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Abstract

High Andean wetlands are fragile systems, vulnerable to human activity and climate change. In the Arequipa
region (Peru), there are high Andean lotic and lentic systems currently affected by livestock raising, fish farming, and
dams. The aim of the study was to evaluate the aquatic invertebrate community in the Callalli-Oscollo wetlands and
the possible impact of human activities. Samples were taken from November 2017 to October 2018 at 4 sampling
stations in lotic environments and 2 in lentic environments. Macroinvertebrates were identified to the family level. The
following were determined to evaluate community structure: richness, relative abundance, Shannon-Wiener diversity,
Simpson dominance, Pielou evenness, and true diversity. The indices ABI, BMWP/Bol and nPeBMWP were applied
to evaluate the ecological quality of the environments sampled. Thirty families were recorded in lotic environments,
the most abundant being Chironomidae, Naididae, Limnesiidae, Elmidae, Baetidae and Lumbriculidae. The ecological
quality was good, except at the station associated to the dam, where it was doubtful. Twenty-six families were
recorded in lentic environments, the most abundant being Cyprididae, Naididae and Corixidae. The macroinvertebrate
communities in high Andean environments reflect ecosystem conditions. Environments associated to human activity
have lower ecological quality.
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Resumen

Los humedales altoandinos son sistemas fragiles, vulnerables a la actividad humana y al cambio climatico. La
region de Arequipa (Pertt) posee ecosistemas l6ticos y Iénticos altoandinos con impactos por la ganaderia, piscicultura
y represamiento. Se evalud la comunidad de macroinvertebrados acuaticos de los humedales de Callalli-Oscollo y el
posible efecto de las actividades humanas. Desde noviembre de 2017 a octubre de 2018 se realizaron muestreos en
4 estaciones en ambientes 16ticos y 2 en lénticos. Los macroinvertebrados se identificaron a nivel de familia. Para
evaluar la estructura comunitaria se registré la riqueza, la abundancia relativa, la diversidad de Shannon-Wiener, la
dominancia de Simpson, la equidad de Pielou y la diversidad verdadera. Se aplicaron los indices ABI, BMWP/Bol
y nPeBMWP para evaluar la calidad ecoldgica de los ambientes 16ticos. En éstos se registraron 30 familias, siendo
las mas abundantes Chironomidae, Naididae, Limnesiidae, Elmidae, Baetidae y Lumbriculidae. La calidad ecologica
fue buena, con excepcion de la estacion vinculada a la presa que fue dudosa. Los ambientes 1énticos registraron 26
familias, siendo las mas abundantes Cyprididae, Naididae y Corixidae. Las comunidades de macroinvertebrados en
ambientes altoandinos reflejan el estado del ecosistema. Los ambientes vinculados con la actividad humana registran
menor calidad ecolégica.

Palabras clave: Bioindicadores; Macroinvertebrados acuaticos

Introduction

Aquatic systems, as ecosystem services, are subject
to strong environmental pressures. Land use, use of
water for human activities and water pollution, affect
aquatic environments, both lotic and lentic, altering
their physicochemical properties and the structure and
composition of the communities living in them. These
ecosystems harbor a series of communities that interact
with the physicochemical characteristics of the water, the
atmosphere and the surrounding terrestrial environment,
thereby determining the global behavior of the ecosystem.
Any alteration affecting the ecosystems also impacts the
communities inhabiting them (Oyague, 2005; Posada et
al., 2000; Roldan, 2012). High-altitude wetlands, such
as those in the high Andes, are exceptional ecosystems
that are sensitive to the effects of global warming (Baez
et al., 2016), the impact of agrochemicals, livestock
raising activities, mining, extraction of water for different
purposes, and dams (Jacobsen, 2008). Nonetheless, and
given the operational costs, they are among the least
studied ecosystems (Luque-Fernandez et al., 2020; Nieto
et al., 2016).

