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Abstract The ecology of macroinvertebrate commu-

nities in arid regions is still poorly understood. Here we

examined how the community structure varied at spatial

and temporal scales in streams and tributaries of the

Huasco River in semi-arid region of Northern Chile. We

expected that macroinvertebrate distribution may be

responding to natural processes of mineralization

described for Chilean semiarid basins. The relationships

among biotic and abiotic variables were assessed

through multivariate techniques (principal component

analysis, non-metric multidimensional scaling, canoni-

cal correspondence analysis), and a two-way analysis of

similarity was used to evaluate differences between

basins and years (2007, 2008, and 2009). Significant

differences in community structure and physical–chem-

ical variables between basins (Del Carmen and Del

Tránsito) were found, but not between years. Altitude,

Mn, Al, Ca, Na, HCO3, and dissolved oxygen were the

variables that best accounted for the communities

distribution. In particular, high metals concentration in

El Transito basin should determine low density and

diversity of macroinvertebrates. Chironomidae, Ephy-

dridae, and Glossiphoniidae were associated to waters

with high metals content and acidic pH, whereas

Baetidae, Hydroptilidae, and Blephariceridae were

associated to sites with more favorable physical–chem-

ical conditions. These results contribute to understand

the ecological patterns of macroinvertebrates in arid

regions and should lead to conservation and monitoring

plans for this remote place.
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Introduction

In many arid regions of the world, the increasing

exploitation and contamination of water resources by

urbanization, agricultural intensification, and land

degradation have led to decreased water quantity and

quality (Kingsford, 2000). The Atacama region

(26�–29�S) is located in the southern part of the

Atacama Desert in Chile, and being one of the driest

areas of the world, the water demand greatly exceeds

its availability. Two main drainage basins in this area

are the Huasco and Copiapó rivers which represent the
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main source for drinking water and economy in the

region. Along these two basins, agricultural activities

related to the production of table grapes for export are

one of the main commercial activities. Likewise,

metallic mineral production (i.e., iron, copper, and to a

lesser extent gold) has a high demand for water (DGA,

2004). In fact, nearly 43% of water demand by mining

utilizes surface water resources. Therefore, given that

the main human activities taking place in these

watersheds are agriculture and mining, it is essential

to implement monitoring programs for the protection

of water resources in rivers of northern Chile (Vila &

Molina, 2006).

The ecology of macroinvertebrate communities in

arid and semiarid streams of northern Chile is poorly

understood (Figueroa et al., 2009) and some studies

are limited to research conducted by the private sector

and not reflected in scientific publications (Vila et al.,

2002; Contreras et al., 2005). Moreover, the aquatic

ecosystems in this area are scarce and endangered,

given the hydrological variability regime and the

resulting susceptibility of these ecosystems to changes

in climate (Vidal-Abarca & Suárez, 2007). This

context explains the exceptional wealth of biological

data obtained in this remote area.

This study focuses on streams located in the upper

region of the Huasco basin. The headwaters in this

area have been commonly characterized by the natural

acidification process of the water related to high

hydrothermal mineralization (Oyarzún et al., 2006;

Strauch et al., 2009) associated with rich mineral

deposits. Specifically, the streams studied are inserted

in the main area of the Pascua-Lama mining project in

the Andes Mountains at the Chile–Argentina border.

Although the Pascua-Lama project is underway, this

study represents a 3-year baseline of the benthic

macroinvertebrate biota. Benthic macroinvertebrates

are generally seen as the most sensitive indicators of

metal contamination by mining drainage (Rosenberg

& Resh, 1993). Studies conducted on the effects of

mining drainage on macroinvertebrate communities in

others regions of the world (e.g., Smolders et al., 2003;

Solà et al., 2004; Anderson, 2007; Tripole et al., 2008)

have reported changes in community structure, the

disappearance of less tolerant species and dominance

of more tolerant species (Van Damme et al., 2008).

However, the acidic conditions and high metal con-

tents reported in headwater streams of Huasco are the

result of long-lasting natural geological processes

(Strauch et al., 2009). For this reason, we expect that

physical–chemical characteristics of the Huasco basin

should influence the distributional patterns of

macroinvertebrates.

Considering the ecological and environmental

importance of the study site, this work shows the

results of baseline surveys conducted from 2007 to

2009 in thirteen streams along two Andean basins (Del

Carmen and El Transito), both tributaries of the

Huasco River in the Atacama region, Chile. Therefore,

the objective of this study was to observe whether

there are differences in the aquatic invertebrate

community structure at spatial (basins) and/or tempo-

ral scales (years) through analyses of the faunal

composition and the relationship with environmental

factors.

Materials and methods

Location of the study

The study was conducted in the upper portion of the

Huasco drainage basin in the Atacama region, north-

ern Chile (28�300, 70�590W) (Fig. 1). The Huasco

basin has a surface of 9,850 km2 and its main

tributaries are El Transito and Del Carmen rivers.

The Del Carmen basin covers an area of 3,020 km2

with a length of 105 km and is formed by three main

tributaries: Potrerillos, Tres Quebradas, and Toro. To

the north, the El Transito River basin covers

4,130 km2 and has a total length of 63 km. It is

formed by two main tributaries: Chollay and Estrecho

rivers, which reach the Alto del Carmen locality at

450 m a.s.l.

