|

Egyptian Journal of Aquatic Biology & Fisheries e

Zoology Department, Faculty of Science,

Ain Shams University, Cairo, Egypt.

ISSN 1110 -6131

Vol. 28(4): 1133 — 1151 (2024)

www.ejabf.journals.ekb.eg

|

The Reproductive Biology of Pampus candidus Fish in Iragi Marine Water Located
in the North-Western Region of the Persian Gulf

Egyptian Journal
of

) Aquatic Biology
And
Fisheries

325 e

Audai M. Qasim* and Faleh M. Al-Zaidy
Department of Marine Vertebrates, Marine Science Center, University of Basrah, Basrah, Iraq
“Corresponding Author: audai.gasim@uobasrah.edu.ig

ARTICLE INFO ABSTRACT
Article History:
Received: July 2, 2024
Accepted: July 22, 2024
Online: Aug. 10, 2024

The silver pomfret fish Pampus candidus (Previously known as Pampus
argenteus Euphrasen) was collected from Iragi marine waters in the
northwest Persian Gulf between April and December 2021, using gillnet and
demersal trawling. The lengths and weights of fish were recorded, along

with data on the initial maturity length, sex ratio, gonadosomatic index

Keywords: (GSI), Dobriyal index, gonad maturation, development cycle, and absolute
Fecundity, fecundity rate. The forked length of female individuals varied from 248 to
Gonadosomatic index, 281mm, whereas that of male individuals ranged from 124 to 194mm. In
Pampus argenteus, July, young fish began to appear. Male individuals had a somehow shorter
Sex ratio, period of sexual maturity compared to female counterparts. Furthermore, it
Sexsual maturity, is noted that males tend to be generally less in size compared to females.
Spawning The length at first maturity female and male was recorded as 203 and

115mm, respectively. The sex ratio tends to increase for males, and there
were two peaks in the rise of the gonadosomatic index and Dobriyal's index,
which indicate two periods of spawning activity during June and September.
Six stages of fish maturity have been identified, with differences in the size
of the eggs. They had a long and continuous breeding season that lasted
from May to November, and they spawned by releasing eggs in batches.
Notably, they have two distinct reproductive periods: The first during May
and June and the second during October and November. The relationship of
fecundity with weight was found to be more representative than with length.
The document mentions that the silver pomfret spawning and nursery areas
are adjacent to the Shatt al-Arab discharge area.

INTRODUCTION

The silver pomfret fish, Pampus candidus (Previously called Pampus argenteus
Euphrasen), belongs to the family Stromateidae and is known locally in Iraq as Zobaidy.
It tops the list of important species in Iragi marine fisheries and is considered the most
valuable fish in terms of price value and economic return in the region and the world
(Wei et al., 2021). Therefore, attention was paid to studying it from all aspects of biology
and dynamics. The silver pomfret fish are distributed throughout the Persian Gulf and
Oman Sea, extending East to India and Bangladesh in the northern Indian Ocean (Pati ,
1982; Kagwade, 1988; Rhman, 2004; Radhakrishnan et al., 2019). It has also been
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recorded in the Mediterranean Sea in Tunisian waters (Sami et al., 2014). Moreover, the
silver pomfret fisheries have declined significantly in recent years due to overfishing,
which has caused a decrease in silver pomfret stocks (Wen et al., 2006; Lone et al.,
2008a; Mohamed & Qasim, 2014). Overall, according to Buchanan et al. (2019), the
International Union for Conservation of Nature (IUCN) Red List has eight distinct
degrees of extinction risks. Among these levels, the silver pomfret fish is classified as
vulnerable due to its declining population. In addition, the Persian Gulf has numerous
challenges to its fish stocks, particularly in fisheries that suffer from inadequate
management. The Khor Al-Amaya and Khor Abdullah regions in Iragi marine waters
hold a significant importance as a fishing zone for silver pomfret fish in the northwestern
Persian Gulf area. The geographical location of Khor Abdullah functions as a
supplementary linkage between the Mesopotamian basin and the Arabian Gulf. The
region of Khor is located inside an intertidal flat that undergoes continuous processes of
deposition and erosion. Khor Abdullah is a geographical feature that extends across a
distance of 60km and possesses a width of around 14km. It functions as a geographical
barrier, separating the mudflats located in southern Irag from the Warbah and Bubiyan
Kuwait Islands (Qasim & Ali, 2022). It uses drift gillnets and trawl nets to catch P.
candidus. During the 1980s, the Regional Commission for Fisheries (FAO, 2011)
recorded that the main species in the region’s fisheries include the sabour (Tenualosa
ilisha), the lizard (Liza spp.), and the silver pomfret (Pampus argenteus).

