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ABSTRACT 
 

At the University of Agricultural Sciences, GKVK, Bengaluru, a study analyzed soil invertebrate 
macrofauna across four land use types: roadside soil, forest ecosystem, paddy ecosystem, and 
botanical garden. Sampling involved 12 units across these categories using Berlese-Tullgren 
funnels. A total of 55 individuals were collected, with ants and spiders found in all land use types, 
but earthworms and Collembola were absent from paddy ecosystems. Forests showed the highest 
macrofauna abundance (49.09%), followed by botanical gardens (29.09%). Spiders (45.4%) and 
Collembola (23.63%) were the most abundant, indicating that natural environments support                  
richer macrofauna communities. Intensive agriculture alters these communities' abundance and 
diversity. 
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1. INTRODUCTION  
  
“Soil macro-invertebrates are animals which 
inhabit different soil layers, including litter and 
soil surface, and which are visible to the naked 
eye, with a body length of >1 cm and a body 
width >2 mm1. Taxonomically, they are 
heterogeneous and predominantly belong to the 
phyla Mollusca, Annelida, and Arthropoda. Their 
effect on the soil ecosystem is indispensable, 
they physically alter the soil matrix by creating 
burrows which increases aeration and drainage, 
they promote litter decomposition, and by 
interacting with microorganisms, they contribute 
to nutrient cycling2. Macro-invertebrates living in 
the soil are mainly detritivores and predators, 
they can be classified into various functional 
guilds based on their feeding habits3, and are as 
such parts of extremely complex soil food webs4”  
[1,2]. 
 

Soil macrofauna diversity, abundance, and 
community composition are all impacted by land 
use type [3]. Changes in land use and 
intensification have an influence not just on plant 
communities but also on soil food webs and the 
connections between above- and below-ground 
populations [1,4]. Annual cropping techniques 
don't provide permanent soil cover, it will disturb 
the soil and reduce the diversity and abundance 
of soil fauna communities [5,6]. Soil macro-fauna 
are also impacted by unsustainable land 
management techniques such as overgrazing, 
fire, deforestation, pollution, soil erosion, and 
fertility depletion [7]. The development of soil 
macrofauna is facilitated by forest land and 
garden fields, which have more soil cover and 
less soil disturbance. These characteristics are 
absent from grazing areas and crop-cultivated 
fields, which leads to greater soil compaction, 
deterioration, and a lack of food and cover that 
are necessary for the survival of soil macrofauna 
[8]. 
 

It is well established that residue inputs and soil 
management techniques affect the distribution, 
abundance, and diversity of Soil Invertebrate 
Macro-Fauna (SIMF) [9]. SIMF play a crucial role 
in maintaining ecosystem health. However, the 
effects of various land management techniques 
on SIMF are not fully understood, particularly in 
local contexts. Previous studies conducted at the 
UAS, GKVK, campus in Bangalore have 
identified a knowledge gap regarding SIMF 
assemblages in different land use categories. 

This study aims to investigate the influence of 
land use changes on the abundance and 
diversity of SIMF in GKVK, Bangalore. By 
analyzing SIMF communities across various land 
use types, we seek to identify specific impacts 
and inform sustainable land management 
practices. 
 

2. MATERIALS AND METHODS 
 

2.1 Description of the Study Area  
 
The study was carried out in four primary land 
use types: roadside soil; botanical garden; forest 
ecosystem; and paddy ecosystem ZARS at UAS, 
GKVK, Bangalore, which is situated in the 
northern region of the Bangalore district; 
Geographically, the region is located between 
Latitude: 13° 04' 55.92" N and Longitude: 77° 34' 
34.57" E. 
 

2.2 Sampling Methods and Experimental 
Design 

 
Sampling was carried out in May 2021, during 
the beginning of light rainfall, when soil 
macrofauna activity is normally heightened. 
Every category of land use (Plate 1) has 3 
sampling locations. Using an excavator tool soil 
was dug to a depth of 25 × 25 × 30 cm at 10-
meter intervals along a transect perpendicular to 
the slope and with randomly placed starting 
points. Three sample monoliths were taken from 
each type of land use to create a total of twelve 
sampling points. Using Berlese funnels [10] 
(Plate 2), the macro-fauna was separated from 
the soil, collected in vials with 70% alcohol and 
then identified and counted. After the extraction 
of macrofauna, the extracted soil was put back in 
its original location to reduce soil disturbance in 
selected land use types. 
 

