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ABSTRACT

Leaf litter input from riparian landscapes has been identified as both a major energy flow to stream ecosystems and as a
food source for stream macroinvertebrates. In this study the benthic macroinvertebrate community was used to evaluate
the decomposition of organic matter in river systems. The aim of this work was to study the decomposition of organic
matter using the benthic macroinvertebrate colonization. The research was developed over five months (January 2011 to
May 2011) in four different sites, distributed along the River Ferreira terminal area, northern Portugal. A litter bag ex-
periment was used to examine the role of macroinvertebrate communities in the processing of organic material on the
river. Litter bags were placed in the water and collected every 7, 15, 30, 60, 90 and 120 days. In litter bags was ob-
served a high abundance of Oligochaeta and Chironomidae, which are characterized by being detritivorous-herbivores
and filtering collectors, respectively, indicating the benthic macroinvertebrate more involved on the decomposition of
organic matter. These results contributed to increase current knowledge about benthic macroinvertebrate communities

and may serve as incentive for future research works.
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1. Introduction

The dynamics of organic matter is a process which is im-
portant for the functioning of aquatic ecosystems, be-
cause in addition to the recycling of nutrients, it contri-
butes to the existence of organisms that feed on the same
material. In this way, the organic matter in aquatic eco-
systems has a fundamental role in many processes, fo-
cusing the decomposition [1].

In the biotic communities, benthic macroinvertebrates
have a great importance in aquatic ecosystems, as they
play an essential role in the process of organic matter
decomposition, especially the allochthonous material [2],
leaves from riparian trees. Leaves falling into the river
systems may be transported over short distances, but usu-
ally are caught by structures, forming leaf litter beds [3].
The decomposition process involves various stages, be-
ginning with the aging process of plant material, passing
through various stages of death and gradually disintegra-
tion, until the release of several elements in different
forms [4,5].

The amount of leaf material has a great importance in
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the determination of abundance benthic macroinverte-
brates [6], because it can operate as food substrate [7],
and also function as a shelter against the current velocity
and predators [8]. The decomposition of these wastes can
cause changes in water quality, leading to anaerobic con-
ditions and eutrophication.

In recent years several studies have investigated the
decomposition of leaf litter in freshwater systems using
leaves contained within litter bags [9,10]. Several studies
suggest the use of litter bags in order to study the coloni-
zation of macroinvertebrates and how they participate in
the degradation of organic matter [11,12]. The high
abundance and diversity of macroinvertebrates that colo-
nize the litter bags reinforce the importance of allochtho-
nous plant material [13]. It is often assumed that leaves
confined within litter bags will imitate natural leaf packs,
and that the results of the decomposition and coloniza-
tion investigations can be used to generalize about pro-
cesses occurring naturally [12].

In this study, we used mixed litter bags, containing
leaf material characterized at each sampling site and the
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main objective is to know which macroinvertebrates par-
ticipate more in the process of decomposition of leaf
material. Mixture of different leaf species were used to
imitate natural accumulations in the stream and coloniza-
tion was compared with that of naturally forming litter
bags that were in the stream.

2. Methods
2.1. Study Area

This study was carried out on Ferreira River, situated to
the North of Portugal and is in the Douro River basin.
The first three sampling sites are located in the munici-
pally of Gondomar and the last sampling sites are situ-
ated on the site of the natura 2000 in Valongo. In Figure
1 we can identify the four sampling sites that are part of
this study.

2.2. Communities of Benthic Macroinvertebrates

This work was carried out an analysis of the plant species
representative of each sampling site [14]. It was made a
collection of leaf samples, present in the marginal vege-
tation of the river. The existing leaves on the trees in
each sampling sites were collected even before abscis-
sion. The samples were placed in bags properly labeled
with identification of each sampling site and were trans-
ported to the laboratory within a thermal box.

Plastic litter bags were built, with mesh of 10 mm [15]
and with a size of 17 cm x 25 cm. These litter bags were
then used to insert the leaf material which is characteris-
tic of each sampling site, in order to be placed in the river,
and then be colonized by macroinvertebrates.

