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Abstract

This study to evaluate the Al-Hawizeh marsh environment using the Integrated Biological Index (IBI) after
inscribed on the World Heritage. The study extended from December 2017 to November 2018. A total of
28959 individuals of fish which belong to 17 genera, 9 families and 19 species, fourteen metrics were
selected for measurement (IBI) from the following major groups to assess the environment of Al-Hawizeh
marsh, Species richness, Species composition and Trophic Guilds metrics. The overall Integrated Biological
Index value achieved (57.71%) and which inscribed within the impaired category, the average Integrated

Biological Index values of four study stations achieved 60.80, 60.88, 58.82 and 50.32% respectively.

Keywords: Integrated Biological Index, Richness metrics, Trophic metrics, Al-Hawizeh, World
Heritage
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Introduction

The Iraqi marshes are the largest wetlands in southwest Asia (UNESCO,2016) with an area
twice the size of the Everglades in Florida (Adriansen,2006). Therefore, the Mesopotamian
Marshlands (Al-Hawizeh) was listed as a world heritage site (UNESCO), making them unique
wetlands in the world during the 40th session in the World Heritage Committee under cultural
criteria (iii) and (v) and natural criteria (ix) and (x) in Istanbul in 2016. UNESCO considered it as
one of the natural components of Iraq with
an estimated area of 906.63 km? (UNESCO, 2016).

To be inscribed on the world heritage list, sites must be of outstanding universal value and
meet at least one out of ten world criteria selection. These criteria are explained in the operational
guidelines for the implementation of the world heritage convention which, is the main working
tool on world heritage (Al-Lami , et.al.,2014; UNESCO, 2018).

The Index of Biotic Integrity (IBI) provided a tool for monitoring the ecological integrity of
ecosystem health as a result of habitat degradation or flow alteration, in addition to chronically
poor chemical water quality (Karr & Dudley, 1981).

As the I1BI became more widely used, different versions were developed for different regions
and different ecosystems including lakes and wetlands (Uzarskil , et.al.,2005; Brousseau &
Randall, 2008).

Fish assemblages can be ideal integrated indicators of ecological integrity given that they are
relatively easy to collect and they can have unique species and population-specific responses to
environmental conditions that are reflected in their relative abundance and composition (Karr ,
et.al.,1986; Barbour , et.al.,1999).

The fish integrated biological index (F-IBI) was used by several workers to evaluate the fish
structure changes in the restored marshes in Iragq (Al-Shamary, 2008; Abd, 2010; Mohamed &
Hussain, 2012; Mohamed, 2014; Mohamed & Hussain, 2014; Mohamed , et.al.,2015 and
Mohamed & Abood, 2017) in Shatt Al-Arab River and in Garmat Ali River by (Younis , et.al.,;
Mohamed , et.al.,2017 & Hameed, 2017). The aim of this study is to evaluate the environment of
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Al-Hawizeh marsh using the Integrated Biological Index (IBI) after Inscribed on the World
Heritage List.
Study Area

Al-Hawizeh marsh is considered a water body concerted between Iraq and Iran in terms of
location and food resources lies approximately 70 km of Al-Ammara city. It extends between
(Latitude/ Longitude: 31°00°-31°45°N,47° 25°-47° 50’E). The area is distributed by 79% for the
Iraqgi part and by 21% for the Iranian part (Al-Ali,1994; Domad, 2008). As to the Iraqi part of the
marsh, it is distributed by 67% and 33% to both Maysan and Basra provinces respectively. The
marsh contains many bodies like Al-Sannaf, Um Al-Nia’aj, Abu-Athbah, Al-Adaim, Al-Doob, Al-
Jakah, Al-Saffia, and Al-Khabta marshes.