Geological studies in this Andean have acknowl-

edged several stages of hydrothermal alteration related

to mineralization and high sulfidation deposits (mainly

gold, silver, and cooper) (Maksaev et al., 1984;

Chouinard et al., 2005; Oyarzún et al., 2006; Strauch

et al., 2009). These geological characteristics of the

headwaters of the Huasco basin result in waters with

low pH and rich in metals (Oyarzún et al., 2006).

The study area is under the general influence of a

Mediterranean bioclimate, characterized by maximum

rainfall in winter (June–August) and drought stress

during more than half of the year (Sánchez & Morales,

1990). Along the 1,500 m a.s.l. and up to 4,000 m

a.s.l., a cold mountain desert climate dominates
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(BWk’G), characterized by very dry air (36–50%) and

an annual precipitation of less than 400 mm, while at

over 4,000 m a.s.l., the climate changes to a high

mountain tundra climate (EB), with low temperatures

most of the year, and a maximum temperature near

10�C during the summer (Juliá et al., 2008). The upper

basin of the Huasco River contains about 15 km2 of

ice cover, with the Guanaco Glaciar (29�210S) being

one of the largest glaciers in this area and, similarly to

other smaller neighboring glaciers, has retreated at an

average rate of about 7 m year-1 during recent

decades (Masiokas et al., 2009; Gascoin et al.,

2010). The annual flow fluctuates between 0.3 and

3 m3 s-1, depending on the direct precipitation input

in winter (July) and snow melting in summer (Janu-

ary), where the two annual peaks in the hydrograph

occur (Sánchez & Morales, 1990). For this reason, the

Huasco basin has a mixed and exorheic hydrologic

regimen type, with high annual and interannual

variability. In late summer (March–April) the flow

decreases, reaching the minimum in May, and then

increases with rainfall in winter. Native vegetation

changes with elevation, starting with high alpine

vegetation with a cover lower than 1% between 4,200

and 4,500 m a.s.l.; cushion plants (as Azorella mad-

reporica Clos. and Laretia acaulis (Cav.) Gillies et

Hook.) are dominant in the low alpine vegetation belt

between 4,200 and 3,500 m a.s.l.; the sub alpine belt is

characterized by 1.5 m tall shrubs (as Adesmia hystrix

Phil. and Ephedra breana Phil.) ranging from 3,500 to

2,800 m a.s.l. Below 2,800 m a.s.l., the dominant

shrubs in the desert vegetation belt are Adesmia

aphylla Clos., E. breana Phil., Gymnophyton robu-

stum Clos., and Viviania marifolia Cav. Riparian

vegetation starts at 4,200 m a.s.l., up to 3,300 m a.s.l.

and is characterized by alpine peatland of Oxychloe

andina Phil. and Patosia clandestina Phil., and the

gamines Deschampsia cespitosa (L.) Beauv. and

Calamagrostis velutina (Nees et Meyen) Steud.

Downstream at 3,300 m a.s.l., riparian wetlands are

Fig. 1 Sampling sites established from 2007 to 2009 in the

Huasco basin, Atacama region, northern Chile. Sampling sites

of El Transito basin (D Del Toro, E1 Estrecho 1, E2 Estrecho 2,

E3 Estrecho 3, CH1 Chollay 1 and, CH2 Chollay 2) and Del

Carmen basin (T Toro, Q1 Tres Quebradas 1, Q2 Tres

Quebradas 2, P1 Potrerillos 1, P2 Potrerillos 2, C1 Carmen 1

and, C2 Carmen 2) are shown

Hydrobiologia (2013) 709:11–25 13

123



characterized by Acaena magellanica (Lam.) Vahl and

Juncus articus Willd., as well as small trees like

Escallonia angustifolia Presl. and Discaria trinervis

(Hook et Arn.) Reiche (Squeo et al., 2006a, 2008).

Finally, the study area in general does not present

human settlements. The nearest towns to the study

area are Conay and San Félix, both with ca. 700

habitants (Fig. 1). Agriculture lands are located only

at the bottom of the valley in the study area. Between

C1 and C2 in the El Carmen River, and between CH1

and CH2 in the Chollay River, there are small seasonal

forage crops (Alfalfa, Medicago sativa L.), while

crops downstream from C2 and CH2 are mainly wine

and table grapes (see letters code below).

Habitat description and water quality sampling

Thirteen sampling sites in seven streams, six in the El

Transito basin (Del Toro, Estrecho 1, Estrecho 2,

Estrecho 3, Chollay 1, and Chollay 2) and seven in the

Del Carmen basin (Toro, Tres Quebradas 1, Tres

Quebradas 2, Potrerillos 1, Potrerillos 2, Carmen 1,

and Carmen 2), were selected (Fig. 1). The streams

studied have an order between 1 and 3. The sampling

sites were distributed from 1,651 to 3,831 m a.s.l. in

the El Transito basin, and from 1,748 to 3,442 m in the

Del Carmen basin.

Habitat type was characterized in situ by river

width (m) and depth (cm). Substrate composition

(boulders, cobbles, pebbles, gravel, sand, and silt),

percentage of riparian vegetation, and macrophyte

cover and algal cover on the riverbed, were estimated

by visual inspection of a 50 m stretch of the river

channel. The following stream parameters were mea-

sured in situ together with biological data: water

temperature (�C), pH, electric conductivity

(lS cm-1), total dissolved solids (ppm), and dissolved

oxygen (D.O., mg l-1). Total dissolved solids, pH, and

electric conductivity were measured with an Oakton

pH meter, while temperature (�C) and D.O. were

measured with a YST/Cole Parmer Oximeter. Param-

eters related to natural acid drainage like aluminum,

copper, iron, sulfur, manganese, and zinc were

provided by Compañı́a Minera Nevada from data of

their water quality monthly monitoring program

(unpublished data). Collection and preservation of

water samples followed the NCh 411/6 Of. 96

protocols (INN, 2003). Water samples for metal

analysis (total recoverable) were acidified in the field

with HNO3 to a pH of 2.0. Metal concentrations were

analyzed using atomic absorption (flame AA) spec-

trophotometry. Flow measurements (m3/s) were

obtained by the velocity–area method, using a current

meter model 1210 (AA) and model 1205 (Pygmy),

coupled to a digital flow calculator AquaCalc 5000

(Compañı́a Minera Nevada, unpublished data).

