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ABSTRACT
Effect of Phylloicus on leaf breakdown in a subtropical stream

Shredder invertebrates are key organisms in the decomposition of leaves in streams. These organisms transform coarse organic
matter into fine organic matter, incorporate carbon and nutrients into animal biomass and promote the recycling of terrestrial
carbon. Despite their importance in headwater streams, the life history of this shredder taxa and their relationship with organic
matter processing is unclear. The main objectives of this study were to evaluate leaf breakdown during two periods of the
year and test whether differences in the Phylloicus larvae abundance alter organic matter processing. We incubated leaves of a
common native species (Campomanesia xanthocarpa) in the same stream during March (autumn) and October (spring). Sam-
ples were collected after 7, 15 and 30 days. After 30 days of incubation, the remaining leaf mass was lower in autumn (30%)
than in spring (53%). The breakdown rate (k) was —0.0449 +0.0042 day™' in autumn and —0.0180 + 0.0003 day~' in spring.
The abundance of Phylloicus was also higher in autumn than in spring (11.1 + 1.9 ind/litter bag versus 2.7 + 1.9 ind/litter
bag). We observed a positive correlation between Phylloicus abundance and leaf mass loss in autumn (r = 0.74). Our results
demonstrate that Phylloicus abundance differs with season and impacts the processing of particulate organic matter. Further-
more, this work highlights the importance of Phylloicus larvae and their contribution to leaf breakdown in subtropical streams.

Key words: Shredders, aquatic macroinvertebrates, leaf litter decomposition, allocthonous organic matter.

RESUMO
Efeito de Phylloicus sobre a decomposigdo foliar em um riacho subtropical

Invertebrados fragmentadores sdo organismos chave para a decomposicdo de detritos foliares em riachos. Estes organismos
transformam a matéria orgdnica particulada grossa em matéria orgdnica particulada fina e incorporam carbono e nutrientes
em biomassa animal. Apesar de sua importdncia em riachos de cabeceira, a historia de vida desse tdxon fragmentador e sua
relagdo com o processamento de matéria orgdnica € incerta. O principal objetivo deste estudo foi avaliar a decomposig¢do
de detritos foliares em dois periodos do ano, a fim de testar se diferencas na abunddncia de larvas Phylloicus alteram o
processamento dos detritos. Folhas senescentes de uma espécie nativa (Campomanesia xanthocarpa) foram incubadas em um
riacho nos meses de Marco (outono) e Outubro (primavera). Apods 7, 15 e 30 dias de experimento foram coletadas amostras
para andlise. Ao término do experimento (apds 30 dias), a massa remanescente das folhas foi menor no outono (30%) do que
na primavera (53%). O coeficiente de decomposicdo foi de k = —0.0449 + 0.0042 dia™ no outono e dek = —0.0180 + 0.0003
dia™ na primavera. A abunddncia de Phylloicus foi maior no outono quando comparada a primavera (11.1 + 1.9 ind/litter bag
e 2.7+ 1.9 ind/litter bag, respectivamente). Observamos uma correlagdo positiva entre a abunddncia de Phylloicus e a perda
de massa dos detritos foliares no outono (r = 0.74). A abunddncia de Phylloicus variou entre as duas estagoes estudadas, o
que esteve relacionado com o processamento dos detritos foliares. Nossos resultados também indicaram a importdncia das
larvas de Phylloicus e sua contribui¢do para a decomposigdo foliar em riachos subtropicais.

Palavras-chave: Fragmentadores, macroinvertebrados aqudticos, decomposicdo foliar, matéria orgdnica aldctone.
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INTRODUCTION

