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Abstract 

This study was conducted to investigate the relationships between nematode biodiversity and soil and vegetation 

characteristics (dominated by Pinus, Cedrus, Quercus, Juniperus species, and Mediterranean maquis) in forest 

ecosystems located in six sub-regions with different topographic and edaphic properties in Adana Province, Türkiye. 

Soil samples were collected from 0–30 cm and 30–60 cm depths in Sarıçam, Çukurova, Salbaş, Varda, Bürücek and 

Pozantı sub-regions. Nematodes were extracted, identified at the genus level and classified into trophic groups. Soil 

physical and chemical properties including pH, organic matter, texture, lime content and nutrient status were analyzed 

to evaluate their relationships with nematode community structure. The results revealed significant differences among 

sub-regions in terms of nematode abundance, diversity and trophic composition. Bacterivorous nematodes represented 

the dominant trophic group, while predatory and omnivorous nematodes showed relatively lower diversity. All soils 

exhibited alkaline characteristics, and soil organic matter and texture were identified as the main factors influencing 

nematode communities. Higher nematode abundance and diversity were observed in soils rich in organic matter and 

with loamy texture, whereas sandy soils with low organic matter content supported less diverse communities. Pearson 

correlation analysis revealed that soil organic matter was positively correlated with nematode biodiversity, whereas sand 

content showed significant negative relationships with biodiversity indices. Nematode abundance was generally higher 

in the upper soil layer (0–30 cm) than in deeper soil layers. The findings demonstrate that nematode biodiversity is 

strongly associated with edaphic factors, particularly soil organic matter and texture, and confirm the usefulness of 

nematodes as reliable bioindicators for assessing soil ecosystem condition in forest environments. 

Keywords: Nematode biodiversity, soil food web, edaphic factors, soil organic matter, forest ecosystems, trophic 

groups, Mediterranean forests, Türkiye. 
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1. Introduction 

Forest ecosystems are complex natural systems that provide essential ecosystem services, including carbon 

sequestration, nutrient cycling, organic matter decomposition, and biodiversity conservation. Within these ecosystems, 

soil serves as the primary center of biological activity, supporting a wide range of microorganisms and soil fauna. Soil 

biota play fundamental roles in organic matter decomposition, nutrient mineralization, and energy transfer, thereby 

contributing to the sustainability and functioning of terrestrial ecosystems. Among soil organisms, nematodes are 

recognized as one of the most abundant and diverse groups of soil fauna. Due to their occurrence at multiple trophic 

levels, high species diversity, and rapid response to environmental changes, nematodes are widely used as biological 

indicators for assessing soil ecosystem condition and functionality (Neher, 2001). 

Soil nematodes comprise several trophic groups, including bacterivores, fungivores, predators, omnivores, and plant 

parasites, each of which performs distinct ecological functions within the soil food web. These organisms contribute to 

the regulation of microbial communities, organic matter turnover, nutrient cycling, and the availability of nutrients for 

plant uptake. Consequently, the composition and trophic structure of nematode communities provide valuable 

information regarding soil food web dynamics and ecosystem functioning. To evaluate soil health and ecological 

stability, several nematode-based ecological indices have been developed and widely applied, including the Maturity 

Index (MI), Enrichment Index (EI), Structure Index (SI), and Plant Parasitic Index (PPI) (Ferris et al., 2001; Du Preez 

et al., 2022). 

The abundance, diversity, and distribution of nematode communities are influenced by a variety of environmental 

factors, including soil organic matter content, soil texture, pH, moisture, temperature, elevation, and vegetation 

characteristics. Previous studies have shown that soils rich in organic matter and microbial activity generally support 

higher populations of bacterivorous and fungivorous nematodes. In contrast, low organic matter content, drought stress, 

and environmental disturbances may reduce nematode diversity and alter community composition (Bongers and Ferris, 

1999; Wu et al., 2011). Soil depth is another important factor affecting nematode communities. Upper soil horizons 

generally contain greater amounts of organic matter, root biomass, and microbial populations, resulting in higher 

nematode abundance and diversity compared with deeper soil layers (Hu et al., 2020; Sohlenius, 2002). 

Forest ecosystems within the Mediterranean climatic region exhibit considerable habitat heterogeneity due to variations 

in elevation, microclimatic conditions, vegetation structure, and soil characteristics. Such environmental heterogeneity 

can strongly influence the composition and functioning of soil biota. However, studies on nematode fauna in Türkiye 

have primarily focused on economically important plant-parasitic nematodes in agricultural systems, whereas 

investigations of free-living nematode communities in natural forest ecosystems remain limited. In particular, 

comprehensive studies examining the relationships between nematode community structure and environmental factors 

across forest ecosystems with contrasting topographic and edaphic characteristics are still scarce in the Mediterranean 

region of Türkiye. 

The present study was conducted to investigate the relationships between nematode community structure, trophic group 

composition, ecological indices, and the physical and chemical properties of soils in different forest ecosystems of Adana 

Province, Türkiye. Nematode abundance, trophic distributions, and ecological indices were evaluated using samples 

collected from different sub-regions and soil depths. In addition, the effects of key edaphic factors, including soil organic 

matter content, pH, calcium carbonate content, and soil texture, on nematode communities were assessed. The findings 
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are expected to contribute to the understanding of soil biodiversity and to support the use of nematodes as biological 

indicators for monitoring soil health and promoting sustainable forest management practices. 

