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Abstract

The influence of water quality on the variation patters of benthic macroin-
vertebrate communities in the lakes in the central highlands of Peru was eva-
luated. Samples of water and sediments were collected in 23 different sam-
pling sites last 2017. The physiochemical variables of water quality deter-
mined on site were: DO, TDS, EC, temperature and pH. The results obtained
revealed that the physiochemical indicators are within the environmental
quality standards for water, except COD and BOD;. Regarding the benthic
macroinvertebrates, four phyla were identified wherein the most common is
the phylum Arthropoda having the abundance and richness of taxa. The PCA
reduced the variables to a few significant components that caused variation in
water quality between lakes. The cluster analysis in relation to the relative
abundance of benthic macroinvertibrates grouped the 22 sampling sites into
three groups with the similar characteristics. The PCoA analysis of the ben-
thic macroinvertebrate communities showed a clear separation of sites. The
SIMPER analysis at the family-level showed the distribution of the most
common species. Therefore, at a significance level of 0.01 it demonstrates that
there are significant differences between the number of species and abun-
dance of the areas that were evaluated.
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1. Introduction

The growing shortage of water resources and their impact of the functioning of
ecosystems, make water one of the main objects of environmental protection [1].
The preservation of the integrity of aquatic environment implies conserving the
physical, chemical and biological quality of water, since it influences the abun-
dance and specific diversity of biological communities [2] [3]. However, despite
of the fact that freshwater ecosystems are among the most important in the
world, due to the multiple benefits and services they provide, anthropogenic ac-
tivities have continued to exert strong pressure on these ecosystems, causing en-
vironmental impacts with negative [4].

In many developing countries, the use of water resources faces socio-enviro-
nmental conflicts due to the growing deterioration that aquatic ecosystems are
experiencing [5]. In Peru, the situation is similar, although it is a country with a
strategic location for hydrological freshwater (it owns 71% of the tropical glaci-
ers of South America, 25% of the aquatic ecosystems in the Amazon region and
its watershed represents 5% of the world’s fresh water) [6]; water pollution is one
of the biggest environmental problems, due to the rapid growth of the country’s
urban centers. The degradation of water quality is reflected in the changes in the
composition of the biological communities and the loss of biodiversity that aq-
uatic ecosystems harbor [7] [8].

Currently, new tools are being generated to evaluate the state in which conti-
nental aquatic ecosystems are found, in order to reduce the intrinsic uncertain-
ties and subjectivities of the environmental problems that will be experiencing
[9], to provide information on the historical status of a body of water and not
only at the time of sampling, but also development of the multimetric indices
using bioindicators [10]. Among the bioindicators the most frequently used in
the evaluation of water quality are the macroinvertebrate and algae benthic
communities, since they have a wide geographical distribution and response
quickly to the environmental changes [11]. This study is focused spatially, in
lakes that come bearing direct and indirect pressures due to the development of
diverse anthropogenic activities, such as: the culture of fish (trout farming),
tourism (boat-riding for recreational purposes and bird watching), livestock,
agricultural activity, trade and discharges of wastewater from the human settle-
ments located in its surroundings. In view of this, and considering the high un-
certainty of the current state of these ecosystems, the objective of the study is to
evaluate the influence of water quality on the variation patterns of the benthic

macro invertebrate communities in the lakes of the central highlands of Peru.

2. Methodology
2.1. Description of the Study

The watershed of the Mantaro River is located in the central highlands of Peru,
between, 10°39' and 13°30' South latitude and between 74°00' and 76°30" West

longitude, with altitudes ranging between 500 to 5350 meters above sea level. It
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covers an area of approximately 34550.08 km* and forms part of the slope of the
Atlantic Ocean, covering the provinces of Pasco, Junin, Huancavelica and Aya-
cucho. The Mantaro River originates in Lake Junin and flows 735 kilometers to
its confluence with the Apurimac River. As a result, the study area has a very fri-
gid climate with an average annual temperature above 0°C and below 7°C, a
maximum temperature of 15°C and a minimum temperature of 9°C. It has an
annual rainfall of 920 mm with violent thunderstorms. Its flow depends on rain-
fall throughout the watershed, the level of the Lake Junin and the lakes located at
the foot of the mountains in the western mountain ranges and the snowy Huay-
tapallana. The lakes that are included in this study are: Pomacocha (Pc), Traga-
dero (Tg), Cuncancocha (Cc), Incacocha (Ic) and Nahuinpuquio (Nn) (Figure
1); two of which are located in urban areas with high commercial and tourist ac-
tivities; the other three have been used for the cultivation of Oncorhynchus my-
kiss.

