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Abstract

Using field mesocosms maintained for 6 months in an acid spruce forest, we investigated the influence of microarthropods on
biomass, structure and function of the soil microbial community. In the litter layer (L/F layer), the re-immigration of mesofauna
into mesocosms did not significantly affect substrate-induced respiration (SIR), biomass C, biomass N, biomass P, N-
mineralisation or enzymes involved in N cycling. There was no effect of the mesofauna on the biomarkers for fungal biomass
(ergosterol and phospholipid fatty acid 18:2m6) in the litter layer. Mesofauna activities increased microbial biomass (biomass C,
N and P) in the H layer, and significantly increased soil protease activity and phosphate content in the H layer. Since biomass P
did not change significantly when mesofauna recolonised mesocosms, they presumably affected P-mineralisation by producing P-
rich faeces. Discriminant analysis showed that mesofauna affected microbial N-mobilisation in the H layer. Higher protease and
arginine deaminase activities in mesocosms with mesofauna may have been caused by faunal grazing on soil
microorganisms. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Soil mesofauna affect the structure and activity of
microbial communities and enhance nutrient turnover
(Coleman, 1986; Verhoef and Brussaard, 1990;
Lussenhop, 1992). The mechanisms of the effects have
been demonstrated in a number of studies. Substrate
comminution and mixing by microarthropods were as-
sociated with increased metabolic rates of bacteria
(Lussenhop, 1992). Fungal grazing by microarthropods
was accompanied by a changing growth pattern and
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by the release of enzymes of fungi (Bengtsson et al.,
1993). The grazing activity of enchytraeids modified
the metabolic activities of microbial communities
(Forster et al., 1995). Beside mesofauna-induced
changes in the activities of soil microorganisms, selec-
tive grazing may alter the competitive relationships
between fungi (Newell, 1984) and may increase the
rate at which primary saprophytes are replaced by sec-
ondary saprophytes (Klironomos et al. 1992). In con-
trast, in other studies, grazing by Oppiella nova and
Onchychiurus subtenuis did not affect fungal species
richness, diversity, dominance, or frequency of occur-
rence of 29 fungal taxa (including taxa known to be
preferred or avoided by the animals) (McLean et al.,
1996).

The microbial-faunal interaction can be modified by
several external factors. Collembolans influence the
nutrient availability of mycorrhiza (Lussenhop, 1996),
while temperature, moisture and environmental chemi-
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cals may have synergistic or antagonistic influences on
the interactions between microorganisms and meso-
fauna (Forster et al., 1995). Therefore, there is a need
for studies of microbial faunal interactions under field
conditions. Field enclosures (Verhoef and de Goede,
1985; Faber and Verhoef, 1991) and mesocosms
(Bruckner et al., 1995; Kampichler and Kandeler,
1996) have been used to quantify the effects of mi-
crobial-faunal interactions in the field. Whereas these
studies showed the influence of mesofauna on activities
of soil microorganisms, much less information is avail-
able about the influence of soil fauna on the structure
of natural microbial communities.

Our aim was to determine whether the soil meso-
fauna affects the biomass, structure and function of
the soil microbial community in an acid spruce forest
under field conditions in Austria. The microbial com-
munity was characterised by its carbon, nitrogen and
phosphorus content and by its total content of phos-
pholipid fatty acids (Tunlid and White, 1992). We
attempted to link these indices of biomass and commu-
nity structure of soil microorganisms to the function-
ing of soil microorganisms. The combined estimation
of nutrient release, N-mineralisation and enzymes
involved in nitrogen cycling was expected to help the
assessment of the role of mesofauna in N cycling: the
predominance of a direct influence on N cycling
through faeces and excreta would be recognized by the
enhancement of N mobilisation without a significant
increase in microbial activity, whereas a stimulated mi-
crobial activity would characterise the significance of
an indirect influence.

2. Materials and methods
2.1. Study site

The mesocosm experiment was carried out in a 40-
year old Picea abies forest with no understory located
in the Gleinalm region near Knittelfeld in Styria,
Austria  (‘Stangelwald” forest, 47°13'N, 14°59'E,
National Grid Reference BMN 6705-4830-1b, 1040 m
above sea level, mean annual temperature 6.2°C at 700
m above sea level, 2.8°C at 1600 m; annual precipi-
tation 600—-850 mm). The soil was classified as a loamy
sandy Dystric Cambisol (FAO classification) with a
mor humus layer (L, F and H layers, thickness up to 6
cm). Organic carbon and total N in the L/F horizon
ranged from 394-448 mg g~' and from 17.1-18.3
mg g~ ', respectively; the pH (10 mM CaCl,) ranged
from 3.2-3.9.

