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Abstract

Rios Zufiag, Pastaza, and Topo flow through one of the rainiest and water-rich places in Ecuador.
Rio Zufiag is a relatively small, pristine montane river and Rio Pastaza is a relatively large,
contaminated river that receives the untreated wastewater of many communities. Rio Topo’s
unique watershed and gradient allow it to be home to many plants that have adapted to its unique
environment, including the hyperendemic liverwort Myriocolea irrorata. However, in recent
years, all of the water of Rio Topo has been sold by the state of Ecuador to be developed for
hydroelectric projects (HEP). The first of these projects is currently under construction near the
small community of Azuay. HEPs have major environmental and social impacts in the regions
they are built. The objectives of this study were to assess the water quality of Rios Topo, Zufiag,
and Pastaza, with a focus on Rio Topo due to the current HEP construction. Social and economic
impacts of the HEP were also included briefly. All three rivers were compared using benthic
macroinvertebrate metrics, as well as physiochemical characteristics. Additionally, the samples
taken upstream and downstream of the construction on Rio Topo were compared. Overall, the
macroinvertebrate metrics supported the expectation that Rio Zufiag would have the highest
macroinvertebrate family richness, family diversity, and overall water quality, followed closely
by Rio Topo, and less closely by Rio Pastaza. According to the macroinvertebrate metrics, the
water quality upstream and downstream of the HEP on Rio Topo was not significantly different.
The physiochemical data supported these findings. This was expected because the HEP is not
currently operational, but it will be critical to do further water quality studies in the future when
it is. The HEP had some social and economic impact on the community of El Topo, including a
six-year law suit and resistance movement, biased economic benefits, and general exploitation of
El Topo’s natural resources.

Resumen

Rios Zufag, Pastaza, y Topo corren a través de uno de los mas lluviosos lugares en Ecuador. Rio
Zuhag es un rio pequefio, pristino, y montafioso y Rio Pastaza es un rio grande y contaminado
que recibe las aguas no tratados de muchas comunidades. La cuenca Unica y la pendiente del Rio
Topo hacen un hogar para muchas plantas que han adaptado a su medio ambiente Gnico,
incluyendo la hepética hiperendémica Myriocolea irrorata. Sin embargo, en afios recientes, toda
el agua de Rio Topo ha sido vendida por el estado del Ecuador para desarrollo hidroeléctrico.
Actualmente, el primer de estos proyectos se esta construyendo cerca del pueblito Azuay.
Proyectos hidroeléctricos tienen impactos ambientales y sociales en las regiones donde estan.
Los objetivos de este estudio eran evaluar la calidad del agua de los Rios Topo, Zufiag, y
Pastaza, con un enfocado en Rio Topo debido al proyecto hidroeléctrico. Impactos sociales y
economicos del proyecto fueron incluyendo brevemente. Los tres rios fueron comparados usando
métricos de macroinvertebrados, y también caracteristicos fisicogquimicos. Ademas, las muestras
de rio arriba y abajo del proyecto del Topo fueron comparadas. Generalmente, los métricos de
los macroinvertebrados apoyan las expectativas que Rio Zufiag tendria la riqueza de familias,
diversidad de familias, y la calidad del agua mas altas, seguido por Rio Topo, y Rio Pastaza.
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Siguiendo a los métricos de los macroinvertebrados, la calidad del agua de las muestras de rio
arriba y rio abajo del proyecto no fue diferente significantemente. Los datos fisicoquimicos
apoyan estas conclusiones. Estas conclusiones se esperaban porgue el proyecto hidroeléctrico
todavia no esté4 en funcionamiento. Sera critica para hacer més estudios de la calidad del agua en
el futuro cuando el proyecto est4 en funcionamiento. El proyecto tenia impactos sociales y
economicos en la comunidad EI topo, incluyendo un juicio y resistencias de seis afios, beneficios
econOmicos parciales, y explotacion general de los recursos naturales de El Topo.

