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Abstract 
 
  Seasonal ecological indices were calculated for three keystone biological groups 
(macroinvertebrates, fishes and aquatic birds) during the period 2005-2007 in three types of restored 
southern Iraqi marshes freshwater non-tidal (Huwaiza), oligosaline non-tidal (West Hammar) and 
mesosaline tidal (East Hammar). It seem that each marsh have its own timing for increase or decrease of 
diversity, richness and evenness. In general high modes for ecological indices appeared in summer and 
spring for macroinvertebrates and fishes lower ones in autumn and winter respectively, aquatic birds have 
high score in winter–spring period and low one in summer. Differences did existed in styles and timing of 
highest and lowest values in three types of marshes due to different prevailing ecological situation. Summer 
was the time for higher score for ecological indices for macroinvertebrates and fishes, winter recorded the 
lowest values. Aquatic birds have different mode. Non-tidal freshwater marsh was similar to non-tidal 
oligosaline marsh especially in timing of high mode of ecological indices. Tidal mesosaline marsh partly 
similar to non-tidal oligosaline and wildly different to that non-tidal freshwater marsh. The ecological 
indices of aquatic birds improved gradually to reach integrated status. The improvement of hydrological 
situation of the restored marshes led to improve of ecological indices especially those of aquatic birds.  
 
Keywords; Southern Iraqi Marshes, macroinvertebrates, fishes, birds, ecological indices. 

Introduction 
 Dudgeon et al. [1] indicated that water flow modifications was one of five reasons affected 
freshwater biodiversity including over exploitation, water pollution, habitat degradation and invasion of 
alien and exotic species which repercussion ecological indices in wetlands. Abel [2] illustrated the 
importance of ecological indices to monitor effect of pollution on biological community and counted the 
most important of them. Izsák and Papp [3] highlighted the importance of ecological indices and their 
sensitivity to monitor the abundance of different species. While [4) discussed the usage of ecological 
indices to monitor the spatial and temporal effects of drought and reduced water level on the fish 
assemblages in freshwater habitat.  
 Wetlands of southern Iraq consisted of different types of marshes which differ substantially in 
number of species and individuals they support [5, 6,7]. The prevailing environment of these marshes differ 
according to the limiting factors controlling like water temperature, salinity, hydro period, nutrients 
availability and level of ecological diversity or functions of these marshes like primary production, 
decomposition and major elements cycles [8, 9, 10,11]. Hussain [12] categories the southern marshes to 
freshwater non-tidal marsh like Huwaiza, oligosaline non-tidal marsh like West Hammar and mesosaline 
tidal marsh like East Hammar.  
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 Measurements of ecological indices in southern marshes started after 2004 in attempt to elevate 
the restoration programs initiated by Iraqi government, intentional agencies and several private programs. 
These schemes and programs were not devoted to measure species bio
functional biodiversity like aquatic plants and filaments algae, as primary producer and base for trophic 
hierarchy in the restored marshes.  
  No previous studies were traced deal with ecological indices before the ca
during the nineties of last century. Studies on the biodiversity were resumed after the inundation of the 
southern marshes in 2003. Recent published articles and reports dealt mostly with one group of organisms 
in one type of the southern marshes, like [13] on phytoplankton, [14] on macroinvertebrates, [15] on 
aquatic birds, [16,17,18,19, 20] on fishes, [21] on macrophytes, [22] on gastropod and [23] on mammals, as 
well as few comprehensive reports of [24, 25, 26] dealt with several m
three major southern marshes. 
 The aims of present work to highlight the seasonal pattern of ecological indices (diversity, 
richness and evenness) of macroinvertebrates, fishes and aquatic birds in three types of southern
marshes, non-tidal freshwater marsh (Huwaiza), non
mesosaline marsh (East Hammar) in attempt to understand their seasonal fluctuations. 
 

Materials and Methods
 
 Row data were obtained from the project
the seasonal ecological indices (diversity by [27] richness by [28] evenness by [29] for macroinvertebrates, 
fishes and aquatic birds in Huwaiza, West Hammar and East Hammar marshes.  Rating of ecologica
indices levels were modified from [30] for ecological indices and modified to suit the ranges of ecological 
indices of southern marshes, as exhibited by [31].
 

