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Volumen 28. Número 1. 2009

LIMNETICA
Revista de la
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Rolando Quirós, in memoriam
Alicia Fernández Cirelli
Universidad de Buenos Aires

Rolando Quirós died on October 11, 2008, at the age of 65. He earned his Ph. D. at the University of
Buenos Aires. Both his undergraduate career and his Ph D are in Chemistry. His Thesis dealt with: “Re-
lationship among the levels of photosynthetic pigments and different environmental factors in aquatic
environments of Argentina”. The fact of being a chemist had a fundamental in�uence on his view of
limnology.

It is hard to write about somebody admired and respected, both professionally and personally.
Rolando has left a tremendous void in our hearts. The complete personality of this enthusiastic man,
committed to excellence, was re�ected in the many facets of science he touched in the near 70 publi-
cations and books. In his private life, he was passionate in his daily discussions and talks; he loved life
and cooked very well.

Rolando Quirós deserves recognition from all of us for his pioneer, fundamental research in Argen-
tinean lakes and Reservoirs (ARLARE). Mainly in pampasic ponds and his classi�cation of ponds in
clear and turbid, based in physicochemical and ecological factors. He was Research Member of the
National Council of Scienti�c and Technical Research (CONICET, Argentina) and Full Professor in
the University of Buenos Aires. Rolando also acted as consulter of Fisheries Department - FAO (1986-
1997), scienti�c researcher of INIDEP (1985-1990), consulter of Secretary of Agriculture, Livestock
and Fisheries of Republic Argentina (1991-1994).

His lab was exemplar in the sense not only that it was very well equipped but also that there was
always a productive atmosphere created by him, promoting the collaboration between his team and
always seeing how things were going ready to help. Extremely careful in preparing his talks in confer-
ences or his classes, advising students and young colleagues and always helping in both their personal
and scienti�c lives.
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We shared our work as young chemists in the Faculty of Sciences in the 70’s and continued our
scienti�c and personal relation through the years. He was very idealist and enthusiastic and continued
being the same all along the years. His character generated con�icts and many people argued with him.
Nevertheless most of them recognized his knowledge and scienti�c capacity.

His passionate way of seeing life was also a passionate way of seeing science. His enthusiasm for
limnology was contagious.

The passing of Rolando Quirós is a great loss for science, yet, more than the eminent scientist, we
lost the man who persisted in his condition of being a true friend.
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ABSTRACT

Leaf litter ofErythrina crista-galliL. (ceibo): trophic and substratum resources for benthic invertebrates in a secondary
channel of the Middle Paraná River

The decomposition of Erythrina crista-galli L. (Leguminosa) leaf litter and its colonization by invertebrates were studied in
a secondary channel of the Middle Paraná River. This species is native to and very abundant in South America in riverside
areas and in Argentina it is known as ‘ceibo’. The objectives were to estimate the E. crista-galli leaves’ decomposition rate,
to determine the proportion of functional feeding groups of invertebrates throughout the process of decomposition, and to
evaluate the use of leaf detritus by the benthic invertebrates. The leaves were collected at abscission and 6 g dry weight
were placed in 5 mm mesh nylon bags. The samplings were carried out between May and September 2002 and six replicates
were collected after 7, 14, 28, 56 and 112 days. The decomposition rate (k) calculated over 112 days of decomposition was
0.0129 d−1. Invertebrate densities increased with the progressive decomposition of the leaves, reaching the maximum at 14
days (306 ind g−1 dw leaf−1) and 112 days (298 ind g−1 dw leaf−1). The highest species richness (18.5) was found at 7
days of leaf decomposition. Colonization of decomposing leaves was dominated by Diptera Chironomidae (Polypedilum spp.,
Phanopsectra sp.), Crustacea (Cladocera, Ostracoda), Oligochaeta Naididae (Pristina americana, Slavina evelinae, and S.
isochaeta), and Mollusca (Limnoperna fortunei).
The shredders were dominant at the begining of the decomposition process and the collector-�lterers increasing at the end of
the period because of the highest density of Limnoperna fortunei which used the leaf litter as substratum.

Key words: Decomposition rate, feeding functional groups, colonization.

