Applied Soil Ecology 218 (2026) 106734

o %

ELSEVIER

Contents lists available at ScienceDirect APRUED

ECOLOGY

Applied Soil Ecology

journal homepage: www.elsevier.com/locate/apsoil

o

Check for

Decomposition constraints in acidified oak forests impacted by N | e
deposition: a litterbag study on microarthropods

Marie-Charlott Petersdorf ", Joren Bruggink ?, Maaike J. Weijters ", Wilbert L.P. Janssen?,
Wilco C.E.P. Verberk ®, Henk Siepel **

& Department of Ecology, Radboud Institute for Biological and Environmental Sciences, Radboud University, Heyendaalseweg 135, 6525 AJ, Nijmegen, the Netherlands
b Onderzoekcentrum B-WARE, Mercator III, Toernooiveld 1 (2e verdieping), 6525 ED, Nijmegen, the Netherlands
¢ wildlife Ecology & Conservation, Wageningen University, Droevendaalsesteeg 3a, 6708 PB, Wageningen, the Netherlands

ARTICLE INFO

Dataset link: Datasets and code:
Decomposition constraints in acidified oak
forests impacted by N deposition: a litterbag
study on microarthropods (Original data)

Keywords:
Microarthropods
Decomposition
Litterbags

Feeding guilds
Nitrogen deposition

ABSTRACT

Nitrogen deposition causes soil acidification, which has been shown to slow down decomposition of organic
matter in old oak forest stands. To restore this critical ecosystem function, we need to understand the current
diversity and functional roles of decomposer organisms. We conducted a 21-month litterbag study in a Quercus
robur forest in the Netherlands, using 6 different leaf treatments. These included leaves from Populus tremula as
an easy degradable leaf type or Quercus robur leaves. Furthermore, leaves from each species originated from 3
different seasons (spring, summer, autumn). We extracted microarthropods from the litterbags, identified them
to species level, and assigned feeding guilds to understand different stages of species establishment of micro-
arthropods during decomposition. We found differences in decomposition rates between treatments, with spring
leaves from Populus tremula decomposing the quickest and autumn leaves from Quercus robur decomposing the
slowest. Feeding guild composition also differed significantly between leaf treatments; easily decomposable
Populus leaves harboured more herbivorous grazers, while more recalcitrant Quercus leaves supported greater
species diversity and abundance of fungivores, especially in autumn leaves, which had the overall highest
microarthropod abundances. These patterns indicate that microarthropod community composition is consistent
with different leaf chemistry.

1. Introduction

network in the Netherlands. The region features various biotopes, with
the oldest parts of the forest composed predominantly of different oak

Nitrogen (N) deposition has been shown to disrupt ecosystem func-
tions. In the Netherlands, 80 % of all Natura 2000 habitats are in poor
ecological condition due to the effects of nitrogen deposition (Galloway
etal., 2003; Janssen et al., 2020). One important reason for this situation
is that N causes acidification and accumulates in ecosystems (Bobbink
et al., 2010). This acidification also dissolves active iron and aluminium
ions that can bind elements such as phosphorus (P) in inorganic com-
pounds. The relative lack of these nutrients combined with the accu-
mulated N causes nutrient imbalances in the soil (Nijssen et al., 2017;
Siepel et al., 2019; Tian and Niu, 2015). In particular, the N/P ratio
increases negatively effecting producers and consumers (Sterner and
Elser, 2017; Vogels et al., 2024, 2023, 2020).

The Veluwe in the Netherlands is one such highly sensitive forest
ecosystem, situated on nutrient-poor sandy soil (de Vries et al., 2019). It
represents the largest contiguous area of the protected Natura 2000
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species (Quercus robur, Quercus petraea). The topsoil pH has decreased
over the last decades from 4.5 to pH 3, with a base saturation of only 10
% of the pre-deposition level and a strongly increased Al/Ca ratio in the
first 10 cm soil (Weijters et al., 2020). Recent research identifies nitro-
gen deposition and its effects as the main drivers behind the increasing
mortality of oak trees, with the complex ecological consequences play-
ing out on many different levels (Bobbink, 2021; Tresch et al., 2025).
One key mechanism is the decrease in decomposition rates due to
acidification, leading to the accumulation of leaf litter. As a result,
essential nutrients remain trapped in the undecomposed organic layer,
preventing their reintegration into the food web (Braun et al., 2020). To
ensure long-term ecosystem recovery, it is essential to look beyond soil
chemistry alone and consider the biological components of the system,
particularly the decomposer community. What is the effect of accumu-
lated N and the increased N/P ratio on the potential of restoration of the
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decomposer community, mainly dominated by microarthropods?