In recent years, interest in basic biology information, especially reproductive biology,
has increased due to the declining natural resources of many species and the growing
reliance on aquaculture activities to fill this decline (Lone et al., 2008a). There has been
significant interest in farming the highly valuable silver pomfret fish in China, Southeast
Asia, the Indian Peninsula, and the Persian Gulf region (Cruz et al., 2002). Many studies
have been conducted on the reproductive biology of this species in various countries
worldwide (Kuthalingam, 1963; Mito & Senta, 1967; Gopalan, 1969; Pati, 1982; Kim
& Han, 1989; Lee & Jin, 1989; Qixiang et al., 1989; Lone et al., 2008a, 2008b; Zhao
et al., 2010). Additionally, in the Persian/Arabian Gulf region, Abu-Hakima (1984) and
Dadzie et al. (2000) studied the reproductive biology of the silver pomfret in Kuwaiti
waters, while Almatar et al. (2004) studied the number of spawning, fecundity, egg
weight, and reproductive. In Iranian marine waters, the reproductive biology of P.
argenteus in the area opposite the port of Bandar Abbas was studied by Moumeni and
Ehsan (2006). Safikhani (1998) also evaluated the reproductive biology in the Mahshahr
estuary in the northeastern Persian/Arabian Gulf opposite the fisheries of Iraq and
Kuwait, while Narges et al. (2007) addressed reproductive biology separately and its
relationship with fisheries management. Moreover, Shahram and Naming (2010)
investigated the reproduction and spawning of the fish under study. However, there were
no studies on the reproductive of the silver pomfret fish in Iragi marine waters, except for
the study of Mohamed and Ali (1993) during 1990. Therefore, this research paper aimed
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to evaluate the changes in the most important biological parameters of P. candidus fish
that is reproductive in lraqi marine waters as a result of changing environmental
conditions of the region caused by the decrease in the levels of fresh water coming from
the Shatt al-Arab. The study included the assessments of length frequency by month, the
differences in the proportion of mature fish based on length, monthly changes in maturity,
gonads morphology, proportions of different stages of maturity, the sex ratio, and the
frequency of spawning.

MATERIALS AND METHODS

The total number of P. candidus fish studied was 344, including 224 males, 84
females, and 36 immature fish. The fish specimens were collected from the marine waters
of Khawr Abdullah and Khor Al-Amaya in Iraq between April and December 2021.
Gillnets and trawl nets were employed for this purpose, in addition to collecting samples
from the landing site in Al-Faw City (Fig. 1). The measurements of the froked length
(F.L.) were taken with an accuracy of 0.1mm, while the total weight of the fish was
measured with an accuracy of 0.1gm. The gonads were removed from the fish after
dissection in order to ascertain their sex, and their weight was recorded to the nearest
0.001gm. Four indicators were used to estimate the breeding season: monthly changes of
the gonadosomatic and Dobriyal indexes. According to their gonadosomatic index (GSl),
which expresses the maturity function as a monthly average based on the equation:

GSI (%) _ Gonad weight (gm)

Fody welght GGm) < 100 (Nikolski, 1963)

To clarify the seasonal regression of gonads, the stages of gonad maturation were
studied by macroscopic examination using the characteristics of physical and sensory
examination, represented by the degree of opacity, consistency, the presence of blood
vessels, the vision of eggs and sperm, and the form of gonad coloration (Kesteven, 1960;
White et al., 1998).

According to the monthly Dobriyal index (DI), as defined by Dobriyal et al. (1999), it
is the average cube root of gonad weight in grams (gm). The Chi-square test with a
significance level of 0.05 was employed to assess whether the observed ratio deviates
from the expected 1:1 ratio (Sokal & Rohlf, 1995). The length of maturity (Lmsg) was
calculated based on the most petite length at which 50% of the individuals were in a state
of maturity (Bagenal, 1978). The absolute fecundity was measured by counting the total
number of mature eggs in the ovary at the stage of complete maturity. The eggs were
preserved in modified Gilson fluid, which hardens the eggs and frees them from the
ovarian membranes, as described by the Simpson method (Poudel et al., 2023).
Gravimetric sampling was used to calculate fecundity, as the weight of the total washed
eggs is calculated, followed by counting and weighing a random sample of 500 eggs,
after which the total number of eggs is calculated in the ovary, based on the equation:
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F=nG/g

Where, F is the fecundity; (n) is the number of eggs in the secondary sample; (G) is the
ovary weight, and (g) represents the weight of the sample in the same unit (Holden &
Raitt, 1974). Relative fecundity was calculated based on the absolute fecundity value
divided by the total body weight.