Benthic macroinvertebrates are highly sensitive to
environmental changes, so they have traditionally been
used to monitor water quality in rivers and streams (Buss
et al., 2015; Rios-Touma et al., 2014). They react to
variations in water quality and respond to environmental
stress with different degrees of tolerance, reflecting any
changes in space or time, thereby providing an efficient,
rapid instrument for evaluating water quality and ecosystem
conditions (Gonzalez-Zuarth et al., 2014).

Aquatic macroinvertebrates have been increasingly
used as water quality indicators in Peru (Acosta, 2001;

Paredes et al., 2004; among others). However, there are
few studies in high Andean environments, particularly in
the Arequipa region (Luque-Fernandez et al., 2020; Tapia
et al., 2018).

Considering the above, this study proposes to assess
the water quality in lotic environments located in the
Callalli-Oscollo districts using the study of aquatic
macroinvertebrate community. The diversity of aquatic
macroinvertebrate families was determined in lotic and
lentic systems and the possible impact of human activities on
the ecological quality of water was determined. This study
advances the knowledge of aquatic macroinvertebrates
in high-altitude ecosystems in general and high Andean
ecosystems in particular.

Materials and methods

The study was conducted in the high Andean aquatic
environments located near the Negrillo River, which is a
tributary of the Colca River and flows through the districts
of Callalli and Oscollo, delimiting the departments of
Arequipa and Cusco, Peru (Fig. 1). The sampling stations
were located between 4,524 and 4,580 m asl. The mean
monthly temperature in the study zone ranges from 6 °C
in the rainy months (late December to March) to 1 °C
in low water level months, when cloud cover is lower.
The average annual precipitation is 710 mm (Autoridad
Nacional del Agua, 2014).

Different lotic environments (creeks) and lentic
environments (small ponds) were identified. The lotic
environments have cold, crystalline waters supplied by
snowmelt, their beds are dominated by rocky substrates,
mainly pebbles; however, the presence of organic
matter is observed, mainly on the riverbanks. The lentic



P. Coayla-Penaloza et al. / Revista Mexicana de Biodiversidad 94 (2023): e944206 3
https://doi.org/10.22201/ib.20078706e.2023.94.4206

275313

75°0'0"W 74°0'0"W 73°0°0"W 72°0°0"W 71°0'0"W
1 1 1 1 1

8303506

8298506

A e

8308506

17°0'0"S 16°0'0"S 15°0'0"S 14°0'0"S 13°0'0"S 12°0'0"S 11°0'0"S

8303506
17°0'0"S 16°0'0"S 15°0'0"S 14°0'0"S 13°0'0"S 12°0'0"S

8298506

1 1 1 1 1
75°0°0"W 74°0°0"W 73°0°0"W 72°0'0"W 71°0°0"W

— Rivers

I:l El Pafie Reservoir

@  Sampling stations

T
285313

8293506

Figure 1. Location of sampling stations in the districts of Callalli and Oscollo. Arequipa-Cusco, Peru.

Table 1

Sampling stations in lotic and lentic environments in the districts
of Callalli and Oscollo. Arequipa-Cusco, Peru.

Stations  Characteristics ~ Latitude S Longitude W
E1l Creek 15°25°17.20” 71°04°23.40”
E2 Creek 15°20°17.60” 71°03°37.00”
E3 Creek 15°18°46.00” 71°01°54.70”
E4 Creek 15°18°39.13” 71°01°55.70”
E5 Pond 15°17°23.81” 71°00°08.53”
E6 Pond 15°20°22.10” 71°03°15.18”

environments are characterized by substrates composed
mainly of clay, silt, and organic matter, the latter mainly
coming from fish farms in the area.

