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Abstract: For management of fish stocks, assessing the various parameters of population dynamics,
including growth, mortality rates, probability of capture, recruitment pattern, yield per recruit, and
virtual population analysis of Planiliza kluzengeri, inhabiting the Hammar marsh, was analysed
using FiSAT II software. A sampling of P. kluzengeri was conducted from November 2022 to
October 2023, where 2,337 individuals ranging from 11.0 to 23.0 cm were examined. The length-
weight relationship expressed with W= 0.011*TL3.013 exhibited isometric growth. The asymptotic
length (Loo), growth constant (K), age at zero length (to) and growth performance index (&) were
reported to be 27.0 cm, 0.70, -0.12 and 2.708, respectively. Mortality estimates indicated total
mortality (Z) at 4.46, natural mortality (M) at 1.37, and fishing mortality (F) at 3.09, resulting in an
observed exploitation rate (Eobs) of 0.69. The length at first capture was higher than that at first
maturity. Recruitment continued throughout the year, with one major peak in May. The virtual
population analysis (VPA) revealed that most catches of the species happened between 15 and 23
cm. The analysis of relative yield per recruit and relative biomass per recruit indicated that the Eobs
were below the biological target reference points for the species, E0.1 and Emax. So it is essential
to establish management measures to increase the mesh sizes of the fishing nets and protect the
feeding grounds in this marsh from illegal fishing.

Keywords: Planiliza kluzengeri, Growth and mortality, Recruitment, Yield-per-recruit, Iraq.

Copyright © 2026The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY-NC 4.0).

INTRODUCTION

The family Mugilidae inhabits the Indo-Pacific
region and currently consists of about 24 genera and 75
valid species (Fricke and Fong, 2025). The Klunzinger's
mullet Planiliza klunzingeri (Day, 1888) belongs to this
family, living in the Western Indian Ocean: Arabian Gulf
to the western coast of India. It forms schools in shallow
coastal waters and enters lagoons, marshes, estuaries,
and the lower courses of rivers to feed (Randall, 1995;
Cigek et al., 2023). P. klunzingeri is a detritivorous
species that feeds on detritus, diatoms, algae, higher
plants, zooplankton, and fish (Mohamed et al., 2009;
Mohamed and Abood, 2021; Mohamed and Al-Hassani,
2023).

The P. klunzingeri was formerly placed in the
genus Liza, but Durand ef al. (2012) included it within
the genus Planiliza. The species is a widely distributed
fish in Basrah province, south Iraq, both in marine and
inland waters and is known as “Beyah”. The species
constituted 3.7% of the fish population in the East
Hammar marsh (Mohamed et al., 2012), 3.7% of the fish
assembly in the Garmat Ali River (Mohamed et al.,
2013), 4.2% of the fish assemblage in the Shatt Al-Arab
River (Al-Dubake, 2016), and 10.6% of the fish structure
in the Shatt Al-Arab River (Mohamed and Abood, 2017).
Mohamed and Abood (2024) reported that the total catch
of mullet species, mainly Planiliza subviridis and P.
klunzingeri, in 2023 represented about 9.7% of the

overall landings from Iraqi marine waters, the Arabian
Gulf.

The population dynamics of P. klunzengeri have
been described using FiSAT II software (FAO-ICLARM
Stock Assessment Tools) by some authors, like Dadzie
et al. (2005) in the Kuwait Bay, Arabian Gulf;
Hakimelahi ez al. (2010) and (2012) in the Iranian waters
of the Arabian Gulf and Oman Sea; Mohamed and
Abood (2020) in the Shatt Al-Arab River, Iraq; Al-
Hassani and Mohamed (2021) in the Iraqi marine waters,
Arabian Gulf and Ali ef al. (2023) in the Balochistan
coast, Pakistan.

Jennings et al. (2000) stated that the assessment
of species population is essential to meet one of the main
objectives of fishery science, involving maximizing yield
to fisheries while safeguarding the long-term viability of
populations and ecosystems. The present study is the first
attempt to assess the stock of P. klunzengeri in the East
Hammar Marsh, Iraq, so the growth parameters,
mortality rates, probability of capture, recruitment
pattern, yield per recruit, and virtual population analysis
of the species in this marsh from November 2022 to
October 2023 were assessed to provide decision-makers
with advice on the alternative management to assist in
the sustainable fisheries management strategies for the
species in this marsh.
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MATERIALS AND METHODS