Microarthropods are a diverse group of small soil-dwelling organ-
isms that play a key role in decomposition and nutrient cycling. These
small arthropods are between 0.1 mm and 2 mm and reach high den-
sities in the first 5 cm of the topsoil layer. They contain (sub-) orders
from Acari (Oribatida including Astigmatina, Endeostigmata, Meso-
stigmata, Prostigmata), Hexapoda (Collembola, Protura, and Diplura) as
well as some Pseudoscorpions, Pauropods, and Symphylans (Hopkin,
1997; Koch and Hahn, 1831; Weigmann, 2006). Microarthropods
contribute actively to the process of leaf litter decomposition both by
feeding directly on the organic plant material itself and by stimulating
growth of soil microflora (Nielsen, 2019). To increase our understanding
of the ecological role of this group, we use the feeding guild classifica-
tion of Siepel and de Ruiter-Dijkman (1993) for microarthropods based
on measured gut enzyme activities, which delineates between species
that fed on plants (herbivorous), fungi (fungivorous) or a combination
(herbo-fungivorous). In addition, species are classified as grazers when
they can digest both cell walls and cell content and as browsers if they
are only able to digest cell contents only (e.g. by piercing). Some
microarthropods are known to feed on other soil animals (omnivores,
general predators). Importantly, fungivorous grazers are able to stimu-
late decomposition (Siepel, 1994), presumably by recycling nutrients
and hence stimulating the growth of soil microflora.

We want to understand the role of different feeding guilds of
microarthropods in the process of leaf litter decomposition in an oak
forest affected by continuous nitrogen loading. We are interested in
chemical composition of leaf treatments as a driver for microarthropod
occurrence and contribution to decomposition. For that, we used 6
different leaf treatments. These included leaves from Populus tremula as
an easy degradable leaf type or Quercus robur leaves as being more
recalcitrant. Furthermore, leaves from each species originated from 3
different seasons (spring, summer, autumn), resulting in differences in
nutrient compositions across leaf treatments. We expect to find differ-
ences between the leaf treatments in terms of rate of decomposition and
in species composition of microarthropods both between tree species
and season, because both processes, decomposition rate and micro-
arthropod occurrence are driven by nutrient availability. We also expect
to find differences in species composition over time, as nutrient avail-
ability changes with ongoing process of decomposition. Important
decomposition stimulating species, such as fungivorous grazers, are
expected to increase later in time and to be more dominant in Quercus
compared to Populus.

2. Methodology
2.1. Field site

The experiments were carried out in a private forest stand of Nieuw
Dennenlust, a small estate on the Veluwe south of Beekbergen
(52°08'52.0'N 5°57'43.4"E). The forest is not accessible to the general
public and does not host wild boar. Therefore, the experiment could be
carried out without any disturbance of the litterbags. The dominant tree
at the experimental plot is Quercus robur, and the current forest stand is
at least 120 years old. The soil type is a spodic dystrudept (Soil Survey
Staff, 1999), or dystric cambisol (IUSS Working Group WRB, 2022)
developed in moderately coarse sandy parent material containing about
15 % loam in the deeper soil. Experiments were carried out from
November 2022 to August 2024.

Following the weather data of the royal Dutch institute for meteo-
rology, an average yearly temperature of 11.6 °C with 729 mm rainfall
was measured for 2022. It was recorded to be a harsh winter and very
warm summer with the highest temperature in August. The year 2023
experienced, on average, 11.8 °C and 1060 mm rainfall as the warmest
and wettest weather year since measurements. The final year, 2024,
recorded an average temperature of 11.8 °C and 986 mm total rainfall
(“KNMI - Jaar 2022, 2023”; “KNMI - Jaar 2023,” n.d.-b; “KNMI - Jaar
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2024,” n.d-c).

