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Abstract: From January to December 2019, the composition of fish assemblages in Al-Huwyzah marsh was studied in
various ways based on the nature of their life-history strategies. In orders to assess the impact of hydrological variations
on fish assemblage composition, diversity, and abundance. Water temperature fluctuated from 12°C in January to 33°C
in July. Salinity varied from 1.38 g/l in March to 3.87 g/l in November. Hydrogen ion fluctuated from 7.37 in November to
8.18 in December. Monthly fluctuations in water depth were monitored for flat sections and low-lying areas of the marsh.
Fish assemblages in Al-Huwyzah marsh were studied to determine the impact of hydrological and environmental changes
on the pattern, abundance, diversity, and richness of fish assemblages. Fixed, drift, and cast gillnets were used to catch
the fish. Nine thousand eight hundred fifty-three fish specimens belonging to 18 species, 17 genera, ten families, and six
orders were caught from the three selected stations. All of which belonged to the Osteichthyes class. Ten fish species were
native, and eight were exotic species. The Abu mullet Planiliza abu was the most abundant species comprising 35.74%
of the total number of species, Prussian carp Carassius gibelio 19.74% of the total caught, and blue tilapia Oreochromis
aureus 19.23%. The dominance index (D3) ratio is 74.71% of the upper abundance of three fish species in the present
area. The equilibrium strategists that prefer stable habitats with a long time breeding season include abundant exotic

species, and opportunistic strategists comprise one species of present fish assemblage.
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|
Introduction

The Mesopotamian marshes in southern Iraq represent
some wonderful and unique habitats with no counterpart in
Asia, with various species inhabiting those marshes’-2. Mar-
shes are the largest wetland with a diverse aquatic ecosys-
tem in southwest Asia, covering an area of about 15,000
km? and accounting for approximately 44 percent of Irag's
inland freshwater. The habitats of marshes vary depending
on various definitive factors such as hydrology, water tem-
perature, salinity, primary production, and nutrients®**. The
marshes are considered one of the most biodiverse areas,
with many different types of life, such as aquatic plants, fish,
and birds. They provide a permanent habitat for many spe-
cies of waterfowl and a flyway for migrating birds between
Asia, Africa, and Siberia®. In addition to being a significant
economic resource for human communities, marsh resi-
dents typically build their homes out of the plants that grow
in the marsh and engage in fishing and animal husbandry;
they are also popular tourist destinations for recreational
and sport fishing®’. The marshes dried up during the 1990s,
and these processes altered the hydrological system of this
wetland, causing a habitat catastrophe and the death of
aquatic organisms and the destruction of biodiversity and
the displacement of its inhabitants. The Al-Huwyzah marsh,
which covers around 90691 hectares in Irag, was one of
the first freshwater wetlands designated as a Ramsar World
Heritage site®. After 2003, the Huwyzah marsh was inunda-
ted with water like the other marshes. Still, it pointed out that
hydrological modification in marshes can affect biodiversity

due to the impact on the ecosystem in the marshes®. The
problem is that in the recent decade, many dams have been
built in the head sources of the Tigris and Euphrates Rivers
basin, causing to reduction the amount of incoming water®.
This situation drove hard hydrological variations, which rela-
tively became longer, sharper, and more effective, and they
have caused a significant impact on the biota in these wet-
lands. The fish populations suffer from extermination in flat-
lying areas in the dry season™®. In contrast, the immersion
period has become shorter, with lower water levels.

