
ORIGINAL ARTICLE

INTRODUCTION 
Arid and semi-arid regions are characterized by a negative 

water balance due to stressful climatic conditions (Vidal-Abarca 
et al., 2004). The southwestern region of Perú exhibits arid and 
semi-arid characteristics and is particularly vulnerable to climatic 
variability, such as El Niño events. Therefore, water availability 
in rivers depends on the spatial and temporal variability of annual 
precipitation patterns. Both physicochemical conditions and bio-
logical communities respond to the hydrological variability of 
these rivers (Gómez et al., 2001; Vidal-Abarca et al., 2004). 
Human activities, such as agricultural practices and intensive, un-
sustainable use of water resources, generate negative impacts on 
water quality and modify the river's environmental conditions 
(Reyes-Palomino and Cano, 2022). 

Among aquatic macroinvertebrates, Diptera are the best-
adapted group to such stressful conditions (Mosquera and 
Sánchez, 2019). They are highly diverse insects with a wide global 
distribution (Castillo-Velásquez et al., 2021). Their high coloniza-
tion capacity is attributed to their morphological variability 
(Courtney et al., 2009; Rojas-Sandino et al., 2018; Mosquera and 
Sánchez, 2019), which enables them to inhabit a wide range of 
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ABSTRACT 

Aquatic Diptera are a diverse and widely distributed group of insects globally. In Perú, knowledge about this group is limited, with 
existing studies focusing mainly on aquatic community ecology, water quality, and heavy metal pollution. This study aimed to analyze 
the composition and structure of aquatic Diptera and their relationship with environmental variables in the lower Quilca-Chili River 
Basin in southern Perú. Environmental variables were measured and Diptera samples were collected from 16 stations during June and 
October 2022. Community structure and its relationship with environmental parameters were analyzed under conditions of high and 
low river flow. The results revealed 13 families and 29 genera, with Chironomidae, Simuliidae, Empididae, Ceratopogonidae, Dolichopo-
didae, and Muscidae being the most abundant. The analysis of similarity and the non-metric multidimensional showed clear separation 
in dipteran composition and structure among rivers in June, while in October, only Quilca River differed significantly. The greatest 
variation in taxon richness between low and high flow seasons was observed in the Vitor and Quilca rivers. Diversity indices were com-
pared across rivers and seasons using Kruskal-Wallis and Mann-Whitney tests (p<0.05). Significant differences occurred in evenness 
(June) and all indices (October). Among the physicochemical parameters, temperature and pH remained relatively stable across all 

rivers, while conductivity and total dissolved solids were con-
sistently high. The canonical correspondence analysis indicated 
that in June, the abundance of Polypedilum and Forcipomyia 
was associated with organic matter. The genera Tabanus, 
Holorusia, Podonomus, Paltostoma, and Simulium were asso-
ciated with dissolved oxygen. In October, Polypedilum abun-
dance was positively related to turbidity, dissolved oxygen, 
salinity, and electrical conductivity, while Podonomus, Pal-
tostoma, Tabanus, Bezzia, and Simulium were associated with 
river flow. These findings demonstrate that environmental vari-
ables significantly influence river conditions and determine the 
distribution of Diptera. This study contributes valuable insights 
into the aquatic Diptera communities of semi-arid river systems.
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aquatic environments (Roldán and Ramírez, 2008; Mosquera and 
Sánchez, 2019). Some genera have been reported in heavily pol-
luted waters (Contreras et al., 2021), such as members of the Chi-
ronomini tribe (Chironomidae), which are widely used as 
bioindicators of water quality (Serra et al., 2016) and are typically 
abundant in eutrophic environments (Rodríguez et al., 2021). This 
highlights the ecological importance of Diptera in continental 
aquatic ecosystems (Rodríguez et al., 2021). 

In South America, knowledge of the taxonomy, biology, and 
ecology of Diptera is scarce (Rojas-Sandino et al., 2018; Ro-
dríguez et al, 2021). There is an urgent need to expand studies on 
this group, particularly to better understand their relationship with 
environmental variables and the distribution of specific genera in 
freshwater systems (Rodríguez et al., 2021). Additionally, imma-
ture stages of Diptera play important roles in aquatic food webs 
(Rodríguez et al., 2021), and some adults are known vectors of 
diseases (Lotta et al., 2016; Rodríguez et al., 2021). In Perú, spe-
cific studies on aquatic Diptera are lacking. The current knowl-
edge is very limited, with most research focused on aquatic 
community ecology, water quality (Carrasco et al., 2020; Castillo-
Velásquez and Huamantinco-Araujo, 2020; Arana et al., 2021; 
Castillo et al., 2021; Quispe et al., 2021; Coayla-Peñaloza et al., 

2024), and heavy metal contamination (Pinto et al., 2017; Tejada-
Meza et al., 2023). 

However, it is important to understand the ecology of Diptera 
and their relationship with environmental variables, especially in 
rivers located in arid and semi-arid areas such as the southern 
coast of Perú. These river systems are fragile, subject to anthro-
pogenic pressures and high climatic variability. Therefore, the aim 
of this study was to analyze the community structure of aquatic 
Diptera larvae and their relationship with environmental variables. 
This research provides a contribution to the ecological knowledge 
of aquatic Diptera in the region. The information generated is es-
sential for future research and provides a foundation for conser-
vation planning focused on the aquatic biota of the Quilca-Chili 
basin in semi-arid river ecosystems. 

