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Abstract

Jinga shrimp (Metapenaeus affinis) is one of the most productive shrimp fisheries in Iragi waters. The study aimed to evaluate
the growth, mortality, recruitment, yield-per-recruit, and virtual population analysis (VPA) of the M. affinis shrimp in these Iraqi
waters. Samples were collected from the nursery grounds of the species in east Hammar marsh and the fishing grounds in Iraqi
marine waters between November 2022 to October 2023. A total of 8021 M. affinis ranged from 2.0 to 15.6 cm TL (0.6-6.0 cm
CL) were examined. The length-weight relationship exhibited a positive allometric growth pattern. Total length-frequency data
for combined sexes was analyzed using the FiSAT Il software. The asymptotic length, growth coefficient and growth perfor-
mance index were 16.3 cm, 0.92 and 2.388, respectively. Total, natural and fishing mortalities were 3.69, 1.82 and 1.87, re-
spectively. The current exploitation rate (Eq,) was 0.51. Length at first capture (L.s0) was higher than at first maturity length
(Lmso)- Recruitment continued throughout the year, with one major peak in April. The analysis of relative yield per recruit and
relative biomass per recruit indicated that the E,, of the stock was equal to its optimal level (Eq 4= 0.520) and below its maxi-
mum sustainable yield (Emax= 0.628). To effectively manage the M. affinis stock, it is essential to adjust the mesh size so that
the total length of the species at first capture must not be less than the length at first maturity. Consequently, it may have a
chance to breed, and the nursery grounds should be protected from illegal fishing.
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INTRODUCTION

The Jinga shrimp Metapenaeus affinis (Milne Edwards,
1837) (Decapoda, Penaeidae) inhabits the Arabian Gulf
area, coasts of India, Pakistan, Sri Lanka, the east and
west coasts of Malaya to Taiwan Province of China, the
Philippines, and Papua New Guinea. It is found in
depths of about 55 m (occasionally in deeper water to
90 m) from the coastline, mainly on mud or sandy mud
(Holthius, 1980; Fischer and Bianchi, 1984; Carpenter
and Niem, 1998). In addition, it was first recorded in the
Turkish and Egyptian waters of the Mediterranean Sea
by Aydin et al. (2009) and Ahmed et al. (2021).

Due to its significance in fisheries, many researchers
have studied the stock assessment and population dy-

namics of the M. affinis population in different waters
around the world using ELEFAN | or FiSAT Il Software.
Some of these include Kuwait waters in the Arabian
Gulf (Mohammed et al., 1998), Terengganu Waters in
Malaysia (Ibrahim, 2001), the Mekong Delta in Vietham
(Dinh et al., 2010), Hormozgan Province in Iran
(Gerami et al., 2012), Qeshm Island in the Arabian Gulf
(Safaie, 2012), the Coast of Khoozestan Province in
the Arabian Gulf (Ansari et al., 2014), Kotabaru waters
in Indonesia (Tirtadanu et al., 2017), Gujarat waters in
India (Dash et al., 2018), North Coast of Central Java
in Indonesia (Saputra et al., 2018), Mediterranean Sea
in Egypt (Abdel Razek et al., 2022), Samboja Kuala
waters in Indonesia (Jahrah et al., 2023), and Ratnagiri
coast of Maharashtra in India (Dongre et al., 2023).
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In Iragi waters, the family Penaeidae is prevalent in the
fisheries, particularly the shrimps Metapenaeus affinis,
Penaeus semisulcatus and Parapenaeopsis stylifera.
The shrimp fishery in these waters is entirely artisanal,
and the marine landings have varied over the past two
decades. From 2008-2009 to 2020-2022, the total land-
ings have increased from 123.4 t (1.85% of the total
catch) to 7,288 t (14.4% of the total catch), according to
Mohamed and Abood (2024).

It is a widely accepted fact that the postlarval and/or
juvenile stages of M. affinis migrate from the northern
part of the Arabian Gulf towards the Shatt Al-Arab River
to reach the nursery grounds in the marshes of Basrah,
which is synchronized with the tide in August and Sep-
tember. Recruitment to the marshes stock showed a
single peak in autumn. M. affinis of varying sizes rang-
ing from 0.3-12.5 cm total length have been found in
the marshes, supporting the belief that the marshes
may be the primary nursery grounds for this species in
the north Arabian Gulf. The large shrimp migrate from
the marsh back to the spawning grounds to mature sex-
ually and spawn (Mathews et al., 1986; Salman et al.,
1990; Mohammed et al., 1998). Garcia (1985) noted
that a typical Penaeus spawns at the sea and enters
inshore waters as a postlarva at about three weeks to
one month old. It stays there for nearly three months,
during which it grows. Subsequently, it migrates back to
the sea when it is about four months old and measures
8.0 to 10.0 cm in total length. Therefore, M. affinis is
caught in two different regions within Iragi waters: ma-
rine waters in the Arabian Gulf and brackish inland wa-
ters in the marshes. Ali (2001) stated that the total an-

