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Abstract

This study examined the growth response of yellowfin seabream, Acanthopagrus arabicus,
reared in floating net cage fed at variable daily feeding frequencies. Thirty healthy fish
(49.7+0.3 g initial weight) were stocked in each of the 12 net cages (1.5x1.5%1.5m). Three
cages in each group were assigned to four different feeding frequency i.e., two, three, four
and six times/day designated as FF1, FF2, FF3 and FF4, respectively. Semi-purified diet
(42% protein) was used to feed at seven percent body weight (%BW) day™ for a total period
of forty five days. The fish length and weight were measured fortnightly and the feeding rate
was adjusted according to the new weight. At the end of the trial all fish remained healthy
and active with survivals recorded 95-100%. The final weight, average daily weight gain
(ADG) and specific growth rate (SGR) values were significantly higher for fish in groups
FF3 and FF4 compared to FF1 and FF2. The SGR was the highest in groups FF3
(1.30£0.02) and FF4 (1.3+0.04) significantly different from FF1 (1.09+0.01) and FF2
(0.99+0.02) groups. Whole body proximate composition (protein, ash, moisture and lipid)
remained similar in all the treatment groups. It may be concluded that yellowfin seabream,
A. arabicus, may be grown in floating cages effectively by feeding four times day™ to
achieve significantly better growth.
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Introduction

A dramatic increase in the human
population, expected to exceed 9 billion by
2050 with 22% individuals with age under
40 years (Heilig et al., 2012), will pose a
threat to food security and insufficiency in
the future which may be fulfilled by
aquaculture (Godfray et al., 2010). For
successful  aquaculture  practice fish
nutrition feed needs to be managed in
order to obtain healthy fish while keeping
the production cost at the minimum.
Fishmeal being a suitable source of
essential amino acids, minerals, vitamins
and essential fatty acid, remains the main
constitute of fish feed (Hussain et al.,
2011). About 30 — 60% of the production
cost is incurred by fish feed (Huguenin,
1997; De Carvalho Gomes et al., 2006).
Therefore, the supply of nutritionally
balanced feed at an optimal feeding rate
would ensure better growth rate, economic
returns, and improved total production of
fish (Silva et al., 2007).

Knowledge of optimal feeding regimes
with efficient feeding frequency and
feeding rate with respect to fish body
weight can avoid overfeeding as well as
insufficient feeding that may cause
mortality and increases serious growth and
health issues for the fishes and in the
surrounding environment (Masser and
Cline, 1990). For example, this may result
in high feed conversion ratio with
corresponding low growth (Thia-Eng and
Seng-Keh, 1978), waste feed will affect
water quality (Talbot et al., 1999) and
inadequate feed supply would increase
competition and cannibalism resulting in
low total yield and profitability (Bureau et
al., 2006). Feeding behavior and choice of
a particular feed appear to vary from

species to species, for example, Indian
catfish, Heteropneustes fossilis
(Sundararaj et al., 1982), goldfish,
Carassius auratus (Noeske and Spieler,
1984),  Channel  catfish, Ictalurus
punctatus (Noeske et al., 1985) and black
sea trout, Salmo trutta labrax (Basginar et
al., 2007)

The members of family Sparidae,
usually known as seabreams and porgies,
are distributed generally in temperate to
tropical seas (Froese and Pauly, 2015).
Sparidae is mainly a marine family but few
species of the family are found in brackish
water (Platell et al., 2007). A total of 139
species of the family 14 species have been
reported from Pakistan (Siddiqui et al.,
2014). Many species of this family, being
euryhaline, can tolerate wide range of
temperature tolerance, fast growth with
high demand for human consuming, have
been successful used in aquaculture (Leu
and Chou, 1996). The yellowfin seabream,
Acanthopagrus latus, has been re-
described in five separate Species,
including A. latus (East Asia), A.
longispinnis (Northern Gulf of Bengal
Bay), and three recently discovered
species, A. arabicus (Middle-East, Iran
and Pakistan), A. morrisoni (North-
Western Australia) and A. sheim (The
Persian Gulf) (Iwatsuki, 2013; Siddiqui et
al, 2014). The A. arabicus has not been
studied for its growth performance in
captivity. Therefore the present study was
designed to evaluate the optimum daily
feeding frequency for maximum growth in
floating net cages with respect to feed
consumption and body composition.
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Materials and methods

Feed formulation and preparation

Feed ingredients were procured from the
local market in Karachi. Fishmeal was the
major protein source used in the diet and
protein level was maintained at 42%. The
feed ingredients, as in Table 1, were mixed
and blended with fish oil and water to
form dough. The dough was passed

through the palletizer machine to form
required pelleted diet. Feed was stored
under dry condition in a freezer until
utilized. The dried feed samples were
analyzed for percent proximate
composition of dry matter, crude fat, crude
protein, crude fiber and moisture contents
(Table 1).

