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Abstract: Aim: The aim of this study was to determine the diversity of Trichoptera in subtropical 
streams and the effects of environmental variables and geographical position on alpha and beta diversity 
in natural and rural streams. Methods: We collected Trichoptera with a Surber sampler in 12 small 
order subtropical streams (six streams with apparent absence of anthropic disturbance and six streams 
with rural activity in their drainage areas) and measured limnological variables. We evaluated the 
effects of environmental variability and geographical distance on the dissimilarity of the assemblage 
and calculated the contribution of alpha and beta diversity for each stream. Results: We collected a 
total of 1,264 Trichoptera larvae distributed in 17 genera and 11 families. The genera Phylloicus and 
Smicridea were found in almost all streams. We observed a positive effect of environmental variability 
on biological variability but not of geographical distance. The environmental variability was basically 
generated by the influence of higher concentrations of dissolved organic carbon and nutrients. 
We observed the greatest contribution of the alpha diversity of the Trichoptera assemblages in natural 
streams and of beta diversity in the rural streams. Conclusions: Our results demonstrate that the 
variability of Trichoptera is affected by environmental characteristics, but not by geographical position. 

Keywords: dissimilarity; taxonomic richness; ecological integrity; riparian vegetation; agricultural 
impact.

Resumo: Objetivo: O objetivo desse estudo foi determinar a diversidade de Trichoptera em 
riachos e o efeito das variáveis ambientais e posição geográfica na diversidade alfa e beta em riachos 
naturais e rurais. Métodos: Coletamos larvas de Trichoptera com um amostrador Surber em 12 riachos 
subtropicais de pequena ordem (seis riachos com ausência aparente de distúrbios antrópicos e seis 
riachos com atividades rurais na área de drenagem) e quantificamos as variáveis limnológicas. Avaliamos 
os efeitos da variabilidade ambiental na dissimilaridade das assembleias e calculamos a contribuição 
da diversidade alfa e beta nos riachos. Resultados: Coletamos um total de 1264 larvas de Trichoptera 
distribuidas em 17 gêneros e 11 famílias. Os gêneros Phylloicus e Smicridea foram encontramos 
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Beta diversity can be caused by environmental 
or spatial factors. Spatially, the limitations of the 
dispersal ability of organisms, the differences in 
physical space and climate can generate high beta 
diversity among communities (Costa & Melo, 
2008; Roa-Fuentes  et  al., 2019). Spatial features 
such as drainage basin geology can also influence 
biological variability (Schneck & Hepp, 2010; 
Hawkins et al., 2015). Among the environmental 
factors, stream velocity, creek depth, substrate type, 
temperature, light availability and nutrients play 
an important role in the structuring of aquatic 
communities (Allan & Castillo, 2007; Curry & 
Baird, 2015; Pitacco et al., 2019).

The insects of the order Trichoptera are 
abundant and highly diverse in lotic ecosystems 
(Crisci-Bispo  et  al., 2007). They occur in clean 
and well-oxygenated waters, which makes them 
indicators of aquatic habitat quality and integrity 
(Rosenberg & Resh, 1993; Breda et al., 2018). These 
characteristics give Trichoptera potential to serve as 
a model for ecological studies on biological diversity 
patterns in aquatic environments. In this study, we 
collected Trichoptera larvae in streams located in 
a transitional region of the Atlantic Forest Biome. 
This region comprises the southernmost portion 
of this biome and is severely fragmented by rural 
activities.

This study had an exploratory character and we 
tried to answer the following question: how does 
the environmental variation generated by changes 
in land uses (e.g. agriculture) affect the alpha and 
beta components of the diversity of Trichoptera 
assemblages in streams? Thus, our objectives 
were: (i) to determine the diversity of Trichoptera 
in streams surrounded by riparian vegetation 
and agriculture; (ii) to determine the effects 
of environmental variables and geographical 
position on Trichoptera assemblages in natural 
and rural streams; and (iii) to determine the 
contribution of the alpha and beta components 
to the regional diversity of Trichoptera in the 
studied area.