Leaf litter decomposition is one of the main flow
routes of energy and nutrients into forested head-
water streams and is mediated by both microor-
ganisms and shredder invertebrates (Dobson et
al., 2002). Shredders transform organic matter
from coarse to fine, dissolve particles and carbon,
and incorporate carbon and other nutrients into
animal biomass (Allan & Castillo, 2007). Thus,
they play an important role in transforming or-
ganic matter into small particles and releasing
nutrients that are then used by other organisms
(Gracga, 2001; Jabiol et al., 2013). Based on their
contribution, studies in subtropical (Tonin et al.,
2014a), tropical (Gongalves et al., 2007; Cama-
cho et al., 2009) and temperate regions (Johnsson
et al., 2001; Huryn et al., 2002) have indicated
that the breakdown rate of organic matter is posi-
tively related to the abundance and/or biomass of
shredders; these results were also observed un-
der laboratory conditions (Ferreira et al., 2006;
Navarro et al., 2013). Furthermore, it is estimated
that shredders contribute from 51 to 64% of the
total leaf mass loss in temperate climates (fungi
and bacteria also contribute 15 to 18% and 7 to
9%, respectively) (Hieber & Gessner, 2002).

The Calamoceratidae family (Trichoptera)
contains typical shredders that are found in Neo-
tropical regions (Pattersen & Vannote, 1979).
Larvae of the genus Phylloicus Miiller 1880,
which are exclusively shredders, are usually
found in pool-like areas, where leaves accumu-
late in headwater streams (Wantzen & Wagner,
2006). The Phylloicus genus includes 60 en-
demic species of the Neotropical region, and so-
me species extend into the southwestern United
States (Holzenthal et al., 2007).

Several authors have reported that shredders
are underrepresented in tropical streams, where
Phylloicus larvae are present, compared to tem-
perate streams (Wantzen et al., 2008; Jacobsen
et al., 2008; Li & Dudgeon, 2008; Boyero et al.,
2011; Gongalves et al., 2012; Konig et al., 2014).
Some hypotheses have been proposed to explain
the low abundance of shredders and the uncer-
tainty of their role in leaf breakdown in tropi-

cal streams. One hypothesis is that many inverte-
brate shredders (mainly insects of Plecoptera and
Trichoptera) evolved in colder water and are less
prevalent in lower latitudes (Boyero et al., 2012).
Thus, it is suggested that the decomposition in
tropical systems is mainly driven by microorgan-
isms (i.e., aquatic fungi and bacteria), which are
stimulated by higher water temperatures (Irons
et al., 1994). It has also been suggested that the
low occurrence of shredders in tropical systems
could be an artefact of the increased local vari-
ation in these taxa or a result of the temporal
variations (Camacho et al., 2009). The low rela-
tive abundance of shredders could also be due to
their large body size compared with many other
invertebrates; this would mask their contribution
to leaf processing (Tonin et al., 2014a).

Our aim was to evaluate leaf breakdown at
two periods of the year and test whether dif-
ferences in shredder abundance altered the leaf
breakdown rates. Our hypothesis was that the
abundance of Phylloicus would differ between
the two periods of the year due to fluctuations in
the environmental factors that influence biologi-
cal communities. Thus, we further hypothesised
that there would be an increase in the leaf break-
down rates during the period of greatest abun-
dance of Phylloicus due to increased feeding ac-
tivity.

MATERIAL AND METHODS

Study area

The study was conducted in a first-order stream
(27°43°07”S; 52°18'20”W) in a subtropical cli-
mate (southern Brazil). The annual average tem-
perature at the site is 17+ 1 °C, and the annual
rainfall ranges from 1.900 to 2.200 mm (Alva-
res et al., 2013). The site is within the Arau-
caria Rain Forest, which is part of the Atlantic
Forest domain (Oliveira-Filho et al., 2015). The
riparian vegetation species include Araucaria an-
gustifolia (Araucariaceae), Vernonia discolor
(Asteraceae), Piptocarpha angustifolia (Aster-
aceae), Apuleia leiocarpa, Myrocarpus frondo-
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sus, Albizia edwalli (Fabaceae), Campomanesia
xanthocarpa (Myrtaceae) and Sebastiania bra-
siliensis (Euphorbiaceae).

