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ABSTRACT – Arthropods are the most diverse among the animal groups and those in soil
and litter play an important role in nutrient cycling but they received the least attention if not
neglected in biodiversity conservation. This study compared the assemblages of soil and litter
arthropods in dipterocarp forest (DF), agroforestry area (AA) and mahogany plantation (MP)
at the Mt. Makiling Forest Reserve (MFR). They were extracted from soil and litter samples
collected from each site during dry season (February 2009), sorted to lowest possible taxa, and
assigned to morphospecies. Mean arthropod abundance in DF soil and that of MP litter were
significantly higher compared to those in the other two sites, which were statistically similar.
Soil and litter arthropod species richness (mean number of morphospecies) were not
significant different among the sites. Arthropod diversity (Shannon index) in soil among the
sites was statistically similar while in litter, DF and AA were statistically similar and more
diverse than MP. There were few overlapping soil and litter arthropod species (lower than
50%) among the sites except for soil arthropods between DF and AA, which shared about
60% (Sorensens index = 0.60) of their species. Collembola, Hymenoptera (mainly ants),
Coleoptera, and Acari were generally the most abundant among the soil and litter arthropod
groups in the three sites and their species richness and diversity did not differ significantly
except for litter Collembola which was significantly more diverse in DF than the two sites.
Among these groups, abundance of Collembola and Coleoptera in soil and litter was
significantly higher in DF than the two sites while litter Acari was significantly higher in AA
and MP than in DF. Results support the idea that agroforestry system is more favorable in
preserving the soil and litter arthropods than monoculture of trees and conformed the general
trend of direct relationships between diversities of soil-litter arthropods and the surrounding
vegetation.
Keywords: soil-litter arthropods, dipterocarp forest, mahogany plantation,
agroforestry, forest reserve
INTRODUCTION
Tropical forests represent the largest terrestrial reservoir of biodiversity (Mayaux et al., 2005) and
are well-known for high invertebrate diversity (Whitmore, 1998; Chazdon and Whitmore, 2002; Primack
and Corlett, 2005). Their litter and soil harbor some of the Earth's most highly diverse with large number
of organisms (Ruiter et al., 2002; Setälä, 2005; Fitter et al., 2005), most endangered, yet least understood
biological communities (Emberton, 1996). These organisms play a central role in various terrestrial
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ecosystem functions that provide valuable ecosystem services that sustain soil quality and plant growth,
as a driving force in nutrient cycling by fragmenting and ingesting litter material, and interacting with the
microorganisms that decompose and mineralize the plant residue (Wardle et al., 1998; Höffer et al., 2001;
Lavelle et al., 2001; Barros et al., 2004; Yang et al., 2007; Huhta, 2007). The activity of soil and litter
arthropods together with other soil organisms is considered to be directly related to forest productivity
(Mermut, 1985).
However, soil biological communities in the tropics greatly suffer from the rapid rate of land use
changes (Achard et al., 2002) due to rapid forest conversion (FAO, 2006) for agricultural expansion,
plantation development, commercial logging, mining industry, urbanization and road building (Geist and
Lambin, 2002) resulting to soil degradation, which is related to drastic decline in activity and diversity of
soil fauna (Bruyn, 1997). The rapid land use change leads to a massive extinction of tropical forest
species (Pimm and Askins, 1995; Pimm and Raven, 2000) and unprecedented loss of biodiversity
(Millenium Ecosystem Assessment, 2005). In particular, the intensification of land use practices and
forest conversion into secondary forests, agroecosystems or agricultural fields often result in strong
declines of the natural vegetation and its associated fauna (Franklin et al., 2001) including soil
communities (Hedlund et al., 2004), the diversity of which is drastically reduced in man-made systems
(Martius et al., 2001). Even small changes in soil arthropod communities may have major effects on the
local nutrient dynamics (Heneghan and Bolger, 1998), and may eventually affect forest productivity.
Despite the recognized importance of soil and litter arthropod fauna in the crucial processes of
ecosystem functioning (e.g., decomposition and nutrient cycling) (Wolters, 2001) in tropical forests
(Vasconcelos and Laurance, 2005; Heneghan et al., 1999) and the serious effect of forest conversion on
this group of organisms (Achard et al., 2002), the current knowledge of the soil fauna in the tropics is still
“miserable” (Noti et al., 2003; Martius et al., 2004; Giller et al., 2005), while tropical soil-litter fauna
remains poorly studied (Andre et al., 2002). Studies of local differences in the composition of soil-litter