nual catches of M. affinis in Iraqi marine waters during
1998/1999 ranged from 174.6-279.4 t/yr, and in inland
waters (marshes) was 1200 t from April 2000 to Janu-
ary 2001. Abbas and Ghazi (2021) indicated that the
lowest landings of M. affinis in two main fish markets in
Basrah province was 503 kg in November or December
and the highest landing was 994 kg in July. Al-Maliky
(2022) found that the size of M. affinis varied between
1.0 and 10.0 cm TL. The overall catch rate was
124+10.6 kg/h, with the highest catch in September
and the lowest in December-February in the Masshab
area near Al-Hammar marsh, Basrah.

All studies have focused on the fishery of M. affinis in
Iragi waters, including Ali (2001), Ali et al. (2001), Ali
and Ahmed (2015), Abbas and Ghazi (2021) and Al-
Maliky (2022). Consequently, the present study was the
first attempt to assess the growth parameters, mortality
rates, probability of capture, recruitment pattern, yield
per recruit, and virtual population analysis of M. affinis
in Iragi waters.

MATERIALS AND METHODS

In Iraq, the shrimp M. affinis is exploited at different life
stages, including post-larval, sub-adult, and adult stag-
es. The study was conducted at two locations in Iraqi
waters from November 2022 to October 2023. The first
location was the nursery ground in the east Hammar
marsh, north of Basrah. The second location was the
fishing ground located northwest of the Arabian Gulf,
within the Iraqgi marine waters (Fig. 1).

The East Hammar marsh is an extensive area of wet-
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Fig. 1. Fishing grounds of Metapenaeus affinis in Iraqi waters
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lands, located at the upper corner formed by the meet-
ing of the Euphrates and Shat Al-Arab Rivers and ex-
tends west to the oilfields of West Qurna, the marsh
received water mainly from the Shatt Al-Arab River
through the Garmat Ali River, therefore, it is tidal marsh
affected by the semidiurnal tide from Arabian Gulf
(Mohamed et al., 2017). The marsh was covered by tall
reed beds of Phragmites australis and Typha
domingensis, in addition to Ceratophyllum demersum,
Nagas sp., Potamageton pectinatus, P. perfiolatus,
Meriophylum sipctum, Salvinia natans and Vallisiniria
spirlais (Al-Abbawy and Al-Mayah 2010). A variety of
freshwater fish species established in this marsh such
as Carasobarbus luteus, Leuciscus vorax, Luciobarbus
xanthopterus, Mesopotamichthys sharpeyi, Planiliza
abu, Cyprinus carpio, Carassius auratus, Oreochromis
aureus and O. niloticus. Additionally, several marine
fish, including anadromous species like Tenualosa ili-
sha, P. subviridis, P. klunzingeri, and Penaeidae
shrimps Metapenaeus affinis, migrate to the marsh for
spawning, feeding, or as a nursery (Mohamed et al.,
2009; Mohamed et al., 2017).

Shrimp samples were obtained from the fishermen who
caught the shrimps from the areas of Al-Masshab and
Al-Assafiya Creek, south of the east Hammar marsh,
using a traditional method known locally as 'Kasrah',
the trawl (Gufa) and seine nets (Salman et al., 1990; Al
-Maliky, 2022).

The second sampling location was in the marine waters
of Iraq, northwest Arabian Gulf. Although the Iraqi
coastline along the Gulf is only 105 km long, it has a
continental shelf of 1034 km2 and a territorial sea of
716 km2 (Earth Trends, 2003). In this region, a large
river delta formed by the Euphrates, Tigris, and Karun
rivers converge in the Shatt Al-Arab and flow into the
Arabian Gulf (Pohl et al., 2014). This region is distin-
guished by its shallow and highly turbid waters support-
ing a diverse range of marine species due to the sub-
stantial input of nutrients from the Shatt Al-Arab River,
serving as a significant nursery, feeding, and reproduc-
tion ground for various commercially important species,
including shrimp due to nutrient-rich freshwater from
the river to the northwestern Arabian Gulf (Food and
Agriculture Organization, 2014; Al-Yamani, 2021). 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 argen-
teus), mullets (Planliza subviridis and P. klunzingeri),
Emperor (Lethrinus nebulosus), Seabream
(Acanthopagrus arabicus and A. berda), croakers
(Oftolithes ruber and Johnieops belangerii), and shrimp
species such as Penaeus semisulcatus and Metape-
naeus affinis. Additionally, some stocks are shared with
neighboring countries (Kuwait and Iran), including river
shad, silver pomfret, mullets, and shrimps (Mohamed
and Abood, 2024). Fishing activities are primarily con-

