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Abstract. The ecological status of the East Hammar marsh was evaluated by using a number of ecological
guides: water quality index (WQI), Carlson trophic state index (TSI) and fish integrated biological index
(F-IBI) during the period from November 2012 to October 2013. The results revealed that the annual value
of WQI varied from 51.1 (marginal) for historical data before desiccation to 67.8 (fair) for data after
inundation. The marsh was evaluated to be mesotrophic (TSI= 42.0). IBI scores were calculated from 16
separate assemblage metrics based on the fish species richness, species composition and trophic guilds. The
ecological status of the marsh was found to be fair (F-IBI= 47.7) and was slightly better than the status of
the marsh after 2-4 years of restoration activities. The rather low improvement in the situation of the marsh
indicates that the environment is still fragile and requires the allocation of water share from the Tigris and

Euphrates rivers to restore marsh normality.
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Introduction

Wetlands include a wide variety of habitats such
as marshes, peat lands, floodplains, rivers and
lakes, and coastal arecas such as salt marshes,
mangroves, and sea grass beds, but also coral
reefs and other marine areas no deeper than six
meters at low tide, as well as human-made
wetlands such as waste-water treatment ponds

and reservoirs (Ramsar Convention Secretariat
2013).

The Southern Marshes in Iraq of a wider
wet land in southwest Asia, covering an area of
more than 15,000 km? and is characterized by a
lid vegetarian dense and therefore constitute a
natural shelters for many of the special birds
and marine  settlement, fish, buffalo,
neighborhoods and other aquatic biology is
characterized by agricultural and handicraft of
its products, which are a source of live is
important for a large number of residents of the
area over the centuries (Partow, 2001). Drainage
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processes of the southern marshlands started in
the early 1990s by diverted the major rivers
away from the marshes, and led to substantial
loss of native aquatic flora and fauna well-
known for a long period as marsh biota of
southern Iraq. In 2002, 85% of permanent
marshes described in 1973 had been
environmentally destroyed (Richardson and
Hussain 2006). Since 2003, great efforts have
been made to restore the marshes and revive the
wetlands environment. As of August 2007, the
marshes had recovered almost 58% of their
former area in 1972 according to UNEP/IMOS
(2007).

Several studies have been focus on describe
water quality and the fish assemblages in the
southern marshes since inundation in 2003
(ARID, 2006; Hussain et al., 2009; Mohamed et
al., 2008, 2012, 2014). Some works have been
carried out attempting to evaluate water quality
change as result of environmental alteration in
the marshes by using Water Quality Index, WQI
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or water characteristics (Al-Saboonchi et al.,
2011; Al-Kenzawi et al., 2011) or fish structure
changes in the marshes by applying the Index of
Biotic Integrity, IBI (Al-Shamary, 2008;
Mohamed and Hussain 2012a; Mohamed 2014a,
b).

During the last years, the environment of
East Hammar marsh was suffered from various
problems amongst them the fluctuation in water
levels and increasing in the salinity due to
different reasons such as the decline in the
discharge rates of the Tigris and Euphrates
Rivers as a result of several hydrological
projects constructed in the riparian countries
(Partow, 2001) and the diversion of Karun River
into Iranian terrene (Hameed and Aljorany
2011), which used to be an important source of
fresh water to the Shatt Al-Arab, serving as a
barrier to reduce the progress of salty water
from the Gulf upstream (Hassan ef al., 2011).

Therefore, the objective of this work was
to evaluate the restored environment of East
Hammar marsh by applying the water quality
index, the trophic state index, the ecological
indices of fish community and the index of
biotic integrity of fish.

Materials and methods

Al-Hammar marsh is the biggest southern
marshes extended in two provinces (Basrah and
Nasiriyah). It is approximately 120 km long and
25 km wide. Maximum water depth in the
marsh ranges from 1.8-3.0 m. The marsh
narrowed about the middle consequently it
could be divided roughly in two parts west and
east. After inundation in 2003, large areas of Al-
Hammar were reflooded by riverine water.
Recently west Al-Hammar marsh is fed
primarily from tributaries of Euphrates River
and from the Main Outfall Drainage (MOD)
channel, but the eastern part get a considerable
amount of water from Shatt Al-Arab river,

groundwater recharge is another source of
replenishment.

