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Abstract

The soil environment is teeming with living organisms full of biological life and is one of the most abundant
and diverse ecosystems on earth. However, due to unsustainable agriculture practices, the fertile topsoil is
often lost; the soil becomes useless for agriculture. Therefore, we cannot lose sight of the fundamental role of
the soil biological entities in maintaining the sustainability of the soil, and the role of organism’s biodiversity
in the soil to counter against various stress. Therefore, the main objective of this work is detecting diversity
and density of soil invertebrates between a cultivated field (Ladang 2) and uncultivated field (CEFS), Results
showed that the highest abundance of invertebrates was recorded at CEFS 834 with 3.7 m2 density and the
lowest was in Ladang 2: 225 with 1.2 m2 density, belonging to 35 different morphospecies from 4 Phylum, 4
subphyla, 6 class, 2 subclass, and 19 orders. A total of 15 morphospecies were collected in the cultivated field
Ladang 2, while 25 morphospecies were collected in the uncultivated filed CEFS. Out of 25 morphospecies
found in this area, 10 were exclusive to this environment. Annelida, Amphipoda, Isopoda, Collembola, and
Hymenoptera were the dominant taxa in CEFS, comprising: 8.15%, 10.55%, 17.98%, 14.14%, and 26.97%
respectively. But Acarina, Coleoptera, and Insect larva 39.68%, 5.95%, and 3.97% respectively were the
dominant taxa in Ladang 2. The diversity was highest in the CEFS (H = 2.29) and lowest in the Ladang? field
(H = 1.74). Unfortunately, many aspects of the soil invertebrates have not been documented in Malaysia. For
example, why they become dominant in a certain location and what is the impact on that particular ecosystem.
This study showed that it is essential to maintain natural habitat because agricultural practices have a major
influence on soil invertebrate diversity and hopefully through this study able to suggest sound agriculture
management to safeguard the soil ecosystems. Due to the limited information about soil invertebrates in
Malaysia and the limited scope of this study, it is premature to make any conclusion and therefore warrant
further studies.
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flora and fauna with their vast range of functions
1 Introduction actively contribute to the development, structure, and
productivity of the soil (McCauley, 2005). The wide
range and the sheer number of soil invertebrates play
critical roles in subsoil and topsoil operations, which

