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A�������. The aim of this study was to determine if the rate of degradation and the habitat type associated with 
two submersed macrophytes affect the structure of the invertebrate communities in a shallow subtropical lake. 
We evaluated debris decomposition rate with a li�er bags approach, assigned to four treatments: Potamogeton 
pectinatus decomposing inside their own stand (PP) and inside a Chara zeylanica stand (PC), and C. zeylanica 
decomposing inside their own stand (CC) and inside a P. pectinatus stand (CP). During the degradation 
experiment (20 days), we evaluated the fauna associated both with debris and at live macrophytes. The 
debris were washed, dried and the coefficient of degradation was determined. We estimated the richness and 
abundance of taxa of associated invertebrates, and they were classified into functional feeding groups. We 
evaluated preference of invertebrate communities comparing fauna at live macrophytes and their debris. We 
observed differences in mass loss between the treatments. Chara zeylanica showed a mass loss four times faster 
than P. pectinatus. The highest invertebrate abundance occurred in treatment PP and highest invertebrate richness 
in treatments CC and PP. Collectors and predators showed the highest abundances. The PP treatment had 
the greatest number of collectors and PC an equitable distribution of all functional groups. Five taxa showed 
preference for P. pectinatus debris instead of C. zeylanica or P. pectinatus alive, and debris of charophyte was 
preferred by six taxa instead of alive plant, and by two taxa when the debris were incubated in the stand of 
P. pectinatus. Our study demonstrated the interference of the incubation site on the decomposition coefficient 
and on the structuring of the invertebrate communities, and that the abundance of invertebrate at detritus is 
mainly due to abundance at live plants. Also, the absence of shredders suggests the use of debris mainly as 
shelter instead of food resource.

[Keywords: functional feeding groups, microhabitat structure, decomposition, shallow lake]

R������. Composición funcional de invertebrados en los detritos de macrófitas sumergidas: efectos del 
hábitat y del tiempo de degradación. El objetivo de este estudio fue determinar si el tiempo de degradación 
y el hábitat provisto por dos macrófitas sumergidas afectan la estructura de la comunidad de invertebrados en 
un lago somero subtropical. Se evaluó la descomposición de detrito en 60 bolsas. Los detritos fueron asignados 
al azar a cuatro tratamientos: Potamogeton pectinatus en descomposición dentro de su propio stand (PP) y en el 
interior de un stand de Chara zeylanica (PC), y C. zeylanica dentro de su propio stand (CC) y en el interior de un 
stand de P. pectinatus (CP). Durante el experimento de degradación (20 días) se evaluó la fauna asociada tanto 
a los detritos como a las macrófitas vivas. Las bolsas de detrito se lavaron, se secaron y luego se determinó el 
coeficiente de degradación. Estimamos la riqueza y la abundancia de los taxa de invertebrados asociados y 
evaluamos la preferencia de las comunidades de invertebrados comparando la fauna de las macrófitas vivas 
y de sus detritos. Los invertebrados asociados se clasificaron en grupos funcionales de alimentación. Chara 
zeylanica mostró una pérdida de peso cuatro veces más rápida que P. pectinatus. La mayor abundancia de 
invertebrados se produjo en el tratamiento PP y la mayor riqueza de invertebrados en los tratamientos de CC 
y PP. Los colectores y depredadores presentaron las mayores abundancias. El tratamiento PP tuvo el mayor 
número de colectores y PC una distribución más equitativa de los grupos funcionales. Cinco taxones mostraron 
preferencia por detritos de P. pectinatus en lugar de C. zeylanica o P. pectinatus vivos, y los detritos de la carófita 
fueron preferidos por seis taxones dentro de las plantas vivas, y por dos taxones cuando se incubaron en el 
interior del stand de P. pectinatus. Nuestro estudio demostró el efecto del sitio de incubación en el coeficiente 
de descomposición y en la estructura de las comunidades de invertebrados, y reveló que la abundancia de 
invertebrados en detritus se debe principalmente a su abundancia en las plantas vivas. Además, la ausencia de 
trituradores sugiere el uso de detritos principalmente como refugio en lugar de como recurso alimentario.

