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ABSTRACT: This study shows the results of a water quality assessment for the Basin of the Cane
River, which belongs to Iguaque Flora and Fauna Sanctuary National Natural Park, a naturally
protected area formed by the Andean Forest and paramo ecosystems in Colombia. The water
quality of this river is impacted by agricultural runoff and domestic wastewater from human
activities in the buffer area. This was assessed by using chemical, physical, and biological
indexes. The IDEAM, NSF and water quality indexes were based on the European standards of
measurement. Further to this, BMPW/Col and ETP biological indexes were analyzed and, amongst
these, IDEAM WQI (Water quality index) and ETP showed a good correlation. A similar trend was
found between the IDEAM water quality index and BMWP/Col index, showing their potential as
a good tool for water catchment, diagnosis, assessment, and management in Andean paramo
basins. In total, 537 specimens of macroinvertebrates were collected, identifying 8 taxonomic
orders, 16 families and 18 genera. Predominant orders were Trichoptera, Ephemeroptera, and
Diptera. Baetidae and Planariidae taxas were found in the three water quality levels, showing a
decrease in number with a decrease in water quality. Thus, both species have shown sensibility
to water quality parameters and also to riverine habitat quality, being then interesting species to
determine water quality, deserving more detailed studies for similar cases in high Andean forests
and paramo basins.

RESUMEN: Este estudio analizé la cuenca media del rio Cane, que en su parte alta pertenece al
Parque Nacional Natural Santuario de Flora y Fauna Iguaque, un area natural protegida formada
por ecosistemas de bosque andino y pdramo en Colombia. La calidad del agua de este rio esta
impactada por la escorrentia agricola y las aguas residuales domésticas y se evalué mediante
indicadores quimicos, fisicos y bioldgicos. Se aplicaron los indices del IDEAM, NSF y un indice
de calidad del agua basado en normas europeas. También se analizaron los indices bioldgicos
BMPW/Col y ETP. Se encontré una buena correlacion entre el indice nacional de calidad del
agua (IDEAM] y el indice ETP, mostrando su potencialidad como una buena herramienta para el
diagnodstico y manejo de captaciones de agua en cuencas forestales andinas. Se colectaron 537
especimenes, en los cuales se identificaron 8 drdenes, 16 familias y 18 géneros. Los érdenes
predominantes fueron Trichoptera, Ephemeropteray Diptera. Los taxones Baetidae y Planariidae
se encontraron en los tres niveles de calidad del agua mostrando una disminucién en el nimero
con una disminucion en la calidad del agua. Asi, ambas especies han mostrado sensibilidad a
los pardmetros de calidad del agua y también a la calidad del habitat riberefio, siendo entonces
especies interesantes para determinar la calidad del agua,ameritando estudios mas detallados
para casos similares en cuencas de bosques altoandinos y paramos.

main indicators used to determine the state of a water
body. However, they have some Llimitations since,
in general, they only allow us to easily know the
variation in time of water quality conditions and the
relationships between the different environmental factors
if in-depth analyses are made. The measurement
of these parameters consumes time and important
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economic resources, because chemical analyses are
needed for several samples [1]. For this reason, biological
indicators based on the use of living organisms, such as
macroinvertebrates, are currently being used in addition
to conventional water quality parameters and indicators
[2]. When the habitat is altered, aquatic systems get
stressed, which is reflected in the biodiversity. Biological
indexes based on the population of macroinvertebrates
indicate this general condition of the aquatic ecosystem
and, therefore, the water quality of streams. Additionally,
physico-chemical conditions can be momentarily altered
by climatic conditions and water discharges, among other
factors [2].

These indicators are based on the tolerance, presence,
abundance, and richness of the macroinvertebrates
present in the body of water. Some of the most
used biological indicators in water quality studies
are the Biological Monitoring Working Party (BMWP),
the Average Score Per Taxon (ASPT), the EPT index
(Ephemeroptera, Plecoptera, and Trichoptera), and the
SIGNAL-2 [1, 3-5]. This study used the first two indices.
The application of these indices requires the analysis of
the characteristics of each monitored place, as well as
the comparison with the physicochemical parameters to
verify their validity. In Colombia, one of the first studies
of bioindicators was carried out by [6], who studied the
fauna of macroinvertebrates as indicators of the degree of
pollution in the Medellin River. In this way, [7] published
the first guide for studying aquatic macroinvertebrates
in the department of Antioquia, which years later would
be adapted for the different bodies of water in Colombia
BMWP/Col.