Leaves and field experiment

We selected a plant species common to both
the Araucaria Rain Forest and the riparian zone
of subtropical streams (Campomanesia xantho-
carpa O. Berg, Myrtaceae; Oliveira-Filho et al.,
2015). Senescent leaves were collected from
a single forest fragment (27°38'59”S and 52°
16'12”W) in autumn 2010 using suspended nets.
The leaves were air dried, homogenised and weigh-
ed. C. xanthocarpa leaves have 2.1 +0.1% nitro-
gen, 0.040 + 0.005% phosphorus and 4.0 + 0.2%
tannins (for more details, see Tonin et al., 2014b).
The experiment was conducted in two peri-
ods: autumn (March 2011) and spring (October
2011). We performed the experiment at periods
when we expected differences in leaf input to the
streams based on previous observations (unpub-
lished results). Tropical plant species have asyn-
chronous loss of their leaves, and leaves can fall
year-round (Mathooko et al., 2000). However,
previous observations in subtropical regions have
shown that falling leaves are more pronounced in
the autumn due to the intrinsic characteristics of
plant species. In each period, we incubated 12 lit-
ter bags (15 X 20 cm; 10 mm mesh size) contain-
ing 3.0 £0.1 g of leaf litter. We use a correction
factor to consider differences between the air and
oven dry mass (35 °C, 48 h) of leaves. The same
pool of leaves was used for the experiments in
both periods (i.e., autumn and spring). Four litter
bags were randomly retrieved after 7, 15 and 30
days of incubation in the stream to assess the leaf
mass loss and the colonisation of invertebrates.

During each experimental period, the water
temperature, pH, turbidity, electrical conductivity
and dissolved oxygen were measured using a
Horiba®U-50 multi-analyser.

Laboratory procedures

After removing the litter bags, the leaves were
washed through a 250 um sieve to remove sedi-
ments and collect invertebrates. The remaining
leaves were dried (35 °C, 48 h) and weighed to
determine the remaining dry mass. Invertebrates
were identified to the family level and counted.
Individuals of the genus Phylloicus (Calomo-
ceratidae, Trichoptera) were separated from non-
shredder taxa. We found one Tipuliidae larvae
(autumn) and one Gripopterygidae larvae (spring);
these insects are also shredders. However, for
the purposes of our analyses, we counted only the
Phylloicus genus as shredders due to the low
representativeness of the other two taxa. The
identification of organisms was performed using
the taxonomic keys of Fernandez and Domingues
(2001), Mugnai et al. (2010) and Pes et al. (2005)
using a stereomicroscope at 30X magnification.

Data analysis

Each limnological variable was tested for signif-
icance between the experimental periods using a
t-test. The decomposition rates (—k day™') were
calculated according to a negative linear model
(W, = =kt + W,;), where the remaining mass W,
(In-transformed) is the weight at time ¢ (days),
W, is the initial mass and —k is the decomposition
coefficient (Webster & Benfield, 1986). We used
an analysis of covariance (ANCOVA) test with
time as a covariate to evaluate differences in the

Table 1. Limnological variables (mean + SE) during experimental periods (autumn and spring of 2011). Varidveis limnoldgicas
(média + EP) durante os periodos experimentais (outono e primavera de 2011).

Variables Autumn Spring t P

Water temperature (°C) 179+1.5 174 £1.2 -0.46 0.65
pH 7.0 £0.4 6.6 £0.3 0.21 0.84
Turbidity (NTU) 51 +12 43 +1.0 -1.74 0.12
Conductivity (uS/cm) 20.0 £0.0 20.0 +£0.0 -0.73 0.48
Dissolved oxygen (mg/L) 12.0 £3.0 13.0 £1.0 0.41 0.69
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Figure 1. Remaining mass (%; mean + SE) of Campomane-
sia xanthocarpa leaves during experimental periods (i.e., au-
tumn and spring of 2011) in a subtropical stream. Diferencas
na porcentagem de massa remanescente (média + EP) de Cam-
pomanesia xanthocarpa durante os periodos experimentais (ou-
tono e primavera de 2011) em um riacho subtropical.

remaining mass of leaf litter between the experi-
mental periods (i.e., autumn and spring). We used
Student’s #-tests to evaluate differences in the fi-
nal total abundance of Phylloicus and all other
invertebrates (grouped) between the experimen-
tal periods. Pearson correlations were used to test
whether the abundance of Phylloicus and other
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invertebrates (excluding Phylloicus) was corre-
lated with leaf mass loss in autumn and spring.
All analyses were performed using the “vegan”
package (Oksanen et al., 2011) in the R software
(R Core Team, 2013).

