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Abstract. Ihsan M, Puspitarini RD, Afandhi A, Fernando I. 2021. Abundance and diversity of edaphic mites (Arachnida, Acari) under
different forest management systems in Indonesia. Biodiversitas 22: 3685-3692. Edaphic mites play crucial roles in maintaining
ecosystem services that are essential to human needs. However, the conversion of natural habitats followed by agricultural
intensification may adversely affect edaphic mites. The objective of this study was to investigate the influence of different management
systems on edaphic mite abundance, richness, and diversity in tropical rain forests in Indonesia. There were five forest mana gement
systems, which were as follows: secondary forest, production forest (pine monoculture), and three agroforestry systems (pine + coffee,
mahogany + coffee, and mahogany + new cocoyam). We established a transect containing five research plots for each forest
management system. Litter and soil from each plot were collected from December to March 2021. Temperature, relative humidity, and
pH of litter and soil, as well as litter thickness, were measured. We found that edaphic mite abundance, richness, and diversity in the
secondary forest were similar to managed forests. However, the aforementioned variables were significantly higher in “pine” systems
than in “mahogany” systems. Our analysis evidenced positive correlations between litter thickness and edaphic mite abundance,
richness, and diversity. Our findings may assist in selecting the appropriate forest management systems to rationalize the conversion of
secondary forests to production forests and agroforestry.
Keywords: Agroforestry, ecosystem services, production forest, richness, secondary forest, tropical rain forests

INTRODUCTION
The Acari is one of the most ubiquitous and speciose
arachnid taxa, which includes ticks and mites. Unlike ticks,
which are predominantly parasites on other animals, mites
have various lifestyles (Krantz and Walter 2009). Some
mite species are phytophagous and often cause economic
damage in agricultural sectors (Vacante 2016; Puspitarini
2021a, b). However, the majority are free-living species
that play vital roles in maintaining ecosystem health and
function. It is widely accepted that edaphic (litter- and soildwelling) mites contribute to the continuity of
environmental services, especially supporting and
regulating services. Most edaphic mites are detritivores that
partake in soil formation and minerals recycling by
fragmenting litter and decomposing organic matter
(Seastedt 1984; Wickings and Grandy 2011; de Groot et al.
2016). The rest are usually predators that may provide pest
control services (Navarro-Campos et al. 2012; Park et al.
2021; Rueda-Ramírex et al. 2021). Additionally, many
edaphic mites, such as oribatids, are used as bioindicators
and model organisms in ecotoxicology studies (BehanPelletier 1999; Huguier et al. 2015; Ardestani et al. 2020).
Therefore, a myriad of research was conducted to monitor
edaphic mites' abundance and diversity (Dirilgen et al.
2016; Acharya and Datta 2019; Zaitsev et al. 2020).
Significant reduction in secondary forests caused by
deforestation and their conversion into arable lands is a
serious issue in most tropical countries (N’Dri et al. 2017).

This problem coupled with agricultural intensification can
adversely affect the soil fauna communities (Mori et al.
2015). For example, many studies had observed reductions
in edaphic mite abundance and diversity due to an
excessive application of agrochemicals and intensive tillage
(Minor and Cianciolo 2007; Murvanidze et al. 2019).
Furthermore, the agricultural intensification may also
eliminate key species and alter trophic interactions (Cao et
al. 2011). However, to fulfill human needs, the conversion
of secondary forests is inevitable. With this respect,
converting secondary forests to production forests and
agroforestry could serve as an alternative solution. The
term production forest refers to a forest dominated by
certain tree species that are intentionally planted, while
agroforestry is a mixture of trees and perennial shrubs or
annual crops. In addition to providing harvestable goods,
these forest management systems could preserve soil
biodiversity and may have resilience comparable to a
secondary or even a primary forest (N’Dri et al. 2017).
The effects of different forest management systems on
edaphic mites have been elucidated. The edaphic mite
abundance and species richness vary in relation to the
dominant tree species. According to Badejo and Tian
(1999), planting Leucaena leucocephala (Lam.) de Wit
enhanced the density, diversity, and complexity of edaphic
mite communities than the other tree species used in their
experiment. This variation can be attributed to the litter
quality of each plant species (Urbanowski et al. 2021). A
high-quality litter provides a more suitable habitat and
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condition for edaphic mites. The litter quality is measured
in terms of its nutrient content and decomposition rate
(Horodecki and Jagodziński 2017). Moreover, litter may
indirectly affect edaphic mite populations by changing soil
properties and microorganisms (Gergócs et al. 2015;
Urbanowski et al. 2018).
In Indonesia, only a few studies had been conducted to
evaluate edaphic mite abundance and diversity (Lisafitri et
al. 2015; Sulistyorini et al. 2018; Bria et al. 2019). To date,
the edaphic mites are little studied also in other parts of the
globe. This present study aims to investigate the
abundance, richness, and diversity of edaphic mites in five
different tropical forest management systems. Our results
may assist in selecting the appropriate forest management
systems to rationalize the conversion of secondary forests
to production forest and agroforestry when supported by
ecologically sound reasons.