                                         Figure 1. The three monitored southern Iraqi marshes Huwaiza, West Hammar and  East Hammar
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Results  
 Data for 2005- 2007 were used to obtain seasonal modes for macroinvertebrates, fishes and  
aquatic birds because they represent more stable environment after three years of inundation of the restored 
marshes.  
Non-tidal freshwater marsh (Huwaiza) 
 During 2005- 2006 period, the highest diversity data for macroinvertebrates (0.84), fishes (1.77) 
and aquatic birds (2.7). High richness scores for macroinvertebrates (4.0), fishes (2.05) and aquatic birds 
(4.16). Range of evenness values for macroinvertebrates were between 0.25-0.4 ,fishes 0.61-0.83 and 
aquatic birds 0.65- 0.77, four cases noticed below the acceptable level score (0.6) for macroinvertebrates 
(tables, 1). 
 In 2006-2007 period improved scores noticed, the highest diversity data for macroinvertebrates 
(1.46), fishes (1.76) and aquatic birds (2.79). High richness scores for macroinvertebrates (3.1), fishes 
(2.04) and aquatic birds (3.64). Range of evenness values  for macroinvertebrates were between 0.4-0.8,for 
fishes 0.5-0.7 and aquatic birds 0.6- 0.8, only two cases encountered below the acceptable level score (0.6)  
for macroinvertebrates and fishes (table, 1). 
 Non-tidal freshwater marsh the highest value for diversity, richness and evenness for 
macroinvertebrates and fishes were noticed in summer and the lowest in winter, spring and autumn 
respectively. Aquatic birds exhibited the highest seasonal diversity in summer, richness in autumn and 
evenness in spring. Lower values were in autumn, summer and summer respectively (table, 2). 
Patterns appeared in non-tidal freshwater marsh   

(i) Diversity was at highest level for macroinvertebrates, fishes and aquatic birds in summer and the 
lowest in winter and autumn. 

(ii) Richness was high in summer for macroinvertebrates and fishes and aquatic birds in autumn.  
(iii) Evenness was high for macroinvertebrates and fishes in summer and aquatic birds in spring. 
(iv) Summer experienced the highest scores of ecological indices for macroinvertebrates, fishes and 

aquatic birds. Lower values were noticed in different seasons (figs 2, 3 and 4). 
Non-tidal oligosaline marsh (West Hammar) 
 In 2005-2006 periods the highest diversity data for macroinvertebrates 0.85, fishes 1.46 and 
aquatic birds 2.89. High richness scores for macroinvertebrates 5.6, fishes 1.45 and aquatic birds 3.48. 
Range of evenness values were between 0.2- 0.8 for macroinvertebrates 0.81-0.86 for fishes and 0.83- 0.87 
for aquatic birds, three cases recorded below the acceptable level score (0.6) for macroinvertebrates (tables, 
1). 
 In 2006-2007 periods the highest diversity record for macroinvertebrates 1.7, fishes 1.46 and 
aquatic birds 2.68. High richness scores for macroinvertebrates 3.34, fishes 1.45 and aquatic birds 3.62. 
Range of evenness values were between 0.6-0.8 for macroinvertebrates,0.5-0.63 for fishes and 0.8 for 
aquatic birds, only two cases appeared below the acceptable level score 0.6 for fishes (tables, 1). 
 Seasonal pattern of macroinvertebrates ecological indices were noticed, with highest value for 
diversity, richness and evenness in summer and lowest one in winter, winter-summer and winter 
respectively. Fishes were different with highest diversity value in spring, richness in summer and evenness 
in autumn. Lower values of diversity, richness and evenness for fishes were in winter, winter-summer and 
winter respectively.  Aquatic birds have different modes with high diversity, richness and evenness in 
winter, autumn and spring respectively. Lower values were in summer, winter and summer (table, 2). 
Patterns recorded in non-tidal oligosaline marsh 

(i) No pattern for high diversity scores but lower values for macroinvertebrates and fishes have 
the same timing in winter.  