Although not seen by the naked eye, the soil
environment teems with living organisms and is
among the most diverse ecosystems on earth. Soil
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are also affected by regional factors such as climatic
conditions, soil parent matter, elevation, and ground
cover patterns (Grossi & Brun, 1997; Materna, 2004;
Cakira & Makinecib, 2018). One of the soil ecosystem
processes is the recycling of nutrients by soil
invertebrates which are responsible for the
decomposition of organic matter (Mason, 1980; Haag
et al., 1985; Lavelle et al., 1992). The role of
invertebrates in this operation includes the breakdown
and redistribution of plant residues (Correia &
Oliveira, 2000), or indirect energizing of microbial
activity and the regulation of decaying fungal groups
(Moco et al., 2005). Additionally, soil invertebrates
also contribute to soil fertility by the decomposition of
organic matter. Disruption of the invertebrates
community in the soil is the result of changes in the
environment (Correia, 2002), very often caused by
human activities. Differences in the composition of
vegetation, soil management, quality of soil litter, food
availability, degree of ecosystem degradation or
restoration have significant impacts on the soil
invertebrate community (Moco et al., 2005; Silva et
al., 2006Baretta et al., 2008; Dias et al., 2007,
Azevedo et al., 2008; Ribas et al., 2011; Cunha Neto et
al.,2012). Although some soil biota can adapt to harsh
environmental conditions, total activity generally
decreases when conditions degrade beyond the optimal
range (McCauley, 2005). A well-managed site for
native vegetation and other fauna using natural
processes is also conducive for native invertebrates as
they are the lowest common denominator of their
societies. Biological indicators are genus or groups of
species that reflect the influence of habitat alterations
due to their susceptibility to environmental conditions
(McGeoch, 1998). Since invertebrates are often
specific to certain environmental conditions, are
abundant, and are associated with ecosystem
processes, and they may serve as useful indicators.
Some species respond more to environmental changes
than others or have certain characteristics that make
them useful to indicate changes in the ecosystem or to
monitor environmental conditions (Hutcheson et al.
1999; Greg, and Alison, 2016). However, the major
and most diverse community groups of native
invertebrates are those found in relatively undisturbed
or natural sites (Patrick, 1994). The interactions
between soil environmental differences and soil
invertebrates are not commonly used in soil quality
assessment (Cunha Neto et al., 2012). It is well
recognized that excessive human activities such as
changes in reforestation and destructive land-use may
have significant impacts on biodiversity (Vitousek et
al., 1997; Sala et al., 2000; Ledn-Gamboa et al., 2010;
Cakira & Makinecib, 2018). Therefore, human
activities and degradation in environmental conditions
resulting from global climate change can potentially
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influence the native communities of soil invertebrates
(Nielsen & King, 2015). Management practice may
affect the diversity of invertebrates in the soil, acting
through direct quality (litter quality) and indirect
effects (microhabitats, environmental factors such as
pH, soil moisture, and soil fertility) (Kinasih et al.,
2016). All these lead to disturbances in the ecosystem
or ecological imbalance such as the breakdown of
forest areas leading to the direct extinction of some
species (Loyola et al., 2006). Malaysia is a developing
country in the tropics where local soil fauna is often
unappreciated and suffers from human influence. In
the quest for sustainable living, there is a need for
more scientific information that can facilitate political
decisions to be made related to soil conservation. Past
studies have shown that human activities often lead to
soil deterioration and reduction in the abundance of
soil fauna. In most cases, the stress-tolerant species
prevail and scarce varieties fall in abundance or
disappear as the result of intensification in agriculture
(Fauziah et al., 1997; Eisenbeis, 2006; Jeffery et al.,
2010; Menta, 2012). However, there is a lack of
studies about soil diversity of invertebrate
communities and aspects of soil biology in Malaysia
Thus; this paper offers new data about soil
invertebrates communities of two locations in
Malaysia that have different soil characteristics. The
main objective was to make a comparison of the
morphospecies composition, diversity, and density of
the soil fauna between a natural or untouched site of
management practice (CEFS) and a cultivated site
with some farming and human activities (Ladang 2).

2 Materials and Methods
2.1. Study area

This study was carried out in August 2017 and
January 2018, in Malaysia. Two study areas were
chosen and compared — one untouched by human
activity and soil impacted by human activities. The
first is the Ladang 2, which is a research plot in the
Universiti Putra Malaysia (UPM) campus, with some
farming and other human activity (300°31.22"N,
101042°12.92"E). The second plot is known to be a
grass area behind the Faculty of Environmental
Studies, UPM, with no known human activities
(30022.38"N, 101042°29.57"E).

2.2. Procedures

Two methods were used to collect samples: pitfall
traps for invertebrate’s surface soil (Maftu'ah et al,
2005), and Berlese funnels to separate micro
invertebrates from soil samples (Southwood, 1994).
The large invertebrates were then sorted manually in
the laboratory. In each sampling plot, a quadrant (of
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15 x 15m) was selected randomly and further divided
into 9 subplots (5x5m). The distance between traps
was 5 meters. The trap was made from a plastic bottle
and cut into 10.5 cm length and 7.5 cm width and
carefully placed in holes at soil level. Each trap
contained about 50ml detergent solution and was left
in the field for about 24 hours. Another 9 soil core
samples (5cm depth) were taken at random from each
plot to collect micro invertebrates, brought to the
laboratory, and placed in Berlese funnels (Cakir &
Makineci, 2018). All samples collected were stored in
a jar containing 70% ethanol. From each sample, with
the aid of a dissecting microscope, the number of
invertebrates was counted. The collected invertebrates
were then identified to the possible taxonomic level
(using a dissecting microscope), applying the
ecological pattern (morphologically-based
classification) based on the dichotomous key
classification and categorized as an adult or immature
(Wade et al., 1989; Thyssen, 2010). Record of
abundance in each sample was done by counting the
total number for each taxon or morphospecies, in the
laboratory of plant physiology, Faculty of Science,
UPM.

