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ABSTRACT

The quality of the aquatic environment of the Cunas River was evaluated through environmental indicators, 
in two contrasting climatic periods. Anthropogenic pressures on the aquatic environment were identified, and 
the BOD5 load contributed by the wastewater was determined. Water samples and benthic macroinvertebrates 
were collected, and water quality and trophic status were determined. The BOD5 load contributed by 
wastewater from fish, livestock, and urban activities was 23,27kg/ day, 284,31 kg/day and 349,70 kg/day. 
The water quality of sectors S1, S2 and S3, according to the EPT, (Ephemeroptera, Plecoptera, Trichoptera), 
BMWP (Biological Monitoring Working Party) and H’ (Shannon-Wiener diversity index) was good, regular 
and poor, respectively. According to the INSF (National Sanitation Foundation Index of the United States 
of America), the S1 and S2 presented good water quality and the S3 average water quality. According to the 
chlorophyll a, the three sectors had low trophic levels. Therefore, the quality of the aquatic environment 
supports significant anthropogenic pressures that have an impact on water quality and trophic status.

Keywords: High andean aquatic environment, water quality indexes, diversity, benthic macroinvertebrates, 
trophic state.

RESUMEN

Se evaluó la calidad del ambiente acuático del río Cunas mediante indicadores ambientales, en dos 
periodos climáticos contrastantes. Se identificaron las presiones antropogénicas sobre el ambiente acuático 
y se determinó la carga de DBO5 aportada por las aguas residuales. Se colectaron muestras de agua y 
de macroinvertebrados bentónicos y se determinó la calidad del agua y el estado trófico. La carga de 
DBO5 que aportan las aguas residuales de las actividades piscícola, pecuaria y urbana fueron de 23,27 
kg/día, 284,31 kg/día y 349,70 kg/día. La calidad de agua que presentaron los sectores S1, S2 y S3, según 
los índices EPT (Ephemeroptera, Plecoptera, Trichoptera), BMWP (Biological Monitoring Working 
Party) y el H’ (índice de diversidad de Shannon-Wiener), fue buena, regular y mala, respectivamente. 
Según el INSF (índice de la National Sanitation Foundation of the United States of America) los S1 y S2 
presentaron calidad de agua buena y el S3 calidad de agua media. Según el indicador clorofila a, los 
tres sectores presentaron bajos niveles tróficos. Por lo tanto, la calidad del ambiente acuático soporta 
presiones antropogénicas significativas que repercuten en la calidad del agua y el estado trófico.

Palabras clave: Ambiente acuático altoandino, índices calidad de agua, diversidad, macroinvertebrados 
bentónicos, estado trófico.
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INTRODUCTION

The increasing deterioration that inland aquatic 
ecosystems are experiencing as a result of natural 
and anthropogenic pressures, both on a global and 
watershed scale [1-3], requires a growing need to 
identify and quantify the various sources of pressure 
and their impacts on river flow and sediment 
discharge [4]. In recent decades, biotic indices have 
been developed to assess the effect of anthropogenic 
interventions on these ecosystems [5-6], highlighting 
those that rely on the use of bioindicators as they 
provide a rapid response and quantifiable against 
various perturbations of the medium [7]. Also, they 
allow a better understanding of the processes of 
alteration of the water quality [8].

Currently, new indices have been generated based 
on these indicators using computational methods, 
in order to reduce the intrinsic uncertainties and 
subjectivities of environmental problems [9]. 
However, in order to provide information on the 
historical state of a water body and not just at the 
moment of sampling, multi-metric indices have been 
developed using bio indicators [10]. Among the most 
frequently, used bio indicators in the assessment of 
water quality are the macroinvertebrate and benthic 
algal communities, as they have a wide geographic 
distribution and respond rapidly to environmental 
changes [11].

Other methods of bio indication of rivers are those 
that use the trophic macrophyte index (ITM), and 
the reference index (IR). The ITM allows evaluating 
the trophic state of running water; however, it 
is susceptible to small variations in phosphorus 
concentration. IR indicates the ecological status 
of the river, which is influenced not only by the 
trophic state but by all environmental factors of the 
community of reference [12]. Another method of 
rapid and efficient forecasting is the process-based 
model and the data assimilation technique, which 
improves the prediction of water quality indicators 
and thus facilitates efficient management of water 
resources.

