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ABSTRACT

Background. The climatic and geographic characteristics of Central Chile allow the concentration of high water demand
from agricultural activities in low order rivers. Changes in the hydrologic regime of these rivers should affect the habitat
availability of endemic benthic macroinvertebrates. However, the impact of water diversion in the Chilean rivers is poorly
understood. Goals. We want to determine the effects of water abstraction in the habitat of benthic macroinvertebrates
with biotic indices. Methods. We sampled nutrients, macroinvertebrates, and morphological characteristics of three rivers
affected by agricultural water extractions in the Itata basin (Chile). We assess the habitat alteration and benthic macroin-
vertebrate assemblage through the measurement of depth, current velocity, Froude number, wetted width/depth ratio,
dissolved oxygen, and biotic indices. Results. Traditional methods of constructing the weirs affect the water level in the
sampling sites. Most of the habitat parameters shows variation between the control and impact sampling sections, but
only Shannon and Simpson diversity indices were statistical different. Gonclusions. The increase in taxonomical resolu-
tion of benthic macroinvertebrates in the Mediterranean zone of Chile could improve detection of environmental impacts
of water extraction. We suggest the use of biological traits in order to determine specific relationships between water
withdrawals and environmental changes in low order rivers of Chile affected by water extraction.
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RESUMEN

Antecedentes. Las caracteristicas climaticas y geograficas de Chile Central permiten la concentracion de alta demanda
de agua para las actividades agricolas en los rios de bajo orden. Los cambios en el régimen hidroldgico de estos rios
podrian afectar la disponibilidad de habitat para las especies endémicas de macroinvertebrados bentonicos. Sin embargo,
el impacto de la extraccion del agua en rios de Chile ha sido poco estudiado en esta area. Objetivos. Se determinaron los
efectos de la extraccion del agua en el habitat de los macroinvertebrados bentdnicos mediante indices bi6ticos. Métodos.
Se colectaron muestras de nutrientes y de las caracteristicas morfologicas de 3 rios afectados por las extracciones de
agua en la cuenca del Itata, Chile para establecer el efecto en los ensambles de macroinvertebrados bentdnicos. Evalua-
mos la alteracion del habitat y los cambios en la comunidad de macroinvertebrados bentonicos a través de la medicion
de la profundidad, velocidad de la corriente, nimero de Froude, ancho del rio/profundidad, oxigeno disuelto, indices
bidticos y de diversidad. Resultados. Los métodos tradicionales para la construccion de las estructuras de derivacion de
caudal afectaron el nivel del agua en los sitios de muestreo. La mayoria de los parametros relacionados con el habitat
variaron entre los puntos de control e impacto, pero (inicamente los indices de Shannon y Simpson mostraron diferencias
estadisticamente significativas. Conclusiones. El aumento en la resolucion taxondmica para la determinacion de los ma-
croinvertebrados bentonicos de la zona mediterranea de Chile podria favorecer la deteccion de los impactos ambientales
asociados a la extraccion de agua. Sugerimos el uso de rasgos bioldgicos para poder establecer relaciones especificas
entre las extracciones de agua y los cambios ambientales en los rios de orden bajo de Chile.

Palabras clave: Agricultura, caudal, extraccion de agua, insectos acuaticos, perturbaciones en rios.
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INTRODUCTION

The Mediterranean central area of Chile is a hot spot for biodiversity
conservation (Myers et al., 2000; Valdovinos, 2008) due to the high di-
versity and species richness of some taxonomic groups like Plecoptera,
Trichoptera, and Ephemeroptera (Figueroa et al., 2013; Palma & Figue-
roa, 2008). In this area, physiographic and climatic conditions promote
fluvial habitat diversity that enhances the fluvial habitat patchiness in
low order rivers (Andreoli et al., 2012). However, the concentration of
agricultural activities threatens the natural hydrologic regime of the ri-
vers (Bonada & Resh, 2013; Figueroa et al., 2013; Habit et al., 2006).