Some studies developed worldwide tried to find the
relationship between biological and physicochemical
indices for water quality assessment. One of the most
complete approaches in this sense was the study made
by [8], w ho studied 49 different water, pollution, and
sediment types in 15 rivers in China. Their analysis
included 5 biological indices: taxa richness, BMWQ,
t-BMWQ, a-BMWQ, and density. In this study, no direct
relationship was found between these indices and
State Environmental Protection Administration types of
water established for China for medium coarse and fine
substrates. On the other hand, [5] concluded that the EPT
index showed the response to habitat qualities and water
quality at the same time. They also concluded that the EPT
index was significantly affected by the riparian vegetation
at the river borders, which is highly related to land use.
Similarly, a study by [9] in the Otun River in Colombia found
a relationship between biological and chemical indexes.
They concluded that the BMWP/Col and ICOMO index were
related to rainy and dry seasons. A similar result was found
by [10] who found that BMWP/Col values and the ICOMI,

ICOMO and ICOSUS indicators coincided for the Cauca
River in the urban area of Popayan,Colombia. Another
example of this relation is the case of the study made
by [11] which showed that BMWP for rivers in Thailand
was related to water quality established by chemical
methods. In the same way, [12] figured that there was a
good correlation between physicochemical parameters
such as temperature, electrical conductivity (EC), and
BOD (Biological Oxygen Demand); and the presence or
absence of certain species of macroinvertebrates at
Moiben River, Kenya [8]. Besides these results, most of
these methods and their comparisons showed that it is
necessary to analyze, complement, and develop regional
indices further to understand the freshwater ecosystems
in a holistic way [8, 11, 13]. These studies also concluded
that as macroinvertebrate classification at the species
level could be difficult, the selection of a few indicator
species in each ecosystem could be useful, and the
classification to the trophic guilds approach could give
more accurate results [8, 14, 15]. To our knowledge, many
of the high Andean Catchment biomonitoring assessments
by macroinvertebrates use adapted indexes or general
indexes to qualify water quality. Still, they do not correlate
them with water quality physicochemical indexes [16-19].

Therefore, this study uses physical and chemical
parameters to determine the water quality of the Cane
River in its middle basin. It also analyzes its relationship
with the presence of bioindicator organisms and biological
indicators. As mentioned earlier, few of the previous
studies made in Colombia, analyzed biological indices
and physicochemical indices and their relationship. The
study developed by [20] for the Frio River, located in
Cundinamarca, Colombia, an ecosystem located starting
at 3.749 masl, reported that the ecosystem state of this
river uses both physicochemical and biological indices.
[21] studied biological and physicochemical indicators
for the Negro River in Antioquia, comparing its quality
in 2002 and 2007, finding a water quality improvement
in this period, and that there was not a correlation
between chemical and biological indices. On the other
hand, most of the Colombian studies in this areause the
biological indicators themselves to determine water or
ecosystem quality. The study made by [22] for coffee
farms in Cundinamarca and Santander, Colombia, shows a
correlation between the BMWP Index and the presence or
absence of coffee farms certified by environmental criteria
close to the monitoring point, showing a clear relationship
among them. [23] studied the Garagoa River in Boyac3,
Colombia, in 2013, establishing the water quality using
some bioindicators such as BMWTP/Col, and analyzing
the ecosystem state in two different climatic conditions
for this basin. [24] studied Guachicos River in Pitalito,
Colombia, using the BMWP/Col Index, finding thatters
ranged from non-polluted to slightly polluted, and the
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dominant gena was Trichoptera for monitoring made from
March to September 2018. In addition, [25] studied the
Santo Tomas stream in Pennsylvania, Colombia, applying
biological indices, such as BMWP/Col, EPT, and ASPT,
finding very clean waters to slightly polluted for this basin.