[Palabras clave: grupos funcionales de alimentación, estructura de microhabitat, descomposición, lagos 
someros]
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I����������� 
Spatial distribution of aquatic organisms is 

fundamentally influenced by habitat (Barreto 
1999). Among the characteristics of habitats, 
stability is an important element which defines 
the distribution of organisms; less stable 
habitats offer less protection from predators 
(Hannigan and Quinn 2012). Moreover, in 
the structure of the communities, habitat 
heterogeneity is one factor that contributes 
to an increase in the abundance of organisms 
(Hepp et al. 2012).

The complexity of habitats allows efficient 
use of resources such as food and shelter, 
providing greater resistance to disturbances 
(Kovalenko et al. 2012). For aquatic 
invertebrates, submerged macrophytes play 
an important role (Hansen et al. 2011) as they 
increase habitat complexity, providing more 
ecological niches due to increased microhabitat 
availability (Thomaz et al. 2008; Kovalenko et 
al. 2012). Even after senescence, macrophyte 
debris contribute to the increase of potential 
sites for invertebrate colonisation (Janke and 
Trivinho-Strixino 2007).

The organic deposits in the sediment in 
shallow lakes are a mixture from macrophytes 
detritus that accumulate heterogeneously 
in the sediment (Rossi et al. 2010). In such 
environments, organic deposits from 
macrophytes provide a large number of 
ecological niches for a wide variety of animal 
species (Wetzel 1993; Esteves 2011). This 
condition allows increased environmental 
variability (microhabitat structure available), 
interfering with composition patterns and 
trophic structures of communities (Wardle 
and Yeates 1993; Bellisario et al. 2012). 
The functional characterisation of aquatic 
invertebrates is important for organisms which 
participate in the processing of organic matter 
and energy transfer to other ecosystem levels 
(Callisto et al. 2004; Cummins et al. 2005).

Stands of macrophytes are characterised 
by high invertebrate biomass compared to 
non-vegetated sites (Casagranda et al. 2006). 
In shallow lakes, these stands are the main 
habitat for invertebrates (Van den Berg et al. 
1997, 1998; Casagranda et al. 2006; Albertoni et 
al. 2007), providing microhabitat that favours 
the establishment and colonisation of many 
invertebrates (Ali et al. 2007). In addition, 
the decomposition of macrophyte biomass 
is a key process in energy processing and 
nutrient cycling in shallow lakes (Casagranda 

et al. 2006). Thus, weeds are key factors in the 
establishment of the invertebrate community 
when alive and provide habitat that favours 
richness increases in the community of 
invertebrates that predominantly use them 
as a refuge (Silva et al. 2010; Poi de Neiff 
et al. 2009; Telöken et al. 2011; Carvalho et 
al. 2015). In addition, Baptista et al. (2001) 
showed that litter substrates are preferred 
by many taxa because they offer best shelter 
and feeding conditions due to their higher 
habitat heterogeneity and a higher richness 
of periphytic flora.

 Thus, our objectives were based 
on two approaches: 1) to determine the 
composition and trophic structure of the 
invertebrate community in the stands of two 
aquatic macrophytes, and 2) to evaluate the 
decomposition rates of these plant species 
when incubated in their own stand and in 
stands dominated by another species. The 
questions that guided the study were: a) 
Are the communities of invertebrates in 
living plants more diverse than in debris?; 
b) Do some taxa prefer debris instead of 
living plants?, and c) Do plants with lower 
decomposition rates harbour more diverse and 
abundant fauna? Our main hypothesis was 
that macrophyte debris incubated in stands 
of a different macrophyte species constitutes 
a more heterogeneous habitat for invertebrates 
than debris incubated in their own stand, and 
that this may affect invertebrate abundance or 
richness by providing different food or shelter 
resources. We expected higher species richness 
and higher abundances in more heterogeneous 
habitats. Also, we expected that macrophyte 
debris with low decomposition rate (more 
rigid structural characteristics) constitutes a 
more favourable habitat for invertebrates. 