Considering the limited number of studies addressing nematode communities in Turkish forest ecosystems, particularly 

in environmentally heterogeneous Mediterranean landscapes, the forest areas of Adana Province provide an excellent 

model for evaluating the responses of soil nematodes to environmental gradients. We hypothesized that nematode 

community structure and ecological indices would vary among forest ecosystems with different environmental 

conditions and that these variations would be primarily associated with soil organic matter content and soil texture. 

Furthermore, the study evaluated the suitability of nematode communities as biological indicators of soil quality and 

ecosystem health in forest environments. 

2. Materials and methods 

2.1. Study Area 

This study was conducted in six forest sub-regions of Adana Province, Türkiye, namely Sarıçam, Çukurova, Salbaş, 

Varda, Bürücek, and Pozantı, selected to represent the diverse environmental conditions of Mediterranean forest 

ecosystems. The study sites encompass a broad elevational gradient (23–780 m a.s.l.) and differ considerably in climate, 

vegetation composition, and soil characteristics. 

The dominant vegetation includes Turkish red pine (Pinus brutia Ten.), black pine (Pinus nigra Arnold), cedar (Cedrus 

libani A. Rich.), oak (Quercus spp.), juniper (Juniperus spp.), and Mediterranean maquis communities. Soil types range 

from sandy loam and loam to clay loam and stony loam, with substantial variation in organic matter content and other 

physicochemical properties. These environmental differences were expected to influence nematode diversity, 

abundance, and community structure. 

The selected study sites represent contrasting ecological conditions, ranging from hot, dry Mediterranean lowlands to 

cooler and more humid mountainous environments. Such environmental gradients provide suitable conditions for 

evaluating the responses of soil nematode communities to differences in soil properties and microclimatic conditions. 

The general ecological characteristics of the study areas are presented in Table 1, and the spatial distribution of the 

sampling locations is shown in Figure 1. 

Table 1. General ecological characteristics of the study areas. 

Sub-

region 

Elevation 

(m) 
Climatic Characteristics Dominant Vegetation Soil Characteristics 

Sarıçam 258 
Warm and semi-arid Mediterranean 

climate 

Turkish red pine (Pinus brutia), maquis vegetation, 

and herbaceous plants 

Sandy loam soil with low organic matter 

content 

Çukurova 23 
Typical Mediterranean climate with hot, 

dry summers 

Maquis vegetation, agricultural transition areas, and 

Pinus brutia stands 

Predominantly sandy soil, poor in 

organic matter 

Salbaş 126 Cool and humid microclimate 
Black pine (Pinus nigra), oak (Quercus spp.), and 

cedar (Cedrus libani) 

Loam to clay-loam soil rich in organic 

matter 

Varda 420 
Transitional climate with moderate 

humidity 

Mixed stands of Turkish red pine (Pinus brutia) and 

black pine (Pinus nigra) 

Clay-loam soil with moderate organic 

matter content 
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Sub-

region 

Elevation 

(m) 
Climatic Characteristics Dominant Vegetation Soil Characteristics 

Bürücek 252 Cool, rainy, and humid microclimate 
Cedar (Cedrus libani), black pine (Pinus nigra), and 

oak (Quercus spp.) 

Loam soil with high organic matter 

content 

Pozantı 780 
Mountain transitional climate with cool 

winters 

Black pine (Pinus nigra), juniper (Juniperus spp.), 

and oak (Quercus spp.) 

Stony loam soil with moderate organic 

matter content 

 

Figure 1. A map of the study area showing the locations of the six sampling subregions (Sarıçam, Çukurova, Salbaş, Varda, Bürücek, 

and Pozantı) identified in the forest ecosystems of Adana Province (Türkiye). 

2.2. Soil Sampling 

Soil sampling was conducted monthly between January 2022 and December 2023 in order to represent the environmental 

conditions of the selected study sites. Regular sampling was performed in the Sarıçam, Çukurova, Salbaş, Varda, 

Bürücek, and Pozantı sub-regions. During each sampling period, soil samples were collected from two depth intervals 

(0–30 cm and 30–60 cm) to evaluate the vertical distribution of nematode communities. 

Soil samples were collected using a soil auger, and subsamples obtained from the same sampling point were combined 

to form composite samples. The collected samples were placed in labeled polyethylene bags and stored under appropriate 

conditions until laboratory analyses were performed. All samples were transported to the laboratory as soon as possible 

for nematode extraction and soil analyses. A total of 288 soil samples were evaluated throughout the study period, 

comprising six study regions, two soil depths, and monthly sampling intervals. This sampling design enabled a detailed 

assessment of both spatial (among regions) and vertical (among soil depths) variations in nematode communities. 

Sampling locations were selected to represent the topographic characteristics, vegetation composition, and soil 
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properties of the study areas, thereby allowing a comparative evaluation of the relationships between nematode 

community structure and soil characteristics under different ecological conditions. 