Four locations studied were chosen within Al-Hawizeh marsh in the current study, these are
station 1(Um Al-Ward station 2 (Um Al-Nia’aj) station 3(Al-Souda north),and station 4(Al-
Adaim),shown in (Figure (1)).
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Figure (1):Al-Hawizeh marsh location in Maysan province,southern Iraq (Source:CRIM 2019)

Material and Methods

Fish were collected monthly from December 2017 to November 2018 from four selected sites
within Al-Hawizeh marsh during the study period. Sampling was taken by using three means of
fishing at each site including, fixed gill nets average lengths between (50 to 100 m long with
16x16mm to 67x67 mm mesh size), cast nets, the ranging between (6-9) mm and between 25x25
and 40x40 mm mesh size, and electro-fishing by generator engine (provides 300-400V and 10A),

it was used in the places where the vegetation very density and cannot be caught for 45 minutes.

Fourteen metrics were selected for measurement (IBI) from the following major groups to

assess the environment of Al-Hawizeh marsh as follows:

(A)Species richness metrics which include:
1) Number of native fish species

2) Number of alien fish species

(B) Species composition metrics

3) Proportion of native individuals species

4) Proportion of alien individuals species

5) Proportion of sensitive native individual species

6) Richness Index

(C) Trophic Guilds metrics

7) Proportion of herbivores individuals species

8) Proportion of carnivores individuals species

9) Proportion of detrivores individuals species

10) Proportion of omnivores individuals species
11) Proportion of Planiliza abu individuals species

12) Proportion of Cichlidae individuals family
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13) Proportion of Carassius auratus individuals

14) Number of common native species

According to the Manual of Integrated Biological Index based on the described method by
(Minss , et.al.,1994). The Biological Index was divided into three groups in a similar way to
(Ganasan & Hughes, 1998; Hughes , et.al.,2006).

Results

Altogether, nineteen fish species belonging to six orders includes Cypriniformes, Mugiliformes,
Siluriformes , Synbranchiformes, Perciformes , Cyprinodontiformes and nine families and
seventeen genera and a total of 28959 individual of fish were collected from four studied stations

in Al-Hawizeh marsh southern of Iraq.

A- Species richness metrics
1-Number of native fish species

This group included 11 species of native fish comprised 57.89 % of the total number species
(Table (1)) and 15870 individuals in the present study formed 54.8% of the total number of fish
captured. The highest number of native fish (10) species appeared in July at station 1, in January,
February, June and July at station 2, in June at station 3 and in January and June at station 4, while
lowest number of native fish (0) species in September at station 4 (Figure (2)).
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Figure (2):Monthly variations in number of Native fish species of four stations in Al-Hawizeh

marsh during study period

Table (1) : Geographic origin and trophic groups of fish captured in Al-Hawizeh marsh during the

study time

The metrics

Species

Native species

A. marmid, A. mossulensis, C. luteus , C. sublimus , L. vorax, M. sharpeyi

, P.abu , S.triostegus , M. matacembelus , A. dispar and M. pelusius

Alien species

C. auratus , C. carpio , H.leucisculus , H. fossilis ,
G. holbrooki , C.zillii ,O. aureus and O. niloticus

Herbivores species

C. luteus , C.sublimus , C. auratus , M. sharpeyi |,
C.zillii , O. aureus and O. niloticus

Carnivores species

A. marmid, A.mossulensis , L. vorax , S.triostegus,
M. matacembelus , A.dispar, M. pelusius ,

H. leucisculus , H. fossilis , and G. holbrooki

Detrivores species

P. abu

Omnivores species

C. carpio

2- Number of alien fish species

This group

included 8 species of alien fish comprised 42.11% of the total

number species (Table 1) and 13089 individuals, in the present study comprised 45.2% of the total
number of fish captured. The highest number of alien fish (8) species appeared in all study stations,

while lowest number of alien fish (4) species observed in August and September at stations 3 and
1 respectively of fish captured (Figure (3)).
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Figure (3):Monthly variations in number of Alien fish species of four stations in Al-Hawizeh

marsh during study period
B-Species composition metrics
3. Proportion of native individuals species

In present study the total number of native fish catch amounted 15870 fish formed 54.8% of

the total number fishing individuals. the highest percent of species native individuals formed

68.99% recorded in July at station 3, while lowest percent of species native individuals 10.71%

done in September at station 4 (Figure (4)).
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Figure (4): Monthly variations in Proportion of Native fish individuals of four stations in Al-

Hawizeh marsh.