Because of the events related to climate change, 
integrated spatiotemporal ecosystem models 
and indexes are useful tools for ecosystem 
management. In different parts of the world, 
multi-indices of biotic integrity have been 

developed based on macroinvertebrates, as in 
Kenya, which has generated an index for its 
application in a tropical watershed [13]. In other 
regions, water quality is evaluated using benthic 
macroinvertebrate biodiversity indexes, considering 
relative abundance, Shannon index, Simpson index, 
and Pielou uniformity together with environmental 
variables [14]. Other indexes for monitoring 
surface water quality are the water quality index 
of the National Sanitation Foundation-INSF and 
the biotic index of benthic macroinvertebrates 
[15]. The INSF includes the indicators TDS, DO, 
pH, NO3-N, TP and temperature [16]. However, 
the Environmental Protection Agency has urged 
states to adopt numerical criteria for nutrients 
to protect water quality. In several states, the 
new numerical criteria have incorporated the 
nutrient criteria (nitrogen and phosphorus) and 
a biological criterion (chlorophyll a in lakes or 
benthic macroinvertebrates in rivers) [17].

It is well established that the natural flow regime of 
a river is a key determinant of ecological integrity 
and that frequent derivations of flows can be 
detrimental to biotic communities and even affect 
the structure of the river ecosystem [18]. The hydro 
ecological analysis to identify potential differences 
in the benthic community before and after impact 
provides valuable information for the provision 
of biologically derived environmental flows 
[19-20] and an essential input of hydrodynamic 
habitat models to facilitate scenario selection 
of optimal environmental flow to ensure the 
integrity of aquatic ecosystems downstream from 
anthropogenic activities that cause hydrological 
alterations [21-23]. Peru, is a country with a 
strategic location for continental water resources, 
has 71% of tropical glaciers in South America, 
25% of aquatic ecosystems in the Amazon region 
and their basins represent 5% of sweet water of 
the world [23].

However, it becomes highly vulnerable to the effects 
of climate change because it affects the amount of 
water [24], given that in the last 40 years glaciers 
have recorded a surface loss of 42.64% over the 
1970 inventory. Also, like many other countries, 
water pollution is one of the major environmental 
problems, not only because it limits the availability 
of water for human consumption, but it reduces the 
multiple uses of water [2].
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In the sub basin of the Cunas River, productive 
activities are carried out -pisciculture, agriculture, 
and livestock-. As well, as secondary activities 
typical of urban centers and extractive activities. 
Increasing and intensifying these activities are 
exerting strong pressure on the aquatic environment, 
causing environmental problems such as degradation 
of water quality, decline, and loss of biodiversity 
–altering, reducing or suppressing aquatic habitats– 
and negatively impacting on human well-being 
and the health of aquatic ecosystems on a global 
scale as well as in watersheds. In this context and 
given the great importance of continental aquatic 
ecosystems, there is a need to apply tools to monitor 
the quality of these ecosystems in order to achieve 
sustainable management of these resources. The 
objective of the study was to evaluate the quality 
of the aquatic environment of the Cunas River 
through environmental indicators, in two contrasting 
climatic periods.

MATERIAL AND METHODS

Description of the study area
The study area is located in the sub basin of the 
Cunas River in the central highlands of Peru, on 
the right bank of the Mantaro River basin, between 

coordinates 11º 45 ‘and 12º 20’ south latitude; 
75º 15 ‘and 75º 45’ west longitude. The drainage 
network of the Cunas River hydrograph system 
has a centripetal confluence, and its main channel 
describes the shape of the letter S, with west-east 
direction. It has a length of 101,80 km, starting from 
the highest level at 4 797 masl and the lowest at the 
river mouth at 3 190 masl. Three sampling sectors 
were defined in the Cunas River, S1 (San Juan de 
Jarpa), S2 (Chambará) and S3 (Chupaca), according 
to their representativeness of the area in terms of the 
influence of anthropogenic activity using the global 
positioning system (Figure 1). In each sampling 
sector, 10 stations were established so that the data 
collected allowed reducing the sampling error.

