A preliminary study on oribatid mite
communities in the cool temperate
forest soils developed on a slope
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Résumé

Abundances and species distributions of oribatid mites (Acari: Cryptostigmata) were in-
vestigated in a cool temperate forest developed on a slope in the Ashiu Experimental Forest
of Kyoto University. Total adult oribatids density was 29, 600 per m? in the ridge and
14,400 per m? in the bottom of the slope respectively. The abundances were higher in the
upper than in the lower part of the slope and were related to the amounts of A, layer.
Distribution of Epilohmannoides esulcatus was restricted to the plots where F-H layer was
present, while Avchoplophora wvillosa and Eohypochthonius magnus were found only in the
lower part of the slope. The distribution of each species was related to the gradient of
soil conditions along the slope.

The species list of oribatid mites in this study area was presented in this paper.
Through the study period of 8 months, a total of ‘88 and 91 species was recorded in the
ridge and the bottom plots respectively. Among the total of 108 species, 71 species were
common to the both plots.

The species-area relation model proposed by Kosavasur (1974) was applied to compare
the diversities of different oribatid communities along the slope. The -diversity was
expressed by a parameter of the species-area relation and was not so different among
the communities. The species-area relations model is useful for a comparison of species
diversity between different communities sampled with unequal sample numbers.
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Introduction

Oribatid mites are found in various soil types and are usually abundant in litter and soil
layer in forest sites. Their abundances range from 16, 400 to 143, 700 per m? in deciduous
temperate forest soils.” Feeding habits of oribatid mites are grouped into three categories,
i.e. fungivores or microphytophages feeding on fungi and bacteria, macrophytophages
feeding on plant litter in soil and panphytophages which are not specialized.® Oribatid
mites may play an important role in litter decomposition and soil formation because of the
abundance and feeding habits in soil'®

The composition of soil fauna may vary considerably along the environmental gradients
developed on forest slopes, of which soil conditions are important for the soil animals.®
We have been studying oribatid mite communities in soils developed on a forest slope in
a cool temperate forest, where mineral cycling®, macro-soil animals!®!®, and Collembola!®
have been studied in a framework of biological processes of decomposition.

This is a preliminary report of a study of oribatid mite communities in the soils deve-
loped on a forest slope in a cool temperate forest. We describe the changes in abundances
and species compositions of oribatid mites along the slope. The community structure of
oribatid mites was compared between different plots situated along the forest slope by
using a parameter of a species-area relation proposed by Kopayasun®

Study Area

This study was carried out in a forest slope which is covered with a matured deciduous
forest dominated by Fagus crenate Blume and Quercus wmongolica var grosseserrate (Bl).
The forest is located in the Ashiu Experimantal Forest of Kyoto University (N35°18' E135°
43’) about 40 km north of Kyoto City. Sampling plots were established on a forest slope
and location of plots is shown in Fig. 1. Sampling plots were established on the ridge
and the bottom parts of the slope and the distance from the ridge to the bottom plots
was about 50m long. The ridge and bottom plots are 15x20 and 10x30m in area respec-
tively. Besides the two plots, three plots were placed at 10m intervals along the slope.

Soil conditions are important for the interpretation of the results and are briefly descri-
bed. Soil profiles of the study plots are shown in Fig. 1. In the ridge plot, Ay layer con-
sists of L and F-H layers and F-H layer is about 0.5 to 7.0cm in depth. The soil belongs
to brown forest soil (Bb type) (according to ‘Classification of Forest Soil in Japan.).?



BOTTOM Avloo

B e

Az

Fig. 1 Location of study plots and soil profiles in Nodahata~dani.

The accumulation of A, layer shows a mor type and the boundary between the A, layer
and A layer is clear in the profile. In the bottom plots, A, layer almost consists of L
layer and the development of F and H layers are very poor. In the bottom plots, soil
belongs to brown forest soil type Bd and L layer immediately contact with the mineral soil
layer (A layer). The top of the mineral soil layer contains a lot of gravel and is rich in
organic matter.

Methods

Sampling was carried out on 26 April 1982 in the ridge and the bottom plots and on
30 April 1982 in M-1, M-2 and M-3 plots respectively, In each plot, using cylindrical
soil sampler, soil samples of each 25cm? in area and 8cm in depth were taken and a
numbers-of samples were 14, 4, 4, 4 and 14 for the ridge, M-1, M~2, M-3 and the bottom
plots respectively. The soil samples were divided into 4 layers each 2 c¢cm in thickness.
Besides the April's samples, monthly sampling was carried out in the ridge and the bottom
plots during the period from April to December 1982, On each sampling occasion, 15
soil cores were taken from each plot. Samples were 25cm? in area and 8 cm in depth.