4. Proportion of alien individuals species
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In current study the total number of alien fish catch reached 13089 individua formed 45.2%
of the total number fishing individuals, the highest percentage of species alien individuals formed
89.29% achieved in September at station 4, while lowest percentage of species alien individuals

31.01% reported in July at station 3 (Figure (5)).
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Figure (5): Monthly variations in Proportion of Alien fish individuals of four stations in Al-

Hawizeh marsh.

5. Proportion of sensitive native individuals species

This group included six species of sensitive fish native such as C. luteus, C. sublimus, L. vorax
M. mastacembelus , M. sharpeyi and S. triostegus. A total of 3587 individual were catch of this
group giving a percentage 12.4% of the total number individuals and formed 22.6% of the total
number of native fish individuals, the highest proportion of sensitive native individuals species
23.95% recorded at station 4 in July , while the lowest proportion of them 6.21% at station 1 in
October (Figure (6)).
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Figure (6): Monthly Changes in Proportion of Native sensitive individuals of four stations in Al-

Hawizeh marsh

6. Richness Index

The monthly changes in Richness Index value among four stations was illustrated in (Figure

(7)). The highest value of richness (D) index 2.44 recorded at station 4 in January, while the lowest

value of this index 1.2 reported at same station

in September.
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Figure (7): Monthly Changes in Richness Index values among four stations in Al-Hawizeh marsh

7. Proportion of Planiliza abu individuals
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A total of 11063 fish were captured of this species accounted 38.2% of the total number of fish
individuals in current study. The highest proportion of individuals amounted 48.02% at station 2

in June, while lowest proportion of them 28.98% finding at same station in October (Figure (8)).
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Figure (8):Monthly Changes in proportion of Planiliza abu individuals among four stations in

Al-Hawizeh marsh

8. Proportion of Cichlidae individuals family

This group have three species as C. zillii, O. aureus and O. niloticus of fish recorded in the
present study. A total of 9949 fish were captured of individuals this family formed 34.35% from
the total number of fish caught. The highest proportion of cichlidae individuals family amounted
46.43% at station 4 in September, while the lowest proportion of them 19.91% finding at station 3

in October (Figure (9)).
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Figure (9):Monthly Changes in proportion of Cichlidae family individuals among four stations in
Al-Hawizeh marsh
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9. Proportion of Carassius auratus individuals

This group included only one species as C. auratus of fish species which caught in the present
study. A total of 1926 individuals of the total number of fish caught individuals giving a percentage
6.65% of the total number of fish individuals the marsh. The highest proportion of C.auratus
individuals 35.71% revealed at station 4 in September, while the lowest Proportion of them 0.28%

observed at station 3 in September (Figure (10)).
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Figure (10):Monthly Changes in proportion of Carassius auratus individuals among four stations

in Al-Hawizeh marsh

10. Number of common native species

This group have common native species which its number were more than 50 fish in monthly
fishing samples. The highest number of common native species 3 fish at station 2 in July, whereas

lowest number 1 fish was recorded in all four stations (Figure (11)).
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Figure (11): Monthly Changes in proportion of Common native fish individuals among four

stations in Al-Hawizeh marsh

C. Trophic Guilds metrics

11. Proportion of herbivores individuals species

This group included seven species of fish recorded in the current study (Table, 1). The highest

proportion of herbivores individuals species 82.14% done at station 4 in September, while the

lowest proportion of them 27% reported at same station in October. The monthly changes in

proportion of Herbivores fish individuals among four stations were shown in (Figure (12)).
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Figure (12):Monthly Changes in proportion of Herbivore fish individuals among four stations in

Al-Hawizeh marsh.
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12. Proportion of carnivores individuals species

