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Abstract 

The study explored the fishery, growth, and reproductive biology of the green tiger shrimp, Penaeus semisulcatus, in 
Iraqi marine waters of the northwest Arabian Gulf from November 2022 to October 2023. Monthly shrimp landings 
varied significantly, ranging from a low of 57 tons in December 2022 to a high of 407 tons in September 2023, totaling 
3,515 tons over the entire year. During this period, 2,394 specimens of P. semisulcatus were sampled, measuring 
between 10.0 and 25.0 cm in length.  The length-weight relationship revealed that male P. semisulcatus exhibited 
isometric growth, while females showed positive allometric growth. The average condition factor for males was 1.01 ± 
0.061, while females had an average of 1.03 ± 0.090, indicating good health for both sexes. The species' growth model 
was represented by the formula Lt= 28.7 (1-exp(-0.45(t+0.326))). The overall sex ratio was found to be 1:1.06 (male to 
female). The length at which 50% of the population reaches maturity (Lm50) was determined to be 8.4 cm. The gonado-
somatic index (GSI) values for females varied from 2.11% in October to 8.95% in March. These results can contribute 
to providing information for species management in the study region.  

Keywords: Penaeus semisulcatus; Shrimps fishery; Growth and reproductive biology; Iraq; Arabian Gulf 

1. Introduction

Penaeid shrimps are commercially important and widely distributed worldwide in sub-tropical and tropical regions. 
They make up the majority of the catch in shrimp fisheries, with total catches in 2020 reaching 3.2 million tons from a 
total of 5.6 million tons of crustaceans [1]. Despite shrimp diversity, Metapenaeus affinis, Penaeus semisulcatus and 
Parapenaopsis stylifers were the major contributors to shrimp catches from Iraqi waters [2]. These species have been 
important for the artisanal marine fisheries in Iraq for many years. Their landings increased from 123.4 tons (1.85% of 
the total catch) in 2008-2009 to 7,288 tons (14.4% of the total catch) in 2020-2022 [3].  

The green tiger shrimp, P. semisulcatus De Haan 1844 inhabits the continental shelf from shallow coastal waters to a 
depth of 130 m, but mostly in waters less than 60 m, on mud, sandy mud, or sandy grit. The species can form small 
shoals and is predominantly nocturnal, burying in the substrate in the daytime; mostly fished at night when the highest 
catches are obtained, but in some areas also by day [4]. Mohammed et al. [5] stated that the life cycle of P. semisulcatus 
involves a coastal, shallow-water juvenile phase and an offshore, deeper-water adult phase in Kuwait waters. P. 
semisulcatus is widespread in Iraqi marine waters and is characterized by its large size compared to M. affinis. The total 
catches of P. semisulcatus in Iraqi marine waters in 1996 varied from 121.0 to 193.9 tons [2].  

Previous studies on the fishery and biology of P. semisulcatus in Iraqi waters are limited. Ali [2], Ali et al. [6], and Ali and 
Ahmed [7] studied the fisheries of P. semisulcatus in Iraqi marine waters. Abbas and Ghazi [8] focused on the landings 
of P. semisulcatus in the main markets of Basrah Province, and Ghazi [9] studied the reproductive biology of P. 
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semisulcatus in the marine waters of Iraq. Lastly, Hassan et al. [10] studied the stock assessment of P. semisulcatus in 
Iraqi marine waters. 

Consequently, the present study presents information about fishery, growth and reproductive biology of P. semisulcatus 
in Iraqi marine waters, northwest Arabian Gulf from November 2022 to October 2023.  

2. Material and methods 

The study was carried out in the Iraqi marine waters, northwest Arabian Gulf from November 2022 to October 2023. 
Iraq has a coastline of 105 km with a continental shelf of 1034 km2 and a territorial sea of 716 km2 [11]. The area 
features a large river delta formed by the Euphrates, Tigris, and Karun rivers, which converge in the Shatt Al-Arab and 
flow into the Arabian Gulf [12]. The waters have a long history of artisanal fishing, targeting a variety of fish and shrimp 
species. These include river shad (Tenualosa ilisha), silver pomfret (Pampus argenteus), mullets (Planliza subviridis and 
P. klunzingeri), Emperor (Lethrinus nebulosus), Seabream (Acanthopagrus arabicus and A. berda), croakers (Otolithes 
ruber and Johnieops belangerii), and shrimp species such as P. semisulcatus and M. affinis [3]. Fishing activities are 
primarily concentrated in the Shatt Al-Arab estuary, Khor Abdulla, and Khor Al-Amaya regions. Different gear such as 
drift gillnets, trawl nets, traps (gargoor), and stake nets (hadra) are utilized [13].  