centrated in the Shatt Al-Arab estuary, Khor Abdulla,
and Khor Al-Amaya regions. Different gear, such as
drift gilinets, trawl nets, traps (gargoor), and stake nets
(hadra) are utilized (Mohamed and Jawad, 2021). De-
spite the restriction of the Iraqi coastline of 105 km,
continental shelf of 1034 km? and territorial sea of 716
km? (Earth Trends, 2003), it is characterized from other
parts of the Gulf by having shallow and high turbidity
(Albadran et al., 2016) and the productive by having
numbers of marine species coexist and thrive here due
to receiving massive amounts of fluvial input via the
Shatt Al-Arab River, which historically plays an im-
portant role in providing the northwestern Arabian Gulf
with nutrient-rich fresh (Al-Yamani, 2021) and serves
as a significant nursery, feeding and reproduction
grounds for several economic shares between coun-
tries, include shrimp (Food and Agriculture Organiza-
tion, 2014). These waters have a long history of arti-
sanal fishing, which catches various fish and shrimps.
The fishing activities are mainly concentrated in the
Shatt Al-Arab estuary, Khor Abdulla, and Khor Al-
Amaya regions using different fishing gear including
drift gilinets, trawl nets, traps (gargoor), and stake nets
(hadra) (Mohamed and Jawad, 2021). Shrimp samples
were collected from the main site for marine resource
landing at Fao (Fig. 1). Specimens were stored in the
iceboxes and transported to the Department of Fisher-
ies and Marine Resources laboratory for further exami-
nation in the laboratory.

In the laboratory, the shrimp samples were sorted by
species using identification keys from Fischer and
Bianchi (1984), with M. affinis being one of the identi-
fied species. Each shrimp specimen was measured for
total length (TL) and carapace length (CL) to the near-
est 0.1 cm using a digital Vernier calliper. The weight of
the shrimp and gonad was measured to the nearest 0.1
g using a digital scale. The lengths were grouped into
1.0 cm length groups for males and females. The
length at 50% maturity (Lmso) was designed using the
following equation (Binohlan and Froese, 2009): log
(Limso)= -0.1189 + 0.9157* log (Lmax), Where L. is the
largest individual observed in the samples. The total
length (TL)-carapace length (CL) relationship of M.
affinis was estimated using the linear regression formu-
la: CL=a + b TL, where, a and b are constants deter-
mined by the least squares method. The length-weight
relationship was determined using the power equation
W= a L" (Le Cren, 1951), where, W= weight of shrimp
in grams, L= total length in cm, a is a coefficient related
to the body form and b is an exponent indication
growth. Significant deviations from the b values were
observed by a t-test to detect growth types, isometric
and allometric (Froese, 2006). The t-test was executed
to check the similarity of the regression line between
males and females.

The total length-frequency data for combined sexes of
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M. affinis were analyzed using the FAO-ICLARM Stock
Assessment Tools Il (FiSAT Il) software (Gayanilo et
al., 2005). The growth parameters, asymptotic length
L= and annual growth coefficient K were computed by
ELEFAN | module implemented in the FiSAT Il soft-
ware package using the initial seed value for L« as the
largest individual (Lmax) Seen in the samples, thus: Le=
Lmax/0.95 (Taylor, 1958). The best growth curve was
then fitted based on a non-parametric scoring from the
goodness of a fit index, the so-called “R, value”. The
theoretical age at birth (t,) was estimated independent-
ly using the equation of Pauly (1983):

log1o (-to) = -0.3922 — 0.275 loggLo— 1.0381 log:oK

(1)