Study site

The East Hammar Marsh is situated in the
northern region of Al-Basra Province. It extends south of
the Euphrates River and is bordered by the Shatt Al-Arab
River to the east and the West Hammar Marsh to the
west. The marsh measures approximately 33 km in
length, with water depths ranging from 1.2 to 3.0 m,
depending on the tides from the Arabian Gulf through the
Shatt Al-Arab and Garmat Ali Rivers (Hussain and
Sabbar, 2020). The aquatic vegetation in East Hammar
Marsh comprises 43 species, distributed across 33 genera
and 21 families. The dominant perennial species in the
marsh are Typha domingensis, Phragmites australis, and
Schoenoplectus litoralis (Sabar and Al-Saadi, 2020).
Additionally, Mohamed et al. (2017) identified 47 fish
species in the marsh, including 24 freshwater and 23
marine species, both native and non-native.

Fish sampling

Fish specimens were collected with the
assistance of local fishermen from three locations: Al-
Saddah, Al-Sallal, and Al-Nakara within the marsh (Fig.
1). A monthly sampling routine was implemented, during
which fish samples were gathered from November 2022
to October 2023. The collection methods employed
included drift gill nets, fixed gill nets, trammel nets, cast
nets, and an electroshocking device.

Fish samples were collected monthly from three
sites in the marsh (Fig. 1): Al-Saddah, Al-Sallal, and Al-
Nakara, from November 2022 to October 2023. The
specimens were obtained using drift gill nets, fixed gill
nets, trammel nets, cast nets with diameters of 4 to 7 m
and a mesh size of 35 mm, and an electroshocking device
(230V, 10A). The water temperature was measured using
a graduated mercury thermometer (0-100°C). After
collection, the specimens were transported on ice in a
cooler box to the laboratory for biometric analysis.

Data Analysis

In the laboratory, the total length (TL) of all P.
kluzengeri specimens was measured to the nearest
millimetre (mm) using a standard measuring board.
Monthly length-frequency data were used in the FiSAT
IT software (FAO-ICLARM Stock Assessment Tool)
version 1.2.2, outlined by Gayanilo ef al. (2005), after the
division of the length-frequency data into a 1.0 cm class
interval.

Subsample from the fish was taken and the total
length (TL) and body weight (W) were recorded to the
nearest | mm and 0.1 g, respectively. The length at 50%
maturity (Lmso) was designed using the following
equation (Binohlan and Froese, 2009): log (Lmso)= -
0.1189 + 0.9157* log (Lmax), Where Lnax is the largest
individual observed in the samples.
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Figure 1: Sampling sits of P. kluzengeri in the East
Hammar Marsh.

The length-weight relationship (LWR) was
determined by the least squares method on the
logarithmically transformed data using the equation W=
a L, where W is the total weight, L is the total length,
and a and b are parameters to be estimated (Le Cren,
1951). A significant deviation of the slope (b) was tested
from the value (3) through Student’s t-test, with values
of p <0.05 considered significant (Froese, 2006). All the
calculations were done by using Microsoft Office Excel
2010.

The best growth curve was then fitted based on the
initial value for Loo obtained from the formula Lmax/0.95
in the K-Scan analysis. The initial seed value set at Loo=
16.60 cm (Lma/0.95) in the K-Scan analysis. The
ELEFAN-I module in the FiISAT II was used to estimate
growth parameters like asymptotic length (Loo) and
growth coefficient (K). The initial seed value for Loo
(Lmax/0.95) is used as a seed value in the ELEFAN I
program (Pauly, 1984) to estimate the best combination
of Loo and K. The theoretical age at (t,) was calculated
according to the following relationship (Pauly, 1983):

logio (-to) =-0.3922 — 0.275 logjoLoo— 1.0381 logi0K

Based on these parameters (Lo and K)
determined, the growth performance index (©') was
calculated from the following formula (Pauly and
Munro, 1984):

0'=logio(K)+2logio(Lwo)

The length-converted catch curve method
incorporated in the FiSAT package estimated the
instantaneous total mortality (Z), and the natural
mortality (M) for the species calculated using the
following empirical equation (Pauly, 1980):
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logio M= -0.0066 — 0.279 logio Loo + 0.6543 logio K +
0.46310g10T

where K is the growth coefficient, Loo is the asymptotic
length and T is the mean temperature of the water body.
Fishing mortality (F) was calculated by deducting natural
mortality (M) from total mortality (Z). The observed
exploitation (Eobs) was computed using the formula Ecu=
F / Z (Sparre and Venema, 1998).