MATERIALS AND METHODS
Study area
The study was conducted in the “UB Forest” situated in
Karangploso, Malang, Indonesia (7°53’35” S; 112°53’41”
E). This tropical rain forest, which is located on the south
side of Mount Arjuna, is designated as a protected area by
the Indonesian Ministry of Forestry. The total area of UB
Forest is 13,572.06 km2, while the area used for production
forests and agroforestry is 5,14 ha km2. Based on data
maintained by the Meteorological, Climatological, and
Geophysical Agency of Malang, the mean annual rainfall
and temperature in UB forest (2019 to 2020) were about

5.52 mm and 24.38°C, while the average rainfall and
temperature during the study (from the beginning of
December 2020 to March 2021) were approximately 12.34
mm and 23.93°C, respectively. Pine (Pinus merkusii Jungh.
& de Vriese), mahogany (Swietenia mahagoni (L.) Jacq.),
coffee (Coffea arabica L.), and new cocoyam (Xanthosoma
sagittifolium (L.) Schott) are the most dominant cultivated
plants. Farmers suggested that the age of pine stands is
around 30 to 35 years, while the mahogany stands are
about 35 to 40 years old. The coffee plants were planted
about 8 to 10 years before this study, while new cocoyam
plants are planted twice a year.
Sampling design
Five different forest management systems were
determined during the preliminary surveys. One of the
systems is a secondary forest, the other is a production
forest, while the rest are considered agroforestry. The forest
management systems were then set as follows: secondary
forest; production forest (pine monoculture); and three
agroforestry systems (pine + coffee, mahogany + coffee,
and mahogany + new cocoyam). After that, a transect
containing five research plots for each management system
was selected by purposive sampling (Figure 1). Each plot
was 20 x 20 m, and the distance between two consecutive
plots was 50 m. The criteria specified in the selection of the
plots were that they are not close to a cliff and are easily
accessible. All the selected plots are also not disturbed
much by human activities. Agroforestry plots are not
subjected to any agricultural practice except pine-tapping
and harvesting coffee berry and new cocoyam corm, while
logging is rare.