Biological sampling

Field collection occurred in late summer (April–

March) during three consecutive years (2007, 2008,

and 2009), when the meteorological conditions were

favorable for field trips. In each of the 13 sites, eight

samples of macroinvertebrates were taken using a

standard Surber sampler (surface 500 cm2, mesh size

500 lm), as suggested by Barba et al. (2010), stating

that a 0.5 mm mesh is sufficient for most biomonitor-

ing purposes. These eight samples were coupled and

all macroinvertebrates present in the 104 (8 9 13)

samples were counted. The monitoring was quantita-

tive and multihabitat. The sampling of the habitat

followed the table of Grandjean et al. (2003) and

considered the substrate type (bryophytes, submerged

spermatophyte, stones between 25 and 250 mm,

coarse gravel between 2.5 and 25 mm, and sand or

silt with diameter \2.5 mm) and water speed (\5,

5–25, 25–75 cm s-1). The sampling of macroinverte-

brate communities was performed in combination

with water speed and the most dominant substrate type

measurements, and was then followed by the other

classifications. Samples were stored in plastic bottles

(700 cc) and preserved in 70% ethyl alcohol. In the

laboratory, samples were sorted using 250 lm mesh

sieve. Although it was possible to identify several taxa

at the genus and species level, the genera and species

of several families were unknown (e.g., Chironomi-

dae) (Bonada et al., 2008). Samples were then treated

at the family level (except for Hydrozoa, Hydracarina

& Oligochaeta) to compare them to an equal hierar-

chical rank, using a Mantel test to compare the

taxonomic resolution between species-level and fam-

ily-level matrices (see data analysis). Taxonomic

identification followed Fernández & Domı́nguez

(2001), Thorp & Covich (2001), Tachet et al. (2003),

Camousseight (2006), and Domı́nguez & Fernández

(2009).
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Data analysis

First, physical–chemical variables were explored by a

principal component analysis (PCA) based on a

correlation matrix between samples. Data were loga-

rithmically transformed and normalized. This ordina-

tion analysis is relevant to obtain detailed site-specific

information to describe reference conditions for the

fauna. Differences in habitat characterization and

physical–chemical variables between the two basins

were analyzed using a t test on all values obtained over

the 3 years (2007, 2008, and 2009), with the software

SigmaPlot 12. A similarity analysis (analysis of

similarity, ANOSIM) was used to test differences in

physical–chemical variables and community structure

between the two basins and the 3 years of study, using

the software package PRIMER (Clarke & Gorley,

2006). ANOSIM is a hypothesis testing procedure that

uses the Bray–Curtis dissimilarity. This procedure

uses (R) test statistics based on the difference between

the average of all the rank dissimilarities between

objects and groups, and the average of all the rank

dissimilarities between objects within groups. Differ-

ences between groups would be suggested by R values

greater than zero, where objects are more dissimilar

between groups than within groups (Quinn & Keough,

2002). Only families found at [1% (relative abun-

dance) of sites were included in the multivariate

analysis to prevent outliers and random noise in

ordination analyses. Furthermore, a SIMPER analysis

was performed to identify the taxa that contributed to

major differences among groups, which were graph-

ically ordered by a non-metric multidimensional

scaling (MDS). MDS was conducted using a Bray–

Curtis similarity index and square root transformation

of relative abundance data.

A Mantel test was performed in Past (V 1.94) to

compare the taxonomic resolution between species-

level and family-level matrices. This analysis com-

pared Bray–Curtis matrices in seven sampling sites.

The relationship strength between matrices was mea-

sured by the Mantel statistic (rm) and tested for

significance by a Monte Carlo permutation procedure

with 5,000 permutations. Monte Carlo permutations

were used to test whether the observed value of the

Mantel test statistic (rm) differed from those expected

under the null hypothesis (i.e., no correlation between

the two sets of distance values). Hence, a positive

correlation (rm [ 0, P \ 0.05) indicates that both

matrices (species level and family level) are consistent

and have the same strength to allow distance-based

comparisons among sites (Hammer et al., 2001).

Finally, variation in macroinvertebrate data was

directly compared with the environmental variables by

a canonical correspondence analysis (CCA) after

ensuring that this technique was appropriate. This

was verified by running a detrended correspondence

analysis (DCA) on the macroinvertebrate data to

ensure a unimodal, rather than linear, distribution. The

unimodal assumption of DCA is accepted if the

gradient length of the first axis is greater than 3.0 SD

(Ter Braak & Smilauer, 1998). Relative abundances of

macroinvertebrates were transformed using a loga-

rithm, and influence of rare species on the analysis was

reduced by checking the downweighting of rare

species box (Ter Braak, 1990) in CCA. A forward

selection procedure was incorporated in the analysis,

which ranked the environmental variables in order of

importance in explaining the variation in species data.