There are clear monthly variations in proportion of carnivores fish individuals among four
stations. This group included 10 species of fish which were appeared in the present study. The
highest proportion of carnivores individuals species 42% achieved at station 4 in October, while

the lowest proportion of them 6.41% found at same station in August (Figure (13)).
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Figure (13):Monthly Changes in proportion of Carnivores fish individuals among four stations in
Al-Hawizeh marsh

13. Proportion of detrivores individuals species

This group included only one species (Planiliza abu) of fish species that fishing in the present
study. It was recorded in high proportion in all study months and in all stations. The highest
proportion of detrivores individuals species 48.02% achieved at station 2 in June, while the lowest

proportion of them 28.98% presence at same station in October (Figure (14)).
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Figure (14):Monthly Changes in proportion of Detrivores (P.abu) fish individuals among four

stations in Al-Huwaizah marsh

145



Journal of Water Resources and Geosciences TWRS

J l of Wat
Vol. 2,No. 1, 2023 Resnu;;;sn:ns Ee::cl:lennes

14. Proportion of omnivores individuals species

This group included also only one species as C. carpio of fish species which caught in the
present study. The highest proportion of omnivores individuals species 2.45% reported at station
2 in October, while the lowest proportion of them 2% presence at same station and in same month
(Figure (15)).
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Figure (15):Monthly Changes in proportion of Omnivores (C.carpio) fish individuals among four
stations in Al-Hawizeh marsh
Integrated Biological Index (IBI)

The overall Integrated Biological Index value which calculated from 19 species and 9 families
of Al-Hawizeh marsh during the present study achieved (57.71%) and which inscribed within
impaired category. On the other hand, the average Integrated Biological Index values of four study
stations achieved 60.80%, 60.88%, 58.82% and 50.32% and evaluated within marginal impaired
category for stations 1, 2 while impaired in stations 3 and 4 respectively. The monthly variations
in Integrated Biological Index values of four studied stations of Al-Hawizeh marsh were showed
in (Figure (16)).
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Figure (16):Variations in IBI Index values for fish caught of four studied stations within Al-

Hawizeh marsh during study period

The results of similarity degree by using cluster analysis for Integrated Biological Index (IBI)
in the Al-Hawizeh marsh showed presence three main groups at a similar level of 77%, the first
main group included September only, , the second main group have only June at a similar level of
83%, whilst the third main group included of three secondary groups, the first secondary group
consisted of March, January, December, April, May, July, August and November at a similar level
of 100%, the second secondary group have only October at a similar level of 92%, whereas third

secondary group have February at a similar level of 83 (Figure (17)).
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Figure (17):Cluster analysis of similarity degree (%) for Integrated Biological Index value

among monthly fishing samples in the Al-Hawizeh marsh
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Discussion

The overall Integrated Biological Index value which calculated from 19 species of Al-Hawizeh
marsh during the present study achieved (57.71%) and which inscribed within impaired category,
this value higher than that recorded during the period 2005-2006 (53.2%) by Mohamed and
Hussain (2014) and which inscribed within Impaired category. Accordingly, the IBI values were
clearly varied among the studied stations, which showed clear differentiation in study area. The
highly scores recorded in station 2, which correspond to hydrological differences then fish
composition species and richness values. The high IBI scores in station 2 was associated with
highest value of fish richness, highest proportions of native and herbivores species individuals.
Conversely, the lowest IBI scores was revealed in station 4 which attributed to the highly
percentage of alien individuals, in addition decrease in the proportion of native individuals species

and richness values, regardless the presence most alien species in this station.

In the present study recorded 19 fish species distributed into 11 species of Native and 8 species
of Alien fish. In similar studies of Al-Hawizeh marsh which done by (Younis et al. 2008) revealed
presence 16 species divided into 12 species of Native and 4 species of Alien, and (Younis et al.
2011) found a total of 13 species of freshwater fish divided to 10 native and 3 of alien species,
Also, Mohamed and Hussain (2014) tested 15 species 11 of them were Native and 4 of Alien
species.