Figure 1. Map of the study area showing transects of the five forest management systems, each point along the transect represents the
sampling plot. SF is secondary forest; PF is monoculture pine system; PC is pine + coffee system; MC is mahogany + coffee system;
and MX is mahogany + new cocoyam system
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In each plot, ten sampling units were determined using
a diagonal pattern. To characterize environmental
conditions, physical properties of litter (thickness,
temperature, relative humidity, and pH) and soil
(temperature, relative humidity, and pH) were measured
(Table 1). Measurements in each plot were carried out in
the sampling unit located in the center. Measurements were
conducted at two-week intervals from December 2020 to
March 2021. In total, there were eight measurements
during the study. However, the measurement of pH of litter
and soil was conducted only once at the beginning of the
study. Data measured in each plot was regarded as an
independent replicate.
The tip of a calibrated thermohygrometer (HTC) was
inserted into soil up to 20 cm in depth or middle of litter
layers and left for one minute to measure soil and litter
temperature and relative humidity. A 10 g of soil (taken
from 20 cm depth) and 10 g of partially decomposed litter
were used to measure soil and litter pH. The soil and litter
were then put into a vial, mixed with 10 ml of distilled
water, and agitated for 60 minutes using an orbital shaker
(Protech®) at 220 rpm. After that, the pH of the solution
was measured using a calibrated pH meter (Thermo
Scientific™).
Collection of litter and soil samples
Litter and soil samples were collected from December
to March 2021 (eight times in total). The collections of
litter and soil samples were carried out around 06.00 to
10.00 a.m. In each sampling unit, 1 kg of soil was taken
from the topsoil layer (0-20 cm depth), while the amount of
litter taken was 0.5 kg. The litter and soil samples from the
ten sampling units were composited prior to subsampling.
After that, 1 kg of litter and soil from the composite
samples were taken and placed in a plastic bag. Subsample
from each research plot was regarded as an independent
replicate.
Extraction and mite identification
Edaphic mites were extracted from the collected litter
and soil using modified Berlese-Tullgren apparatus for two
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days (Murvanidze et al. 2019). Extracted mites were stored
in alcohol-glycerol-lactic acid solution (Zhang 2003).
Specimens were mounted semi-permanently using 85%
lactic acid for three days to ensure maximum transparency
of specimens (Urbanowski et al. 2021) or permanently
using Hoyer’s medium (N’Dri et al. 2017). Extracted mites
were counted and identified to the family level using the
keys of Balogh and Balogh (1992), Evans (1992), and
Krantz and Walter (2009). Extracted mites were grouped
into two guilds based on their feeding habits, which are
predaceous and detritivorous mites. The feeding habits of
the mites were determined according to Luxton (1972) and
Krantz and Walter (2009). In general, predaceous mites
have relatively long legs and do not have the beetle-like
appearance of detritivorous mites.
Statistical analysis
Edaphic mite abundance was expressed as the mean
number of individuals, whereas the edaphic mite richness
was expressed as the mean number of families found. All
data were initially transformed using the log(x+1) formula
to meet the assumption of normality and variance
homogeneity based on the Shapiro-Wilk and Levene test,
respectively. However, means were reported as the backtransformed means. Analysis of variance (ANOVA)
followed by Tukey’s test was then used to compare the
edaphic mite abundance and richness among different
forest management systems. Diversity analysis were used
to assess differences in edaphic mite community
characteristics. The Shannon-Wiener diversity (H′), Pielou
evenness (E), and Simpson dominance index (D) were
calculated from the non-transformed data. The calculated
indices values were subjected to ANOVA and Tukey’s test.
Pearson’s correlation was used in order to elucidate the
relationship between environment physical properties and
the abundance, richness, and diversity of the edaphic mites.
All statistical analyses were conducted at a significance
level of P < 0.05. All analyses were performed using R
statistics (R Core Team 2020), utilizing the vegan package
for community characteristics analysis (Oksanen et al.
2020).