Only the significant ones (P \ 0.1), as tested by Monte

Carlo simulations within the model, were incorporated

in the overall analysis. The CANOCO computer

software makes these techniques available. From a

total of 25 variables (Table 1), including altitude, 7

were selected by Forward selection procedure and

were included into the CCA. The statistical relation-

ships between these variables were tested with the

non-parametrical Spearman correlation coefficient

(rs).

Results

Habitat characterization

In regards to morphological parameters such as width

and depth of channel and substrate diversity, the two

basins presented relatively similar characteristics. The

dominant substrates in almost all sites were pebbles

and gravel. However, the basins showed significant

differences (P \ 0.001) in most physical–chemical

variables related to acid drainage and mineralization

processes, such as Al, Cu, Fe, Mn, and Zn (Table 1).

The Del Carmen basin presented significantly lower

values than the El Transito basin, suggesting better

water quality. Similarly, this basin presented percent-

ages significantly lower in sand/silt and pebble

substrates, and higher riparian cover, aquatic

Hydrobiologia (2013) 709:11–25 15
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vegetation, and benthic algae than the El Transito

basin. Variables like Na, SO4, and HCO3 also differed

significantly between the basins. Consequently, the

Del Carmen basin showed the highest concentrations

of Na and HCO3, possibly due to its proximity to

agricultural crops in the lowlands. The differences

found in habitat and physical–chemical variables were

corroborated with an ANOSIM, indicating significant

differences between both basins (R = 0.43,

P \ 0.001). On the other hand, the ANOSIM per-

formed to evaluate significant differences between

years did not show any differences (R = -0.09,

P = 0.98).

Fifteen physical–chemical variables were com-

bined in a PCA (the latter 15 in Table 1). The first

PCA axis accounted for 51.2% of the overall variance

and was more correlated to Al, Mn, Zn, Cu, SO4, and

pH, whereas the second axis accounted for 24% of the

variance and was correlated to Na, Ca, electric

conductivity, total dissolved solids, and HCO3. A

two-dimensional biplot representing the first and the

second PCA is shown in Fig. 2. This shows a

mineralization gradient from upland to lowland sites.

The site in the Estrecho River, which presented the

highest concentration of metals and the lowest pH, was

located to the left side of the biplot. In contrast, the Del

Toro River site (D) showed the best water quality,

characterized by the lowest concentrations of dis-

solved metals and the highest pH values, and was

located to right side of the biplot. In the centre of the

biplot, the rest of the sites were located, which also

showed an ordination related to altitude, because sites

Table 1 Abiotic variables measured over 3 years in El Transito basin and Del Carmen basin, and results of comparison test

Variables El Transito river basin Del Carmen River basin t value P value

Min. Max. Avg. Min. Max. Avg.

Width (m) 2.1 11 4.8 1.2 4.3 6 2.01

Depth (cm) 13.3 31.7 23.2 16.7 40 36.4 -1.88

Riparian cover (%) 1.6 20 12 5.0 38.3 26.3 -2.36 *

Aquatic vegetation (%) 1 18.3 10.2 8 35.6 27.7 -3.62 **

Benthic algae (%) 1 4 2.2 2.7 16.7 7.9 -4.46 **

Pebbles (%) 53.3 83.3 65 36.6 70 63.4 2.06 *

Gravel (%) 6.7 35.6 17.3 4.0 16.6 12 1.93

Sand/silt (%) 4.3 9.7 7.4 0.7 21 5.4 3.49 **

Dissolved oxygen (mg l-1) 5.6 15.2 11.7 9.5 16.3 12 1.4

Temperature (�C) 5.3 20.3 11.7 1 18.2 12.1 2.0

Aluminum (mg l-1) 0.1 43 10.3 0.04 6 1.3 41.6 **

Calcium (mg l-1) 26 113 61.1 41 135 79.8 1.4

Electric conductivity (lS cm-1) 156 1,209 514.2 308 940 571.3 2.4

Copper (mg l-1) 0.002 1.1 0.2 0.002 0.03 0.01 3,158 **

Iron (mg l-1) 0.03 3.4 0.9 0.02 0.7 0.24 40.6 **

Potassium (mg l-1) 0.2 4 1.5 0.8 2.7 1.7 3.5 **

Manganese (mg l-1) 0.01 18 3.6 0.01 2.8 0.5 38.6 **

Sodium (mg l-1) 4.1 12 7.3 7 22 14.9 8.3 **

pH 4.1 8.1 6.3 7.4 8.3 7.9 33.1 **

Sulfate (mg l-1) 13 749 256.4 68 503 238.9 2.1 *

TDS (mg l-1) 140 1,188 471.6 260 938 517.7 2.4

Zinc (mg l-1) 0.004 8.3 1.7 0.003 0.44 0.09 513.3 *

Flow (m3 s-1) 0 1.53 1.46 0.03 2.02 1.68 1.1

Bicarbonate (mg l-1) 0.1 7.9 22.33 8 125 62.57 0.3 **

Averages (Avg), maximum and minimum values (max and min), t value, and significant P values are given

Significant level * P \ 0.05; ** P \ 0.01; df = 37
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sampled in Potrerillos (P1, P2) and Carmen rivers (C1,

C2) were located at the bottom of the study area. These

lowland rivers are characterized by having higher

values of HCO3 and Na, but lower D.O. levels than the

upland streams.

Community composition

Despite the unique environmental conditions described

for the arid streams studied, in general the density of

macroinvertebrates was relatively high, except in the

Estrecho River. Thus, a total of 118,556 organisms

classified in 43 taxa were counted and identified.