2.3. Data analysis
2.3.1. Taxonomic groups

The results of the invertebrate community analyses
were recorded for each soil sample, as density (i.e.,
individual number/m2 soil) and relative abundance
(i.e., individual number of each taxon/individual
number) (Santorufo et al., 2012).

2.3.2. Biological indices

The species diversity was calculated by the Shannon
Diversity Index (Shannon, 1949). Data were entered
into the spreadsheet that could be set up to
automatically calculate the diversity index

Shannon Index (H) = —Zi=1 Pt Inpt

p = proportion (n/N), n= one particular species found,
N = total number of individuals found.

In= natural log, £ = sum of the calculations. s

=number of species.

Dominance indicators were according to the Simpson
index (Simpson, 1949): Simpson Index (D)
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1
= b p
=g
_2sC
Similarity index: Sorenson’s index (QS) = 4+5

C = number of species the two communities have in
common. A = total number of species found in
community 1, B= total number of species found in
community 2.

2.3.3. Statistical analysis

Statistical analysis was performed with IBM SPSS
statistics version 23. Data of invertebrates after the
normality test were tested using the Kruskal Wallis
test and a value of P <0.05 was considered to be the
level of statistical significance.

3 Results
3.1. Taxonomic groups

A total of 1,086 individuals were collected during
the sampling period. Among the two study areas,
CEFS had the highest abundance of individuals
totaling 834 (Tablel), followed by Ladang 2 with 252
individuals. Table2 shows morphospecies
classification into four Phylum: (Annelida, Nematoda,
Arthropoda, and Mollusca), four subphyla (Crustacea,
Myriapoda, Chelicerata, and Hexapoda), six classes
(Oligochaeta, Gastropoda, Malacostraca, Arachnida,
Entognatha, and Insecta), two subclasses (Acari and
Collembola) and 19 orders.

3.2. Density of invertebrate categories:

Table 3 shows the density between
invertebrates from different categories. The highest
density was in CEFS with 3.70 individual/m?.
Invertebrate categories with high densities included
Hymenoptera, Amphipoda, Collembola, Isopoda, and
Annelida comprising 1.00, 0.66, 0.52, 0.39, and 0.30
individual/m? respectively.  Overall, invertebrates
density in Ladang 2 was 1.12 individual/m2
represented by Acarina, Coleoptera, and Insect larva
comprising 0.44, 0.06, and 0.044 individual/m2.
respectively. Kruskal Wallis test indicated that the
mean abundance of soil invertebrates at CEFS was
highly significant at (P=.000) than Ladang 2 (P=0.05)
(Table 4).
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Table 1: Composition and abundance of soil invertebrates collected by traps and funnels from study sites

CEFS Ladang 2 Grand
Taxon Traps Funnels Total Traps Funnels Total Total
Annelida 63 5 68 4 NF 4 72
Nematoda 19 5 24 4 4 8 32
Isopoda 88 *NF 88 NF NF NF 88
Amphipoda 150 NF 150 NF NF NF 150
Myriapoda 8 1 10 2 NF 2 12
Acarina 14 17 31 47 53 100 131
Araneae 16 1 17 6 4 10 27
Gastropoda 11 NF 11 NF NF NF 11
Collembola 112 6 118 5 2 7 125
Diplura 2 NF 2 NF NF NF 2
Diptera 31 1 32 2 NF 2 34
Psocoptera 6 NF 6 1 NF 1 7
Coleoptera 12 Nf 12 15 NF 15 27
Hymenoptera 224 1 225 59 21 80 305
Mecoptera 7 Nf 7 1 NF 1 8
Orthoptera 2 Nf 2 4 NF 4 6
Hemiptera 12 Nf 12 6 NF 6 18
Isoptera 1 Nf 1 2 NF 2 3
Ephemeroptera 1 Nf 1 NF NF Nf 1
Insect larvae 4 1 5 8 NF 10 15
Plecoptera 3 Nf 3 NF NF Nf 3
Dermaptera 2 Nf 2 NF NF Nf 2
Thysanoptera 2 1 3 NF NF Nf 3
Blattodea 2 Nf 2 NF NF Nf 2
Siphonaptera 1 1 2 NF NF NF 2
Total 793 41 834 166 86 252 1086