The study is based on 6 sampling efforts conducted in
November and December 2017 and April, May, July and
October 2018, at 4 sampling stations in lotic environments
(E1, E2, E3, and E4) and 2 in lentic environments (E5 and
Eo6) (Fig. 1, Table 1). Station E1 is located in a stream that
receives the flow from El Pafie reservoir and is affected by
its dynamics; it has a rocky substrate and little vegetation;
the width of the stream is not more than 7 m and the
length covers 1.4 km. Station E2 has a rocky substrate

composed mainly of pebbles; the width of the stream is not
more than 6 m while the length is close to 0.9 km. Station
E3 has a rocky substrate composed mainly of gravel and
pebbles, and it also has vegetation on the banks; the width
of the stream is not greater than 3 m and its length is
close to 0.5 km. Station E3 has a higher development of
anthropic activities, such as grazing, use of water resources
by inhabitants and it is circulating near a road. Finally,
in station E4, the substrate is rocky and the banks have
vegetation. The width of the stream in station 4 does not
exceed 3 m, while its length covers approximately 0.4 km.
This station is not impacted by human activity and is the
most distant point from Station 3 with access. Upstream
from station 4, the flow is reduced and sampling is not
possible. Station E5 corresponds to a lagoon located in
the highest part of the sampling area, it is affected by
the artisan farming of the introduced fish Onchorhynchus
mykiss (Walbaum, 1792); the substrate is composed
mainly of silt and organic matter mainly from fish farming;
the depth is less than 0.8 m, while the area corresponds
to approximately 1.23 km?. Station E6 corresponds to a
lagoon whose substrate is mainly composed of silt and
clay, the depth is not greater than 0.9 m and its area is close
to 0.7 km?. As a result of the environmental characteristics
and seasonal variations in the flow from the reservoir, it
was not possible to sample station E1 in May and July,
and station E6 in July and October.
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Dissolved oxygen (DO), pH, electrical conductivity
(EC) and temperature (T) were measured in the field using
a Hanna HI9829 multiparameter device. Each parameter
was measured 3 times per sample station on each sampling
date. ANOVA was used to compare physicochemical
variables according to sampling station and date.

Specimens were collected with a Surber net (500 pm
mesh opening and 30 cm side frame) in lotic environments
and a D-frame net (500 pm mesh, ratio 30 cm with
semicircular opening) in lentic zones. For the quantitative
measurement of macroinvertebrates at each station, we
took 3 samples located at a distance of 100 m (3 samples
x 6 stations x 6 months, 96 samples altogether).

The specimens from each sample were stored separately
in labelled jars and fixed in 5% formalin. In the laboratory,
the samples were washed and preserved in 70% ethanol
for subsequent identification under stereomicroscope
and optical microscope (Dominguez & Fernandez, 2009;
Roldan, 2003). Specimens were identified to family level
using the keys by Dominguez and Fernandez (2009),
Merritt et al. (2008), Prat et al. (2011), and Thorp and
Lovell (2015).

The following data were determined for each sampling
station in order to analyze community structure: richness
(number of families), relative abundance (number of
individuals of 1 family/total number of individuals of
all families)* 100, Shannon-Wiener diversity (H') in
Napierian logarithm, Simpson dominance (D), Pielou
evenness (J') and true diversity (D,) (Moreno, 2001).
Based on the macroinvertebrate abundance matrix, the
Bray-Curtis similarity index was used with the UPGMA
algorithm (unweighted pair-group method) expressed in a
cluster analysis to determine the faunal associations among
temporal/spatial samples. SIMPER (similarity percentages)
was used to evaluate the contribution of the species to the
similarity and ANOSIM similarity analysis to determine
significant differences in macrobenthos between samples.
Analyses were performed using the software EXCEL® and
PAST version 4.03 software (Hammer et al., 2001). The
ecological quality of the lotic environments was determined
by means of biotic indices such as the Andean Biological
Index or ABI (Acosta et al., 2009), Biological Monitoring
Working Party as BMWP/Bol (Rocabado & Goitia, 2011)
and nPeBMWP (Medina-Tafur et al., 2010) considering
the tolerance or sensitivity values of each family to the
disturbances to the environment and the Andean region.
These indices have demonstrated precision to evaluate the
disturbance related to pollution from urbane source, such
as the one studied here (Molina et al., 2022). To establish
the tolerance values of the families, we followed Acosta et
al. (2009), Rocabado and Goitia (2011) and Medina-Tafur
et al. (2010).