The growth performance index was generated using
the formula of Pauly and Munro (1984):
(D)= 2logL > + log K (2)
The total mortality rate (Z) was estimated using the
length-converted catch curve method (Pauly, 1984), as
implemented in the FiSAT Il software. The natural mor-
tality rate (M) was calculated by using the formula sug-
gested by Pauly (1980) as follows: logig M= -0.0066 —
0.279 logqg L~ + 0.6543 logyy K + 0.463log+o, Where,
L= and K are the growth parameters and T is the annu-
al mean water temperature, 22.8°C (Raadi et al.,
2023). The fishing mortality rates (F) were then calcu-
lated by the difference between (Z) and (M). The cur-
rent exploitation ratio (E.,) was calculated from the
ratio F/Z (Gulland, 1971).
The catch-curve analysis was extended to estimate the
capture probabilities by the backward projection of the
length-converted catch curve using L~ and K parame-
ters as input in FiSAT. The probability of capture of
sequential length classes was regressed using a logit
curve to estimate Lcys, Leso and Leys.
The recruitment pattern was obtained following the pro-
cedure described in the FiSAT routine, which involves
the backward projection of length frequencies onto the
time axis based on growth parameters (Pauly 1983).
Relative yield-per-recruit (Y'/R) and relative biomass-
per-recruit (B'/R) were estimated for M. affinis using the
knife-edge analysis of Beverton and Holt (1966) as
modified by Pauly and Soriano (1986) and incorporated
in FiSAT software. The L./L» and M/K values were
used to estimate Eg 4 (the exploitation rate at which the
marginal increase in relative yield-per-recruit is 10% of
its value at E= 0, the optimum fishing mortality), Eqs
(the exploitation rate corresponding to 50% of the unex-
ploited relative biomass per recruit) and Enax (the ex-
ploitation rate giving maximum sustainable yield per
recruit). The current exploitation rate (Ec) and the bio-
logical target reference points (Eq1and En.x) were used
to indicate the stock status (Cadima, 2003).
The length-frequency data used to carry out virtual pop-
ulation analysis (VPA) using the length convert curve
procedure of Jones and van Zalinge (1981) in the

FiSAT routine. The values of the L», K, M, F and the
constants (a and b) of the length-weight relationship for
the species were used as inputs to VPA analysis. The
results of the VPA analysis were the population size,
catches and natural and fishing rates by length group.

Ethical approval

The work is based on commercial shrimp species and
the specimens were collected from a commercial catch.
Therefore, ethical aspects are not applicable.

RESULTS

Length-frequency distributions and maturity

In this study, 8021 M. affinis shrimp species were
measured with a total length range of 2.0 to 15.6 cm
and the length-frequency distribution showed an uni-
modal type (Fig. 2). The lengths from 6.0 to 10.0 repre-
sented 73.6 % of the total fish number. The 7.0 cm size
group was numerically dominant (19.51%), followed by
6.0 cm, and constituted 18.93% of the total number.
The total length at which M. affinis first reaches sexual
maturity (Lmso) is 9.4 cm (3.5 cm CL).

Length-length relationship

The relationship of total length (TL) to its carapace
length (CL) for all individuals of P. semisulcatus was
CL= 0.3965*TL - 0.1994, r’= 0.976 for 714 specimens
(Fig. 3).

Length-weight relationship

A study was conducted to determine the relationship
between length and weight for 4048 individuals of M.
affinis (Fig. 4). The total length and weight of the spe-
cies ranged from 3.0-15.6 cm and 0.22-30.71 g. The
length-weight equation was estimated to be W=
0.0079TL?%*°. The b-values was significantly different
from 3 (t= 7.090, p<0.05), indicating negative allometric
growth.

Growth and mortality

The ELEFAN I routine used response surface (R,) anal-
ysis to identify the optimal growth parameters (L~ and
K) of M. affinis based on an initial seed value of L«
(15.6 cm). The greatest estimate of the R, value select-
ed from the restructured length-frequency curve was
0.276 (Fig. 5). The restructured length frequency of the
species with superimposed growth curves is shown in
Figure 6. The best growth constants (L~ and K) values
were estimated as 16.3 cm and 0.92, respectively, so
the theoretical age at zero (t,) was -0.084. The growth
performance index (&) was estimated to be 2.388.

The length-converted catch curve analysis was used to
estimate the mortality rates of M. affinis (Fig. 7). The
analysis predicted the value of the total mortality (Z) at
3.69, with the coefficient of determination (r?) of this
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Fig. 2. Overall length-frequency distribution of Metapenae-
us affinis
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Fig. 4. Length-weight relationship of the whole sample of
Metapenaeus affinis

estimation being 0.990. The natural mortality was 1.82
and the fishing mortality rate was 1.87. The current
exploitation rate (E.,) was 0.51.