Alien species as C. auratus and C. Zilli and native species as P. abu recorded in highly numerical
abundant in all study stations which formed 6.65,29.41 and 38.2, whereas (Mohamed et al., 2014)
mentioned that the fish assemblage in the East Hammar marsh during 2012-2013 was dominated
by C. auratus where comprised 22.1%, while, P. abu and C. zilli giving a percentage 13.4% and
5.1% respectively of the total fishing number. The results of present study revealed that the fish
assemblage was clearly shifted in the percent of alien and the dominancy species and the fish
diversity compared with the previous status. The number of native species is naturally declining,
accompanied by an increase in number of alien species, that represented as a form of disturbances
coming from human influences, entering these species represents the increasing biological

disturbance with deteriorating water quality and environment (Mohamed , et.al.,2017).
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Hughes and Whittier (2005) mentioned that native species represent the basic building blocks
of a fish assemblage, and are a key component of diversity and the alien species indicate biological
pollution and a serious diversion from natural conditions, especially when they constitute a
substantial percentage of the assemblage, and including when they are deliberately introduced.
Researchers observed habitat degradation facilitating the underlying mechanisms causing the loss
of native fish diversity, the temporal replacement of specialized native fish by exotic fish (Olden
& Poff, 2003; Parks , et.al.,2014) .

Moreover, human modification of aquatic environment and entry Alien species might affect
seriously on native fauna and flora (Gozlan , et.al.,2010; Tarkan , et.al.,2012 a,b) similar to the
worldwide pattern (Hermoso and Clavero 2011). Further, the inland waters in Iraq have clearly
faced several drastic variations which included habitat alterations, entry alien species and declines
in native fish communities (Jawad, 2003 & Coad, 2010). As well as, (Hussein 2000) revealed the
ability of alien species in influencing on composition the fish community through competition,

predation and interference with resident local fish.

( Karr, et.al.,1986) showed the increase in number of alien fish species with the increase the
life disturbance in the water surface that led to decrease in number of native fish species and an
increase in number of entering species which are rapidly spreading, which happens its increased

environmental problems at the expense of other species.

The water quality, water level fluctuation and macrophyte coverage were among the most
influential factors affecting fish IBI in wetland ecosystems as reported by several authors (Minns
, et.al.,1994; Brazner & Beals, 1997; Bhagat , et.al.,2007). The water quality of Al-Hawizeh marsh
was good as mention (Richardson and Hussain et al., 2006; Hassan , et.al.,2011), as well as
(Brazner and Beals 1997) stated that increase fish species richness and abundance were often
correlated with increase macrophyte species richness and density. Therefore, the integrated
biological index (IBI) gives a clear indication to assessment of water bodies according to specific
criteria, and it is considered of an important means that help in manage the water resources and

protect them from environmental degradation (Hermoso , et.al.,2010).
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The IBI index values increased during the wet season and reached to the top during February
month, which associated with higher values of metrics that contribute to improving the
environment, study period characterized by an increase in the abundance index values of Al-
Hawizeh marsh with an increase in number of species. Thus, it associated with an increased in
number of native and alien species and their proportion, also with increase in proportion of
herbivores and Carnivores of fish species, with decrease in proportion of both C.auratus and
P.abu,in addition the omnivores and detrivores species during this period.

Lower the IBI scores metrics during the dry months was associated with higher metric values
which contributes in reduction of the index values. Where percentage of the alien species in the
marsh formed 42.11%, which is higher than 26.7% which recorded in previous study on Al-
Hawizeh marsh (Mohammed & Hussain, 2014). The increasing in number of C. zilli individuals
to the Iraqi environment and its presence in all monthly fishing samples this case not recorded in
previously studies which conducted after re-flooding Al-Hawizeh marsh, thus the increase in
proportion of alien species coincides with the high percent of individuals of the tolerant species
this supported study (Costa & Schulz, 2010) where showed that the tolerant species are the last to
leave the water surface at the deterioration time, that the increase in proportion of fish tolerated
with the deterioration of water quality and the decrease in concentration of oxygen in some months
to reach the critical limit and increase salinity during those periods (Radi, 2014), lead to dominance
of P. abu species in fish community of Al-Hawizeh marsh.