2.2. Litterbag set-up

All leaves for this litterbag experiment were collected at the height of
1.5 m - 2 m directly from the tree. We randomly chose several Quercus
robur and Populus tremula trees in the vicinity of the experimental area
(52°08'57.0" N 5°5729.8" E for the oak leaves and 52°10'03.1" N
6°00'41.1" E for the poplar leaves) and sampled their leaves at different
seasons of the year: one day in spring, summer and autumn in 2021.
Then, all leaves were pooled together among trees per season, oven
dried at 70 °C for 24 h in paper bags and put into the litterbags (see
litterbag preparation). The same litter material was used in earlier
feeding trial experiments with Platynothrus peltifer, see Petersdorf et al.
(2024).

In the results section in the plots, the treatment types are referred to
as their full description: Quercus robur spring/summer/autumn and
Populus tremula spring/summer/autumn. The original abbreviations for
the treatments are exclusively used in the statistical analysis. They have
been adapted from the project plan, and samples taken before this
project: P = Populus tremula or Q = Quercus robur as the first letter in the
treatment code, and V = spring, Z = summer or N = autumn as the
second. Table 1 gives the main leaf chemistry data from Petersdorf et al.,
2024. For the written text, abbreviations for the trees are used as
Q. robur (Quercus robur) and P. tremula (Populus tremula).

All litterbags were hand-crafted from a non-decomposable poly-
amide plastic net material, normally used to protect garden plants from
insects. This material has a mesh size of approximately 2 mm to exclude
all other arthropods from the decomposition experiments. Each litterbag
received a coloured plastic label with one colour per treatment, with its
individual sample identifier as a combination of treatment abbreviation
and -number 1-60. Litterbags were filled with 5 g (£0.5 g) of dry litter
material and closed. In total, 360 litterbags were put into the soil.
Though only 240 litterbags were collected for the experiment, an excess
of litterbags was used to ensure random sampling at all sampling dates
and to account for lost samples in the forest. Any remaining litterbags
still buried in the ground after the experiments were finalized were
collected and discarded.

Litterbags were set on November 1, 2022 in the first 5 cm of the
topsoil with one row of litterbags per treatment. In a marked area, all
litterbags of one treatment were put into the soil in random order in a
straight line, with approximately 15 cm between litterbags. Lines of
litterbags have been placed next to each other, with approximately 50
cm distance to each line. The area was marked visibly to be found again
for later sample collection.

Sampling took place 1, 3, 6, 9, 12, 15, 18, and 21 months after
placement, where 5 replicates per treatment were sampled.

2.3. Leaf chemistry

Leaves of the six leaf treatment for the litterbags were measured for
earlier experiments for Petersdorf et al. (2024), values have been
rounded for one decimal place.

Table 1
Measured chemical contents of leaf litter treatments with 2 measurements for
phenolics and one measurement for N and P.

Treatment N [PPM] P [PPM] Phenolics [PPM] SD phenolics
P. tremula spring 283 6.1 4719.7 4.951488
P. tremula summer 222 5.5 3549.7 9.32205

P. tremula autumn 90 5.2 8625.7 34.29311

Q. robur spring 279 5.1 11,466.7 37.13616

Q. robur summer 318 3.2 8689.4 68.84266

Q. robur autumn 156 4.5 14,274.9 25.1244
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2.4. Microarthropod extraction and sample procession

Litterbags were placed in a Tullgren funnel set-up at Wageningen
University and Research to extract microarthropods following a stan-
dard protocol (Siepel and Bund, 1988). After one week of extraction,
microarthropods were collected in 70 % ethanol in a plastic vessel and
were, together with dried litterbags, brought to Radboud University for
further investigation.

Microarthropods were transferred to object cavity slides in lactic acid
(20 %) for clarification and species identification. Virtually all micro-
arthropods were identified to the species level (including juveniles). For
species with high numbers of juveniles in the litterbags, adults and ju-
veniles were recorded separately. Identification keys used were e.g.
Weigmann (2006) for Oribatida, (Karg, 1993) for Gamasina, (Karg,
1989) for Uropodina, and several family and generic keys for Pros-
tigmata, Endeostigmata, and Astigmatina. Nomenclature is according to
the checklists of (Siepel et al., 2009) for Oribatida, (Siepel et al., 2016)
for Astigmatina, (Siepel et al., 2018) for Mesostigmata, and (Siepel,
2022) for Endeostigmata. For the other groups, https://www.gbif.org
/species/ was used. After microarthropod extraction, litterbags were
oven-dried for at least 24 h at 70 °C. After drying, all litterbags were
weighed on a micro scale with three decimal places (measured to 0.001
g) to calculate weight loss.

