
also observed scats are bottom feeders.

a
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The feeding intensity of scats did not follow a
regular pattern. During the months of January–April
majority of the fishes had actively fed. May showed
decreased feeding. July–August active feeding was
observed, followed by decrease in feeding during
September. October–December again the number of
actively fed was more (Figure 1).
The values of relative gut indices ranged from
2.14 to 3.96 for fish >70 mm. The average RGI was
3.1. There existed a significant correlation between
gut length and total body length (r = 0.7427, p<0.05)
(Figure 2).The values of relative condition factor
(Kn), (LeCren, 1951) ranged from 0.91 to 1.3 (Figure
3).
Muscle Biochemical Composition
The profile of proximate composition of S. argus
muscle was assessed from January 2007–December
2007. The moisture content, protein, fat and ash
content were evaluated. Moisture content in the fish
ranged from 72.89–76.03%. One way analysis of
variation showed significant variation (P<0.05)
(Figure 4a). The protein content showed a minimum
of 15.13% during November while a maximum of
17.47% was recorded during August. Significant

b

Figure 1. a and b shows thedifferent diet pattern in fish between the length group of <70 mm and >70 mm respectively.

Figure 2. Changes in gut length with total length.
r2 is =0.7427.

Figure 3. Monthly variations in relative condition factor of
S.argus. Data are represented as mean ±SD.
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monthly variation was observed (P<0.05) (Figure 4b).
The fat content evaluated showed significant variation
(Figure 4c) ranging from 5.16 to 7.92%. One way
ANOVA showed significant variation (P<0.05). The
ash content ranged from 2.15 to 2.86%. One way
ANOVA did not show any significant variation in ash
content with season (Figure 4d).

Discussion
Knowledge on the food and feeding habits is
essential to have knowledge on growth, distribution
and general ecology of the fish. Changes in the food
spectrum during different seasons help us to study the
migratory patterns of the fish.
Studies on the S. argus from different places in
the estuaries of Bengal by Mookerji et al. (1949)
reported the presence of unicellular algae, higher
plants, protozoa, sponges, crustaceans, fish scales,
sand and mud in the gut. Datta et al. (1984) studied
the food of scats inhabiting both fresh and brackish
water ponds and reported that the food comprised of
aquatic macrophytes, phytoplankons, zooplanktons
and macrobenthos. Gandhi (2002) studied the food
and feeding of scats from the marine environment in
and around Mandapam and reported that in addition
to those observed by Mookerji et al. (1949) coral
polyps, bivalves, Lepas, prawns, sea anemones and
alphaeids were present. The present findings were
also in agreement with their findings. The food items
included algae, diatoms, sponges, crustaceans, fish
scales, fish eggs, sea anemones, rotifers, polycheates,
copepods, bivalves and detritus. The present study
clearly indicated that the spotted scat feeding was

related to diet availability. It was found that detritus in
the gut contents of scats were always associated with
algae leading us to conclude that the scats preferred
algae and the fish actually consume detritus while
feeding on algae attached with detritus. In estuaries,
detritivory: herbivory ratios are often high compared
to other waters (Lin et al., 2001), with the high
efficiency of fish yields leading to the assumption that
most estuarine fishes are detritivores, including the
spotted scat in Taiwan (Lin et al., 2007).
Monkolprasit (1994) studied the composition
and food habits of fish collected from the mangrove
forests of Phanang and Ban Don Bay of Thailand. He
indicated that S. argus feeds on diatoms, nematodes,
rotifers, polycheates, insects and protozoa. During the
present study also diatoms, rotifers and polychaetes
were observed. It was also observed that adult fed on
detritus, unicellular algae, copepods and protozoa
which were consistent with the findings of Mookerji
et al. (1949) and Gandhi (2002).Adult fish preferred
multicellular algae, diatoms and detritus. Spotted
scats showed reasonable flexibility in their feeding
ecology. The feeding selectivity was based on the
availability of the food items. Maximum occurrence
of algae in the stomach contents were found during
post monsoon months. Prawn larvae were present in
dominance during March–May. Fish eggs were also
found in maximum occurrence in November and
December.
The presence of different species of multicellular
filamentous algae in the gut contents during the
course of this study indicated that the scats nibbled/
browsed and swallowed them. Attached organisms
such as sea anemones, sponges and bivalves were

