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ABSTRACT 

The stock of freshwater mullet, Liza abu (Heckel, 1843), in the East Hammar, 

Huwazah and Chybaish marshes, south Iraq, was assessed between October 

2005 and September 2006. The relative abundance of the species formed 

35.9, 37.1 and 62% of the total catches in the three marshes, respectively. 

Length–weight relationships calculated for L. abu were: W = 0.0149 L2.899 (East 

Hammar), W = 0.0132 L2.910 (Huwazah) and W = 0.0252 L2.662 (Chybaish). Mean 

values of relative condition factor were 1.00, 1.02 and 0.98 for the three marsh-

es, respectively. Growth and mortality parameters estimated for the species 

were L∞ = 23.2cm, K = 0.37, Z = 2.125, M = 0.903 and F = 1.222 (East Hammar), 

L∞ = 21.1cm, K = 0.44, Z = 1.688, M= 1.055 and F = 0.632 (Huwazah) and L∞ = 

20.0cm, K = 0.41, Z = 2.297, M = 1.006 and F = 1.291 (Chybaish). The stock of L. 

abu in the Huwazah marsh was unexploited (E = 0.375), while those of the East 

Hammar and Chybaish marshes were overexploited, E = 0.575 and 0.562, re-

spectively. It is necessary to enforce immediate fishing regulation measures on 

the fish stock in the investigated locations and this can be assessed by activating 

the national law of fisheries management.
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INTRODUCTION

The Mesopotamian marshes used to be the largest wetlands in 

the Levant and South West Asia, covering more than 15,000 km² 

(Richardson and Hussain, 2006). These marshes were charac-

terized by their high productivity (Al-Hilli et al., 2009) and con-

sidered as natural refuge for many aquatic organisms and ma-

jor source of inland fisheries in Iraq (FAO, 1999). They served 

as permanent habitat to harbor millions of waterfowls, and as 

a flyway for migrating birds between Siberia and Africa (Evans, 

2002). 

The southern marshlands encountered various issues during 

the last three decades such as construction of new hydrologi-

cal projects in the upper parts of the Euphrates and Tigris Riv-

ers and drainage activities in the 1990s desiccating the southern 

marshlands. In 2002, only 3% of the Chybaish marsh, 14.5% of 

the Hammar marsh and 35% of the Huwazah marsh remained 

(Richardson and Hussain, 2006). Since mid-2003, great efforts 

were made to restore the marshlands and just 58% of their for-

mer area in 1972 were recovered in 2007 (UNEP, 2007).

The freshwater mullet or Khishni, Liza abu (Heckel, 1843), is 

a mugilid that is endemic and widely distributed in the Tigris-

Euphrates River basins and Pakistani waters (Coad, 2010). This 

species is considered as one of the most important species for 

artisanal fisheries and is widely consumed. The total landing 

of this species at Basrah fish markets, southern Iraq, during 

1975-1977 was 212,850 kg (Sharma, 1980). However, Mo-

hamed et al. (2008) deduced that this species constituted 6.3 

and 8.1% of the entire fish landing in the lower parts of the Ti-

gris and Euphrates Rivers, at Quran during 2005, respectively. 

Several studies were carried out on the growth of L. abu at var-

ious Iraqi water bodies, including the Hammar marsh (Na’ama, 

1982), Diyala River (Khalaf et al., 1986), Shatt Al-Basrah Canal 

(Wahab, 1986) and East Hammar marsh (Mutlak, 2012), but 

unfortunately only one study was detected dealing with its 

stock assessment (Mutlak, 2012).

The objective of the present study is to determine abundance, 

growth, mortality and exploitation rates of L. abu in the three 

southern marshes following two years of restoration.

MATERIALS AND METHODS 

Fishes were collected on monthly basis from the East 

Hammar, Huwazah and Chybaish marshes (Fig 1.). Sampling 

was carried out using seine net (20 m long with a 2.5 cm 

mesh), fixed gill nets (500 to 100 m long with 25 mm to 

100 mm mesh size) and electro-fishing gears (Hussain et al., 

2009; Mohamed et al., 2008, 2012a). Fishes were individually 

identified, counted and measured. The total length (L) of each 

fish was measured to the nearest mm using a measurement 
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board. The length-weight relationships (Le Cren, 1951): W=aLb, 

were calculated, where W is the total weight (g) and L the total 

length (cm). The relative condition factor (Kn) was calculated 

from the formula Kn= W’/W, where W’= the observed weight and 

W = the calculated weight. 