M�������� ��� M������

Study area
The study was conducted in January 2012 in a 

shallow lake located in the coastal plain of Rio 
Grande do Sul (central coordinates: 32°01’40’’ 
S – 52°01’40’’ W). The lake features alternate 
between clear water and turbid states (Silva et 
al. 2015) and, during the trial period, showed 
clear water characteristics (concentration 
of chlorophyll-a 12±7 μg/L and suspended 
material in the column of water with values 
of 3±1.8 mg/L). Air temperature was 27±0.5 
°C and water temperature 26.6±0.5 °C, with a 
slightly basic pH (7.8±1.0) and a conductivity of 
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334±2.5 μS/cm. The concentrations of dissolved 
oxygen, nitrogen and total phosphorus were 
6.6±1.7 mg/L, 1.6±0.5 mg/L and 0.04±0.05 mg/L, 
respectively, characterising the environment 
as eutrophic corroborating previous researches 
in this ecosystem (Pereira et al. 2012; Albertoni 
et al. 2014). 

Field and laboratory procedures
In the field, two approaches were 

implemented. Firstly, the submersed 
macrophytes Chara zeylanica Willdenow and 
Potamogeton pectinatus L. were sampled in 
the shallow lake, with a manual sampler. 
During January 2012, we collected six 
samples from each macrophyte at an interval 
of ~10 days (two samples in each sampling 
date), coinciding with the decomposition 
experiment sampling dates (see below). We 
chose the sampling points randomly inside 
the stands of each macrophyte. The collected 
organisms were separated by washing in a 
sieve (250 µm mesh size). Plants were oven-
dried until constant weight to obtain dry 
mass in an analytical balance. We counted 
fauna in stereomicroscopic and identified 
at the lowest possible taxonomic level. Data 
from the invertebrate community on live 
plants are presented as total abundance and 
density (organisms/g). Secondly, to study 
the decomposition and associated fauna, the 
macrophytes C. zeylanica and P. pectinatus 
were collected and air-dried at 20 °C for two 
weeks. We used litter bags of 20x30 cm, with 
aperture of 1 cm2 on the upper face (in contact 
with the water column) and 0.1 cm2 on the 
face in contact with the sediment (adapted 
from Bedford 2004). Aliquots of detritus of 
both plant species were weighed (6.0±0.1 
g dry weight), totalling 60 litter bags (30 
containing P. pectinatus and 30 containing 
C. zeylanica). The bags were arranged in four 
treatments: 15 litter bags with P. pectinatus 
debris decomposing inside their own stand 
(called “PP” treatment), 15 litter bags with 
P. pectinatus debris decomposing amid C. 
zeylanica stands (called “PC”), 15 litter bags 
with C. zeylanica debris decomposing inside 
their own stand (called “CC”), 15 litter bags 
with C. zeylanica debris decomposing amid P. 
pectinatus stands (called “CP”). All bags were 
incubated over the sediment, at an average 
depth of 1.4 m, and with a distance of 10 m 
from each other. After 5, 10 and 20 days of 
decomposition, we removed five litter bags 
of each treatment, totalling 20 litter bags per 
collection. The litter bags were supported with 

a mesh network (250 µm mesh size), packed 
in plastic bags and stored in a cooler with ice 
until washing. 

In the laboratory, the material was rinsed 
under running water on a sieve (250 µm mesh 
size). The plant material was oven-dried at 35 
°C for 72 h to determine leaf degradation 
coefficients (k). Invertebrates retained on 
the sieve were placed in glass vials with 80% 
alcohol and identified to the lowest possible 
taxonomic level. We determined the richness 
(number of taxa) and abundance (number 
of organisms per taxon) of invertebrates 
associated to the litter bags. Although we 
did not analyse the stomach contents of 
the invertebrates, they were classified into 
functional feeding groups (FFG) according 
to the current literature, Domínguez and 
Fernández (2009), Cummins et al. (2005), 
Wantzen and Wagner (2006) and Merritt et 
al. (2008).

Data analysis
We determined the leaf degradation 

coefficients from the debris remaining in the 
bags over the time of incubation using the 
exponential decay model Wt = W0.e-kt, where 
Wt is the remaining weight at time t (days), 
W0 is the initial weight, “e” is the exponential 
coefficient and “k” is the leaf degradation 
coefficient (Bärlocher 2005).

