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Abstract The community structure, stable isotope ratios (15N/14N, 13C/12C) and repro-

ductive mode of oribatid mites (Acari, Oribatida) were investigated in four habitats (upper

tree bark, lower tree bark, dry grassland soil, forest soil) at two sites in the Central Alps

(Tyrol, Austria). We hypothesized that community structure and trophic position of ori-

batid mites of dry grassland soils and bark of trees are similar since these habitats have

similar abiotic characteristics (open, dry) compared with forest soil. Further, we hypoth-

esized that derived taxa of oribatid mites reproducing sexually dominate on the bark of

trees since species in this habitat consume living resources such as lichens. In contrast to

our hypothesis, the community structure of oribatid mites differed among grassland, forest

and bark indicating the existence of niche differentiation in the respective oribatid mite

species. In agreement with our hypothesis, sexually reproducing taxa of oribatid mites

dominated on the bark of trees whereas parthenogenetic species were more frequent in soil.

Several species of bark-living oribatid mites had stable isotope signatures that were similar

to lichens indicating that they feed on lichens. However, nine species that frequently

occurred on tree bark did not feed on lichens according to their stable isotope signatures.

No oribatid mite species could be ascribed to moss feeding. We conclude that sexual

reproduction served as preadaptation for oribatid mites allowing them to exploit new

habitats and new resources on the bark of trees. Abiotic factors likely are of limited

importance for bark-living oribatid mites since harsh abiotic conditions are assumed to

favor parthenogenesis.
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Introduction

Oribatid mites are among the most abundant soil-living microarthropods reaching densities

of up to 500,000 individuals per square meter in forest soil (Schatz and Behan-Pelletier

2008). About 10,000 species are described worldwide (Subı́as 2004; Schatz 2005) of which

608 are represented in Austria (H. Schatz, unpubl. data). Oribatid mites not only live in

soil, but also are abundant and diverse on mosses, lichens, dead wood, rocks and the bark

of trees (André 1984; Wunderle 1992; Walter and Proctor 1999; Meier et al. 2002;

Erdmann et al. 2007; Lindo and Winchester 2008; Schatz and Behan-Pelletier 2008).

Some taxa of oribatid mites exclusively live on trees or lichens (e.g. Carabodes laby-
rinthicus, Cymberemaeus cymba, Phauloppia lucorum, Zygoribatula exilis; Colloff 1988;

Wunderle 1992; Walter and Behan-Pelletier 1999; Erdmann et al. 2007; Lindo and Win-

chester 2008) whereas others are found on trees as well as in litter and soil (e.g. Pseu-
dotocepheus sp., Epilohmannia sp., Tectocepheus velatus, Oppiella nova; Proctor et al.

2002; Lindo and Winchester 2006). However, the degree of niche specificity of bark-living

oribatid mites is little known. Also, the reasons why some taxa only occur on trees while

others live on trees and in soil are little understood. The community structure of bark-living

oribatid mites is dominated by evolutionary derived species from ‘‘higher’’ taxonomic

groups which mainly reproduce sexually (Erdmann et al. 2006; Maraun et al. 2009).

However, the reason for the predominance of sexual reproducing species on the bark of

trees is unknown.

About 10% of all known oribatid mite species reproduce by female parthenogenesis

(thelytoky; Norton et al. 1993), a rate much higher than in other invertebrate and vertebrate

taxa (Cianciolo and Norton 2006; Avise 2008). The reasons for this high level of asexual

reproduction are little understood. One may be the permanent availability of homoge-

neously distributed dead organic matter in soil systems (Scheu and Drossel 2007). In fact,

it has been shown in laboratory experiments that parthenogenetic taxa suffer more than

sexual taxa from resource limitations (Domes et al. 2007a). Alternatively, it has been

hypothesized that parthenogenesis is favored in environments with few antagonists, e.g.

parasites (Red Queen Hypothesis; Van Valen 1973). However, until now no widely

accepted single theory on the evolution and maintenance of sexual reproduction exists

(West et al. 1999).

For explaining the high local diversity of soil animals trophic niche differentiation has

been intensively discussed. Oribatid mite species as well as those of other taxa of soil

animals differ significantly in d15N signatures indicating that they feed on specific

resources. Remarkably, the trophic niche of the species appears to be independent of the

current location (soil depth) the animals live in the litter and soil matrix (Scheu and Falca

2000). Some of the bark-living species have a very different stable isotope signature

compared to soil-living taxa which may result from lichen feeding (Erdmann et al. 2007;

Heethoff et al. 2009). In contrast to the local scale, regionally the diversity of soil animal

taxa falls below that of aboveground taxa such as beetles, dipterans and hymenopterans.

This has been explained by the generalized feeding mode of soil species, their limited level

of trophic specialization and by the lack of co-evolutionary interactions between soil

species and their resource which often is dead organic material (Scheu and Setälä 2002,

Wardle 2002).

The aim of this study was to investigate the species composition, reproductive mode

and feeding biology of oribatid mites in forest soils, dry grassland soil and on the bark of

trees. First, we hypothesized that compared to forest soils oribatid mite communities and

their feeding habits in dry grassland and the bark of trees are more similar, since both
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habitats are dryer and more open than forest soils. Generally, phylogenetically old taxa of

oribatid mites occur in wet soils whereas more recent taxa dominate in younger habitats

such as the bark of trees and in dry grasslands (Maraun et al. 2009). Second, we

hypothesized that the lower bark region near the tree trunk represents a transition zone

between the forest soil and the bark habitat, and therefore oribatid mite communities

comprise both species from bark and forest soil. To analyze the trophic position of

oribatid mite species we analyzed natural variations of stable isotope ratios (15N/14N,
13C/12C) in potential food resources and oribatid mite species. It has been shown pre-

viously that stable isotope signatures of litter and soil differ strongly from those of

lichens and mosses (Chahartaghi et al. 2005; Erdmann et al. 2007) allowing to ascribe

oribatid mite species to different feeding guilds.