*Nf=not found
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Table2: Morphospecies classification and abundance of soil invertebrates in UPM

Phylum Subphylum Class Subclass Order number
Annelida Oligochaeta 72
Nematoda 32
Mollusca Gastropoda 11
Arthropoda Crustacea Malacostraca Isopoda 88
Amphipoda 150
Myriapoda 12
Chelicerata Arachnida Acari Acarina 131
Araneae 27
Hexapoda Entognatha Collembola 125
Diplura 2
Insecta Diptera 34
Psocoptera 7
Coleoptera 27
Hymenoptera 305
Mecoptera 8
Orthoptera 6
Hemiptera 18
Isoptera 3
Ephemeroptera 1
Plecoptera 3
Dermaptera 2
Thysanoptera 3
Blattodea 2
Siphonaptera 2
3.3. Invertebrates diversity were Annelida, Amphipoda, Isopoda, collembola, and

o Hymenoptera were the dominant taxa in CEFS:
Table 4 shows that the diversity index for g 1505 10.55%, 17.98%, 14.14%, and 26.97%
CEFS with H = 2.3 was more diverse than Ladang 2 respectively. In Ladang 2, the prominent taxa were

with H = 17. Both sites have similar 15 Acarina, Coleoptera, and insect larva: 39.68%, 5.95%,
morphospecies, therefore the similarity index between ang 3.97% respectively (Table 4).

the n two sites was QS= 0.75. The prominent taxa
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Table 3: The density of invertebrates categories in both sites

Taxon CEFS Density Ladang 2 Density
Annelida 68 0.30 4 0.02
Nematoda 24 0.11 8 0.04

Isopoda 88 0.39 NF 0.00

Amphipoda 150 0.67 NF 0.00
Myriapoda 10 0.04 2 0.01
Acarina 31 0.14 100 0.44
Araneae 17 0.08 10 0.04
Gastropoda 11 0.05 NF 0.00
Collembola 118 0.52 7 0.03

Diplura 2 0.01 NF 0.00

Diptera 32 0.14 2 0.01
Psocoptera 6 0.03 1 0.00
Coleoptera 12 0.05 15 0.07

Hymenoptera 225 1.00 80 0.36
Mecoptera 7 0.03 1 0.00
Orthoptera 2 0.01 4 0.02
Hemiptera 12 0.05 6 0.03

Isoptera 1 0.00 2 0.01
Ephemeroptera 1 0.00 NF 0.00

Insect larvae 5 0.02 10 0.04
Plecoptera 3 0.01 NF 0.00
Dermaptera 2 0.01 NF 0.00

Thysanoptera 3 0.01 NF 0.00
Blattodea 2 0.01 NF 0.00

Siphonaptera 2 0.01 NF 0.00

Total 834 3.71 252 1.12
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Table 4: The diversity index for CEFS and Ladang 2
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Sites
Taxon CEFS Ladang 2
Mean Percentage Mean Percentage

Annelida 7.55+0.722 8.15% 0.44+0.17° 1.59%
Nematoda 2.66+0.23% 2.90% 0.88+0.11° 3.17%
Isopoda 9.77+£0.872 10.55%

