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Abstract: The Yanaquincha River is one of the tributaries that crosses the canton of La Joya de los
Sachas from north to south, where the increase in human activities is affecting the quality of water
used for agricultural activities and in tourist resorts. The purpose of this research was to determine
the biological quality of the water through the BMWP-Col index and physicochemical parameters.
Five sampling sites were selected along the length of the river for this assessment. Relatively intact
sites were classified as reference sites (BR and FR), moderately impacted sites (EPC and EFPC),
and severely impacted sites (PC). Biological and physicochemical data were collected to examine
the quality of the water. The Biological Monitoring Working Party Colombia (BMWP-Col) biotic
index and Functional Feeding Group (FFG) grouping were used to evaluate river quality. The
results showed that water temperature, depth, width, and turbidity are important parameters in the
composition of families. In the sampling sites, the BMWP-Col index was a determinant for river water
quality (moderate, poor, or bad). Good quality water was not found in any of the sampling sites. The
composition of the macroinvertebrate community changes from the source of the river until it ends
its journey in the city. In addition, the family abundance and the composition of the feeding group
were observed in the sites that showed similar or the same quality of water. The diversity of families
and FFGs was generally higher at sites of moderate water quality. Chironomidae and Annelida were
the most abundant families while Leptoceridae was the least abundant. The diversity of families was
higher in BR while it was lower in PC and EFPC, grouped in six and four (both PC and EFPC) FFGs,
respectively. It is important to carry out this type of study in the Ecuadorian Amazon because there is
a lack of knowledge about taxonomic and functional diversity and the physicochemical variables
with water quality.

Keywords: abundance; biological monitoring working party index; diversity; families; functional
feeding group; physicochemical parameters

1. Introduction

Worldwide, it has been projected that demand in water will augment in 2030 by
40% [1]. In recent years, water pollution in protected ecosystems has increased due to
accelerated urbanization [2]. This has resulted in 90% of wastewater from anthropogenic
(urban, rural, and industrial) and diffuse (agricultural and livestock) activities in developing
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countries [3] being poured into rivers, lakes, and oceans [4], thus deteriorating the quality
of water. The Constitution of the Republic of Ecuador states that access to water is a
human right [5]; however, the non-application of environmental policies has meant that the
processes that cause water pollution are able to continue. Borja-Serrano et al. [6] point out
that one alternative that could help minimize these contamination processes is to include
civil society in decision-making to reduce morbidity and mortality rates resulting from
contaminated water consumption.

The Amazon region is not exempt from this problem, as anthropogenic activities have
not only damaged the health of the region’s ecosystems but have also affected the human
population’s access to clean natural resources. Water resources in the region are under
constant threat, mainly due to the scarce coverage of sewage systems and wastewater
treatment plants in urban and rural areas [2]. Given this situation, the need has arisen
to evaluate the biological health of the Yanaquincha River, which has agricultural and
recreational use, due to the Autonomous Decentralized Provincial Government (GAD) of
Orellana reporting an uncertain water quality index (BMWP-Col of 35-60) in this river in
2019 [7].

In Ecuador and other parts of the world, physicochemical parameters are applied
to determine water quality; nevertheless, the results obtained provide the state of that
ecosystem at that moment but not over the course of time [3]. For this reason, several
biotic indices based on the presence of macroinvertebrates have been developed to address
water quality in a comprehensive and ecological manner [8]. The Biological Monitoring
Working Party (BMWP) index is a water quality index used to assess the overall health
of a body of water according to the existence and richness of aquatic macroinvertebrates,
such as insects, mollusks, and crustaceans. These organisms are used as indicators of
water quality because they are sensitive to changes in the physical and chemical conditions
of the water, as well as to pollution [3]. BMWP is an important index in the neotropical
region because it uses benthic invertebrates as indicators of the quality of water [3]; it has
been used in the United Kingdom to determine the degree of contamination of aquatic
systems [2]. However, this method has been adjusted in several countries in order to
develop their own biological index [9]. This index uses metrics (species abundance and
trophic composition) and score values (1 plus degradation and 10 minus degradation)
to determine water quality [2]. Gabriels [10] points out that taxonomic composition,
abundance, and proportion of sensitive disturbance to insensitive families should be
considered and included in the analysis with hydro-morphological, chemical, and physical
elements that support the biological parameters. However, the results have been disputed
because the indices of abundance and family diversity are associated with factors such as
history, geography, climate, and ecology rather than the direct influence of anthropogenic
factors [11].

In a complementary way, the classification according to Functional Feeding Group
(FFG) is also an important tool, since it combines morphological and behavioral charac-
teristics, allowing the evaluation of functional differences in this community both in time
and space [5,12]. Regarding the latter, it is already known from the River Continuum
Concept (RCC) that the direction of water flow and the abiotic changes that occur from
the headwaters of a river to its mouth define the longitudinal gradient of distribution and
diversity that ultimately affect aquatic metabolism and nutrient cycling in the river [13].