Finally, we hypothesized that feeding on living resources (e.g. lichens or living animal

prey) favors sexual reproduction since living resources defend themselves. In contrast,

feeding on dead resources favors parthenogenetic reproduction since no co-evolutionary

interactions occur (Hamilton 2001) and this may be one of the reasons for the high

frequency of parthenogenetically reproducing oribatid mite species in soil (Domes et al.

2007a). We therefore hypothesized that sexually reproducing oribatid mite species are

more frequent on bark since these species predominantly feed on living resources, i.e.

lichens and algae. Since sexual reproduction dominates in more recently evolved taxa of

oribatid mites we assume that these taxa dominate on bark.

The different feeding biology and the different reproductive modes in lower and higher

oribatid mites may also reflect the two major transitions during oribatid mite evolution; the

shift from feeding on dead organic material and reproducing by parthenogenesis to the

feeding on living resources and reproducing sexually. The evolution of feeding on lichens

or algae from saprophagy as well as the re-evolution of sex from a parthenogenetic

ancestor are events that likely occurred in certain oribatid mite lineages (Domes et al.

2007b; Maraun et al. 2009).

Materials and methods

Study site

The study was carried out in the alpine region of Tyrol (Austria) since in this region dry

grasslands with partly open soil surface and forest patches co-occur locally ensuring that

abiotic factors are similar in both habitats. The average size of those forest patches in the

grassland sites was about 3,000 m2. Two study sites were investigated (Fliess and Kau-

nerberg) both located on cambisols lowering variations due to different soil types. In Fliess

the largest dry grasslands of Tyrol are located (Fliesser Sonnenhänge at 47�370N and

10�70E, 830–1,100 m a.s.l.). Parent rock is gneiss and phyllite, and the predominant soil

types are cambisols. Soil pH varies between 6.7 and 7.1. Due to south-facing slopes Fliess

is one of the driest areas in the Austrian Alps with an annual precipitation of less than

700 mm and foehn exposure. The dominating dry grasslands (Mesobrometum erecti,

Festucetum valesiacae) are interspersed with shrubs (e.g. Prunus spinosa) and patches of

trees, particularly ash (Fraxinus excelsior) and alder (Alnus spp.). Kaunerberg is located in

the western part of Tyrol (47�050N and 10�410E, 1,149 m a.s.l.). The soil type of the

investigated site is cambisol with a low profile depth and a pH ranging between 5.7 and

6.6. The dry grassland (Festuco-Brometea) is interspersed with shrubs including black-

thorn, juniper and barberry.
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Sampling

In May 2006 samples from four locations were taken: (1) forest soil (i.e. litter and soil

below ash trees), (2) soil of dry grassland, (3) lower bark (i.e. bark of ash tree trunks near

the ground) and (4) upper bark (i.e. bark of an ash tree trunk in 1.50 m height). Oribatid

mites were sampled in a quantitative way using a split corer for the forest soil and dry

grassland soil (Petersen 1978), and a knife to remove the bark for the bark of ash trees. Soil

samples (diameter 5 cm) were divided horizontally into two depth layers; 0–5 and

5–10 cm. Bark samples (diameter 5 cm) consisted of the full bark layer of the trees. Six

replicates were taken in each habitat at each of the two study sites. Animals were extracted

by heat (Macfadyen 1961) into picric acid and stored in ethanol (75%).

For stable isotope analyses oribatid mites and their potential food resources were col-

lected from forest soil and dry grassland soil using a shovel to gain sufficient mite biomass

for the analyses. For sampling bark-living oribatid mites the bark of ash trees was removed

from the trunk using a knife. Oribatid mites from the bark and soil were extracted in a high

gradient extractor and collected in saturated salt solution. After determination to species

level they were transferred to tin capsules. Smaller oribatid mite species had to be pooled

to reach the amount needed for stable isotope analyses (between 3 and 32 individuals per

sample, depending on species weight). After drying at 60�C for 12 h the samples were

weighed (Sartorius PB 211 D) and stored in a desiccator until analysis.

The potential food resources of forest soil and dry grassland were separated under a

dissecting microscope into grass, moss, litter, roots and fine textured soil. Those from bark

included lichens, moss and the outer bark layer (uppermost 1 mm layer) which were

separated under a dissecting microscope using scalpel and tweezers. Lichens were deter-

mined to species level. All potential food resources were dried at 60�C for 12 h and

grounded in a ball mill. The samples were dried again and appropriate amounts (c. 1.3–

12.1 mg dry weight) were weighed into tin capsules. The capsules were stored in a des-

iccator until analysis.

15N and 13C analysis

The 15N/14N and 13C/12C ratios were analyzed by a coupled system of an elemental

analyzer (NA 1500, Carlo Erba, Milano; Italy) and a mass spectrometer (MAT 251,

Finnigan, Bremen, Germany). The composition of nitrogen and carbon isotopes is reported

in d notation with d15N, respectively d13C (%) = (Rsample - Rstandard)/Rstandard 9 1,000.

Rsample and Rstandard represent the 15N/14N, respectively 13C/12C ratios of the sample and the

standard. For 15N atmospheric nitrogen served as primary standard and acetanilide

(C8H9NO, Merck, Darmstadt) was used for internal calibration. For 13C Vienna Pee Dee

Belemnite (V-PDB) served as the primary standard. More details on the analysis are given

in Reineking et al. (1993).

