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imuliidae (Diptera: Culicomorpha) comprises 2,401 
species (2,384 living and 17 fossil), representing a net 
increase of 53 living species since the previous [2020] 

(Adler 2021). These insects, commonly known as black 
flies occur in all zoogeographic regions (except Antarctica) 
and, in most species, females present a hematophagous 
feeding habit (Crosskey 1990; Hamada et al. 2002). Immature 
stages (eggs, larvae and pupae) develop in lotic aquatic 
environments and are characterized by the capacity of 
colonizing new substrates in a short period of time (Kiel et 
al.1998; Malmqvist et al. 1999; Adler & McCreadie 2019).

In the aquatic environment, simuliids play an important 
role in trophic relationships, acting as organic matter filter 
feeders and serving as the basis of the food chain for fish, 
crustaceans and other insect larvae (Currie & Adler 2008; 
Ferreira et al. 2020). Adults live in the terrestrial environment 
and are known for their medical-veterinary importance, since 
the female’s hematophagous habit causes allergic reactions, 
causing discomfort in humans and domestic animals (Strieder 
& Corseuil 1992; Sariözkan et al. 2014). Several species can 
be vectors of parasites such as the nematodes Onchocerca 
volvulus (Leuckart), mainly in Sub-Saharan Africa (SSA), some 
Latin American countries and Yemen and Mansonella ozzardi 
(Manson), in Brazil, Colombia and Guyana (Busari et al. 2021; 
López-Penã et al. 2021).

According to Baptista et al. (2014), Brazilian studies regarding 
communities’ diversity in lotic environments are generally 
focused on the ecology of biological organisms, addressing 

the composition and spatial distribution of species on a local 
scale, restricted to a certain river stretch or micro-basin. 
Regarding the spatio-temporal distribution of simuliids, 
regions that comprise the Central Amazon (Santos & Marinho 
2021) and Atlantic Forest biome (Bertazo at al. 2013; Docile et 
al. 2015), are the ones that concentrate the higher number of 
recent studies conducted in Brazil, followed by the Cerrado 
biome (Figueiró et al. 2012, 2014, 2015, 2020). 

Studies on the distribution of simuliids in hydrographic 
basins allow us to understand the general patterns of these 
aquatic insects’ spatial organization in lotic environments, 
since the occurrence of immature stages is influenced by 
a series of local abiotic factors such as: watercourse flow, 
availability of substrate for immature fixation, substances 
dissolved in water, human action and the degree of each 
species’ specialization to these factors (Adler & Kim 1984; 
Corkum & Currie 1987; Moreira et al. 1994; Coscarón et al. 
1996; Hamada & McCreadie 1999; Hamada et al. 2002; Pepinelli 
et al. 2005; Strieder et al. 2006; Tongjura et al. 2015; Adler & 
McCreadie 2019).  Seasonality also plays an important role 
in the local distribution of species, since the rainy and dry 
seasons present distinct patterns of diversity and regional 
abundance, where is often observed a higher abundance 
during the rainy season (Pepinelli et al. 2005; Figueiró et al. 
2014; Srisuka et al. 2015; Pavitra et al. 2020; Figueiró et al. 2020; 
Jacob et al. 2021; Srisuka et al. 2021). 

Coscarón (1991) mention that the South and Southeast regions 
of Brazil present severe problems related by simuliids, 
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We aim to understand the distribution of immature simuliids in the hydrographic sub-basin of the 
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due to the high occurrence rates of anthropophilic species 
(Figueiró & Gil-Azevedo 2010). Among the anthropophilic 
species occurring in southern Brazil, Simulium pertinax Kollar 
is the one with the highest population rates (Strieder et al. 
2006). Thus, the knowledge on the distribution of immature 
individuals in hydrographic sub-basins are essential for 
the efficient management of freshwater ecosystems and 
control of epidemiological important species (Araújo-Coutinho 
et al. 1999). In this sense, our main goal was to identify the 
local diversity of Simuliidae and to investigate how abiotic 
variables may influence the spatio-temporal distribution of 
species inhabiting the main streams from the Comandaí river 
sub-basin, upper region of the Uruguay river basin (Brazil). 

