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Abstract. To study its community characteristics under different types of vegetation in 

winter, soil macro fauna were collected and identified by hand picking in Emei 

Mountain in December, 2016. Soil nutrient pools and the amounts of microbial 

biomass were measured, and the diversity indices of soil macro fauna were calculated. 

We identified 667 soil macro fauna individuals belonging to 26 orders, 11 classes, and 

4 phyla. The highest values of the Pielou (J) and Shannon-Wiener (H′) diversity 

indices were established in the 0–5 cm soil layer of the evergreen broad-leaved forest 

(2.22 and 0.76, respectively). The lowest values these indices had in the 5–10 cm soil 

layer of the coniferous and broad-leaved mixed forest (0.51 and 0.17, respectively).  

The correlation analysis results showed that the numbers of soil macro fauna group 

were significantly correlated to soil temperature and MBC contents, and the number of 

soil macro fauna individuals was significantly correlated with soil water content. 

Therefore, vegetation type and soil microbial dynamics have a strong effect on the 

diversity of soil macro fauna communities, which further affect the soil nutrient cycle 

and ecological processes. 

1.  Introduction 

The study of soil ecological processes is the frontier of biological research in the 21 st century. Soil 

fauna exerts essential functions in soil ecological processes. The species, size, way of life, and the 

relationships of soil fauna with soil nutrients affects many important processes in the soil, such as soil 

organic matter decomposition, nutrient cycling, and soil structure. Therefore, the studies on the 

taxonomic structure and diversity of soil animals are of substantial practical importance. 

Vegetation not only affects soil nutrient changes and material cycling, but also leads to changes in 

soil ecological environment, which inevitably influences the structure and function of soil animals [1]. 

The research on soil fauna composition and dynamics under different vegetation types is scarce and 

limited mainly to examinations of the effects of a single type of vegetation [2-3]. Moreover, the 

growing season changes have been predominantly investigated, whereas studies on the non-growing 

season are extremely rare [4]. 

Investigations of soil ecology during the growing season are commonly performed in alpine 

ecology research, but the understanding of soil ecological processes in cold and long winters is 
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insufficient. However, increasingly more studies have revealed that the life processes in winter and 

even in the ice and snow environments are still vigorous, in which soil animals play an irreplaceable 

role [5]. Mount Emei is located on the southwest edge of the Sichuan Basin in China. The East and the 

North of Mount Emei approach the West Sichuan Plain, and the West and South are connected 

through the Qinghai Tibet Plateau. The vegetation types in Mount Emei are highly diverse. In this 

study, the effects of community structure and diversity characteristics of soil macro fauna on soil 

ecological processes in typical vegetation types in Mount Emei were explored in winter. 

2.  Study area and study methods 

2.1.   General information of study area 

Mount Emei (3,099 m above sea level) is located in the humid subtropical monsoon climate zone in 

Sichuan Province, China. The average annual rainfall in Mount Emei is approximately 1,480.5 mm, 

and the annual relative humidity is about 80%. Different vegetation types are present in Mount Emei 

has at different altitudes that can be divided into four typical vegetation zones: broad-leaved evergreen 

forest (0– 1,500 m), evergreen and deciduous broad-leaved mixed forest (1,500– 2,100 m), coniferous 

and broad-leaved mixed forest (2,100–2,800 m), and boreal coniferous forest (2, 800–3,099 m) [6]. 

The soil freezing period in winter is about 120 d in the high altitude area, and the soil freezing depth is 

up to 20–30 cm. 

2.2.  Plot setting and sample collection 

In December 2016, two replicate plots were set in the four typical vegetation belts in Mount Emei. The 

size of the plots was 20 m × 20 m (each 2 plots in Broad-leaved evergreen forest, Evergreen and 

deciduous broad-leaved mixed forest, Coniferous and broad-leaved mixed forest, and boreal 

coniferous forest). Next, three sampling points were set randomly at more than 5 m apart in each of the 

soil plots. Soil macro fauna individuals with a body length greater than 2 mm in an area of 0.5 m × 0.5 

m were collected by hand-picking in different soil layers (0–5 cm, 5–10 cm, and 10–15 cm). Each of 

the collected soil macro fauna specimens was placed in a centrifuge tube which contained 75% alcohol 

and was transferred to the laboratory for identification. In addition, soil samples were collected by a 

soil sampler and their contents of soil organic matter (OM), ammonium nitrogen (NH4
+-N), nitrate 

nitrogen (NO3-N), total nitrogen (TN), total phosphorus (TP), total potassium (TK), microbial biomass 

carbon (MBC), and microbial biomass nitrogen (MBN) were determined. 

