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 Abstract   

Soil invertebrates play an important role in the soil biota community; they are responsible for 

decomposing, aerating, recycling nutrients, and increasing agricultural products. This study aims 

to investigate the community of soil invertebrates in the fields of Al-Madaain district in south 

Baghdad, as well as their correlation with various soil physical and chemical properties. Each 

field received four randomly selected samples each month. We isolated the invertebrate samples 

from the soil using two methods: the direct method for large soil invertebrates and the indirect 

method for small invertebrates. In this study, we included the physical and chemical factors in 

the soil to determine them (Temperature, Salinity, pH, Organic matter, Humidity, and total 

calcium). The temperature ranged from 7 to 35 °C, salinity ranged from 0.10 to 6.80 %, pH 

ranged from 6.8 to 8.1, soil organic matter ranged from 0.31 to 7.39%, and total calcium ranged 

from 50 to 212. The number of isolated invertebrates in the study area was 8407; it belongs to 9 

taxa; the most common was terrestrial isopoda (41% of total isolated invertebrates), followed by 

insects (24%), gastropods (17%), and nematodes (8% of total isolated invertebrates), in addition 

to earthworms, arachnida, chilopoda, and diplopoda. This study used biological indices such as 

Shannon-Wiener, uniformity, Jaccard, and richness, as well as the LSD test, to calculate 

significant differences. 

Keywords: Soil invertebrates, Agricultural Fields, Biological indices, Physical and chemical 

parameters. 

 

1. Introduction  

Small animals known as soil invertebrates are extremely diverse in form, differ greatly in 

size and abundance, and often cluster in  horizontal and vertical distribution, with the main 

groups based on their sizes [1]. Macroinvertebrates are big invertebrates, including oligochaetes, 

isopoda, spiders, diplopoda, chilopoda, and some insects such as beetles. They are bigger than 2 

mm and can create their own living spaces in the soil. Mesoinvertebrates have an intermediate 

size (0.1–2 mm) and live in air-filled pore spaces in soils, including springtails and mites [2]. 

Microinvertebrates are <0.1 mm. They live in the water that is present around soil particles, 
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including nematoda. Soil invertebrates feed on dead plants, fungi, bacteria, or other soil 

invertebrate. So the soil Invertebrates play an important role in agriculture and they are 

considered good indicators for detectives of the impacts of such environmental changes [3]. For 

example, oligochaetes and insects carry out decomposition, soil aeration enables water to drain 

through the soil more efficiently [4], and soil gastropoda spend most of their time in the leaf 

litter layer. There, they consume the dead and decaying vegetation, helping to decompose it. The 

snails dine on a diet of limestone rock containing lichens, a mixture of nitrogen-containing fungi 

and algae, and return the nutrient to the soil in their feces, contributing 11% of the nitrogen 

released into the soil each year. Large invertebrates play an important role in the fragmentation 

of organic matter and its incorporation into the soil, which creates suitable conditions for the 

microorganism decomposition process to ocIt also has an impact on the health of surface plant 

communities, shielding the plants from pests and diseases and hastening the decomposition of 

dead plants through various biological, physical, and chemical activities [7-9]. Invertebrates are 

widely regarded as powerful indicators and monitoring tools in environmental management 

because of their great abundance, diversity, and functional importance. They are resident 

organisms, relatively stable, and thus suitable for clarifying spatial differences. Many of them 

have relatively long life cycles, making them suitable for clarifying temporal differences [2]. 

Preserving this biodiversity is beneficial to the biological communities above and below the soil 

surface; any decrease in the biodiversity of soil invertebrates has a negative impact on the 

ecosystem [10, 11]. Some soil microinvertebrates, including nematodes and collembola [12], and 

mites are regarded as biological indicators to assess the chemical contamination of the soil. 

Where soil microinvertebrates were used as an indicator for polycyclic aromatic hydrocarbon 

(PAH) pollution, their results showed that nematodes are better indicators of PAH pollution in 

soil than microarthropods. Microarthropods are used as a better indicator of decomposition than 

nematodes, and numerous studies have confirmed that polycyclic aromatic hydrocarbons have an 

impact on the microbial population and the soil invertebrate community, including collembolans, 

earthworms, diptera larvae, and nematodes [13, 14]. Mites [15] are a useful biological indicator 

for estimating the environmental impact of soil chemical pollution [16] because of the role of 

their species in the basic ecological processes in the soil, including nutrient cycling and 

decomposition pGiven the significance of soil invertebrates, their crucial role in the 

environment, and the scarcity of research on them in Iraq, we selected them for the current study. 