This study was conducted in the Villa de Leyva, sector
of Boyacd, starting from the section that went out of a
naturally preserved area. This section was chosen since
the river is born in the National Natural Park Sanctuary
of Flora and Fauna of Iguaque, a conservation area,
and continues its course through an area where rural
populations are developing different economic and social
activities. Inits course through this zone, the river suffers a
gradual degradation by these activities. The objective was
to evaluate the suitability of different water quality indexes
based on biological and physicochemical parameters for
this part of the basin and know its conditions.

In this way, this study compares different characteristics
of water quality in intervened ecosystems in areas near a
paramo zone, a strategic ecosystem for the provision of
water in Colombia. This study, as a few others made in
high Andean rivers, attempts to understand the relation
among usual biological indices such as BMPWP/Col and
ETP and some WAQI, to check the suitability of already
developed biological index adapted to a country level such
as BMWP/Col for assessing water quality in a high Andean
catchment. In particular, the relationship with IDEAM WQl,
the most used water quality index in Colombia, is analyzed.
In addition, this study aims to establish the relationship
between the presence of certain macroinvertebrate
species and water quality, comparing it with previous
studies developed in the country and the world. In the
same way, water quality and ecosystem characteristics
are studied for this basin located in the surroundings of an
important Andean Forest preserved area.

2. Methods

2.1 Study area

The Cane-lguaque River basin has five sub-basins:
Roble, Cebada, Colorada, Iguaque, and Campohermoso.
In the upper part is the Iguaque Flora and Fauna
Sanctuary National Natural Park (SFF) which occupies
6,750 hectares, of which 53.9% are located within the
basin[26]. The Cane River originates in the municipality of
Chiquiza, has a total length of 29,7 km, crosses the SSF,
and empties into the Moniquira River. The study area is in
the La Colorada sub-basin, municipality of Villa de Leyva,
Boyaca, Colombia, with a length of 4,0381 km, presenting
heights from 2200 to 3750 m.a.s.l and an annual rainfall
of 1600 mm. Therefore, monitoring was carried out in 3
points: point 1 is in the upper part of the basin whose

coordinates are N 05°40°49,3", W 73°29°0,25. This point
borders the SFF. Point 2 is in the middle of the basin with
coordinates N 05°41722,4", W 73°29°55,4", and point 3
is in the lower part of the studied area with location N
05°41°50,8", W 73°30"48,6" as shown in Figure 1.

2.2 Sample techniques
Water quality parameters

An integrated sample was taken at each point in the
river.  Monitoring was made for 8 hours during the
day, on a normal day, considering there were normal
climatic conditions, which means no rain before or
during the sampling. Punctual samples were taken
every hour at the three points according to Figure 1,
and they were mixed in quantities proportional to water
velocity at that point, to get a total volume of 1 liter
for each point. Next, the sample was introduced into a
previously sterilized container, refrigerated, and taken to
the laboratory for posterior analysis. A multiparameter
equipment from Hanna Instruments, reference HI 9829,
was used for field measurements. Field parameters
analyzed were pH, dissolved oxygen (DO), EC, water
temperature, atmospheric pressure, oxidation-reduction
potential (ORP), and total dissolved solids (TDS). The
samplings were carried out in June, September, and
December 2021. June and December are months with low
precipitation levels and September has high precipitation
levels. The following chemical parameters were measured
in the laboratory: Chemical Oxygen Demand (COD),
BOD, nitrates, nitrites, phosphates, ammonia, turbidity,
suspended solids, and E. Coli. These parameters
were chosen along with field parameters because they
are considered the most representative of the water
quality and are needed to calculate the water quality
indices proposed for this study. COD was measured
using the adapted method EPA 410.4, and BOD was
measured using the respirometric method. E. Coli
was measured using a defined substrate technology,
Colilert. Nitrates were measured by adapting the
method of the Cadmium Reduction Method (4500-NO3
Standard Methods for the Examination of Water and
Wastewater). Additionally, nitrites were determined by an
adaptation of the ferrous sulfate method, phosphates by an
adaptation of the ascorbic acid method (4500-P Standard
Methods], ammonia by the Nessler method. Turbidity
was determined following Standard Methods 2130, and
suspended solids by filtration and heating to dryness at
104-105°C [27].