With the data of the invertebrate communities 
on plants in the debris and in the living stands, 
habitat’s preference indices were calculated. 
The following arrangement was used: a) a set 
of organisms that inhabit P. pectinatus live in 
relation to their detritus incubated in its stand 
(PP) or in the C. zeylanica stand (PC), and b) 
a second arrangement, where organisms that 
inhabit C. zeylanica live in relation to organisms 
in its debris (CC), when incubated in its stand 
or P. pectinatus stand (CP). The Chesson index 
of electivity modified by Manly (Krebs 2014) 
was used to measure the habitat preference 
according the formula αi=(ri/pi)(1/∑(ri/pi), 
where α i=electivity (=preference) index; 
ri=proportion of “i” taxa organisms in the 
detritus; pi=proportion of “i” taxa organisms 
in the live plant. αi is compared with the 
factor “1/m”, where “m” is total richness. If 
αi>(1/m), then detritus is preferred as habitat 
by “i” taxa.

We used a PerMANOVA (Bray-Curtis 
distance, Bonferroni correction of 
abundances). To test for differences in 
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invertebrate composition between live plants 
and their detritus, incubated in their own 
stand and in the other macrophyte stand. 
Also, a PerMANOVA was applied to test the 
differences between FFGs of invertebrates at 
detritus of the different treatments.

To test for differences in the leaf degradation 
coefficients we used an ANCOVA, considering 
the model: remaining weight ~ treatments 
(4 categorical levels) + time (covariable 
quantitative). To evaluate differences 
between abundance and richness of associated 
invertebrates, we applied ANOVA one way 
with Tukey post-test. All analyses were 
conducted using the “vegan” package 
(Oksanem et al. 2012) in the R software (R 
Core Team 2013).

R������

Mass loss
We observed significant differences in mass 

loss between the treatments (F3,57=8.4, P=0.0001) 
over the time of incubation (F1,57=150.6, 
P<0.0001). The difference between the 
decomposition rates between the treatments 
was evident between the C. zeylanica and P. 
pectinatus debris, regardless of the incubation 
site. Decomposition rates for C. zeylanica were 
four times higher than for P. pectinatus, and 
at the end of the experiment (20th day), only 
debris of P. pectinatus were present. After 10 
days of incubation, C. zeylanica showed 14.8% 
(k=-0.20 1/d, R2=0.86) and 15.9% (k=-0.19 1/d, 
R2=0.88) remaining mass in the CC and CP 
treatments, respectively (Figure 1). At the end 
of the experiment (after 20 days), P. pectinatus 
debris showed a remaining mass of 33.1% 
(k=-0.05 1/d, R2=0.93) and 43.7% (k=-0.04 1/d; 
R2=0.91) in PP and PC treatments, respectively 
(Figure 1). 

Associated invertebrates 
In live macrophytes, a total of 1290 organisms 

were recorded for C. zeylanica and 18608 for P. 
pectinatus. Abundance of macroinvertebrates 
in live macrophytes was higher than their 
abundance in the detritus. Total richness was 
23 taxa for C. zeylanica, with predominance 
of Oligochaeta (205±189.6 organisms; 
average±SD) and Chironomidae (143±94.7 
organisms), while P. pectinatus presented a 
total richness of 21 taxa, with predominance 
of Nematoda (1422.2±1238.1 organisms) and 
Chironomidae (976.5±933.3 organisms) (Table 
1). Potamogeton pectinatus had a mean richness 
of 14.5±1.23 taxa and mean density of 28.3±2.97 
organisms/g, while C. zeylanica presented 
mean richness of 20.2±2.9 taxa, and mean 
density of 5.24±0.45 organisms/g. 

