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Abstract
Objectives: To study the water quality of the El Santuario creek 
located in the El Santuario Reserve, through the macroinvertebrate 
community analysis and physicochemical parameters. Methods/
statistical analysis: We applied the BMWP/Col-ASPT quality 
index to characterize surface water quality, collecting aquatic 
macroinvertebrates in 7 stations of the El Santuario stream, with the 
measurement of physicochemical parameters between the months 
of March and August 2017. A constrict correlation analysis (CCA) was 
conducted to find the relations between macroinvertebrates families 
and physicochemical variables. Findings: Moderately contaminated 
waters of dubious quality are defined which may lead to limitations 
in the establishment of the macroinvertebrate community, where 
the last station that corresponds to the exit of water of the mine, 
presented the quality of strongly contaminated waters in a critical 
situation that is reflected with the low presence of organisms. 
The physicochemical variables that most influence the families of 
benthic macroinvertebrates are as follows: conductivity, pH, total 
dissolved solids, and dissolved oxygen; indicating a relationship 
between concentration and abundance of organisms. According to 
the BMWP/Col-ASPT index, the biological quality of the El Santuario 
creek water has improved significantly in two years without coal 
mining, in relation to the quality reported for 2015. Application: 
These results contribute to environmental decision making in the 
management of high mountain water resources.

Keywords: Water Quality, Aquatic Macro Invertebrates, Stream, 
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1.  Introduction
In recent years, the concept of water quality has changed from a purely physicochemical 
approach to one that integrates the other components of the ecosystem such as biological 
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communities [1]. Where the communities of aquatic macroinvertebrates have been used as 
the reference of the anthropic affectations through the analysis of taxonomic composition 
and structure of the community to be sensitive to changes of the environment. The 
importance of the study of water has generated study and management tools for the 
efficient use of the country’s river basins through Colombian National policies [2]. Where 
an integral evaluation of the resource, allows to obtain information of the biological 
communities, of the physical–geographical and physicochemical characteristics allowing a 
follow-up through time. By taking into account the indicator organisms of the environment 
it is possible to observe the fluctuations of pollution [3].

2.  Methodology

2.1.  Area of Study
The El Santuario creek is located in the San Antonio Sanctuary Mines Reserve in the rural 
area of the municipality of Tausa, Department of Cundinamarca (Figure 1). The creek is 
located between 3624 and 3720 m of altitude with an average value of relative humidity in 
the ranges of 80–90% and an average temperature of 8 °C.

FIGURE 1. Location of El Santuario reserve at the national and municipal levels, prepared 
by: Julieth Gallego.
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The El Santuario mines reserve is located within the páramo of Guargua, which in turn 
is part of the páramo complex of Guerrero to the north of Cundinamarca; this complex 
group 39,240 ha of páramo ecosystems between the municipalities of Carmen de Carupa, 
Tausa, Zipaquirá, Subachoque, Cogua, Pacho, San Cayetano y Susa [4].

The study was conducted during the months of March to August 2017. Seven sampling 
zones were established along the creek upstream and one station downstream of the 
connection point with the coal mine water exit. Monthly samplings were carried out for a 
total of 35 sediment samples of the water resource under study.

2.2.  Collection of Organisms
The individuals were collected using a 30 cm × 30 cm surber net with a 300 µ mesh pore, 
which was placed in the bed of the downstream against the water current, disturbing the 
sediment for a time of 2 min, with three repetitions at the point to be sampled [5].

The collected samples were placed in plastic bottles of 500 ml properly labeled, adding 
alcohol at a concentration of 70%, in order to carry out an adequate preservation during 
transport. For the cleaning of the samples, a set of sieves of 500 µ, 180 µ, 90 µ, and 45 µ 
were implemented, which were placed in a decreasing manner in relation to the size of the 
microns, placing the sediment sample in the first sieve to wash the sample. 

In addition, manual collection was performed by lifting submerged rocks for a period 
of 20 min per station throughout El Santuario creek. This, in order to find on its surface 
adhered organisms that were removed using entomological tweezers and brushes. Once 
the macroinvertebrates were located, they were placed in plastic vials with 70% alcohol 
duly labeled. All samples of organisms were transported from the study site to the INBIBO 
Biology Research Laboratory at Universidad El Bosque, where they were refrigerated at a 
constant temperature of 4 °C.

2.3.  Physical–Chemical Parameters
Monthly records were taken at each station of environmental variables of the water body: 
pH, dissolved oxygen, total dissolved solids, conductivity, temperature, and salinity, using 
a multiparameter HANNA HI9829. Additionally, water samples were taken in sterile glass 
containers with a capacity of 500 ml and a screw cap, which were placed directly under 
the flow of the countercurrent effluent until the necessary volume was completed. The 
samples were transported from the study site in a portable refrigerator to the INBIBO 
Biology Research laboratory at Universidad El Bosque, where they were fixed with H2SO4 
at pH <2.0 for proper preservation during the time of analysis, which were cooled at a 
constant temperature of 4 oC, during the analysis process by means of a COD Reactor and 
Test Tube Heater HI 839800 and a COD and Multiparameter Bench Photometer HI 83099, 
to obtain DQO and phosphorus data. Finally, analyses of DBO, nitrites, and nitrates were 
performed using the protocols established by the ANASCOL S.A.S. Laboratory in Bogotá 
using Standard Methods for the Examination of Water and Wastewater [6].
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2.4.  Data Analysis
The biological material was determined up to the family level, thus evaluating all the 
benthic fauna of El Santuario creek collected during the sampling season. In order to define 
correlations between the abundance of aquatic macroinvertebrates, with physicochemical 
parameters and sampling stations, a constrict correlation analysis (CCA) was performed 
in the statistical program RStudio. 