Figure 4. Changes in muscle biochemical composition of S. Argus in different months. A) Moisture b) Protein c) Fat d) Ash.
Data are represented as mean ±SD
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scrapped by the fish and swallowed. The presence of
detritus and fish scales showed that the scats are
bottom feeders. Planktons present in the gut content
of young fish indicated that the scats are pelagic
feeders at their juvenile stage. The development of
rows of small rasp like teeth and elongated intestines
are well suited for scrapping and shredding and
digestion of plant materials. Both animal and plant
food items were recorded in the gut content, though a
preference for algae could be observed indicating that
the fish is omnivorous. The omnivorous nature of the
fish has been revealed by Mookerji et al. (1949),
Datta et al. (1984), Gandhi (2002) and Phuong et al.
(2004). The present study also confirms scats to be
omnivorous. However Barry and Fast (1988) have
reported that adult spotted scats are primarily
herbivorous in nature.
The diverse food items with feeding preference
supported that spotted scats showed a likely ontogenic
niche shift. The smaller fish predominantly consume
unicellular algae present in the water column. The
prey diversity consumed by fish broadens as the
length increases. Larger fish feed on substrata taking
the whole prey items including the multicellular
algae, benthos and detritus. Although unicellular
algae remained the dominant food of smaller fish, the
larger fish shifted to multicellular algae. Percent
detritus content increased from 12.3-32.4% in
juvenile to 12.4-46.9% in adult group. Likewise
diatoms were 7.2-19.3% in juveniles increasing to
8.9-28.3% in adults. The fish scale increased from
1.2-9.1% in juveniles to 2.8-15.9% in adults.
The feeding intensity monitored monthly
showed active feeding during January–April. Peak
feeding intensity was observed during June-August.
The female fish that fed actively during this period
had shed their eggs and after spawning the fish
needed to feed actively for revitalizing and rematuring
of ova to spawn (Barry and Fast, 1988) during
October-November (data not shown). It was noted
that during the final stages of maturity of egg the fish
had fed poorly. Wongchinawit and Paphavasit (2009)
reports that scats have the ability to take advantage of
the most profitable food source at a particular time
and select food items that maximize fitness and
energy gain.
The values of relative gut indices ranged from
2.14 to 3.96 for fish >70 mm (adult). The average
RGI was 3.1 which are normal for an omnivorous
fish. Based upon the relative intestine lengths of 0.52.4 for carnivores, 2-21 for herbivores 0.8-5 for
omnivores (Rust, 2002) this ratio for spotted scats
suggest the omnivorous nature of the fish. The RGI
which is within the observed average of 3.1 is well in
conformity with the average of 2.88 (range 2.59–2.93)
in detritus feeding scats found in Vietnam (Phuang et
al., 2004) and 3.0 for herbivorous adult scat in the
Philippines (Barry and Fast, 1998). The absence of
appreciable differences in this index in juveniles and
adult fish indicated that growth does not involve any
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major shift in the basically omnivorous habits of this
fish. There existed a significant correlation between
gut length and total body length (r = 0.7427, P<0.05).
The values of relative condition factor (Kn),
reflects through its variations, information on the
physiological state of the fish in relation to its welfare
(LeCren, 1951) ranged in this study from 0.91 to 1.3.
The Kn value depends on the physiological factors
like maturity and spawning as well as food
availability. The Kn values did not show marked
variations except peaks in June and September
corresponding to the periods of maturity and
spawning. These peaks are not prominent probably
due to the close breeding period and releasing of eggs
in batches.
As fish exhibit a wide array of diversity in their
shapes, modes of life, habitat etc it is to be expected
that they will also show diversity in their composition.
Variations in the monthly proximate composition of
S. argus was observed. The moisture content was high
during the winter season (November–February) and
low during the summer (February–May) and
spawning season. With the onset of spawning season
fat content was found to be high. Fat content was low
during the refractory period of the fish from
December–April and high during spawning season.
Ash content did not show much variation except for
the spawning season when it was low. Protein content
of the fish was high during the spawning season and
the minimum values were recorded in the post
spawning period. High fat and protein content during
spawning season has been reported for other fishes
(Bhuyan, 2003; Shamsan and Ansari, 2010).
In conclusion, in the present study though the
scats show a preference for algae the omnivorous
nature of S. argus is well documented. Studies on the
proximate composition of the fish shows the potent
nutrient value of S. argus. Monthly variations in the
muscle biochemical composition were observed.
Even though there exists a huge demand for this
fish, culture of spotted scats is largely in its primary
stages. Virtually all scat for the food market and
aquaria trades are captured from the wild. The scope
for the culture of the spotted scat is promising field.
The present study would definitely add some basic
information on the food and feeding habits as well as
the nutrient value of the fish opening new vistas for
brackish water culture of the spotted scat.

Acknowledgement
The authors are grateful to the authorities of
Cochin University of Science and Technology for
providing facilities and financial assistance.