At detritus, a total of 7048 individuals 
in 25 taxa were recorded throughout the 
degradation experiment in the four treatments 
(Table 2). Mean abundance was higher in 
the treatment PP (395.7±106.9 individuals, 
F(3,28)=7.24, P=0.0009). Tukey post tests showed 
differences of PP treatment with all treatments, 
PP vs. PC P=0.0087, PP vs. CC P=0.031, PP vs. 
CP, P=0.001. Comparisons between PC vs. 
CC were also different (P=0.012), and PC 
and CP and CC and CP did not differ (P=0.96 
and P=0.63, respectively) (Figure 2). Greater 
taxonomic mean richness was observed in the 
treatments CC and PP (11.3±1.4 and 10.1±2.2 
taxa, respectively) and lowest in the treatment 
CP (8.3±0.5 taxa) (F3,31=11.43, P<0.0001). Tukey 
post-doc tests showed that CC was different 
from PP (P=0.012) and from PC (P=0.0009), 
and CP vs PP were also different (P=0.001) 
(Figure 2). These results are opposite to our 
initial hypothesis, since we expected that 
higher environmental heterogeneity would 
be associated with higher richness.

Figure 1. Percentage of remaining weight 
(±SD) Chara zeylanica and Potamogeton 
pectinatus during decomposition in 
incubation treatments. CC: C. zeylanica 
amid C. zeylanica; CP: C. zeylanica amid 
P. pectinatus; PC: P. pectinatus amid 
C. zeylanica; PP: P. pectinatus amid P. 
pectinatus.
Figura 1. Porcentaje de peso remanente 
de Chara zeylanica y Potamogeton 
pectinatus durante la descomposición 
en los tratamientos de incubación. CC: 
C zeylanica en medio C. zeylanica; CP: C. 
zeylanica en medio P. pectinatus; PC: P. 
pectinatus en medio C. zeylanica; PP: P. 
pectinatus en medio P. pectinatus.
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Table 1. Mean abundance (±SD) of invertebrates (n=6) associated with live Potamogeton pectinatus and live Chara zeylanica 
during degradation experiment at a shallow lake in southern Brazil. FFG: functional feeding group; Cg: collector-
gathered; Pr: predator; Sc: scraper; Fi: filterer.
Tabla 1. Abundancia media (±DS) de invertebrados (n=6) asociados con Potamogeton pectinatus vivo y Chara zeylanica vivo 
durante el experimento de degradación en un lago somero en el sur de Brasil. FFG: grupo de alimentación funcional; 
Cg: recolector; Pr: depredador; Sc: raspador; Fi: filtrador.
Taxa FFG Potamogeton pectinatus 

Mean ± SD
Chara zeylanica 

Mean ± SD
Sarcodina Cg 1.5 ± 1.9 3 ± 2.8
Arcellidae Cg 5.7 ± 6.0 1.5 ± 0.7
Nematoda Pr 1422.2 ± 1238.1 28.3 ± 35.9
Ampullariidae Sc 1.2 ± 1.5 4.5 ± 3.5
Ancylidae Sc 6.0 ± 4.2 1 ± 1.7
Hirudinea Pr 4.3 ± 4.5 7 ± 2
Oligochaeta Cg 276.5 ± 187.2 205.7 ± 189.7
Tardigrada Cg 0.5 ± 0.8 0.7 ± 0.6
Hydracarina Pr 27.0 ± 24.8 6 ± 4.6
Copepoda Pr - Cg 226.0 ± 132.8 8 ± 3.5
Cladocera Fi 140.2 ± 216.0 73.1 ± 43.0
Ostracoda Fi 1.7 ± 2.1 7.7 ± 11.6
Pleidae Pr 0.3 ± 0.5 1.7 ± 1.5
Elmidae Cg 2.3 ± 3.0 29 ± 45.1
Naucoridae Pr 0.3 ± 0.5 0.3 ± 0.6
Ceratopogonidae Pr 0.0 ± 0.0 0.4 ± 0.1
Muscidae Pr 2.5 ± 3.8 2 ± 1
Simulidae Pr 0.3 ± 0.5 1.3 ± 1.5
Chironomidae Cg-Pr-Sc 976.5 ± 933.3 143 ± 94.7
Caenidae Cg 0.0 ± 0.0 5 ± 0
Coenagrionidae Pr 2.3 ± 3.4 7.7 ± 6.1
Aeshnidae Pr 1.2 ± 1.2 1.7 ± 1.5
Polycentropodidae Pr 2.5 ± 1.9 35.7 ± 53.1