No previous works dealt with fish biodiversity and the
impacts of hydrological variations in Al-Huwaizah marsh be-
fore and after the drainage, which has a critical role in bio-
diversity. But there were, several investigations were done
after the restoration of marshes in April 2003; most of them
discussed fish diversity in Al-Huwaizah marsh, southern
Iraq, investigated species composition and ecological indi-
ces of fishes in the restored marshes of southern Mesopo-
tamia collected 17 fish species from Al-Huwayzah marsh'.
Discussed fish assemblage in Al-Huwyzah marsh recorded
15 species and found P. abu the most abundant species
forming 37.1% of total caught'?>. We studied the composi-
tion structure of fish assemblage in Um Alnaaj, Al-Huwyzah
marsh, which caught 13 fish species and dominant Cyprini-
dae, represented by eight species’®. Evaluating fish assem-
blage composition in Al-Huwayzah marsh in southern Iraq
recorded 19 fish species?. This paper aims to assess the
impact of hydrological variations on the composition, diver-
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sity, and abundance of fish assemblages in the Al-Huwyzah
marsh due to changes in water levels (depths) throughout
the year seasons.

|
Materials and methods

Description of the study area

Fish assemblages in Al-Huwyzah marsh were analyzed
from January to December 2019. Three stations were selec-
ted to implement the work. Samples were collected monthly
from the stations. GPS-126 Etrex type German Manufactu-
red Company determined the locations of stations. Station
1 at N 31°40' E 47° 40', station 2 N 31° 35' E 47° 35', and
station 3 N 31° 20" E 47° 30’ from the study area.

Al-Huwyzah Marsh, located in the Maysan province at
the East of the Tigris River, is about 66 km from Al-Ammarah
City. The lIraqi-Iranian border passes through it, leaving
nearly three-fourths of the marsh on the Iraqi side'? The
marsh stretches about 80 km from the border to the east
bank of the Tigris River (Figure 1). The stations were deter-
mined with different mesh sizes nets were used to collect
samples (fixed gillnets, cast nets and seine nets). Some of
the abiotic variables were calculated while the samples were
being collected. Water temperature was measured with a
glass thermometer (-10 to 100 °C), salinity (g/l), and pH with
a Germany-made Lovibond-Sensor Direct 150. To determi-
ne water depth, the station areas were divided into flat and
low-lying areas as permanent pools with the marked of fixed
points to record the monthly water depth, and the average
water level was labeled by centimeters. The stations con-
tain the same species of plants and density of vegetation
(Phragmites australist, Schoenoplectus litoralis and Typha
domingensis) with filamentous floating algae. The marshes
are generally characterized by slow water velocity and are
suitable for sedimentation and water purification.

Analysis of fish assemblage

The numerical relative abundance was calculated
according to Walag™. Dominance (D3) followed by (15).
Fish diversity following'®. Richness and evenness indices
and species occurrence according to followed'. Fish were
identified according to Fricke'®, and the rest of the scientific
names were updated to Froese'. The hydrological measu-
rements included the flat areas, rivers inside the marsh, and
low-lying areas as permanent pools. The average depths
were labeled for three selected stations as Escalera-Vaz-
quez?®. Response to hydrological variations and population
structure patterns, species life-history strategies are identi-
fied into three categories: periodic, equilibrium, and oppor-
tunistic, according to Handhal?°?'.

Statistical analysis

The statistical correlations of variance (ANOVA) in the
number of species and individuals (P< 0.05) among the re-
search months and stations were calculated using the Sta-
tistical Package for Social Science-ver. Twenty programs
(SPSS). The same program calculated the associations be-
tween temperature, salinity, and pH with the number of spe-
cies and individuals. Pearson correlation was done among
the abiotic factors in the current program.

|
Results

This section may be divided by subheadings. It should
provide a concise and precise description of the experimen-
tal results, their interpretation, and the experimental conclu-
sions that can be drawn.

Ecological variables

The present finding showed slight monthly variations
in ecological factors among the three selected stations in
Al-Huwyzah marsh, as addressed in Figure (2). No signifi-
cant differences (F= 0.009, 0.001 and 0.994 P > 0.05) were

IRAQ E

- -

-

KuwaAaIT

o 20 km

M
4+

3100

Figure 1. Map of

307s0  the study area in
the Al-Huwyzah
marsh.