 
 

METHODS 
Study area 

The study area is located in the lower section of the Quilca-
Chili River basin, within the Arequipa region in southern Perú 
(Fig. 1). The basin covers an area of 13 529.88 km², with rivers 

Fig. 1. Study area in the Quilca-Chili basin, Arequipa, Perú.
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that drain into the Pacific Ocean along the western slope of the 
Andes. These rivers exhibit high discharge and torrential flow dur-
ing the rainy season (December to March), particularly in the mid-
dle and upper parts of the basin due to the steep topography. The 
climate within the basin is variable, influenced by altitude, length, 
and the geometry of the basin itself. Temperature varies along the 
altitudinal gradient (Carpio et al., 2022). Surface water is regu-
lated by reservoirs located in the upper part of the basin. Water 
availability primarily depends on rainfall and glacial melt origi-
nating above 6000 m asl. The main economic activities in the 
basin include agriculture, livestock, industry, and mining (Carpio 
et al., 2022). The lower part of the basin is mainly characterized 
by intensive agricultural activity. In the case of the Sihuas River, 
water is diverted for the irrigation of crops in adjacent arid areas, 
leaving only an ecological flow from station 13 onward (Fig. 1). 
Upstream from the Vitor River lies the densely populated city of 
Arequipa, where industrial activities, traditional agriculture, and 
growing urban expansion predominate. Along the Quilca River, 
agricultural activity is very limited. 

 
Sampling methods 

Sampling was conducted during two field campaigns in 2022 
(June and October) at 16 stations distributed across the lower 
basin. At each station, three biological samples were collected 
using a 500 µm Surber net, covering an area of 0.09 m². The sam-
ples were stored in 500 ml plastic jars and fixed with 10% forma-
lin. In the laboratory, the samples were separated on a 500 µm 
sieve. Organisms were identified to genus level using the identi-
fication keys and descriptions of Domínguez and Fernández 
(2009), Merritt et al. (2008), Thorp and Rogers (2015). After 
analysis, the samples were preserved in 70% ethanol and de-
posited in the macroinvertebrate collection of the Hydrobiology 
Section at the Universidad Nacional de San Agustín de Arequipa. 

Simultaneously, physicochemical parameters were measured 
at each sampling site using a Hanna HI 9829 multiparameter 
probe. In situ measurements included water temperature (T°), dis-
solved oxygen (DO), electrical conductivity (EC), pH, salinity 
(Sal), total dissolved solids (TDS), and turbidity (Turb). Water ve-
locity and depth were measured using a Global Water FP111 
flowmeter to calculate the flow rate (Q) in cubic meters per sec-
ond. In addition, water and sediment samples were collected for 
the determination of organic matter (OM), which was analysed in 

an accredited laboratory following the ASTM D2974-20e1 
method (Standard Test Methods for Moisture, Ash, and Organic 
Matter of Peat and Other Organic Soils). 

 
Data analysis 

Descriptive statistics (mean and standard deviation) were ap-
plied to the environmental data. To identify the environmental 
variables with the greatest influence across the rivers in the lower 
basin, a principal component analysis (PCA) was conducted after 
logarithmic transformation of the data [Ln(x+1)] to reduce vari-
ance. The structure of the aquatic dipteran community was char-
acterized by calculating abundance and diversity indices: 
Shannon-Wiener (H'), Simpson dominance (D), and Pielou’s 
evenness (J') (Moreno, 2001). To evaluate significant differences 
(p<0.05) in these indices across rivers, non-parametric Kruskal-
Wallis tests were performed, followed by pairwise Mann-Whitney 
post hoc comparisons. These analyses were conducted separately 
for each diversity metric (Shannon, Dominance, and Pielou's 
Evenness) during the June and October sampling campaigns. 
Non-metric multidimensional scaling (NMDS) based on Bray 
Curtis was used to observe variations in dipteran community com-
position among the three rivers. An analysis of similarity 
(ANOSIM) with 9,999 permutations was conducted to evaluate 
differences in dipteran community structure between rivers across 
both sampling periods. A canonical correspondence analysis 
(CCA) was conducted to assess the relationship between environ-
mental variables and dipteran abundance during each sampling 
period. All analyses were carried out using EXCEL® and PAST 
software version 4.13 (Hammer et al., 2001). 

 
 

RESULTS 
Environmental variables 

Tab. 1 summarizes the environmental variables recorded in 
the rivers of the lower Quilca-Chili basin. Temperature showed 
similar trends across all three rivers, with lower values in June 
and higher in October. In all rivers, the pH was slightly alkaline 
(ranging from 8.21 to 8.65), with little variation between months. 
Electrical conductivity and total dissolved solids were high in all 
rivers, increasing further during the dry season (October). Salinity 
was highest in the Quilca River, located at the end of the basin, 

Tab. 1. Mean and standard deviations of environmental variables for each river in the Quilca-Chili Basin.  

Parameter                                         Vitor River                                        Sihuas River                                      Quilca River 
                                               June                   October                  June                   October                  June                   October 
Temperature (°C)                     17.56±2.62                22.21±2.99               15.16±3.90                21.35±4.55               16.86±0.94                22.62±2.10 
pH                                             8.36±0.20                  8.45±0.18                 8.40±0.11                  8.55±0.21                 8.21±0.17                  8.65±0.15 
EC (µS cm–1)                       1017.00±322.87       1857.31±1109.19     1745.54±1357.24      2435.09±2264.71      2447.67±926.35       3373.89±1067.92 
TDS (mg L–1)                        508.50±161.25          928.77±554.61         872.79±678.66        1582.30±1472.08      1223.67±463.39        1687.00±534.08 
Sal. (psu)                                   0.51±0.17                  0.95±0.60                 0.90±0.75                  1.25±1.27                 1.27±0.51                  1.78±0.59 
DO (mg L–1)                              4.08±1.28                  8.88±1.33                 7.13±1.01                  8.55±0.91                 6.87±0.18                 13.68±0.38 
Turb. (FNU)                             10.62±8.49                 5.24±3.45               21.35±22.24                       -                      62.83±104.07               8.39±1.76 
OM (%)                                     3.46±2.83                  1.91±0.86                 1.51±0.61                  2.40±0.88                 2.07±1.36                  3.60±1.30 
Q (m3 s–1)                                  2.60±1.57                  1.43±0.76                 1.21±0.97                  0.37±0.51                 3.66±0.93                  2.77±0.35 
EC, electrical conductivity; TDS, total dissolved solids; Sal, salinity; DO, dissolved oxygen; Turb, turbidity; OM, organic matter; F, flow rate.
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which receives runoff from agricultural areas. Dissolved oxygen 
levels were characteristic of well-oxygenated environments (>6.5 
mg L-1), except in the Vitor River during June. The organic matter 
content was below 3.6% in all three rivers. River discharge was 
generally low in this section of the basin (average 2.0 m3 s-1), with 
a significant reduction during the dry season: 55% in the Vitor 
River, 30% in the Sihuas River, and 75.7% in the Quilca River 
compared to the high-flow period (June). Regarding turbidity, an 
average of 21.7 FNU was recorded, with the highest value in the 
Quilca River (62.83 FNU), followed by the Sihuas River during 
the high-flow season, averaging 21.35 FNU. 