(ii)  Richness for macroinvertebrates and fishes have high scored in summer and lower values in 
winter-summer period respectively.  
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(iii)  No pattern for high evenness, but lower scores happened in winter for both 
macroinvertebrates and fishes  

(iv) Aquatic birds have different timing for high and low values of the three ecological indices 
(figs. 5, 6 and 7). 

Tidal mesosaline marsh (East Hammar) 
 In 2005-2006 period the highest diversity data for macroinvertebrates (0.63), fishes (1.72) and 
aquatic birds (2.48). High richness scores for macroinvertebrates (5.3), fishes (2.07) and aquatic birds 
(3.13). Range of evenness values were low for macroinvertebrates ,for fishes between 0.09- 0.11 and fishes 
between 0.65-0.86, and aquatic birds 0.75-0.86. Two cases were recorded below the acceptable level score 
(0.6) for macroinvertebrates (table, 1). 
 In 2006-2007 periods the highest diversity data for macroinvertebrates 1.6, fishes 1.71 and aquatic 
birds 2.43. High richness scores for macroinvertebrates 1.12, Fishes 2.07 and aquatic birds (2.92). Range of 
evenness values for macroinvertebrates vary between 0.6 and 0.8, for fishes 0.5-0.6 and aquatic birds 
between 0.6 and 0.8 .Two cases appeared below the acceptable level score (0.6)  for fishes  (tables, 1).  
 Seasonal changes of macroinvertebrates ecological indices were noticed with highest value for 
diversity, richness and evenness were in spring respectively. Lower values in summer, winter-spring and 
autumn-winter respectively. Fishes got the highest values for diversity, richness and evenness were in 
summer and lower values noticed in autumn-winter, winter-spring and autumn-winter respectively. Aquatic 
birds showed highest values for diversity, richness and evenness in spring, autumn and winter, lower values 
were in autumn, spring and summer respectively (table, 2). 

Patterns noticed in tidal mesosaline marsh (East Hammar)  
(i) Tidal action, moderate salinity, migration of marine macroinvertebrates, estuarine fishes and coastal 

birds made high diversity scores in spring for all three main groups.  
(ii)  Richness exhibited higher pattern in spring season, for macroinvertebrates and fishes, and aquatic birds 

in autumn. No lower mode formulated. 
(iii)  Evenness recorded highest modes in summer and spring-summer for macroinvertebrates and fishes 

respectively and lower modes in autumn- winter. Aquatic birds high mode in winter and lower one 
summer, (figs 8, 9 and 10). 

(iv) Numbers of high ecological indices scores for macroinvertebrates were six in summer and three in 
spring .In case of fishes were seven in summer and one in spring and autumn respectively. Aquatic birds 
recorded three in spring and autumn respectively. Low modes for macroinvertebrates were six in winter 
and two in spring, summer and autumn respectively. In case of fishes were six in winter and two in spring, 
summer and autumn respectively. Aquatic birds recorded four in summer, two in winter & autumn and one 
in spring (tables, 2). 
(v) Generally, ecological indices rose for aquatic birds during 2006 and 2007, especially during autumn and 
winter. The highest richness values were recorded in Huwaiza in comparison with other two type marshes.  

Table 1.  Ecological indices (diversity, richness and evenness) of macroinvertebrates, fishes and aquatic birds in Huwaiza, West 
Hammar and East Hammar during 2005- 2007 

 