2.3. Soil Analyses 

Soil samples collected from the study sites were analyzed for pH, total soluble salts, calcium carbonate (CaCO₃), organic 

matter, available phosphorus (P₂O₅), exchangeable potassium (K₂O), and soil texture. Soil pH was determined in 

saturated soil paste using a pH meter. Calcium carbonate content was measured using the Scheibler calcimeter method, 

whereas soil organic matter was determined according to the Walkley–Black procedure. Available phosphorus was 

analyzed using the Olsen method, and exchangeable potassium was determined following ammonium acetate extraction 

using a flame photometer. 

Soil texture was determined by the hydrometer method, and soil samples were classified according to the USDA soil 

texture classification system based on sand, silt, and clay fractions. In addition, temperature and precipitation data for 

the study areas were obtained from the Turkish State Meteorological Service. Soil and climatic data were subsequently 

evaluated together with nematode abundance, trophic group distributions, and ecological indices to investigate the 

influence of environmental variables on nematode community structure. 

2.4. Nematode Extraction and Identification 

Nematodes were extracted from soil samples using a modified Baermann funnel technique. A subsample of soil from 

each composite sample was placed onto a sieve lined with filter paper and suspended in water for 48 h to allow nematodes 

to migrate into the collection medium. Following extraction, the nematode suspension was collected, concentrated by 

sedimentation, and used for enumeration. 

Extracted nematodes were initially examined under a stereomicroscope to determine total abundance. Permanent slides 

were subsequently prepared for taxonomic identification. Dehydration procedures followed the Seinhorst method, and 

nematodes were transferred into glycerin for long-term preservation. 

Identification was performed under a light microscope using morphological and morphometric characteristics, including 

body length, stylet morphology, esophageal structure, tail morphology, and other diagnostic taxonomic features. 

Nematodes were identified to the genus level whenever possible using standard taxonomic keys. 

Identified genera were assigned to five trophic groups: bacterivores, fungivores, plant parasites, predators, and 

omnivores, following the classification system proposed by Yeates et al. (1993). The relative abundance (%) of each 

trophic group was calculated and compared among regions and soil depths. Nematode abundance data were subsequently 

used for diversity and ecological index calculations to evaluate the major environmental factors affecting nematode 

community structure. 

2.5. Nematode Biodiversity and Ecological Indices 

Nematode community diversity and ecological structure were evaluated using genus richness and a series of diversity 

and faunal indices. Diversity was assessed using the Shannon–Wiener diversity index (H′), Simpson diversity index (D), 

and Pielou’s evenness index (J). 

The Shannon–Wiener diversity index was calculated as: 
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H′ = −Σ(pi ln pi) 

where pi represents the relative abundance of each nematode genus within the community. 

The Simpson diversity index was calculated as: 

D = 1 − Σ(pi²) 

Evenness was calculated as: 

J = H′ / ln(S) 

where S represents the total number of identified genera. 

The ecological condition of nematode communities was further evaluated using the Maturity Index (MI), Plant Parasitic 

Index (PPI), Enrichment Index (EI), and Structure Index (SI) according to the nematode faunal analysis framework 

proposed by Ferris et al. (2001). 

The Maturity Index was calculated as: 

MI = Σ(vi × fi) 

where vi is the colonizer–persister (c-p) value assigned to each taxon and fi is its relative abundance within the 

community. 

PPI values were calculated exclusively from plant-parasitic nematode taxa. EI and SI were calculated using the 

weighting coefficients and procedures proposed by Ferris et al. (2001). The resulting diversity and ecological indices 

were compared among regions, soil depths, and trophic groups, and their relationships with soil properties were 

evaluated. 

2.6. Trophic Group Analyses 

Nematode communities were compared among study regions and soil depths in terms of total abundance, genus richness, 

trophic group composition, and diversity indices. Relative abundances (%) of bacterivorous, fungivorous, predatory, 

omnivorous, and plant-parasitic nematodes were calculated and compared among sampling sites and soil depths. In 

addition, the proportions of free-living nematodes (bacterivores, fungivores, predators, and omnivores) and plant-

parasitic nematodes were evaluated to characterize soil food web structure and ecological functioning. 

2.7. Statistical Analyses 

Statistical analyses were performed using IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA). Pearson 

correlation analysis was conducted to evaluate the relationships between soil physicochemical properties (soil organic 

matter, pH, CaCO₃, available phosphorus, exchangeable potassium, sand, clay, and silt contents) and nematode 

biodiversity indices, including genus richness (GR), Shannon–Wiener diversity (H′), Simpson diversity (D), and Pielou's 

evenness (J). Pearson correlation coefficients (r) were calculated to assess the strength and direction of these 

relationships. Statistical significance was accepted at P < 0.05, with highly significant correlations considered at P < 

0.01. 
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3. Results 

3.1. Soil Characteristics of the Study Regions 

The physical and chemical properties of soils collected from the study regions are presented in Table 2. 

Table 2. Physical and chemical characteristics of soils from the study regions. 