The probability of capture was approximated by
backward extrapolation of the regression line of the
descending limb of the length-converted catch curve.
The inbuilt logits method was used to derive the length
values at capture at probabilities of 0.25% (Lc2s), 0.5%
(Lcso), and 0.75% (Lc7s), where Lcso represents the length
at first capture (Pauly 1984).

Growth parameters (Loo and K ) and length-
frequency data were used as inputs to estimate the
month-wise recruitment pattern incorporated in the
FiSAT package. The graph's peaks and troughs reflect
the monthly recruitment (Pauly, 1983).

The relative yield per recruit (Y’/R) and relative
biomass per recruit (B’/R) at various fishing levels were
estimated using the FiSAT II package. This was done
through the Beverton and Holt model (1966), which was
modified by Pauly and Soriano (1986) using knife-edge
analysis. The data of Lc/Loo and M/K values were used
to estimate the biological reference points, including Eo 1,
Eos, and Emax. Eo.1 represents the exploitation rate at
which the marginal increase in relative yield per recruit
approaches 10%. Eqs indicates the exploitation rate that
reduces the stock to 50% of its unexploited biomass,
while Emax  signifies the maximum sustainable
exploitation rate. The observed exploitation rate (Eops)
and the biological target reference points (Eo.; and Emax)
were used to indicate the stock status (Cadima, 2003).

The fishing mortality for each length group, the
reconstructed population (in numbers), and the mean
stock biomass by length class were done using the
length-structured virtual population analysis, VPA
(Jones and van Zalinge, 1981) incorporated in the FiSAT
package. The input parameters in the VPA analysis were
Lo, K, M, F and the constants of the length-weight
relationship (a and b).

RESULTS

Length-frequency distribution

Figure 2 illustrates the length-frequency
distribution of 2,337 P. kluzengeri individuals measured
with a total length range of 11.0 to 23 cm. The lengths of
16 and 17 cm dominated the population, representing
25.9 and 23.5%, respectively. The length groups from
15-18 cm constituted 80.0% of the total catch.
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Figure 2: The overall length-frequency distribution of
P. kluzengeri

Length-weight relationship

A total of 1,268 specimens of P. kluzengeri were
analyzed to determine the length-weight relationship
(Fig. 2). The total length of the species ranged from 11.6
to 23.1 cm, and the weight varied from 20.8 to 132.0 g.
The length-weight relationship was described by the
equation W= 0.011TL3%. The calculated b-value
differed significantly from 3 (t= 0.519, p < 0.05),
indicating that the species exhibits isometric growth.
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Figure 4: The length-weighi rélationship of P.
kluzengeri

Growth model

Samples of 2,336 specimens of P. kluzengeri
were used to describe the growth parameters: asymptotic
length (Loo) and growth coefficient (K) using the
ELEFAN I module in the FiSAT software, based on an
initial seed value of Limax (23.1 cm). The greatest estimate
of the R, value selected from the restructured length-
frequency curve was 0.383 (Fig. 5). The restructured
length frequency of the species with superimposed
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growth curves is illustrated in Figure 6. The asymptotic
length (Loo) was estimated as 27.0 cm and the growth rate
(K) was 0.70 per year. The estimated age at zero length
(t,) was -0.12 years and the growth performance index
(®") was computed to be 2.708. The growth equation of
von Bertalanffy of P. kluzengeri was derived as follows:

L= 27.0 [1-e=0.70(t + 0.12)].
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Figure 5: K-scan routines of P. kluzengeri
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with growth curves superimposed using ELEFAN-1 for
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Mortality parameters

Figure 9 presents the linearized length-converted
catch curve used to estimate the instantaneous total
mortality rate (Z) of P. klunzengeri. The estimated value
of Z was 4.46, while the natural mortality rate was 1.37.
Consequently, the fishing mortality rate was estimated to
be 3.09, and the observed exploitation (Eobs) was 0.69.