1. Introduction

Riparian vegetation is important for the 
maintenance and regulation of the aquatic 
environment (Gonçalves Júnior  et  al., 2014), 
serving as a barrier to sediment supply and 
maintaining biological conditions. Shading 
provided by riparian vegetation assists in controlling 
the temperature of the streams and also increases 
the environmental complexity and availability of 
food (Naiman  et  al., 2010). On landscape scale, 
riparian vegetation provides corridors for wildlife 
movement, which increases biodiversity on a 
spatial scale and contributes to the maintenance 
of water quality (Naiman et al., 2010). However, 
freshwater environments are being impacted by a 
variety of anthropic activities (e.g. urbanization and 
agriculture) (Hepp et al., 2010; Effert-Fanta et al., 
2019). Reducing riparian vegetation increase 
the temperature, nutrient concentration and 
sediment content within streams, which damages 
the ecological integrity of the aquatic ecosystem 
(Blevins  et  al., 2013). Any changes generated by 
agriculture alter the physical and chemical structure 
of the streams, which can modify the composition of 
aquatic communities by taxa replacement (turnover) 
or changes in taxonomic richness, occurring gain 
and loss of taxa (nestedness) (Hepp & Santos, 2009; 
Hepp et al., 2010; Fugère et al., 2016).

Understanding how environmental conditions 
influence the composition and distribution of 
biological communities locally and regionally is a 
major challenge for ecologists (Heino et al., 2015). 
Biological diversity can be defined as the variety and 
abundance of species in a particular unit of study 
(Magurran, 2013). Whittaker (1960) proposed the 
concepts of alpha, beta and gamma diversity, which 
characterize different levels of diversity. According 
to Whittaker (1960), the total biological diversity of 
a region (gamma diversity) can be partitioned into 
alpha diversity, which corresponds to community 
diversity in a given location, and beta diversity, 
which represents variation between communities 
in different locations.

em praticamente todos os riachos. Observamos um efeito positivo da variabilidade ambiental na 
variabilidade biológica, mas não da posição geográfica. A variabilidade ambiental foi gerada basicamente 
pela influência de maiores concentrações de carbono orgânico dissolvido e nutrientes. Observamos 
maior contribuição da diversidade alfa nas assembleias de Trichoptera nos riachos naturais, e da 
diversidade beta nos riachos rurais. Conclusões: Nossos resultados demonstram que a variabilidade 
de Trichoptera é afetada por características ambientais, e não pela posição geográfica. 

Palavras-chave: dissimilaridade; riqueza taxonômica; integridade ecológica; vegetação ripária; 
impacto agrícola.
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2. Material and Methods

2.1. Study area

The region under study has a subtropical climate, 
with average annual temperatures of 18 °C and annual 
mean rainfall of 1,500 mm (Alvares  et  al., 2013). 
About 20% of the region is covered by arboreal 
vegetation, the rest being occupied by rural and 
urban activities (Rovani et al., 2019). The vegetation 
is part of the Atlantic Forest biome, comprising a 
vegetative structure characterized by the presence of 
Araucaria angustifolia (Oliveira‑Filho et  al., 2015). 
We collected samples in 12 streams, six streams with 
apparent absence of anthropic disturbance (called 
“natural”) and six streams with rural activity in their 
drainage areas, comprised mainly by agriculture (called 
“rural”) according to direct observation of stream reach 
adjacent areas. The streams are located in southern 
Brazil, in the upper and middle portion of the Uruguay 
River (Figure 1). The maximum distance between 
a pair of streams was 120 km, while the minimum 
distance was 200 meters. The streams had a width of 
around 2 m, depth <30 cm and the bottom consisted 
of a predominant substrate of stones with leaf packs.

2.2. Trichoptera sampling

We collected samples of aquatic insects from 
October to December 2016 in 12 streams of small 
order (≤ 2nd order). We collected the aquatic insects 

using a Surber sampler with an area of 0.09 m2 and 
a mesh of 250 μm. We collected three sub-samples 
on the stony substrate and three sub-samples on 
the leaf banks in each of the streams. We fixed the 
material collected in the field with 70% alcohol, 
packed it in plastic containers and transported it 
to the URI - Erechim Biomonitoring Laboratory. 
Subsequently, we sorted the samples in order to 
separate members of the Trichoptera from the other 
insect groups. We identified Trichoptera larvae up to 
genus level using Pes et al. (2005) and Mugnai et al. 
(2010).

