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Abstract This study was designed to examine saprophytic
fungi diversity under different tree species situated in
the same ecological context. Further, the link between the
diversity and decomposition rate of two broadleaved, two
coniferous and two mixed broadleaved-coniferous litter
types was targeted. Litter material was decomposed in litter
bags for 4 and 24 months to target both early and late stages
of the decomposition. Fungal diversity of L and F layers
were also investigated as a parallel to the litter bag method.
Temperature gradient gel electrophoresis fingerprinting was
used to assess fungal diversity in the samples. Mass loss
values and organic and nutrient composition of the litter
were also measured. The results showed that the species
richness was not strongly affected by the change of the
tree species. Nevertheless, the community compositions
differed within tree species and decomposition stages.
The most important shift was found in the mixed litters
from the litter bag treatment for both variables. Both mixed
litters displayed the highest species richness (13.3 species
both) and the most different community composition as
compared to pure litters (6.3–10.7 species) after 24 months.
The mass loss after 24 months was similar or greater in the

mixed litter (70.5% beech–spruce, 76.2% oak–Douglas-fir
litter) than in both original pure litter types. This was
probably due to higher niche variability and to the
synergistic effect of nutrient transfer between litter types.
Concerning pure litter, mass loss values were the highest in
oak and beech litter (72.8% and 69.8%) compared to spruce
and D. fir (59.4% and 66.5%, respectively). That was
probably caused by a more favourable microclimate and litter
composition in broadleaved than in coniferous plantations.
These variables also seemed to bemore important to pure litter
decomposition rates than were fungal species richness or
community structure.

Introduction

It is widely viewed that changes in forest above-ground
diversity and structure indirectly affect the soil microbial
community and its functions. Plant litter decomposition is a
key process in nutrient recycling and humus formation in
forest ecosystems [4, 6, 38]. Saprophytic fungi play an
important role in decomposition because they can attack the
lignocellulose matrix in litter that other organisms are not
able to assimilate [1, 11]. The change in the litter quality
during decomposition induces a succession of microbial
communities: the r-strategists (opportunists) dominate dur-
ing the early stages and are replaced later by K-strategists
(persisters) due to the growth of limiting substrate concen-
trations [10]. The process typically begins with litter
colonisation by bacteria, Ascomycetes, and imperfect fungi
(Deuteromycetes), which consume the less recalcitrant
components. The cellulose present in non-lignified tissues
is then attacked by some of these organisms. Subsequently,
the remaining lignified litter is colonised mainly by brown-
rot and white-rot Basidiomycetes that degrade it further.
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The remaining highly recalcitrant compounds become a
part of the soil organic matter.

An increase of tree species diversity in forests should
lead to an increase in microbial biomass, diversity and
activity due to greater niche variability (e.g. diversity of
carbon sources in more variable litters and root exudates,
greater primary production, variable microclimate, presence
of dead wood or spatial and age variability of trees) [43].
Deciduous litter should be more favourable for microbial
decomposers than the coniferous one, and its greater
quality may have a positive influence on the diversity and
decomposition processes. Several recent studies focused on
decomposition rate, nutrient dynamics and/or decomposer
activity of both pure and mixed plant litters, as reviewed by
Gartner and Cardon [16]. Similarly, certain studies assessed
microbial diversity within forest ecosystems using molec-
ular or phospholipid fatty acid analyses, as reviewed by
Leckie [25]. However, studies investigating decomposition
rates in situ together with the fungal species richness and
community composition are still scanty.

Greater microbial species richness is generally expected
to increase the average rates of related ecological processes
due to greater enzyme diversity and niche complementarity
[12]. Nevertheless, the decomposing ability of each species
varies depending on environmental conditions and also on
interactions with other fungi. Many fungi should be function-
ally redundant and the potential capacity for inter-specific
competition can be large. In such a case, the effect of diversity
could be weak caused due to saturation at low species richness
and/or enhanced competition [7, 21, 44, 47].

