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Abstract: The role of the invertebrate shredders in leaf decomposition process in tropical lotic ecosystems has
been explored only recently. In addition to the influence of the quality of litter and the temperature, the risk of
predation generally results in changes on the survival and behavior of invertebrate shredders. The aim of this
study was to observe the responses of the invertebrate shredders to different species of leaf litters (Experiment 1:
Talauma ovata and Inga laurina ; Experiment 2: Talauma ovata , Inga laurina and Richeria grandis ) under gradual
temperature rise (24 °C, 26 °C, 28 °C, 30 °C, 32 °C), in the presence (Experiment 2) and absence (Experiment1)
of fish (4styanax sp.) carcasses, as well as to observe the possible consequences of the leaf mass loss (LML).
The results from the first experiment suggest that the quality of the litter was capable of changing the feeding
preference of the invertebrate shredders, regardless of temperature. In the second experiment, the leaf mass loss
was faster in litter with higher quality (7alauma ovate and Richeria grandis ); in addition, we observed that the
exploration of these resources resulted in the case-building in the presence of fish carcass. The negative correlation
of leaf mass loss of Inga laurina in relation to temperature in the presence of fish carcass probably occurred due
to an accelerated metabolic, respiratory and cardiac rates. Apparently, this process may have led to an increased
shredding activity on the litters of better quality in relation to the /nga laurina. This fact may be related to less
energy consumption, so as to meet their energy demands more efficiently.
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Resumo: O papel dos invertebrados fragmentadores no processo de decomposi¢ao foliar em ecossistemas 16ticos
tropicais vem sendo recentemente explorado. Além da influéncia da qualidade do detrito e da temperatura,
o risco de predagdo geralmente implica alteragdes sobre a sobrevivéncia e comportamento de invertebrados
fragmentadores. O objetivo deste estudo foi verificar as respostas dos invertebrados fragmentadores a diferentes
espécies de detritos foliares (Experimento 1: Talauma ovata e Inga laurina; Experimento 2: Talauma ovata,
Inga laurina e Richeria grandis) sob elevagdes graduais de temperatura (24 °C, 26 °C, 28 °C, 30 °C, 32 °C), na
presenga (Experimento 2) ¢ auséncia (Experimentol) de carcacas de peixes (4styanax sp.), assim como verificar
as possiveis consequéncias sobre a perda de massa foliar (PMF). Os resultados do primeiro experimento sugerem
que a qualidade do detrito foi capaz de alterar a preferéncia alimentar dos invertebrados fragmentadores, independe
da temperatura. No segundo experimento, a perda de massa foliar foi maior sobre detritos de melhor qualidade
(Talauma ovata e Richeria grandis), além disso, foi verificada a exploragdo destes recursos para a construgdo de
casulos, na presenga de carcaga de peixe. A correlagio negativa da perda de massa foliar da espécie Inga laurina
em fungdo da temperatura na presenca de carcaga de peixes, provavelmente ocorreu devido a uma aceleragio
da taxa metabolica, respiratoria e cardiaca. Isto pode ter levado a uma ampliagdo da atividade de fragmentagio
sobre os detritos de melhor qualidade em relagdo ao Inga laurina, a fim de atender suas demandas energéticas
com maior eficiéncia e menor gasto energético.

Palavras-chave: atividade de alimentagdo, aquecimento global, decomposigao.
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Introduction

In lotic systems, with well-developed marginal vegetation
and reduced light penetration, the main source of energy for
the metabolism derives from organic matter of allochthonous
origin, characterizing them as heterotrophic (Wallace et al. 1997,
Gessner et al. 2010). In these environments, allochthonous leaf litter
is decomposed by a combination of physical, chemical and biological
factors (Hagen et al. 2006). Thus, the decomposition is influenced
by characteristics intrinsic to aquatic environments, such as flow, pH
(Gessner & Chauvet 2002), water temperature (Liski et al. 2003),
chemical composition of detritus (Suberkropp & Chauvet 1995,
Ostrofsky 1997) and biomass and the abundance of decomposers
and shredded invertebrate (Miyashita & Niwa 2006). Therefore, the
health and functioning of lotic ecosystems may be influenced by
natural or anthropic changes in the adjacent terrestrial systems and
in the biogeochemical cycles in local, regional or even global scale
(Tabacchi et al. 1998, Chapin III et al. 2002).