Classification of reproductive modes

The reproductive mode (sexual or parthenogenetic) of oribatid mites was ascribed

according to literature data (Norton and Palmer 1991; Norton et al. 1993; Maraun et al.

2003; Cianciolo and Norton 2006; Domes et al. 2007a). For some species no such infor-

mation was available (Zygoribatula exilis, Scheloribates laevigatus, S. ascendens, Phau-
loppia lucorum, Caleremaeus monilipes, Eueremaeus oblongus, E. valkanovi, Zetorchestes
flabrarius, Pantelozetes paolii). For these species, sex ratios of population samples were
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determined by examining the genitalia (Grandjean 1956a, b); these were observed by light

microscopy after clearing specimens with lactic acid. Species were classified as parthe-

nogens when the percentage of males was less than 5% (Palmer and Norton 1991).

Statistical analysis

Before statistical analysis animal densities of the depths 0–5 cm and 5–10 cm were

summed up. Differences between relative densities (% of total) of seven supraspecific

groups (at different taxonomic levels) of oribatid mites were analyzed using single-factor

MANOVA with the fixed factor habitat (forest soil, grassland soil, lower bark, upper bark)

and the seven oribatid mite groups as dependent variables (Enarthronota; Desmonomata;

Ptyctima; pycnonotic Apheredermata; dorsodeficient Apheredermata, Eupheredermata and

Poronota; cf. Travé et al. 1996; Table 1). In case of a significant MANOVA, protected

ANOVAs for the supraspecific groups of the oribatid mites were carried out. Prior to the

analyses relative abundances were arcsin-square root transformed.

For a comparison of the four habitat types a Non-metric Multidimensional Scaling

(NMDS) was followed by a Discriminant Function Analysis (DFA), using STATISTICA

7.1 (Statsoft, Tulsa, USA). For this analysis the animal densities of the two sites (Fliess,

Kaunerberg) were pooled. Species with low abundance (\3 occurrences in independent

samples) were eliminated. NMDS served to reduce the number of variables (species) of the

dataset (Legendre and Legendre 1998). In our study NMDS reduced the number of

meaningful dimensions to three. The coordinates of the samples in the 3-dimensional space

were subsequently used in DFA with habitat (forest soil, grassland soil, lower bark, upper

bark) as grouping variable. Squared Mahalanobis distances between group centroids and

the reliability of the sample classifications were determined. Two significant canonical

roots were derived and the DFA was graphically presented in 2-dimensional space.

The community structure of the oribatid mites of the four habitats was compared by

using Principal Components Analysis (PCA) in CANOCO 4.5 (Ter Braak and Šmilauer

1998). PCA was used if the ‘length of gradient’ of the ordination was smaller than three

indicating that the data do not stretch over a large (hypothetical) environmental gradient.

Only species that occurred in more than three independent samples were used for PCA.

The four habitats were included in the PCA as supplementary (passive) variables. Data

were log-transformed prior to the analysis.

Reproductive modes of oribatid mites in the four habitats were compared using one-

factorial analyses of variance (ANOVA) and Tukey’s honestly significant difference test

for post-hoc comparison. Data on reproductive modes were arcsin-square-root transformed

prior to the analyses. MANOVA and ANOVA were performed using SAS 9.13 (SAS

Institute Inc., Cary, USA).

Results

Stable isotope signatures

Fliess: d15N signatures of the potential food resources of oribatid mites on the bark of

trees were highest in outer bark (2.3 ± 2.3%); the respective d13C signature was

-26.4 ± 1.3% (Fig. 1). d15N signature of mosses was markedly lower (-2.6%) but

lowest in the two lichen species Xanthoria parietina (-4.9 ± 3.6%) and Physcia sp.

(-9.5 ± 0.1%). In contrast, d13C signature of mosses was lowest (-29.3%) and those of

Exp Appl Acarol (2010) 52:221–237 225

123



T
ab

le
1

O
ri

b
at

id
m

it
e

sp
ec

ie
s

n
am

es
;

th
ei

r
ab

b
re

v
ia

ti
o
n

s
u

se
d

in
F

ig
s.

1
,

2
an

d
5
,

an
d

th
e

n
u

m
b

er
o

f
1
5
N

an
d

1
3
C

m
ea

su
re

m
en

ts
o

f
o

ri
b

at
id

m
it

e
sp

ec
ie

s
an

d
th

ei
r

p
o

te
n

ti
al

fo
o

d
re

so
u

rc
es

at
th

e
tw

o
st

u
d

y
si

te
s

(F
li

.
=

F
li

es
s/

E
ig

.
=

E
ig

en
h

o
fe

n
)

S
p

ec
ie

s
n

am
es

A
b

b
re

v
.

S
u

p
ra

sp
ec

ifi
c

g
ro

u
p

R
ep

ro
d

u
ct

iv
e

m
o

d
e

F
o

re
st

so
il

(F
li

./
E

ig
.)

D
ry

g
ra

ss
la

n
d

(F
li

./
E

ig
.)

L
o

w
er

b
ar

k
(F

li
./

E
ig

.)
U

p
p

er
b

ar
k

(F
li

./
E

ig
.)