Statistical analysis

Excel was used for drawing shapes, mathematical calculations, and statistical analysis.
The Chi-square test with a significance level of 0.05 was employed to assess whether the
observed ratio deviates from the expected 1:1 ratio.
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Fig. 1. Geographical representation of the designated research region
RESULTS

1. Size structure

In general, it can be said that there is a decrease in the lengths and weights of females
toward the end of the season extending from May to November, while an irregular
fluctuation was detected in males (Table 1). Two peaks were determined in the average
weight and length of males; the first at the beginning of the season during April to May,
and the second at its end during October and December (Fig. 2). While females showed a
noticeable increase in weight during June and July despite the relative stability in length
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(Fig. 2), immature fish appeared in July and August. Their average length in July was
45.7mm, with a range of 30- 56mm, and an average weight of 3.0gm, with a range of 1.5-
4.7gm, while during August, it recorded an average length of 99.4mm, 82- 120mm, and
an average weight of 27.7gm, with a range of 14.7- 45.5gm. The study revealed that
males tended to have lesser length and weight compared to females. The smallest male
had a forked length of 65mm and weighed 28gm, whilst the smallest female had a froked
length of 215mm and weighed 288gm.

Table 1. Average, range, and standard deviation (SD) of lengths and weights of P.
candidus studied during the months (April- December)

Females Males

Month No Froked length (mm) Body weight (g) Froked length (mm) Body weight (g)

" Range Average +SD  Range average +SD  Range average +SD  Range average  *SD
Apr. 25 ¥ 264 135 B0 esa1 306 L0 1943 203 530 2639 606
May 64 ggg' 254.2 139 ggg' 627.5 402 SZO' 188.2 256 %6' 238.7 557
Jun. 20 338' 2816 127 éggg' 9416 458 igg' 1918 197 fgg' 254,1 20.1
et 2 2737 409 2% e213 e01 2% 1306 275 500 1618 652
Aug. 46 oY 2585 191 10 7027 475 L0 1736 197 9 1906 326
Sep. 4 o0 255 136 000 6658 307 20 1241 356 S0 917 457
Oct. 29 204 2482 144 3T ses2 201 20 1808 30 00 2062 341
Nov. 20 50 2493 152 500 5858 195 oof 1808 255 o0 2061 458
Dec. 13 0 0 0 0 0 0 igg 1827 24.7 gé% 216.1 501

2. Length at first maturity

The smallest mature female fish, with a length of 203mm and a weight of 288.1gm,
was recorded in the developing stage with a gonadosomatic index (GSI) of 0.7. It was
caught in May, while the smallest mature male fish was recorded during August, with a
length of 115mm, a weight of 48.5gm in the partial reproductive stage, and a
gonadosomatic index (GSI) of 0.16. The length of sexual maturity (L,50) was 210mm
and 120mm for females and males, respectively. The findings indicate that males attain
sexual maturity at a comparatively shorter duration than females.
3. Sexratio

The sex ratio of males to females was skewed towards males side at 1:3.75, which is a
ratio that is significantly different (Chi square, P< 0.05) from the expected ratio of 1:1
using the Chi-squared test. Males were more significantly numerous than females during
April and May, that is, at the beginning of the breeding season. The males continued to
outnumber females throughout the following months, with females disappearing in the
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last month of the P. candidus reproductive migration months. Interestingly, there were
two periods of increase in the percentage of females: the first period was in June and
July, and the second period was in October (Table 2).