Capture Probability

Figure 8 displays the logistic probability of capturing M.
affinis. The study's findings indicate that the species'
Las, Lso, and Lys values are 5.59, 6.32, and 7.06 cm,
respectively. The estimated length at which 50% of the
stock biomass is susceptible to capture is L= 6.32
cm.

Recruitment pattern

As shown in Figure 9, the annual recruitment pattern of
M. affinis revealed one main pulse that contributed
78.0% of the total recruits, extended from February to
June with a peak in April (22.2%).

Yield per Recruit (Y'/R) and Biomass per Recruit
(B'/R)

The Beverton-Holt relative yield per recruit (Y'/R) and
relative biomass per recruit (B’/R) analyses for M. affin-

[

Caraoace length (cm)

0 2 4 6 8 10 12 14 16

Total length (cm)
Fig. 3. Total length and carapace length relationship of
Metapenaeus affinis

is were conducted using a function of M/K (1.978) and
L./L= (0.40), which derived from the previous analyses
(Fig. 10). The analyses gave an Eg = 0.511, Egs5=
0.333 and E, .= 0.628. The current exploitation rate
(Ecu= 0.51) was equal to its optimal level (Eq4) and
lower than its maximum sustainable yield (Enax). The
relative yield-per-recruit (Y’/R) and relative biomass-per
-recruit (B’/R) were 0.026 and 0.263, respectively.

Virtual population analysis

Figure 11 demonstrates the results of the virtual popu-
lation analysis (VPA) of M. affinis regarding natural
losses, survivability, catches, and fishing mortality. The
data indicates that individuals with lengths between 2.0
and 6.0 cm have the highest natural mortality rates.
Survivorship was highest among individuals measuring
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Table 1. Results of the FiSAT analyses for Metapenaeus affinis in different ecosystems.

Author Sex L K ¢ L z M F E Location
(cm)
ohammed et al. . . . . . . . . uwait waters, Arabian
Moh d et al M 348% 145 324 23° 503 238 265 053 K i Arabi
(1998) F 4.40 154 347 22 453 217 236 052 Gulf
M a a 2.68 0.45
Ibrahim (2001) F 4.1 0.8 ) 2.2 4.55 2071 - 025 Terengganu Waters,
Al 4.8 0.9 24 3.31 269 036 Malaysia
Dinh et al. (2010) ';/' 19.0° 1.0 75° 578 200 378 065 L":;"”g Delta, Viet
Gerami et al. M 35° 1.1 7.29 ) 404 252 208 0.51 Hormozgan Province,
(2012) F 4.7 1.2 7.79 493 220 3.18 0.64 Arabian Gulf
Safaie (2012) Al 3.1°@ 1.2 7.05 ) 3.05 194 111 0.36 Qeshm lIsland, Arabian
3.6 1.3 7.43 3.01 196 1.05 0.35 Gulf
Kapiris et al. M 3542 13 322 i i i i Bav of lzmir. Turke
(2013) F 498 07 284 y ' y
Ansari et al. Al 13.5° 1.8 i i 525 1.64 3.62 0.69 Coastof Khoozestan
(2014) 15.7 2.1 701 174 526 0.75 Province, Arabian Gulf
Tirtadanu et al. M 3.6° 2.0 ) 9o 9.00 273 6.27 0.70 Kotabaru waters, Indo-
(2017) F 3.8 X 1.9 ’ X 947 260 6.87 0.73 nesia
M 18.6 1.9 282 124 8.37 293 545 0.65 . .
Dash etal. (2018) ¢ 205 17 285 136 676 261 415 01 CuaratWaters,India
Saputra et al. M 168° 18 76° 69 123 568 0.82 North Coastof Central
(2018) F 17.9 1.9 6.3 4.6 1.6 3.02 0.62 Java, Indonesia
Abdel Razek et al. b Mediterranean Sea,
(2022) Al 19.9 X 0.24 198 83° 1.13 0.71 0.43 0.38 Egypt
M 14.6 0.58 - - 163 1.11 052 0.32 Samboja Kuala Waters,
Jahrah et al. (2023) F 16.1 1.40 Indonesj_a
(DZ%Z%T etal. ';" 180° 18 - 11.9° 72 302 418 058 E::;:ﬁ;:;crnadsi;"f Ma-
b b ’
Present study All ;622 . 092 239 gg a 369 182 187 0.51 Iraqiwaters

2 CL = carapace length in cm; ® TL = total length in cm.

2.0 cm in length. The highest fishing mortality rate was
observed among individuals measuring 6.0-15.0 cm
and peaked at 12 cm with a maximum mortality rate of
2.635.