In the laboratory the leaf material was identified and
stored in a cool and dry place until further use. Immedi-
ately before the leaf material was used, it was properly
cleaned and placed in an oven at 50°C for approximately
48 hours.
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Within the litter bags were placed 4 g of leaf mixed
species. After the leaf material is contained in litter bags,
these were closed with string and then were wetted with
pure water during transport to the river, to avoid the
breakage or loss of the material contained in litter bags.

The litter bags were submerged at four different sites
(1, 2, 3 and 4) 12 in each sampling site, and in each litter
bag was tied a stone to remain submerged during the
entire time of experience and also to avoid losses. The
rope used was not bright colors to avoid acts of vandal-
ism [17]. These were still imprisoned the margins with
the same type of rope in order to identify the place for
later removal.

The collection of litter bags was carried out between
January and May (year of 2011), at the following sam-
pling time: 7, 15, 30, 60, 90 and 120 days of exposure of
litter bags in the water system. At each sampling site,
litter bags were removed for later analysis of samples in
the laboratory. At the time of collection of litter bags
sometimes used the hand network to help its removal
from the river. Each sample was placed into a plastic bag
and transported to the laboratory in an icebox.

In the laboratory the leaf material contained in each
litter bag was placed in a set of sieves with mesh of 500
and 100 pm and was carefully washed, to remove sedi-
ment and other materials without relevance for the ex-
perience. Macroinvertebrates were separated, sorted and
identified to the lowest taxonomic level as possible, ac-
cording with Tachet et al. (2003) [17]. The leaf material
was placed in an oven at 50°C for approximately 48 h.
Then this material was burned in a muffle at 550°C for
approximately 5 hours, to know the content of organic
matter lost during the exposure of litter bags on the river
system. This value is obtained by the difference between
the initial weight (before the incineration; in the oven)
and the final weight (after incineration; in the muffle),
according to Benfield (1996) [16].
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Figure 1. The study sites.
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2.3. Data Analysis

The results were analyzed using the Microsoft Office
Excel 2010 and the program CAP 4 (Community analy-
sis package 4; Company PISCES Conservation LDA).

In the statistical analysis it was used only one type of
technique in accordance with the existing data and with
the objectives that we wanted to achieve that was the
Principal Component Analysis (PCA).

3. Results

3.1. Benthic Macroinvertebrates Associated with
the Decomposition of Organic Matter

Through Figure 2, which represents the weight loss (g)
of the plant material in litter bags we can verify that the
highest weight loss occurs within the first 15 days of
colonization of macroinvertebrates and consequent de-
composition of leaf material. Other works demonstrated
that leaf colonization by macroinvertebrates was highest
in the early stages of decomposition [18]. These first 15
days of decomposition happens in winter (January) and
according to the author Dobson (1991), the decomposi-
tion will be faster in winter, rain a lot during the month
January on 2011. As expected, over time of collecting
samples, the values for the leaf mass loss will decrease.

Twenty nine taxa were found during the five months
of study. A total of 10,738 benthic macroinvertebrates
were collected from litter bags.

Through the analysis of Figure 3 there was a high
abundance of benthic macroinvertebrates inside litter
bags at the end of 60 days for conditioning in stream,
with the exception of site 1, where it was not possible the
collection of litter bag. But since there is a pattern of
variation in total abundance of organisms, it is likely that
there will be a high number of macroinvertebrates in site
1, also at the end of 60 days of exposure of litter bags on
the river. Site 4 has a high abundance of macroinverte-
brates, with a total of 2696 organisms to colonize the leaf
material contained inside the litter bag. There was a de-
crease in total abundance of organisms for 7 to 15 days
of immersion. The day 15 until day 60, the total abun-
dance of organisms will gradually increasing. The day 60
is one that has a higher total abundance of benthic ma-
croinvertebrates inside litter bags, which highlights the
site 4. On the day 90 there was a decline in total abun-
dance in relation to the day 60, followed by a slight in-
crease in the order of 120 days of immersion in the sites
3 and 4 only, since in sites 1 and 2 it was not possible for
the collection of litter bags due to its disappearance in the
course of water. But as has been said above, the abun-
dance of organisms in sites 1 and 2 were increased
slightly following the pattern of variation of the remain-
ing sampling sites.
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Figure 2. Weight loss (g) of the plant material contained in
litter bags along the immersion time, for each sampling site.
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Figure 3. Total abundance of benthic macroinvertebrates in
litter bags along the time of sampling.

