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A�������. The aims of this study were to: a) investigate the importance of environmental and/or spatial factors 
on the composition of the invertebrate community, and b) examine the alpha (α) and beta (β) diversities of 
the invertebrate community associated to the leaf breakdown process at three different spatial scales (stream 
reach, stream order and sub-basin). The abiotic variables and colonization of invertebrate community in two 
detritus (Eucalyptus cloeziana and Inga laurina) were evaluated in 14 sampling sites. For both detritus types, 
the communities were influenced by environmental matrix. High invertebrate α diversity was related to an 
increase in water flow velocity (outflow) and orthophosphate levels. High canopy openness and, consequently, 
high temperatures, showed negative effects on invertebrate α diversity. The α diversity in high-quality li�er 
(E. cloeziana) was mainly influenced by stream order, while β diversity was mainly influenced by sub-basins. 
However, in low-quality li�er (I. laurina), α diversity was mainly influenced by sub-basins, and the β diversity 
by sampling sites. These findings indicated that changes in detritus quality of the riparian vegetation resulted 
in significant changes of invertebrate α and β diversity in these communities.

[Keywords: local diversity, regional diversity, assemblage dissimilarity, li�er decomposition, diversity 
partitioning]

R������. Efectos de las características de la hojarasca sobre la diversidad alfa y beta de ensambles de 
invertebrados en una cuenca hidrográfica tropical. El presente estudio tuvo por objetivos a) investigar la 
importancia de los factores ambientales o espaciales en la comunidad de invertebrados, y b) examinar las 
diversidades alfa (α) y beta (β) de la comunidad de invertebrados asociada al proceso de descomposición de 
hojas, en tres escalas espaciales (segmento de arroyo, orden del arroyo y sub-cuenca). Se evaluaron variables 
abióticas y la colonización de la comunidad de invertebrados en dos tipos de detritos (Eucalyptus cloeziana y 
Inga laurina) en 14 sitios de muestreo. En ambos detritos, las comunidades fueron influenciadas por la matriz 
ambiental. La mayor diversidad α de invertebrados se relacionó con un aumento en la velocidad del flujo de 
agua (flujo de salida) y con los niveles de ortofosfato. Mayores aperturas de dosel y, en consecuencia, altas 
temperaturas mostraron efectos negativos sobre la diversidad α de invertebrados. La diversidad α en detritos 
de mayor calidad química (E. cloeziana) fue influenciada principalmente por el orden del arroyo, mientras que 
la diversidad beta resultó mayormente influenciada por la sub-cuenca. Sin embargo, en detritos de menor 
calidad (I. laurina), la diversidad α fue más influenciada por la sub-cuenca, mientras que la diversidad beta, 
por los sitios de muestreo. Estos hallazgos indicaron que cambios en la calidad de detrito proveniente de la 
vegetación ribereña resulta en una significativa modificación de la diversidad α y β de invertebrados.

[Palabras clave: diversidad local, diversidad regional, disimilaridad de asambleas, descomposición de hojarasca, 
partición de la diversidad]
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INTRODUCTION

Invertebrate diversity in streams is subjected 
to variations of the environment, space 
and biological interactions that ultimately 
determine the abundances of species in a 
given area (Heino et al. 2015a). Specifically, in 
low-order streams, invertebrate communities 
are also affected by an increase of litter inputs 
(Rezende et al. 2014a), canopy cover (De 
Nadaï-Monoury et al. 2014), pebbles, gravel 
and stones in substrate composition (Rezende 
et al. 2014b), and chemical composition of the 
leaves (Graça et al. 2015), since they depend 
on the allochthonous material as a source of 
energy (Vannote et al. 1980). Generally, leaves 
with a lower toughness, high nitrogen and 
phosphorus contents (N and P, respectively) 
and low levels of structural compounds (i.e., 
cellulose and lignin) are considered high-
quality litter because these characteristics 
represent a resource of higher palatability 
for decomposers and detritivores (Graça et 
al. 2001). This high-quality litter may also 
support a higher diversity of detritivores 
than low-quality litter because, generally, the 
detritivores select food items that promote 
higher growth rate, survivorship, reproductive 
output and thus enhance the fitness (Graça et 
al. 2001). Thus, changes in riparian zones, 
such as the introduction of exotic plant 
species with different attributes than the 
species being replaced, can affect nutrient 
cycling and the biodiversity and structure of 
aquatic communities, mainly of invertebrate 
communities (Hieber and Gessner 2002).

