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Abstract
Feeding ecology and prey preference of Mugil cephalus reared in extensive brackish water farming system was 

studied based on monthly examination of stomach contents over a period of 10 months (February-November, 2014). 
Feeding intensity, planktonic constituents in water and food constituents in the stomach were estimated numerically. 
The percentage compositions of food items in the stomach falling under different groups were then compared 
with that of fish pond to evaluate prey preferences. Lower feeding intensity was observed during the initial months 
which gradually increased as the fish’s grew. The dominant phytoplankton groups in pond water according to the 
order of dominance were Chlorophyceae, Bacillariophyceae and Myxophyceae. Most abundant zooplankton group 
was Dinoflagellates followed by Copepods. The main phytoplankton groups found in the stomach according to the 
order of dominance were Bacillarophyceae, Chlorophyceae and Myxophyceae. Dominant zooplankton group in the 
stomachs were Dinoflagellets followed by copepods. Prey preference analysis revealed that M. Cephalus actively 
selected Bacillariophyceae as most preferred food material. Myxophyceae was also selected as second preference. 
Chlorophyceae was not at all selected and was probably swallowed mechanically during intake of other food stuffs. 
True positive selection of copepods during initial months of rearing indicates preference by M. cephalus juveniles.
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Introduction
Feeding is the dominant activity in entire life cycle of fish; thus 

detailed knowledge on food and feeding habit of any fish is essential 
to get success in culture of that particular fish species. Food and 
feeding habits of a species of fish is intimately associated with the 
ecological niche that they occupy in the natural environment [1] and 
knowledge on this aspect is advantageous in their proper management 
and exploitation [2]. Quantitative and qualitative changes in fish food 
during the life span are useful tools to define the diet of a particular 
fish species [3,4]. Fish feed opportunistically yet are often selective in 
their diets [5-7]. The main factors that determine the type of prey are 
feeding preference [8-10], availability of prey, prey mobility and its 
distribution in the water column, catching efficiency of the predator, 
water temperature and turbidity [11]. Changes in feeding habits of a fish 
species are a function of the interactions among several environmental 
factors that influence the selection of food item [12]. Feeding behavior 
at the level of prey selection can have implications at the individual 
[13], population [14], and community levels [15].

Flathead grey mullet (Mugil cephalus L.) is an economically 
important euryhaline and eurythermal marine teleost contributing to 
sizable fisheries of estuarine and coastal regions in many countries [16] 
and has a cosmopolitan distribution between latitude 40°N and 40°S 
covering all the oceans [17-19]. The overall share of Aquaculture was 
2.6% in the total production of Marine fishes and it was contributed 
substantially by flathead grey mullet (M. cephalus) as one of the 
species [20]. It is an excellent candidate species for both mono and 
polyculture as it feeds at the lower trophic level grazing on plant 
detritus and microflora [21,22]. This species is widely cultured in both 
brackish and freshwater semi-intensive fishponds [23] and can utilize 
both supplemental feed and/or natural food [24]. Studies on food and 
feeding habit of stripped grey mullet worldwide indicates that the food 
spectrum is mainly constituted with Diatoms, green and blue green 
algae, Dinoflagellates, Protozoa, macro plant detritus, Copepods, 

Nematodes and Foraminifera according to the order of dominance 
[25-31].

In India, M. cephalus occurs in the shallow coastal waters, lagoons, 
the coastal lakes and estuaries [32] and is mainly reared by polyculture 
method using seed collected from the wild and is restricted to traditional 
system [33] in extensive poly-farming impoundments. Studies on the 
food and feeding habits of M. cephalus in India were done earlier in 
Lake Pulicat [34], Thana creek [35], Gosthani estuary [36] and the East 
coast of Andhra Pradesh [37]. No such study has been reported from 
Hooghly-Matla estuarine complex, popularly known as ‘Sundarbans’ 
in spite of being a highly potential and ecologically important area 
where M. cephalus is an important component of extensive poly-
farming. This study aimed to assess food and feeding ecology along 
with prey selectivity of grey mullet in extensive poly-culture system in 
Sundarbans as representative of natural environment.