Macroinvertebrates sampling

The macroinvertebrates were sampled quantitatively,
using the Kick sampling technique, in which a type D net
was placed against the current, and the substrate was
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Figure 1 Location of the Cane-Iguaque Basin and study area. A. Suarez River Basin, B. Cane-Iguaque Rivers sub-basin. C.

removed by hand for a certain period (5 to 10 minutes),
separately sampling the different microhabitats present on
the site. Subsequently, the samples were fixed with 70%
alcohol in appropriate plastic containers.

Afterward, in the laboratory, each sample was observed
with a stereoscope to separate the organisms and carry out
theiridentification at the family and genus level through the
guides by Roldan (1988) [7], Gonzalez et al. (2013) [28] and
Dominguez and Fernandez (2009)[29]. Photographs were
taken, and in addition, the relative abundance values were
obtained for the different taxa found.

2.3 Water quality and biological indices
Water quality indices

One of the water quality indexes used was the IDEAM
wal [30]. It includes the following parameters: DO,
total suspended solids, COD, EC, Total nitrates/Total
phosphates, and pH. The Institute of Environmental
Studies in Colombia - IDEAM, uses this WQI to monitor
the water quality of surface water bodies. The WQI
proposed by [30] includes the parameters pH, EC,
total settleable solids, ammonia, nitrite, nitrates, total
phosphorus, COD, BOD5, (DOJ, and temperature. This
WQI was proposed to evaluate watershed pollution in
rivers, lakes, and Wastewater treatment plants in Spain.
Finally, the National Sanitation Foundation Water Quality
Index (NSF-WQI) was calculated using the parameters
total solids, nitrates, phosphates, BOD, DO, temperature,

Monitoring points location

turbidity, TS, pH, and fecal coliforms [31]. The rating scale
for each index is shown in Table 1.

All the WQI above used the following empirical Equation 1
Zi P ,

Each WQl index proposes a normalized concentration value
C'i with the respective weight Pi for each parameter.

WQI = (1)

Biological indices

The Biological Monitoring Working Party (BMWP) index
emerged in England in 1970, as a method for assessing
water quality using macroinvertebrates as indicator
organisms. This index is characterized by being simple
and easy to apply. For its calculation, the presence
or absence of macroinvertebrates must be stated by
identifying their family. Each organism has a rating from 1
to 10 according to its level of tolerance to contamination,
with 1 being the most tolerant and 10 the least tolerant
[32]. The sum of the scores of the macroinvertebrates
belonging to each family provides the total value of the
BMWP, which indicates a state of water quality [33].
Due to the advantages in the application of this index,
modifications of the BMWP scoring system have been
developed for use in countries such as Colombia [7], [34],
Spain [35], Poland [36], and Thailand [11], among others.

The rating for this index was adjusted for Colombia
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Table 1 Water Quality Qualification according to IDEAM, NSF, and WAl

IDEAM WQlI Sanchez WQlI NSF wal
Description WQI Range Color | Description WQI Range Color Description  WQIl Range Color
Good 091 -1 Excellent 91-100 No Excellent 91-100 No
Acceptable 0.71-0.9 Good 71-90 categorized Good 71-90 categorized
Regular 0.51-0.7 Medium 51-70 by Medium 51-70 by
Bad 0.26 -0.5 Bad 26-50 colors Bad 26-50 colors
Very Bad 0-0.25 Very bad 0-25 Very bad 0-25

according to what is established by [33] and is shown in
Table 2. Equation 2 is used to calculate the total value of
the index at each monitoring point:

BMWP:NT1+NT2+NT3+"‘ ......... NTn*)

Where, NT'n is the tolerance level corresponding to each
family found, and the sum of these values indicates the
state of the water quality (Table 2).

The EPT index only considers the organisms of the order
Ephemeroptera, Plecoptera, and Trichoptera. The species
of these orders are characterized by being sensitive to
pollution. The index is calculated by dividing the number
of individuals found corresponding to these three orders
by the total number of individuals collected, classifying the
quality of the water source in different states according
to this value [37]. Equation 3 was used to obtain the
value of the index, which is classified into different quality
categories, as shown in Table 3.