2.3.  Determination method 

The classification and counting of soil macro fauna were conducted by a stereoscopic microscope [7]. 

Soil temperature and soil water content at a soil depth of 5 cm were measured by a portable soil 

temperature and humidity detector. NH4
+-N and NO3

--N contents were analyzed by indophenol blue 

colorimetry and ultraviolet spectrophotometry, respectively. MBC and MBN contents were 

determined by the chloroform-fumigation direct-extraction (CFE) technique. The OM, TN, TP, and 

TK contents were analyzed by the acid-dichromate oxidation method, the semi-micro Kjeldahl method, 

ammonium moly date spectrophotometry and flame photometry, respectively [8-9]. 

2.4.  Data processing and analysis 

The formulas for the calculation of community diversity indices (H′, J, C) are as Tan [10]. 

Microsoft Excel 2010 was used for data processing, and one-way ANOVA was conducted by SPSS 

13.0. Values of p < 0.05 were considered statistically significant. 
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3.  Results and analysis 

3.1.  Soil temperature and soil water content  

Different values of the soil temperature were measured under different vegetation types, which, in 

general, decreased gradually with elevation. The soil temperature of the temperate coniferous forest (-

0.12°C) with the highest elevation was the lowest (at 5 cm below the ground level), whereas the soil 

temperature of the evergreen broad-leaved forest belt with the lowest elevation was the highest 

(6.38°C). The soil water content showed an irregular trend with elevation increase. The soil water 

content of the evergreen and deciduous broad-leaved mixed forest at an intermediate altitude was the 

highest, reaching 24.52%, whereas in the high altitude of the coniferous forest, the the water content of 

the soil (11.82%) was the lowest (Figure 1). 

 

 

Figure 1. Soil temperature and soil water content under different vegetation types. “E” denotes broad-

leaved evergreen forests; “ED” evergreen and deciduous broad-leaved mixed forests; “CB” coniferous 

and broad-leaved mixed forests; “C” stands for boreal coniferous forest. The same legend has been 

used in the text and figures below. 

3.2.  Soil nutrient pools and microbial biomass 

As can be seen from Fig. 2, soil TN and MBC contents have the same change trend, exhibiting a 

gradual increase with altitude elevation. The results of ANOVA analysis showed that the impact of 

vegetation type on soil TN and MBC contents had reached significant levels (PTN = 0.008, PMBC = 

0.003). The soil TK content showed a trend of irregular change and was the highest in the evergreen 

and deciduous broad-leaved mixed forests, reaching 30.300 g/kg, which was significantly higher than 

those of the other vegetation types (p = 0.002). The TP content changed slightly, and no significant 

differences were observed among the four vegetation types (p = 0.137). The contents of NH4
+-N and 

OM reached their maximum levels under the coniferous and broad-leaved mixed forests, 10.8717 and 

166.1333g/kg, respectively, and both reached a statistically significant level (PNH4+-N =0.000, POM = 

0.035). The MBN and NO3-N contents did not change regularly with the change of the vegetation 

types, and no significant difference was found (P MBN = 0.133, P NO3-N = 0.334). 
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Figure 2. Soil nutrient pools and microbial biomass under different vegetation types. 

3.3.  Soil macro fauna composition 

A total of 667 soil macro fauna individuals were found in the four vegetation belts of Emei Mountain 

in winter, which belonged to 4 phyla, 11 classes, and 26 orders. There were 132 soil macro fauna 

individuals in the evergreen broad-leaved forests, belonging to 4 phyla, 9 classes, and 19 orders. The 

number of soil macro fauna representatives was the largest (58) in the 0–5 cm soil layer and decreased 

gradually with the increase of soil depth. Nematodes and collembolan adults were the dominant 

groups in the evergreen broad-leaved forests, accounting for 40% and 13%, respectively. A total of 