2.2. Design of the mesocosm experiment

Ten monoliths (25 x 25 x 20 cm) were taken ran-

domly in April 1995. After defaunation of the mono-
liths for 10-12 h at —40°C with solid CO,, the
monoliths were wrapped in nets of various mesh size
and randomly replaced at the study site (Bruckner et
al., 1995). Soil mesofauna was introduced into five of
the mesocosms using a field Berlese-Tullgren device to
establish an assemblage of microarthropods mimicking
natural conditions. Approximately 3 1 of H and L/F
humus material (randomly taken at the study site and
slightly mixed) were placed in each field Berlese-
Tullgren device and processed in successive runs.
Microarthropods were forced into the mesocosms by
heating with a plastic plate (integrated heating wires)
which directly rested upon the humus material. The
heating plates were connected to the power supply sys-
tem via two 24 V-transformers. The temperature of the
humus material was adjusted and automatically
levelled with an electronic feedback mechanism (raised
from 25 to 35°C during extraction). After 4 d, the
humus material was dry and the extraction terminated.
The re-introduction of the microarthropods into the
mesocosms was completed after an extraction period
of 4 d. We prepared the following treatments:

1. Microbiota: five defaunated monoliths were
wrapped in fine nets (35 um mesh size). This treat-
ment was designed to exclude the influence of meso-
fauna, macrofauna and roots.

2. Microbiota and mesofauna: five defaunated mono-
liths were wrapped in coarse nets (1 mm mesh size)
and inoculated with microarthropods. The coarse
nets were designed to allow the lateral re-immigra-
tion of mesofauna during the 6 months incubation.
Therefore, this treatment tested effects of mesofauna
on microorganisms.

3. Controls: ten randomly selected areas (25 x 25 cm)
were chosen as control plots and left intact until
sampling. The control is also referred to as treat-
ment 3 (‘microbiota + complex fauna + living roots’).

The comparison of the two types of mesocosms and
the controls allowed us to evaluate the effects of differ-
ent abundance of fauna in the mesocosms as well as
possible side effects of the manipulation such as deep-
freezing and cutting of living roots.

The mesocosms were destructively sampled after 6
months of exposure. To determine the efficiency of the
introduction of microarthropods into treatment 2
mesocosms (microbiota and mesofauna) by the field
Berlese-Tullgren equipment and the efficiency of exclu-
sion of microarthropods from treatment 1 mesocosms
(microbiota), two soil cores (dia 7 cm, 10 cm depth)
were taken from each mesocosm and control. These
cores were extracted in a Berlese-Tullgren device for 1
week (Kampichler et al., 1999). Enchytraeids were not
monitored since they are known to be efficiently elimi-
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nated and excluded from treatment 1 mesocosms and
efficiently immigrate into defauneated treatment 2
mesocosms and attain field density (Bruckner et al.,
1995).

The remaining mesocosms were separated into litter
(L and F) and humus layer and used for microbiologi-
cal analyses. Field moist samples were stored in plastic
bags at —20°C. After the storage period (up to 2
months), samples were allowed to thaw at 4°C for
about 3 d. The samples were sieved (<5 mm) and
stored in plastic bags at 4°C; microbial analyses started
within 2 weeks.

2.3. Soil chemical analyses

Soil pH was measured in 10 mM CaCl, solution
(soil to solution ratio 1:12.5). NH, and NO5 was
extracted in a CaCl, solution (12.5 mM); NH, was
analyzed colorimetrically by a modified indophenol
reaction (Kandeler and Gerber, 1988) and NO3 was
measured colorimetrically as NO5 after reduction
using a Cd-column (Morris and Riley, 1963). The frac-
tion of plant-available P was measured colorimetrically
after extraction of P with a calcium lactate solution
(19 mM, pH 3.6; soil to solution 1:50) according to
Hoffmann and Ohnesorge (1966). TOM (total organic
matter) and total N was determined after dry oxi-
dation of organic matter in an O, stream with an auto-
mated CNS analyser (LECO) (Schinner et al., 1996).