About the taxonomic groups present in litter bags it
has been found that the process of succession observed
was initiated by the Oligochaeta and Diptera organisms.

Through the analyze of Figure 4 it has been found that
at the end of 7 days of immersion, the sites 1, 3 and 4
showed a high percentage of Oligochaeta (95%, 95% and
70% respectively) and a lower percentage of Diptera. In
site 2 it was found the opposite of the remaining sam-
pling sites (83% of Diptera and only 16% Oligochaeta).
Of these, 83% belongs to the group Diptera, great part
belongs to the family Chironomidae and according to
several studies the Chironomidae are the first colonizers
[19,20] and are one of the taxonomic groups present in
high numbers on the rivers [21]. On day 15 was visible a
decrease of Diptera and an increase of Oligochaeta, in
relation to the day 7, in site 1. At site 2, Diptera were the
dominant group, while in site 3, the Oligochaeta were the
dominant group. In site 4, it did not found a marked pre-
dominance of taxonomic groups, we found Oligochaeta,
Trichoptera, Gasteropoda and Odonata. Thus, the site 4
at the end of 15 days had a higher diversity of taxonomic
groups. At the end of 30 days of immersion were ob-
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Figure 4. Taxonomic Groups of benthic macroinvertebrates present in litter bags, in four sampling sites (1, 2, 3, 4) along with
7, 15, 30, 60, 90 and 120 days of exposure of litter bags on the river.

served a dominance of Diptera in site 1, while in the re-
maining sampling sites there was a predominance of
Oligochaeta. It should be noted that in all sampling sites
were present the taxonomic groups Oligochaeta, Diptera
and Ephemeroptera. On day 60, in site 1, was not possi-
ble to have a collection of their litter bags. In sites 2, 3
and 4, the Oligochaeta organisms were dominant. For the
day 90, site 1 has a higher percentage of Oligochaeta and
the Diptera were dominant. For the day 120, at the sites 1
and 2, it was not possible to collect the litter bag due to
acts of vandalism (the litter bags were polled out of wa-
ter). In sites 3 and 4 we observed a predominance of Dip-
tera, and low percentage the Oligochaeta, Trichoptera
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and Ephemeroptera organisms. The scarcicity of Odonata
and Trichoptera organisms may indicate difficulty in
enters the litter bags because the medium mesh size bags
that were used in this study. The author Varga (2001)
also found the same situation referred above.

3.2. Functional Feeding Groups of Benthic
Macroinvertebrate Communities in Litter
Bags

At site 1 were identified a total of 737 macroinverte-
brates in the sampling of litter bags (Figure 5). There is a
predominance of detritivorous herbivores (Oligochaeta)
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Figure 5. Percentage Distribution of macroinvertebrates
identified in four sampling sites (1, 2, 3, 4) at litter bags,
over the 120 days of immersion.

(95%) at the end of 7 days of immersion and the remain-
ing 5% were filtering collectors (Diptera). At the end of
15 days of immersion, we observed the emergence of
mineral scrapers (Gasteropoda) and continued to be pre-
sent detritivorous herbivores and filtering collectors. On
the day 30 appears detritivorous collectors (Ephemerop-
tera), detritivorous shredders (Diptera, family Tipulidae),
mineral scrapers (Diptera, family Dixidae) and continued
to persist the detritivorous herbivores, at a lower per-
centage, and filtering collectors occupying the highest
percentage of organisms. At day 90, there was a quite
similar situation in relation to the composition of the
functional feeding groups for the day 7, with the excep-
tion of the appearance of organic scrapers (Diptera, Chir-
inomidae, Caenidae) and detritivorous collectors (Dip-
tera). During this period study, Oligochaeta was present
in highest numbers.