Region 

Soil 

Depth 

(cm) 

Saturation 

(%) 

Total 

Salt (%) 
pH 

CaCO₃ 

(%) 

Available P₂O₅ 

(kg da⁻¹) 

Exchangeable K₂O 

(kg da⁻¹) 

Organic 

Matter (%) 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Texture 

Class 

I. Region 

(Sarıçam) 

0–30 67 0.070 7.94 15.84 2.27 108.90 3.89 43.25 22.45 34.30 L 

30–60 66 0.022 8.25 15.84 2.23 142.18 0.79 29.18 26.42 44.40 L 

II. Region 

(Çukurova) 

0–30 44 0.005 8.43 13.86 1.72 80.16 0.01 85.63 7.53 6.84 LS 

30–60 43 0.005 8.45 21.78 2.40 46.89 0.02 84.67 8.03 7.30 LS 

III. Region 

(Salbaş) 

0–30 77 0.033 8.21 7.92 4.24 287.38 4.19 42.38 23.66 33.95 L 

30–60 76 0.036 8.14 9.90 2.98 281.33 3.17 35.57 27.23 37.20 CL 

IV. Region 

(Varda) 

0–30 66 0.024 8.19 9.90 3.09 146.71 2.13 36.03 31.29 32.69 CL 

30–60 55 0.019 8.20 17.82 2.81 93.78 1.58 34.39 33.16 32.45 CL 

V. Region 

(Bürücek) 

0–30 66 0.027 8.17 11.88 3.49 146.71 4.15 33.90 44.04 22.06 CL 

30–60 65 0.024 8.00 27.72 2.63 164.86 3.71 29.65 48.29 22.06 C 

VI. Region 

(Pozantı) 

0–30 44 0.005 8.29 25.74 2.46 70.79 0.25 72.57 16.17 11.27 SL 

30–60 42 0.013 8.28 11.88 1.77 81.68 3.92 66.21 20.40 13.39 SCL 

             

Abbreviations: L = Loam; LS = Loamy Sand; CL = Clay Loam; C = Clay; SL = Sandy Loam; SCL = Sandy Clay Loam. 

Soil pH values ranged from 7.94 to 8.45, indicating slightly to moderately alkaline conditions across all study sites. The 

highest pH value was recorded in the Çukurova sub-region (8.45), whereas the lowest value was observed in the Sarıçam 

sub-region (7.94). 

Substantial variation in soil organic matter content was detected among the study regions. The highest organic matter 

contents were recorded in the upper soil layers (0–30 cm) of the Salbaş (4.19%) and Bürücek (4.15%) sub-regions, while 

the lowest values were observed in the Çukurova sub-region (0.01–0.02%). In general, organic matter content was higher 

in the upper soil layer than in the deeper soil horizon. 

Considerable differences in soil texture were also observed among the study regions. The Çukurova sub-region exhibited 

the highest sand content, ranging from 84.67% to 85.63%, whereas soils from the Bürücek and Varda sub-regions were 
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characterized by relatively higher clay contents. In contrast, loam-textured soils predominated in the Sarıçam and Salbaş 

sub-regions. 

Calcium carbonate (CaCO₃) content varied between 7.92% and 27.72%. The highest CaCO₃ concentration was recorded 

in the 30–60 cm soil layer of the Bürücek sub-region (27.72%), whereas the lowest value was observed in the 0–30 cm 

layer of the Salbaş sub-region (7.92%). Available phosphorus (P₂O₅) and exchangeable potassium (K₂O) levels also 

exhibited marked variation among study sites. 

Overall, the physical and chemical properties of the soils demonstrated substantial edaphic heterogeneity among the 

investigated forest ecosystems. Differences in organic matter content, soil texture, calcium carbonate concentration, and 

nutrient availability indicate that the selected study regions represent contrasting environmental conditions that may 

influence nematode community composition and diversity. 

3.2. Nematode Community Structure and Trophic Group Distribution 

The relative abundances of nematode trophic groups identified in the study regions are presented in Table 3. 

Table 3. Relative distribution (%) of nematode trophic groups in the study regions. 

Sub-region Bacterivores (%) Fungivores (%) Predators + Omnivores (%) Plant Parasites (%) 

Sarıçam 31.4 38.9 7.3 22.5 

Çukurova 43.2 29.4 11.4 16.0 

Salbaş 48.0 19.0 7.4 25.7 

Varda 35.3 27.4 6.5 30.8 

Bürücek 43.8 22.7 11.9 21.6 

Pozantı 41.9 22.5 8.4 27.2 

 

Four major trophic groups were identified in the investigated forest ecosystems: bacterivores, fungivores, predators–

omnivores, and plant parasites. The relative abundance of these trophic groups varied among the study regions. 

Bacterivorous nematodes constituted the dominant trophic group across all study sites, accounting for 31.4–48.0% of 

the total nematode community. The highest proportion of bacterivores was recorded in the Salbaş sub-region (48.0%), 

whereas the lowest proportion was observed in the Sarıçam sub-region (31.4%). The most common bacterivorous genera 

included Cephalobus, Acrobeloides, Tylocephalous, and Hofmaenneria. 

Fungivorous nematodes represented 19.0–38.9% of the total nematode assemblages. The highest proportion was 

detected in the Sarıçam sub-region (38.9%), while the lowest proportion occurred in Salbaş (19.0%). The dominant 

fungivorous genera were Aphelenchoides, Aphelenchus, and Ditylenchus. 