4730



The influence of some ecological factors on fish diversity and abundance in Al-Huwyzah marsh / South of Iraq

e« \Water temperature

e Hydrogen-ion

—&— Salinity

@ 40 - "5
o 30 - "4
= L ~—
[ =A 10 + 1 £
o o =
£ 2 b
D = 0 L] L] L] L] L L] ] L] L] L] ] 0
+
: g TN I N R
- F SISO E NI TS
YR\ AN S S

3 S @ & & &

& ¥ & 9

Vo

Figure 2. Monthly changes in some of the environment variables present in Al-Huwyzah marsh. Note: Error bars are

standard error.

detected in temperature, salinity, and hydrogen-ion con-
centrations mean values among the three stations. Water
temperature values ranged from 12°C in January to 33 °C
in July; the (mean £SD) values were recorded at 24+7.57.
Salinity values fluctuated from 1.38 g/l in March to 3.87 g/l
in November (mean +SD) found to 2.35+ 0.90, whereas hy-
drogen-ion values ranged from 7.37 in November to 8.18 in
December (mean +SD) values recorded 7.73+ 1.32. Fish
assemblage structure, composition, diversity, occurrence,
and distribution in the wetlands are strongly related to hy-
drological variation, land topography changes, and biotic
and abiotic factors. Pearson correlation revealed the rela-
tionships among the environmental variables. The analysis
exhibits a weak significant positive correlation (r= 0.246) be-
tween water temperature and salinity; on the other hand, the
water temperature is significantly negatively correlated with
hydrogen-ion (r= -0.757**), and also significant relationship
showed between salinity and hydrogen-ion (r= -0.775*).

Water depth

The water depth measurement in flat areas exhibits
19cm; it was labeled in October at station 2, whereas the
highest depth was 112cm, shown in April at station 3. The
water's average depth ranged from 23.33cm in October to
98.67cm in April, with a mean of 57.28cm+25.38. The lower
water depth in low-lying areas (rivers and small pits) ranged
from 61cm in October at station 1 to 189cm in April at station
3. On the other hand, the average water depth in low-lying
areas varied from 64.67cm in October to 181.67cm in April,
with a mean value of 120.89+ 37.88 (Figure 3).

The monthly changes in the water level exhibit an in-
crease in the average water depth in the flat area, especially
from January (63cm) to April (98.67cm), which is accom-
panied by an increase in the values of the diversity index
from 1.68 in January to attain its peak in February and April
2.16, and 1.95 respectively, then the values of diversity in-
dex started to decline in December which recorded 1.71.
The average values of the richness index started at 1.96 in
January, then increased to their peak of 2.41 in March, then
it took a steady level until December, which recorded 1.96
(Figure 4). The analysis revealed a negative correlation (r=
-0.201) between the average diversity index and the water
depth average in the study region during increased water
depth (from January to April). Then the relationship takes a
negative path when the water depth decreases. The exact
relationship occurs with the richness index during the year's
first four months (from January to April). Therefore a weak
positive relationship (r= 0.172) between the average rich-
ness index and water depth average was observed (Figure
4). Generally, fish species differ in Response to hydrologi-
cal variations and habitat preference despite coexistence
in one habitat in the low-lying regions (permanent pools) in
the dry season. Fish populations in the present wetland can
split into three categories according to responding with hy-
drological variations depending on the differences in the life
history, with evaluating these changes on fish communities'
patterns. The periodic strategists (seasonally reproductive)
controlled by temperature, light period, and flood season,
represented in most of the native species group (Caraso-
barbus luteus, C. sublimus, Mesopotamichthys sharpeyi, P.
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Figure 3. Monthly variations in the average water depth in the three selected stations in Al-Huwyzah marsh. Note: Error

bars are standard errors.
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abu, Alburnus mossulensis, Acanthobrama marmid, Leucis-
cus vorax, Silurus triostegus, Mystus Pelusius and Masta-
cembelus mastacembelus). Fishes that follow equilibrium
strategists prefer stable habitats with a long time breeding
season, represented in the abundance of exotic species
(C. gibelio, O. aureus, O. niloticus and C. zillii). Still, one
species has opportunistic strategists (Gambusia holbrooki)
which favored dry periods in hydrological variations.