To execute the present study three sites
were selected in the East Hammar marsh (Fig.
1), based on the nature of the areas. Harer site
(E 47° 41’ 37": N 30° 35’ 17.6") considered as a
tidal channel marsh environment, Salal site (E
47° 39 19.7": N 30° 38’ 17.2") and Burkah site
(E 47° 36’ 44.8": E 30 41' 11.5"). The last two
sites were previously desiccated, but they are
now tidal open shallow water with scattered
islands of Typha domingensis and Myrophyllum
verticillatum.
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Fig.1. Map of southern of Iraq showing the sampling sites in
the East Hammar marsh

Water sample was collected monthly from
the three sampling sites immediately prior to
fish sampling during November 2012- October
2013. Water temperature, salinity, dissolved
oxygen, and pH were measured in situ using
YSI portable instrument model 556 MPS. The
following factors selected as water quality
parameters were measured using the methods
described for each factor as follows.
Transparency was evaluated by extinction
method using the Secchi disc. Reactive nitrate
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and orthophosphate were analyzed by Strickland
and Parsons Modification method and Murphy
and Riley method, respectively (Parson et al.,
1984), whereas total phosphate was determined
by Ascorbic acid method (APHA, 2005) and
chlorophyll a was measured according to Lind
(1979) using spectrophotometer model LKB
4050.

In this study, the CCME Water Quality
Index (CCME, 1999) was applied for the East
Hammar marsh. The study period was divided
into two seasons, dry season (May to October)
and wet season (November to April), and the
results were tested with two types of criteria:
first, historical published data before desiccation
(Maulood et al., 1979; Al-Lami, 1986; Al-Araji,
1988; Mohamed and Barak 1988) and the
second was historical published data after
inundation (ARDI, 2006; Tahir et al., 2008). For
this analysis, index scores were determined for

seven constituents: water temperature, pH,
transparency, dissolved oxygen, salinity,
reactive nitrates and orthophosphate. The

computed WQI values could be classified as 95-
100= excellent; 80-94= good; 65-79 = fair; 45-
64 =marginal and 0-44 = poor (CCME, 1999).

Carlson trophic state index (Carlson, 1977)
was adopted to assess the trophic status of the
marsh using three variables, namely chlorophyll
a (TSlIcna), total phosphate (TSItp) and
transparency (TSIsp).

Fishes were collected monthly from the
three sites, using seine net (120m length with
mesh sizes 10x10 and 5x5mm), cast net (9 m
diameter with 15x15mm mesh sizes) and
electro-fishing gear. All fish were counted and
classified to species following Carpenter et al.
(1997) and Coad (2010). Fish species identified
and counted to calculate their composition in
fish community. To each fish species,
geographic origin (native or migratory or alien),
trophic guilds and environmental degradation

tolerance were assigned based on information
from literatures (Mohamed et al.,, 2008, 2012;
Coad, 2010; Mohamed and Hussain 2012a, b;
Hussain, 2014).

The analysis of the nature of the fish
assemblage in the three sites was carried out by
the following methods and indices: relative
abundance (Odum, 1970), the diversity index
(Shannon and Weaver 1949), the evenness
index (Pielou, 1977), and the richness index
(Margalef, 1968).

The Index of Biotic Integrity (IBI)
methodology presently being used in the study
was modified from Minns et al. (1994) to meet
the regional conditions of the marsh, who
scored metrics from 1 to 10. Sixteen metrics
were chosen to calculate the integrated
biological index depending on species richness,
species composition and trophic guilds. Scores
for metrics that increase with environmental
quality included numbers of native, common
native and migratory fish species, percentage of
individuals of migratory species, herbivore,
carnivore and piscivore, in addition to species
richness . Scores of metrics that increase with
decreasing environmental quality included
number of alien species and percentage of
individuals of alien species, tolerance species,

Planiliza abu, Carassius auratus, tilapia
(Coptodon zilli and  Oreochromis  aureus),
omnivore species and detrivore species.