RESUMEN

Hojarasca de Erythrina crista-galli L. (ceibo): recurso tró�co y sustrato para invertebrados bentónicos en un cauce se-
cundario del r�́o Paraná Medio

Se estudió la descomposición de hojas de Erythrina crista-galli L. (Leguminosa) y su colonización por invertebrados en un
cauce secundario del r�́o Paraná Medio. Esta especie es nativa y muy abundante en América del Sur, principalmente en los
bosques riparios en las márgenes de los r�́os y en Argentina se conoce como ‘ceibo’. Los objetivos fueron estimar la tasa
de descomposición de las hojas de E. crista-galli, determinar la proporción de grupos funcionales a lo largo del proceso
de descomposición y evaluar el uso que realizan los invertebrados bentónicos del detritus vegetal que colonizan. Las hojas
fueron colectadas de los árboles y 6 g de peso seco de hojas fueron colocadas en bolsas de 5 mm de abertura de malla. La
experiencia fue llevada a cabo entre Mayo y Setiembre de 2002 y se recolectaron seis réplicas a los 7, 14, 28, 56 y 112 d�́as.
La tasa de descomposición (k) a los 112 d�́as fue de 0.0129 d−1. La densidad de los invertebrados aumentó con la progresiva
descomposición de las hojas, alcanzando la máxima densidad a los 14 d�́as (306 ind g−1 ps−1) y 112 d�́as (298 ind g−1 ps−1) y
la riqueza de especies fue mayor a los 7 d�́as (18.5). Los grupos colonizadores fueron principalmente, Diptera Chironomidae,
(Polypedilum spp., Phanopsectra sp.) Crustacea (Cladocera, Ostracoda), Oligochaeta Naididae (Pristina americana, Slavina
evelinae and S. isochaeta) and Mollusca (Limnoperna fortunei).
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Los trituradores fueron dominantes durante las primeras etapas de descomposición y los colectores-�ltradores aumentaron
hacia el �nal de la experiencia debido a la gran densidad de Limnoperna fortunei que utilizó a las hojas como sustrato.

Palabras clave: Tasa de descomposición, grupos funcionales, colonización.

INTRODUCTION

Freshwater and terrestrial ecosystems are linked
by pathways of organic matter exchange. These
exchanges are particularly important in the low
order streams with dense riparian forests, whe-
re the leaves of the trees are the most abundant
organic matter inputs and constitute the most im-
portant source of energy to heterotrophic orga-
nisms (Sponseller & Ben�eld, 2001; Hoffmann,
2005; Graça & Canhoto, 2006). Many studies ha-
ve analyzed the importance of the allochthonous
inputs, demonstrating that the temporary and spa-
tial contributions depend on the surrounding ripa-
rian vegetation (Pozo et al., 1997). In temperate
deciduous forests, most of the litter falls in a re-
latively short period (Pozo, et al., 1997), in con-
trast to other forested systems where the leaf lit-
ter input is rather constant throughout the whole
year (Stewart, 1992). Other studies have demons-
trated the important in�uence of the riparian zo-
ne in the structure and ecological functioning of
the streams due to their intrinsic ecosystem cha-
racteristics, acting often like a load of nutrients
for the rivers (Sabater et al., 2000). The leaf lit-
ter decomposition of the riparian forest and the
aquatic macrophytes is a key to ecosystem pro-
cesses in running waters such as carbon cycle,
spiraling of nutrients and energy transfer (Wa-
llace et al., 1999). In many studies it was deter-
mined that the leaf quality, the nutrients concen-
tration, dissolved oxygen and the physical condi-
tions are factors that affect the leaf breakdown in
streams (Gamage & Asaeda, 2005; Rueda Delga-
do et al., 2006; Ardón et al. 2006; Poi de Neiff et
al., 2006). Nevertheless, the role of invertebra-
tes in this process is not very well known, es-
pecially in tropical and subtropical regions (Ma-
thuriau & Chauvet, 2002, Wantzen & Wagner,
2006; Gonçalves et al., 2006).