arthropods within old-growth or relatively undisturbed tropical forests are few (Atkin and Proctor, 1988;
Burgess et al., 1999; Goehring et al., 2002; Wiwatwitaya and Takeda, 2005) and given less attention in
most tropical countries like the Philippines, which is one of the megadiverse countries (Mittermeier et al.,
1997) and biodiversity “hot spots” in the world (McNeely et al., 1990; Myers et al., 2000).
This paper compared the general soil and litter arthropod assemblages of the dipterocarp forest
(DF), mahogany plantation (MP) and agroforestry area (AA) in Makiling Forest Reserve. The question
asked was: How does the conversion of a tropical forest into tree plantation and agroforestry area affect
the soil and litter arthropod assemblage? It was expected that the assemblage pattern of soil and litter
arthropod in terms of abundance, species richness, diversity, and composition of the dipterocarp forest is
different from man-made systems such as the mahogany plantation and agroforestry area. Likewise, it
was expected that the species found in the natural forest is far from similar with those in the man-made
systems.
MATERIALS AND METHODS
The Study Site
The Mt. Makiling Forest Reserve (MFR) is located in South Central Luzon (14°08' N and 121°11'
E) within 65 km south of Metro Manila. With an area of 4,244 ha (80% of Mt. Makiling), the reserve
covers the municipalities of Los Baños, Bay and Calamba of Laguna province and Sto. Tomas of
Batangas province (Fig. 1), and is presently under the jurisdiction of the University of the Philippines Los
Baños. The reserve serves as an educational and research resource, watershed, wildlife refuge, gene pool
of biological diversity, recreational/ecotourism area, geothermal power source, and historical landmark.
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Figure 1. Map showing the Mt. Makiling Forest Reserve (Source: ASEAN-Korea Environmental
Cooperation Unit, 2004).
The Mt. Makiling is an isolated volcanic cone, but no eruption has been recorded in human history.
The climate is tropical monsoon in character, with two pronounced seasons: wet from May to December
and dry from January to April. The average annual precipitation is 2,397 mm and annual temperature
ranges from 25.5 to 27.5 ºC. The dominant soil type of the area is clay loam, which is derived from
volcanic tuff with andesite and a basalt base (Luna et al., 1999). The original vegetation surrounding the
mountain base has been cleared and the land has been cultivated as well. However, remnant individuals
in the ravines indicate that a dipterocarp forest zone was once present in the lowlands. The dominant
dipterocarp species in the area are Parashorea malaanonan, Shorea guiso, and Shorea contorta.
However, the lesser presence of dipterocarp species indicated that the species have suffered heavy
utilization in the past, with the result that numerous non-dipterocarp tree species have now formed a
species-rich secondary tropical rain forest (Luna et al., 1999). The area also consists of other land uses
such as agroforestry, agricultural farm, plantations, leased areas, grasslands and the likes.
The study sites (Fig. 2) are situated at the north side of MFR. The dipterocarp forest (DF) of more
than 10 ha is located near the mud spring at c. 270 m elevation. Labeled as high forest, it is characterized
by being partly deciduous during dry season and dominated by tall and huge plants belonging largely to
the family Dipterocarpaceae (Fernando et al., 2004). Agroforestry area (AA) is located few kilometers
from the mud spring. It is a small farm of roughly 0.6 ha planted to a mixture of perennial and annual
crops. Mahogany plantation (MP) is a 69-year old monostand of Swietenia macrophylla of c. 40 m tall
with diameter reaching to c. 80 cm with an area of c. 0.9 ha located at 199 m elevation (Raceles et al.,
2008). Soil and litter samples were collected from these study sites.
Arthropod Sampling
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Soil and litter arthropod sampling was carried out during dry season (February 2009). Along a c. 2km transect at each study site, soil and leaf litter (c. 2 li) samples were collected from three plots at c.
500-m distance. Transects were not necessarily straight but redirected when obstacles such as cliff were
encountered or have reached the edge of the study site. Soil samples were collected from a 10 cm x 10
cm (100 cm2) frame up to a depth of 5 cm, after removing the leaf litter on the surface. The soil and leaf
litter samples were immediately brought to the laboratory for arthropod extraction using Tullgren funnel.
Each sample was exposed to 50 W light bulb for 72 hours and the arthropod specimens were collected
into plastic container with 70% alcohol. The arthropod specimens were sorted into class, order and,
whenever possible, family (for insects). Within each group, the individuals were assigned to
morphospecies (hereinafter referred to as species). Due to difficulty of assigning to which
morphospecies the immatures belong, they were excluded in the analysis.