ISP Topic codes: 614, 615, 627

Key words: water quality, rivers, macroinvertebrates, bioindication, hydroelectric, dam
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Introduction
Site Overview: El Topo, Tungurahua, Ecuador

El Topo is a small rural community of about one hundred people in the province of Tungurahua,
Ecuador. It is located in the Eastern cordillera of the Andes at an elevation of 1,200 m about 30
kilometers east of the city of Barfios in the transition zone between the Andean and Amazonian
regions (Figure 1). The region of El Topo is classified as Af climate, or tropical wet climate,
according to the Képpen-Geiger climate classification system (Climate: Topo; Pidwirny, 2011).
El Topo is located in one of the rainiest parts of Ecuador; it receives about 3,358 mm of rainfall
per year with an average temperature of 19.5°C. This study was completed during the month of
November, in which there is about 220 mm of rainfall (Climate: Topo).

L]
Proyecto Hidroeléctrico

Rio*Topo

RioZunag

Gulf of \ R 3 X1 4t S ' ! s
suayaquil ~ sl ‘\'_!." 5 A ‘ .. Rio'Pastaza

ws CMachala)

Figure 1. Left: Physical map of Ecuador. The region in which EI Topo is located is marked with a red star. Source:
www.freeworldmaps.net Right: El Topo is surrounded by Rios Topo, Zufiag, and Pastaza. Source: Google Earth
(Google Inc., 2015)

El Topo is surrounded by three rivers, Rio Topo to the west, Rio Zufiag to the east, and Rio
Pastaza to the south (Figure 1). Rio Topo and Rio Zufiag are both non-glacial montane cold
water rivers (Mera, 1989). Historically, Rio Topo is a very clean and pristine river. It has some
human activity, including fishing, swimming, and kayaking, however these are moderate and
low-impact (Tuston-Torres, personal communication, 2015). However, it receives the majority of
the untreated wastewater from El Topo at its junction with Rio Pastaza (Tustén-Lopez, personal
communication, 2015). Additionally, there is currently one hydroelectric project (from this point
forward, HEP) under construction on the river near the small community of Azuay. Rio Topo’s
granite and limestone watershed combined with its relatively low gradient result in dramatic
water volume changes in short periods of time. The banks of Rio Topo are home to many plants
that have adapted to its unique location and conditions, including Myriocolea irrorata, a rare
liverwort hyperendemic to this region. This incredibly rare species is in danger of extinction due
to the current construction of the HEP, which greatly alters the flow of water and the “frequent
spray” provided by the fast-flowing river (Platt, 2011).

Rio Zufag is a relatively pristine river on a granite watershed, part of which resides in
EcoMinga’s Rio Zunac Reserve (spellings of Zufiag vary) (EcoMinga, 2015). Human activity on
Zufag is limited to some fishing and swimming, but only closest to the community of El Topo.
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According to the president of El Topo, Sixto Tuston-Lopez (2015), there is a small amount of
wastewater from a handful of houses of El Topo that is discharged into Rio Zufiag at its junction
with Rio Pastaza. Headwaters of the Rio Pastaza originate from the province of Cotopaxi, from
which the Patate River flows and joins with the Chambo River to form the Rio Pastaza (Bafos,
2000). The Rio Pastaza, in contrast to Rios Topo Zufiag, has a high level of human activity,
receives wastewater from several communities, and has multiple hydroelectric projects currently
operating on it (Tustén-Lopez, personal communication, 2015).

Environmental and Social Impacts of Hydroelectric Dams

Hydroelectric dams tend to be controversial projects due to their many benefits, but also
potentially devastating impacts. Dams provide potential for regional development, a source of
energy alternative to fossil fuels, control river flows, and create jobs. However, a large amount of
projects, if not all, have led to significant environmental and social impacts (Aledo, Garcia-
Andreu, & Pinese, 2015).

Hydroelectric dams are ubiquitous in the world’s rivers, but lesser so in the Neotropics and thus
this region of the world is the focus for hundreds of new hydroelectric projects (Finer & Jenkins,
2012). Hydroelectric dams take advantage of dramatic drops in elevation in rivers to harvest
energy from fast-flowing water. The water flows through an intake, usually from a reservoir, to
turbines. The flowing water rotates the turbines, which in turn rotate a metal shaft in an electric
generator to produce electricity. The electricity is then transmitted through power lines. The
water continues out the other side of the dam and rejoins the river (US Geological Survey, 2015).
Hydropower is an appealing source of energy because it can be domestically produced and is an
alternative to fossil fuels. However, hydroelectric dams greatly alter the environment in which
they are constructed and can have significant social and environmental impacts (Finer & Jenkins,
2012).

