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Abstract The knowledge of feeding and reproduction ecology of Coptodon zillii, as an aggressive species
for endemic fisheries stocks and aquaculture activity, is very important. Sampling was performed monthly
for one year in the northern area of Shadegan Wetland. The relationship between length and weight showed
negative allometric growth. According to the gut contents; macrophytes, fish scale, fish eggs, cladocerans,
copepods, and periphyton were preferred food. The feeding type of this species was identified as vegetarian
with low animal source origin. The condition index showed that the species condition was good in terms
of being fat. The highest hepatosomatic (HSI) and gonadosomatic indices (GSI) indices were recorded in
February and May, respectively. The highest relative fecundity index was 1315.26 ± 379- July, and the
lowest was 78.86 ± 28 eggs per gram of female somatic weight. Therefore, based on food and reproduction
conditions, it can be said that C. zillii had successfully resided in Shadegan Wetland and had relatively
good ecological conditions. It could be harmful risk for practical aquaculturists because of the aggressive
potential of this species in interaction with endemic and farmed fishes, and should be managed with fisheries
decision-makers.
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Introduction
The wetlands are important ecosystems for wild commercial and farmed fish in the points of shelter, fish
eggs, nursery grounds, maturity, and fisheries (Abbasi et al. 2009). Shadegan Wetland is the largest wetland
in Iran, the 34th wetland of 1201 wetlands registered in Ramsar Convention List, and is the largest Persian
Gulf Coastal wetland. This wetland is located in the Khuzestan plain and the delta of Jarahi River, and is the
bridge between the Jarahi River in the north and the Persian Gulf in the south. Some important and sensitive
endemic species lives in this wetland such as Mesopotamichthys sharpeyi. This wetland is one of the most
important ecosystems for the restoration of the native fish stocks by the practical aquaculturists and affected
the local climate. The livelihood of many locals depends on its aquatic and terrestrial resources.
The invasive species become stable species without human intervention in an area outside the native
habitat. Invasive species thrive in freshwater due to their high tolerance to environmental conditions,
reproduction, and feeding methods (Keller and Lodge 2009). The effects of invasive species on inland
water depend on invasive species, invasion, aggressiveness, and ecosystem vulnerability. The invasive
species reduce the native species abundance and alteration the structure and processes of the ecosystem
(Clarke et al. 2020). Therefore, recognizing ecological feeding and reproduction patterns as two principle
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and vital factors of aggressive species is one of the most important ways to conserve aquacultural endemic
species. This knowledge can be helpful for further success in breeding native species and increasing local
aquaculture production.
Coptodon zillii (Gervais 1848) is a potamodromous fish and is native to brackish and freshwater in West
Africa (Akel and Moharram 2007). C. zillii feeds on the substrate and serves as an opportunistic feeder with
a wide range of nutrients includes plants, larvae, zooplankton, small crustaceans, and Mollusca (Agbabiaka
2012). It feeds mainly on large plants and aquatic macrophytes; when it gets older, it feeds on plants with
ground origin (Negassa and Prabu 2008). This species was introduced in many countries worldwide as
a fish with economic and environmental uses in aquaculture, commercial aquariums, weed control, and
recreational fishing (Dadebo et al. 2014).
Various studies have focused on the reproduction and food biology of C. zillii, in different places of the
world. In recent decade, aggressive C. zillii has entered the inland waters of Iran. Roozbehfar et al. (2014)
reported the C. zillii in Iranian inland waters, specifically in the Dez River in Khuzestan Province. In the
same year, Khaefi et al. (2014) reported the C. zillii in Shadegan Wetland fresh water and Bahmanshir
River. Similarly, Ghofleh Maramazi et al. (2014) confirmed the presence of this invasive species in the
sources of Khuzestan inland water and even in the farms. Simultaneously, this species has been reported
in neighboring countries with shared water resources. For the first time, AL-Zaidy (2013) observed the C.
zillii in the Al-Delmj Watershed. Al-Faisal and Mutlak (2014) also reported Oreochromis niloticus in the
Arvandrud river of Southern Iraq. Accordingly, the present study was aimed to investigate the type of food,
the main food items, the recognition of the sexual periods, and the peak time of the reproduction of C. zillii,
as an invasive species, in Shadegan Wetland.
Materials and methods
This study was conducted for one year in Shadegan Wetland in the lower part of Jarahi River and the
geographical coordinates of 50° 30ˈ to 00° 31ˈ N and 20° 48’ to 20° 49ˈ E. Sampling were performed
monthly (except for January due to the lack of samples despite frequent netting). The 335 specimens
of C. zillii samples were caught using a cast net with different mesh size (14, 15, 16, and 17 mm) for
coverage all specimens size. Fish were immediately fixed in formalin 10% and then transferred to the
laboratory (Alkahem et al. 2007). All samples were collected from local fisheries and, no ethical approval
was necessary.