Shrimp samples were collected randomly from the main landing and auction site for marine resources at Al-Fao town 
(Fig. 1). Specimens were stored in the iceboxes and transported to the Department of Fisheries and Marine Resources 
laboratory for further examination. The monthly raw data on the total fish and shrimp landings from November 2022 
to October 2023 were collected from the main landing and auction site as documented by the Basrah Agriculture 
Directorate. A trend line (technical analysis) was used to show the general direction and designate patterns of fish 
species' landings by the TREND function.  

The specimens were identified according to Fischer and Bianchi [4] and sexed macroscopically by visual examination 
of the gonads. Each specimen was measured for total length (TL) - from the tip of the rostrum to the end of the telson, 
and carapace length (CL) - from the posterior margin of the orbit to the posterior margin of the carapace using a 
biometric ruler to the nearest 0.1 cm. The weights of the shrimp and gonad were measured using a digital balance to 
the nearest 0.1 g. The lengths were grouped into 1.0 cm length groups for males and females. 

 

Figure 1 Fishing grounds of P. semisulcatus in Iraqi marine waters 
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The relationship between carapace length (CL) and total length (TL) for each species was estimated using the linear 
regression formula: CL= a + bTL, where a and b are constants. The length-weight relationship for males and females was 
determined using the power function W= aLb [14], where W is the weight of shrimp in grams, L is the total length in cm, 
a is a coefficient related to the body form, and b is an exponent indicating growth. To identify growth types (isometric 
or allometric), significant deviations from the b values were observed using a t-test [15]. A t-test was performed to check 
the similarity of the regression line between males and females. 

The relative condition factor (Kn) of the shrimp was calculated separately for males and females as Kn= W/W’, where W 
is the observed weight and W’ is the calculated weight of shrimp, determined by inputting ‘a’ and ‘b’ values from the 
length-weight relationship [14].  

Growth in length was described using the von Bertalanffy growth function (VBGF): 

Lt= L∞ (1 – exp (-K(t - t0))) 

Where L∞ is the asymptotic length, K is the growth rate, Lt is the expected length at age t years and t0 is the theoretical 
age at length zero. The growth parameters (L∞ and K) were estimated from the length-frequency data using the ELEFAN 
I incorporated in the FiSAT II software [16], with the initial seed value for L∞ as the largest individual (Lmax) seen in the 
samples, thus: L∞= Lmax/0.95 [17]. The theoretical age at length zero (to) was estimated independently, using the 
following equation [18]: 

log10 (-t0) = -0.3922 – 0.275 log10L∞– 1.0381 log10K 

The ratio of the number of males to females was determined monthly for only those shrimp whose gonads were 
identifiable as male and female. The sex ratio was tested by the chi-square (𝜒2) test. The estimation of the size at first 
sexual maturity (Lm50) was done only with female shrimps using the proportion of mature fish in each length class and 
via the following equation [19]: 

Log (Lm50)= -0.1189 + 0.9157* Log (Lmax) 

where Lmax is the largest individual observed in the samples. The gonadosomatic index (GSI) of the shrimp was 
calculated monthly by the following equation [20]:  

GSI= Weight of gonad/ Total body weight * 100. 

The obtained data were analyzed using Microsoft Office Excel, ver., 2010. 

