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Abstract: Soil fauna, including terrestrial isopods, millipedes and earthworms, play an important role in the decomposi-
tion of litter through the process of shredding it during consumption. In the present study, the food preferences in two
detritivores, the common woodlouse (Oniscus asellus) and the earthworm (Lumbricus rubellus) over the leaf litter of four
common tree species: common black alder (Alnus glutinosa), silver birch (Betula pendula), small-leaved linden (Tilia cor-
data) and pedunculate oak (Quercus robur) were quantified in the laboratory. For each animal species, two sets of feeding
mesocosms were prepared: one set with single litter species and another with mixed litter material (cafeteria-type test),
where the animals were allowed to choose among the four litter species at once. The food preferences of the studied ani-
mals were determined on the basis of the consumption (mass loss) of litter for each litter species at the end of two-weeks
lasting experiments. The results showed that the litter mass losses in both detritivores were significantly influenced by
the tree species. The litter mass losses can be ranked in descending order as follows: alder, birch, linden, oak. In the case
of 0. asellus, litter mixing had no effect on litter mass loss when compared to single alder and birch litter, however mixing
clearly accelerated litter mass loss compared to single lime or oak litter. For L. rubellus, litter mixing was found to slow
litter mass loss compared to each single alder, birch and lime litter, while accelerating litter mass loss compared to single
oak litter. For the interpretation of the results, the literature data on carbon to nitrogen ratio, as well as the proportion
of difficult-to-degrade polyphenols and lignins in leaves of the studied tree species were used.

Keywords: litter consumption, Oniscus asellus, Lumbricus rubellus, earthworms, woodlice

Streszczenie: Fauna glebowa (stonogi ladowe, krocionogi i dzdzownice) odgrywa istotng role w rozktadzie $ciétki po-
przez jej rozdrabnianie podczas konsumpcji. Badania laboratoryjne przeprowadzono w celu okreslenia preferencji pokar-
mowych dwdch detrytofagicznych gatunkéw (stonogi Oniscus asellus oraz dzdzownicy Lumbricus rubellus) w stosunku
do $ciétki lisciastej czterech pospolitych gatunkéw drzew: olszy czamej (Alnus glutinosa), brzozy brodawkowatej (Betula
pendula), lipy drobnolistnej (Tilia cordata) i debu szyputkowego (Quercus robur). Dla kazdego gatunku wykonano po dwa
14 dniowe eksperymenty. W pierwszym z nich oceniano atrakcyjnos$c lisci na podstawie masy zjedzonej $ciotki tylko jedne-
go gatunku, natomiast w drugim eksperymencie zwierzeta miaty do wyboru liscie $cidtki 4-gatunkowej. Uzyskane wyniki
wskazuja na wyrazna selektywnos¢ obu gatunkéw wobec badanych sciétek. Najchetniej zjadane (a tym samym uznane
zostaly za najbardziej atrakcyjne) byly liécie olszy czarnej. Najrzadziej wybierana byta éciétka debu szyputkowego. Sciotki
brzozy i lipy zajmowaly miejsca posrednie. W przypadku O. asellus stwierdzono, ze ubytki $ciétki mieszanej byty podob-
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ne do ubytkow jednogatunkowej sciétki olszy i brzozy, ale wyzsze niz w przypadku jednogatunkowej sciétki lipy i debu.
W przypadku L. rubellus ubytki sciétki mieszanej byty wyzsze tylko w stosunku do jednogatunkowej sciétki debowej, ale
nizsze w stosunku do ubytkow pozostatych jednogatunkowych $cidtek - olchy, brzozy i lipy. Do interpretacji wynikow wy-
korzystano dane literaturowe dotyczace stosunku wegla do azotu, a takze proporcji trudno rozktadalnych polifenoliilignin

w lisciach badanych gatunkéw drzew.