At site 2 we can verify that on 7 and 15 days of expo-
sure of litter bags in Ferreira River, the composition of
the functional feeding groups was the same, and there is
a predominance of filtering collectors, followed by a
lower percentage of detritivorous herbivores, detritivo-
rous collectors and mineral scrapers. At the end of 30 and
60 days after it has been found that the functional feeding
groups were similar between the two sampling sites,
there is a predominance of detritivorous herbivores, with
the emergence of other functional feeding groups. The
day 90 it was found that filtering collectors and they was
the most abundant.
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In site 3 we observed a high percentage of detritivo-
rous herbivores (Oligochaeta) in the days 7, 15, 30 and
60 of immersion. There were a low percentage of collec-
tors filterers in these days, there are also other functional
feeding groups in low percentage. At the end of 90 days
of immersion, 97% of macroinvertebrates were filtering
collectors, 2% of detritivorous herbivores and only 1% of
detritivorous collectors. The functional feeding group
with higher percentage in 120 days was the filtering col-
lectors (80%), followed by the categories of detritivorous
herbivores (17%), detritivorous collectors (2%) and only
1% of organic shredders. It seems that in site 3 there was
a similar pattern in the composition of food categories at
the end of 7, 15, 30 and 60 days of immersion, as well as
the end of 90 and 120 days there is also a high physiol-
ogic similarity food.

Comparing Figure 5 on the site 4, with the site 3, there
is a pattern of similarity in food categories, except for the
day 15. On days 7, 30 and 60 there was also a predomi-
nance of detritivorous herbivores, while in the days 90
and 120 there was a higher dominance of filtering col-
lectors. On day 15 it was verified the presence of two
different taxonomic groups along the time, the predators
(Gasteropoda) and mineral scrapers. In general, and tak-
ing into account the temporal variation, in site 4 it was
found a balance between detritivorous herbivores and
filtering collectors.

In this study, we identified the nine categories of feed-
ing groups present in litter bags over the time of expo-
sure in Ferreira River, being the filtering collectors pre-
sent in higher numbers (5986 individuals) following the
detritivorous herbivores, with 4346 organisms (Chi-
ronomidae and Oligochaeta). These results give us an
indication of the organisms that more participated in the
process of decomposition of leaf material in real time on
the river.

3.3. Statistical Analysis on the Communities of
Benthic Macroinvertebrates in Litter Bags

The Principal Components Analysis (PCA) is a method
of ordering that transforms the original variables corre-
lated among themselves, in new variables not correlated
[22].

The analysis of Figure 6 highlights the existence of
the gradients (spatial and temporal) in respect of the dis-
tribution of the samples, which translates into a higher
variety of functional feeding groups amount sites 3 and 4
(upstream) in relation to downstream (sites 1 and 2). The
number of macroinvertebrate taxonomic groups through
the time of exposure also decreases further downstream.

4. Discussion
The biggest weight loss observed in the first fifteen days
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Figure 6. Ordination of the different functional groups food in different litter bags over 120 days of exposure in the aquatic

environment in four sampling sites.