2.4. Soil microbial analysis

2.4.1. Microbial biomass

For the substrate-induced respiration (SIR) measure-
ment, substrate saturation and maximum initial respir-
ation response were obtained with an amendment rate
of 8.0 mg glucose g~!. CO, evolved was trapped in 50
mM NaOH for a 4 h incubation at 25°C and measured
by titration (Anderson and Domsch, 1978, modified by
Jaggi, 1976).

Soil microbial biomass C was measured by fumi-
gation extraction (Vance et al., 1987) as modified by
Joergensen (1995a, b). Moist soil was split into two
portions (5 g for the fumigated and 5 g for the nonfu-
migated treatment), extracted on a horizontal shaker
at 200 rpm with 100 ml 10 mM CaCl, and filtered
through a folded paper filter (Schleicher and Schuell
595 1/2). Organic C in the extracts was measured as
CO, after catalytic combustion at 800°C using a
Maihak Tocor 2 automatic analyser. Soil microbial
biomass was estimated from the relationship: biomass
C=Ec/kgc, where Ec is (organic C extraced from
fumigated soil) minus (organic C extracted from non-
fumigated soil) and kgc=0.45 (Joergensen, 1995a, b).

For the estimation of biomass nitrogen (Np;.), litter
and soil samples were fumigated with chloroform for

24 h. Ninhydrin-reactive N was determined after
extraction with 2 M KCI using the colorimetric pro-
cedure according to Amato and Ladd (1988) as modi-
fied by Joergensen and Brookes (1990). Nic (1€ Npmic
¢~ ! soil) was calculated as (mg ninhydrin-reactive N
g ! soil x 3.1( according to Amato and Ladd (1988).
Soil microbial P was also measured by fumigation
extraction (Brookes et al., 1982). The moist soil was
split into three portions equivalent to 1 g dry weight.
The first aliquot (nonfumigated control) was placed in
a 250 ml centrifuge bottle and then extracted with 100
ml of 0.5 M NaHCO; (pH 8.5) for 30 min by oscillat-
ing shaking at 150 rev min~'. The resulting suspension
was centrifuged (2000g) and then filtered through a
paper filter (Schleicher and Schuell 595 1/2). The sec-
ond portion (nonfumigated recovery control) was also
placed in a 250 ml bottle and then extracted as
described above with 100 ml of 0.5 M NaHCO; and
additionally 1 ml of KH,PO, solution containing 250
ng P as a spike equivalent to 25 pg P g~! soil. The
third portion was fumigated for 24 h at 25°C. After
removal of CHCI; by repeated evacuation, extraction
was performed as for the nonfumigated control. The
extract was filtered (Schleicher and Schuell, 595 1/2) a
second time immediately before P was analysed by a
modified ammonium molybdate-ascorbic acid method
as described by Joergensen (1995b). Microbial biomass
P was calculated as follows: microbial biomass

P = Ep/kgp, where Ep=[(F=U)/(S=-U)],
F=(extractable @~ PO4~P in  fumigated  soils),
U= (extractable PO4—P in nonfumigated soils),

S = (extractable PO4—P in nonfumigated soils + spike of
25 ug P g7 ! soil) and kgp=0.40 (Brookes et al., 1982).

2.4.2. Ergosterol

Moist soil (2 g) was extracted with 100 ml ethanol
for 30 min by oscillating shaking (250 rpm). The soil
suspension was filtered (Whatman GF/A) immediately
after extraction, the extract being evaporated in a vac-
uum rotary evaporator at 40°C in the dark. The resi-
due was collected in 10 ml ethanol and filtered again
(cellulose acetate membrane 0.45 pm). Quantitative de-
termination of ergosterol was performed by reversed-
phase HPLC analysis at 25°C by using a main column
of 12.5 cm Spherisorb ODS II S% (Knauer Vertex 12
cm main-column, 0.5 cm pre-column) with a mobile
phase of 97% methanol/3% water (v/w), a flow of 1.1
ml min~' and resolution of detection of 282 nm.
Retention of ergosterol with this system is 7.25 4+ 0.25
min (Djajakirana et al., 1996).