Standardized IBI metrics were summed to
obtain an IBI score that varied continuously
from 0 to 100 for the marsh and the month, for
each metric. IBI scores are rated as very poor
(0-20), poor (20-40), fair (40-60), good (60-80)
and excellent (>80) (Minns et al. 1994).
Analysis of variance (ANOVA) wasused to
assess the monthly IBI scores
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differences (p < 0.05) among the southern
marshes using SPSS software (version 11, 2001)
statistical package.

Results

1- Ecological factors

Monthly changes in the mean values of the
ecological factors in the three sites of East
Hammar marsh are summarized in Figure 1.
Water temperature varied from 14.6 °C in
January to 31.7°C in August, while pH changed
from 7.9 in July to 8.5 in February. Salinity
fluctuated from 2.0%o in October and November
to 9.7% in February and dissolved oxygen
ranged from 6.2 mg/l in March and April to 10.2
mg/l in December. The lowest value of
transparency (50.0cm) recorded in March and
the highest value (78.7cm) in December.
Reactive nitrate changed from 6.8 pg- N/l in
October to 19.6 pg-N/1 in  February.
Orthophosphate varied from .2 pg- P/ in
October to 1.7 pg-P/l in February, while total
phosphate ranged from 1.1 pg-P/l in July and
October to 2.4 pg-P/l in February. Chlorophyll
a changed from 3.1 pg/l in August to 18.7 pg/l
in March.
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Fig. 2. Monthly variations in the some ecological factors of
East Hammar marsh (2012- 2013)

2- Water Quality Index (WQI)

The descriptive statistics for calculation of
CCME-WQI in East Hammar marsh is
presented in Table 1. A comparison of the
various scopes (F1), frequencies (F2), and
amplitudes (F3) values provides a synopsis of
how the WQI varied from time to time. The
number of tested data for each season was 42
out of which 25 and 13 were failed for data
before desiccation during wet and dry season,
respectively. Similarly 19 and six were failed
for data after inundation during both seasons,
respectively. The lowest values of F1, F2 and
F3 are observed during dry season for data after
inundation due to lower values of failed
variables, percentage of individual failed tests
and the amount by which they failed. Salinity
was failed test (deviated) from their values in all
cases compared with other ecological variables.

The values of WQI during the wet and dry
seasons were 42.2 (poor) and 68.4 (fair),
respectively based on data before desiccation,
while the values were 48.0 (marginal) and 87.6
(good) during the wet and dry seasons,
respectively based on data after inundation. The
annual value of water quality index of the marsh
during the study period varied from 51.1
(marginal) for data before desiccation to 67.8
(fair) for data after inundation.

Table 1. Summary statistics for calculation of WQI scores in
the study area

B.eforg After inundation

desiccation
Term of the Wet Dry Wet Dry
Index Season | Season Season Season
Total number of 7 7
variables 7 7
Number of 5 3
failed variables 5 1
Total numbers 42 42 42 42
of test
Number of 25 13
failed tests 19 6
2 excursion 29.85 7.10 18.94 3.14
Nse (normalized 0.71 0.17
sum of
excursions) 0.45 0.08
F'1 (Scope) 71.43 42.86 71.43 14.29
F2 (Frequency) 59.52 30.95 45.24 14.29
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F3 (Amplitude) | 4154 | 1447 | 31.07 7.50
CCME-WQI 422 68.4 48.0 87.6

3- Trophic state index (TSI)

Monthly variations in the mean values of
TSIchia, TSItp, TSIsp and Carlson trophic state
index (CTSI) of East Hammar marsh are
illustrated in Figure 3. The mean values of,
TSItp, TSIchna and TSIsp were 9.7, 49.8 and
66.5, respectively. The value of trophic state
index was fluctuated from 38.6 in August and
the marsh classified as oligotrophic to 48.3 in
March and the marsh classified as mesotrophic.