Figure 2. Mean richness and abundance 
(±SD) of benthic invertebrates in each 
treatment during decomposition of Chara 
zeylanica and Potamogeton pectinatus in 
a shallow lake. Treatments are CC: C. 
zeylanica amid C. zeylanica; CP: C. zeylanica 
amid P. pectinatus; PC: P. pectinatus amid 
C. zeylanica; PP: P. pectinatus amid P. 
pectinatus. Different letters show statistical 
differences, capital letters for abundance 
and lower case for richness.
Figura 2. Media de riqueza y abundancia 
de invertebrados bentónicos en cada 
tratamiento durante la descomposición 
de Chara zeylanica y Potamogeton pectinatus 
en un lago somero. Los tratamientos son 
CC: C zeylanica en medio C. zeylanica; CP: 
C. zeylanica en medio P. pectinatus; PC: P. 
pectinatus en medio C. zeylanica; PP: P. 
pectinatus en medio P. pectinatus. Diferentes 
letras muestran diferencias estadísticas, 
letras mayúsculas para la abundancia y 
minúsculas para la riqueza.

The invertebrates showed different 
preferences when evaluated at different 
incubation sites and the different debris, 
and all treatments of detritus showed a 
significant difference in their composition 
when compared to the composition of the 
community of the living plants. For the P. 
pectinatus debris, total richness (detritus+live) 
was 31 taxa, and 1/m Mainly factor=0.0326. 
Four taxa showed preference for their debris, 
as well as incubated in the middle of their own 

stand (F2,30=8.8, P=0.002) and when incubated 
in the C. zeylanica stand (F2,30=10.3, P=0.001). 
Ancylidae, Hirudinea, Ostracoda e Tardigrada 
showed higher densities in the debris in the PP 
treatment when compared to the community 
in the plant stand. When debris of P. pectinatus 
was incubated at the C. zeylanica stand (PC), 
in addition to the taxa mentioned above, 
Copepoda also showed preference for detritus. 
However, in the community associated with 
C. zeylanica, total richness (detritus+live) 
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was 32, and Maily factor 1/m=0.0321. When 
comparing the abundances of the organisms 
that were identified in their bank and their 
detritus, Oligochaeta, Copepoda, Cladocera, 
Ostracoda and Caenidae showed preference 
for their detritus when they were incubated in 
the medium of its own stand (CC treatment, 
F2,31=8.1, P=0.002). Only two taxa, Copepoda 
and Hirudinea preferred the detritus when it 
degrades in the middle of the P. pectinatus (CP 
treatment, F2,31=12.4, P=0.001) stand.

Functional feeding group composition 
differed between treatments and incubation 
habitats depending on the decomposition time 
(Table 3). Collectors were the most abundant 
(49.3%), followed by predators (20.3%) 
(Figure 3). The largest number of collectors 
was observed in the treatment PP (36%). The 
treatment PC showed an equitable distribution 
of all functional feeding groups (Figure 3).

Figure 3. Percentage of functional feeding groups in 
treatments: CC: C. zeylanica amid C. zeylanica; CP: C. 
zeylanica amid P. pectinatus; PC: P. pectinatus amid C. 
zeylanica; PP: P. pectinatus amid P. pectinatus.
Figura 3. Porcentaje de grupos funcionales de alimentación 
en los tratamientos: CC: C zeylanica en medio de C. 
zeylanica; CP: C. zeylanica en medio de P. pectinatus; PC: 
P. pectinatus en medio de C. zeylanica; PP: P. pectinatus en 
medio de P. pectinatus.

df SS MS F-
model

P

Treatment 3 1.41 0.47 6.41 0.001
Time 2 0.44 0.22 2.99 0.006
Treatment x time 4 0.84 0.21 2.88 0.003
Residual 21 1.54 0.07

Table 3. Summary PerMANOVA for functional 
invertebrate composition between treatments and 
incubation time. df: degrees of freedom; SS: sum of 
squares; MS: mean square.
Tabla 3. Resumen del PerMANOVA para la composición 
funcional de invertebrados entre los tratamientos y 
tiempo de incubación. df: grados de libertad; SS: suma 
de cuadrados; MS: cuadrado medio.