Soil animals were extracted by a high gradient canister extractor and extraction process
and efficiency of this extractor have been given.!? The extraction was taken place more
than 108 hours with gradually increasing temperature up to 45°c. The extracted animals
were collected into a solution of saturated picric acid and then preserved in alechol. The
identification and counting were undertaken under a binocular microscope with a magnifi-
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cationn of 100x. Adult individuals of oribatid mites were identified to species and larvae
and nymphs of the mites were not identified into species.

2 Results and Discussion
1. Distribution and abundance of oribatid mites along the slope.

Distributions of the total adult oribatid mites and the 8 abundant species are shown in
Fig. 2. together with the changes in thikness of F-H layer along the slope. Abundances
of the total oribatid mites decreased from the ridge to the bottom plots and the popu-
lation densities are shown in Table 1. The changes in abundances of ‘each species
showed the habitat preference of each species.

Distribution of oribatid mites may be related to the environmental gradients developed

along the slope. Among the environmental gradients, soil conditions are particularly im-
portant for the distribution of the mites. Many studies showed that the amount of organic
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Fig. 2 Distributions and abundances of the total adult oribatid mites and the 8 dominant
species and thickness of F-H layer along the slope. Bars indicate the standard errors.



Table 1. Mean population densities of 0
oribatid mites in the slope in "
Nodahata~dani. =
@ 50 [~
Plot (per my? xvitlljlegfégyderd errors) g ¥
Ridge* 29, 6003, 840 g
M-1%% 22,0005, 160 g T
M-2%* 9, 2002, 280 -
M-3#* 10,520:k 380 ol L | | ! i
Bottom* 14, 40021, 640 RIDGE  M-1  M=-2 H-3 BOTTOM

Fig. 3 Soil moisture contents for April's
samples. (Values are expressed by
water percent per valume.)

* collected on 26 April 1982 (n=14)
#% collected on 30 April 1982 (n= 4)

matter in the soil affected the abundance of oribatid mites®!®, while species distribution
was influenced by various factors.®?

The depth of F-H layer along the slope is shown in Fig. 1. and soil moisture contents
along the slope are also shown in Fig. 3. The amount of F-H layer and soil moisture contents
are important among the environmental gradients along this slope. The abundances of total
oribatid mites were apparently related to the amount of F-H layer -and were two times
higher in the ridge than in the bottom plots. While the distribution of each species are
not fully explained by the amount of A, layer. Distribution of Epilohmannoides esulcatus
was apparently restricted to the plots where F-H layers were present, while Archoplophora
villose and Eohypochthonius magnus were only found in the lower part of the slope. The
distribution of each species may be related to various environmental factors including the
amount of F-H Layer and soil moisture contents.

2. Comparison of oribatid mite communities between the ridge and the bottom plots.

Ay layer accumulation shows a different type between the ridge and the bottom part of
the slope and the A, layer shows a mull and mor type in the ridge and the botom plots
respectively. It is shown that there is a difference of decomposition rate between the upper
part and a lower part of a slope.” The comparison of oribatid mites communities between
the ridge and the bottom plots provides a crue for the understanding the relations bet-
ween the decomposition process and oribatid mite species, while the climatical conditions
are similar on the slope.

Basing on the monthly samples in the ridge and the bottom plots, species composition
of oribatid mites in both plots is summarized in Table 2. During the study period (from
April to December 1982), a total of 108 species was recorded in the both plots. Numbers
of species in the ridge and bottom plots were 88 and 91 respectively, and 71 species were
common to the both plots. The following species are mainly occurred in the ridge plot;
Epilohmannoides esulcatus, Phthivacarus clemens, Apolohmannia gigantea, Heminolhrus
minor, Phyllheyrmannia kanoi, Carabodes rimosus, Dometrina sp.. Ovibatula sekamorii, Sche-
loribates sp-B and Chamobates sp.. The bottom preffered species are as follows; Archoplo-
phora villosa, Mesoplophora japonica, Malaphthiracarus bacillalus, Eohypochthonius magnus,

Cyrthermannia pavallera, Fossevemus quadripertitus, Ceratoppia sp-B, Proloribales sp-A,
q D



Table 2. Species list for oribatid mites collected from Nodahata-dani, Ashiu.