a

b
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Figure 2. The study sites: (a) agroforestry area; (b) mahogany plantation; (c) dipterocarp forest. (Photo
by G.O. Sopsop)

Journal of Nature Studies 14 (1)

50

Data Analysis
The data set on abundance and species richness (total count on the number of species per sample)
were subjected to test for normality (Shapiro-Wilk’s test) and homogeneity of variance (Levene’s test).
Transformation (log [x + 1]) was carried out when data departed from the assumptions of normality and
homogeneity. Shannon diversity index was calculated per sample of each study site. Analysis of
variance (ANOVA) was used to compare the mean abundance, number of species (species richness) and
Shannon index across the sites. Least significant difference (LSD) was used to compare means among
the sites. Presence/absence of species from the pooled data (three samples per site) was used for
determining the similarity of species composition between sites using Sorensens Index.
RESULTS
From the pooled data of each study site, a total of 15 soil arthropod groups were collected from AA
and DF while only nine from MP. At least 50, 54 and 43 soil arthropod species were recorded from DF,
AA and MP, respectively. In litter, 18 litter arthropod groups collected from DF while 14 from MP and
AA. DF, AA and MP had at least 82, 71 and 84 recorded litter arthropod species, respectively.
In mean soil arthropod abundance (Fig. 3a), DF was significantly higher than the two sites, which
were statistically similar (F[2,6]=6.39, p=0.033). In litter (Fig. 3b), arthropod abundance in MP was
significantly higher than the two sites, which were statistically similar from each other (F [2,6]=14.51,
p=0.005).
Among the soil arthropod groups (Fig. 4a), Collembola in DF was highest in terms of percent
abundance (41.92%) followed by Hymenoptera, mainly ants (22.93%), Coleoptera (15.94%) and Acari
(11.79%). Acari predominated (28.67%) the soil of AA followed by ants (Hymenoptera) (27.64%),
Collembola (20.82%) and Coleoptera (7.85%). The ants (Hymenoptera) constituted the highest percent
abundance (34.01%) in MP soil followed by Collembola (28.75%), Acari (18.22%) and Coleoptera
(8.91%). Other soil arthropod groups constituted only about 7.22%, 14.73% and 10.12% in DF, AA and
MP, respectively.
In the litter of DF (Fig. 4b), Collembola predominated the arthropod groups (35.35%) followed by
Hymenoptera (ants) (13.42%), Acari (12.93%) and Coleoptera (9.33%). In MP, Acari was the most
abundant (41.89%) followed by Collembola (27.50%), Hymenoptera (9.07%) and Coleoptera (5.58%).
Likewise, Acari was most abundant in AA soil followed by Collembola (13.88%), Hymenoptera
(12.79%) and Hemiptera (4.52%). Coleoptera comprised only 2.96% of litter arthropod abundance in
AA. Other litter arthropod groups comprised only about 23.99%, 14.29% and 12.67% in DF, AA and
MP, respectively.
The results indicate that generally, Collembola, Hymenoptera, Acari and Coleoptera were the four
most abundant groups in the soil and litter arthropods of the three sites, except for Coleoptera in AA
litter, which was replaced by Hemiptera. Abundance, species richness and diversity of these groups were
compared among the sites but Coleoptera, instead of Hemiptera, was considered in AA litter because the
latter was not collected from MP litter.
Among the sites, Collembola, which was the predominant group in DF soil, was reduced in MP and
AA (Fig. 4a). Soil Coleoptera followed the same abundance trend of soil Collembola. Statistically,