The combined proportion of predatory and omnivorous nematodes ranged from 6.5% to 11.9%. The highest value was 

recorded in the Bürücek sub-region (11.9%), whereas the lowest value was observed in the Varda sub-region (6.5%). 
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Members of the order Dorylaimida and the genus Mononchus were the most frequently encountered representatives of 

this trophic category. 

Plant-parasitic nematodes accounted for 16.0–30.8% of the nematode communities. The highest proportion was 

observed in the Varda sub-region (30.8%), while the lowest proportion occurred in the Çukurova sub-region (16.0%). 

The most common plant-parasitic genera included Tylenchus, Helicotylenchus, Merlinius, Paratylenchus, and 

Xiphinema. 

Overall, trophic group diversity appeared to be greater in the Salbaş and Bürücek sub-regions, which were characterized 

by relatively high organic matter contents. In contrast, some trophic groups were represented by lower proportions in 

the Çukurova sub-region. The graphical representation of trophic group distributions among the study regions is 

provided in Figure 2. 

Figure 2. Distribution of the relative abundances (%) of nematode trophic groups identified in the forest ecosystems of Adana 

Province by subregion. (A) Trophic group proportions within the total nematode community; (B) trophic group distributions at soil 

depths of 0–30 cm; and (C) at soil depths of 30–60 cm. The graphs show the percentage proportions of bacterivorous, fungivorous, 

plant-parasitic, predatory, and omnivorous nematode groups by subregion. 

3.3. Effects of Soil Depth on Nematode Communities 

Soil depth had a pronounced influence on nematode community structure across all study regions. In general, nematode 

abundance and trophic group diversity were higher in the upper soil layer (0–30 cm) than in the deeper layer (30–60 

cm). A decline in both total nematode abundance and the relative abundance of several trophic groups was observed 

with increasing soil depth. 
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Bacterivorous nematodes, together with several dominant genera, were more abundant in the upper soil horizon. In 

particular, Cephalobus, Acrobeloides, Tylocephalous, and Hofmaenneria exhibited higher population densities in the 0–

30 cm layer compared with the deeper soil horizon. Similarly, the fungivorous genera Aphelenchoides, Aphelenchus, 

and Ditylenchus were more frequently encountered in the upper soil layer. 

The distribution of plant-parasitic nematodes also showed a depth-related pattern. Genera such as Tylenchus, 

Helicotylenchus, Paratylenchus, and Merlinius generally occurred at higher abundances in the upper soil layer across 

most study regions. However, some taxa exhibited a more uniform distribution between the two depth intervals. 

A similar trend was observed for predatory and omnivorous nematodes. Representatives of Dorylaimida and Mononchus 

were more abundant in the upper soil horizon than in the deeper layer. Nevertheless, the overall proportion of predatory 

and omnivorous nematodes remained lower than that of bacterivorous, fungivorous, and plant-parasitic groups 

throughout the study area. 

The variation in trophic group distribution with soil depth is illustrated in Figure 3. Overall, nematode communities were 

concentrated in the upper soil layer, and total nematode abundance generally decreased with increasing soil depth across 

all study regions. 

 

 

Figure 3. Distribution of the relative abundance (%) of nematode trophic groups identified in the forest ecosystems of Adana 

Province, by subregion and soil depth. The graphs show a comparative presentation of the densities of bacterivorous, fungivorous, 

plant-parasitic, predatory, and omnivorous nematode groups identified in the 0–30 cm and 30–60 cm soil depths in the Sarıçam, 

Çukurova, Salbaş, Varda, Bürücek, and Pozantı subregions. 
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3.4. Nematode Biodiversity Indices 

The nematode biodiversity indices calculated from genus-level abundance data are presented in Table 4. As shown in 

Table 4, considerable variation was observed among the study regions and soil depths with respect to total nematode 

abundance, genus richness, and diversity indices. 

Table 4. Nematode biodiversity indices calculated from genus-level abundance data across the study regions and soil depths. 

Region 
Soil depth 

(cm) 

Total 

abundance 

Genus richness 

(GR) 

Shannon–Wiener 

(H′) 
Simpson (D) 

Pielou's Evenness 

(J) 

Sarıçam 0–30 12,660 23 2.318 0.859 0.739 

Sarıçam 30–60 6,070 21 2.175 0.828 0.714 

Çukurova 0–30 11,070 20 2.000 0.818 0.668 

Çukurova 30–60 7,580 18 1.965 0.806 0.680 

Salbaş 0–30 9,730 24 2.403 0.868 0.756 

Salbaş 30–60 5,160 23 2.397 0.873 0.765 

Varda 0–30 15,080 25 2.309 0.854 0.717 

Varda 30–60 7,460 23 2.225 0.844 0.710 

Bürücek 0–30 21,400 25 2.380 0.865 0.739 

Bürücek 30–60 14,950 25 2.325 0.860 0.722 

Pozantı 0–30 12,280 20 2.090 0.830 0.698 

Pozantı 30–60 6,370 17 2.096 0.837 0.740 

Abbreviations: GR = Genus richness; H′ = Shannon–Wiener diversity index; D = Simpson diversity index; J = Pielou's evenness 

index. 