Agriculture activities mainly increase the concentrations of nitra-
te and phosphorus on the aquatic ecosystems (Dudgeon et al., 2006;
Vorosmarty et al., 2010) in several basins of the central zone of Chile.
The actual concentration of these compounds do not represent a hazard
condition (Pizarro et al., 2010; Ribbe et al., 2008), but increasing de-
mand of water in agriculture should modify the flow and hydromorpho-
logical characteristics of low order rivers (Andreoli et al., 2012).

The natural flow regime is fundamental in low order river con-
servation, because it produces shifting habitat conditions (Poff et al.,
1997; Stanford et al., 2005; Townsend et al., 1997), which increases
the aquatic biodiversity (Death 2010; Townsend et al., 1997). Most of
the scientific literature about flow alteration in Chilean rivers focuses
on the relation between aquatic fauna (fish assemblage) and hydro-
electric dams (Andreoli ef al., 2012; Garcia et al., 2011; Habit et al.,
2007). For example, Habit ef al. (2007), detected changes in the fish
assemblage by the construction and operation of the Laja and Rucle
dams, since irrigation water withdrawals in the Laja River tends to in-
crease the perturbation on the river's ecosystem. Moreover, Garcia et
al. (2011), detected changes in the hydraulic characteristics (velocity
and depth) of the Biobio River due to the daily peaks of electric demand
during summer with possible effects on fish feeding behavior or spatial
distribution.

Similar to other world regions (Bonada & Resh, 2013; Chessman
et al, 2011; Dewson et al., 2007a), in the central zone of Chile many
irrigation users collect water from low order rivers during their base
flows of spring and summer (Figueroa et al., 2007). Thus, the aim of our
study was to determine the effects of water abstraction on the habitat
of benthic macroinvertebrates in low order rivers of Chile’s central zone.
We also determined the relationship between macroinvertebrate biotic
indices (CHSIGNAL and EPT) and flow reduction to improve the conser-
vation of Mediterranean rivers in Chile.

MATERIAL AND METHODS

Characteristics of the sampling sites. We selected 3 sampling sites
(Dehesa, Recinto, and Marchant) with different regimes of water abs-
traction in the Itata basin. Due to the position of the diversion points in
private lands and geographical access, we were only able to collect
information in the selected points. All the sampling sites are located
in different low order rivers of the Itata basin, a Mediterranean climate
area with annual average temperature of 14.1 °C and 1550 mm of
precipitation (Di Castri & Hajek, 1976; Urrutia et al., 2009a).

Native forests of evergreen Drimys winteri and Nothophagus spp.
are common in the foothills, while agriculture landscapes prevail in the
central valley (Figueroa et al., 2013). According to Figueroa et al. (2007),
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and Debels et al. (2005), there is good water quality in the watershed;
the sewage discharge of the city of Chillan is the only factor related to
nutrient enrichment at a lower altitude (see Fig.1).

All sampling sites have their channel morphology modified by the
construction of small weirs with boulders, sand bags, or wood. Steel
doors and sand bags partially seal the irrigation channels during the
winter flow, and avoid inundation of agricultural field in Dehesa and
Marchant sites. The riverbed is composed of an alternate combination
of cobbles with riffle and pool, a common characteristic of the rivers in
Chile’s central zone (Andreoli et al., 2012; Figueroa et al., 2013).

Habitat sampling. At all sampling sites, we selected a 100 m reach
section before (control) and after (impact) the weirs. According to Dew-
son et al. (2007c), 100 m reach is enough to observe the effects of
water abstraction and there is no chance of flow recovering by ground-
water. To characterize the trophic status of the sampling sites, we co-
llected water samples for NO, (mg/L), NO,” (mg/L), NH,* (mg/L), Organic
N (mg/L), Total N (mg/L), Organic P (mg/L), Total P (mg/L), PO,* (mg/L),
and Suspended solids (mg/L) analysis in March (low flow) and August
2013 (high flow). Water samples were kept cold until their analyses in
the Environmental Chemistry Laboratory, EULA Center for Environmen-
tal Sciences, University of Concepcion (Eaton et al., 2005).