Record of anthropogenic pressures on the quality 
of the aquatic environment of the Cunas River
The identification of the anthropogenic pressures 
on the quality of the aquatic environment of the 
Cunas River was carried out prior to the area that 
included the study and recording of the anthropogenic 
activities and their respective sources of pressure. 
The magnitude of the pressures was determined 
from the flow of residual water to the river and the 
biological oxygen demand (BOD5), according to 
anthropogenic activity.

Figure 1. Location of the water sampling stations and benthic macroinvertebrates 
of the Cunas River, by sector.
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Collection and physical-chemical analysis of water
Water samples were collected during two stages. 
The first corresponded to the rainy season (February, 
March, and April) and the second to the dry season 
(May, June, and July) in 2016. In Both water 
samples were collected in the direction opposite 
to the flow of the stream from the surface of the 
river in bottles previously treated with a solution of 
hydrochloric acid in equal proportions with distilled 
water, according to the protocol of the Ministry of 
Health [25-26]. The indicators determined in situ 
by Hanna Instruments portable equipment were: 
dissolved oxygen, total dissolved solids, temperature, 
pH and turbidity. The biological oxygen demand 
(BOD5) was determined using the Respirometric 
method with the OxiDirect Lovibond equipment 
[27]. Nitrates and phosphates were determined with 
the PC-MultiDirect photometer.

Collection and analysis of benthic macro-
invertebrate communities
A length of 1000 meters was defined in each sampling 
area. Samples of benthic macroinvertebrates were 
collected using a Surber net of 0.09 m2 sampling 
surface area and a 250 μm opening mesh. The 
sampling points were established every 100 meters, 
and in each of them, the sample consisted of three 
replicates. The samples were fixed with alcohol of 
70º for their respective taxonomic identification. 
For this, different taxonomic keys of benthic 
macroinvertebrates were used [28-29].

Determination of chlorophyll by fluorometry
The estimation of the algal biomass was performed 
at a wavelength of 470 nm based on the fluorescence 
values, which is the one emitted by chlorophyll 
without excitation by light [30]. Initially, the 
measurement parameters of the apparatus were set. 
Then the calibration of the fluorometer was performed 
with the standard solid, and the fluorescence emission 
was measured [31].

RESULTS AND DISCUSSION

Anthropogenic pressures in the aquatic 
environment of the Cunas River
The results show that the waters of the river Cunas 
in their route from the headwaters of watershed 
are derived for diverse anthropogenic activities. 
Furthermore, they receive wastewater discharges from 
fisheries, livestock, urban and turbine activities at 

the Huarisca hydroelectric plant (Figure 2), causing 
fluctuations in water levels and spatial and temporal 
differences in water chemistry [32]. The results 
obtained from the evaluation of the anthropogenic 
pressures on the aquatic environment revealed 
that the fishery activity discharges to the river an 
average residual water of 35,33 L/s with a BOD5 
load of 23,27 Kg/day. The livestock activity makes 
an average contribution of 3,57 L/s of wastewater 
with a BOD5 load of 284,31 Kg/day, and the urban 
activity makes an average contribution of 11,00 L/s 
of wastewater with a load of BOD5 of 349,70 Kg/day.

The difference in the BOD5 load that these 
activities contribute to the river is mainly due to 
the concentration of the BOD5 that each type of 
residual water presents. Thus, the waters produced 
by the fish activity had an average concentration of 
BOD5 of 7,57 mg/L, which is between the maximum 
permissible limits (MPL) and even for environmental 
quality standards (EQS) for the water of Sierra 
Rivers (<10 mg/L) [33]. Wastewater from livestock 
and urban activities had an average concentration of 
BOD5 of 892,33 mg/L and 368,33 mg/L, exceeding 
the MPL of effluents for surface water (50 mg/L and 
discharged to water bodies (100 mg/L of Peruvian 
legislation, , respectively, generating processes that 
impoverish and increasingly reduce the capacity of 
aquatic ecosystems to eliminate these wastes [2], 
which endangers the sustainability of food supply 
and the biodiversity.