In Ecuador, there are some studies that show that the BMWP-Col (adjusted by Colom-
bia) and the FFG together with hydromorphological and chemical variables help to deter-
mine the biological quality of water in rivers of the Coastal and Amazon regions [3,8,9]. For
this reason, the objective of this study was to determine the water quality of the Yanaquin-
cha River, which crosses the County of La Joya de los Sachas from north to south, using the
BMWP-Col index, the structure of the FFG, and physicochemical parameters.
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2. Materials and Methods
2.1. Study Area and Site Selection

The Yanaquincha River is a tributary of the lowest point of the Coca River (218 m.a.s.1.).
In the dry season, there is an average discharge of 219 m® s ~1, and it increases its flow
rate up to 389 m> s ~! in the rainy season [3]. This river crosses the city of La Joya de los
Sachas from north to south. According to the Kdppen climatic classification, this region is
a tropical rainforest [14]. To select the most suitable months for sampling, the recommen-
dations of Gabriels et al. [10] were followed, who mention that extreme conditions such
as hydrological regime and temperature (especially in winter) must be avoided during
macroinvertebrate sampling to obtain a reliable evaluation of the water quality. Four sam-
plings were taken in the Yanaquincha River (51 km). They were taken during September
and October 2021 (every 15 days) during the period of least rainfall (4 samplings). The
annual average rainfall during the year exceeds 3000 mm at this site and the season with
minor rainfall occurs in the months of September and October (233 to 236 mm, respec-
tively) [15]. A total of 5 sampling sites were selected from the entrance of the river to the
La Joya de los Sachas canton to its exit. The sites were located as follows: beginning of
the river (BR), entrance to the population center (EPC), population center (PC), exit from
the population center (EFPC), and end of the river (FR) (Figure 1). For the selection of
the sites, in situ observations were carried out and the methodology reported by Helson
and Williams [16] was followed, who stated that relatively intact sites should be chosen as
reference sites; in this study, the intact sites were the BR and FR, moderately impacted sites
were the EPC and EFPC, and the severely impacted site was the PC.
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Figure 1. Study area where sampling was carried out in the Yanaquincha River. The codes used for
the sampling sites were: the BR (beginning of the river), the EPC (beginning of the population center),
the PC (population center), the EFPC (exit from the population center), and the FR (end of the river).
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2.2. Data Collection
2.2.1. Physicochemical Analysis

In situ, the temperature of the water was measured with a digital thermometer (ST9215,
ATM limited, Hong Kong, China). Water samples were collected in sterile amber glass
bottles (1250 mL) to analyze inorganic and organic compounds and stored at 4 °C until anal-
ysis. Samples were collected in three zones of the river section (left, right, and central) [17].
The analyses were performed according to the methods for the analysis of drinking and
wastewater (APHA-AWWA-WPCF) suggested by Ann and Franson [18]. The standard
method 4500- PE was used for the determination of phosphate (PO4-P), standard method
4500 NO3 B was used to determine nitrates, and standard method 2130 B was used to
determine turbidity. These were performed with UV-visible spectrophotometry (80-2106-20
Pharmacia Biotech, Des Moines, lowa, USA). The standard method 5220 D was used to
determine dissolved oxygen (DO) and chemical oxygen demand (COD) by employing
spectrophotometry (DR 2000, HACH, Des Moines, Iowa, USA). The standard method 5210
B was used to determine biochemical oxygen demand (BODs) with WTW OxiTop IS 12
(Oxitop, Madrid, Spain). The standard method 2510B was used to determine dissolved
solids (TDS) with a conductivity meter (51800-18, HACH, Des Moines, Iowa, USA). The
standard method 2017 Ed 23 4500 H+B was used to determine pH by electrometry (51910-18,
HACH, Des Moines, Iowa, USA). The standard method 9222 D was used to determine fecal
coliforms using membrane filtration (Memmert, Incubator, Nuremberg, Germany). The
EPA (Environmental Protection Agency) methods 418.1, 1978 and 1664, 1999 were used to
determine the presence of total petroleum hydrocarbons (TPH) using infrared spectropho-
tometry (HART-T2 and CH, INFRACAL, Boston, USA). The flow velocity was measured
using the flotation method, where a length of 5 m was considered [9]. In addition, the
depth and width (hydromorphological variables) of the river were measured manually. The
physicochemical parameters selected for the study of the Yanaquincha River were selected
from studies conducted by Sinche et al., Cabrera et al. and Rodriguez Badillo et al. [2,3,19]
in the Ecuadorian Amazon.