E
n

io
ch

th
o

n
iu

s
m

in
u

ti
ss

im
u

s
(B

er
le

se
,

1
9

0
4

)
E

n
io

_
m

in
u

E
n

ar
th

ro
n

o
ta

p
(l

)
2

/1

H
yp

o
ch

th
o

ni
u

s
lu

te
u

s
(O

u
d

em
an

s,
1

9
1

7
)

H
y

p
o

_
lu

te
E

n
ar

th
ro

n
o

ta
p

(l
)

H
yp

o
ch

th
o

ni
u

s
ru

fu
lu

s
(K

o
ch

,
1

8
3

5
)

H
y

p
o

_
ru

fu
E

n
ar

th
ro

n
o

ta
p

(l
)

0
/2

E
p

il
o

h
m

a
n

ni
a

cy
li

n
d

ri
ca

(B
er

le
se

,
1
9
0
4
)

E
p
il

_
cy

li
M

ix
o
n
o
m

at
a

(n
.i

.)
p

(l
)

E
p

il
o

h
m

a
n

ni
a

m
in

im
a

(S
ch

u
st

er
,

1
9

6
0
)

E
p

il
_
m

in
i

M
ix

o
n

o
m

at
a

(n
.i

.)
p

(l
)

E
p

il
o

h
m

a
n

ni
a

st
yr

ia
ca

(S
ch

u
st

er
,

1
9

6
0
)

E
p

il
_
st

y
r

M
ix

o
n

o
m

at
a

(n
.i

.)
p

(l
)

P
h

th
ir

a
ca

ru
s

g
lo

b
o

su
s

(C
.L

.
K

o
ch

,
1

8
4

1
)

P
h

th
_
g

lo
b

P
ty

ct
im

a
s

(l
)

P
h

th
ir

a
ca

ru
s

la
ev

ig
a

tu
s

(C
.L

.
K

o
ch

,
1

8
4

4
)

P
h

th
_
la

ev
P

ty
ct

im
a

s
(l

)

P
h

th
ir

a
ca

ru
s

st
ra

m
in

eu
s

(C
.L

.
K

o
ch

,
1

8
4

1
)

P
h

th
_
st

ra
P

ty
ct

im
a

s
(l

)

R
h

ys
ot

ri
ti

a
a

rd
u

a
(C

.L
.

K
o

ch
,

1
8

4
1

)
R

h
y

s_
ar

d
u

P
ty

ct
im

a
p

(l
)

H
em

in
ot

h
ru

s
ta

rg
io

n
ii

(B
er

le
se

,
1
8
8
5
)

H
em

i_
ta

rg
D

es
m

o
n
o
m

at
a

p
(l

)
5
/8

0
/3

3
/0

N
ot

h
ru

s
a

n
a

un
ie

ns
is

(C
an

es
tr

in
i

&
F

an
za

g
o
,

1
8
7
6
)

N
o
th

_
an

au
D

es
m

o
n
o
m

at
a

p
(l

)

N
ot

h
ru

s
b

o
ru

ss
ic

us
(S

el
ln

ic
k

,
1

9
2

8
)

N
o

th
_

b
o

ru
D

es
m

o
n

o
m

at
a

p
(l

)
3

/0

H
er

m
a

n
ni

el
la

se
p

te
nt

ri
o

n
al

is
(B

er
le

se
,

1
9
1
0
)

H
er

m
_
se

p
t

G
y
m

n
o
n
o
ta

(n
.i

.)
s

(a
)

0
/1

0
0
/4

E
u

er
em

a
eu

s
o

b
lo

n
gu

s
(C

.L
.

K
o

ch
,

1
8

3
6
)

E
u

er
_

o
b

lo
E

u
p

h
er

ed
er

m
at

a
s

(s
r)

4
/3

1
/0

E
u

er
em

a
eu

s
va

lk
an

o
vi

(K
u

n
st

,
1

9
5

8
)

E
u

er
_

v
al

k
E

u
p

h
er

ed
er

m
at

a
s

(s
r)

F
o

ss
er

em
u

s
la

ci
n

ia
tu

s
(B

er
le

se
,

1
9
0
4
)

F
o
ss

_
la

ci
E

u
p
h
er

ed
er

m
at

a
p

(l
)

L
ic

n
o

d
am

a
eu

s
p

u
lc

h
er

ri
m

u
s

(P
ao

li
,

1
9

0
8

)
L

ic
n
_

p
u

lc
E

u
p

h
er

ed
er

m
at

a
n

.i
.

M
et

a
b

el
b

a
p

u
lv

er
o

sa
(S

tr
en

zk
e,

1
9

5
3
)

M
et

a_
p

u
lv

E
u

p
h

er
ed

er
m

at
a

n
.i

.

M
ic

ro
ze

te
s

p
et

ro
co

ri
en

si
s

(G
ra

n
d
je

an
,

1
9
3
6
)

M
ic

r_
p
et

r
E

u
p
h
er

ed
er

m
at

a
n
.i

.

Z
et

o
rc

h
es

te
s

fl
a

b
ra

ri
u

s
(G

ra
n
d
je

an
,

1
9
5
1
)

Z
et

o
_
fl

ab
E

u
p
h
er

ed
er

m
at

a
s

(s
r)

0
/2

C
al

er
em

a
eu

s
m

o
n
il

ip
es

(M
ic

h
ae

l,
1

8
8

2
)

C
al

e_
m

o
n

i
E

u
p

h
er

ed
er

m
at

a
s

(s
r)

0
/2

C
te

n
o

b
el

b
a

p
ec

ti
n

ig
er

a
(B

er
le

se
,

1
9

0
8

)
C

te
n

_
p
ec

t
E

u
p

h
er

ed
er

m
at

a
n

.i
.

C
er

at
o

pp
ia

b
ip

il
is

(H
er

m
an

n
,

1
8

0
4
)

C
er

a_
b
ip

i
d

.
A

p
h

er
ed

er
m

at
a

s
(l

)
0

/3

226 Exp Appl Acarol (2010) 52:221–237

123



T
ab

le
1

co
n

ti
n

u
ed

S
p

ec
ie

s
n

am
es

A
b

b
re

v
.