2.3. Limnological variables

Concomitant to insect collections, we measured 
the limnological variables in the field using a 
HORIBA U50 Multiparameter Analyser in each of 
the streams sampled, as follows: water temperature, 
electrical conductivity, turbidity and dissolved 
oxygen. We collected water samples for laboratory 
analysis of total phosphorus and nitrite from 
spectrophotometric methods and total dissolved 
nitrogen (TDN) and dissolved organic carbon 
(DOC) using a Shimadzu TOC analyser.

2.4. Data analysis

We evaluated the limnological differences 
between “natural” and “rural” streams using a 
t-test. We calculated a matrix of dissimilarity 

Figure 1. Study area in Southern Brazil. NatFW and NatEre = natural streams; AgriFW and AgriEre = rural streams.
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(Jaccard) using the data on presence and absence 
of the Trichoptera genera in the localities, aiming 
at evaluating beta diversity. For the environmental 
data we standardized the matrix according to the 
maximum value (using the “decostand” function 
in R) and calculated a matrix of Euclidean 
distance. We also calculated a matrix of Euclidean 
distance for geographic coordinate data (without 
standardization). We performed a linear regression 
with the distance matrices to evaluate the possible 
effects of environmental variability and geographic 
distance on biological dissimilarity. We performed 
a pMantel test in order to evaluate the relationship 
between biological variability (beta diversity) and 
environment variability and geographic distance. 
We used these matrices to calculate a Redundancy 
Analysis (RDA) in order to evaluate the effects of 
spatially structured environmental variable on the 
composition of the Trichoptera larvae.

Finally, we calculated the contribution of alpha 
and beta diversity within each stream to regional 
diversity, using “range” standardization method, 
wich standardize values into range 0 – 1. We used 
an additive partition method proposed by Lu et al. 
(2007), which determines the contribution 
percentage of each diversity scale (alpha and beta) 
to total diversity variation (gamma), using function 
‘contribdiv’. This approach considers the average of 
unit diversity as alpha, the average of diversity that is 
not found in a unit as beta and gamma is the average 
amount of the diversity that each unit contribute 
do total diversity (γ = α + β). Additive diversity 
partitioning is based on diversity differentiation 
inside and between sample sites, allowing to 
calculate relative alpha and beta contribution at 
different scales. With this approach, is possible to 
compare alpha and beta diversities directly, since 
it treats both as proportional diversities means. 
We performed a t test to evaluate differences in 

contribution of alpha and beta diversity between 
natural and rural streams and a chi-squared test to 
verify differences in diversity proportions between 
stream types. We performed the analyses in the R 
(R Development Core Team, 2015) software, using 
functions of the “vegan” package (Oksanen et al., 
2015).

3. Results

The limnological variables were similar among 
the studied streams (Table  1). The streams were 
well-oxygenated (> 5.5 mg L-1), with circumneutral 
pH (5 to 7.2) and values ​​of electrical conductivity 
lower than 0.23 mS cm-1.

We collected 1,264 Trichoptera larvae 
distributed in 17 genera and 11 families 
(Table  2). We collected on average 48.5 ± 20.3 
(mean ± SE) individuals in natural streams and 
162.1 ± 68.4 in rural streams. We  observed on 
average 4.3 ± 0.8 genera of Trichoptera in the 
natural streams and 5.5 ± 1.2 genera in the rural 
streams. The genera Phylloicus and Smicridea 
were found in almost all streams (11 and 10 of 
the streams, respectively), whereas Austrotinodes, 
Cyrnellus, Helicopsyche, Hidroptila and Neotrichia 
were found in only one stream. Of the total genera, 
two were exclusive to natural streams, five were 
exclusive to rural streams and 11 genera were shared 
between both types of streams (Figure 2). The genera 
Cyrnellus and Helicopsyche were found exclusively in 
natural streams, whereas the genera Austrotinodes, 
Hydroptila, Neotrichia, Oxyethira and Triplectides 
were only found in rural streams.