2.5. Data handling microarthropods

Juveniles identified to species were combined with adults, while few
unidentified juveniles (e.g., Mesostigmata juv.) were excluded. To
address seasonal variations of microarthropod abundances due to
weather, proportional species abundances per litterbag were analysed
instead of total abundances. For all species in this litterbag study, a
feeding guild based on (Siepel and de Ruiter-Dijkman, 1993) was used.

All species that were summed up in 9 feeding guilds; herbivorous
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grazer (hg), herbivorous browser (hb), fungivorous grazer (fg), fungiv-
orous browser (fb), opportunistic herbo-fungivore (ohf), herbo- fun-
givorous grazer (hfg), omnivore (o), general predator (gp) and
bacterivores (b). Since the bacterivores just contain the single species
Histiostoma sapromyzarum, it is referred to as the species name in the
result section.

We weighted the litter put into each litterbag and weighted the bag
as a whole (litter + bag material). When we calculated the weight loss
over time, we used the individual weights per bag (weighted before
experiment) and calculated the percentage weight loss per bag to avoid
bias due to 10 % difference in litter weight among all litterbags. In Fig. 1,
we used remaining mass in percentages, where 100 % are calculated
from litterbags pre-experiment weight that were then collected in month
1.

All statistical analysis, data procession, and creation of plots were
done in R Studio version 4.5.1 (R Core Team, 2021). To explain
decomposition rate, a linear model with log10 transformed remaining
mass in percentages (+1) and log10 Month is used, since mass loss was
strong in the first few months and slowed down over time. We used
month as a numeric variable as months after deployment of litterbags
and season2 as the calendar months in the year (Dec, Feb, May, Aug,
Nov) as a categorial variable. This model proved to be a good fit (see
Supplemental material for tests and R code). For statistical models,
leaves from the autumn season were used as a default since the exper-
iment took place in a Q. robur stand that received leaves from the
autumn season as natural litter fall.

Microarthropod counts varied greatly between replicates, among
treatments, and through time. Pearsons's correlation coefficient showed
that total abundances of microarthropods were positively correlated
with more mass remaining in the litterbags because more litter can also
support more microarthropods. We checked General additive models
(GAM) using counts to also allow for non-linear trends, where models
considering the total amount of microarthropods showed a worse fit
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Fig. 1. Decomposition rate of Litterbags as percentage of remaining mass. Remaining weight of litterbags (g) over time since deployment in the soil (Months), fitted
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with diluted data patterns. GAMs without considering the total amount
were sensitive to the fluctuations in total counts. We transformed our
total counts of individual species into proportions between 0 and 1 per
sample and then summed all individuals up that belonged to a feeding
guild as mentioned above. We chose this approach because we are not
interested in explaining the variation in counts that is caused by several
reasons we did not control for, but instead in researching the species and
feeding guild composition. The GAM provided a good fit for non-linear
trends over the time for the different feeding guild groups. We did not
transform proportions of feeding guilds, which leads to an interdepen-
dence between feeding guild proportions per sample, since one pro-
portion is dependent on the other. However, we just tested one feeding
guild at a time per model to avoid this negative correlation.

For the GAM, we treated treatment (leaf species-season combination)
and season as fixed effects, since these represent specific, controlled
experimental conditions. We checked normality and heteroscedasticity
by examining the qqg-plots beforehand. The GAMs themselves were
evaluated by the gam.check function. There were no random effects
included in the GAMs. We used quasibinomial family with a log-link
function. Time as month was modelled with a smooth effect (k = 8)
which showed to be the best fit for this data. Separate Wilcoxon rank-
sum tests were conducted for each time point with fdr correction.