2.2. Collection and Analysis of the Samples

Water sampling was carried out in five lakes of the central highlands of Peru, on
2017. In each lake, 23 sampling sites were defined and each of them were deter-
mined in situ: dissolved oxygen (mg/L), total dissolved solids (mg/L), conductiv-
ity (uS/cm), temperature (°C) and pH, using Hanna Instruments multiparameter
probes (HI 991301 Microprocessor pH/temperature, HI 9835 Microprocessor
Conductivity/TDS and HI 9146 Microprocessor dissolved oxygen), previously,
the equipment was calibrated at the respective sampling site. Also, 1L of water
from a depth of 20cm was also collected from each sampling site for bacterio-
logical analysis and analysis of nitrates, total phosphorus, COD and BOD;, in
containers previously mixed with a hydrochloric acid solution in proportion 1:1
and rinsed with distilled water. The measurements of these parameters were car-
ried out according to the standard methods [12].

The collection of sediments to obtain benthic macroinvertebrates was carried
out at the sites defined by Ekman-Birge dredger from Hydro-Bios. At each sam-
pling site, four sediment samples were taken. Then, 5% formaldehyde was added
to each of the samples for preservation and subsequent observation and identifi-
cation in the laboratory. The taxonomic identification of the benthic macroin-
vertebrates was carried out at the family level through a trinocular stereomi-
croscope, as they occur in the bioevaluation studies of freshwater ecosystems
[13].

2.3. Statistic Analysis

The analysis of the physicochemical variables of the water and the benthic macro
invertebrate communities were analyzed using the software PRIMER—E v7 and
MINITAB v 18. Because of the anthropogenic intervention in the evaluated lakes
can affect the distribution of benthic macroinvertebrate communities, the phy-
sicochemical variables of the water were analyzed according to the standard of
principal components analysis (PCA) in order to generate two-dimensional
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Figure 1. Location of the zones and sampling points of the evaluated lakes.

management maps [14] and look for linear relationship of better adjustment ac-

cording to the calculated PC, successively maximizing the variance. To obtain

the level of significance the PERMANOV A test was used according to the factor
determined by the cluster analysis.

In the cluster analysis of benthic macro invertebrate communities, a hierar-
chical and agglomerative classification was performed, generating a similarity
matrix with Bray-Curtis indices base on an abundance matrix of transformed
species by square root in order to produce a dendrogram [15]. Principal coordi-
nate analysis (PCoA) was also carried out to produce an ordinal figure [16]. The
statistical significance of the generated clusters was then tested using Permuta-
tional Multivariate Analysis of Variance (PERMANOVA) [17]. Each significant
association of species, resulting from the multivariate analysis, was characterized
by its number of species (S), number of individuals (V), for counted method.
The diversity was calculating whit:

- Shannon diversity index (H), as follow: H'= —ziszl p, log, p,, where p; is
the proportion of characters belonging to the #th type of letter in the string of
interest. In ecology, p;is often the proportion of individuals belonging to the
1th species in the dataset of interest.

- Margalef diversity index (d) using for calculate the species richness;
d= (S —1) / Log (N ); where s is the number of species present, and N is the
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total number of individuals found (belonging to all species). The notation Ln
denotes the Neperian logarithm of a number.

- Simpson index (1 — 1) for measure the degree of concentration when indi-
viduals are classified into types, 1-A1 :l—zi: p? ; where R is richness (the
total number of types in the dataset). The equation is also equal to the
weighted arithmetic mean of the proportional abundances p; of the types of
interest, with the proportional abundances themselves being used as the
weights.

The main indicator species and the associated percentage of indication were
determined for each significant set of species using the similarity percentage
(SIMPER) [18].