Anthropic actions (e.g. agriculture, cattle raising, urban
development, use of fossil fuels and deforestation) have led to an
intensification of the greenhouse effect, followed by an accelerated
hydrological cycle, which contribute even more to the enhanced
global warming effect (Chapin Il et al. 2002). Some studies estimate
that the average temperature of the planet may rise between 1.8 °C
and 4 °C by 2100, thus leading to an increase in the temperatures of
the rivers (Houghton et al. 2001, Intergovernmental... 2007). This
increase in the temperature may result in serious consequences, such
as physiological changes of several organisms, extinction of species,
biological interactions and ecological processes (Mooney et al.
2009). Ectothermic animals are strongly influenced by the
environmental conditions, where the effects of the temperature have
been documented for several taxa (Woods et al. 2003). However,
the influence of temperature on the exploration of leaf resources by
invertebrate shredders and the probable consequences within the
nutrient cycling have been seldom analyzed (Villanueva et al. 2011).

Some works have analyzed the effect of the temperature on the
decomposition of allochthonous litter and its consequence for the
functioning of lotic ecosystems (Boyero et al. 2011). Ex-situ studies
showed that the water temperature directly affects the decomposition,
by promoting the leaching of soluble compounds (Chergui & Pattee
1990), and indirectly through the increased microbial activity
(Carpenter & Adams 1979), thus stimulating leaf consumption
by invertebrate shredders (Gonzalez & Graga 2003, Azevedo-
Pereira et al. 2006). The increased temperature affects mainly the
detritivorous submitted to low quality litter, thus interfering in the
N:P ratio of the excreta (Villanueva et al. 2011).

The role of these invertebrate shredders in leaf breakdown in
tropical lotic ecosystems has been explored recently (Wright &
Covich 2005, Gongalves Junior et al. 2006, Wantzen & Wagner
2006), indicating the leaves may provide both food and habitat (Ruetz
III et al.2006, Leroy & Marks 2006, Moretti et al. 2009, Gongalves
Junior et al. 2012). The chemical composition of the leaf influences
the selection of plant species by the invertebrate as resource or shelter
(Wright & Covich 2005, Graga et al. 2001, Gongalves Junior et al.
2006). However, the studies are still not sufficient to help understand
the interaction mechanisms between the invertebrate shredders,
quality of the litter and temperature in headwater streams.

In addition to the influence of the availability and quality of the
litter, some studies have showed the negative influence of predators
on the survival and behavior of invertebrate shredders (Konishi et al.
2001, Ruetz et al. 2002). In aquatic ecosystems, this predator-prey
interaction may be shown through chemical substances that are
released by the organisms (Bronmark & Hansson 2000, Ruther et al.
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2002). These are capable of mediating a series of other interactions,
leading to a change in the individuals’ behavior, in the exploration
of the resources, which may result in the reduction of the decay
rate (Bronmark & Hansson 2000, Ruther et al. 2002). However, the
invertebrate shredders are rare in tropical systems (Boyero et al.
2011). The genus Phylloicus has been regarded as the most common
shredder among those that comprise this trophic group, and thus it
can be used in studies that analyze its effect on leaf detritus (Moretti
2005). Thus, modifications either in terms of biomass, abundance or
nutritional value of some of the organisms present in the food web
(plant-herbivore-predator) may reflect changes in trophic levels
interlinked and hence the energy flow and nutrient cycling in aquatic
environments (Wallace et al. 1997, Miyashita & Niwa 2006).