S
u

p
ra

sp
ec

ifi
c

g
ro

u
p

R
ep

ro
d

u
ct

iv
e

m
o

d
e

F
o

re
st

so
il

(F
li

./
E

ig
.)

D
ry

g
ra

ss
la

n
d

(F
li

./
E

ig
.)

L
o

w
er

b
ar

k
(F

li
./

E
ig

.)
U

p
p

er
b

ar
k

(F
li

./
E

ig
.)

X
en

il
lu

s
cl

yp
ea

to
r

(R
o

b
in

ea
u

-D
es

v
o

id
y

,
1

8
3

9
)

X
en

i_
cl

y
p

d
.

A
p

h
er

ed
er

m
at

a
s

(a
)

1
/2

X
en

il
lu

s
te

g
eo

cr
a

n
us

(H
er

m
an

n
1

8
0

4
)

X
en

i_
te

g
e

d
.

A
p

h
er

ed
er

m
at

a
s

(a
)

2
/6

C
on

ch
o
gn

et
a

d
a
le

ca
rl

ic
a

(F
o

rs
sl

u
n
d

,
1

9
4

7
)

C
o
n

c_
d

al
e

p
.

A
p

h
er

ed
er

m
at

a
n

.i
.

M
ic

re
re

m
u
s

b
re

vi
pe

s
(M

ic
h
ae

l,
1

8
8

8
)

M
ic

r_
b

re
v

p
.

A
p

h
er

ed
er

m
at

a
n

.i
.

1
/0

P
a

n
te

lo
ze

te
s

p
a

o
li

i
(O

u
d

em
an

s,
1

9
1

3
)

P
an

t_
p
ao

l
p

.
A

p
h

er
ed

er
m

at
a

s
(s

r)
0

/1
0

/2

A
ch

ip
te

ri
a

co
le

op
tr

a
ta

(L
in

n
ae

u
s,

1
7

5
8
)

A
ch

i_
co

le
P

o
ro

n
o

ta
s

(l
)

A
ch

ip
te

ri
a

n
it

en
s

(N
ic

o
le

t,
1

8
5

5
)

A
ch

i_
n

it
e

P
o

ro
n

o
ta

s
(a

)

C
er

at
o

ze
te

s
g

ra
ci

li
s

(M
ic

h
ae

l,
1

8
8

4
)

C
er

a_
g
ra

c
P

o
ro

n
o

ta
p

(l
)

C
er

at
o

ze
te

s
m

in
u

ti
ss

im
u

s
(W

il
lm

an
n
,

1
9

5
1
)

C
er

a_
m

in
u

P
o

ro
n

o
ta

s
(a

)
4

/0

C
er

at
o

ze
te

s
se

ll
n

ic
ki

(R
aj

sk
i,

1
9
5
8
)

C
er

a_
se

ll
P

o
ro

n
o
ta

s
(a

)
1
/0

E
u

p
el

o
p

s
ta

rd
u

s
(C

.L
.

K
o

ch
,

1
8

3
6
)

E
u

p
e_

ta
rd

P
o

ro
n

o
ta

s
(a

)

E
u

p
el

o
p

s
to

ru
lo

su
s

(C
.L

.
K

o
ch

,
1

8
3

6
)

E
u

p
e_

to
ru

P
o

ro
n

o
ta

s
(l

)

L
ie

b
st

a
d

ia
h

u
m

er
at

a
(S

el
ln

ic
k

,
1

9
2

8
)

L
ie

b
_

h
u

m
e

P
o

ro
n

o
ta

s
(a

)

L
ie

b
st

a
d

ia
p

a
n

n
o

n
ic

a
(W

il
lm

an
n

,
1

9
5

1
)

L
ie

b
_

p
an

n
P

o
ro

n
o

ta
s

(a
)

2
/1

L
ie

b
st

a
d

ia
si

m
il

is
(M

ic
h

ae
l,

1
8

8
8
)

L
ie

b
_

si
m

i
P

o
ro

n
o

ta
s

(a
)

2
/0

M
in

u
n

th
o

ze
te

s
p

se
u

d
o

fu
si

g
er

(S
ch

w
ei

ze
r,

1
9

2
2
)

M
in

u
_

p
se

u
P

o
ro

n
o

ta
s

(a
)

0
/2

M
yc

o
b

a
te

s
p

a
rm

el
ia

e
(M

ic
h

ae
l,

1
8

8
4
)

M
y

co
_

p
ar

m
P

o
ro

n
o

ta
s

(a
)

1
/0

5
/4

O
ri

b
a

te
ll

a
q

u
a

dr
ic

o
rn

u
ta

(M
ic

h
ae

l,
1

8
8

0
)

O
ri

b
_
q

u
ad

P
o

ro
n

o
ta

s
(l

)

O
ri

b
a

tu
la

ti
b

ia
li

s
(N

ic
o

le
t,

1
8

5
5

)
O

ri
b

_
ti

b
i

P
o

ro
n

o
ta

s
(l

)
5

/2
0

/3

P
a

ra
ch

ip
te

ri
a

fa
nz

a
g

o
i

(J
ac

o
t,

1
9

2
9
)

C
am

p
_
fa

n
z

P
o

ro
n

o
ta

n
.i

.

P
a

ra
ch

ip
te

ri
a

p
u

n
ct

a
ta

(N
ic

o
le

t,
1
8
5
5
)

P
ar

a_
p
u
n
c

P
o
ro

n
o
ta

s
(a

)

P
a

ss
a

lo
ze

te
s

a
fr

ic
a

nu
s

(G
ra

n
d
je

an
,

1
9
3
2
)

P
as

s_
af

ri
P

o
ro

n
o
ta

n
.i

.