This study aimed to determine the correlation between the diversity and existence of soil 

invertebrates, the type of soil, and the type of plants present. We selected various fields within 

Al-Madaen, provided that the relevant districts have a high level of agricultural activity.  

Counting Agriculture is the most prominent activity in the city and employs most of its 

population. Al-Madaen is well-known for its various fruit crops, including citrus fruits and dates, 

which are abundant in the region, raising sheep, cows, etc. 

 

2. Materials and Methods 

2.1. Study Area 

Samples were collected from the Al-Madaen district, south of Baghdad, between the latitudes 

33° 9’ 5.583” and 44° 33’ 32.277” (Figure 1). The district is small and located on the eastern 

bank of the Tigris River. Al-Madaen district is about 35 kilometers from Baghdad. Collected soil 

samples were taken monthly from Al-Madaen district, south of Baghdad, with four replications 

of Five sites  randomly distributed for the period from October 2021 to June 2022.The selected 

sites represented a variety of agricultural fields, as follows: The first site (Alfalfa Field)  is 
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characterized by being evergreen throughout the study period, and the plant is relatively short 

and has high activity. The second site represents a palm tree field, while the third site represents 

a field for growing seasonal crops (eggplant, cauliflower, and tomato). The citrus field, 

characterized by the presence of orange and orange trees, represents the fourth site. For the fifth 

site, we chose a site that symbolizes the presence of wild plants on any land where humans have 

not interfered. 

 

 
Figure 1. Study area shows the chosen fields. 

 

2.2. Soil Fauna Samples 

The present study was carried out in five agricultural fields from October 2021 to June 2022. 

The soil invertebrates’ samples were collected using the soil core, which had a length of 10 cm 

and a diameter of 5 cm. The samples were collected randomly, and five replicates were taken 

from each study field. The Tullgren funnel, with an electric light bulb, is used to extract 

invertebrates from samples of soil or leaf litter [17, 18]. The samples were kept in 70% alcohol 

until the next sorting process [19]. Taxa identification and counting were undertaken using a 

disscting microscope, and the species classification was made using the published identification 

keys [20, 21] 

2.3. Environmental Variables 

Ecological factors were investigated: soil temperature (Ts) (◦C), soil acidity (pH), and salinity 

were measured in the field using portable meters [22]. While the soil moisture and organic 

matters follow the procedure of [23]. The Statistical Analysis System (SAS) program was used 

in the statistical analysis [24] to compare the physical and chemical properties and to identify the 

existence of significant differences by using the LSD test. The percentages of the components 

were extracted, and the rates, graphs, and standard deviation were calculated. Environmental 

indicators were used to find out the diversity of invertebrates in the orchards of Al-Madaen 

district, as follows: Biological Diversity Indices (2012) [25, 26].  

2.4. Biological Diversity Indices  

2.4.1. Species Richness Index (D) 

This indicator is calculated monthly according to the formula stated by [27]. 

D =
𝑺−𝟏

𝐥𝐨𝐠 𝑵
 

As: S = the number of species. 

N = the total number of individuals. 
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2.4.2. Jaccard Coefficient of Similarity (ICj)  

This indicator is calculated according to [28]. 

ICj = 
𝑪

𝑨+𝑩−𝑪
× 100 

As: A=Number of species at site A. 

B = Number of species at site B. 

C= Number of species found in both sites A and B. 

2.4.3. Shannon-Weaver Diversity Index (H) 

The values of this indicator were calculated monthly for all group samples by using the 

equations of Shannon and Weiner according to [28] 

H = - ∑ nx ⁄ n log nx ⁄ n 

As: 

nx = the number of species individuals. 

n = the total number of individuals. 

2.4.4. The Species Uniformity Index (E) 

The species uniformity index is measured according to the formula (1) contained in [29]. 

E=
𝑯

𝒍𝒏𝑺
                                                                                                                                           (1) 

As: 

LnS=H max 

H= Shannon–Weiner index value. 

S = Number of species on the site. 