204 soil macro fauna individuals were identified in the evergreen and deciduous broad-leaved mixed 

forest, belonging to 3 phyla, 9 classes, and 19 orders. In the 0–5 cm soil layer, the group number of 

soil macro fauna representatives was 13 and that of the individuals was 113, both of which decreased 

with the increase of soil depth. The numbers of Sinentomata (Protura) adults were predominant in the 

evergreen and deciduous broad-leaved mixed forest, accounting for 28%. The adults of Enchytraeidae 

(Oligochaeta, Microdrileoligochaetes), larvae of Diptera (Insecta), and larvae of Oniscomorpha 

(Diplopoda) were the dominant groups, accounting for 16%, 13%, and 18% respectively. The number 

of soil micro-fauna individuals detected in the coniferous and broad-leaved mixed forest was 214, 

which belonged to 3 phyla, 6 classes, and 7 orders. The number of soil micro-fauna representatives 

showed no regularity with the change of soil depth, and the most of them were found in the 5–10 cm 

soil layer, reaching 104. Geophilomorpha (Chiropody) adults and Diptera (Insecta) larvae were the 

dominant groups in the coniferous and broad-leaved mixed forest, accounting for 47% and 37%, 

correspondingly. A total of 117 soil macro fauna individuals were found in the boreal coniferous forest, 

belonging to 2 phyla, 6 classes, and 7 orders, which were detected mostly in the 5–10 cm soil layer, 

where their number reached 83. The larvae of Diptera (Insecta) were absolutely dominant in the boreal 

coniferous forest, accounting for 68% (Table 1, Fig. 3). 
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Table 1. Composition of the soil macro fauna in Emei Mountain in winter. 

Soil macrofauna group 

Broad-leaved 

evergreen 

forests 

Evergreen and 

deciduous broad-

leaved mixed forests 

Coniferous and 

broad-leaved 

mixed forest 

Boreal 

coniferous 

forest 

Nematoda +++ + ++ - 

Chilopoda, Lithobiomorpha ++ + - - 

Chilopoda, Geophilomorpha ++ ++ +++ ++ 

Chilopoda, Scutigeromorpha - + - - 

Chilopoda, 

Scolopendromorpha 
+ - - - 

Diplopoda, Oniscomorpha - ++ - - 

Diplopoda, Oniscomorpha 

(Larva) 
- +++ - - 

Diplopoda, Julida ++ ++ - - 

Diplopoda, Sphaerotheriida ++ - - - 

Gastropoda, Pulmonata, 

Stylommatophora 
+ - - + 

Symphyla, Scolopendrellidae ++ - - - 

Protura, Sinentomata ++ +++ - - 

Protura, Eosentomata - - + +++ 

Malacostraca, Isopoda ++ + - - 

Malacostraca, Amphipoda + - - - 

Oligochaeta, 

Microdrileoligochaetes, 

Enchytraeidae 

++ +++ ++ - 

Oligochaeta, 

Megadrileoligochaetes, 

Lumbricida 

+ + - ++ 

Insecta, Diptera (Larva) ++ +++ +++ +++ 

Insecta, Coleoptera (Larva) ++ ++ + ++ 

Insecta, Collembola +++ ++ - - 

Insecta, Homoptera (Larva) + - - - 

Insecta, Hymenoptera ++ + ++ - 

Insecta, Deramptera - + - - 

Insecta, Lepidoptera (Larva) + + - - 

Arachnida, Pseudoscorpiones - - ++ - 

Arachnida, Araneae - + - + 

Hirudinea, Rhynchobdellida - ++ - - 

Hirudinea, Arhynchobdellida - - - + 

Note [6]: “+++” dominant species (>10%), “++” common species (1%–10%), “+” rare species 

(<1%), “-” not found 
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Figure 3. Number of soil macro fauna groups and individuals under different vegetation types in Emei 

Mountain in winter. 