The BIOENV analysis [14] was used to identify which physicochemical va-
riables of water explains the differences in the distribution of benthic macro in-
vertebrate communities. The relative importance of each physicochemical varia-
ble in the accounting of the variation of the communities was determined by di-
rect selection using the DISTLM [19], according to the Akaike information cri-
teria and step by step selection to obtain a pseudo value F, which is a measure of
the importance of the general analysis of the predictor variables. In addition, the
distance-based redundancy analysis (dlbRDA) was carried out, which is a re-
stricted ordering method, to find out which are the best explanatory variables,
and which axes are significant [20]. The canonical correspondence analysis
(CCA) was used to evaluate the relationship between the composition of ma-

croinvertebrates and physicochemical variables.

3. Results

3.1. Water Quality Based on Physicochemical Indicators

Table 1 shows the mean and standard deviation of the physicochemical indica-
tors of water quality in high Andean lakes. The average pH of the water ranged
from 6.84 in the Pc Lake to 8.61 in Ic Lakes. The highest electrical conductivity
was recorded in the Tg Lake with an average of 269.81 pS/cm. The average
chemical demand-COD in the Tg and Cc lakes were higher than the water qual-
ity standards of Peru, category 3 (40 mg/L). While the biochemical oxygen de-
mand-BOD registered in all the lakes evaluated exceeded the water quality stan-
dards of Peru, category 4 (5 mg/L). The lowest dissolved oxygen concentra-
tions-DO was recorded in the Tg Lake. The average temperature ranged between
10.6°C in the Nn Lake and 17.70°C in Tg Lake. The total dissolved solids-TDS
showed an average from 2.58 mg/L in the Cc Lake to 9.20 mg/L in Tg Lake. The
average total phosphorus, nitrates iron and copper did not exceed to the Minis-
try of the Environment of Peru’s water quality standards for lakes.

In Figure 2, the result of the principal component analysis (PCA) of the phy-
sicochemical indicators and the sampling sites of the evaluated lakes are shown.

The first two components explain 77% of the total variability. The first component
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Table 1. Average and standard deviation of water quality indicators in 22 sampling sites
of high Andean lakes (Pc: Pomacocha, Tg: Tragadero, Cc: Cuncancocha, Ic: Incacocha,

Nn: Nahuinpuquio).

Indicator Pc Tg Cc Ic Nn
pH 6.84+0.13  7.56+042  7.16+025 861019  7.63%0.06
EC (pS/cm) 25424 +3.03 269.81 £7.50 260.35+439 262.53 £4.02 258.77 + 4.04
COD (mg/L) 31094092 59.64+023 46.88+125 38.83+031 34.52+040
BOD, (mg/L)  18.07+0.39 28.81+0.68 18.68+0.87 1851+037  20.80 +0.40
DO (mg/L) 668+0.11  612+007 649+0.16  643+005  7.12+0.08
Temperature ('C)  11.74+078  17.70+0.16 1138035 1051+041 10.61+037
TDS (mg/L) 3.09£007 920139  258+0.07 26320019 2.75+0.06
Total phosphorus
0.042 £0.006 1.519+0.036 0.802+0.019 0.500 +0.038 0.740 + 0.008
(mg/L)
Nitrates (mg/L) 0.396 £0.023 0.768 £0.029 0.466 +£0.003 1.506 +£0.023 1.555 % 0.037
Total iron (mg/L)  0.034 £0.001 0.044 +0.000 0.033 +0.000 0.017 +0.000 0.038 + 0.000
Total copper (mg/L) 0.002 +0.000 0.005 +0.001 0.002 +0.000 0.002 +0.000 0.002 + 0.001
Total lead (mg/L)  0.000 +0.000 0.001 +0.000 0.000 +0.000 0.001 +0.000 0.000 + 0.000
Total zinc (mg/L) ~ 0.000 +£0.000 0.001 +0.001 0.000 +0.000 0.000 +0.000 0.000 + 0.000
2 [Lagoon]|
Asa A Pc
A v Tg
= = Cc
14 = e lc
g Nn
wa v
0- vy
v
3
&4
-2 | Nitrate
oo
*
L2
3
2 A 0 1 2 4 5 6 7

PC1

Figure 2. Perceptual map of principal component analysis (PCA) based on the norma-
lized physicochemical indicators of central Andean lakes.