Table 1. Means ± SD of the measured environment physical properties describing the actual conditions of the five forest management
systems (data were taken from five different plots for each system)
Forest management systems
SF
PF
PC
MC
MX
Litter thickness (cm)
2.48 ± 1.08
3.32 ± 0.74
3.34 ± 0.64
2.42 ± 0.93
2.25 ± 1.01
Litter temperature (°C)
26.73 ± 1.93
26.67 ± 3.46
27.08 ± 4.12
25.54 ± 2.26
25.97 ± 2.51
Litter relative humidity (%)
71.02 ± 6.53
72.22 ± 10.80
71.15 ± 11.92
80.72 ± 9.22
77.07 ± 10.13
Litter pH
7.24 ± 0.40
6.54 ± 0.11
6.68 ± 0.35
7.10 ± 0.30
6.70 ± 0.07
Soil temperature (°C)
22.38 ± 1.31
22.26 ± 1.12
22.13 ± 1.39
21.82 ± 0.64
21.55 ± 1.05
Soil relative humidity (%)
79.60 ± 8.38
81.52 ± 11.43
78.67 ± 10.85
86.20 ± 10.73
83.05 ± 11.33
Soil pH
6.18 ± 0.13
6.32 ± 0.10
6.26 ± 0.15
6.88 ± 0.32
6.78 ± 0.33
Note: SF is secondary forest; PF is monoculture pine system; PC is pine + coffee system; MC is mahogany + coffee system; and MX
is mahogany + new cocoyam system
Physical properties
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RESULTS AND DISCUSSION
Abundance and richness of edaphic mites in different
forest management systems
The mean abundance of total edaphic mites changed
significantly across the forest management systems. It was
higher in pine monoculture (174.10 ± 113.90) and pine +
coffee (191.40 ± 141.90) system, while it was lower in
mahogany + coffee (42.25 ± 35.92) and mahogany + new
cocoyam (33.25 ± 26.40) system. However, the total
edaphic mite density in the secondary forest (87.38 ±
69.99) was not statistically different from the other
managed forests. The same result was also observed when
comparing the density of litter-dwelling mites. The density
of litter-dwelling mites in pine monoculture (149.30 ±
108.80) and pine + coffee (156.00 ± `142.20) system was
higher than the density recorded in mahogany + coffee
(28.13 ± 29.40) and mahogany + new cocoyam (22.63 ±
21.21) system. In this investigation, the soil-dwelling mite
density was not significantly different under the five forest
management systems (Figure 2).
A total of 1 suborder, 1 superfamily, and 8 families of
Oribatida, as well as 1 family of Prostigmata, and 1 family
of Mesostigmata were identified (Figure 3). Members of
trombidiid (Prostigmata) and laelapid (Mesostigmata) are
predaceous mites, while all oribatids are detritivores. In
general, a higher number of individuals of each taxonomic
group was found in pine monoculture and pine + coffee
system, for example in Laelapidae, Eremaeidae,
Galumniidae,
Lohmanniidae,
Crotonioidea,
and
Brachypylina. The edaphic mite richness was significantly
higher in pine monoculture (8.12 ± 1.64) and pine + coffee
(8.37 ± 1.92) system than in mahogany + new cocoyam
(4.62 ± 2.72) system, but it was similar to the richness in
secondary forest (6.12 ± 1.64) and mahogany + coffee
(5.37 ± 1.68) system. The densities of predaceous and
detritivorous mites were also higher in pine monoculture
(61.88 ± 34.24 and 112.30 ± 87.47) and pine + coffee
system (48.38 ± 24.32 and 143.30 ± 134.30) than densities
recorded in mahogany + coffee (15.50 ± 6.56 and 26.75 ±
34.73) and mahogany + new cocoyam (8.87 ± 7.27 and
24.38 ± 25.98) system (Table 2).
Community characteristics of edaphic mites
From the analysis, the diversity of total and litterdwelling mites tended to be higher in pine monoculture
(1.52 ± 0.21 and 1.46 ± 0.19) and pine + coffee (1.54 ±
0.17 and 1.48 ± 0.18) system, whereas the lower diversity
of total and litter-dwelling mites was found in mahogany +
coffee (1.09 ± 0.23 and 0.91 ± 0.28) and mahogany + new
cocoyam (1.07 ± 0.52 and 0.87 ± 0.47) system. The
evenness of total and litter-dwelling mites was higher in
pine monoculture (0.53 ± 0.07 and 0.51 ± 0.06) and pine +
coffee (0.54 ± 0.06 and 0.52 ± 0.06) system than in
mahogany + coffee (0.38 ± 0.08 and 0.32 ± 0.09) and
mahogany + new cocoyam (0.37 ± 0.18 and 0.30 ± 0.16)
system. However, the ANOVA revealed that the diversity
and evenness indices of soil-dwelling mites among the five
forest management systems were not significantly
different. With regard to the dominance index, the