Fig 1.The map of southern Iraq, showing the location of the 

three marshes

The relative abundance (%) of the species was calculated (Odum, 

1970) as: ni/ N * 100, where, ni = number of individuals of the 

species in the monthly sample and N = the total number in the 

monthly sample.

The length cohort analysis (Jones, 1984) was applied to obtain 

size-at-relative age data, from which growth and mortality 

rates were calculated. Lengths were grouped at 10 mm length 

classes for this purpose. The values of L∞ were calculated using 

Taylor’s equation (Taylor, 1958): L∞=L
max

/0.95 (where L∞ is the 

asymptotic length and L
max

 is the largest fish measured in the 

samples). Values of L∞ for L. abu were taken as 23.2, 21.1 and 

20.0 cm in the East Hammar, Huwazah and Chybaish marshes, 

respectively. However, as a comparison, the largest individuals 

measured in the samples were 22, 20 and 19 cm, respectively. To 

estimate K value (growth coefficient), the following equation was 

used: (K= In [((L∞-L
1
)/( L∞-L

2
))1/t), where L

1
 and L

2
 are observed 

lengths relevant to two age groups of time t apart (Jones, 1984). 

The obtained K values of L. abu were 0.37, 0.44 and 0.41 for the 

three marshes, respectively. The growth performance index ( ) 

was calculated as log
10

 K + 2 log
10

 L∞ (Pauly and Munro, 1984). 

The total mortality coefficient (Z) was obtained consulting the 

length-converted catch curve (Pauly, 1983). Z was estimated 

from the slope b (with sign changed) of the descending right arm 

of the curve. The natural mortality coefficient (M) was calculated 

by using Pauly’s equation (Pauly, 1980):  

log (M) = -0.0066 -0.279 log (L∞)+0.6543 log (k) + 0.4634 log (T)

where T is the annual mean water temperature of the three 

marshes (20.9, 23.2 and 22.4OC, respectively). The fishing 

mortality rate (F) was calculated from F=Z-M (Beverton and Holt, 

1957), and the exploitation rate (E) from E = F/Z (Gulland, 1969).

 Analysis of variance (ANOVA) was made based on SPSS software 

(version 11, 2001) statistical package.

RESULTS 

Relative abundance 

Fig 2. illustrates monthly variations in the percentages of L. abu 

in the three investigated marshes for the period between Octo-

ber 2005 and September 2006. L. abu was the most dominated 

species in the East Hammar marsh comprising 35.9% of the total 

catch and its abundance ranged from 20.8% in March to 60.8% 

in August (Fig 2.). L. abu came first to this marsh throughout 

the year, except October and March. Meanwhile, L. abu formed 

37.1% of the total catch in the Huwazah marsh and its abundance 

fluctuated from 10.8% in December to 58.5% in February (Fig 

2.). L. abu constituted the highest proportion in this marsh for 

seven months. However, the most abundant species in the Chy-

baish marsh was also L. abu comprising 62% of the total catch. 

The relative abundance fluctuates from 40.7% in May to 77.2% in 

August (Fig 2.), and was occupying the first position throughout 

the year.

 

Growth 

Histograms were plotted to compare the length frequency distri-

butions of L. abu between the three marshes (Fig 3.). The length 

frequency distributions confirmed the availability of juveniles, sub-

adults and adults in the three marshes. The smallest fish recorded 

in the East Hammar marsh was 20 mm (captured in April) and the 

largest one was 220 mm (collected in March). The fish at length 

groups 90 to 120 mm formed 66.2% of the total catch. The small-

est individual in the Huwazah marsh was 40 mm and appeared in 

the catch in February and September, and the largest (200 mm) in 

November. The major peaks were detected at lengths 70 and 120 

mm, constituting 14.1 and 14.3% of the total catch of the species 

in this marsh, respectively.  Sizes of L. abu in the Chybaish ranged 

from 30 mm (caught in August) to 190 mm in October. The length 

group of 80 mm was prevailing and formed 19.2%, followed by 

the length group of 120 mm, comprising 15.3% of the total catch.