(60.1%) correlated positively and significantly with the temperature, the concen-
tration of total dissolved solids, lead, copper, BOD, COD and total phosphorus,
and negatively with dissolved oxygen and nitrates. On the other hand, the
second component (17.4%) correlated positively and significantly with total iron
and negatively with nitrate concentration and its pH. Therefore, the first com-
ponent would be indicating an anthropogenic pressure gradient, especially in Tg
Lake, while the second component could be related to the seasonal variability of

water characteristics. For example, at a level of significance of 0.05, the pH
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showed a high positive correlation with nitrates (0.80 Pearson rank) and nega-
tive correlation with total iron (-0.58), the COD correlated positively with BOD
(0.87), temperature (0.78), total dissolved solids (0.78), total phosphorus (0.92),
total copper (0.81), lead (0.84), and zinc (0.68) and, it was negatively correlated
with the DO (-0.73).

3.2. Variation Patterns of Benthic Macroinvertebrate
Communities

We counted 1307 individuals of benthic macroinvertebrates grouped in 12 taxa.
According to the point of partition, at 63% similarity, the cluster analysis
grouped the 23 sampling sites into three different groups. The sampling sites of
Tg Lake showed a greater dissimilarity with respect to the rest of the lakes. In
relation to relative abundance, the Pc, Nn and Ic Lakes generate a cluster with a
minimum similarity of 70%, differing from the one generated by the Cc Lake at a
level of similarity of 62%, making the cluster analysis allow in generating a dis-
criminating factor (Figure 3).

The non-metric multidimensional scaling analysis shows an average value of
stress level of 0.13 that according to the range given by Kruskal indicates an ac-
ceptable interpretation in the perceptual map, since the observation would rep-
licate the original distributions fairly. The principal coordinate analysis (PCoA)
of the composition of the benthic macroinvertebrate communities (Figure 4),
showed a clear separation of site, mainly between Tg and the other the lakes. The
first management axis shows that Lake Tg is separated from others, which ex-
plains a large part of the total variation (41.18%). The second management axis
explained less variation (25.27%) separating the Pc, Ic, Nl lakes from the Cc
lake. The analysis shows for the axis 1, values that range from —36 to —23 ac-
cording to the range of similarity of Bray Curtis, mainly because this grouping of

samples grouped by the similarity of species denominated as group a, is different

Group average
Transform: Square root ‘
Resemblance: $17 Bray-Curtis similarity|
o0 Species Assemblages
) R
v a
. C

Similairity

80 -

90

100~

¥V ¥ VvV VvV A A A A A A A A A A A A AA"m " m =1

R E R EEEEREE R EEEREEEE D

@ o oo oo o rECxe for &K &

55 o0 b 6 b6 b S o o b ¢ c 6 O O b 5 £

PPPPiddddae*ada"5528°88=28.:
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Figure 3. Dendrogram based on the relative abundance determined from 23 sampling
points in the high Andean lakes. Three grouping clusters were identified at the level of

63% similarity, and were designed a, band c
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Figure 4. Principal Coordinate Analysis (PCoA) based on the number of species and ab-
undances of benthic macroinvertebrates of the 23 sampling points, using grouping clus-
ters as a factor of discrimination.

from the others in a significant way. The groups b and ¢ have a higher similarity
value but still are significantly different in relation to the number of species and
abundance of macro invertebrates. The grouping of these groups is categorized
by a range of similarity of 63%. In addition, the PCO shows that in group a there
is up to 80% similarity and in groups b and c with 63% similarity.

The SIMPER analysis at the family level shows the distribution of the most
common species, and confirms that the clustering by the cluster analysis is ad-
dressed by the diversity indices, for example, it is observed that group b is the
most important in terms of diversity (Table 2). The predominant families were
Chironomidae with 38.84% contribution, followed by Ceratopogonidae with
25.06% and Hydrophilidae with 18.39%, with a Simpson index of 0.23 showing
that it is the closest to the values of natural areas. However, the results also reveal
that gaps at some point experiences anthropogenic disturbance (Figure 5).
Group a, presents certain similarity with group ¢ of 62% according to the
Bray-Curtis index; the difference is due to the predominance in these groups of
species of the Chironomidae and Psychodidae families, in group ¢ the predomi-
nant species corresponded to the Chironomidae and Ceratopogonidae families,
but they differ in the number of species and abundances. Group a, shows the
poorest indexes in diversity as an effect of the anthropogenic activity that takes
place in the area.