P
a

ss
a

lo
ze

te
s

in
te

rm
ed

iu
s

(M
ih

el
ci

c,
1

9
5

4
)

P
as

s_
in

te
P

o
ro

n
o

ta
n

.i
.

P
el

o
p

to
lu

s
p

h
a

en
o

tu
s

(W
ei

g
m

an
n

&
K

ra
tz

1
9

8
1
)

P
el

o
_

p
h

ae
P

o
ro

n
o

ta
s

(a
)

P
h

a
ul

o
p

p
ia

lu
co

ru
m

(K
o

ch
,

1
8

4
1

)
P

h
au

_
lu

co
P

o
ro

n
o

ta
s

(s
r)

1
/0

3
/0

8
/3

Exp Appl Acarol (2010) 52:221–237 227

123



T
ab

le
1

co
n

ti
n

u
ed

S
p

ec
ie

s
n

am
es

A
b

b
re

v
.

S
u

p
ra

sp
ec

ifi
c

g
ro

u
p

R
ep

ro
d

u
ct

iv
e

m
o

d
e

F
o

re
st

so
il

(F
li

./
E

ig
.)

D
ry

g
ra

ss
la

n
d

(F
li

./
E

ig
.)

L
o

w
er

b
ar

k
(F

li
./

E
ig

.)
U

p
p

er
b

ar
k

(F
li

./
E

ig
.)

P
h

a
ul

o
p

p
ia

ra
u

sc
he

n
en

si
s

(S
el

ln
ic

k
,

1
9

0
8

)
P

h
au

_
ra

u
s

P
o

ro
n

o
ta

s
(l

)
1

/0

P
il

o
ga

lu
m

n
a

cr
a

ss
ic

la
va

(B
er

le
se

,
1

9
1

4
)

P
il

o
_
cr

as
P

o
ro

n
o

ta
s

(a
)

P
ro

to
ri

b
a

te
s

ca
p

u
ci

n
u

s
(B

er
le

se
,

1
9
0
8
)

P
ro

t_
ca

p
u

P
o
ro

n
o
ta

p
(l

)
1
/0

1
/0

S
ch

el
o

ri
ba

te
s

a
sc

en
d

en
s

(W
ei

g
m

an
n

&
W

u
n

d
er

le
,

1
9

9
0
)

S
ch

e_
as

ce
P

o
ro

n
o

ta
s

(s
r)

1
/0

1
/2

0
/4

S
ch

el
o

ri
ba

te
s

la
ev

ig
a

tu
s

(C
.L

.
K

o
ch

,
1

8
3

6
)

S
ch

e_
la

ev
P

o
ro

n
o

ta
s

(s
r)

2
/0

7
/1

S
ch

el
o

ri
ba

te
s

la
ti

p
es

(C
.L

.
K

o
ch

,
1

8
4

4
)

S
ch

e_
la

ti
P

o
ro

n
o

ta
s

(a
)

S
cu

to
ve

rt
ex

sc
u

lp
tu

s
(M

ic
h
ae

l,
1

8
7

9
)

S
cu

t_
sc

u
l

P
o

ro
n

o
ta

n
.i

.

T
ec

to
ce

p
h

eu
s

m
in

o
r

(B
er

le
se

,
1

9
0

3
)

T
ec

t_
m

in
o

P
o

ro
n

o
ta

p
(l

)

T
ec

to
ce

p
h

eu
s

sa
re

ke
n

si
s

(T
rä
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the two lichen species highest (Xanthoria parietina -23.8 ± 0.1%; Physcia sp.

-22.8 ± 0.1%).

Four oribatid mite species from the upper bark (Mycobates parmeliae, Micreremus
brevipes, Phauloppia lucorum, Phauloppia rauschenensis) had d15N and d13C signatures

similar those of the two lichen species; however, two oribatid mite species of the upper

bark (Eueremaeus oblongus, Zygoribatula exilis) had d15N and d13C signatures that were

closer to those of soil-living oribatid mites (Fig. 1). Three oribatid mite species from the

lower bark (Mycobates parmeliae, Phauloppia lucorum, Scheloribates ascendens) also had

d15N and d13C signatures similar to the two lichen species, whereas the other species from

the lower bark (Eueremaeus oblongus, Tectocepheus sarekensis, Ceratozetes sellnicki,
Heminothrus targonii, Zygoribatula exilis) grouped with the soil-living oribatid mites

(Fig. 1). The d15N and d13C signatures of forest litter and soil were almost identical (litter:

d15N 5.2 ± 1.1%, d13C -25.5 ± 0.1%; soil: d15N 6.1 ± 0.8%; d13C -25.4 ± 0.1%).

Roots had lower d15N (2.4 ± 0.5%) and d13C signatures (-26.3 ± 0.3%). The d15N and

d13C signatures of two oribatid mite species from the forest soil (Heminothrus targonii,
Nothrus borussicus) were close to those of the roots; Oribatula tibialis had d15N and d13C

signatures that were similar to those of litter and soil in the forest; d13C signatures of two

oribatid mite species from the forest soil (Eniochthonius minutissimus, Protoribates ca-
pucinus) were much lower than the litter and soil signatures, and three species (Schelor-
ibates laevigatus, Xenillus tegeocranus, Xenillus clypeator) had much higher d13C

signatures than the forest litter and soil. The d15N and d13C signatures of Phauloppia
lucorum specimens from the forest soil were similar those from bark. In the grassland

