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Phylogenetic distances of coexisting species differ greatly within plant com-
munities, but their consequences for decomposers and decomposition
remain unknown. We hypothesized that large phylogenetic distance of
leaf litter mixtures increases differences of their litter traits, which may, in
turn, result in increased resource complementarity or decreased resource
concentration for decomposers and hence increased or decreased chemical
transformation and reduction of litter. We conducted a litter mixture exper-
iment including 12 common temperate tree species (evolutionarily separated
by up to 106 Myr), and sampled after seven months, at which average mass
loss was more than 50%. We found no effect of increased phylogenetic dis-
tance on litter mass loss or on abundance and diversity of invertebrate
decomposers. However, phylogenetic distance decreased microbial biomass
and increased carbon/nitrogen (C/N) ratios of litter mixtures. Consistently,
four litter traits showed (marginally) significant phylogenetic signal and in
three of these traits increasing trait difference decreased microbial biomass
and increased C/N. We suggest that phylogenetic proximity of litter favours
microbial decomposers and chemical transformation of litter owing to a
resource concentration effect. This leads to a new hypothesis: closely related
plant species occurring in the same niche should promote and profit from
increased nutrient availability.

1. Introduction

Plant communities differ greatly in the phylogenetic distances between coexist-
ing species. Different communities can be dominated by different evolutionary
lineages [1] and harbour many or few of such lineages and thus may be com-
posed of both closely and distantly related species [2,3]. Phylogenetically
closely related species might on average share traits including functional
traits that affect ecosystem processes [4,5]. Nevertheless, little is known about
the consequences of variation in phylogenetic distance between coexisting
species for ecosystem functioning. The few studies that exist focus on the con-
sequences for the productivity of the vegetation itself and the stability of
ecosystem functioning [4,6]. So far, no study has focused on consequences
of phylogenetic distance of plants for ecosystem processes that result from
the interaction between the vegetation and other trophic levels, such as the
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Table 1. Predictions of hypotheses tested in this study, and explained in
the Introduction. (Predictions that could be confirmed or partly confirmed
in this study are given in italics.)

prediction: mixtures of phylogenetically distant lineages
show. . .

resource concentration
hypothesis

complementarity
hypothesis

. . .higher trait differences

. .increased microbial biomass .. .reduced microbial biomass

and abundance/diversity of and abundance/diversity of

invertebrate decomposers invertebrate decomposers

. faster mass loss .. .slower mass loss

.. .faster decrease in (/N ratio .. .Slower decrease in (/N ratio

decomposer community that carries out decomposition of
litter, i.e. its mass-reduction and chemical transformation
(e.g. from high to low carbon/nitrogen; C/N).

Large phylogenetic distance between litter species might
increase rates of mass loss and chemical transformation
through complementarity effects [7-10], which we term the
complementarity hypothesis (table 1). The importance of com-
plementarity in decomposition studies has been previously
documented in terms of the chemical and physical diversity
of the litter [11-14]. The complementarity hypothesis states
that microbes and detritivores might derive different resources
from different types of litter, i.e. complementary resource
use, when this litter is composed of chemically divergent leaf
species [10]. Complementary resources might become availa-
ble to a given organism via leaching or fungal activity, and
might maximize decomposer net energy intake and allow
the imbalances in carbon :nitrogen: phosphorus (C:N:P)
ratios of leaf litter and the decomposer body tissues to be over-
come [15,16]. Such complementary resources may increase the
physiological performance and abundance of generalist decom-
posers. Moreover, complementary resources may permit
multiple specialist decomposers to establish on different litters
and these specialists in turn may have complementary effects
on decomposition (a similar mechanism can also be seen in a
pollination study [17]). More abundant or complementary
decomposers may then accelerate transformation and reduction
of the litter [10] resulting in higher rates of decomposition
[8,9,18-21]. Large phylogenetic distance between litter species
may imply more divergent litter traits (‘afterlife’ traits) and
the resulting complementarity effects may increase decomposer
abundance and diversity and accelerate litter transformation
and reduction [5,22-25].