Biodiversity in streams can be measured 
in three spatial scales: alfa (α), beta (β) and 
gama (γ) diversities. Alpha diversity can be 
measured by local species richness as well 
as by diversity indices (Whittaker 1960). 
The β diversity shows a variation in species 
composition among sites in the geographic 
area of interest by: a) species turnover 
(Whittaker 1960; Anderson et al. 2011), b) 
nestedness (Baselga 2012), and c) the ratio 
of total number to mean number of species 
per sample (Anderson et al. 2011; Whittaker 
1960). Finally, the γ diversity is a product of 
α diversity of communities and the degree 
of β diversity differentiation among them 
(Whittaker 1960; Whittaker 1972).

Special attention should be given to β 
diversity when investigating the species 
richness patterns, especially when concerning 
aquatic invertebrates. β diversity represents the 
changes in species composition as a function 

of distance, and may reflect deterministic 
processes, such as the adaptation of species 
to different climates or substrates, or the result 
of dispersion (Heino et al. 2013; Heino et al. 
2015a). Legendre et al. (2005) listed the three 
main current hypotheses about the origin of β 
diversity: 1) uniformity of species composition 
over large areas (null model), emphasizing 
the role of biological interactions (Anderson 
et al. 2011), 2) species composition fluctuating 
in a random, auto-correlated way (dispersal 
history), but with all species demographically 
and competitively equal (Hubbell 2001), and 3) 
species distributions related to environmental 
conditions, emphasizing the environmental 
control (Whittaker 1956; Hutchinson 1957). 
Most studies of aquatic invertebrate diversity 
seem to corroborate the third hypothesis, 
that is the importance of local environmental 
characteristics on determining species 
distributions (Heino et al. 2013; Rezende et 
al. 2014b; Heino et al. 2015a).

Due to the high environmental influence 
on the β diversity of aquatic invertebrate 
communities, a specific conceptual framework 
for lotic environments assumes that: a) local 
environmental traits among localities are 
more important in small spatial scales, and 
b) the relative importance of mechanisms 
influencing variability in species composition 
among localities is affected by the spatial level 
of a “region unit”, which may be a stream, a 
drainage basin or an ecoregion (Heino et al. 
2015a). Therefore, for aquatic invertebrates, it 
is also important to understand the influence 
of the environment in β diversity levels at 
different scales in order to better elucidate 
diversity patterns (Ferreira et al. 2017; Tonin 
et al. 2017).

The effect of scale on diversity can exhibit 
different patterns and structures depending 
on which scale is analyzed (Wiens 1989; Heino 
et al. 2015b). For example, we can expect an 
increase in β diversity at higher spatial scales, 
due to 1) high environmental heterogeneity 
(Hutchinson 1957), 2) effects of dispersal 
limitation (differences in species composition 
among sites by spatial extent increase; Cottenie 
2005), 3) the sampling of different regional 
species pools (Wiens 1989), and 4) a negative 
relationship between the pairwise similarity 
in assemblage composition and geographic 
distance (Hubbell 2001). Thus, it is important 
that spatial and temporal variation among 
and within stream systems is represented by 
hierarchical frameworks, such as pools and 
riffles inside stream reaches that shape the 
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rivers and hydrographic basins. This allows 
studies performed across large areas to show 
a variation of measures at different resolutions 
(both spatially and temporally) and to test if 
changes on small scales are maintained at large 
scales (Schneider 2001). 

