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ABSTRACT

Concern has grown in Chile to protect and conserve aquatic ecosystems taking into account the high degree of habitat
degradation. As a first step towards the development of conservation plans, it is necessary to classify these ecosystems in
order to learn about them and understand their different types and functions. Considering that hydrological regime is the
main factor in the composition of river ecosystems, an Eco-Hydrological Classification of Chilean Rivers (REC-Chile)
has been developed. REC-Chile is based on the hierarchical superposition of the controlling factors of the hydrological
pattern in Chile. REC-Chile is a multi-scale classification system, allowing to represent different river patterns at different
spatial scales according to the selected controlling factors. The typology of the river segment is represented as a 6-digit
code, in which the position of the digit represents the controlling factor and the digit value represents the factor category.
This hierarchical configuration and the assignment of geography- independent classes makes REC-Chile an easy way
of interpreting the hydrological classes. Given the flexibility provided by the multi-scale nature of REC-Chile, and the
simplicity in the interpretation of the classes, it is expected that REC-Chile will become a very useful and suitable tool for
developing conservation plans for aquatic ecosystems.

Kevyworbps: Hierarchical classification, controlling factors, hydrological pattern, rivers, Chile.

RESUMEN

En Chile existe un aumento en la preocupacion por proteger y conservar los ecosistemas acudticos debido al elevado
estado de deterioro del habitat. Como un primer paso para desarrollar planes de conservacion, se hace necesario realizar
una clasificacion de estos ecosistemas para conocer y entender los distintos tipos y su funcionamiento. Entendiendo que
el caudal es el principal factor en la composicion de ecosistemas fluviales, se ha desarrollado una clasificacion Eco-
Hidrologica de los rios de Chile (REC-Chile) basada en una superposicion jerarquica de factores controladores del patron
hidrologico en Chile. REC-Chile es multiescalar, permitiendo segun los factores controladores seleccionados representar
distintos patrones fluviales a diversas escalas espaciales. La tipologia del tramo de rio se representa como un cdodigo de 6
digitos, en donde la posicion del digito representa el factor controlador y el valor a la categoria de éste. Esta configuracion
jerarquica, asi como la asignacion geograficamente independiente de sus clases, dota a la REC-Chile de facilidad en la
interpretacion hidrolégica de las clases. Debido a la ductilidad y flexibilidad, entregada por la multiescalaridad y por la
sencilla interpretacion de sus clases, se espera que la REC-Chile se convierta en una herramienta para desarrollar planes de
conservacion de los ecosistemas acuaticos.

PaLaBRAs cLAVE: Clasificacion jerarquica, factores controladores, patron hidrologico, rios, Chile.

INTRODUCTION

Concern over the sustainable management of continental process, since the river ecosystems distributed over the
waters bodies is constantly increasing worldwide, in both whole length of the country have extraordinary value due to
the public and private ambit. Chile is also involved in this the high degree of endemicism of the species they contain,
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among others. About aquatic vertebrates, the endemicism
reported to date is 81% for fish (Habit et al. 2006) and 60.7%
for amphibians (Ortiz & Diaz-Paez 2006). Among aquatic
invertebrates an endemicism of 91.7% has been reported
for gastropods (Valdovinos 2006), 30.8% for bivalves
(Parada & Peredo 2006), 74.4% for malacostracans (Jara et
al. 2006), 56% for Ephemeropteres (Camousseight 2006)
and 57% for Plecopteres (Vera & Camousseight 2006).
Furthermore, given the increasing deterioration and/or
fragmentation of habitats, freshwater species today present
serious conservation problems (Habit et al. 2006, Ortiz &
Diaz-Paez 2006, Parada & Peredo 2006, Valdovinos 2006,
Perez-Losada et al. 2002, Bahamonde et al. 1998).

To date, few information exists about conservation
measurements for Chilean freshwater species (Peredo et al.
2006, Parada & Peredo 2005, Peredo et al. 2005, Habit et
al. 2002) and their habitats (Habit et al. 2006). Likewise,
most of these studies lack of accuracy on local distribution
(Habit et al. 2006, Parada & Peredo 2006, Valdovinos
2006), which one is indispensable information for carrying
out management and conservation programmes of Chilean
freshwater species and river ecosystems.

The Chilean Government has developed the National
Strategy for Hydrographic Basins (Estrategia Nacional de
Gestion Integrada de Cuencas Hidrograficas - ENGICH) as
an instrument for the protection and conservation of aquatic
ecosystems; its role is to contribute to the sustainable use of
water resources, harmonizing the protection of ecosystems
with the availability of the resource (CONAMA 2007). To
ensure the appropriate implementation of ENGICH, all the
water bodies existing in the country must be studied and
classified.