We recorded the habitat characteristics (water depth, river wetted
width, current velocity) and in situ chemical parameters in six random
points on every reach during the low flow period (October, December
2012, and March 2013) and high flow period (August 2013). The selec-
ted in situ physico-chemical parameters were temperature, conducti-
vity (Hanna Instruments HI 9835), pH (Hanna Instruments HI 9126), and
dissolved oxygen (Hanna Instruments HI 9146).

Stream discharge (L/s) was determined in control and impact reach
by 10 equidistant measurements of depth and current velocity (0.6 dep-
th) with a Gurley 1100.1 Flow Velocity Indicator (Gore, 2007).

Macroinvertebrate sampling. We sampled benthic macroinvertebrate
community for each stream reach section on all sampling dates. All
the macroinvertebrate sampling sites were near to habitat sampling.
A Surber sampler (mesh size=250 pm, 0.09 m? area) was placed in
6 random points to remove organisms. The organisms collected were
fixed in 95% alcohol and transported to Bioindicators Laboratory at the
EULA Center for Environmental Sciences. We identified the macroin-
vertebrates to the family level with the available taxonomic literature
(Dominguez et al., 2006; Stark et al., 2009). A higher taxonomic reso-
lution was not possible due to the scarce taxonomic knowledge of the
Mediterranean area (Figueroa et al., 2013) and the small size of most of
the organisms (e.g. Gripopterygidae).

Biodiversity indices of Shannon (H’) and Simpson (D’), total abun-
dance, and family richness were determined to describe the changes
in macroinvertebrate assemblage between control and impact reach
sections.

In order to assess the sensitivity of biotic indices to water extrac-
tion, we selected the ChSIGNAL and EPT index. The ChSIGNAL is an
adaptation of the SIGNAL index (Chessman, 2003) with benthic ma-
croinvertebrates of Chile (see Figueroa et al., 2007). The EPT index co-
rresponds to the count of families from the Ephemeroptera, Plecoptera,
and Trichoptera orders collected at the sampling sites (McKay & King,
2006).
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Figures 1a-b. Location of the sampling sites in the Itata basin (a) and principal land use (b) in the mediterranean central area of Chile.

Statistical analysis. To assess the relation between habitat variables
and flow (L/s), a Pearson correlation was used (R>0.8; p<0.05). Fur-
thermore, two data matrices were used: 1) aggregated data of all the
sites in order to detect a general response of the streams of the area,
and 2) separated data of every site to define specific responses to low
flow conditions.

Statistical difference between the control and impact reach sec-
tions in low flow were calculated with the Student T-test (p<0.05),
but the differences between low flow (spring/summer) and high flow
(winter) conditions were calculated with ANOVA BACI design (Downes,
2002). In the BACI model for statistical differences, B corresponds to
each of the sampling dates in spring or summer, A is the sampling date
in high flow period (winter), C refers to control reach sections, and | is
the impact reach sections. Therefore, a significant difference in the BA
x Cl indicated that the change in the environmental parameter is asso-
ciated with water withdrawals (Downes, 2002).

The relationship between habitat parameters, biotic and diversi-
ty indices was established with a Multiple Linear Regression analysis,
Akaike Information Criterion, and the Forward/Backward selection in
the MASS statistical package (Venables & Ripley, 2002). Then, the most
important environmental predictor was determined from the previous
selected variables with all-subsets by a regression model in LEAPS R
statistical package (p<0.05).

The differences in the macroinvertebrate community assemblage
were determined with ADONIS statistical analysis (Anderson, 2001).
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Comparisons were made using the Bray Curtis similarity matrix. Pre-
viously, abundance data were transformed to Log,, (x+1) in order to
reduce the contribution of the families with greater numerical repre-
sentation in the samples (Anderson et al., 2006; Gauch, 1982). IndVal
(Dufrene & Legendre, 1997) established the most important families in
terms of the differences between control and impact reach sections.
The IndVal method considers the abundance and relative frequency of
the different families in each sample in order to assign an indicator
value and a probability p derived from the Monte Carlo permutation.

