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Abstract. The present study investigates the gut contents and feeding habits of Crenidens
crenidens in the Red Sea coast of Jeddah, Saudi Arabia. Gonadosomatic index, length-weight
relationship and relative condition factor were also determined. Samples were collected monthly
during the period from November 2018 to October 2019. Stomach contents were identified and
assessed by the frequency of occurrence, numerical and gravimetric methods. The total number of
specimens collected was 375, of which 139 were having empty stomachs. Feeding intensity was
the highest between April (80.0%) and September (90.9%) and the lowest from November
(27.8%) to January (16.7%) and February (41.2%). The maximum value of Fullness index (F1%)
was found in Summer (88.11%) and lowest in Winter (26.42%). Whereas the maximum value of
Vacuity index (VI1%) in Winter (73.56%) and lowest in Summer (11.89%). The results showed
that C. crenidens mainly feeds on seaweeds, seagrasses, small mollusks and nematodes, and thus
it is omnivorous fish. Seaweeds were the most important food items (IRI%, 38.33), then
seagrasses (IRI%, 29.9) and unidentified small plant parts (IRI%, 22.0). The length-weight
relationship could be described by the power equation: W = 0.0173 L3.00 (R2 = 0.96) where the
slope 'b' equal to '3' indicating that the growth of this species is isometric. The relative condition
factor Kn was found affected by the feeding intensity and spawning activity.

Keywords: Crenidens crenidens, Food composition, Index of relative importance, Length-weight
relationship, Relative condition factor, Jeddah fisheries, Red Sea.

1. Introduction

The Karanteen seabream Crenidens crenidens
is a species of the family Sparidae which
currently consists of 39 wvalid genera
containing 164 valid species (Fricke et al.,
2020). Sparids are demersal fish and inhabit
the continental shelf and the slope in the
tropical and temperate coastal waters. They are
very important commercial fishes around the
Middle East where they are commonly caught
(Bauchot and Smith, 1983; Smith and Smith,
1986). Crenidens crenidens is found near the
shore in shallow lagoons and bays; it is

omnivorous species feeding mainly on algae
and small invertebrates (Iwatsuki and
Maclaine, 2013).

Information on the diet composition and
feeding habits of fish species is a cornerstone
to understand the trophic interactions (prey-
predator relationship) within and between
species. Moreover, the selection and
development of successful farming of any
given species depends mainly on the
knowledge of the food items and feeding
habits of this species (Manon and Hossain,
2011).
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Although this species is a popular sparid
species in the Red Sea coast of Jeddah and has
high price value when sold fresh because of its
favored flesh, there is no available studies
concerning the food and feeding habits of
Crenidens crenidens in the Red Sea. Ahmed
(2012) studied only the reproductive biology
of this species in the Libyan eastern coast.
Thus, the present study aims to describe the
feeding habits and diet composition of
Crenidens crenidens, for the first time, in the
Red Sea coast of Jeddah, Saudi Arabia.

2. Materials and Methods

Monthly fish samples of Crenidens
crenidens were collected randomly from
November 2018 to October 2019. Fish were
caught by artisanal fishermen using gillnets in
Jeddah fisheries. A total of 375 specimens
were collected and the total length was
measured to the nearest 0.1 cm, the total
weight was recorded to the nearest 0.1 g using
a digital scale. Specimens were dissected and
their stomach having food items were removed
and preserved in 10% formalin for further
analysis. Stomach fullness was categorized
based on the quantity of foodstuff present in
the gut as gorged, full, 3/4™ full, 1/2 full, 1/4™"
full, trace and empty. The stomach contents
were placed in a clean petri-dish for
determining the food composition visually and
under microscope. Prey items  were
photographed using 'Amscope’ 18 MP digital
camera connected to the computer.

The feeding intensity was assessed using
the following equations:

The equation given by Euzen (1987) and
applied in Shilta et al. (2018) and Sumon et al.
(2020) was used to estimate the vacuity index
(VI%) as follows:

% VI

Number of em stomachs
Pty 100

Number of examined stomachs

Feeding or Fullness index (FI1%),

Number of stomach containing food

% FI = x 100

Number of examined stomachs

Food items were quantified by the
frequency of occurrence (% Fi), points
numerical percentage (% N) and gravimetric
estimations (% W) (Hyslop, 1980) which are
the most commonly used methods.