Hydroelectric dams alter the physiochemical characteristics of rivers. They reduce river
connectivity, cause loss of habitat, affect water temperature and dissolved oxygen, and interrupt
the natural flow of water, sediment, nutrients, and aquatic fauna. Affected streams can exhibit
decreased macrophyte biomass and macroinvertebrate abundance, richness, and biomass.
Furthermore, the presence of certain macroinvertebrate functional groups, for example those that
can take advantage of plankton from the reservoir and prefer low sediment deposition, will
exhibit a higher representation than other functional groups downstream of the dam.
Assemblages of invertebrates and fish are also affected by the physiochemical changes, favoring
more tolerant species. There is a lack of research on the effects of hydroelectric dams in the
Neotropics, and furthermore on the effects of such dams on macroinvertebrate assemblages. The
existing research shows that continental rivers in the Neotropics exhibit a reduction in taxa
richness and a change in species assemblages in rivers that have large reservoirs (Chaves-Ulloa,
Umania-Villalobos, & Springer, 2014). Therefore, it is important to continue research of the
impacts of hydroelectric dams on macroinvertebrate assemblages. Information on
macroinvertebrate responses can be expanded to larger ecosystem impacts and inform
hydroelectric dam design decisions.

In addition to environmental impact, hydroelectric dams can also have significant long-lasting
social and economic impacts on the people that live upstream or downstream of the dam. Often,
impacted populations demonstrate resistance through protests, sit-ins, law suits, and other actions
(Tustén-Torres, personal communication, 2015). Additionally, there is generally a biased
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distribution of costs and benefits—the companies and governing bodies enjoy most of the profits
but the nearby communities endure the lasting social and environmental impacts (Aledo, Garcia-
Andreu, & Pinese, 2015). For very large projects, populations may be forced to relocate and
resettle, disrupting settlement patterns and increasing living costs. Populations may experience
“encroachment,” which involves increased transit infrastructure, such as roads and airfields
(Rosenberg, Bodaly, & Usher, 1995).

Hydroelectric Projects on Rio Topo

Figure 2. Left: Diversion tunnel. Right: Catchment barrier. Photos taken by Jesse Vega-Perkins.

As mentioned above, in recent years, Rio Topo has been targeted as a new site for several HEPs,
the first of which is currently under construction (Figure 2). The two major companies involved
in the project are Entrix, an environmental consulting company based in Houston, Texas
(Riverside, 2010), and PEMAF (Proyecto Energia Medio Ambiente), an Ecuadorian electrical
energy generation installation company (PEMAF, 2015). Entrix was acquired by Cardno in
2010, an Australian-based infrastructure and environmental services company (Cardno Entrix,
2015). Additionally, CoAndes (Constructora de Los Andes) is the local Ecuadorian civil
engineering contracting company (CoAndes, 2015; Turdn-Torres, personal communication,
2015).

According to the environmental impact study (“Estudio del Impacto Ambiental”) conducted by
Entrix and PEMAF in 2008 (Entrix & PEMAF, 2008), the project site was specifically chosen to
capitalize on a sharp U-shaped curve in Rio Topo (Figure 1). The design involves a water
catchment structure perpendicular to the flow of the river that captures a flow of 15.52 meters
cubed per second (the majority of the flow of the river) and diverts the water through canals and
tunnels to steel turbines that then generate electricity. The water is then returned to the river, but
about one kilometer of river is left almost dry (Tuston-Torres, personal communication, 2015;
Platt, 2011). The energy generated by the station will connect with the National Interconnected
System (“Sistema Nacional Interconectado”). According to the report, the project will have an
annual average of 185 Gw-h/year of net electricity generation.