The main purpose of this study was to assess in situ
fungal colonisation of forest tree litter and to investigate the
role of the fungal diversity on the decomposition rate. The
targeted tasks were: (1) the effect of tree species on fungal
species richness and community structure during litter decay,
(2) their dependence on stage of decomposition and (3) the
coincidence of litter mass loss rates with fungal species
richness and diversity.

Methods

Site Description and In Situ Experiments

Experiments were conducted in the Breuil forest experimental
site, Burgundy, France. This site represents an opportunity to
specifically evaluate the influence of tree species which were
composed of control semi-native forest and mono-specific
even-aged plantation stands in a homogeneous area. Hence,
the impact of vegetation cover results only from different
stand structure, litter quality and/or changed microclimate.
The Breuil site is located in the Morvan Mountains, France at
an altitude of 640 m, latitude 47°18′10″ and longitude 4°4′

44″. Mean annual temperature is 9°C, with 1,280 mm
precipitation and evapotranspiration of 640 mm. The previous
forest was an old coppice with standards, dominated by Fagus
sylvatica L. and Quercus petraea Smith, associated with
several other dominant species such as Betula verrucosa
Ehrh. and Corylus avelana L. It evolved slowly towards a
high forest structure, not having been harvested for more
than 50 years. This native forest was partially cut down in
1976 and replaced by various monocultures planted in
1,000 m2 stands each. Five different stands were selected
for the litter bag experiment: four young plantations, namely
European beech (F. sylvatica L.), sessile oak (Q. petraea
Smith.), Norway spruce (Picea abies Karst.) and Douglas-fir
(D. fir; Pseudotsuga menziesii Franco.) and the native forest
as a reference stand.

Leaf and needle litters of the four plantations were
decomposed in 5×5-cm litter bags of mesh size 5 μm in the
plantation where they originated. Two leaf-needle litter
mixtures were decomposed on the border of the adjoining
involved stands using the same bags. These included spruce–
beech mixture and Douglas-fir–oak mixture, both 50% of
each litter type. The distance between two replicates was
0.5 m. The bags were placed in the stands in late November
2002. They were collected after 4 months (March 2003) and
24months (November 2004) of the incubation. Five replicates
were sampled at each tree species, and three of themwere later
used for molecular analyses. Mass loss of the decomposed
litter was calculated for the five replicates as the difference
between initial and final weight of litter dried at 65°C for 24 h.

Forest floor sampling was carried out in late June 2004
in the four plantations and in the native forest. Three
replicates of L and F layers were sampled in each stand.
They were at a distance of 10 cm from each other. All the
samples were immediately frozen (−80°C) for storage in the
lab. Organic and nutrient composition of the falling litter
and nutrient composition of the forest floor were analysed.

Molecular Analyses

The structure of fungal communities was assessed by
temperature gradient gel electrophoresis (TGGE), which
has been shown to be a sensitive and robust technique for
investigating soil microbial communities [3, 29]. Total
genomic DNA was isolated from the samples using the
Dneasy plant mini kit (Qiagen) following the manufac-
turer’s protocol without any modification. Fungal commu-
nities were analysed using ITS1F and ITS2 primer pairs to
amplify by polymerase chain reaction (PCR) the 280-bp
fragment of the fungal ITS rDNA [15, 48]. A 40-bp GC-
clamp was attached to the 5′ end of the primer ITS2 to
avoid complete separation of DNA strands during the
denaturing electrophoresis. The reaction medium consisted
of 5 μl of PCR buffer (Sigma, 100 mM Tris-HCl, pH 8.3,
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500 mM KCl, 15 mM MgCl2), 1 μl of dNTP (10 mM), 1 μl
of each primer (20 μM), 0,5 μl of Taq-polymerase (5 units/μl,
Sigma), 1 μl of GC-rich solution (Sigma), 2.5 μl of BSA (3%)
and 2 μl of genomic DNA in a final volume of 50 μl. The
amplification regime consisted of an initial cycle of denatur-
ation at 95°C for 3 min followed by 35 cycles of denaturation
at 94°C for 45 s, annealing at 55°C for 45 s and extension at
72°C for 1 min 15 s. The amplification concluded with a final
elongation step at 72°C for 8 min. The PCR reactions were
performed using an iCycler Thermal cycler (Bio-rad). PCR
products were tested on 1.5% (w/v) agarose gels followed by
ethidium bromide (0.5 mg/l, Bio-rad) staining. TGGE was
performed with a Dcode Universal Mutation Detection
system (Bio-rad). Polyacrylamide gels (8% acrylamide
(w/v), 8 M urea, 1.25× TAE and 0.2% glycerol (v/v), 300 μl
of ammonium persulphate (10%; w/v) and 30 μl of TEMED)
were used. Amplified DNA samples with the same volume
of loading buffer (10 μl each) were separated by electro-
phoresis in 1.25× TAE at a constant voltage (145 V) at a
temperature gradient from 50°C to 55°C with a temperature
increment of 1°/h. Gels were stained with silver nitrate after
the electrophoresis.