The marsh was evaluated to be mesotrophic

(CTSI= 42.0).
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Fig. 3. Monthly variations in the trophic state index of East

Hammar marsh

Table 2. Relative abundance (%) of fish species caught in East Hammar marsh during 2012-2013
(1= Herbivore, 2= Omnivore, 3= Carnivore, 4= Detrivore, 5= Piscivore, 6= Tolerant, 7= Sensitive)

Native species % Migratory species % Alien species %
Planiliza abu** 13.4 | Thryssa whiteheadi>® 7.0 Carassius auratus™® 212
Alburnus mossulensis™® 3.8 | Tenualosa ilisha™S 3.6 | Poecillius latipinna™® 14.3
Acanthobrama marmid*® 3.5 | Thryssa hamiltonii*® 2.7 | Tilapia zilli" 5.1
Aphanius dispar** 3.4 | Thryssa vetrirostris™® 24 Gambusia holbrooki*® 2.9
Aphanius mento>° 1.7 | Bathygobius fuscus** 1.9 Oreochromis aureus'® 2.9
Leuciscus vorax™’ 0.9 | Planiliza subviridis** 1.7 | Hemiculter leucisculus" 1.9
Silurus triostegus®’ 0.8 | Planiliza klunzingeri*® 1.4 Cyprinus carpio™ 0.5
Carasobarbus Iuteus™ o Acanthopag;z:éslbicusz’() 06 Heteropneustus fossilis™® 0.03
Mesopotamic?éz);;eyim 0.02 Nematalosa nasus>® 0.4 Ctenophryngodon idella ' 0.01
Mastacembelus 0.02 Boleophthalmus 04 - )
mastacembelus™’ dussumieri>®

Mystus pelusius™® 0.01 Hyporhamphqs . 03 - )
limbatus™

- - Leiognathus bindus>° 0.2 - -

- - Acanthopagrus berda™® 0.1 - -

- - Johnius belangerii*® 0.1 - -

- - Brachirus orientalis™® 0.1 - -

- - Sillago sihama®® 0.1 - -

- - Ilisha compressa™® 0.1 - -

- - Sparidentex hasta*® 0.001 - -

N - Sardinella albella™® 0.001 - -

4- Ecological indices and IBI

The fish  species  composition,
geographic origin (native, migratory or
alien), trophic guilds and environmental
degradation tolerance of fish captured
from the East Hammar marsh during the
study period are given in Table 2. Thirty
nine of osteichthyes species were

obtained, 11 of them were native, nine
alien and 19 marine species. The
abundances of native, alien and marine
species were 28.2, 23.0 and 48.8% of the
total catch, respectively. C. auratus was
the most abundant species comprising
21.2% of the total numbers followed by
Poecillius latipinna (14.3%) and P. abu
(13.4%).
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Monthly variations in the diversity,
richness and evenness indices of fish
species in the marsh are shown in Figure
3. The diversity index fluctuated from
1.95 in December 2009 to 2.74 in
September, with overall value 2.29. The
richness indices changed from 2.32 in
February to 3.81 in September, with
overall value 2.95. The evenness index
ranged from 0.69 in December to 0.84 in
September, with overall value 0.76.
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Fig. 3. Monthly variations in the ecological index
values of East Hammar marsh

The monthly variations in IBI values
of different metrics of fish assemblage in
the marsh during the study period are
plotted in Figure 4. IBI score of the
number of native fish species ranged from
6.7 in February to 10 in April, June and
September, whereas, the IBI score of
migratory fish fluctuated from 2.2 in
December and January to 10 in
September. The maximum IBI score of
alien fish species was 2.5 in February and
March, and dropped to zero during April,
June, July and September. IBI score of
species richness ranged from 6.1 in
February to 10 in September (Fig. 4a).
The maximum IBI scores of common
native species and percentage of
migratory  fish were recorded in
September and October, respectively. The
highest IBI scores of percentage of alien
and tolerant species were 3.82 and 1.04
recorded in  October and  April,
respectively (Fig. 4b). The maximum IBI
scores of percentages of herbivorous,

omnivorous and detrivorous were in
September, whereas of carnivorous and
piscivorous were in October and
November, respectively (Fig. 4c). The
highest IBI values for C. auratus, P. abu
and tilapia species were 9.0, 7.8 and 9.3
recorded in October, September and
November, respectively (Fig. 4d).