The station Analysis of variance (ANOVA) One-way classification was used and less significant 

difference (LSD) to determine the differences between parameters means at significance of 

(P≤0.05). All statistics were carried out using the Statistical Analysis System (SAS) Program 

[24]. 

 

3.  Results and Discussion  

This study looked at 8407 invertebrate soil samples from all 9 taxonomic groups. We 

identified 27 taxa from these groups: Nematoda (2 species), Lumbricidae (4 species), Arachnida 

(2 taxa), Isopoda (4 species), Chilopoda, Diplopoda, Insecta (5 taxa), and Gastropoda (5 species). 

Isopoda had the highest density, at 3405 ind/m2, and made up 41% of all the soil invertebrates 

(Figure 2). They eat dead animals, leaves, straw, and wood that have gone bad. This explains the 

presence of isopods in citrus fields because the field contains a large amount of fruit and fallen 

leaves, which makes it a suitable environment for the presence of isopods. Site 5 (wild field) 

revealed large quantities of insects, with a total density of 1414 ind/m2 (24%). This may be due 

to the soil's fragility, the ease with which insects can dig into it, and their lack of exposure to 

other invertebrates [30]. In addition to their total density of 135 ind/m2 (17%), soil gastropoda 

also consume, decompose, and disintegrate plant leaves, serving as an important source of 

organic matter. This explains the presence of gastropoda species in sites 2 (palm fields),  3 

(seasonal fields), and 4 (citrus fields), because these fields are full of leaves, fallen plants, and 

fruits [31, 32]. While the total density of Nematoda reached 658 ind/m2 (8%), two species of 

nematodes appeared in Site-1 Alfalfa Field. The study period characterized the fields and plants 

as short, evergreen, and home to a high diversity of invertebrates [33]. Therefore, the total 

density of earthworms reached 513 ind/m2 (7%). Earthworms derive energy to carry out various 

vital activities through their consumption of food, plant leaves, animal dung, fungi, bacteria, and 

the remains of dead animals that inhibit the soil [6]. We recorded the lowest density of 
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chilopoda, diplopoda, spiders, and mites at 1109, 125, 119, and 28 ind/m2, respectively. The 

current study also showed that the highest density of soil invertebrates reached its maximum 

(5152, 2373) ind/m2 in sites 1 and 2, respectively, while the minimum was 924 ind/m2 in field 5. 

While the total density was slightly close at sites 3 and 4, it reached 1795 and 1163, respectively 

(Table 1). 

 

Table 1. total density of soil invertebrates collected at the five sites during the study period 

TAXA 
Station 

TOTAL No. specifications 
ST1 ST2 ST3 ST4 ST5 

Nematoda 658 0 0 0 0 658 2 

earthwormes 191 15 99 208 0 513 5 

spider 19 10 15 27 48 119 1 

Arachnida-mites 6 3 0 7 12 28 1 

Isopod 1159 305 335 1606 0 3405 3 

Chilopoda 20 34 39 16 0 109 1 

Diplopoda 30 55 40 0 0 125 1 

Insecta 20 326 761 132 797 2036 9 

Gastropoda 49 415 506 377 67 1414 5 

Total 2152 1163 1795 2373 924 8407 28 

species 24 24 27 27 12 

 

 
Figure 2. Percentages of different groups of soil invertebrates isolated from orchards in Al-Madaen district / 

Baghdad during the period from October 2021 to June. 

 

Table 2 displays the temperature and salinity values for the study area. The temperature 

ranged from 7 in November 2021 to 35 in July 2022, with the lowest salinity value of 0.10 in 

February 2022 and the highest value of 6.8 in July 2022. The pH values ranged between 6.9 and 

8.1 throughout the study period; the highest value was in March 2022, and the lowest value was 

in November 2021. The percentage of organic matter in soil during the study period ranged 

between 0.31 in December 2021 and 7.39 in October 2021. 

 

 

 

 

 

 



IHJPAS. 2024, 37(4) 

30 

Table 2. Range of physico-chemical and characteristics of each studied site during the studied period from February 

2020 until February 2021. 