The percentage frequency of occurrence
(%F1) was estimated using the method of
Dewan and Shaha (1979):

% Fi =

number of stomachs containing the food item (ni)

x 100

total number of stomachs with food (NT)
Points numerical percentage (N%),

% N
number of points allocated for the food item

total number of points for all food items

Points are allocated for each food item relative
to the gastropod size which is considered as
one point (Zacharia and Abdulrahman, 2004).

Weight Percentage (W%),

Weight of food item
%W = £ x 100

total weight of all food items

To assess the importance of each food item in
the stomach contents, the index of relative
importance (IRI) formula (Pinkas et al. 1971),
as modified by (Hacunda, 1981) and applied
by Sumon et al. (2020), was calculated as
follows:

IRI = (% N + % W) x % Fi

The percentage of IRI of each food item has
been expressed by following equation:

% IRI = (IRI/Z IRI) x 100

The Gonado-Somatic Index (GSI) was
estimated by the following equation:

Gonad weight

GSI 100

~ Total weight — Gonad weight X

100
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The length - weight relationship was
described by the power equation, W = a L°,
(Le Cren, 1951) which gives a straight-line
relationship by a logarithmic transformation as
follows: Loge W =Lna+b Ln L, Where W is
the observed body weight in gram, L is the
total fish length in centimeter, a & b are the
intercept and slope of the regression line. From
the equation of length -weight relationship, the
relative condition factor (Kn) was calculated
by using the equation: Kn=W /a L" (Le Cren,
1951) where ‘a LP ‘is the calculated body
weight from the length - weight relationship.

Seasonal variations in the food
composition percentage (Fc%) of the different
food items were tested using the analysis of
variance (ANOVA). Heterogeneity of seasonal
and sex-based vacuity index (VI) values was
tested using a chi-square test. A two-sample
proportion test was applied to check for the
difference between each two seasonal vacuity
ratios. The 'Statistix 8.1' software was used to
carry out these statistical analyses.

3. Results and Discussion
3.1 Food Composition

Gut contents of the Karanteen seabream
Crenidens crenidens consisted of algae,
aquatic  plants, nematodes, gastropods,
bivalves, sand grains and others (detritus) (Fig.
1). Algae (seaweeds) and aquatic plants
(seagrasses) represented the most important
components of all the food items (Fig. 2), but
mollusks and invertebrates such as gastropods,
bivalves, and nematodes were in small
quantities.

3.2 Gut Content Analysis

This study represented the first analysis
of the gut contents of C. crenidens in the Red
Sea coast of Jeddah. To reveal the food and
feeding habits of Crenidens crenidens in
Jeddah fisheries, the monthly percentage
composition of each food item (Fc %, based

on frequency of occurrence) was estimated,
and the results are listed in Table 1 and
represented in Fig. 2. There was no significant
seasonal wvariability in food composition
percentage (ANOVA, F = 0.0, P > 0.05). A
significant difference was found between the
overall percentage composition of each food
item (ANOVA, F =12.4, P <0.05).

Seaweeds, seagrasses and  small
unidentified plant parts were the most frequent
food items. Their highest percentage
composition was found in February (74.73%
collectively) while the lowest was found in
April (42.86% collectively). The percentage
composition of Nematodes was highest
(16.28%) in July and lowest (3.37%) in March.
The percentage composition of gastropods was
highest (15.12%) in July and lowest (3.30%)
in February, while the percentage composition
of bivalves as food item was highest (14.29%)
in April and lowest (3.30%) in February
(Table 1).

Iwatsuki & Maclaine (2013) reported
that the species of the family sparidae are
typically carnivores feeding on benthic
invertebrates, while the Crenidens species are
omnivorous fishes (mainly consuming algae
and small invertebrates). However, the results
of the present study confirmed that Crenidens
crenidens in Jeddah fisheries is omnivorous
fish, where its diet consisted mainly of
seaweeds, seagrasses, and small benthic
invertebrates like mollusks and nematodes.