The samples biometrics, including total length, was performed using biometrics board and total-wet
weight (PT600 scale, Germany) with an accuracy of 0.1 g. The length-weight relationship is used to
determine the growth pattern (W=aLb). W: total weight (g), L: total length (cm), a: refractive index of the
curve or y-intercept, and b: curve slope (King 1997).
To distinct feeding ecology, viscera completely were removed from the body cavity and weighed using
a digital scale with an accuracy of 0.01 g (BEL-ES202, Italy). After measuring the length and weight of
the stomach and its contents, the contents of the stomach and gut were removed, weighed, and finally fixed
in 95% ethanol to determine food habits (Hyslop 1980). Also, the sex was determined using the direct
observation method of gonads. The liver and gonads weights were recorded to calculate hepatosomatic
(HSI) and gonadosomatic indices (GSI) indices only for the female sample with an accuracy of 0.01 g
(Biswas 1993).
The numerical method was used to survey periphytons (Venkatra and Ramanatham 1994). After volume
determination (Pillay 1952), for each fish sample, five ml were separated three times and placed in counting
chambers, food items were identified and counted using an inverted microscope (Wilovert30, Germany).
Identification key Chihara and Murano 1997; was used for the identification.
The relative length of the gut (RLG) is an index that presented the type or nature of consumed food.
There is a relationship between food habits and gut relative length index. The value of RLG is calculated
using gut length to body length ratio (cm) (Biswas 1993). Gastro-somatic index (GI) is used to estimate the
fish food intensity based on the ratio of viscera to body weight (Kumar et al. 2007). K represents the living
conditions of the fish; the more it is, the better the existing conditions, and the more energy has just been
spent on growth (Ayoade and Ikulala 2007). The following formula is used to measure the condition factor:
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In this formula, K is the condition factor, W is the weight of the fish (g), and L is the fish length (cm). The
index of fullness (IF) indicates the proportion of the food eaten by the fish. If the value of food intensity
is between 400 and 900, it is an indicator of the good feeding condition of the fish (Alkahem et al. 2007).
In this formula, IF is the food index, w is the gut content weight, and W is the fish body weight (g). CV
calculates the fish feeding estimate (Oso et al. 2013).

In this formula, CV is the empty gut index, ES is the number of empty guts, and TS is the number of the
examined guts.
For absolute fecundity, the whole separated ovary was then weighed by a digital scale with an accuracy
of 0.01 g and placed inside the Gleason solution. The ovary was kept in this solution in darkness and stirred
every 2 or 3 days to release the ovum. Then, the resulting solution was filtered and, the ova were separated
and dried on the filter paper. Then, by weighing the ova, their total dry-weight was obtained. Finally, 0.01
g of ova was counted and determined using the following formula (Biswas 1993).
F=
In this formula, F is absolute fecundity, n is the number of ova, G is total ovary weight (g), and g is the
mean sample weight (g). Relative fecundity was also calculated using the ratio of the number of ova to the
fish body weight (Relative fecundity was obtained by dividing absolute fecundity with total weight of fish)
(Biswas 1993). The sex ratio was measured using the formula Oso et al. 2013 and checked by chi-square
test. One-way ANOVA was used to checked significant differences in indices.
Results
According to fishermen reports and observations of pervious study (Valikhani et al. 2018), in recent decade,
the highest part of their catch in Shadegan wetland belongs to tilapia species, especially C. zillii. Therefore,
C. zillii seems to have affected the native populations and settled there successfully.
The study of the length of C. zillii in different months showed that the maximum and minimum lengthmean were observed in February (16.38 ± 0.3 cm) and July (11.77 ± 0.42 cm) (Fig. 1). Also, the study of the
bodyweight of this species in various months showed that the highest mean weight was for February samples
with 94.86 ± 5.72 g, and the lowest mean was for July samples with 37.04±3.46g (Fig. 2). The regression
(Fig.
equation between the length and weight of C. zillii is as follows
3). Based on the formula W= , the values of a and b are 0.07 and 2.54, respectively. Given that the value
of b is significantly less than 3, C. zillii has negative allometric growth.
