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Abstract

       Benthic diatoms are considered as bio-indicators in lotic ecosystems. The present study is conducted to assess the environmental status of Al-Shamiya river by applying of diatomic indices (epipelic diatom). Fifteen diatomic indices were used in this study. Saprobic index, Pollution Tolerance Index, Palmer Pollution Index, Percent Sensitive Species and  Index of Pollution Sensitivity were used as pollution indices. While trophies indices were trophic State Index, Trophic Diatom Index, Diatomic Index, Generic Diatomic Index and Biological water Quality. Furthermore, the study included the diversity indices such as  Simpson index,  Richness Index, Shannon-Weaver Index, Evenness Index and McIntoch Diversity Index. According to these indices the quality of the river is ranged from less polluted to moderate pollutes., as well as, they indicate the trophic status of the river. 
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Introduction
It is very important for evaluating or monitoring an aquatic ecosystem to use more than metric such as physicochemical properties  and aquatic organisms. In the case of running water, it prefers to use benthos such as epipelic algae [1;2]. Lavoie et al. [3]  has used benthic algae in the stream and in the river as a bio-indicator of pollution. Maznah and Omar [4] revealed that the use of algae as bio-indicators are important to identify the alteration of water quality in the freshwater ecosystems. In addition, Cosgrovea et al. [5] has used periphyton as bio-indicators for water quality.

Benthic algae are considered as primary producers in lotic ecosystems and also have a role in the cycling of nutrients in an aquatic system. They act as an energy source for many benthic fauna. Moreover, their roles in  nutrients recycle. (Through the water column and sediment), and the transformation of inorganic materials into organic matrials via photosynthesis in sediment were also known [6]. In addition, they were considered as oxygen sources for the water and sediment [7; 8]. Bellinger and Sigee [9] have mentioned that the freshwater algae gives two types of water quality information (long and short terms).  Also, Scheffer [10] revealed that benthic algae are used as an assessment tool for pollution levels.  Using of some organisms which are well known as bio-indicators or bio-monitors will give some explanations of the interaction between ecosystem components [11; 12]. 

The importance of benthic algae in Iraqi aquatic ecosystems was recently investigated [13; 14; 15]. Many authors have previously recognized benthic algae as bio-indicators in different aquatic ecosystems [16; 17; 18]. The benthos algae was considered to be resistant to the alterations of the environment and the pollution, which due to their ability to attach to the  benthic substrates [6]. 

Diatoms are the most predominant algae in different aquatic systems. This peridominancy might be due to their ability to tolerate the alteration in the environment. Diatoms  were defferntially response to pollution, some of these algae are sensitive and other are tolerant [19; 20; 21].  

The abundance of diatomic algae was also observed in different studies. The abundance of some diatomic species may reflect the status of the aquatic ecosystem such as the trophic status or organic pollution and water quality [22; 23; 24]. Many authors have pointed out the abundance of diatoms and explained that the diatomic algae had the ability to alter the conditions of their environment, but their community structure is responded, according to the alteration of  physicochemical and biological variables in the ecosystem [25; 26; 27] observed the high diversity of epipelic algae in four aquatic systems, that  having a gradient of salinity in the central of Iraq. Essa [28]  used diatoms as bioindicators in some aquatic systems in the Basra region, Iraq, and here the author has stated that the status of these sites is ranged between oligo-mesotrophic and mesotrophic, in exception of only one site which was trophic.

 
The relation between diatoms and environmental variables are robust and quantifiable, making diatoms sutible quantitative indicators of ecological conditions in the lotic systems [29; 30]. The relationship has been found to be even stronger than those from lentic environments [31]. Each particular species are related very closely to other species and requires different structural, physical and chemical characteristics that intrinsically to its habitat. Whenever these characteristics are subjected to variations, the composition of the niche is affected; species vary in their sensitivity, and thus be more resistant to environmental changes, which caused either by natural fluctuations or by human activities may be favored by selection [32]. 

Understanding the relationship of geography and the ecological factors to diatom distribution is important to the process of developing diatom-based water quality indicators. Differences in diatom species composition among geographical areas, are caused not only by environmental variation, but also by historical processes of spe​cies dispersal and colonization, which in turns add the difficulties in apply​ing of a uniform methods for water quality assessment using diatoms [33]. Reliable diatom metrics development requires a careful investigation of data sets in terms of the major environmental gradients underlying species composition. Martin and Fernandez [34] mentioned that benthic diatom indices are  important and suitable to use in the lotic ecosytems. 