The present study collected 18 fish species belonging
to 17 genera, ten families, and six orders from the three
stations, all affiliated to the Osteichthyes class. Cyprinidae,
the most dominant family, participated in five fish species,
followed by Leuciscidae and Cichlidae, three species of
each. Seven families, Xenocyprididae, Bagridae, Siluridae,
Heteropneustidae, Mastacembelidae, Poecilidae and Mu-
gilidae, embraced one species each. The order Cyprinifor-
mes and Siluriformes counted three families of each, whe-
reas Synbranchiformes, Cichliformes, Cyprinodontiformes,
and Mugiliformes one family for each. The fish species were
broadly identified into ten native species and eight exotic
fish species Table 1.

The monthly variations in the number of species revea-
led substantial differences among the studied months in
Al-Huwyzah marsh. The ANOVA analysis showed no signi-
ficant differences (P > 0.05) in species presence among the
selected stations. The species ranged from ten in December
to 15 in February and May, with an average of 16+2.76. Ge-
nerally, a wide range of monthly differences in the number of
individuals was observed in the Al-Huwyzah marsh. Altoge-
ther 9853 individuals captured from the marsh ranged from
299 specimens in February to 1829 in May, with an average
of 821+ 495.29. No variations (P > 0.05) in the individuals'
number were found between the studied locations Figure 5.

The native species formed 55.56% of the total number
of species, differing from four species in June to nine in May,
while the exotic species constituted 44.44% of the total cau-
ght in the investigated area, ranging from three species in
December to seven exotic species in February, March, and
October Figure 6.

Relative abundance

Four species formed the highest relative abundance in
the Al-Huwyzah marsh, constituting 84.64% of the total spe-
cies. The species P. abu presiding the present investigated
area, followed by C. gibelio, O. aureus, and C. zillii (35.73,
19.74, 19.23, and 9.94%), respectively Table 2. Three fa-
milies occupied the highest rank at the families' level in
the Al-Huwyzah marsh, showed 91.58% of the total cau-
ght, Mugilidae represented 35.73%, Cichlidae 34.18%, and
Cyprinidae recorded 21.67%. At the same time, the lowest
percentage included Xenocyprididae, Heteropneustidae,
Poeciliidae, and Bagridae, formed 0.25%, 0.12%, 0.09%,
and 0.08%, respectively. The dominance index (D3) for the
three dominant species that sovereignty the Al-Huwyzah
marsh attained 74.70% of the total species (P. abu, C. gibe-
lio, and O. aureus). In contrast, the other species constitu-
ted 25.29% of Figure 7.

Ecological indices

Monthly fluctuations in diversity, evenness, and rich-
ness indices in the fish populations in Al-Huwyzah marsh
were addressed in Figure 8. The diversity index (H) ranged
from 1.54 in June to 2.16 in February, averaging 1.79. The
evenness index (J) differs between 0.60 in May and 0.80
in February, with an average value of 0.72. The richness
index (D) values ranged from 1.27 in December to 2.46 in
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Figure 4. Monthly variations in the average water depth in flat areas with diversity and richness indices values in Al-Huwy-

zah marsh. Note: Error bars are standard errors.
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Order Species Family Native | Exotic
Cypriniformes Carassius gibelio +
Carasobarbus luteus o +
Carasobarbus sublimus Cyprinidae +
Cyprinus carpio +
Mesopotamichthys sharpeyi +
Hemiculter leucisculus Xenocyprididae +
Acanthobrama marmid +
Alburnus mossulensis Leuciscidae +
Leuciscus vorax +
Siluriformes Mystus Pelusius Bagridae +
Silurus triostegus Siluridae +
Heteropneustes fossilis Heteropneustidae +
Synbranchiformes Mastacembelus mastacembelus Mastacembelidae +
Cichliformes Coptodon zillii +
Oreochromis aureus Cichlidae +
Oreochromis niloticus +
Cyprinodontiformes Gambusia holbrooki Poeciliidae +
Mugiliformes Planiliza abu Mugilidae +

Table 1. Fish species, families and their orders with pointed native and exotic species.
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Figure 6. Monthly variations in the number of native and exotic fish species in the study area.