Statistics

A matrix of species distribution was calculated based on
image analyses using the Quantity One software (Bio-Rad)
with a band position tolerance of 2 mm, giving a maximum
of 50 detectable species. A presence–absence matrix was
created. Species richness, i.e. species number per sample,
was calculated (referred SR below). Analysis of variance
tests of SR and mass loss were counted using the Statistica
software (StatSoft). Multivariable analyses of the litter bags
and forest floor fungal community composition were done
using CANOCO (Microcomputer Power). Principal com-
ponent analysis was used first, corresponding to the
successive dimensions of maximum variance of the scatter
of samples. Redundancy analysis (RDA) than ordinated
fungal communities and tree stands as environmental
variables, such that the relative position of the communities
reflect their similarity and/or dissimilarity. The relative
significance of the fungal species vectors was indicated by
their length and direction from the axes origin. Monte Carlo
permutation tests calculated the significance of the envi-
ronmental factors [41].

Results

Decomposition Rate and Litter Properties

The values of cumulative mass loss in the litter bags are
given in Fig. 1. The major part of the litter material was

decomposed in both mixed litter experiments after 4 months
of incubation. Concerning the pure litter material, the mass
loss decreased from oak, Douglas-fir, spruce and beech. The
effect of litter type was significant. Beech and coniferous
mass loss values significantly differed from oak and both
mixed litter values. The tree species order changed after
24 months of incubation, when most of the material was
decomposed in the oak–Douglas-fir mixed litter. The
classification was then: oak > beech–spruce mixed litter >
beech > Douglas-fir and spruce. The litter-type effect was not
significant in this case; only spruce significantly differed
from oak and mixed litters.

The litter types differed in their mineral and organic
composition (Table 1). Litter from beech, oak and native
forest had a higher nitrogen content than spruce and Douglas-
fir. This was both in the falling litter and forest floor case. The
broadleaved trees also had a lower C/N ratio and a higher
potassium and calcium concentration in falling litter. The
native forest had the highest concentration of N, P and Ca
from all tree species and the second highest of K in the forest
floor. Beech litter was the richest on soluble compounds,
while Douglas-fir was the poorest. However, it had the highest
concentrations of both cellulose and hemicelluloses. The
lowest concentrations were found in oak and beech, respec-
tively. Beech showed the lowest amount of lignin, and oak the
highest. Oak had also a high lignin/N ratio, followed by
spruce, and it also had a high ash content.

Fungal Diversity in Litter Decomposed in Litter Bags

All of the 50 potentially detectable fungal species were
identified from the incubated samples. The SR (number of
species per sample) ranged from five to 20. The average SR
per sample within all tree stands was 11.8 after 4 months of
incubation and 10.6 for the 24 months sampling. Hence, it
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Figure 1 Mass loss of the litters decomposed in the litter bags,
sampled after 4 and 24 months of decomposition (b–s beech–spruce
mixed litter, o–d oak–Douglas-fir mixed litter). 4 months beech and
coniferous litter values significantly differed from oak and both mixed
litter values; 24 months only spruce differed significantly from oak
and mixed litters
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did not significantly differ between samplings. The beech
stand showed the highest and significantly different SR in
the first sampling, followed by conifers, mixed litter
samples and oak. Mixed litter samples presented the highest
SR in the second sampling, followed by spruce, oak, beech
and Douglas-fir. The Douglas-fir value was significantly
different from all the others and the beech value signifi-
cantly differed from both mixed litters. Comparing the two
sampling dates, a higher SR was found in oak and mixed
litters in the later sampling as compared to the earlier, but
lower in the others (Fig. 2a). The effect of tree species on
SR was found to be significant in both samplings.