Marshes Indices Diversity (0-5) Richness (0-≥5) Evenness (0-1) 

groups Win Spr Sum Aut Win Spr Sum Aut Win Spr Sum Aut 

-2
00

6 -
20

05
 

Non-tidal 
 Freshwater  

Macrinv 0.54 0.7 0.84 0.53 3.6 2 4 2.3 0.36 0.4 0.25 0.4 

fish 1.14 1.56 1.77 1.5 1.33 1.78 2.05 1.5 0.61 0.83 0.63 0.66 

birds 2.14 2.39 2.7 2.64 3.54 4.08 4.16 2.03 0.65 0.73 0.77 0.68 

Tidal  
mesosaline 

Macrinv 0.63 0.42 nill nill 5.3 5 nill nill 0.11 0.09 nill nill 

fish 1.4 1.72 1.6 1.41 1.22 2.07 2.07 1.67 0.86 0.84 0.77 0.65 

birds 1.39 2.16 2.48 nill 2.29 2.62 3.13 nill 0.75 0.78 0.86 nill 
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Non-tidal 
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Macrinv 1.18

fish 1.14
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Macrinv 1.6 

fish 1.4 
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Non-tidal   
oligosaline 

Macrinv 1.16

fish 1.07
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Table 2. High and low modes of ecological indices of macroinvertebrates, fishes and 
(Non-tidal Freshwater, Non-tidal oligosaline and Tidal mesosaline), Wi= winter, Sp= Spring, Su= Summer and Au= Autumn

Marsh 
type 

                      

Ecological
indices

Non-tidal 
 Freshwater  

Diversity

Richness

Evenness

Non-tidal   
oligosaline  

Diversity

Richness

Evenness

Tidal  
mesosaline  

Diversity

Richness

Evenness

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Seasonal variations in values of diversity index in Huwaiza
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0.37 0.38 0.85 0.76 5.6 4.6 3.3 5.3 0.2 0.8 

1.07 1.46 1.27 1.28 1.19 1.41 1.45 1.21 0.82 0.81

2.36 2.43 2.53 2.89 2.86 3.32 3.48 2.42 0.86 0.85

1.18 1.46 1.37 0.53 1.4 1.3 3.1 1.5 0.8 0.8 

1.14 1.56 1.76 1.5 1.33 1.78 2.04 1.5 0.5 0.6 

 2.75 2.79 2.29 3.64 3.5 3.12 3.49 0.6 0.8 

 1.46 1.11 nill 1.06 1.12 1.09 nill 0.8 0. 7

 1.71 1.59 1.41 1.22 2.07 2.07 1.67 0.6 0.6 

2.43 2.37 2.25 2.07 2.92 2.78 2.51 2.32 0.8 0.8 

1.16 1 1.7 1.1 0.73 1.24 3.34 1.39 0.7 0.6 

1.07 1.46 1.27 1.28 1.21 1.41 1.45 1.19 0.5 0.6 

2.68 2.5 2.47 2.63 3.34 3.41 3.13 3.62 0.8 0.8 

High and low modes of ecological indices of macroinvertebrates, fishes and aquatic birds in three types of Iraqi marshes 
tidal oligosaline and Tidal mesosaline), Wi= winter, Sp= Spring, Su= Summer and Au= Autumn

                      Season   
mode  

   average 
Ecological 

indices 

Macroinvertebrates Fishes Aquatic 
birds 

High Low High Low High Low

Diversity Su Wi Su Wi Su Au

Richness Su Sp Su Sp Au Su

Evenness Su Au Su Au Sp Su

Diversity Su Wi Sp Wi Wi Su

Richness Su Wi- Su  Su Wi- Su  Au Wi

Evenness Su Wi Au Wi Sp Su

Diversity Sp Su Sp Au-Wi Sp Au

Richness Sp Wi- Sp  Su Wi- Sp Au Sp

Evenness Sp Au-Wi Su Au-Wi Wi Su

Seasonal variations in values of diversity index in Huwaiza Marsh. 
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Figure 3. Seasonal variations in values of richness index in Huwaiza Marsh.

 

 
 
 
 
 
 
 
 
 
 

 
Figure 4. Seasonal variations in values of evenness index in Huwaiza Marsh.