The genus Phylloicus Muller, 1880, (Calamoceratidae),
has 61 known species, and these are distributed from South to
Central America, being very diverse in Brazil, Peru and Venezuela
(Huamantinco et al. 2005, Prather 2003). Phylloicus larvae are
generally found among underwater leaves in lotic environments, and
this leaf resource is used as food and raw material to dorsoventrally
case-building (Wantzen & Wagner 2006, Wiggins 1996).

In view of this context, the aims of this study were (i) to analyze
the consumption of the invertebrate shredders (genus Phylloicus)
of chemically different leaf litters under different temperature
levels, and (ii) to study the predation effect on the consumption of
Phylloicus, using the presence and absence of fish carcasses. Three
hypotheses are observed: (1) The Phylloicus sp. larvae will be capable
of accelerating the leaf mass loss of all kinds of litter in higher
temperatures (Experiment 1); (2) High quality leaf litters will be
more easily degraded by the invertebrate in all levels of temperature
(Experiments 1 and 2); (3) The presence of the Predator’s carcass
will be capable of reducing the leaf mass loss of all kinds of litter in
the different levels of temperature, through top-down control in the
litter chain (Experiment 2).

Material and Methods

1. Collection procedures

The genus Phylloicus (Trichoptera) was the invertebrate shredder
used in this study. These organisms were collected by “active
search” in Capetinga stream (15° 57° 32” S, 47° 56 33 W), which
is situated in Agua Limpa Farm (area of 4,500 hectare), belonging
to the University of Brasilia. The invertebrate were taken to the
laboratory in insulated boxes. In the laboratory, the invertebrate with
leaf case-building were kept for 24 hours in 60-L tanks with water and
riverbed gravel from the same stream. The tanks were continuously
aired during this period.

2. Experimental procedures

2.1. Experiment 1

This experiment was carried out in order to test the responses of
the invertebrate shredders facing a categorical variable (temperature)
in the presence of difference types of leaf litter. The experiment
comprised five treatments that differed only in water temperature:
Treatment 1:24 °C, Treatment 2:26 °C, Treatment 3:28 °C, Treatment
4:30 °C and Treatment 5:32 °C. In each 60-L tank three invertebrate
were put without the leaf case-building and five leaf discs of each
kind of plant species (Talauma ovata St. Hill. and Inga laurina Sw.
Willd). The temperatures of each tank were kept through automatic
thermostats and oxygenation was kept by aerators. In addition, a
submersible pump was used in each tank to simulate the lotic flow
present in the natural environment.
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2.2. Experiment 2

This experiment was carried out in order to test the responses of
the invertebrate shredders facing the interaction of two categorical
variables (temperature and fish carcass) in the presence of difference
types of leaf litter. The experiment also comprised five treatments that
differed only in the water temperature: Treatment 1:24 °C, Treatment
2:26 °C, Treatment 3:28 °C, Treatment 4:30 °C and Treatment 5:32°C.
In each tank two invertebrate were put without the leaf case-building,
five leaf discs of each plant species (7alauma ovata St. Hill. , Inga
laurina Sw. Willd and Richeria grandis Vahl) and one Astyanax sp.
Baird & Girard, 1854, fish carcass. These fish are characterized for
being invertivorous, and for presenting Phylloicus sp. in their diet
(G.FM. Leite, unpublished data). The temperatures of each tank
were kept through automatic thermostats and oxygenation was kept
by aerators.

3. Leafmass loss

Discs were taken of wet leaf discs (diameter 1.8 cm) and after
were air weighed on precision balance (0.00001 g). They were
distributed homogeneously among all treatments in both experiments.
These discs were fixed in the tank substrate with pins of different
colors in order to enable their identification. Leaf discs homologous
(similar used in the experiments) were dried in oven at 62 °C for
48 hours for correction between air x dry weight (to estimate initial
dry weight).

The incubation period of the leaf discs related to each treatment
in the tanks was 11 days in both experiments. After this period,
they were put in oven at 62 °C for 48 hours and further weighed to
measure the final dry weight. The leaf mass loss (LML) between the
different substrates of each treatment was measured observing the
difference between the initial dry weight and the final dry weight.
Both experiments were carried out at the experimental unit of the
limnology laboratory, Department of Ecology of the University of
Brasilia (UnB).