δ13C
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5
N
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Fig. 1 Mean (±SD) of 13C and 15N values of oribatid mite species and potential resources (underlined) in
Fliess (Austria) (filled diamond forest soil, cross grassland soil, filled triangle lower bark, filled square upper
bark). Oribatid mite species and resources from the forest soil are shown in black, those from the grassland
in green, those from the lower bark in orange and those from the upper bark in red. See Table 1 for full
names of species and number of replicates
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stable isotope signatures of potential food resources were highest in soil (d15N

7.2 ± 0.1%; d13C -27.1 ± 0.1%), lower in litter and roots (litter: d15N 4.2 ± 1.2%;

d13C -27.5 ± 0.1%; roots: d15N 5.2 ± 1.1%; d13C -27.3 ± 0.2%), and lowest in grass

(d15N 2.7 ± 0.2%; d13C -27.8 ± 0.4%). Stable isotope signatures of oribatid mites from

the grassland were similar to those of forest soil and ranged between 2.3 and 7.7 for d15N

and between -26.0 and -24.6 for d13C. The only species that occurred both in the

grassland soil and on the lower bark was Scheloribates ascendens.

Kaunerberg: The three potential food resources from the bark of the trees, Physcia sp.

(lichen), a moss and the outer bark layer, had stable isotopes signatures that were similar to

those of the Fliess site and varied between -9.3 and -2.3 for d15N and between -29.7 and

-24.7 for d13C (Fig. 2). In the forest the soil was slightly enriched in d15N (1.0 ± 0.4%)

compared to litter and roots (d15N between -2.6% and -1.2%). In the grassland the

potential food resources—grass, moss, litter and roots—had lower d15N values (between

-5.5 and -1.4) than the soil (0.2%). d13C signatures in forest soil and grassland ranged

between -26.8% and -28.8 %. Based on stable isotope signatures oribatid mite species

grouped similar to the Fliess site. Scheloribates ascendens occurred on the upper and lower

bark but had stable isotope signatures that were closer to those of soil- and litter-living

species. Other species on the lower bark that did not occur at the Fliess site (Ceratoppia
bipilis, Caleremaeus monilipes, Minunthozetes pseudofusiger) had stable isotope signa-

tures that also were close to those of soil- and litter-living oribatid mite species (Fig. 2).
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Fig. 2 Mean (±SD) of 13C and 15N values of oribatid mite species and potential resources (underlined) in
Kaunerberg (Austria) (filled diamond forest soil, cross grassland soil, filled triangle lower bark, filled square
upper bark). Oribatid mite species and resources from the forest soil are shown in black, those from the
grassland in green, those from the lower bark in orange and those from the upper bark in red. See Table 1 for
full names of species and number of replicates
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Community structure

Supraspecific groups of oribatid mites occurred at different relative densities in the four

habitats (MANOVA; Wilks’ lambda 0.21, F21,109 = 6.1, P \ 0.0001). Relative densities

of five of the seven investigated groups (Enarthronota; Desmonomata; pycnonotic

Apheredermata; dorsodeficient Apheredermata and Poronota; Fig. 3) differed significantly

among the four habitats. Poronota reached maximum relative density on the bark of the

trees, relative density of Eupheredermata was similar in each of the four habitats, and all

other oribatid mite groups (Apheredermata, Enarthronota, Desmonomata) reached maxi-

mum densities in forest and grassland soil. Ptyctima were generally rare and their density

did not differ among habitats (data not shown). Overall, based on the community structure

of oribatid mites the habitats differed significantly (DFA; Wilks’ lambda 0.03;

F9,43 = 17.1, P = 0.03; Fig. 4), with each of the individual habitats differing from each

other (Squared Mahalanobis distances [6.4, P \ 0.05) except grassland and forest soil

(Squared Mahalanobis distance 0.98, P = 0.47).

Principal Components Analysis (PCA) indicated that oribatid mite communities on the

lower bark were characterized by Mycobates parmeliae, Scheloribates ascendens, Caler-
emaeus monilipes, Minunthozetes pseudofusiger and Liebstadia humerata (Fig. 5). In

forest soil typical species/taxa included Hypochthonius rufulus, Pantelozetes paolii, Eni-
ochthonius minutissimus, Nothrus anauniensis, Achipteria nitens, Hermanniella septen-
trionalis, Brachychthoniidae, Quadroppiidae and Oppiidae. Typical species of the

grassland soil were Passalozetes africanus, P. intermedius, Pilogalumna crassiclava and
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Liebstadia pannonica. No oribatid mite species exclusively occurred on the upper bark of

trees.

Reproductive mode

The proportion of parthenogenetic individuals of oribatid mites differed significantly

among the four habitats (ANOVA: F3,44 = 43.4, P \ 0.0001; Fig. 6). In the forest and

grassland soil, respectively 58% and 51% of the individuals were parthenogenetic,

respectively. In contrast, on the lower and upper bark only 13% and 8% of the individuals

were parthenogenetic, respectively and did not differ significantly (P [ 0.05).

Discussion

We hypothesized that oribatid mite community structure and feeding habits from grassland

soil are similar to those from the bark of trees. The hypothesis was based on the fact that

phylogenetically old taxa of oribatid mites, such as Enarthronota, Palaeosomata, Des-

monomata and Ptyctima, live mainly in humid soils whereas more recent taxa, especially

Brachypylina, dominate in habitats such as the bark of trees and in dry grassland soils

(Maraun et al. 2009). Further, we hypothesized that the evolutionary shift from living in

forest soil to the colonization of bark, was accompanied by a shift in food resources, i.e. from

mainly dead organic matter to living resources, in particular lichens. Our results supported

these hypotheses only in part. One of the oribatid mite species that fitted our hypothesis was

Scheloribates ascendens. This species occurred on the upper and lower bark but also in dry
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Fig. 4 Discriminant function analysis (DFA) of oribatid mite communities from forest soil, grassland soil,
upper bark and lower bark. All habitats differed significantly from each other except grassland and forest
soil (for details see text)
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grasslands and its stable isotope signature indicated that at least in part it feeds on lichens.

