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Abstract

In forest ecosystems, detritivores play a fundamental role in the decomposition of litter
through mechanical breakdown and fragmentation of plant materials. The leaf litter
properties that are subject to changes during the decomposition process may influence
the feeding preferences of terrestrial isopods. Feeding experiments using the leaves
of Syzygium cumini, S. jambos and Casearia sylvestris were conducted to determine
the feeding preferences and feeding rates of the terrestrial isopod Benthana cairensis
Sokolowicz, Araujo and Boelter, 2008 (Philosciidae) throughout the decomposition
process. Benthana cairensis fed at a higher rate on C. sylvestris (66%) when compared
to of any of the other litter types. The feeding rates increased with the advancing
process of decomposition. The highest consumption occurred when feeding on two-
and three-month-old litter, and the lowest when rate occurred when feeding on green
leaves. When offered a choice between green, one, two and three month-old litter,
individuals of B. cairensis preferred the two- and three-month-old litter. The green leaves
were also consumed, but to a lesser extent. The feeding preferences of B. cairensis are
discussed based on the leaf palatability and considering the leaf structure, the secondary
compounds present and the nutrient contents.
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Introduction

The flux of nutrients and energy is one of
the fundamental aspects of ecosystem functioning,
influencing total productivity and sustainability
(Webb, 1977). In terrestrial ecosystems, most of
the energy passes through detritivore pathways
(Moore et al, 2004). Litter breakdown is influ-
enced by climatic conditions and chemical com-
position, and increases with the increasing bio-
logical activity of the litter-dwelling invertebrate
assemblages (Attignon ez al., 2004). These litter-
dwelling invertebrate assemblages act directly and
indirectly at various levels of litter degradation and
humus formation (Wolters, 2000), and are often
responsible for the mechanical breakdown and

fragmentation of a large amount of litter (Webb,
1977; Dangerfield and Milner, 1996; O’'Hanlon
and Bolger, 1999; David and Gillon, 2002; Quad-
ros and Araujo, 2008).

Understanding the feeding ecology of detri-
tivores is very important at both population and
ecosystem levels, as it elucidates which resources
influence population processes (e.g., growth, com-
petition). Feeding ecology also highlights the role
of each organism in the ecosystem through its pat-
tern of resource utilization. For detritivores, such
as terrestrial isopods, the leaf chemistry (Cotrufo
et al., 1998), the levels of physical and chemical
anti-herbivore defense compounds (Hassall and
Rushton, 1984; Zimmer, 2002) and microbial
colonization (Gunnarsson, 1987) are thought to
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influence feeding choices. During the course of
leaf decomposition, these leaf traits may vary to
a substantial extent (McClaugherty ez al, 1985;
O’Connel, 1988; Ibrahima ez al, 1995; Mc-
Claugherty ez al., 1995; Berg and McClaugherty,
2007). The stage of leaf decomposition is also an
important driver of isopod feeding preferences
(Soma and Saitd, 1983; Szldvecz and Maiorana,
1990). In the present study, it is proposed that the
litter of the same plant species is utilized differ-
ently by detritivores over time, as decomposition
progresses. This proposition is tested by evaluating
the feeding rates and preferences of a terrestrial iso-
pod in relation to the preferred food type through

the process of decomposition.

Material and Methods

The locality and the study species

The present study was conducted in Taquara,
Rio Grande do Sul, Brazil (20°38’S-50°47°W), in
an area measuring 2 ha that is composed of native
and exotic trees. The Brazilian pine tree, Araucar-
ia angustifolia (Bert.) O. Ktze, was present in the
study area. The most common tree species in this
ecological community are Syzygium cumini (L.)
Skeels (“jamboldo”, Myrtaceae), Syzygyum jambos
(L.) Alston (“jambo-amarelo”, Myrtaceae) and
Casearia sylvestris Swartz (“guagatonga”, “chd-de-
bugre”, Salicaceae). Both Syzygium species are ex-
otic to South America, while C. sylvestris is native
to this neotropical region and occurs from Mexico
to Uruguay. In Brazil C. sylvestris occurs in biomes