MATERIAL AND METHODS

Study Area. We covered the main streams from the 
Comandaí river sub-basin, which is located in Rio Grande do 
Sul state, Brazil. The basin has a total area of 11,056.23 km². 
Its sources are located at about 400 m altitude, and its mouth 
at 90 m. The Comandaí river has a total course of 170 km and 
an average slope of around 2.3 m/km² (Dora 2013).

The main economic activities in the sub-basin are related to 
agriculture and livestock production, where the cultivation of 
corn, soybeans and wheat are widespread throughout the 
region. Livestock, on the other hand, is characterized by the 
production of beef and dairy cattle, and to a lesser extent, pig 
and poultry farming (Brasil 2011). The tributary streams from 
the upper Uruguay river reg ion are mostly short and quite 
steep, which make them attractive for tourism.

According to the Socioeconomic Atlas of Rio Grande do Sul 
(Rio Grande do Sul 2002), the region’s climate is subtropical, 
classified as humid mesothermal (Köppen classification), the 
temperature is very variable, with hot summers and severe 
winters, with the occurrence of frosts and eventual snowfall. 
The average temperature varies between 15 and 18 °C, 
with minimums of -10 °C and maximum of 40 °C. Regarding 
precipitation, the region presents a relatively balanced 
distribution of rainfall throughout the year, due to oceanic 

air masses entering the State of Rio Grande do Sul (Rio Grande 
do Sul 2002).

In order to survey the species richness and better understand 
the local distribution of simuliids in the Comandaí river sub-
basin, 27 sample points were selected across nine main 
streams, based on their accessibility, presence of rapids, 
altitude and stretch of watercourse. The sample design 
comprised the following streams: Comandaizinho (Co), das 
Pedras (Pe), Giruá (Gi), Lambedor (La), Fundão (Fu), Laranjeira 
(Lr), Pessegueiro (Ps), Luiza (Lu) and Lavínea (Lv), with three 
points in each stream: Source (1), Intermediate (2), and 
Mouth (3). Three streams are located in the Upper Comandaí 
region (A), three in the Middle Comandaí (M) and three in the 
Lower Comandaí (B). Thus, the twenty-seven sampling points 
were expressed as: CoA1, CoA2, CoA3, PeA1, PeA2, PeA3, 
GiA1, GiA2, GiA3, LaM1, LaM2, LaM3, FuM1, FuM2, FuM3, 
LrM1, LrM2, LrM3, PsB1, PsB2, PsB3, LuB1, LuB2, LuB3, LvB1, 
LvB2 and LvB3 (Figure 1).

Sampling. Spring is the season where the greatest species 
richness, as well as higher abundance are observed for 
Simuliidae species in southern Brazil (Strieder & Corseuil 
1992). Fleming et al. (1986) highlighted the importance of 
the transitioning climates that occur between summer and 
winter due to their distinct characteristics. Thus, we decided 
to conduct the sampling in two seasons: autumn and spring, 
allowing a temporal comparison between two periods of the 
year, since these are periods of greater and lesser occurrence 
of simuliids in southern Brazil. The first sampling occurred 
between the months of September and November 2016, 
during Spring, and the second sampling occurred during 
autumn, between April and July 2017.

Sampling included only immature stages (larvae and 
pupae) and was performed downstream, in stretches of 
about 100 meters, for 40 minutes. Physicochemical and 
landscape factors were collected at all study points, right 
after sampling the immature simuliid individuals. A portable 
multiparameter probe was used to measure environmental 
parameters at each station, such as: water temperature (°C), 

Figure 1. Distribution map of the twenty-seven simuliid sampling points in the Comandaí river basin, Rio Grande do Sul, Brazil.
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pH, electrical conductivity (μS/cm), dissolved oxygen (%), also 
and atmospheric pressure (mmHg). Stream’s width was also 
estimated using a measuring tape. Through the Google Earth 
Pro browser, we obtained the geographical coordinates and 
respective altitudes of sampling points. Such procedures 
follow the methods proposed by McCreadie & Adler (2006).