If the stream structure systems represent 
an important environmental effect (positive 
by increase of litter input, canopy cover 
and sediment coarse) on the invertebrate 
community structure, we expect that higher 
diversity occurs in sites with high canopy 
cover and low water velocities (due to the 
accumulation of POM and higher sediment 
variability). On the other hand, if the 
invertebrate diversity differs from this pattern, 
we propose a scale-based analysis according 
to the conceptual framework of Heino et al. 
(2015a). Following this, the α and β diversity 
is expected to be influenced to spatial scale, 
but the leaf quality can influence the diversity 

patterns (both α and β). Finally, our goals were 
to: a) quantify and describe α and β diversity 
of invertebrate communities associated with 
the leaf breakdown of Eucalyptus cloeziana F. 
Muell and Inga laurina (Sw.) Willd at three 
spatial scales (reach, order and sub-basin), 
and b) assess the importance of environmental 
and/or spatial factors on the structuring of the 
invertebrate community.

MATERIALS AND METHODS

Study sites
The study region included 14 sampling 

sites distributed along the Gama-Cabeça de 
Veado watershed in the “Cerrado” tropical 
savannah (altitudes between 1025 m and 
1150 m a. s. l.) of Central-West Brazil, in the 
Federal District (Figure 1). The experiment 
was performed only during the dry season, 
allowing for a greater temporal homogeneity 

Figure 1. Geographic location of study sampling sites on the Gama-Cabeça de Veado watershed, Federal District 
(Brazil).
Figura 1. Ubicación geográfica de los sitios de muestreo del estudio en la cuenca Gama-Cabeça de Veado, Distrito 
Federal (Brasil).
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of physico-chemical traits of the environment, 
thus decreasing the effect of washing on the 
invertebrate community. The sampling sites 
have a high diversity of plants species, with 
~146 native species, especially representatives 
of the families Fabaceae, Myrtaceae, Rubiaceae, 
Melastomataceae, Lauraceae, Annonaceae, 
Euphorbiaceae, Meliaceae, Primulaceae, 
Sapotaceae and Vochysiaceae (Bambi et al. 
2016). As a representative of exotic species, 
Eucalyptus, has been well established 
throughout the region studied (Rezende et 
al. 2014a).

Procedures
We chose two plant species that are common 

in the riparian zones of the region. The 
senescent leaves of E. cloeziana and I. laurina 
were collected, air-dried and separated 
for physical and chemical analyzes (see 
below). The Eucalyptus plantations (an exotic 
monoculture) have significantly expanded 
within Brazilian hydrographic basins due to 
an increased demand of coal for steelmakers, 
pulp for papermaking and other uses, allowing 
us to study the potential consequences of the 
replacement of native vegetation by substitute 
monocultures as a source of allochthonous 
material in lotic systems. On the contrary, 
I. laurina is abundant in native riparian 
vegetation, and is a good representative of 
typical plants of the riparian vegetation in 
the Cerrado (Brazilian Savanna the native). 

The leaf traits of the species were analyzed 
prior to their use in the experiments (n=4, with 
the exception of nitrogen and phosphorus-
n=1). The leaf toughness was determined with 
a penetrometer (Graça et al. 2005). Lignin and 
cellulose were determined through the fiber 
acid-detergent method (Goering and Van 
Soest 1970), total polyphenols by Folin-Denis 
method (Graça et al. 2005) and tannic acids by 
radial diffusion (Graça et al. 2005). The nitrogen 
content (N) was determined by Kjeldahl 
method and phosphorus concentrations (P) 
following APHA 1995.

Leaf samples were incubated in 252 litter 
bags (15×15 cm, 10 mm mesh size) and placed 
in shallow water (~0.3 m depth) in streams 
at 4 sub-basins (Figure 1, supplementary 
material). The sampling times were calculated 
by dividing the initial weight (W0) by the 
estimated value of k (for more details, 
see Rezende et al. 2014a). This calculation 
yields the time for the total duration of leaf 
processing (TLP, days). From the equation 

W0/k=TLP, we can calculate how many days 
will be required to reach a desired percentage 
of the initial weight (Wt). The first sample was 
collected after 10 days of incubation for both 
species, so that TLP for 10 days/0.25=day on 
which Wt=75%. The next sample was collected 
after 40 days for E. cloeziana and after 75 days 
for I. laurina, so that TLP 40/75 days/0.5=day 
for which Wt=50%. The above procedure was 
performed for each sampling site (based on the 
mean value) and type of detritus. However, it 
was not possible to determine the final value 
for I. laurina because the dry season ended 
after 120 days, before 50% of the mass was lost. 
Measurements after the end of the dry season 
would not have been meaningful because the 
variations in rainfall and associated variations 
in other physico-chemical parameters would 
have influenced the results. The final k value 
was calculated using the negative exponential 
model of percentage of mass lost over time 
(Wt =W0e

-kt; Wt=remaining weight; W0=initial 
weight; -k=decay rate; t=time).