2.4.3. Phospholipid fatty acids (PLFAs)
Lipids were extracted from litter samples using a
one-phase extraction procedure and fatty acids were

separated using SPE columns according to the method
described by Zelles and Bay (1993). Briefly, 25 g of
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Table 1

Abundance of Acarina and Collembola (10° individuals m~2) in field mesocosms and undisturbed soil (control) after exposure for 6 months in a
spruce forest. Means of the treatments followed by the same letter are not significantly different at P < 0.05 (Tukey’s highest significant differ-

ence)

Mesocosm including Control

microbiota microbiota and mesofauna microbiota, complex fauna and roots
Acarina 26.06 a 111.58 b 383.41c¢
Collembola 17.35a 171.95 b 129.62 ab

moist soil were extracted with a one-phase mixture
consisting of chloroform (125 ml), methanol (250 ml)
and phosphate buffer (90 ml, 50 mM K,HPO4; pH
7.4) for 2 h. The suspension was divided into two
phases by adding 125 ml chloroform and 125 ml dis-
tilled water and by allowing them to separate for 24 h.
The lower phase was collected and reduced to a
volume of 10 ml using a rotary evaporator. One ml of
this lipid extract was fractionated into neutral, glyco-
and phospholipids on an SI-solid phase extraction
(SPE) column. The phospholipid fraction was sub-
jected to a mild alkaline methanolysis to obtain fatty
acid methyl esters (FAMEs). Then the FAMEs were
separated into unsubstituted and hydroxy-substituted
fatty acids (PLOHs) using an NH, SPE-column. The
unsubstituted FAMEs were further separated into
saturated (SATFAs), monounsaturated (MUFAs) and
polyunsaturated (PUFAs) subgroups by silver ion
chromatography. Derivations were necessary for
MUFAs and PLOHs. All FAMEs and their derivates
were analysed with GC-MS (Hewlett-Packard 5971 A
MDS combined with 5890 series II GC system). Fatty
acid nomenclature was wused as described by
Frostegard and Baath (1996). The concentrations of
individual fatty acids were expressed as the portion
(mol%) of the sum of all fatty acids. The content of
the fatty acid 18:2m6 was used as an indicator of fun-
gal biomass. The sum of 12 different fatty acids (i15:0,
al5:0, nl15:0, i116:0, 16:10916:1w7, 117:0, al7:0, nl17:0,
cyl7:0, 18:1o7 and cy19:0) was used to represent bac-
terial PLFAs (bactPLFAs) (Frostegard and Baath,
1996).

2.4.4. Soil microbial processes

N-mineralisation was measured by incubating soil
samples (5.0 g) under waterlogged conditions in an
enclosed tube at 40°C for 7 d; the production of am-
monium was measured by a colorimetric procedure
(Kandeler and Gerber, 1988). Protease activity was
determined using the method of Ladd and Butler
(1972). The samples were incubated for 2 h in a buf-
fered casein solution (pH 8.1) at 50°C. The aromatic
amino acids released were extracted with trichloroace-
tic acid (0.92 M) and measured colorimetrically after
addition of the Folin-Ciocalteu reagent. The method

used for estimating urease activity involves incubation
of the soil with an aqueous urea solution (for 2 h at
37°C), extraction of ammonium with 1 M KCI and 10
mM HCI, and colorimetric NH, determination by a
modified indophenol reaction (Kandeler and Gerber,
1988). Soil deaminase activity was measured colorime-
trically by deamination of an aqueous arginine sol-
ution (incubation for 2 h at 37°C), as described by
Alef and Kleiner (1986).

2.4.5. Analytical methods and statistical procedure

All analytical results were calculated on the basis of
oven-dry (105°C) weight of soil. Microbial biomass
and soil microbial processes were determined in dupli-
cate. Variables of soil microbial properties were tested
for normality (Kolmogorov—Smirnov) and homogen-
eity of variances (Cochran’s C). If necessary, data were
log-transformed prior to the analysis. Differences
between means were inspected by a one-way analysis
of variance (ANOVA), followed by Tukey’s honestly
significant difference test.

Biomass-related variables (SIR, Cuic, Nmics Pmics
ergosterol) and variables related to the cycling of N
(N-mineralisation, protease activity, deaminase activity
and urease activity) were analysed by discriminant
analyses for each layer. UPGMA cluster analysis using
the Ochiai coefficient (cosine) as a similarity index was
applied for log-transformed data of PLFA concen-
trations according to Jongman et al. (1996). By this
procedure we tested whether the clusters defined by the
similarity between single objects (mesocosms) corre-
sponded with the groups defined by the three treat-
ments.