4. Characterization of plant species

In order to measure the hardness of each plant species, leaf discs
(diameter 1.8 cm) were cut, avoiding their central ribs and, after
moistening them to restore their original characteristics, necessary
force to perforate the leaf blade was applied through a 0.79-mm
piston (Graga & Zimmer 2005). Total polyphenols were measured
for each plant species studied, as proposed by Bérlocher & Graga
(2005). Lignin and cellulose analyses were quantified according to
Gessner (2005).

5. Statistical analysis

Data normality was tested according to Kolmogorov-Smirnov
(Massey Junior 1951) and, when required, transformed using the
neperian logarithm (Ln). Then the Student’s t-test was used to
analyze the percentage of mass loss of Inga laurina and Talauma
ovata by invertebrate action of the genus Phylloicus (dependent
variable) in experiment 1, and among the different temperatures
studied (categorical variable) (Zar 1996). In experiment 2, the
percentage of mass loss of Richeria sp., Inga laurina and Talauma
ovata by invertebrate of genus Phylloicus (dependent variable) was
tested through ANOVA (one-way) in the different temperatures
associated to fish carcass (categorical variable). We used Tukey test
for discrimination among the categorical variables (Zar 1996). The
Student’s t-test was also used to test whether there was significant
difference in the percentage of mass of the litter (dependent variable)
between the two experiments carried out (categorical variable).
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The relationship of temperature (experiment 1) and the
temperature associated to fish carcass (experiment 2) with the
percentages of mass loss by invertebrate of genus Phylloicus was
tested through Pearson’s coefficient (p; ranges from —1 to 1),
considering p < 0.05. The values equal or superior to 0.70 indicate
a strong; from 0.30 to 0.7 indicates mild, and from 0 to 0.30 a weak
correlation. Moreover, they may be positive (the variables increase
or decrease together) or negative (means that the variables vary in
opposite direction; Press et al.1992).

Results

The chemical characterization of litter of 7alauma ovata presented
the lowest concentrations of polyphenols, hardness and lignin
in relation to the other litters. Richeria grandis presented higher
concentrations of polyphenols and hardness, while Inga laurina
presented the highest values in percentage of lignin and cellulose
(Table 1).

1. Experiment 1 (without fish)

The percentages of mass loss of Inga laurina and Talauma ovata
leaf discs by invertebrate action of genus Phylloicus were different
among the litter in all temperatures tested, with the highest values
observed in Talauma ovata in all treatments when compared to Inga
laurina (Table 2; Figure 1).After relating the percentages of mass loss
of litters of Inga laurina (Pearson’s Correlation, p=-0.1, p=0.518)
and Talauma ovata (Pearson’s Correlation, p=-0.4, p=0.057) to the
increase of temperature in the experiment, we did not find significant
correlation.

2. Experiment 2 (with fish)

The mass loss between the litters of Inga laurina, Richeria
grandis, and Talauma ovata submitted to action by Phylloicus was
different in all treatments (Table 3). Richeria grandis and Talauma
ovata were not different in their mass losses (Tukey, p < 0.05). On
the other hand, Inga laurina presented the lowest values (Tukey, p <
0.05; Figure 2). We found mass loss of litters by Phylloicus sp. with
increased temperature in the presence of fish carcasses. However,
we observed that /nga laurina was negative correlated (Pearson’s
Correlation, p =—0.7, p = 0.023), but we did not find correlation to
Richeria grandis (Pearson’s Correlation, p = 0.1, p = 0.483) and
Talauma ovata (Pearson’s Correlation, p = 0.1, p = 0.834).