A multianalyzer was used to measure water 
temperature, conductivity, pH, dissolved 
oxygen and turbidity in situ. The water 
velocity associated with depth was measured 
at three points in each stream using a flow 
meter for the calculation of stream discharge. 
Additionally, water was collected for analyses 
of the nitrate (Golterman et al. 1978), nitrite 
(Koroleff 1976) and orthophosphate 
(Strickland and Parsons 1960), which were 
analyzed by absorption spectrometry. Canopy 
openness was quantified using hemispherical 
photographs taken using a digital camera 
coupled to a fish-eye lens. 

Litter bags were transported to the laboratory 
in a cooler and the leaves were washed with 
distilled water in a sieve (120 µm mesh). The 
invertebrates retained on the sieve (after the 
washing) were fixed in 70% ethanol for later 
sorting and identification to the family level 
(Hamada et al. 2014; Merritt and Cummins 
1996). The family level is enough to observe 
community patterns, with a loss of explanation 
of only ~6% (Marshall et al. 2006) compared 
to genus taxonomic level. The number of taxa 
(taxonomic richness) and density (individual 
per dry mass of leaves [DM]) was calculated 
based on the benthic invertebrate inventory.

Measuring α and β diversities 
We calculated the Shannon-Wiener diversity 

index in the two litter types at all sampling 
sites, hydrological orders, and sub-basins, and 
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used as a proxy of as α diversity at each spatial 
level. We estimated the β diversity of all of 
the sampling sites, hydrological orders, and 
sub-basins with the multivariate dispersion 
method (Anderson et al. 2006). Multivariate 
dispersion estimated the β diversity as a given 
site’s average dissimilarity (i.e., distance) from 
their group centroid in a multivariate space. 
The comparison among the sampling sites was 
based on the Whittaker index (βw) (Whittaker 
1960; Magurran 2001), which measures the 
change or rate of substitution in species 
composition from one site to another, and 
the gradient comparison among hydrological 
orders and sub-basins were based on Lennon 
(βgl) (Lennon et al. 2001), as proposed by 
Koleff et al. (2003). The βw is the most widely 
used β diversity measure in ecology, and 
the values show a simple relationship to 
the variation, in which all variations scale 
negatively with increases in the matching 
component (Koleff et al. 2003). The βgl values 
depend on the difference in the number of taxa 
between the two samples under consideration, 
and were employed to test whether the other β 
diversity measures are able to recover patterns 
regarding the local number of taxa gradients 
(Lennon et al. 2001; Koleff et al. 2003). 

Statistical analyses

The leaf traits of plant species were compared 
with t test (P<0.05), with the exception of N 
and P that were compared with chi-square 
test (P<0.05). The geographical coordinates 
(latitude and longitude in the UTM) of each 
sampling site (Figure 2, supplementary 
material) were used with the principal 
coordinates of the neighbor matrices (PCNM) 
method described by Borcard and Legendre 
(2002). The relative importance of spatial 
(geographical distance) and environmental 
variables (temperature, conductivity, pH, 
dissolved oxygen, turbidity, discharge, water 
velocity, nitrate, nitrite and orthophosphate 
concentrations, and canopy openness of 
riparian vegetation) for the invertebrate 
community structure was evaluated using a 
partial redundancy analysis in both detritus 
types (pRDA; varpart function, vegan package 
for R) (Oksanen et al. 2013). 