3. Results  

3.1. Shrimp fishing 

The monthly shrimp and total fish landings of the Iraqi artisanal marine fisheries from November 2022 to October 2023 
are illustrated in Figure 2. The monthly shrimp landings alternated from 57 tons in December 2022 to 407 tons in 
September 2023, with an overall value of 3,515 tons. Total fish landings ranged from 1,487 tons in December 2022 to 
2,948 tons in September 2023, with an overall value of 26,522 tons. Both shrimp and total fish catches showed a positive 
trend during this period (b= 22.41 and 94.83, respectively). The overall contribution of shrimp to the total landing was 
about 13.25%. 
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Figure 2 Monthly shrimps and total landings by Iraqi marine fisheries during 2022-2023 

3.2. Length-frequency distributions 

The seasonal length-frequency distributions of 2,394 P. semisulcatus with a total length range of 10.1 to 25.1 cm are 
shown in Figure 3. 843 specimens of the species were collected in winter, the smallest shrimp was 11.0 cm and the 
largest was 22.0 cm. The 15.0 cm size group was numerically dominant (19.2%) and the lengths from 14.0 to 18.0 
represented 72.2 % during this season. The number of individuals collected in spring was 453 individuals ranging in 
length from 11.0 to 25.0 cm, and the highest frequency of catch belonged to the length group 17.0 cm constituting 16.1%, 
while the length groups from 14.0 to 18.0 cm formed 69.5%. The sample of P. semisulcatus was composed of 702 
specimens in summer ranging from 10.0 to 25.0 cm and the most dominant length was 12 cm, accounting for 19.6%, 
while the length groups 11.0 to 16.0 cm formed 80.9%. Lengths of 716 individuals of the species collected in autumn 
varied from 10.0 to 22.0 cm, and the most dominant length group recorded was 13.0 cm, representing 27.4%, while the 
length groups 12.0 to 16.0 cm constituted 87.7%. 

 

Figure 3 The seasonal length-frequency distributions of P. semisulcatu 

3.3. The length-weight relationships 

The length-weight relationship for both sexes was analyzed using 1,876 specimens of P. semisulcatus, consisting of 854 
males and 1,022 females (Fig. 4). The total lengths of males varied from 10.1-20.1 cm and 5.2-74.4 g and females from 
10.2-25.1 cm and 8.7-146.7 g. The length-weight relationships were: 
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W= 0.0068*TL3.035, r2= 0.915 for males 

W= 0.0056TL3.136, r2= 0.952 for females 

The male specimens exhibited an isometric growth pattern (t= 1.093, p<0.05), while the female showed a positive 
allometric growth pattern (t= 6.137, p<0.05). The study also found a significant difference in the lengths and weights 
between the male and female specimens (t= 8.598, p<0.05). 

 

Figure 4 The length-weight relationship of males and females of P. semisulcatus 

The estimated relationship of total length (TL) to its carapace length (CL) for 483 specimens of P. semisulcatus was CL= 
0.3857*TL - 0.4054, r2= 0.910. 

3.4. Relative condition factor (Kn)  

The relative condition factor (Kn) of P. semisulcatus showed monthly fluctuations in both sexes (Fig. 5), and there was 
no significant difference in Kn values between them (t= 0.52, p>0.05). Kn values for males fluctuated from 0.86 in July to 
1.09 in May, while for females from 0.91 in March to 1.18 in January. The mean values of Kn for males and females were 
1.01± 0.061 and 1.03± 0.090, respectively.  

3.5. Growth model 

Monthly total length-frequency data for combined sexes of P. semisulcatus was evaluated using the ELEFAN-I 
incorporated in the FiSAT II software. The initial seed value for L∞ used in the ELEFAN-I was 25.1 cm. The optimized 
growth curve was superimposed on the restructured length-frequency histograms of P. semisulcatus shown in  
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Figure 5 Monthly variations in relative condition factor of male and female P. semisulcatus 

Figure 6. The best growth constants (L∞ and K) values were estimated as 28.7 cm and 0.45, respectively, so the 
theoretical age at zero (to) was -0.326. The growth model for P. semisulcatus was: 

Lt = 28.7 (1- exp (– 0.45 (t + 0.326))) 

 

Figure 6 Restructured length-frequency distribution with growth curves for P. semisulcatus. 

