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ARTICLE INFO ABSTRACT

Carassius auratus, Oreochromis aureus and Coptodon zillii are invaded fish in the Iraqgi
waters and are well established and considered one of the dominant species in different
natural waters of the country. The stock predictions and virtual population analysis of
these species in the Shatt Al-Arab River were studied from November 2015 to October
2016 using the FiSAT Il software. A total of 1,511 individuals of C. auratus, 1,353 O.
aureus and 1,285 C. zillii were measured to analyze the length-frequencies. The growth
was positive allometric for all species. The asymptotic length (Loo) was computed as 21.2,
27.0 and 29.3 cm for C. auratus, O. aureus and C. zillii, respectively. The rates of total
mortality (2), fishing (F), natural (M) and exploitation (E) for C. auratus were 2.69, 1.09,
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1.60 and 0.59, O. aureus 2.49, 1.08, 1.41 and 0.57 and C. zillii 1.51, 0.84, 0.68 and 0.45,
respectively. The present exploitation rates (E) for O. aureus and C. zillii are lower than
the biological target reference points for both species expressing a case of under-
exploitation of both species, while C. auratus was operating nearby the exploited situation.
Virtual population analysis (VPA) showed that the maximum fishing mortality for the
three species occurred in the mid-lengths, with maximum values at the length of 16 cm
for C. auratus and O. aureus and 15 cm for C. zillii. Therefore, the present study proposes
that more yields can get through increasing the fishing activities on these invasive species,
such as increasing the number of fishing boats and decreasing the mesh size to decline
their abundances in the long term.

1. INTRODUCTION

biological control agents (i.e., Gambusia holbrooki;
Heteropneustes fossilis; Ctenophryngodon idella) or for

1.1. Research Background

The virtual population analysis (VPA) is a modelling
technique commonly used in fisheries science for reconstructing
the historical fish numbers at age or length using the information
on the deaths of individuals in each year, and the deaths are
usually partitioned into catch by fisheries and natural mortality,
to calculate the population that must have been in the water to
produce this catch [1,2]. Ref. [3] stated that the assessment of fish
population is essential to meet one of the main objectives of
fishery science, that of maximizing yield to fisheries while
safeguarding the long-term viability of populations and
ecosystems.

Ref. [4] indicated that the invasive freshwater species are
often the culprits driving biodiversity loss, either directly through
biotic interactions or indirectly by affecting the availability of
essential resources, facilitating the spread of infectious disease,
or through hybridization with native taxa. During the last decades,
thirteen exotic fish have been brought into Iragi waters as
https://doi.org/10.29165/ajarcde.v6i2.91

aquaculture (i.e., Cyprinus carpio; Hypophthalmichthys molitrix;
Hypophthalmichthy nobilis). Others which are majorities, such as
Carassius auratus, Carasobarbus sublimes, Hemiculter
leucisculus, Oreochromis aureus, Coptodon zilli, O. niloticus and
Poecilia latipinna have been invaded Iragi waters in different
ways [5,6,7].

The Shatt Al-Arab River was subjected to multiple impacts
due to suffering from the drastic reduction in water quantity and
quality related to the decline in rates of the flows from the Tigris
and the Euphrates Rivers [8] and diverted off the Karun River into
Iranian terrene [9], as well the huge amount of agricultural runoff
wastes and untreated wastewater [10]. Under these conditions, the
saltwater intrusion further upstream up to 100 km into the Shatt
Al-Arab River during dry years and the deterioration of water
quality. Ref. [11] reviewed the exotic fish in the river and found
all these thirteen species in this river..
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1.2. Literature Review

Crucian carp C. auratus (Linnaeus, 1758) is a member of the
family Cyprinidae of the order Cypriniformes. It is native to
Eastern Asia which inhabit rivers, lakes, ponds and ditches with
stagnant or slow-flowing water and has successfully established
populations throughout Europe, North and South America, New
Zealand and Australia [12]. The crucian carp is an invasive
species to inland waters of Iraq in a way that is not been known.
Now, C. auratus is well established, easily became one of the
dominant species and is widespread throughout the different
natural waters of the country [13-17,7,18]. The contribution of C.
auratus in the inland fisheries of the Basrah province during 2017-
2019 was 3.9% [19].