such as the Amazon forest, the Cerrado and the
Atlantic forest, and it is present in all of the forest
communities in Rio Grande do Sul (Sobral and Ja-
renkow, 2006). These three plants have economic
importance due to the known pharmacological
properties of their extracts (Migliato ez al., 20006;
Silva et al., 2008; Donatini et 2/, 2009). The leaf
properties of these three plant species, obtained
from the literature, are given in Table I.

Benthana cairensis Sokolowicz, Araujo and
Boelter, 2008 (Philosciidae) is a neotropical terres-
trial isopod species. This isopod species measures
up to 12 mm in length and it is found in the leaf
litter layer, often under moist, decomposed fallen
trunks (Sokolowicz et al., 2008). Benthana cairen-
sis is the most abundant isopod in this area of Bra-
zil. Two other species, Atlantoscia floridana (van
Name, 1940) (Philosciidae) and Balloniscus glaber
Araujo and Zardo, 1995 (Balloniscidae), are also
present in this region.

Feeding essays

Individuals of B. cairensis were captured dur-
ing the autumn of 2006 from the leaf litter layer.
The individuals collected from the field were kept
the laboratory in a terrarium with soil and leaves
taken from the study area one or two days prior
to isopod collection. Care was taken to use only
B. cairensis individuals that were heavier than
18 mg and those that were in a intermoult stage
(not in an ovigerous stage) during all of the feeding
essays. For all of the essays, 10 control chambers
(without isopods) were maintained in the same

Table I. Leaf properties of plants species offered to the terrestrial isopod Benthana cairensis in multi-choice feeding trial. ASF = acid-soluble fraction.
References: (1) Leffler and Enquist (2002); (2) Almeida ez al. (2006); (3) Luz ez al. (1997); (4) Ramana ez al. 2000; (5) Mandal (1997); (6) Silva et al.

(2008); (7) Ostertag et al. 2008; * present study.

Lignin (%) ASF C:N N (%) Tannin (%) Toughness (g mm?) Thickness (mm) Ref.
Casearia sylvestris 1.03 (1)
34.9 2.3 @
0.13 *
3.8-5.2 3)
Syzygium cumini 27.9 36.6° 1.6° 2.44 4)
9.8 35.8 )
16.4 34 1.3 12.4¢ (6)
0.17 *
Syzygium jambos 17 35.7 43 1.2 13.9¢ (7)
0.29 *

Remarks:

a. Total N obtained from crude protein with a conversion factor of 6.25.

b. Sum of cellulose + hemicellulose.
c. Tannins accessed by the Folin-Denis method.
d. using Prussian-blue method.
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conditions and for the same period of time to es-
timate the autogenic mass loss of the leaves (Sz-
ldvecz, 1985).

To verify whether B. cairensis showed prefer-
ences towards leaves from one of the three most
common plants (S. cumini, S. jambos and C. sylves-
tris), litter bags of 1-mm mesh (20 x 20 hm) were
filled with leaves collected directly from the trees.
These litter bags were left to decompose in loco for
14 days. Discs measuring 18 mm in diameter were
cut from the leaves and offered to the isopods in
plastic chambers. The isopods were provided with
water and maintained at 20 + 1°C, with a 12:12 h
photoperiod. There were 20 replicates, each one
with three discs of each plant species and one in-
dividual of B. cairensis. Prior to the experimental
trials, the leaves were dried (60°C; 48 h), weighed
and then re-moisturized and offered to the iso-
pods. After 10 days, the remaining leaf pieces in
the chambers were dried and weighed.