ETP = (ZZZTZ) * 100 (3)

Where T% is the total of the individuals present for each
of the three orders Ephemeroptera, Plecoptera, and
Trichoptera, and A is the abundance, which is calculated
by the following equation:

E,
A=—2
T;

Where A is the abundance of species; Ei is the number of
individuals present from the three orders Ephemeroptera,
Plecoptera, and Trichoptera, and 7' is the total number of
individuals collected in the sample.

3. Results

There was a difference in water quality parameters in time
and space, because every point has its own characteristics
related to surrounding activities and impacts. For COD,
average values were 17 mg/L for point 1 (P1), 59 mg/L for
point 2 (P2), and 73 mg/L for point 3 (P3). DO was 6 mg/L

for p1, 4.8 mg/L for P2, and 3.7 for P3, showing a water
quality diminishing downstream (Figure 2). P 1, located in
the upper part of the sub-basin and being the closest to
the nature reserve, presents less anthropic intervention.
According to what was observed in the fieldwork, no
residual water discharges were identified with the naked
eye. Inthis place thereis a waterintake that supplies one of
the village aqueducts in the municipality of Villa de Leyva.
In the surroundings of P2, located in the middle part of the
sub-basin and at 2118.2 meters from the first point, there
is evidence of population growth and of the presence of
economic activities such as cattle ranching and agriculture
near the riparian buffer zone. Finally, P3, located in the
lower part of the sub-basin at 1946.8 meters from the
previous point, was characterized by having agricultural
activities and rural housing close to the body of water.

3.1 Water quality parameters

Figure 2 shows some of the most important parameters
measured for the three monitoring points. Water flow
shows that, as expected, point 1 has the lowest amount
of water for being very close to the source of the Cane
River, with an average of 0.4m3/s, 0,6m3/s at point
2, and 0.7m3/s at point 3. COD values showed that
besides having a higher flow, organic pollutant material
grows along the monitoring area, being P3 more than 4
times more polluted than P1. The ORP is a parameter that
indicates the oxidizing or reducing conditions presentin the
water body, showing a maximum of 188.7 average at P1,
diminishing to 124 and 112.9 at P2 and P3, respectively.
This value was concordant with the values found for
nitrates form which were 0 at every point, but nitrites and
ammonia were present at almost every point, reflecting
middle=reducing conditions in these waters. DO levels
were 6.0 mg/L at P1 and 80% of saturation levels at local
conditions; 4.9 mg/L at P2; 62.9% of saturation level; and
3.7 mg/L at P3, 42% of saturation level. 1594 decree [38],
the law that nowadays rules water quality in Colombia, has
established a 6.5 - 9.0 mg/L level for OD for flora and fauna
preservation in cold inland waters. Meanwhile, Ambient
water criteria for fish life preservation in cold waters from
EPA are 5-8 mg/L for early life stages and 4 mg/L for other
life stages. Monitoring points P2 and P3 do not fulfil this
standard, and point 3, is far from the recommended levels.
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Table 2 Classification of waters for the BMWP/Col index

Color

Table 3 Classification of waters for the ETP index

Type Value Description
| >120 Clean Water
102-120 | Waters not polluted or not sensitively altered
Il 61-100 Some evident pollution effects
1] 36-60 Polluted waters
v 16-35 Very polluted waters
\Y <15 Heavily polluted waters
Type | Range % | Description Characteristics Color
[ 75-100 Very good No impacts
Il 50-74 Good Slightly impacted
1] 25-49 Fair Moderately impacted
v 0-24 Poor Severely impacted

Results for parameters measured in the field and
laboratory are shown in supplemental material (S1).