For both sampling periods, the first two axes of PCA ex-
plained 89.6% of the total variance (Fig. 2). The variable with the 
highest contribution to the first component was turbidity. In the 
second component, total dissolved solids, electrical conductivity, 
and to a lesser extent, salinity, contributed the most. The PCA did 
not reveal a clear separation of variables by river, except for dis-
charge in relation to the Quilca River. This behavior was observed 
during the high-flow (June) and low-flow (October) seasons. 

Community structure 
A total of 16270 individuals were collected during the study 

period, belonging to 13 families and 29 genera. The most abun-
dant families were Chironomidae, Simuliidae, Empididae, Cer-
atopogonidae, Dolichopodidae, and Muscidae. Sixteen genera 
were recorded in the Quilca River, 23 in the Vitor River, and 28 
in the Sihuas River (Tab. 2). Of these, 14 genera (48.3%) were 
present in all three rivers. The genera Bezzia (Ceratopogonidae), 
Podonomus (Chironomidae), Tabanus (Tabanidae), Brachy-
deutera (Ephydridae), and Holorusia (Tipulidae) were found only 
in the Sihuas River. During the high-flow season (June), 15 genera 
were found in the Quilca River, 20 in Vitor, and 26 in Sihuas. In 
the dry season (October), 11, 16, and 25 genera were recorded in 
the Quilca, Vitor, and Sihuas rivers, respectively. The average 
taxon richness in this part of the basin was 18.8%. The most no-
table differences in taxon richness between June and October were 
observed in the Quilca and Vitor rivers. In contrast, richness in 
the Sihuas River remained relatively stable across both hydrolog-
ical periods. 

Fig. 2. Principal component analysis of environmental variables in the lower Quilca-Chili basin for both sampling periods. Red dots for 
the Sihuas River, yellow for the Quilca River, and black for the Vitor River.
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The number of individuals increased upstream from the final 
section of the Quilca River during both the high- and low-flow 
periods. Based on total abundance, Chironomidae was the most 
abundant family (12044 individuals, 74%), followed by Simuli-
idae (3014 individuals, 18.5%) (Tab. 2). The remaining 11 fam-
ilies accounted for 7.5% of all individuals recorded in the lower 
Quilca-Chili basin. The most abundant genera were Polypedilum 
(Chironomidae) with 5683 individuals (34.9%), Simulium 
(Simuliidae) with 3014 individuals (18.5%), and Onconeura 
(Chironomidae) with 2136 individuals (13%). A total of 7965 

individuals (48.9%) were recorded during the high-flow period, 
and 8305 individuals (51.1%) during the dry season. The analy-
sis of similarity (ANOSIM) revealed that dipteran community 
composition differed significantly among the three rivers in June 
(R = 0.67, p<0.05), whereas in October, a significant difference 
was observed only between the Quilca and Sihuas rivers (R = 
0.16, p < 0.05). In the Vitor and Quilca rivers, fewer organisms 
were observed during high flow, with numbers increasing during 
the dry season. In contrast, the Sihuas River had slightly fewer 
individuals during the dry season (Tab. 2). The sampling stations 

Tab. 2. Total abundance of aquatic Diptera by genus and family (individuals per 0.09 m2) in each river of the Quilca-Chili Basin. 