3.3 Feeding Intensity and Spawning Season

Results of the present study showed that
the percentages of empty stomachs were higher
between November and February. The highest
percentage of stomachs having food items was
noticed in June, July and August with the lowest
percentage of empty stomachs (Table 2).
However, the breeding season of this species in
the Mediterranean Sea has been recorded to
extend from November till February (Ahmed,
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2012), and the same was found in the present
study, where the highest value of the gonado-
somatic index was found in February
(GSI=8.78). Thus, the feeding intensity of this
species is associated with the spawning period.
A poor feeding intensity was observed from
November to March and a moderate feeding
intensity started in February and increased in
April through October associated with high
feeding intensity between May and August.
However, these changes in the feeding intensity
in relation to the gonadal development during
the reproductive period was reported in many
studies on various fish species (Ozyurt et al.,
2012; Kadharsha et al., 2013; Vahabnezhad et
al., 2016; Daghoogi et al., 2019).

3.4 Seasonal Variability in the Feeding Intensity

Results listed in Table 3 show the
monthly mean total length, total weight, vacuity
index, fullness index, gonadosomatic index and
relative condition factor of Crenidens crenidens
in Jeddah fisheries. It is clear that this species
exhibits lower feeding intensity during

November, December, January, and February
where 72.2%, 78.6%, 83.3% and 58.8% of the
total examined stomachs were empty in these
seasonal

four months, respectively. A

variability was evident among the vacuity index
values during the different seasons (y> = 11.35,
P < 0.05), reflecting a seasonal variability in the
feeding intensity of this species in Jeddah
fisheries, as given in Table 4 and shown in Fig.
3. Whereas this species feeds intensively in
spring (FI% = 78.62%), and summer (FI% =
88.11%), its ability for feeding decreased
through autumn (F1% = 63.3%) to winter (F1%
= 26.42%). The vacuity index in winter was
significantly higher than that in all other
seasons (Fisher's Exact: P < 0.05), whereas the
lowest was in summer (Fisher's Exact: P <
0.05) These results indicate that the feeding
intensity of Crenidens crenidens in Jeddah
fisheries goes down during the gonadal
development period (December to February)
and start to increase after spawning. A similar
pattern of feeding intensity changes affected by
the reproductive cycle was reported by Ozyurt
et. al. (2012) on the pikeperch Sander
lucioperca, and by Daghoogi et al., (2019) on
the Indian mackerel Rastrelliger kanagurta.
However, males and females exhibited similar
seasonal variability in the feeding intensity,
where no significant difference was found
between males and females in their seasonal
vacuity index (x> = 2.47, P > 0.05).

Fig. 1. Pictures of few identified food items in the gut of Crenidens crenidens in Jeddah fisheries.
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Table 1. Frequency of occurrence and percentage composition of different food items in Crenidens crenidens in Jeddah fisheries.

Month Nov  Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Food 2018 2018 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019
ni 3 2 4 28 30 3 21 6 14 30 9 17
NT 5 3 5 28 52 4 33 6 17 41 10 32
Seaweeds

Fi  0.600 0.667 0.800 1.000 0.577 0.750 0.636 1.000 0.824 0.732  0.900  0.531

Fc% 18.75 20.00 26.67 30.77 1724 1429 1736 1935 1628 22.73 1698 23.29

ni 4 2 4 25 35 3 18 5 13 27 7 15
Seagrasses NT 5 3 5 28 52 4 33 6 17 41 10 32

Fi  0.800 0.667 0.800 0.893 0.673 0.750 0.545 0.833 0.765 0.659 0.700  0.469

Fc% 25.00 20.00 26.67 27.47 20.11 1429 1488 16.13 15.12 2045 13.21 20.55

Ni 2 1 2 15 45 3 27 4 10 22 8 15
Plant parts NT 5 3 5 28 52 4 33 6 17 41 10 32

(unidentified) | Fi 0400 0333 0400 0.536 0.865 0.750 0.818 0.667 0.588 0.537 0.800 0.469