2.2.2. Macroinvertebrate Sampling

Samples were collected using a D net with a 500 pum mesh. This net was placed in
the opposite direction of the water flow and the substrate was gently moved for 5 min.
This procedure was repeated three times at each sampling site, i.e., 15 min in total at each
sampling site [10,20]. The samples were placed in plastic trays and an initial selection was
made of branches, sticks, and leaf litter. Subsequently, macroinvertebrates were placed
in small jars with 70% ethanol. In the laboratory with a stereoscope (IVU-5000, Labomed,
New York, NY, USA), the specimens were counted and identified (families) using the keys
developed by Dominguez et al. and Trop and Rogers [21,22].

2.2.3. Determination of the BMWP-Col Index and Grouping according to Functional
Feeding Group

The ecological quality of the water was assessed with the BMWP-Col [9] at each
sampling site, and it was based on a tolerance score assigned to the macroinvertebrate
community composition. This score ranged from 1 to 10 (low tolerant scores and high
sensitive scores). Subsequently, the total BMWP-Col score for each sampling site was
obtained by adding together the scores of all families that were present at the sampling site.
The ecological quality of the water was set according to the BMWP-Col value, as follows:
>100 (good), 61-100 (moderate), 36-60 (poor), 16-35 (bad), and 0-15 (very bad) [3].

The identified families were grouped according to FFG as outlined by Ramirez et al.,
Coccia et al. and Wakhind et al. [12,23,24]. The assignment of more than one FFG per family
reflects the diversity within the same family and they were grouped into CG = Collectors,
Ft = Filtrators, Pr = Predators, Sh = Shredders, SC = Scratchers, and Dt = Detritivores. To
analyze the longitudinal gradient of the FFGs, the sampling sites were also grouped into
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three regions: upstream (the BR and EPC), middle (the PC), and downstream (the EFPC
and FR).

2.2.4. Data Analysis

The analyses were carried out using the software Rv4.1.1-R-Core.Team, 2021 [25]. Data
were normalized prior to the analysis. A principal component analysis was carried out to
analyze the similarity among sampling locations, BMWP-Col index, and physicochemical
variables. The correlation between the hydromorphological, physicochemical variables,
and the BMWP-Col index was analyzed using the Spearman coefficient. Bar graphs were
prepared to show the relative abundance exiting in the sites grouped according to family
and FFG.

3. Results
3.1. Physicochemical Analysis

The results of the descriptive analysis are presented in Table 1 and data of each
sampling time is shown in Table S1. In the sampling sites, the minimum temperature
varied from 23.5 °C (BR) to 24.9 °C (FR) and the maximum temperature varied from
24.5 °C (BR) to 27.5 °C (PC). A highly significant positive correlation was found between
temperature with depth and width (0.70, p < 0.01) and also between temperature and COD
(0.46, p < 0.05). In addition, a significant negative correlation between temperature and
BOD and velocity was found (—0.49 and —0.31, p < 0.05). The slowest water velocity was
at the EFPC (12.26 m*s~!) and the fastest was at the BR (26.08 m s~!). Water velocity had a
negative correlation between depth and dissolved solids (—0.57 and —0.58, p < 0.01).

Table 1. Means, minimum (min), maximum (max), standard deviation (SD), and confidence interval
of the variables taken at the 5 sampling points along the Yanaquincha River.

Variable BR EPC PC EFPC FR
Temperature (°C) 239 249 24.5 25.0 254
Min 23.5 241 242 24.3 249
Max 24.5 255 27.5 26.0 26.0
SD 0.45 0.60 1.45 0.73 0.47
Confidence interval 23.4-24.4 24.3-25.5 23.1-25.9 24.3-25.7 23.1-25.9
PO, P (mgL™!) 0.42 0.69 0.44 0.60 0.54
Min 0.21 0.18 0.21 0.3 0.25
Max 0.53 1.59 0.68 0.8 0.74
SD 0.15 0.62 0.22 0.24 0.22
Confidence interval 0.26-0.57 0.08-1.30 0.22-0.66 0.36-0.84 0.32-0.76
Nitrate-(NO3) (mg L™1) 0.40 0.45 0.58 0.55 0.55
Min 0.2 0.3 0.22 0.5 0.4
Max 0.7 0.7 0.8 0.6 0.7
SD 0.24 0.19 0.25 0.06 0.13
Confidence interval 0.16-0.63 0.25-0.64 0.33-0.83 0.49-0.61 0.43-0.66
Turbidity (FTU) 2.59 3.93 7.34 7.77 8.68
Min 1.05 2.79 4.5 3.73 3.1
Max 3.54 5.24 10.7 14.8 19.3
SD 1.12 1.0 3.03 497 7.33
Confidence interval 1.49-3.69 2.95-4.91 3.04-6.90 2.91-12.63 1.51-15.90
DO (mgL~1) 5.72 5.45 4.95 4.08 4.38
Min 42 3.8 2.6 2.6 3.6
Max 7.0 6.7 7 7.2 5.3
SD 1.39 1.21 1.95 2.13 0.77
Confidence interval 4.37-7.07 4.25-6.65 3.05-6.85 2.00-6.16 3.62-5.14
COD (mgL™1) 12.1 11.2 13.6 13.9 10.2
Min 10.0 10.0 10.0 10.0 10.0
Max 18.3 143 19.9 20.6 10.8
SD 413 2.1 4.4 5.0 0.4
Confidence interval 8.04-16.16 9.14-13.26 9.31-17.90 8.96-18.84 9.83-10.57
BODs (mg L™1) 0.8 1.02 0.9 1.12 0.8
Min 0 0 0 0 0
Max 32 2.6 2.1 24 22
SD 1.58 1.26 1.04 1.3 1.04