Characteristics Site 1 Site 2 Site 3 Site 4 Site 5 LSD 

Temperature 

7-28 12-29 19-26 15-26 22-35  

19.61 ±6.77 20.44±6.09 22.28 ± 2.39 20.89 ± 3.41 26.44 ±3.97 
6.028 

NS 

pH 
7.1-7.60 7.1-8.1 7.2-8.1 7.1-7.6 6.8-7.50 0.592 

NS 7.34 ±0.19 7.36 ±0.32 7.52 ±0.32 7.30 ±0.19 7.09 ±0.22 

Salinity 

0.52-0.94 0.55-6.80 0.10-5.58 0.66-4.27 1.59-5.88 

2.071 * 0.73 ±0.17 4.72±5.44 2.13 ± 1.76 1.27±1.21 1.45±2.73 

a a b b b 

Organic matter 
0.91-4.89 1.70-7.39 0.31-5.59 1.43-6.30 1.92-4.01 2.59 

NS 2.04 ±1.25 5.44 ±4.72 2.84 ±1.90 4.08 ±1.82 2.66 ±0.70 

Total Calcium 

130-212 100-188 88-200 50-132 98-198 

42.81* 178±26.21 167.44±26.88 170.22±35.92 79±24.16 172.67±31.22 

a a a b a 

Soil Moisture 
20.67-28.87 20.67-28.87 20.67-28.87 20.67-28.87 20.67-28.87 

3.91NS 
24.51±3.04 24.51±3.04 24.51±3.04 24.51±3.04 24.51±3.04 

 

        The results of the current study (Table 2) revealed clear and significant differences in the 

environmental factors studied between the different study sites, with the exception of soil 

temperature, which was close. This may be due to the fact that the study sites are located in the 

same city and the measurement period was conducted at the same time. The pH values of the soil 

at sites 1 and 4 tended to be neutral throughout the study, ranging between 7.1 and 7.6. The two 

sites also showed neutral values, tending towards the basic, reaching the highest pH value of 8.1. 

During some months of the study, the acidity ranged between 6.9 and 7.5; this could be 

attributed to differences in the nature of the fields, the type of crops, and the presence of 

monolithic organisms, as reflected in the varying values. The statistical analysis revealed distinct 

variations in salinity values, with site 1 registering lower salinity values (0.455–0.94) than the 

other sites. This was due to the river's ability to provide permanent drainage, preventing salt 

accumulation in the soil [34]. Site 2 recorded the highest salinity values, ranging from 6.25 to 

0.55. This was followed by the fifth site, which had the highest value at 5.88 and the lowest 

value at 1.59, due to its irrigation from undesirable wastewater and its poor natural drainage [35]. 

The second site had high soil salinity values, with the highest value reaching 5.58 and the lowest 

value being 0.47. On the other hand, the fourth site's soil salinity values ranged between 0.74-

0.186, which were somewhat similar to the first site [36]. This could be attributed to factors such 

as excessive irrigation, poor soil drainage, high temperatures, and summer evaporation [37]. 

According to the Shannon-Weiner index, sites 1, 2, and 3 have a high level of diversity (Figure 

3). The diversity index indicates the number of species in the population and the distribution of 

individuals between these species [38]. The Shannon-Weiner index's higher values indicate 

greater diversity [39]. As for environmental evidence, The Shannon Weiner values for 

invertebrates in this study ranged from 4.36 bits per person in June at the second site, the palm 

field, to 1.39 bits per person in April at the fifth site, the wilderness field. In this study, 

Shannon's index values show that the jet field, the palm field, and the seasonal field all have high 

diversity. This is because biodiversity indicators look at the number of species in the sample and 

how individuals are distributed within these species [38], and high values of the Shannon Wiener 

Index mean high diversity [39]. Furthermore, the high Shannon-Winner index values are only 

evidence of the field's high diversity [40]. The high biodiversity values in the three sites are due 
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to the nature of the soil and water quality, as well as the suitability of environmental conditions 

such as good ventilation, light intensity, and high oxygen concentration, all of which are 

conducive to the presence and abundance of invertebrates.  

 

 
Figure 3. Shannon- Weaver diversity index (H). 

 

The emergence of species is a crucial environmental indicator, as it signifies the proximity of 

the number of individuals returning to each species in the environment, as well as the pattern and 

distribution of individuals among the species (Figure 4). A low value indicates the presence of 

one or more dominant species, which exerts the strongest influence on the ecosystem's functions. 

The homogeneity index ranges from 0 to 1, with high readings indicating the absence of 

environmental burden and the stability of environmental habitats [28]. 