A redundancy analysis was used to select 
among the distance and environmental matrix 
to assess the most important variables. First, 
a global test was performed, including all 
explanatory variables and adjusting for R2 
according to Ezekiel´s correction (Peres-Neto et 

al. 2006). Second, the R2
adj of the global test was 

calculated as a second criterion (in addition to 
an α-value of 0.05) to select the variables that 
would be retained in the subsequent analyses. 
A forward model-selection procedure was 
performed, starting with the selection of the 
explanatory variable that maximized the fit 
of the model, and then computing an F-ratio 
and P-value by permuting the residuals 
using the full-model approach (Legendre 
and Legendre 1998). Whenever P≤0.05 was 
obtained, R2

adj was computed for the forward 
test. If R2

adj was smaller for the forward test 
than for the global test, another variable was 
added to the analysis, and the permutation test 
was repeated. Otherwise, the procedure was 
stopped. All of the analyses were performed 
using the average values of the environmental 
variables measured during all of the sampling 
periods at each site. Therefore, we calculated 
the following: the amount of variation due 
to the environmental variables; the amount 
of spatially structured variables; the amount 
of variation due to both the environmental 
and spatially structured variables (shared); 
and the amount of variation that remained 
unexplained (Legendre et al. 2005). 

The α diversity in the invertebrate community 
was examined with a nested analysis of 
variance (Bailey 1992) to detect the importance 
at three nested spatial scales: sub-basin, stream 
order (nested into sub-basin) and sampling 
site (nested into stream order). The β diversity 
was calculated from betadiver function, 
Vegan package for R version 2.0.8 -Oksanen 
et al. (2013). A Permutational Multivariate 
Analysis of Variance (PerMANOVA) for 
two detritus was used (distance matrix of 
Bray-Curtis, 10000 permutation and with 
pseudo-F; Adonis function, vegan package 
for R) (Oksanen et al. 2008) to estimate the 
difference for β diversity (different axes related 
to the distance from the centroid) among the 
scales. In this analysis, we tested the dispersion 
differences and not the location differences in 
a multivariate space (Heino et al. 2013). The 
sum of squares percentage in the nested 
ANOVA and PerMANOVA analyses was 
used to determine which accounted for the 
highest variance among the different scales 
(Anderson 2001). 

RESULTS

Invertebrate community
We found a total of 44 taxa in leaf litter (E. 

cloeziana and I. laurina; Table 1). In leaf litter 
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of E. cloeziana, the invertebrates with highest 
abundance was Chironomidae (20.3 ind./g 
DM) followed by Oligochaeta (0.9 ind./g DM) 
and Baetidae (0.7 ind./g DM). Leptohyphiidae, 
Simullidae, Ceratopogonidae, Odontoceidae, 
Hydroptilidae, Polycentropodidae and 
Calamoceratidae complete family lists of 
the most abundant (ranging from 0.5 to 0.3 
ind./g DM). The most abundant groups in 
I. laurina was Chironomidae (16.2 ind./g 
DM) followed by Simullidae (1.6 ind./g 
DM) and Oligochaeta (0.7 ind./g DM). 
Baetidae, Hydroptilidae, Leptohyphiidae, 
Ceratopogonidae, Hydropsychidae, 
Odontoceidae and Leptophlebiidae complete 
lists of the most abundant (ranging from 0.4 
to 0.1 ind./g DM).

Leaf traits
Leaves of E. cloeziana and I. laurina showed 

similar mean values of total polyphenols, 
total tannic acids, nitrogen and phosphorus 
content (Table 1, supplementary material). 
On the other hand, I. laurina showed 25% 
more Lignin:N ratios when compared with E. 
cloeziana. The species I. laurina presented the 
highest values of lignin (~7% more), cellulose 
concentration (33% more) and leaf toughness 
(3-fold) when compared to E. cloeziana (Table 
1, supplementary material). Leaves of E. 
cloeziana show higher mean values of k (-
0.0067 day-1, ranging from -0.0046 to -0.0131 
day-1) than I. laurina (-0.0035 day-1, ranging 
from -0.0015 to -0.0071 day-1). We considered 
E. cloeziana as high-quality detritus due to the 
low concentrations of structural compounds 
(lignin, cellulose and leaf toughness) when 
compared to I. laurina (low-quality), although 
there was no difference in other leaf traits. In 
addition, the leaves of E. cloeziana presented a 
rapid decomposition rate when compared to 
the leaves of I. laurina.