RESULTS

The weirs modified the discharge in all the sampling sites. The highest
summer flow reduction was registered in Dehesa (97.7%), while the
lowest was in Recinto (26.1%), both in December 2012. In August 2013
(winter period), we observed closed weirs in Marchant and Dehesa;
however, it was possible to record some water withdrawals (Table 1).
Only water depth (R: 0.85; p<0.05), current velocity (R: 0.84; p<0.05),
and conductivity (R: 0.65; p<0.05) showed correlation with the flow
measurements. According to the chemical characteristics, Dehesa and
Recinto showed oligotrophic conditions in low and high flow periods (<
0.03 mgL™" NH,*, < 0.2 mgL"" NO,", <0.04 mgL" PO,*). In Marchant
the concentration of NO,” (0.384 mgL") and PO,* (0.13 mgL") tends
to decrease in the high flow period (0.293 mgL" NO, and 0.06 mgL"'
P0,*) (Table 2).
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Table 1. Temporal flow variation (L/s) in control and impact reach sec-
tions of the sampling sites.

Site / Reach section Oggb; ' Degg:nzber I\gg:c: A2ug1u ;t

Control 1108 3239 368.6 3256.3

Dehesa Impact 23.6 34.0 33.2  2960.8
% of flow reduction ~ 78.7 89.5 91.0 9.1

Control 217.2 92.8 544 3776

Recinto Impact 135.5 68.6 229 359.8
% of flow reduction ~ 37.6 26.1 57.9 4.7

Control 1806.7 1245.7 1018.5 2357.5

Marchant Impact 11085 661.8 7284 2108.2
% of flow reduction ~ 38.6 46.9 285 118

Most of the habitat variables showed variation between control
and impact reach sections (Table 3). The coefficient of variation (con-
trol <impact) was higher than 10% for depth, current velocity, wetted
width/depth ratio, Froude number, richness, abundance, and EPT. The
t-test detected statistical differences (p<0.05) for dissolved oxygen,
depth, Froude number, current velocity, wetted width/depth ratio, Shan-
non and Simpson’s diversity (Fig. 2). Neither EPT nor ChSIGNAL biotic
indices showed statistical differences between control and impact rea-
ch sections (Fig. 2).

Comparing low and high flow sampling dates with ANOVA BACI de-
sign, only current velocity showed significant differences in 2 different
sampling dates (October 2012 and March 2013). No statistical differen-
ces were detected for water temperature, wetted width, and hydraulic
Froude number in December 2012 (Table 4). According to linear regres-
sion models, habitat and chemical parameters were good predictors of
community assemblages; however, it was not possible to establish a
significative model with the Simpson diversity index. The best signifi-
cative model (R? = 0.37) was determined for ChSIGNAL index (pH and
DO), while the lower explanatory power of the models was recorded for
Shannon diversity (R? = 0.19) (Table 5).

Guevara-Mora M. et al.

The total abundance of benthic macroinvertebrate was 41133 in-
dividuals (3173 individuals/m?), distributed in 10 orders and 49 fami-
lies. The order with the highest abundance was Diptera (n = 16465),
followed by Ephemeroptera (n = 7371), Trichoptera (n = 7122), and
Plecoptera (n = 6486). The highest abundance of Baetidae, Leptophle-
biidae (Ephemeroptera), Gripopterygidae, and Notonemouridae (Plecop-
tera) occurred during low flow. Significant differences in macroinver-
tebrate assemblage were established in October and December 2012
(low and high flow), while in March, differences were determined for the
control and impact reach sections (Table 6). The IndVal test determined
that Notonemouridae (Plecoptera; IndVal: 0.385, p: 0.004) was a good
indicator for impact reach sections, while Diamphipnoidea (Plecoptera;
IndVal: 0.630, p: 0.002) or Glossosomatidae (Trichoptera; IndVal: 0.394,
p:0.036) were a good indicator for the control reaches of all the sites.