3. Results
3.1. Abundance of mesofauna

In treatment 1 mesocosms, the mean densities of col-
lembolans and mites were only 17,000 and 26,000 indi-
viduals m~2, respectively. Thus, the total field density
of microarthropods (500,000 individuals m~™>) was
reduced by 91.5% (Table 1). Collembola density in
treatment 2 was higher than in the control. In contrast,
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Table 2

1787

Chemical and microbiological properties in the L/F horizon in field mesocosms and undisturbed soil (control) after exposure for 6 months in a
spruce forest. Means of the different treatments followed by the same letter are not significantly different at P < 0.05 (Tukey’s highest significant

difference)
Soil properties Mesocosm including Control F P
microbiota microbiota and mesofauna microbiota, complex fauna, roots
Water content (%) 65.6 a 66.3 a 52.8b 32.278 o
Corg (mg g7 1) 394 402 448 2.6799 n.s
Norg (mg g 17.3 ab 17.1 a 183 b 5.116 *
C-to-N ratio 22.7 23.5 24.4 0.9640 n.s.
pH (CaCl,) 3.56 ab 371a 335b 10.308 *
NH; (g Ng™h 1889 a 188.4 a 115.6 b 5.691 *
PO; (ugP g™ 23.02 26.62 28.37 0.816 n.s.
SIR (mg CO, 100 g~ ' h™1) 36.15 36.76 39.46 0.238 ns.
Biomass C (ug C g7 5217 a 5314 a 6829 b 7.651 >
Biomass N (ug N g™1) 505 499 431 0.551 n.s.
Biomass P (ug P g7) 261 248 255 0.092 n.s.
Ergosterol (ug ergosterol g 1) 156.7 ab 1259 a 190.1 b 5.045 *
EL-PLFA o (nmol g7") 1500 1137 1108 2.455 n.s.
PLFAs of fungi (mol%) 5.24 5.08 6.30 1.192 n.s.
PLFAs of bacteria (mol%) 29.43 30.65 28.94 1.919 n.s.
N-mineralisation (ug N g7! 7.d7) 234.1 211.6 269.1 1.141 n.s.
Protease (ug tyrosine g~' 2 h™") 6530 7286 5074 3.082 n.s.
Arginine deaminase (ug N g~' 2 h™!) 64.4 66.3 48.1 2311 n.s.
Urease (ug N g~ '2h™") 703.7 715.8 671.4 0.162 n.s.

mites did not attain the abundance of the undisturbed
field situation. However, since total microarthropod
density in treatment 2 was 6.5x that in treatment 1,
comparing the treatments allows us to judge the effects

of the mesofauna.

Table 3

3.2. Chemical properties

The water content of L/F and H horizon of the
mesocosms was significantly higher than that of the
corresponding layers of the control (Tables 2 and 3).

Chemical and microbiological properties in the H horizon in field mesocosms and undisturbed soil (control). Means of the different treatments
followed by the same letter are not significantly different at P < 0.05 (Tukey’s highest significant difference)

Soil properties Mesocosm including Control F P
microbiota microbiota and mesofauna microbiota, complex fauna, roots
Water content (%) 56.5 ab 61.6 a 494 b 6.112 *
Corg (mg g71) 241 281 276 0.880 n.s.
Nore (mg g7 12.9 14.7 14.8 1.512 n.s.
C-to-N ratio 18.5 19.0 18.7 0.121 n.s.
pH (CaCl,) 343 a 347 a 324 b 9.199 *
NH, (ugN g™ 123.9 182.8 129.4 4.726 n.s.
PO~ (ugP g™h 473 12.53 b 8.72a 10.131 o
SIR (mg CO, 100 g~' h™) 15.7 20.6 17.4 1.003 n.s.
Biomass C (ug C g7') 3144 3640 3764 2.296 n.s.
Biomass N (ug N g7 211 ab 262 a 201 b 5.529 *
Biomass P (ug P g7}) 126.8 164.5 138.8 2.441 n.s.
Ergosterol (pg ergosterol g~') 65.6 61.6 79.1 0.637 n.s.
N-mineralisation (ug N g~! 7d7) 134.1 127.5 155.8 1.132 n.s.
Protease (ug tyrosine g~' 2 h™") 2974 a 4803 b 2844 a 11.179 o
Arginine deaminase (ug N g=' 2h™) 29.6 53.2 32.1 2.895 n.s.
Urease (ug N g='2h™" 289.5 332.3 333.2 1.107 n.s.
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Fig. 1. Discriminant analysis based on the biomass variables (SIR,
Chnic> Nmic and P, and ergosterol content) from the L/F layer of
mesocosms and undisturbed soil. Axis 1 is labelled by the most im-
portant parameters (C,;. and P;.). Open circles: treatment 1 (meso-
cosms with microbiota), closed circles: treatment 2 (mesocosms with
microbiota and fauna), grey circles: control (undisturbed soil).
Treatment 1: n = 4, treatment 2 and control: n = 5.

