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Abstract: This work evaluates the diversity, and abundance of nematodes and their use as indicators of soil health in an area 
strongly influenced by industrial wastes (food, metal and paper industries). The relationships between trophic groups, 
coloniser-persister scale and nematode community indices as well as nematode indicators of soil elements and the relationships 
of soil elements with different habitats were investigated. Nematodes were recovered from the soil samples of fifty sites from 
five different habitats. The trophic groups, colonizer-persister scale, and nematode community indices were analysed and 
compared. To test the significance of the dataset, bivariate linear regression; several samples repeated measure test of Analysis 
of Variance (ANOVA) have been performed. The Canonical Correspond Analysis (CCA); Principal Component Analysis 
(PCA), and clustering of habitats were performed to know the relationships between such variables among different habitats. 
Bacterial feeders with 15,582 individuals were found to be a highly diverse and most abundant group. The results indicated 
that the nematode diversity and abundance, trophic groups and coloniser-persister ratio were adversely affected by organically 
enriched habitats to food, metal and paper industries as compared to natural habitats. The habitats contaminated by industrial 
wastes were mainly dominated by bacterivores and fungivores of c-p2 class. Few colonizer genera were observed to be 
cosmopolitan and prevalent in all habitats. However, some genera showed specificity towards a particular set of conditions and 
were more or less endemic for specific habitats. 
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1. Introduction 

Soil provides an environment to support all living organisms 
and maintains Earth’s belowground biodiversity. Besides 
promoting the health and productivity of biota, the soil maintains 
environmental quality by recycling large quantities of piled up 
pollutants produced by industrial processes or other anthropogenic 
activities. Nematodes are the group of metazoans which show 
adverse effects on their community composition in disturbed or 
changing environments. The stress induced by contaminants/ 
pollutants usually decreases species diversity and increases the 
dominance of few species; eliminates K-strategists (persisters) and 
increases the short-lived, relatively small-sized, r-strategists 
(colonisers). These effects were reported by a number of workers 
[24, 40-42]. Due to their ubiquity, abundance and diversity, they 
serve as excellent bio-indicators to assess the quality of the 

environment [14, 38, 39, 45], conceive all the habitats on the earth 
where life exists. The nematodes are an important component of 
soil ecosystem that play a crucial role in the decomposition of 
organic matter, nutrients and minerals cycling, sequestration of 
carbon, and detoxification of pollutants [6, 16]. For instance, most 
of the free-living bacterial feeder nematode groups (Oscheius, 

Metarhabditis, Pelodera, oryctonema, Eudronema 

Teratorhabditis, Xylorhabditis and Acrostichus, Allodiplogaster, 

Fictor, Mononchoides, Sudhausia, Teratodiplogaster etc. 
belonging to infraorder Rhabditomorpha and Diplogastromorpha 
respectively) associated with insects in the dauer form for 
dissemination/ dispersal, however, they become active after 
natural death of insects, grow rapidly and help in the 
decomposition of carcasses along with bacterial communities [32-
34]. They are highly diverse and directly or indirectly affect soil 
nutrient and mineral cycling through their participation in material 
decomposition with the help of symbiotically associated bacteria 
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and through predation on other organisms [11, 13, 17, 25, 46]. To 
understand the influence of soil properties and disturbances on the 
diversity and abundance of nematodes and the resulting impact on 
material decomposition and nutrient cycling, several studies [1, 20, 
22, 23, 27, 28, 30, 35, 43, 44] were conducted on belowground 
diversity and ecology in different types of ecosystems. 

The present work aims to evaluate the diversity, abundance 
of nematodes and their use as the indicators of soil health in an 
area strongly influenced by industrial wastes (food, metal and 
paper industries) and compares them to natural and organically 
enriched habitats. The present study also analyses the 
differences between the abundance of trophic groups and 
coloniser-persister classes as well as changes in the nematode 
community indices in five different habitats using Principal 
Component Analysis (PCA) and significantly correlated using 
Spearman’s rank correlation method. The Canonical 
Correspond Analysis (CCA) has been done to investigate the 
nematode indicators of soil elements and the relationships of 
soil elements with different habitats, whereas clustering of 
habitats based on the abundance of the genera has been found 
to be a remarkable tool to study similarities among habitats. 

2. Material and Methods 

2.1. Study Area and Soil Sampling 

Nematodes were recovered from the soil sample collected 
from fifty sites of five different habitats viz., natural habitat, 
organically enriched habitat, and the soil contaminated with 
industrial (food industry, metal industry, and paper industry) 
wastes. Four districts viz., Aligarh, Ghaziabad, Matura, and 
Siddharthnagar were marked for the collection of samples 
based on the type of habitats viz., natural environment and 
industries. Ten composite samples (each formed of three 
replicate samples taken from 10-20 cm depth) of 300g soil 
were collected from each habitat. The selection of habitats 
was based on the substrate and vegetation type which led to 
differences in diversity, abundance, and food web complexity 
of nematodes in disturbed habitats in contrast to the natural 
environment. The soil samples were placed in polythene bags 
and brought to the laboratory and processed within 24 hours. 

2.2. Extraction, Identification, and Counting of Nematode 

The samples of 300g soil were processed using sieving and 
decantation method [10] and the nematodes were extracted 
using modified Baermann’s funnel technique [5] after 24 hours. 
The nematode suspension was poured into a large-sized cavity 
block (55 X 55 mm) and the nematodes were identified up to 
generic level under compound microscope (Olympus CX 31) 
with the help of various literature [2-4, 18, 26]. The identified 
genera were assigned to different trophic groups [8, 13]. The 
identification of the genera was done by making a temporary 
mount in a drop of water or formalin. The trophic groups were 
assigned according to their feeding habits, feeding apparatus and 
pharynx morphology [47] into bacterivores (BF), fungivores 
(FF), plant parasites (PP), and omnivores-predators (OP). 

For the counting of nematodes, water was added to 

nematode suspension to make its volume 100 ml. The 
suspension was stirred thoroughly, and then 5ml volume was 
sucked by a syringe to pour into a Syracuse dish. Counting 
was done thrice for each sample, and finally, the mean was 
calculated. The, representative nematodes from each genus 
were counted and later processed for dehydration in glycerol 
alcohol, placed in a desiccator containing calcium carbonate 
(CaCO3) for 15 days and finally mounted in anhydrous 
glycerol. The formula used for calculating the final 
population of nematodes in each sample (250g) was: total 
volume of nematode suspension (100 ml) x means of counted 
nematode /quantity of suspension used for counting (5 ml). 

2.3. Nematode Community Analyses 

For calculation of nematode community indices, the 
abundance of nematodes (individual count) of the genera was 
estimated and entered on an excel spreadsheet. The abundance 
of nematodes and trophic groups was considered as a total 
number of individuals in 250 g of dry soil. Maturity indices 
were calculated based on a c-p scaling assigned to different 
genera of nematodes [7, 16] ranging from extremely r-
strategist colonizers (c-p1) to extremely K-strategist persisters 
(c-p5). Maturity Index (MI), Maturity Index (MI2-5) with 
excluding nematodes of c-p1 value, Plant Parasite Index (PPI), 
Enrichment index (EI), Structure index (SI), Basal Index (BI), 
Channel Index (CI), and Nematode Channel Ratio (NCR) were 
calculated according [15]. For the calculation of Enrichment 
index (EI), Structure index (SI), and Basal Index (BI), the 
basal (b) (s = Σ Kbnb), enrichment (e) (e = Σ Kene), and 
structure (s) (s = Σ Ksns), components were calculated [15]. 