Conversely, large phylogenetic distance between litter
species may also decrease decomposers, litter transformation
and litter reduction by reducing the concentration of each
litter lineage as a resource for decomposers. This is termed
the resource concentration hypothesis (table 1) and has pre-
viously been applied to phytophages feeding on plant
monocultures and polycultures [26] or on phylogenetically
distant plant species [27]. The resource concentration hypoth-
esis states that herbivores are more likely to find hosts
growing in monospecific stands and to maintain populations
there. This hypothesis requires that consumers are not

entirely generalists feeding on any plant, but are either n

mono- or oligophages as is the case for many phytophages
[28,29]. Even decomposers may not be entirely generalists:
some microbes tend to have limited ranges of optimal
resources and even detritivores are not entirely generalists
[30]. The resource concentration hypothesis is also an impor-
tant aspect of the substrate—matrix interaction hypothesis of
litter decomposition [31]. Again, coexisting phylogenetically
distant plant species may be particularly different in func-
tional traits and litter traits. Increased trait difference might
dilute the optimal litter resources for non-generalist decom-
posers. This dilution may decrease the suitability of litter
for those non-generalist decomposers and therefore result in
lower rates of decomposition. Large phylogenetic distance
between litter species via traits diluting optimal litter
resources may hence decrease decomposer abundance and
diversity and accelerate litter transformation and reduction.
To test which of these alternative hypotheses would best
explain the relationships between phylogenetic distance and
litter mixture effects, we investigated how phylogenetic dis-
tances of coexisting litter species influence the difference of
litter traits known to be important drivers of decomposition
[24,32-34]. We also investigated how phylogenetic distances
of litter affect decomposer organisms and the transformation
and reduction of litter mixtures. For this purpose, we used a
litter mixture experiment to examine the effect of phyloge-
netic distance on: (i) the traits of litter species (phylogenetic
signal), (ii) the microbial biomass, and the abundance
and diversity of invertebrates in litter mixtures, and (iii) the
mass loss, and the change in litter C/N ratios of litter mix-
C/N-ratio
corresponds to a low improvement of N-availability). We
explored whether effects of phylogenetic distance on traits

tures (where a slow decrease in litter

explained effects on decomposers or decomposition. We
used two recently dated and resolved phylogenies with
different resolution of age estimates for our particular study
ecosystem. We ensured that colonizing decomposer species
come from a phylogenetically unbiased environment, i.e.
from a phylogenetic outgroup litter bed.

2. Material and methods
(a) Tree species

Litter of 12 common temperate tree species was sampled by hand
before touching the ground from three open sites in the vicinity of
Rennes, France. The region has an oceanic climate with a mean
annual precipitation of 644 mm and a mean air temperature of
11.4°C. Different tree species were not in direct contact (more
than 50 m distance) and hence did not directly interact with each
other. The tree species were selected within four families: Fagaceae
(Fagus sylvatica, Quercus robur, Quercus petraea), Salicaceae (Populus
tremula, Salix cinerea, Salix caprea), Betulaceae (Betula pendula, Alnus
incana, Alnus glutinosa) and Rosaceae (Malus sylvestris, Prunus
serotina, Prunus avium). Within each family, two species are from
the same genus, while the third species comes from another
genus. These species were selected as they are highly represented
in the study region. Litter was air-dried for two weeks after
sampling and then stored in the laboratory at room temperature.

(b) Plant trait measurements

Initial litters of 10-50 pooled dead leaves per species were first
immersed in tap water overnight, then wiped gently with
paper tissue and measured for their water-saturated weight.
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Figure 1. Experimental design. Phylogenetic classification was used to establish a balanced design with litter mixtures created as follows: single-species, within-
genus, within-family and between-family. Note that a set of core species is present at all levels of phylogenetic distance each of which is mixed with successively
more distantly related species. This design minimizes resampling of phylogenetic branches in different mixtures as it would occur if all combinations of all species
were included. The analysis then accounts for the identity of species included in a litter mixture by calculating overyielding, e.g. mass loss of the species mixtures
relative to mass losses of each of the species in isolation. Note also that each replicate of a given phylogenetic distance is a distinct species combination, avoiding
pseudoreplication within combinations. Age estimates were based on the genus age-optimized tree and an alternative tree was analysed in addition (Material and

methods).