                                         Code                 Vitor River                    Sihuas River                Quilca River           Total      Percentage 
                                                            June         October        June         October       June         October                                 
Blephariceridae                                              2                    0                   42                   31                  0                     0                   75                0.46 
  Paltostoma                            Pal                  2                    0                   42                   31                  0                     0                   75                0.46 
Ceratopogonidae                                           30                   3                   34                  171                 6                     4                  248               1.52 
  Bezzia                                   Bez                  0                    0                   15                   70                  0                     0                   85                0.52 
  Culicoides                             Cul                 12                   3                   19                  101                 4                     4                  143               0.88 
  Forcipomyia                         Foc                 18                   0                    0                     0                   2                     0                   20                0.12 
Chironomidae                                              2755              3194              2625               2612              133                725             12,044            74.03 
  Aedokritus                            Aeo               186                 81                 414                 350                12                   21                1064              6.54 
  Alotanypus                            Alo                 75                  21                  70                  146                 3                     2                  317               1.95 
  Cricotopus                            Cric                69                 293                788                 314                 4                     1                 1469              9.03 
  Larsia                                    Lar                 24                   6                   31                   28                  0                     0                   89                0.55 
  Onconeura                           Onc                88                 461                977                 533                38                   39                2136             13.13 
  Paratrichocladius                 Par                186                122                 48                  222                51                   10                 639               3.93 
  Podonomus                           Pod                  0                    0                    6                     1                   0                     0                    7                 0.04 
  Polypedilum                          Pol               2097              2034               274                 611                15                 652               5683             34.93 
  Tanytarsus                             Tan                 30                 176                 17                  407                10                    0                  640               3.93 
Culicidae                                                        1                    0                    3                     0                   1                     0                    5                 0.03 
  Aedes                                    Aed                 1                    0                    1                     0                   0                     0                    2                 0.01 
  Anopheles                             Ano                 0                    0                    2                     0                   1                     0                    3                 0.02 
Dolichopodidae                                             15                   7                   63                  131                 2                     2                  220               1.35 
  Genus 1                               Gen1               15                   5                   61                  125                 2                     1                  209               1.28 
  Genus 2                               Gen2                0                    1                    2                     2                   0                     0                    5                 0.03 
  Genus 3                               Gen3                0                    1                    0                     4                   0                     1                    6                 0.04 
Empididae                                                      6                    7                  266                 213                 1                     1                  494               3.04 
  Neoplasta                             Neo                 6                    7                  266                 213                 1                     1                  494               3.04 
Ephydridae                                                     2                    0                   10                    3                   1                     0                   16                0.10 
  Brachydeutera                      Bra                  0                    0                    1                     2                   0                     0                    3                 0.02 
  Ephydra                                Eph                 1                    0                    1                     0                   0                     0                    2                 0.01 
  Scatella                                 Sca                  1                    0                    8                     1                   1                     0                   11                0.07 
Muscidae                                                       20                   8                   25                   55                  1                     0                  109               0.67 
  Limnophora                          Lim                20                   8                   25                   55                  1                     0                  109               0.67 
Psychodidae                                                   1                    0                    2                    10                  1                     3                   17                0.10 
  Pericoma                               Per                  1                    0                    2                    10                  1                     3                   17                0.10 
Simuliidae                                                    103                 72                1808               1031                0                     0                 3014             18.52 
  Simulium                              Sim               103                 72                1808               1031                0                     0                 3014             18.52 
Tabanidae                                                       0                    0                    1                    17                  0                     0                   18                0.11 
  Tabanus                                 Tab                  0                    0                    1                    17                  0                     0                   18                0.11 
Tipulidae                                                         0                    0                    1                     1                   0                     0                    2                 0.01 
  Holorusia                              Hol                  0                    0                    1                     1                   0                     0                    2                 0.01 
Stratiomyidae                                                 2                    1                    2                     3                   0                     0                    8                 0.05 
  Nemotelus                            Nem                 0                    1                    0                     2                   0                     0                    3                 0.02 
  Stratiomys                             Str                  2                    0                    2                     1                   0                     0                    5                 0.03 
Total                                                                                                                                                                                                16,270           100.00



Aquatic Diptera relationship with environmental variables 175

of the three rivers were distributed along the two axes of the 
NMDS analysis based on dipteran community structure (Fig. 3). 
In June, three distinct clusters were observed, corresponding to 
each river (stress = 0.18; R axis 1 = 0.43, R axis 2 = 0.12). In 
October, the Quilca River formed a separate cluster, while the 
Sihuas and Vitor rivers showed overlap (stress = 0.16; R axis 1 
= 0.50, R axis 2 = 0.29). 

Diversity indices for the dipteran community are presented in 
Tab. 3. June showed significant evenness differences between 
Quilca-Vitor rivers (p=0.028) and Quilca-Sihuas rivers (p=0.040). 
October revealed differences in Shannon between Sihuas-Vitor 
rivers (p = 0.038), Sihuas-Quilca rivers (p=0.023), Dominance 
between Quilca-Sihuas (p=0.023), and Evenness between Quilca-
Sihuas (p=0.038). 

Fig. 3. Non-metric multidimensional scaling (NMDS) of dipteran community composition by river and sampling station in the Quilca-
Chili Basin. a) High-flow period in June. b) Dry season in October. Vitor River (black), Sihuas River (red), and Quilca River (yellow). 
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Tab. 3. Shannon diversity, dominance, and Pielou’s evenness values in rivers of the lower Quilca-Chili basin.  

River                Station                                   Shannon                                  Dominance                                    Evenness 
                                                             June                October              June              October               June               October 
Vitor                         E1                                1.19                       1.22                     0.49                       0.4                        0.54                      0.55 
                                 E2                                0.88                       0.45                     0.67                      0.79                       0.35                       0.2 
                                 E3                                0.62                       1.02                     0.78                      0.61                       0.22                      0.44 
                                 E4                                1.52                       1.48                     0.27                      0.34                       0.69                       0.6 
                                 E5                                1.25                       2.09                     0.51                      0.16                       0.49                      0.87 
                                 E6                                1.76                       1.61                     0.33                      0.23                       0.69                      0.77 
                               Mean                               1.2                        1.31                     0.51                      0.42                        0.5                       0.57 
                                 SD                                0.41                       0.56                     0.19                      0.24                       0.19                      0.24 
Sihuas                       E7                                1.61                       1.75                     0.27                      0.29                       0.65                      0.63 
                                 E8                                1.94                       2.29                     0.22                      0.13                       0.72                      0.89 
                                 E9                                1.93                       2.02                      0.2                       0.19                       0.73                      0.84 
                                E10                               1.41                       1.91                     0.42                      0.22                       0.53                      0.74 
                                E11                               2.13                       2.06                      0.2                       0.16                       0.77                      0.74 
                                E12                               0.82                       2.15                     0.68                      0.15                       0.28                      0.74 
                                E13                               1.12                       1.58                     0.62                      0.39                       0.37                      0.56 
                               Mean                              1.57                       1.97                     0.37                      0.22                       0.58                      0.73 
                                 SD                                0.44                       0.22                     0.19                      0.09                       0.18                       0.1 
Quilca                      E14                               2.47                       0.59                     0.05                      0.78                       1.13                      0.27 
                                E15                               1.47                       0.76                     0.35                       0.7                        0.75                      0.36 
                                E16                               2.59                       1.11                     0.08                       0.5                        1.01                      0.62 
                               Mean                              2.18                       0.82                     0.16                      0.66                       0.96                      0.42 
                                 SD                                0.61                       0.27                     0.17                      0.14                       0.19                      0.18 
SD, standard deviation.