2.3 Identification of Soil Macro-fauna 
 
The collected soil invertebrates were identified 
and counted. According to Eaton and Kaufman 
[11] identification keys and visual aids such as 
photographs were used in the                               
laboratory to identify species of SIMF. Four 
different land use categories were evaluated for 
macro-fauna abundance (Table 1). The 
abundance and diversity of each                   
macrofauna within the four land use groups were 
calculated. 

https://www.nature.com/articles/s41597-022-01717-4#ref-CR1
https://www.nature.com/articles/s41597-022-01717-4#ref-CR2
https://www.nature.com/articles/s41597-022-01717-4#ref-CR3
https://www.nature.com/articles/s41597-022-01717-4#ref-CR4
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Plate 1. Collection of soil sample from (a) Paddy field, (b) Forest ecosystem,  

(c) Roadside soil 



 
 
 
 

Godavari and Hiremath; J. Sci. Res. Rep., vol. 30, no. 9, pp. 521-527, 2024; Article no.JSRR.122917 
 
 

 
524 

 

 
 

Plate 2. Setting of berlese funnel for the estimation of soil invertebrate population from 
collected samples 

 
Table 1. Composition and distribution of SIMF in different land use types at GKVK, Banglore 

 

Taxa Distribution 

Earthworm Paddy Ecosystem ZARS Botanical 
Garden 

Forest 
Ecosystem 

Roadside Soil 

Collembola - + - + 

Spider - + + - 

Ant + + + + 

Millipede + + + + 
+ indicates present, − indicates absent 

 
3. RESULTS 
 
A total of 55 SIMF individuals were collected 
across four land use categories. Ants and 
spiders were ubiquitous, found in all land use 
types. However, earthworms and Collembola 
were absent from paddy ecosystems, suggesting 
their sensitivity to intensive agricultural practices. 
 

The abundance of SIMF varied significantly 
among land use types. Forest land exhibited the 
highest abundance (49.09%), followed by 
botanical gardens (29.09%), while paddy fields 
and roadside soil had lower densities. This 
pattern indicates that more natural or less 
disturbed environments, such as forests and 
botanical gardens, provide more suitable 
conditions for SIMF. 
 

Spiders were the most abundant macrofauna 
group across all land use types, constituting 

45.4% of the total. Collembola were the second 
most abundant group, representing 23.63%. 
These findings highlight the importance of 
spiders and Collembola in maintaining soil 
ecosystem health in the study area (Table 2). 
 

4. DISCUSSION 
 

“The SIMF community clearly responded to the 
environmental disturbance induced by 
unsustainable land use management. These 
groups of SIMF living in forest and botanical 
garden fields were favored, possibly via the large 
production, and/or better quality of litter. This 
owing to the fact that high organic matter content 
under forest and homestead garden fields which 
provided substrates for the soil organisms, likely 
reduces the negative effects of soil acidity on soil 
organisms” [12]. “Also, the paddy-cultivated fields 
had higher soil acidity concentrations and low 
organic matter content considered to be “not 
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Table 2. Abundance of each taxon in different land use types 
 

Land use types Earthworm Collembola Spider Ants Millipede Total % of 
arthropods 

Paddy ecosystem 0 0 5 2 0 12.72% 
Botanical garden 3 4 8 1         0 29.09% 
Forest ecosystem 0 9 11 4 3 49.09% 
Roadside soil 2 0 1 1 2 10.90% 

Total % of 
arthropods 

9.09% 23.63% 45.45% 14.54% 9.09%  

 

 
 

Fig. 1. Density of SIMF in different land use types at GKVK, Bangalore 
 

convenient” for many SIMF” [13,14].  “Botanical 
garden fields and forest lands had more species 
diversity explaining the fact that unregulated 
agricultural expansion into forest land had a 
negative impact on SIMF species diversity. 
Diversity decreased gradually with an increasing 
intensification of land use in the system. The 
density of SIMF communities varied significantly 
in relation to the land use. In our study, an 
increase in density of SIMF in the forest and 
botanical garden fields was largely accounted by 
variations in litter quality and /or abundance, 
occurrence of vacant niches, good pH, and 
moisture content at the soil surface” [13,14]. This 
may be attributed to the variation of disturbance 
level in the habitats within these land use types 
on the community composition of SIMF” [12].  
 