3.6. Reproduction 

3.6.1. Sex ratio 

Out of a total of 1868 P. semisulcatus specimens examined from Iraqi marine waters, 908 (48.6%) were males and 960 
(51.4%) were females (Table 1). It was observed that females outnumbered males in all months except for December, 
January, June, July, and September. The overall sex ratio (male: female) was 1:1.06 which was not significantly different 
from the hypothetical 1:1 sex ratio (χ2 = 1.40; P < 0.05). 
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Table 1 Monthly sex ratio of P. semisulcatus in Iraqi marine waters 

  Total  

number 

No. of specimens Sex ratio 

(M: F) 

Ӽ2 

Males Females 

N 2022 337 131 206 1:1.57 16.7 

D 243 156 87 1:0.56 19.6 

J 2023 129 66 63 1:0.95 0.1 

F 232 107 125 1:1.17 1.4 

M 88 41 47 1:1.15 0.4 

A 110 50 60 1:1.20 0.9 

M 84 42 42 1:1.00 0 

J 70 42 28 1:0.67 2.8 

J 223 113 110 1:0.97 0 

A 146 66 80 1:1.21 1.3 

S 80 48 32 1:0.67 3.2 

O 126 46 80 1:1.74 9.2 

All 1868 908 960 1:1.06 1.4 

3.6.2. Maturity 

This study observed 657 of P. semisulcatus to determine their lengths at first sexual maturity (Lm50). Maturity curves 
were generated by plotting the percentage of mature females against their length groups (Fig. 7). The length at first 
maturity (Lm50) was 14.2 cm. This finding was confirmed using the equation of Binohlan and Froese (2009), yielding 
14.5 cm for P. semisulcatus based on the largest length for each species in the samples. 

 

Figure 7 The length at first sexual maturity (Lm50) of P. semisulcatus. 
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3.6.3. Gonado-somatic index 

The monthly difference of the gonado-somatic index (GSI) of female P. semisulcatus is presented in Figure 8. The highest 
value of GSI (8.95%) occurred in March and then gradually dropped with some fluctuation to the lowest value (2.11%) 
in October. 

 

 Figure 8 Monthly variations in the gonado-somatic index (GSI) of females P. semisulcatus  

4. Discussion 

The study shows that Iraqi artisanal marine fisheries had annual shrimp and total fish landings of 3,515 and 26,522 
tons, respectively. Mohammed et al. [5] stated that the total shrimp caught in the 1995/1996 seasons was 1,657 tons in 
Kuwaiti waters. Ali [2] reported that the total catch of P. semisulcatus in 1996 ranged between 121.2 and 193.9 tons, 
and the catch of M. affinis in marine waters during the 1998-1999 season was between 174.6 and 279.36 tons. 
Niamaimandi et al. [21] stated that the landing of penaeid shrimp from the northern part of the Arabian Gulf fluctuated 
between 480 tons and 2,700 tons per year from 1998 to 2004, and P. semisulcatus formed more than 80%. The landings 
of penaeid shrimps exhibited significant fluctuations over the last decade as the landings in 2008 were 43,695 tons and 
gradually decreased to 37,642 tons in 2019, so its contribution to the total marine landings of Maharashtra, India 
declined from 13.1% to 10.8% [22]. According to Mohamed and Abood [23], the total fish landing was 19,877 tons in 
2020 and 1,364 tons in 2021, while shrimp landings were 3,107 and 2,221 tons, respectively. Furthermore, the total 
fish landings was 16,971 tons in 2022, with shrimp landings at 1,961 tons [3]. Both total fish and shrimp landings 
experienced significant increases in the current study. This improvement in the landings of the species from Iraqi 
marine waters may be attributed to the development of infrastructure, the upgrading of navigation technology and the 
increasing mechanized power of fishing boats [23].  