Other pressures detected were the interruption of 
the natural channel of the river, presence of riparian 
defenses at both margins (by concrete platforms) 
and occupation of the marginal river bank for the 
development of agricultural activities and dispersed 
human settlements. The percentage of occupied 
marginal forest area for agricultural production 
and urbanization was 13,92% (7,04 ha) and 0,24% 
(0,12 ha), respectively. The elimination of riparian 
vegetation in much of the river is another of the 
identified pressures. This type of pressure reduces 
the thermal stability of the water column, increases 
the frequency of sediment and aquatic macrophytes, 
and facilitates the entry of contaminants into 
bodies of water [34]. Among the most important 
consequences of this pressure are the deterioration 
of water quality, and the reduction of biodiversity 
[35], due to the destruction of the habitat of many 
adult states of aquatic entomofauna.
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Figure 2. Sources of pressure on the aquatic environment of the Cunas River. (a) Fish activity 
in the marginal strip of the river, (b) Discharge of wastewater from the livestock 
activity, (c) Discharge of municipal wastewater, (d) Extraction of water and discharge 
of wastewater from the washing activity of carrot, (e) Occupation of the marginal 
strip of the river Cunas by maize crops, (f) Discharge of water from the turbine of 
the hydroelectric plant of Huarisca.

a b

c d

e f
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Determination of water quality through the 
Index of the National Sanitation Foundation of 
the United States of America - INSF
In Table 1, the descriptive statistics of the physical-
chemical and bacteriological indicators of the 
water quality of the Cunas River are presented, 
considering the sector and the sampling time. The 
pH of the water presented variations with averages 
ranging from 7,60 in the S1, in the dry season 
to 8,13 in the S3, during the rainy season, with 
values that did not exceed the RQSs of Peru (6,5 
-9,0) and those of WHO (7,0-8,5). In both times, 
the data revealed that the pH tendency of water 
towards alkalinity would be related to the edaphic 
conditions through which the current flows, to the 
agricultural activity [36] and the discharges of 
residual waters that are carried out directly to the 
bed river [37]. Another factor no less important that 
would be contributing in the variation of the pH 
of the water would be the photosynthetic activity 
(CO2) that happens during the day [38].

The values of turbidity were higher in the rainy 
season, reaching a maximum value of 16 FTU 
(Formazine Turbidity Unit) in S3. This increase in 
water turbidity generates interference from light 
penetration and as a consequence, affects the normal 
development of aquatic biota and deterioration of 
water quality [39-40]. Also, soil erosion due to the 
extraction of sand and stone for the buildings and 
suspended solids of the wastewater in this sector 
of the river would be contributing to the increased 
turbidity caused by poor and stressful conditions 
for the aquatic life in the river. Similar behavior to 
turbidity was observed for conductivity and total 
dissolved solids of the water in the three sampling 
sectors.

The lowest dissolved oxygen concentrations were 
recorded at S3, at both sampling times. This decrease 
in oxygen concentration reveals that aquatic life 
is being disturbed both in its abundance and in its 
diversity [41]. Dissolved oxygen is undoubtedly 

Table 1. Descriptive statistics of the physical-chemical and bacteriological indicators of the water quality 
of the Cunas river, according to the sector and time of sampling.

Indicator

S1 S2 S3

Dry Season

Minimum Maximum 
Average

Minimum Maximum 
Average

Minimum Maximum 
Average

pH (Unity) 7,40 7,80 7,60 7,70 8,00 7,80 6,50 8,10 7,10
Turbidity (FTU) 0,42 1,80 0,94 0,30 0,98 0,59 13,50 15,00 14,50
BOD5 (mg/L) 5,00 6,20 5,80 5,50 7,10 6,10 15,00 17,30 15,77
Dissolved Oxigen (% saturation) 88, 0 90,0 89,0 77,0 78,5 77,8 60,0 65,0 61,67
Temperature (ºC) 4,00 11,00 7,40 11,50 13,20 12,20 11,50 13,00 12,17
Total dissolved solids (mg/L) 190,00 250,00 218,33 280,00 355,00 315,00 370,00 410,00 393,33
Phosphate (mg/L) 0,00 0,06 0,02 0,00 0,16 0,06 0,08 0,35 0,20
Nitrates (mg/L) 0,79 1,86 1,46 1,73 2,86 2,24 5,50 5,85 5,69
Thermo-tolerant coliforms (NMP/100ml) 43,00 75,00 53,66 210,00 240,00 230,00 450,00 >1100 883,33