Environmental and spatial influence
The environmental matrix explained 17% 

and 33% of community structure in E. 
cloeziana (high-quality litter) and I. laurina 
(low-quality litter), respectively (Figure 2). The 
simultaneous effect of both the environmental 
and spatial matrices (8% and 9%, respectively), 
and spatial matrix alone for E. cloeziana and I. 
laurina (7% and 0%, respectively) contributed 
little to the explanation of the observed 
variance. The unexplained variance for E. 
cloeziana and I. laurina was of 69% and 58%, 
respectively. The two detritus were applicable 
in the spatial matrix for only one vector 

(Vector 1; adjusted R2=0.14, F=2.26, P<0.01). 
In E. cloeziana, three environmental variables 
were selected: temperature, water velocity, 
and water orthophosphate concentration 
(adjusted R2>0.062, F>1.87, P<0.001) (Figure 
2A). In I. laurina, four environmental variables 
were selected: temperature, water velocity, 
discharge, and canopy openness (adjusted 
R2>0.187, F>2.22, P<0.001) (Figure 2B).

The α and β diversities in spatial scales
The most important scale for invertebrate 

α diversity in E. cloeziana was stream order, 
due to the higher variance explanation in 
this intermediate scale than in others. The 
next scales in importance were the sub-
basin (although with a similar explanation 
of the scale order), followed by sampling 
site (Table 2A; Figure 3). In I. laurina, the 

Statistical analysis SS (%) DF F P

A. Nested ANOVA 

Eucalyptus cloeziana
Sub-Basin 4.3 3 15.0 <0.001
Stream Order 4.9 10 7.5 <0.001
Sampling site 2.6 1 9.1 <0.001
Error 10 105

Inga laurina
Sub-Basin 1.6 3 18.9 <0.001
Stream Order 1.5 10 17.3 <0.001
Sampling site 0.7 1 3.5 <0.001
Error 37.7 105

B. PerMANOVA P(>F)
Eucalyptus cloeziana
Sub-Basin 7.4 3 9.9 <0.001
Stream Order 3.3 3 4.3 <0.001
Sampling site 2.4 13 3.2 0.003
Residuals 86.8 100

Inga laurina
Sub-Basin 4.2 3 5.4 <0.001
Stream Order 3.9 3 5.1 <0.001
Sampling site 5.1 13 6.6 <0.001
Residuals 86.7 100

Table 2. The values of sums of squares percentage (SS), 
degrees of freedom (DF), F test, P value and residuals of 
analysis by nested ANOVA (A; testing α diversity) and 
PerMANOVA (B; testing β diversity) among sub-basin, 
stream order and sampling site in Eucalyptus cloeziana and 
Inga laurina detritus.
Tabla 2. Valores de porcentajes de sumas de cuadrados (SS), 
grados de libertad (DF), prueba F, valor de P y residuales 
del ANOVA anidado (A; análisis de la diversidad α) y 
PerMANOVA (B; análisis de la diversidad β) entre la sub-
cuenca, orden de arroyo y el sitio de muestreo en detritos 
de Eucalyptus cloeziana y Inga laurina.
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Figure 2. Partial redundancy analysis (pRDA) of the invertebrate communities based on the spatial and environmental 
matrices (percentage-explanation values) of the sampling sites in Eucalyptus cloeziana (A) and Inga laurina (B) 
detritus.
Figura 2. Análisis de redundancia parcial (pRDA) de la comunidad de invertebrados basados en las matrices espacial 
y ambiental (valores de porcentaje de explicación) de los sitios de muestreo en Eucalyptus cloeziana (A) y Inga laurina 
(B) detritos. 
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Figure 3. α diversity estimated by Shannon-Weaver Index (A, C and E), β diversity (B, D and F) in the sampling sites 
(A and B), sub-basins (C and D), and hydrological order (E and F) in Eucalyptus cloeziana.
Figura 3. Diversidad α estimada por  el Índice Shannon-Weaver (A, C y E), diversidad β (B, D y F) en los sitios de 
muestro (A y B), sub-cuenca (C y D), y orden hidrológico (E y F) en Eucalyptus cloeziana.