calculated values were not statistically different among the
five forest management systems (Table 3).
Relationships between environment physical properties
and the abundance, richness, and diversity of edaphic
mites
The correlation analysis evidenced significant positive
relationships between litter thickness and the abundance,
richness, and diversity of edaphic mites (Table 4). The
other litter and soil properties had no correlation with the
edaphic mite abundance, richness, and diversity.
Discussion
Soil fauna, particularly edaphic mites, are primarily Kselected organisms characterized by their slow
development, low fecundity, and poor dispersal capability
(Behan-Pelletier 1999; Minor and Cianciolo 2007; Gao et
al. 2014). Therefore, they are sensitive and vulnerable to
exogenous disturbances. Consequently, edaphic mites have
been regarded as suitable bioindicators to assess the effects
of habitat conversion and land management on soil
biodiversity (Khabir et al. 2015; Meehan et al. 2019;
Amani et al. 2020). In this study, the abundance and
richness of edaphic mites in the natural habitat (secondary
forest) were not different from the other management
systems, possibly due to the minimum disturbance in the
evaluated research plots. It indicates that conversion of
secondary forests to production forests and agroforestry
may still preserve edaphic mite communities, as long as
management systems with low inputs and minimum tillage
are used. Our findings agreed with previous studies that
found that edaphic mite abundance and richness in artificial
forests were equal or could be higher than in natural forests
(Bedano et al. 2006; N’Dri et al. 2017). Nevertheless, we
found that higher density and richness of edaphic mites,
especially litter-dwelling mites, were recorded in forest
management systems with pine as the dominant tree
species. Similarly, Maribie et al. (2011) reported that
edaphic mite abundance and richness in the pine
monoculture system were higher than in a natural forest
and other managed forests evaluated in their study.
The collected edaphic mites consisted of three major
taxa, namely Prostigmata, Mesostigmata, and Oribatida. In
this investigation, oribatids were more abundant than
prostigmatid and mesostigmatid mites regardless of the
forest management systems. Oribatids have been known as
the most dominant microarthropods in most forest floors
and soils (González and Seastedt 2000; Gergócs and
Hufnagel 2011). Dirilgen et al. (2016) suggested that a
higher abundance of oribatids in forest habitats is due to the
differences in feeding strategies among edaphic mite taxa.
Oribatids mainly feed on detritus, fungi, and bacteria,
which are omnipresent in forests (Smrž 2010). On the other
hand, other taxa such as Mesostigmata, are pre-dominantly
predaceous (Klarner et al. 2013), hence their numbers
fluctuate depending on the prey availability. In this study,
the number of individuals of laelapid, eremaeid, galumnid,
lohmanniid, crotonioid, and brachypylin was higher in pine
monoculture and pine + coffee management systems, so
did the abundance of total predaceous and detritivorous
mites.
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We found that the diversity and evenness of edaphic
mites in the secondary forest were similar to the managed
forests. Erdmann et al. (2012) proposed that different forest
management systems may still harbor similar niches
favorable for edaphic mites. Therefore, it is evident that
under similar habitat types, the community structure and
diversity of edaphic mites might not differ remarkably
(Sylvain and Buddle 2010). Nonetheless, we recorded
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higher edaphic mite diversity and evenness in pine
monoculture and pine + coffee management systems than
in mahogany + coffee and mahogany + new cocoyam
systems. Previous studies also reported that the edaphic
mite abundance, richness, and diversity were high in pine
forests (Maribie et al. 2011; Erdmann et al. 2012; Gergócs
et al. 2015).

Figure 2. Effect of different forest management systems on the abundance of edaphic mites: total mites (F4,35 = 6.82; P < 0.001); litterdwelling mites (F4,35 = 7.54; P < 0.001); and soil-dwelling mites (F4,35 = 1.72; P = 0.166). SF is secondary forest; PF is monoculture
pine plantation; PC is pine + coffee plantation; MC is mahogany + coffee plantation; and MX is mahogany + new cocoyam plantation.
Different letters denote significant differences, while ns denotes nonsignificant differences at P < 0.05 according to Tukey’s test
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Figure 3. Edaphic mites found in this study; Prostigmata (A); Mesostigmata (B); and Oribatida (C-J)
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Table 2. The average number of individuals ± SD of each mite family found in the five forest management systems, as well as the
average of mite richness and the average number of total predaceous and detritivorous mites
Family