Rainy Season

pH (Unity) 7,20 8,00 7,70 7,50 8,30 7,93 7,80 8,50 8,13
Turbidity (FTU) 5,00 5,10 5,03 8,00 9,30 8,60 11,00 16,00 13,7
BOD5 (mg/L) 5,10 5,40 5,13 8,30 8,80 8,53 9,70 10,5 10,07
Dissolved oxígen (% saturation) 89,50 90,10 91,33 89,5 90,1 89,9 50,00 55,50 52,05
Temperature (ºC) 11,00 11,20 11,10 12,50 14, 0 13,50 13,00 15,00 13,83
Total dissolved solids (mg/L) 262,00 298,00 282,50 218,00 303,00 265,33 290,00 345,00 203,45
Phosphate (mg/L) 0,00 0,02 0,01 0,00 0,02 0,01 0,02 0,20 0,13
Nitrates (mg/L) 0,00 0,02 0,01 1,02 2,12 1,40 3,50 5,00 4,33

Thermo-tolerant coliforms (NMP/100ml) 43,00 75,00 53,66 210,00 240,00 230,00 450,00 >1100 883,33
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the most important of the dissolved gases found 
in natural waters. Oxygen can become a limiting 
resource at high temperatures when oxygen demand 
is high, especially in water, since oxygen uptake is 
much more difficult under water than in air [42]. 
This gas, together with temperature determine 
the richness and distribution patterns of benthic 
macroinvertebrate families [43]. However, the amount 
of oxygen also depends on the characteristics of 
the channel, water turbulence, and chemical and 
biological processes [44].

The mean BOD5 ranged from 5,13 mg/L in the 
S1 during the rainy season to 15,77 mg/L in the 
S3, during the dry season, with a maximum of 
17,30 mg/L. The data in the dry season in S3 reveal 
the strong pressure that the bodies of water are 
undergoing due to the discharges of domestic and 
industrial waste waters that are made in this part of 
the river. According to the RQS of Peru, category 
1-A intended for the production of drinking water 
with disinfection should not exceed 3,00 mg/L, 
with conventional treatment at 5,00 mg/L and 
with advanced treatment at 10,00 mg/L. Whereas 
for Category 4 intended for the preservation of the 
aquatic environment, it should not exceed 10 mg/L. 
Similarly, according to the WHO drinking water 
standard, BOD5 should not exceed 6,00 mg/L [45].

The variation of the water temperature did not present 
significant changes, although a slight increase was 
observed in S3, during rainy season. The mean 
total dissolved solids varied from 190 mg/L in S1 
to 410 mg/L in S3, during the dry season. While 
in the rainy season the behavior of this indicator 
was different. Temperature is a limiting factor for 
most aquatic organisms and in fact is one of the 
constants that takes on great importance in the 
development of the different phenomena that take 
place in the water since it determines the tendency 
of its physical properties and the richness and 
distribution of macroinvertebrate families [5]. 
The data recorded in the three sampling sectors 
basically reflect a uniform temperature, although 
higher in the S3, where the low flow rate and the 
scarce vegetation cover, due to the elimination of the 
riparian vegetation, determine high environmental 
temperatures and, consequently, water temperature.

Phosphates had a mean value ranging from 0,02 mg/L 
in S1 to 0,20 mg/L in S3, both in the dry season. 

Phosphates increased downstream as wastewater 
discharges and detergent supply occurred. Phosphorus 
is one of the factors limiting the growth of algae 
and aquatic plants, so that the determination of 
their concentrations allows to detect problems of 
eutrophication of water bodies [17]. The values 
obtained for phosphates in the three sampling sectors 
do not exceed RQS (0.50 mg/L), for the conservation 
of the aquatic environment, but the international 
standard for drinking water (0.10 mg/L) [46].

Nitrates presented higher concentrations in the 
three sampling sectors, with averages varying from 
0,79 mg/L in S1 to 5,85 mg/L in S3, both during the 
dry season. However, these results did not exceed 
the RQSs for rivers and coastal waters (10,00 mg/L), 
but for lakes and lagoons (5,00 mg/L). The nutrient 
loads contributed by different agricultural activities 
reduce the oxygen level in the surface water, due 
to the contribution of fertilizers [47].