To investigate the influence of the stage of
C. sylvestris decomposition on the consumption,
egestion and assimilation rates of B. cairensis, green
leaves were placed in litter bags and left to decom-
pose in loco as described above. After one, two and
three months, a litter bag was transported to the
laboratory and used in the feeding trials. Leaf discs
were cut, dried and weighed as described above,
and offered to B. cairensis (30 replicates) for 10
days (green, one- and two-month-old leaves) or six
days (three-month-old leaves). After this period,
the animals, the remaining leaf pieces and the feces
were dried and weighed. During the course of these
trials, the feces were not removed from the units,
allowing for coprophagy. Additionally, at the start
of each month, a new set of litter bags with green
leaves were set-up. In this way, after four months,
litter bags that had been decomposing for one, two
and three months were available for comparison.
The leaves at these different stages of decomposi-
tion (plus the green leaves) were offered in a mul-
tiple-choice trial as described above. For this trial,
there were 14 replicates and it lasted for seven days.

Analyses

The feeding preferences in the multiple-
choice feeding assays were evaluated by comparing
the amount of each plant species consumed at each
stage of decomposition, in relation to the total
amount consumed in each replicate. Prior to each

test, the change in weight observed in the control
units (5.4% for S. cumini, 3.4% for S. jambos and
8.2% for C. sylvestris) was discounted from the dif-
ference between the initial and final weight of the
leaves in each replicate. Preference data from the
multi-choice experiments were analyzed through
resampling statistics (Roa, 1992), using 9999 it-
erations, as in IThnen and Zimmer (2008).

In the no-choice feeding trials, the food in-
gested in each replicate was calculated as the differ-
ence between the initial and final weight of leaves,
discounting the average loss in weight observed in
the control replicates (17.1 + 1.2% in green leaves;
12.8 + 1.8% in one-month-old leaves; 5.8 + 1.2%
in two-month-old leaves; 5.7 + 0.2% in three-
month-old leaves). The relative consumption rate
(RCR in mg mg! day!) was calculated as RCR =
food ingested/(isopod weight x duration of experi-
ment) and the approximate digestibility (AD in %)
was calculated as AD = [(food ingested — feces pro-
duced)/food ingested] x 100 (Waldbauer, 1968).
These variables were log-transformed to ensure
homocedasticity, which was further confirmed us-
ing a Shapiro-Wilk test (p < 0.05). The influence
of the type of diet (C. sylvestris leaves in different
stages of decomposition) on the RCR and the AD
was analyzed using an analysis of covariance (AN-
COVA), as recommended by Raubenheimer and
Simpson (1992). In the case of RCR, the food in-
gested was used as the dependent variable and iso-
pod dry weight was used as the covariate. For the
AD, the difference between the food ingested and
the feces produced was considered the dependent
variable and the food ingested was the covariate.
Comparisons between the diets were made using
treatment contrasts. These tests were done using R
(htep://www.R-project.org).

Results

Feeding preferences among S. cumini,
S. jambos and C. sylvestris

When offered a choice between the leaves of
three plant species that had been decomposing for
14 days. B. cairensis fed preferentially on C. sylves-
tris (66.5% of the total, on average) compared to
of S. jambos (31.9%), while Syzygium cumini was
clearly avoided (less than 1% of total consumed)
(Fig. 1). All of the comparisons were significant
(p < 0.02).
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The feeding rates with respect to different
stages of decomposition in C. sylvestris

A summary of the total food ingested, the
RCR and the approximate digestive ability of
B. cairensis throughout the decomposition stages
of C. sylvestris are given in Table II and the AN-
COVA results are summarized in Table III. The
highest RCR was observed when B. cairensis was
feeding on leaves that were three months old,
and the lowest RCR was observed on green leaves
(Table II). The effects of the treatments and the
covariates were significant for both the RCR and
the AD analysis, indicating that the RCR and
the AD change along C. sylvestris decomposition
(Table III). During the trials, there was no appear-
ance of feces in the replicates containing the green
leaves and feces production in this treatment could
therefore not be calculated.