DISCUSSION
Kebtieneh et al. (2016) stated that the basic purpose of

stock assessment is to provide decision-makers with
the information necessary to make rational choices on

the optimum level of exploitation of aquatic living re-
sources. In this study, the length range (2.0-15.6 cm
TL, 0.6-6.0 cm CL) of M. affinis individuals was found
to be similar to that of male M. affinis in Mumbai wa-
ters, India (6.5 — 15.0 cm TL) as observed by Leena
and Deshmukh (2009) and Abdel Razek et al. (2022)
from the Mediterranean Sea, Egypt (5.4-16.0 cm TL).
However, the length range was higher than that by Ib-
rahim (2001) in the Terengganu Waters, Malaysia (1.3-
4.2 cm CL). Conversely, the length range of M. affinis
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Fig. 7. Length converted catch curve for estimation of Z for
Metapenaeus affinis

in this study was lower than those indicated by Leena
and Deshmukh (2009) for female M. affinis in Mumbai
waters, India (6.6-19.0 cm TL), by Metin and Aydin
(2017) from the lzmir Bay, Turkey (7.3-17.5 cm TL),
Dash et al. (2018) from the Gujarat Waters, India (2.0-
19.8 cm TL) and Dongre et al. (2023) from the Ratnagi-
ri coast of Maharashtra, India (8.5-17.4 cm TL). The
environmental factors, food supply, population density,
fishing pressure, and possibly using different fishing
gears may be responsible for the differences in the siz-
es of the species in different geographic localities
(Nikolsky, 1963; Riedel et al., 2007).

The growth coefficient (b) of the length-weight relation-
ship for M. affinis was significantly different from the
isometric value (b=3). This indicates a negative allome-
tric growth pattern (b < 3), meaning that the shrimps get
moderately thinner as they increase in length (Ricker,
1975; Pauly, 1984; Riedel et al, 2007). A similar
growth coefficient pattern for the species was reported
by Ibrahim (2001) in the Terengganu Waters Malaysia;
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Prpbability
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Fig. 8. Probability of capture for Metapenaeus affinis

and Dash et al. (2018) for males of the species in Guja-
rat Waters, India. In contrast, Abdel Razek et al. (2022)
showed an isometric growth pattern for males M. affinis
and a positive allometric growth pattern for females and
combined sexes in the Mediterranean Sea, Egypt. The
growth coefficient (b) is affected by several factors,
including habitat, season, gonad maturity, sex, stomach
fullness and health (Riker, 1975; Froese, 2006; Mili et
al., 2017; Cuadrado et al., 2019).

The total length-frequency data for the combined sexes
of M. affinis were analyzed using the FiSAT Il software,
and the results of previous studies are presented in
Table 1. The study found that the asymptotic length
(L= 16.3 cm TL) for M. affinis was similar to the val-
ues obtained by Saputra et al. (2018) for males on the
North Coast of Central Java, Indonesia, and Jahrah et
al. (2023) for female in the Samboja Kuala Waters, In-
donesia. However, the value of L= in the present study
was lower than those reported by Dinh et al. (2010) in
the Mekong Delta, Viet Nam; Dash et al. (2018) in the
Gujarat Waters, India; Saputra et al. (2018) for female
in the North Coast of Central Java, Indonesia, and Ab-
del Razek et al. (2022) in the Mediterranean Sea,
Egypt. On the other hand, the value of L= in the pre-
sent study, was higher than the values reported by oth-
er authors in Table 1. The present value growth coeffi-
cient (K) for M. affinis was comparatively higher than
those stated for the species in some studies, such as
Ibrahim (2001) in the Terengganu Waters, Malaysia;
Kapiris et al. (2013) in the Bay of Izmir, Turkey; Abdel
Razek et al. (2022) in the Mediterranean Sea, Egypt
and Jahrah et al. (2023) in the Samboja Kuala Waters,
Indonesia, while was lower than the values informed by
other authors (Table 1). According to Pauly and Munro
(1984), the K value for penaeid shrimps ranges from
0.39 to 1.6. The present growth index () of M. affinis
was intermediate with those reported for the species in
the other studies (Table 1). The differential in the
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growth parameters of the same species in various re-
gions could be influenced by many factors, like environ-
mental conditions, nutrient abundance, reproductive
activities, genetic makeup of the individual, fishing
pressure, and sampling method (Nikolsky, 1963; Spare
and Venema, 1998; Wootton, 2011; Panda et al. 2018;
Ciloglu and Ates, 2022).