ACKNOWLEDGEMENTS

The authors acknowledge the Department of Marine Vertebrates, Marine Science Centre, the

University of Basrah, Iraq for supporting this project.

References

150



Journal of Water Resources and Geosciences IWRG

J l of Wat
Vol. 2, No. 1 ’ 2023 Resnu::ersn:ns Geau:clieu:es

Abd IM.2010. Ecological assessment of Chybayish marsh by adopting environmental and
biological indices. Ph.D. Thesis. University of Basrah. 160 . (In Arabic).

Adriansen HK. 2006. The Iragi Marshlands: Is Environmental Rehabilitation Possible? Danish
Institute for International Studies, the Applied Geography Conferences (29): 214- 223.

Al-Ali Majid Al-Sayed Wale Mohammed .1994. An entrance to the marshes of Irag. Iraq
Marshlands - Environmental Studies, Publications of Center Marine Sciences No.18. University
of Basrah, December 20-21.(In Arabic).

Al-Lami AA, Salim MA, Mohammed MA, Mohammed MK, Al-Zubaidi A, Kareem SO, AL-
Zaidawi J, Al-Taweel D, Salman KA, Khudair A, Khaled WA, Hoffman F. 2014. Ahwar of
Southern Iraq: Refuge of Biodiversity and the Relict Landscape of the Mesopotamian Cities.
Nomination Dossier for Inscription of the Property on the World Heritage List. The Republic of
Irag. 266.

Al-Shamary ACJ. 2008. Ecological assessment of fish assemblage for southeast AL-Hammar
Marshe, North of Basrah Iraq, by Biological Integrity Index. M.Sc. dissertation, College of Agric.,
Univ. of Basrah, 121. (In Arabic).

Barbour MT, Gerritsen J, Snyder BD , Stribling JB .1999. Rapid bioassessment protocols for use
in streams and wadable rivers: Periphyton, benthic macroinvertebrates and fish; Second Edition.
EPA 841-B-99-002. U.S.

Bhagat Y, Ciborowski JJH, Johnson LB, Uzarski DG, Burton TM, Timmermans STA,Cooper
MJ.2007. Testing a Fish Index of Biotic Integrity for Responses to Different Stressors in Great
Lakes Coastal Wetlands. J. Great Lakes Res. 33. 224-235.

Brazner JC, Beals EW.1997. Patterns in fish assemblages from coastal wetland and beach habitats
in Green Bay, Lake Michigan: a multivariate analysis of abiotic and biotic forcing factors.
Canadian Journal of Fishery and Aquatic Sciences 54:1743-1761.

Brousseau CM, Randall RG. 2008.Assessment of long-term trends in the littoral fish community
of Hamilton Harbour using an Index of Biotic Integrity. Canadian Technical Report of Fishery and
Aquatic Sciences,2811,ii + 85.

Coad BW. 2010. Freshwater fishes of Iraq. Pensoft Publishers, Sofia, Bulgaria, 274 + 16 plats.
Costa, P. and Schulz, U. 2010. The fish community as an indicator of biotic integrity of the streams
in the Sinos River basin, Brazil. Brazil Journal Biololgy, 70:1195-1205

151



Journal of Water Resources and Geosciences IWRG

J l of Wat
Vol. 2, No. 1 ’ 2023 Resnuﬂ:lersn:ns Geau:clieu:es

CRIM (Center of Ristoration of the Irag Marshland). 2019. Map of the Al-Hawizeh marsh southern
of Iraq with four stations.

Domad ZH. 2008). A Comparative Study of Hawizeh marsh by Use of Remote Sensing and
Geographic Information Systems (GIS), Master Thesis, Girls College of Education, Baghdad
University. 97. (In Arabic).

Ganasan V, Hughes RM. 1998. Application of an Index of biological integrity (IBI) to fish
Assemblages of the rivers khan and kshipra (Madhya Pradesh), India Freshwater. Biol. 40:367-
383.