Each tree species was characterised by a specific fungal
species pattern in the litter bag samples. In RDA, 49.3%
and 47.7% of the variability of the community composition
was explained by the forest tree species effect in the first
and the second sampling, respectively. The stage of
decomposition accounted for 11.5% of the fungi species
shift between earlier and later samplings within all tree
species combined. Random tests confirmed the significant
influence of both forest tree species and decomposition
stage. In the RDA plot of the first sampling (Fig. 3a), beech
was clearly discriminated from other tree species on the x-
axis by the presence of certain characteristic species (e.g.
19, 25, 30, 47, 48; for identity and Blast match, see
Table 2). The spruce stand was the most distant on the y-
axis and also had a different species composition (1, 14, 32).
The mixed litter samples were positioned in the central part
of the graph. No typical species was associated with them in
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Figure 2 Fungal species richness (SR), i.e. average number of
species per sample, detected: a in litter decomposed in litter bags,
sampled after 4 and 24 months of in situ decomposition (b–s beech–
spruce mixed litter, o–d oak–Douglas mixed litter); beech significantly
differed in 4 months, Douglas significantly differed from all the others
and beech differed from both mixed litters in 24 months; b in L and F
layer of forest floor; in L, only beech and oak values differed
significantly, in F, Douglas was the only significantly different stand

Table 1 Properties of the studied substrates

Soluble Hemicellul. Cellulose Lignin Lignin/n Ash N C/N P K Ca Mg

A
Native f. 32.2 16.7 23.5 24.1 1.5 3.5
Beech 44.2 17.6 18.0 16.2 1.2 4.1
Oak 30.2 13.3 22.1 29.9 2.2 4.5
Spruce 37.1 16.5 19.4 23.6 1.8 3.5
Douglas 19.6 19.0 42.5 17.1 1.4 1.9
B
Native f. 23.2 22.3 1.03 9.51 2.28 0.84
Beech 25.2 21.0 1.00 8.24 2.33 0.50
Oak 23.9 21.3 1.16 8.52 2.75 1.20
Spruce 15.1 34.4 1.11 7.34 1.44 0.71
Douglas 18.0 29.1 0.99 6.77 2.26 1.08
C
Native f. 16.1 32.1 0.81 1.19 2.72 0.61
Beech 13.9 37.3 0.63 1.22 2.46 0.56
Oak 13.6 38.1 0.70 1.12 2.64 0.69
Spruce 12.9 36.9 0.67 1.12 1.27 0.55
Douglas 12.6 44.6 0.63 1.2 1.98 0.58

A organic composition of the litters decomposed in the litter bags and in the native forest (%), B concentrations of nutrients in the litters
decomposed in the litter bags and in the native forest (g/kg), C concentrations of nutrients in the forest floor (g/kg)
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the earlier sampling. Nevertheless, they were highly sepa-
rated from pure litter types in the second sampling, tending
to occupy the right part of the RDA plot (Fig. 3b). However,
they were well discriminated on the y-axis from each other.
Many species were present only in these mixed litter
samples in the later sampling (e.g. species 10, 24, 41, 43 in
beech–spruce litter, species 14, 29, 33 in oak–D. fir litter).
The species occurring in mixed litter samples were not
always present in either of the original pure litter samples
and conversely. Spruce showed the most distinct commu-
nity structure of the pure litter samples, similar to the first
sampling. It was positioned separately along the y-axis but
kept the same position as other pure litter types along the x-
axis. These pure litter types, i.e. beech, oak and Douglas-fir,

were clustered together, indicating that relatively similar
fungal communities were involved in their decomposition
processes compared to mixed litter. The beech stand
showed the most pronounced shift in community compo-
sition between the earlier and later sampling dates. The shift
of the mixed litter communities was also significant. Oak
and spruce communities changed less, and Douglas-fir
community remained almost identical.