Dry matter content was expressed as the ratio between oven-dry
weight (g) and water-saturated weight (g). Leaf tensile strength
was measured as the force needed to break the leaf, following
Makkonen et al. [35]. The litter samples were also ground after
oven-drying for 24 h at 80°C in order to measure the following
litter traits: pH and concentration of lignin, total phenols, tan-
nins, carbon (C) and nitrogen (N). The litter pH was measured
following Cornelissen et al. [33]. Lignin concentration was deter-
mined as described in Poorter & Villar [36], briefly introduced by
Freschet et al. [37]. Tannins and total phenols were measured
using the modified Folin—Ciocalteau method [38]. The C- and
N-concentrations of the litter were determined by dry combus-
tion on a NA-1500 elemental analyser (Carlo Erba, Rodana,
Italy). Two additional litter traits, phosphorus (P) concentration
and specific leaf area (SLA) were taken from a database from
Central-English populations [39].

(c) Experimental design

Each of the four families had one main representative species
(Q. petraea, S. caprea, A. glutinosa or P. avium), which was the most
abundant species in the study region. This main representative
species was then combined in two species combinations with
another representative species of the same genus (Q. robur,
S. cinerea, A. incana or P. serotina), with another representative
species of another genus from the same family (F. sylvatica,
P. tremula, B. pendula or M. sylvestris), and with each of the other
main representatives of the other three families. In addition,
single species treatments were applied to each of the 12 species
(figure 1). Numbers of replicates per level of phylogenetic distance
were 12 single-species, four within-genus, four within-family and
six between-family. We did deliberately involve only a core set of
species across all levels of phylogenetic distance. Involving all
species at all levels would result in numerous pairs of species that
replicate almost the same branches. For instance, it would result

in one pair of Q. petraea versus S. caprea and another pair of
Q. robur versus S. capraea. Each pair would be treated as an indepen-
dent data point but in reality they differ only in the short distance
between Q. petrea and Q. robur.

Phylogenetic age distances were quantified between litter
species, which extended up to 105.5 Myr. We used two recent
angiosperm phylogenies with different age estimations: (i) a
dated tree of the Dutch flora with age estimates resolved at the
level of genera, i.e. the genus age-optimized tree [40], and (ii) a
dated tree for the European flora with a large sample of species,
i.e. the sample size-optimized tree [41]. We showed the results
based on the genus age-optimized tree, and results based on
the sample size-optimized tree can be seen in the electronic sup-
plementary material, Appendices 1 and 2. All phylogenetic age
distances were In-transformed before analyses to improve the
distribution of residuals.

Experimental plots were at the University of Rennes 1
campus (48°07'N, 1°38’ W) and were shaded by surrounding
trees during part of the day. To establish litter mixtures, we
used litterbags of 25 x 20 cm size and the mesh size 5 x 5 mm,
to ensure accessibility of litter to all soil invertebrates at the
study site, while preventing the litter from dropping through
the mesh due to physical transport. Each litter bag was filled
with a consistent volume of litter (corresponding to 2-3 cm
thickness) to ensure similar habitat size and proximity of exper-
imental litter to the surrounding litter matrix, and approximately
similar air-dry mass of 12 g, oven-drying being prohibitive for
the litter exposed. Inevitably, constancy in volume, and weights
being based on air-dry mass led to some variation in the oven-
dry equivalents in the initial mass of litters, ranging from 6 to
12 g. In later analyses, initial mass was included when the
respective dependent variable (marginally) significantly corre-
lated with initial mass (simple regression model: for mass loss,
p = 0.073; versus p > 0.248 for other variables). Note that initial
mass did not correlate with variation in either of the phylogenetic
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age distances (simple regression model: p =0.195 and 0.374),
indicating phylogenetic distance was not confounded by the
initial mass.

The litter bags were incubated (10 cm apart) below the sur-
face of a ‘common garden’ litter bed [23] of 1.3 by 2.0 m. The
litter bed was composed of a 20 cm deep layer of a 50 : 50 mixture
of two phylogenetic outgroup species (Tilia platyphyllos and
Platanus x hybrid). We used these two species as they are abun-
dant in the study region and phylogenetically equally distant
to each of the litter species in the litterbags, i.e. a phylogenetic
outgroup. This ‘outgroup’ litter bed ensures that the pool of
decomposers is not biased towards any of the lineages rep-
resented in the litter bags. Litter bags were incubated starting
on 30 November 2009 and harvested after seven months (com-
parable sampling approach as in [42]). This harvest time was
determined by the mass of the remaining litters in the litterbags:
if decomposition had lasted longer than seven months, the mass
of remaining litters for some species would have been too small
to examine the microbial biomass per litter species and to detect
the effect of phylogenetic distance [9]. Note that the winter is
mild in our study site, and frost is rare and temperatures and
moisture are hence favourable for substantial decomposition. In
fact, there was on average more than 50% mass loss across all
the species combinations after seven months and 8 out of 26
species combinations had more than 80% mass loss. For compari-
son, in a temperate area in Central England with broadly
corresponding climate mass loss was on average faster during
an even shorter period including ‘winter” [43].