Stowa kluczowe: konsumpcja sciotki, Oniscus asellus, Lumbricus rubellus, dzdzownice, stonogi

Introduction

All terrestrial ecosystems are maintained by
the constant cycling of matter (“nutrients”)
and the flow of energy (Odum 1969; Tro-
jan 1975). A key element in these transfor-
mations is the decomposition of the dead
organic matter reaching the soil in the form
of fallen needles, leaves, bark, small twigs,
etc. The primary role in the litter decom-
position is played by bacteria and fungi.
However, the litter substrate becomes more
accessible to these primary decomposers
after it has been broken down into small
particles. The role of “shredders” is fulfilled
by soil macrofauna (terrestrial isopods, mil-
lipeds and earthworms). The fragmentation
of litter by these animals during leaf con-
sumption provides suitable substrates for
fungi and bacteria, consequently leading
to an increased rate of litter decomposition
(Bohlen et al. 1997; Frouz et al. 2007; Frouz
2018).

Previous research has shown that litter
quality, assessed by various plant character-
istics, such as the C: N ratio and the type and
amount of tannins, lignins, waxes and poly-
phenols they contain, constitutes the pri-
mary factor influencing the palatability
of leaf litter to both phytophages and detri-
tophages (Rief et al. 2012; Kajak 2016; Zhou
et al. 2020; Steinwandter and Seeber 2020;
Hedénec et al. 2022). The food preferences
of different species of woodlice have been
confirmed by a number of studies conducted
over the past 10 years (Vos et al. 2011; 2013;
Wood et al. 2012; Van de Weghe 2016). Simi-
larly, there is quite a lot of work on the food
selectivity of earthworms (Satchell 1971;
Hendriksen 1990; Neilson and Boag 2003;
Rief et al. 2012). Nevertheless, the existing

scientific work does not provide unequivocal
results, especially with regard to the choice
and consumption of single- or multi-spe-
cies litter. In the majority of previous stud-
ies, the mixing of litter from different plant
species accelerates litter mass loss compared
to single litter species, although mixing has
also been found to slow, or to have no effects
on mass loss in other studies (Patoine et al.
2017). Therefore, this topic requires further
research.

The main objective of the present meso-
cosm experiments was to assess the food
preferences of the two detritivore repre-
sentatives, the common woodlouse (Oniscus
asellus L.) and the earthworm (Lumbricus
rubellus Hoffmeister) towards the leaf lit-
ter of four common tree species — common
black alder (Alnus glutinosa L. Gaertn), silver
birch (Betula pendula Roth), small-leaved
linden (Tilia cordata Mill). and peduncu-
late oak (Quercus robur L.). The four tree
species were chosen based on their frequent
occurrence in Poland and their leaves having
the range of carbon to nitrogen (C/N) ratios.
Several studies (Brozek and Wanic 2002;
Vesterdal et al. 2008; Parzych 2010; Krélak
et al. 2017) have indicated that the leaves
of these species clearly vary in nitrogen
content, from nitrogen-rich (alder leaves)
to nitrogen-poor (oak leaves). The follow-
ing questions were posed: i) whether wood-
lice and earthworms show an apparent food
preference for leaves of certain tree species
and ii) how this food preference influences
the consumption of leaves in a 4-species
litter.
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1. Material and methods

1.1. Characteristics of the study species

The woodlouse Oniscus asellus L. repre-
sents terrestrial crustacean isopods within
the family Oniscidae. Woodlice are com-
monly found in moist and dark habitats,
usually hidden under stones, in cracks in
walls, buried in the top layer of litter. They
lead a nocturnal lifestyle. The woodlouse
diet is dominated by dead organic mat-
ter of plant origin, although they can also
feed on animal remains, fungal hyphae, as
well as on the faeces of their own and other
soil invertebrates. They have strong biting
mouth apparatus that allow them to shred
food (Maslak 2010).

Lumbricus rubellus Hoffmeister is
an epi-endogeic, detritophagous litter-eat-
ing earthworm species of the family Lum-
bricidae. It inhabits and feeds in the lit-
ter and organically enriched surface layers
of soil. It is typically found in fertile soils
rich in organic matter such as litter at vari-
ous stages of decomposition. L. rubellus is
a highly mobile species, it does not dig chan-
nels but uses the macropores available in
the soil (Plisko 1973; Kasprzak 1986; Brzeski
and Makulec 1994). Earthworms lack jaws,
instead they detect food and grasp it with
their fleshy lips and then, via the oesophagus
and crop, direct it to the gizzard (muscular
stomach), where the food is grinded.