Materials and Methods
The study was carried out at Gopalnagar Dakshin village (21.8029-

21.8073°N, 88.2962-88.2985°E) of Patharpratima block in South 24 
Parganas district of West Bengal, India from February to November, 
2014. Three tide fed extensive ponds (0.7-0.9 ha) locally known as 
‘Bhery’ situated at the bank of a creek of Hatania-Doania river were 
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(p<0.05) lower pH and DO were observed in pond 3. Concentrations 
of toxic nitrogenous metabolites like nitrite-nitrogen (NO2-N) and 
total ammonia nitrogen (NH3-N) varied between 9.33-24.47 and 
21.83-44.08 µg/l, respectively considering all the ponds. Significantly 
(p<0.05) higher NH3-N concentration was observed in pond 3 while it 
was similar in pond 1 and 2. Concentrations of nutrients like nitrate-
nitrogen (NO3-N) and phosphate-phosphorous (PO4-P) ranged 
between 69.62-111.04 and 21.58-43.27 µg/l, respectively showing 
no significant difference among ponds. Both phytoplankton and 
zooplankton concentration showed marked difference (p<0.05) among 
ponds with highest value in pond 1 and lowest in pond 3 (Figure 1). 
The dominant phytoplankton groups in pond water according to 
the order of dominance were Chlorophyceae, Bacillariophyceae and 
Myxophyceae in all ponds. Most abundant zooplankton group was 
Dinoflagellates followed by Copepods, fish and shrimp parts were 
also present in the water column (Figure 2). Among Chlorophyceae, 
Pediastrum, Chlorella and Tetraedron were found to be the most 
abundant genera. In addition, Ankistrodesmus, Coilastrum, Crucigenia, 
Scenedesmus and Pandorina were recorded. Percentage composition of 
Chlorophyceae varied between 31.49-53.52% with highest and lowest 
value during May and September, respectively. The most abundant 
genera of Bacillariophyceae were Navicula, Nitzschia, Cyclotella and 
Melosira. Other genera of Bacillariophyceae were Gyrosigma, Cymbella, 
and Synedra. Bacillarophyceae constituted 4.06-15.36% of planktonic 
forms. Anabaena and Oscillatoria were the dominant genera among 

selected. Ponds were dewatered and sun dried during December. 
During first week of January, unfiltered saline tidal water (18.2 ppt) 
was allowed to let in and the ponds were filled up to a depth of 110 
cm and bamboo screen were fitted at the inlet. The traditional bamboo 
screen at the inlet allows entry of fry of different species during water 
exchanges but restricts exit of bigger individuals. No feed or fertilizer 
was applied following traditional practice. Entry of grey mullet 
fry along with other species was anticipated as seeds of M. cephalus 
remain available in north-east coast of India during January–March 
[16]. About 20-30% water was exchanged every lunar cycle following 
the common practice throughout the rearing period. Water and fish 
samples were collected from three ponds to eliminate any possible 
biasness. Both fish and water samples were frizzed in ice before those 
were carried to laboratory for subsequent analysis.

Water temperature, salinity, pH, dissolved oxygen (DO), nitrite-
nitrogen (NO2-N), nitrate-nitrogen (NO3-N), ammonia-nitrogen 
(NH3-N)and phosphate-phosphorus (PO4-P) were analyzed following 
standard methods [38] from pond water samples collected between 
09:00 and 10:00 hours at monthly interval. Salinity was recorded using 
a refractometer (ATAGO, Japan). Plankton samples were collected 
monthly by filtering 50 L of water through bolting silk plankton net 
(mesh size 64 μm). Plankton concentrates were immediately preserved 
in 5% buffered formalin for further qualitative and quantitative analysis.

From each three ponds, 10 fish were collected during middle of 
each month i.e., 30 fish in a month and total 300 fish were collected 
and analyzed throughout 10 months study period. Gravimetric data, 
namely, total length (TL, mm) was recorded with a slide caliper, while 
body weight (W, g) was measured using a digital electronic balance. 
The stomachs were removed intact by cutting above the cardiac and 
below the pyloric sphincters and preserved in a vial with 4% formalin. 
The stomach fullness degree was estimated and categorized as empty, ¼ 
full, ½ full, ¾ full, full and gorged [39]. Dissection entailed making an 
incision above the longitudinal axes of the stomach and intestine and 
stomach contents were transferred to a fixed volume of 4% formalin. 
Three 1ml sub samples of water and each stomach were then transferred 
to Sedgwick-rafter counting cell and planktonic constituents were 
counted and identified [40,41]. Food items of water and stomachs were 
grouped as Chlorophyceae (green algae), Bacillariophyceae (diatoms), 
Myxophyceae (blue-green algae), Dinoflagellates, Copepods and fish or 
shrimp parts and numeric percentages of each group were calculated. 
Additionally, organic matter and sand particles in stomach were also 
evaluated as major constituents. The percentage compositions of 
food items in the stomach falling under different groups were then 
compared with that of fish pond to evaluate prey preferences. Prey 
preferences were determined by the Ivlev Electivity Index [42] using 
the following formula:

−
=

+
r pE
r p

Where, r=percentage of dietary item in ingested food, p= percentage 
of prey in the environment.

Results
Water quality parameters of the three studied ponds are presented 

in Table 1. Salinity showed wide variations in all three ponds throughout 
the culture duration and was highest during May and lowest during 
September. Temperature ranged between 18.7 and 33.1°C. Highest 
temperature was recorded during April and lowest during November. 
Dissolved oxygen (DO) and pH remained almost steady throughout the 
rearing period and ranged between 5.80 to 9.10 ppm and 7.92 to 8.72, 
respectively. Those were similar in pond 1 and 2, however, significantly 
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Figure 1: Growth of grey mullet (Mugil cephalus) in extensive farming 
system.