The packages dplyr, tidyr, and purr have been used to prepare data for
the analysis (Wickham et al., 2023, 2025; Wickham and Henry, 2025),
the packages ggplot2, viridis and patchwork have been used to create
figures (Garnier et al., 2024; Pedersen, 2024; Wickham, 2016).For sta-
tistical analysis, the packages Imer, MASS and mgcv for GAM models
were used (Kuznetsova et al., 2017; Venables and Ripley, 2002; Wood,
2011). To illustrate regression models, the package visreg was used
(Breheny and Burchett, 2017).
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3. Results

Over the course of the experiment, decomposition progressed
steadily over time (linear model: F1o,23s = 96.0, p < 0.001; R? = 0.80,
adjusted R? = 0.79). Temporal effects were strong (p = —0.30 = 0.06, p
< 0.001), indicating consistent weight loss in litterbags. Leaf origin
significantly shaped decomposition rates: leaves collected in spring
decomposed faster than those from other seasons (f = —0.087 + 0.013,
p < 0.001), with especially pronounced effects for P. tremula. Populus
leaves from both spring (f = —0.077 + 0.019, p < 0.001) and summer (f
= —0.100 £+ 0.019, p < 0.001) decomposed significantly faster
compared to Q. robur leaves from autumn, which decomposed slowest
(Fig. 1). Calendar month of deployment (February, May, August,
November) did not significantly affect decomposition rates (Supple-
mentary Tables S1-S4). In total, 51,804 individuals were collected from
litterbags, comprising 163 species.

Herbivorous grazers displayed a significant non-linear temporal
pattern throughout the experiment (GAM: edf = 5.87, Fe.539 = 8.808, p
< 0.001; adjusted R? = 0.277, deviance explained = 32.1 %). Among
treatments, Populus leaves collected in spring hosted the highest pro-
portions of herbivorous grazers (p = 0.36 + 0.15, p = 0.02) (Fig. 2), in
comparison to Q. robur leaves from autumn as the default value in the
model (Supplementary Tables S5 and S6).

Fungivorous browsers increased significantly over time, reaching
their highest proportions during later stages of the experiment.

This temporal pattern was best explained by a generalized additive
model with a smooth term for month (GAM: edf = 2.033, F = 18.22, P <
0.001), indicating a significant nonlinear trend (Supplementary
Tables S7-S9) (Fig. 3).

Fungivorous microarthropod species richness (guilds fb, fg, hfg, ohf)
was significantly higher in Quercus than in Populus litter during several
sampling periods. Wilcoxon rank-sum tests performed per month
revealed significant differences in month 12 (W = 52,5, p = 0.0263),
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Fig. 2. Proportion of Herbivorous grazer over time per treatment. Proportion of herbivorous grazers over all replicates per treatment per time point of sampling is
plotted over time in months. The confidence intervals are calculated across all replicates per treatment per time point.
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month 15 (W = 52, p = 0.0263), and month 18 (W = 49.5, p = 0.0263),
indicating consistently higher fungivore richness in Quercus samples
over time (Fig. 4) (Supplementary Table S10).

Eupodes truncatus (Prostigmata, Eupodidae), a small nematode
preferring omnivore, exemplifies the initial high abundance followed by
a decline over time for all treatments (Fig. 5, A).

The abundance of Hypochthonius rufulus (Oribatida, Hypo-
chthoniidae), feeding on exuviae of Collembola, follows the Collembola
abundance, as it increases when Collembola abundance decreases - a
pattern seen in all treatments (Fig. 5, B).

4. Discussion

We found clear differences in rates of decomposition between leaf
treatments. Populus leaves decomposed faster than those from Q. robur.
Populus trees do occur in the Veluwe, but not in our experimental plot.
The decomposer community of micro arthopods in this specific location
are used to oak tree leaf litter. In fact, decomposition was slowest for
autumn Quercus leaves, i.e. the natural litter in this ecosystem. In the
literature, the so-called “home-field advantage effect” states that home
litter decays the fastest within their own home range of trees (Ayres
et al.,, 2009). Our results seemingly contrast this idea, but previous
studies researching this effect suggest that, while home-field advantage
may play a role, decomposition is also driven by leaf chemistry (Freschet
et al., 2012; Veen et al., 2015). P. tremula leaves had higher amounts of
phosphorus, high amounts of nitrogen and the lowest amount of phe-
nolics compared to leaves from Q. robur collected in the same season.
Not only could these initial chemical values pre-decomposition explain
differences in decomposition rate, but they have also been shown to
explain fecundity in feeding trials with the herbivore Platynothrus peltifer
(Petersdorf et al., 2024) where the same leaf material was used. Thus,
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the different chemical composition of leaves affected their nutritional
quality and subsequent rate of decomposition.