3.2 Water quality indices

The results obtained for water quality indices applied to the
Cane Riverin the 3 points are shown in Figure 3. In the case
of the IDEAM WA, shown in Figure 3a; the first monitoring
gave, as a result, an acceptable quality in the first point and
regular for points 2 and 3. Second monitoring had, as a
result, good in the first point, regular in the second point,
and bad in the third point. The third monitoring had, as
a result, regular in the first point, and bad quality in the
last two points. The results for Sanchez WQI, based on
European standards (Figure 3b), were good water quality in
P1, and medium for the other two points, and monitoring 2
and 3 gave medium quality in P1, and bad for P2 and P3. For
NSF WAQI in Figure 3¢, three monitoring and three points
resulted in slight variations with medium water quality in
June and September monitoring, medium water quality at
the first two sampling points and bad quality in P3. In
general, it is concluded that in the first monitoring, water
quality was better on average for the three points, being
related to water flow that was 0,73m?/s on average in
the three points compared to 0.52 and 0.49m3/s in the
second and third monitoring, respectively. In addition, in
this case, IDEAM and Sanchez WQI reflect, in a better way,
the variations in water quality at Cane River than the NSF
WAQI. It can be concluded that the first point has a better
water quality than the other points, being their quality
in terms of those indexes is very close between points 2
and 3. No other studies have been found showing water
quality for this river, despite its importance as a provider
of environmental services in an area characterized by
harboring a flora and fauna sanctuary[39]. However,
[40] studied the Mamarramos brook microbasin, upstream

of the area in this study, and in the section inside the
preserved area and found excellent hydromorphological
and very good BMWP/Col and Ecological Quality Index.
It can be concluded then that once the river goes out
of the preserved area, its water quality deteriorates in a
short section. Detailed data can be found in supplemental
material S2.

3.3 Biological indices

The aquatic macroinvertebrates found in the Cane River
are classified by order, family, and gender and shown in
supplemental material S3. 8 orders, 16 families and 18
genera were identified. The highest number of individuals
was recorded in the September monitoring.

The results of the calculated biological indices are
shown in Figure 4 (Values in supplemental material S4):

According to the BMWP / COL index, points 1 and 2
were classified as contaminated waters or with some
effects of pollution, while point 3 was classified as highly
contaminated or contaminated waters. The second
monitoring with the lowest level of contamination found
was conducted in September. However, it should be
noticed that this was also the monitoring in which a
greater effort was made to sample macroinvertebrates,
finding species that were not found in the other two
monitoring dates.

On the other hand, the ETP index is required to classify
the collected specimens according to the order level, and
quantitative data on the number of individuals per order is
required. It only considers three orders, two of which are
dominant in the study, with 206 individuals of the order
Trichoptera and 115 of the order Ephemeroptera (Figure
5).
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Results for the ETP Index indicated good water quality for the
in the first point for the three monitoring dates, bad for resulte

point 3 on all 3 monitoring dates, and bad for point 2
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1st and 3rd monitoring dates, while the second
d in poor water quality. In general, these results

are more consistent with the quality indices obtained
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through physicochemical parameters.

3.4 Physicochemical vs biological indices

Figure 6 shows how ETP water quality categories are
related to IDEAM WQI and Sanchez WQI water quality
scores in the Cane River Basin, according to data found
in this study. For slightly impacted waters found at P1,
where little pollution was found, IDEAM WQI and Sanchez
WQI had high values, as expected. The tendency for P2
was decreasing, but P3 gave a high bioindicators value
again, showing a low relation between these indexes. As
mentioned earlier and found by several researchers, a
further study including variables related to habitat regional
biodiversity, or trophic guilds, around the river in the 3
points could help to improve the explanation for these
results and to confirm, as happened with all the high
Andean catchments studied previously, that biological
indicators based on macroinvertebrate classification at the
family level are not a very accurate water quality indicator
by itself in many cases, and that local conditions require
scores for some species at a different level [14, 41].

On the other hand, Figure 7 shows how BMWP/Col
water quality categories are related to IDEAM WQI and