Table 1: Composition of the experimental diet (g kg™) and percent proximate
composition used for Acanthopagrus arabicus grown in floating net

cages.
Ingredients Diet
Fish meal 460
Wheat bran ? 240
Wheat flour ? 120
Rice bran? 80
Fish oil 50
Starch 30
Vitamins & minerals ° 20
Proximate Composition of diet

Dry matter 86
Moisture 10.6
Crude protein 42.1
Crude fat 13.3
Crude fibre 6.2

# Crude protein (CP) content: Fish meal (61.2%), wheat flour, (16.2%), wheat bran

(12.6%), rice bran (6.1%), starch (9.4%).

b Vitamins and minerals have the following composition in the diet (g 1000g™):Water-
soluble vitamins; ascorbic acid (vitamin C) 15, thiamine (vit. B1) 1.1, inositol (vit.B8)
38.5, choline chloride 3.7, pyridoxine (vit.B6) 1.2, folic acid (0.5); cyanocobalamine
(vit.B 12) 0.004, nicotinic acid (vit.B3) 4.2, riboflavin (vit.B2) 1.1, pantothenic acid
(vit.B5) 1.35 and biotin, 0.4.Fatsoluble vitamins; cholecalciferol (vit.D3) 6.8, retinol
(vit. A) 1.1; menadione sodium bisulphite (vit.K3) 0.04, a-tocopherol acetate (vit. E)
5.2. Minerals; calcium 1.3; phosphorus 3.3, zinc 1.1, copper 1.02, magnesium 2.3,
phospholipids 3.2, iodine 2.1, manganese 2.04, iron 1.1, sodium 1.02

Experimental design

Fish (A. arabicus) juveniles were collected
from the vicinity of the experimental site
(24°55'43.07" N, 66°44'26.18" E) and
initially stocked in four net cages for 15
days adaptation. During this time,
juveniles were adapted to accept the
pelleted diet offered. Active fish juveniles
in uniform size (49.7£0.3 g. mean body
weight; n=360) were distributed (30
fish/cage) in four groups of triplicate
floating net cages (1.5mx1.5mx1.5m). The

fish in four diet groups were named (FF1,
FF2, FF3 and FF4) which were fed two,
three, four and six times day™ at 7% BW,
respectively for 45 days during April/May,
2016 (Table 2). Cages were cleaned to
avoid algal and fungal growth, and to
maintain free circulation of waters. Fish
counts and individual weights were taken
fortnightly and the amount of feed was
adjusted according to the new weight. Fish
growth was ascertain on the basis of
weight gain ([(Average final weight—
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Average initial weight) /Average initial
weight]x100), Average daily weight gain
[ADG=(Average final weight—Average
initial weight)/Total cultured days] and
specific growth rate [SGR=% weight gain
per day=[(In Total final weight - In Total
initial weight)/days)x100].

Proximate composition of fish diet and
fish carcase was carried out using standard
methods (AOAC, 1990) including dry
matter, moisture (drying at 105 ° C for 24

h), crude protein (Kjeldahl method;
Nx6.25), crude fat (soxhlet method) and
crude fiber (filter bag technique). From the
initial stock seventy two individuals were
separately euthanized and stored at -20°C
for the entire carcass composition analysis.
Similarly, at the end of feeding trial, five
fish from each cage were randomly
collected and anesthetized for subsequent
final fish carcass composition.

Table 2: The experimental design for assessment of optimum feeding frequency for juveniles of
Acanthopagrus arabicus, in floating net cages showing the average initial weight, length and other

parameters in each feeding group.

Number of Feeding Stocking per  Average initial Average

Treatments replicates frequency cage weight (g) initial
length (cm)

FF1 3 2 30 50.07+0.02 17.33+0.79

FF2 3 3 30 49.50+0.18 17.87+0.52

FF3 3 4 30 49.83+0.28 18.16+0.41

FF4 3 6 30 49.40+0.14 17.89+0.52

Physico-chemical parameters high tides which remained within the

(temperature, salinity, dissolved oxygen
and pH) of the experimental site were
recorded once in a week at low, mid and

normal range. Daily feeding schedule for
all the treatment groups are presented in
(Table 3).

Table 3: Daily feeding schedule for Acanthopagrus arabicus in floating net cages showing
feeding frequency and the time of the day for each feeding group were fed twice
a day (FF1); thrice a day (FF2); four times a day (FF3); six times a day (FF4).