We observed that environmental variability 
increased biological variability (F(1, 64) = 13.3, 
p  <0.001, R2 = 0.16; Figure  3A). However, 
geographical position between pairs of streams, 
had no effect on the variation of the Trichoptera 
communities (F(1, 64) = 3.3, p = 0.07, R2 = 0.04; 

Table 1. Limnological variables (mean ± SE) quantified in rural (n = 6) and natural (n = 6) streams located in 
southern Brazil. 

Limnological variables
Streams

t Test (df = 10)
Rural Natural

Water temperature (°C) 19.43 ± 0.74 17.84 ± 0.82 t=1.44; p=0.18
Electrical conductivity (mS.cm-1) 0.11 ± 0.03 0.07 ± 0.02 t=1.51; p=0.16
Turbidity (UNT) 4.80 ± 0.75 3.68 ± 0.62 t=1.15; p=0.27
pH 5.97 ± 0.31 6.68 ± 0.14 t=-2.14; p=0.07
Dissolved oxygen (mg.L-1) 6.59 ± 0.50 7.57 ± 0.43 t=-1.49; p=0.16
Total dissolved nitrogen (mg.L-1) 3.63 ± 2.29 1.89 ± 0.41 t=0.74; p=0.48
Dissolved organic carbon (mg.L-1) 1.98 ± 0.40 1.28 ± 0.30 t=1.40; p=0.19
Total phosphorus (µg.L-1) 163.96 ± 90.58 57.31 ± 8.82 t=1.17; p=0.29
Nitrite (µg.L-1) 37.76 ± 28.23 22.06 ± 18.09 t=0.46; p=0.65
t = Test statisc results, df = degrees of freedow.
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Figure  3B). We observed that the genera of 
Trichoptera responded differently to some 
limnological variables. Thus, environmental 
variability was basically generated by the influence 
of higher concentrations of dissolved organic 
carbon on Chimarra and Wormaldia, while higher 
concentrations of nutrients (e.g. phosphorus, nitrite 
and total nitrogen) and dissolved oxygen influenced 
the genera Smicridea and Helicopsyche (Figure 4).

Table 2. Trichoptera genera identified in streams located in the North and Northwest of Rio Grande do Sul. 

Taxa/Riacho Ere
Agr1

Ere
Agr2

Ere
Agr3

Ere
Nat1

Ere
Nat2

Ere
Nat3

Fred
Agr1

Fred
Agr2

Fred
Agr3

Fred
Nat1

Fred
Nat2

Fred
Nat3

CALAMOCERATIDAE
Phylloicus Müller, 1880 33 3 8 11 38 27 1 13 0 9 1 1
ECNOMIDAE
Austrotinodes Schmid, 1955 0 0 0 0 0 0 0 1 0 0 0 0
GLOSSOSOMATIDAE
Itauara Müller, 1888 54 162 212 2 28 34 0 1 0 0 0 1
HELICOPSYCHIDAE
Helicopsyche Siebold, 1856 0 0 0 0 0 0 0 0 0 0 0 1
HYDROBIOSIDAE
Atopsyche Banks, 1905 2 1 0 14 6 0 0 0 0 0 0 0
HYDROPSYCHIDAE
Smicridae McLachlan, 1871 54 202 143 22 13 61 32 0 0 6 0 2
HYDROPTILIDAE
Hydroptila Dalman, 1819 0 0 0 0 0 0 0 7 0 0 0 0
Neotrichia Morton, 1905 0 0 0 0 0 0 1 0 0 0 0 0
Oxyethira Eaton, 1873 0 0 0 0 0 0 1 7 0 0 0 0
LEPTOCERIDAE
Nectopsyche Müller, 1879 0 0 0 0 1 0 1 2 0 0 0 0
Oecetis McLachlan, 1877 0 0 0 0 0 0 1 1 0 0 1 0
Triplectides Kolenati, 1859 0 0 0 0 0 0 4 1 0 0 0 0
ODONTOCERIDAE
Marilia Müller, 1880 1 0 0 0 0 0 0 0 0 0 0 1
PHILOPOTAMIDAE
Chimarra Stephens, 1829 8 2 0 2 0 0 0 0 0 0 0 0
Wormaldia McLachlan, 1865 1 2 2 0 0 0 0 0 0 0 0 0
POLYCENTROPODIDAE
Cernotina Ross, 1938 0 0 0 4 2 1 0 9 0 0 0 0
Cyrnellus Banks, 1913 0 0 0 0 2 0 0 0 0 0 0 0
Ere: Erechim region; Fred: Frederico Westphalen region; Agr: Rural streams; Nat: natural streams.