1000 = = Female mean Weight
I Male mean Weight

800 = —=Mean fork length for Female (mm)

== Mean fork length for Male (mm)
600 +

400 +

200 +

Mean weight (gm) or Mean fork length (mm)

o
L

Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Month

Fig. 2. Mean weight and mean froked length (mm) for female and male P. candidus
during the period from April to December

4. Gonadosomatic index (GSI) and Dobriyal index

The GSI for females ranged from 2.58 to 9.4, with the lowest values observed in May
and the highest values seen in June and September. The GSI of males ranged from 4 to
3.3, with the lowest values recorded in August and September, and the peak value
occurred in April (Table 2). The monthly fluctuations in GSI and the Dobriyal index
indicate the breeding season, which runs from June to November. It is also important to
note that there are two distinct peaks in the increase of the GSI and the Dobriyal index,
signifying two spawning periods occurring in June and September.

5. Microscopic description of the gonads

The gonads of P. candidus has six distinct phases of development, ranging from
immature to the resting (Recovery) stage (Table 3). Partial spent stage also appeared,
characterized by the ovaries being semi-flabby, reddish-brown in color, bloody,
asymmetrical, and containing some opaque yellow eggs. For males, this stage was
characterized by the testicles being flabby, semi-swollen, of heterogeneous tissue, and
sperm still flowing under pressure (Table 3). The pattern of maturity or temporal
occurrence in the maturity stages, as displayed in Fig. (3)shows that all fish heading to
participate at the beginning of the breeding season during April were in the developed
reproductive stage, followed by the first appearance of partially spent fish during May,
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which continued in all months, almost except for July and December. The spent stage
appeared during the month of May and continued throughout the months, except for
December, reaching its peak in July. The developed stage continued to appear in all
months, except December. December was characterized only by the presence of fish that
completed the spawning, represented by fish in the recovery stage.

Table 2. The monthly values of the gonadosomatic index (GSI), Dobriyal index, and sex
ratio of the silver pomfret fish in the northwest Persian Gulf

. Gonad Suitable Dobrial Dobrial Sex
Month Fork(en(qu:]e)ngth W?'(‘):]ht function function function function ratio
9 Females Males Females Males M:F
Mean 364.3
211.1 (£39.4 3.05 (£0.9 0.83(x0.1) 2.69(+0.2 1.28 (0.2
Apr. _(SD) (399 w220) (09 (0. (02 T
Range  130-285 889-72.8 1.7-4.42 0.5-1.25 2.1-3.02 1.0-1.75
Mean 305.2
199.6 (+37.8 258 (x2.4 0.49 (0.2 2.75 (0.7 1.08 (0.2
May (5D) #378) (410 (2.4) (£0.2) (£0.7) @02
Range  92-292 28.2-982 0.7-9.19 0.2-0.88 1.8-4.32 0.5-2.09
'\_"Fesag 218.7 (+445)  460.3 (£34) 9.4 (325) 051 (202) 4.39(x05) 1.02(x0.2)
Jun, _(SD) 1:0.43
Range  164-300 160-1309 5.5-12.1 0.01-1.0 3.4-5.21 0.36-1.25
Mean 219.0
125.5 (#81.1 8.96 (x4.5 0.56 (0.2 4 (0.8 1.1 (0.1
Jul_(5D) #8L1)  (iog0) (+45) (x0.2)  4(208) @y
Range  30-320 1.5-1190 2.7-15.9 0.3-0.81 2.9-5.01 0.7-1.28
Mean 270.0
177.5 (x57.5 8.2(+x3.6 0.4 (x0.2 3.6(x0.8 09(x0.3
Aug. (D) (#575)  (ioga (£36) (£02) (£08) @3
Range  82-320 15-1370 15-13.1 0.1-0.79 2.3-4.95 0.4-1.33
Mean 176.7
143.5 (+65.7 9.4 (4.4 0.4 (0.2 3.7 (x0.07 1.1 (0.1
sep. (+5D) (£657)  {,a6) (+4.4) (20.2) @007 Li@0ln
Range  65-290 7.1-1003 0.8-14.0 0.03-0.6 1.7-4.8 1.1-11
Mean 310.8
199.4 (+43.4 6.6 (2.3 0.48 (£0.5 3.3(x0.4 0.9 (0.3
Ot (£5D) (£434) (i) (£2.3) (£05) (£0.4) @3
Range  115-294 44.2-887 3.6-11 0.05-2.76 2.5-3.97 0.4-2.24
Mean 310.8 04
199.7 (£44.1 6.6 (2.3 0.48 (0.4 0.9 (0.2
Nov. _(£SD) @41 106 (*23) #04) (404 @02) e
Range  113-295 43.3-888 3.4-10.9 2.5-3.94 0.05-2.9 0.4-2.3
Mean 216.1
182.6 (£27.8 0 0.8 (0.2 0 1.2 (0.1
Dec. _(:SD) 278)  (197.7 (#02) @y
Range  135-230 86.6-418 0 0.5-1.34 0 0.9-1.31
6. Ovasize