The minimum values of thermo-tolerant coliform 
concentration were presented in the S1 (43 nmP/100 
ml) and the maximum values in the S3 (> 
1100 nmP/100 ml), in both seasons. The increase in 
the concentration of thermo-tolerant coliforms in this 
sector would be due to the discharges of municipal 
residual waters that are sent directly to the river, 
without any treatment. The values of thermo-tolerant 
coliforms exceed the RQS thresholds for river water 
in the highlands, showing bacterial contamination. 
The consequences of this type of contamination for 
human health at a global level causes economic 
costs of 12 million dollars a year [47].

The results of the water quality of the Cunas 
River, obtained from the physical-chemical and 
bacteriological indicators, according to the index of 
the National Sanitation Foundation-INSF qualified 
the water masses of the S1 and S2 as water of good 
quality. In S1, INSF values ranged from 76,46 to 
79,82 in the dry season and from 75,71 to 78,80 in the 
rainy season. In S2, INSF values ranged from 69,47 
to 71,70 in the dry season and from 71,93 to 72,47 
in the rainy season. In S3, INSF classified the water 
bodies as medium quality water, with values ranging 
from 53,50 to 55,96 during the dry season and from 
51,89 to 53,76 during the rainy season (Table 2).

Considering that water quality indices are tools that 
provide a more accurate perspective of the ecological 
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state and the state of the biological environment 
[16], the results obtained through physical-chemical 
and bacteriological indicators have been integrated 
through the water quality index -INSF. This index 
qualifies the water masses of the S1 and S2 with 
good water quality, which shows that the degree of 
threat is lower because the conditions are close to 
the natural ones. In S3, the water presents medium 
water quality, indicating that the conditions in this 
sector are constantly different from the natural ones.

These results reveal that the waters of the Cunas River 
in the upper part of the river do not yet experience 
severe pollution problems, considering that good 
quality waters can withstand an important diversity 
of aquatic life and are suitable for all types of 
recreation and purification. Medium-quality waters 
generally reveal significant levels of contamination, 
have less diversity of aquatic organisms and often 
exhibit abnormal growth of algae. Therefore, if 
human activities continue to develop without regard 
to environmental criteria, water quality will be 
severely affected.

In general terms, the INSF values obtained show a 
variation of the water quality in the three sampling 
sectors. The S1 sector presented a good water quality, 
which indicates that the water quality of this sector 
supports a lower degree of threat and rarely departs 
from conditions close to natural levels and established 
parameters. In S2, although the INSF qualified water 
bodies as good quality, it also reveals its tendency to 
move away from conditions close to natural levels. 
In S3, INSF presented average water quality with 
a tendency to reach poor water quality, revealing 

that water quality is being affected by domestic and 
industrial wastewater discharges without previous 
treatment with a BOD5 load of 349.70 kg/day.

Determination of water quality through biotic 
and diversity indexes
Four phyla, seven classes, 11 orders and 23 families 
of benthic macroinvertebrates were identified in 
the Cunas River, during the dry and rainy seasons, 
in S1, S2, and S3 (Table 3). From these, the water 
quality was determined by applying the EPT and 
BMWP biotic indexes and the Shannon-Wiener 
diversity index [H’].

The water quality of the Cunas river, according to 
the EFA index varied according to the sampling 
period and time. In S1, the water masses presented 
good water quality during the rainy and dry season, 
revealing low levels of organic pollution. In S2 and S3, 
the water quality was regular and poor, respectively, 
in both seasons, indicating contamination. Since the 
number of taxa of Ephemeroptera, Plecoptera and 
Trichoptera (EPT) decreased downstream, being 
replaced by taxa of the order Diptera, which are 
mostly more tolerant to contamination by organic 
matter. The quality of the water obtained according 
to the BMWP index in S1 was good in both seasons, 
with no signs of contamination. In S2, the water 
masses presented an acceptable water quality in 
both rainy and dry times, indicating low levels of 
organic pollution. In S3, water quality was regular, 
indicating moderate contamination (Table 4).