Leaf breakdown in running waters proceeds in
three phases that, rather than work separately, act
simultaneously: leaching, conditioning, and frag-
mentation (Gessner, 1999). Leaching is a rapid
phase, releasing the soluble organic compounds
in a few hours; therefore the majority of solu-
ble constituents may leach within 48 h after the
immersion of the leaves. Then, a leaf coloniza-
tion by fungi and bacteria occurs conditioning the
litter, the fungi being dominant and more active
than the bacteria at the beginning of this break-
down stage. The principal function of the fungi
in this stage is the degradation of the vegetation
(Irons et al., 1994, Graça & Canhoto, 2006) by
the digestion of the cellulose and especially the
lignin (Magee, 1993). Through its action they in-
crease the palatability of the leaf litter and make it
more acceptable for the consumption by inverte-
brates (Irons et al., 1994). Initially, the fungi ex-
hibit the most rapid accumulation of biomass and
dense sporulation and bacteria biomass increa-
se when fungal biomass starts to decline (Baldy
et al., 1995, Sridhar & Bärlocher, 2000). The
decomposition rate is in�uenced by the structu-
re and the initial chemistry of the leaves (Ma-
thuriau & Chauvet, 2002). Stewart (1992) sug-
gests that leaves rich in nutrients breakdown fas-
ter than those with lower concentrations. Fur-
thermore, Ostrosfky (1997) pointed that the ra-
te of decomposition is positively related to the
nutrients’ concentrations (C:N ratio) and negati-
vely to the concentration of lignin and total phe-
nols, because tannins are considered to be defen-
sive against microbial colonization (Mathuriau &
Chauvet, 2002). In the third and last phase, the
physical and biotic fragmentation of decompo-
sing leaf litter in running waters is carried out
by invertebrates, such as shredders, herbivores,
and detritivores, and by physical fragmentation
(action of the current velocity). Many studies ha-
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ve shown the importance of the shredders and
scrapers in the decomposition, owing to their ac-
tion and the passage through their digestive tract
which modi�es the particle size (Varga, 2003).
According to Mathuriau & Chauvet (2002), the
leaves in the tropical rivers have a triple function,
depending on the invertebrates and on the decom-
position degree of the leaves, they can act like
substrate, offer a trap for �ne particulate organic
matter (FPOM) and sediments and can be a direct
source of C and nutrients. Thus, a high diversity
of invertebrates is able to colonize the litter, but
many of them use it as a temporary substrate ra-
ther than a food resource. Not all the organic mat-
ter input is decomposed in the river, part of it will
be transported downstream; and a great amount
of litter is deposited in sand banks of the �ood-
plain rivers or lakes without signi�cant proces-
sing (Nessimian et al., 1998). The rate of decom-
position and the colonization by invertebrates in
different trees species for several types of sys-
tems have been documented by numerous studies
(e.g.: Casas & Gessner, 1999; Graça, 2001; Mat-
huriau & Chauvet, 2002; Maynard, 2002; Hieber
& Gessner, 2002; Gonçalves et al., 2006; Wan-
tzen & Wagner, 2006; Callisto et al., 2007). On
the other hand, in environments from the Mid-
dle Paraná River �oodplain, there is information
on the colonization and rate of decomposition of
macrophytes such as Typha latifolia (Bruquetas
de Zozaya & Neiff, 1991), Eichhornia crassi-
pes, Panicum prionites, Paspalum repens (Poi de
Neiff & Neiff, 1988; Hammerly et al., 1989; Poi
de Neiff, 1991) and trees such as Tessaria integri-
folia (Neiff & Poi de Neiff, 1990; Poi de Neiff et
al., 2006; Galizzi & Marchese, 2007), Coperni-
cia alba (Poi de Neiff & Casco, 2001) and Salix
humboldtiana (Capello et al., 2004). One of the
unanswered questions is the reason for the pau-
city of shredders in some tropical and subtropical
regions (Irons et al., 1994; Dudgeon & Wu, 1999;
Dobson et al., 2002; Rueda Delgado et al., 2006).
Therefore, it is important to know the dominant
functional feeding groups and to determine the
use by invertebrates of the decayed and accumu-
lated leaves in the freshwater environments’ bot-
tom. The objectives of this study were to estimate
the Erythrina crista-galli leaves’ decomposition

rate, to determine the proportion of functional
feeding groups of invertebrates throughout the
decomposition process to characterize their parti-
cipation in the degradation of the organic matter
and to evaluate the use of leaf litter by the in-
vertebrates. This study is the �rst contribution on
the rate of decomposition and colonization of this
very important tree species in the forest gallery
of the Paraná River system. It is a native species
in Argentina and Uruguay that also is distribu-
ted in the south of Brazil, Paraguay and Bolivia.