As presented in Table 4, a total of 17 to 25 nematode genera were identified across the investigated forest ecosystems. 

Genus richness (GR) was highest in the Bürücek and Varda sub-regions (25 genera), whereas the lowest richness was 

recorded in the 30–60 cm soil layer of Pozantı (17 genera). In general, the upper soil layer (0–30 cm) supported a greater 

number of genera than the deeper soil layer (30–60 cm). 

According to Table 4, the Shannon–Wiener diversity index (H′) ranged from 1.965 to 2.403. The highest diversity was 

recorded in the 0–30 cm soil layer of Salbaş (H′ = 2.403), followed by Bürücek (H′ = 2.380), whereas the lowest value 

was observed in the 30–60 cm layer of Çukurova (H′ = 1.965). Similarly, Simpson diversity (D) varied between 0.806 

and 0.873, indicating relatively high diversity across all investigated forest ecosystems. Pielou's evenness (J) ranged 

from 0.668 to 0.765, suggesting a relatively balanced distribution of nematode genera within the communities. 
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As shown in Table 4, total nematode abundance differed markedly among the study regions. The highest abundance was 

recorded in the 0–30 cm soil layer of Bürücek (21,400 individuals), whereas the lowest abundance was observed in the 

30–60 cm soil layer of Salbaş (5,160 individuals). Overall, nematode abundance tended to decrease with increasing soil 

depth, indicating that upper soil horizons provide more favorable environmental conditions for nematode communities. 

Overall, the biodiversity indices presented in Table 4 indicate that forest ecosystems with higher organic matter content 

and finer soil texture generally supported richer and more diverse nematode communities. The statistical relationships 

between soil physicochemical properties and biodiversity indices are presented in the following section. 

3.5. Relationships Between Soil Properties and Nematode Communities 

 

Figure 4. Variation in nematode trophic group abundance in relation to soil organic matter content (%) across the study sub-regions. 

The relationships between soil physicochemical properties and nematode community structure are illustrated in Figure 

4, whereas the statistical relationships between soil variables and biodiversity indices are summarized in Table 5. 

Table 5. Pearson correlation coefficients (r) between soil physicochemical properties and nematode biodiversity indices. 

Soil physicochemical property Genus richness (GR) Shannon–Wiener (H′) Simpson (D) Pielou's Evenness (J) 

pH -0.748* -0.783** -0.786** -0.706* 

Organic matter (%) 0.865** 0.934** 0.932** 0.865** 

CaCO₃ (%) -0.362 -0.467 -0.434 -0.482 

Available P₂O₅ (kg da⁻¹) 0.623 0.719* 0.684* 0.707* 
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Soil physicochemical property Genus richness (GR) Shannon–Wiener (H′) Simpson (D) Pielou's Evenness (J) 

Exchangeable K₂O (kg da⁻¹) 0.608 0.802** 0.791** 0.850** 

Sand (%) -0.824** -0.862** -0.779** -0.778** 

Clay (%) 0.858** 0.752* 0.710* 0.570 

Silt (%) 0.530 0.702* 0.603 0.743* 

Significance levels: P < 0.05; P < 0.01. 

As shown in Figure 4, regions characterized by higher soil organic matter contents generally supported greater nematode 

abundance, particularly bacterivorous and fungivorous trophic groups. Conversely, sandy soils with low organic matter 

contents, especially those of the Çukurova sub-region, exhibited comparatively lower nematode abundance and reduced 

trophic diversity. 

Pearson correlation analysis (Table 5) confirmed these observations statistically. Organic matter content showed strong 

positive correlations with genus richness (r = 0.865, P < 0.01), Shannon diversity (r = 0.934, P < 0.01), Simpson diversity 

(r = 0.932, P < 0.01), and Pielou's evenness (r = 0.865, P < 0.01). In contrast, sand content was significantly negatively 

correlated with all biodiversity indices, whereas clay content exhibited significant positive correlations, particularly with 

genus richness and diversity indices. 

Soil pH was negatively associated with nematode biodiversity, while available phosphorus (P₂O₅) and exchangeable 

potassium (K₂O) showed significant positive correlations with several diversity indices. Calcium carbonate content was 

not significantly correlated with any of the biodiversity indices. 

Overall, both the graphical patterns presented in Figure 4 and the Pearson correlation analysis (Table 5) indicate that 

soil organic matter and soil texture are the principal edaphic factors determining nematode biodiversity and community 

structure across the investigated forest ecosystems. 

3.6. Ecological Indices and Community Structure 

The diversity and ecological index values calculated for nematode communities in the study regions are presented in 

Table 6. 

Table 6. Ecological indices of nematode communities in the study regions. 