The analysis of the contents of the stomach and gut of this species revealed the presence of macrophytes,
fish scale, fish eggs, the zooplankton of Cladocera and Copepoda, and periphyton species. Furthermore,
the analysis of C. zillii gut contents showed that the branches of Cyanophyta, Ochrophyta, Charophyta,
Euglenophyta, Bacillariophyta, Miozoa, and Chlorophyta were 4.79, 6.37, 0.0, 28.84, 1.72, 0.51, and
13.21% of periphytons contained in the gut and stomach contents of this species. Among the identified
periphytons, the genus Achnanthes had the highest frequency (19.58%), and the genus Ceratium had the
lowest frequency (0.02%). Cladocera with 0.07%, Copepoda with 1.36%, and fish eggs with 1.56%, and
fish scale with 1.98%, respectively, were the remaining gut and stomach contents.
The RLG study of C. zillii showed that its changes over the entire study period were more than 1 (Fig. 4),
which indicates a vegetarian diet. The highest GI index of C. zillii was 0.13 ± 0.002 in November, and the
lowest value was 0.092 ± 0.007 in September (Fig. 5). The condition factor for C. zillii in different months
was always more than 2, which indicates the suitable condition of the species. The highest value for state
C. zillii was 2.19 ± 0.04 in June, and the lowest value was 2.02±0.02 in October (Fig. 5). The values for
RLG, GI, and K indices showed no significant difference during the study period and in different months
(P ≤ 0.05).
The study of the gut vacuity index of C. zillii showed that it was in the range of and was highly-fed in this
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Fig. 4 RLG Mean ± SE index of Coptodon zillii in Shadegan wetland
Figure 4. RLG Mean ± SE index of Coptodon zillii in Shadegan wetland
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Fig. 6 IF Mean±SE index of Coptodon zillii in Shadegan wetland
Figure 6. IF Mean±SE index of Coptodon zillii in Shadegan wetland

region. Also, the highest food intensity index was 353.40 ± 27.39 in November, and the lowest was 144.83
± 49.21 in July (Fig. 6). Its value in different months of the study was, on average, less than 400. This index
during the year and months showed no significant difference (P ≤ 0.05).
The results of calculating HSI index showed that the highest HSI index was 2.37 ± 0.26 in February and
the lowest was 1.27±0.12 in June. Moreover, the highest GSI index for the female C. zillii was 3.64±0.50 in
March, and the lowest was 0.33±0.07 in November. The highest absolute fecundity index for C. zillii was
80993.42±28528 eggs in June, and the lowest value of this index was 4849.99±1710 eggs in September.
Also, the highest relative fecundity index was 1315.26±379 in July, and the lowest was 78.86±28 eggs per
gram of female somatic weight (Table 1). Regarding the sex ratio, the study results showed that among 355
specimens, 115 fish were female, and 220 fish were male. The sex ratio of females to males in the one-year
study period was generally 1:2. In most of the year, the number of males in this species was more than
females except in May.
Discussion
The biologic and ecologic knowledge of ecosystems forms the essential core of fishery and aquaculture
management (Lampert and Sommer 2007). C. zillii is, known as an aggressive and invasive species, has
destructive impacts on aquatic ecosystems and native aquacultural species, and because of its high adaptation
to the environmental conditions, it usually prevails in competition with the native species (Nico et al. 2020).
Therefore, the information obtained about the ecology of this species, including its reproduction, food,
environmental conditions, and growth, can be used to recognize and manage the presence of this species
and help us find solutions to reduce or control the ecological and aquacultural damages caused by it and
many other species.
During the study period, there were no significant fluctuations in the length and weight of the samples,
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Table1. Mean ± SE of HSI index, GSI index, Absolute fecundity and Relative fecundity of
Table1 Mean ± SE of HSI index, GSI index, Absolute fecundity and Relative fecundity of Coptodon zillii in Shadegan wetland
Coptodon
zillii in Shadegan wetland during study period
during study period.
October 2015
November
December
January 2016
February
March
April
May
June
July
August
September

HSI index
1.30±0.07
1.53±0.06
1.53±0.09
2.37±0.27
1.35±0.16
1.76±0.09
1.55±0.09
1.27±0.12
1.4±0.12
1.4±0.18
1.86±0.07

GSI index
0.52±0.15
0.34±0.07
0.35±0.03
1.31±0.7
0.52±0.07
2.31±0.52
3.64±0.50
2.43±0.55
1.7±0.67
0.96±0.42
1.5±0.7

Absolute fecundity
48608.31±8294.4
46384.9±7544.5
43004.85±7455.3
11814.75±2473.6
42502.02±18834
27940.2±4404.1
43302.79±6364
80933.42±28528
64565.67±2155
31018±14776
4900±1710.6

Relative fecundity
802.13±141
809.98±100.2
537.32±81.32
144.7±33.73
860.51±286.8
406.22±102.63
816.51±111.68
1079.46±366.72
1315.26±379.72
707.81±370.44
78.87±28.86

which is probably due to the use of a steady streamer cast net or because of the fast-growing pattern of C.
zillii. The relationship between the length and weight of a species has a significant role in assessing fisheries.