Specimens of O. asellus and L. rubellus
were hand-collected at an allotment gar-
den near Warsaw, and held (in plastic box
with soil and litter from the area where they
were picked) in a climatic chamber at 18°C
for about two weeks until start of the experi-
ment. For the experiments, adult specimens

of the species were selected (L. rubellus
specimens — length 6-8 cm and biomass —
0.37410.02 g, O. asellus specimens — 1.3 x
0.4 cm in size and biomass — 0.065+0.01 g.

1.2. Feeding mesocosms

Aged leaf litters from four deciduous tree
species: small-leaved linden (7ilia cordata
Mill), silver birch (Betula pendula Roth),
pedunculate oak (Quercus robur L)., black
alder (Alnus glutinosa L. Gaertn). were used
as food sources for the experiment. All lit-
ters were collected in the Mlocinski Park in
Warsaw.

The dry tree leaves of all species were
soaked for one hour in distilled water, dried
on filter paper, and then circular leaf areas
of 3.46 cm? each were cut out using a cork
borer. An effort was made to ensure that
all cut-outs contained leaf fragments out-
side the area of the main leaf nerves, as they
could be less readily eaten by animals due
to their hardness. The leaf circles were oven-
dried at 60°C and weighted. Despite hav-
ing the same surface area, leaf circles from
different trees differed somewhat in mass,
most likely due to differences in leaf blade
thickness and the time of litter collection
(Table 1). Feeding preferences of the two
detritivores were conducted independently
in two consecutive years.

Plastic boxes of 1,000 ml were used as
feeding mesocosms in the experiment.
The covers of the boxes contained a small
hole (covered with mesh) for aeration and
keeping animals within. Each mesocosm
contained a 40 g of aquarium pre-dried sand
(fraction size of 0.3-0.8 mm) in the case
of epigeic woodlice and 80 g in the case
of epi-endogeic earthworms. The sand was

Table 1. Dry weight (in g) of four-leaf circles cut from different tree species. Mean + SD is given

Tree species

Litter used in woodlouse mecocosms

Litter used in earthworm mesocosms

A. glutinosa 0.070£0.002 0.070%+0.002
B. pendula 0.068+0.005 0.067%0.002
T cordata 0.064+0.002 0.065+0.004
Q. robur 0.074%0.004 0.087+0.003
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used as an absorbent substrate to main-
tain humidity and to prevent the litter from
sticking to the bottom of the mesocosms.

Two sets of feeding mesocosms were pre-
pared: one set with single litter species and
another set with mixed litter material (cafe-
teria-type test). The food preferences were
determined on the basis of the consump-
tion (mass loss) of litter of each tree species
(lime, birch, oak or alder) during the entire
experiment.

In the case of earthworms, on the sand
surface of the mesocosms were placed four
leaf circles (of known mass) of a single tree
species or one leaf circle of each tree species
tested (4 circles in total) in the first and sec-
ond experiment, respectively. In both exper-
iments, earthworms were inserted individu-
ally in the middle of the mesocosms.

In the case of woodlice, 12 pre-weighed
leaf circles of the single tree species were
used for the first experiment and 4 leaf cir-
cles of each tree species in the cafeteria-type
experiment. In both experiments, 6 wood-
lice were introduced into each mesocosm,
which combined mass was comparable
to that of one earthworm.

For both species, all the experiments were
conducted in 3 replicates. Before the earth-
worms and woodlice were introduced into
the mesocosms, the leaf circles and sand
were sprayed with 10 ml (for woodlice) or
20 ml (for earthworms) of the water used
to soak the leaves (before the leaf circles
were cut). This allowed the leaves to be sof-
tened, micro-organisms to be re-established
and ensured a similar microflora composi-
tion in the mesocosms.

Feeding mesocosms were kept in the dark
in a climate chamber (at 18°C and 75%
humidity) for the entire experiment. Each
day, observations were made on the behav-
iour and condition of the animals. The dura-
tion of the experiments was 14 days. Two
weeks appears to be a sufficiently short
period of time for there to be no significant
loss of litter under the influence of micro-
organisms. At the end of the experiment,

the remaining litter of each tree species were
dried (at 60°C) and weighted.