2.4. Soil Element Analyses 

The 50g of soil from each 300g of soil sample out of fifty 
samples from different habitats of the districts Aligarh, 
Ghaziabad, Mathura, and Siddharthnagar was separated to 
analyzed the available soil elements using Energy Dispersal X-
ray (EDX)/ Energy Dispersal Spectroscopy (EDS). The soil 
was mixed properly to make a homogenous mixture and dried 
in an oven at 110–120 ºC. The dried soil was crushed with the 
help of a pestle and mortar to make it fine powder and sieved it 
using a 0.5 mm sieve followed by a <0.5 mm. A small amount 
of powder was placed over double adhesive tape mounted on a 
stub. To separate the particles adhering to the adhesive tape on 
the stub, the surface of the tape was pressed firmly onto the 
bottom surface of a 0.5 mm sieve and gently rotated on the 
tape to separate the soil particles. The stubs were observed 
under Scanning Electron Microscope (model JEOL XL30 
FEG), equipped with Energy Dispersal X-Ray (EDX) 
spectrometer to determine the elemental compositions. 

2.5. Data Analysis 

All the analyses were performed in PAST version 4.03. A 
matrix of trophic groups, abundance of colonizer-persister 
groups, nematode community indices, soil elements, and 
abundance of genera (counts) as per sites of habitats was 
compiled. Various testing methods including Bivariate linear 
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regression, Analysis of Variance (ANOVA), Spearman’s rank 
correlation coefficient, One-way Analysis of Similarity 
(ANOSIM), Permutation Multivariate Analysis of Variance 
(PERMANOVA) were used to test the significance of the 
dataset. For the Canonical Correspondence Analysis (CCA), 
Principal Component Analysis (PCA), and clustering of habitats, 
data were transformed as square roots to normalize the influence 
of the higher values of the data. The variables including total 
nematode abundance, abundance of trophic groups and 
colonizer-persister groups among habitats were compared using 
Bivariate linear relationships at the significant difference (P= < 
0.01). The repeated measure test of Analysis of Variance 
(ANOVA) was carried out between nematode community 
indices among different habitats with significant differences (P= 
0.0001). The values of Spearman’s rank correlation coefficient 
between various nematode trophic groups, colonizer-persister 
groups, and nematode community indices were calculated. To 
study the relationships between trophic groups, colonizer-
persister groups, and nematode community indices, the Principal 
Component Analysis (PCA) was performed while Permutation 
Multivariate Analysis of Variance (PERMANOVA) was done 
to investigate the correlation of variables at significance level P= 
0.0001. However, Canonical Correspondence Analysis (CCA) 
was performed to investigate the responses of nematodes to soil 
nutrients and their habitat preferences. One-way Analysis of 
Similarity (ANOSIM) was performed using the Bray-Curtis 
similarity index to test the similarity between variables among 
different habitats at level of significance, P= 0.0001. The 
clustering of habitats was done based on the abundance of the 
genera to investigate similarities in habitats. The tree was 
inferred with 10000 bootstrap pseudo-replicates using paired 
group (UPGMA) algorithm under the correlation similarity 
index. 

3. Results 

3.1. Diversity, Abundance, Prevalence, and Specificity of 

Nematodes 

Fifty sites of five different habitats yielded a total of 

24,796 nematodes belonging to 54 genera and 30 families. 
The nematodes were categorized into five trophic groups 
based on their feeding habits (bacterial feeders, fungal 
feeders, omnivores, plant-parasitic, and predators). However, 
bacterial feeders with 15,582 individuals were found to be a 
highly diverse and most abundant group, followed by plant-
parasitic with 2,954 individuals, omnivores with 2,345 
individuals, and fungal feeders with 2,282 individuals, and 
predators were found to be the least abundant group with 
1,633 individuals. Four genera (Mesorhabditis, 

Panagrolaimus, Cephalobus, and Aphelenchoides) were 
commonly found in all habitats (figures 1, 2; table 1) and 
were recovered from 38-46 sites, however, Trischistoma, 

Achromadora, Chrysonema, and Xiphinema were the least 
abundant and least diverse taxa (table 1) which occurred only 
in few sites (figures 1, 2). Few genera showed specificity 
towards a particular habitat (figure 3) such as Oscheius (0.09 
± 0.02), Dorylaimus (0.37 ± 0.07), Criconemoides (0.23 ± 
0.05), Hemicriconemoides (0.12 ± 0.03), Aporcelaimus (0.39 
± 0.08), Ironus (0.10 ± 0.09) and Mylonchulus (0.16 ± 0.17) 
belonging to bacterivore, omnivore, plant-parasitic, and 
predator’s trophic groups respectively were frequent in 
natural habitats. However, Aspidonema (0.03 ± 0.01), 
Distolabrellus (0.04 ± 0.01), Metarhabditis (0.06 ± 0.02), 
Pterygorhabditis (0.04 ± 0.01), Teratorhabditis (0.11 ± 0.02), 
Halicaphalobus (0.12 ± 0.02), Acrostichus (0.03 ± 0.01), 
Fictor (0.03 ± 0.01), Mononchoides (0.03 ± 0.01), and 
Paroigolaimella (0.02 ± 0.00) were most prevalent in 
organically enriched habitats. Few genera, Pelodera (0.15 ± 
0.01) and Prismatolaimus (0.01 ± 0.00) were found in 
samples from food industry, Pseudoacrobeles (0.16 ± 0.03) 
Acrobeloides (0.19 ± 0.03), Cervidellus (0.09 ± 0.02), 
Dorylaimellus (0.12 ± 0.04), Rotylenchus (0.33 ± 0.13) and 
Achromadora (0.06 ± 0.05) were the most common groups 
occurring in the vicinity of the metal industries, while 
Poikilolaimus (0.24 ± 0.04), Eucephalobus (0.29 ± 0.03), 
Ditylenchus (0.11 ± 0.04), and Tylenchorhynchus (0.24 ± 
0.07) were predominantly found in the substrate of the paper 
industries (figure 3; table 1). 

Table 1. Relative abundance (proportion) of nematode genera (mean ± standard error) in different habitats. 

Sr./ 

No. 
Family Genus 

Generic 

code 
Trophic group 

cp 

Scale 

Natural 

Hab. 

Enriched 

Hab. 
Food Ind. Metal Ind. Paper Ind. 