Scheloribates ascendens is a member of the derived Poronota, reproduces sexually and has

morphological characteristics related to tree-living including e.g. a clavate sensillus

(Karasawa and Hijii 2004; Sobek et al. 2008; Maraun et al. 2009). In contrast to our

hypothesis, the community structure of oribatid mites differed between grassland and bark.

Fig. 5 Principal components analysis (PCA) of oribatid mites of the forest soil, grassland soil, upper bark
and lower bark. The four habitats were included as supplementary variables. Data were log-transformed
prior to the analysis. See Table 1 for full names of species. Oppiidae, Quadroppiidae, Suctobelbidae and
Brachychthoniidae were not determined to species level. Eigenvalues of axes one and two were 0.42 and
0.16, respectively
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the analysis. Bars sharing the
same letter are not significantly
different (Tukey’s HSD test;
P [ 0.05)
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However, the phylogenetic status of bark and grassland taxa in part supports our hypotheses

since the bark was inhabited by species belonging to Poronota (e.g. Minunthozetes
pseudofusiger, Mycobates parmeliae, Zygoribatula exilis), and species from this group also

dominated in grassland soil (e.g. Passalozetes africanus, P. intermedius, Liebstadia pan-
nonica), whereas in forest soil phylogenetically old groups were more frequent (pycnonotic

Apheredermata, Enarthronota, Desmonomata). As expected, at least some of the oribatid

mite species on bark feed on lichens as indicated by stable isotope signatures (e.g. Micre-
remus brevipes, Mycobates parmeliae, Phauloppia lucorum, P. rauschenensis, Schelori-
bates ascendens) which supports other studies (Seyd and Seaward 1984; Behan-Pelletier and

Walter 2000; Materna 2000; Erdmann et al. 2006, 2007; Sidorchuk 2009), whereas oribatid

mite species of the grassland soil species predominantly live as decomposers or fungal

feeders. Overall, the results support the hypothesis that oribatid mites evolved as detritivores

in soil and later colonized open habitats such as grasslands and the bark of trees, the latter

being associated with the exploitation of living food resources such as lichens.

Notably, not all of the bark-living oribatid mite species had stable isotope signatures

similar to lichens indicating that not all of them feed on lichens (Pschorn-Walcher and

Gunhold 1957; Bonnet et al. 1975; André 1985; Smrz and Kocourkova 1999). In particular

stable isotope signatures of some of the most frequently occurring species on lower bark

(Caleremaeus monilipes, Ceratoppia bipilis, Ceratozetes sellnicki, Eueremaeus oblongus,

Heminothrus targionii, Minunthozetes pseudofusiger, Tectocepheus sarekensis, Zygori-
batula exilis) did not resemble those of lichens. At least some of these species may

predominantly feed in soil and colonize the lower bark in search for shelter from predation

(Prinzing and Wirtz 1997) or to feed on algae and other resources on bark.

Resource partitioning is one of the main drivers of species diversity and composition in

animal communities (Nicolai 1986; Westphal et al. 2006; Bourguignon et al. 2009). It

explains in part the high diversity of oribatid mites in forest ecosystems as indicated by

stable isotope analysis (Schneider et al. 2004, Erdmann et al. 2007). Lichen feeding in the

genus Phauloppia and other oribatid mite taxa can now be taken as granted (Erdmann et al.

2007). However, several bark-living species are unlikely to feed on lichens as indicated by

their 15N signatures, e.g. Zygoribatula exilis, (Eu)eremaeus oblongus. Erdmann et al.

(2007) hypothesized that these species feed on algae, mosses or non-lichen fungi. How-

ever, mosses sampled from the bark of trees in our study had lower d13C signatures than

any of the oribatid mite species indicating that oribatid mites are not (or little) feeding on

mosses. Only few oribatid mite species known as habitat and diet generalists occurred in

more than one habitat, such as Protoribates capucinus, Achipteria coleoptrata and Suc-

tobelbidae in forest and grassland soil (Schatz 1995; Skubala 1999; Schneider and Maraun

2005).

Oribatid mite species were only occasionally found simultaneously in forest soil and on

the lower and upper bark. This supports results of previous studies that trophic niches of

oribatid mite species are rather constant independent of their current residence (Scheu and

Falca 2000; Schneider et al. 2004). Tectocepheus sarekensis was among the few species

occurring on the bark of trees and in grassland and forest soil. This species occurs in a wide

range of habitats and suggesting that it is among the most euryoecious and generalistic

oribatid mite species (Hågvar and Amundsen 1981; Beckmann 1988; Laumann et al.

2007).

The proportion of parthenogenetic individuals in forest and grassland soils exceeded

that of lower and upper bark. This indicates that compared to soil bark species more

intensively feed on living resources such as lichens which favours sexual reproduction

(Red Queen hypothesis; Hamilton 1980). However, dominance of sexual species may also
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be related to shortage of resources (Scheu and Drossel 2007). Both mechanisms may

contribute to the dominance of sexual species on bark. Lichens grow slowly and may be in

limited supply but also defend themselves, e.g. by producing usnic acids (Emmerich et al.

1993). Overall, our results suggest that the community of bark-living oribatid mites is not

only structured by the harsh abiotic factors but also by biotic interactions. This may explain

why in contrast to the general pattern that parthenogenetic reproduction predominates in

more harsh environments (Kearney 2005) sexual oribatid mite species predominate on

bark.
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