The present study selected epipelic diatoms because these diatoms reflected the environmental status of the study area. The present study is aimed to apply the fifteen indices in the lotic ecosystems (Al-Shamiyah River) to evaluate their water quality and to use these indices tool for  monitoring in Iraqi aquatic systems.

Material and Methods

Sample collection and identification
          Al-Shamiyah River was selected as lotic ecosystems to apply the diatomic indices.  Four sites were selected, site 1 represents upstream and site 4 refers to the downstream, whereas, the rest of the sites are within the city of Al-Shamiyah (Fig. 1). 
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Figure 1: Location of sites on Al-Shamiyah River (Followed Hassan and Shawaait [21].

The study was performed within the period from March, 2013 to Febrary, 2014.  All physicochemical parameters were determined according to APHA [35], Parsons et al. [36] and Gaudette et al. [37]. The Physicochemical, qualitative  and quantitative studies of diatoms were already published by the authors (Hassan and Shawaait [15; 21]). 
Table1. The biological  indices used in this study. 
	Item
	Index(Symbol)
	Type of index and its reference

	
	
	Pollution
	Trophic
	Diversity

	1
	Saprobic (S)
	Pantle and Buck [38]
	-
	-

	2
	Pollution Tolerance Index (P.T.I)
	Lang-Bertalot [39]
	-
	-

	3
	Palmer Pollution Index(PPI)
	Palmer [40])
	-
	-

	4
	Index of Pollution Sensitivity (IPS)
	Prygiel and Coste [41]
	-
	-

	5
	Biological Water Quality Index (BWQI)
	Wegl [42]
	-
	-

	6
	Percent Sensitive Species (SS%)
	-
	Metzmeier [43]
	-

	7
	Trophic diatom index (TDI)
	-
	Kelly and Whitton [44]
	-

	8
	Diatomic Index (DI)
	-
	Descy [45]
	-

	9
	Generic Diatom Index (GDI)
	-
	Lecointe et al. [46]
	-

	10
	Trophic State Index(TSI)
	-
	Nygaard [47])
	-

	11
	Simpson Index (SI)
	-
	-
	Simpson [48]

	12
	Richness index (D)
	-
	-
	Stiling [49]

	13
	Shannon-Weaver index (H')
	-
	-
	Shannon and Weaver [50]

	14
	Evenness index (E)
	-
	-
	Neves et al. [51]

	15
	McIntoch Diversity Index (Mc)
	-
	-
	McIntoch [52]


Statistical Analysis
Statistical Package for the Social Science (SPSS) is used for statistical analysis and canonical correspondence analysis (CCA) were used for statistical analysis via the computer program version 4.5 [53]. 
Results and Discussion

The physicochemical parameter was already discussed by authors [21]. Al-Shamiya river was alkaline, oligohaline, very hard water, oxygenated water and less permissible concentration of biochemical oxygen demand (BOD5). According to Chlorophyll-a concentration the river was oligotrophic. 

The average of the  total number of diatoms is ranged from 15.51 to 35.22 cells × 104/cm2. The dominance of diatoms in the lotic ecosystems was well known in Iraq [13; 24]. 

Authors [15] studied the composition of epipelic diatoms in Al-Shamiyah River and a total of 173 diatoms taxa were recorded. The epipelic  were predominated with pennate diatoms. Generally, it is very known that in the freshwater ecosystems the pinnate diatoms are predominant, while the centric diatoms are predominate in the marine ecosystems [54].   

Different Saprobic index (S) was recorded among the study sites. The mean values were ranged from 1.64 in site 2 to 1.72 in  site 1 and 4. While its values in site 3 and 1 were 1.51 and 1.87, respectively (Table 2 and fig. 2).  These values indicated that Al-Shamiyah River is slightly oligosaprobic to moderate (Beta-mesosaprobic)  according to Lowe [55].  In oligosaprobic pollution all material and biodegradable  compounds will be fully oxidative while in the mesosaprobic pollution the organic load will be continuously oxidative [16].  This result might be due to leak organic material and sewage from nearby farmland and domestic into the river this load will be less effective during increased water discharge [16; 56].  The quality and quantity of diatoms will be affected by this index so some of the diatoms are existed as a common or predominant according to their tolerance to pollution [57]. 
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Figure 2: seasonal variations  in the   Saprobic Index (S);   in Al-Shamiyah River during the study period.