February, with an average of 1.73.

Species occurrence

The fish species in the Al-Huwyzah marsh were divided
into three groups according to their monthly occurrence in
the caught samples Table 3. The resident fish species com-
prised nine fish species, five of them caught in 12 months
(P. abu, C. gibelio, O. aureus, C. zillii, S. triostegus) two
species were caught in 11 months (L. vorax and A. mossu-
lensis), and one species in ten months (O. niloticus). One
species was sampled in nine-month (C. luteus). The seaso-
nal fish species consisted of four fish species, two species

caught in eight months (C. carpio and M. mastecembelus)
and 2 of them caught in seven months (A. marmid and H.
fossilis). Occasional fish constituted 5 species one species
collected in five months (H. leucisculus), while another spe-
cies caught in four months (M. Pelusius), one species in
three months (G. holbrooki) and two species appeared in
two months (C. sublimus and M. sharpeyi).

The resident fish species represented a large percen-
tage of fish community structure (98.06%), whereas the
seasonal species formed 1.41%; the percentage of rare fish
species was 0.53% Figure 9.
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Species Family Jan. 2019 Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
Planiliza abu Mugilidae 30.63 2274 | 3120 | 3435 | 4281 | 4370 | 2894 | 3389 | 3628 | 3041 | 3203 | 3540 | 3573
Carassius gibelio Cyprinid 17.50 18.39 | 1588 | 1459 | 1848 | 2013 | 2339 | 1954 | 1731 | 1995 | 2456 | 2883 | 19.74
Oreachromis aureus Cichlidae 32.50 18.73 | 2284 | 1960 | 1618 | 19.66 | 2041 | 22.60 | 17.55 | 22.02 | 2040 | 1186 | 19.23
Coptadon zillii Cichlidae 4.69 7.36 501 | 1535 | 1104 | 782 943 9.01 | 1172 | 1095 | 1032 | 5.6 9.94
Oreochromis niloticus Cichlidae 313 334 529 8.81 6.18 219 517 8.09 9.19 146 5.01
Alburnus mossulensis Leuciscidae 5.63 3.01 5.85 219 2.39 284 2.60 27 596 3.68 7.30 3.4
Silurus friostegus Siluridae 281 3.68 418 213 1.64 286 284 092 1.4 487 285 365 246
Leuciscus vorax Lenciscidae 2.19 1137 | 036 1.52 0.49 0.86 031 1.65 0.61 344 474 1.63
Carasobarbus luteus Cyprinidae 535 3.62 0.76 0.16 375 046 0.77 1.66 1.82 1.08
Cyprinus carpio Cyprinidae 0.63 446 1.98 0.10 155 1.22 0.82 0.85 0.74
Mastacembelus mastacembelus | Mastacembelidae 0.33 0.46 0.05 0.90 0.61 0.18 146 0.73 0.36
Hemicuiter leucisculus Xenocyprididae 1.34 0.30 0.27 0.41 0.71 0.24
Acanthobrama marmid Lenciscidae 0.31 2.01 0.56 0.15 0.46 0.49 0.24 0.19
Heteropneusies fossilis | Heteropueustidae 0.33 0.28 0.11 0.29 0.12 0.24 0.12 0.12
Carasobarbus sublimus Cyprinidae 0.39 0.73 0.09
Gambusia holbrooki Poeciliidae 1.34 0.22 0.13 0.09
Mystus Pelusius Bagridae 0.67 0.11 0.26 031 0.08
Mesopotamichtiys sharpeyi Cyprinidae 0.28 0.05 0.02

Table 2. Monthly changes in the relative abundance of fish
2019.