Screening and identification of biological material. The 
collection of specimens was done manually, with the aid of 
brush and tweezers to facilitate their extraction from the 
substrate and flasks containing 96º alcohol for storage. A 
screening process for the collected biological material was 
used prior to species identification, since the collection 
procedures were not selective for Simuliidae. Thus, we 
removed plant debris and other macroinvertebrate taxa 
from samples. 

Strieder & Py-Daniel (1999) states that younger larval forms do 
not present the specific characteristics to ensure identification 
at the species level. Thus, all simuliid larvae were classified 
according to morphotype, and only individuals with well-
formed branchial histoblast were considered for species 
identification.

For species identification we followed taxonomic keys, 
especially those proposed by Coscarón (1991) and Strieder 
& Corseuil (1992). The most up-to-date global taxonomic 
inventory (Adler 2021) was verified to check synonymous 
species. After identification, we deposited the material in 
the biological collection of the Zoology laboratory from the 
Universidade Federal da Fronteira Sul (UFFS) - Cerro Largo 
campus.

Data analysis. We assumed that the number of sampled 
species represents the biological diversity of Simuliidae from 
the area.

In order to determine the taxonomic composition and 
abundance of species form different regions of the basin 
(upper, middle and lower) and in different stretches of the 
streams (source, intermediate and mouth) we calculated the 
frequency of occurrence (FO%) of each species in a given 
sampling point in relation to all others, for both sampling 
seasons. 

The permutational multivariate analysis of variance 
(PERMANOVA) was used to understand the interactions of 
simuliid composition across streams and between seasons, 
and a T test was used to analyze the composition of similar 
simuliid species between streams’ stretches. The Monte Carlo 
Significance Test was used to highlight spatial and temporal 
indicator species. Regarding the spatial-temporal variation of 
species abundance and richness in relation to the season and 
stream, we used the bifactorial Analysis of Variance (ANOVA) 
and Tukey’s post-hoc test was used in the case of differences 
in ANOVA. Before using ANOVA, the normality pattern of the 
data was evaluated using the Kolmogorov-Smirnov test, as 
well as the homogeneity of variances with the Levene test.

In order to select the abiotic variables that better explain the 
results, and then evaluate the relationship between simuliid 
diversity and environmental variables, we used the forward 
selection method. To stabilize and normalize as variances, 
the observed values, except pH, were log transformed 
(log (x + 1)). The structure of the simuliid assemblage was 
evaluated through a Canonical Correspondence Analysis 
- CCA. These analyzes allowed us to visualize the most 
important relationships between all variables. The same 
data set was subjected to the MRPP (Multiple Response 
Permutation Procedure) permutation test, in order to 
compare the differences across the different regions and 
streams’ stretches. All analyzes were performed using the PC 

ORD software (version 5.0) and with a significance of α ≤ 0.05.

RESULTS

Diversity and abundance. We recorded a total of 17,146 
immature Simuliidae individuals (last-instar larvae and 
pupae) which were identified into eleven species, as follows: 
Simulium pertinax Kollar; Simulium incrustatum Lutz; Simulium 
subpallidum Lutz; Simulium orbitale Lutz; Simulium rubrithorax 
Lutz; Simulium jujuyense Paterson & Shannon; Simulium 
subnigrum Lutz; Simulium perflavum Roubaud; Simulium 
inaequale (Paterson & Shannon); Simulium spinibranchium 
Lutz and Simulium lutzianum Pinto.

Mouth stretches from the nine studied streams of the 
Comandaí river, in the hydrographic region of the upper 
Uruguay river, were the ones of highest number of immature 
stages, representing 44.38% from all sampled individuals, 
followed by the intermediate stretches (29.09%) and sources 
(25.72%).