Feeding
frequency
Feeding time FF1 FF2 FF3 FF4

800 X X X
900 X
1000 X
1100 X
1200 X X
1300
1400 X X
1500
1600 X X X
1700 X
1800 X

Statistical analysis

The triplicate data of each experimental
group were presented as total meanz
standard deviation (SD). One Way
Analysis of Variance (ANOVA) was used

to assess the differences in growth
performance between treatment groups
receiving daily feed at different
frequencies. For significant differences
among treatment groups the Tukey HSD
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test was applied. The statistical analysis
was performed through SPSS ver.18 and
Microsoft Excel 2010.

Results

Water physico-chemical parameters were
within acceptable range and suitable for
cage culture of A. arabicus. The average
values of temperature (22.32+0.54 °C), pH
(7.32+0.43), salinity (24.3+2.3%0) and
dissolve oxygen (6.40+0.21 mg L) were
recorded. The fish remained healthy and
active during the whole experimental
period and the survival remained between
95% to 100%. Lower mortality rate in
cages is the indication of healthy
environments for culture.

Growth parameters, such as, percent
weight gain (WG), average daily weight
gain (ADG) and specific growth rate
(SGR) are given in Table 4. At the end of
the experiment, WG values in group FF1
(56.32+1.97 g) and FF2 (63.74x1.03 Q)
was lower compared to FF3 (79.8+2.42 g)
and FF4 (79.77£1.3 g). There was no
significant differences (p>0.05) in weight
gain in treatment groups FF3 and FF4;

however, they were significantly different
from FF1 and FF2 groups. The ADG
values increased gradually in all groups
and the lowest final ADG was recorded in
treatment FF1 (0.62+0.02 g), followed by
FF2 (0.7x0.01 g). The highest ADG was
recorded in FF3 (0.88+0.02 g) and FF4
(0.87+0.01 g). The high ADG values
recorded in FF3 and FF4 were
significantly different (p<0.05) from that
of FF1 and FF2. Similarly, the specific
growth rate (SGR; % per day) values were
lower in FF1 (0.99+0.02) and FF2
(1.09+£0.01) groups. The significantly
higher (p<0.05) SGR values were detected
in FF3 (1.3£0.02) and FF4 groups
(1.3£0.04).

The initial and final proximate
compositions of fish whole body, shown in
Table 5, depict that the body composition
of A. arabicus, was not influenced by the
feeding frequency in floating net cages.
Final body composition, moisture, protein,
lipid and ash contents were not
significantly different (p>0.05) from their
respective initial values.

Table 4: Weight gain (g), average daily weight gain (ADG; g ind™ day™) and Specific growth rate (SGR;
%l/day) of Acanthopagrus arabicus. Fish in each group were fed a fixed ration (7% body weight
day™) at the respective frequencies as mentioned in Table 2. Values are mean + DE. Values
marked with different alphabetical letters in each experimental group in the last column (1-45

days) indicate significant differences.

Experimental duration (days)

Parameters Feeding groups 1--14 15--29 30—45 1--45
FF1 14012019 17.77#031 1641097  56.321.97°
FF2 1553070  19.75079  1835:0.64  63.74+103°
We'g(g)t gain FF3 22813096  21.73x0.82  20.26#0.13  79.8+2.42°
FF4 2326£0.45  21.68+0.18  20.824057  79.77+1.36°
FF1 050:0.00  0.72:0.01 078004  06280.02°
ADG FF2 054:0.02  0.80£0.02 0894003 0.70£0.01°
(g ind™ day™)
FF3 081002 095004 1.070.00 0.880,022
FF4 078:0.01  0.93+0.00 1.09+0.02 0.870.012
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Table 4 continued:

FF1 0.93+0.01
SGR (%/day) FF2 1.03+0.04
FF3 1.46+0.04
FF4 1.43+0.02

1.16+0.02 1.08+0.05 0.99+0.02¢
1.28+0.04 1.2+0.03 1.09+0.01°
1.4+0.04 1.31+0.00 1.30+0.022
1.4+0.00 1.35+0.03 1.30+0.042

Table 5: Initial and the final whole body proximate composition (g kg™ wet weight; mean + SD; n=3) of
Acanthopagrus arabicus, juveniles. The proximate composition of fish in all groups were not
significantly different (p>0.05) from their respective initial values.