Fig. 4. Canonical correspondence analysis of Diptera genera in the lower Quilca-Chili basin during the high-flow period. Red dots for the 
Sihuas River, yellow for the Quilca River, and black for the Vitor River. Pal, Paltostoma; Bez, Bezzia; Cul, Culicoides; Foc, Forcipomyia; 
Aeo, Aedokritus; Alo, Alotanypus; Cric, Cricotopus; Lar, Larsia; Onc, Oconeura; Par, Paratrichocladius; Pod, Podonomus; Pol, 
Polypedilum; Tan, Tanytarsus; Aed, Aedes; Ano, Anopheles; Gen 1, Genus 1; Gen 2, Genus 2; Gen 3, Genus 3; Neo, Neoplasta; Bra, 
Brachydeutera; Eph, Ephydra; Sca, Scatella; Lim, Limnophora; Per, Pericoma; Sim, Simulium; Tab, Tabanus; Hol, Holorusia; Nem, 
Nemotelus; Str, Stratiomys.
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Relationship between dipterans  
and environmental variables 

Fig. 4 presents the canonical correspondence analysis (CCA) 
for the high-flow period (June). The first two axes explained 
78.74% of the data variability. The variables contributing most to 
the first component were dissolved oxygen and, to a lesser extent 
pH. In the second axis, discharge and organic matter were the 
most influential variables. The CCA showed that in June, the Vitor 
River was negatively associated with organic matter and posi-
tively associated with the abundance of Polypedilum and For-
cipomyia. The Sihuas River was positively associated with 
dissolved oxygen and the abundance of the genera Tabanus, 
Holorusia, Podonomus, Paltostoma, and Simulium. In contrast, 
the Quilca River showed no clear separation, with points cluster-
ing near the origin of the ordination. 

During the dry season (October), the first two axes of the CCA 
explained 79.26% of the data variability (Fig. 5). Discharge was 
the main contributor to both the first and second components on 
the positive axis. In contrast, turbidity, dissolved oxygen, salinity, 
and electrical conductivity were negatively associated with the 
first component and correlated with Polypedilum in the Quilca 

River. Most genera were associated with the Sihuas River, with 
positive correlations between discharge and Podonomus, Pal-
tostoma, Tabanus, Bezzia, and Simulium, and a slight correlation 
between temperature and the genera Holorusia, Scatella, Stra-
tiomys, Neoplasta, and Brachydeutera (Fig. 5). 

 
 

DISCUSSION 
The high values of conductivity, salinity, and total dissolved 

solids observed during the dry season (October) at the Quilca 
River stations are likely associated with the presence of inor-
ganic materials from nearby agricultural activities, transported 
via runoff and inputs from the Sihuas and Vitor rivers. Tectonic 
activity (Zavala et al., 2022), erosion and mineralization 
processes are also believed to contribute to the elevated electri-
cal conductivity. 

According to Morelli and Verdi (2014), in the Neotropical re-
gion, dissolved oxygen is one of the variables that best explains 
the functioning of lotic systems. The high levels of this parameter 
in the three rivers studied indicate suitable conditions for macroin-
vertebrate communities. However, the low percentages of organic 

Fig. 5. Canonical correspondence analysis of Diptera genera in the lower Quilca-Chili basin during the dry season. Red dots for the Sihuas 
River, yellow for the Quilca River, and black for the Vitor River. Pal, Paltostoma, Bez, Bezzia, Cul, Culicoides, Foc, Forcipomyia, Aeo, Ae-
dokritus, Alo, Alotanypus, Cric, Cricotopus, Lar, Larsia, Onc, Oconeura, Par, Paratrichocladius, Pod, Podonomus, Pol, Polypedilum, Tan, 
Tanytarsus, Aed, Aedes, Ano, Anopheles, Gen 1, Genus 1, Gen 2, Genus 2, Gen 3, Genus 3, Neo, Neoplasta, Bra, Brachydeutera, Eph, Ephy-
dra, Sca, Scatella, Lim, Limnophora, Per, Pericoma, Sim, Simulium, Tab, Tabanus, Hol, Holorusia, Nem, Nemotelus, Str, Stratiomys.
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matter recorded may be due to the sparse riparian vegetation 
throughout the basin, a common feature of coastal rivers in Perú. 
The reduction in flow reported in some rivers in Colombia has 
been associated with the dominance of certain Diptera genera 
(Ríos-Pulgarín et al., 2016; Rodríguez et al., 2021). In our case, 
the decrease in flow observed in the Vitor, Quilca, and Sihuas 
rivers does not appear to be a determining factor in the structure 
of aquatic Diptera communities. This is likely due to the adapta-
tion of species to water-scarce conditions typical of these rivers 
in arid systems. 

PCA revealed that the most influential parameters contribut-
ing to environmental variability in the rivers of the lower Quilca-
Chili basin are turbidity, total dissolved solids, and electrical 
conductivity. These factors appear to be related to the structure of 
the aquatic dipteran community. In the case of the Sihuas River, 
from station 13 downstream, the flow is regulated to maintain an 
ecological discharge, as water is diverted for local agricultural ir-
rigation. However, this regulation is not upheld during drought 
conditions in the basin. In contrast, the Vitor River is located 
downstream of the city of Arequipa, and therefore receives a 
higher load of both organic and inorganic materials, not only from 
agricultural areas but also from population-related water use. This 
could explain the increase in total dissolved solids and electrical 
conductivity observed in the Quilca River. On the other hand, dis-
charge variations appear to be related to the climatic variability 
of the region (Vidal-Abarca et al., 2004; Rojas-Sandino et al., 
2018; Arana et al., 2021; Coayla-P et al., 2022), which in turn in-
fluences the development of aquatic communities (Rojas-Sandino 
et al., 2018). 