The aforementioned impact study also discusses the history of permissions and licensing for this
project. In 2004, permission for construction, installation, and operation of the project, as well as
approval of the final environmental impact study was given by Ecuador’s CONELEC (El
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Consejo Nacional de Electricidad, National Council of Electricity). After approval of the study,
the Unit of Environmental Management issued the environmental license for the Topo
Hydroelectric Project for 22.8 MW of installed power. Following these grants of permission,
from July 2004 to December 2006, PEMAF conducted an analysis of the original proposed
project for project optimization purposes. During this analysis, PEMAF decided to relocate the
site 600 meters upstream of the initially proposed site, achieving an increased installed power of
29 MW while using the same initial design flow (20 m®/s). Due to this change, CONELEC
required PEMAF to conduct another environmental impact study for this new site (Entrix &
PEMAF, 2008). According to Maritza Tuston Torres (2015), the leader of the opposition
movement against the project, this was also due to the six-year law suit the opposition filed
against the company due to a lack of license to the waters of Rio Topo. This caused a retraction
of the project license. Throughout the law suit, the company worked to complete all of the
requirements, including the 2008 environmental impact study. Eventually, with governmental
support, Entrix and PEMAF were able to re-gain permission for construction and also receive the
license to the waters of Rio Topo (Tuston-Torres, personal communication, 2015). In 2008, the
Ecuadorian Consultative Water licensed 15.52 cubic meters per second to the project, less than
the proposed 20 cubic meters per second. This license resulted in a redesign of the project and
reduction of the installed power to 24.6 MW, but maintained the location of the structures and
facilities of the 29 MW project (Entrix & PEMAF, 2008).

Benthic Macroinvertebrates as Bioindicators of Water Quality

Benthic macroinvertebrates are small organisms that inhabit the rocks, logs, sediments, and
aquatic plants of freshwater streams, rivers, and lakes. They are so-called because they can be
observed with the naked eye (macro) and do not have backbones (invertebrate) (West Virginia
Department of Environmental Protection [WVDEP], 2015). Generally, the most abundant
benthic macroinvertebrates are insect larvae (Bartenhagen, Turner, & Osmond) but there are also
some non-insect macroinvertebrates. Refer to Appendix A, Table Al for a list of common insect
and non-insect macroinvertebrates.

Using benthic macroinvertebrates to monitor water quality is a popular method for many reasons.
First of all, macroinvertebrates are bioindicators, and thus provide a more complex and long-
term indication of environmental conditions, as opposed to chemical data that is highly
dependent on the time of testing (WVDEP, 2015). Additionally, these organisms are good
indicators to use when studying site-specific water quality because they migrate very little.
Furthermore, short-term environmental changes can be observed because they have relatively
short, but complex life cycles (Barbour, Gerritsen, Snyder, & Stribling, 1999). In fact, many
insect macroinvertebrates spend most of their life cycle in the water, only exiting the water in the
adult stage for short period of time, ranging from a few hours to several days (WVDEP, 2015).
Macroinvertebrates can be identified to the family level without much expertise and sampling is
easy, affordable, requires few people, and has little impact on the local environment. Finally,
benthic macroinvertebrates are an incredibly diverse group of animals, covering a range of
trophic levels and pollution tolerance, allowing for widespread analyses of several environmental
stressors (Barbour et al., 1999).

Physical and Chemical Characteristics as Indicators of Water Quality

According to the EPA Volunteer Stream Monitoring methods manual (US Environmental
Protection Agency [US EPA], 1997), physical characteristics such as temperature, turbidity, and
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flow, along with chemical characteristics such as pH and dissolved oxygen are also indicators of
water quality.

Temperature dictates rates of biological and chemical processes, such as photosynthesis,
metabolism, and sensitivity to stressors. Furthermore, aquatic organisms depend on certain
temperature ranges to survive. For example, macroinvertebrates are sensitive to temperature and
will move within a stream to find ideal temperatures. If they are in temperatures outside this
ideal range for extended periods of time, they can die. Additionally, temperature also affects the
oxygen levels of water—as temperature increases, oxygen levels decrease. Dissolved oxygen
levels are very important to aquatic life.

Turbidity is another important physical characteristic. Turbidity is basically a measure of water
clarity and is directly related to the amount of suspended solids (soil particles, algae, plankton,
and microbes) in the water that could diminish passage of light. Increased turbidity will cause an
increase in temperature as the suspended particles absorb more heat and in turn affect dissolved
oxygen levels, as mentioned above. Increasing turbidity also results in decreased light
penetration, which in turn reduces photosynthesis and dissolved oxygen production. Settling
particles can smother fish and macroinvertebrates. Soil erosion, waste discharge, urban runoff,
and algal blooms can all be causes of increased turbidity.