The quality of water obtained according to the 
Shannon-Wiener diversity index [H’] in S1 varied 

Table 2. Cunas River quality by INSF from physics, chemistry and bacterial indicators based on sampling 
sector and season.

Sampling 
Sector

Water quality - INSF

Statistics Dry Rainy Quality Color Characteristics

S1
Maximum 79,82 78,80 Good

Lower degree of threat.Minimum 76,46 77,06
Average 78,53 77,19

S2
Maximum 71,70 72,47  Good

Tendency to move away from conditions close 
to natural levels. 

Minimum 69,19 71,93
Average 70,11 72,23

S3
Maximum 55,96 53,76 Average

Conditions are constantly differing from natural 
conditions.

Minimum 53,50 51,89
Average 54,82 53,11
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Table 3. Value of tolerance to the contamination of the benthic macroinvertebrate taxa of the Cunas 
River, collected during the dry season and rainy season.

Phylum Clase Order Family

Tolerancy value

Dry Rainy

S1 S2 S3 S1 S2 S3

Platyhelmintes Turbellaria Tricladida Dugesiidae 6 6 6 6 6 6

Annelida
Oligochaeta Tubificida Tubificidae 1 1 1 1 1 1
Hirudinea Glossiphoniiformes Glossiphoniidae 5 5 0 0 5 0

Mollusca Gastropoda Basommatofora Lymnaeidae 0 0 0 0 7 7

Arthropoda

Crustacea Amphipoda Hyalellidae 7 0 0 7 0 0
Arachnoidea Acari Hydrachnidiidae 0 0 0 0 0 3

Insecta

Ephemeroptera
Baetidade 7 7 0 7 0 0
Leptophlebiidae 9 9 0 9 9 0

Plecoptera
Perlidae 10 0 0 10 10 0
Gripopterygidae 0 0 0 10 0 0

Trichoptera
Hydropsychidae 7 7 0 7 0 0
Hydroptylidae 8 8 0 8 8 0
Limnephilidae 8 8 8 0 0 0

Coleoptera

Elmidae 6 6 6 6 6 6
Hydrophilidae 3 3 0 3 0 0
Scirtidae 4 4 4 0 0 0
Hydraenidae 8 8 0 8 0 0

Diptera

Ceratopogonidae 5 5 5 5 5 5
Chironomidae 2 2 2 2 2 2
Simuliidae 7 7 7 7 7 7
Tipulidae 3 3 3 3 3 3
Empididae 4 4 4 4 4 4
Psychodidae 2 2 2 2 2 2

 biotic index of families-BMWP 112 95 48 105 75 46

Table 4. Water quality of the Cunas River according to the EPT and BMWP indexes.

Sector Season
 EPT index  BMWP index

Value (%) Quality Value Quality Color Meaning

S1
Dry 57,27 Good 112 Good

Non contaminated water
Rainy 64,76 Good 105 Good

S2
Dry 26,04 Regular  95 Aceptable

Slightly contaminated
Rainy 35,34 Regular  75 Aceptable

S3
Dry 14,60 Bad  48 Regular

Water moderately contaminated
Rainy 15,94 Bad  46 Regular

BMWP: Biological Monitoring Working Party.

from good to regular; from slightly to moderately 
polluted, from both in times of drought and rain. 
In S2, the water masses presented a regular water 
quality in both rainy and dry times, indicating 
organic pollution. In S3, the water quality was poor, 

revealing that the waters are heavily contaminated 
(Table 5).

The results obtained from the biological quality 
of water using the BMWP, EPT, and H ‘indexes 
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show that the structure of the macroinvertebrate 
communities follows a spatial pattern with specific 
environmental conditions [48-49]. The highest 
abundance of Ephemeroptera, Plecoptera, and 
Trichoptera was recorded in the sector of higher 
altitude (S1) compared to the registry of the 
individuals of the orders Tricladida, Tubificida and 
Glossiphoniiformes that follow the opposite pattern. 
The order Trichoptera constitutes an important 
component of the benthic communities and base of 
the trophic chain of aquatic ecosystems. The highest 
abundance of this order was recorded in S1, where 
the water quality is good. Other insects restricted to 
this sector are Plecoptera and Ephemeroptera, which 
are dependent on water quality, these individuals 
being the most demanding within the group of 
macroinvertebrates in water quality [10-11].