We used the different treatments to create a gradient of different
chemical compositions that was as natural as possible, although we are
aware that green leaves collected directly from trees and subsequently
left to dry will differ in leaf chemistry from the senescent leaves that
make up the leaf litter (Rosenfield et al., 2020). Nevertheless, the
gradient in chemical composition allowed us to test the functional role
of microarthropod decomposers. Our study took place in an oak forest
stand that is impacted by the effects of continuous nitrogen deposition.
Since we wanted to isolate the effect of microarthropods on decompo-
sition, we excluded all other fauna with the mesh size of 2 mm for lit-
terbags. Other litterbag studies have either examined microarthropod
groups that are mainly predatory and do not directly contribute to leaf
litter decomposition (Urbanowski et al., 2021), or found species
composition of mites adapting to their habitat (Lindo and Winchester,
2009; Mitchell et al., 2016). Some studies confirmed a species turnover
through time in litterbags (Anderson, 1975), with a study from Gergocs
et al. (2015) showing how litter quality impacts species composition of
mites. This is the first study that examined individuals of micro-
arthropods to the species level and assigned them to feeding guilds, thus
allowing us to evaluate their role during the different stages of litter
decomposition. Past studies to determine stages of decomposition
mainly focused on microbial contribution (Berg, 2014), even though
microarthropods are known to have major contributions to leaf litter
decomposition (Kampichler and Bruckner, 2009).

Herbivorous grazers in the litterbag experiment strongly preferred
Populus leaves, being less abundant in litterbags with leaves from
Q. robur. This pattern is consistent with the feeding trials performed by
Petersdorf et al. (2024), which demonstrated that a higher fecundity in
the herbivorous grazer Platynothrus peltifer when fed Populus leaves This
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pattern suggests that herbivorous grazers may be influenced by leaf
chemistry, and that they are potentially deterred by the presence of
phenolics. Phenolics are stored in the vacuoles of plant cells (Perry et al.,
2008) and they are released when plant tissue gets damaged (Divekar
et al., 2022). Herbivorous grazers that feed on the whole plant cell will
also unavoidably feed on the vacuoles with the phenols. This likely ex-
plains why the highest proportion of herbivorous grazers was observed
in leaf treatments with the lowest phenols (Populus spring) while the
lowest proportion was observed in leaf treatments with the highest
phenols (Q. robur spring).

Herbivorous grazers play a key role in the early stages of decompo-
sition, establishing themselves as the first microarthropods to break
down freshly fallen leaf material. They appeared in high abundance for
all Populus treatments in the first few months of the experiment. This
feeding guild can feed on both plant cell walls (using cellulase) and cell
contents (no differentiating enzymes) explaining why these are first on
the scene and showing that they will facilitate decomposition. Most of
the herbivorous grazers also appeared to have a life-history tactic with
slower developmental rates, or are adapted to fairly constant environ-
ments (thelytokous reproduction) (Siepel, 1994). This is an indication
that it is not their quick life cycle that causes them to arrive as one of the
first groups but are crucial to process fresh leaf material before further
decomposition by microarthropods can take place.