Results

The surface temperature of the water in the lotic
systems ranged from 10.88 °C at station E4 to 12.13 °C
at station E2; while in ponds, it ranged from 10.47 °C to
13.16°C. Values for pH ranged from 8.18 (station E1) to
8.55 (station E4) in creeks, and 7.83 to 8.48 in ponds. The
mean electrical conductivity in lotic environments ranged
from 35.44 uS at station E4 to 122.03 uS at station El.
The highest values were recorded in December-2017 (E1
=371 pS; E3 =340 puS). In lentic environments, the mean
was 33.00 uS (E6) and 140.83 puS (ES), being the higher
values from December, 2017. Mean dissolved oxygen
concentration ranged from 3.08 mg/l-! at station E3 to
3.59 mg/l-' at station E1; while in ponds, it ranged from
3.12 mg/l-! to 3.60 mg/l-' (Table 2). Two-way ANOVA
revealed that there was statistically significant interaction
between the effects of sample stations and date in the
physicochemical variables considered (Table 3).

Macroinvertebrates in lotic environments

A total of 19,420 individuals were counted, distributed
among 30 families. At station El, richness was highest
in December (9 families) and lowest in November (5
families). The families with greatest relative abundance at
E1 were Chironomidae (56.35%), Hyalellidae (25.28%),
Lumbriculidae (9.44%) and Naididae (3.45%) (Table
4). The highest abundance was recorded in July, and the
lowest in April.

At station E2, richness ranged from 15 (in May) to
10 (November and April). The families with highest
average relative abundance were Chironomidae (50.57%),
Limnesidae (15.86%) and Naididae (14.62%) (Table 4).
For these taxa, abundance was highest in May and lowest
in April.

At station E3, richness ranged from 18 (November) to 8
(October). The families with the highest relative abundance
at E3 were: Naididae (34.61%), Chironomidae (21.15%),
Elmidae (9.99%) and Baetidae (7.51%) (Table 4). Abundance
was highest in November and lowest in December.

At station E4, richness was highest (17) in May and
lowest in November and April (12). The families with
the highest relative abundance were Naididae (30.57%),
Chironomidae (23.53%) and Lumbriculidae (23.17%) (Table
4). Abundance was highest in July and lowest in April.

Shannon’s index ranged from 0.37 (November, station
El) to 1.95 (May, station E4). True diversity was lowest at
stations E1 and E2, with values close to 2 and 4 effective
families, respectively. Stations E3 and E4 had the highest
true diversity, with values close to 6 and 7 effective
species, respectively. Dominance was highest at station
E1 (0.84 in November), and lower at the other 3 stations.



P. Coayla-Penaloza et al. / Revista Mexicana de Biodiversidad 94 (2023): e944206 5
https://doi.org/10.22201/ib.20078706e.2023.94.4206

1.0

0.8

0.6

0.4

0.2

Nov Dec Apr May July Oct
2017 2017 2017 2018 2018 2018
C

25

2.0

15
I

1.0

0.5

0
Nov Dec Apr May July Oct
2017 2017 2017 2018 2018 2018

OE1 EE2

Nov Dec Apr May July Oct
2017 2017 2017 2018 2018 2018
d
10
8
6
-
(=]
4
2
0
Nov Dec Apr May July Oct
2017 2017 2017 2018 2018 2018
HE3 ME4

Figure 2. Community structure indices for aquatic macroinvertebrates in lotic environments of Callalli-Oscollo. a) Simpson dominance
(D), b) Pielou evenness (J°), ¢) Shannon index (H), d) True diversity (D,).

Table 2

Average values for physicochemical parameters (T, temperature; pH; EC, electrical conductivity; DO, dissolved oxygen) and standard
deviation in lotic and lentic environments in Callalli-Oscollo. Arequipa-Cusco, Peru.