Species Ridge. Botor Species e Befom

ARCHENOTHRIDAE TRHYPOCHTHONIIDAE

Zachvatkinella nipponica Aoki 33 29 Trhypochthonius japonicus Acki 4 4
PALAEACARIDAE ’ MALACONOTHRIDAE

Palaeacarus hysivicinus Trégrdh 43 22 Malaconothrus japonicus Aoki 105 115
ARCHOPLOPHORIDAE Malaconothrus pygmaeus Aoki 161 137

Archoplophora villose Aoki 6 357 NANHERMANNIIDAE
MESOPLOPHORIDAE Cyrthermannia parallela (Aoki) 0 10

Mesoplophora japonica Aoki 0 12 Masthermennia hirsuta (Hartman) 0 5
PHTHIRACARIDAE Nanhermannia nana (Nicolet) a7 16

Atvopacarus siriculus (Koch) 335 85 HERMANNIIDAE

Phthiracarus clemens Aoki 60 0 Phyllhermannia kanoi (Aoki) 29 0

Phthiracarus joponicus Aoki 7 1 HERMANNIELLIDAE

Phthiracarus sp-A 3 0 Hermannielle punctulaie Berlese 19 20
EUPHTHIRACARIDAE DAMAEIDAE

Euphihivacarus sp. 0 2 Damaeidae sp-Asl 18 80

Metaphthivacarus bacillalus Aoki 0 13 Damaeidae sp-As2 2 1

Microtritia minima (Berlese) 206 3 Damaeidae sp-As3 9 56

Rhysotritia ardua (Koch) 109 47 Damaeidae sp-Asd 1
HYPOCHTHONIIDAE Damaeidae sp-Asb 43 12

Eohypochthonius magnus Aokl 585 Damaeidae sp-AsT 13 37

Hypocthonius rufulus Koch 5 Damaeidae sp-As8 5 10
HAPLOCHTHONIIDAE CHARASSOBATIDAE

Haplochthonius simplex Willmann 1 0 Ameroproctus sp. 1 0
BRACHYCHTHONIIDAE MICROZETIDAE

Brachychthoniidae spp. 861 319 Microzetidae sp-A 29 59
PTEROCHTHONIIDAE DAMAEOLIDAE

Pterochthonius angelus Berlese 99 25 Costeremus ornatus Aoki 9 0
LOHMANIIDAE Fosseremus quadripertilus Grandjean 0 66

Vepracarus hirsutus (Aoki) 8 4 EREMOBELBIDAE
PERLOHMANNIIDAE Evemobelba japonica Aoki 6 2

Apolohmannia gigantea Aoki 26 1 AMERIDAE

Perlohmannia coiffaiti Grandjean 1 0 Defectamerus crassisetiger Aoki 20 13
EPILOHMANNIIDAE HETEROBELBIDAE

Epilohmannia sp-D 6 0 Hetrobelba stellifera Okayama 67 18

Epilohmannoides esulcatus Ohkubo 1594 6§ EREMAEIDAE
NOTHRIDAE Evremaeus tenuiseliger Aoki 4 0

Nothrus biciliatus Koch 0 4 Eremaeus sp. 0 1

Nothrus borussicus Selinick 3 0 LIACARIDAE

Nothrus palustris Koch 0 1 Liacarus acutidens Aoki 7

Nothrus silvestris Nicoiet 17 4 Liacarus contiguus Aoki 6 0
CAMISIIDAE Liacarus sp-G 6 3

Camisia biurus (Koch) 0 1 XENILLIDAE

Camisia lapponica (Trigérdh) 9 0 Xenillus tegeocranus (Hermann) 0 2

Heminothrus longisetosus Willmann 16 1 ASTEGISTIDAE

Heminothrus minor Aoki 108 0 Cultroribula lata Aoki 196 &7

Platynothrus yamasakii (Aoki) 0 7 Cultroribula tridentata Aoki 12 1




Species e Botom Species Riage Bottom
METRIOPPIIDAE Oppia sp-AsR 33 141
Ceratoppia bipilis (Hermann) 1 1 Oppiella nove (Oudemans) 1901 155
Ceratoppia incisa Kaneko et Aoki ¢ 0 Quadroppia quadricarinate (Michael)
Ceratoppia quadridentata (Haller) 6 1 596 382
Ceratoppia sexpilosa (Willmann) 0 2 SUCTOBELBIDAE
Ceratoppia sp-B 0 21 Suctobelbella spp. 2048 629
Metrioppia sp. 6 5 Suctobelbila tuberculata Aoki 2256 16
Metrioppiidae sp. 7 61 ORIBATULIDAE
GUSTAVIIDAE Dometrina sp. 115 3
Gustavia microcephala (Nicolet) 4 2 Incabates major Aoki 3 1
CARABODIDAE Oribatula sakamorii Aok 30 0
Carabodes peniculatus (Aoki) 0 1 Scheloribates sp-B 99 g
Carabodes rimosus rimosus Aoki 84 7 HAPLOZETIDAE
TECTOCEPHEIDAE Protoribates lophotrichus (Berlese)
Teclocepheus spp. 676 143 160 29
OTOCEPHEIDAE Protoribates sp-A 14 435
Dolicheremaeus elongatus Aoki 5 33 Protoribales sp-As3 8 30
Fissicepheus clavetus (Aoki) 0 8 Rostrozeies foveolatus Sellnick 2 1
Fissicepheus covonarius Aoki 1 0 CHAMOBATIDAE
Megalotocepheus japonicus Aoki ] 1 Chamobales sp. 22 2
OPPIIDAE CERATOZETIDAE
Lasiobelba vemota Aoki 0 4 Ceratozetes sp-C 0 46
Operculoppia restata (Aoki) 7 9 PELOPIDAE
Oppia arcualis (Berlese) 48 17 Eupelops sp. 11 g
Oppia sp-3 54 7 ORIBATELLIDAE '
Oppia sp-17 83 120 Ophidiotrichus ussuvicus Krivolutsky 2 8
Oppia sp-67 30 2 Prionoribatella impar Aoki 6 0
Oppia sp-95 65 15 PARAKALUMMIDAE
Oppia sp-As3 483 250 Neoribates roubali (Berlese) 10 9
Oppia sp-Asb 3 6 GALUMNIDAE
Oppia sp-Asb 17 1 Pergalumna inlermedia Aoki 1 2
Oppia sp-As8 9 5 Trichogalumna nipponica (Aoki) 2 26