Collembola (F[2,6]=10.04, p=0.01) and Coleoptera (F[2,6]=4.56, p=0.05) were higher in DF than in MP and
AA, which were not significantly different from each other. Abundances of Hymenoptera (F [2,6]=0.795,
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p=0.494) and Acari (F[2,6]=1.442, p=0.308) was lowest in DF soil but did not significantly differ among
the sites.
In litter arthropods of the three sites, abundance of Collembola was highest in DF while lowest in
AA (Fig. 4b). However, litter Collembola abundance in DF and MP were statistically similar but they
differ significantly with that of AA (F[2,6]=220.24, p<0.001). Similar trend in abundance among the sites
and significant statistical results were observed with litter Coleoptera abundance (F [2,6]=17.05, p=0.003).
On the other hand, abundance of litter Acari was highest in AA and lowest in DF. Statistically, however,
Acari abundances in AA and MP were not significantly different from each other, while they differ
significantly with that of DF (F[2,6]=121.96, p<0.001). Ants (Hymenoptera) abundance, which was
highest in DF and lowest in MP, did not differ significantly among the sites.
In terms of the mean number of species was, DF was highest among the sites (Fig. 5), but was not
significantly different from other sites both for soil (F [2,6]=1.618, p=0.274) and litter (F[2,6]=2.01,
p=0.215).
In terms of soil arthropod groups, Acari was consistently the highest in the mean number of species
in all sites (Fig. 6a). In DF and MP, Acari was followed by Collembola, Coleoptera and Hymenoptera in
mean number of species. Among the sites, lowest Acari was observed in MP, which was followed by
Coleoptera, Diptera, Hymenoptera and Collembola. Although Acari was highest in DF, it was
statistically similar with other sites (F[2,6]=0.832, p=0.48) so also with Collembola (F[2,6]=1.5, p=0.296),
Coleoptera (F[2,6]=0.765, p=0.506) and Hymenoptera (F[2,6]=0.765, p=0.506).
In litter, still Acari constituted the highest mean number of species in all sites (Fig. 6b). In DF,
Acari was followed by Collembola, Araneida, Diptera and Coleoptera in mean number of species.
Collembola, Hemiptera and Diptera, Hymenoptera and Homoptera followed Acari in AA in terms of
species number. In MP, Acari was followed by Araneida, Collembola, Coleoptera and Hymenoptera.
Among the litter arthropod groups with highest mean number of species in the three sites, only
Collembola in DF was significantly higher than the two sites (F [2,6]=7.0, p=0.027), while others were
statistically not significant.
Shannon diversity index revealed no significant difference in overall diversity of soil and litter
arthropods among the sites (Table 1). Likewise, no statistical difference was observed in the diversity of
soil Hymenoptera, Coleoptera, Collembola and Acari among sites. In contrast, the overall litter
arthropod diversity in DF and AA was significantly higher than MP. Litter Collembola showed
significant results (F[2,6]=7.0, p=0.027), in which DF was higher in mean number of species than AA and
MP, while there was no significant difference of litter Hymenoptera (F [2,6]=0.75, p=0.512), Coleoptera
(F[2,6]=2.905, p=0.131), and Acari (F[2,6]=0.635, p=0.553) among the sites.
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Figure 3. Mean abundance of soil-litter arthropods (a, soil; b, litter) of the three study sites. Values with
the same letter are not significantly different at p≤0.05 confidence level using LSD.