Aquatic invertebrates mostly consisted of Diptera,

Trichoptera, and Coleoptera, with Baetidae (Andesiops

peruvianus Ulmer), Leptophlebiidae (with genus Me-

ridialaris, Nousia, and Massartelopsis), Hydropsychi-

dae, Ceratopogonidae, Chironomidae, Limoniidae,

Elmidae families, and Oligochaeta, presenting average

relative abundances of[20% (Table 2). Of these, FAM

Leptophlebiidae, Chironomidae, Empididae, and Oli-

gochaeta were present in all stations. As expected by

habitat characterization data, the sites located in the El

Transito basin showed lower richness and density of

macroinvertebrates in comparison to stations located in

the Del Carmen basin, with the exception of the Del

Toro River which showed the highest values for these

parameters. As an effluent river, the Del Toro River

contributed to the improvement of diversity in the El

Tránsito basin, but the particular physical–chemical

characteristics of the basin prevent the establishment of

a large number of taxa. The Mantel test showed a strong

positive correlation (standardized Mantel statistic,

rm = 0.95, P = 0.006) between family- and genus-

level Bray–Curtis dissimilarity matrices in the seven

sites selected and, thus, the family-level resolution

provided sufficient detail to allow distance-based

comparisons among sites.

Similar to the environmental variables, the ANO-

SIM reported significant differences in community

structure of macroinvertebrate taxa between the basins

studied (Global R = 0.336; P value \ 0.01). Accord-

ing to SIMPER analysis, the taxa that are primarily

responsible for the differences between both basins

were Chironomidae (12.3%), Oligochaeta (9.7%),

Elmidae (9.6%), Baetidae (8.8%), Ceratopogonidae

(7.7%), and Leptophlebiidae (7.5%). Ordinations of

these taxa (Fig. 3) showed that chironomids were

more abundant in higher streams, mainly in the

Estrecho River. Oligochaeta taxa were also present

in all sites, but especially in higher locations like T and

Q, in the Del Carmen basin. Ceratopogonidae were

more abundant in El Transito basin sites, but they may

not tolerate the conditions present at the top of the

basin. Similarly, Elmidae were more represented at the

bottom of both basins studied, possibly associated to

an increase in riparian cover and aquatic vegetation in

the streams of lower altitude. Baetidae and
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Fig. 2 PCA ordination for

13 sites in the Huasco basin,

based on environmental data

using Euclidean as distance

measure. Data surveys for

3 years (2007, 2008, and

2009) were incorporated to

analyze like independent

samples. White diamonds
for 2007 data, gray
diamonds for 2008 data, and

black diamonds for 2009

data
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Table 2 Relative abundances of benthic macroinvertebrates families found in streams studied in the Huasco basin (average values

for three years)

Taxa El Transito river basin Del Carmen river basin

D E1 E2 E3 CH1 CH2 T Q1 Q2 P1 P2 C1 C2

Ephemeroptera

Baetidae (A. peruvians) 4.9 7.2 3.1 7.2 12.4 11.2 19.7 17.4 10.1 9 24.9 14.2

Leptophlebiidae 19.3 1.5 13.6 2.2 6.4 2.2 15.2 17 16.7 9.5 20.5 4.3 2.3

Trichoptera

Hydroptilidae (Metrichia sp.) 0.5 0.01 0.68 0.33 0.06 0.26

Hydrobiosidae 0.5 1.8 1.1 0.7 0.14 0.9 0.58 0.8 0.44 0.27 0.16 0.21

Hydropsychidae 1.8 0.9 0.3 4.9 10.6 0.01 0.01 0.32 2.3 20.6 16.9 11.3

Leptoceridae 0.3 0.3 0.01 0.02 0.27

Limnephilidae

(Metacosmoecus sp.)

0.9 0.08

Sericostomatidae 17.5 0.03 0.03 0.06

Diptera

Athericidae 0.06 0.04 0.08 0.12 0.02 0.07

Blephariceridae 0.4 0.7 0.07 0.08 0.1

Ceratopogonidae 0.3 9.1 11.08 25.8 39.7 0.02 0.04 0.01 6.8 0.02 0.02

Chironomidae

(Podonominae)

17.1 83.6 30 45.7 16.3 5.3 26.1 2.7 26.5 26.5 1.3 1.2 18.2

Dolichopodidae 0.04 0.01 0.01 0.02

Empididae 0.6 2.9 2.7 1.7 3.4 0.98 0.26 0.12 0.11 1.03 0.09 0.02 0.02

Ephydridae 0.01 1.5 0.08 0.82 0.17 0.13

Limoniidae 0.05 4.5 11.8 16.5 23.6 0.08 0.04 1.2

Muscidae 0.13 0.9 0.08 0.16 0.08 0.11

Pelecorhynchidae 0.01 0.02

Psychodidae 0.02

Simuliidae 2.3 0.9 12.7 3.8 4.2 0.78 0.18 4.34 3.2 1.2 0.61 0.39

Tabanidae 3.6 0.3 0.46 0.24 0.11 0.02 0.01

Tipulidae 0.01 0.04

Coleoptera 0.01

Elmidae 10.6 5.4 1.4 6.4 22.7 0.23 14.5 18.7 29.5 35.4 13.2

Dytiscidae 0.01 0.9 0.14 0.44 0.31 0.01

Gyrinidae 0.01 0.03

Scirtidae 0.01 0.1

Hydrophilidae 0.3

Hemiptera

Belostomatidae 0.01

Herbridae 0.02

Lepidoptera

Pyralidae 0.16

Crustacea

Hyalella sp. 0.04 1.5 2.7 2.2 4.2 5.9 13.2 14.3 7.8

Ostracoda 0.01
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Leptophlebiidae were more abundant in the Del

Carmen basin, and these taxa could be classified as

the most suitable bioindicators for the Huasco basin.