3.4.  Soil macro fauna diversity indices 

The three diversity indices (H′,J, and C) characterizing the soil macro fauna in the four typical 

vegetation types of Emei Mountain showed a regular dynamic change in winter (Fig. 4). The H′ index 

was the highest in the evergreen broad-leaved forest, followed by that in the evergreen and deciduous 

broad-leaved mixed forest, and was the lowest in the coniferous and broad-leaved mixed forest and the 

boreal coniferous forest. In addition to the boreal coniferous forest, the H′ indices of the other three 

vegetation belts were the highest in the 0–5 cm soil layer. The J index showed a trend similar to that of 

the H′ index. The C indices of the coniferous broad-leaved mixed forest belt and the boreal coniferous 

forest belts were the highest, especially in the 5–10 cm soil layer; whereas it had the lowest values in 

the evergreen broad-leaved forest, especially in the 0–5 cm and the 10–15 cm soil layers. The results 

of the multiple comparison tests showed that the three diversity indices of soil macro fauna were 

affected by the different vegetation types, and this effect was statistically significant in the 0–5 cm soil 

layer (p < 0.05). 

 

 

Figure 4. Diversity indices of the soil macro fauna under different vegetation types in Emei Mountain 

in winter. “H′” denotes the Shannon-Wiener diversity index; “J” the Pielou index; and “C” the 

Simpson diversity index. 
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3.5.  Correlation analysis results of soil nutrient and soil macro fauna 

The results of the analysis of the correlation between the soil nutrient levels and soil macro fauna 

changes showed that the numbers of soil macro fauna groups were highly significantly correlated with 

the soil MBC contents, and were significantly correlated with soil temperature. The correlation 

coefficient between soil macro fauna individuals and soil water content was 0.6465, reaching a 

statistically significant level (Table 2). 

 

Table 2. Correlation analysis results of soil nutrient pools, microbial biomass, and soil macro fauna 

under different vegetation types. 

Soil macro 

fauna 
OM 

Soil 

temper

ature 

Soil 

water 

content 

TN TP TK MBC MBN NO3-N NH4
+-N C/N 

Group 

numbers 
-0.3411 0.6168* 0.3793 -0.3668 0.3993 0.5255 -0.9537** 0.1361 0.0671 -0.1449 0.0056 

Individuals 0.3203 0.0541 0.6465* -0.3692 0.0066 0.186 0.0004 0.5644 0.1037 0.3751 0.4965 

Note: “**”P < 0.01, “*”P < 0.05 

4.  Discussion 

Macro fauna is a group of animals that exert important effects on the dynamics of soil organic matter 

and litter decomposition process [11]. In several previous examinations [12-15], soil fauna was found 

to be one of the essential soil features that can be used for evaluation of its quality and health as the 

abundance and biology of macro-fauna individuals can be affected by various biotic and abiotic 

factors. 

Abiotic factors refer mainly to the habitat ecological conditions in which plants survive, including 

temperature, moisture, soil nutrients, soil status, etc. [16-18]. Soil organisms have a lower activity and 

even enter a dormant state under the influence of low temperatures or soil freezing [10]. Moreover, a 

large number of studies have confirmed that soil animals migrate to deeper soil layers or trunks and 

overwinter in a larval form [19-21]. However, soil freezing substantially limits the survival of soil 

animals, and low numbers and taxa are maintained during the winter. In this study, the numbers of soil 

macro fauna species under different vegetation types varied significantly: they were higher in the 

evergreen and deciduous broad-leaved mixed forests with a higher temperature and humidity, whereas 

their amounts were the lowest in the boreal coniferous forest, characterized by the lowest temperature, 

humidity, and freezing soil. Gongalsky et al. revealed that soil humidity was the most effective factor 

that influenced soil invertebrate abundance [21]. Jalilvand and Kooch also found a positive and 

significant correlation between soil abundance, macro fauna biomass, and some other soil features, 

such as temperature and moisture [20]. Habitats with warm and humid soil play an important role in 

return of nutrients to the soil and are more appropriate for the survival and growth of detritivore and 

macro fauna species [19]. 

Moreover, there is a significant negative link between the numbers of soil macro fauna groups and 

MBC content, indicating that lower MBC values cause an increase in their group numbers. 