(d) Harvest, microbial biomass and soil invertebrates

After seven months, litterbags were retrieved and transported in
individual plastic bags to the laboratory. Small subsamples of
component litter species in litter mixtures were taken and attached
mineral soil was brushed off. Microbial biomass of each com-
ponent species was analysed using the substrate-induced
respiration (SIR) method [44]. The microbial respiratory response
was measured in an electrolytic O, microcompensation apparatus
at hourly intervals for 24 h at 22°C [45]. Microbial biomass was
measured after the addition of glucose to saturate the catabolic
activity of microorganisms. The maximum initial respiratory
response (MIRR: ml O, g ' dw h™') was calculated as the mean
of the lowest three readings within the first 10 h and microbial
biomass was calculated as Cpc =38 x MIRR (g Cic g_1 dw;
[46]). The microbial biomass of a litter mixture was calculated as
the mean microbial biomass of two component litter species.
Invertebrates were extracted by heat and stored in saturated salt
solution (NaCl) at 10°C [47]. Animals were counted and identified
by light microscopy. For each group (as defined in the electronic
supplementary material, Appendix 3), we calculated total
abundance and the Simpson index D, and transformed-logD [48].

(e) Weighing and chemical analysis of remaining litters
After extracting the soil fauna, all the harvested litters were oven-
dried at 65°C for one week and weighed. Litter mass loss (AM)
was calculated as AM(%) = ((mg— my)/mg) x 100, where myq is
the (estimated) oven-dry weight of initial litter and m; refers to
the oven-dry weight of remaining litter after seven months. How-
ever, we did not oven-dry the litter prior to exposure to avoid
destroying leaf characters essential for decomposition. Instead
we oven-dried five samples per litter species and used the
air-dry/oven-dry mass ratio to estimate the oven-dry masses of
the litter we had exposed. Finally, the C- and N-concentrations
of the remaining litter mixtures were determined as above in
the section of plant trait measurements. The change in C/N
ratios was then calculated as the pre-exposure C/N ratios
divided by the post-exposure C/N ratios.

(f) Statistical analysis

We characterized each litter mixture by its overyielding in mass
loss, i.e. the proportional differences between the mass loss
observed in the mixture (y,,) and the mean of the mass losses in
the corresponding two single-species treatments (v.,) expressed
as log ratio: In(y,/ym) [49,50]. In addition, overyielding was calcu-
lated for change in C/N ratios, microbial biomass and for
abundances and diversities of invertebrates. Then, we related over-
yieldings to the phylogenetic distances of the mixed species using
general regression models with best subset search (adjusted R cri-
terion optimizing R? while accounting for numbers of variables,
Sratistica v. 7.0). As covariables, we included the representation
of Betulaceae and Salicaceae in the litter mixture as these families
most strongly affected overyieldings. We also included the
overyielding of mass loss, as different stages of the decomposi-
tion process may correspond to different stages in decomposer
colonization, a correspondence that would be maintained after
standardizing decomposition and colonization in the calculation
of overyielding. When the overyielding of mass loss was the
dependent variable, we included initial mass as a covariable to
control for any possible relationship between initial mass and the
overyielding of mass loss. Note that the overyielding has to be
zero for a phylogenetic distance of zero (there cannot be an effect
of species mixing in the absence of a second species) and intercepts
were hence set to zero. We illustrated the slope of the effect of phy-
logenetic distance identified in the multiple regression analysis
using partial residual plots. In addition, we calculated tolerances
of independent variables [51]. Tolerances were relatively high
(more than 0.42), indicating that multicolinearity among indepen-
dent variables was not a problem and effects of these variables
could be discerned [51].

The overyielding approach controls for species identity as
values observed for species mixtures are compared to those
expected for the very same species based on monocultures. The
shortcoming of overyielding, however, is that it does not
permit inclusion of the level of shortest phylogenetic distances,
ie. the within-species treatment. We hence conducted an
additional analysis in which we related phylogenetic distance
(including 0) to observed mass loss, C/N-change and microbial
biomass (without correcting observed for expected values). In
these analyses, we again explored covariables first and found
that the proportion of all four families correlated with different
decomposition variables. Therefore, we included proportions of
all families (one being excluded as its effect is redundant with
the combination of all other families). We also included mass
loss as a covariable for reasons explained above. Also, we
again calculated the tolerance values and the smallest tolerance
value was 0.21, indicating again that multicolinearity among
independent variables was only weak.