Botanical garden and forest land had more 
species abundance explaining that the fact that 
unregulated agricultural expansion into forest 
land had a negative impact on the abundance of 

SIMF species. The abundance of SIMF was 
dramatically affected by Road site human 
activities and crop cultivated outfields. Similarly, 
[15] reported that “the abundance of soil macro-
fauna tends to decrease to low levels in crop 
cultivated lands. The higher the vegetation 
diversity, so the ability to provide energy and 
food source for soil macro-fauna would be high”. 
“The higher the availability of energy and 
nutrients for soil macro-fauna, so growth and 
activity of soil macro-fauna would be better” [16]. 
“As intensification occurs in crop cultivated 
outfields, losses and stresses imposed by 
chemical contamination through use of 
herbicides and pesticides and chemical 
imbalances through soil acidification resulted in a 
gradual decrease in SIMF diversity” [17].  
“Moreover, continuous cultivation of the study 
area led to soil degradation through nutrient 
depletion and compaction impaired soil biological 
functioning” [18]. Similarly, [19] reported             
that “agricultural activities significantly affected           

0 5 10 15 20 25 30

Paddy Ecosystem

Botanical Garden

Forest Ecosystem

Roadside soil

Density of SIMF

D
if

fe
re

n
t 

la
n

d
 u

se
 t

y
p

es

Earthworm Collembola Spider Ants Millipede



 
 
 
 

Godavari and Hiremath; J. Sci. Res. Rep., vol. 30, no. 9, pp. 521-527, 2024; Article no.JSRR.122917 
 
 

 
526 

 

the composition of macro-fauna community”. 
Consistent with findings by Bufebo et al. [13,14]. 
“soil macro-fauna abundance tends to decrease 
to low levels in crop-cultivated lands”. 

 
5. CONCLUSION  
 
The findings of this study indicate that intensive 
cultivation of land leads to quantitative alterations 
in the abundance and diversity of SIMF 
communities. These changes are attributed to 
specific management practices that result in 
habitat destruction and the removal of organic 
substrate, consequently diminishing the 
availability of food sources for associated SIMFs. 
Among the four land use classes examined, 
Forest land, characterized by minimal 
disturbance and greater soil cover, supports the 
highest SIMF abundance. Conversely, paddy 
fields and roadside soil, subject to intensive 
agricultural practices and human disturbance, 
exhibit lower SIMF densities. The results 
highlight the importance of preserving natural 
and less disturbed land use types to maintain 
healthy soil ecosystems. Sustainable land 
management practices that minimize soil 
disturbance, promote organic matter inputs, and 
reduce the use of agrochemicals are crucial for 
conserving SIMF populations and ensuring their 
continued contributions to soil health and 
ecosystem resilience. Therefore, it is advisable to 
adopt sustainable cropping systems that uphold 
acceptable levels of SIMF abundance while 
minimizing human disturbances. Achieving this 
goal necessitates incorporating knowledge of 
biological processes into the design of land 
management systems. Additionally, further in-
depth studies are crucial to identifying the 
optimal combination of land use and varying 
management practices across different land 
types, ensuring the most effective sustainability 
of SIMF populations. 
  
DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 

Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
 

REFERENCES 
 
1. Wardle DA, Bardgett RD, Klironomos JN. 

Ecological linkages between aboveground 
and belowground biota. Science. 
2004;304(5677):1629 –1633. 