Gozlan RE, Britton JR, Cowx IG, Copp GH. 2010.Current knowledge on non-native freshwater
fish introductions. Journal of Fish Biology 76 : 751-786.

Hameed EK. 2017.Study of Fish Assemblage Structure in the Garmat Ali River, South lIrag.
Msc.Thesis. Collage of Agriculture .University of Basrah 87.

Hassan W, Kareem S, Khassaf D, Ilewi D. 2011. Irrigation Water Quality of Al- Faw Village/Basra
City, Irag. Journal of Basra Research, 37(1), 33-41.

Hermoso V, Clavero M. 2011. Threatening processes and conservation management of endemic
freshwater fish in the Mediterranean basin: a review. Marine and Freshwater Research 62: 244 —
254,

Hermoso, V., Clavero, M., Blanco-Garrido, F. and Prenda, J. 2010. Assessing the ecological status
in species-poor systems: a fish based index for Mediterranean rivers (Guadiana River, SW Spain).
Ecological Indicators, 10: 1152-1161.

Hughes RM, Whittier TR. 2005. Biological condition Index development for the lower Truckee
River and Eastern sierra Nevada Rivers: fish Assemblage, Nevada Division of Environmental
Protection, 81.

Hughes, R. M., Whittier, T. R. and Lomnicky, G. 2006 . Biological condition index development
for the lower Truckee River and Eastern Sierra Nevada Rivers:fish assemblage.Fisheries,301:15-25.
Hussein SA. 2000. Interaction between introduced exotics and native Icthyofauna and their impact
on aquatic ecosystems, southern Irag.Basrah J.Sci.B.,18(2):125-146.

Jawad LA. 2003. "Impact of environmental change on the freshwater fish fauna of
Irag.”International Journal of Environmental Studies 60: 581-593.

152



Journal of Water Resources and Geosciences IWRG

J l of Wat
Vol. 2, No. 1 ’ 2023 Resnuﬂ:lersn:ns Geau:clieu:es

Karr JR, Dudley DR. 1981. Ecological perspective on water quality goals. Environmental
Management,11, 249-256.

Karr JR, Fausch KD, Angermeier PL, Yant PR, Schlosser 1J. 1986. Assessing biological integrity
in running waters: A method and its rationale. Illinois Nat. Hist. Surv. Spec. Publ. 5, 28.

Minns CK, Cairns VW, Randall RG, Moore JE. 1994. An index of biotic integrity (IBI) for fish
assemblages in the littoral-zone of Great-Lakes areas of concern. Can. J. Fish. Aquat. Sci.,
51.1804-1822.

Mohamed AM, Hussein SA, Lazem LF. 2015. Spatiotemporal Variability of Fish Assemblage in
the Shatt Al-Arab River, Iraq. Basrah .Journal of Coastal Life Medicine 2015; 3(1): 27-34.
Mohamed AM, Younis KH, Hameed EK. 2017. Status of Fish Assemblage Structure in the
Garmat Ali River, Irag. IOSR Journal of Agriculture and Veterinary Science (IOSR-JAVS) e-
ISSN: 2319-2380, p-ISSN: 2319-2372. 10(2) Ver. 1l. 17-22 www.iosrjournals.org.

Mohamed AM. 2014. A Fish Index of biotic integrity for evaluation in restored Chybaish marsh
Iraq. G.J.B.A.H.S.3(1):32-37 ISSN: 2319 — 5584.

Mohamed ARM, Hussain NA. 2012. Evaluation of fish assemblage environment in east Hammar

using Integrated Biological Index . Basrah Journal of Science, 30(2):87-105.

Mohamed ARM, Hussain NA.2014. Evaluation of fish assemblage environment in Huwazah
marsh, Iraq using Integrated Biological Index. International Journal of Current Research, 6(4).
6124-6129.