1.3. Statistical analysis

To test whether the tree species signifi-
cantly affects the litter mass loss, a one-way
ANOVA (F-test value) was used. The sig-
nificance of differences between means
was compared using the Tukey post-hoc
test and a probability value of p<o.05. In
addition, Pearson’s correlations were cal-
culated between the initial litter C/N ratio
and the and the litter mass losses at the end
of the experiment. For this purpose, the fol-
lowing C/N data available in the literature
were used: for alder leaves — 14.3, birch —
17.6, linden — 28, oak — 31.4 to 42 (Brozek
and Wanic 2002; Vesterdal et al. 2008; Par-
zych 2010; Krélak et al. 2017).

2. Results

Daily observations during the experiment
revealed, on the one hand, that the animals
were maintained in good condition and,
on the other, that no shortage of food was
occurring. Additionally, the constant obser-
vations made it possible to capture visually
the differences in the rate of the litter cover
reduction in the different mesocosms over
time (Photographs 1 and 2).

2.1. Litter consumption by 0. asellus and L. rubellus
when fed on single-species litter

Litter consumption by woodlice and earth-
worms when they were fed on a single leaf
species is shown on Figs. 1A and 2A. The lit-
ter mass losses of the different tree species
can be ranked in descending order as fol-
lows: alder, birch, linden, oak. Alder litter
was the most readily eaten. Over a two-
week period, six adult woodlice consumed
approximately o0.140 g d.w. of alder litter.
Conversely, oak litter was the least attrac-
tive food. The woodlice consumed almost
four times less oak leaf litter compared
to alder, which was only about 0.040 g d.w.
(Fig. 1A).

Over a period of 14 days, alder litter (0.07
g d.w.) was completely consumed by one
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A)

Photograph 1. Remaining mass of litter in O. asellus foraging mesocosms at the end
of the experiment: alder (A), birch (B), linden (C), oak (D) and litter mixture (E)

Photograph 2. Remaining mass of litter in L. rubellus foraging mesocosms at the end
of the experiment: alder (A), birch (B), linden (C), oak (D) and litter mixture (E). The white paper
circle was only placed when the photo was taken to illustrate the initial size of the litter circles

earthworm. During the same period, oak
litter was consumed to the least extent — as
little as 0.004 g of dry matter, which was 14
times less than that of alder (Fig. 2A).

The results of the analysis of variance
(ANOVA, F=13.65; p<o.05 for woodlice,
F=53.46; p<o.001 for earthworms) showed

that litter mass loss was significantly influ-
enced by the tree species.

Woodlice consumed significantly more
alder, birch and linden litter than oak litter
and additionally more alder than linden lit-
ter (p<o.05, Tukey’s post-hoc test). No sig-
nificant differences in litter mass loss were
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found between alder and birch, as well as
between birch and linden (Fig. 1A).

In the mesocosms with earthworms signif-
icant differences in litter mass losses were
found among all tree species (p<o.05, Tuk-
ey’s post-hoc test) (Fig. 2A).

The litter mass losses in relation to the lit-
ter initial weights are shown on Fig. 1B and

020 -
0.18 -
0.16 | a
0.14 - l
0.12 |
0.10
0.08 -
0.06
0.04 -
002
0.00

ab

Litter mass loss (g d.w.)

alder birch linden oak

2B. As it can be seen the percentage leaf
mass losses differed significantly between
the tree species. For both detritivores
the percent of leaf mass loss was signifi-
cantly the lowest for the oak and the highest
for the alder.

90
80
70 -
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50 -
40
30 ¢

20
10
0 - T T

birch linden oak

Litter mass loss (%)

alder

Figure 1. Litter consumption (A) and percentage of litter consumed (B) by six woodlice O. asellus
when fed on single-species litter. Bars represent mean values+SD. Different letters indicate

statistically significant differences (p < 0.05)
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0 : : —c
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Figure 2. Litter consumption (A) and percentage of litter consumed (B) by one earthworm L. rubellus
when fed on single-species litter. Bars represent mean values+SD. Different letters indicate

statistically significant differences (p < 0.05)
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2.2. Litter consumption by 0. asellus and L. rubellus
when fed on four-species litter mixture

In the experiment with the four-species
litter, the woodlice and earthworms con-
firmed their food preferences. It was found,
they also consumed the most alder litter
and the least oak litter (Fig. 3A and 4A).
The results of ANOVA (F=61.1; p<o0.05 for
woodlice, F=54.72; p<0.001 for earthworms)
again indicate that the litter mass losses
were influenced significantly by the tree
species.