The re-immigration of mesofauna into the mesocosms
had no effect on the C-to-N ratio and pH. The undis-
turbed soil had a significantly lower pH and lower am-
monium contents than the two mesocosm treatments
(Tables 2 and 3). Mesocosms with mesofauna con-
tained a significantly higher amount of lactate-soluble

Table 4
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Fig. 2. Discriminant analysis based on the biomass variables (SIR,
Chics Nmic and Py and ergosterol content) from the H layer of
mesocosms and undisturbed soils. Axis 1 is labelled by the most im-
portant parameters. Open circles: treatment 1 (mesocosms with
microbiota), closed circles: treatment 2 (mesocosms with microbiota
and fauna), grey circles: control (undisturbed soil). Treatment 1:
n = 4, treatment 2 and control: n = 5.

P and showed a trend towards higher ammonium con-
tent in the H layer (Table 3).

3.3. Microbial biomass and community structure

In the L/F layer, univariate statistical analysis
revealed that re-immigration of mesofauna into meso-

Statistics of the discriminant analyses based on biomass and N-cycle variables in the L/F and H layer of mesocosms and undisturbed soil.
Standardised discriminant coefficients for the biomass and N-cycle variables are only presented for significant discriminant functions (*p < 0.05)

Layer Variable Discriminant % of variance Wilks’ L df. p Variables Standardised
complex function discriminant coefficients
L/F biomass 1 96.6 0.118 19.22 10 0.038" SIR —0.077
Chnic 1.422
Ninic —0.381
Poic —1.337
ergosterol 0.808
2 3.4 0.827 1.71 4 0.790
N-cycle 1 98.7 0.257 12.9 8 0.115
2 1.33 0.964 0.35 3 0.951
H biomass 1 87.3 0.067 24.34 10 0.007* SIR —0.482
Chnic —1.657
Ninic 1.974
Puic 0.982
ergosterol —0.671
2 12.7 0.510 6.06 4 0.195
N-cycle 1 98.2 0.063 26.26 8 0.001* protease 1.139
urease 0.489
arginine deaminase 1.397
N-mineralisation —2.126
2 1.9 0.816 1.93 3 0.587
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Fig. 3. Protease activity of the L/F and H layers in mesocosms and
controls in a spruce forest after exposure for 6 months. Results are
given as means of five replicates and standard deviation.

cosms did not significantly affect SIR, biomass C, bio-
mass N, biomass P or ergosterol content (Table 2).
The biomass C and ergosterol contents were greater in
the control than in either mesocosm, whereas SIR, bio-
mass N and biomass P did not differ between the three
treatments (Table 2). The discriminant analysis of SIR,
biomass C, biomass N, biomass P and ergosterol con-
tent clearly separated the control (undisturbed soil)
and the mesocosms, irrespective of mesocosm type,
along discriminant axis 1 (Fig. 1). The discrimination
along axis 1 was due to an increase of biomass C and
a decrease of biomass P. Discriminant function (DF) 1
explains more than 97% of the total variance of the
data set (Table 4).

In the H horizon, SIR, biomass C, biomass N, bio-
mass P and ergosterol content showed a trend towards
higher values under the influence of the mesofauna,
but the univariate statistical analysis failed to detect
significant differences between the two treatments
(Table 3). Including the data set in a discriminant
function, statistical analysis revealed that DF 1
explained 87% of the total variance of the data set
and was dominated by biomass N and biomass C,
which had the highest standardised coefficients in the
linear combination (Fig. 2, Table 4). The discriminant
functions were very powerful in identifying the differ-
ent treatments in the H horizon, except in one meso-
cosm with microbiota only.