The PERMANOVA analysis of the benthic macroinvertebrates community is
divided according to the factor of the groups of species, reveals that at a signi-
ficance level of 0.01, there are significant differences between the number of spe-

cies and abundances of the evaluated zones; and is that at least one of the gaps
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Table 2. Indexes of diversity and percentage of contribution of families of benthic ma-
croinvertebrate families according to the species group factor in the SIMPER analysis.

Species Assemblages Taxon Simper S N d H 1-2
Chironomidae 51.23%

a 7 468 0.98 1.134  0.478
Psychodidae 21.44%
Chironomidae 38.84%

b Ceratopogonidae 25.06% 11 635 1.55 1.768  0.231
Hydrophilidae 18.39%
Chironomidae 53.50%

c 6 167 0.98 1.2 0.4

Ceratopogonidae 34.44%

S, number of species; N, number of individuals; &, Margalef index; /A, Shannon index; 1 — A, Simpson’s in-

dex.
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Figure 5. Geographic distribution of the three groups of species and abundances deter-
mined by the cluster analysis of the lakes.

differs from the others. In addition, using the zone of study factor in the com-
parison analysis of pairs, the Tg Lakes shows significant differences in compari-
son with the other lakes, in relation to the number of species and abundances.
This difference is much more significant compared to Pc Lake, but comparing
the Pc and Ic Lakes the results reveal that these are statistically similar. However,

the zones with a high level of similarities are the areas of Cc, Ic and Nn.

3.3. Influence of Water Quality on the Variation Patterns of
Benthic Macroinvertebrate Communities

The BIOENV analysis revealed that the variations in the distribution of the ben-

thic macroinvertebrates of the high Andean lakes can be better explained taking
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into account the 13 water quality variables considered in the study (Table 3).
The results show that total phosphorus is the variable that has a higher correla-
tion value with the distribution of biological data, with a 57% values in the
Spearman range. Although this value was increased with the number of water
quality variables combined.

We used the model based on linear distances which analyzes and models the
relationship between a multivariate data cloud and one or more predictor va-
riables, with several options for model selection. The coefficient of determina-
tion obtained allows us to understand the relationship between these data. By
testing all the predictor variables, the marginal test indicates that the BOD,
COD, DO, dissolved total solids, total phosphorous, iron, copper, lead and total
zinc are predictors that explains the distribution of the benthic macro inverte-
brates at a level of significance of 0.05. While the variables of conductivity, ni-
trates and pH, do not show significant differences. The sequential test shows that
the most important predictors are the BOD and the total phosphorus, since they
explain with a higher proportional index to the distribution of the biological ob-
servations at 0.01 significance level. Using these two predictors, the coefficient of
determination R2 shows a value of 0.45, which is acceptable to reflect the good-
ness of fit of a model to the variable that it is intended to explain (Table 4).

The result of the redundancy-dbRDA analysis of the physicochemical va-
riables of water and the relative abundances of benthic macroinvertebrates is
presented in Figure 6. The first axis of the redundancy analysis explains 35.1%
of the total variance, and the second axis 10.3%. The vectors for BOD and total
phosphorus reveal that these variables are strongly correlated with the abun-
dance of benthic macroinvertebrate communities and may explain why BEST
identified them as important. According to the result of the weights of the coef-
ficients for the linear combination of axes in the formation of coordinates of the
dbRDA, the primary axis shows strong loads for the total phosphorus variable
(=7.351), indicating that this variables is responsible for the group b of the clus-

tering of species is significantly isolated from the other groups (a and ).

4. Discussion

4.1. Water Quality Based on Physicochemical Indicators

The results obtained from the physicochemical evaluation of the water quality of
high Andean lakes reveal some deterioration, which is probably caused by the
increase of anthropogenic activities as a result of the accelerated urban expan-
sion in the region. The highest values of conductivity, COD and BOD recorded
in Lake Tg are due to the presences of ions and anions that are concentrated due
to evaporation matter in water [21]. The values of COD and BOD greatly ex-
ceeded the water quality standards for the conservation of aquatic life, the pro-
duction of drinking water and its uses according to Peruvian regulations [22]. As
well as the ranges established by the World Health Organization (WHO, 2011)