Amphipoda 16.66+0.80° 17.98%

Myriapoda 2.50+1.002 1.19% 0.50+0.28° 0.79%
Acarina 3.44+0.33° 3.71% 11.11+1.02 39.68%
Areaneae 1.88+0.53% 2.03% 1.11+0.11° 3.97%
Gastropoda 3.66+1.202 1.31%

Collembola 13.11+1.602 14.1% 0.77+0.27° 2.77%
Diplura 1.00+0002 0.24%

Diptera 4.00+1.0502 3.83% 0.25+0.16° 0.79%
Psocoptera 3.00+000 0.71% 0.50+0.502 0.39%
Coleoptera 1.50+0.32° 1.43% 1.87+0.222 5.95%
Hymenoptera 20.66+8.802 26.90% 8.88+0.73° 31.7%
Mecoptera 2.33+0.88? 0.83% 0.330.33° 0.39%
Orthoptera 0.33+0.16° 0.23% 0.44+0.24? 1.59%
Hemiptera 1.28+0.18° 8.15% 0.85+0.262 2.38%
Isoptera 4.00+00 2.90% 2.00£0.00 0.79%
Ephemeroptera 1.00£000 10.5% 0.43%
Insectlarva 0.57+0.29° 0.59% 1.42+0.20% 3.97%
Plecoptera 1.33+0.33 1.19%

Dermaptera 1.00+000 3.71%

Thysanoptera 1.00£000 2.03%

Blattodea 1.00£000 1.31%

Siphonaptera 0.33+£0.500a 14.14%

Shannon Index 2.3 1.7

Simpson index 6.6 3.7

Sorenson’s index 0.75

All data are mean =SE (n=140) means followed by a

different letter are significantly at P<0.05
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3.4. Function groups

To simplify the explanation, the soil
invertebrates were divided into three size categories
(Lavelle et al 1996) (Figurel). The first category, also
known as macrofauna with a size of 10mm or more,
forms 25.30% of soil invertebrates in CEFS and only
5.40% in Ladang 2 (Figure 2). The macrofauna
(Groupl) comprises Annelida-like earthworms,
Mollusca, Myriapoda, Hymenoptera like ants and
Isoptera or termites, and another Insect like
Orthoptera, Coleoptera, and Diptera. Mesofauna
(Group 2), the intermediate size between macrofauna
and Microfauna (Group 3) comprises 6.70% in CEFS
and 4.22% in Ladang 2. Members of Mesofauna were
Small Annelida, Acarina, Collembola, small
Myriapoda and diplura. The final group was
Microfauna which consisted of only 0.91% in CEFS
and 0.31% in Ladang 2. The three groups can be
categorized based on how they interact with their
habitat. The macrofauna, also known as the ecosystem
engineer (Group A) comprises 11.60% in CEFS and
3.39% in Ladang 2. They consist mainly of
earthworms, ants, and termites. The second functional
group was known as Litters transformer groups
(Group B) which made up 15.15% in CEFS and
7.37% in Ladang 2. The Litter transformer consisted
of Mesofauna (small Annelida and Myriapoda,
Acarina and Collembola) and some smaller
Macrofauna. The final functional group, also known
as the Predatory group (Group C) made up 12.11%
in CEFS and 7.49% in Ladang 2, including one
microfauna-like Nematoda with some Mesofauna-like
Acarina and many Macrofauna such as Myriapoda,
Hymenoptera, and Araneae.