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Seasonal variations in values of diversity index in W
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Fig. 6. Seasonal variations in values of richness index in W

 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Seasonal variations in values of evenness index in W

 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Seasonal variations in values of diversity index in E
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Figure  9. Seasonal variations in values of richness index in E

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Seasonal variations in values of evenness index in 

General discussion 
 Abiotic and biotic factors play the major roles in determining the pattern of changes of ecological 

indices in southern marshes. The rise of water level in spring and early summer brought nutrient necessary 

for spring phytoplankton blooms [32] coincide with peaks of zooplankton [33], then followed by 

congregation of freshwater fishes for spawning season [34]. These ecological events increase diversity, 

richness and somehow the evenness in spring 

bloom resulted in flourishing of macroinvertebrates which expressed in shape increase of diversity and 

richness. Availability of food resource in spring

[17, 18]. In summer productivity collapse resulted in decline of diversity and richness but increase of 

evenness as result of recruits of young of the year. During spring

tidal mesosaline marsh the migrations of marine fishes 

richness of fishes and macroinvertebrates. In late autumn the southern marshes experience the migration of 
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ducks and coastal birds to the marshes which play a major role in rising of diversity and richness. Late 

spring these migratory birds will return back to their original habitats leading to decrease in ecological 

indices [15]. These ecological events match well with [9] and [10] postulation that species diversity effect 

largely by functional diversity.  

 In general the patterns of seasonal changes of diversity were different according to the prevailing 

environment of the specific type of the marsh, since they are different in type [31]. Applying Beta diversity 

index showed a certain degree of species dissimilarity existed between types of southern marshes [35]. 

 It seems that 2006 have better ecological indices records in comparison with 2005 and 2007. 

Ecological indices in 2006 got higher score values in comparison with 2005 could due to high water 

impulse to the southern marshes (it was consider as wet year), which led to boost the primary production of 

aquatic plants and algae; Again the decline in 2007 could be explain by low water discharge since it 

consider as dry year [31]. Macroinvertebrates in 2005 exceed this limit 2.05 in three types of marshes could 

be due to the low abundance of predators of carnivores fishes and wader birds. Aquatic birds scored better 

values and reach to 5.7 indicating the return of winter migrating of waterfowls to the marshes as favorite 

place for rest and feeding.  

 Evenness values explain the limited distribution of number of individuals on different groups 

during 2005, 2006 and 2007 period could be due to the shortage of food supply and shrinking shelter of 

aquatic plants and filaments algae and increase in numbers of predators like fishes and wader birds 

especially for gastropod, bivalves and shore crabs [12]. Shortage of freshwater supple as in the case of 

solely occurrence of pygmy cormorant (Phalacrocorax pygmaeus) in Huwaiza marsh, because of 

freshwater environment in compression with other marshes [15]. Increase of salinity encourage the 

migration of several marine fish species (like Liza spp, Thryssa spp. Tenualosa ilisha, etc.) to East Hammar 

marsh [18, 36]. 

  Lower diversity and richness express that the communities of macroinvertebrates and fishes in the 

three types of southern marshes expressed disturbed community and environment which need more time 

and favorable hydrological conditions to recover back to its normal status. Aquatic birds ecological indices 

indicated that their assemblages were well restored and approach integrated status could be due to late 

autumn-winter migration of waterfowls from cold area [15] and coastal migration of some terns, gulls and 

herons.  

 Similar improvement in ecological indices (diversity, richness and evenness) in 2006 were noted 

also for aquatic plants, phytoplankton and zooplankton in southern marshes in comparison with that of 

2005 [21, 13]. 

 The improvement of hydrological situation of the restored marshes led to improve of ecological 

indices especially those of aquatic birds as demonstrated during 2006-2007 periods [37].   

 We concluded that seasonal fluctuations have different pattern depend on environmental condition 

prevailing, the majority of diversity values recorded in southern marshes were less than the middle range 

(2.5) of scale (0-5) in Huwaiza, west Hammar and east Hammar, except aquatic birds exceed that limit, 



Mesopotamia Environmental Journal (MEJ)                                      MEJ                                   
2014, Vol.1, No.1:7-17. 

Www.bumej.com 16 

 

mainly due to the abundance of migratory waterfowls in autumn-winter. Diversity values of less than 2 

were common in freshwater community, because they are confined and limited number of species and 

didn’t expose to seasonal migration. [8 , 9]. 
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