According to the result, the total length of the first cap-
ture (Leso) for M. affinis was 6.3 cm TL (2.3 cm CL),
which was similar to the values obtained by Moham-
med (1995) and Mohammed et al. (1998) in Kuwait
waters, Arabian Gulf; Ibrahim (2001) in Terengganu
Waters, Malaysia and Tirtadanu et al. (2017) in the
Kotabaru waters, Indonesia. However, the value of Lcsg
in this study was lower than those reported by Dinh et
al., 2010; Dash et al., 2018; Saputra et al., 2018; Abdel
Razek et al., 2022; Dongre et al., 2023 (Table 1).
Beverton and Holt (1966) have stated that the length at
the first capture is a critical factor that depends on the
mesh size and gear selectivity. The dissimilarities in the
mesh size of fishing gears used in fishing may have
accounted for the observed variation in length at first
capture in the various studies, where fishing gears with
large mesh sizes were likely to capture shrimps of larg-
er sizes and vice versa (Ofori-Danson et al., 2018; Am-
ponsah et al., 2021). Based on the present study’s find-
ings, it can be inferred that the estimated length at first
capture (Lcsp) was lower than at first maturity (Lmso= 9.4
cm). This indicated that most of the catches were im-
mature, and the species caught did not meet the crite-
ria for good management (L¢so < Linso). Similar findings
by Tirtadanu et al. (2017) found that the length at first
captured (Lcso= 2.17 cm CL) of M. affinis was shorter
than the length at first matured (Lnso= 2.85 mm CL) in
Kotabaru waters, Indonesia and Saputra et al. (2018)
stated that the length at first capture (Lcso) was 7.6 cm
for male and 6.3 cm for female, while the size at first
maturity (Lnmso) of M. affinis female was 11.6 cm in the
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Fig. 11. Length-structured virtual population analysis of
Metapenaeus affinis

North Coast of Central Java, Indonesia. However, Dash
et al. (2018) reported that the length at first capture
(Leso) for M. affinis was higher than the length at first
maturity (Lmso) in Gujarat Waters, India.

Table 1 presents the total (Z), natural (M), and fishing
mortality rates for M. affinis in the present study, along
with the findings of previous studies. All rates recorded
in this study fall within the reported ranges for this spe-
cies. The lowest rates were found in the Mediterranean
Sea in Egypt (Abdel Razek et al., 2022). The highest
recorded values for Z and F were 9.47 and 6.87, re-
spectively, for female M. affinis in the Kotabaru waters
of Indonesia (Tirtadanu et al., 2017). Additionally, the
maximum recorded value of M was 3.02, as reported
on the Ratnagiri coast of Maharashtra, India (Dongre et
al., 2023). The natural mortality of stock can decrease
when exposed to heavy exploitation, as lower density
and competition can have an impact (Powers, 2014).
Most of the Penaeid fisheries around the world have
high fishing mortalities due to high demand and thus
show high Z values. However, natural mortality is also
affected by various biological and environmental factors
such as water temperature, salinity, predation, food
availability, and disease (Pauly, 1980; Allen and High-
tower, 2010; Momeni et al., 2018; Bjornsson et al.,
2022). The fishing effort and catchability coefficient can
affect the F value through the activity of the fishermen
(Sparre and Venema, 1998).

The current exploitation ratio (Ecy) for M. affinis in the
present study estimated at 0.51 suggested that stock
was lightly over-exploited. To maintain the yield of the
species, it is necessary to reduce the exploitation level
from its current value of 0.51 to below 0.5. When the
natural and fishing mortality is equal, the exploitation
rate is equal to 0.5, while less than 0.5 refers to under-
exploitation and greater than 0.5 refers to overexploita-
tion (Gulland, 1971). On the other hand, this value of
Ecr for M. affinis in the present study falls within the
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range reported for the species in other geographic loca-
tions (Table 1). The lowest rate was 0.25 recorded for
female M. affinis in the Terengganu Waters, Malaysia
and the highest value was 0.82 noted for males on the
North Coast of Central Java, Indonesia (Saputra et al.,
2018). However, Mohammed (1995) stated that the
stock of M. affinis in Kuwait, Arabian Gulf was under-
exploited (E= 0.39).