The blue tilapia, O. aureus (Steindachner, 1864) and
redbelly tilapia Coptodon zillii are members of the Cichlidae.
The family is native to Africa and the south-western Middle East
and can be found today in other waters inhabiting a variety of
fresh and less commonly brackish water habitats, from shallow
streams and ponds through the rivers, lakes and estuaries [20].
Tilapia species are invasive fish in Iragi waters in ways that are
not been known, and early records show that C. zillii was caught
from the Euphrates River near Musaib city, middle of Iraq [21].
Currently, these two species are well established and dominate
the fish populations in various lIraqi waters [16,22,7,23-27].
Tilapias species constituted 15.4% of the inland fisheries of the
Basrah province during 2017-2019 [19].

The virtual population analysis of cichlids has been studied
by some investigators in some reservoirs in the world using
FiSAT Il (FAO-ICLARM Stock Assessment Tools) software,
such as [28] in the Kaptai Reservoir, Bangladesh, [29] in two
reservoirs of the Walawe river basin, Sri Lanka and [30] in
Minneriya, Udawalawe and Victoria Reservoirs, Sri Lanka. Ref.
[31] evaluated the population characteristics and virtual
population analysis (VPA) of O. niloticus and O. aureus from the
Garmat Ali River, Irag.

1.3. Research Objective

There is no study on the virtual population analysis of C. auratus
and C. zillii in Iraqi waters. Therefore, the present work described
the growth, stock predictions and virtual population analysis of
three invasive species (C. auratus, O. aureus and C. zillii) in the
Shatt Al-Arab River to manage these fish stocks in this river.

2. MATERIALS AND METHODS

2.1.  2.1.Study area

The Shatt Al-Arab River is formed from the confluence of the
Tigris and Euphrates rivers at Al-Qurna town northern Basra
Governorate and flows in the southeastern direction towards the
Arabian Gulf (Fig. 1). It is about 204 km and varies in width from
250 m at Al-Qurna to more than 1,500 m at the estuary. The river
is affected by the tidal current of the Gulf. Data were obtained
from three sites on the Shatt Al-Arab River (Fig. 1), near Al-Dair
Bridge, Abu Al-Khasib district and north Fao town [7] from
November 2015 to October 2016.
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Fig. 1. Map of the Shatt Al-Arab River with locations of
sampling sites.
2.2. Fish sampling

A total of 1,511 individuals of C. auratus, 1,353 O. aureus
and 1,285 C. zillii were collected monthly from the three sites in
the river. The fish was caught using gill nets, cast nets and electro-
fishing [7]. After capture, the fish samples were immediately iced
and transported to the laboratory for measuring the length (to the
nearest 0.1 cm) and weight (to the nearest 0.5 g) of each fish.

2.2.  2.3. Data analysis

The monthly samples of length measurements for all species
were grouped into 1-cm intervals, sequentially arranged
according to a time series of 12 months. The data were analyzed
using FiSAT Il software (FAO-ICLARM Stock Assessment
Tools, ver. 1.2.2)[32].

The length-weight relationships for each species were
established using the exponential regression equation W=a x L,
where W was the body weight in g, L was the total length in cm,
“a” is the intercept and “b” is the regression coefficient [33]. The
value of “b” was tested to see if it was statistically different from
3.

Asymptotic length (Loo) and growth rate (K) were computed
by using the ELEFAN-I routine of the FiSAT 11 software, which
allows the fitted curve through the maximum number of peaks of
the length-frequency distribution. With the help of the goodness
of fit value (Rn), growth constant (K) and asymptotic length (Loo)
were assessed [33,11].