Additionally, Hemiptera and Nematoda (Gordius)

were only observed in Del Carmen basin, along with

Pelecorhynchidae and Tipulidae (Diptera), Gyrinidae

(Coleoptera), and Odonata (Aeshnidae and Coenag-

rinidae) (Table 2).

Relationships between biotic and environmental

data

It was assumed that the data was unimodal rather than

linear, and this assumption was verified by the gradient

length of the first DCA axis (3.32 SD units). The CCA

revealed that 45% of the variation in the data could be

explained by our environmental parameters. A forward

selection procedure reduced the environmental dataset

to seven variables, using the Monte Carlo permutation

test (499 permutations) and a P value \ 0.1. The

variables selected were: altitude, bicarbonate, Ca, Na,

Mn, Al, and D.O. (Fig. 4). Non-parametrical Spearman

correlation coefficients (rs) are listed in Table 3. The

Monte Carlo significance test for the first and all

canonical axes showed significant values at P = 0.002.

The first two axes explain 69.3% of the macroinverte-

brate/environment variation and 17.1% of macroinver-

tebrate variance. The first CCA axes explain 38% of

variability in the data, and are positively correlated to

Al (0.51), and negatively correlated to HCO3 (-0.83)

and Na (-0.32). Samples to the top right of the

ordination were strongly related to high mineralization,

in accordance with high correlation with variables that

were eliminated by collinearity (K, Fe, Cu, Zn, and

electric conductivity). Sites located in the Estrecho

River (E1, E2, and E3) showed waters with high metal

concentration, high electric conductivity, and low pH.

The E1 site located in the high part of the El Transito

basin (3,831 m a.s.l.) showed the lowest richness and

density of macroinvertebrate taxa. This stream was

dominated by FAM Chironomidae, but other taxa

associated with this type of habitat included Ephydri-

dae and Glossiphonidae. In particular, Ephydridae was

reported in E1, hence this taxon may tolerate high

concentrations of metals and acidic waters, corrobo-

rating Loayza et al. (2010) data. Downstream in E2 and

E3, the representative taxa were Limnephilidae,

Tabanidae, Limoniidae, and Empididae, perhaps asso-

ciated to an increase in riparian vegetation. Samples to

the bottom right of the biplot showed a higher richness

of macroinvertebrates probably due to the contribution

of neutral waters (Del Toro River), an increase in Ca

and more favorable habitats for macroinvertebrates.

Macroinvertebrates more closely correlated with Ca

included Ceratopogonidae and Blephariceridae, and

were both present in the Chollay River (CH1 and CH2).

Table 2 continued

Taxa El Transito river basin Del Carmen river basin

D E1 E2 E3 CH1 CH2 T Q1 Q2 P1 P2 C1 C2

Acari 0.01 1.8 1.1 1.13 0.08 0.01

Annelida

Oligochaeta 20.2 2.9 4.5 2.5 0.7 0.6 39.3 48.4 9.2 19.3 3.3 1.3 29.2

Glosiphoniidae 0.22 1.5 0.9 0.3 0.5 3.1 0.01 0.01 0.01

Triclada

Dugesia sp. 3.51 0.3 1.7 0.5 3.2 0.06 0.13 0.06

Mollusca

Physidae 2

Sphaeridae 0.02

Odonata

Aeshnidae 0.24 0.36 0.25

Coenagrionidae 0.02

Libellulidae 0.14

Nematoda

Gordius sp. 0.02 0.06 0.02 0.01

Hydrobiologia (2013) 709:11–25 19

123



The second CCA axis explains 31.3% of the variability

in the data and is highly correlated to altitude (0.90) and

Mn (0.42), and is negatively related to Na (-0.53). In

the Del Carmen basin, an altitudinal gradient of

macroinvertebrates is suggested. The sites associated

with clear and diluted waters were clearly the samples

to the top left, Q1 (Tres Quebradas River), D (Del Toro

River), and T (Toro River). The macroinvertebrates

associated with water with low metals and neutral pH

were Hydroptilidae and Muscidae, mainly in the Q1

site located at 3,795 m a.s.l. The Del Toro river showed

a macroinvertebrate community represented by FAM

Sericostomatidae and Dugesiidae (Dugesia sp.). These

taxa could be considered sensitive to high metal
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Fig. 3 Ordinations of taxa contributing to dissimilarity between basins ([10%). Resemblance of square root transformed data using

Bray Curtis index similarity
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concentrations and are indicators of good water quality

in high mountain rivers. However, in Toro, Tres

Quebradas, and Del Toro rivers, Oligochaeta was the

most abundant taxon. The presence of aquatic worms in

these high mountain rivers may be related to water

inflow with high organic content from alpine peatlands.