Fc% 12.50 10.00 1333 1648 25.86 1429 2231 1290 11.63 16.67 15.09 20.55

ni 1 1 1 3 15 3 16 4 14 16 8 6
Nematodes N.T 5 3 5 28 52 4 33 6 17 41 10 32
Fi 0.200 0333 0.200 0.107 0.288 0.750 0485 0.667 0.824 0390 0.800 0.188
Fc% 6.25 10.00 6.67 3.30 8.62 1429 1322 1290 16.28 12.12 1509 8.22
ni 1 1 1 3 14 3 13 4 13 16 8 5
Gastropods NAT 5 3 5 28 52 4 33 6 17 41 10 32
Fi 0.200 0333 0.200 0.107 0.269 0.750 0.394 0.667 0.765 0.390 0.800 0.156
Fc% 6.25 10.00 6.67 3.30 8.05 1429 10.74 1290 15.12 1212 1509 6.85
ni 1 1 1 3 12 3 13 2 8 10 7 3
. NT 5 3 5 28 52 4 33 6 17 41 10 32
Bivalves

Fi 0200 0.333 0.200 0.107 0.231 0.750 0394 0333 0471 0.244 0.700  0.094

Fc% 6.25 10.00 6.67 3.30 6.90 1429 10.74 645 930 7.58 1321  4.11

ni 2 1 1 10 15 2 7 4 11 4 4 7

NT 5 3 5 28 52 4 33 6 17 41 10 32

Sand grains — mET 07600333 0200 0357 0288 0500 0212 0667 0647 0098 0400 0219

Fc% 12.50 10.00  6.67 10.99  8.62 9.52 5.79 1290 1279 3.03 7.55 9.59
ni 2 1 1 4 8 1 6 2 3 7 2 5

NT 5 3 5 28 52 4 33 6 17 41 10 32
Others

Fi 0400 0333 0200 0.143 0.154 0.250 0.182 0.333 0.176 0.171  0.200  0.156

Fc% 12.50 10.00  6.67 4.40 4.60 4.76 4.96 6.45 349 530 3.77 6.85

Table 2. Monthly variations in the percentages of feeding intensity of Crenidens crenidens.

Months Active feeding Moderate feeding Poor feeding Empt
Gorged Full % full v; full Y4 full Trace Pty
Nov - - - - - 27.8 72.2
Dec - - - - - 214 78.6
Jan - - - - 5.7 8.6 85.7
Feb - - - 14.7 16.2 10.3 58.8
March - - - 5.5 8.2 57.5 28.8
April - - - 60.0 - 20.0 20.0
May - 15.4 333 17.9 7.7 10.3 154
June - 42.9 28.6 14.3 - - 14.3
July - 36.8 15.8 10.5 21.1 5.3 10.5
Aug - 28.3 43.5 15.2 22 - 10.9
Sep - 9.1 18.2 36.4 18.2 9.1 9.1

Oct - 4.4 24.4 333 6.7 2.2 28.9
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Fig. 2. Composition of different food items in gut contents of Crenidens crenidens in Jeddah Fisheries (based on frequency of
occurrence).

Table 3. Monthly mean total length, total weight, vacuity index (VI%), fullness index (FI%), gonadosomatic index (GSI) and
relative condition factor (Kn) of Crenidens crenidens in Jeddah fisheries.

Number of Total Length (cm Total Weight (gm

Month examined fish (Mean:%SD() ) (MeaniSD()g ) FI(%) VI (%) GSI Kn
Nov 18 164+ 1.6 78.6 +£24.6 27.8 72.2 1.62 0.99
Dec 14 165+ 1.1 78.1+17.6 21.4 78.6 3.48 1.00
Jan 30 192+14 126.0+26.7 16.7 83.3 6.17 1.00
Feb 68 164+ 1.5 79.6 +22.7 41.2 58.8 8.78 1.02
March 73 15.6+1.2 66.0+14.8 71.2 28.8 4.49 0.99
April 5 14.4+1.7 52.6+16.8 80.0 20.0 2.57 0.96
May 39 165+ 1.4 78.5+22.0 84.6 15.4 1.15 0.98
June 7 16.1 +0.8 723 +11.3 85.7 14.3 1.00 0.99
July 19 15.9+0.9 66.5+11.5 89.5 10.5 0.43 0.99
Aug 46 16.3+14 77.3 +£20.0 89.1 10.9 0.36 1.01
Sep 11 15.5+0.7 64.8+9.20 90.9 9.1 0.78 0.98
Oct 45 16.1+1.6 76.5+223 71.1 28.9 1.49 1.02