For all traits, we calculated phylogenetic signal, i.e. an
increase in trait distance with phylogenetic distance, implying
that mixtures of phylogenetically distant litters are more dissim-
ilar than mixtures of phylogenetically close litters. We used
Blomberg’s K as a measure of phylogenetic signal [52,53]. This
measure is widely used and permits comparison to other func-
tional trait studies [54,55]. We used the approach of Blomberg
et al. [52] to test for statistical significance, based on observed var-
iance of (unsigned) phylogenetically independent contrasts as
compared to a null expectation. Lower than expected variance
reflects close relatives being more similar than expected by
chance. For these phylogenetic signal tests, we used the ‘phylo-
signal” function in the package ‘picante’ (R software v. 2.13.0).
Four traits yielded an at least marginally significant phylogenetic
signal and were hence candidates for explaining effects of phylo-
genetic distance identified by the above analyses. For these traits,
we calculated (unsigned) differences between species in each
litter mixture. We then related these trait differences of litter mix-
tures to the corresponding overyieldings of microbial biomass
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Table 2. Phylogenetic signals of species traits, and effect of traits with signal on (/N ratio change and microbial biomass, which in turn relate to phylogenetic
distance (figure 1). (The left part of the table gives Blomberg’s K (which increases with the strength of phylogenetic signal), and associated p-values (which
compare observed variances of phylogenetically independent contrasts of a trait to a null expectation). Significant results are shown in bold, and marginally
significant results are shown in italic. The right part of the table focuses on the traits that show at least a marginally significant phylogenetic signal and
explores how differences of these traits relate to (/N changes and microbial biomass, accounting for trait means, their interaction with trait difference and mass

loss (see Material and methods).)

relationship of trait difference to

phylogenetic signal

traits p-values
SLA 0.482 0.062
. toughness e o
' P concentraﬁdh ' 0.616” 0.019
. pH S e 0317
 Dry matter content 0128 0.861
lignin concentration ~~~~~ 0.916 0.001
N oncentration 0246 0.506
" C concentration 0174 0,683
(/N vvvvvvvvvvvv oo 017
‘total phenolis 0206 0,635
non-tannin phenols 0489 0.063

and C/N ratio changes, i.e. the dependent variables for which
we had identified a negative effect of phylogenetic distance in
the above analyses. As covariables, we included the overyielding
of mass loss for reasons explained above, and the mean trait
values as trait differences are bound to be small if trait means
are small. We also included the ‘difference x mean’ interaction
term as a covariable as we found that the effect of difference of
a trait may change with the mean value of that trait. Note that
we did not apply a best subset search here as best subset search
sometimes excluded one or two component variables of the inter-
action term while maintaining the interaction term, which would
be meaningless. In all analyses, we verified residual distribution
graphically using predicted /residual plots and normal probability
plots. At most one extreme outlier was excluded.

3. Results

Our species showed strong phylogenetic signal in phos-
phorus and lignin concentrations (table 2; for phosphorus:
K=10.616, p=0.019; for lignin: K= 0.916, p=0.001), and
marginally significant phylogenetic signal in SLA and non-
tannin phenols (table 2; for SLA: K= 0.482, p = 0.062; for
lignin: K= 0.489, p=0.063). No strong phylogenetic signal
was found in the other leaf or litter traits (table 2). In other
words, larger phylogenetic distance of litter mixtures
should result in more dissimilar trait values in the concen-
trations of phosphorus, lignin, non-tannins, as well as SLA.

The overyielding of microbial biomass was negatively
related to phylogenetic distance (figure 2, N =13, t = —3.641,
p = 0.005), and so was the overyielding in C/N ratio changes
(figure2, N =12,t = —2.799, p = 0.027). By contrast, overyield-
ings of mass loss, or the abundances or the diversities of
invertebrates were not affected by phylogenetic distance of

UN ratio change microbial biomass

—3.059 0.018 1527 0171
2.709 0.030 1646 0144
S - P —
S o

litter mixtures (best subset search excluded phylogenetic dis-
tance from the regression model). Analyses based on raw
values instead of overyieldings (see above) confirmed these
results: phylogenetic distance had negative effects on microbial
biomass and on C/N ratio changes (figure 2; for microbial bio-
mass: N =26, t = —2.573, p=0.019; for C/N ratio changes:
N =26,t= —2223, p=0.039).