The variation in egg size with the development of maturity stages is depicted in Fig.
(4). This phenomenon allows for the establishment of a spawning rhythm, which
determines the number of spawning batches. It is possible to observe the growth in egg
sizes from the virgin to the mature stage and the decline in the percentage of large eggs
from the spent to the partially spent stage. The virgin stage was characterized by the
presence of only small eggs in the first six groups, with the predominance of the first
group, whose diameters did not exceed 0.1mm, and the largest egg in it reached 0.6mm.
The number of groups increased in the ovaries of mature-stage fish and reached ten
stages. The maximum diameter of the eggs reached 1.1mm, with the possibility of
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observing three distinct peaks within the groups: 0.2- 0.3, 0.6- 0.7, and 0.0- 1.0mm. The
spent stage is similar to the mature group, with an apparent increase in the percentage of
larger eggs in the 0.8- 1.1mm range.

developed [3Spentstage M Partial spent stage Erecovery stage

N

100
90
80
70 -
60 -
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20
10 |

percentage (%)

May Jun Jul Aug

Month

Fig. 3. Temporal occurrence of sexual maturity stages of P. candidus

Table 3. Distinguishing characters of the gonad maturity stages of females and male P.
candidus in Iragi marine waters

1. Immature stage
It is not easy to distinguish between the sexes with the naked eye. The thread is
filamentous to rod-shaped, waxy white to semi-transparent yellow, and is at the top of
the body cavity. It appears with a fork length range of 92- 119mm. GSI in this stage
ranges between 0.15 and 0.20 with an average of 0.18 and is present from September to
November.

2. Developing stage

Females: The ovary is pale yellow, its length is more than three-quarters of the
coelom, the eggs are visible, its color is yellow, semi-transparent to translucent, granular
in appearance, rod-shaped, and the abdomen is swollen. It appears with a bifurcated
length range of 215- 242mm. GSI at this stage ranges from 4.6- 11.0 with an average of
6.2, and it is present from February to November.

Males: Testicles are dull reddish-white, vast, and opaque. The veins are visible
about half to three-quarters of the cavity length. It appears with a diatom length range of
130- 238mm. GSI in this stage ranges from 0.2 to 2.7 with a rate of 0.75, and is present
from February to November.

3. Running (Ripe) stage

Females: The ovary is yellow to orange, large, occupying the entire cavity,
swollen, granular, lobed. yellow transparent eggs can be seen. The membrane is thin.
The eggs come out with little pressure and may be seen outside the urogenital opening.
The abdomen is very bloated. It appears with a crotch length range of 215- 320mm. GSI
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in this stage ranges between 2.7 & 14, with an average of 8.8 and is present from May to
November.

Males: The testicles are swollen cream-colored, and the tissue is homogeneous,
not granular, more than three-quarters of the cavity. Sperm oozes under a slight
pressure. It appears with a bifurcation length range of 162- 228mm. GSI at this stage
ranges between 0.3 & 3.1, with a rate of 0.94. It is found from May to November.

4. Partial spent stage

Females: The ovaries are semi-flabby, the color is reddish-brown and bloody
asymmetrical, the eggs are smaller in size than in the previous stage, and there are some
opaque yellow eggs, they appear at the forked length range of 248- 295mm. GSI at this
stage ranged between 1.0 and 3.5, with an average of 2.1, and is present from May to
September.

Males: The testicles are flabby, almost swollen, the texture is not homogeneous,
sperm still flow when pressed, the color is asymmetrical with some bloody areas. It
appears with a crotch length range of 92- 119mm. GSI at this stage ranged between 0.1
& 0.79, with a rate of 0.41, and was present from May to September.

During the months.
5. Spent stage:

Females: The ovary appears empty, with a blood-red sac containing many
opaque yellow eggs. It appears with a crotch length range of 200- 294mm. GSI at this
stage ranged between 0.85- 3.4, with an average of 1.4, and was detected from October
to November.