Station Type n T (°C) pH EC (uS/cm) DO (mg/L)
El Creek 15 11.91+2.71 8.18+0.72 122.03+127.90 3.59+0.71
E2 Creek 15 12.13£1.62 8.47+0.51 40.27+16.20 3.46+0.47
E3 Creek 15 12.01£2.50 8.43+0.59 87.62+124.47 3.08+0.62
E4 Creek 9 10.88+1.27 8.55+0.80 35.44+13.99 3.50+0.88
E5 Pond 15 10.4743.89 7.8340.60 140.83+114.28 3.12+0.70
E6 Pond 9 13.36+2.77 8.48+0.40 33.00+26.46 3.60+0.82

Evenness index was lowest (0.23) at E1 in November 2017
and highest (0.77) at E3 in October 2018 (Fig. 2).
Cluster analysis (UPGMA, Bray-Curtis) values lower
than 30% showed that there is heterogeneity among
months and stations in the lotic systems. The November
and December 2017 samples from station E1 have the
highest similarity value (greater than 90%), and these 2
samples are similar to the April sample from station E1
(Fig. 3). Samples from station E2 for April, May, July
and October also show high similarity (close to 80%).

The rest of the samples have higher temporal similarity.
Samples from stations E2, E3 and E4 in November and
December are associated at a similarity of approximately
60%; samples from stations E3 and E4 in April and May,
samples from stations E3 and E4 in July and samples
from stations E3 and E4 in October are grouped together
(Fig. 3).

ANOSIM determined significant differences (R =
0.0185; p < 0.05) in macrobenthos composition between
stations E1 and E3, while E3 and E4 (R = 0.946, p < 0.05)
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Figure 3. Similarity dendrogram for samples from lotic environments in Callalli-Oscollo based on relative abundance of
macroinvertebrates. E1-E4 represent the sampling stations. Month and year are indicated for each station.

Table 3

Anova test for physicochemical variables. p < 0.0000 for all
comparisons.

DF F
Temperature [°C] Month 5 352,260
Stations 5 116,611
Interaction 16 127,862
pH Month 5 311,701
Stations 5 264,741
Interaction 16 346,264
Conductivity [uS/cm] Month 5 3084,573
Stations 5 156,643
Interaction 16 84,871
Dissolved oxygen (mg/L) Month 5 5,970,694
Stations 5 715,104
Interaction 16 483,699

are more similar to each other, as are E1 and E2 (R =0.248,
p < 0.05). The SIMPER analysis showed that average
dissimilarity of the 4 stations was 55%. The main families
that contributed to that dissimilarity were Chironomidae
(14.34%), Naididae (11.64%), Lumbriculidae (5.37%) and
Limnesiidae (5.29%).

Determination of ecological quality using the biotic
indices BMWP/Bol, nPeBMWP and ABI showed lowest
scores for station El, classifying it as doubtful quality
according to BMWP/Bol and nPeBMWP, and very bad
and poor according to ABI. For stations E2, E3 and E4,
ecological quality was found to be good and acceptable
according to the indices BMWP/Bol and nPeBMWP, and
very good according to ABI, depending on the months
evaluated (Table 5).

Macroinvertebrates in lentic environments

A total 55,553 individuals were counted, distributed
among 23 families. Sampling stations in ponds E5 and E6
had richness of 21 and 18 families respectively (Table 4).
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Table 4

Average relative abundance of aquatic macroinvertebrates in lotic environments (stations E1 to E4) and lentic environments (stations
ES to E6) in Callalli-Oscollo, Arequipa-Cusco, Peru. High values for each sampling station in bold.