a

b

Figure 4. Mean abundance of different soil-litter arthropod groups (a, soil; b, litter) of the three study
sites.
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Figure 5. Mean abundance of soil-litter arthropods (a, soil; b, litter) of the three study sites. Values with
the same letter are not significantly different at p≤0.05 confidence level using LSD.

a

b

Figure 6. Mean number of species of different soil-litter arthropod groups (a, soil; b, litter) of the three
study sites.
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Table 1. Mean Shannon-Wiener diversity index values of soil-litter arthropods in the three sites.
Site

Soil

Litter

DF

0.9191

1.4611a

AA

1.0889

1.3558a

MP

1.0000

1.2454b

Mean of three replications. Means in a column with the same superscripts are not significantly different at p≤0.05 using LSD.

Regarding similarity of soil and litter arthropod species among the sites (Table 2), Sorensen’s Index
revealed that soil arthropod species between DF and AA had higher species overlap (60%) than any other
pair of sites, which have less than 50%.
Table 2. Similarity of species among the three sites using Sorensen’s Index.
Pair of Sites

Soil

Litter

DF & AA

0.60

0.44

DF & MP

0.47

0.49

AA & MP

0.48

0.49

DISCUSSION
Changes in soil microhabitat, which is more pronounced when natural forest is converted into
agroforestry systems (Franklin et al., 2001) or tree plantations (Tsukamuto and Sabang, 2005) could be
the possible reason for lesser abundant soil arthropods in AA and MP than DF (Fig. 3a). The presence of
some soil and litter arthropod species in AA and MP that were found in DF as revealed by Sorensen’s
index (Table 2) is attributed to the nature of the original ecosystem of the two sites, which were
previously DF. According to Lavelle et al. (1997), the nature of the original ecosystem greatly influences
the effect of land use practices. AA and MP may have retained components of the original soil fauna
because part of the original species is still present (Lavelle et al., 1997). The closer soil arthropod species
assemblage between DF and AA (Sorensens index=0.60) is probably due to the agroforestry practices
employed in AA. Agroforestry systems are generally considered to have positive effect on the
conservation of biodiversity by minimum tillage, quantity and quality of litter, diversification especially
the incorporation of trees of several species, shade, deep and perennial root systems that create a more
suitable environment for soil faunal communities (Vohland and Schroth, 1999; Barros et al., 2003;
Lopez-Hernandez et al., 2004; Brown et al., 2006). AA contains diversified perennial crops such as
trees, and soil communities with perennial crops resemble that of natural ecosystems more closely (Ferris
and Ferris, 1974; Wasilewska, 1979; Freckman and Ettema, 1993; Neher and Campbell, 1994). Although
MP was originally DF, the monoculture of mahogany that provides lower plant diversity than AA
explains why MP and AA had few overlapping soil and litter arthropod species.
On the other hand, although DF was numerically higher in species richness than the two sites, nonsignificant results were obtained on soil arthropod species richness (Fig. 5a) as well as diversity (Table 1)
among the sites. Likewise, there was no significant difference on the species richness and diversity of the
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four most abundant soil arthropod groups. This seems to contradict to the notion that reforestation with
exotic species (e.g. mahogany) causes a decrease in diversity (Gama et al., 1994; Deharveng, 1996; Pinto
et al., 1997; Sousa et al., 1997; Barrocas et al., 1998; Sousa et al., 2000) while disturbance linked to land
use practices are likely to seriously affect species richness and diversity of soil invertebrates worldwide
(Lavelle et al., 1997). According to Lindenmayer (2002), however, the greatest diversity and abundance
of native animals in plantations occur in stands adjacent to native vegetation. It is suspected that there
was recolonization going on particularly for mobile soil arthropods since AA and MP are just small
patches presently embedded in the DF matrix that presumably served as recolonization sources in soil
arthropods. But since environmental conditions are different, some species may not be able to persist.
The non-significant difference in soil arthropod species richness and diversity across the sites does not
necessarily translate into similarity of functional structure because their species assemblages were
different as evidenced by the Sorensen’s index value, most probably due to changes or differences in
vegetation and soil condition (Hagvar, 1982; Ponge, 1993; Chagnon et al., 2000). Lindemayer et al.
(2002) asserted that greater species diversity (and perhaps richness) is not always the best outcome for
nature conservation and that it is often better to use the composition of particular assemblages as a
measure. Conversely, comparing the soil arthropod species richness and diversity of the three sites in
MFR may not be robust enough to discriminate their differences, and therefore misleading. Species
assemblage must be considered in order to clarify the differences between sites.
Regarding litter arthropods, species richness across the sites was likewise not significantly different.
This agrees with the findings of Samways et al. (1996) who found that species richness of litter
invertebrates in pine and eucalypt plantations was not significantly different with that of indigenous
forest. Likewise, Kattan et al. (2006) reported that there was no significant difference in litter insect
richness between forest and alder plantation. The same explanation is offered to this findings with that of