D���������
In our study, macrophytes decomposed 

more quickly in stands of their own species 
than in stands of the other species. Thus, the 
differences in mass loss of both species were 
influenced by both degradation time and site 
of incubation. The surrounding vegetation is 
one of the factors that can interfere with the 
decomposition of submerged macrophytes 
(Vandel 2010). Our results show that the site 
of detritus storage can influence degradation 
rates of the studied macrophytes.

The site of debris decomposition also 
influenced the structure and composition of 
the community of associated invertebrates. We 
observed a higher taxonomic richness in the 
debris of macrophytes that have the highest 
richness also as live plant, and in the treatment 
in the middle of their own stand (CC). In the 
treatment where P. pectinatus decomposed in 
the midst of a stand of its own species (PP), 
we found the highest organism abundance. 
This probably reflects the more abundant 
community that inhabits this macrophyte 
that is ~14 times higher than C. zeylanica. These 
results contradict our initial hypothesis, given 
that the heterogeneity promoted by debris 
amid stands of a different species did not 
contribute to a greater invertebrate richness 
or abundance. 

Our results may reflect better shelter 
conditions and/or availability of food in 
P. pectinatus debris and at stands of living 
plant. This assumption is supported by the 
lower decay coefficients observed for this 
treatment (PP). According to Wallace and 
Webster (1996), the physical environment and 
available food resources can influence the local 
abundance of invertebrates. Furthermore, 
the slow decomposition of debris positively 
affects the invertebrate community, allowing 
greater abundance of organisms (Gonçalves 
et al. 2004) by providing a relatively stable 
substrate.

The greatest abundance of invertebrates 
in detritus was found in the treatment PP. 
Potamogeton pectinatus stands had the higher 
abundance, and their detritus decomposed 
slower, factors that may contribute to greater 
habitat resource availability to detritivorous 
invertebrates. Potamogeton pectinatus is a 
submerged macrophyte with a complex 
morphological structure due to the formation 
of dense stands that may occupy the entire 
water column (Van den Berg et al. 1998). Plants 
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with a more complex architecture favour 
the establishment of a greater diversity of 
organisms because, according to Barreto 
(1999) and Kovalenko et al. (2012), increased 
biomass area increases spatial niches and 
the number of individuals. Therefore, this 
factor, coupled with slower mass loss, makes 
P. pectinatus a more favourable habitat for 
colonisation by invertebrates and for the 
invertebrate community structure, as they use 
the debris as a place for foraging and shelter. 
Stands of macrophytes in shallow waters 
provide a high diversity of microhabitats, 
favouring the coexistence of many species 
of different functional divisions of the FFG 
(Padisák and Reynolds 2003). Such biomass 
degradation, with the consequent release 
of the compounds into the water column, 
is one of the most important factors in the 
functioning of shallow lakes (Asaeda et al. 
2000). Therefore, our results clearly prove 
the important role of submersed aquatic 
macrophytes in maintaining invertebrate 
biodiversity and abundance in shallow lakes, 
even in detritivorous chains.

The classification of functional feeding 
groups is a classic tool to describe the 
function of invertebrates in the processes of 
decomposition of plant material in aquatic 
ecosystems and use both morphological and 
behavioural characters of organisms to acquire 
food resources (Cummins et al. 2005; Zilli et 
al. 2008; Poi de Neiff et al. 2009; Carvalho et 
al. 2015; among others). More recently, the 
knowing of feeding habits of organisms has 
been done through in situ observation studies, 
laboratory experiments and stomach content 
analyses, and the latter approach has been 
considered the most accurate (Ramírez and 
Gutiérrez-Fonseca 2014). In a recent review, 
Ramírez and Gutiérrez-Fonseca (2014) made 
a discussion about the needs of analysis of 
gut content to assign the correct FFGs, and 
pointed out that, even with limitations, it is 
not strictly necessary. Thus, even with the 
inherent limitations, we used the literature-
based classification in our study, since it 
is still a valid tool to indicate the FFGs of 
invertebrates. The treatment with slower 
weight loss (PP treatment) favoured collectors, 
since they found a greater availability of food 
and/or shelter for a longer period. During 
macrophyte decomposition, the generation 
of fine particulate organic matter (FPOM) 
favours the development of collectors 
which use it as a food resource (Gimenes 
et al. 2010). Also, intermediates periods of 
degradation are associated with the time 