3. Experiment I (without fish) X Experiment 2 (with fish)

The percentages of mass loss by invertebrate of genus Phylloicus
between the two treatments carried out with litter of Inga laurina and
Talauma ovata were significantly different in most of the temperatures
analyzed (Table 2). Talauma ovata presented higher significant values
in treatment 2 (with fish) when compared to treatment 1 (without
fish) for all treatments. However, Inga laurina did not presented
significant difference in temperatures of 24 °C and 30 °C, contrary
to the other one (26 °C, 28 °C and 32 °C). Except for 24 °C in Inga
laurina presented the highest values of leaf mass loss in Experiment
1 (without fish) when compared to 2 (with fish).

Table 1. Characterization of plants species: Concentration of polyphenols
(% g' dry mass), Hardness (g), Lignin (% g dry mass) and Cellulose (%g™
dry mass).

Plant Species  Polyphenols Hardness Lignin Cellulose

Richeria grandis 6.95 400.1 28.92 20.84
Talauma ovata 2.21 149.75 22.93 28.04
Inga laurina 4.79 363.75 43.56 29.11
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Table 2. Student’s t-test and p values for mass loss rate for /nga laurina and Talauma ovata in the experiment 1 (absence of fish carcass) and between experiments
1 (absence of fish carcass) and 2 (presence of fish carcass), in different temperature gradients.

Experiment 1

Experiment 1 x Experiment 2

T. ouvata x I. laurina T. ovata L. laurina
t p t p t p
24 °C 3.97 0.0032 24.67 <0.001 1.839 0.099
26 °C 3.58 0.0059 4.904 <0.001 3.303 0.009
28 °C 3.48 0.0068 7.117 <0.001 9.613 <0.001
30°C 4.18 0.0023 19.49 <0.001 1.990 0.077
32°C 391 0.0035 13.68 <0.001 4.015 0.003
30 Table 3. Significance (p) values for ANOVA (one-way) test, degrees of
freedom (DF) used and residual DF in the analysis, as well as F-test deviance
% values for mass loss between Richeria grandis, Inga laurina and Talauma
25 ovata in different temperature gradients in the presence of fish carcass.
DF Residual DF Deviance (F) P
< 24 °C 2 12 7.13 0.009
7 20 26 °C 2 12 23.77 <0.001
§ 28 °C 2 12 40.55 <0.001
E 30 °C 2 12 17.78 0.002
w 15 32°C 2 12 21.65 <0.001
10 Discussion
5 1. Shredding activity x Quality of leaf litter
%’ gg :g The results of the first experiment indicated that the quality
28 °C of the litter was capable of changing the feeding preference of
0 B85 30 °C the invertebrate shredders. A better quality of the Talauma ovata

Inga laurina

Talauma ovata [O]32°C

Figure 1. Average values and standard errors of the percentages of mass loss
by invertebrate of genus Phylloicus of Inga laurina and Talauma ovata in
the different temperatures studied (24 °C, 26 °C, 28 °C, 30 °C and 32 °C).
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Talauma ovata

Figure 2. Average values and standard errors of the percentages of mass loss
by invertebrate of genus Phylloicus of Richeria grandis, Inga laurina and
Talauma ovata in the different temperatures studied (24 °C, 26 °C, 28 °C,
30 °C and 32 °C).
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leaves could be explained by lower concentrations of secondary
compounds, lignin and cellulose facilitating the consume by the
Phylloicus larvae. These results are according to Graga et al. (2001)
who observed a feeding preference of Phylloicus for leaves with
high N and P, and lower polyphenols and lignin (Ficus) content, thus
avoiding litter with lower N and P content, and high polyphenols and
lignin (Anacardium) content. Another important aspect is that, when
synthesizing large quantities of secondary compounds (polyphenols),
many tropical species impair the microbial colonization, thus reducing
the palatability of leaves for the shredders (Coley & Aide 1991,
Gessner & Chauvet 1994).