Table 4. Seasonal variation in vacuity index (VI%), fullness index (FI), gonadosomatic index (GSI) and relative condition
factor (Kn) of Crenidens crenidens in Jeddah fisheries.

Season (t;fal) VI % FI% N MaleSVI N Females Vi GSI Kn

Autumn 74 36.7 633 33 273 41 43.9 130 0.998
Winter 112 73.6 26.4 10 60.0 102 63.6 6.14 1.006
Spring 117 214 786 32 25.0 85 235 273 0.977

Summer 72 11.9 88.1 42 9.5 30 133 0.60 1.000




Feeding Habits and Relative Condition Factor of Crenidens crenidens in Jeddah Fisheries, Saudi Arabia 7

100 -
90 4

80
70 1 /\
60 -
50 4
40 |

20 4

Fullness index (%)

10 1

[C1GS| V| e F | 7

GSI

\\ - 1
I

Autumn Winter

Spring Summer

Season

Fig. 3. Seasonal variability of Vacuity index (%), Fullness index (%) and Gonado-somatic index (GSI) of C. crenidens in

Jeddah fisheries.

3.5 Length- Weight Relationship

In the present study, as shown in Fig. 4,
for fish ranging in total length from 12.7 to
22.0 cm, the relationship between the fish total
length and total weight could be described by
the following power equation:

W =0.0173 L 3%
(r2=10.96, N = 375, sexes combined)

It is clear that the ‘b’ value equal to the
value '3' of the isometric growth, which means
that this species does not change the body
shape with growth (age). However, the only
available study concerning the length-weight
relationship for the karanteen seabream in
northern Jeddah fisheries was that of Mal
(2006) who indicated that, for fish (sexes
combined) ranging in size from 2.0 — 20.0 cm,
the b value was 2.77, reflecting a negative
allometric growth for this species. Since the
length range of fish used in the regression
analysis is one of the factors that contribute to
the differences in the b values (Tesch, 1971;
Pitcher and Hart, 1982; Mal and Gabr, 2020),
the inclusion of very small fish (juveniles) in
the total length range (2.0 — 20.0 cm) used in
the regression analyses by Mal (2006) might

lead to lower b value than that recorded in the
present study.

3.6 The Condition Factor in Relation to
Feeding Intensity and GSI

From the equation of the length -weight
relationship described in the present study; the
relative condition factor (Kn) was calculated
by using the equation: Kn = W / a L° The
monthly changes of the feeding intensity (FI%
and VI%), gonadosomatic index and relative
condition factor of Crenidens crenidens are
presented in Table 3. The results showed that
the Kn values ranged from 0.96 in April to
1.02 in February and October. Le Cren (1951)
indicated that high Kn values during the
spawning season of fish may result from using
observed fish weight plus gonad weight in
estimating the Kn values. Thus, although the
poor feeding intensity that found in winter, the
value of Kn was high (1.02) in February
(winter season) because of the advanced
maturity stages with the peak in February
(GSI=8.78). The lowest value (0.96) was
found in April (spring season) which might be
due to the end of the spawning season. In
Summer and Autumn (Fig. 5), the Kn values
were high due to the high feeding intensity



8 Mohamed H. Gabr et al.

during these two seasons. However, variations
of Kn value may be due to spawning season or
stress, feeding patterns (Hile, 1948; Bal and
Jones, 1960) or environmental factors
(Wahabeb, 1992). The results obtained in the
present study are in agreement with the
findings of many previous published works on
different fish species by many authors (Le
Cren, 1951; Chakraborty et al., 2017; Abidin
et al., 2019; Daghoogi et al., 2019).