Figure 4. α diversity estimated by Shannon-Weaver Index (A, C and E), β diversity (B, D and F) in the sampling sites 
(A and B), sub-basins (C and D), and hydrological order (E and F) in Inga laurina.
Figura 4. Diversidad α estimada por  el Índice Shannon-Weaver (A, C y E), diversidad β (B, D y F) en los sitios de 
muestreo (A y B), sub-cuenca (C y D), y orden hidrológico (E y F) en Inga laurina.
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most important scale for α diversity was the 
sub-basin, followed by stream order (with a 
similar explanation), and sampling site (Table 
2B; Figure 4). The β diversity in E. cloeziana 
showed a higher percentage of explanation 
by the sub-basin, followed by stream order 
and sampling site (Table 2B; Figure 3). The 
invertebrate β diversity in I. laurina was better 
explained by the sampling site, followed by 
the sub-basin and stream order, although the 
latter two with similar explanation (Table 2B; 
Figure 4).

DISCUSSION

Environmental and spatial influence
Regarding most beta diversity studies, our 

work is novel when regarding the inclusion of 
variables related to the detritus characteristics. 
The detritus of both species showed similar 
amounts of polyphenols and total tannic 
acids. However, these compounds are rapidly 
leached in the first hours of immersion in the 
water, so they probably do not exert a negative 
effect on the diversity of invertebrates (Hepp 
et al. 2009). The synergistic effects a thick leaf 
cuticle and high toughness, probably due to 
the higher structural compounds (lignin and 
cellulose), makes the detritus of I. laurina more 
stable and less chemically reactive in the water 
when compared to the high-quality litter of 
E. cloeziana (Rezende et al. 2014a; Rezende 
et al. 2016). Most likely, this detritus was 
functioning as a substrate to invertebrates. 

The α diversity in E. cloeziana detritus was 
mainly explained by the change in stream 
order, followed by the sub-basin. Therefore, 
the invertebrate communities among different 
stream orders of the same sub-basin were more 
differentiated from each other than those of 
the same stream orders in different sub-basins 
(Ferreira et al. 2017; Tonin et al. 2017). This also 
explain the high β diversity levels among sub-
basins in this detritus. Additionally, α diversity 
was highest in sub-basins with detritus of I. 
laurina, which indicated a highest difference 
among sub-basins, independent of the stream 
order. This may explain the high β diversity 
levels among sampling sites of different 
sub-basins, because the local environmental 
conditions and detritus quality would reflect 
the regional characteristics.

Our results also indicated that environmental 
variables (mainly, temperature, water 
velocity and nutrient concentration) were 
important structuring forces for invertebrate 

communities in situ (corroborated by Ferreira 
et al. 2012; Hepp et al. 2012) as has been 
shown in other works. (Hepp and Melo 2013; 
Siqueira et al. 2012). Although it is not possible 
discard that other factors than environmental 
variables, not measured in our study, could 
explain the variation of the data, given the 
low explanation of the environmental matrix 
in the invertebrate community. Therefore, 
we can infer that landscapes represent a 
mosaic of habitats, where the composition of 
invertebrate communities was controlled by 
local environmental characteristics (Leibold 
et al. 2004; Ferreira et al. 2017; Tonin et al. 
2017). The dispersal capacity of invertebrates 
in heterogeneous environments may result in 
local populations being affected by source-sink 
relationships (Leibold et al. 2004; Durães et al. 
2016) and weak spatial structures (Siqueira et 
al. 2012; Hepp and Melo 2013). This can result 
in low α diversity (when viewed as networks at 
the landscape-scale) but high β diversity levels 
due to the different ability for the dispersal of 
invertebrates and higher-qualities habitats in 
headwater streams than in downstream areas 
(Clarke et al. 2008). This also emphasized the 
spatial dispersal history and explained the 
low values in the shared term (environment/
space). However, we cannot discard that 
environmental matrix could not be the sole 
mechanism affecting the β diversity, mainly 
when dispersal rates were high (Heino et al. 
2015a; Durães et al. 2016).