The observed negative effect of phylogenetic distance on
the microbial biomass can be partly explained by the trait
difference in non-tannin concentrations, which tended to
have a negative effect on the overyielding of microbial bio-
mass (table 2, N=12, t = —2.310, p = 0.054). The negative
effect of phylogenetic distance on C/N ratio changes can be
partly explained by the trait difference of SLA, which also
had a negative effect on the C/N ratio changes (table 2,
N=12, t= —3.059, p = 0.018). However, the trait difference
of phosphorus had a positive effect on C/N ratio changes
(table 2, N=12, t =2.709, p = 0.030), and no effect of trait
difference in lignin concentration was found on either
microbial biomass or C/N ratio changes.

4. Discussion

We found phylogenetic signal in litter concentrations of
phosphorus, lignin and non-tannins, and SLA and hence
difference of these traits in litter mixtures will increase with
the phylogenetic distance of the mixed species. Phylogenetic
distances of litter mixtures, in turn, did not affect litter mass
loss or abundances or diversities of invertebrates. However,
phylogenetic distances of litter mixtures did affect the
microbial biomass and litter transformation: microbial biomass
was low and the C/N ratio remained high in treatments of
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Figure 2. Effects of phylogenetic distance of litter mixtures on C(/N-ratio changes and microbial biomass. Analyses (a,b) are based on overyielding, i.e. standardized
observations for mixtures of litter species by the performance of each species in isolation. Analyses (c,d) are based on raw data, i.e. unstandardized but permitting
inclusion of zero-distances into the analysis. Asterisks (*) denote dependent variables are presented as partial residuals from a multiple regression analysis, i.e. accounting
for covariables as outlined in Material and methods (partial residuals are dimensionless; see the electronic supplementary material, Appendices 4 and 5 for original data).
Phylogenetic distances were based on the genus age-optimized tree. See the electronic supplementary material, Appendices 1 and 2 for analyses based on the sample
size-optimized tree. Note that we do not present mass loss here as phylogenetic distance was exduded from the model for the overyielding analyses.

larger phylogenetic distance. These effects of phylogenetic
distance on C/N-ratio change and microbial biomass can
partly be attributed to differences in traits showing phyloge-
netic signal. Our results were robust to different analytical
approaches of quantifying the effect of phylogenetic distance.
To disentangle effects of mixing per se from effects of species
identity, we had used an overyielding approach (and we con-
firmed our results on microbial biomass by an approach
suggested by Loreau & Hector [7], electronic supplementary
material, Appendix 6). Overall, at least across the 12 tree species
concerned, phylogenetic distances of litter mixtures had either
no effects or negative effects on decomposers or decomposi-
tion, contrary to what has been shown for plant productivity
[50]. This difference might be due to the absence of competition
and a pressure on niche complementarity among our plant lit-
ters and likely among the tree species producing them (species
were samples from isolated or monospecific stands). The dif-
ference might also reflect the presence of strong trophic
interactions in the relationship between plant phylogenetic
distances and decomposition.

(a) Testing for the complementarity hypothesis

Our results do not confirm any of the predictions of the com-
plementarity hypothesis except for the differences in four traits,
which it shares with the resource concentration hypothesis. One
possible explanation is that the complementarity effect of
litter species on decomposition was proposed to be due to
nutrient transfer by leaching or hyphal transport between
complementary dead leaves [9,10,14]. Studies discussing
litter complementarity usually considered traits that are
leachable or transferable between litter species, such as N

and P which are more ‘mobile’ traits. More dissimilar trait
values of litter N and P concentrations within litter mixtures
will provide opportunities for microbes and detritivores to
optimize nutrient acquisition, become more abundant and
hence increase decomposition rates [10,14]. Our results
indeed showed that larger trait differences in P concentration,
which is relative mobile and leachable, led to a faster decline
in C/N ratios. However, structure-related traits not clearly
linked to mobile chemistry, such as SLA and lignin concen-
tration, showed no evidence of complementarity increasing
decomposition. Low SLA usually indicates toughness and
slows down litter decomposition rates [23,32,56] but the
mixing of dead leaves differing in structure might not provide
any complementarity advantage [57].