RESULTS

The limnological variables were similar for both
experimental periods (Table 1). During the two
periods, water was well oxygenated (> 12 mg/L),
had low electrical conductivity (~ 20 us/cm), was
slightly acid (~ 6.7) and had a mean temperature
of 17-18 °C (Table 1).

After 30 days, the leaf remaining mass was
lower in autumn (30%) than in spring (53%)
(ANCOVA, F(1’29) = 129, p = 0001, Flg 1)
The breakdown rate (k) was —0.0449 +0.0042
day™! in autumn and —0.0180 +0.0003 day~! in
spring.

Phylloicus abundance was higher in autumn
(11.1 £ 1.9 ind/litter bag, 8% of total organisms)
than in spring (2.6 £ 1.9 ind/litter bag; 2% of
total organisms; ¢ = 3.04; df =22; p =0.005;
Fig. 2A). We also observed a positive association
between other invertebrates and leaf mass loss
during both periods (spring: r = 0.71, p = 0.008

300
250
200 +

150 4

100 4

[
o
1

Days

Figure 2. Mean + SE abundance (organisms per litter bag) of (A) Phylloicus and (B) other invertebrates during the experimental
periods (autumn and spring of 2011) in a subtropical stream. Média + EP da abunddncia (organismos por litter bag) de (A ) Phylloicus
e (B) outros invertebrados, durante os periodos experimentais (outono e primavera de 2011) em um riacho subtropical.
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and autumn: » = 0.88, p < 0.001). However, when
the non-shredder taxa Chironomidae (45% of
total invertebrate abundance; » = 0.41, p = 0.17)
was removed, this relationship was no longer
present. In the autumn, the relationship with
other invertebrates (without non-shredder Chi-
ronomidae taxa) was significant (r = 0.68,
p =0.01).

The abundance of other invertebrates was
higher in spring (179.6 + 23.2 ind/litter bag, 92%
of total organisms) than in autumn (103.4 +27.4
ind/litter bag; 98% of total organisms; t = —2.38;
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df =22; p = 0.026; Fig. 2B). Chironomidae and
Simuliidae were the most abundant families dur-
ing both experimental periods. These organisms
accounted for 49.7% and 16%, respectively, of
the total fauna in autumn and 79.9% and 9.9 %,
respectively, in spring (Table 2).

DISCUSSION

We observed that the abundance of Phylloicus
was an important predictor of leaf litter process-

Table 2. Abundance (mean =+ SE) of other invertebrates (excluding Phylloicus) during experimental periods (autumn and spring
of 2011). Abunddncia (média + EP) dos outros invertebrados (excluindo Phylloicus), durante os periodos experimentais (outono e

primavera de 2011).

Autumn
Taxa

Spring

Day 7 Day 15
Acarina
Bivalvia
Diptera
Ceratopogonidae

212+ 2.7

05+ 0.2
1.2+ 04

Chironomidae
Dixidae
Empididae
177+ 7.8
0.2+ 0.2

Simuliidae
Tipulidae —
Coleoptera —
Dytiscidae
Elmidae
Hydrophilidae

Hyrudinea

65+ 1.3 7.7+ 2.7

Ephemeroptera
Baetidae

02+ 0.2
0.7+ 0.2
125+ 53

Leptophlebiidae
Megaloptera
Oligochaeta 1.2+ 04
Plecoptera
Perlidae 0.2+ 0.2
Gripopterigydae
Odonata
Calopterigidae 0.5+
Trichoptera
Hydropsichidae 30+
Hydroptilidae
Polycentropodidae