Inconsistent with the findings of this study, a significant positive link between the number of worms 

and the amount of microbial biomass was found in several studies [22-23]. Previous investigations 

have been carried out in the growing season, when intense competition may be present between 

microorganisms and soil animals because of the lack of nutrients, resulting in a shift in this study. Soil 

carbon and nitrogen contents are considered major variables that determine soil fertility and have 

important impacts on the survival, growth, and composition of soil macro fauna communities [17-18, 

24]. Jalilvand and Kooch claimed that there was an inverse correlation between earthworm abundance 

and carbon content [20]. The results of our study are not completely consistent with those of previous 

investigations. In the cold winter, the changes of soil temperature and humidity were large or regular 

under the different vegetation types in Mount Emei, whereas the changes of soil C, N, and other soil 
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nutrients were small or irregular. Therefore, the numbers of groups and individuals of soil animals 

were more related to the temperature and humidity, rather than to soil nutrients.  

In general, because of the presence of abundant nutrients, sufficient litter, space, as well as proper 

ventilation and structure of the soil, the highest numbers of macro fauna individuals were detected at a 

depth of 0–10 cm, and their number and groups declined with the increase in soil depth [19, 22, 25]. 

Rahmani and Zare Maivan suggested that deeper in depth would cause less in identity indices [26]. A 

similar phenomenon was observed in the broad-leaved evergreen and deciduous broad-leaved mixed 

forests in this study. However, the surface soil layers of the coniferous and broad-leaved mixed forest 

and the boreal coniferous forest were frozen, and thus the numbers and diversity indices of soil macro 

fauna were both lower than those in the deeper soil layers. Soil freezing, which is accompanied by a 

decrease in soil temperature and humidity, causes the death and transfer of some soil animals, an effect 

that is more pronounced in surface soil. 

Biological factors mainly refer to the effects of vegetation, whose complex processes lead to 

changes in soil biological, physical, and chemical characteristics, which in turn affects to some degree 

the communities and numbers of soil animals [19, 27-28]. Li et al. studied the community and 

diversity of soil animals in the vertical vegetation zones of Gongga Mountain, China [4]. These 

researchers found that the community composition, diversity, and functional structure of soil animals 

were obviously different from those of the four typical vegetation types: evergreen broad-leaved forest, 

deciduous broad-leaved forest, coniferous and broad-leaved mixed forest and dark coniferous forest. 

Consistent with previous results [29-30], this study also found that the vegetation types significantly 

affected the composition and number of soil macro fauna communities. The rich vegetation and high 

species diversity of the broad-leaved evergreen forest and the evergreen and deciduous broad-leaved 

mixed forest composed by species, such as Cupressus funebris Endl.., Vitex negundo L., and Pinus 

massoniana Lamb., was easy to use by soil animals. Hence, the numbers of soil macro fauna groups 

and individuals and diversity indices were exceedingly large. The boreal coniferous forest was 

dominated by Abies. The single vegetation and food, as well as the low food utilization rate, led to the 

lowest number and identity indices of soil macro fauna in the boreal coniferous forest. In winter, the 

dominant groups of soil macro fauna in Mount Emei varied under the different vegetation types. 

Collembola and Nematoda were the dominant animals in the evergreen broad-leaved forest, whereas 

Oniscomorpha (Larva), Sinentomata, Enchytraeidae, and Diptera (Larva) were prevalent in the 

evergreen and deciduous broad-leaved mixed forest. The representatives of Diptera (larvae) were the 

most abundant in both the coniferous and broad-leaved mixed forest and the boreal coniferous forest. 

These dominant taxa are the major soil macro fauna categories in the different vegetation belts in 

Mount Emei in winter, and they can play an extremely important role in the forest soil ecosystem 

processes during this period. On the other hand, the rest of the groups of soil macro-fauna may be 

more sensitive to the forest environment and can respond rapidly to the influence of the environmental 

factors. Only in certain periods or appropriate soil conditions, the numbers of soil macro fauna 

individuals can gradually increase, and they can become the dominant or common groups. 

5.  Conclusion 

The results of this study indicate that soil macro fauna are still present in forest soils even in the cold 

winter. The changes in the vegetation type have a strong influence on soil macro fauna communities 

and significantly influence their structure and function, suggesting that the changes in soil macro 

faunal communities driven by the predominant type of vegetation may have important implications for 

understanding the ecological processes in forest soils in winter. 