4. Discussion

Choosing two contrasting sampling areas provided the
opportunity to test hypotheses regarding the impact of
land activities on invertebrate communities. The
findings of this study provide ample evidence about
the ecological significance of  decomposer
assemblages in uncultivated as well as cultivated
areas. The interaction of invertebrates and soil is the
key to the functioning of the ecosystem. Although
soils serve as suitable habitats for invertebrates, some
of these organisms also cause changes in soil texture
and structure by integrating soil organic matter (Zech,
1993; Pappoe et al., 2009). Arthropoda formed the
largest phylum (Tables 2, 3) indicating it is the most
successful and forming the largest group of
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invertebrates [Postlethwait et al., 1991). However,
when the soil environment is disturbed, Mesofaunal
(such as Acari, some smaller insect groups, and
smaller Araneda) become more and more dominant.
The Acari (mites) are an extremely diverse group of
arachnids that can successfully adapt to a wide range
of habitats (Blakely et al., 2002; Eisenbeis, 2006), in
both habitats. However, findings suggest CEFS
habitat is more hospitable to different soil fauna than
Ladang 2. It is commonly observed that communities
living in undisturbed or moderately disturbed habitats
were higher and more diverse than those living in
habitat frequently disturbed and causing changes in
texture and structure, exposed to fertilizer and
different pesticides and herbicides applications
(Prashar & Shah, 2016). It is recommended not to
make hasty comparisons about soil communities as
other factors beyond the scope of this paper might
have some influence on the outcome of species
composition and diversity. Turbe et al. (2010)
explained that contrary to popular belief, disturbances
do not necessarily lead to long-term loss of
biodiversity, and in many cases, moderate stress can
be a positive force, enabling species to coexist,
thereby increasing biodiversity. Perhaps this is what
happened to the uncultivated field CEFS. Although
there were some disturbances in CEFS, because the
soil has some grooves or indentations to slow down
surface runoff and soil erosion, the soil was covered
with wild grass that provided food and shelter for a
variety of soil fauna. That is probably the reason why
CEFS has higher fauna species composition and
diversity than lading 2. To show that land use and soil
type can influence fauna number and diversity. On the
other hand, Ladang 2 is the agriculture experimental
plot that has been ploughed and tilled from time to
time, received fertilizer, herbicide, and pesticide
periodically whereas soil in CEFS is virtually
undisturbed, free from agricultural activities such as
soil tilling, herbicide, and pesticide. Land disturbance
and the use of herbicides and pesticides are the most
probable agents affecting diversity (Menta, 2012).
This paradox is resolved by the average nuisance
hypothesis, which posits that biodiversity is highest
when the stress is mediocre. The main idea is that,
with low disturbance, competitive exclusion arises
through dominant species, while with severe
disturbance, only stress-tolerant species can survive.
Also, in the cultivated field Ladang 2 the intensive
tillage and agricultural activity in this site led to
increased stress on the diversity of invertebrates, so,
the diversity was low. The present findings are in
contrast to Frainer and Duarte, (2009). There was a
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difference in the Coleoptera between the two
communities where the density was high in the
disturbed fields compared to the undisturbed fields,
where some coleopterans were resistant to the
disturbance (Ronqui & Lopes 2006; Frainer & Duarte,
2009). Furthermore, there could be several
explanations for differences like the physical
properties of the soil, soil cover, soil moisture, soil
organic matter that can be the determining factors. It
has been argued that communities that are subjected
to little disturbance or no nuisance in species
compared to those experiencing severe conditions are
often produced by pesticide and fertilizer applications
and changes in structure and texture (Smith et al.,
2008; Abdu et al., 2008; Poppoe et al., 2009).
Macrofauna was the highest group in soil
invertebrates in both sites. furthermore, this high rate
was related to Hymenoptera, which have more
influencing the composition of the faunal
communities and they have high dispersal ability in
different environments (Mateos et al., 2011; Manhaes
et al.,2013)

Conclusion

The findings of this study suggest that cultivated
fields are generally lower in the number of soil
organisms and diversity compared to uncultivated
land. Since there are not many similar studies
available in the literature, the present study provides
valuable baseline data on the diversity of soil surface
invertebrates in Universiti Putra Malaysia specifically
at the Centre of Environmental Forensic Studies and
the Research Farm (Ladang 2). Knowing the species
composition and diversity of soil fauna is the first step
towards understanding the state of the soil and its
contribution to soil health and crop production.
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