Simulium pertinax (77.55%), followed by S. incrustatum 
(14.56%) and S. subpallidum (2.35%) were the most abundant 
species, representing 94.46% of the sampled simuliids (Table 
1). The other species were far less frequent, representing 
only 5.64% of the total.

In general, S. pertinax was the most abundant species, 
represented by 13,298 individuals and with the highest 
frequency of occurrence (98.15%), widely distributed along 
the water courses of the Comandaí river sub-basin. S. pertinax 
showed a greater association with river mouth of sampling 
points, where 40.73% of the total individuals were sampled. 
S. pertinax was also common in both seasons (Table 1).

Simulium incrustatum was the second most abundant species 
in this study, totaling 2,498 sampled individuals and occurred 
very frequently, reaching FO = 88.01% during spring, 
predominantly in the intermediate stretches of streams, 
where it represented 38.98% of the total sampled individuals, 
as shown in Table 1.

Simulium subpallidum was the third most abundant species, 
totaling 404 individuals. Its distribution occurs similarly in 
both seasons, with 210 specimens (51.98%) during spring 
and 194 (48.01%) during autumn, predominantly in stretches 
close to the river mouth of streams (50.74%), followed by the 
intermediate sections (31.11%).

When analyzing the temporal distribution of simuliids we can 
see that most species occurred in both seasons. However, S. 
perflavum and S. lutzianum were found only in autumn and 
spring, respectively (Table 1).

Regarding the spatial distribution of species over large areas 
of the sub-basin, only S. spinibranchium and S. lutzianum 
were not found in all three regions (Upper, Middle, Lower). 
S. spinibranchium occurred only in streams located in the 
middle and lower region, while S. lutzianum, with only one 
sampled specimen, was found in the lower region of the sub-
basin, as shown in Figure 2.

The streams’ river mouths showed a greater abundance of 
simuliids, comprising 7,610 (44.38%) individuals, followed 
by intermediate stretches with 5,128 (29.9%) and from the 
sources, with 4,408 individuals (25.72%) (Figure 2).

The Fundão (Fu) and Giruá (Gi) streams showed the higher 
abundances among all nine sampled streams, corresponding, 
respectively, to 21.24% and 19.21% of all sampled individuals. 
Spring was the season with higher abundance in these 
two streams, totaling 1,687 (16.72%) individuals in Fundão 
(Fu) and 1,533 (15.19%) in Giruá (Gi). When comparing 
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the sampled sections, the Giruá stream showed a greater 
abundance (548) in the intermediate section, while Fundão 
had a higher abundance in the mouth section, totaling 961 
individuals

The Laranjeira stream (Lr) showed a greater abundance of 
simuliids during autumn, totaling 1,956 (27.70%) individuals, 
when most individuals were found in the mouth section 
(57.41%). We observed a prevalence of S. pertinax in that site, 
represented by 1,093 (97.32%) specimens.

In the Lavínea stream (Lv), we observed the lowest simuliid 
abundance among all streams (2.07%), with 307 specimens 
(3.04%) during spring and 49 (0.69%) during autumn, with a 
greater abundance in the intermediate section (35.95%) and 
source section (33.14%).

The highest richness recorded in a single sampling point was 
eight species, in PsB3, in both seasons. The lowest richness 
was of one species, recorded in three sampling points 

(CoA1, PeA2 and PsB1), two in source regions and one in an 
intermediate section, during autumn.

Regarding the diversity, no significant space-time interactions 
were found among the seasons and stretches (P > 0.05). 
However, significant differences were observed in the 
composition when evaluating factors separately. Spatially, 
we observed significant differences among stretches 
(PERMANOVA; pseudo-F = 2.07, p < 0.05; Table 2), where 
source and river mouth stretches exhibited different species 
compositions (Table 3). Temporally, autumn and spring also 
showed differences in species diversity (pseudo-F = 5.02, p < 
0.05; Table 2).