Sanchez WQI water quality scores in Cane River Basin,
according to monitoring made in June, September, and
December 2021. A good relation was found between
BMWP categories and IDEAM WQI values. IDEAM WQlI
[42] has 5 water quality categories based on parameters:
DO, TSS, CDO, conductivity, and pH, with ponderations
after being normalized under established relationships.
This WQI is broadly used for assessing water quality in
Colombia, using parameters measured in 150 stations
along the country 4 times per year (one per trimester),
and accurately shows the water quality in the country. In
this case, it showed a clear trend of decreasing quality
along the Cane River. Additionally, the BMWP/Col WQl [33]
is an index adapted from BMWP developed for the UK to
the macroinvertebrates present in Colombia. Its author
explains how a defined BMWP/Col index should be adapted
to each region depending on local geological conditions,
showing that certain geological or local conditions could
not permit a higher organism’s diversity, although water
quality is good, and that is why methodology must be
adapted to regional conditions. However, according to
results found in this study, the general BMWP/Col index
has very good performance determining water quality in
this river according to the IDEAM index, and consequently,
could be used as a replacement for physicochemical-based
indices to establish water quality for this basin. This can
be related to the relatively good conservation state of the
surrounding habitat due to the presence of a conservation
area at the proximities. However, studies with longer
monitoring times for each period and throughout the whole
year (four monitoring per year, one per trimester) are
necessary for having a definite conclusion about this, as
well as studies comparing two very similar areas in terms
of geological and pollution conditions, but with different
habitat states.

3.5 Biotic indices

A total of 537 specimens were analyzed, the most common
being the hydropsychidae (1], with 28.36 % of the total,
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followed by Simuliidae (8) (17.12%), Baetidae (2] (12.47%],
Planariidae (3) (11.64%), Blepharoceridae (9) (5.62%) and
Leptohyphidae (4] (4.11%). Other taxas had less than 3%
in frequency each (See Figure 8).

The Families Hydropsychidae, Simuliidae, Baetidae,
Planariidae, and Leptohyphidae were found in the three
categories of acceptable, regular, and bad water quality
calculated by the WQI-IDEAM. The family Hydropsychidae
(Number 1 in Figure 8) of the order Trichoptera are among
the most diverse macroinvertebrates and inhabit lotic
ecosystems with high oxygen levels. They are insects
living in riverine habitats all around the world [43]. The
presence of this family has been reported in Colombian
rivers where the water quality is between good, and
regular [28]. The conclusion has been made that this
species’ survival in rivers depends not only on good habitat
conditions but also on chemical conditions and factors
such as DO and stream velocities. Studies have found
that low oxygen concentrations do not affect their survival
at levels as low as 2 mg/L, but in combination with toxic
substances such as pesticides and changes in water flow
due to rain and other conditions, can be detrimental to
their survival [44]. Further analysis of the surrounding
habitat for each point should be considered in future
studies to understand its higher number for bad than that
for acceptable water quality conditions and factors such
as DO and stream velocities. Studies have found that low
oxygen concentrations do not affect their survival at levels
as low as 2 mg/L, but in combination with toxic substances

such as pesticides and changes in water flow due to rain
and other conditions, can be detrimental to their survival
[44]. Further analysis of the surrounding habitat for each
point should be considered in future studies to understand
its higher number for bad than that for acceptable water
quality conditions.

Taxa Simuliidae (8), with more than one hundred species,
are common flies, and their larval stadiums are aquatic;
they are fixed over stones and plants, usually in clean
and oxygenated waters. In this study, they were found in
acceptable, regular, and bad-quality waters. It has been
used in several studies as water quality indicators [45-47],
and it is known that they react to physical and chemical
impacts. Still, as larvae can live in anoxic conditions, they
can be found in different environments [45]. Turbidity,
water flow, and pH have also been found to be important
parameters affecting its presence. Also, they live in a broad
spectrum of BOD values, but ammonium values above 1.45
mg/L have been shown to be detrimental to their survival
in European rivers [45, 46] concluded that these taxa were
present in streams with moderate urban impacts on water
quality, but absent in heavily impacted waters, and made
some correlations between each species and water quality
chemical parameters. However, some authors consider
that this species is not suitable as an indicator as a whole
for a streams’ water quality because each species has
different conditions appropriate for their survival, and they
differ considerably between them [45]. In this study, this
taxon as a whole did not show its suitability as a biotic
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indicator, having more individuals in more polluted waters.

The taxa Baetidae (2], from the order Ephemeroptera,
are very common invertebrates living in running waters
and have more than one thousand species distributed
worldwide and have been reported in several Colombian
rivers [28, 48]. Many species prefer the stone substrate,
and its pollution tolerance goes from very sensitive to
tolerant, depending on the species. In general, for this
order, biological diversity indexes between the species
are the most accurate index to relate to water quality
rather than the total number itself [49]. Correspondence
with this was found in this study, in which the number
of macroinvertebrates found for bad water quality was
considerably lower than for acceptable water quality,
being a potential bioindicator for water quality in this river.