1 Bunonematidae Aspidonema Aspido Bacterial feeder Ba1 – 0.03 ± 0.01 – – – 
2 Cephalobidae Acrobeles Acrob Bacterial feeder Ba2 0.14 ± 0.03 0.08 ± 0.01 0.17 ± 0.01 – – 
3 Cephalobidae Acrobeloides Acrobel Bacterial feeder Ba2 – – – 0.19 ± 0.03 – 
4 Diplogastridae Acrosticus Acrost Bacterial feeder Ba1 – 0.03 ± 0.01 – – – 
5 Cephalobidae Cephalobus Cephal Bacterial feeder Ba2 0.11 ± 0.03 0.06 ± 0.01 0.07 ± 0.02 0.08 ± 0.02 0.31 ± 0.02 
6 Plectodae Ceratoplectus Ceratop Bacterial feeder Ba2 0.04 ± 0.03 – – – – 
7 Cephalobidae Cervidellus Cervid Bacterial feeder Ba2 – – – 0.09 ± 0.02 – 
8 Rhabditidae Crustorhabditis Crustor Bacterial feeder Ba1 – – 0.02 ± 0.01 0.03 ± 0.01 – 
9 Cephalobidae Chiloplacus Chilopl Bacterial feeder Ba2 0.16 ± 0.04 0.03 ± 0.01 0.06 ± 0.01 0.21 ± 0.03 

 
10 Rhabditidae Diploscapter Diplosc Bacterial feeder Ba1 – – 0.19 ± 0.02 0.06 ± 0.01 – 
11 Rhabditidae Distolabrellus Distolabr Bacterial feeder Ba1 – 0.04 ± 0.01 – – – 
12 Cephalobidae Eucephalobus Euceph Bacterial feeder Ba2 – – – – 0.29 ± 0.03 
13 Neodiplogastridae Fictor Fic Bacterial feeder Ba1 – 0.03 ± 0.01 – – – 
14 Monhysteridae Geomonhystera Geomon Bacterial feeder Ba2 – – 0.19 ± 0.03 0.03 ± 0.01 – 
15 Panagrolaimidae Halicephalobus Hali Bacterial feeder Ba1 – 0.12 ± 0.02 – – – 
16 Rhabditidae Mesorhabditis Mesor Bacterial feeder Ba1 0.14 ± 0.03 0.20 ± 0.02 0.01 ± 0.00 0.08 ± 0.02 0.11 ± 0.03 



 Ecology and Evolutionary Biology 2023; 8(1): 14-27 17 
 

Sr./ 

No. 
Family Genus 

Generic 

code 
Trophic group 

cp 

Scale 

Natural 

Hab. 

Enriched 

Hab. 
Food Ind. Metal Ind. Paper Ind. 

17 Rhabditidae Metarhabditis Metar Bacterial feeder Ba1 – 0.06 ± 0.02 – – – 
18 Monhysteridae Monhystera Monh Bacterial feeder Ba2 0.14 ± 0.03 – 0.07 ± 0.03 – – 
19 Neodiplogastridae Mononchoides Mononch Bacterial feeder Ba1 

 
0.03 ± 0.01 – – – 

20 Rhabditidae Oscheius Osch Bacterial feeder Ba1 0.09 ± 0.02 – – – – 
21 Panagrolaimidae Panagrolaimus Panagrol Bacterial feeder Ba1 0.12 ± 0.03 0.19 ± 0.02 0.15 ± 0.01 0.08 ± 0.02 0.04 ± 0.01 
22 Diplogastridae Paroigolaimella Paroigo Bacterial feeder Ba1 – 0.02 ± 0.00 – – – 
23 Rhabditidae Pelodera Pelod Bacterial feeder Ba1 – – 0.15 ± 0.01 – – 
24 Plectodae Plectus Plect Bacterial feeder Ba2 0.05 ± 0.01 – – – – 
25 Rhabditidae Poikilolaimus Poikilo Bacterial feeder Ba1 – – – – 0.24 ± 0.04 
26 Prismatolaimidae Prismatolaimus Prismato Bacterial feeder Ba3 – – 0.01 ± 0.00 – – 
27 Cephalobidae Pseudoacrobeles Pseudoacro Bacterial feeder Ba2 – – – 0.16 ± 0.03 – 
28 Pterygorhabditidae Pterygorhabditis Pterigor Bacterial feeder Ba1 – 0.04 ± 0.01 – – – 
29 Rhabditidae Teratorhabditis Terator Bacterial feeder Ba1 – 0.11 ± 0.02 – – – 
30 Aphelenchidae Aphelenchus Aphel Fungal feeder Fu2 

 
0.46 ± 0.20 0.41 ± 0.11 0.37 ± 0.06 0.22 ± 0.04 

31 Aphelenchoididae Aphelenchoides Aphelench Fungal feeder Fu2 0.28 ± 0.09 0.01 ± 0.00 0.36 ± 0.11 0.33 ± 0.05 0.44 ± 0.05 
32 Tylenchidae Ditylenchus Dityl Fungal feeder Fu2 – – – – 0.11 ± 0.04 
33 Dorylaimellidae Dorylaimellus Doryla Fungal feeder Fu2 – – – 0.12 ± 0.04 – 
34 Tylenchidae Filenchus Filen Fungal feeder Fu2 0.29 ± 0.10 – 0.23 ± 0.06 – 0.23 ± 0.04 
35 Leptonchidae Leptonchus Lept Fungal feeder Fu4 0.17 ± 0.07 – – – – 
36 Tylencholaimidae Tylencholaimus Tylenchol Fungal feeder Fu4 0.05 ± 0.05 – – 0.18 ± 0.03 – 
37 Chrysonematidae Chrysonema Chryso Omnivores Om4 0.17 ± 0.05 – – – – 
38 Dorylaimidae Dorylaimus Doryl Omnivores Om3 0.37 ± 0.07 

 
0.02 ± 0.01 0.45 ± 0.13 0.80 ± 0.13 

39 Dorylaimidae Mesodorylaimus Mesodoryl Omnivores Om4 0.36 ± 0.08 0.04 ± 0.01 – 0.55 ± 0.13 – 
40 Criconematidae Criconemoides Criconem Plant-parasitic PP3 0.23 ± 0.05 – – – – 
41 Hoplolaimidae Helicotylenchus Helicoty Plant-parasitic PP3 0.23 ± 0.05 – 0.02 ± 0.01 – – 
42 Criconematidae Hemicriconemoides Hemicrico Plant-parasitic PP3 0.12 ± 0.03 – – – – 
43 Hoplolaimidae Hoplolaimus Hoplol Plant-parasitic PP3 0.21 ± 0.05 – 0.02 ± 0.00 0.30 ± 0.09 

 
44 Hoplolaimidae Rotylenchus Rotyl Plant-parasitic PP3 – – – 0.33 ± 0.13 – 
45 Tylenchidae Tylenchus Tyl Plant parasitic PP3 0.12 ± 0.03 0.02 ± 0.01 – 0.21 ± 0.07 0.76 ± 0.07 
46 Telotylenchidae Tylenchorynchus Tylencho Plant-parasitic PP3 – – – – 0.24 ± 0.07 
47 Longidoridae Xiphinema Xiphi Plant-parasitic PP5 – – 0.09 ± 0.05 0.05 ± 0.04 – 
48 Achromadoridae Achromadora Achrom Predators Pr3 – – – 0.06 ± 0.05 – 
49 Aporcelaimidae Aporcelaimus Aporcel Predators Pr5 0.39 ± 0.08 0.02 ± 0.01 – 0.25 ± 0.13 – 
50 Qudsianematidae Discolaimus Discol Predators Pr5 0.30 ± 0.07 – – 0.48 ± 0.15 

 
51 Iotonchidae Iotonchus Ioton Predators Pr4 0.05 ± 0.06 – – – – 
52 Ironidae Ironus Iron Predators Pr4 0.10 ± 0.09 – – – – 
53 Mylonchulidae Mylonchulus Mylon Predators Pr4 0.16 ± 0.17 – – – – 
54 Tripylidae Trischistoma Trischi Predators Pr3 – – 0.20 ± 0.13 – 0.20 ± 0.13 

 

Figure 1. A diversity profile of the nematode genera recovered from different habitats (natural habitat, enriched habitat, food industry, metal industry, and 

paper industry). The X-axis indicates the mean diversity of a species/ genus at different sites of habitats and the Y-axis shows the number of sites. The colored 

lines denote the diversity of a species/ genus. 
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Figure 2. Abundance and species/ generic richness among different habitats (natural habitat, enriched habitat, food industry, metal industry, and paper 

industry). The X-axis indicates the diversity of a species/ genus and the Y-axis reflects their abundance. The colored lines denote the diversity and abundance 

of a species/ genus. 