For the estimation of total mortality rates, the linearized
length converted catch curve method (Pauly, 1983) was applied
as described in the FiSAT software using the input parameters Loo
and K. The natural mortality coefficient (M) was estimated using
Ref. [34] empirical formula as follows:

logio M = -0.0066 — 0.279 l0gzo Loo + 0.6543 logio K +
0.463l0gso T

The mean annual water temperature was 24.6 °C [7]. Thus, the
fishing mortality rate (F) was calculated from the relation F= (Z-
M).
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The relative yield-per-recruit (Y'/R) and relative per recruit
(B’/R) were estimated by the knife-edge analysis of Ref. [35] as
a modified model by Ref. [36] fitted in the FiSAT Il routine using
Le/Loo and M/K as input parameters to estimate the biological
target reference points (Eoi and Ema), Where Eoi is the
exploitation rate at which the marginal increase of relative yield-
per-recruit is 1/10™ of its value at E=0 and Emax is the exploitation
rate which produces maximum yield [37].

The virtual population analysis (VPA) is a routine modified
from Ref. [38] and incorporated in the FiISAT package. The input
for VPA included “a” and “b” constants from the length-weight
relationship, fishing mortality (F), natural mortality (M),
asymptotic length (Loo) and growth rate (K) for each species. The
routine allows the reconstruction of the population from total
catch data by length to determine the array of (F) for each length
class.

The initial step is to estimate the terminal population (N¢) given

the inputs, from:

Ni=Ce- (M + FylFy,
where C: is the terminal catch (i.e., the catch taken from the
largest length class).
Then, starting from N, successive values of F are estimated, by
iteratively solving:

Ci= Nirat - (Fi/Zi) - (exp(Zi-Ati)-1),

where Ati= (ti+1 - ti), and ti= to - (1/K) - In(1-(Li/Lo0)), and where
population sizes (Ni) are computed from:

Ni= Ni«at - exp(Zi)

The last two equations are used alternatively, until the
population sizes and fishing mortality for all length groups have
been computed [32]. An F-array representing the fishing
mortality for each length group, the reconstructed population (in
numbers), and the mean stock biomass by length class were made
using FiSAT I1. The results of the VPA analysis were the biomass
(tons), the yield (tons), total and fishing mortality and exploitation
ratios.

3. RESULTS AND DISCUSSION

3.1. Growth

Table 1 summarizes the sample size, length and weight
ranges, length-weight relationship constants (a and b), and
correlation coefficient (r?) for each species. The length and
weight of C. auratus was 4.6 to 26.8 cm and 1.3 to 371.7 g,
respectively, for O. aureus ranged between 4.5 and 25.0 cm and
their weight varied between 1.9 to 312.0 g, and for C. zillii was
2.9-24.0 cm and 0.4-312.0 g. The t-test revealed that the
regression slopes (b) in the length-weight relationships for the
species were significantly different from value 3 (t= 5.875,
p<0.05 for C. auratus, 2.24, p<0.05 for O. aureus and t= 9.56,
p<0.05 for C. zillii) indicated positive allometric growth for the
three species.

The results of the length-weight relationships in the present
study exhibited a positive allometric pattern for C. auratus, O.
aureus and C. zillii. Ref. [39] indicated that the positive allometric
growth indicates that the fish becomes relatively stouter or
deeper-bodied as it increases in length and is designated by a b
>3.0. Some studies demonstrated similar findings for these
species in some waters [40-42,17,18,43], while some authors
reported negative allometric growth for this species in other
waters [44-53]. The difference in growth patterns is affected by
several factors, including differences in geographical location,
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fish sizes, season, sex, stage of fish maturity, food availability,
stomach fullness, health, stress and sampling methodology
[33,54-56].

Table 1. Descriptive statistics and estimated parameters of the
length-weight relationships for the three species.