Initial Final proximate composition in experimental feeding groups
Parameters

values FF1 FF2 FF3 FF4 FF4

Moisture 734 665+2 662+3 663+3 662+1 664+1

Protein 158 169+3 170+1 17242 174+4 175+2

Lipids 55 83+4 85+4 84+4 87+2 87+3

Ash 46 52+2 49+2 50+3 51+4 50+1

Discussion quality parameters (temperature, dissolved

The present study has optimized daily
feeding frequency for yellowfin seabream
A. arabicus in floating net cages for which
no previous information is available as to
evaluate this local fish species as a
candidate for aquaculture. Such data are
important as an optimum feeding rate and
frequency reduce fish size variability
within the same groups (Wang et al.,
1998) as well as a fully fed fish is less
stressed and remain healthy. It is also
known that both insufficient and
overfeeding compromises fish growth and
health condition (Ng et al., 2000). In
addition, excessive feed supply in cages
not only causes feed losses which
concomitantly, and increase the production
cost (Silva et al., 2007), but also
accumulate as high organic debris and
consequently, through decomposition,
production of ammonia and depletion of
oxygen, degrades water quality
(Puvanendran et al., 2003). We observed
that hand feeding at reasonable rates (four
times a day) would curtail feed losses and
negative environmental impact. The water

oxygen, pH and ammonia concentration)
in and around cages remain within the
acceptable range for fish  culture.
Similarly, the fish remained healthy
throughout the trial period with very low
mortality and no negative competition for
feed and/or cannibalism was detected.

For the growing aquaculture industry
feed and feeding frequency for different
fish species is a challenge for feed being
the main regulator of the total production
cost (Silva et al., 2007). For floating net
cages, fish feed share 30 to 60% of the
total production cost (De Carvalho Gomes
et al, 2006). Therefore, feeding
frequencies and feeding ratios are of key
importance in aquaculture, which not only
determines the feed requirement for
maximum growth and fish survival, but
also establishes the production cost for a
successful aquaculture practice (Aydin et
al., 2011; Kaiser et al., 2011).

It is generally accepted that fish size,
age and culture conditions, including the
amount of feed provided, quality of feed
and water temperature, defines the feeding
frequency for fish in culture to have a
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maximum growth response (Goddard,
1996; Puvanendran et al., 2003). Small
size fish have higher energy demands and
they must be fed frequently (Ndome et al.,
2011). Similarly, feed consumption and
growth of larger fish is dependent on feed
supply and to a certain limit of daily
feeding frequency (Wang et al., 1998;
Basgmar et al., 2007). In the present study
by increasing feeding frequency in A
arabicus increases the growth up to four
times a day (FF3) and further increment in
feed supply (FF4; six times day™) had no
positive effect on growth and only the feed
consumption was increased. Fish in group
FF1 and FF2, with lower feeding
frequency, had a significantly lower
growth performance. This is also evident
for other fish species , for instance,
rainbow trout fry of 55 g and 16 ¢
revealed better results when fed at four and
three times day™, respectively (Grayton
and Beamish 1977; Hung and Storebakken
1994); African sharptooth catfish
(Clarias gariepinu) responded well at high
frequency (five times day™; Ndome,
2011); Flounder (Paralichthys olivaceus)
fed two or three times/day showed better
growth compared to fish fed once in two
days (Lee et al., 2000); for blunt snout
bream Megalobrama amblycephala fed
three times day™ frequency is optimum
(Tian, et al., 2015), Asian seabass (Lates
calcarifer, 3 times day™, Biswas, et al.,
2010) red-spotted grouper (Epinephelus
akaara) require four and six meals per day
(Kayano et al., 1993); hybrid sturgeon,
Acipenser schrenckii Brandt@x A. baeri
Brandtd six meal day! frequency
provided better growth (Luo et al., 2015)
milkfish ~ Chanos  chanos,  growth,
increased significantly from four times to

eight times day™® (Lee et al., 1997).
According to Shelbourn et al., (1973)
Sockeye salmon (Oncorhyncus nerka) had
better growth when fed continuously for
15 h/day. We used hand feeding method at
a slow rate that kept the fish satisfied with
less stress, which vyields uniform size
healthy fish (Lee et al., 1997; Basc¢inar et
al., 2001). Frequent feeding also provides
a chance to subordinate fish in a group to
fetch food as it is known that healthier and
more active, dominant fish consume most
of the feed and subsidiary fish eat nothing
or a little (Jobling and Baardvik., 1994;
Damsgard et al., 1997).

It may be concluded from the present
finding  that  yellowfin  seabream,
A.arabicus, was assessed for the first time
and that it may be grown in floating cages
effectively by feeding four times day™ at
7% BW (42% protein diet) which would
yield significantly better results under
given rearing conditions.
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