Some species are also indicators of certain seasons and of 
certain stretches. Temporally, while the species S. incrustatum, 
S. jujuyense and S. orbitale were indicators for the Spring (P < 
0.05), S. perflavum was an indicator of the Autumn season (P 
< 0.05) (Table 4).

Figure 2. Abundance of the six most frequent simuliids species in relation to the stream stretch, during spring and autumn (2016-2017), in 
the regions of the Comandaí river sub-basin, RS, Brazil.

Species Nº of 
individuals

%PC 
(stretches)

%FO 
(stretches)

Streams’ 
Stretches

Region of the 
basin Season

Simulium pertinax 13.298 77.55 98.15 1, 2, 3 A, M, B P,O

Simulium incrustatum 2.498 14,56 83.33 1, 2, 3 A, M, B P,O

Simulium subpallidum 404 2,35 77.77 1, 2, 3 A, M, B P,O

Simulium orbitale 324 1,89 27.77 1, 2, 3 A, M, B P,O

Simulium rubrithorax 297 1,73 22.22 1, 2, 3 A, M, B P,O

Simulium jujuyense 217 1,26 55.55 1, 2, 3 A, M, B P,O

Simulium subnigrum 55 0,32 25.93 1, 2, 3 A, M, B P,O

Simulium perflavum 28 0,16 14.81 1, 2, 3 A, M, B O

Simulium inaequale 22 0,12 27.77 1, 2, 3 A, M, B P,O

Simulium spinibranchium 2 0,01 3.70 1, 2 M, B P,O

Simulium lutzianum 1 0,005 1.85 3 B P

Legend: PC=capture proportion. FO=frequency of occurrence. Streams’ stretches (1=sources, 2=intermediate, 3=mouth). Region of the basin 
(A=upper, M=middle, B=lower). Season (P=spring, O=autumn).

Table 1. Number of preimaginal Simuliidae individuals, capture proportion, frequency of occurrence, occurrence in streams’ 
stretches and regions from the Comandaí River sub-basin, RS, Brazil, and presence by season, from September 2016 to July 
2017.
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Table 2. PERMANOVA results from bi-factor analysis to assess 
species differences between groups (p < 0.05).

Stretches of 
streams 2 0.96 0.48 2.07 0.046

Season 1 1.16 1.16 5.02 0.001

Interaction 2 0.52 0.26 1.13 0.315

Table 3. PERMANOVA results. Paired comparisons with T test. 
Numbers in bold showed a statistical difference (P <0.05).

Stretches of streams t p*

Source x Intermediate 1.00 0.37

Source x Mouth 1.74 0.02

Intermediate x Mouth 1.50 0.06

Table 4. Result of the Monte Carlo significance test of the maximum 
value for indicator species per season. Bold values were statistically 
significant (P < 0.05).

Species Season p*

S. pertinax P 0.5357

S. perflavum O 0.0034

S. inaequale O 0.0566

S. incrustatum P 0.0002

S. subnigrum P 0.0670

S. jujuyense P 0.0080

S. subpallidum P 0.6321

S. rubrithorax O 0.0522

S. orbitale P 0.0002

Legend: O= autumn; P= spring.

In relation to the stretches of streams, S. pertinax, S. jujuyense, 
S. subpallidum and S. orbitale species were indicator of river 
mouth stretches (P < 0.05) and S. rubrithorax was an indicator 
of sources, as shown in Table 5.

Table 5. Result of the Monte Carlo significance test of the maximum 
value of indicator species for stretches of the streams in the sub-
basin of the Comandaí River sub-basin, RS, Brazil. Bold values were 
statistically compromised (P <0.05).

Species Stretches of streams p*

S. pertinax 3 0.0496

S. perflavum 1 0.8844

S. inaequale 3 0.5597

S. incrustatum 3 0.7862

S. subnigrum 1 0.3939

S. jujuyense 3 0.0538

S. subpallidum 3 0.0286

S. rubrithorax 1 0.0430

S. orbitale 3 0.0002

Legend: 1= Source; 2= Intermediate e 3= Mouth.