In the mesocosms with woodlice, sig-
nificant differences in litter mass loss were
found between alder and each of the three
other leaf species and between birch and oak
(p<o.05, Tukey’s post-hoc test). Litter losses
of birch and linden as well as linden and oak
did not differ significantly (Fig. 3A).

In the mesocosms with earthworms, sig-
nificant differences in litter mass losses were
found among all tree species (p<o.05, Tuk-
ey’s post-hoc test) (Fig. 4A).

The total mass of litter mixture consumed
(total of the four tree species) by woodlice
was similar to the consumption of each

A.

0.20 +
0.18 -
0.16 -
0.14
0.12

0.10 -
0.08

0.06 -

0.04

2
0.00

alder birch lmden a.k total

Litter mass loss (g d.w.)

single alder and birch litter but higher than
the consumption of each single lime or oak
litter (Figs. 1A and 3A). Meanwhile, the total
mass of litter mixture consumed by earth-
worms was lower compared to the con-
sumption of single alder, birch and linden
litter but higher than the consumption
of single oak litter (Figs. 2A and 4A).

Over the 14 days, in the litter mixture
experiment, woodlice consumed the most,
almost 90% of the available alder litter,
and the least, less than 20% of the oak lit-
ter. There were no significant differences
between the percentage losses of birch and
linden litter (Fig. 3B).

Within 14 days, earthworms consumed
80% of the available alder litter and only 3%
of the oak litter. There were no significant
differences between the percentage losses
of birch and linden litter (Fig. 4B).

Considering the initial total mass of the
four-species litter, we found that woodlice
and earthworms within 2 weeks consumed
the available leaf material to the extent
of 44% and 35%, respectively (Fig. 3B and 4B).
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g2 s0

E 40
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= 20
o
0

alder birch linden total

Figure 3. Litter consumption (A) and percentage of litter consumed (B) by six woodlice O. asellus
when fed on 4-species litter mixture. Bars represent mean values+ SD. Different letters indicate

statistically significant differences (p < 0.05)
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Figure 4. Litter consumption (A) and percentage of litter consumed (B) by one earthworm
L. rubellus when fed on 4-species litter mixture. Bars represent mean values+ SD. Different letters
indicate statistically significant differences (p < 0.05)

2.3. Relationships between litter mass loss
and C/N ratio of tree leaves

For both detritivores we found a nega-
tive correlation between the litter mass
loss (data from our study) and the known

A.
0.16 -

0.14

0.12
0.10
0.08
0.06
0.04

Litter mass loss (g d.w.)

0.02

r=-0.91,p <0.05

from the literature C/N ratios of leaves for
the used tree species. The relationship was
highly significant, indicating a decrease in
litter consumption as the carbon/nitrogen
ratio of the leaves increases (Fig. 5A and 5B).

0.00 T T

25 30 35 40

C/N ratio

0.08 -
0.07 o
0.06

0.04 4

0.03 ¢

Litter mass loss (g d.w.)

0.02

0.01

0.00 v T
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r=-0.92, p <0.05

r=-0.98, p <0.05

T T T
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Figure 5. Relationships between litter mass loss (our research) and C/N ratio of different species
leaves (based on literature data, sources given in the text). A — O. asellus mesocosms, B — L. rubellus
mesocosms. The strength of the relationship is given as Pearson correlation coefficient (r) and
significance of each relationship (p). Colour legend indicating the different litter species: see figure 1.
Blue line — trend line for single-species litter, Black line — trend line for 4-species litter
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3. Discussion

The results of our study indicate that
L. rubellus and O. asellus, two detritivores
belonging to two different types of organ-
isms — annelids and arthropods, respec-
tively have similar feeding preferences for
litter from Alnus glutinosa, Betula pendula,
Tilia cordata and Quercus robur. Alder lit-
ter was the most preferred and consumed by
both species, while oak leaves were the least
preferred. Intermediate positions were occu-
pied by birch and lime litter.

It is widely recognised that the attractive-
ness of litter to saprophages depends on
the proportion of readily available organic
matter, including nitrogen compounds (Rief
et al. 2012; Kajak 2016; Zhou et al. 2020;
Hedénec et al. 2022). A good indicator
of the palatability of leaf litter for microflora
and saprophages is its carbon to nitrogen
ratio (C:N ratio). The leaves of the four tree
species used in the study show a consider-
able variation in this parameter, from value
of 14 for alder leaves, through 17-28 (for
birch and lime, respectively) and exceeding
40 for oak leaves (Brozek and Wanic 2002;
Vesterdal et al. 2008; Parzych 2010; Krélak
etal. 2017).