Landscape classifications have been developed for
management purposes, as tools for understanding
ecosystems. Such classifications allow data interpretation,
inventories development, the extrapolation of information
from specific sites to larger areas, development of objects
and standards, etc. (Bailey 2009; Omernik & Bailey 1997).

There are a variety of methods for developing a
classification of natural aquatic systems, including
taxonomic classification and those based on regionalization.
Taxonomic classifications are not necessarily based on
the physical or ecological processes which govern aquatic
ecosystems. Methods based on regionalization, also known
as ecoregions, respond to a physical focus which considers
the control variables of fluvial processes and their patterns
(Gonzalez del Tanago & Garcia de Jalon 2006; Bailey et al.
1978). The ecoregions are homogeneous zones with regard to
certain characteristics or parameters on a determined spatial
scale (Snelder et al. 2005; Omernik & Bailey 1997; Bailey

etal. 1978). Snelder and Biggs (2002) pointed out that these
ecoregions are unable to represent the longitudinal gradients
in a river ecosystem, which were synthesized in the River
Continuum Concept (Vannote et al. 1980); therefore the use
of such ecoregions for river classification are limited.

Since the 1980’s several authors have addressed landscape
classification by means of hierarchical organization systems
for rivers. They recognise that rivers belong to a basin,
which one feeds them. Therefore, it is expected that the
rivers are being influenced by the watershed characteristics,
accepting that ecological processes in a river depend on
physical factors which occur at several scales (Gonzalez
del Tanago & Garcia de Jaloén 2006, Snelder & Biggs 2002,
Montgomery & Buffington 1997, Omernik & Bailey 1997,
Frissell et al. 1986).

Snelder and Biggs (2002) developed the River Environmental
Classification (REC) to classify the rivers of New Zealand
based on the following premises: a) Ecological patterns are
dependent on a number of factors associated with the regional
scale of the various physical processes; b) The ecological
characteristics of rivers respond to fluvial processes; and c)
Classes are assigned to each segment of river geographically
independent. In the REC, the typology of each river segment
is determined by the hierarchical superposition of controlling
factors, which are the principal causes of the spatial variation
of the hydrological pattern at a determined scale (Snelder et
al. 2005, Snelder & Biggs 2002).

There are many eco-hydrological similarities between the
rivers of Chile and those of New Zealand. Hydrological
regime, river geomorphology, and presence of certain fish
taxa, e.g. Galaxias maculatus and Geotria australis (Vila
et al. 2006, Dyer 2000, Mc Dowall 2000) and numerous
species of macroinvertebrates (Winterbourn 1981) are
among the main similarities that we found. Due to this, we
hypothesized that these similarities would enable the REC
to be adapted for Chile, taking into account the existing
geomorphological and climatic differences, expecting that
it would constitute a management tool for Chilean river
ecosystems.

The present work has two objectives: to implement a REC
in Chile (REC-Chile), and to interpret some of its classes
for its application in management and planning of river
ecosystems.

METHODS

REC-CHILE CONTROLLING FACTORS
The controlling factors selected for the implementation of
REC-Chile are based on those used in the REC developed

27



Gayana 75(1), 2011

by Snelder and Biggs (2002) for New Zealand, adapted to
the climatic and environmental conditions of Chile. The
controlling factors selected were: Climate, Source of Flow,
Geology, Catchment Relative Position, Land Use and Reach
Slope. Each one of these are subdivided into a categories
according to controlling factors meaning.

In the hierarchy of REC-Chile, Climate is the only
macro-scale controlling factor. Principally, it determines
hydrological characteristics such as flow magnitude and
frequency of flooding and low flow period (Snelder et al.
2005; Snelder & Biggs 2002). The categories used were
based on Blair’s climate classification Arid, Semi-Arid,
Mid-Wet, Wet and Very Wet (Heras 1973).

The Source of Flow factor acts at a mesoscale level,
indicating the stream flow is originated by rainfall, snow-
melt, glaciers or a combination of these (Fleming 2005,
Snelder et al. 2004). This controlling factor has its origin
from the topography of the watershed (Snelder et al. 2002)
considering how this impacts on flow regime. Thus, this
controlling factor is related to seasonality of flow regimes,
sediments supply and transport process at a watershed scale
(Snelder & Biggs 2002). Precipitation in Chile is mainly
related to orographic effects, since the Andes mountain
range acts as a barrier to the moist winds coming from the
Pacific Ocean (Villagran & Hinojosa 2005; Rutllant 2004).
This fact makes possible associate the altitude of a watershed
with its precipitation as proportion to the total precipitation
of the whole basin.