 

 
Figure 4. The monthly changes of the homogeneity index of species appearance Species Uniformity Index in the 

study sites in Al-Madaen district - south of Baghdad for the period from October 2021 to June 2022. 

 

The calculation of the Jacquard similarity index Jaccard Presence-Community values revealed 

that the two sites, ST 3 and ST 4, had the strongest similarity relationship, with a score of 86. 

This was followed by the similarity between the second site and the third and fourth sites, with a 
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percentage of 82. Conversely, the first site and the fifth site had the lowest percentage, with 

scores of 20 and 50, 44 and 39, respectively. 

 

4. Conclusion 

        Soil invertebrates can be found in a variety of agricultural fields and have a wide range of 

physical and chemical characteristics; they are also thought to be a good indicator for detecting 

the effects of such environmental change. 

 

Acknowledgment 

Many  thanks  to the Department of Biology at College of Sciences for Women, University of 

Baghdad, for their invaluable assistance in facilitating the practice sections of this article.  

 

Conflict of Interest  

There is no conflict of interest. 

  

Funding 

There is no funding for the article. 

 

References 

1. Coleman, D. C., Callaham, M. A., and Crossley, D. A. Jr. Fundamentals of Soil Ecology, 3rd Edn. 

London: Academic Press, 2018, 376 pp. 

2. Potapov, A. Springtails-worldwide jumpers. Frontiers for Young Minds 2020, 8, 545370. 

https://doi.org/10.3389/frym.2020.545370.  

3. Izegaegbe, J.I.; Vevier, L.; Mzimela, H. M. M. Macrobenthic community structure of the Mhlathuze 

Estuary, a permanently open estuarine embayment in Kwazulu-Natal, South Africa. African Journal 

of Aquatic Science 2020, 45(1-2), 95-107.  https://doi.org/10.2989/16085914.2020.1719818.  

4. Lavelle, P.; Spain, A.V. Soil ecology, Kluwer Academic publishers, Dordrecht, 2001. 

5. Lavelle, P.; Decaens, T.; Aubert, M.; Barot, S.; Blouin, M.; Bureau, F.; Margerie, P.; Mora, P.; 

Rossic, J.P. Soil invertebrates and ecosystem services. European Journal of Soil Biology 2006, 42, 

S3-S15.  https://doi.org/10.1016/j.ejsobi.2006.10.002.  

6. Bernier, N.; Pong, J.F. Humus from dynamics during the sylvogenetic cycle in a mountain spruce 

forest. Soil Biology and Biochemistry 1994, 26(2), 183-220. https://doi.org/10.1016/0038-

0717(94)90161-9.  

7. Decaëns, T.; Mariani, L.;Betan court, N.; Jimenez, J.J. Seed dispersion by surface casting activities 

of earthworms in Colombian grasslands. Acta Oecologica 2003, 24(4), 175-185.  

https://doi.org/10.1016/s1146-609x(03)00083-3.  

8. Lavelle, P.; Blouin, M.; Boyer, J.; Cadet P.; Laffray, D.; Pham-Thi, A.-T.; Reversat, G.; Settle, W.; 

Zuily, Y. Plant parasite control and soil fauna diversity. Comptes Rendus. Biologies 2004, 327(7), 

629-638. https://doi.org/10.1016/j.crvi.2004.05.004.   

9. Jouquet, P.; Dauber, J. Soil invertebrates as ecosystem engineers:intended and accidental effects on 

soil and feedback loops. Applied soil Ecology 2006, 32, 153-164. 

https://doi.org/10.1016/j.apsoil.2005.07.004.  

10. Rudd, K. Biodiversity of Soil Macroinvertebrate Communities as Influenced by Invasive Lonicera  × 

bella .BIOS569: Practicum in Field Biology, 2009. 