Based on the analysis of recruitment patterns in this
study, M. affinis was found to be recruited into fisheries
throughout the year with one main pulse that contribut-
ed 78.0% of the total recruits, extended from February
to June with a peak in April (22.2%). Mohammed
(1995) stated that the peak recruitment of male M. af-
finis to the fishing grounds in Kuwait waters occurred
from February-March to April-May, while the recruit-
ment of females occurred from March-June and July-
August. Mohammed also said that the large spring re-
cruitment pulse was likely due to the autumn spawning.
Some authors found two peaks of unequal strength for
the recruitment pattern of M. affinis in some waters,
such as Terengganu, Malaysia (lbrahim, 2001) and in
the Mekong Delta, Viet Nam (Dinh et al., 2010).
Through the vyield per recruit (Y’/R) and biomass per
recruit (B'/R), the exploitation status of M. affinis was
assessed using a function of M/K (1.978) and L./L.
(0.40) to determine the biological target reference
points. These reference points are indicators of the
stock's performance, reflecting various parameters
such as growth, recruitment, and mortality into a single
index (Collie and Gislason, 2001; Cadima, 2003). The
analysis showed that the current exploitation rate (E¢,=
0.51) was equal to its optimal level (Eq4= 0.511) and
lower than its maximum economic yield (Emax= 0.628),
which suggests that the species was optimally exploit-
ed. However, according to Gulland (1971) and Patter-
son (1992), the current exploitation rate was found to
be higher than the optimal level of exploitation. The
relative yield-per-recruit (Y’/R) and relative biomass-per
-recruit (B'/R) were 0.026 and 0.263, respectively. lbra-
him (2001) stated that E., (0.43) of females M. affinis
in the Terengganu Waters, Malaysia was lower than
Emax (0.87) and the optimal level (Eg1= 0.77), while Eg
(0.26) of males was greatly lower than E. (0.92) and
Eo.1 (0.81), which indicates that both sexes were under-
exploited. Dash et al. (2018) obtained E., values of
0.65 and 0.61 for males and females, respectively, and
Emax value of 0.75 for both male and female M. affinis
shrimp stock in Gujarat Waters, India. Saputra et al.
(2018) showed that E., (0.620) of females M. affinis on
the north coast of central Java, Indonesia was higher
than Enax (0,595) and Eg4= 0,521, while Eg, (0.82) of
males was greater than E.. (0.637) and Eq.= 0.56,
which designates that females were optimally exploited
while males were fully exploited. Moreover, Abdel

Razek et al. (2022) found that E.,, (0.347) was lower
than Eg1 (0.50) and Emax (0.74) for M. affinis shrimp in
the Mediterranean Sea, Egypt. Jahara et al. (2023)
noted that the species in the Samboja Kuala Waters,
Indonesia appeared to be unexploited, where the cur-
rent exploitation rate (E.,= 0.316) was lower than the
Emax (0.420).

Virtual population analysis (VPA) data were utilized to
make management decisions and provide more infor-
mation about the status of fish stocks regarding growth,
recruitment, and overfishing (Chen et al., 2008). Ac-
cording to the VPA, most of the catches of M. affinis
occurred in individuals of different sizes (6.0-15.0 cm
TL), with a maximum fishing mortality (2.635) at the
length of 12 cm. This situation is also described by
Dash et al. (2018) as the fishing increased with the in-
crease in the size of shrimps and attained a maximum
value of 5.60 at total length ranging from 13.0 to 14.0
cm for males and 4.62 at total length 15.0-16.0 cm for
female shrimps in Gujarat Waters, India.

Conclusion

The present study is the first attempt to assess the
stock of M. affinis in Iraqi waters. The study found that
the recruitment of the species continued throughout the
year, with one major peak in April. It was also exposed
that the length at first capture was shorter than the size
at first maturity. Furthermore, the current level of exploi-
tation of the species was greater than the standard cri-
teria, which was equal to its optimal level and below its
maximum sustainable yield. This indicates that most of
the caught shrimp have not yet spawned, which could
harm the sustainability of the population in the long
term by hindering the breeding of shrimp in Iraqgi wa-
ters. To effectively manage the M. affinis stock, it is
essential to increase the mesh size of the fishing gears
so that the total length of the species at first capture
must not be less than the length at first maturity (9.4
cm) so that every individual would get at least one
chance to breed in their lifetime, as well as the nursery
grounds in the marsh should be protected from illegal
fishing, which would help renew the stock over the long
term to ensure resource availability and sustainability.
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