Family El E2 E3 E4 E5 E6
Insecta Diptera Ceratopogonidae 0.09 0.3
Chironomidae 56.35 50.57 21.15 23.53 12.75 5.99
Ephydridae 1.02 1.67 0.07 0.08 0.16
Muscidae 0.71 0.11 0.27 0.14 0.02 0.03
Simuliidae 0.1 0.33 0.41 0.29
Syrphidae 1.77
Tabanidae 0.2 0.16 0.42
Tipulidae 0.24 0.14 0.03 0.01
Coleoptera Dytiscidae 0.19
Elmidae 9.05 9.99 4.63 0.17 0.07
Ephemeroptera ~ Baetidae 0.15 0.67 7.51 1.64 1.39 0.02
Leptophlebiidae 0.2 0.5 0.71 1.02
Hemiptera Corixidae 0.05 0.11 0.11 31.46 8.64
Saldidae 2.99 0.15 0.93 3.53
Odonata Coenagrionidae 0.06
Plecoptera Gripopterygidae 0.02 0.48
Trichoptera Hydrobiosidae 0.59 1.6 1.69
Hydroptilidae 0.05 1.15 5.35 0.42
Leptoceridae 0.09 0.04 0.03
Limnephilidae 0.04
Crustacea Amphipoda Hyalellidae 25.28 0.07 0.39 0.34 3.16 0.13
Podocopida Cyprididae 0.04 0.04 12.73 45.56
Arachnida Oribatida Limnesiidae 15.86 6.06 6.5 0.16 0.03
Limnozetidae 1.39 0.74 1.62 0.1
Oligochaeta Lumbriculidae 9.44 2.5 6.94 23.17 0.01 0.12
Naididae 345 14.62 34.61 30.57 4.62 25.48
Hirudinida Glossiphoniidae 0.13 0.98 0.31 12.46 1.83
Family A 1.25 0.03
Turbellaria Tricladida Dugesiidae 0.26 0.36 0.08 0.04
Typhloplanida Typhloplanidae 0.03 0.01
Gastropoda Planorbidae 0.93 0.11 0.51 0.26 0.02
Bivalvia Sphaeriidae 0.18 0.05 0.24
Nematoda Longidoridae 0.1 0.04 0.08 15.46 11.69
Family A 0.1 0.11 0.02

At station E5, richness ranged from 13 (July) to 4  (15.46%), Chironomidae (12.75%), Cypridae (12.73%)
(April). The families with high relative abundance at  and Glosiphoniidae (12.46%).
station E5 were Corixidae (31.46%), Longidoridae
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Table 5. Ecological quality indices for lotic environments in Callalli-Oscollo, Arequipa-Cusco, Peru.

dex  Suwtion 300 5 0 Sols 2005 018
El WMo E»s WH2 - [ L -
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-- = No information

At station E6, richness ranged from 17 (November)
to 10 (December and May). The families with highest
relative abundance were Cyprididae (45.56%), Naididae
(25.48%) and Longidoridae (11.69%). Abundance was
highest in December and lowest in May (Table 3).

At stations ES and E6, Shannon’s index ranged from
0.99 (E6 in December) to 1.72 (E5 in October). Both
stations had 3 to 6 effective families. The dominance was
low in May (0.22 at E6 and 0.27 at E5) and highest in
December (0.43 at ES and 0.51 at E6). Evenness index
was lowest (0.43) at E6 in December and highest (0.79)
at ES in April (Fig. 4).

Cluster analysis (UPGMA, Bray-Curtis) shows low
similarity, less than 50%, demonstrating that there is
heterogeneity among months and pond stations. The
highest similarity values (over 70%) were recorded for
November and December 2017 at station ES5. These 2
samples in turn are grouped, with less similarity, with the
samples from April and May. E5 samples from July and
October are grouped with E6 samples (Fig. 5).

ANOSIM determined significant differences (R =
0.3611; p < 0.05) in macrobenthos composition between

stations E5 and E6. The SIMPER analysis showed that
average dissimilarity of the 2 stations was 74.84%. The
main families that contributed to that dissimilarity were
Cyprididae (31.99%), Naididae (17.39%), Longidoridae
(9.03%) and Corixidae (7.12%).

Discussion

The dissolved oxygen values recorded during this
study were lower than those reported in previous studies
for nearby and similar areas (Luque-Fernandez et al.,
2020; Molina et al., 2008). The remaining parameters were
within the known values for the region. The electrical
conductivity had very high values in some stations in the
month of December, coinciding with the rainy season.
These values are probably due to the increase in suspended
sediment during those periods (Fossati et al., 2001).
The taxonomic composition of the macroinvertebrate
communities in the Callalli-Oscollo is similar to that
reported for other similar environments (Custodio &
Chanamé, 2016; Luque-Fernandez et al., 2020; Molina et
al., 2008; Nieto et al., 2016).
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Figure 4. Aquatic macroinvertebrate community structure indices in lentic environments in Callalli-Oscollo. a) Simpson dominance
(D), b) Pielou evenness (J°), ¢) Shannon index (H), d) true diversity (D).
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Figure 5. Similarity dendrogram grouping samples from the Callalli-Oscollo lentic environments, based on relative abundance of
macroinvertebrates. ES and E6 represent the sampling stations. Month and year are indicated for each station.