Confidence interval —0.74-2.35 —0.21-2.25 —0.12-1.92 —0.15-2.39 —0.74-2.34
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Table 1. Cont.

Variable BR EPC PC EFPC FR
TDS (mg L) 53.9 67.3 65.0 73.67 60.6
Min 47.6 49.2 38.3 50.8 374
Max 59.3 82.2 80.8 90.1 73.5
SD 5.1 15.3 194 18.1 16.1
Confidence interval 48.92-58.88 52.31-82.30 45.95-84.05 55.93-91.41 44.88-76.32
pH 7.16 7.25 7.04 7.02 7.23
Min 6.92 6.81 6.77 6.47 6.75
Max 7.48 7.65 7.32 7.5 7.82
SD 0.27 0.36 0.3 0.47 0.46
Confidence interval 6.91-7.41 6.90-7.60 6.75-7.33 6.57-7.47 6.78-7.69
Fecal coliforms (col 100 mL ™) 1255 78,155 108,300 363,150 2925
Min 500 420 7200 9600 1100
Max 2100 300,000 390,000 1,400,000 7200
SD 767.75 147,975 187,913.4 691,265.9 2864
Confidence interval 502.61-2007.39 —66,860.5-223,170.5 —75,855.07-292,455.07 —314,290.48-140,590.48 118.28-5731.72
TPH (mg L™1) 0.05 0.06 0.05 0.05 0.05
Min 0.05 0.05 0.05 0.05 0.05
Max 0.05 0.06 0.05 0.06 0.06
SD 0 0.01 0 0 0
Confidence interval 0.05-0.05 0.06-0.06 0.05-0.05 0.05-0.05 0.05-0.05
Flow velocity (m s™1) 26.42 249 25.21 16.61 21.47
Min 26.08 23.51 16.32 12.26 14.56
Max 26.88 26.61 36.03 22.29 322
SD 0.34 1.29 8.18 42 7.68
Confidence interval 26.08-26.75 23.65-26.15 17.19-33.23 12.49-20.73 13.94-28.99
Depth (m) 0.25 0.38 0.71 0.92 0.75
Min 0.2 0.22 0.51 0.66 0.61
Max 0.32 0.57 0.88 1.21 1.02
SD 0.05 0.15 0.15 0.23 0.19
Confidence interval 0.19-0.31 0.24-0.52 0.55-0.87 0.70-1.14 0.55-0.95
Width (m) 4.74 10.62 8.34 6.22 11.81
Min 43 8.37 7.43 5.67 10.2
Max 5.29 13.17 9.37 6.77 13.73
SD 0.41 1.97 0.8 0.45 1.46
Confidence interval 4.33-5.15 8.68-12.56 7.56-9.12 5.78-6.65 10.38-13.24

In addition, turbidity was low at the BR (2.59) and high at the FR (8.68 FTU). A positive
correlation of depth with water turbidity was found (0.57 FTU, p < 0.01). The mean pH at
all sampling points remained near 7 and had a significant negative correlation with DO
(—0.43, p < 0.05) and a positive correlation with BODs (0.53, p < 0.05). On the other hand,
there was a significant positive correlation between COD and BOD with the presence of
hydrocarbons (0.44 and 0.50, p < 0.05), between COD and POy4-P with fecal coliforms (0.50
and 0.44, p < 0.05), and nitrates with turbidity (0.40, p < 0.05). Table 2 shows the Spearman
correlation coefficients between variables.

Table 2. Correlation analysis of environmental, hydromorphological, and biological variables.