MATERIALS AND METHODS

Experimental design

Fresh leaves were collected at abscission from
the trees (ceibo) growing in the banks of the Tira-
dero Viejo River (secondary channel of the Midd-
le Paraná River). The leaves were air-dried and
placed in an oven at 60 ◦C for 24 h to obtain dry
weight before their immersion in the river. Six
g dry mass samples were placed in polypropyle-
ne litterbags, which were 10 cm wide × 30 cm
length with a 5 mm mesh sieve (according to
Wantzen & Wagner, 2006). The litterbags were
placed in the right bank of the Tiradero Viejo Ri-
ver (31◦40′S and 60◦33′W), and �xed to a 30 cm
nylon rope that was anchored to the riverbed
using metal stakes. Six litterbags were collected
during a low water period (may 16- September 9,
2002) in separated plastic bags at 7, 14, 28, 56
and 112 days exposure and transported on ice to
the laboratory for further analysis. Water velocity
(with �oating), pH (Hellige pH-meter), dissolved
oxygen (YSI oxymeter), water temperature (stan-
dard thermometer), and conductivity (Beckman
conductivity meter) were measured in situ and
grain size of bottom sediments (Wentworth scale)
was determined in the laboratory. In the labora-
tory, the leaves were rinsed over a 200 μm mesh
sieve and all the invertebrates were hand picked
from samples at 10× magni�cation using a dis-
section microscope and were preserved in 70 %
alcohol for subsequent counting and identi�ca-
tion to a species or morphospecies. The leaves
were dried at 60 ◦C to constant mass and weighed
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with a Mettler electrobalance (0.1 mg accuracy).
The abundance of the invertebrates’ taxa (ind
g−1 dw−1 remaining leaves) was determined in
each replicate and the mean and standard error
were obtained. The breakdown rate coef�cient
(k) was determined using the exponential decay
model given by Petersen & Cummins (1974),
Wt = W0 e−kt, where Wt, is the �nal mass of
leaf material, W0 is the initial mass and k is the
exponential decay coef�cient expressed in mass
loss per day and t is the elapsed time in days.

Sampling dates were grouped by cluster
analysis using abundance data of all the inverte-
brates’ taxa matrix (unweighted pair group ave-
rage linkage based on the Bray-Curtis dissimi-
larity). All taxa were categorized into functio-
nal feeding groups based on available informa-
tion (Merrit & Cummins, 1994; Cummins et al.,
2005). A Kruskal-Wallis analysis was used to test
for differences in density and taxa richness bet-
ween the days of exposure. Pearson correlation
index was calculated to analyze signi�cant rela-
tionships among the density, taxa richness, and
coarse particulate organic matter (CPOM).

RESULTS

Environmental variables

The depth of the right bank of the Tiradero Vie-
jo River where the litterbags were placed varied
between 1.4 m and 0.65 m in relation to the water
level of the Paraná River in Santa Fe, Argentina.
The average discharge was 500 m3/s with a channel
width of 130 m, and the river flows through a
gallery forest with dense canopy mainly in the left
bank. The right bank is dominated by riparian trees
typical of a first successional stage, such as Tes-
saria integrifolia, Salix humboldtiana, and Ery-
thrina crista galli and a high density of shrubs,
such as Sesbania virgata y Panicum prionites.

The water temperature ranged from 12 to
20 ◦C, the water transparency between 23 and
53 cm; the lower value coincided with a maxi-
mum water level of the Paraná River, and the
resuspended �ne sediments and higher trans-
port of suspended solids. The conductivity varied

Table 1. Average values of environmental variables in the
sampling sites. Valores promedio de las variables ambientales
registradas en el sitio de muestreo.