The correlations of these C/N values with
litter mass losses, as determined in our study,
were found to be very high. Thus, our results,
indicating a very clear decrease in the con-
sumption of litter by both detritivores as
the carbon/nitrogen ratio of the leaves
increases, seem to confirm the statement
presented above. The content of nitro-
gen compounds in plant tissues is mainly
determined by the availability of mineral
forms of this element in the substrate or
by the ability of plants to use symbiotic
organisms capable of fixing atmospheric
nitrogen. Among the four tree species used
in the study, only alder grows in relatively
fertile habitats and is able to use symbi-
otic organisms (actinomycete Frankia sp.)
to assimilate atmospheric nitrogen (Gérny
1975; Kajak 2016).

Consequently, alder leaves are relatively
rich in various compounds, including

proteins, and are found to be readily eaten by
both herbivores and saprophages. The palat-
ability of litter with high nitrogen content
to woodlice has been already observed in
a number of studies (Vos et al. 2011; 2013;
Wood et al. 2012; Van de Weghe 2016). Sim-
ilarly, the attractiveness of high-nitrogen-
containing litter to earthworms has been
also observed previously (Satchell 1971; Hen-
driksen 1990). These authors, earlier than we
did, found that earthworm species belong-
ing to the genus Lumbricus tend to select
leaves with high (elm, ash, alder) or medium
nitrogen content (lime and hazel) and avoid
leaves of trees (oak and beech) with a high
content of tannins and resin-derived sub-
stances. Contrary to our results, finding
from other work indicated a lack of food
selection by L. rubellus earthworms (Neil-
son and Boag 2003; Rief et al. 2012).

The least preferable oak leaves, mean-
while contain a medium number of nitrog-
enous compounds, along with a substantial
quantity of difficult-to-degrade complex
substances in the nature of tannins, lignins,
waxes or polyphenols. It is likely that, for
this reason, they were unattractive to earth-
worms and woodlice in our study. Our
results are consistent with those of van de
Weghe (2016), who also found low rate of lit-
ter loss and lack of shredding of oak leaves
by woodlice.

In agreement to Patoine et al. (2017), our
results showed that the effect of litter mixing
(from four tree species in our study) on litter
mass loss compared to single litter species
is not unambiguous. For O. asellus, mixing
had no effect on litter mass loss when com-
pared to single alder and birch litter. How-
ever, mixing clearly accelerated litter mass
loss compared to single lime or oak litter.
A similar effect of avoiding poorer quality
litter when woodlice were given a choice
was also observed by Wos et al. (2011). They
speculated that, in this case, other factors
such as the activity of the microflora colo-
nising the litter or the substitution of direct
leaf consumption by coprophagy, may deter-
mine the outcome.
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For L. rubellus, contrary to expectations,
mixing was found to slow litter mass loss
compared to each single species of alder,
birch and linden, while accelerating litter
mass loss compared to single oak litter. This
indicates that earthworms of the species L.
rubellus are less able than woodlice to avoid
litter of lower quality when given a choice.

Our results indicate that the strength
of the preference for high-quality litter
seems to be higher in the O. asellus com-
pared to L. rubellus. Moreover, while both
detritivores preferred consuming alder
leaves, woodlice seem to be more selective
than the earthworms. The food selection by
detritophagous organisms can have major
consequences for ecosystem functioning. In
fertile alder and riparian forests, the pool
of attractive litter is rapidly depleted, and
the released nutrients are already utilized in
the following season. The situation will be
different in oak and mixed forests, where
the reluctant and difficult to decompose
oak or pine litter often remain for 2-3 years
(Gorny 1975; Kajak 2016).

In conclusion, our results confirm that
the two detritovore species, the earthworm
L. rubellus and the isopod O. asellus play
a significant role in shredding litter fallen on
the soil surface. Additionally, both species
are quite selective in choosing leaves of spe-
cific species from the litter, thus exerting
a significant influence on the composition
of the litter and, consequently, on the rate
of decomposition.
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