Sub-

region 

Genus Richness 

(GR) 

Shannon 

(H′) 

Simpson 

(D) 

Evenness 

(J) 

Maturity Index 

(MI) 

Plant Parasitic Index 

(PPI) 
EI SI 

Sarıçam 24 2.18 0.853 0.60 2.33 2.20 87.1 12.9 

Çukurova 20 1.81 0.814 0.50 2.26 2.36 86.5 13.5 

Salbaş 22 2.06 0.874 0.57 2.32 2.24 87.1 12.9 
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Sub-

region 

Genus Richness 

(GR) 

Shannon 

(H′) 

Simpson 

(D) 

Evenness 

(J) 

Maturity Index 

(MI) 

Plant Parasitic Index 

(PPI) 
EI SI 

Varda 24 2.03 0.852 0.56 2.42 2.36 83.6 16.4 

Bürücek 25 2.10 0.863 0.58 2.51 2.45 81.8 18.2 

Pozantı 17 1.74 0.834 0.48 2.45 2.29 88.8 11.2 

GR = Genus Richness; H′ = Shannon–Wiener Diversity Index; D = Simpson Diversity Index; J = Pielou’s Evenness Index; MI = 

Maturity Index; PPI = Plant Parasitic Index; EI = Enrichment Index; SI = Structure Index. 

The ecological indices revealed noticeable variation in diversity and community structure among the investigated forest 

ecosystems. Differences were observed in genus richness, diversity indices, maturity values, and faunal analysis indices, 

indicating spatial variation in nematode community composition and ecological condition. 

Genus richness (GR) ranged from 17 to 25 genera. The highest richness was recorded in the Bürücek sub-region (GR = 

25), whereas the lowest value was observed in the Pozantı sub-region (GR = 17). Shannon–Wiener diversity values (H′) 

varied between 1.74 and 2.18, with the highest diversity recorded in Sarıçam (H′ = 2.18) and the lowest in Pozantı (H′ 

= 1.74). Simpson diversity values ranged from 0.814 to 0.874, indicating relatively high diversity across all study 

regions. 

Evenness (J) values varied from 0.48 to 0.60. The highest value was observed in Sarıçam, while the lowest occurred in 

Pozantı. These results suggest that nematode genera were more evenly distributed in some regions, whereas community 

dominance by a limited number of taxa was more pronounced in others. 

Maturity Index (MI) values ranged from 2.26 to 2.51, with the highest value recorded in the Bürücek sub-region. Plant 

Parasitic Index (PPI) values varied between 2.20 and 2.45 and showed relatively small differences among regions. 

Enrichment Index (EI) values ranged from 81.8 to 88.8. The highest EI value was observed in Pozantı, suggesting 

relatively enriched soil food web conditions. Structure Index (SI) values ranged from 11.2 to 18.2, with the highest value 

recorded in the Bürücek sub-region, indicating a comparatively more structured soil food web. 

Overall, the Bürücek and Varda sub-regions exhibited higher MI and SI values, reflecting more complex and mature 

trophic structures. In contrast, the Çukurova and Pozantı sub-regions generally displayed lower diversity and a less 

developed community structure. These findings indicate that differences in environmental conditions and soil 

characteristics among the study regions may contribute to variation in nematode community organization and ecological 

functioning. 

4.  Discussion

The present study demonstrated that nematode community structure in forest ecosystems was strongly influenced by 

soil characteristics, particularly soil organic matter content, soil texture, soil depth, and local microclimatic conditions. 

Pearson correlation analysis further confirmed that soil organic matter was the strongest predictor of nematode 

biodiversity, showing significant positive correlations with genus richness (r = 0.865), Shannon diversity (r = 0.934), 

Simpson diversity (r = 0.932), and Pielou's evenness (r = 0.865). Conversely, sand content exhibited significant negative 
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correlations with all biodiversity indices, whereas clay content showed positive associations, indicating that soil texture 

plays an important role in structuring nematode communities. These statistical relationships provide robust evidence 

that soil organic matter and soil texture are the principal edaphic drivers regulating nematode community composition 

in Mediterranean forest ecosystems. 

Organic matter represents the primary energy source for soil food webs and plays a fundamental role in supporting 

microbial activity. Increased microbial biomass provides favorable conditions for bacterivorous and fungivorous 

nematodes, which occupy key positions in nutrient cycling processes. Previous studies have consistently reported that 

soils enriched with organic matter support larger populations of bacterivorous and fungivorous nematodes and exhibit 

more complex soil food webs (Ferris et al., 2001; Neher, 2001). The strong positive correlations observed in the present 

study further reinforce these findings and demonstrate that increasing organic matter availability promotes higher 

nematode diversity and a more functionally complex soil food web under Mediterranean forest conditions. 

Soil texture also appeared to influence nematode distribution patterns. Higher nematode abundance was generally 

observed in loam and clay-loam soils, whereas communities were less abundant in sandy soils. The relatively low 

nematode abundance recorded in the Çukurova sub-region may be associated with its coarse-textured soils and limited 

organic matter content. Fine-textured soils generally retain greater amounts of water and organic matter, thereby 

providing more favorable habitats for soil organisms. The higher nematode abundances observed in the Salbaş, Varda, 

and Bürücek sub-regions may therefore be related to the combined effects of suitable soil texture and enhanced resource 

availability. This interpretation is further supported by the Pearson correlation analysis, which revealed significant 

negative relationships between sand content and all biodiversity indices, whereas clay content showed significant 

positive correlations with genus richness and diversity. 