where microorganisms start to decompose the 
detritus, making it suitable for invertebrates 
(Biasi et al. 2013). Thus, large numbers of 
these organisms indicate high amounts of 
debris particles on the surface (Stripari and 
Henry 2002). However, according to Zilli 
et al. (2008), the number of collectors is not 
necessarily positively related to the amount 
of food. Although we found high numbers 
of predators and collectors during early 
incubation of debris, in these initial stages 
there is little production of FPOM (Stripari 
and Henry 2002). Thus, the high abundances 
of collectors might have been due to the use 
of resources by these organisms primarily as 
habitat. These results corroborate the findings 
of Telöken et al. (2011, 2014), who observed a 
similar pattern in the decomposition of tree 
species in a subtropical shallow lake and in a 
stream, near the area of our study. In tropical 
and subtropical environments, particularly 
in lakes, collectors appear to be dominant in 
detritivorous communities (Stripari and Henry 
2002; Gonçalves et al. 2003; Telöken et al. 2011; 
2014). Thus, the results on the trophic structure 
of the associated invertebrate community with 
the debris of the two studied macrophytes 
reinforce the hypothesis that invertebrates 
are using the debris as habitat.

When we evaluated the invertebrate 
community of living plants, the virtual 
absence of shredders is another factor that 
allows suggesting the use of detritus as 
habitat more than food resource. Although 
with some controversy, most of the studies 
related the weak relation of invertebrates with 
direct process of degradation (e.g., shredders) 
in lentic subtropical systems (Wantzen and 
Wagner 2006; Silva et al. 2010; Telöken et al. 
2011; 2014; Carvalho et al. 2015). When we 
looked the results of richness of invertebrate 
community, at both plant species the mean 
richness was lower at detritus than at live 
plants. The species with faster degradation 
time (C. zeylanica) presented higher richness 
both when as plant material and in its detritus. 
One factor pointed out by Srivastava et 
al. (2009) is that breakdown of detritus is 
affected strongly and positively by the top-
down effects of detritivore diversity. This 
corroborates with the biodiversity-ecosystem 
function theory. So, even with the gap of 
shredders, which used directly the detritus, 
the diversity of detritivores invertebrates 
presented high diversity when compared 
with similar systems (Titus and Pagano 2002; 
Nelson 2011; Carvalho et al. 2015, among 
others). This could be a factor that contributes 
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to the time of degradation of macrophytes at 
shallow lakes system, more than habitat or the 
kind of detritus.

The results of our study suggest that the 
submerged vegetation causes changes in the 
structure of the aquatic community, which 
was also mentioned by Van den Berg et al. 
(1997), who studied invertebrates in lakes 
dominated by Chara sp. Other studies have 
highlighted the importance of macrophyte 
complexity in terms of habitat diversity 
(Lopes et al. 2011) and species richness 
(Thomaz et al. 2008). However, our study 
is the first to address habitat complexity in 
terms of debris decomposition. Here, habitat 
complexity can be understood as diversity of 
structural elements which positively impact 
the diversity and abundance of species, 
mainly by increasing spatial niches (see also 
Kovalenko et al. 2012). According to the same 
author, the greater habitat variability allows 
the coexistence of organisms with a wider 
range of resource uses.

In conclusion, the trophic structure of 
invertebrate community at debris of both 

macrophytes at all four treatments, presented 
four functional feeding groups, and absence of 
shredders, suggesting that detritus was used 
mainly as shelter more than food resource in 
this shallow lake. The species P. pectinatus, 
with a low decomposition rate, had the 
highest abundance of invertebrates when 
debris was decomposing amid its own stand, 
probably reflecting the highest abundance 
of invertebrates at live plant stand. Chara 
zeylanica, even with high decomposition rate, 
presented highest richness both at debris 
and at live plant, even with lower density. 
Therefore, our study shows that the place 
of debris decomposition interferes with the 
decomposition coefficients and the structuring 
of the invertebrate community.
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