Acknowledgements 

The authors are grateful to CHAO TONG for the help in this study. The work was supported by the 

project of the Science and Technology Department in Sichuan province (2018NFP0107), the National 

Natural Science Fund (31500346), the Scientific Research Fund of Sichuan Provincial Education 



9

1234567890 ‘’“”

2nd International Symposium on Resource Exploration and Environmental Science IOP Publishing

IOP Conf. Series: Earth and Environmental Science 170 (2018) 022125  doi :10.1088/1755-1315/170/2/022125

 

 

 

 

 

 

Department (16ZA0306, 18ZA0245), the scientific research fund of bamboo diseases and pests control 

and resources development key laboratory of Sichuan Province (17ZZ005). 

References 

[1] K. R. Laossi, S. Barot, D. Carvalho, and M. Grimaldi, “Effects of plant diversity on plant 

biomass production and soil maerofauna in Amazonian pastures,” Pedobiologia 51 (5/6), 397 

- 407 (2008). 

[2] N. L. Schon, A. D. Mackay, M. A. Minor, G. W. Yeates, and M. J. Hedley, “Soil fauna ingrazed 

New Zealand hill country pastures at two management intensities,” Applied Soil Ecology 

40(2), 218-228 (2008) [in Chinese]. 

[3] X. Y. Zhu, B. J. Gao, H. M. Bi, W. X. Wang, S. L. Yuan, and Y. C. Hu, “Community diversity 

of soil arthropods in forest-steppe ecotone,” Chinese Journal of Applied Ecology 18 (11), 

2567 - 2572 (2007) [in Chinese]. 

[4] M. Li, P. F. Wu, and Y. Wang, “Vertical distributions of soil fauna communities on the eastern 

slope of Gonggamountain,” ActaEcologica Sinica 35 (7), 2295-2307 (2015) [in Chinese]. 

[5] X. Hu, P. Yin, Y. Wu, and N. Wu, “Effect of snow depth and snow duration on soil N dynamics 

and microbial activity in the alpine areas of the eastern Tibetan plateau,” Russian Journal of 

Ecology 45 (4), 263-268 (2014). 

[6] H. Y. Gu and C. H. Li, “Biodiversity and flora of the mixed evergreen and deciduous broad 

leaved forest in Emei,” Bulletin of Botanical Research 26 (5), 618 - 624 (2006). 

[7] W. Y. Yin, Pietorieal keys to soil animals of China (Beijing, Science Press, 1998) [in Chinese]. 

[8] R.K. Lu, Soil and Agricultural Chemistry Analysis (Beijing, China Agricultural Science and 

technology press, 1999) [ in Chinese]. 

[9] J. Li, M. G. Li, J. Yang, C. F. Wang, Y. Ai, and R. L. Xu, “The community structure of soil 

Sarcodina in Baiyun Mountain, Guangzhou, China,” European Journal of Soil Biology 46 (1), 

1-5 (2010). 

[10] B. Tan, “Soil fauna community in the subalpine/ alpine forests of western Sichuan as affected 

by seasonal freeze-thaw,” Chengdu: Sichuan Agriculture University, 2010 [in Chinese]. 

[11] M. Izadi, H. Habashi, and S. M. Waez-Mousavi, “Variation in Soil Macrofauna Diversity in 

Seven Humus Orders of a Parrotio-Carpinetum Forest Association on Chromic Cambisols of 

Shast-Klateh Area in Iran,” Eurasian Soil Science 50 (3), 341-349 (2017). 

[12] J. W. Kelsey, I. B. Slizovskiy, M. C. Petriello, and K. L. Butler, “Influence of plant-earthworm 

interactions on SOM chemistry and p,p’- DDE bioaccumulation,” Chemosphere 83 (7), 897 - 

902 (2011). 

[13] A. R. Holdsworth, L. E. Frelich, and P. B. Reich, “Leaf litter disappearance in earthworm-

invaded northern hardwood forests: role of tree species and the chemistry and diversity of 

litter,” Ecosystems 15, 913-926 (2012). 

[14] A. M. Guei, Y. Baidai, J. E. Tondoh, and J. Huising, “Functional attributes: compacting vs. 

decompacting earth-worms and influence on soil structure,” Current Zoology 58 (4), 556-

565 (2012). 

[15] M. Blouina, M. E. Hodsonb, E. A. Delgadoc, G. Bakerd, L. Brussaarde, K. R. Buttf, J. Daig, L. 