River

BMWP-Col  Temperature Velocity II;;‘}';}" Widihs pH DS oD DQO BOD; PO, POy Nitrates Turbidity TPH Coliforms
BMWP-Col 1.00
Temperature —0.53* 1.00
Velocity 031 ~039* 1.00
Depth —0.66** 070 ** —0.57 % 1.00
Width —0.45* 070 ** ~0.14 032 1.00
pH 017 ~0.09 0.14 —0.27 0.04 1.00
DS —0.22 0.26 —0.58* 029 0.15 0.1 1.00
oD 0.24 —0.25 0.14 —0.29 —0.18 —0.43* —0.41 1.00
DQO —0.11 046* 0.14 —0.20 —0.30 0.08 0.06 —0.06 1.00
DOD; —0.01 —049* ~001 —028 —017 053+ 016 ~0.03 0.58 1.00
PO, P —0.06 —0.33 —0.22 011 —0.11 —0.10 —0.22 0.15 0.31 0.40 1.00
Nitrates ~0.36 020 ~0.09 025 0.20 —021 010 ~0.33 029 ~015 ~0.08 1.00
Turbidity —0.64** 036 ~024 0.57 037 ~030 035 ~0.33 036 007 ~0.01 049* 1.00
TPH 0.09 —0.05 ~0.09 ~0.26 0.15 0.30 017 —0.08 0.44% 0.50* 027 —0.04 0.22 1.00
Coliforms —042 —0.02 —0.14 035 —0.14 ~0.01 ~0.09 ~0.13 0.50% 0.27 0.44% 0.08 0.30 0.11 1.00

* significant at 0.05; ** significant at 0.01.

3.2. Calculation of the BMWP-Col Score for River Evaluation

A total of 1488 macroinvertebrates were classified and identified, grouped in 28 different
families. The BR and EPC showed the highest abundance and diversity, with 391 and
302 individuals, respectively, grouped into 10 and 6 different families, respectively. At the
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EPC and FR, 270 and 286 individuals belonging to 8 and 7 different families were found,
respectively. The EFPC was the site where the lowest number of individuals (239) was
found, grouped into seven different families. Anelida and Perlidae (126 and 91 individuals,
respectively) were the most abundant families at the PC and BR, followed by Staphylin-
idae and Coenagrionidae (72 and 64, respectively) in the FR and EFPC, and Ptilodactylida
(57 individuals) at the EPC. Table 3 shows the list of families found in the different sampling
sites and the tolerance scores according to the BMWP-Col.

Table 3. Total abundance of families at sampling sites and tolerance scores according to BMWP-Col.

. . o1s Tolerance
Sampling Site Order Families Abundance BMWP-Col
Coleoptera Staphylinidae 72 6
Diptera Chironomidae 56 2
Veneroida Sphaeriidae 47 4
FR Trichoptera Hydropsychidae 40 7
Ephemeroptera Leptophlebii 31 9
Coleoptera Elmidae 24 6
Odonata Gomphidae 16 10
Coleoptera Ptilodactylida 57 10
Hydraenidae 46 9
Heteroptera Naucoridae 44 7
Odonata Gomphidae 39 10
EPC Ephemeroptera Leptophlebi 32 9
Baetidae 23 7
Calopterygidae 16 7
Trichoptera Leptoceridae 13 8
Odonata Coenagrionidae 64 7
Odonata Gomphidae 46 10
Dytiscidae 37 9
EFPC Staphylinidae 27 6
Coleoptera Ptilodactylidae 26 10
Basommatophora Lymnaeidae 21 4
Oligochaeta Annelida 18 1
Plecoptera Perlidae 91 10
Diptera Chironomidae 60 2
Ptilodactylidae 55 10
Ephemeroptera Leptophlebi 48 9
Coleoptera Hydraenidae 31 9
BR Trichoptera Hydropsychida 28 5
Odonata Coenagrionidae 24 7
Muscidae 20 2
Decapoda Palaeomonidae 18 8
Gomphidae 16 10
Oligochaeta Annelida 126 1
Muscidae 56 2
Diptera Chironomidae 50 2
PC Amphipoda Hyalellidae 32 7
Trichoptera Hydrobiosidae. 21 9
Ephemeroptera Leptophlebii 17 9

At the five sites sampled, the BMWP-Col index was 72 and 67 (slightly polluted water

where some effect of pollution is noticeable), 19 (heavily polluted waters), and 44 and 46
(moderately polluted water), respectively (Figure 2). Moderate biological water quality
was found at the BR and EPC, coinciding with high species abundance. The BMWP-Col
index showed opposite correlation with depth and turbidity (—0.66 and 0.64, p < 0.01)
and a significant correlation between river width and temperature (—0.45, —0.53, p < 0.05)
(Table 2).
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The BMWP-Col score determined for this study was related to the hydromorphological
variables: river velocity, width, depth, and turbidity. When the velocity was >24 m s72,
moderate ecological water quality (BMWP-Col > 61) was observed. This same quality value
was obtained when the DO content was >5 and pH was >7. The ecological water quality
was also found to be poor or critical at the PC (19) and poor or doubtful at the exit of the
population center (EPC) and FR (46 and 44, respectively).