(b) Testing for the resource concentration hypothesis

Our results do support several predictions of the resource
concentration hypothesis on the microbial biomass and the
change in C/N ratios, but not on the total mass loss or abun-
dances or diversities of invertebrates: increasing phylogenetic
distance between litter species may lead to decreased suit-
ability of litter species for microbes, reducing microbial
biomasses. This decreased microbial biomass may have
caused the weaker declines in C/N ratios. The resource con-
centration effect assumes that decomposers are not entirely
generalists that feed on any plant but tend to show a prefer-
ence for optimal resources. This assumption may be true for
microbes, because fungi and bacteria are relatively immobile.
This implies that each microbe is forced to be specialized
on the respective species of the leaf-litter it is using, and
might have been under selection pressure by this particular



leaf-litter for many generations [58,59]. Dilution of optimal
resources among very different, phylogenetically distant
litters may then explain lower microbial biomass. For invert-
ebrates, however, our results do not support the resource
concentration hypothesis. This may be owing to their relatively
high degree of generalism [60,61]. Additionally, it should be
noted that the mobility of invertebrates may also decrease the
power to detect any effect of phylogenetic distance as
one harvest represents only one spotlight on a highly
mobile community.

There are several mutually non-exclusive explanations for
the observed absence of resource concentration effects on
mass loss despite the presence of such effects on C/N ratio
changes and microbial biomass: (i) the reduced biomass of
microbes on phylogenetically distant litter mixtures might
be compensated by an increased efficiency in reducing litter
mass. This increased efficiency might possibly be due to
phylogenetically distant litter being used by dissimilar
microbes which then triggers a complementarity effect on
decomposition at the level of microbes; (ii) C/N ratio changes
depend on leaching of N instead of respiration of C and are
thus independent of mass loss. A relatively strong decline
of C/N would hence reflect a relatively weak leaching of
N. This, however, would result in low N concentration
in the soil below litter bags with strong decline in C/N
ratios, which we did not find (rather the opposite: r = 0.37,
p = 0.07, results not shown); (iii) litter mass might be increas-
ingly replaced by microbial biomass, specifically by fungi,
i.e. the material of higher N-content. In that case, the true
litter mass would be overestimated in phylogenetically
close litter mixtures and true litter mass might indeed have
declined in phylogenetically close litter mixtures; and
(iv) we only measured the total mass loss of litter mixtures.
It is possible that one component species lost mass faster
and another lost mass slower than in monoculture, therefore
there would be no net effect on total mass loss. If the more
rapidly decaying species is one of particularly high C/N
ratios, then the overall C/N ratio of the litter mixture might
still decline. However, species of high C/N ratio usually
decompose more slowly than species of low C/N.

We stress that our study did not cover the full range of
angiosperm clades but was restricted to species from the
rosids clade. We found the phylogenetic signal for a part of
the traits but not for all. It is possible that phylogenetic signal
would be more frequent if one considered a much larger
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clade such as the entire spermatophytes. In that case, numerous

monocots and gymnosperms would be included besides rosids
and the ancient differentiation of leaf traits between these
groups [62] would strongly influence the calculated phyloge-
netic signal. Overall, we suggest that in the future the
ecosystem consequences of mixing distantly related lineages
should be identified for clades other than rosids, including
ones that are more or less integrative than rosids.

5. Conclusion

Our study is, to our knowledge, the first exploration of con-
sequences of phylogenetic distance for decomposers and
decomposition. We found no effect of phylogenetic distance
on litter mass loss, but we found an effect of phylogenetic
distance on microbial biomass and litter transformation.
More specifically, coexistence of closely related species litters
might facilitate microbes and thereby contribute to a faster
decline in C/N ratios. This might be due to closely related
species belonging to the same plant lineage providing more
concentrated litter resources for non-generalist decomposers
that are capable of using this lineage. The necessary condition
for co-occurrence of closely related species in a patch of the
same niche is phylogenetic signal of niches [63]. Plants persist-
ing in a shared, likely ancestral, niche might hence profit from
an increased biomass of soil microbes and availability of N. For
the time being, this relationship between phylogenetic signal of
niches, co-occurrence, ecosystem processes and performance of
species remains entirely hypothetical. We suggest it be tested
in future research. This research should also include feedback
mechanisms not accounted for in this study, notably how co-
occurrence among close relatives affects their traits [22] and
thereby the decomposition of litter.
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