soil arthropods. For litter arthropod diversity, however, DF equals with AA and was significantly lower
than MP, which could be attributed to the type of litter generated from the vegetation of each site.
Arthropod diversity in litter depends on the type of litter and its complex microbial components, coupled
with the heterogeneity of the litter layer (Ananthakrishnan, 1996). Data from natural forests and
plantations indicate that litter types of varying structure and nutrient content influence the diversity and
abundance of the litter fauna (Tian et al., 1993; Richardson et al., 2005). In AA, there were perennial
crops such as trees of different species. Thus, the high tree diversity in DF and AA can create patchy
litter habitats on a relatively small scale (Kaspari, 1996) including wood litter, which has been shown to
harbor different litter arthropod communities depending on its decomposition stage (Kelly and Samways,
2003). Invertebrate assemblages are less diverse in plantations than in natural vegetation largely because
of the relative structural simplicity of the former (Hobb et al., 2002). In monostand of mahogany, the
abundant leaf litter can create a homogenous litter habitats allowing only those adapted species, most
likely generalists, to harbor and become abundant, thus resulting to lower diversity. This explains why
litter arthropods in MP were significantly more abundant than the two sites (Fig. 3b). Since the three
sites have different vegetation types, it follows that they have few species overlap (Table 2).
Although agroforestry practices may conserve the species assemblage of soil arthropods similar to
that of natural forest, they may affect particular groups of soil and litter arthropods such as Coleoptera
and Collembola. Kouadio et al. (2009) reported that many beetle life cycles are associated with soil and
ground litter and are affected by changes caused by human activities such as agriculture. It has been
shown that in the soil and litter layer arthropods, such as Collembola, may be sensitive to silvicultural
practices (Detsis et al., 2000; Chagnon et al., 2001). This explains the significantly higher abundance of
soil and litter Collembola and Coleoptera in DF and MP than in AA. On the other hand, Collembola
respond to changes in microclimate and microhabitat conditions like moisture (Verhoef and Van Selm,
1983; Pflug and Wolters, 2001), and amount and quality of litter (Cortet and Poinsot-Balaguer, 1998;
Hasegawa, 2002). Also, different vegetation communities host different species assemblage of
Collembola (Pozo et al., 1986; Setala et al., 1995; Gama et al., 1997; Benito and Sanches, 2001) and this
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is particularly true when comparing open and closed habitat (Ponge, 1993). Crop management practices
can also lead to changes in species assemblage and diversity of Collembola (Nakamura, 1988; Dekkers et
al., 1994; Filser et al., 1995; Reddy et al., 1996; Loranger et al., 1999; Framptom, 2000; Alvarez et al.,,
2001; Gardi et al., 2002). This explains the higher litter Collembola species richness and diversity in DF
than the two sites.
Interventions taking place in forests can induce multiple changes in mite communities particularly
Oribatida (Gergócs and Hufnagel, 2009). The non-significant difference in litter Acari species richness
and diversity in AA and MP with that of DF could be explained by intermediate disturbance hypothesis.
This hypothesis indicates that species richness and diversity are highest at intermediate frequency or
intensity of disturbance because both rapid colonizers and more competitive species do occur (Connell,
1978; Pickett and White, 1985; Wilson, 1994). Conversion of DF into patches of AA and MP may be an
intermediate disturbance. The significantly higher abundance of litter Acari in AA and MP than DF
agrees with Bedano et al. (2006) who found the abundance of pastures was higher than that of natural
forests. This could be related to organic matter content, litter input and microbial biomass (Marra and
Edmonds, 1998, Lindo and Visser, 2004).
CONCLUSION
In this study, it was hypothesized that soil and litter arthropod assemblages in terms of abundance,
species richness, diversity and composition of DF differ with that of AA and MP. Varying responses of
soil and litter arthropods to different land uses were observed.
Conversion of DF into AA and MP caused significant decreased in soil arthropod abundance and
modified the species composition but tend to have no effect on species richness and diversity. Likewise,
the species richness and diversity of the four most abundant groups (Collembola, Coleoptera,
Hymenoptera and Acari) were not affected but the abundance of Collembola and Coleoptera was
significantly reduced. There was a closer resemblance in soil arthropod species between DF and AA.
On the other hand, there was a significant increase in litter arthropod abundance in MP. Pattern of
species richness among the sites did not differ but diversity was significantly decreased in AA and MP,
while the species resemblance of the three sites was different. Species richness and diversity of the four
most abundant groups was statisitcally similar except for Collembola, which was significantly decreased
in AA and MP. Abundance of Collembola and Coleoptera was similar in DF and MP but lower in AA
while that of Acari was similar in AA and MP but significantly lower in DF.
The overall results demonstrate that, in preserving the soil and litter arthropods, which are important
in decomposition and nutrient cycling, agriculture using agroforestry system is more appropriate that
monoculture of mahogany trees. Likewise, the results conformed the general trend of direct relationships
between diversities of soil-litter arthropods and the surrounding vegetation.
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