of colonization is related in part to the leaching of solu-
ble organic compounds in water [23]. According to the
study developed by Matos et al. (2007), in the course of
time, the rate of weight loss is reduced due to the process
of decomposition of organic compounds more resistant
and stable that constitutes the leaf (lignin and cellulose).
These first 15 days of decomposition occurred in month
of January and according to the author Dobson (1991),
the decomposition will be faster in winter, where there is
the highest flow and the currents are stronger. Other stu-
dies have reported that the reduction of the rate of flow is
increasing the capacity of retention, contributing to the
colonization by detritivorous that accelerate the process
of decomposition [24]. It is also known that the increase
in temperature can induce an increase in the decomposi-
tion rate [25-27]. Decomposition depends not only on the
quantity of organisms, but their functional feeding groups,
once the leaf material will be consumed in accordance
with the food preferences of the existing communities in
each sampling site. A higher current speed contributes to
a greater oxygenation within the litter bags, which is es-
sential for the proper functioning of the community de-
composition of leaf material [28]. Thus, the increase of
this factor may contribute to the faster decomposition of
leaf material [29]. The decomposition rate can be used as
indicators of the functional state of the river, since asso-
ciating the macroinvertebrates decomposition. This idea
was proposed by Gessner & Chauvet (2002) [30]. They
can be various causes or factors responsible for different
answers on the loss of leaf mass over time in different
sampling sites and the results can be masked by possible
problems, related to the technique, the use of the material
pre-treaty and the containment of waste in leaf litter bags
[9]. According to the authors Boulton and Boon (1991)
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[31], the use of litter bags was criticized due to the fact
that reduce water exchanges and abrasion.

The decrease in total abundance of organisms from 7
to 15 days of immersion may be probably explained due
to rainfall, increasing the speed of flow and consequent
washing of invertebrates, considerably reducing their
number, according Thomazi et al. (2008). Environmental
factors contributed to the fluctuations in richness of
groups and in density of benthic macroinvertebrates [32].
The day 60 is one that has a higher total abundance of
benthic macroinvertebrates inside litter bags, which high-
lights the site 4. This fact can be explained possibly due
to the consequent increase of the vegetation in this sam-
pling site, improving the presence of a high number of
organisms. Many invertebrates using the leaf material
contained in litter bags as a food resource [33] and it is
known that their abundance depending on climate and
other factors, such as substrate texture, biotic and physi-
cal-chemical parameters [34].

As regards the taxonomic groups present in litter bags
it has been found that the succession process was initi-
ated by Oligochaeta and Diptera. The Oligochaeta has
high variety of food items and when there were leaf ac-
cumulations into the aquatic system, there is a higher
surface area, promoting the development of microorgan-
isms and consequent abundance [35]. Chironomidae lar-
vae are known to eat a variety of food types, such as for
example, algae, detritus, macrophytes and invertebrates
[36,37]. It is also known that the fine particulate organic
matter (FPOM) that is retained within the litter bags can
be used by the Chironomidae for construction of tubes
that function as shelters, which may explain their high
abundance in litter bags [38].

In this study, we used mixed litter bags [39] suggested
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that these differ in the decomposition rate in relation to
litter bags of unique species, but still found that there is a
similarity in colonization patterns of macroinvertebrates.
However, Cortes et al. (1997) [40] concluded that, in
streams, the food availability is high and there is no par-
ticular reason for the macroinvertebrates aggregate in
litter bags.

The colonization makes it possible to get to know the
macroinvertebrates presents in the river system, but also
enables the analysis of the changes that occur in the
composition of the community over time [41,42]. As we
observed, litter bags were rapidly colonized by macroin-
vertebrates, this event is also found by Hieber & Gessner
(2002). At site 1 we observe a dominance of detritivo-
rous herbivores and according to the study of Carvalho &
Uieda (2004) the Oligochaeta are excellent initials colo-
nizers, hence the high percentage was observed at the
end of 7 days. Thus, it has been found that the detritivo-
rous herbivores and filtering collectors remained during
all the days of colonization, the Oligochaeta (detritivo-
rous herbivores) are the most abundant. It can be seen
that, in site 3 there was a similar pattern in the composi-
tion of food categories at the end of 7, 15, 30 and 60 days
of immersion, as well in the days 90 and 120 there is also
a great physiologic similarity food. In site 4 it was found
a balance between detritivorous herbivores and filtering
collectors.

These results give us an indication of the organisms
that more participated in the process of decomposition,
which is Oligochaeta and Chironomidae (Diptera). How-
ever, if the study is prolonged in time and if the sampling
effort was greater, possibly the results would be more
conclusive.
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