 

Figure 3. The radar plot showed the prevalence and specificity of nematode with different habitats (natural habitat, enriched habitat, food industry, metal 

industry, and paper industry). The colored webs indicate different habitats and the points at the lines represent the sampling sites. 

3.2. Relative Abundance of Nematodes, Trophic Groups, 

and Coloniser-Persister Classes in Selected Habitats 

A high nematode abundance was observed in natural and 
organically enriched habitats, most of the samples having 
about 500-950 individuals/ 250g of dry soil. The abundance 
was significantly decreased in the habitats like food, metal 
and paper industries respectively ranging from less than 500 
individuals/ 250g of dry soil (Slope= 10.001, Intercept= 

750.96, r= -0.83611, r2= 0.699, t= -10.56, P= < 0.01) 
(figure 4 A). Although, the proportion of bacterial feeders 
(Slope= -0.0007, Intercept= 1.0459, r= -0.638, r2= 0.407, 
t= -5.7406, P= < 0.01) and fungal feeders (Slope= -0.0003, 
Intercept= 0.2868, r= -0.83611, r2= 0.699, t= -10.56, P= < 
0.01) was significantly higher in organically enriched 
habitats viz., paper, metal and food industries as compared to 
natural habitats. Abundant bacterial feeders were observed in 
organically-enriched habitats and food industry samples 
while fungal feeders could be abundantly found in metal 
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industry samples (figure 4 B, C). Furthermore, the proportion 
of omnivores (Slope= -0.0003, Intercept= -0.1153, r= 

0.6552, r2= 0.4294, t= 6.0101, P= < 0.01), plant parasitic 
(Slope= 0.0004, Intercept= -0.1198, r= 0.6436, r2= 0.4142, 
t= 5.826, P= < 0.01), and predators (Slope= 0.0002, 

Intercept= -0.0982, r= 0.6337, r2= 0.4016, t= 5.6759, P= < 
0.01) showed positive correlation, and were significantly 
higher in natural habitat and were lower in proportion in food, 
metal and paper industries (figure 4 D-F). 

 

Figure 4. Bivariate linear relationships showing the effect of habitats on (A) total number of nematodes, (B) bacterial feeders, (C) fungal feeders, (D) 

omnivores, (E) plant parasites, (F) predators. The x-axis represents the total number of nematodes and the y-axis represents the proportion of trophic groups. 

The sample points of different shapes belonging to five different habitats are shown. The red lines denote the predictions of the linear models and the blue 

lines represent 95% confidence intervals. r2= coefficient of determination, slope= regression; P= significance of the regression slope. 

In contrast to the abundance of coloniser-persister groups, 
most of the enrichment indicators (c-p1) were observed in the 
organically enriched habitats, however, r-strategists (c-p1) 

showed negative correlation with metal and natural industries 
(Slope= 0.0003, Intercept= 0.3179, r= 0.2487, r2= 0.0618, 
t= 1.7793, P= 0.08) (figure 5 A). Although, the basal 
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indicators (c-p2) were significantly higher in food, metal and 
paper industries, they indicated a negative correlation with 
natural and enriched habitats (Slope= -0.0011, Intercept= 

2.0349, r= -0.346, r2= 0.1197, t= -2.5554, P= 0.01) (figure 
5 B). K-strategists (c-p3-5), indicators of a stable 

environment, were significantly higher in natural habitats but 
negatively correlated with rest of the habitats (Slope= 0.0014, 
Intercept= 1.5371, r= 0.3532, r2= 0.1247, t= 2.6158, P= 

0.01) (figure 5 C). 

 

Figure 5. Bivariate linear relationships showing the effect of habitats on (A) coloniser-persister (c-p1), (B) coloniser-persister (c-p2), (C) coloniser-persister 

(c-p3-5) classes. The x-axis represents the total number of nematodes and the y-axis represents the proportion of coloniser-persister classes. The sample 

points of different shapes belonging to five different habitats are shown. The red lines represent the predictions of the linear models and the blue lines 

represent 95% confidence intervals. r2= coefficient of determination, slope= regression; P= significance of the regression slope. 

3.3. Effect of Habitats on Nematode Community Structure 

The nematode community structure was markedly affected 
in different habitats from natural to those contaminated by 
industrial wastes. The present data showed high variability 
and asymmetric distribution. Maturity index (MI, MI2-5) and 
trophic diversity indices (TDI) showed positive correlation 
and were significantly higher in natural habitats with all the 
points distributed at the maximum limit of whisker (figure 
6A); however, these indices showed negative correlation with 
organically enriched habitats and all the points were 
dispersed at the lower limit of whisker while rest of the 
habitats showed points dispersed in quartile region. Although 
Nematode Channel Ratio (NCR) was relatively higher in 
habitats representing metal and paper industries with all the 
points dispersed at the quartile (Q1) and lower limit of 

whisker while negatively correlation was observed with TDI, 
MI2-5 and MI. The plant-parasitic index (PPI) did not show 
any significant pattern in the selected habitats (figure 6A). 

Likewise, EI, SI, BI, and CI showed an asymmetric pattern 
of distribution. The enrichment index was high in 
organically-enriched habitats and lower in the metal 
industries as the sample points are shown at both extremities 
(minimum and maximum) and indicated a negative 
correlation with structure index (SI) while a positive 
correlation with basal index (BI). Structure index (SI) was 
exceptionally low in enriched or contaminated habitats with 
few samples showing greater deviation from mean value; on 
the other hand, SI was relatively higher in natural habitats. 
The basal index (BI) showed positive distribution with 
relatively higher values in paper and food industries and 
lower in enriched and natural habitats. However, the channel 



 Ecology and Evolutionary Biology 2023; 8(1): 14-27 21 
 

index did not show any significant correlation (figure 6B). 

 

Figure 6. Variations in nematode community indices in different habitats. (A) variation and distribution pattern between maturity indices (MI, MI2-5), plant-

parasitic index (PPI), the trophic diversity index (TDI) and nematode channel ration (NCR); (B) variation and distribution pattern between enrichment index 

(EI), structure index (SI), basal index (BI), and channel index (CI). The sample points are marked with different shapes and colors for a particular habitat. 

3.4. Relationships Between Trophic Groups,  

Colonizers-Persisters, and Community Indices in 

Selected Habitats 

In order to know the relationships of variables in different 
habitats, Principal Component Analysis (PCA) was 
performed with the fraction of variance of the first two 
components being 42.83% (PC1) and 23.65% (PC2). The 
results reflected variables responsible for the stability of an 
environment, food web complexity and high connectance viz., 

SI, MI, MI2-5, PPI, TDI OM, PP, c-p3-5 lying on PC1 axis 
whereas the PC2 axis showed the variables (EI, BI, CI, NCR, 
BF, FF c-p1, and c-p2) that were responsible for indicators of 
enrichment and basal conditions. The variables of PC1 (SI, 
MI, MI2-5, PPI, TDI, OM, PP, c-p3-5) indicated a close 
relationship with the natural habitat, whereas, closely related 

EI, NCR, c-p1, indicated close relationships with the 
enriched habitats and a strong correlation was found between 
bacterial feeders (BF) and organically enriched habitats and 
food industries. On the other hand, indices including basal 
indicators (BI, CI, FF and c-p2) showed close relationships 
with the metal and paper industries (figure 7 A). 