Pollution Tolerance Index (PTI) determines the pollution  by using diatoms to assess the health of  aquatic ecosystems such as rivers [58]. This index is value ranged from 1.61 at site 3 in Spring  2014 to 2.74 at site 1  in Autumn 2013 ( Table 2 and Fig. 3).  These results  indicated that the river was least polluted to moderately polluted water according to the classification of water pollution by Lange-Bertalot [39].  This classification  revealed that the values of PTI were ranged from 1 to 4, since the 1 indicated themost polluted water while the 2, 3 and 4 numbers indicated the moderately polluted water and least polluted water, respectively. Hence PTI results of the Al - Shamyiah river are in agreement with Saprobic  index.
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Figure 3: Seasonal variations  in the   Pollution Tolerance Index (PTI),   in Al-Shamiyah River during the study period.

Palmer Pollution Index (PPI) values for epipelic diatoms are ranged from 4.25 at site 2 in Summer  2013 to 11 at site 1 and 4 in Spring 2014, (Table 2 and Fig. 4). The values of the Palmer index were less than 15 and considered as drift in slowly eutrophic status [40; 59]. Similar results were also observed in the two water bodies in India [60]. The palmer index values are confirmed the (PTI) and (S) index results.
(Ramakrishnan, 2003). The palmer index values confirmed the (PTI) and (S) index results.
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Figure 4: Seasonal variations  in the Palmer Pollution Index (PPI); in Al-Shamiyah River during the study period.

The results of the index of Pollution Sensitivity (IPS) of epipelic diatoms showed that Al-Shamiyah river was moderate to good according to IPS values. These mean values ranged from 11.81 at site 4 to 13.85 at site 2 (Table 2 and Fig. 5). Both the low and the high  values were recorded in the cold months (in winter 2013). 
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Figure 5: Seasonal variations  in the Index of Pollution Sensitivity (IPS), in Al-Shamiyah River during the study period.
Results of Biological Water Quality Index (BWQI) showed that the studied river was moderate to heavily polluted and mostly moderate polluted according to Lobo et al. [61] scale. This scale has varied from 1 to 4 as follows: 0.0-0.9 (pollution absent), 1.0-1.4 (low pollution), 1.5-2.0 (moderate pollution), 2.1-2.7 (heavy pollution) and 2.8-40 (very pollution).  The mean values of BWQI have ranged from 1.96 at site 4 to 2.00 at site 1. The lowest values are recorded in Winter 2013 and the highest value were in Spring  2014  (Table 2 and Fig. 6).
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Figure 6: Seasonal  variations  in the Biological Water Quality Index (BWQI), in Al-Shamiyah River during the study period.

The following changes in the diatoms composition and its ratio in aquatic system might be used to evaluate the water quality by Percent sensitive Species (SS%) (diatoms) index This index has ranged from 25.78% in spring  2014 at Site 4 to 87.15% in winter  2013 at site 1 (Table 2 and Fig. 7). The low results of this index indicated that the pollution is might be due to the waste disposal into the river and leads to reduce the Percent Sensitive Species of diatoms. The percent more than 50 %,  indicates to moderately polluted or b- mesosabropic and less than 50% was critically polluted (b-a- mesosabropic. The results of this index indicated that the Al-Shamiyah river has ranged  from good to moderately polluted according to Lange-Bertalot [39], and the spatial and temporal variation in this index is related to different load of pollution, predators and  the availability of nutrients [7; 62].


[image: image7]
Figure 7: Seasonal variations  in the Percent Sensitive Species (SS%), in Al-Shamiyah River during the study period.
Trophic Diatom Index (TDI) is a good tool for monitoring river.  The diatom community are liable to the alteration of factors that are not related to nutrients [44]. The present study results of TDI  mean values have  ranged from 38.52 at site 2 to 54.79 at site 1 (Table 2 and Fig. 8).  The lowest value was recorded in spring  2014 while the highest value was in the Winter  2013. According to this index the Al-Shamiyah river was  tend to be oligotrophic to mesotrophic, this might be confirmed by existence of A. minutissima at all study sites. This species is found in oligo-mesotrophic river [63].
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Figure 8: Seasonal variations  in the Trophic Diatom Index (TDI), in Al-Shamiyah River during the study period.