The study found that male P. semisulcatus are generally smaller than females. This result aligns closely with findings 
from other researchers studying this species. The size ranges observed in this study (10.1-20.1 cm, 3.5-7.4 cm CL for 
males and 10.2-25.1 cm, 3.5-9.3 cm CL for females) were similar to those observed in the Gulf of Suez, Egypt, 8.0-20.2 
cm for males and 8.8-24.4 cm for females [24], and somewhat comparable to the Pilar and Capiz Bays, Philippines, 6.5-
21.5 cm for males and 7.5-21.5 cm for females [25]. They were better than those stated by other authors [26-33], which 
the lengths ranging from 1.4-4.1 cm (CL) for males and 1.2-5.4 cm (CL) for females in Hormozgan coastal waters of Iran 
[32] to 2.0-6.6 cm (CL) in the Bombana and Adjacent Waters, Indonesia [33]. Conversely, Niamaimandi et al. [34] 
recorded the smallest values of lengths (2.2-4.4 cm CL) for this species in the Bushehr coastal waters of the Arabian 
Gulf. These differences in size ranges may be due to various factors, such as water temperature, food availability, 
population density, fishing pressure, and possibly the use of different fishing gears [35-37].  

The growth coefficients (b) of the length-weight relationship of males and females P. semisulcatus showed an isometric 
growth pattern in males and a positive allometric growth pattern in females. The isometric growth pattern indicates 
that the speed of weight and total length gains in a balanced state, whereas a positive allometric growth pattern referees 
that the shrimp shows a faster growth in weight as it increases in length [38]. Mehanna [24] noted that the growth of P. 
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semisulcatus exhibited isometric growth for all sexes in the Gulf of Suez, Egypt, and Alrashada et al. [31] found the same 
growth for the whole sample of species in the Saudi coast, Arabian Gulf. Niamaimandi et al. [34] discovered that both 
male and female P. semisulcatus in the Bushehr coastal waters of the Arabian Gulf displayed a positive allometric growth 
pattern. Similarly, Hosny [26] reported positive allometric growth for females and a whole sample of the species on the 
Saudi coast of the Arabian Gulf. However, other researchers showed negative allometric growth [27, 29-30, 32-33]. The 
value of growth coefficient (b) in the length-weight relationship may differ due to various factors such as habitat, season, 
stage of maturity, sex, food availability, health, stress, sampling methodology and the difference in the sizes of 
individuals [39, 15, 40, 37].  

The relative condition factor is considered an index of general well-being and suitability of shrimp to grow in a particular 
water body, and the value expresses the degree of well-being, relative robustness, plumpness and fatness in numerical 
terms [35, 41]. There was no variation in the relative condition factor between the sexes of P. semisulcatus and had 
overall Kn values above 1.0, indicating healthy populations. Le Cren [14] stated that Kn values greater than 1.0 indicate 
good well-being, while values less than 1.0 imply the opposite. The condition factors of many species fluctuate due to 
their reproductive cycle, feeding rhythms, and other environmental and physiological factors [42-44].  

The asymptotic length (L∞) of P. semisulcattus was 28.7 cm TL (10.7 cm CL), slightly exceeding the values reported by 
Mehanna [24] in the Gulf of Suez, Egypt (L∞= 26.6 cm TL), Villarta et al. [25] in the Pilar and Capiz Bays, Philippines 
(26.3 and 27.1 cm TL for males and females, respectively) and El-Ganainy and Yassien [27] in the Gulf of Suez, Red Sea, 
Egypt (10.4 cm CL). It also surpassed the measurements from other studies [45, 26-30, 46, 31-33]. However, 
Niamaimandi et al. [24] recorded the lowest values of L∞ for P. semisulcattus in the Bushehr coastal waters of the 
Arabian Gulf (3.8 cm CL for males and 5.0 cm CL for females). The estimated growth coefficient (K) for P. semisulcattus 
in this study was lower than that reported by other studies [5, 24, 21, 27-28, 46, 33]. Generally, the value of K ranged 
from 0.7 for males in the Jizan Area, Red Sea Coast, Saudi Arabia [47] to 2.2 for females in the Bushehr coastal waters of 
the Arabian Gulf [34]. According to Pauly and Munro [48], the K value for penaeid shrimps ranges from 0.39 to 1.6. The 
differential in the growth parameters of the same species in various regions could be influenced by many factors, like 
environmental conditions, nutrient abundance, metabolic and reproductive activities, genetic makeup of the individual, 
fishing pressure, and sampling method [35, 49, 42, 50-51].  