Soil depth had a clear influence on nematode communities throughout the study area. Nematode abundance and trophic 

diversity were consistently higher in the upper soil layer (0–30 cm) than in the deeper horizon (30–60 cm). The upper 

soil layer typically contains greater amounts of organic matter, root biomass, and microbial populations, creating 

favorable conditions for nematode development and survival. The dominance of bacterivorous and fungivorous 

nematodes in the upper soil horizon further indicates intensified microbial activity and organic matter decomposition 

near the soil surface. Similar depth-related patterns have been reported by Hu et al. (2020) and Sohlenius (2002), who 

found that nematode abundance and diversity generally decline with increasing soil depth. 

Marked differences in elevation, temperature, and precipitation were observed among the study regions. The Salbaş and 

Bürücek sub-regions, characterized by relatively cool and humid microclimatic conditions, supported more abundant 

and diverse nematode communities than the warmer and drier Çukurova sub-region. Seasonal increases in nematode 

abundance during wetter periods further emphasize the importance of soil moisture as a regulating factor for nematode 

activity. Previous studies have identified temperature and precipitation regimes as major environmental drivers of 

nematode community structure (Yeates, 1996; Zhang et al., 2012). The present findings suggest that microclimatic 

variation contributes substantially to the spatial distribution of nematode communities within Mediterranean forest 

ecosystems. 

The ecological indices calculated in this study provided additional insights into soil food web condition and ecosystem 

functioning. Shannon–Wiener, Simpson, and Evenness values indicated moderate to relatively high levels of diversity 
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across the study regions. Higher diversity values recorded in Bürücek, Sarıçam, and Salbaş suggest the presence of more 

balanced and functionally diverse nematode communities. These findings are consistent with the observed positive 

correlations between biodiversity indices and soil organic matter, suggesting that resource-rich soils promote both 

taxonomic diversity and functional maturity of nematode communities.  

Furthermore, the relatively high Maturity Index (MI) and Structure Index (SI) values observed in the Bürücek and Varda 

sub-regions indicate more mature and structured soil food webs, reflecting greater ecological stability. In contrast, lower 

values recorded in some regions may indicate simplified trophic structures or increased environmental stress. The 

generally high Enrichment Index (EI) values observed throughout the study area suggest active organic matter 

decomposition and well-supported energy flow within the soil food web. 

Overall, the combined graphical and statistical analyses consistently identified soil organic matter and soil texture as the 

primary environmental drivers of nematode biodiversity across the investigated forest ecosystems. These findings 

further support the use of nematode community structure and ecological indices as reliable bioindicators for evaluating 

soil quality, ecosystem functioning, and ecological sustainability in Mediterranean forest environments. 

5. Conclusion 

This study evaluated nematode community structure, trophic group composition, diversity indices, and ecological 

indicators across different forest ecosystems in Adana Province, Türkiye, and examined their relationships with soil 

characteristics. The findings demonstrated that nematode communities were strongly influenced by soil organic matter 

content, soil texture, soil depth, and microclimatic conditions. 

Bacterivorous nematodes constituted the dominant trophic group in all study regions. Sub-regions characterized by 

higher organic matter content, particularly Salbaş and Bürücek, supported greater nematode abundance, higher trophic 

diversity, and more favorable ecological index values. In contrast, the Çukurova sub-region, characterized by low 

organic matter content and sandy soil texture, exhibited lower nematode abundance and reduced community diversity. 

These results highlight the importance of soil organic matter and soil texture as key factors regulating nematode 

community structure in forest ecosystems. 

Nematode abundance and diversity were consistently higher in the upper soil layer (0–30 cm) than in deeper soil 

horizons, reflecting the greater availability of organic resources, root biomass, and microbial activity near the soil 

surface. The predominance of bacterivorous and fungivorous nematodes in the upper soil layer further emphasizes the 

ecological importance of organic matter decomposition processes in forest soils. 

Ecological index values indicated that the investigated forest ecosystems generally supported active and functionally 

diverse soil food webs. Higher Maturity Index (MI) and Structure Index (SI) values recorded in the Bürücek and Varda 

sub-regions suggest the presence of more mature and structurally complex soil ecosystems, whereas consistently high 

Enrichment Index (EI) values across all study regions indicate active nutrient cycling and organic matter turnover. 

Overall, the results demonstrate that nematode community composition and ecological indices provide valuable 

information regarding the functional condition of forest soil ecosystems. Soil organic matter, soil texture, soil depth, and 

microclimatic conditions were identified as the principal environmental factors shaping nematode distribution patterns. 

These findings support the use of nematodes as reliable biological indicators for assessing soil quality, ecosystem 
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functioning, and ecological sustainability in forest environments. Furthermore, the significant Pearson correlations 

identified in this study confirm that soil organic matter and soil texture are key environmental drivers and reliable 

predictors of nematode biodiversity in Mediterranean forest ecosystems. 

Future studies should incorporate molecular identification techniques, investigate seasonal dynamics of nematode 

communities in greater detail, and examine interactions between nematodes and other components of the soil biota. Such 

approaches would provide a more comprehensive understanding of soil biodiversity and contribute to the development 

of sustainable forest management strategies under changing environmental conditions. 
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