11. DeDeyn, G.B; Raijmakers, C.E; Rik zoomer, H.; Berg, M.P.; de Ruiter, P.C.; Verhoef, H.A.; 

Bezemer, T.M.; vander putteu, W.H. Soil Invertebrate Fauna Enhances Grassland Succession and 

Diversity. Nature 2003, 422(6933), 711-713.  https://doi.org/10.1038/nature01548.  

https://doi.org/10.3389/frym.2020.545370
https://doi.org/10.2989/16085914.2020.1719818
https://doi.org/10.1016/j.ejsobi.2006.10.002
https://doi.org/10.1016/0038-0717(94)90161-9
https://doi.org/10.1016/0038-0717(94)90161-9
https://doi.org/10.1016/s1146-609x(03)00083-3
https://doi.org/10.1016/j.crvi.2004.05.004
https://doi.org/10.1016/j.apsoil.2005.07.004
https://doi.org/10.1038/nature01548


IHJPAS. 2024, 37(4) 

33 

12. Frampton, G.K. The potential of collembolan as indicators of pesticide usage evidence and methods 

from the UK arable ecosystem. Pedobilogia 1997, 41, 179-184. https://doi.org/10.1016/s0031-

4056(24)02992-5.  

13. Cutright, T.J.; Lee, S. Microorganisms and metabolic pathways for remediation of PAH 

contamination soil. Fresenius Environmental Bulletin 1994, 3, 413-421. 

14. Snow-Ashbrook, J.; Erstfeld, K.M. Soil nematode communities as of the effects of environmental 

contamination with polycyclic aromatic hydrocarbons. Ecotoxicology 1998, 7(6), 363-370.  

https://doi.org/10.2478/helm-2022-0014.  

15. Ruf, A. A maturity index for predatory soil mites (mesostigmata:Gamasina) as an indicator of 

envirimental impact of pollution on forest soil. Applied Soil Ecology 1998, 9(1-3), 447-452. 

https://doi.org/10.1016/S0929-1393(98)00103-6. 

16. Blakely, J.K.; Neher, D.A.; Spongberg, A.L. Soil invertebrate and microbial communities and 

decomposition an indicators of polycyclic aroatic hydrocarbon contamination. Applied Soil Ecology 

2002, 21(1), 71-88.  https://doi.org/10.1016/S0929-1393(02)00023-9.  

17. ÓConnor, F.B. The extraction of  Enchytraeidae from soil in: Murphy, P.W.(Ed.), Progress in Soil 

Zoology. Butterworths, London, 1962, 279-285. 

18. Christensen, B.; Jensen, L.O. Toxicity of pesticides to Enchytraeus bigeminus- In: Løkke, H. (eds.) : 

Effects of pesticides on meso- and Micro faunq in soil- Danish Environmental protection Agency. 

Danish National Environmental Research Nr. & Silke broge Denmark 1995, 1, 33-38. 

19. Moreno, A.G.; Mischis,  C. The status of Gilberto Righis earthworm collection at the Museum of 

SaoPaulo. Pedobiologia 2004, 47(24), 42-46.  https://doi.org/10.1078/0031-4056-00206.  

20. Allison, L.E.; Brown, J.W.; Hayward, H.E.; Richard, L.A.; Bernstein, L.; Fireman, M.; Pearson, 

G.A.; Wilcox, L.V.; Bower, C.A.; Hatcher, J.T.; Reeve, R.C. Saline and Alkali Soils. Agriculture 

Hand book 1954, 40(60), 11-18.  https://doi.org/10.4236/as.2012.32036.  

21. SAS. Statistical Analysis System, User's Guide. Statistical.  Version 9.1th ed. SAS. Inst. Inc. Cary. 

N.C. USA, 2012. 

22. Al-Mahmood, H.K. Referential analysis of discharge and salinity data in Shatt Al-Arab River. Iraqi 

Journal of Aquaculture 2020, 17(1), 11-26.  https://doi.org//10.58629/ijaq.v17i1.91.  

23.  Margalef, R. Perspectives in ecological theory. Univ. Chicago Press, Chicago, 1968, Ill. 111, 450. 

24. Southwood, T.R.E. Ecological methods, with particular reference to the study of insect populations. 

The English Language Book Society and Chopan-Hall, London, 1978, 524 pp. 

25. Floder, S.; Sommer, U. Diversity in planktonic communities: An Experimental test of the 

intermediate disturbance hypothesis. Limnology and Oceanography 1999, 44(4), 1114-119. 

https://doi.org/10.4319/lo.1999.44.4.1114.  

26. Neves , I.F; Rocha, O.; Roche, K.F.; Pinto, A.A  Zooplankton community structure of two marginal 

lakes of the river Cuibá (MatoGrosso, Brazil) with analysis of Rotifera and Cladocera diversity. 