The significance of these correlations was assessed by 
Spearman’s rank correlation coefficient (figure 7 B). A 
significantly positive correlation was observed between 
trophic groups (OM, PP and PRED); persisters (c-p3-5); and 
nematode community indices (MI, MI2-5, SI, TDI) whereas 
these variables were negatively correlated with nematode 
community indices (BI and EI), trophic group (BF) and 
colonisers (c-p1), the enrichment indicators. Interestingly, 
nematode community indices (BI and CI) and basal 
indicators of c-p2 values showed a positive correlation 
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together, whereas the trophic group (FF) indicated a positive 
correlation only with BI and c-p2 while no significant 

correlation was observed with CI. 

 

Figure 7. Relationships between trophic groups, colonisers-persisters and nematode community indices in different habitats. (A) Principal Component 

Analysis (PCA) with a total variance of principal component (PC) 66.5%. The sample points of different shapes belonging to five different habitats are shown 

and the length of the green lines indicates the magnitude of the variables. (B) Spearman’s rank correlation plot. The blue color indicates a significant positive 

and the red color negative correlation among variables, whereas, the significance values more than P= > 0.05 are marked with cross. 

3.5. Relationships Between Soil Elements and the 

Indicators of Different Habitats 

The potential of nematodes as bio-indicators for effective 
soil health in different habitats was assessed using Canonical 
Corresponding Analysis (CCA). This analysis highlighted the 
relationship between nematode taxa and available soil 
elements in each habitat. The analysis was inferred based on 
the abundance of genera and % weight values of soil 
elements in the selected habitats such as natural, organically 
enriched habitats as well as habitats of food, metal and paper 
industries with Axis 1= 30.01% and Axis 2= 26.10%. The 
results indicated that among five habitats, negative 

relationship was observed between organically-enriched and 
natural habitats separated well, however, food, metal and 
paper industries clustered together showing closer 
relationship. The habitats were studied on the basis of 
available soil elements (explanatory environmental variable). 
The organically-enriched habitats corresponded to greater 
amount of Calcium (Ca) and Carbon (C), and the presence of 
Chlorine (Cl), Phosphorus (P), Sulphur (S), whereas as these 
elements were present in a very low amount or absent in 
other habitats. Although, the natural habitats mainly 
corresponded with presence of Sodium (Na) and Potassium 
(K) with the latter relatively higher in proportion. The other 
habitats (food, metal, and paper industries) were clustered 
together because of sharing common soil elements viz., Iron 
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(Fe), Magnesium (Mg), Silicon (Si) and Aluminium (Al) in a 
more or less balanced amounts although these elements were 
relatively higher in few samples of natural habitats (table 2). 
The nematode communities’ composition and their functional 
status indicated soil health condition. The ordination 
resembles that enrichment indicators/ r- strategists/ 
nematodes belonging to c-p1 class (Aspidonema, 

Distolabrellus, Pterygorhabditis, Teratorhabditis, 

Acrostichus, Fictor, Mononchoides and Paroigolaimella) 
grouped with organically-enriched habitats with high nutrient 
content and bacterial-dominated decomposition pathway 
suggesting disturbed food web condition. However, the 
indicators of stable environment/ k- strategists/ nematodes 
belonging to c-p3-5 scale (Mylonchulus, Iotonchus, 

Criconemoides, Hemicriconemoides, Chrysonema, 

Helicotylenchus, Hoplolaimus, Discolaimus, Dorylaimus and 
Monhystera) grouped together. Presence of some bacterial 
feeders of (c-p1 and c-p2) viz., Plectus, Ceratoplectus, and 

Oscheius in natural habitat indicated moderately disturbed to 
undisturbed, with C: N ratio low to moderate suggesting 
maturing to structured food web condition. Most of the basal 
indicator/ taxa representing c-p2 scale (Aphelenchus, 

Aphelenchoides, Prismatolaimus, Geomonhystera, 

Tylencholaimus, Pelodera, Cephalobus and Chiloplacus) 
grouped together with paper, metal and food industries 
indicating stressed condition, nutrient depletion and fungal-
dominated decomposition pathway, high C: N ratio 
suggesting degraded or recovering food web conditions 
(figure 8). 

 

Figure 8. Relationships between nematode communities and soil elements among different habitats. Canonical Corresponding Analysis (CCA) with a total 

variance of Axis (1 and 2) 56.11%. The sample points of different shapes are covered with ellipses belonging to five different habitats and the length of the 

green lines indicates explanatory environmental variables. 

Table 2. Relative abundance (proportion) of trophic groups, nematode community indices and weight % of soil elements (mean ± standard error) of different 

habitats. 

Variables Natural Hab. Enriched Hab. Food Ind. Metal Ind. Paper Ind. 

Total nem. 733.00 ± 43.37 619.45 ± 25.96 415.00 ± 17.24 380.00 ± 9.38 332.10 ± 21.66 
Trophic group 
BF 0.20 ± 0.02 0.89 ± 0.01 0.87 ± 0.02 0.66 ± 0.02 0.74 ± 0.02 
FF 0.04 ± 0.01 0.04 ± 0.01 0.05 ± 0.01 0.24 ± 0.02 0.19 ± 0.01 
OM 0.26 ± 0.02 0.04 ± 0.01 0.02 ± 0.01 0.03 ± 0.00 0.01 ± 0.00 
PP 0.31 ± 0.03 0.02 ± 0.01 0.05 ± 0.01 0.04 ± 0.01 0.05 ± 0.00 
Pred 0.19 ± 0.02 0.01 ± 0.01 0.00 ± 0.00 0.02 ± 0.00 0.00 ± 0.00 
Nematode community index 
MI 4.79 ± 0.15 1.48 ± 0.03 1.79 ± 0.07 2.23 ± 0.04 1.87 ± 0.03 
MI2-5 4.43 ± 0.17 0.53 ± 0.02 1.22 ± 0.08 0.90 ± 0.09 1.51 ± 0.05 
PPI 2.40 ± 0.40 1.20 ± 0.49 1.50 ± 0.44 2.70 ± 0.30 1.48 ± 0.14 
TDI 1.22 ± 0.01 1.01 ± 0.00 1.01 ± 0.00 1.07 ± 0.01 1.04 ± 0.01 
NCR 0.84 ± 0.02 0.96 ± 0.01 0.94 ± 0.01 0.73 ± 0.02 0.79 ± 0.02 
EI 61.91 ± 3.41 83.70 ± 3.52 68.70 ± 1.41 52.67 ± 1.80 52.67 ± 1.80 
SI 90.73 ± 1.17 86.02 ± 4.46 75.57 ± 2.93 85.57 ± 1.14 61.34 ± 1.72 
BI 8.01 ± 0.99 8.30 ± 2.45 15.50 ± 1.36 12.69 ± 0.73 18.95 ± 1.31 
CI 31.79 ± 10.09 48.77 ± 20.86 42.75 ± 10.57 40.46 ± 5.84 24.95 ± 3.83 
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Variables Natural Hab. Enriched Hab. Food Ind. Metal Ind. Paper Ind. 