For the analysis of water quality, the biotic index Biological Monitoring Working Party 
Index/Average score per taxa BMWP/ASPT modified for Colombia [7] was used. The 
method defines a score from 1 to 10 according to the tolerance of the different groups to 
organic contamination [8].

3.  Results
A total of 989 benthic macroinvertebrate individuals belonging to 9 orders and 15 
families were collected, with a total of 12 identified genera. The most abundant families 
were Hyalellidae with 500 individuals (51%) of the order Amphipoda and the family 
Helicopsychidae (28%) of the order Trichoptera. While the family Simuliidae was the least 
representative (0.1%) belonging to the Diptera order (Figure 2).

The CCA (Figure 3) highlights the variables that were most closely related to aquatic 
macroinvertebrate families where, conductivity, pH, TDS, and dissolved oxygen, which 
are influencing the families Ceratopogonidae, Chironomidae, and Scirtidae, respectively; 
where the higher the concentration of these variables in the greater environment may 
become the abundance of organisms. 

In the results of the physical–chemical parameters of the water, the basic parameters 
were determined with temperature ranges (8–9 oC), pH (6.8–7.6), dissolved oxygen (4–5 
mg/l), total dissolved solids (5–10 ppm), and conductivity (12–24uS) recorded during the 
six months of the study.

FIGURE 2. Families of aquatic macroinvertebrates found in the El Santuario creek, 
between March and August 2017.
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According to the values of the BMWP/Col-ASPT index, El Santuario creek presents 
mostly class III waters (range = 4.5–6.5) that correspond to water systems with moderately 
polluted waters of doubtful quality. There is a decrease in the number of families as the 
quality of the water resource declines, mainly in station seven where the creek receives 
the contribution of water from the coal mine, reporting the value of the lowest BMWP/
Col-ASPT index catalogued as class V (range = 1–3), becoming heavily polluted water in 
critical situation (Figure 4).

FIGURE 3. CCA of the different environmental variables and families sampled in 7 
seasons.

FIGURE 4. Water quality map with BMWP/Col-ASPT index values at the seven sampling 
stations.
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4.  Discussion
Macroinvertebrates are organisms that exhibit different levels of tolerance to contamination, 
mainly by organic matter [9]. The amphipods of the Hyalellidae family are small epigeal 
crustaceans very common in inland waters, they play an important role in the trophic 
chains [10] being food for other organisms such as fish and insects allowing the transfer 
of energy to other higher trophic levels [11]. These crustaceans achieve high densities in 
systems with high organic matter values by being detrivorous [12], specifically in systems 
with the low flow that favors the formation of dense populations. On the other hand, the 
tricopterans of the family Helicopsychidae are considered organisms that live in running, 
clean, and oxygenated waters [8], being a widely distributed group in the tropics and 
recognized as intolerant to contamination levels [13]. On the other hand, the diptera of 
the family simullidae have a preference for waters with high levels of oxygen in rivers and 
creeks [14–16] and the conditions reported in El Santuario creek are low, possibly absent 
of high densities of these diptera.

The dynamics of lotic systems are defined by hydrological and climatic behavior. The 
diptera macro invertebrates of the families Chironomidae and Ceratopogomnidae are 
predatory organisms where their food preference is coarse organic matter and detritus 
[17], allows to link them as indicators of high organic load or environments that present 
some degree of ecological alteration [18]. Likewise, the ranges of dissolved oxygen below 
7.6 mg/l favor the establishment of chironomides, an important group that is reported in 
this work. 

The CCA highlights the relationship between the Ceratopogonidae family with 
conductivity values, and chironomides with the pH variable where neutral values tend to 
be conducive to the family, favoring distribution space-time of the larvae [19]. 

Aquatic coleoptera have great ecological importance in water bodies, the Scirtidae 
family defined as crushers-filterers take advantage of decaying plant material [20]. The 
families Chironomidae and Scirtidae are proposed as possible indicators of the degree of 
anthropic intervention [21].

The BMWP/Col-ASPT index is proposed as an approximation for evaluating the 
country’s aquatic systems. The results obtained generally indicate class III waters classified 
as moderately contaminated, which relate to anthropic activities carried out in the 
study area for 40 years, where coal extraction took place. This type of water may create 
certain limitations for its establishment to the community of aquatic macroinvertebrates. 
Compared to the work done in 2015 [22], the biological quality of the surface waters of El 
Santuario creek has shown an improvement, highlighting that two years ago mining was 
stopped.

5.  Conclusions
The macroinvertebrate community reported in the El Santuario creek basin during the 
study period is not very diverse, where small amphipod crustaceans and trichoptera of the 
Helicopsychidae family represent 79% of the abundance of the reported organisms.
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The BMWP/Col-ASPT index applied for the El Santuario creek corresponds to Class 
III which represents moderately contaminated water, which has improved in two years 
without coal mining.

The results of the multivariate analysis of Constrictive Correlation suggest that in some 
cases the pH, total dissolved solids, conductivity, and dissolved oxygen favor the presence 
of bioindicating organisms in El Santuario creek, in addition to influencing the stability of 
the other families sampled.
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