Fig 2. The relative abundance of L. abu in the three marshes
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Length–weight relationships calculated from the three marshes 

were as follows (Fig 4.):

East Hammar:  W = 0.0149 L2.899    (n= 711; r²= 0.973)

Huwazah:         W = 0.0132 L2.910    (n= 638; r²= 0.968)

Chybaish:         W = 0.0252 L2.662    ( n= 625; r²= 0.948)

T-test indicates that the b-values found for the species in the East 

Hammar, Huwazah and Chybaish marshes departed significantly 

Table 1. The relative condition factor (Kn) of L. abu in the three marshes

Length group 
(mm)

East Hammar Huwazah Chybaish

N Kn N Kn N Kn

30-39 - - - - 1 0.975

40-49 13 0.943 - - 6 0.820

50-59 29 1.007 2 1.052 16 0.849

60-69 39 1.051 33 1.062 38 1.021

70-79 38 1.015 77 1.007 56 1.002

80-89 53 1.027 65 1.010 103 1.045

90-99 116 1.025 38 0.982 86 1.040

100-109 197 1.039 43 0.998 69 1.028

110-119 139 1.003 53 0.973 66 1.031

120-129 40 0.984 72 0.959 83 0.985

130-139 9 1.008 84 1.022 68 0.966

140-149 2 1.002 78 1.086 22 0.963

150-159 21 0.927 57 1.011 3 0.888

160-169 8 0.940 21 1.005 1 1.048

170-179 5 0.923 8 1.002 3 0.974

180-189 1 0.991 5 1.060 3 0.994

190-199 1 1.045 1 1.062 1 1.005

200-209 13 1.119 1 1.096 - -

 !"" 1.003  #$% 1.024  #&' 0.978

Mean (sd*) (±0.042) (±0.036) (±0.074)

from the isometric value ‘3’ (t=5.62, 4.26 and 13.47 respectively, 

p>0.05). Also, analysis of t-test to compare slopes of regression 

lines between the East Hammar and Huwazah marshes was insig-

nificant (t=0.414, p>0.05), whereas both of them were significantly 

different from the Chybaish marsh (t=7.79 and 7.59 respectively, 

p>0.05). 

The relative condition “Kn” calculated for different size ranges in 

the three marshes is illustrated in Table 1. Kn values in the East 

Hammar and Huwazah marshes exceeded 1.00 for most length 

groups, with overall mean values (±sd) 1.00 ±0.044 and 1.02 

±0.036, respectively, whereas in the Chybaish marsh, it was lower 

than 1.00 for most length groups, with the overall mean value 0.98 

±0.074. 

Results of length cohort analysis of L. abu in the three marshes are 

presented in Table 2. Growth of L. abu in the East Hammar marsh 

has high L∞ (232 mm) and a lower K (0.37) than those occupy-

ing the Huwazah and Chybaish (L∞=211 mm, K=0.44 and L∞=200 

mm, K=0.41, respectively). These results offer growth performance 

index (ø) values of 2.30, 2.29 and 2.22 in the three marshes, re-

spectively. Length of the species at the end of age 1, 2, 3, 4 and 5 

was found to be 75, 125, 155, 182 and 201 mm in the East Ham-

mar, 75, 125, 155, 175 and 193 mm in the Huwazah and 65, 115, 

145, 167 and 178 mm in the Chybaish.

* sd = standard deviation

Fig 3.  The overall length frequencies of L. abu in the three marshes

Croatian Journal of Fisheries, 2014, 72, 48 – 54
A. R. M. Mohamed: Stock assessment of freshwater mullet, Liza abu  (Heckel, 1843) populations



51 © "e Author(s) 2014. Published by University of Zagreb, Faculty of Agriculture. All rights reserved.

Table 2. Length cohort analysis of L. abu in the three marshes

Fig 4. The length-weight relationships of L. abu in the three marshes

Length group 

(mm)