Length  Weight Length-weight
- range range relationshi
Species N g g P >
(cm) (9) a b r
C. auratus 567  4.6-268  1.3-371.7 0015 3.065 0.993
0. aureus 128 45250  1.9-3120 0015 3.058 0.929
C. zillii 852 2.9-240  04-2758 0013 3159  0.977

The results of growth estimation from the ELEFAN
routine and the mortality rates from the length-converted catch
curve analysis for the three species in the studied river are
summarized in Table 2. The growth curves of the species
superimposed  over the restructured length-frequency
distributions through the ELEFAN | routine are illustrated in
Figure 2. The values of Loo and K were 30 cm and 0.83, for C.
auratus, 30 cm and 0.83, for O. aureus, and 30 cm and 0.83,
respectively for C. zillii Lo = 19.43 cm and K= 1.4 (Table 2). The
asymptotic lengths (Loo) for the three species in the present study
were better than those recorded for these species in some waters
[57,40,46,47,50,58,59], while were lower than those found in
other waters [49,51,60,17,43]. The growth of the species in
different locations could be affected by several factors, such as
ecological conditions, habitat, availability of food, metabolic
activity, reproductive activity, sizes of fish, the genetic
constitution of the individual, method of sampling and fishing
pressure [1,61,62].

3.2.  Stock predictions

The total mortality (Z), natural mortality (M) and fishing
mortality (F) rates for C. auratus were 2.69, 1.09 and 1.60,
respectively, while for O. aureus were 2.49, 1.08 and 1.41,
respectively, and for C. zillii were 1.51, 0.84 and 0.68 (Table 2).
Moreover, the estimated values of the biological target reference
points (Eo.: and Emax) for C. auratus were 0.503 and 0.591,
respectively, for O. aureus were 0.668 and 0.791, respectively,
while for C. zillii were 0.751 and 0.938, respectively. The present
exploitation rates (E) for O. aureus and C. zillii are lower than the
biological target reference points for both species, whereas the
stock of C. auratus in the Shatt Al-Arab River was considered as
in a status of nearby overfishing.  The rates of fishing mortality
(F) and the exploitation (E) for C. auratus were higher than those
observed for O. aureus and C. zillii in this study. The exploitation
(E) values for C. auratus and O. aureus over the optimum
exploitation, tends to be over-exploited according to [63].
However, C. zillii was slightly under the optimum level of
exploitation, the species is therefore not overexploited in this
river. The overexploitation of the three study species in several
habitats has been reported by numerous authors
[40,47,49,50,60,58,17,43], whereas were unexploited in other
waters [57,46,51].

Biological reference points are the performance indicator
of the fish stock, it often takes various stock dynamics
parameters, such as growth, recruitment and mortality, and
reflects them to a single index [63,37]. In this study, the present
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exploitation rate (E) of C. auratus was higher than Eoi and
equivalent to Emax, thus the stock of this species in the Shatt Al-
Arab River was considered as in a status of nearby overfishing.
Ref. [17] demonstrated similar findings for the species in the East
Hammar marsh, Iraq, where the exploitation rate (E= 0.65) was
higher than the values of both Eo1 (0.42) and Emex (0.52).
Conversely, the exploitation rates (E) of O. aureus and C. zillii in
the present study were lower than the biological target reference
points (Eo1 and Emax), which indicates that the stocks are
underexploited. Similar findings were observed in O. aureus and
C. zillii stocks in some waters [47,64,51,58,60], while other
studies reported that the two species were overexploited
[40,49,50].

Table 2. Growth, mortality and exploitation parameters of the
three species.