Spatio-temporal variation of abundance and richness. 
Regarding the analysis of bi-factorial variation, no statistically 
significant interactions between stretches and seasons (p> 
0.05), as well as among the factors isolated (Table 6; Figure 3).

When evaluating the richness, ANOVA does not show 
differences in the stretch versus season interaction (P> 0.05). 
However, differences were found when the factors were tested 
separately (P <0.05; Table 7). Spatially, a higher richness was 

observed in river mouth stretches when compared to source 
and intermediate stretches (P <0.05; Figure 4A). Temporally, a 
greater richness was observed in Spring (P <0.05; Figure 4B).

Figure 3. Analysis between the abundance of simuliids captured 
and stretches of the streams in the sub-basin of the Comandaí river, 
RS, Brazil, in the period between September 2016 and July 2017.

Table 6. Result of the variance analysis (ANOVA) for two-factor 
analysis of the simuliid abundance in the Comandaí river sub-basin, 
RS, Brazil, from September 2016 to July 2017.

Factor SS GL MS F p*

Stretches of 
streams 1.48E+05 2 7.41E+04 2.563 0.082

Season 9.39E+04 1 9,39E+04 3.247 0.074

Stretches of 
streams x Season 1.26E+04 2 6325 0.219 0.804

Figure 4. Analysis of simuliids richness when comparing stretches 
of streams (4A) and season (4B) based on individuals sampled in 
the Comandaí river sub-basin, RS, Brazil, from September 2016 to 
July 2017.

A

B

https://www.entomobrasilis.org
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Table 7. Two-way ANOVA test for species richness from the 
sub-basin of the Comandaí river, RS, Brazil, collected between 
September 2016 and July 2017.

Factor SS GL MS F p*

Stretches of 
streams 15.17 2 7.58 3.607 0.031

Season 12 1 12 5.708 0.019

Stretches of 
streams x Season 2.06 2 1.03 0.489 0.615

Relation with environmental variables. The forward 
selection method selected six abiotic variables from the total 
measured variables: altitude, stream width, vegetation cover, 
electrical conductivity, dissolved oxygen, and temperature. 

The CCA explained 36.5% of the total data variability (19.5% 
CCA 1 and 17.0% of CCA 2) and showed a relationship between 
biotic and abiotic variables in both axes (P <0.05, Table 8). 
CCA1 segregated Spring from Autumn, where S. incrustatum 
was more related to Spring (r = 0.48; p <0.05), which was 
characterized by a lower electrical conductivity. CCA2, on the 
other hand, segregated the stretches of highest altitude and 
vegetation coverage from the mouth stretches, which were 
wider. The spring stretches were related to the lower side of 
the biplot, associated with S. rubrithorax (r = -0.61; p <0.05). 
The river mouth stretches were related to the positive side of 
the CCA2 biplot, as well as the species S. orbitale (r = 0.40; p 
<0.05). (Figure 5A and B). 

Table 8. Result of the canonical correspondence analysis (CCA) 
associating the abiotic variables selected by the forward selection, 
with the abundances of simuliid species from the Comandaí river 
sub-basin, RS, Brazil, between September 2016 and July 2017. 
Values in bold (P < 0.05).

Axis 1 Axis 2

Eigenvalues 0.037 0.024

Cumulative% of the explained variance of 
the species - environment relationship

19.5 17.0

Species - Environmental Correlation (r) 0.901 0.760

Correlations of environmental variables with the ordering axes

Altitude 0.38 -0.65

Electrical Conductivity -0.41 0.40

Stream width 0.07 0.65

Dissolved Oxygen -0.19 -0.37

Coverage 0.24 -0.59

Temperature -0.33 0.32

DISCUSSION

The region of the Uruguay river sub-basin is characterized 
by land use based on agricultural practices, mainly after the 
1970s (Tucci et al. 2003). In the study area, pig farming and milk 
production currently predominate. These anthropic actions, 
added to the natural characteristics of the lotic environment 
and biotic factors (such as predation and co-occurrence of 
species), can influence the local diversity and abundance 
of simuliids, as well as the structure and composition of all 
aquatic organisms (Coppo & Lopes 2010; Wainfas 2015; Santos & 
Marinho 2021). 