Thirty-three of the 50 species were identified in both
earlier and later samplings. However, there was a clear
abundance difference in the case of the majority of species
between the sampling dates. Species 7, 9, 12, 28, 31 were
identified mostly in the early stages of colonisation, species
17, 22, 37, 42, 44 were positively correlated with the later
stages. Five of the most common species were detected in
all tree litter types (6, 7, 9, 13, 28). Five other species
were detected only in one sample. Two of more abundant
species were specific to only one tree stand (47, 48, beech,
4 months).

Fungal Diversity in Forest Floor Layers

Forty-five different fungal taxa were detected in the L and
F forest floor layers together. Eight to 18 species were
identified per sample. The average SR was 13.7 species
per sample in the L layer and 12.1 species in the F layer
indicating no significant difference. The beech stand
expressed the highest SR in the L layer, followed by
conifers, the native forest and oak, but only beech and oak
values differed significantly from the others. In the F layer,
Douglas-fir was the species richest and the only significantly
different stand, followed by the native forest, spruce, beech
and lastly, oak again (Fig. 2b). Comparing the layers
together, Douglas-fir and the native forest had a higher
SR in the F layer than in the L layer, but for the other tree
species, the SR was higher in the L layer. The tree species
effect on SR was not significant in the L layer, but it was in
the F layer.

When testing the effect of tree species on community
composition by RDA, it explained 43.6% of L layer
variability and 46.1% of F layer variability. The L or F
layer effect (i.e. decomposition stage) explained 10.7% of
the variability within all five tree species together. Random
tests showed the tree species effect in both the L and F
layers and the L or F layer effect to be significant to fungal
species distribution. In the RDA plot of L layer diversity
(Fig. 4a), the fungal communities associated with the native
forest and spruce were discriminated from the others along
the x-axis, characterised e.g. by species 15, 20, 28. Beech
and oak stands occupied a similar position on the x-axis
(common species e.g. 6, 10, 41). However, beech was
discriminated on the y-axis, while oak was positioned in the
central part of the plot. The Douglas-fir position was distant
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Figure 3 RDA plot showing fungal community composition in litters
decomposed in litter bags, after a 4 months, b 24 months of the
decomposition in two broadleaves, two coniferous plantations and in
two mixed litters (B/S beech, spruce; O/D oak, Douglas), decomposed
on the border of adjoining plantations. Length of arrow indicates the
relative importance of the fungal species, while the angle between
arrows indicates the degree to which they are correlated
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from the other tree species on both axes, being the closest
to oak. The native forest and spruce had a similar position
on the first axis even in the F layer RDA graph (Fig. 4b,
common species e.g. 14, 27, 34) as did oak and beech
(species 26, 36). Douglas-fir was discriminated from other
tree species again. The native forest displayed a high SR
value but had many species in common with the planta-
tions. The most pronounced community shift between the L
and F layers were found in Douglas-fir. The communities
changed in other tree species as well, but least in oak and
beech stands. Certain species were associated with L layer,
independently on tree stand (e.g. 6, 10, 37, 44, 49); others
were more abundant in F layer (13, 24, 25, 26, 30).

Forty of 45 species occurred in both forest floor layers,
often showing preferences to one or the other. Sixteen
species were present in all tree stands in at least in one of
the layers. Only one species was identified only once. All
the samples both from litter bags and forest floor layers
were also analysed together (Fig. 5). Canonical axes
expressed 16.2% of the whole dataset variability. Samples
from the 24 months sampling were positioned between the
L and F layers on both axes, clustered in the upper left part
of the RDA plot. Four months sampling, representing the
early stages of decomposition, was clearly separated from
the others on the x-axis. The F layer, representing the later
stages, was well discriminated on the y-axis. This corre-
sponded well to expected decomposition stages of the
samples (4 months > L layer > 24 months > F layer).