The content of ester-linked phospholipid fatty acids
(EL-PLFAS) in the L/F layer was in the range of 1108
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Fig. 4. Discriminant analysis based on the N-cycle variables (N-min-
eralisation, protease, arginine deaminase and urease) from the L/F
layer of mesocosms and undisturbed soils. Axis 1 is labelled by the
most important parameters. Open circles: treatment 1 (mesocosms
with microbiota), closed circles: treatment 2 (mesocosms with micro-
biota and fauna), grey circles: control (undisturbed soil). Treatment
1: n = 4, treatment 2 and control: n = 5.

to 1500 nmol g~' (Table 1). These amounts corre-
sponded well with amounts in the OF horizon of a
podsolic soil under Picea abies (Zelles et al., 1995).
Satured fatty acids (SATFA) were the dominant frac-
tion in the L/F layer, yielding about 50% of the total
content of EL-PLFAs, followed by the mono-unsatu-
rated fatty acids (MUFAS, 27%), hydroxy-substituted
fatty acids (PLOHS, 12%) and the polyunsaturated
fatty acids (PUFAS 8%). The total content of EL-
PLFAs of the L/F layer as well as the LF specific for
fungi (PLFA 18:2w6) and bacteria (sum of 12 different

™~ 2

5

:.3 1 0 [ )
c ®e

2 0] o R o
<

2 14 o °

E o2

2 o

a -34

T T T 1T T T T T T 1
4 -3 21 0 1 2 3 4 5 6
1

Discriminant function

protease, arginine deaminase

|>N_mmnsatio—n

Fig. 5. Discriminant analysis based on the N-cycle variables (N-min-
eralisation, protease, arginine deaminase and urease) from the L/F
layer of mesocosms and undisturbed soils. Axis 1 is labelled by the
most important parameters. Open circles: treatment 1 (mesocosms
with microbiota), closed circles: treatment 2 (mesocosms with micro-
biota and fauna), grey circles: control (undisturbed soil). Treatment
1: n = 4, treatment 2 and control: n = 5.
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fatty acids) were not affected by the re-immigration of
mesofauna into the mesocosms (Table 2). Hierarchical
cluster analysis including all PLFA’s revealed that it is
not possible to distinguish the three treatments on the
basis of their phospholipid fatty acid profiles in the L/
F horizon (data not shown).

3.4. Decomposition of organic nitrogen

Rates of N-mineralisation and enzymes involved in
nitrogen cycling (protease, urease and arginine deami-
nase) were not affected by mesofauna in the L/F hor-
izon (Table 2). In addition, these microbiological
properties did not differ between mesocosms and con-
trol. In contrast, the activities of protease, urease and
arginine deaminase in the H layer showed a trend
towards higher activity in mesocosms with higher fau-
nal complexity. This, however, was only significant for
protease activity (Fig. 3, Table 3).

The discriminant analysis including N-mineralisation
and enzymes involved in N cycling in the L/F layer
did not yield any significant discriminant function
(Fig. 4). In contrast, there was a significant discrimi-
nation between mesocosms with microbiota only and
mesocosms with microbiota and mesofauna along dis-
criminant axis 1 in the H layer (Fig. 5). Discriminant
function (DF) 1 explained 98.2% of the total variance
of the data set and was dominated by N-mineralis-
ation, protease and arginine deaminase, which had the
highest standard coefficients in the linear combination
(Table 4). Because of the high eigenvalue of DF 1,
these variables were the most important in relation to
all other discriminant functions. DF 2 explained only
1.9% of the total variance and did not significantly
contribute to the discrimination of the data.
Classification according to discriminant functions
revealed that 3 of 14 objects were misclassified. It was
not possible to separate mesocosms including only
microbiota from controls (Fig. 5).

4. Discussion
4.1. Chemical properties

The mesocosm approach provides the opportunity
to investigate microbial-faunal interactions that reflect
those in the natural ecosystem (Kampichler et al.,
1999). Our results clearly showed that mesocosms and
control (undisturbed soil) differed with respect to
water content and pH. The enclosing nets used to con-
trol the re-immigration of certain body size classes of
animals into the mesocosms also prevented root
growth into the mesocosms. Therefore, the lack of
water uptake by roots might have caused the lower
water content in the mesocosms in comparison to the

control. Similar results were obtained in an earlier
mesocosm experiment (Kandeler et al., 1994). The
different pH values in mesocosms and the control may
also have been due to the prevention of root growth
into the mesocosms, since nutrient uptake by plants is
accompanied by a release of protons (Marschner,
1995). Since soil moisture, structural properties and
pH affect the distribution and feeding activities of in-
vertebrates, it may be impossible to simulate natural
ecosystem conditions using mesocosms which lack
plants. Mesofauna had a slight positive influence on
the release of phosphate and ammonium in the H hor-
izon. This finding is consistent with other studies that
have reported accelerated P-mineralisation in micro-
cosms and mesocosms (Anderson and Ineson, 1984;
Zechmeister-Boltenstern et al., 1998). The enhanced P-
mineralisation was found to be accompanied by a
reduced microbial community and a subsequent re-
duction in microbial immobilisation (Setdld et al.,
1990). Since microbial biomass in our experiment did
not change significantly due to re-immigration of the
mesofauna in the mesocosm, it is unlikely that the P
release was caused by faunal grazing. An alternative
explanation might be the cycling outside the microbial
pathway, as reported by Setéld et al. (1990).