Macroinvertebrates in lotic environments The data recorded in the current study therefore reinforce

The richness recorded in lotic environments (30  the hypotheses that claim that richness values such as
families) is similar to that observed by Molina et al.  those observed are representative for high Andean lotic
(2008) for rivers in the Cordillera Real (Bolivia) and by  ecosystems (Custodio & Chanamé, 2016). The current
Custodio and Chanamé (2016) for rivers in Junin (Peru).  study reports 15 insect families at E2 and 14 at E3, both



P. Coayla-Penaloza et al. / Revista Mexicana de Biodiversidad 94 (2023): e944206 10
https://doi.org/10.22201/ib.20078706e.2023.94.4206

these stations being located in the highest zones (4,672
and 4,630 m asl, respectively). These values are lower
than those reported for zones of similar altitude in Bolivia
[20 families for rivers in the Cordillera Real at 4,400 m
asl, (Molina et al., 2008); 17 families for River Hichu-
Khota and River Ovejuyo at 4,320 m asl (Wasson &
Marin, 1988); 18 families for River Kaluyo at 4,280 m
asl. (Franken & Marin, 1992), among others]. Like the
observations by Luque-Fernandez et al. (2020), richness
of families does not differ between dry and rainy seasons,
although authors mention the presence of families at each
site which are typical of each season.

Highest abundance values were found for the dry
season, mainly in May, July and November. This agrees
with Jacobsen and Encalada (1998) and Gonzalez et al.
(2013), who report that the number of organisms is higher
in the dry season than in the rainy season. Molina et al.
(2008) make a similar observation for rivers in Bolivia
during the dry season when low values in hydrological
parameters are associated to high densities and an increase
in the number of taxa.

Chironomidae and Naididae were the most abundant
and constant families in the lotic environments studied.
Tapia et al. (2018) report that these are the families that
contributethe mostto the diversity of freshwater ecosystems,
while Molina et al. (2008) mention oligochaetes as the
most abundant organisms in high Andean ecosystems.
Chironomidae is a resistant and resilient taxon to
anthropogenic action that leads to the impoverishment
of biological communities, and consequently, ecosystem
alteration (Maroneze et al., 2011). Other families, such
as Limnesidae, were recorded by Luque-Fernandez et al.
(2020) for the Chalhuanca region, which is close to the
current study area and located at a similar altitude.

The high Shannon-Wiener index values at stations
El, E3 and E4 after the rainy seasons, are in agreement
with Custodio and Chaname (2016), who report higher
values during low water level months. The dam upstream
from station El, in contrast to the other sampling
stations, causes alterations in the environment, such as
temperature changes (Hendricks, 1984), changes in the
downstream hydrological regime, causing changes in
water flow and flow rate regulation, thereby leading to
homogeneity of microenvironments and dragging benthic
fauna (Fossati et al., 2001; Gutiérrez-Yurrita et al., 2002;
Hurtado et al., 2005).

The ABI has proved to be efficient in evaluations of high
Andean rivers above 2,000 m asl and areas with anthropic
influence. The ABI has been applied in Colombia, Ecuador
and Peru (Meneses-Campo et al., 2019).

Macroinvertebrates in lentic environments

Twenty-six families were recorded in lentic
environments, the most abundant phyla being Arthropoda
and Annelida. This coincides with studies by Huaman et
al. (2002), Chocano-Arévalo (2005), Ludefia-Guaman and
Rojas-Lopez (2014) and Velasquez (2018), among others,
in environments at elevations of 3,000 to 4,000 m asl.
Twenty-three families were reported from ponds in the
Maya region in Guatemala (Reyes-Morales, 2013); 22 in
ponds in Bolivia (Lino et al., 2004), high Andean wetlands
in Chile (Villagran-Mella et al., 2006) and the wetland in
Jaboque, Bogota, located at 2,540 m asl (Rivera, 2011).