[23] and the Canadian Council of Ministers of the Environment [24].
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Table 3. Better correlations obtained between a growing number of physicochemical wa-
ter quality variables and the distribution of benthic macroinvertebrates in the high An-
dean lakes, according to the BIOENV analysis.

v:ji;l())lfes Correlation P(_(;,-lel;e Selections
1 0.574 0.004183 Total phosphorus (mg/L)
2 0.609 0.002041 BOD; (mg/L), Total phosphorus (mg/L)
3 0.611 0.001954 COD (mg/L), BOD; (mg/L), Total phosphorus (mg/L)
4 0.614 0.00183 COD (mg/L), BOD; (mg/L), Total phosphorus (mg/L),
Total copper (mg/L)
5 0.614 0.00183 COD (mg/L), BOD; (mg/L), Total phosphorus (mg/L),

Total copper (mg/L), Total lead (mg/L)

Table 4. Hierarchical classification of variables of physicochemical water with significant
influence (p < 0.01) on the distribution of benthic macro invertebrates in the high An-
dean lakes, as revealed by the direct selection in the DistLm procedure with Akaike in-
formation criterion (AICc).

MARGINAL TESTS
Variable SS (trace)  Pseudo-F p-value Decreasing Prop.

BOD; (mg/L) 5671.3 10.78 0.001 0.339
Phosphorus total (mg/L) 5531 10.382 0.001 0.331
Total copper (mg(L) 5200 9.4801 0.001 0.311
Total lead (mg/L) 5203.6 9.4897 0.001 0.311
COD (mg/L) 4821.1 8.51 0.001 0.288
Total dissolved solids (mg/L) 4524.8 7.792 0.001 0.2706
Temperature (°C) 4296.4 7.263 0.001 0.2569
Total zinc (mg(L) 4001.9 6.6085 0.001 0.239
Total iron (mg/L) 2762.6 4.1569 0.004 0.165
Dissolved oxygen (mg/L) 2142.2 3.086 0.017 0.1281

Conductivity (S/cm) 12194 1.652 0.145 0.07
Nitrates (mg/L) 761.49 1.002 0.395 0.045

pH (Unity) 742.87 0.976 0.425 0.04

The results obtained through the PCA reveals that the lakes which are under
study have been experiencing a process of worsening water quality due to the
strong anthropogenic pressure that they have been supporting. Being the Lake
Tg that displays a quality of bad water according to COD, BOD and DO. The
low DO concentration would be due to the consumption of this gas in the bio-
degradation processes, as revealed by the high concentrations of BOD registered
in this lake. These results are supported by Shi et al (2017) [8] who reported that
the increase in temperature reduces the dissolution of oxygen in the aquatic en-
vironment. In addition, the low concentration of oxygen is related to the strong
activity of microorganisms that require large amounts of oxygen to metabolize

and degrade organic matter [25].
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Figure 6. Perceptual map of the distance-based redundancy analysis (dbRDA) of the best
physicochemical predictors of the composition of benthic macroinvertebrate communi-
ties in the lakes of the central highlands of Peru.

Temperature is one of the factors with a great importance in the development
of the different processes that are carried out in water, such as the dissolution of
oxygen, since it determines the tendency of its physical properties, and the rich-
ness and distribution of biological communities [26]. The temperature measured
in the evaluated lakes shows small variations, although in Lake Tg, a high water
temperatures were registered, which would be influencing the distribution of
communities of the macroinvertebrates.

Phosphorus in aquatic environments limits the growth of algae and plants,
because their determination can detect problems of eutrophication [27]. The av-
erage values of total phosphorus obtained exceed the environmental quality
standards (EQS) for the conservation of the aquatic environment (0.035 mg/L).
This increase would be related to the discharges of domestic wastewater and the
drainage of fertilized agriculture land [28]. In the case of Lake Tg, the values
found allow us to classify this body of water in a hypertrophic state with great
algal blooms. In addition, these high concentrations of phosphorus reveal the
contamination events through which it crosses due to the strong pressure in the
aquatic environment exerted by anthropogenic activities; among them is the cat-
tle livestock, since the feces of the cattle are potential source of phosphorus. The
mean values of the nitrate concentration did not exceed the EQS in any of the
gaps evaluated. Therefore, it is necessary to integrate research into these ecosys-
tems in a way that reveals the pressure exerted by the development of anthropo-
genic activities in the aquatic environment and biological communities. In addi-
tion, the interaction between phosphorus and iron, at low DO concentrations,
causes the release of phosphorus attached to the water column, increasing its

concentrations [29].