Soil element (Weight %) 
Al (%) 6.09 ± 0.24 3.71 ± 0.10 4.45 ± 0.08 7.76 ± 0.38 6.07 ± 0.19 
Ca (%) 2.19 ± 0.10 14.18 ± 0.43 3.61 ± 0.12 3.14 ± 0.08 1.53 ± 0.24 
C (%) 0.00 ± 0.00 25.48 ± 0.82 6.08 ± 0.82 10.74 ± 0.94 6.24 ± 0.94 
Cl (%) 0.00 ± 0.00 0.88 ± 0.09 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Fe (%) 5.44 ± 0.22 0.00 ± 0.00 4.29 ± 0.08 3.81 ± 0.11 3.87 ± 0.17 
Mg (%) 1.89 ± 0.13 0.00 ± 0.00 1.12 ± 0.04 1.94 ± 0.15 1.31 ± 0.07 
O (%) 54.20 ± 0.62 59.34 ± 0.80 52.79 ± 0.58 56.32 ± 0.40 55.23 ± 0.31 
P (%) 0.00 ± 0.00 3.37 ± 0.08 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
K (%) 2.50 ± 0.09 1.15 ± 0.09 2.18 ± 0.06 1.16 ± 0.04 2.19 ± 0.08 
Na (%) 0.17 ± 0.03 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
Si (%) 25.68 ± 0.19 11.40 ± 0.51 26.08 ± 0.26 26.08 ± 0.22 24.47 ± 0.86 
S (%) 0.00 ± 0.00 1.13 ± 0.05 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

 

Figure 9. Correlation of nematode communities among different habitats and clustering of habitats based on the nematode abundance. (A) Spearman’s rank 

correlation plot. The blue color indicates a significant positive and the red color negative correlation among variables, whereas, the significance values more 

than P= > 0.05, are marked with a cross. (B) The tree was inferred with 10000 bootstrap pseudo-replicates using paired group (UPGMA) algorithm under the 

correlation similarity index. 
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4. Discussion 

It is a fact that the stability of ecosystem and its 
communities depend upon the interspecific interactions and 
the changes in environmental conditions. The present study 
provided insight into the substrate conditions that maintain 
soil biodiversity and biogeographic patterns of soil nematode 
community assemblage. The analyses showed that the 
diversity and abundance of nematodes among the habitats 
decreased from undisturbed (natural) to extremely disturbed 
habitats and well separated from each other by having a 
specific group of taxa, indicating the potential of the 
nematode communities as indicator of the ecological 
succession [12, 19, 21, 23, 29]. The spatial variation in 
nematode communities was found to be regulated by 
environmental processes and the drivers of nematode β-
diversity were different among trophic levels. The habitats, 
dominated by a specific nematode community, clustered in a 
separate clade with a 100% branch support value (figure 9B). 
These communities have been categorized based on 
functional guilds, and coloniser-persister scales during the 
quality assessment of ecosystem. Some nematodes (Ba1 and 
Ba2 of c-p1 and c-p2 classes), tolerant or insensitive to 
pollutants, showed the capability to impede development, 
form dauer larvae and opt for some means of transport to 
reach a fresh habitat. Such nematodes dominated in 
organically rich (enriched habitats) and contaminated habitats 
(food and metal industries) and clustered together showing 
close relationship; likewise, the nematodes present in the 
paper industry possessed more or less similar characteristics 
but were clustered in a separate clade with abundance of 
Eucephalobus, Poikilolaimus, and Tylenchorynchus. 
However, the nematodes sensitive to pollutants, could not 
form dauer, and dominated natural habitats, clustered and 
positively correlated to each other. e.g. Chrysonema, 

Criconemoides, Hemicriconemoides, Iotonchus, Ironus, and 
Mylonchulus (figure 9A, B). 

The present study revealed that a high proportion of 
bacterial-feeding nematodes in organically enriched habitats 
and in those areas contaminated by industrial wastes 
indicated rich nutrients, less competition and predation. On 
the other hand, the nematodes belonging to K- strategists 
(omnivore and carnivore nematodes) were most sensitive to 
contamination leading to a decrease in populations as the 
concentration of pollution or contamination in the soil 
increased [7, 37]. The decrease in the abundance of K- 
strategist genera with the increase in soil pollution 
contaminated by industrial wastes could reflect the loss of the 
most sensitive nematodes of coloniser-persister classes (c-p3-
5) [36, 48]. 

However, the bacterial-feeding nematodes Mesorhabditis 
and Panagrolaimus belonging to r-strategist category, were 
the least affected, and dominated in nearly all the habitats. 
However, they were insensitive to pollutants showing 
significantly higher abundance in contaminated soils [9, 31]. 
Therefore, the genera Cephalobus, and Aphelenchoides 

mainly relying on the bacteria and fungi, belonging to c-p2 
classes frequently occurred in most habitats but more 
abundant in those areas highly contaminated by industrial 
wastes. 

In contrast, the abundance of coloniser-persister (c-p) 
classes, the abundance of the nematodes of c-p 3-5 classes 
were significantly decreased from natural and organically 
enriched habitats to food, metal and paper industries 
respectively. Although, the proportion of bacterial and fungal 
feeders was higher in contaminated areas and most abundant 
bacterial feeders of c-p1 class were observed in organically 
enriched habitat and food industries while most abundant 
fungal feeders and bacterial feeders of c-p2 classes in the 
metal and paper industries indicated nutrient depletion. The 
loss of the nematodes of higher c-p classes corresponded to 
stress condition or extremely very poor soil health. 

5. Conclusions 

Good soil health is necessary for the diversity and 
prevalence of soil microorganisms. In this study, we found 
that the diversity, abundance and higher c-p classes were 
drastically decreased from natural to organically enriched 
habitats and further to those contaminated by industrial 
wastes. The study also confirmed that nematodes with 
extremely lower c-p classes were tolerant to disturbed or 
highly polluted soil, whereas the nematodes with extremely 
higher c-p classes were more sensitive to the pollutant. 

We also concluded that all the habitats are well separated 
from each other based on the nematode community structure, 
abundance, specificity, and coexistence. The abundance and 
diversity of k-strategists (persisters) nematodes were higher 
in natural habitats whereas, the organically enriched habitats 
were dominated by r-strategist (colonisers) bacterivores. 
However, the habitats influenced by industrial wastes were 
mainly dominated by bacterivores and fungivores of c-p2 
classes. Four genera Mesorhabditis, Panagrolaimus, 

Cephalobus, and Aphelenchoides were considered 
cosmopolitan and commonly occurred in all the habitats, 
however, their very high abundance in 
contaminated/disturbed habitats may be a criterion to 
consider their bio-indicator properties. The genera Oscheius, 

Criconemoides, Hemicriconemoides, Iotonchus, Ironus and 

Mylonchulus in natural habitat; Aspidonema, Distolabrellus, 

Metarhabditis, Pterygorhabditis, Teratorhabditis, 

Halicaphalobus, Acrostichus, Fictor, Mononchoides, and 
Paroigolaimella in organically enriched; Pelodera and 
Prismatolaimus in the food industry and Pseudacrobeles, 

Acrobeloides, Cervidellus, Dorylaimellus, Rotylenchus and 
Achromadora in metal; Poikilolaimus, Eucephalobus, 

Ditylenchus, and Tylenchorhynchus in paper industries may 
be considered endemic taxa of such habitats. 