The simuliid richness observed in the Comandaí river sub-
basin represents 39.28% of all the reported species for the 
state of Rio Grande do Sul, and 6.79% of the total sampled 
species current reported for Brazil (Adler 2021). From the 

eleven sampled species in this study, S. pertinax (77.55%) 
showed the highest abundance and frequency of occurrence, 
a similar result was observed in other studies carried out in 
several other watersheds from Rio Grande do Sul (Strieder 
2004; Strieder et al. 2006; Santos et al. 2007; Bertazo et al. 2013; 
Couceiro et al. 2014; Menzel et al. 2019), as well as in other 
Brazilian states (Cunha 2004; Lozovei et al. 2004; Coppo & Lopes 
2010; Aranda 2017; Figueiró et al. 2020). This species adapts 
easily to different micro-habitats, and currently occurs in 17 
of the 27 Brazilian states, in addition to other South American 
countries such as Argentina, Bolivia and Paraguay (Adler 
2020).

Figure 5. Result of the Canonical Correspondence Analysis applied 
to the data matrix of simuliids and abiotic parameters sampled in 
the Comandaí river sub-basin, RS, Brazil, between September 2016 
and July 2017.

Simulium pertinax was found in all sampling points and was 
more associated with mouth stretches in streams, differently 
from the results obtained by Menzel (2019) for the Piratinim 
river basin, in the Pampa biome, where the highest abundance 
was recorded in source stretches. These results, obtained 
in Comandaí river sub-basin, may be related to the greater 
environmental homogeneity caused by anthropogenic 
actions. Hentges et al. (2021) state that in the Piratinim river 
basin, environmental conditions close to biological integrity 
predominate.

Simulium incrustatum (14.56%) was the second most abundant 
species in this study and, along with S. pertinax, represented 
92.11% of the total sample, also showing a wide distribution 
within the sampled streams, which corroborate previous 
studies (Docile et al. 2015; Ya’cob et al. 2016; Menzel et al. 2019). 
The occurrence of this species was higher in the source and in 
the upper region of the sub-basin.

Simulium pertinax and S. incrustatum were also the most 
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abundant species in a study carried out in the Caí river basin, in 
Rio Grande do Sul, where two areas were compared: one with 
a reduced impact and the other with a greater environmental 
impact (Strieder et al. 2006). In the tributaries of the Paquequer 
river in Rio de Janeiro state, the prevalence and association of 
S. incrustatum and S. pertinax was observed, with intermediate 
levels of pollution (Docile et al. 2015). In the state of São Paulo, 
in a study conducted by Viviani et al. (2012), S. incrustatum 
also showed a greater association with intermediate levels of 
pollution.

According to Coscarón (1991) and Strieder & Corseuil (1992), S. 
incrustatum and S. pertinax are the most harmful species to the 
well-being of human communities, both in the South and in 
other regions of Brazil, due to the discomfort caused by bites 
that can result from mild allergic reactions to inflammatory 
processes that require medication. However, species that 
benefit from aquatic environments in conditions of organic 
contamination, such as S. pertinax, can also be considered as 
bioindicators of water quality (Pedroso-De-Paiva & Branco 2000; 
Viviani et al. 2012).

Simulium subpallidum was the third most abundant species, 
being more frequent in stretches from the mouth of the 
streams (50.74%), which generally have greater width and 
less current. These results coincide with studies carried out 
by Coscarón (1991) and Figueiró et al. (2008), who reported 
the preference of this species for low-flow water courses. 
However, Pepinelli (2003) also collected this species in streams 
of greater current. Other authors found an association of S. 
subpallidum with the rainiest period of the year (Figueiró et al. 
2014) and waters with an intermediate environmental impact 
(Docile et al. 2015). This species occurs in 19 Brazilian states, 
in addition to other countries such as Argentina, Guyana, 
Paraguay, Uruguay and Venezuela (Adler 2020).