The families Chironomidae and Simuliidae have been re-
ported as abundant in Neotropical rivers (Scheibler et al., 2014; 
Mosquera and Sánchez, 2019; Rodríguez et al., 2021), with a 
feeding preference for fine particulate organic matter (Rojas-
Sandino et al., 2018). Chironomidae, in particular, exhibits a high 
degree of ecological plasticity (Zanotto-Arpellino et al., 2015) 
and can inhabit diverse habitats (Caleño et al., 2018). In this study, 
Chironomidae was found in all three rivers during both sampling 
periods, although its abundance varied between rivers, possibly 
due to its higher tolerance to environmental fluctuations and spe-
cific microhabitat or feeding preferences (Vásquez-Ramos and 
Reinoso-Flórez, 2012). Simuliidae was more abundant in the Si-
huas River and absent downstream in the Quilca River during both 
periods, possibly due to its lower tolerance to environmental vari-
ability. The families Ceratopogonidae, Stratiomyidae, Tipulidae, 
and Tabanidae showed low abundance, likely due to the low or-
ganic matter content in these rivers, as these taxa generally prefer 
coarse particulate organic matter, detritus and other organisms 
(Rojas-Sandino et al., 2018; Mullens, 2019). 

Polypedilum has been reported in both fast- and slow-flow-
ing waters and at different elevations (Tejerina and Molineri, 
2007). It reaches high densities in river mouths when waters are 
warm, highly mineralized, and have elevated sulfate concentra-
tions (Scheibler et al., 2008). The high abundances of 
Polypedilum recorded in the Vitor and Sihuas rivers are likely 
due to similar environmental characteristics occurring during 
the spring season, as mentioned by Scheibler et al. (2008). 
Simulium is abundant in Andean Mountain rivers, and is consid-
ered rheophilic, with strong substrate adherence capabilities 
(Díaz-Rojas et al., 2020). Its abundance has been associated with 
the dry season in Colombian rivers (Rodríguez et al., 2021; 

Buitrago-Guacaneme et al., 2018). In the present study, it was 
recorded with high abundance in both high- and low-flow sea-
sons in the Sihuas River. Onconeura has been reported in 
Ecuadorian Andean rivers (Villamarín et al., 2021), associated 
with high dissolved oxygen concentrations and low conductivity 
values. In our study, this genus was abundant in both seasons in 
the Sihuas River, which had dissolved oxygen concentrations 7 
mg L-1, though with high electrical conductivity values. 

The diversity and richness of aquatic dipterans in Neotropical 
rivers have been attributed to their ability to colonize various habi-
tats, endure drought and rainfall conditions, and inhabit a wide al-
titudinal range (Kikuchi and Uieda, 2005; Merritt et al., 2009; 
Rojas-Sandino et al., 2018). The variations in diversity, domi-
nance, and evenness indices recorded in the Vitor, Sihuas, and 
Quilca rivers during both seasons suggest that dipterans can adapt 
to the physical and chemical changes in water caused by climatic 
variability (Arana et al., 2021; Rodríguez et al., 2021; Coayla-
Peñaloza et al., 2024), which determines the hydrological precip-
itation regime in the basin. 

In the CCA for the high-flow season in the lower Quilca-Chili 
basin, the genera Tabanus, Holorusia, Podonomus, Paltostoma, 
and Simulium were associated with higher dissolved oxygen levels 
recorded in the Sihuas River. This may be due to low organic mat-
ter input, which limits oxygen consumption during oxidation 
processes, and also to high epilithic diatom concentrations previ-
ously reported in this river (Coayla et al., 2025), which increase 
oxygen availability in the water. Polypedilum is known to be dom-
inant in lower elevation rivers (Villamarín et al., 2021) and toler-
ant to low oxygen concentrations (López and Talero, 2015). Its 
abundance, along with Forcipomyia (to a lesser extent) in the 
Vitor River, may be attributed to these factors, especially since 
June had the lowest dissolved oxygen concentrations (4.08 mg L-

1) of the study period. In contrast, in the Quilca River, environ-
mental variables appeared to have little influence on dipteran 
community structure during this season. 

In the CCA for October, corresponding to the dry season in 
the basin, a clearer response was observed in the Quilca River 
compared to the high-flow season. Notably, turbidity, dissolved 
oxygen, salinity, and electrical conductivity were associated with 
Polypedilum, suggesting that this genus is more tolerant of varia-
tions in physicochemical variables and discharge during the dry 
season in the Quilca River. The observed association of genera 
with the Sihuas River does not appear to be influenced by physic-
ochemical conditions, indicating less disturbance, likely due to 
the maintenance of ecological flow throughout the year, as this is 
a regulated river. It is important to note that the results are based 
on only two months of sampling; nevertheless, the analysis shows 
clear trends that should be corroborated through more intensive 
temporal and spatial studies. 

 
 

CONCLUSIONS 
The results of this study indicate that the community of 

aquatic dipterans is associated with environmental variables such 
as electrical conductivity, dissolved solids, and turbidity. The fam-
ilies Chironomidae and Simuliidae were the most abundant in the 
study area. However, the correlation between genus abundance 
and environmental variables showed that Polypedilum was the 
most representative genus in the study and exhibited a significant 
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preference for high levels of organic matter. In contrast, the genera 
Podonomus, Paltostoma, Tabanus, Bezzia, and Simulium were 
closely associated with streamflow. On the other hand, the remain-
ing genera did not show a clear association with the variables an-
alyzed. This study constitutes an important contribution to the 
understanding of aquatic dipteran communities in rivers of semi-
arid basins and provides baseline information for future research 
on the order Diptera, as well as for the conservation of local biota. 

 
 

ACKNOWLEDGMENTS 
The authors thank the reviewers for their suggestions and 

comments. We are grateful to the Universidad Nacional de San 
Agustín de Arequipa for funding the research through Contract 
IBA-IB-13-2021-UNSA. 