East Hammar Huwazah Chybaish 

N
ln 

(N()t)
t` N

ln 

(N()t)
t` N

ln 

(N()t)
t`

20-29 3 3.0 0.3 - - - - - -

30-39 3 3.2 0.4 - - - 1 2.0 0.5

40-49 92 6.6 0.6 2 2.8 0.5 6 3.7 0.6

50-59 219 7.4 0.7 22 5.1 0.7 34 5.4 0.8

60-69 274 7.5 0.9 100 6.6 0.8 143 6.8 1.0

70-79 592 8.3 1.0 262 7.5 1.0 347 7.6 1.1

80-89 556 8.1 1.2 223 7.2 1.2 618 8.1 1.3

90-99 935 8.6 1.4 117 6.5 1.4 474 7.7 1.6

100-109 1008 8.6 1.6 105 6.3 1.6 375 7.4 1.8

110-119 1023 8.5 1.8 172 6.7 1.8 412 7.4 2.1

120-129 839 8.2 2.1 266 7.0 2.0 491 7.4 2.4

130-139 146 6.4 2.3 251 6.8 2.3 240 6.6 2.7

140-149 36 4.9 2.6 159 6.2 2.6 64 5.1 3.1

150-159 5 2.8 3.0 101 5.6 3.0 10 3.0 3.6

160-169 3 2.1 3.3 52 4.8 3.4 3 1.6 4.2

170-179 1 0.9 3.8 18 3.5 4.0 1 0.1 5.1

180-189 3 1.8 4.3 9 2.4 4.7 1 -0.4 6.3

190-199 3 1.5 4.9 3 0.9 5.9 1 -1.7 10.1

200-209 2 0.8 5.8 1 -1.4 8.7 - - -

210-219 1 -0.4 7.1 - - - - - -

220-229 1 -1.3 9.9 - - - - - -
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Reference*K ! (cm)bEcosystem

Na’ama (1982)
2.230.1929.82.770!

Al-Hammar marsh
2.330.3923.52.794"

Wahab (1986) 2.380.5221.43.181+,-./0123-45-,

Khalaf et al. (1986)---2.700Diyala River

Al-Asadiy et al. (2000)---3.01Fish farm

Unlü et al. (2000)
2.140.30521.3-!

Tigris River (Turkey)
2.340.51320.7-"

Abdul-Samad (2001)2.380.5321.3-Garmat Ali River

Abbas and Al-Rudainy (2006)2.320.3624.0-Euphrates River

Shawardi (2006)2.470.5223.8-Tharthar Lake

Mutlak (2012)2.360.4323.32.934East Hammar marsh

6789/:;/-1</=&>"$?2.230.2824.6
2.080!

Atatürk Lake (Turkey)
2.870"

Present study2.300.3723.22.899East Hammar marsh

Present study2.290.4421.12.910Huwazah marsh

Present study2.220.4120.02.662Chybaish marsh

Mortality  

Length-converted catch curves are presented in Fig 5. based on 

the data presented in Table 1. The total annual mortality rates (Z) 

were found to be 2.125, 1.688 and 2.297 in the East Hammar, 

Huwazah and Chybaish marshes, respectively. The related natural 

mortality rates (M) were 0.903, 1.055 and 1.006; consequently, 

fishing mortality rates (F) were 1.222, 0.632 and 1.291, and the 

exploitation rates (E) were 0.575, 0.375 and 0.562 for the three 

marshes, respectively. Values of natural mortality rate to growth 

coefficient (M/K) in the three marshes were 2.44, 2.40 and 2.45, 

respectively. 

DISCUSSION  

Results revealed that L. abu was dominant in the three marshes. 

This coincides with the findings of other scientists in several wa-

ters in middle and southern Iraq, such as Habbaniyah, Tharthar 

and Razzazah Lakes (Epler et al., 2001), Qadisiya Reservoir (Al-

Rudainy et al., 2001), the Shatt Al-Arab River (Mohamed et al., 

2012b) and Garmat Ali River (Mohamed et al., 2013). Availability of 

detritus could lead to the increased number of L abu since it serves 

as the main food constituent for the species (Mohamed and Hus-

sain, 2012).

For comparison purposes, the growth parameters of the species in 

different waters are presented in Table 3. The growth patterns of 

this species in all water were isometric, indicating that the weights 

of fish were not too much for their lengths. This may explain its 

robustness and feebly compressed body, coinciding with what 

Smith and Deguara (2002) deduced on the Australian mullet.

Huwazah population exhibited the best relative condition among 

others, but Chybaish stock came last. The latter, however, was 

Table 3. Growth parameters estimates of L. abu in different ecosystems

heavily desiccated and led to devastation of the habitat (Richard-

son and Hussain, 2006). As a consequence of inundation, water 

was flowing from the southward, against the slope of the marsh, 

which led to stagnation, low water quality and high salinity, which 

hindered the growth of vegetation in the Chybaish (Hamdan et 

al., 2010). The overall condition of L. abu in the three marshes is 

in accordance with other findings, namely the Al-Hammar marsh 

(Na’ama, 1982) and Habbaniya Lake, Tharthar Reservoir and Raz-

zazah Lake (Epler et al., 2001). 