Length-Converted Catch Curve
(for Z=4.46; M (at 24.7°C)=1.37; F=3.09; E=0.69)
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Figure 7: Length converted catch curve for estimation
of Z for P. kluzengeri

Length at First Capture

Figure 8 shows the probabilities of capturing P.
klunzengeri at different lengths: Lys, Lso, and Lys were
estimated at 15.07, 15.80 and 16.53 cm, respectively
(Fig. 5). Consequently, the length at first capture (Lcso),
which is the length at which 50% of the fish population
becomes vulnerable to fishing was determined to be
15.80 cm. In contrast, the total length at which P.
klunzengeri first reaches sexual maturity (Lmso) was 13.5
cm.
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Figure 8: Probability of capture for P. kluzengeri

Recruitment pattern

In the present study, the recruitment pattern of P.
kluzengeri displays only one prominent peak in May
(Fig. 7). Recruitment varied from 0.47% in October to
23.61% in May. The most recruitment extended from
March to August accounting for 85.24% of the total
recruitment.
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Figure 9: Recruitment pattern of P. kluzengeri

Virtual population analysis

Table 1 explains the outputs of the length-
structured virtual population analysis (VPA), which
includes data on length classes, catch numbers,
population size, fishing mortality and steady-state
biomass. The highest number of catches for the
species occurred at lengths of 15 to 18 cm, while the
largest population size was found in individuals
measuring 11 cm. Most of the fishing mortality of
the individuals occurred at lengths of 17-22 cm,
while the greatest biomasses were observed in
lengths of 11 to 18 cm.

Table 1: FiSAT II output of virtual population analysis of P. kluzengeri

Mid-Length  Catch (in numbers) Population (N) Fishing mortality (F) Steady-state Biomass (tons)
11 4 6350.41 0.0075 0.01
12 23 5615.26 0.046 0.01
13 17 49006.62 0.0364 0.01
14 130 4250.39 0.3046 0.01
15 388 3535.66 1.0611 0.01
16 605 2646.7 2.1981 0.01
17 549 1664.62 3.1272 0.01
18 327 875.11 3.3405 0.01
19 184 414 3.8127 0
20 56 163.89 2.3969 0
21 36 75.88 3.2964 0
22 14 2491 3.7305 0
23 4 5.77 3.09 0

The virtual population analysis (VPA) revealed
a declining trend in the number of surviving fish as their
length increased (Fig. 8). Fish groups smaller than 14.0
cm have the highest survival rates, and the primary losses
in the fish stock up to this size are attributed to natural
causes. However, fishing mortality increased sharply for
fish larger than 15 cm, and most catches happened
between 15 and 23 cm (Fig. 5).
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Figure 11: Length-structured virtual population
analysis of P. kluzengeri

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

The knife-edge selection routine implemented in
the FiSAT software was utilized to calculate the
Beverton-Holt relative yield per recruit (Y’/R) and
relative biomass per recruit (B’/R) for P. klunzengeri
(Fig. 8). The calculated Y’/R and B’/R based on the input
data which included an M/K ratio of 1.96 and an LC/Loo
ratio of 0.59, were 0.031 and 0.215, respectively.
Additionally, the biological target reference points for
the species were determined, yielding E0.1, E0.5 and
Emax values of 0.808, 0.394, and 0.964, respectively.
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Figure 10: Relative yield per recruit (Y'/R) and
biomass per recruit (B'/R) analyses
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DISCUSSION

The main objective of fisheries science is to
provide recommendations to decision-makers regarding
effective management strategies. These
recommendations may include predictions on how fish
stocks and fishers will respond to varying levels of
management (King, 2007). In the current study, the total
length of P. klunzengeri ranged from 11.0 to 23.0 cm.
This range exceeds those previously reported by Dadzie
et al. (2005) in Kuwait Bay, Arabian Gulf (2.0-21.0 cm),
Hakimelahi et al. (2010) in the Iranian waters of the
Arabian Gulf and Oman Sea (12.1-17.8 cm), and Ali et
al. (2023) along the Balochistan coast of Pakistan (10.0-
21.0 cm). However, it is similar to the range Mohamed
and Abood (2020) reported in the Shatt Al-Arab River,
Iraq (9.6-23.0 cm). Notably, Al-Hassani and Mohamed
(2021) reported P. klunzengeri from Iraqi marine waters
in the Arabian Gulf, with a total length range of 11 to 27
cm. The size variation in fish may result from differences
in climate change, biotic and abiotic factors, population
density, food availability, and fishing efforts (Nikolsky,
1963; Takar et al., 2022).