Variables Mean ± Standard deviation

Depth (m) 1.2 ± 0.4
Transparency (cm) 35.2 ± 13.7
Temperature (◦C) 17 ± 2.9
Conductivity (μS/cm) 85 ± 14.1
O2 (mg/l) 6.3 ± 2.6

between 70 μS/cm and 100 μS/cm, the water dis-
solved oxygen between 3.7 mg/l and 10.9 mg/l
(Table 1), the average value of the current velo-
city in the site sampled was 0.61 m/s (±0.2). The
bottom sediment granulometry was composed by
38 % of sand, 44 % of mud and 27 % of clay.

Leaf mass loss

Mass loss of E. crista-galli leaves was high du-
ring the �rst 7 days of the experience (36 % of
the initial mass was lost), it stabilized between
days 14 and 56, and 72 % of the initial mass
was lost after 112 days (Fig. 1). The k (break-
down rate) calculated over 112 days decomposi-
tion was −0.0129 d; and the estimated time for a
50 % decomposition was 53 days.

Invertebrates colonization

Colonization of leaves of E. crista galli by inver-
tebrates was fast, and reached an average density
of 189 invertebrates/dry weight remaining leaves
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Figure 1. Dry weight remaining during decomposition of
Erythrina crista galli leaves. The bars are standard error. Pe-
so seco remanente de las hojas de Erythrina crista galli en el
periodo de descomposición. Las barras indican error estándar.
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Figure 2. Density of invertebrates and taxa number during de-
composition of Erythrina crista galli leaves. The bars are stan-
dard error. Densidad de invertebrados y número de taxa en ho-
jas de Erythrina crista galli en descomposición. Las barras in-
dican el error estándar.

at 7 days of immersion. The density did not differ
signi�cantly between dates (Kruskal-Wallis) and
the highest mean values of 306 ind g−1 dw and
298 ind g−1 dw−1 were reached at days 14 and
112, respectively (Fig. 2). The litter bags were
colonized by 18 taxa after 7 days, but decreased
afterwards without signi�cant differences bet-
ween time periods (Kruskal-Wallis) (Fig. 2). The
total number of taxa collected from litter bags
throughout the experience was 41 (Table 2), but
only 11 taxa were recorded in all the samplings:
(Nematoda, Chironomus gr decorus, Ablabesm-
ya (Karelia) sp., Polypedilum spp., Phaenopsec-
tra sp., Caenis sp., Trichoptera, Cyclopida, Har-
pacticoidea, Ostracoda and Limnoperna fortu-
nei. Oligochaeta Tubi�cinae was only recorded
at the end of the experiment while the Chirono-
midae (54 %) and Crustacea (24 %) were domi-
nant at the initial phase of decomposition (Fig. 3).
The abundance of Crustacea (19 %) declined at
14 days and Chironomidae had a considerable
increase (71 %) but decreased afterwards and
reached a low percentage (3 %) at 112 days where
Bivalvia had a high abundance (76 %). Trichopte-
ra, Ephemeroptera, Gasteropoda, Nematoda, and
Oligochaeta Naididae were collected throughout
the study in low percentages (Fig. 3). Polype-
dilum spp. was the dominant chironomid and
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Figure 3. Relative abundance ( %) of invertebrates colonizing
Eryhtrina crista galli leaves during decomposition. Abundancia
relativa ( %) de taxa invertebrados que colonizaron las hojas de
Eryhtrina crista galli en descomposición

Phaenopsectra sp., Endotribelos sp., Ablabes-
myia spp. and C. gr decorus were subdominant.
The mollusk Heleobia parchappei was collected
in lower abundance and L. fortunei, an invasive
mussel which colonized the litterbags from the
begining of the experiment, ranged from 12 % to
76 % at 112 days (Fig. 3). The more representa-
tive oligochaetes were Pristina americana, Sla-
vina evelinae y S. isochaeta (Table 2). With the
Bray-Curtis classi�cation, the samples were divi-
ded according to the temporal gradient indicating
a high similarity between the initial colonization
phase and a very low one with the results obtai-
ned at the end of the experiment, suggesting a pe-
riod of degradative ecological succession.