The monthly variations in the total
IBI score of fish assemblage in the marsh
during the study period is shown in Figure
4d. The IBI values varied from 37.0 in
December and classified as poor to 61.0 in
September and considered as good. The
values of IBI were fair during the rest of
the year. The overall IBI value of the
marsh was evaluated to be fair (47.7%)
during 2013-2014.

The overall F-IBI was significantly
positively  correlated  with  water
temperature (r = 0.62, p< 0.05), diversity
index (r = 0.82, p< 0.05) and richness (r =
0.79, p< 0.05), and negatively correlated
with salinity (r =-0.41, p< 0.05).

Discussion

The overall objective of water quality
monitoring programs is to inform people
about the suitability of water for various
beneficial uses in both the spatial and
temporal domains. The key concern in
setting specific objectives for monitoring
programs is to ensure that the right
questions are being asked about the water
quality issue of interest. People want to
know if their water is clean and safe to
use, and if water quality is getting better
or worse, 1.e., trends (Water Quality Task
Group 2006).

The deterioration of the WQI of the
marsh during the wet season compared
with the dry season, which recorded the
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highest values and classified the marsh as
fair to good quality, contrasts with other
studies that referred to improved water
quality in the winter as a result of rainfall
and thus increase the water level and
improved the quality of the water (Khadka
and Khanal 2008). However, Al-Shujairi
(2013) mentioned that the WQI in wet
season for Tigris and Euphrates rivers was
slightly less than in dry season due to
engineering control on the rivers have
greatly reduced their seasonality.

The inundation rate of the marsh in the
province of Basra was gradual increased
during wet season, reaching 66% and 81%
during November and December 2012,
respectively and raised to 91% in January
2013 (Ministry of Water Resources 2013).
This sudden rise in the inundation rate
was due to excessive discharged of water
to West Hammar marsh from Euphrates
River and to heavy rains led to runoff
water from dried

and agricultural lands between the two
parts of Hammar marsh toward the East
part. In addition to the discharge of
drainage water from the Main Outfall
Drain into the West Hammar marsh
through  Al-Kamisia  outlet,  which
contained high concentration of total
dissolved solids, nitrates and phosphates
(Frenken, 2009). These significant reasons
have seriously diminished water quality
during wet season.

The study revealed that the water
quality of East Hammar marsh was fair
(WQI= 67.8) based on data after
inundation and was better than the state of
the marsh during 2005-2006, WQI= 37.2
(AL-Saboonchi et al., 2011). However,
Hussain et al . (2011) reported that the
WQI of East Hammar marsh improved in
2007 (WQI= 60) in comparison with

previous years, but declined again in 2008
(WQI= 56) as resultant of decreased
discharge of Tigris and Euphrates Rivers
during 2008 on the contrary to 2006.
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Fig. 4. Monthly variations in IBI scores metrics in
East Hammar marsh (2013-2014)