Figure 2. Venn diagram of the Trichoptera genera unique 
to natural and rural streams and shared between the two 
stream categories in Southern Brazil.

Figure 3. Linear regressions of the environment (A) and 
spatial (B) variation on the dissimilarity of Trichoptera 
genera.
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We observed the similar contribution of 
the Trichoptera assemblages alpha diversity in 
the natural streams (32.4%) and rural (26.7%) 
streams (t=0.6; df=10; p=0.35). In addition, 
we observed the same result to beta diversity 
(rural = 73.3%, natural = 67.6%; t=1.0; df=10; 
p=0.33) (Figure  5). However, the proportion of 
beta diversity contribution was higher than alpha 
in both stream types (natural: χ2=12.4, p<0.001; 
rural: χ2=21.7, p<0.001).

4. Discussion

Agricultural practices require a large amount of 
land, which may result in the removal of riparian 
vegetation (Rovani  et  al., 2019). Removal of 

vegetation causes numerous physical and chemical 
changes in freshwater environments, causing 
variations in biological communities (Hepp et al., 
2010).

The diversity of Trichoptera observed in this 
study corresponds to only 2.7% of global diversity 
(Morse, 2018) and 24.3% of Brazilian diversity 
(Santos et al., 2015). Given that Trichoptera is one 
of the most diverse orders in aquatic environments, 
our study shows that the region under study is 
seriously threatened by the degradation of water 
resources. However, is possible that none region 
represents great part of Brazilian diversity of 
Trichoptera, showing a high endemism scenario. 
Trichoptera is considered an order that comprises 
demanding insects regarding the ecological integrity 
of the environment. These organisms have a 
preference for streams with good oxygenation and a 
low concentration of nutrients (Brasil et al., 2018). 
The intense agricultural activity that takes place in 
the study region has had a negative effect on the 
quality of the streams. The main negative activity 
is the removal of riparian vegetation from small 
streams. The basins in general have about 80% of 
their area drained by small streams (<3rd order) 
(Allan & Castillo, 2007; Clarke et al., 2008). Thus, 
the removal of riparian vegetation is one of the 
main causes of environmental fragility in streams, 
reducing the quantity and quality of the water and, 
consequently, the aquatic diversity.

The genera Phylloicus and Smicridea were 
widely distributed among the studied streams. 
The occurrence of these two genera is associated 
with the availability of food resources in streams. 
Phylloicus larvae play an important trophic role 
in aquatic invertebrate assemblages, since they 
convert the particulate organic matter to fine 
particulate organic matter, serving as a food resource 
for other invertebrates, as well as contributing 
to leaf decomposition in streams (Graça  et  al., 
2016). Smicridea has an alimentary filtering habit, 
collecting its food in the water column (Burneo, 
2014). The Philopotamidae family (genera Chimarra 
and Wormaldia) was associated with streams with 
higher concentrations of DOC, while the genera 
Smicridea and Helicopsyche were associated with 
higher concentrations of nutrients and oxygen. 
As  verified in our study, Connolly  et  al. (2016) 
found a relation between high primary productivity 
in the creeks and the distribution of larvae of the 
families Hydropsychidae and Philopotamidae, 
resulting from more open canopy and agricultural 
nutritional supplements.

Figure 4. Redundancy Analysis (RDA) indicating the 
relative importance of the environmental and spatial 
components in structuring the Trichoptera assemblages. 
Open square: natural streams, closed square: rural 
streams. DO: dissolved oxygen, TOC: total organic 
carbon, EC: electrical conductivity, TN: total nitrogen, 
WT: water temperature.