The fact that only few species were expressive in abundance 
is in accordance with the results obtained by McGill et al. 
(2007) and several other studies regarding immature stages 
of simuliids (Strieder et al. 2006; Santos et al. 2010; Aranda 
2017; Menzel et al. 2019; Jitklang et al. 2020), suggesting that 
environments modified by economic activities are more 
homogeneous (Couceiro et al. 2014). In the Comandaí river 
sub-basin, a higher abundance of simuliids (44.38%) was 
observed in mouth stretches. This result is in accordance with 
Coppo & Lopes (2010), who, in an investigation carried out on 
the Paraná river, associated a greater abundance of simuliids 
in stretches of streams with a higher rate of environmental 
degradation.

The higher richness found in this study was of eight species, 
observed in two sampling points. This result is similar to 
studies such as Landeiro et al. (2009), who recorded the same 
richness in Mucugê, Chapada Diamantina, and Menzel et al. 
(2019), which reported seven species in five sampling points 
in the Ijuí river basin, Rio Grande do Sul. Hamada et al. (2002) 
and Pepinelli et al. (2005) suggested that these numbers are 
relatively high when compared to other regions of Brazil.

The results regarding the average species richness, when 
observed by streams’ stretches (sampling point) were lower 
(4.74 for Spring; 4.03 for Autumn) than the general analysis 
grouped by streams (5.09 for Spring; 5.36 for Autumn). In 
other studies, a similar average richness was observed during 
Spring, with 5.44 for the Piratinim river basin and 4.25 for 39 
streams in disturbed areas in the eastern and western regions 
of the state of Rio Grande do Sul (Couceiro et al. 2014; Menzel et 
al. 2019). The average richness found in studies conducted in 
South Brazil are high in relation to the other regions of Brazil 
(Hamada et al. 2002; Landeiro et al. 2009).

Species diversity has practically not changed between 

seasons, which corroborates other studies on the temporal 
distribution of Simuliidae, where no major changes in species 
diversity were found (Grillet & Barrera 1997; Santos et al. 2010). 
Such findings suggest that changes in species composition 
are more related to local geomorphology and environmental 
factors, in addition to the degree of the environment’s 
conservation status (Strieder et al. 2006).

A higher simuliid abundance obtained during the Spring 
coincides with three other studies carried out in the southern 
region of Brazil: Strieder & Corseuil (1992) in Sapiranga, Rio 
Grande do Sul; Santos et al. (2010) in Londrina, Paraná; and 
Menzel (2019), in the Piratinim river basin, Pampa biome. 
However, it differs from the findings of Figueiró et al. (2006) 
in the Itatiaia National Park, Rio de Janeiro, where the 
four seasons of the year were analyzed, and the highest 
abundances were found during Summer and Autumn.

Under a spatial analysis, four species were considered 
indicators for mouth stretches (S. pertinax, S. jujuyense, 
S. subpallidum and S. orbitale), while S. rubrithorax was 
considered an indicator for sources stretches. The point with 
the higher occurrence of S. rubrithorax for the Comandaí river 
sub-basin meet the findings of Coscarón (1991), who indicated 
that the species has a preference for lotic environments 
with fast currents in small water courses. Source stretches 
of the streams in this study present relatively conserved 
riparian vegetation, with rocky bottoms, and land use in the 
neighboring areas is predominantly based on activities such 
as dairy farming and agriculture.

In this study we verified that environmental variables such 
as conductivity, altitude, canopy coverage and stream width 
are important conditioning factors for the local distribution 
of immature simuliids. In this context, the results on the 
local distribution and abundance of simuliids may have 
been influenced by the geomorphological characteristics 
and anthropic actions on the lotic environments from the 
study area. Our findings may be useful to the application of 
efficient control measures for species of health and sanitary 
importance in southern Brazil. 
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