In the second experiment, the invertebrate also had a higher
feeding preference for Talauma ovate and for Richeria grandis in
relation to /nga laurina. However, Richeria grandis did not present
different concentrations of polyphenols and hardness in relation
to Inga Laurina, probably because they showed lower lignin and
cellulose contents. This may suggest that the feeding preference of
the Phylloicus sp. under risk of predation due the low percentage of
structural compounds (lignin and cellulose) leading to easy obtain
energy. Ratnarajah & Barmuta (2009) observed that the hardness
of leaves did not affect the consumption of the litters by Antipode
wellingtoni and Caenotaplicata, corroborating our results, where
the structural composition of the leaves was the main factor for the
increase of leaf consumption, regardless of hardness.

2. Shredding behavior x Temperature gradient

The absence of significant correlation between the leaf mass
loss of litter of Inga laurina or Talauma ovata with the different
temperature gradients suggests that the increased temperature was
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not capable of increasing the consumption of the different leaf
resources by the invertebrate shredders. This corroborates the study
by Villanueva et al. (2011), where they did not observe consumption
of Sericostoma vittatum by an increase in carbon, nitrogen and
phosphorus ingestion between the temperatures of 15°C and 20°C,
fed with three different diets (A/nus glutinosa, Eucalyptus globulus
and Quercus robur). However, studies have reported that the
efficiency in assimilating N, P and C in detritivorous species may be
simultaneously affected by the temperature and diet (Villanueva et al.
2011).

In the presence of carcass was observed the construction of case-
building by Phylloicus sp., possibly due the chemical substances
released from fish carcass could indicate the risk of predation.These
can lead invertebrate to build shelters that ensured protection from
predators. Litters of Talauma ovata and Richeria grandis were used
frequently to build case, probably due its higher abundance, quality
resources and faster losses of leaf mass in all treatments. This
corroborates some studies that suggest that Phylloicus have preference
for some plants species, where the leaf litter used to build case is very
flexible and depends on its abundance in its habitats (Moretti et al.
2009, Hanna 1961, Otto & Svensson 1980).

The risk of predation tends to result in physiological stress on
preys, which consists in changes in neuroendocrine and biochemical
processes, acceleration of metabolism, respiratory and cardiovascular
rates and behavioral changes, so as to increase the survival of the
species before life-threatening situations and to keep the physiological
homeostasis (Wingfield & Ramenofsky 1999). Other studies report
that the increase in the temperature tends to generate an exponential
increase in the metabolic rate (Brown et al. 2004). The presence
of fish carcass was capable of increasing the consumption over
Talauma ovata as compared to the experiment without carcass, in
all temperatures, even in the presence of a second resource of good
quality (Richeria grandis). This suggests that the risk of predation
may be capable of generating a physiological stress in Phylloicus sp.,
stimulating these invertebrate to increase their shredding activity on
high-quality litter that ensure an energy input more effectively and
efficiently, mainly in intermediate temperatures (26 °C and 28 °C).

3. Experiment I(absence of fish carcass) x Experiment 2
(presence of fish carcass)

In experiment 1, the presence of only one stressing agent and
a better quality resource allowed Inga larina to be explores with
higher intensity, even with the increase in the temperature. However,
the strong negative correlation of leaf mass loss of the species /nga
laurina in relation to the temperature in the presence of fish carcass
may be related to the increase in the physiological stress for shredder
by increase in the temperature and risk of predation (stressor agents)
(Wingfield & Ramenofsky 1999, Brown et al. 2004). This may have
accelerated the metabolism of these invertebrate, leading them to
expand their shredding activity on the litters of better quality (7alauma
ovata and Richeria grandis) and more abundant. Thus, this reduction
in the exploration of Inga laurina, that contains a higher concentration
of refractory compounds, with the increase in the temperature, may
be a strategy to meet their energy need with higher efficiency and
lower energy consumption.

Conclusion

Our results indicate that the Phylloicus sp. larvae present a
higher shredding capacity on litters that contain lower percentage
of structural (refractory) and secondary compounds, regardless of
the temperature gradient. The presence of fish carcass is capable of
simulating the risk of predation on Phylloicus sp. and accelerating
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the shredding behavior of this invertebrate on the better quality
resources. This probably occurs to meet energy needs arising out of
a probable state of stress or to build case that ensure higher protection
and survival.
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