 
 

REFERENCES 
Arana-Maestre J, Álvarez-Tolentino D, Miranda R, Tobes I, 

Araujo-Flores J, Carrasco-Badajoz C, et al., 2021. 
[Distribución altitudinal de macroinvertebrados acuáticos y 
su relación con las variables ambientales en un sistema fluvial 
amazónico (Perú)].[Article in Spanish]. Rev Acad Colomb 
Cienc Ex Fis Nat 45:1097-1112. 

Buitrago-Guacaneme A, Sotelo-Londoño A, Pinilla-Agudelo GA, 
García-García A, Moncada LI, Adler PH, 2018. Abundance 
and diversity of black flies (Diptera: Simuliidae) in rivers of 
the Andean Eastern Hills of Bogotá (Colombia), and its 
relationship with water stream physicochemical variables. 
Univ Sci 23:291-317.  

Caleño-Ruiz Y, Rivera-Rondon C, Ovalle H, 2018. [Hábitos 
alimentarios de quironómidos (Diptera: Chironomidae) en 
lagos del páramo de Chingaza, Colombia].[Article in 
Spanish]. Rev Biol Trop 66:136-148.  

Carpio J, Quispe B, Peña F, Sulca, P, 2022. [Hidrogeología de la 
cuenca del río Quilca - Vitor - Chili (132)].[Bulletin in 
Spanish]. INGEMMET Boletín Hidrogeología 15:381. 

Carrasco C, Rayme C, Alarcón R, Ayala Y, Arana J, Aponte H, 
2020. [Macroinvertebrados acuáticos en arroyos asociados 
con bofedales altoandinos, Ayacucho Perú].[Article in 
Spanish]. Rev Biol Trop 68:116-131. 

Castillo-Velásquez R, Alvarado-García E, Laurent-Rios A, 
Huamantinco-Araujo A, 2021. [Dípteros acuáticos de dos 
humedales de la costa central de Perú y obtención de adultos 
a partir de pupas en el laboratorio].[Article in Spanish]. Rev 
Acad Colomb Cienc Ex Fis Nat 45:795-805.  

Castillo-Velásquez R, Huamantinco-Araujo A, 2020. [Variación 
espacial de la comunidad de macroinvertebrados acuáticos en 
la zona litoral del humedal costero Santa Rosa, Lima, 
Perú].[Article in Spanish]. Rev Biol Trop 68:50-68.  

Coayla-P P, Cheneaux-D A, Moreno-S C, Cruz-R C, Colque-R E, 
Damborenea C, 2022. Littoral macrobenthic communities and 
water quality in El Pañe Reservoir, Arequipa, Perú. Neotrop 
Biodivers 8:99-107.  

Coayla-Peñaloza P, Cheneaux-Diaz A, Moreno-Salazar C, Cruz-
Remache C, Damborenea C, 2024. Aquatic macroinvertebrate 
community and water quality in the Tambo River, Arequipa, 
Perú. Rev Biol Trop 72:56670. 

Coayla P, Motta C, Blanco S, 2025. [Composición y estructura 
comunitaria de diatomeas epilíticas en la cuenca Vitor-Quilca-
Chili, Arequipa, Perú].[Article in Spanish]. Darwiniana 
13:54-73. 

Contreras L, Ortega B, Méndez P, Tierra P, 2021. Evolution and 
identification of aquatic macroinvertebrates like bioindicators 
of water quality. ESPOCH Congr 1:1016-1023. 

Courtney G, Pape T, Skevington J, Sinclair B, 2009. Biodiversity 
of Diptera, p. 185-222. In: R. Foottit and P. Adler (eds.), Insect 
Biodiversity Science and Society. Blackwell Publ., Oxford. 

Díaz-Rojas C, Motta-Díaz Á, Aranguren-Riaño N, 2020. [Estudio 
de la diversidad taxonómica y funcional de los 
macroinvertebrados en un río de montaña Andino].[Article in 
Spanish]. Rev Biol Trop 68:S132-S149.  

Domínguez E, Fernández H, 2009. [Macroinvertebrados 
bentónicos sudamericanos: Sistemática y biología].[Book in 
Spanish]. Fundacón Miguel Lillo, San Miguel de Tucumán: 
656 pp.  

Gómez R, Vidal-Abarca M, Suárez M, 2001. Importance of the 
subsurface-surface water interaction in the wetland structure 
and dynamic in arid and semiarid areas, p. 317-322. In: C. 
Griebler, D. Danielopol, J. Gibert, H. Nachtnebel and J. 
Notenboom (eds.), Groundwater Ecology: A tool for 
management of water resources. European Commission-
Environment and Climate Programe, Brussels. 

Hammer Ø, Harper DAT, Ryan PD, 2001. PAST: Paleontological 
statistics software package for education and data analysis. 
Palaeontologia Electronica 4:4. 

Kikuchi R, Uieda V, 2005. [Composição e distribuição dos 
macroinvertebrados em diferentes substratos de fundo de um 
riacho no Município de Itatinga, São Paulo, Brasil]. [Article 
in Portuguese]. Entomol Vectores 12:193-231. 

López R, Talero G, 2015. [Densidad Larval de Chironomidae 
(Insecta: Diptera) en un Meandro del Río Bogotá (Cajicá, 
Colombia) Durante La Niña 2011].[Article in Spanish]. Rev 
Fac Cienc Bas 11:48–67. 

Lotta I, Pacheco M, Escalante A, González A, Mantilla J, 
Moncada L, Adler P, Matta N, 2016. Leucocytozoon diversity 
and possible vectors in the Neotropical highlands of 
Colombia. Protist 167:185-204. 