Stream flow is the volume of water that moves over a point in a certain period of time. The flow
of a stream or river is indicative of the amount of water flowing from the watershed and is
greatly affected by precipitation levels. Stream velocity, which is related to stream flow, affects
the types of organisms that can thrive in the stream, as well as the amount of suspended solids
carried by the stream. Additionally, dissolved oxygen levels tend to be higher with increased
flow due to better aeration of the river.

pH is a chemical characteristic that plays a role in chemical and biological processes and thus
greatly affects living organisms. The majority of aquatic animals thrives within the pH range of
6.5 to 8 and will become physiologically stressed outside of this range. Causes of changes in pH
include atmospheric deposition, erosion of rock, and wastewater discharge.

Obijectives and Expected Outcomes

This study has three main objectives. The first objective is to compare the water quality of Rio
Topo, Rio Zufiag, and, to a lesser extent, Rio Pastaza using analyses of macroinvertebrate
assemblages and physical and chemical characteristics. The second objective is to evaluate if, so
far, the hydroelectric project construction has had any impact on water quality of Rio Topo
upstream and downstream of the project. The final objective is to include information on the
social and economic impacts of the hydroelectric project on the community of EI Topo.

In terms of macroinvertebrates, reduced water quality due to increased disturbance would be
expressed as a decrease in several metrics: 1) taxa diversity and richness, 2) the number and
percent composition of intolerant taxa, 3) sensitivity indices, 4) percent shredders and scrapers
and many more. Additionally, it would be expressed as an increase in percent dominant taxon
(Barbour et al., 1999). In regards to the comparison of Rios Topo, Zufiag and Pastaza, it is
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Appendix A — Common Macroinvertebrates
Table Al. Insect and Non-Insect Macroinvertebrates

Vega-Perkins

Insect Macroinvertebrates

Non-Insect Macroinvertebrates

Common name Order Common name Order
stoneflies Plecoptera scuds Amphipoda
damselflies and Odonata crayfish Decapoda
dragonflies

True bugs Hemiptera water mites Arachnida
True flies Diptera flat worms Platyhelminthes
caddisflies Trichoptera leeches Hirudinea
dobsonflies, Megaloptera aquatic worms Annelidae
fishflies,

alderflies

aquatic moths Lepidoptera snails and clams ~ Mollusca
beetles Coleoptera

Source: Gill, 2015.
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Appendix B — Benthic Macroinvertebrate Field Data Sheet
STREAM Topo Zufiag Pastaza
Sample # 2 1 3 12 7 4 10 5 6 9 11 8
Location (km 12 -08 03 42 103 116 118 817 -31 -105 0.2
from HEP)
HABITAT Cobble 60 60 60 70 60 60 65 60 60 60 50 20
TYPES Sand 20 20 20 5 20 20 15 20 20 10 0 20
Snags 10 10 10 25 10 10 15 10 10 20 40 50
Vegetated banks
Submerged
macrophytes
Other
# jabs/kicks at Cobble 6 5 5 6 5 4 5 3 4 7 3 4
each habitat sand 1
Snags 4 1 2 1 3
Vegetated banks
Submerged
macrophytes
Other
QUALITATIVE  Periphyton 2 2 2 3 2 2 2 2 2 2 3 3
,I&SLTJ,IA'\-Ir?cOF Filamentousalgge 0 O 0 O0 O O 0 O 0 0 0 0
BIOTA Macrophyte 1 1 1 1 1 1 1 1 1 1 1 1
Slime 0 0 0 0 0 0 0 0 0 0 0 0
Macroinvertebrate 3 3 2 3 2 2 2 3 2 3 2 3
Fish 0 0 0 0 1 0 0 0 0 0 0 0

Note: Adapted from Barbour et al., 1999



Appendix C — Habitat Assessment Field Data Sheet
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STREAM

Topo

Zuhag

Pastaza

Sample #

Location (km
from
HEP/bridge)