The growth coefficient (b) derived from the LWR
provides insight into a fish's growth pattern. An ideal b
value is 3, which indicates isometric growth. Values of b
less than 3 suggest negative allometric growth, while
values greater than 3 indicate positive allometric growth
(Riedel et al. 2007). In this study, the calculated b value
was 3.013, suggesting that the body shape remains
constant as the fish grows, signifying isometric growth.
Abou-Seedo er al. (2002) stated that P. klunzingeri
collected from Kuwait Bay, Arabian Gulf between 1982

and 1999 showed isometric length-weight relationships
in February/March and September/October/November.
However, several researchers (e.g. Hakimelahi et al.
2010; Al-Hassani and Mohamed, 2021; Mohamed, 2022;
Ali et al. 2023) have also reported negative allometric
growth in P. klunzengeri from different waters. The
factors affecting the b value in fish include
environmental variables, gonadal development, sex, food
availability, stomach fullness, health, stress, and
sampling techniques (Ricker, 1975; Froese, 2006;
Cuadrado et al., 2019).

The growth parameters of P. klunzingeri in
various studied regions, analysed using FiSAT II
software, are presented in Table 2. The asymptotic length
(Loo) recorded in this study is comparable to the value
reported by Mohamed and Abood (2020). Still, it is
higher than those noted by Dadzie et al. (2005),
Hakimelahi et al. (2010), and Ali et al (2023).
Additionally, Al-Hassani and Mohamed (2021) reported
an even higher Loo value for P. klunzingeri in the Iraqi
marine waters of the Arabian Gulf. In the present study,
the growth coefficient (K) and the growth index (9" for
P. klunzingeri were found to be higher than the values
reported for this species in other regions (Table 2). The
K value, however, was similar to that stated by Ali et al.
(2023) in the Balochistan coast, Pakistan. The growth of
the same species in different waters is significantly
influenced by several decisive factors, including habitat
type, ecological conditions, food availability, metabolic
and reproductive activities, fish sizes, sampling
techniques, and fishing pressure (Spare and Venema,
1998; Allen and Hightower, 2010; Wootton, 2011; Panda
etal.,2018).

Table 2: The results of the FiSAT analyses for P. kluzengeri in different ecosystems.

Loo

Author K a' Lecso

(cm)

Z M F E Location

Dadzie et al. (2005) 24.8 0.46 2.45 4.8

Hakimelahi et al 220 0.6 2.39 -

Kuwait Bay, Arabian
Gulf

Iranian waters of the
Arabian Gulf and

4.64 1.16 3.48 0.75

231 1.09 1.22 0.52

(2010) Oman Sea

Mohamed and Abood Shatt Al-Arab River,

(2020) 270 049 262 140 316 109, o0

Al-Hassani and Northwestern

Mohamed (2021) 298 034 248 152 119 084 036 030 [ RRe

Ali et al. (2023) 2205 070 253 173 223 159 073 031 Dalochistan - coast,
Pakistan

Present study 270 070 271 158 446 137 309  0.69 Ezzt Hammar marsh,

The size at first capture (Lcso) for P. kluzengeri
in this study falls within the range reported for the species
in other geographic locations (Table 2). According to Ali
et al. (2023), the highest Lcso value was observed along
the Balochistan coast in Pakistan. The Lcso value in fish
is affected by the types of nets used and their mesh sizes
(Beverton and Holt, 1966; Ofori-Danson et al., 2018;
Amponsah et al., 2021). The study found that P.

kluzengeri reaches sexual maturity, indicated by the
length at which 50% of the individuals are mature (Luso),
at a size of 13.5 cm. Abou-Seedo and Dadzie (2004)
reported that in the waters of Kuwait in the Arabian Gulf,
male P. kluzengeri reached Liso at a length between 13.1
cm and 17.0 cm, while females reached Lso at lengths
ranging from 14.1 cm to 18.0 cm. Additionally, Hashemi
et al. (2013) determined that the Limso of P. kluzengeri in
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the coastal waters of Khuzestan in the Arabian Gulf was
15.4 cm. The results show that P. kluzengeri is
vulnerable to fishing after first sexual maturity,
providing opportunities for reproduction and long-term
population regeneration (Udoh and Ukpatu, 2017; Panda
etal., 2018).