Taxa Planariidae (3], from the order Tricladida, previously
used as a biological indicator for polluted waters in
Colombia [50] showed a decreasing number as water
quality in the Cane River decreased. This order is at a
high level in the macrobenthic food web because they are
zoophagous, and are related to the whole ecosystem’s
health. Thus, the human impact on the riverine zones has
an essential effect on their presence in the ecosystems
[51]. Its presence along the whole study area and its
sensitivity to pollution make it a good biotic indicator for
water quality in this basin.

Taxa Leptohyphidae (4 in Figure 8) has also been reported
in several Colombian rivers [48, 52], showing tolerance
to vast changes in temperature and pollution conditions
[53] explaining its presence in the different types of water
quality in Cane River. However, it was more frequently
found in point 3, than in point 1, and it did not have a direct
relationship with WQl.

Between the less frequent taxa found in this study,
the Chrysomelidae taxa (6] was found only in waters

Ptilodactylidae, 16. Scirtidae

with acceptable conditions. In contrast, the Dryopidae,
Calopterygidae, Leptophlebidae, Perlidae, Ptilodactylidae,
and Scirtidae (10, 11, 13, 14, 15, and 16) taxa predominated
in waters with regular quality. Chrysomelidae, of the order
Coleoptera, has been found in low quantities in waters in
Australia and Iran, among others [54, 55], showing as in
this study that it is not widely distributed in water basins,
and its presence as a single macroinvertebrate order
(taxa) for water quality in different conditions is not high. A
similar result was found for the Calopterygidae family (11),
which has previously been reported in Colombian rivers
with regular water quality, and in this study were only
found in water with regular conditions. The Ptilodactylidae
taxa (15), previously found in waters with acceptable
and regular conditions [28], were found only in regular
conditions for water quality in this study. The Tipulidae (7)
and Blepharoceridae (9] families were present in waters
with acceptable and regular quality and in higher quantities
for acceptable quality. Tipulidae family was reported in
other studies where the water was in the same quality
conditions [56]. In general, classification to the family
taxonomic level has shown in some studies for Andean
Mountain catchments not being a very suitable approach
to understanding water quality. High Andean stream
biodiversity and community composition databases are
necessary to better understand of water quality monitoring
[57]. Also, using adapted Indices such as those made from
the trophic guilds approach and regional adapted biotic
indexes is a more accurate way to include ecosystem
variations and their relationship with water quality [14].

4. Conclusions

Water Quality in the Middle Basin of the Cane River ranged
from acceptable to bad between June and November
2021, according to IDEAM WAQL. The first monitoring water
quality point was in an acceptable range, the second point
was regular, and point 3 was in the bad quality range
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as an average for the 3 monitoring times. This clearly
shows the degradation caused by anthropogenic sources.
These include agricultural and livestock activities, water
intake for 26 village aqueducts and 2 municipal aqueducts
(Villa de Leyva and Gachantiva), and rural and urban
wastewater discharges, among others. In the same
way, biological indexes such as BMWP/col showed a
decreasing quality for the 3 points at the 3 monitoring
times, while ETP did not have a clear trend in water quality
along the river course. WQI and biological indices were
analyzed to check a possible relation, being BMWP/Col
and IDEAM WAl values that showed the most similar
trend. The main macroinvertebrate taxa found were, in its
order: Hydropsychidae, Simuliidae, Baetidae, Planariidae,
Blepharoceridae, and Leptohyphidae. Considering these,
only Baetidae and Planariidae taxas were found in the
three water quality levels, and their number showed a
decrease in water quality. Consequently, its use for future
water quality studies, including more detailed information,
is recommended, as is the case with other high Andean
Catchment studies. Some recommendations for future
studies indicate the use of a diversity index for Baetidae
rather than the total number, and for Planariidae, the
recommendation is to include the impacts on the riverine
habitats analysis to get a better knowledge of its suitability
as a water quality indicator for this basin. In general,
further analysis is recommended to validate these results
to regional high Andean catchments based on additional
surrounding habitat information and classification to the
species level, for the most important taxa found in this
study.
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