Figure 5. Contribution of alpha and beta diversity in 
the regional diversity for each natural and rural streams 
in Southern Brazil.
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The dissimilarity of Trichoptera assemblies 
was more sensitive to environmental than 
geographical position. Trichoptera assemblages 
usually are independent of environment variation, 
being structured mainly by space (Curry & 
Baird, 2015). The relationship observed with 
environment variability structured by space means 
that environmental variabilibility is important 
to Trichoptera beta diversity, but there is a slight 
spatial influence. This relationship can be due 
to ladscape structure of both regions, wich are 
part of a transition zone of Atlantic Forest, that 
posses diferent fitogeographic elements that can 
contribute differently in the input of allochtonous 
materials to the streams (specially the natural ones). 
The geographical position of the streams had no 
effect on the variability of the assemblies. Members 
of the order Trichoptera are known for their low 
dispersal ability (Hepp & Melo, 2013; Curry & 
Baird, 2015). Therefore, the distance between the 
streams could cause biological variability in the 
composition of the genera. We didn’t observe a 
clear effect of geographical position in beta diversity. 
Considering that the sample sites are characterized 
by a vegetative transition zone of Atlantic Forest 
and Pampa biomes, we believed that this is not a 
relevant factor to generate variation in beta diversity 
observed in both regions (Oliveira-Filho  et  al., 
2015). Environmental variability between streams 
was related to increase on Trichoptera assemblage 
variability. This variability is certainly generated by 
the heterogeneity in the landscape observed in the 
region, in which a high percentage of area is planted 
with agricultural crops, making the landscape 
intensely fragmented.

The similar contribution in terms of alpha 
diversity in natural and rural streams (32.4% 
and 26.7%, respectively) demonstrated that local 
factors are important for the establishment of 
species. The heterogeneity of substrates observed 
in natural streams is fundamental for the constant 
establishment of new species and an increase in the 
alpha diversity of these sites (Hepp  et  al., 2012; 
Ferreira et al., 2017). Although the variability of 
substrata in the streams was not evaluated, it is 
known that natural environments with riparian 
vegetation on the banks naturally present a wide 
variety of habitats (Allan & Castillo, 2007). 
Substrate heterogeneity is an important factor in the 
partitioning of biological diversity into alpha and 
beta components (Hepp et al., 2012; Milesi et al., 
2016). Furthermore, the way that Trichoptera adults 
lay eggs depends on environmental variability, 

since eggs are fixed on roots, leaves or submerged 
rocks and these kinds of substrates are available in 
abundance in natural streams, reinforce the greater 
contribution of alpha diversity in these streams 
(Pes et al., 2014; Lancaster & Glaister, 2018).

The beta diversity represents the variation in 
the composition of the biological communities 
between different localities (Anderson et al., 2011). 
Generally, variability in species composition can 
occur by environmental or spatial effects (Hepp & 
Melo, 2013). In this study, environmental variation 
was the main factor that caused dissimilarity 
in the Trichoptera assemblies, especially in the 
rural streams (73.3%). The ecological instability 
of streams located in rural landscapes may have 
caused homogeneity in the substrate, in addition 
to the light increasing nutrient concentrations and 
reducing dissolved oxygen concentrations. These 
characteristics affect the occurrence of certain 
genera of Trichoptera, leading to changes in the 
composition of the assemblages of these organisms. 
Ongaratto  et  al. (2018) reported that electrical 
conductivity, pH and the presence of riparian 
vegetation were significantly correlated with the 
dissimilarity of insects of the orders Ephemeroptera, 
Plecoptera and Trichoptera.

In general, the contribution of both types of 
streams (natural and rural) was greater in terms 
of beta diversity. This is explained by the effect of 
environmental variability observed in all streams. 
While natural streams meet more appropriate 
conditions for the occurrence of rare species, rural 
streams meet adverse conditions that may result in 
changes in species composition. In conclusion, our 
results demonstrate that variability in Trichoptera 
assemblages was generated by the drastic changes 
in environmental characteristics that occurred 
among the studied streams. We observed differences 
between the contribution of beta diversity in 
streams, which was greater than stream alpha 
diversity. These results will help in determining 
appropriate measures for the conservation and 
restoration of aquatic ecosystems, such as the 
reestablishment and maintenance of riparian zones 
in different land use zones, and the increase of 
resources and sources of energy for streams.
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