In this species, the value of parameter b is significantly smaller than 3, so it had negative allometric growth.
When a species exhibited a negative allometric growth it’s tended to be thinner. This means that, fish
become slimmer with increasing length. The analysis of the relationship between the length and weight
of C. zillii in natural environments has resulted in different reports based on several conditions in various
ecosystems over several years. Nehemia et al. (2012) investigated the relationship between the length and
weight in C. zillii specimens in salty and freshwater. Similar to present study, they concluded that C. zillii
had negative allometric growth in fresh water and positive allometric growth in saltwater. Nevertheless,
Mahomoud et al. (2011) reported the relationship between the length and weight of C. zillii as isometric. This
difference reported in the different studies is related to seasonal fluctuations, changes in the environmental
parameters such as temperature and salinity, the physiological conditions of fish during sampling, gender,
food conditions, and fish reproduction stages (Biswas 1993). The study of C. zillii’s gut and the analysis of
its contents showed that in its stomach and, gut there were some species such as macrophytes, fish scale,
and fish eggs, zooplankton of Cladocera and Copepoda, and mainly periphytons. This species stomach was
so small due to the vegetarian diet and mostly empty, but the gut was longer than the body length and, if
filled, was full of macrophytes and plant fiber.
According to results, Coptodon zillii was mostly benthic-feeder. This fish fed on macrophytes, vegetation,
and periphytons in the substrate of Shadegan Wetland. Khalfeh Nilsaz et al. (2013) identified the genus of
epipleon algae in Shadegan Wetland. The genera identified in Khalfah’s study covered the genera identified
in the gut of C. zillii in the present study.
Moreover, the RLG index showed a vegetarian species. However, the fish scale and eggs, Copepoda and
Cladocera were continuously observed in all the monthly samples as secondary food, seems, C. zillii fed on
a vegetarian diet and, to a lesser extent, on some animal sources.
In the study on C. zillii food habits in Ethiopian Ziway Lake, Dadebo et al. (2014) observed that
phytoplankton, detritus, and insects were important fish food items for young. While macrophytes, detritus,
and phytoplankton were important food items for adults. The importance of phytoplankton, detritus, and
insects reduced with the size of tilapia. But the importance of macrophytes and nematodes increased with
the fish size. Based on the analysis of the contents of the stomach and gut, it was concluded that the food
of the vegetarian species was mainly macrophyte, detritus, and phytoplankton, and the share of animalderived food was low. In a study on C. zillii food habits in the Otamiri River of Nigeria, Agbabiaka (2012)
reported this species as omnivorous species with a dietary priority for algae, plant, detritus, and larvae
of Chaeoborus and Chironomus albidus when matured and young. Also, in another study in Zwai Lake,
the diet of C. zillii consisted of macrophytes and phytoplankton when it was mature and phytoplankton,
detritus, and Chironomus albidus larvae when it was young (Gonzalez Acosta et al. 2004).
The gastro-somatic index indicates fish food intensity. The trend of changes in the gastro-somatic index
during the study period had three peaks observed in November, February, and April during the reproduction
months, which is consistent with the reproduction peaks of this species. Also, the highest condition index
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for C. zillii was in May, and the lowest was in October. The value of this index was always more than
0.5%. And the condition of this species was good in terms of being fat. Because this species tended to be
vegetarian and the wetland was rich in food intensity. Moreover, this invasive species had the right tools to
win a food competition with the native species (Tabasian et al. 2021). Nehemia et al. (2012) reported that
the condition index for C. zillii was 0.74 in saline waters and 2.07 in freshwater. Dadzie and Wangila (1980)
obtained the condition index for C. zillii and reported it to be 1.01. In general, some factors affect the changes
in the status of this species. These factors are including the environmental conditions and fluctuations, fish
physiological conditions at the time of sampling, age, sex, stomach fullness, the maturity of the fish, and its
food status (Negassa and Prabu 2008). The condition index is used to compare the quality of fish in terms
of being fat or fit and, in general, to determine the population’s health status.
The gut vacuity index estimates the fish fullness. The highest value of the CV index for C. zillii was
synchronized by the peak of reproduction activity. Lack of appropriate food, sudden changes in the
environmental factors such as temperature, the instability of environmental factors, catching before intake,
and high rates of intra-species competition could affect the CV index (King 2007).