Hydrobiosidade

Day

02+
0.2+

0.7+

124+ 189

1.5+

332+ 28.9

2+ 1.2

385+ 9.3

0.7+

30 Day 7 Day 15 Day 30

0.2
0.2

0.7
602+ 11.6
02+ 0.2

168.2+ 19.8

2055+ 12

0.6 0.5+ 0.2

20.2+ 3.9 28+ 13.7

105+ 2.5 85+ 3.3

02+ 0.2

1.2+ 09
0.2+ 0.2
0.5+ 0.2
0.4
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ing in the studied stream. The higher abundance
of Phylloicus in autumn increased leaf break-
down 4-fold compared with the spring period.
Similar results were observed by Ferreira et al.
(2006), who showed an increase in leaf mass loss
in the presence of shredders under laboratory
conditions. Although it is expected that shred-
ders accelerate leaf litter processing due to their
higher than average consumption rates (Graga,
2001), few experimental studies have tested
whether shredders are important to leaf process-
ing in subtropical streams (Konig et al., 2014;
Tonin et al., 2014a). In the field, Gongalves
et al. (2007) observed that a high density of
shredders was responsible for the high mass
loss of Protium brasiliense leaves in a tropical
stream. Thus, the activity of typical shredders is
important because it promotes the fragmentation
of leaves and contributes to the flow of matter
and energy from headwaters to downstream areas
(Graga, 2001). Additionally, the breakdown rate
of C. xanthocarpa in autumn and spring can be
considered fast (k >0.0173 d™ 1), according to the
classification system proposed by Gongalves et
al. (2013). These values were higher than those
reported in studies conducted in subtropical
regions, where the abundance of shredders was
less than 1 % (Trevisan & Hepp, 2007; Hepp et
al., 2008; Tonello ef al., 2014).

Differences in Phylloicus abundance between
autumn and spring can be attributed to life
cycle and patterns of litter input to the stream.
Norwood & Stewart (2002) observed that a Neo-
tropical species of Phylloicus (Phylloicus orna-
tus) had oviposition between spring and summer
and that its larval final stages coincided with
autumn; this coincides with the greater abun-
dance of Phylloicus larvae observed in this study.
In addition, the higher Phylloicus abundance
in autumn can be explained by a higher litter
input to the streams and, thus, greater resource
availability. However, litter input into subtropical
streams in the Atlantic Forest Biome tends
to be constant throughout the year, with few
discrete peaks in certain months (Afonso et
al., 2000; Lisboa et al., 2015). Thus, there is a
higher probability of an increase in Phylloicus

abundance due to favourable conditions rather
than resource availability; this was not addressed
in the present study.

The low abundance (< 10%) of the typical
shredders reported for tropical and subtropical
streams (Boyero et al., 2012; Tonello et al.,
2014; Tonin et al., 2014a) is consistent with
our study’s observations. Despite this general
pattern, we observed a higher variability of
Phylloicus abundance between the seasons (11
individuals per bag in autumn vs. <3 in spring),
which demonstrates the importance of under-
standing the shredder abundance patterns over a
year and the life cycles of key shredder species
in clarifying their role in stream litter processing.

Other non-shredder invertebrates had oppo-
site patterns from Phylloicus (i.e., higher abun-
dance in spring), but these patterns were not con-
sistent after removing Chironomidae from the
analyses. This suggests that the abundance of
other invertebrates was not correlated with leaf
mass loss. Additionally, an increase in inverte-
brate abundance over time is expected due to the
colonisation of leaf litter as a substrate and/or
the release of fine organic particles, which gener-
ally increase with incubation time (Ligeiro ef al.,
2010; Biasi et al., 2013). Chironomidae was the
most abundant taxon during both periods, with 3-
fold higher abundance in spring than in autumn.
These are the dominant organisms in streams that
contain numerous substrate types, including leaf
litter (Hepp et al., 2008; Ligeiro et al., 2010; Bi-
asi et al., 2013). However, chironomids are not
typical shredders (Canhoto & Graga, 1999), and
their high abundance does not specifically indi-
cate the processing of coarse particulate organic
matter.

Our results highlight the relative importance
of typical shredders as consumers of leaf litter
in subtropical streams, even if they represent
less than 10% of the total invertebrates. The
feeding activity and metabolic rates of this
functional group intensify litter processing,
which represents an essential ecological process
in stream ecosystems. Finally, we show patterns
of occurrence and biological fragmentation in
less-studied subtropical streams.
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