Feeding preferences between leaves
of C. sylvestris at different stages of
decomposition

Regarding the influence of the stage of de-
composition on feeding preferences, B. cairensis
fed more on leaves that were two and three months

old (Fig. 2).

Discussion

A number of studies have indicated that ter-
restrial isopods exhibit feeding preferences when
given a choice (Dudgeon ez 4/, 1990; Soma and
Saitd, 1983; Hassall and Rushton, 1984; Dias and

100% C
80%
60% -

40% - B

Mean consumption + E.P
(% of total)

20% -
A

0% - T T

Syzygium cumini  Syzygium jambos  Casearia sylvestris

Figure 1. Feeding preferences of Benthana cairensis (Oniscidea) when
offered a choice between three food types. Different letters indicate
significant differences between species, obtaining with resampling
statistics after 9999 iterations.

Hassall, 2005; Cataldn ez /., 2008). Accordingly,
B. cairensis clearly showed preferences towards
C. sylvestris in our study, whereas S. cumini was re-
jected. Compared to the leaves of both Syzygium
species, C. sylvestris leaves were thinner and very
soft, with a higher N percentage (Table I). In ad-
dition, both of the Syzygium species leaves are rich
in fiber content and lignin (Table I). These com-
pounds usually confer mechanical protection to
the photosisntetic tissue in the living plants, and
are associated with slow rates of decomposition
in high concentrations (Fortunel ez 4/, 2009). It
is worth mentioning that, the leaves were highly
fragmented and fragile by the end of three months
of decomposition in the field, with a dark-brown
coloration, indicating that C. sylvestris has a high
decomposition rate. Corroborating this, C. syl-
vestris lost more weight than both S. cumini and
S. jambos in all of the control chambers. Terres-
trial isopods, as well as other detritivores and her-
bivores, usualy avoid feeding on leaves that are
rich in structural compounds (Cornelissen ez al.,
1999). Soma and Saité (1983) and Cataldn ez 4/
(2008) showed that, when given a choice, isopods
always prefer to feed from leaves with a lower fiber
content.

Another important leaf trait that influences
palatability is the presence and quantity of sec-
ondary compounds, especially phenolics. Many
species of the genus Syzygium (= Eugenia) have
been reported to be very rich in polyphenols, gallic
and ellagic acid derivatives, tannins and flavonol
glycosides (Mahmoud ez /., 2001). The leaves of
S. jambos (= E. jambolana), for instance, are rich
in flavonol glycosides (Mahmoud ez 4/, 2001).
The leaves of S. cumini, which were rejected by

60% -
50% -
40% 4
2 AB

30% - A

20% A

Mean consumption + E.P
(% of total)

10% - 1

0%

Green One month-old Two month-old  Three month-old

Figure 2. Feeding preferences of Benthana cairensis (Oniscidea) when
offered a choice among leaves of Casearia sylvestris in different stages
of decomposition. Different letters indicate significant differences
between times, obtaining with resampling statistics after 9999
iterations.
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Table IL. Nutritional indices for Benthana cairensis feeding on different diets (green, one-month-old, two-month-old and three-month-old leaves of

Casearia sylvestris). The RCR (mg mg! day™!) = food ingested/(isopod weight x duration of experiment). AD (%) = [(food ingested — feces produced)/

food ingested] x 100. Values are given as mean # s.e.

Diet type Food ingested (mg) Relative consumption rate (RCR)  Approximate digestibility (AD)
Green leaves 1.98+0.13 0.02 + 0.001 —
One month-old 4.33+0.48 0.05 £ 0.01 58 + 5%
Two month-old 8.07 +0.92 0.08 +0.01 19 + 4%
Three month-old 11.12+1.21 0.14 + 0.01 39 + 4%

Table III. The summarized results of analysis of covariance
(ANCOVA) on the effects of four diets (green, one-month-old, two-
month-old and three-month-old leaves of Casearia sylvestris) on the
(a) relative consumption rate and (b) the approximate digestibility of
terrestrial isopod Benthana cairensis.