The Source of Flow factor includes five categories of
topographical origin (Low Elevation, Valley, Mid-Mountain,
Mountain and Eternal Snow) and three categories which
ones due to their physical characteristics change the flow
regime (Lakes, Glaciers and Regulations). The categories of
topographical origin were assigned by a relationship between
catchment mean altitude and its accumulated precipitation
percentage with respect to the total rainfall basin. Thus,
the Low Elevation category refers to watershed at 300
masl or lower. This category present a low accumulated
precipitation, less than 25% of the total rainfall basin, and
extreme seasonal variations between summer and winter.
Valley corresponds to a watershed located between 300 and
1000 masl, with percentages of accumulated precipitation
averaging between 25% and 40% of the total rainfall basin.
This category present a higher mean annual flow and more
moderate seasonal variations than Low Elevation. Mid-
mountain refers to watersheds between 1000 and 2400 masl,
with high percentages of accumulated precipitation (between
40 and 70%) incorporating, the contribution of snow-melt
during spring-summer; this leads to the formation of a higher
peak flow in winter (high rainfall period) and another smaller
peak in spring-summer (dry period). Mountain corresponds
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to watershed between 2400 and 4200 masl, characterised by
a high contribution of snow-melt and small amounts from
precipitation, resulting in a small peak in the flow regime
in winter and another larger peak in early summer. Eternal
snow are watersheds above 4200 masl They only receive
snow-melt, presenting high flows in summer and low in
winter.

Among flow modifier categories, the Glacier category is
assigned to any reach river whose watershed contains a
glacier with an area covering more than 20%. Lakes refer to
water bodies where flow regime is modified by significant
water storage, usually reducing and delaying flood events.
To evaluate whether such a modification is produced, the
Lake Index (LI) is calculated (Equation 1) which estimates
the precipitation on the lake as compared to the basin which
drains into the river reach.

Z Vur. LA,

Il - 2 Aw
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Where: A is the lake area, A, is the lake watershed area,
V|, 18 the mean annual precipitation in the lake watershed,
and V, is the annual precipitation of the basin.

The LI index evaluates whether or not the influence of water
body represents a significant modification to the hydrograph
of a watershed; it was proposed by Snelder and Biggs (2002)
and modified later (T. Snelder pers. comm.). To determine
the threshold value for the LI in Chilean rivers a comparison
between annual hydrographs of gauging stations with the
same REC-Chile code, with and without the presence of
a lake upstream was made. The critical value for this was
estimated at 0.020, meaning significant regulation effect by
the lake at values above this threshold.

Given that categories of Source of Flow factor are related to
hydrological patterns in a natural regime, it was necessary
to incorporate the category Regulations to take into account
man-made regulation structures.

The Geology factor is related, at mesoscale level, to the
water geo-chemical characteristics, dominated by the
geological properties of the aquifer (Herrera et al. 2006;
Gonzalez et al. 1999). An important parameter of water
quality in Chilean rivers is constituted by dissolved salts due
to the marine and/or volcanic origin of the basins (Vila &
Molina 2006), showing a pronounced north-south gradient.
This factor defined eight categories as follow: Alluvial,
Plutonic Rocks, Volcanic Rocks, Sediment and Mix of
Sediment and Volcanic Rocks (Sedim and Mix Sed-Volc
Rocks), Sedimentary Rocks, Fractured Volcanic Rocks and
Carbonated Rocks. A category named Not Recognised was
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incorporated for cases where it is impossible to establish the
geological origin.

Catchment Relative Position is the fourth controlling
factor. It is related to the catchment area of a river reach
as a proportion of the whole basin. It describes aspects
of the hydrological pattern such as magnitude of mean
flow, intensity and attenuation of flood flows, and flux of
sediments. The assignation rule was determined according
to the relative position of the catchment within the basin,
defining the following categories: Headwater, Upper Reach,
Middle Reach and Low Reach. The categories Endorreic
and International (i.e. transboundary river) were assigned
manually.

The Land Use factor is related to mesoscale processes, such
as initial interception and evapotranspiration; it also controls
physical-chemical aspects of the water quality resulting
from soil leaching into, or carried down by, the river (Sliva
& Dudley 2001; Johnson et al. 1997). Nine categories were
defined: City Areas, Agriculture, Praire and Shrubs, Woods,
Areas without Vegetation, Reservoirs, Snow and Glaciers
and Areas without Information.