The functional feeding group’s proportion
was shifted in relation to the leaves’ decomposi-
tion (Fig. 4). Throughout the decomposition of E.
crista galli, collector-gatherers, collector-�lterers
and shredders were the dominant groups, with a
progressive replacement during the 112 days of
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Figure 4. Number of individuals by feeding functional groups
during the experience. Densidad de individuos por grupos fun-
cionales encontrados durante la experiencia.
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Table 2. List of taxa recorded during the experience and the feeding functional groups adjudicated to each taxa. P: predator, M:
pierces, C-G: collector-gatherers, C-F: collector-�lterers, S: shredders, Sc: scrapers. Lista de taxa registrados durante la experiencia y
los grupos funcionales adjudicados a cada taxa. (x): presencia. P: depredador, M: minador, C-G: colector-recolector, C-F: colector-
�ltrador, S: triturador, Sc: raspador

List of Taxa Functional feeding groups Exposure days

7 14 28 56 112
Turbellaria P x
Nematoda M x x x x x
Oligochaeta

Naididae
Dero sp. C-G x x
Dero furcatus C-G x x x x
Dero botrytis C-G x x
Dero multibranchiata C-G x x x x
Dero nivea C-G x x
Dero obtusa C-G x x
Dero pectinata C-G x
Dero sawayai C-G x x
Slavina evelinae C-G x
Slavina isochaeta C-G x x
Pristina aequiseta C-G x
Pristina leidyi C-G x x x
Pristina americana C-G x
Nais variabilis C-G x

Tubi�cinae
Aulodrilus pigueti C-G x
Limnodrilus immature C-G x
Limnodrilus hoffmeisteri C-G x
Limnodrilus udekemianus C-G x

Rhyacodrilinae
Botrhioneurum americana C-G x

Opistocystidae
Opistocysta funiculus C-G x

Diptera Chironomidae
Chironomus gr. decorus C-G x x x x x
Cryptochironomus sp. P x
Tanytarsus genus F C-F x
Ablabesmyia karelia P x x x x x
Polypedilum spp. S x x x x x
Phaenopsectra sp. S x x x x x
Endotribelos sp. S x x x x

Ephemeroptera
Caenis sp. C-G x x x x x

Trichoptera C-G x x x x x
Decapoda Trychodactilidae

Zilchiopsis sp. S x x x
Cladocera C-F x
Calanoidea C-G x
Cyclopida C-G x x x x x
Harpacticoida C-G x x x x x
Ostracoda C-G x x x x x
Mollusca

Limnoperna fortunei C-F x x x x x
Heleobia parchappei Sc x x x x
Heleobia guaranitica Sc x x

Planorbidae Sc x x x
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the experiment. The miners, scrapers and preda-
tors were always present in low densities. Neither
the number of taxa nor the invertebrate density
was explained by the remaining organic matter
of the leaves (Pearson correlation).

DISCUSSION

The rates of decomposition of leaves of diffe-
rent tree species can be affected by diverse fac-
tors, such as temperature, pH, concentration of
nutrients, the addition of sediments (Webster &
Ben�eld, 1986; Stewart, 1992), type of habi-
tat (stream, lake, rivers, etc.) and the experi-
mental protocol (size of the leaf packs and the
mesh net of the bags) (Ostrofsky, 1997). These
reasons may explain the great variability of ra-
tes obtained in the same vegetal species and bet-
ween different species. The leaf breakdown ra-
te of E. crista galli was fast according to the
classi�cation of three processing categories: slow
(< 0.005 day−1), medium (0.005-0.010 day−1)
and fast (> 0.010 day−1, Petersen & Cummins,
1974). These results coincide with the rates ob-
tained by Neiff & Poi de Neiff (1990); Poi de
Neiff (1991); Poi de Neiff & Casco (2001); Ca-
pello et al. (2004); Poi de Neiff et al. (2006)
and Galizzi & Marchese (2007) for typical trees
species in the Paraná River wetlands (T. inte-
grifolia, S. humbolditiana. C. alba) as well as
in studies carried out in tropical environments
(Dudgeon & Wu, 1999; Mathuriau & Chauvet,
2002; Ardón et al. 2006; Rueda-Delgado, et al.,
2006). The estimated time for the 50 % decom-
position of E. crista galli leaves was 53 days
and similar results were obtained for tree spe-
cies associated to the ceibo in the �oodplain of
the Middle Paraná River, such as T. integrifo-
lia (48 days, Galizzi & Marchese, 2007) and S.
humboldtiana (56 days, Capello et al., 2004).