C. 0. C.

Population parameters .
auratus aureus  zillii

Asymptotic length ( Loo, cm) 29.1 27.8 25.5
Growth coefficient (K) 0.51 0.490 0.32
The goodness of fit (Ry) 0.271 0.214 0.212
Total mortality rate (2) 2.69 2.49 151
Natural mortality rate (M) 1.09 1.08 0.84
Fishing mortality rate (F) 1.60 141 0.68
Present exploitation rate (Epresent) 0.59 0.57 0.45

Biological target reference point (Eo;)  0.503 0.668 0.751
Biological target reference point (Emax)  0.591 0.791 0.938

3.3.  Virtual population analysis

Table 3 provides the FiSAT Il outputs of length-structured
virtual population analysis of C. auratus, O. aureus and C. zillii.
There were greater harvests (catch and biomass) for mid-length
ranging from 11-16 cm for C. auratus, from 13-16 cm for O.
aureus and 12-15 cm for C. zillii, with the maximum steady-state
biomasses (t) of the three stocks in these lengths. The
recruitments of the three species into the fishery were estimated
at 5248.7,5590.5 and 12394.0, respectively, then the populations
decreased with the increased length classes. Fishing mortality
rates increased steadily between 13-20 cm mid-lengths for C.
auratus, with maximum fishing mortality rate (2.987/y) at 16 cm
mid-length, while for O. aureus and C. zillii between 14-19 cm
with the highest fishing mortality rate (2.249/y) at 16 cm for O.
aureus and 0.875/y for C. zillii. The average values of fishing
mortality of the three species were 0.924, 0.812 and 0.255/y,
respectively, which were lower than the values estimated by
catch-curves, 1.60, 1.41 and 0.68/y, respectively.

The results of the virtual population analysis (VPA) of C.
auratus, O. aureus and C. zillii in the Shatt Al-Arab River about
the natural losses, survivability and fishing mortality are
demonstrated in figure 3. The natural losses and the survivability
of the three fish stocks were declined as they increased in length
and fishing mortality. The fishing mortality values for all species
were not stable, the highest values 2.99 for C. auratus at length
16 cm, 2.25 for O. aureus at length 16 cm, and 0.88 for C. zillii at
length 15 cm, after which a gradual decline, with some
fluctuations in fishing mortality values for all species.
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Fig. 2. Growth curves of the three species, by ELEFAN I
superimposed on the length-frequency distribution data.

Ref. [64] stated that the virtual population analysis (VPA) is
virtual in the sense that the population size is not observed or
measured directly but is inferred or back-calculated to have been
a certain size in the past to support the observed fish catches and
an assumed death rate owing to non-fishery related causes.
Virtual population analysis (VPA) showed that the maximum
fishing mortality for the three species occurred in the mid-lengths,
with maximum values at the length of 16 cm for C. auratus and
0. aureus and 15 cm for C. zillii. Further, the estimated values for
the length at first capture (Lso) of C. auratus, O. aureus and C.
zillii in the same river were 10.0, 13.3 and 13.0 cm, respectively
[65,59]. There are some studies about the lengths at first maturity
(Lm) for these species in nearby waters, the Lm of C. auratus in
the East Hammar marsh was 12.5 cm [66], while of O. aureus and
C. zillii were 6.6-9.2 and 8.2-8.4 c¢cm in the Garmat Ali River
[67,43]. Such a situation suggests that individuals of the species
get the chance to join the stock before becoming vulnerable to
capture by the available fishing gear. These would enable more
females to participate in reproductive activity and allow the
young recruits to grow and reproduce to ensure resource
availability and sustainability [68].
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Table 3. The outputs from the virtual population analysis of the studied species.

Length Catch (numbers) Population (N) Fishing mortality (F) Biomass (tons)
class C. 0. C. C. 0. C. C. 0. C. C. 0. C.
(cm) auratu  aureus zillii auratus  aureus zillii auratus  aureus zillii auratus  aureus  zillii

s
2.0 1.0 12394.0 0.001 0.00
3.0 7.0 11083.0 0.005 0.00
4.0 1.0 2.0 7.0 5248.7 55905 9855.8 0.003 0.004 0.005 0.00 0.00 0.00
5.0 23.0 2.0 8.0 4819.3  5094.1 8716.2 0.061 0.005 0.006 0.00 0.00 0.00
6.0 38.0 19.0 23.0 4388.3 46227 7660.9 0.107 0.046 0.020 0.00 0.00 0.00
7.0 37.0 37.0 33.0 3964.1  4160.0 6674.4 0.111 0.096 0.032 0.00 0.00 0.01
8.0 17.0 55.0 39.0 35634  3706.6 5760.5 0.054 0.153 0.041 0.00 0.00 0.01
9.0 31.0 57.0 56.0 32040 3264.1 4921.8 0.105 0.172 0.065 0.00 0.00 0.01