Water parameters P1 P2 P3

Water temperature (°C) 29.9 ± 1.7 29.9 ± 1.7 29.7 ± 1.9
pH 8.04 ± 0.23a 7.96 ± 0.25a 7.78 ± 0.31b

DO (mg L-1) 6.06 ± 0.42a 5.99 ± 0.52a 5.69 ± 0.52b

Salinity (ppt) 12.87 ± 5.34 12.74 ± 5.32 12.89 ± 5.19
NO2-N (µg L-l) 16.35 ± 5.83 15.91 ± 5.62 16.11 ± 6.63
NO3-N (µg L-l) 93.12 ± 15.41 92.66 ± 11.14 92.97 ± 8.94
NH4-N (µg L-l) 30.96 ± 5.61b 31.19 ± 7.91b 34.89 ± 6.27a

PO4-P (µg L-l) 32.07 ± 13.43 31.91 ± 11.98 31.89 ± 12.74
Phytoplankton (numbers/L-1 

×103) 15.38 ± 1.62a 15.12 ± 1.94b 14.95 ± 1.73c

Zooplankton 
(numbers/L-1×103) 3.05 ± 0.25a 2.91 ± 0.23b 2.83 ± 0.17c

Means bearing different superscripts indicate statistically significant differences in a 
row (p < 0.05); Values are expressed as mean ± SE (n=10 for each impoundments 
every month).

Table 1: Water quality parameters of three extensive brackish water farming 
impoundments used for grey mullet feeding ecology study.
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Myxiphyceae. Other genera such as Chroococcus, Gleocapsa, and 
Merismopedia were also present in the pond water. Composition of 
Myxophyceae was 3.88-8.09% throughout the study period. Common 
zooplankton groups were Dinoflagellates and Copepods. Rotifers 
and Cladocera represented other less abundant zooplankton groups. 
Maximum abundance of Dinoflagellates were observed during 
April (42.56%) and minimum during November (34.62%) whereas 
Copepoda constituted 0.22-4.35% of planktonic constituents. Common 
Dinoflagellate genera were Ceratium and Peridinium whereas; Calanus 
was the most common Copepod genera.

Growth of grey mullet in terms of weight and length over time 
is presented in Figure 1. Fishes were grown from 3.36 ± 0.15 g (6.37 
± 0.18 cm) as measured during 30 DOC to 307.20 ± 16.55 g (31.97 
± 1.14 cm) in 300 days. Feeding intensity of grey mullets in terms of 
stomach fullness is presented in Table 2. Lower feeding intensity with 
highest number of empty stomachs was observed during the initial 
months of rearing. Feeding intensity gradually increased as the fishes 
grew, indicated by more number of gorged and full stomachs in the 
later phase of rearing. Constituents of stomach contents throughout 
the study period are presented in Figure 3. The main phytoplankton 
groups found in the stomach according to the order of dominance 
were Bacillarophyceae (23.04-40.10%), Chlorophyceae (9.59-20.39%) 
and Myxophyceae (4.45-14.36%). Dominant zooplankton group in the 
stomachs were Dinoflagellets (1.60-6.58%) followed by copepods (0.20-
2.97%). Among non-planktonic stomach constituents, parts of fish and 
shrimp constituted 0.12-0.98%, organic matter composed mainly of 
scraps of macrophytes and organic particles constituted 8.37-15.36%; 
sand and mud constituted 23.52-36.38% of stomach content. Organic 
matter and sand particles were not considered for prey preference 
analysis.

Electivity Index (E) for Bacillariophyceae varied between 0.50-
0.85 with highest value during the month of May whereas E for 
Myxophycese ranged between 0.22-0.59 showing highest value during 
October and November (Figure 4). Chlorophyceae showed negative 
value throughout the study period and ranged between -0.18 to -0.31. 
Among zooplanktonic stomach constituents, Copepods showed higher 
values during early months of rearing which gradually decreased as 
the fishes were grown. Dinoflagellets and fish or shrimp parts showed 
negative values almost throughout the rearing period.