The last controlling factor is Reach Slope. This describes
morpho-hydraulic patterns at a microscale level such as local
transport of sediment, river-bed erosion, mean velocity of
flow and influence of bank conditions. The assignation rule
is determined according to the slope along the river reach in
three categories: Low, Medium and High.

REC-CHILE IMPLEMENTATION

REC-Chile was implemented through Geographical
Information System (GIS) in rivers represented as a digital
hydrographic network at 1:250,000 scale. The information
used to develop the classification, as well as the river
network, was provided by the Bureau Water Management
of Chile (Direccién General de Aguas — DGA). This
information includes precipitation contours, potential and
actual evapotranspiration contours (1:250,000), elevation
contours (1:250,000), watershed areas (1:50,000), basin areas
(1:50,000), geology (1:50,000) and land use (1:50,000).

The REC-Chile mapping was done according to the
spatial scale of each controlling factor (top-down scaling)
following the assignation rules defined for each category.
In Climate, Source of Flow and Geology categories factors,
the concept of River Continuum was considered (Vannote
et al. 1980) propagating downstream the characteristics
of the most influential categories. In Climate factor, four
categories were propagated which ones dominate the flow
magnitude. The order of propagation of these categories
was: Semi-Arid, Mid-Wet, Wet and Very Wet. In Source
of Flow factor, seasonal characteristics of the hydrograph

were propagated. First one, the topographical categories
were propagated (Low elevation, Valley, Mid-Mountain,
Mountain and Eternal Snow) and, second one, the categories
assigned manually (Lakes, Glaciers and Regulations). In
Geology factor, propagation criterion was based on the
dissolved salts contribution due to the lithology of different
soil types. The propagation order of these categories was:
Plutonic Rocks, Volcanic Rocks, Sedimentary and Mix Sed-
Volcanics Rocks, Sedimentary Rocks, Fractured Volcanic
Rocks, and finally Carbonated Rocks.

REC-Chile was developed in basins located between 18 and
43°S. The classification was not implemented in the more
southerly basins (43°S to 55°S) due to lack of information to
define the controlling factors.

Once REC-Chile had been designed and implemented, two
simple applications were done to show how to interpret the
REC-Chile classes to determine the hydrological pattern
and the natural geo-chemical quality of the waters. In a
first case, basic aspects of mean annual hydrograph from
4 gauging stations in natural or slightly modified regimes
were compared with their respective REC-Chile codes,
which ones were obtained by the Climate and Source of
flow hierarchical superposition (second level). In the second
case, the mean electrical conductivity (EC) in 67 segments
of river distributed throughout Chile were compared with
their respective REC-Chile codes at a third level, which
ones were obtained by the Climate, Source of Flow and
Geology hierarchical superposition. The data for the annual
hydrographs and the EC were provided by DGA.

RESULTS

REC-CHILE CLASSIFICATION

Table 1 shows the REC-Chile with each one of the
controlling factors and its categories, assignment rules and
the code associated to each category.

The resulting classification presents a tree structure in
which each category of controlling factor number i are
divided among the categories of controlling factor i + 1. The
classification levels are defined according to the hierarchical
superposition controlling factors.

The first classification level corresponds to the first
controlling factor (Climate), the second classification level
is the hierarchical superposition of the first two factors
(Climate and Source of Flow), the third level is defined by
adding the Geology factor to the second level and so on
down to the sixth and last classification level defined by the
hierarchical superposition of all the REC-Chile controlling
factors. The sixth classification level is reflected in a six-
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digit code. The digit position represents the classification
level and the digit value represents the category of the
controlling factor at this level.

The classes are defined according to the hierarchical
superposition of the factor categories at the level selected.
Thus for the first level the classes are the Climate categories,
for the second level the resulting classes are the Climate
categories combined with the Source of flow categories, i.e.
Arid is combined with the categories Low Elevation, Valley,
Mid-Mountain, Mountain, Eternal Snow, Lakes, Regulations
and Glacier. This procedure is repeated for each controlling
factor categories until the Reach Slope factor to create all
classes at sixth level of classification.

The potential number of classes in any classification level
depends on the number of categories at that level and
the number of classes in the previous levels, and thus the
potential number of classes is given by the mathematical
combination of the number of categories in each controlling
factor. For example, the second level potentially has 40
classes (5 x 8), the third level potentially has 320 classes (5
x 8 x 8). REC-Chile has 46,080 potential classes. However,

not all the potential classes occur physically in the REC-
Chile domain, in which exists 3049 classes in a total area of
515,000 km? aproximatelly.