Males: The testicles are flabby, bloody white, dull in color, and elongated. It
appears with a crotch length range of 175- 231mm. GSI at this stage ranged between 0.1
- 0.8, with an average of 0.4, and was present from October to November.

6. Resting (Recovery) stage:

Females: The ovaries are flesh-colored, semi-transparent, rod-shaped, and not
solid in texture. It appears with a diatom length range of 260- 295mm. GSI at this stage
ranges between 0.8- 3.4, with an average of 2.1. It is found from September to
November.

Males: The testicle is greyish white, about a third of the length of the cavity,
semi-flaccid, and the color is the same. It appears with a crotch length range of 135-
230mm. GIS in this stage ranges between 0.3 and 1.3, with a rate of 0.8, and is present
from September to November.

Three prominent peaks were distinguished in the frequency distribution of oocyte
diameters in the mature and spent stages in which oocyte development was completed.
Small-sized eggs and medium-sized eggs could be distinguished, followed by large eggs.
It is also possible to determine the appearance of large eggs from the virgin to the mature
stage and the spent of large eggs (0.8- 1.1mm) during the partial release stage after they
were present in the spent stage.
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Fig. 4. Egg size with the development of maturity stages of P. candidus

7. Fecundity

The absolute fecundity rate was determined to be 525,180, with a range of 204,000-
1,478,000 eggs observed in females with a forked length ranging from 215 to 310mm.
The relative fecundity rate and range for the identical length were 727.5 and 495.9-
1078.8 egg g, respectively. The exponential connection was determined to be the most
optimal correlation between absolute fecundity and length and weight. Based on the 95%
confidence limits presented in Fig. (5), it can be observed that the link between weight
and length had a more robust association. The correlation with weight was:

F = 133564 ¢0:0018W
R? =0.9017
And with length:

F = 8.8195 e%0153FL

R? =0.8173
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Fig. 5. The relationship of absolute fecundity with length and weight of P. candidus

DISCUSSION

Understanding the reproductive biology of a species provides valuable information on
how to manage populations and comprehend future changes to the stock. Therefore, this
study showed the most important features of reproductive P. candidus. They are
oceanodromous benthopelagic fish that migrate in groups annually toward Iraqi marine
waters to spawn in the Khor Abdullah area. The P. candidus is unisexual and does not
display the secondary characteristics that distinguish the sexes. However, it is possible to
differentiate between males and females during the reproductive season based on the
external appearance of mature fish by the abdomen bulge. The phenomenon of males
being smaller in length and weight than females is one of the features of P. candidus
populations in the northern Gulf region, as most females are large. This is consistent with
the findings of Muhammad and Ali (1993) and Almatar et al. (2004). This difference in
size may be due to the variation in growth rate between the sexes (Vicentini & Araujo,
2003). In addition, a strategy to increase egg production in larger sizes is possible.

The results of the study showed that male P. candidus fish mature before females, and
this is consistent with studies in the region, with differences in the maturity length of both
sexes, as Mohamed and Ali (1993) recorded the maturity length (L) for males and
females as 102 and 155mm, respectively, as well as Narges et al. (2007) recorded in
Iranian marine waters; males were 180 and females were 222mm. While, Nekuru at el.
(2021) recorded the length at sexual maturity at 181 and 208mm for males and females in
the northwestern Persian Gulf and Oman Sea, respectively. Dadzie at el. (2000) found
that males mature earlier than females at a minimum length of 125- 144mm, while female
mature at a length of 205- 225mm in Kuwaiti waters, and mature females are present
throughout the year with an increase from June to November, the length of the first
maturity for females was 275 mm. Ghosh et al. (2009) recorded the maturity length in
Korean waters as 180mm. On the other hand, Kim and Han (1989) recorded the maturity
length as 185mm. Liming and Yongsoung (2005) found that at the mouth of the Pearl
Estuary in China, the Pampus argenteus reaches maturity at a length of 150mm. Lee and
Jin (1989) found that the Pampus sp. in eastern China matures before females and is
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167mm in length, while females reach maturity at 186mm. Pati (1982) in his study
revealed that the maturity length in Indian waters amounted for 150mm for males and
170mm for females. Differences may be geographical differences due to environmental
differences.