* total number of adults collected from the monthly samples

Ceratozetes sp-C and Trichogalumna nipponica.
3. The species-area relations for oribatid mite communities.

The species-area relation, as well as the species abundance relation, may provide a qu-
antitative evaluation of community structure. The species-area relation was estimated for
the oribatid mite communities in the study plots. Kopavasur® proposed a new method
for describing the species-area ralation for the biotic communities. When discrete samples
(here soil cores) of a given unit size are taken successively in a homogenous sampling
area, the species-area relation is expressed by the following equation;

Sn=A(1+1/241/34 e tl/m)y e (1)

where » is the number of sample units, S» is the number of species occurring in n sample



8

units, and 2 is a costant which may be regarded as an index of species diversity. The
formula (1) holds only for a particular size of sampling unit (i.e the characteristic area),
and a general form is applicable to any unit size. A more general form of the formula
{1) is as follows;

Sn~uto /. (2)

where » and v are constant and v is nearly equal to 2
Regression of Sn to 1/n based on sampling data may be influenced by the order of the
samples. A smoothed regression will be obtained by the following equation;

S Gl V) R

where A{ is the number of samples in which ith species occurs and s is the total number
of species occuring in @ samples.

The species-area relation was calculated by using the equation {2) and (8). The resulis
for the ridge and the bottom communities sampled on April are shown in Fig. 4. Fit to the
equation (2) is good for every cases examined and the correlation coefficients ranged from
0.997 to 0.999 in the ridge and from 0. 998 to 0. 999 in the bottom communities respectively.

In every cases, the value u are negative or
~ positive around the zero and showing that
50 - the sampling unit is not so different from
the characteristic area of the equation (1).

40 >
The values of v showed no clear seasonal
Sn 30 |- changes in the both communities, suggest-
ing that the community structure was
20 F

rather stable over the study period in the
10 L both plots. The mean values of » were
16.25 and 15.70 for the ridge and the

1 N § . N
0 1' R 3 bottom communities respestively. The both
ST 1/ communities were similar in their commu-
Fig. 4 Examples of the species-area relations nity structure in terms of species-area
for the ridge (.fi‘lled circles? and the relation.
bottom communities (open circles) for
April's samples. Community structure may be characteri-

Table 3. Estimated values of species-area relations (Sn=wu-+v21/n) and species numbers
{or the oribatid mite communities in Nodahata-dani.

vl . : e Numberol  Numer o
Ridge 2.28 15.36 0. 998 51 14
M-1 -2.87 16.36 0. 999 31 4
M-2 -3.51 13.61 0.999 25 4
M-3 —8.06 17.21 0.998 28 4
Bottom ~3.27 19.91 0. 999 52 14

* regression coefficient.
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zed by the three components, i. e. diversity, evenness and species richness.” Species
richness is often used to compare different communities and is simply expressed as the
number of species found in the limited number of samples from a given community. But
the number of species has a limitation because of the dependency on the number of
samples. An example is shown for the different communities in this study area in Table
3. This limitaion can be avoided by measuring the rate at which species increase with
sample area. The rate was expressed by the constant of the species-area relation (4 or »).
Comparison of » values between April's samples revealed that community structures of the
oribatid mite communities along the slope are similar in terms of species-area relation.
When the same number of samples are taken, one can expect a similar number of oribatid
mite species.

In the study of soil arthropods, samples generally consist of a constant volume and area
by means of a cylindrical soil cores and the area of the samples range from 10 to 20cm?
in area.'t The parameter (2) of the species-area relation is appropriate for comparison
of diversity between different communities sampled with unequal number of samples,
while the area of sample unit remains the same for the different samples. The species-area
relation may be useful for the study of soil arthropods, especially for the comparison of
diversity of different communities sampled with unequal number of samples.
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