Due to the spatial scale of each controlling factor, the
classes at Climate level define larger homogenous areas than
the classes at the Source of flow level, and this generates
differences in the spatial scale of the patterns generated.
Figure 1 shows the classification at the first two levels for
two basins located in northern Patagonia (Imperial and Toltén
Rivers). This shows the downstream propagation of the most
influential categories. At the first level (Fig. 1b), propagation
of Very Wet (Vw) category coming from the rains which
occur in the Andes mountains can be observed. Likewise,
the second level (Fig. 1c¢) shows the propagation of the Very
Wet / Mid-Mountain class (Vw/Mm) in the Imperial River
and the Very Wet / Lakes class (Vw/La) in the Toltén River.
On the one hand, this would mean that the hydrograph of the
Imperial River should have a seasonal pattern approximately
similar to the Andes mountains precipitation regime; on the
other hand, the hydrograph of the Toltén River would be
influenced by the damping effect of the Villarrica Lake.

TaBLE 1. REC-Chile classification levels, factors, categories, codes and assignment rules.

TaBLA 1. Niveles de clasificacion de la REC-Chile, sus categorias, codigos y reglas de asignacion.

Level Factor Categories Notation Code Assignment rules Source?
M.a.e.p. (mm)
Arid Ar 1000000 <250
Semi-arid Sa 2000000 250 - 500
1 Climate
Mid-Wet Mw 3000000 500 - 1,000 1)
Wet % 4000000 1,000 - 2,000
Very Wet Vw 5000000 2,000
P.a.p. (%) Elevation (masl)
Low elevation 010000 <25 300
Valley \% 020000 25-40 300 - 1,000
Mid-Mountain Mm 030000 40-75 1,000 - 2,400 2)
2 if;‘vrvce °f " Mountain M 040000 75> 2,400 - 4,200
Eternal snows Es 050000 Without liquid rainfall >4,200
Lakes La 060000 Lake influence index > 0.020 Ec. 1
Regulation Rg 070000 Assigned Manually
Glaciers G 080000 Glacier area > 20% Watershed area 3)
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Continuacion Table 1.

Level Factor Categories Notation Code Assignment rules Source?

Deposit non
consolided Al 001000
Plutonic and
hipabisal Pl 002000
Volcanic Ve 003000
Sed. and mix Mx 004000

3 Geol sed-volc @

eology
Metam. and Ms 005000
sedimentary
Fractured VE 006000
Volcanic
Carbonate Ca 007000
Area without Ni 008000
information
Accumulated catchment
(% basin area)
Headwater Hw 000100 <75
Catchment Upper reach Ur 000200 7.5-25 o
4 Relative Middle reach Mr 000300 25-70
position

Low reach Lr 000400 >70
Endorreic E 000500 Basin without flow outlet to the sea %)
International I 000600 International basin %)
City Ci 000010
Agriculture Ag 000020
Prairie and Ps 000030
shrubs
Woods Wo 000040

5 LandUse  Areawithout Nv 000050 6)
vegetation
Reservoir R 000060
Wetlands Wt 000070
Snow and Sg 000080
glaciers
Area without Ni 000090
information

Slope (%)

High Hi 000001 >0.04

6 Slope
Medium Md 000002 0.04 - 0.02 3)
Low Lw 000003 <0.02

"M.a.e.p = Mean annual effective precipitation.
"P.a.p = Percentage of accumulate precipitation

* (1) Climatic classification of Blair; (2) Own construction; (3) Snelder et al. (2005); (4) lithology (DGA); (5) Hydrological network

(DGA); (6) Land use (DGA).
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FiGure 1. Geographic range where REC-Chile was implemented (1.a). The upper figure (1.b) shows the first REC-Chile level (Climate) in
the Imperial and Toltén River basins.The lower figure (1.c) shows the second REC-Chile level (Climate and Source of Flow) in the same

basins. For more detail on REC-Chile class interpretation see Table 1.

Ficura 1. Rango geografico en el cual la clasificacion REC-Chile fue implementada (1.a). La figura superior (1.b) muestra el primer nivel
de la REC-Chile (Climate) en las cuencas del rio Imperial y Toltén. La figura inferior (1.c) muestra el segundo nivel de clasificacion de la
REC-Chile (Climate y Source of Flow) en las mismas cuencas mencionadas anteriormente. Para mas detalle sobre la interpretacion de las

clases de la REC-Chile ver Tabla 1.