3.7 Index of relative importance "IR1%’

Results of the relative importance of the
different food items in the stomach of
Crenidens crenidens in Jeddah fisheries are
listed in Table 5 and represented in Fig. 6. It is
clear from these results that seaweeds were the
most important food items (IR1%, 38.33), then

seagrasses (IRI%, 29.90). And unidentified
small plant parts (IRI%, 22.00). Nematodes
(IR1%, 3.48), gastropods (IRI%, 1.89),
bivalves (IRI%, 0.81), sand grains (IRI%,
2.33) and others ‘detritus’ (IR1%, 1.26%) were
also important food stuff for Crenidens
crenidens in Jeddah fisheries, where they
represented collectively 9.76% of the total
index of relative importance percentage
(IRI%). However, many authors have
attributed the presence of sand grains and
detritus in fish stomachs to the bottom feeding
habit that lead to the accidental ingestion of
sand grains and detritus along with other food
items (Kutty, 1965; Fagbenro et al. 2000;
Sivan & Radhakrishnan, 2011; Nath et al.
2015; Hashim et al. 2017).

250
200
¢
s W =0.0173 L300 -
< R2=0.96 4 R
= 150 :
5 o™
2 .
= o d
= 100 *!
(=}
’ M’
50 S
..O"r '.
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0
10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0
Total Length (cm)

Fig. 4. Length-weight relationship (LWR) of Crenidens crenidens (sexes combined) in Jeddah fisheries.
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Fig. 5. Seasonal variability of the relative condition factor (Kn) and Gonado-somatic index (GSI) of C. crenidens in Jeddah
fisheries.

Table 5. Index of relative importance of Crenidens crenidens in Jeddah fisheries.

Food items n N% A\ W% [0) Fi% IRI IRI%
Seaweeds 1350 31.75 20.0 33.73 167 70.8 4633.1 38.33
Seagrasses 1220 28.69 15.0 25.30 158 67.0 3614.5 2991
Unidentified plant 800 18.81 13.0 21.92 154 65.3 2658.1 21.99
Nematodes 300 7.06 2.5 4.22 88 37.3 420.3 3.48
Gastropods 150 3.53 1.8 3.04 82 34.7 228.0 1.89
Bivalves 82 1.93 1.0 1.69 64 27.1 98.0 0.81
Sands 200 4.70 3.0 5.06 68 28.8 281.3 2.33
Others 150 3.53 3.0 5.06 42 17.8 152.8 1.26
Total 4252 100.0 59.3 100.0 12036.2 100.0
No. of examined stomachs 375
No. of stomachs with foods 236 (62.9%)
No. of empty stomachs 139 (37.1%)
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Fig. 6. Index of Relative Importance percentage (IRI%) of the different food items in the stomachs of Crenidens crenidens in
Jeddah fisheries
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4. Conclusions

In conclusion, the Karanteen seabream
Crenidens crenidens is an omnivorous fish
feeding mainly on algae (seaweeds) and
aquatic plants (seagrasses and unidentified)
which  represent the most important
components of all the food items (collective
IR1% is 90.23). Crenidens crenidens also feeds
on small mollusks and invertebrates such as
gastropods, bivalves, and nematodes but in
small quantity. This species feeds intensively
in spring (78.62%), and summer (88.11%),
then its ability to take food decreases through
autumn (64.1%) to winter (26.42%). Thus, the
feeding intensity of Crenidens crenidens in
Jeddah fisheries goes down during the
spawning season (December to February)
where the majority of examined stomachs
were empty reflecting the highest (73.56%)
vacuity index in winter. The described length-
weight relationship indicated that the growth
of this species is isometric, where the slope ‘b’
value equal to '3', which means that this
species does not change the body shape with
growth (age). The Kn values ranged from 0.96
in April to 1.02 in October and February. Kn
value was high (1.02) in February (winter
season) which may be due to advanced
maturity stages with a peak in February
(GSI=8.78). The lowest value (0.96) was
found in April (spring season) which might be
due to the end of the spawning season, where
the GSI value decreased to be 2.57, associated
with a poor feeding intensity. In Summer and
Autumn, the Kn values were high due to the
high feeding intensity during these two
seasons.
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