In the second phase of decomposition, all the easily degradable parts
of organic matter have been eaten, and other organisms such as soil
fungi become more dominant to degrade what is left by the early ar-
rivals. The growing presence of soil fungi in the litterbags can be inferred
from the increase of fungivorous browsers, which have their highest
relative abundance across all leaf treatments in the last few months of
the experiment. This is because fungivorous browsers, can only digest
the cell contents of living fungal cells (Siepel and de Ruiter-Dijkman,
1993). Since slow-growing soil fungi, such as some saprotrophic and
most mycorrhizal fungi, take time to colonize the litterbags, this ex-
plains why the browsers are only seen in the second phase of decom-
position. In contrast to the browsers, fungivorous grazers, did not
coincide with fungal colonisation. Instead, the grazers have a high
overall presence. These can consume entire fungal cells, including
membranes and contents. Thus, grazers are not exclusively dependent
on actively growing fungi; they also feed on dead hyphae (Siepel and de
Ruiter-Dijkman, 1993). Their high overall abundance likely reflects that
these soils typically receive leaves from Q. robur that fall to the ground in
autumn (therefore, comparable to our Q. robur autumn treatment). The
decomposition of Q. robur leaves from autumn seems strongly dependent
on fungi, since fungivore microarthropods make up almost 50 % of all
microarthropods through the course of experiments (Fig. 3). We can
conclude that fungivorous grazers may be omnipresent year-round and
likely happen to walk into the litterbags, without being directly attrac-
ted by a newly available food source in the litterbags. Their food source
is available through the whole year. For the process of recycling, the
fungivorous grazers are especially important, as they can also feed on
fungal cell walls. In doing so, they contribute to breaking down struc-
turally resistant fungal biomass, unlocking nutrients that would other-
wise remain inaccessible. This function is analogous to the role of
sponges in coral reef ecosystems, where sponges recycle dissolved
organic matter and retain energy within the reef food web (de Goeij
et al., 2013). Similarly, fungivorous grazers support a soil-based mi-
crobial loop by mobilizing nutrients trapped in fungal structures,
thereby enhancing fungal turnover and sustaining decomposition pro-
cesses. Their role in recycling energy and facilitating nutrient flow in
soils is likely underestimated and merits greater attention in models of
soil ecosystem functioning.

While analysing the dataset, we came across two specific examples of
microarthropods.

They exhibit a specific lifestyle, enabling them to occupy specific
niches during different stages of decomposition and influence nutrient
cycling within the litterbag system: Hypochthonius rufulus and Eupodes
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truncatus. Eupodes truncatus is known to feed on bacterivorous nema-
todes (Siepel et al., 2023; Walter, 1987). Bacteria, which are themselves
the exclusive food source of the nematodes, are the first organisms in the
process of leaf decomposition due to their quick growth rates and their
ubiquitous presence in the soil. This mite is an example of a species
quickly exploiting an ephemeral resource (Georgieva et al., 2005).

Hypochthonius rufulus food sources were a riddle for a while until
Siepel and de Ruiter-Dijkman (1993) confirmed it as an omnivore, while
other papers reported it feeds on fungus (Maraun et al., 1998; Schneider
and Maraun, 2005).

Its main food source is, in fact, the exuviae (cast-off skin) of ar-
thropods, mainly Collembola species, as these continue moulting during
their lives, whereby it does not seem to have any preference for a specific
Collembola species. In Fig. 5, it can be seen in grey how Collembola
increases in relative abundance, followed by Hypochthonius rufulus in red
which can increase after its providers moult in the litterbags while
growing. Notably, Hypochthonius rufulus was shown to be unimpacted by
high temperature. This graph also shows this species had its peak
abundance during the summer months of our litterbag experiment
(months 6-9) (Madge, 1964). Both microarthropod species serve as a
good example in pinpointing species establishment not only as a col-
lective phenomenon of overall feeding guilds (that sum up several spe-
cies) but also in following the different windows of nutrient
availabilities from the perspective of microarthropods.

In conclusion, decomposition rates suggest that autumn leaves from
Q. robur contain such a complex chemical composition to break down
that the slow decomposition rate displayed could be the quickest
possible under given circumstances, since leaves from Populus do
decompose quicker in an oak forest stand. We did not test home-field-
advantage directly, but can conclude that, in our case, the decomposi-
tion rates of the different treatments are reflected in the microarthropod
species composition. In particular, microarthropod communities
assemble according to the chemical composition of the leaf litter, with
Quercus leaves displaying the highest species richness and overall
abundance of microarthropods. Further, fungivorous microarthropods
specialised in feeding on fungi are found significantly higher for treat-
ments containing Q. robur leaves. Phosphorus, as a crucial element for
all life forms, exhibits a positive influence on decomposition rate overall
and showed to be important, at least for herbivorous grazers. With
ongoing nitrogen deposition, stoichiometric imbalances will result in a
scarcity of phosphorus relative to nitrogen. A promising direction for
future research is how phosphorus scarcity in turn decreases decom-
poser performance, and nutrient turnover rates. Via this cascade of ef-
fects, phosphorus scarcity could reinforce the slow decomposition rates
observed in Quercus litter, creating long-term consequences for forest
nutrient cycling and overall ecosystem stability.
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