Dendoovenh, G. Peresi, J. E. Tondohj, D. Cluzeauk, and J. Brunl, “A review of earthworm 

impact on soil function and ecosystem services,” European Journal of Soil Science 64 (2), 

161-182 (2013). 

[16] L. J. Kling, S. A. Juliano, and D. A. Yee, “Larval mosquito communities in discarded 

vehicletires in a forested and unforestedsite: detritus type, amount, and water nutrient 

differences,” J. Vector Ecol. 32 (2), 207-217 (2007). 

[17] D. L. Jones and P. R. Darrah, “Role of root derived organic acids in the mobilization of nutrient 

from the rhizosphere,” Plant Soil 166 (2), 247-257 (1994). 

[18] L.Cole and R. D. Bardgett, Soil animals, microbial interactions and nutrient cycling (In: Lal R. 

(Ed.), Encyclopedia of Soil Science, Marcel Dekker, New York, 2002). 



10

1234567890 ‘’“”

2nd International Symposium on Resource Exploration and Environmental Science IOP Publishing

IOP Conf. Series: Earth and Environmental Science 170 (2018) 022125  doi :10.1088/1755-1315/170/2/022125

 

 

 

 

 

 

[19] N. Moghimian, H. Habashi, and M. kheiri, “Comparison of Soil Macro Fauna Biodiversity in 

Broad Leaf and Needle Leaf Afforested Stands,” Molecular Soil Biology 4 (3), 16 - 26 

(2013). 

[20] H. Jalilvand and Y. Kooch, “Factors influence the distribution and abundance of earthworm 

communities in difference forest types (man-made and natural forests),” International 

Journal of Green and Herbal Chemistry 1 (1), 26-38 (2012). 

[21] K. B. Gongalsky, I. A. Gorshkova, A. I. Karpov, and A. D. Pokarzhevskii, “Do boundaries of 

soil animal and plant communities coincide? A case study of Mediterranean forest in 

Russia,” European Journal of Soil Biology 44, 355-363 (2008). 

[22] Y. Kooch, H. Jalilvand, M.A. Bahmanyar, and M. R. Pormajidian, “Abundance, Biomass and 

Vertical Distribution of Earthworms in Ecosystem Units of Horbeam Forest,” Journal of 

Biological Sciences 8 (6), 1033- 1038 (2008). 

[23] Y. Kooch, S. M. Hosseini, J. Mohammadi, and S. M. Hojjati, “Effects of Pit and Mound 

Landscape on Soil Ecosystem Engineers at Local Scales-a Case Study in Hyrcanian Forest, ” 

Molecular Soil Biology, 4 (2), 7-15 (2013). 

[24] J. Loffler, “The influence of micro-climate, snow cover, and soil moisture on ecosystem 

functioning in high mountains,” Journal of Geographical Sciences 17 (1), 3-19 (2007). 

[25] M. Jafari Haghighi, Methods of soil sampling and analysis (Nedaye Zohi Publications, 2003). 

[26] R. Rahmani and H. Zare Maivan, “Investigation diversity and structure of soil invertebrate in 

relation to beech, hornbeam and oak-hornbeam forest types,” Natural Resources Journal of 

Iran 56, 425 - 437 (2004). 

[27] S. C. Antunes, R. Pereira, J. P. Sousa, M. C. Santos, and F. Goncalves, “Spatial and temporal 

distribution of litter arthropods in different vegetation covers of Porto Island (Madeira 

Archipelago, Portugal),” European Journal of Soil Biology 44 (1), 45 - 56 (2008). 

[28] S. J. Wang, H. H. Ruan, and B. Wang, “Effects of soil microarthropods on plant litter 

decomposition across an elevation gradient in the Wuyi Mountains,” Soil Biology and 

Biochemistry 41 (5), 891 - 897 (2009). 

[29] K. Hartmut, “Secondary succession of soil mesofauna: a thirteen year study,” Applied Soil 

Ecology 9 (1/2/3), 81 - 86 (1998). 

[30] D. H. Wu, B. Zhang, and B. Chen, “Ecological distributions and community compositions of 

the soil macro-animals in the mid-west plain of Jilin Province,” Zoological Research 26 (4), 

365 - 372 (2005). 