Conflicts of Interest 

The authors declare that they have no competing interests. 



26 Mohammad Mahboob and Qudsia Tahseen:  Comparative Diversity, Abundance, and Community Pattern of Nematodes in  26 
Natural and Disturbed Habitats 

Ethics Approval 

Not applicable. 

Availability of Data and Material 

The data collected and used in this study are available as 
supplementary material 1, 2. 

ORCID IDs 

Q. Tahseen: http://orcid.org/0000-0002-4047-7052; 
M. Mahboob: http://orcid.org/0000-0003-1056-9877; 

Authors' Contributions 

QT originally conceived and formulated the idea and 
designed the experiments. MM performed the experiments 
and analyzed the data. 

Acknowledgements 

This work was supported by the Science and Engineering 
Research Board (SERB), Department of Science and 
Technology, Government of India, New Delhi, India (grant 
number EMR/2017/000243). 

 

References 

[1] Armenteros, M., Ruiz-Abierno, A., Fernández-Garcés, R., 
Pérez-García, J. A., Díaz-Asencio, L., Vincx, M., Decraemer, 
W. (2009). Biodiversity patterns of free-living marine 
nematodes in a tropical bay: Cienfuegos, Caribbean Sea. 
Estuarine, Coastal and Shelf Science, 85, 179–189. 
https://doi.org/10.1016/j.ecss.2009.08.002. 

[2] Ahmad, W., Jairajpuri, M. S. (2010). Mononchida: the 
predatory soil nematodes. Brill. pp. 320. 
https://doi.org/10.1163/ej.9789004174641.i-298. 

[3] Andrássy I. (1984). Klasse Nematoda (Ordnungen 
Monhysterida, Desmoscolecida, Araeolaimida, Chromadorida, 
Rhabditida). Berlin, Deutschland: Akademie Verlag. 509 pp. 

[4] Andrássy, I. (2005). Free-living Nematodes of Hungary 
(Nematoda: Errantia), vol. I, Hungarian Natural History 
Museum and Systematic Zoology Research Group of the 
Hungarian Academy of Sciences, Budapest, Hungary. 

[5] Baermann G. (1917). Eine einfache Methode zur Auffindung von 
Ankylostomum (Nematoden) Larven in Erdproben. 
Geneeskunding Tijdschrift voor Nederlandsch-Indië, 57, 131–137. 

[6] Bardgett, R. D., Van der Putten, W. H. (2014). Belowground 
biodiversity and ecosystem functioning. Nature, 515, 505–511. 
DOI: 10.1038/nature13855. 

[7] Bongers, T. (1990). The maturity index, an ecological 
measure of environmental disturbance based on nematode 
species composition. Oecologia, 83, 14–19. 
https://doi.org/10.1007/bf00324627. 

[8] Bongers, T., Bongers, M., (1998). Functional diversity of 

nematodes. Applied Soil Ecology, 10, 239–251. 
https://doi.org/10.1016/S0929-1393(98)00123-1. 

[9] Chen, G., Qin, J., Shi, D., Zhang, Y., Ji, W. (2009). Diversity 
of soil nematodes in area polluted with heavy metals and 
polycyclic aromatic hydrocarbons (PAHs) in Lanzhou, China. 
Environmental Management, 44, 163–172. 
https://doi.org/10.1007/s00267-008-9268-2. 

[10] Cobb, N. A. (1918). Estimating the Nematode population of 
the soil. In Agricultural Technical Circular No. 1 48 (United 
States Department of Agriculture Bureau of Plant Industry. 

[11] Crowther, T. W., Boddy, L., Jones, T. H. (2011). Species-
specific effects of soil fauna on fungal foraging and 
decomposition. Oecologia, 167, 535–545. 
https://doi.org/10.1007/s00442-011-2005-1. 

[12] Doran, J. W., Safley M. (1997). Defining and assessing soil 
health and sustainable productivity. In: Pankhurst, C. E., 
Doube, B. M. and Gupta, V. V. S. R. (Eds.). Biological 
Indicators of Soil Health. CAB International, Wallingford, pp. 
1–28. 

[13] Ferris, H. (2010a). Contribution of nematodes to the structure 
and function of the soil food web. Journal of Nematology, 42, 
63–67. 

[14] Ferris, H. (2010b). Form and function: Metabolic footprints of 
nematodes in the soil food web. European Journal of Soil 
Biology, 46, 97–104. 
http://dx.doi.org/10.1016/j.ejsobi.2010.01.003. 

[15] Ferris, H., Bongers, T. (2009). Indices for analysis of 
nematode assemblages. in M. Wilson, and T. Kakouli-Duarte, 
eds. Nematodes as Environmental Bioindicators. Wallingford, 
U. K: CABI Pp. 124–145. 

[16] Ferris, H., Bongers, T., de Goede, R. G. M., (2001). A 
framework for soil food web diagnostics, extension of the 
nematode faunal analysis concept. Applied Soil Ecology, 18, 
13–29. https://doi.org/10.1016/S0929-1393(01)00152-4. 

[17] Ferris, H., Venette, R. C., Lau, S. S. (1997). Population 
energetics of bacterial-feeding nematodes: carbon and 
nitrogen budgets. Soil Biology and Biochemistry, 29, 1183–
1194. https://doi.org/10.1016/S0038-0717(97)00035-7. 

[18] Goodey, T. (1963). Soil and freshwater nematodes. 2th 
Edition. Revised by J. B. Goodey. Methuen, London, 554 pp. 

[19] Goralczyk, K. (1998). Nematodes in a coastal dune succession: 
indicators of soil properties? Applied Soil Ecology, 9, 465–469. 
https://doi.org/10.1016/S0929-1393(98)00106-1. 

[20] Griffiths, B. S., Caul, S., Thompson, J., Birch, A. N. E., 
Scrimgeour, C., Andersen, M. N., Cortet, J., Messean, A., Sausse, 
C., Lacroix, B., Krogh, P. H. (2005). A comparison of soil 
microbial community structure, protozoa and nematodes in field 
plots of conventional and genetically modified maize expressing 
the Bacillus thuringiensis CryIAb toxin. Plant and Soil, 275, 135–
146. http://dx.doi.org/10.1007/s11104-005-1093-2. 

[21] Haitova, D. and Bileva, T. (2011). Influence of different 
fertilizer types of zucchini (Cucurbita pepo) on the structure 
of nematode communities. Communications in Agricultural 
and Applied Biological Sciences, 76, 341–345. 

[22] Háněl, L. (2001). Succession of soil nematodes in a pine forest on 
coal-mining sands near Cottbus, Germany. Applied Soil Ecology, 
16, 23–34. https://doi.org/10.1016/S0929-1393(00)00101-3. 



 Ecology and Evolutionary Biology 2023; 8(1): 14-27 27 
 

[23] Háněl, L. (2008). Nematode assemblages indicate soil 
restoration on colliery spoils afforested by planting different 
tree species and by natural succession. Applied Soil Ecology, 
40, 86–99. https://doi.org/10.1016/j.apsoil.2008.03.007. 

[24] Havens, K. (1994). Clonal repeatability of in vitro pollen tube 
growth rates in Oenothera organensis (Onagraceae). 
American Journal of Botany, 81, 161–165. 
http://dx.doi.org/10.2307/2445629. 