The highest abundance values in ponds were recorded
in July (dry season) for station E5 and November (transition
season) for station E6. This coincides with observations by
other authors, who report greater abundance during the
dry season (Gomez-Hernandez & Salazar-Santana, 2015;
Gutiérrez, 2005; Lino et al., 2004; Pineda & Quiroz, 2015;
Rico-Sanchez et al., 2014; Velasquez, 2018). Ortiz (2005)
says that the increase in abundance during the dry season
is due to the decrease in flow and in total solids. Lino et
al. (2004) suggest that after the period of disturbance by
flooding, the favorable conditions triggerrapid development
of macroinvertebrate fauna and consequent increase in
their abundance during the transition season, since the
organisms must attain their maximum development before
the new period of high waters, when their numbers drop
drastically. Another hypothesis suggests that benthic fauna
density decreases when the water level rises, and increases
when the water level drops (Fittkau et al., 1975; Irmler,
1975; Nessimian et al., 1998).

The families with the greatest abundance at stations
ES5 and E6 were Cyprididae, Naididae and Corixidae. In
particular, the presence of Cyprididae was recorded in
high Andean ponds in Argentina, finding a frequency of
100% (Locascio de Mitrovich et al., 2005), as well as in
Lake Titicaca (Dejoux & Iltis, 1991), and in Chalhuanca
(Luque-Fernandez et al., 2020). In the current study, the
greatest abundance of Cyprididae was recorded at station
E6 in December (68.29%), which is the transition to the
rainy season, so the presence of these ostracods (eggs,
larval stages, juveniles, and adults) is limited to still water
zones, which can be dragged towards floodable zones and
modify populations on the lake shore (Dejoux & Iltis,
1991). Ostracods play a key role in the trophic web, being
the main energy pathway in limnetic ecosystems (Fabian &
Cruz-Pizarro, 1997). In addition, Cyprididae is considered
an excellent aquatic bioindicator because it is sensitive
to changes in salinity, temperature, conductivity, depth,
and composition of the water (Echeverria, 2016; Meisch,
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2000; Pérez et al., 2010). Moreover, the type of substrate
(sand, clay, silt) and food availability also influence its
distribution and abundance (Chacon & Rivas, 2009).

The high abundance of the family Naididae coincides
with the observations by Ludefia-Guaman and Rojas-Lopez
(2014) and Huaman et al. (2002). Its presence is related to
low oxygen concentrations and plentiful detritus, making it
useful as a bioindicator of water pollution (Rivera, 2011).

The greatest abundance of the family Corixidae was
at station ES during November (transition period) and
July (dry period). Corixidae prefers slow-flowing, small
or medium size, shallow lentic waters, with free surface
and little submerged vegetation (Roldan, 1988), which
are features present at station ES. It is worth noting that
Corixidae are primary consumers in aquatic environments,
so their high abundance generates high availability for
higher trophic levels, since they are preyed upon by
other aquatic invertebrates and vertebrates (Barahona et
al., 2005). At station ES, highest abundance and richness
of macroinvertebrates was recorded in July, with high
Shannon index (1.50). However, evenness was lowest
also in July (0.57), explained by the high abundance of
Corixidae (over 50%). At station E6, the highest abundance
and lowest richness occurred in December, with the lowest
value for the Shannon index (0.99).

The biotic indices found in the current study based
on analysis of the macrobenthos community provide
information on the ecological condition and enable
temporal and geographic comparisons. The results show
that the impact of El Pafie reservoir and livestock-raising
activity is reflected by lower ecological quality than in
more pristine waters. Likewise, E3 showed a lower water
quality than the other stations. This is probably due to the
fact that there are residents that use the resource, especially
for cattle. The data contributed provide information
that will enable monitoring and management of the
affected areas.
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