|

Discussion

The hydrological system is characterized as a source
of creating and enhancing environmental fluctuations that
influence species populations and communities, and it plays
an essential role in the maintenance of ecological proces-
ses in both lentic and lotic ecosystems?*?2, Temperature
dramatically influences the hydrological regime by contro-
lling rainfall and evaporation processes and lowering water
levels; additionally, climate change has increased the drou-
ght of the current wetland due to an accelerating rise in tem-
perature?®. Salinity is the most critical factor affecting fish's
distribution, spread, survival, and declining biodiversity in

species in Al-Huwyzah marsh from January to December

aquatic habitats?*. The environmental stress resulting from
the deterioration specification of water quality can impact
water bodies' productivity, cause altered population compo-
sitions, and change the nutrition behaviors of aquatic orga-
nisms?®. The range of salinity in the current study doesn't
prefer by native fish species, which represented the core of
fish assemblage in the marsh, so the present results refe-
rred to a decline in abundance or absence of some sensitive
inhabitant freshwater fish species?®®.

The Tigris River is a major water source of Al-Huwyzah
marsh on the Iraqi side. The water levels increased from
December to May and then decreased due to rising tem-
peratures and the reduction of rainfall; these results were
compatible with Al-Thahaibawi? when they found the maxi-
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Occurrence No. of
Group Species
months species
P. abu, C. gibelio, O. aurens
12 5
C. zillit, S. triostegus
Resident species L. vorax, _A. mossulensis 11 2
O. niloticus 10 1
C. [utens 9 1
C. carpio, M. mastecembelns 3 2
Seasonal fish species
A. marmnd, H. fossiles 7 2
H. lencisculus 5 1
M. Pelusins 4 1
Occasional fish spe- G. bolbrooki 3 1
cies C. sublimus, M. sharpeyi 2 2

Table 3. Occurrence of fish species in Al-Huwyzah marsh from January to December 2019.

1,41 0,53

98.06

mum water depth of 118 cm in Al-Huwyzah marsh in April.
The current study showed increasing values of diversity and
richness indices with the rising water level in the marsh until
March and April; it went in the reverse direction with the va-
lues of the two indices to December; these findings corres-
pond with Yang?"?, when they referred to increase diversity
and richness with the rising water level in some of the China
rivers. Low-lying areas (rivers inside marsh and small pits)
that work as permanent pools and function as refuge places
for fish in dry months to mitigate the high mortality in the fish
populations in the dry season; however, the periodic strate-
gists tend to exhibit exploit the spatial and temporal chan-
ges in related to habitats quality to advancement survival
of small individuals?®-?%. The current results documented 18
species from Al-Huwyzah marsh after inundation in 2003;
these results concurred with the number of species when
they recorded 17 fish species in the Al-Huwyzah marsh™.
The present paper agrees with other studies executed after
inundation in southern restored marshes in 2003, especially
in the number of species, despite slight differences that may
be related to fishing methods and tools. Still, there are con-
siderable variations in species composition due to entered
new introduce/exotic species.It was pointed out by (11) 18
fish species in Al-Huwyzah marsh, five of them were exotic
species. While it was recorded 15 fish species, three among
them were exotic species'?; Also collected 13 species were,
three were exotic in Um Al-Naaj in Al-Huwyzah marsh'.

O Native fish species
l Seasonal fish species

B Occusional fish apecies

Figure 9. Fish assemblage com-
position according to occurrence
in the monthly catch samples in
the Al-Huwyzah Marsh.