REC-CHILE CLASSES INTERPRETATIONS

By combining certain controlling factors it is possible to
interpret some eco-hydrological patterns of river system.
The second classification level allows to determine the
magnitude of the mean annual flow of a river reach in its
natural regime, as well as its seasonal variation. Classes
at this level are able to provide a descriptive interpretation
of a mean annual hydrograph of river reaches in a natural
regime. Classes with categories Arid and Semi-arid are
expected to present a low mean annual flow. Within these
categories, those where rainfall is the main source of flow
(Low Elevation and Valley) tend to show an intermittent
or ephemeral flow regime, with large seasonal variations
between the summer (minimum flows) and winter (high
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flows). Reaches in the Mid-mountain category are expected
to present intermittent flows with bimodal hydrographs, as
a result of the combined contribution of precipitation and
snow-melt. Mountain and Eternal Snow categories will have
moderate seasonal variation from the mean annual flow, with
the maximum flows occurring when snow is melting and
a minimal base flow during the rest of the year. Likewise
Glacier category is expected to present flow according to the
melt-rate of the glaciers. Lakes category will not be found in
combination with Arid and Semi-arid categories.

Reaches in the Mid-Wet category tend to have higher mean
annual flow than the ones in the two previous categories.
The categories related to rainfall usually indicate permanent
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flow with seasonal variations corresponding to rainfall
regime. Mid-mountain category is related to bimodal
annual hydrographs, but with a higher peak flow in winter
than in Arid and Semi-arid categories. Mountain, Eternal
Snow and Glacier categories present high flows in late
spring and early summer. The combination Mid-Wet and
Lakes categories do not exist.

For Wet and Very Wet categories, higher mean annual
flows can be expected. The presence of rainfall categories
is related to continuous flows and an important increase at
peak flow periods. Mid-Mountain and Mountain categories
will present bimodal hydrographs; in the case of Mid-
Mountain, the higher peak flow will occur in winter due
to rainfall, whereas the opposite will be possible of the
Mountain category due to the contribution of snow-melt
in summer. Eternal Snow and Glacier categories will have
a similar behaviour to Mountain category. Lakes category
means a damping effect of the seasonal flow variations, and
alteration flow timing; extreme flows are expected to occur
in late winter and late summer. The classes combining Very
Wet and Eternal Snow categories do not exist.

Table 2 shows the REC-Chile codes, at the second level of
classification, for four gauging stations distributed along the
country. Based on these codes a descriptive interpretation is
made of the mean annual hydrograph.

The Salado River station belongs to Arid and Eternal
Snow class (A1/Es). For this class the hydrological pattern
may be expected to present low mean annual flows, with
maximum mean monthly flows at snow-melt season
(January to March) and minimum mean monthly flows
in the cold season (June to August). The Choapa River
station belongs to Mid-wet and Mountain class (Mw/M).
This station may be expected to have higher mean annual
flows than the Salado River station. The hydrograph should
present two peaks, one at the start of the snow-melt season

(November and December) and another smaller peak in
the rainy season (June to August). The Aconcagua station
is inside Wet and Glacier class (W/G), where the mean
annual flow should be greater than previous station. The
hydrograph should have a maximum mean monthly flow at
early summer (December and January) and relatively low
flow during the rest of the year. Finally, the Itata station
belongs to Very Wet and Mid-mountain class (Vw/Mm),
where the mean annual flow should therefore be higher
than all others stations. The maximum monthly mean flows
should be during the rainy season (June to August) and
the minimum mean monthly flows in the summer months
(January to March).

The mean annual flows of each gauging station (Table 2)
and their mean annual hydrographs (Fig. 2) are in agreement
with the classification. For all the stations, the shape of the
hydrograph is similar to that described by the REC-Chile
classes, just as are the seasonal variations too.

To characterize the natural geo-chemical quality of the
water, the following aspects must be considered: local
lithology, climate, vegetation and residence time of the
water in the aquifer, which is a function of the climate
(Drever 2002). Another important aspect to be considered
is the composition of the inflow water on the system (Allan
& Castillo 2007) and the origin of the water circulating
in the river. The controlling factors used to characterize
the natural geo-chemical quality of the water are Climate,
Source of Flow and Geology. Therefore, the third level of
classification enables to make a prediction of the mean
Electrical Conductivity (EC, uS/cm) for each class.

Arid category of the Climate factor is expected to have a
high EC value, and as the level of precipitation rises, the
EC will diminish; thus Very Wet category should have the
lowest EC. The categories of the second controlling factor,
Source of Flow, have less effect on the EC than Climate

TaBLE 2. Gauging stations and respective REC-Chile code of segments used to interpret the hydrological pattern.

TaBLA 2. Estaciones fluviométricas y sus correspodientes cédigos REC-Chile de los tramos de rios que fueron utilizados para interpretar

el patron hidrologico.