The food intensity index indicates food intake by fish. In the present study, the value of the food intensity
index in different months was always below 400, which presented a lack of optimum food in this period.
However, the K and CV indicators confirmed the species’ good condition, and many fish samples showed a
value above 400. The food and vegetation values were also good. It can be assumed that the food condition
of this period was not so bad.
Determination of GSI and HSI indices can lead to the accurate diagnosis of ovulation, vitellogenesis, and
reproduction schedules, which play an important role in fishery decision-making (Bartulovic et al. 2004).
GSI and HSI indices were calculated only for the female sample fish. The highest HSI index for C. zillii
was observed in February, March, and August, respectively. The highest GSI index was observed in April,
February, May, and September, respectively. The peak points in these two indices were almost identical,
indicating three reproduction periods for this species. C. zillii can reach maturity over one to three months,
with several reproduction periods throughout the year (AL-Zaidy 2013). The highest GSI and HSI values
in February indicated intense vitellogenesis. The process of vitellogenesis needs lots of glycoproteins, and
the food should be rich. The maximum length and weight for this species were observed in February, which
confirms the high growth of this fish this month. Length and weight are two important growth indices. And,
when these two parameters increasing synchronous, it is indicating an obvious increasing in growth. The
high GSI index in May (with maximum temperature in study period) and its decrease in June indicates
spawning time, because of releasing gametes into water, and gonads showed losing weight. generally, the
most important factor affecting spawning is the temperature (Biswas 1993), so the spawning peak was
observed in the warmest months of the year.
Oso et al. (2013) reported a significant gonadosomatic index, 0.19 to 2.08, for C. zillii. Negassa and
Prabu (2008), due to the fluctuations of the GSI index over the study period, concluded that C. zillii had
two peaks from March to May and May to October. Ishikawa and Tachihara (2008) reported C. zillii
reproduction season from June to September, with a maximum in May and June, at a temperature of 22.531.5 °C. Minor differences in the spawning season can be related to the differences in habitat or weather
conditions, the average temperature of the regions, or differences in the years.
In the present study, in general, the male-to-female sex ratio for C. zillii was 1:2 during the one-year
study period. In all months, except May, the number of males was more than that of females, and in
February, males and females were almost equal. Different male-to-female sex ratios have been reported
for C. zillii, include 1: 3 (Bulut et al. 2012), 1: 1.05 (EL-Sayed and Moharram 2007), and 1: 0.97 (ElSayed 2006). In February, May, and September, the GSI and HSI indices were also the highest during
this study. Thus, these months can be considered as the reproduction season for this species in Shadegan
Wetland. During the study period, the absolute and relative fecundity in October, February, and May was
more than the previous and the following months, with a month delay of changes and the GSI peak points.
Fecundity was recorded at 50-3178 eggs per body weight. El-Sayed and Moharram (2007) reported a mean
fecundity of 2138 eggs per cm of body length and 2464 fish eggs per gram of body weight for the female
fish. Dadzie and Wangila (1980) obtained a mean fecundity of 2359 for C. zillii. These differences can be
related to climatic, geographical, and genetic differences and environmental factors such as population
density, food, and changes in the temperature (Wootton 1992). Also, the mean fecundity achieved can be
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different from one year to another in a population. This is why stock assessment studies and dynamics of
fishery populations should be done continuously. Changes in such indicators determine the health status of
stocks and population size over time, and it is important to understand the trend of these changes in fisheries
decisions.
To sum up, C. zillii has several reproduction cycles with high fecundity. For this reason, it has a high
survival chance. Such species have a high feeding intake, so it acts as a potent food competitor to other
species. C. zillii is mostly herbivore but feeds on a wide range of food items, includes animal and vegetable
sources. All these characteristics allow this species to enter every water system, turn it into a favored species
in the ecosystem, and potentially affect its survival rate. If there is no proper monitoring of the distribution
and control of the population, what happened in Shadegan wetland will be repeated in other water systems
in the region. It seems that C. zillii has successfully inhabited Shadegan Wetland. Due to the favorite food
and reproduction conditions of this wetland and its relatively good ecological conditions. To decrease the
consequence of the presence of this species, more management or control on this species populations must
be considered by practical aquaculturists and decision-makers, before being a serious treat for invaluable
fisheries ecosystems such as Shadegan wetland or aquaculture farms.
List of abbreviations RLG: relative length of the gut; GI: Gastro-somatic index; K: living conditions of the fish; CV: gut index; IF:
index of fullness; FOI: frequency of the occurrence index; HSI: Hepatosomatic Index; GSI: Gonadosomatic index.
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