However, in recent years, the number of exotic species has
increased versus a decline in native species. documented
19 species, including eight exotic species among them, and
these results corroborate findings in the present paper that
documented 18 species, including eight exotic species?. The
local species P. abu recorded high relative abundance attri-
buted to many reasons including, it characterized by small
size body, high fecundity, high tolerance to unsuitable con-
ditions, and availability of food'8. The current paper noted
that the species followed the equilibrium strategy, including
exotic species, such as (O. aureus, C. zilli, and C. gibelio)
trying to maintain their high abundance (numerical superio-
rity) by following certain tactics like the temporal elongate
of the reproductive season, parental care (O. aureus) and
reproduction in small ages or sizes. The present result of
the dominance index coincides with (12) in the status of pre-
siding P. abu and C. gibelio. In contrast, it differs from the
other researchers™ in the state of C. luteus according to
spatial and temporal variations between the two papers. In
the flat areas and temporary pools in the dry period, all fish
communities are subject to mortality, whereas in permanent
pools, like deep rivers and pits, exposed fish species are
to overcrowding and isolation with the high abundance that
leads to a lack of oxygen concentrations and the spread
of disease??. In terms of relative abundance, the current
results concur with (6) in Al-Chibaysh marsh in presiding the
species P. abu, C. gibelio, O. aureus and C. zillii and par-
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tially with (11,12) due to temporal variations and continued
entry of new exotic fish species; the present study observed
that, at the beginning of the immersion season, a decline in
the abundance of all populations species with a small size
spectrum of individuals. The current study showed that the
resident native species P. abu was the most abundant be-
cause these species evolve strategies that enable the spe-
cies to pass the dried period in hot months, when the high
temperature, and low water level, the species can inhabit
shallow, crowded areas, with low oxygen concentrations,
and developed adaptations that enable it to survive under
the extreme condition, such as small body size®. After inun-
dation in 2003, several authors, corresponding with the cu-
rrent finding, expressed that P. abu is the most abundant
species in the Al-Huwyzah marsh as recorded at 36.22%",
37.10%", 38.10%?2 of the total number of species. The
exotic species C. gibelio, O. aureus, and C. zillii presiding
the subsequence ranks due to its possess high tolerance
to extreme environmental conditions and a wide range of
food elements with a long reproduction season in addition
to parental care of some of these species (O. aureus)®.The
ecological indices values in the present work region resem-
ble those recorded from other wetlands and rivers in inland
freshwater. Diversity index values refer to poor status accor-
ding to index range, evenness index values tend to be se-
mi-balanced, whereas richness index values are revealed
to be half-complementary; these consequences congruous
in general trend with several authors in southern Iraq, in
Al-Chibaysh marsh®, and in Al-Huwyzah marsh?. But, the-
re are slight differences in ecological indices Um-Al-Naaj at
Al-Huwyzah marsh'® due to spatial and temporal variations
and fishing methods. The present results showed the pre-
sence of nine resident species exactly in covenant with the
finding when they found nine native species?; also, the pre-
sent paper showed that P. abu, C. gibelio, C. Zzillii, S. trios-
tegus, and O. aureus appeared in all the monthly samples
and this completely agree with previous studies results. The
present study affirms that the different fish species respond
to hydrological variations according to their habitat preferen-
ce and depending on the intensity of those changes. Fishes
follow various strategies for reproduction and survival with
distinction construction patterns of their populations®. Inte-
restingly, fish communities are more complex under drought
and flooded conditions due to harsh conditions represented
by biotic and abiotic factors like inter and intraspecific com-
petition and subjected species to diseases, predation, isola-
tion, crowding and water level fluctuations®-%°. The current
paper recommends storing floodwaters' rainfall in the winter
season and flooding those wetlands during drought. Dig-
ging more rivers inside the marsh or ponds to be permanent
pools that fish refuged to in times of drought.

Hydrological variations play a crucial role in building
fish population patterns in habitats subject to seasonal hy-
drological changes and have developed different strategies
for breeding and surviving within these extreme conditions.
In general, although the presence of different fish species
in one pool in low-lying areas in the dry period represents
a refuge for the species, their environmental preferences
are different; despite these wetlands may face continuous
hydrological changes during the year, but the results in the
current study indicate stability in abundance, diversity, and
richness during the year as a result of the species adapta-
tion and resistance to hydrological variations.

|
Conclusions

The study concluded the differences in the fish species
and their Response to hydrological variations according to
the different strategies of life history patterns and divided
the fish community into three categories. The periodic stra-
tegists (seasonally reproductive) included most native spe-
cies.
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