[25] Ingham, R. E., Trofymow, J. A., Ingham, E. R., Coleman, D. 
C. (1985). Interactions of bacteria, fungi, and their nematode 
grazers: effects on nutrient cycling and plant growth. 
Ecological Monographs, 55, 119–140. 
https://doi.org/10.2307/1942528. 

[26] Jairajpuri, M. S., Ahmad, W. (1992). Dorylaimida. Free-living, 
predaceous and plant-parasitic nematodes. Leiden, The 
Netherlands, Brill. 

[27] Kergunteuil, A., Campos-Herrera, R., Sánchez-Moreno, S., 
Vittoz, P., Rasmann, S. (2016). The abundance, diversity, and 
metabolic footprint of soil nematodes is highest in high 
elevation alpine grasslands. Frontiers in Ecology and 
Evolution, 4, 1–12. https://doi.org/10.3389/fevo.2016.00084. 

[28] Laasli, S. E., Mokrini, F., Lahlali, R., Wuletaw, T., Paulitz, T., 
Dababat, A. A. (2022). Biodiversity of Nematode Communities 
Associated with Wheat (Triticum aestivum L.) in Southern 
Morocco and Their Contribution as Soil Health Bioindicators, 
Diversity, 14, 194. https://doi.org/10.3390/d14030194. 

[29] Lei, Y., Zhou, J., Xiao, H., Duan, B., Wu, Y., Korpelainen, H., 
Li, C. (2015). Soil nematode assemblages as bio-indicators of 
primary succession along a 120-year-old chronosequence on 
the Hailuogou Glacier forefield, SW China. Soil Biology and 
Biochemistry, 88, 362–371. 
https://doi.org/10.1016/j.soilbio.2015.06.013. 

[30] Li, X., Zhu, H., Geisen, S., Bellard, C., Hu, F., Li, H., Chen, 
X., Liu, M. (2020). Agriculture erases climate constraints on 
soil nematode communities across large spatial scales. Global 
Change Biology, 26, 919–930. 
https://doi.org/10.1111/gcb.14821. 

[31] Lu, Q., Liu, T., Wang, N., Dou, Z., Wang, K., Zou, Y. (2020). 
A review of soil nematodes as biological indicators for the 
assessment of soil health. Frontiers in Agricultural Science 
and Engineering, 7, 275–281 https://doi.org/10.15302/J-
FASE-2020327 

[32] Mahboob M and Tahseen Q (2021) Diversity, prevalence and 
microhabitat specificity of nematodes (Rhabditidae Örley, 
1880 and Diplogastridae Micoletzky, 1922) associated with 
insects: an overview. International Journal of Pest 
Management, 1–42. 
https://doi.org/10.1080/09670874.2021.1969470. 

[33] Mahboob M and Tahseen Q (2022) Molecular phylogeny and 
new insight into the stomatal complexity of Fictor 
platypapillata sp. n. (Diplogastridae: Nematoda) associated 
with Oniticellus cinctus (Coleoptera: Scarabaeidae). Journal 
of Helminthology 96, 1–15. 
https://doi.org/10.1017/S0022149X22000050. 

[34] Mahboob, M., Bashir, I., Asif, M., Nazir, N., Jahan, R., 
Tahseen, Q. (2022). Molecular and phenotypic 
characterization of two cryptic species of the predatory genus 
Mononchoides Rahm, 1928 (Rhabditida: Diplogastridae) and 
their congeneric affinities. Journal of Helminthology, 96, e41, 
1–22. https://doi.org/10.1017/S0022149X22000323. 

[35] Melakeberhan, H., Maung, Z., Lartey, I., Yildiz, S., Gronseth, 
J., Qi, J., Karuku, G. N., Kimenju, J. W., Kwoseh, C., Adjei-
Gyapong T. (2021). Nematode community-based soil food 
web analysis of Ferralsol, Lithosol and Nitosol soil groups in 
Ghana, Kenya and Malawi reveals distinct soil health 
degradations. Diversity, 13, 101. 
https://doi.org/10.3390/d13030101. Nagy, P., Bakónyi, G., 
Bongers, T., Kádár, I., Fábián, M., Kiss, I. (2004). Effects of 
microelements on soil nematode assemblages seven years 
after contaminating an agricultural field. Science of the Total 
Environment, 320, 131–143. 
https://doi.org/10.1016/j.scitotenv.2003.08.006. 

[36] Pen-Mouratova, S., Shukurovb, N., Steinberger, Y. (2008). 
Influence of industrial heavy metal pollution on soil free-
living nematode population. Environmental Pollution, 152, 
172–183. https://doi.org/10.1016/j.envpol.2007.05.007. 

[37] Platt, H. M. (1994). The phylogenetic systematics of free-
living nematodes. In Lorenzen S, editor. The Ray Society, 
London. Pp 383. 

[38] Porazinska, D. L., Giblin-Davis, R. M., Powers, T. O., 
Thomas, W. K. (2012). Nematode spatial and ecological 
patterns from tropical and temperate rainforests. PLoS, ONE, 
7, e44641. https://doi.org/10.1371/journal.pone.0044641. 

[39] Salminen, J., Haimi, J. (1996). Effects of pentachlorophenol in 
forest soil: a microcosm experiment for testing ecosystem 
responses to anthropogenic stress. Biology and Fertility of 
Soils, 23, 182–188. 

[40] Schindler D. W., Turner, M. A. (1982). Biological, chemical 
and physical responses of lakes to experimental acidification. 
Water Air Soil Pollution 18, 259-271. 

[41] Schindler, D. W. (1990). Experimental perturbations of whole 
lakes as tests of hypotheses concerning ecosystem structure 
and function. – Oikos, 57, 25-41. 
https://doi.org/10.2307/3565733, 

[42] Verschoor, B. C., Pronk, T. E., de Goede, R. G. M., Brussaard, 
L., (2002). Could plant-feeding nematodes affect the 
competition between grass species during succession in 
grasslands under restoration management? Journal of Ecology, 
90, 753–761. https://doi.org/10.1046/j.1365-
2745.2002.00710.x. 

[43] Viketoft, M., Bengtsson, J., Sohlenius, B., Berg, M. P., 
Petchey, O., Palmborg, C., Huss-Danell, K. (2009). Long-term 
effects of plant diversity and composition on soil nematode 
communities in model grasslands. Ecology, 90, 90–99. 
https://www.jstor.org/stable/27650951. 

[44] Viney, M., (2018). The genomic basis of nematode parasitism. 
Briefings in Functional Genomics, 17, 8–14. 
https://doi.org/10.1093/bfgp/elx010. Wu, P. F., Zhang, H. Z., 
Cui, L. W., Wickings, K., Fu, S. L., Wang, C. T. (2017). 
Impacts of alpine wetland degradation on the composition, 
diversity and trophic structure of soil nematodes on the 
Qinghai-Tibetan Plateau. Scientific Reports, 8, 5771. 
https://doi.org/10.1038%2Fs41598-017-00805-5. 

[45] Yeates, G. W. (2003) Nematodes as Soil Indicators: Functional 
and Biodiversity Aspects. Biology and Fertility of Soils, 37, 
199–210. https://doi.org/10.1007/s00374-003-0586-5. 

[46] Zhang, W. D., Wang, X. F., Li, Q., Jiang, Y., Liang, W. J. 
(2007). Soil nematode responses to heavy metal stress. 
Helminthologia, 44, 87–91. http://dx.doi.org/10.2478/s11687-
007-0009-5. 