The Diatomic index (DI) showed temporal variations. The lowest value is recorded in Winter 2013 was 2.91 in Site 1 and the highest value was in Spring 2013 was 4.08 at Site 3. Its mean values have ranged from 3.50 at sites 4 to 3.66 at site 2 and 3 (Table 2 and Fig. 9).  According to Id values that mentioned in Descy [45], the present water quality data are ranged between moderate to good.  This may be emphasized by the slight change in diatoms (Epipelic ) communities noted by Hassan and Shawaait [15] study during the same period.
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Figure 9: Seasonal variations  in Diatomic Index (DI), in Al-Shamiyah River during the study period.

The mean values of the Generic Diatoms Index (GDI) are ranged from 13.11 at site 4 to 14.82 at site 2 (Table 2 and Fig. 10). Both the low and the high  values of GDI were recorded in the cold months (in Winter 2013). The highest values of GDI were  indicated a good water quality with low or absent pollution [64]. The lowest values of GDI were indicated a deterioration in water quality of an aquatic system. The study area is ranged  from moderate to good. Some genera or species of diatoms were sensitive and others were  tolerant to pollution, and these diatoms were considered as bioindicatiors [65]. The balance between the  existing of sensitive species and tolerant species is depend on alteration in water quality, that  is due to different pollutant disposal into  an aquatic ecosystem which  effect physicochemical and biological features [66; 67; 68]. For example A. minutissima and Nitzchia spp were found predominantly in polluted water, both species are considered as tolerant to different pollution [69].
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Figure 10:Seasonal variations  in the Generic Diatoms Index (GDI), in Al-Shamiyah River during the study period.

Diatoms were considered as sensitive organisms to the environmental alteration in water bodies such as nutrient availability, in which that is related to the trophic status of an aquatic system [70]. The mean value for Trophic State Index (TSI)  in this study is ranged from 0.04 at site 4 and 0.09 at site 3. Low value was recorded in Spring  2013 and high value was in Summer  2013 (Table 2 and Fig. 11). Nygaard [47] revealed that the value of this index is ranged from 0.00 to 0.30, and thus  indicated as an oligotrophic, while if an aquatic system is ranged from 0.00-1.75, it will be considered as an Eutrophic. 
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Figure 11: Seasonal variations  in Trophic State Index (TSI), in Al-Shamiyah River during the study period.

The lowest value of the Simpson index (SI) for diatoms was 0.08 at site 2 in Autumn  2013, and the highest value was 0.30 at site 1 in Spring  2013 (Table 2 and Fig. 12).  The mean values of the Simpson index were ranged from 0.13 to 0.21 in the same above sites, respectively.  These results indicate that Al-Shamiyah river is tending to be of the highest diversity and the low  or moderate polluted water. This result has evidence that polluted materials are released into the river, varied spatially and temporally which affects the dominancy of some species against another. This finding was also observed by Kassim et al. [71] on the polluted Diyala and Tigris rivers. In general, the highly polluted water body is usually characterized by low diversity and also, the alteration in algal diversity was an indication of changes in water quality [72; 73]. The high values of diversity in Al-Shamiyah river was emphasized by its water quality.
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Figure 12: Seasonal variations  in the  Simpson Index(SI) , in Al-Shamiyah River during the study period.
Mean values of the Richness index (D) for diatoms  in this study have ranged from 11.24 at site 4 to 15.24 at site 2 (Table 2 and Fig. 13). The lowest value was recorded in Spring 2014(The warm months) and the highest value was in September 2013 (The cold months). The recorded D values in Al-Shamiya river indicate its high diversity of diatoms that is may be due to the less pollution and less grazing activities by zooplankton [74].  The high values of D were remarkable to healthy diatom communities and this index will cover any alteration in the communities of the aquatic systems [58].


[image: image13]
Figure 13: Seasonal variations  in the Richness Index(D), in Al-Shamiyah River during the study period.