10.0 55.0 38.0 65.0 2851.3  2849.2 4146.0 0.201 0.125 0.085 0.00 0.01 0.01
11.0 107.0 54.0 97.0 24974 24816 3440.3 0.429 0.193 0.145 0.01 0.01 0.02
12.0 153.0 68.0 116.0 21184 21259 2781.9 0.696 0.270 0.203 0.01 0.01 0.02
13.0 194.0 188.0 178.0 1726.0  1785.6 2185.1 1.048 0.871 0.378 0.01 0.01 0.02
14.0 218.0 235.0 192.0 1330.2  1364.4 1611.4 1.484 1.390 0.525 0.01 0.01 0.02
15.0 262.0 255.0 227.0 952.1 946.8 1111.9 2.515 2.163 0.875 0.01 0.01 0.02
16.0 193.0 167.0 99.0 576.6 564.4 667.1 2.987 2.249 0.563 0.00 0.01 0.01
17.0 85.0 79.0 52.0 313.1 317.2 420.3 2.153 1.692 0.420 0.00 0.00 0.01
18.0 48.0 45.0 35.0 185.1 187.8 264.3 1.887 1.484 0.407 0.00 0.00 0.01
19.0 25.0 22.0 36.0 109.4 110.1 157.1 1.497 1.097 0.670 0.00 0.00 0.01

20.0 11.0 9.0 6.0 66.2 66.4 75.9 0.953 0.643 0.183 0.00 0.00 0.00
21.0 3.0 10.0 3.0 42.6 42.3 424 0.344 1.068 0.140 0.00 0.00 0.00
22.0 2.0 5.0 3.0 30.1 22.2 21.4 0.289 0.887 0.244 0.00 0.00 0.00
23.0 1.0 5.0 1.0 20.5 111 8.1 0.184 1.855 0.174 0.00 0.00 0.00
24.0 3.0 0.0 1.0 13.6 3.2 2.2 0.805 0.000 0.680 0.00 0.00 0.00
25.0 3.0 1.0 6.6 1.8 1.742 1.410 0.00 0.00
26.0 1.0 1.7 1.600 0.00
Mean 0924 9812 0.255
C. auratus - survivors 30, 60 . 0. awreus B - survivers
2o 8oy =- nat. losses E' na:. nlosses
- catches
24 48} Efca:n?r::ﬁy g2 —- I mortaky
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Fig. 3. Length-structured virtual population analysis of the studied species.
Ref. [69] stated that the overall purpose of fisheries science is of the reaction of stock and fishers to varying levels of fishing
to provide decision-makers with advice on the relative merits of effort and, conventionally, include an estimate of the level of
alternative management, and this advice may include predictions fishing effort required to obtain the maximum weight or yield that
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may be taken from stock on a sustainable basis. The impacts of
cyprinids and cichlids introduced upon native fish and their
habitats were well documented in several countries [70-73]. As
the three fish species are invaders to Iraqgi waters and these species
are not popular table fish in Irag, maybe due to their novelty in
Iraq or their relatively unimportant sizes compared to exotic and
indigenous cyprinids, therefore conservation measures to protect
these species, such as the closed season, controls of fish size
caught, control of fishing effort and stock enhancement, are not
recommended.

4. CONCLUSION

Accordingly, the present study proposes that the officials in
fishery management can get more yields through increasing the
fishing activities on these invasive species, such as increasing the
number of fishing boats and decreasing the mesh size to decline
their abundances in the long term.
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