Guild

SF

PF

Forest management systems
PC
MC

MX

F4,35

P

Prostigmata
Trombidiidae
Pre
0.62 ± 1.4 a
0.37 ± 0.51 a
0.25 ± 0.70 a
0.00 ± 0.00 a 0.50 ± 0.53 a
1.00
0.417
Mesostigmata
Laelapidae
Pre
37.38 ± 25.38 ab 57.88 ± 32.07 a 44.75 ± 23.72 a 14.63± 6.16 bc 8.12 ± 6.37 c 12.19
0.000
Oribatida
Eremaeidae
Det
11.38 ± 10.68 ab 31.88 ± 43.77 ab 68.50 ± 75.53 a 7.12 ± 8.37 ab 6.00 ± 9.57 b
3.61
0.014
Haplozetidae
Det
9.12 ± 17.53 a
4.87 ± 5.35 a
19.38 ± 39.46 a 12.13 ± 29.90 a 1.25 ± 2.76 a
1.02
0.406
Galumnidae
Det
15.75 ± 19.32 ab 38.00 ± 29.85 a 29.50 ± 23.87 a 2.00 ± 3.50 b 9.62 ± 17.04 ab 6.15
0.000
Lohmanniidae
Det
1.37 ± 1.40 ab
4.62 ± 5.29 a
2.75 ± 1.98 a
0.50 ± 0.75 ab 0.12 ± 0.35 b
4.16
0.007
Otochepheidae
Det
0.25 ± 0.70 a
1.62 ± 2.72 a
0.87 ± 1.35 a
0.62 ± 1.40 a 0.25 ± 0.70 a
0.79
0.538
Mesoplophoridae Det
0.25 ± 0.70 a
0.62 ± 1.06 a
0.62 ± 1.40 a
0.00 ± 0.00 a 0.25 ± 0.46 a
0.83
0.509
Oribatulidae
Det
0.75 ± 1.75 a
3.62 ± 5.15 a
3.12 ± 2.53 a
0.62 ± 1.76 a 0.75 ± 1.16 a
2.75
0.053
Suctobelbidae
Det
0.12 ± 0.35 a
1.75 ± 3.24 a
0.37 ± 0.74 a
0.25 ± 0.70 a 0.25 ± 0.46 a
1.15
0.348
Crotonioidea†
Det
0.50 ± 0.53 b
3.00 ± 2.33 ab
4.00 ± 3.29 a
1.37 ± 1.84 ab 0.75 ± 1.75 b
4.51
0.004
Brachypylina*
Det
7.87 ± 9.94 ab 22.50 ± 20.66 a 13.00 ± 9.63 ab 2.12 ± 1.72 b 3.12 ± 4.67 b
3.62
0.014
6.12 ± 1.64 ab
8.12 ± 1.64 a
8.37 ± 1.92 a
5.37 ± 1.68 ab 4.62 ± 2.72 b
4.30
0.006
Richness
Total predators
38.75 ± 26.72 ab 61.88 ± 34.24 a 43.38 ± 24.32 a 15.50 ± 6.56 b 8.87 ± 7.27 c 12.10
0.000
Total detritivores
48.63 ± 45.17 ab 112.30 ± 87.47 a 143.00 ± 134.30 a 26.75 ± 34.73 b 24.38 ± 25.98 b 5.53
0.001
Note: Means followed by the same letters within each row are not significantly different at P < 0.05 according to Tukey’s test. † denotes
a superfamily; * denotes a suborder; Pre denotes a predaceous mites; Det denotes a detritivorous mites; SF is secondary fores t; PF is
monoculture pine system; PC is pine + coffee system; MC is mahogany + coffee system; and MX is mahogany + new cocoyam system

Table 3. Community characteristics of edaphic mites found in the five forest management systems represented by diversity indices
(means ± SD)

Edaphic mites

Community
characteristics

Forest management systems
F4,35
SF

PF

PC

MC

P

MX

Total mites

Biodiversity (H′) 1.27 ± 0.34 ab 1.52 ± 0.21 ab 1.54 ± 0.17 a 1.09 ± 0.23 ab 1.07 ± 0.52 b 3.84
0.010
Evenness (E)
0.44 ± 0.12 ab 0.53 ± 0.07 ab 0.54 ± 0.06 a 0.38 ± 0.08 ab 0.37 ± 0.18 b 3.85
0.010
Dominance (D)
0.36 ± 0.14 a 0.27 ± 0.05 a 0.26 ± 0.05 a 0.40 ± 0.11 a 0.29 ± 0.15 a 2.17
0.092
Litter-dwelling mites Biodiversity (H′) 1.08 ± 0.50 ab 1.46 ± 0.19 a 1.48 ± 0.18 a 0.96 ± 0.28 b 0.87 ± 0.47 b 5.44
0.001
Evenness (E)
0.38 ± 0.17 ab 0.51 ± 0.06 a 0.52 ± 0.06 a 0.32 ± 0.19 b 0.30 ± 0.16 b 5.44
0.001
Dominance (D)
0.43 ± 0.21 a 0.28 ± 0.06 a 0.28 ± 0.06 a 0.47 ± 0.15 a 0.32 ± 0.14 a 2.93
0.034
Soil-dwelling mites Biodiversity (H′) 1.01 ± 0.33 a 1.00 ± 0.48 a 1.34 ± 0.26 a 0.87 ± 0.55 a 0.92 ± 0.57 a 1.23
0.312
Evenness (E)
0.35 ± 0.11 a 0.35 ± 0.17 a 0.47 ± 0.09 a 0.30 ± 0.19 a 0.32 ± 0.20 a 1.23
0.312
Dominance (D)
0.33 ± 0.25 a 0.32 ± 0.15 a 0.26 ± 0.10 a 0.48 ± 0.28 a 0.27 ± 0.32 a 1.09
0.373
Note: Means followed by the same letters within each row are not significantly different at P < 0.05 according to Tukey’s test. SF is
secondary forest; PF is monoculture pine system; PC is pine + coffee system; MC is mahogany + coffee system; and MX is mahogany +
new cocoyam system

