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a b s t r a c t

Given the relevant role played by soil organisms in fundamental ecosystem processes, current ecological
research stresses the importance of understanding the trophic structure of soil communities in order to
better predict the effects that global environmental change can have on the soil food web structure and
dynamics. Using stable isotope analysis, we examined the trophic ecology of six soil oribatid mite species
present in the leaf litter of beech forests which mainly differed in mean annual precipitation. We
explored the relationship between animal and leaf litter signatures to determine which of the two ap-
proaches, conventional calibration or a novel solution we offer using statistical control (i.e., isotopic
signature of the basal resource included as a covariate in the model), is more adequate to evaluate the
trophic structure of soil communities across different sites, and investigated if the trophic niches of the
species varied under two different precipitation regimes. The trophic position of some species varied
with rainfall; the observed enrichment in 15N in dry forests reflects trophic and spatial shifts probably
resulting from changes in microbial activity and community composition. In addition, we find interactive
effects between precipitation and the basal resource for some species and a lack of correlation between
resource and oribatid mite stable isotope values for others. We discuss the pertinence of using con-
ventional data calibration as it appears to mask relevant trends regarding the trophic ecology of oribatid
mite species, and suggest using statistical control (a covariate approach) instead.

© 2017 Elsevier Masson SAS. All rights reserved.

1. Introduction

Soil animals directly and indirectly affect nutrient availability in
soils, e.g. by changing abiotic conditions and microbial activity,
thereby altering plant growth [1e5] and ecosystem productivity
[6,7]. In view of the current global diversity decline, understanding
the trophic structure of soil communities is of crucial importance to
estimate and anticipate the effects of global environmental change
on the functioning of soil food webs and on terrestrial ecosystems
in general [6,8e11].

Beech (Fagus sylvatica) forests of NW Spain are in the south-
western most limit of the distribution for the species, where

changes in temperature and precipitation patterns have been pro-
posed to affect their decline in the last decades [12,13]. Regardless
of the well-known linkage between precipitation and the func-
tioning of terrestrial ecosystems [14,15], and the positive effects of
precipitation on primary producers, consumers and decomposers
[16,17] and references therein [15], little is known on the effects
that altered precipitation can have on the functioning of the soil
ecosystem (i.e., the consequences of altered rainfall patterns on the
configuration of soil food webs, their trophic ecology, and their role
in decomposition and nutrient turnover). Furthermore, water is
one of the most indispensable resources which frequently becomes
a limiting factor [18,19], but its role in structuring soil communities
remains poorly known [20]. Soil moisture essentially drives mi-
crobial activity and biomass as well as invertebrate activity and
their interactions with microorganisms [21e24]. Moreover, it has
been proposed that precipitation alters ecosystem processes such
as decomposition and nutrient cycling [20,25]. Indeed, water
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availability determines species diversity and abundance in terres-
trial ecosystems [26], and a strong correlation between rainfall and
invertebrate abundance has been documented in beech forest soil
food webs [27]. Water availability also drives the spatial distribu-
tion of taxonomic, functional and trophic groups of soil in-
vertebrates [27e30]. Therefore, changes in precipitation and soil
moisture are likely to strongly impact the structure and functioning
of soil communities and their associated ecosystem processes [e.g.
Refs. [31,32].

Oribatid mites (Oribatida) are often numerically the dominant
group of arthropods in temperate forests soils, with densities
ranging from 20,000 to 100,000 individuals per m2 [33,34] and
about 10,000 described species [35]. As they predominantly feed on
decomposing plant material and fungi [36e38], but see Ref. [39],
they represent a fundamental fraction of the decomposer com-
munity [38], although opportunistic predation and scavenging are
probably underestimated. In beech forests of northern Spain, the
abundance of oribatid mites comprises between 17 to 37% of the
total abundance of soil arthropods (Melguizo-Ruiz, N. and Moya-
Lara~no, J. unpublished data). These mites are an ideal group to
investigate the factors affecting the soil animal community struc-
ture, as their population dynamics have been shown to be influ-
enced by both density-independent [40,41] as well as density-
dependent factors [42,43]. The diversity of oribatid mite commu-
nities varies among habitats [44], although the soil predictors
responsible for their variation in space are little understood.
Moreover, while it has been assumed that oribatid mites are
generalist feeders [45,46], recent studies have shown that their
trophic niches differ markedly [38,47,48]. Also, although it has been
proposed that the trophic position of oribatid mite species remains
constant across different forests [38,49], spatial variability in tro-
phic niche has been little explored thus far (but see Ref. [50]).
Further, the actual food resources responsible for the observed
niche constancy of oribatid mite species still remain little under-
stood [11,38].