Brazilian Journal of Biology 2003, 63, 329-343. https://doi.org/10.1590/S1519-

69842003000200018.  

27. Pielou, E.C. Mathematical Ecology. Wiley, New York, 1977. 

28. Barnes, R. D. Invertebrate zoology, 5th edi. Saunders collage. Pennsylvania, 1987, 637- 644. 

29. Chokor, S.U.; Oke, O.C. Effect of soil properties on the abundance and diversity of  land molluscs in 

south western Nigeria. International Journal of Tropical Medicine and Public Health 2011, 1, 36-44. 

30. Yeates, G.W.; Scott, M.B.; chown, S.L.; Sinclair, B.J. Changes in soil nematode population indicate 

an annual life cycle at cape Hallett, Antarctica. Pedobiologia 2009, 52 (6), 375-380. 

https://doi.org/10.1016/j.pedobi.2009.01.001.  

31. Lee,  K.E. Earthworms: Their ecology and relation ships with soil and land use. Academic press, 

Sydney, 1985. 

32. Anderson, D.T. Invertebrate zoology, 3rd edition. Oxford Auckland. New York, 1998, 444-453. 

https://doi.org/10.1016/s0031-4056(24)02992-5
https://doi.org/10.1016/s0031-4056(24)02992-5
https://doi.org/10.2478/helm-2022-0014
https://doi.org/10.1016/S0929-1393(98)00103-6
https://doi.org/10.1016/S0929-1393(02)00023-9
https://doi.org/10.1078/0031-4056-00206
https://doi.org/10.4236/as.2012.32036
https://doi.org/10.58629/ijaq.v17i1.91
https://doi.org/10.4319/lo.1999.44.4.1114
https://doi.org/10.1590/S1519-69842003000200018
https://doi.org/10.1590/S1519-69842003000200018
https://doi.org/10.1016/j.pedobi.2009.01.001


IHJPAS. 2024, 37(4) 

34 

33. Sfenthourakis, S.  The species-area relationship of terrestrial isopods (Isopoda; Oniscidea) from the 

Aegean archipelago (Greece): a comparative study. Global Ecology and Biogeography Letters 1996, 

5(3), 149-157.  http://gnosis.library.ucy.ac.cy/handle/7/53376.  

34. Porto Neto, V.F. Zooplankton as bioindicator of environmental quality In the Tamandane Reef 

system ( Pernambuco – Brazil):Anthopogenic influences and interaction with mangroves. Ph.D. 

thesis, University of Bremen, Brazil, 2003. 

35. Burton, T.M.; Uzarski, D.G.; Gene, J.A. Development preliminary invertebrate index of biotic 

integrity for lake Huron coastal wetlands. Wetlands Journal 1999, 19(4), 869-882, 

https://doi.org/10.1007/BF03161789.  

36. Al- Namrawy, A.M.R. Basics of biodiversity . Arab Community House for Printing and publishing . 

Amman – Jordan, 2008. 

37. Abdullah, A.D.; Karim, O.F.A.; Masih, I.; Popescu, I.; Van der, Z. Anthropogenic and tidal 

influences on salinity levels of the Shatt Al-Arab River, Basrah, Iraq. International Journal of River 

Basin Management 2016, 14(3), 357-366. : https://doi.org/10.1080/15715124.2016.1193509.  

38. Al-Mudaffar, N.A.; Ahmed, A.N.; Jasim, A.A.; Dawood, A.S.; Al Mukhtar, S.A. Chemical water 

quality. In: Shatt Al-Arab the future of Basra. Technical Report, Marine Science Center, University 

of Basrah, Iraq. (in Arabic), 2018, 229 pp. 

39. Ali, M.H.; Al-Mudaffar, N.A.; Mohammed, H.H.; Ahmed, H.K. Poster of Microinvertebrates of 

Shatt Al-Arab (II) Mollusca, 2017. https://doi.org/10.13140/RG.2.2.33098.67523.                                

40. Edmondson, W.T. Freshwater biology. 2nd  Ed. John Wiley and Sons, New York, Freshwater 

Ecology 1959, 383-393. 

http://gnosis.library.ucy.ac.cy/handle/7/53376
https://doi.org/10.1007/BF03161789
https://doi.org/10.1080/15715124.2016.1193509
https://doi.org/10.13140/RG.2.2.33098.67523