In the PCA analysis, the first two components explained 44.7% of the total variance
of the samples (Figure 3). There was clustering of sites classified as poor or bad (except
point EPC3, 3 = third sampling) on the right side of the graph associated with higher values
of depth, temperature, width, turbidity, total nitrogen, and total dissolved solids. The
characteristics of the water sample taken at EPC3 might be related to the fact that this site
showed the lowest values of PO, and fecal coliforms (Table S1) and possibly these values
influenced the contrast with the rest of the samples. The sites classified as moderate, on
the other hand, were grouped on the left side of the graph, associated with higher values
of BMWP index, velocity, total phosphorus, and dissolved oxygen. A few sites deviated
from this pattern, especially PC2 (2 = second sampling) and EFPC2, which were associated
with higher values of pH and fecal coliforms, while sites PC4 (4 = fourth sampling), PC1
(1 = first sampling), FR4, and EFPC4 were associated with lower values of these variables.
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Figure 2. Map showing the quality of the water in the sampling sites. The main rivers within the
Coca River basin are shown. Bad or critical (heavily polluted waters), moderate or doubtful (slightly
polluted waters, some effect of pollution is noticeable), and poor or acceptable (moderately polluted)
waters are shown.

The distribution of FFGs based on invertebrate community is shown in Figure 4.
The BR and EPC had the highest diversity and there was a predominance of CG, Ft, Pr,
and Sh-Dt. CG, Ft, and Pr predominated in the PC, while Pr was present in the EFPC
and Pr and CG were present in the FR. The abundance of macroinvertebrates varied
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according to the sampling site. Upstream, there was a greater diversity of families and
downstream, the number decreased. At the BR, the most representative family was Perlidae,
while Ptilodactylidae and Hydraenidae predominated at the EPC. At the PC, the number
of families decreased with respect to the BR and EPC, and the most abundant family
was Annelida. Downstream, at the EFPC and FR, the most representative families were
Coenagrionidae and Staphylinidae. The family Chironmidae was present at the BR, PC,

and FR.

® |
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Figure 3. Diagram of main components of the Yanaquincha River. The BMWP-Col index is displayed
with colors based on the water quality. Physicochemical and hydromorphological variables are
indicated in gray letters. The categories are bad or critical (heavily polluted waters), moderate or
doubtful (slightly polluted waters where some effect of pollution is noticeable), and poor or acceptable
(moderately polluted waters). The numbers 1, 2, 3, and 4 represent the sampling campaign.
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Figure 4. Abundance of benthic macroinvertebrates according to functional feeding groups, where
CG, Pr, Ft, Sh, Dt, SC, and NI refer to collectors, predators, filter-feeders, shredders, detritivores,
scrapers, not identified, respectively.



Sustainability 2023, 15, 5790

10 of 15

Figure 5 shows the distribution of FFGs in the upstream, center, and downstream
sections of the river. Upstream (the BR and EPC) and downstream (the EFPC and FR)
sections showed the highest diversity and there was a predominance of Pr followed by
Sh-Dt. Downstream, Pr also dominated, followed by CG-SC and Ft. In the center section of
the river (the PC), the lowest diversity was observed and Pr was also the most predominant
group, followed by Ft.
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Figure 5. Abundance of benthic macroinvertebrates according to functional feeding groups, where
CG, Pr, Ft, Sh, Dt, SC and NI refer to foragers, predators, filter feeders, shredders, de-tritivores,
scrapers, and not identified, respectively. Upstream, center, and downstream sections of the river.

4. Discussion

The mean temperature of the water in the Yanaquincha River was 24.7 °C, ranging
from 23.9 °C to 25.4 °C. The highest temperature values were determined in waters where
riparian vegetation is sparse. These values are similar to those obtained in the Orienco
stream (23.5 to 27 °C) located in the northern Ecuadorian Amazon, where the climatic
characteristics are similar to those of La Joya de los Sachas [2]. It was determined that at
the FR, river width (8.34 m) and temperature (24.5 °C) were related to poor water quality.
This finding is similar to that reported by Cabrera et al. [3], who note that the higher
the temperature and the wider the river (>5 m), the poorer the water quality. In general,
average invertebrate abundance decreased downstream, despite the slight improvement in
richness at the EFPC site compared to the previous site.

The pH was practically neutral and did not show variation; it had a slightly positive
relationship with poor water quality at the EPC, and this behavior is similar to that reported
by Sinche et al. [2] who found little pH variation (6.74 to 7.35) and by Braga et al. [26] who
determined a neutral pH in the Munin and Iguard rivers. The pH values ranged from 7.02
to 7.25 (neutral pH), which are similar to the values reported by Sinche et al. [2] in the
Orienco stream.

The presence of nitrates is possibly due to the fact that the organic nitrogen produced
decreased and nitrate values increased: a situation that generally occurs in urban areas due
to the presence of domestic wastewater and industrial effluents [27].