Table 4. The relationship between environment physical parameters and the abundance, richness, and diversity of edaphic mites
according to Pearson’s correlation.
Physical parameters

Edaphic mite abundance
r
P
Litter thickness
0.982
0.002*
Litter temperature
0.847
0.069
Litter relative humidity
-0.760
0.135
Litter pH
-0.541
0.345
Soil temperature
0.664
0.221
Soil relative humidity
-0.701
0.186
Soil pH
-0.754
0.140
Note: * denotes a significant relationship at P < 0.05

Edaphic mite richness
r
P
0.984
0.002*
0.805
0.099
-0.716
0.172
-0.483
0.408
0.695
0.192
-0.643
0.241
-0.734
0.157

Edaphic mite diversity
r
P
0.969
0.006*
0.869
0.056
-0.799
0.105
-0.510
0.380
0.716
0.173
-0.726
0.165
-0.798
0.105
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Based on the correlation analysis, we found that only
litter thickness had a significant impact on edaphic mites.
Litter thickness has been known as one of the most
influential factors affecting edaphic mite abundance,
richness, and diversity (Gergócs et al. 2015; Kamczyc et al.
2018; Urbanowski et al. 2021). Litters are the primary food
source and habitat for edaphic mites, in particular,
oribatids. A litter from a given plant species may has
different chemical composition or decomposition rate from
other litters (Horodecki et al. 2018; Berg and
McClaugherty 2020). The deeper litter layer observed in
pine monoculture and pine + coffee systems could be due
to a slower decomposition rate of pine needles than
mahogany leaves. Urbanowski et al. (2018) revealed that
the density of edaphic mites was significantly higher on a
slow-degraded litter, such as oak (Quercus robur L.)
leaves. They assumed that it might be associated with
longer periods of habitation by soil fauna on a slowdegraded litter. In addition, Spaans et al. (2019) also
observed variations in edaphic mite community
characteristics between ash (Fraxinus excelsior L.) and
sycamore (Acer pseudoplatanus L.) habitats because
sycamore leaves decompose more slowly than ash leaves.
Another aspect to take into account is the effects of litter on
microclimate and microbial communities. Since most
oribatids are also fungivores, the presence of fungi in the
litter layer is important (Schneider and Maraun 2005;
Ingimarsdóttir et al. 2012). Therefore, we assume that pine
litter may be a more favorable habitat for edaphic mites due
to its chemical composition (including the nutritional
value), microclimates (related to the physical structure of
pine litter), and microorganisms. Our results are in line
with a previous investigation by Maribie et al. (2011).
According to Maribie et al. (2011), the high abundance and
diversity of edaphic mites in pine forests were caused by
the higher litter inputs, indicating a rich food source and
suitable habitat.
Our findings indicate that the abundance, richness, and
diversity of edaphic mites on managed forests are
comparable to secondary forests. However, we deduce that
litter thickness and types are likely to affect the edaphic
mite assemblages. Hence, selecting appropriate dominant
tree species is crucial when secondary forests will be
converted into production forests or agroforestry. For
instance, the conversion of secondary forests to pine
systems seems to be the right choice. The tree species
selected should have a high litter input and high-quality
litter in an attempt to preserve edaphic mite communities.
Our study also illustrates that proper forest management
systems can ensure the continuity of ecosystem services
provided by soil fauna in addition to providing harvestable
goods.
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