4.2, Variation Patterns of Benthic Macroinvertebrate
Communities

Aquatic ecosystems have been experiencing a progressive decline in their quali-
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ty, affecting the aquatic life they harbor and the services they provide. In Peru,
the monitoring of water quality in these ecosystems is limited to the use of phys-
ical and chemical determinations. The entities responsible for water manage-
ment have not yet considered monitoring the quality of water in an integral
manner, taking into account the composition and structure of the biological
communities [30]. According to experiences worldwide, the evaluation of water
quality through macroinvertebrate communities has shown innumerable advan-
tages over other biological groups [31], highlighting its cosmopolitan nature,
since they are found practically in all aquatic ecosystems, which favors compara-
tive studies; as well as its sedentary nature, which allows an effective spatial
analysis of the disturbing effects.

The results obtained show that the most abundant benthic macroinvertebrates
correspond to individuals of the Insecta Class, order Diptera. They also show
significant differences between the macroinvertebrate communities of the eva-
luated lagoons, being the Chironomidae family the most common with a wide
range of distribution [32]. Regarding the contribution of families of benthic ma-
cro invertebrates in the composition of the communities, the Chironomidae was
determined as one of the most important families in the evaluated lakes. How-
ever, the most evident was the dominance is the families of Chironomidae, Ce-
ratopogonidae and Hydrophilidae. The abundance of the species of these fami-
lies in the Cc Lake confirms the average level of oxygenation of the water masses.
Likewise, the greater abundance of these species in the Tg Lake corroborates the
low level of oxygenation of its waters. These results coincide with those recorded
in other studies in aquatic environments with low oxygen levels, dominance of
Chironomidae and decrease in macro invertebrate density [33]. However, these
effects are related to the decrease in the quality of water, food and the interfe-
rence of breathing mechanisms [34]. Other families seen in the study and known
for their abundances in the lakes are Psychodidae and Hydrophilidae, which are
characterized by living in oligotrophic waters.

The results also indicate that each of the taxa responded differently on the en-
vironmental conditions of each lake. For example, group b comprised of the
families Chironomidae, Ceratopogonidae and Hydrophilidae reached the great-
est abundance and diversity. However, these families are considered resistant
and resilient taxa due to the anthropogenic pressure that impoverish biological
communities and consequently alter aquatic ecosystems [35] [36]. These results
could be related to the hydrological stability and physicochemical quality of wa-
ter [37]. In addition, they coincide with the results of Verdonschot et al (2012)
[38] and [39], who indicate that in areas with a temperate climate, seasonality

plays a very important role in the structure of macroinvertebrate communities.

5. Conclusions

This study used several multivariate statistical techniques to evaluate the influ-
ence of water quality on the variation patterns of the benthic macroinvertebrate

communities in the central highlands of Peruvian lakes. The PCA reduced the
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variables to a few significant components that caused variation in water quality
between the lakes. The cluster analysis in relation to the relative abundance of
benthic macroinvertebrates grouped the 23 sampling sites into three groups with
similar characteristics. The analysis of the main coordinates of the composition
of the benthic macroinvertebrate communities showed a clear separation of sites,
mainly between Tg and the other lakes. The SIMPER analysis at the family level
shows the distribution of the most representative species, and confirms that
grouping by cluster analysis is addressed by diversity indices.

The PERMANOVA analysis of the community of benthic macroinvertebrates
divided according to the factor of groups of species reveals that at a level of sig-
nificance of 0.01 there are significant differences between the number of species
and abundances of the evaluated areas. The marginal test indicates that the
BOD, COD, DO, total dissolved solids, total phosphorus, iron, copper, lead and
total zinc are predictors that explain the distribution of the benthic macroinver-
tebrates at a level of significance 0.05. The DistLm analysis according to the se-
quential test reveals that BOD and total phosphorus are the most important
physical variables with a coefficient of determination of 0.45. Therefore, these
results are useful to establish a baseline for the detection of changes in ecological

status and anthropogenic impacts.
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