In the present study the Shannon-Weaver index (H') has recorded values above 1 in the study period. The  means values of H were ranged from 2.17 at site 1 to 2.65 at site 2 (Table 2 and Fig. 14). Both low and high values were recorded in spring 2014 (for low value) and Autumn 2013 (for high value), respectively . These findings were confirmed the D index results which emphasize that the Al-Shamiyah river has high biodiversity (diatoms), and also meant that no dominancy for certain species of diatoms in the study river. High values of H index were recorded in  the blooming period (spring and autumn). This result agrees with other studies on Iraqi rivers [27; 75]. The high values of the H ' index are an indicator of good water quality of Al-Shamiyah river [70]. 

[image: image14]
Figure 14: Seasonal variations  in the Shannon and Weaver Index (H), in Al-Shamiyah River during the study period.

The results of Evenness index (E) values confirm the homogenization of species in the present studied river where more than 0.5 values were recorded in the study period [76]. Green [76] revealed that the lower values of Evenness index indicate the emergence of few species with high densities and an indication of environmental stress. The mean  values of E index were ranged from 0.61 at site 1 to 0.73 at site 2 (Table 2 and Fig. 15). The low and high values were recorded in Spring  2014 and Winter 2013, respectively.


[image: image15]
Figure 15: Seasonal variations in the Evenness Index (E), in Al-Shamiyah River during the study period.
The McIntosh Diversity Index (Mc) for diatoms  mean values were ranged from 0.74 at site 1 to 0.87 at site 2 (Table 2 and Fig. 16). All recorded values were tended to be close to 1 and this refers that the river was characterized by high biodiversity of diatoms, that is due to a suitable condition diatom growth, and less of a pollution effect.  It may be  difficult to explain the lowest values because of the environmental factors  that  organize diatom community in lotic ecosystems were overlapping [77; 78].

[image: image16]
Figure 16: Seasonal variations in the McIntosh Index (Mc), in Al-Shamiyah River during the study period.
Authors in the same period of this study have published the qualitative and quantitative studies of epipelic in Al-Shamiyah river [15]. They explained that some species such as Aulacoseria granulate,  Cocconeis placentula, Cymbella spp., Fragilaria capucina, Gomphonies olivaceum,  Diatoma elongatum,  Navicula radiosa and Syndra ulna were indicative of the trophic status of aquatic ecosystems between oligotrophic to eutrophic [79]. This is in agreement with other results of indices presented in this study (TDI, S, Palmer index and Simpson Index). In the upstream Cocconeis placentula, Cyclotella meneghiniana, Cymatopleura solea, Amphora veneta, Amphora pediculus, Gomphonema parvulum, Gomphonema angustatum and Navicula cryptocephala are the dominant species found in the benthic diatom communities. In downstream Nitzschia palea is dominant species presents in the benthic diatom communities.

CCA analysis (Fig. 17) revealed a positive correlation among some epipelic algae (C. lacustris, C. affinis, N. romana and S. ulna) and DO, Na, N: P, NO3, TSS, and Turbidity. While a negative correlation has been observed among these species and EC, BOD5, PO4, NO2, Ca, SO4, TOC and C:SiO3. C. menenghiana, C. placentula var. euglypta, N. viridula, A. affinis, and A. veneta showed a positive correlation with the following factors (EC, BOD5, TH, light pentertion (LP), CA, SO4, CO2, PO4, NO2, TOC and C:SiO3). While the negative correlation with other factors (DO, Na, N:P, NO3, TSS and Turbidity). The studied physicochemical parameters confirmed that the dominant species of epipelic algae in this investigation  can be used as bioindicator for water quality. These factors reflect the clean to moderate water quality  of the study sites [80; 81].


[image: image17]
Figure 17: CCA analysis of species Epipelic diatoms—environment correlations.

Table 2. Range (mean ±SD) of indices in Al-Shamiyah River during the study period.
	