Quispe M, Villasante J, García D, Luque-Fernández C, Pauca A, 
Villegas L, 2021. Diversity of aquatic macroinvertebrates and 
water quality of the High Andean wetlands of Chalhuanca, 
Arequipa Perú. Biodivers J 12:517-528.  

Merritt RW, Cummins KW, Berg MB, 2008. An introduction to 
the aquatic insects of North America. Kendall Hunt, Dubuque: 
1158 pp.  

Merritt R, Courtney G, Keiper J, 2009. Diptera:(flies, mosquitoes, 
midges, gnats), p. 284-297. In: V. Resh and R. Cardé (eds.), 
Encyclopedia of insects. Academic Press, Cambridge. 

Morelli E, Verdi A, 2014. [Diversidad de macroinvertebrados 
acuáticos en cursos de agua dulce con vegetación ribereña 
nativa de Uruguay].[Article in Spanish]. Rev Mex Biodiv 
851160-1170. 

Moreno C, 2001. [Métodos para medir la biodiversidad.].[Manual 
in Spanish]. Zaragoza, Manuales y Tesis SEA: 84 pp.  

Mosquera Z, Sánchez S, 2019. [Dípteros acuáticos del 
departamento del Chocó, Colombia].[Article in Spanish]. 
Biota Colomb 20:46-58. 

Mullens BA, 2019. Horse flies and deer flies (Tabanidae), p. 327-



C.P. Coayla Peñaloza et al.180

343. In: G.R. Mullen and L.A. Durden (eds.), Medical and 
veterinary entomology. Academic Press, Cambridge. 

Pinto B, Luque J, Valverde G, Salazar R, Fuentes J, Salas J, 2017. 
[Estudio de la contaminación por cromo (Cr) en el río Chili y 
parque industrial de río seco (PIRS), Arequipa–Perú 2015-
2016].[Article in Spanish]. Veritas 16:43-46. 

Reyes-Palomino S, Cano D, 2022. [Efectos de la agricultura 
intensiva y el cambio climático sobre la biodiversidad]. 
[Article in Spanish]. Rev Investig Altoandin 24:53-64. 

Ríos-Pulgarín M, Barletta M, Arango-Jaramillo M, Mancera-
Rodríguez N, 2016. The role of the hydrological cycle on the 
temporal patterns of macroinvertebrate assemblages in an 
Andean foothill stream in Colombia. J. Limnol 75:1394. 

Rodríguez J, Agudelo G, Alvarez L, 2021. [Estructura de la 
Comunidad de Dípteros Acuáticos en Tramos de los Cursos 
Altos de los Ríos Fucha y Bogotá].[Article in Spanish]. Acta 
Biol Colomb 26:147-159.   

Rojas-Sandino L, Reinoso-Flórez G, Vásquez-Ramos J, 2018. 
[Distribución espacial y temporal de dípteros acuáticos 
(Insecta: Díptera) en la cuenca del río Alvarado, Tolima, 
Colombia].[Article in Spanish].Biota Colomb 19:70-91.  

Roldán G, Ramírez J, 2008. [Fundamentos de Limnología 
Neotropical].[Book in Spanish]. Editorial Universidad de 
Antioquia, Medellin: 442 pp. 

Scheibler E, Pozo V, Paggi A, 2008. [Distribución espacio-
temporal de larvas de Chironomidae (Diptera) en un arroyo 
andino (Uspallata, Mendoza, Argentina)].[Article in Spanish]. 
Rev Soc Entomol Argent 67:45-58. 

Scheibler E, Claps M, Roig S, 2014. Temporal and altitudinal 
variations in benthic macroinvertebrate assemblages in an 
Andean river basin of Argentina. J Limnol 73:789. 

Serra S, Cobo F, Graca M, Dolédec S, Feio M, 2016. Synthesising 

the trait information of European Chironomidae (Insecta: 
Diptera): Towards a new database. Ecol. Indic. 61:282-292. 

Tejada-Meza K, Arenazas-Rodríguez A, García-Chevesich P, 
Flores-Farfán C, Morales-Paredes L, Romero-Mariscal G, et 
al., 2023. Acute Ecotoxicity Potential of Untreated Tannery 
Wastewater Release in Arequipa, Southern Perú. 
Sustainability 15:15240. 

Tejerina E, Molineri C, 2007. [Comunidades de Chironomidae 
(Diptera) en arroyos de montaña del NOA: comparación entre 
Yungas y Monte].[Article in Spanish]. Rev Soc Entomol 
Argent 66:169-177. 

Thorp JH, Rogers DC, 2015. Thorp and Covich's freshwater 
invertebrates: keys to Nearctic Fauna. Elsevier, Amsterdam. 

Vásquez-Ramos J, Reinoso-Flórez G, 2012. [Estructura de la 
fauna béntica en corrientes de los Andes colombianos]. 
[Article in Spanish]. Rev Colomb Entomol 38:351-358. 

Vidal-Abarca M, Gómez R, Suárez M, 2004. [Los ríos de las 
regiones semiáridas].[Article in Spanish]. Ecosistemas 
13:219. 

Villamarín C, Villamarín-Cortez S, Salcido D, Herrera-Madrid M, 
Ríos-Touma B, 2021. Drivers of diversity and altitudinal 
distribution of chironomids (Diptera: Chironomidae) in the 
Ecuadorian Andes. Rev Biol Trop 69:113-126.  

Zanotto-Arpellino J, Principe R, Oberto A, Gualdoni C, 2015. 
[Variación espacio-temporal de Chironomidae (Diptera) 
bentónicos y derivantes en un arroyo serrano en Córdoba, 
Argentina].[Article in Spanish]. Iheringia 105:41-52.  

Zavala B, Núñez S, Gómez H, Pari W, Peña F, Carpio J, 2022. 
[Estudio geoambiental de la cuenca del río Quilca-Vitor-
Chili].[Bulletin in Spanish]. INGEMMET Boletín 
Geodinámica e Ingeniería Geológica 91:290.