The sites located in the middle of the basin are found at

the bottom left of the biplot. In these sites, an increase

in sodium and bicarbonate concentrations, especially in

the Carmen and Potrerillos rivers, may cause changes

in the community structure of macroinvertebrates, with

the dominance of FAM Hydropsychidae, Elmidae, and

Mollusca (Physidae) (Fig. 4). The increase HCO3

concentrations could be related to limestone washing,

while that increase in Na and NO3 concentrations could

be related to forage crops which develop frequently

closer to C1 and C2 sites in the Carmen River, and the

at the bottom of the valley of CH2 in the Chollay River;

and cattle grazing areas near to Toro, Tres Quebradas,

and Potrerillos rivers.

Discussion

The main purpose of this study was to describe and

quantify benthic macroinvertebrate patterns and their

relationship with environmental factors in two arid

basins of Atacama, a region with high interest for

mining and agricultural development. According to our

results, the patterns of macroinvertebrates distribution

may be responding to the natural processes of miner-

alization described by Maksaev et al. (1984), Oyarzún

et al. (2003, 2006), and Strauch et al. (2009) for semiarid

basins of Northern Chile. Although the organisms

capable of living in this habitat should be adapted to

these conditions over evolutionary time scales as

described Petrin et al. (2007), the physical–chemical

characteristics (e.g., high dissolved metals concentra-

tions and low pH) observed in the headwaters (Estrecho

and Potrerillos rivers) are only allowing the settling of

more tolerant taxa in the headwaters of the basin.

The most abundant macroinvertebrate taxa in

higher sites and probably more tolerant to these

conditions were Chironomids, corroborating descrip-

tions by Tokeshi (1995) and Courtney & Clements

(1998). Tokeshi (1995) pointed out that in conditions

of increased acidity associated with disturbance,

highly diverse chironomid assemblages are replaced

by a few tolerant species, which are numerous at first,

but later show severe reductions with decreasing pH.

However, shifts in community composition as a

response to acidification has been described for other

taxa, such as Ephemeroptera, which, as a group, have
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Fig. 4 CCA triplot of macroinvertebrate families (relative

abundance square root transformed) collected from 13 sampling

sites in relation to seven variables (arrows) selected by forward

procedure. Data surveys for 3 years (2007, 2008, and 2009)

were incorporated to plot-like independent samples

Table 3 Spearman Rank

correlation for the

relationship between

environmental factors

selected by forward

selection (P value \ 0.05)

Variables Dissolved

oxygen

HCO3 Al Ca Na Mn

HCO3 -0.150

Al 0.289 -0.807

Ca 0.065 -0.094 0.365

Na -0.016 0.258 0.035 0.831

Mn 0.188 -0.823 0.900 0.329 0.031

Alt 0.360 -0.092 0.217 0.236 0.168 0.193

Hydrobiologia (2013) 709:11–25 21

123



been shown to be more sensitive to the effects of

acidification than other invertebrates (Rosemond

et al., 1992). Nevertheless, Kazanci & Dügel (2010)

discussed about the influence of heavy metals as Zn,

Mn, and Fe, on structure of benthic macroinverte-

brates in low order Mediterranean streams. These

authors suggested that some species of Trichoptera

and Ephemeroptera are tolerant to high heavy metals

levels, corroborating reports by Sumi et al. (1991) who

indicated that the most likely explanation for the high

tolerance of mayfly to heavy metals is the selective

induction of metal-binding proteins in the gut of a

Baetis species. In fact, Baetidae (Andesiops) and

Leptophlebiidae (Meridialaris, Nousia and Massar-

telopsis) were registered in E2 (Estrecho river) with

pHs between 4.55 and 6.42.

In the Estrecho River, the macroinvertebrate den-

sities were lower in comparison with downstream sites

where the river habitat become more favorable for

macroinvertebrates; this is due to the gradual dilution

of the highly mineralized conditions in the headwaters

by downstream contributions of neutral waters coming

from alpine peatlands and the secondary streams.

Particularly, Del Toro, Toro, and Tres Quebradas

rivers were characterized by transparent waters, low

metal concentrations, and low electric conductivity

and consequently, better water quality. The predom-

inant taxa in these rivers were Leptophlebiidae

(Ephemeroptera) and two families of Trichoptera

(Hydroptilidae and Sericostomatidae); these three

families have been described as indicators of good

water quality (Tachet et al., 2003).

Additionally, in Toro and Tres Quebradas rivers,

Oligochaeta was highly abundant. Oligochaeta can

tolerate high contents of organic matter and extended

periods of low oxygen (Thorp & Covich, 2001).

Particularly, these rivers presented relatively high

NO3 concentrations (DGA, 2004). Organic matter

may be related directly to inflow of surface and

groundwater from low alpine peatlands (Squeo et al.,

2006a), and indirectly to grazing by wild camelid

species, such as guanacos (Lama guanicoe), that

cohabit in these ecosystems (Cortés et al., 2006).

These peatlands also concentrate organic acids from

the accumulation and decomposition of riparian veg-

etation (Squeo et al., 2006b). Besides, Oligochaeta was

presented in all sites studied, including headwaters

with low pH and high heavy metals concentrations,

suggesting their tolerance to heavy metals ions. This

result is supported by Kazanci & Dügel (2010), who

point out that Oligochaeta intensely accumulate metals

such as Zn and Mn.

Near the bottom of both basins, especially in

Chollay (CH2) and Carmen rivers (C2), the macroin-

vertebrate structure changed, with an increase in

Coleoptera, Odonata, Lepidoptera, and Mollusca.