Mohamed, A.M. 2014. A Fish Index of biotic integrity for evaluation in restored Chybaish marsh
Irag.Global Journal of Biology, Agriculture and Health Sciences. 3: 32-37.

Mohamed, A.M. and A.N. Abood 2017. Ecological Health Assessment of the Shatt Al-Arab River,
Irag. IOSR Journal of Agriculture and Veterinary Science (IOSR-JAVS), 10 (10): 2319-2380.
Olden JD,Poff NL.2003.Toward a mechanistic understanding and prediction of biotic
homogenization.Am.Nat.,162.442-460.

Parks TP, Quist MC, Pierce CL. 2014. Historical Changes in Fish Assemblage Structure in
Midwestern Nonwadeable Rivers. Am. Midl. Nat., 171. 27-53.

Radi, F.K. 2014 . Assessment of Al-Hamar marsh protectorate nature for uses ecology index
Unpublished Msc. thesis Basrah University,lraq , 113pp.(In Arabic).

153


http://www.iosrjournals.org/

Journal of Water Resources and Geosciences IWRG

J l of Wat
Vol. 2, No. 1 ’ 2023 Resnuﬂ:j:sn:ns Geau:;ieuczs

Richardson, C. J. and Hussain, N. A. 2006. Restoring the Garden of Eden: An Ecological
Assessment of the Marshes of Iraq. BioScience, 56 (6) :477- 489.

Tarkan AS, Copp GH, Top N, Ozdemir N, Onsoy B, Bilge G, Filiz H, Yapici S, Ekmekci FG,
Kirankaya SG, Emiroglu O, Gaygusuz O, Oymak A, Ozcan GO. 2012a. Are introduced gibel carp
Carassius gibelio in Turkey more invasive in artificial than in natural waters? Fisheries
Management Ecology 19: 178-187.

Tarkan AS, Gaygusuz O, Sa¢ G, Copp GH. 2012b. Circumstantial evidence of gibel carp,
Carassius gibelio, reproductive competition exerted on native fish species in a mesotrophic
reservoir. Fisheries Manag. Ecolo. 19:167-177.

UNESCO office for Iraq. (2016). The marshlands of Iraq inscribed on UNESCO’s world

heritage list. Available:http://www.unesco.org/new/en/irag-office/about

thisoffice/singleview/news/the_marshlands_of irag_inscribed_on_unescosworld_heritag/.
UNESCO. 2018. Iraq World Heritage Site: The Ahwar of Southern Iraq: Refuge of Biodiversity
and the Relict Landscape of the Mesopotamian Cities. Downloaded from
https://whc.unesco.org/en/list/1481 on 9 December 2018.

Uzarski DG, Burton TM, Cooper MJ, Ingram J, Timmermans S. 2005 . Fish habitat use within

and across wetland classes in coastal wetlands of the five Great Lakes: development of a fish-
based index of biotic integrity. Journal of Great Lakes Research 31(supplement 1): 171-187.
Younis KH, Al-Mossawy MH, Jabir AA. 2011. Composition structure of fish assemblage in Um
Alnaaj, Al-Hawizeh marsh, Irag. Basrah Research Journal (Scientific) 3:49-59.

Younis KH, Al-Mukhtar MA, Al-Katrani LM, Abdullah AJ, Abdullah SA. 2008.The study of
nature of fish assemblage in Al-Saffia reservation, Al-Hawizeh marsh, Iragi J.Aquacult. 5(2) : 73-
84.

Younis KH, Hussain NA, Mohamed ARM. 2010. Ecological assessment of fish assemblage in the
Shatt Al-Arab River-Karmat Ali, Basrah using Integrated Biological Index (IBI). J.the Univ.of
Karbala (Special Issued): 22-31.

154


http://www.unesco.org/new/en/iraq-office/about%20thisoffice/singleview/news/the_marshlands_of_iraq_inscribed_on_unescosworld_heritag/
http://www.unesco.org/new/en/iraq-office/about%20thisoffice/singleview/news/the_marshlands_of_iraq_inscribed_on_unescosworld_heritag/