The DO level also had a partial positive influence on water quality at the BR and
EPC, where the concentrations of oxygen-consuming substances were low and strong
phytoplankton photosynthesis was occurring [28]. The DO levels ranged from 4.08
to 5.72 mg L™!; these levels are within the ranges reported by Sinche et al. [2] (4 and
12 mg L~1) in the Orienco stream and below the levels reported by Cabrera et al. [3] (8 and
9 mg L) in the Aguarico and Coca rivers (Ecuadorian Amazon).
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The mean COD concentration was 12. 2 mg L~ and BOD was 0.93 mg L 1; these
values possibly indicate reduced aerobic and oxidation activities in the watercourse [2]. The
concentration of BOD and nitrites were below the minimum values reported by Sinche et al.
and Mena-Rivera et al. [2,20] (10.15and 11 mg L1, 1.95 and 4 mg L~ !) in studies conducted
in the northeastern part of the Costa Rican Valley and the Ecuadorian Amazon (average
temperature of 25 °C and 25.5 °C, respectively).

Turbidity and dissolved solids showed an increasing trend in the industrialized and
urbanized area, and their fluctuation and increase could be associated to dischargers of
wastewater into the river. Braga et al. and Huey and Meyer [29,30] point out that turbidity
and dissolved solids are indicators that help explain water quality; for example if the levels
of these parameters increase, it is because excessive effluent drainage is occurring. The
values of turbidity in this study are lower (2.59-BR, 3.93-EPC, 7.34-PC, 7.77-EFPC, and
8.68 FR) than those reported by Mena-Rivera et al. [20] (10.59 NTU). The turbidity values
determined at the EPC, PC, and FR sites were above the limit (>5 NTU) reported for human
consumption, and this is possibly due to the fact that wastewater discharges occur at these
sites, causing a greater accumulation of solid matter and a reduction of light transmission in
the water [31]. In addition, the hydromorphological variables such as depth and turbidity
(clay, suspended particles of silt, plankton, organic compounds, and other microorganisms)
are related to the poor quality of the water, indicating that the deeper the river is, the greater
the turbidity. This same behavior was reported by Cabrera et al. [3], who point out that the
worst water quality occurs at greater depths.

The PC site showed a bad water quality index (worst quality); this may be due to
the fact that the river downstream has experienced a cumulative impact of anthropogenic
activities. The PC site also showed relatively higher turbidity than the other points (brown
water), which could be attributed to the presence of sediments due to the constant discharge
of waste into the river. Furthermore, in this study, these parameters are closely related to
the presence of PO,4-P at the PC. This behavior is similar to that found by Gad et al. [32],
who stated that the presence of phosphorus is directly related to water turbidity due to the
presence of natural colloids (1-1000 nm), Fe oxides, and clay minerals.

In this study, the TPH analysis at the five sampling points was less than <0.06 mg L~1;
these are values below the permitted limits (0.5 mg 17?) for freshwater aquatic life preserva-
tion sites [33]. At the BR and EPC, the water quality was moderate and the water velocity
was 26 and 25 m s~ 2, respectively. A probable explanation is that velocity is considered to
be a diffusion phenomenon, since it causes pollutants to be carried and decompose along
the river, as long as there are no more pollutants present downstream [34]. In addition, the
presence of coliforms at the PC is possibly due to domestic wastewater discharges.

The macroinvertebrate community identified in this study showed a more realistic
state of the Yanaquincha River ecosystem during its course through La Joya de los Sachas.
Macroinvertebrate composition is generally related to chemical (oxygen, nitrates, phos-
phorus, dissolved solids, and pH), environmental (temperature), and site-specific (velocity,
width, depth, and turbidity) interactions as potential variables to explain the composition
of the biota [3].

When applying the BMWP-Col index, it was determined that the water quality index
was better when there was more diversity of macroinvertebrates regardless of the number
of individuals; thus, the water quality improves as more families increase [19]. At the
BR and EPC, the number of families was 10 (391 individuals) and 8 (270 individuals),
respectively, and the water quality was moderate; in contrast, the PC showed poor water
quality with 6 families. A probable reason of the reduction of the quality of water at the PC
is the existence of pollution-tolerant families and the disappearance of species susceptible
to pollution episodes, such as Perlidae and Ptilodactylidae. This disappearance of species
at the PC may have been caused by wastewater discharges, because the highest discharges
of wastewater occur there. Downstream sites showed a diffusion effect (self-cleaning),
possibly due to the water pollutants (nitrites, phosphates, etc.) being carried by the river
continuing its course; thus, the water becomes cleaner in this sampling site, causing the
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presence of species such as Coenagrionidae [34]. Similar behavior was determined in the
Juma River in the city of Beijing, where upstream, the water was polluted and its quality
was poor, but downstream, the river was clean and the water quality was good, which
means that this river possessed self-purification capacities, possibly through physical and
chemical actions in the flow such as dilution, deposition, and adsorption [35]. In addition,
the presence of plant species and their interactions with the microorganisms present in
the decomposition, assimilation, denitrification, sorption (adhesion between substances),
root entrapment, and sedimentation of the river cause the river downstream to become
cleaner [36].