Epifaunal
substrate/
available
cover

Embeddedne
Ss

Velocity/dept
h regime

Sediment
deposition

Channel flow
status

Channel
alteration

Frequency of
riffles (or
bends)

Bank
stability

Vegetative
protection

Riparian
vegetative
zone width

TOTAL
SCORE (out
of 200)

2 1 3 12 7 4
-12  -08 -03 42 103 116

18 18 18 14 18 18

19 19 19 16 19 19

15 15 15 14 15 15

15 15 15 15 15 15

14 14 14 12 14 14

19 19 19 17 19 19

18 18 18 13 18 18

18 18 18 14 18 18

20 20 16 14 20 16

20 20 16 14 20 12

176 176 168 143 176 164

10
11.8

15

18

16

15

12

13

15

10

18

10

142

5 6
-8.17  -31

18 17

19 19

15 15

15 15

17 14

19 19

18 18

18 16

20 16

20 12

179 161

9
-1.05

19

19

18

18

17

20

19

18

18

18

184

11
0.02

16

17

18

17

17

13

13

10

16

10

147

8

14

16

12

13

13

12

11

14

16

12

133

Note: Habitat characteristics are scored on a scale of 1-20. Source: (Barbour et al., 1999).
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Appendix F — Maps of Sample Sites
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32

Figure F1. Top: Map of all sample sites on Rios Topo, Zufiag, and Pastaza. Botton: Zoomed-in map
of samples near El Topo. Source: (Google Inc., 2015)
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Appendix G — All Taxa

Table F1. Total number of individuals, BMWP/Col score, FBI score, and functional feeding
groups by order and family

Taxa Topo Zuhag Pastaza BMW  FBI FFG FFG FFG FFG
P/Col  Score 1 2 3 reference
Score
Basommatophora 1 0 0 5
Planorbidae 1 0 0 5 Sc Barbour et
al., 1999
Coleoptera 14 28 6 32
Elmidae 8 6 1 6 4 CG Sc Sh Ramirez,
2014
Lutrochidae 3 1 5 6 Sh Ramirez,
2014
Psephenidae 3 13 0 10 4 Sc Ramirez,
2014
Ptilodactylidae 0 8 0 10 Sh Ramirez,
2014
Diptera 122 233 209 31 29
Blephariceridae 37 4 0 10 0 Sc Ramirez,
2014
Ceratopogonida 1 1 0 3 6 Pr CG Sc Ramirez,
e 2014
Chironomidae 38 55 209 2 8 CG Ft Pr Ramirez,
2014
Simuliidae 38 171 0 8 6 Ft Sc Pr Ramirez,
2014
Tabanidae 3 0 0 5 6 Pr Ramirez,
2014
Tipulidae 5 2 0 3 3 Sh CG Ramirez,
2014
Ephemeroptera 1008 418 326 23
Baetidae 643 184 234 7 4 CG Sc Ramirez,
2014
Leptohyphidae* 43 58 46 7 CG Ramirez,
2014
Leptophlebiidae 322 176 46 9 2 CG Ramirez,
2014
Haplotaxida 3 2 8 1

Tubificidae 3 2 8 1 GC Barbour et




Megaloptera
Corydalidae

Odonata
Polythoridae

Plecoptera
Perlidae

Trichoptera
Calamoceratidae

Glossosomatidae

Helicopsychidae

Hydrobiosidae

Hydropsychidae

Leptoceridae

Odonticeridae

Philopotamidae

Tricladida
Planariidae

Total

119
119

27

1303

39
39

100

12

50

15

835

6

0 6
0 10
10

1 10
1 10
68

0 10
0 7
0 8
0 9
9 7
0 8
0 10
0 9
7

7

559

14
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Pr

Pr

Pr

Sh

Sc

Sc

Pr

Ft Pr Sc

CG Ft Sh

Sh

Ft

Om

al., 1999

Ramirez,
2014

Ramirez,
2014

Ramirez,
2014

Ramirez,
2014

Ramirez,
2014

Ramirez,
2014

Ramirez,
2014

Ramirez,
2014

Ramirez,
2014

Ramirez,
2014

Ramirez,
2014

Barbour et
al., 1999

Note: Leptohyphidae was formerly Tricorythidae (University of Michigan, 2014; Valley City

State University)