	
	
	
	

	Indicators
	Sites

	
	1
	2
	3
	4

	Saprobic index(S)
	1.58 – 1.87(1.72 ± 0.11)
	1.58 – 1.74 (1.64± 0.06)
	1.51 – 1.84 ( 1.67 ±0.14)
	1.65 – 1.82 (1.72± 0.07)

	
	
	
	
	

	Pollution Tolerance Index (PTI)
	2.4 – 2.74 ( 2.52 ±0.15)
	2.01 – 2.53 ( 2.29± 0.23)
	1.61 – 2.69 ( 2.22±0.46)
	1.79 – 2.53 (2.24±0.28)

	
	
	
	
	

	Palmer Pollution Index
	6.75 – 11 ( 9±1.85)
	4.25 – 10.75 (7.35±2.85)
	5-9 (7.05 ±1.43)
	5 -11(8±2.38)

	
	
	
	
	

	Precente Sensitive spscies (SS%)
	40.18 – 87.15 (61.55 ±18.20)
	50.76- 69.40 (57.76±7.34)
	39.99 –  0.61 (57.88±17.95)
	25.78 – 66.45(41.95±15.59)

	
	
	
	
	

	Simpson Index
	0.14 – 0.3( 0.21 ±0.07)
	0.08- 0.26(0.14  ±0.08)
	0.10 – 0.21(0.16 ±0.04)
	0.10 – 0.17 ( 0.13 ±0.03)

	
	
	
	
	

	Trophic State index
	0.02 – 0.08 (0.05 ±0.02)
	0.02 – 0.07 (0.06±0.02)
	0.01- 0.15 (0.09±0.06)
	0.02- 0.08(0.04 ±0.02)

	
	
	
	
	

	Trophic diatom index (TDI)
	43.80 -64.19(54.79±7.76)
	33.18-46.79 (38.52±6.19)
	40.03-56.66(48.24±6.77
	38.63 – 59.48(48.46 ±7.99

	
	
	
	
	

	Diatomic Index (Id)
	2.91 – 3.84(3.52±0.36)
	3.55 – 3.83(3.66±0.12)
	3.21- 4.08(3.66±0.43)
	3.23 – 3.80(3.50±0.22)

	
	
	
	
	

	Generic Diatom Index (GDI)
	12.10 – 16.07(14.05±1.83)
	13.37- 16.82(14.82±1.31)
	11.15 – 16.68(13.48±2.05)
	11.61 – 14.94(13.10±1.25)

	
	
	
	
	

	Index of Pollution Sensitivity(IPS)
	10.61  - 15.33 ( 12.9±2.18)


	12.12 - 6.23 (13.85±1.55)
	9.49 – 16.05 (12.26± 2.43)
	10.03 – 13.99 (11.81 ±1.47)

	
	
	
	
	

	Biological Water Quality Index (BWQI )
	1.87 – 2.16  (2.00±0.11)
	1.82 – 2.16 (1.98 ±0.13)
	1.86 – 2.05 (1.97±0.08)
	1.85 – 2.01 ( 1.96±0.06)

	
	
	
	
	

	Richness Index(D)
	10.95 – 15.57 (13.48±1.76)
	12.64 –  7.94(15.24±2.14
	10.64 – 21.85(13.81±4.66)
	8.32 – 16.46 (11.24 ±3.27)

	
	
	
	
	

	Shannon and Weaver Index (H)
	1.81 – 2.50 (2.17 ±0.32)
	2.04 – 3.47 (2.65 ±0.54)
	2.02 – 2.72 (2.33 ±0.26 )
	2.04 – 2.71(2.45±0.27)

	
	
	
	
	

	Evenness Index (E)
	0.49 – 0.70 (0.60 ±0.08)
	0.63 – 0.8 (0.73 ±0.07 )
	0.55 – 0.86 (0.65±0.12)
	0.59 – 0.82 ( 0.70 ±0.08 )

	
	
	
	
	

	McIntosh Index (Mc)
	0.61 – 0.89 (0.74 ±0.10)
	0.79 – 0.95 (0.87±0.17 )
	0.71 – 0.99(0.83 ±0.42)
	0.71 – 0.85 (0.78±0.20)

	
	
	
	
	


Conclusions
It can be concluded  that most of the studied indices reflected the status of the water quality of Al-Shamiyah river which was low to moderately polluted. The results showed an alteration of water quality from upstream (Site 1) to downstream ( site 4) which may be due to discharge of organic and other pollutant being dumped into the river during river passing in Al-Shamiya city and other small villages located on river banks.The results of diatoms indices and physic-chemical analysis indicated that the upstream was moderately polluted  and the  downstream  was excessively polluted. Diatoms have an important role in the biological monitoring of the  lotic ecosystems. Building on the existing data from past studies, especially in the southern part of Iraq, there is a promising future for using diatoms for characterizing and monitoring of ecological conditions in other parts of Iraq. 
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