Another phenomenon that distinguished P. candidus communities in Iragi marine
waters is the presence of males more than females. The sex ratio recorded in the current
study is consistent with the result of Narges et al. (2007) in the Iranian waters. The study
of Muhammad and Ali (1993) in the Iraqi waters, and the study of Al-Abdul-Elah et al.
(2002) in the Kuwaiti waters, the sex ratio was recorded (females to males)at 2.1:1, which
is in favor of males. The study did not agree with Ghosh et al. (2009), who reached
1:1.75 in favor of females. Shi et al. (2009) found that the sex ratio was 1:1 for Pampus
argenteus during the spawning season in the Chinese waters. Differences in factors such
as growth rate, longevity, and mortality may lead to differences in the sex ratio, in
addition to fishing methods that target larger, mostly female fish. The study of the
microscopic examination of the gonads and the gonadosomatic index showed that the P.
candidus breeding season in the Iragi marine waters is a long period, and continuously
extends from May to November and that there are two distinct periods of spawning
season, the first during May and June while the second during October. Mohamed and
Ali (1993) found that the breeding period in the Iragi marine waters extends from May to
September, with the peak of spawning from June to July. Dadzie et al. (2000) stated that
the breeding season in Kuwaiti waters is long, extending from May to August with two
peaks of spawning, the first is during May, and the second is during August. Whereas,
Almatar et al. (2004) recorded the release from mid-May which continues until the
beginning of October. During this time, the water temperature ranges from 26 to 32.8°C.
Larger females spawn earlier than smaller fish during the season. Lone at el. (2008a) also
recorded, in the same waters, the lowest (GSI) for females was in January at 0.69+ 0.11
when the temperature was 13.9, and the highest (GSI) was in June at 7.9+ 0.04 when the
temperature was 30.6. Therefore, the peak of spawning is in June and continues through
September. It was also indicated that the females may spawn multiple times during the
season and that the GSI is more closely related to temperature than photoperiod (Lone et
al., 2008b). Safikhani (1998) found that the breeding time of the silver pomfret in
Iranian marine waters, the Mahshahr region, extends from March to September, with two
peaks in June and September. Narges et al. (2007) also recorded the length of the
breeding season with two peaks in their study. Pati (1982) found in the Bay of Bengal
that the silver pomfret breeding season in the Indian waters was from February to August.
On the other hand, Lee and Jin (1989) found a single peak in the Korean marine waters
east of China from June to July. In this study, the breeding season extended with two
peaks. The change in the breeding time of the silver pomfret in the regions may be due to
asymmetry in populations, temperatures, and currents (Lone et al., 2008b) in addition to
the different species of the silver pomfret.
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Six stages of maturation of the P. candidus fish were identified in the current study,
ranging from the immature to the resting (recovery) stage. Kuthalinam (1963) divided
the stages of maturation of the gonads in the Bay of Bengal into five stages and
determined its breeding season from January to February. Gopaln (1969) also described
the silver pomfret reproduction in the Arabian Sea and divided the stages of maturity into
seven. He concluded that each female spawn eggs twice a season, the reproductive period
extends from February to August and reaches its peak in April-June, and that large fish
mature sexually before small ones. Hussain and Abdullah (1977) mentioned that the
silver pomfret breeding season in the northern Gulf extends from April until September
and that there are two peaks for laying. The main one is during April-May, and the
second is during September.

The study by Abu-Hakima (1984) compared some biological aspects of Pampus spp.
reproduction with two types of the Gulf fish through a histological analysis of the gonads.
It showed that the breeding season extends from March to August. Moumeni and Ehsan
(2006) found a long reproductive period in Bandar Abbas, extending from March to
September, and that this area is not a reproductive area due to the lack of advanced
maturity stages. Qixiang et al. (1989) found that the spawning season in the East China
Sea is from May to June. The gonads mature during March but do not go beyond the
fourth stage after remaining in the second stage during winter. The silver pomfret can be
classified as a short type and is offered in batches based on the behavior of offering
shorts.

The results of the current study and studies in the region show that P. candidus
reproduces in the northern Arabian Gulf region, characterized by the vast area between
the tides and low tide, as reproduction occurs in the deep areas in two periods. The first is
a major breeding period in April-June, and the second is in September-October. The
species has a prolonged spawning period. Parsamanesh (1998) recorded the presence of
small fish less than 100mm throughout the year. This is what Pati (1982) found in the
Bay of Bengal: that the silver pomfret breed in areas far from the coast, offshore regions,
and that early juveniles are abundant in all areas facing the coast, which are characterized
by a wide extension in the intertidal zone. The survey conducted by Dames and Moore
(1983) in the northwestern part of the Kuwaiti waters showed that silver pomfret eggs
and larvae are present throughout the year in Kuwait Bay. The highest larval abundance
was in Khor Subiya and the northern flat of Failaka Island during the summer months
between May and August. The top reproductive of the silver pomfret throughout the late
spring and summer can be inferred from the observed concentration of larvae in the
vicinity of Khor Subiya. Certain eggs and larvae can be observed in alternative months
and locations.