Discussion

Decomposition Rate

The differences in decomposition rate among forest tree
species are associated not only with different organic
composition of litters [36] and the heterogeneous distribu-
tion of carbon and nitrogen resources [34] but also with
diverse SR and community composition and/or different
microclimates of the stands [6]. Early decomposition
stages, in this study 4 months, are expected to be strongly
related to microclimate and litter chemistry of water soluble
nutrients and structural carbohydrates. Later decomposition
stages (24 months) are more influenced by lignin concen-
trations in the litter material [4]. Oak, as the warmest and
moistest stand [24] with the nutrient richest litter, displayed
the highest mass loss from pure litter samples both after 4
and 24 months of decomposition, despite high lignin
concentrations and high lignin/N values. In the beech
stand, the decomposition was the slowest after 4 months
of decomposition, despite the highest N amount. It might
be, among others, caused by a high concentration of soluble
compounds which included inhibiting phenolic substances
[46]. However, it displayed the second highest mass loss in
the 24 months sample, coinciding with low lignin concen-
trations and lignin/N values. Conifers had less favourable
litter compositions and microclimatic conditions and dis-
played lower mass loss values than broadleaved stands in

Table 2 List of sequenced species. N. indicates the number used in the text and figures, Identity is the most particular species, together with Blast
database match and percentage of similarity, A-Ascomycetes, B-Basidiomycetes, Frequency implies in how many samples the species was
detected

N Identity Blast match Percentage Freq.

6 Leaf litter ascomycete its 408 isolate A AF502889 96 43
7 Megacollybia platyphylla B AF498289 100 48
10 Unpublished species – – 28
12 Epacris microphylla root associated f. AY268197 98 23
14 Uncultured f. clone B1c from forest AY324159 98 21
17 Leaf litter ascomycete strain its 356 A AF502859 97 21
19 Trametes versicolor B AY673076 93 12
21 Gerronema strombodes B U66433 92 11
23 Phlebia albida B AY219368 94 21
25 Dactylaria sp. P24 A AY265332 88 18
26 Phanerochaete sordida B AY219383 96 16
28 Fungal endophyte WMS13 A AY063309 94 28
30 Cryphonectria sp. CMW 11302 A AY214324 98 13
33 Epacrid root endophyte E4–5–5 A AF148952 91 13
35 Menispora tortuosa A AF178558 92 12
37 Coniosporium apollinis A AJ244271 90 16
39 Helotiales sp. sd2aN4b(A) A AY465452 95 8
41 Ascomycete sp. olrim349 A AY354279 95 20
42 Woollsia root associated f. XVIII A AY230788 90 14
46 Chaetosphaeria pulviscula A AF178544 94 12
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the 24 months. Douglas-fir needles decomposed more
rapidly than the spruce litter being richer in N and having
less soluble compounds and lignin concentrations. Differ-
ences in microbial activity within forest ecosystems were
also documented e.g. by Emmerling et al. [13], Fisk et al.
[14], Ohtonen and Vare [31].

From numerous previous experiments using mixed litter
material, it is clear that decomposition patterns are not
always predictable from simple-species dynamics [16, 23].
Litter mixture is expected to support a greater number of
microhabitats and chemical diversity and can also influence
overall decomposition rate and microbial activity through
the transfer of nutrients and secondary chemicals. Nutrients
released from rapidly decaying, higher quality litter can
stimulate decay in adjacent, more recalcitrant litter or
conversely, decay can be slowed by the release of inhibitory
compounds such as phenolics and tannins [16, 21]. The
change in decomposition rate after mixing broadleaved

litter with coniferous litter was documented previously [16,
39, 46]. Also, in the present study, the mixed litter showed
different dynamics than corresponding pure litter types.

Fungal Diversity

The study supported the hypothesis of tree species
influence on decomposing fungi communities. In fact, a
majority of species should originate in the native forest
being suppressed or favoured by the conditions in the
young plantations. In the 4-month litter bag sampling in
March, fungi could be inhibited by unfavourable conditions
during winter due to low temperatures. Conversely, later
sampling in November could have high fungal activity due
to favourable moisture and temperature conditions and to
an input of nutrients leached from newly fallen litter. Fungal
community in the litter bags was expected to develop under
partly different conditions, mainly modified moisture and
exclusion of soil fauna, compared to surrounding litter layers
[38]. The forest floor was sampled at the end of June 2004,
thus, during a rather warm and humid period and would be
expected to support high fungal activity.