Gauging stations River Basin Q50 (m?¥s) REC-Chile code Notation at second
level

Salado River before confluence with Curti River. Loa 0.094 154133 Ar/Es

Choapa River in Salamanca. Choapa 4.930 345223 Mw/M

Aconcagua River in Chacabuquito. Aconcagua 28.038 485321 W/G

Itata River in Coelemu. Itata 310.405 535453 Vw/Mm
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FiGure 2. Mean annual hydrograph of four gauging stations associated with 4 REC-Chile codes. The mean annual volume flow for each
station is shown in parentheses. For the interpretation of the REC-Chile code see Table 1. The Y axis (Qm/Q50) represents the ratio between
mean monthly discharge and annual discharge with a 50% of excedence probability. For the association of the REC-Chile code with the
corresponding gauging station see Table 2.

Ficura 2. Hidrograma medio anual de cuatro estaciones fluviométricas asociadas a sus respectivos codigos de la REC-Chile. El caudal
medio anual por cada estacion es mostrado entre paréntesis. Para interpretacion de los codigos de la REC-Chile ver Tabla 1. El eje Y
(Qm/Q50) corresponde a la razon entre el caudal medio mensual y el caudal anual con una probabilidad de 50% de excedencia. Para ver la
asociacion de cada codigo con su correspondiente estacion fluviométrica ver Tabla 2.
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FiGure 3. Mean, 25 and 75% percentiles, and maximum and minimum values for Electrical Conductivity (uS/cm) of the 6 REC-Chile
classes. The numbers on the X axis indicate the code of the REC-Chile classes at the third hierarchical level, with the first digit representing
the Climate factor category, the second digit representing the Source of Flow factor categories and the third digit representing the Geology
factor (see Table 1).

FiGura 3. Valores medios, percentiles 25% y 75% y valores maximos y minimos de Conductividad Eléctrica (uS/cm) para 6 clases de la
REC-Chile. El eje X indica el codigo de las clases de la REC-Chile a un tercer nivel de clasificacion. El primer digito corresponde a las
categorias del factor Climate, el segundo digito representa al factor Source of Flow y el tercer digito al factor Geology (ver Tabla 1).
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factor. Categories with a rainfall origin (Low Elevation,
Valley and Mid-Mountain) present a lower EC than those
coming from snow-melt (Mountain, Eternal Snow and
Glacier) due to leaching from volcanic soils. Lakes category
may present lower values due to the physical-chemical
processes which occur in lakes. Finally, the third factor
categories (Geology) presents EC values according to the
presence of ions associated with each type of lithology.
Thus Alluvial category will present the lowest EC values,
followed by Plutonic Rocks, Volcanic, Sediment and Mix
Sed-volcanic, and finally Sedimentary Rocks. A special
case is the category of Fractured Volcanic Rocks, since this
permits to occur a greater leaching of ions.

Figure 3 shows the EC values of sampling points grouped
by the third level REC-Chile code. These values appear
to be in agreement with the interpretations done from
the REC-Chile classes. It is observed that the classes
with Arid category (Ar/Es/Mx and Ar/Es/Vf) present
the highest values and that these diminish as the level
of precipitation increases. The effect of Source of Flow
factor is also observed, since within the Very Wet category,
the Glaciers category (Vw/G/Mx) presents the highest
concentration, while Lakes category (Vw/La/Mx) has a
lower EC concentration. Finally in the class Ar/Es, it is
seen that the Fractured Volcanic Rocks category has a
higher concentration than compound rocks of volcanic and
sedimentary origin.

DISCUSSION

The results of this study show that it is possible to implement
the REC in the particular environmental conditions existing
in Chile. The controlling factors and categories developed
for this country seem to represent in a suitable way the
various climatic, hydrological and geological conditions.
For example, using REC-Chile at the second level, i.e.
combining the Climate and Source of Flow factors, it is
possible to describe approximately the hydrological pattern
of a segment of river. This allows compare magnitudes of
mean annual flow between segment of river for different
classes and estimate a first approach of the annual
hydrograph, as is shown in the present study.

Furthermore, at the third classification level a good
characterization of the geo-chemical quality of the water
could be achieved. It is in agreement with previous studies
in which it is indicated that precipitation, the lithology of
the basin, the origin of flow and the residence time are the
principal factors (Allan & Castillo 2007; Drever 2002;
Custodio & Llamas 1976).

It must be stressed that REC-Chile incorporates the River

Continuum Concept (Vannote et al. 1980) and represents
the longitudinal changes downstream as a result of the
propagation of upstream characteristics in the downstream
directions.