The total mortality (Z), natural mortality (M),
fishing mortality, and current exploitation (Ecy) rates for
P. klunzingeri observed in this study fall within the
ranges previously reported for this species in various
regions (Table 2). The highest rates for total mortality
(2), fishing mortality (F), and observed exploitation
(Eobs) were recorded in Kuwait Bay, Arabian Gulf
(Dadzie et al., 2005). In contrast, the highest rate of
natural mortality (M) was noted along the Balochistan
coast in Pakistan (Ali et al., 2023). Conversely, the
lowest values for all these rates were observed in the Iraqi
marine waters of the Arabian Gulf (Al-Hassani and
Mohamed, 2021). Mortality rates can vary among
species that inhabit different water bodies, influenced by
factors such as fishing activity, growth rates, and prey
availability. The fishing effort and catchability
coefficient may affect the fishing mortality (F) value as
a direct result of fishermen's activities (Sparre and
Venema, 1998). Additionally, natural mortality is
influenced by various environmental and biological
factors, including water temperature, salinity, migratory
behavior, predation, food availability, and diseases
(Allen and Hightower, 2010; Bjornsson et al., 2022;
Campos et al., 2023, 2024). The optimal exploitation rate
for healthy fish stocks is set at 0.5, with values below 0.5
indicating underexploitation and values above 0.5
suggesting overexploitation (Pauly, 1980). In this study,
the observed exploitation ratio (Eobs) of P. klunzingeri
was found to be 0.69, which exceeds the threshold of 0.5,
indicating that the population is overexploited.

Recruitment refers to the number of individuals
added to a harvestable fishery stock over a specific
period, playing a crucial role in regulating fish
populations (Camp et al, 2020). In this study, the
recruitment pattern of P. klunzengeri was throughout the
year, with a notable peak in May. This pattern aligns with
findings from Mohamed and Abood (2020) in the Shatt
Al-Arab River, Iraq, Al-Hassani and Mohamed (2021) in
the Iraqi marine waters of the Arabian Gulf, and Ali e?
al. (2023) along the Balochistan coast in Pakistan.
Additionally, Dadzie et al. (2005) noted two unequal
peaks in the recruitment pattern of P. klunzengeri in
Kuwait Bay, Arabian Gulf. The main factors influencing
fish recruitment include food availability and favourable
weather conditions (Gebrekiros, 2016; Nissar et al.,
2024).

The Virtual Population Analysis (VPA) is
widely used to assess fisheries. It helps reconstruct
historical populations of species by age or length, using
data on individual deaths that occur each year. These
deaths are typically categorized into catches by fisheries

and natural mortality. This information allows us to
estimate the population that must have been present in
the water to produce the observed catch (Sparre and
Venema, 1998; Shepherd and Pope, 2002; Baharti,
2017). In the current study, small groups of less than 13.0
cm had the highest survival rates because they could
escape the net's mesh. The primary loss in the fish stock
measuring up to 14 cm was attributed to natural causes,
whereas the fishing mortality increased sharply for fish
larger than 15 cm, and the bulk of catches happe ned
between 15 and 23 cm. Al-Hassani and Mohamed (2021)
found that the natural mortality of P. klunzingeri was
highest among individuals with lengths of 11 to 14 cm in
the Iraqi waters, Arabian Gulf, and most of the fish were
harvested between 14 cm and 19 cm. Mohamed (2022)
reported that the natural losses of P. klunzengeri occurred
at lengths between 10 and 14 cm, while the most
exploited length groups in the fishery were 15-22 cm.

The yield per recruit (Y’/R) and biomass per
recruit (B’/R) analyses were used to establish reference
points and assess the exploitation status of the species.
Biological reference points act as performance indicators
for the exploited stock and consider various stock
dynamics parameters, including growth, recruitment, and
mortality, and are encapsulated in a single index (Collie
and Gislason, 2001; Cadima, 2003). In the current study,
the M/K value was found to be within the range
suggested by Beverton and Holt (1993), specifically
between 1.0 and 2.5. The observed exploitation ratio
(Eobs) of P. klunzingeri was 0.69, which is lower than
both the biological reference points: Eg;= 0.808 and
Emax= 0.964. This suggests that the fish is
underexploited, according to Cadima (2003), even
though Egs is higher than the optimal level of
exploitation (0.5) as defined by Pauly (1980).

CONCLUSION

The present information on the population status
of P. klunzingeri may help in the decision-making
process for developing conservation plans and
sustainable utilization of the fish resources in the
marshes. The lengths of individuals were within the
lengths for the species recorded from other waters. The
species exhibited isometric growth pattern. Loo and K
values were comparable to those reported from different
regions. The recruitment of the species continued
throughout the year, with one major peak. The Es rate
was lower than the Eo; and Emax, indicating that the stock
of this species is underexploited. Length at first capture
Leso was higher than length at first maturity Lumnso,
indicating that they may be vulnerable to capture by the
available fishing gear after they mature, which has met
the criteria for good management (Lcso< Lmso).
Therefore, for management purposes, more yields could
be obtained by increasing the fishing activities on this
species for a substantial harvest.
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