The order Diptera presents the largest abundance, 
being the Chironomidae family the most representative 
with a wide distribution spectrum, extending to all 
the zoogeographical regions including Antarctica 
[50]. However, the lower abundance of Chironomidae 

recorded in S1 confirms the good water quality 
in this sector. Whereas, the greater abundance of 
these individuals recorded in the S3, reveals the 
contamination that their waters present, as well as the 
low levels of oxygen [14]. Additionally, the decrease 
in macroinvertebrate density is related not only to 
the decrease in water quality and food, but also to 
the interference of breathing mechanisms and other 
physiological and morphological characteristics [51].

The biological water quality gradient recorded along the 
Cunas River seems to respond to a combination of the 
effects derived from anthropic activities (aquaculture, 
agriculture and livestock, and domestic and industrial 
wastewater discharges) and natural variations experiment 
the environmental factors that condition the distribution 
and structure of the macroinvertebrate community.

Determination of the trophic status of the Cunas 
river using the chlorophyll indicator a
The results of the evaluation of the trophic state 
according to the concentration of chlorophyll a, 
varied according to the sector and time of sampling. 

Table 6. Trophic state of the Cunas River, according to sector and sampling time.

Sampling sector Statistics

Medium chlorophyll a 
(µg/L) / Season Trophic state

Rainy Dry

S1
Maximum 1,63 1,57

OligotrophicMinimum 0,75 1,32
Average 1,34 1,46

S2
Maximum 3,61 4,85

OligotrophicMinimum 2,90 2,97
Average 3,14 3,60

S3
Maximum 5,13 5,52

MesotrophicMinimum 4,88 4,75
Average 4,96 5,01

Table 5. Water quality of the Cunas River according to the Shannon-Wiener diversity 
index [H’].

Sector Season H’ Quality Color Condition

S1
Dry 2,02 Good Water slightly contaminated
Rainy 1,88 Regular Water moderately contaminated

S2
Dry 1,10 Regular

Water moderately contaminated
Rainy 1,52 Regular

S3
Dry 0,98 Bad

Water heavily contaminated
Rainy 0,23 Bad
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S1 and S2 presented average values of chlorophyll 
a low (oligotrophic) in both rainy and dry seasons. 
However, these results would be conditioned by the 
fact that phytoplankton is sensitive to water velocity 
and turbulence. In S3, chlorophyll a concentrations 
increased at both sampling times (Mesotrophic), 
which indicates the increase of the algal load in this 
sector due to the increase of organic matter (Table 6).

Chlorophyll a values obtained at both sampling 
times indicated that S1 and S2 presented a low 
trophic level (oligotrophic). This is due to the low 
algal load of these sectors due to the influence of 
altitude, temperature, stream velocity, riparian 
vegetation, substrate and light, among other factors 
[11]. However, the increase in the concentration of 
this pigment in the lower part of the Cunas (S3) river 
reveals the contamination generated by the discharge 
of wastewater into the river without prior treatment, 
with high organic matter content and nutrients that 
stimulate the growth and development of the perifiton 
[52]. This situation is reflected by the decrease in 
the abundance of benthic entomofauna, mainly of 
Ephemeroptera, Plecoptera and Trichoptera.

CONCLUSIONS

The results show that anthropogenic pressures are 
exerting strong pressure on the aquatic environment 
and the biological communities of the Cunas river. 
Whit an averege contributions varying from 3.57 
L/s of livestock waste water (with an average 
concentration of BOD5 of 892, 33 mg/L and a load 
of BOD5 of 284.31 kg/day) at 11.00 L/s of urban 
waste water (with a mean BOD5 concentration of 
368.33 mg/L and a BOD5 load of 349,70 kg/day), 
they are negatively affecting water quality as well as 
the structure and functioning of these communities. 
This situation is reflected by the decrease in the 
abundance of benthic entomofauna, mainly of 
Ephemeroptera, Plecoptera, and Trichoptera. 
Additionally, the results also reveal the importance 
of integrating environmental pressure indicators 
with state indicators in assessing the quality of the 
aquatic environment in the high Andean rivers.
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