4.2. Microbial biomass and community structure

In aboveground systems grazing by herbivores
increases plant diversity by maintaining microsites and
reducing dominant competitors (McLean et al., 1996).
In contrast, grazing on fungi by mites and collembo-
lans did not affect the fungal community structure of
pine needle litter in a microcosm experiment (McLean
et al., 1996). In our experiment, univariate statistical
analyses could not detect any significant influence of
mesofauna on biomass C, N and P in L/F and H
layers. However, the discriminant analysis with bio-
mass data from the H layer indicated different contents
of microbial biomass C and N in the two mesocosm
treatments (Fig. 3). Therefore, the mesofauna induced
an alteration of the C-to-N content of microbial popu-
lations, as described by Verhoef and Brussaard (1990).
Insight into the soil microbial community was
obtained by fungal biomass estimates based on the
amount of the PLFA 18:2w6 and the ergosterol con-
tent. Both estimates revealed that re-immigration of
mesofauna into mesocosms did not change the fungal
biomass in the litter layer. According to Federle
(1986), who examined the content of 18:2w6 in 47
species of soil fungi, this PLFA constituted about 43%
of total PLFAs, but linoleic acid is also known to
occur as a fraction of all fatty acids in Pinus sylvestris
and Picea. abies (Saranpdd and Nyberg, 1987;
Wellburn et al., 1994; Tillman-Sutela et al., 1996).
Until now it has not been well documented whether
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PLFA 18:2w6 as a component of the litter is rapidly
decomposed in forest soils (Fritze and Baath, 1993).
Therefore, the effect of soil animals on this PLFA
might be masked by an unknown amount of PLFA
18:2w6 derived from plant material. Beyond this meth-
odological aspect, the view that mesofauna did not
shift the soil microbial community is supported by the
cluster analysis including the single fatty acids which
did not detect any differences due to mesofauna. Also,
the effect of mesofauna may depend on the densities of
soil fauna. The mesocosm technique used field den-
sities of mesofauna. Collembolans at field density were
not found to influence the biomass of the saprotrophic
fungus Phoma exigua in microcosms containing litter
from tussock grassland (Bardgett et al., 1993).

4.3. Decomposition of organic nitrogen compounds

Enzyme activities of the mesocosms were in the
range previously reported for soils of spruce forests
(Hamm and Feger, 1996; Vedder et al., 1996). As for
chemical properties and soil microbial biomass, meso-
fauna changed the decomposition of organic nitrogen
compounds in the H layer only. The enhanced pro-
duction of protease appears to be a physiological re-
sponse to faunal grazing. This hypothesis is supported
by a microcosm experiment of Hedlund et al. (1991)
which showed higher extracellular protease production
of Mortierella isabellina by the grazing of Onychiurus
armatus (Collembola) and by an earlier mesocosm ex-
periment in a spruce forest (Kandeler et al., 1994). No
effect of microarthropods on protease activity was
found by Schlatte et al. (1998) in a microcosm exper-
iment using comparable substrates, but lasting for a
shorter period. Therefore, the duration of the exper-
iment may strongly influence the effects of mesofaunal
grazing activities on microbial biomass as well as on
soil enzyme activities (Faber and Verhoef, 1991;
Leonard and Anderson, 1991).

Discriminant analysis showed that mesofauna
affected N-mobilisation in the H layer. The discrimi-
nation was due to an inverse trend of protease and
arginine activities and of N-mineralisation. Mesofauna
and macrofauna can modify nitrogen turnover of soils
by direct and indirect mechanisms (Anderson et al.,
1983, 1985; Abrahamsen, 1990; Setdld et al., 1990;
Faber and Verhoef, 1991; Vedder et al., 1996). The
trend towards higher ammonium contents at a con-
stant N-mineralisation (measured by the incubation of
soils under water-logged conditions) may have been
caused by direct effects due to mineral nutrients in
urine and faeces as suggested by Lussenhop (1992). In
contrast, higher protease and arginine deaminase ac-
tivities in mesocosms with microbiota and mesofauna
presumably resulted from a physiological response of
soil microorganisms to grazing by mesofauna.
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