This study identified aquatic food chains in the sampling sites including collecting
organisms (CG), predators (Pr), filter feeders (Ft), and shredder-detritivores (Sh-Dt) that
have a strong dependence on the presence of organic matter and sediments. Regarding
this behavior, Cabrera et al. [3], pointed out that the association of FFG with water quality
is clear, since the diversity and supremacy of several feeding traits vary as the degree
of disturbance rises. For example, all FFGs are present in sites with good water quality,
with a slight dominance of SC and Pr, while in sites with bad water quality, the diversity
of FFGs is reduced, with a dominance of GC. In addition, it was observed that Pr were
found to be the predominant group in all upstream, downstream, and center sections of
the river, and that FFG groups in upstream and downstream sections were similar but not
same in terms of the abundances of each group. The latter findings agree with the RRC
hypothesis [13], which states that benthic communities in a given river segment may be
similar to communities upstream or downstream and in neighboring reaches, and that taxa
richness is heterogeneous in the longitudinal profile of a river; this trend was observed in
this study. Families with a lower tolerance to contamination were found upstream, favoring
the development of predatory groups such as the family Perlidae (BMWP-Col = 10), which
is present in waters slightly contaminated with organic matter [19,37]. Chironomidae was
present at the EFPC, where the amount of DO was 4.08 mg L.~!, possibly because this
family has the ability to survive in contaminated and anoxic environments, and they are
considered a collecting, filtering, and predatory group [37]. Tomanova and Tedesco [38]
mention that this family eliminates up to 70 g of organic matter per m? day !, due to its
biomass rising with nutrient concentration [39]. Hydropsychidae was present at the BR;
this family is capable of filtering fine organic matter and is regularly found in moderate
and high discharges [20]. At the EPC, the Ptilodactylidae family (shredders/detritivores)
was found, which includes specimens that are not tolerant to organic contamination [40].
The presence of this family is possibly due to the fact that downstream, the river undergoes
a purification process, and thus the water is moderately polluted [41]. At the PC, the most
representative family is Annelida, belonging to the predator group. This family adapts very
well to decomposing organic material and it has been found mainly in urbanized areas in
domestic sewage systems and industrial effluents [2]. Coenagrionidae (predators), a family
that prefers cleaner water [42], was present at the BR and EFPC, and this could be due to
there being fewer contaminants at those sampling sites [34]. Staphylinidae was present
at the FR. Hamid et al. [41] notes that this family is associated with riparian habitats (leaf
litter), but it may be susceptible to water quality.

The results of this study could help the GADs of the Orellana Province to formulate
public policies that help to conserve water sources such as the Yanaquincha River because
its water is used for irrigation and recreational activities. In addition, it is important that
the GAD apply the Sustainable Development Goals that include: eliminating landfills,
minimizing chemical release and hazardous materials, decreasing the disposal of untreated
wastewater by 50%, and augmenting recycling and reuse practices; this will improve water
quality and satisfy the population’s need for clean and safe water for recreational, hygienic,
domestic, and industrial uses [43].



Sustainability 2023, 15, 5790

13 of 15

References

5. Conclusions

The ecological water quality of the Yanaquincha River in Joya de los Sachas (Ecuado-
rian Amazon) was determined according to the indicators represented by macroinvertebrate
families as well as the standard water quality parameters of the physicochemical meth-
ods. The BMWP-Col index was a determinant in setting the water quality of the river,
which presented moderate, poor, and bad quality, without finding good quality water
at any sampling site. At the BR and EPC, the water quality was moderate (slightly pol-
luted) because it showed a BMWP-Col index > 60. At the PC, the water quality was bad
(very polluted waters), with a BMWP-Col of 19, and at the EPC and FR, the water quality
was poor (moderately polluted waters) because it presented BMWP-Col values of 46 and
44, respectively.

It was determined that velocity, DO, and pH explain the distribution and abundance
of families in moderate water quality, while downstream at greater depths, turbidity and
dissolved solids correlated with poor water quality. e Bad water quality was linked to the
presence of fecal coliforms, thus limiting macroinvertebrate diversity.

The diversity of families and abundance of the individuals was higher at the BR
(6 families /391 individuals) and lower at the EFPC (4 families/239 individuals). CG was
the FFG present at most of the sampling sites (the EPC, BR, PC, and FR). Chironomidae
and Annelida were the most abundant families and Leptoceridae was the least abundant.
Heterogeneous FFG variations along the river were determined; however, further research
considering spatiotemporal approaches involving ecological traits, environmental data,
and soil cover and other characteristics that help to confirm what occurs in river ecosystems
is needed.

Finally, it is important to carry out this type of study in the rivers of the Ecuadorian Ama-
zon to promote alternatives for the protection and conservation of water sources, especially
those that are used by the population for agricultural purposes or recreational activities.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/su15075790/s1, Table S1: Hydromorphological and chemical
data from the four samplings times (M) in the five sites of the Yanaquincha River. BR = Beginning
of the river, EPC = Entrance to the population center, PC = Population center, EFPC = Exit from the
population center, and FR = End of the river.
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