References
AOAC. 1988. Official methods of Analysis, Association of
official
Analytical
Chemists
International,
Washington, D.C.

608

G. Sivan and C.K. Radhakrishnan / Turk. J. Fish. Aquat. Sci. 11: 603-608 (2011)

Bardach, J.E., Ryther, J.H. and Mc Larney, W.O. 1972.
Aquaculture: the farming and husbandry of freshwater
and marine organisms. Wiley, New York.
Barry, T.P. and Fast, A.W. 1988. Natural history of the
spotted scat (Scatophagus argus) In: A.w.Fast (Ed)
Spawning induction and pond culture of the spotted
scat (Scatophagus argus) in Philippines. Tech. Rep.
Hawaii Institute of Marine biology, USA: 4-30.
Barry, T.P. and Fast, A.W. 1992. Biology of the spotted scat
(Scatophagus argus) in the Philippines. Asian. Fish.
Sci., 5: 163-179.
Bhuyan, H.R., Chowdhury, M.B, Nath, K.K., Seal, P. and
Hag, M.A. 2003. Studies on the biochemical
parameters of Cynoglossids in the Kutuboha Channel,
Bangladesh. Bangladesh J. Sci. Ind. Res., 38: 91-96.
Datta, N.C., Bandyopathyay, B.K. and Barman, S.S. 1984.
On the food of a euryhaline perch Scatophagus argus
(Cuv. and Val.) and the scope of its culture in fresh
water. Indian J. Acad. Ichthyol. Modinagar. 5(1-2):
121-124.
Gandhi, V. 2002. Studies on the food and feeding of the
cultivable butterfish, Scatophagus argus (Cuv. and
Val.), J. mar. boil. Ass. India., 44(1-2):115-121.
Hynes, B.N. 1950. The food of freshwater stickle backs
(Gastrosteus pungitius) with a review of methods
used in the studies of the food of fishes. 1. Anim.
Ecol., 19(1): 35-58.
Kow, T.A. 1950. The food and feeding relationship of the
fishes of Singapore straits. Colonial Office Fishery
Publications, UK., 1(1): 1-35.
Le Cren, E.D. 1951. The length weight relationship and
seasonal cycle in gonad weight and condition of perch
(Perca fluviatilis). J. Anim. Ecol., 21: 210-219.
Lin, H-J., Hung, J-J., Shao, K-T. and Kuo, F. 2001. Trophic
functioning and nutrient flux of a highly productive
tropical lagoon. Oecologia, 129: 395- 406.

Lin, H-J., Kao, W-Y. and Wang, Y-T. 2007. Analyses of
stomach contents and stable isotopes reveal food
sources of estuarine detritivorous fish in tropical/
subtropical Taiwan. Estuarine, Coastal and Shelf
Science, 73: 527-537. doi: 10.1016/j.ecss.2007.02.013
Lowry, O.H., Rosenbrough, N.J., Farr, A.L., Randal, R.J.,
1951. Protein measurement with Folin-phenol reagent.
J. Biol. Chem.: 193-265.
Monkolprasit, S. 1994. Fish composition and food habits on
mangrove forests at Phang–NGA Bay and Don Bay,
Thailand. Kesetart Univ. Fish. Res. Bull., 20: 1-21.
Mookerji, H.K., Ganguly,D.N. and Mazundar, T.C. 1949.
On the food and feeding of a leopard pomfret
Scatophagus argus (Pallas) and the possibility of its
culture near the estuaries of Bengal. Science and
Culture. 15 (2): 76–77.
Natrajan, A.V. and Jhingran, V.G. 1961. A method of
grading the food elements in the stomach analysis of
fishes. Indian J. Fish.8: 225 -244.
Phuang, N.T., Tiem, V.T., Hien, T.T.T., Thao, P.T.N. and
Khanh, L.V. 2004. Study on feeding and reproductive
biology of spotted scat (Scatophagus argus).
Scientific Journal, Can Tho University, 2: 51-59.
Rust, M.B. 2002. Nutritional physiology: pyloric caeca. In:
J.E. Halver and R.W. Hardy, (Eds.), Fish nutrition. 3rd
Ed., Elsevier Science, San Diego: 367-452.
Shamsan, E.F. and Ansari, Z.A. 2010. Biochemical
composition and caloric content in sand whiting
Sillago sihama (Forsskal), from Zuari Estuary, Goa
Indian J. Fish., 57(1): 61-64
Wongchinawit, S. and Paphavasit, N. 2009. Ontogenetic
niche shift in the spotted scat, Scatophagus argus, in
pak phanang estuary, Nakhon Si Thammarat
Province, Thailand. The Natural History Journal of
Chulalongkorn University, 9(2): 143-169