Source of variation DF F ratio ?

(a) Relative consumption rate

Diet 3 34.593 < 0.001
Covariate (weight) 1 3.937 0.050
Residuals 91

(b) Approximate digestibility

Diet 2 15.116 <0.001
Covariate (food ingested) 1 20.174 < 0.001
Residuals 67

B. cairensis, are rich in tannins and saponins (Lima
et al., 2007; Migliato ez al., 2006) and their etha-
nolic extracts were proven to have an anti-bacte-
rial effect towards both gram-positive and gram-
negative microorganisms (Loguercio ez al., 2005).
In addition to being powerful feeding deterrents
(Schoonhoven ez al., 2005), these compounds act
negatively on the microbial community on which
terrestrial isopods rely to acquire the digestive en-
zymes (Zimmer and Topp, 1998). The digestion of
recalcitrant plant material by terrestrial isopods is
achieved through enzymes that are secreted by the
hepatopancreatic symbionts and by the microbes
ingested with the food (Zimmer, 2002). Thus,
interfering with bacteria, secondary compounds
indirectly act negatively on the isopod’s digestive
processes (Zimmer, 2002). Hassall and Rushton
(1984) and Dudgeon ez al. (1990) have shown
that isopods prefer leaves with lower quantities of
phenolic compounds.

The presence of secondary compounds may
explain why the leaves of Syzygium were consumed
in very low amounts, in comparison to C. sylvestris.
However, this plantis also rich in terpenoids, a large
group of secondary compounds mainly found as
components of essential oils (Schoonhoven ez 4/,
2005), including casearins (diterpenes) and sesqui-
terpens with high cytotoxic activity (Santos ez 4/,
2007; Silva ez al., 2008). Moreover, diterpenes and

clerodanes, which are present in C. sylvestris leaves,
are known to be potent feeding deterrents to many
insect species (Gebbinck ez al., 2002).

The feeding choices of isopods are influenced
by the chemical composition of the litter, which
changes according to the decay stage (Van Wen-
sem et al., 1993). Many studies have shown that
decayed leaves were more readily eaten by isopods
(Rushton and Hassall, 1983a; Szldvecz, 1985), al-
though none have established which changes in
the leaves make them more palatable as they de-
compose. Generally, soluble organic constituents
(i.e., polyphenols, carbohydrates and lipids) are
lost more rapidly than solid residues (i.e., holocel-
lulose and lignin) (Berg and McClaugherty, 2007).
Therefore, decaying leaves might constitute a food
source with lower contents of secondary com-
pounds, as well as a nutrient-poor diet. However,
as decomposition progresses, the concentration
and absolute content of nutrients, such as N and
P increases (Gosz et al., 1973), probably due to
microbial colonization. The microbial community
changes in composition, according to the substrate
that was left to decompose, and the microbial bio-
mass is usually higher in decayed leaves (Attiwill
and Adams, 1993). In this stage of decomposi-
tion, the microbial biomass may compensate for
the lack of original nutrients, serving as a valuable
food source (Zimmer and Topp, 2003; Thnen and
Zimmer, 2008). Nonetheless, even though con-
sumption and assimilation rates were higher on
more decayed leaves (three-month-old), our results
suggest that B. cairensis would not feed solely on
this type of litter in the field. When given a choice
among leaves at different stages of decomposition,
B. cairensis fed more on the most decayed leaves,
as was expected, but also complemented its diet by
feeding on green and one-month-old leaves. This
behavior has already been observed in other terres-
trial isopod species (Szldvecz and Maiorana, 1990)
and has been suggested as a means of obtaining an
adequate balance of nutrients through feeding on
a more diverse diet (Rushton and Hassall, 1983b).
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