The frequency of female P. semisulcatus was higher than that of males, although the ratio of males to females (1:1.06) 
was not significantly different from the theoretical 1:1 sex ratio. Other studies have reported similar results on the 
species in the same region. Mohammed et al. [5] stated that female P semisulcatus dominance occurred in the summer 
and autumn, while male dominance occurred in winter and spring, the period coinciding with maximum spawning 
activity in the Kuwait water, Arabian Gulf. Niamaimandi et al. [52] stated that the overall average male-to-female ratio 
was 0.84 in the Bushehr waters, Arabian Gulf, Mehanna et al. [28] in their study in the Oman coast, Arabian Sea, stated 
that the overall ratio of males to females was 1:1.18 and was not significantly different from 1:1. Alrashada et al. [31] 
reported that the overall sex ratio of the species in the Saudi coast, Arabian Gulf was 1:0.85. The sex ratio shows 
significant variation for the same species in different water bodies, and the predominance of sex may differ due to sexual 
segregation during the spawning period, the life stage, behavioral characteristics between the sexes, mortality, 
migration, vulnerability to fishing gear and fishing site [35, 53-54].  

The study revealed that the length at first maturity (Lm50) of P. semisulcatus was 14.5 cm (5.2 cm CL) which was similar 
to the value of 14.9 cm for the species in the northwestern Arabian Gulf recorded by Khorshidian [55]. According to 
King [20], the Lm50 for female P. semisulcatus was 15.7 cm, while Niamaimandi et al. [52] stated that females in the 
Bushehr coastal waters of the Arabian Gulf reach sexual maturity at 4.0 cm CL. Rabaoui et al. [46] found that the Lm50 
for female species in the Saudi coasts of the Arabian Gulf was 2.3 cm CL. In the coastal waters of Hormozgan in Iran, 
sexual maturity (Lm50) is achieved at 3.79 cm CL [32], and 3.87 cm CL in the Bombana and adjacent waters in Indonesia 
[33]. The size of the first maturation varies between regions, influenced by factors such as habitat conditions, food 
availability, and trophic parameters specific to each province [56-59].  

Gonad maturity results showed that the highest value of the gonadosomatic index (GSI) for females P. semisulcatus in 
this study was observed in March. The spawning of P. semisulcatus was reported to take place during winter and spring 
in the western Arabian Gulf [60]. Mohammed et al. [5] found that the data they collected did not support the spring and 
autumn recruitment pattern of P. semisulcatus in the Kuwait waters, Arabian Gulf. Instead, they revealed that there was 
consistently a single major recruitment in the summer months of June and (or) July, depending on the year, this 
recruitment pattern may be supplemented by a second late-summer recruitment in August or early September. 
However, the species was found to spawn in autumn (November and January), and in spring with peak activity occurring 
during April in the northwestern Gulf [55]. Niamaimandi et al. [52] concluded that the peak of spawning activity of P. 
semisulcatus in the Bushehr waters, Arabian Gulf was in December, decreased slightly from January to February, peaked 
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again in March, and was then followed by a decrease in the proportion of mature females. Moreover, Ghazi [9] stated 
that the reproductive periods of P. semisulcatus in Iraqi marine waters of the Arabian Gulf were in May and December 
based on the color and size of the ovary and the histological examination. The details of the penaeid shrimp biology 
study are still lacking, and there is insufficient information and data about their reproduction, spawning seasons, and 
maturation [61].  

5. Conclusion 

In conclusion, the contribution of shrimp from Iraqi marine landings was important attaining 13.25% of the total fishery 
landings. The size range of P. semisulcatus was comparable to that documented by several authors in various geographic 
localities. The species exhibited isometric growth for males and positive allometric growth for females. The mean values 
of the relative condition factor indicated a healthy status for the species The asymptotic length (L∞) of P. semisulcatus 
was consistent with findings from other studies on this species. Although the frequency of female P. semisulcatus was 
higher than that of males, the overall sex ratio did not significantly differ from the theoretical ratio. The length at first 
maturity (Lm50) for the species was comparable to results from other studies. The highest gonado-somatic index (GSI) 
for females P. semisulcatus was recorded during March. These findings can inform fisheries management and contribute 
to the conservation of the species in the region. The asymptotic length (L∞) of P. semisulcatus was consistent with 
findings from other studies on this species. 
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