These changes would be highly related to increases

in riparian cover, aquatic vegetation, and benthic

algae. Specifically, shore vegetation is an important

factor in the habitat preference of certain species,

especially for egg laying and larval growth; also,

organic matter derived from riparian sources provides

habitat and food for the macroinvertebrate community

(Arnaiz et al., 2011). As a result, dragonflies (Aeshni-

dae and Libellulidae) and damselflies (Coenagrioni-

dae) are observed in close association with aquatic

vegetation. Likewise, these changes may be associated

to better physical–chemical habitats (particularly,

calcareous waters), given that soft bodied forms like

molluscs, flat worms, and planarians are less tolerant

to heavy metals ions (Kazanci & Dügel, 2010).

It is important to consider that the General Direc-

torate of Water (DGA, 2004) has reported diffuse

pollution by pesticides and fertilizers in Ramadillas

locality, near the C2 sampling site. Excess nutrient

inflow from watersheds can lead to dominance of

pollution-tolerant invertebrates (e.g., scrapers and

detritivorous) and a significant reduction in the

diversity of species (Sabater et al., 2006). For this

reason, the changes in macroinvertebrate composition

(for example, abundance of Oligochaeta in March

2007) toward the bottom of the study area, could be

related to seasonal crops (implicating pesticides and

fertilizers) and cattle grazing areas that may contribute

to the increase in NO3 and Na concentrations in the

Carmen river (Strauch et al., 2009). Nonetheless, with

the lack of data on phosphorus and nitrogen concen-

trations, it is not possible to differentiate between the

effects of agricultural activities and other variations in

the habitat (as riparian vegetation), since the expected

changes are similar. An experimental approach may be

required to clarify this point.

The ordination analysis demonstrated that altitude

may be an important variable in determining the

variation in macroinvertebrates patterns. Altitude is

related to changes in the percentage of riparian cover

and aquatic vegetation, which determine allochthonous

inputs of energy in the stream (Lampert & Sommer,
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2007). For instance, the irregular mountainous relief

determined torrential runoff (Vila et al., 2002) and

oxygen deficiency in high altitude streams (app.

3,500 m), as suggested by Jacobsen et al. (2003) for

headwaters in Ecuador. These authors argue that the

structure of macroinvertebrate assemblages in high

altitude streams should show certain similarities to

those in lowland streams affected by organic pollution.

This helps to explain the dominance of chironomids

and aquatic worms (Oligochaeta) in the upper segments

of the basin studied, where D.O. reaches 5.6 mg l-1.

According to climate characteristics, the streams

studied can be categorized as alpine desert rivers.

Aquatic invertebrates in desert rivers tend to be

correlated with variability in discharge patterns,

availability of suitable substrate, and microhabitat

complexity (Boulton et al., 2006). Moreover, abun-

dance of aquatic biodiversity seems to exhibit ‘‘boom

and bust’’ cycles coinciding with the floods and

droughts in some dryland rivers (Kingsford, 2000).

However, a comparison between two hydrological

periods with high (January) and low flow (March) did

not show significant differences in community struc-

ture of macroinvertebrates in the streams studied

(Alvial, unpublished data). Although significant vari-

ations between years were not found, a decrease in

macroinvertebrates density was detected in 2008,

possibly related to heavy winter snowfalls during El

Niño episodes that contribute to increased flow in

spring and summer (Gascoin et al., 2010). This could

confirm the reports by Humphries & Baldwin (2003)

who noted the negative effects of flooding on benthic

fauna, generating a reduction in benthic density

through habitat modification or drifting, disturbance

of primary production, and modifications in available

trophic resources. Nevertheless, the evaluation of the

interannual variability in macroinvertebrate commu-

nities requires a long dataset, which is currently being

processed.

In conclusion, our results suggest that chemical

characteristics of the rivers and habitat diversity are

important factors in determining distributional pat-

terns and community structure of benthic macroinver-

tebrates in headwaters of the Huasco basin in northern

Chile. In general, the physical–chemical characteris-

tics of the streams studied are related to geological

characteristics and are a result of natural processes,

although this area is highly attractive to mining

projects and agriculture crops. Although mining and

agriculture are important sources of progress and

development for the region, these types of human

activities are known to have detrimental impacts on

biological communities in many regions of the world

(Lampert & Sommer, 2007). Additionally, it has been

demonstrated that anthropogenic acidification has a

stronger effect on macroinvertebrate species richness

than natural acidity (Dangles et al., 2004; Petrin et al.,

2007, 2008). In particular, Petrin et al. (2007) pointed

out that anthropogenic acidification may increase the

bioavailability of toxic metals, whereas in naturally

acidic waters, humic substances may bind toxic metals

thereby reducing their toxicity. Therefore, the biodi-

versity of benthic macroinvertebrate acknowledged

here and its relationship with the abiotic conditions of

the area, emphasize the need for conservation and

implementation of comprehensive biomonitoring pro-

grams in these fragile and important ecosystems.

Moreover, the results suggest that the streams studied

here could be classified in different zones according to

similar environmental conditions and that these zones

may be characterized by indicator organisms. Finally,

the patterns observed in macroinvertebrate communi-

ties can be used to establish reference sites for

adaptation of biotic indices for this region, and to

generate hypotheses about factors affecting assem-

blage structure in more focused surveys in arid streams

of northern Chile.
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dación Miguel Lillo, Tucumán.

Fernández, H. & E. Domı́nguez, 2001. Guı́a para la determin-
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climáticas de la región de Atacama. In Squeo, F. A., G.

Arancio & J. R. Gutiérrez (eds), Libro rojo de la flora nativa

y de los sitios prioritarios para su conservación: región de

Atacama. Ediciones Universidad de La Serena, La Serena:

25–42.
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