Trophic state is often used to classify
aquatic ecosystems according to biotic
productivity and is a fundamental
property that is intimately related to both
ecosystem structure and how humans
influence water quality (Dodds and Cole
2007). Sandeep et al. (2008) have found
that TSI as an important aspect in lake
survey, water quality and this can be used
as a tool to measure trophic state where
the biomass is involved. The increase of
nitrate and phosphate concentrations
during the wet season in this study,
especially phosphate, which are one of the
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factors that affect the phytoplankton
community (Harnstrom ez al., 2009) have
contributed to an increase of chlorophyll a
level of a comparison with studies before
desiccation, which ranged between 0.15 to
8.4 mg/l (Al-Lammi, 1986; Al-Araji,
1988; AL-Saadi and AL-Lammi 1992),
and also after inundation, which varied
from 1.6 to 18.4 mg /1 (ARID, 2006). This
may increase the value of TSlcna in the
marsh. Chlorophyll a in this study showed
positive correlations with nitrates (r =
0.481, p <0.05), active phosphate (r =
0.624, p <0.05) and total phosphorus (r =
0.520, p <0.05). Xie et al. (2003) reported
persistent  coincidence between the
occurrence of algal bloom and that of
phosphorus. The main parameter in
deciding the trophic status of an aquatic
water body is its  phosphorus
concentration; any change in phosphorus
concentration of fresh water ecosystem
can also alter its trophic status (Devi
Prasad and Siddaraju 2012).

The result of the trophic state index
suggested that the East Hammar marsh
was evaluated to be mesotrophic state.
This finding agreed with the trophic state
of the marsh after inundation (ARID,
2006), and with Al-Huwaza marsh during
2006 (Ziboon and AL-Zubidy 2010).

There were seasonal changes in fish
diversity and richness indices and the
general tendency was high values during
the period from April to October
attributed largely to the penetration of
marine species especially anadromous
ones. The abundance of marine species
led to an increase in richness, evenness
and diversity indices and created seasonal
fluctuation in relative abundance and total
number of individuals. This was
comparable to the previous studies on the

East Hammar marsh (Hussain et al., 2009;
Mohamed et al., 2009, 2014), but the
values of indices were higher in the
present study. McErlean et al. (1973)
considered a wide range of richness index
as an indicator of the nursery function of
an area. Also, there was a narrow range in
evenness values of the fish assemblages in
this study, which indicates the lack of a
dominant species (Smith and Wilson
1996).

The Index of Biotic Integrity (IBI)
provided a tool for quantifying changes in
ecosystem health as a result of habitat
degradation or flow alteration, in addition
to chronically poor chemical water quality
(Karr and Dudley 1981). The decline in F-
IBI scores during the wet season in this
study was largely attributable to higher
percentages of exotic and tolerant species,
as a result of deterioration water quality
during this season due to runoff water
from dried and agricultural lands and the
discharge of drainage water from the
Main Outfall Drain. The extremely
tolerant species are the last to disappear in
response do environmental degradation
(Bozetti and Schulz 2004; Costa and
Schulz 2010). Seilheimer and Chow-
Fraser (2006) mentioned that a large
number of tolerant species could result in
a higher diversity score for degraded sites,
and this may explain why species richness
was negatively correlated with WQI
score. The number of fish species
supported by an undisturbed aquatic
ecosystem decreases with environmental
degradation, as intolerant species will
disappear with increasing disturbance
(Karr et al, 1986). However, the
improvement of F-IBI values during the
dry season was associated with increase of
metrics scores that increase with
improving environmental quality,
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included richness index, numbers of
native and migratory marine fish species,
and percentage of individuals of
migratory, herbivore and carnivore
species (Brousseau and Randall 2008).

The ecological status of the marsh
was found to be fair (F-IBI= 47.7) and
was slightly better than the status of the
marsh after 2-4 years of restoration
activities, F -IBI= 42.6-44.5 (Mohamed
and Hussain, 2012a; Al-Shamary, 2008)
and Chybaish marsh, F-IBI= 45.6
(Mohamed, 2014). The reasons for this
simple improvement, despite the low
number of native species and the high
number of exotic species recorded, was
attributed to the high value of richness
index, high proportions of marine and
carnivores species, in addition to a
decrease in the proportions of C. auratus,
P. abu and detrivores species in the fish
assemblage.

The rather low improvement in the
situation of the marsh indicates that the
environment is still fragile and requires
the allocation of water share from the
Tigris and Euphrates rivers to restore
marsh normality.
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