The α and β diversities at different spatial scales

It is not new that the water velocity is 
important factor in determining invertebrate 
community. High flow velocities increase the 
water’s capacity to carry most fine sediment 
particles, leaving behind a greater percentage 
of coarse fractions (Rueda-Delgado et al. 2006; 
Santos Fonseca et al. 2012). The occurrence 
of coarse fractions at some particular sites 
increased the variety of available habitats, 
allowing for an increase in the invertebrate 
diversity in areas adjacent to colonized detritus 
(Ligeiro et al. 2013). Stream discharge showed 
a positive correlation with water velocity most 
likely due to the small size of sampled streams 
and the steep topography typical of headwater 
areas. In relation to orthophosphate, it is known 
that high concentrations support and stimulate 
both periphyton and microbial growth (Bae et 
al. 2011; Bleich et al. 2015). This provided a 
better detritus quality and food source for 
invertebrates, including shredder-detritivores, 
scrapers and collectors (Yoshimura et al. 2006), 
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increasing invertebrate diversity. Therefore, 
our results indicated that sites that were rich 
in nutrients and had high water velocities 
had higher local invertebrate species richness 
(especially for Ephemeroptera, Plecoptera and 
Trichoptera) than other stream sites.

Streams are influenced by canopy openness 
and, consequently, high temperatures 
(increased light availability). The nutrient 
cycling is affected by canopy cover (by 
affecting litter input and decomposition), 
increasing the detritivores and decomposers 
density and/or richness in riparian zones 
with higher canopy cover (Rezende et al. 
2014a; Tonin et al. 2017), although the scrapers 
diversity can be underestimated in litterbags 
and can benefit with open canopy. This effect 
of the canopy cover may also vary differently 
in different hierarchical scales (e.g., reaches 
to watershed) by confounding factors that 
could co-vary (e.g., temperature, luminosity, 
litter biomass and litter quality) with canopy 
cover (for a better discussion of this topic, 
see Tonin et al. 2017). The degradation of 
the canopy cover can allow for increased 
sediment entrainment (Gardiner et al. 2009) 
which decreases habitat variety, sediment 
diversity and shelter availability for aquatic 
communities (Lancaster and Hildrew 1993; 
Bücker et al. 2010; Luiza-Andrade et al. 2017). 
This can reduce the organism pool in areas 
adjacent to colonized detritus, decreasing the 
diversity. However, our results should be 
interpreted with caution, since our findings are 
limited to invertebrate community associated 
with leaf breakdown. Canopy cover will also 
increase the exposed surface of the streams, 
increasing the water temperature and likely 
leading to a decrease in dissolved oxygen 
concentrations (Md Rawi et al. 2013; Uieda 
and Carvalho 2015). Changes in the dissolved 
oxygen concentrations of streams may increase 
the levels of suspended sediments and soil 
erosion (Negishi et al. 2006), deteriorating the 

physico-chemical parameters of the water and 
decreasing the overall invertebrate diversity 
(Dominguez-Granda et al. 2011; Luiza-
Andrade et al. 2017). 

CONCLUSION

The influence of the litter quality in 
invertebrate diversity was mostly related to 
the spatial scale. This study indicated that 
low quality riparian vegetation could locally 
impair but regionally support high invertebrate 
diversity. Environmental variables were 
the main structuring forces of invertebrate 
communities (positively correlated to 
discharge and orthophosphate levels; and 
negatively correlated to canopy openness 
and temperature), and the spatial influence 
on invertebrate communities was low. We 
found that the variation of α and β diversities 
changed with the observed spatial scales and 
litter traits, confirming our hypothesis. The α 
diversity in E. cloeziana detritus (high-quality 
litter) was mostly influenced by stream order, 
while the β diversity mostly related to sub-
basins. However, in the detritus of I. laurina 
(low-quality litter), α diversity was most 
influenced by sub-basins, while β diversity 
levels were highest among sampling sites. 
This may indicate that in riparian vegetation 
comprised of plant species with leaves of 
low quality, the invertebrate diversity is less 
resistant to ecological disturbances. 
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