The development of REC-Chile in a GIS environment allows
the observation and easy handling of the river segment’s
data. One great advantage of this tool is the possibility of
managing information coming from the controlling factors
selected by the user according to the objectives and the scale
of the work. This give it great flexibility to obtain patterns
of the distribution of hydrological and physical-chemical
variables which determine the ecological characteristics of
segments of river.

REC-Chile classification is able to classify rivers at a
microscale equivalent to river reach (km order). This prevents
the REC-Chile to classify rivers considering fluvial processes
that ocurr at a lower spatial scale. If required to carry out a
classification at a lower spatial scale than river reach, it would
be necessary to decrease the classification unit (for example
at mesohabitat unit). Any modification to REC-Chile, either
including controlling factors and/or categories will result in
an increase of the total number of classes.

A joint use of the REC-Chile and a geodatabase of aquatic
communities, e.g. macroinvertebrates or fish, brings great
benefits in terms of its use in management and planning of
aquatic ecosystems (Peredo-Parada et al. 2009a). Among
other things, REC-Chile will enable estimating spatial
distribution patterns for species with scarce information,
because statistical techniques can relate the physical
characteristics of the river segments with species presence/
absence data (Peredo-Parada et al. 2009b; Snelder et al.
2004). It is also helpful in the design of monitoring networks,
in order to ensure a suitable distribution of sampling points
across an area of interest (Hawkins et al. 2000), and also to
investigate about habitat suitability for aquatic species at the
mesoscale level.

In order that a landscape classification becomes a useful
aquatic management tool, it must be developed by consensus
ofall sectors involved in management of aquatic ecosystems.
Furthermore, the landscape classification must have a
number of classes that facilitates handling and decision
making. The great number of REC-Chile classes goes
against this premise, could result in a complex management
framework. Therefore, it is necessary to decrease the number
of classes. This reduction must be carried out by evaluating
the classification strength at different number of classes and
will be necessary to perform a physical interpretation of the
classes. These two analysis will allow to group the classes
that present a similar interpretation without missing the
correct classification structure. Due to the tree configuration
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of the REC-Chile to achieve a great reduction in the total
number of classes, the number of categories at higher level
must be decreased,

Other important application of the REC-Chile is the
determination of river reaches in natural condition, which
could be used as areference in restoration planning (Hawkins
et al. 2000). If there are no reaches in natural conditions,
REC-Chile allows to assess the maximum ecological
potential within a certain class using various indexes, e.g.
freshwater fish index (Noble et al. 2007; Schmutz et al.
2007), macroinvertebrates index (Figueroa et al. 2003,
2007), and riparian vegetation index (Palma & Figueroa
2009; Munné et al. 1998, 2003). With the application of
such kind of indexes, REC-Chile could make possible to
determine the hydrologic and ecological degree of alteration
of river segments, in relation to reference sites. It can also be
used to extrapolate ecological information within the classes
(Omernik & Bailey 1997). These applications are useful for
prioritizing and designing fluvial restoration activities.

CONCLUSIONS

The REC-Chile classification system is an adaptation to the
climatic, topographic and geological conditions of Chile of
the River Environmental Classification (REC) developed by
Snelder & Biggs (2002).

This classification system is a tool for river classification
with a digit-code based on the hierarchical superposition of
six factors which control the hydrological pattern (Climate,
Source of Flow, Geology, Catchment Relative Position, Land
Use and Reach Slope). The classification of river reaches is
represented as a 6-digit code, where the digit position is the
classification level and its value is the category of the factor
at that level.

REC-Chile offers various advantages with respect an
ecorregion approach. First, it allows the various eco-
hydrological patterns of Chilean rivers to be described by the
superposition of appropriate controlling factors depending
on the objective of the classification, thus allowing study on
various spatial scales. Second, it has the ability to manage
rivers as hydrological networks considering their longitudinal
continuity, allowing changes to be detected from one
watershed to another even if they are geographically close
to one another, thus providing a more exact characterization
of Chilean rivers. Third, it is implemented in a GIS
environment, facilitating geographical interpretation and
changes from one scale of work to another.

An easy interpretation of the REC-Chile classes at different
classification levels enables a simple assessment of different
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fluvial patterns, e.g. at the second classification level the
mean annual hydrograph of river segments can be described.
At the third classification level, aspects of the natural geo-
chemical quality of the water can be compared.

Finally we expect the REC-Chile classification system
become a useful tool for the conservation and management
of river ecosystems in Chile, supporting the determination
of their ecological potential state and the selection of
suitable methods for assigning environmental flow regimes
in different river types.
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