The values of L∞ and the growth performance index ( ) of L. abu 

are almost similar to those recorded for the species in other wa-

ters (Table 4). However, other studies relied on scales or otoliths 

for age determination. This indicates the validity of applying the 

cohort length analysis technique (Jones, 1984) for stock assess-

ment of L. abu.   

Comparisons were made between the lengths at ages of L. abu 

in the three marshes and those from other Iraqi and Turkish wa-

ters (Table 4). The lengths of the species in the Tigris River (Tur-

key) were converted to total lengths from fork lengths, adopting 

the conversion equations stated by Unlü et al. (2000). It is clear 

that the growth patterns of L. abu in the investigated locations are 

coincided with those in other waters, except the first year group 

in the Chybaish. It is lower than the values reported by Unlü et 

al. (2000) and Do#u et al. (2013) in Turkish waters. It has been 

reported that there must be some differences between growth 

characteristics among localities as a result of diversity and avail-

ability of dietary items, hydrographical and climatic conditions 

(Bartulovic et al., 2004).

Values of natural mortality rate to growth coefficient (M/K) in the 

three marshes were 2.44, 2.40 and 2.45, respectively. Beverton 

and Holt (1957) mentioned that the value of M/K is ranging from 1.5 

to 2.5 and the ideal one is 2.0. However, any excess on this value may 

expose the stock to be more vulnerable for considerable natural mor-

Croatian Journal of Fisheries, 2014, 72, 48 – 54
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tality before attaining the stage of aging.

Results of exploitation rate (E) indicate that the stock of L. abu in the 

Huwazah marsh is underexploited, while those of the East Hammar 

and Chybaish marshes endure overexploitation. According to Gulland 

(1970), the yield is optimized when F= M; therefore, when E is more 

than 0.5, the stock is overfished. Mutlak (2012) recorded higher values 

of F (2.24) and E (0.68) for this species in the East Hammar marsh 

during 2009-2010. The comparatively high values of exploitation rate 

of this species in these marshes may be attributed to several factors 

including illegal fishing gears, use of explosives, poisons and long-term 

use of illegal small-meshed nets (Jawad, 2006), moreover the sub-

stantial reduction in water quality and quantity, and effective absence 

of the flood pulses that sustained wetland ecosystems in the lower 

Tigris-Euphrates basin (Partow, 2001).

However, it is urgent to enforce immediate fish regulations in marshes 

and this can be achieved by activating the national law on fishing, ex-

ploiting and protecting aquatic resources, in particular preventing il-

legal fishing methods, restricting fishing at certain seasons, including 

declaring fish sanctuaries in certain areas, especially in spawning sites.  
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PROCJENA STOKA SLATKOVODNOG CIPLA, Liza 

abu (HECKEL, 1843), U TRIMA OBNOVLJENIM 

 !"#$%&%'()*+*%*&$+*,*

Procjena stoka slatkovodnog cipla, Liza abu (Heckel, 1843), provodila se 

u močvarama Istočni Hammar, Huwazah i Chybaish na jugu Iraka od listo-

pada 2005. do rujna 2006. godine. Relativna zastupljenost ove vrste bila 

je 35,9, 37,1 i 62 % od ukupnog ulova u trima močvarama. Dobivene vri-

jednosti dužinsko-masenih odnosa kod L. abu bile su: W = 0,0149 L2.899 

(Istočni Hammar), W = 0,0132 L2.910 (Huwazah) i W = 0,0252 L2.662 

(Chybaish). Srednje vrijednosti kondicijskog faktora triju istraživanih 

močvara iznosile su 1,00, 1,02 i 0,98. Parametri rasta i mortaliteta poje-

dine vrste bili su: L∞ = 23.2 cm, K = 0,37, Z = 2.125, M = 0,903 i P = 1.222 

(Istočni Hammar), L∞ = 21.1cm , K = 0,44, Z = 1.688 , M = 1.055 i F = 0.632 

(Huwazah) i L∞ = 20.0 cm, K = 0,41, Z = 2.297, M = 1.006 i F = 1.291 (Chy-

baish). Stok L. abu u močvari Huwazah bio je neiskorišten (E = 0,375), 

dok su močvare Istočni Hammar i Chybaish bile previše iskorištavane  

(E = 0.575; E = 0.562). Nužna je provedba ribolovnih mjera za riblji 

fond na istraživanim lokacijama, a to se može procijeniti jedino pri- 

mjenom nacionalnog zakona o upravljanju u ribarstvu.

Ključne riječi: Abu mullet, Liza abu, parametri rasta, stopa mortaliteta, 

južne močvare
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