2. Julia Seeber, Michael Steinwandter , Erich 
Tasser, Elia Guariento, Thomas Peham , 
Johannes Rüdisser , Birgit C Schlick-
Steiner , Florian M Steiner  Ulrike 
Tappeiner , Erwin Meyer  Distribution of 
soil macrofauna across different habitats in 
the Eastern European Alps.  
DOI:10.1038/s41597-022-01717-4 

3. Guerra CA. Blind spots in global soil 
biodiversity and ecosystem function 
research. Nature Communications. 
2020;11:1–13  

4. Sohlstrom EH, Brose U, van Klink R, Rall 
BC, Rosenbaum B, Schädler M, Barnes 
AD. Future climate and land-use 
intensification modify arthropod community 
structure. Agriculture, Ecosystems & 
Environment. 2022;327:107-830. 

5. Barrios E. Soil biota, ecosystem services 
and land productivity. Ecological 
Economics. 2007;64:269–285. 

6. Rossi JP, Celini L, Mora P. Decreasing 
fallow duration in tropical slash-and-burn 
agriculture alters soil 660 macro 
invertebrate diversity: A case study in 
southern French Guiana. Agriculture, 
Ecosystems & Environment. 2010;135:148 
–154. 

7. Bignell DE, Tondoh J, Dibog L. Below-
ground biodiversity assessment developing 
a key functional group approach in bestbet 
alternatives to slash and burn. New York: 
Columbia University Press. 2005;119–142. 

8. Moreira FM, Huising EJ, Bignell D. A 
handbook of tropical soil biology: Sampling 
and characterization of below-ground 
biodiversity. London: Earthscan. 2008; 
73(4):889-987 

9. Manhaes CMC, Gama-Rodrigues EF, 
Moço MKS. Meso-and macrofauna in the 
soil and litter of leguminous trees in a 
degraded pasture in Brazil. Agroforestry 
Systems. 2013;87(5):993 –1004. 

10. Muvengwi J, Davies AB, Parrini F, 
Witkowski ET. Geology drives the spatial 
patterning and structure of termite mounds 
in an African savanna. Ecosphere. 
2018;9(3):02148. 

 
 



 
 
 
 

Godavari and Hiremath; J. Sci. Res. Rep., vol. 30, no. 9, pp. 521-527, 2024; Article no.JSRR.122917 
 
 

 
527 

 

11. Eaton ER, Kaufman K. Kaufman                          
field guide to insects of North America.                         
New York: Hillstar Editions. 2007;25:78           
-98 

12. Ayuke FO, Brussaard L, Vanlauwe B. Soil 
fertility management: Impacts on soil 
macro-fauna, soil aggregation and soil 
organic matter allocation. Applied Soil 
Ecology. 2011;48(1):53–62. 

13. Bufebo B, Elias E, Getu E. Abundance and 
diversity of soil invertebrate macro-fauna in 
different land uses at Shenkolla watershed, 
South Central Ethiopia. JoBAZ. 2021; 
82:11.  

14. Bufebo K, Elias M, Mbenyane T. The 
influence of agricultural intensification on 
soil macrofauna communities in the 
Eastern Cape Province, South Africa. 
2021;54;167-186 

15. Decaens T, Lavelle P, Jimenez JJ. Impact 
of land management on soil macrofauna in 

the oriental llanos of Colombia. European 
Journal of Soil Biology. 1994;30:157–   
168. 

16. Negasa T, Ketema H, Legesse A, Sisay M, 
Temesgen H. Variation in soil properties 
under different land use types managed by 
smallholder farmers along the 
toposequence in southern Ethiopia. 
2017;290(20170):40-50. 

17. Elias M. The impact of agricultural 
intensification on soil invertebrate 
macrofauna in the Eastern Cape Province, 
South Africa. 2016;56:277-298 

18. Bufebo K, Elias M. The effects of 
agricultural intensification on soil health in 
the Eastern Cape Province, South Africa. 
2020;32:76-98 

19. Muchane MN, Otieno NO, Kinyua MW. 
Effects of land use change on soil 
macrofauna communities in the Aberdare 
Ranges, Kenya. 2012;23;566-598. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_______________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/122917 

https://www.sdiarticle5.com/review-history/122917