Discussion
Recorded water quality parameters were within optimum ranges 

for brackish water aquaculture [43] and differed significantly (P<0.05) 
with time. Concentrations of toxic gases like nitrite-nitrogen (NO2-N) 
and ammonia-nitrogen (NH4-N) remained lower than the critical level 
and concentrations of nutrients like nitrate-nitrogen (NO3-N) and 
phosphate-phosphorous (PO4-P) was much lower than fertilized ponds 
reported from Sundarbans [16,44]. Lower nutrient concentrations in the 
studied extensive system may be attributed to complete dependence on 
natural productivity without any additional input. Order of dominance 
of the planktonic groups in the ambient water in the present study was 
corroborated with that reported from the Hooghly estuary [45].0
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Figure 2: Percentage occurrence of suspended food materials of grey 
mullets (Mugil cephalus) in the ambient water of extensive farming system.
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Figure 3: Percentage occurrence of food constituents in the grey mullet 
(Mugil cephalus) stomach collected from extensive farming system.
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Figure 4: Electivity Index indicating prey preference of grey mullet (Mugil 
cephalus) reared in extensive farming system.

Months Gorged Full 3/4 Full 1/2 Full 1/4 Full Little Empty
Feb 0 6.66 9.99 16.65 20 33.3 13.32
Mar 0 3.33 9.99 9.99 26.6 40 9.99
Apr 3.33 6.66 6.66 16.65 23.3 30 13.32
May 3.33 9.99 9.99 19.98 23.3 26.6 6.66
Jun 6.66 9.99 13.32 16.65 26.6 20 6.66
Jul 9.99 13.3 13.32 19.98 26.6 13.3 3.33
Aug 6.66 13.3 19.98 26.64 23.3 9.99 0
Sep 13.32 20 23.31 13.32 16.7 13.3 0
Oct 16.65 9.99 23.31 19.98 20 6.66 3.33
Nov 13.32 13.3 16.65 23.31 26.6 6.66 0

n=30 for each month, 10 fishes were taken monthly from three impoundments 
under study.

Table 2: Feeding intensity of grey mullet in extensive brackish water farming 
impoundments used for grey mullet feeding ecology study.
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M. cephalus is a diurnal and opportunistic feeder and feeds almost 
continuously throughout the day [22]. The higher feeding frequency 
in bigger fishes than smaller ones may be attributed to the fear of 
potential predators by the smaller fishes while feeding as they are more 
vulnerable and would rather feed more cautiously than their bigger 
counterpart [46]. Larger fish may require more food to obtain the 
necessary energy for reproductive activity than smaller ones require for 
growth. Moreover, a wider mouth opening in larger fish helps to ingest 
relatively larger quantity food items at a time [47].

Bacillariophyceae followed by chlorophyceae and myxophyceae 
as most dominant food constituents of M. cephalus in brackish water 
environments has been reported from various parts of the world like East 
coast of Andhra Pradesh, India [37], coastal waters of Bangladesh [48], 
Northern Pacific coast of Ecuador [49], along Bulgarian Black Sea coast 
[31], Senegal River estuary [50] and earthen fishponds in Egypt [51]. 
Similar order of dominance of prey groups in different environments 
with varied planktonic constituents indicates that M. cephalus does not 
feed on whatever available, but have some preference. Chlorophyceae, 
in spite of being dominant group in water column ranked second in 
order of dominance in the stomach content in the present study further 
supports this view. Considering the complex nature of grey mullet 
feeding ecology, electivity index (E) analysis is necessary to throw some 
light on food preferences. As per Ivlev’s equation, E ranges from -1 to 
+1, where -1 to 0 stands for negative selection, while values 0 to +1 
can be interpreted as positive selection of that prey item. Subsequent 
investigation [52] suggested that a true positive or negative prey 
selection can be interpreted only at values >0.3 or <-0.3 respectively. 
Grey mullets in the present study actively selected bacillariophyceae 
as most preferred food material. In spite of ranking third in the order 
of dominance in the stomach content, myxophyceae was selected as 
second preference except during the month of May characterized 
with high temperature. Although being second dominant planktonic 
constituent in the stomach content, chlorophyceae was not at all selected 
and was probably swallowed mechanically during intake of other food 
stuffs. True positive selection of Copepods during initial months of 
rearing indicates preference by M. cephalus juveniles. Studies on the 
prey preference of M. cephalus is rare, however, it has been suggested 
that the organization of the alimentary system of a particular species, 
as for example in the relative concentrations of its digestive enzymes, 
may be such as to obtain maximum advantage for only a limited part of 
the range of material which the animal is actually capable of ingesting 
[53]. Feeding ecology study along Bulgarian Black Sea coast revealed 
that M. cephalus is able to utilize either the direct grazing or plant 
detritus food chains as an energy source depending upon which is the 
easiest to exploit. When both food sources are present in abundance, 
the mullet exhibits a preference for living microalgae. Such an algal diet 
has a higher caloric content than a macro plant detritus diet [31]. These 
might be the guiding force behind prey selection. Based on the present 
observations, it may be inferred that grey mullet (M. cephalus) does not 
feed at random but prefers diatoms (bacillariophycae) followed by blue 
green algae (myxophyceae) and higher production can be expected 
in extensive brackish water farming systems which are rich in those 
phytoplankton groups.
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