The variation in egg size across different stages of sexual maturity observed in this
study reflects the reproductive pattern, showing that eggs are produced in large batches
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during the breeding season, with sizes ranging between 0.2 and 1.1mm. The range of egg
diameters for mature fish in the study area during the 1989 season ranged between 0.37-
1.18mm, and for the 1990 season, it ranged between 0.56- 1.1mm (Mohamed & Alj,
1993). Mito and Senta (1967) found that egg diameters in the Sea of Japan during the
breeding season ranged between 1.21- 1.35mm. Mizuta et al. (1977) explained that there
are three stages of eggs with average diameters of 0.53, 0.93, and 1.31mm, and that there
are several batches during the breeding season. Almatar et al. (2004) in their study of the
maturation cycle and the frequency distribution of egg size, also concluded that the silver
pomfret is a multiple batch spawner with an indeterminate fecundity. Shi et al. (2009)
recorded the diameter of eggs in the fifth stage as 700- 850 microns. Several batches are
released during the breeding season, with an average fork length of 225 and 140- 170mm
for males. Moreover, the spawning season spans from the beginning of May until the
beginning of June.

The absolute fecundity rate calculated in the current study is higher than that of other
studies, with a high correlation with weight. This is due to the changes that occur in the
weight of the gonads. Muhammad and Ali (1993) reported that the fecundity rate of the
silver pomfret varies with fish size, ranging from 51,316 eggs for fish measuring 176mm
in length and weighing 281g, to 245,356 eggs for fish measuring 254mm in length and
weighing 960.2g. This fecundity is more closely related to weight than length. Similarly,
Pati (1981) observed fecundity rates in the Bay of Bengal ranging from 40,610 to 90,460
eggs for fish between 191 and 238mm in length. Dadzie et al. (2000) documented
fecundity in Kuwaiti waters ranging from 28,965 to 455,661 eggs, with positive
correlations to standard length, ovarian weight, and body weight, but an inverse
relationship with egg size. Qinman et al. (2009) found that absolute fecundity averaged
90,071.1 eggs, with a relative fecundity rate of 349.34 eggs per gram, showing a direct
relationship with forked length, body depth, and height, as well as body weight. Qixiang
et al. (1989) indicated that both absolute and relative fecundity are linearly related to
weight and exponentially related to height. In addition, Al-Matar et al. (2006) confirmed
that the number of eggs is directly proportional to fish weight or length.

Based on these findings, fishing nets should be sized to avoid capturing fish
below the minimum length at which they can reproduce. Many fishermen have resorted
to using illegal nets with smaller openings to catch fish below 130mm, leading to a
decline in mature fish populations (Jafar, 2011). To address this issue, management
measures should include size-limit regulations to prevent catching immature fish, time-
limit regulations to avoid fishing during peak reproductive periods, and limitations on the
number of operating boats. Specifically, the minimum fishing length should be at least
260mm, with fishing prohibited in May and June. Additionally, carcass nets should be
banned in breeding and nursery areas, and the use of gillnets larger than 76mm should be
encouraged (Forghani, 2011). Ensuring catches are above 270mm and prohibiting



1147 The Reproductive Biology of Pampus candidus Fish in Iragi Marine Waters

fishing during June and August will help protect the estuary environment from
overexploitation.

CONCLUSION

The current study reveals that P. candidus reproduces in the northern Persian Gulf
region with spawning occurring in deep areas during two main periods: the primary
breeding season from April to June and a secondary period from September to
November. This reproductive period is relatively extended, with males maturing before
females. The study identified six stages of maturation for P. candidus, ranging from
immature to the resting (recovery) stage. The fish exhibit multiple-batch spawning
behavior, with uncertain fecundity levels based on gonadal cycles, oocyte size frequency
distribution, and overall fecundity analysis. Notably, Khor Abdullah has been confirmed
as the key spawning and nursery area for P. candidus in the region.
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