Four taxa considered shredders in this study
(Polypedilum spp. Phaenopsectra sp. Endotribelos
spp., and Zilchiopsis sp.) were dominant in the
initial phase of the experiment (59 %) which were
replacements for collector-filterers at advanced
stages of the degradative succession (76 %). The
amount of shredders collected was high compared

to the data obtained for S. humboldtiana (0.82 %)
by Capello et al., (2004), where miners and
piercers were very abundant. The Chironomidae
Polypedilum spp., Phaenopsectra sp., and Endo-
tribelos spp., were categorized as shredders be-
cause they were observed burrowing the leaf tis-
sue from the inside, between the abaxial and
adaxial epidermis, and may therefore also be
considered facultative shredders that are able to
use well conditioned leaves as food resources
as was also reported by Callisto et al. (2007).

Many studies have suggested a low abundance
of shredders in tropical running waters and that
the leaf litter breakdown appeared to be related to
higher microbial communities (Maltby, 1992; Irons
et al., 1994; Wantzen et al., 2002; Gonçalvez
et al., 2004; Wantzen & Wagner, 2006), whe-
reas others have suggested that shredder activity
is important to leaf processing in some tropi-
cal streams (Crowl et al., 2002; Rincón & Mar-
tinez, 2006). However, there are differences in
the literature about the functional feeding groups
classi�cation of different taxa and more studies
are necessary on invertebrates’ diets to determi-
ne their food preferences and what they consume.

According to Richardson (1992), many orga-
nisms can live on the organic matter or use it
as food, thus the organic substrate offers two ty-
pes of resources. The leafpacks in the rivers pro-
vide food resources for many species of aqua-
tic invertebrates, either directly or by �ne parti-
cle accumulation; and the invertebrates’ densities
are related to their nutritive quality. Nevertheless,
many do not consume this material, but they are
associated because leaf material can also provide
habitat and refuge to avoid predators.

The high density of L. fortunei obtained at the
end of the experiment is similar to the values
reported by Capello, et al. (2004) and by Galizzi
& Marchese (2007) for S. humboldtiana and
T. integrifolia, respectively. L. fortunei (Dunker,
1857), or golden mussel, is an Asiatic species that
was first recorded in America in 1991 in the R�́o de
la Plata coast. Introduction into South America is
probably due to the thousands of tons of ballast
water discharged from ships coming from Asia
with high bivalve larvae concentrations (Brugnoli
& Clemente, 2006). This species has a fast dis-
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persion rate due to its biological characteristics,
such as rapid growth, early maturation, high fe-
cundity rate, short life span, and great adapti-
ve strategies that allow this mussel to occupy a
wide geographic distribution with dense popula-
tions, causing several water quality and macro-
fouling problems (Garc�́a & Montalto, 2006; Ez-
curra de Drago et al., 2006). L. fortunei has a li-
fe cycle with a planktonic (veliger) larva instar
and an epifaunal stage young-adult with a bissal
attachment to solid substrata. Many studies ha-
ve demonstrated that the geomorphological cha-
racteristics of the Middle Parana River allow L.
fortunei a constant repopulation of larvae from
the �oodplain channels. In this experience, L.
fortunei colonized the litter bags with the bis-
sal attachments to the leaves of E. crista-galli,
protecting themselves from their possible preda-
tors, mainly �sh, using the litter bags as substra-
te and not as a food resource. Other invertebra-
tes (included in the functional groups as shred-
ders and scrapers) used the leaves of E. crista-
galli as a food resource in relation to the de-
gree of decomposition and the type of feeding.
The oligochaetes tubif�́cids were found only at
the end of the experience because with the den-
se colonization of L. fortunei a microhabitat was
generated with the increase in detritus reten-
tion. These organisms used also the leaves in de-
composition mainly as substrate. On the other
hand, the predator invertebrates colonized the
leaves in decomposition because of the food sup-
ply offered by the �rst invertebrate colonizers.
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luscos exóticos en la Cuenca del Plata: Su poten-
cial impacto ambiental y económico. Sección Lim-
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