Lejon et al. [27] also described significant discrimination
of fungal communities within the top 5–10 cm of the soil
profile in the same study site, using the ARISA technique.
Lindahl et al. [28] documented a clear shift in fungal
community composition between the L and F horizon in a
Scots-pine boreal forest. Hyphal length was previously
found to be greater in the L layer than in the F and H layers
[5, 33]. Other studies documented the differences in
microbial community composition in diverse forest ecosys-
tems [17, 20, 26, 37, 40, 42, 49, 50], seasonal changes in
community composition [30] and succession of fungi
during decomposition [32], reviewed by Osono and Takeda
[35] and Virzo De Santo et al. [45]. However, the studies
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are not easily compared due to the use of different sampling
scales and techniques in various climatic conditions.

Links Between Biodiversity and Decomposition Rate

Fungal diversity and decomposition rate were not neces-
sarily correlated (Figs. 1, 2). The nutrient status of the litter
and its organic properties together with biotic interactions
and actual activity of species according to environmental
conditions [2] seemed to be more important for mass loss
values than either species richness or community compo-
sition. A certain positive diversity effect was found in the
24-month samples for species-rich, well-decomposed
mixed litters. It seemed that higher niche variability and
resource diversity allowed more fungal species to coexist in
the mixed litter without increasing the competition and
inhibiting their activity. Rather, negative relations were also
found, e.g. in the oak stand in the 4 months sampling,
where low SR was detected together with relatively fast
decay. Conversely, the beech litter with significantly higher
SR decomposed slowly, since enhanced competition in the
rich community might have slowed down the decay process.
After 24 months, litter bags from Douglas-fir, relatively poor
in fungal species, showed higher mass loss than spruce with
rather higher SR. Certain species present mainly in later
stages (e.g. 17, 37, 38, 42, 44) were positively correlated to
higher decomposition rate (tested by RDA, all litter types
together, data not shown), whereas other species (e.g. 7, 12,
27, 28, 31) were correlated negatively.

The tree species studied seemed to retain sufficient
fungal diversity to compensate for species suppressed by
the change of the dominant tree. There was no clear diversity
decrease observed to influence the decomposition rate
negatively by elimination of key species. Community
composition seemed to have only minor effects on decom-
position rate probably due to a high degree of functional
redundancy of decomposing fungi [8]. Favourable micro-
habitats might be preferentially colonised, but less favour-
able are also exploited as total abundance and competition
rise largely independently of the number of species
involved [12]. Unexploited gaps after a species loss can,
thus, be eventually closed by the remaining species [22].
Setala and McLean [44] reported that functional efficiency
of fungal communities increased with the number of taxa
only at the species-poor end of the gradient in a study of
gradients of SR in mixtures of saprophytic fungi from pine–
spruce forest. Similarly, no decrease in functional diversity
of microorganisms in plant debris did result in decline of
decomposition rate [9], and the experimental reduction of
the microbial communities had no direct effects on soil
functions in arable soils [19]. Conversely, short-term
decomposition in pasture soil decreased with decreasing
biodiversity after fumigation [18]. According to the present

study, Wilkinson et al. [50] documented decomposer
community composition in pine and spruce forests to be
mainly determined by climatic conditions and litter quality
whereas differences in community composition had no
apparent functional consequences for litter decomposition.

Conclusions

The study showed that saprophytic fungal communities
under the studied tree species differed in species composi-
tion. Succession of species according to decomposition
stage was observed as well. The mixed litter samples were
found to sustain fungal diversity, including the most distant
communities composed of characteristic species in the later
decomposition stages. Decomposition rate was also in-
creased, mainly when compared to the corresponding
coniferous pure litter. The species richness was not found
to be positively correlated to the decomposition rate. Higher
decomposition rate values in the species-rich mixed litter
might rather be explained by higher niche and resource
variability. On the contrary, enhanced competition in the
species-richest communities might possibly slow the decay
(e.g. beech litter in 4 months).
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