Progress in determining trophic niches of soil animal species
and progress in understanding the high diversity and complexity of
soil animal communities [51] is closely associated with the use of
relatively novel methodologies, such as fatty acid analysis [52e55],
molecular gut content analysis [56e59] or stable isotope analysis
[38,48,60]. Among these methods, the analysis of natural variations
in stable isotope ratios of carbon (13C/12C) and nitrogen (15N/14N) is
the most commonly used technique providing an integrative view
of the trophic position of consumers in the long term and insights
into the trophic structure of soil animal food webs [48,60e62].
Generally, consumers are enriched in 15N by on average 3.4 d units
relative to their food source [63e66]. In contrast, fractionation of
13C is lower, averaging ~0.4 d units per trophic level [65,66], and
therefore is of little use to determine the trophic structure of
communities [67], but allows to trace the resources of consumers
that differ in delta 13C values [68,69].

Despite the major step forward that stable isotope analysis has
entailed for disentangling the structure of soil food webs, there are
still open challenges to this approach. In particular, when
comparing food webs across different habitats one of the most
critical issues is the calibration of stable isotope signatures
[65,66,70,71]. The need for calibration usually arises because d15N
and d13C values of basal resources vary significantly between hab-
itats and ecosystems, resulting in correlated variations in d15N and
d13C values of consumers [65,72,73]. However, results may differ
across studies and organisms. For instance, a recent study showed
how d15N values of soil macrofauna can be predicted based on the
d15N values of plant litter, while this was not the case for d13C values
[74]. In terrestrial ecosystems and especially in soil food webs, leaf
litter, fine roots or primary decomposers have been used to

calibrate stable isotope signatures of soil animal species and this
has been shown to effectively reduce variations in stable isotope
ratios of soil animals between habitats [49,50]. However, in spite of
the potential to control for basal resources using calibration, spatial
variability in the activity and diversity of fungi and bacteria, which
could differently affect the signature linking roots or litter to the
decomposer animal community, has been little considered. In fact,
given the scarcity of studies focusing on the spatial variation of soil
microbial communities (but see Ref. [75]), further research is
needed to substantiate previous findings and to explore the factors
responsible for spatial variation in stable isotope ratios of soil ani-
mal species (whether these are directly affected by microbiota as
foraging resources or indirectly via abiotic factors, such as humidity
and rainfall).

However, conventional calibration may actually not be appro-
priate if it does not fit the purpose (e.g., comparison of animal
signatures across environments accurately controlling for vari-
ability of basal resources among these environments). We here
propose a fresh and alternative view on how to control for variation
in basal resources by using statistical control (aka partial effects) in
multiple regression and its extension to General and Generalized
Linear Models [76e79]. The relevance of this approach lays on the
fact that the environment is made statistically constant (i.e., vari-
ability is controlled for by the so-called covariates), to test hy-
potheses about target predictors even though the habitat may show
strong variation in its original gathered data. For the purpose of
controlling variability in basal resources, including the signature of
the basal resources as an additional (accompanying) covariate in
the model ensures that one tests for the remaining predictors as if
the basal resources were all the same among replicates, and most
importantly, as if the basal resources had an identical constant ef-
fect on the dependent variable (e.g., the animal signatures). Notice
that such an approach would always fit the purpose of controlling
the variability of isotopic signatures in basal resources regardless of
how much variation there is.

The overall objective of this study was to investigate the varia-
tion in the trophic structure of the decomposer community in
forest systems under two different precipitation regimes by
focusing on oribatid mites, as this group has been studied most
intensively, as well as to show the usefulness of using statistical
control when compared to conventional calibration. First, to
elucidate changes in trophic niches with soil moisture, we tested if
the isotopic signatures of the oribatid mite species varied with
precipitation, by analyzing the 15N/14N and 13C/12C ratios of six
abundant oribatid mite species and leaf litter of eight beech forests
in NWSpain, whichmainly differed inmean annual precipitation or
MAP (four of themwere drier with MAP ranging between 1000 and
1200 mm/year, and the other four were wetter, with MAP ranging
between 1400 and 1500 mm/year). Previous studies have found a
negative correlation between plant and soil d15N values and MAP
(e.g., Ref. [80]), meaning that the leaf litter of rainier sites will be
depleted, while the drier ones will be enriched in the heavier N
isotope. Moreover, in forests with lower MAP, the surface leaf litter
layers may dry up more often and may have relatively lower
nutrient availability and different species of microorganisms, better
adapted to dry conditions, and therefore the trophic niches of
oribatid mites can potentially track such changes in microbial
communities. Further, many soil animals e especially smaller ones
that are more sensitive to desiccation e tend to avoid drier surface
horizons, and prefer moister andmore profound layers [81]. Down-
groundmigration has been proposed to be a survival strategy under
lowered soil moisture conditions during dry periods, and several
invertebrates with different body sizes, including collembolans
[82], or enchytraeids [83], have been shown to take refuge inwetter
areas such as deeper leaf litter layers or moist woody structures
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