DISCUSSION

In this study, diversion structures in the rivers produced a contraction of
the fluvial habitat, low variation of chemical characteristics, and chan-
ges in the macroinvertebrate community assemblage. To our knowled-
ge, this is the first study that determines the impact of irrigation with-
drawals in the Chilean rivers, although irrigation agriculture consumes
85% of available water resources and modifies modifies natural flow
regimen (Figueroa et al., 2013).

The natural flow has direct influence in the water chemical com-
position of the rivers (Bunn & Arthington, 2002; Dewson et al., 2007a;
Larned et al., 2010). Particularly, it has been reported that scarce water
conditions produce temporal and spatial changes in nitrogen com-
pounds (Caruso, 2002; Dahm et al., 2003; Von Schiller et al., 2011),
therefore similar trends are expected in rivers with intense agricultural
water withdrawals. However, in this study we detected no significant
chemical changes in the nutrients that could be related to good river
conservation in the area (Debels et al., 2005; Figueroa et al., 2007;
Urrutia et al., 2009b). Nor could we find a traditional river damning
method that does not promote changes in the ionic composition of
the surface waters by anoxic conditions (Ahearn et al., 2005; Friedl &
Wiiest, 2002).

Table 2. Concentration of nutrient and suspended solids for the sampling sites on the Itata basin, Chile, in low (March 2013) and high flow (August

2013) hydrological conditions (Values in bold = Under detection limit).

Date Site Reach NO, NO, NH,>  OrganicN TotalN OrganicP TotalP PO  Suspended
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)  (mg/L) solids (mg/L)

Marchant Control 0.015 0.384 0.03 0.04 0.15 0.04 0.12 0.13 1.0

Impact 0.015 0.384 0.03 0.06 0.17 0.03 0.11 0.13 1.0

March Recinto Control 0.077 0.039 0.03 0.03 0.09 0.02 0.03 0.04 1.0

Impact 0.076 0.038 0.03 0.03 0.09 0.01 0.02 0.04 1.0

Dehesa Control 0.015 0.025 0.03 0.04 0.07 0.01 0.04 0.04 43

Impact 0.015 0.037 0.03 0.04 0.08 0.01 0.05 0.04 5.0

Marchant Control 0.015 0.293 0.03 0.01 0.10 0.04 0.06 0.06 1.2

Impact 0.015 0.202 0.03 0.03 0.10 0.03 0.05 0.05 1.0

August  Recinto Control 0.015 0.139 0.03 0.01 0.06 0.01 0.02 0.04 2.0

Impact 0.015 0.410 0.03 0.01 0.12 0.01 0.01 0.04 2.3

Dehesa Control 0.015 0.101 0.03 0.04 0.09 0.01 0.01 0.04 1.0

Impact 0.015 0.121 0.03 0.03 0.09 0.01 0.01 0.04 1.0
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Vol. 26 No. 3 » 2016



378 Guevara-Mora M. et al.

Table 3. Mean (X), standard deviation (SD), and variation coefficient (CV) of the habitat characteristics and community assemblage descriptors in
control and impact reach sections in low flow sampling dates, in central area of Chile.

Parameters Recinto Marchant Dehesa All sites
Control  Impact  Control  Impact  Control Impact Control  Impact
Dissolved oxygen (mg/L) X 11.42 10.72 10.02 10.15 10.54 10.08 10.66 10.31
SD 0.49 0.32 0.41 0.35 0.31 0.60 0.71 0.52
CV (%) 4 3 4 3 3 6 7 5
Temperature (°C) X 10.11 10.88 13.83 13.69 16.29 15.85 13.41 13.47
SD 0.99 2.41 0.71 0.63 2.94 3.09 313 3.04
CV (%) 10 22 5 5 18 19 23 23
pH X 7.23 7.52 7.81 7.80 7.74 7.70 7.59 7.67
SD 0.22 0.16 0.27 0.31 0.22 0.13 0.35 0.24
CV (%) 3 2 3 4 3 2 4 3
Conductivity (uScm-") X 36.56 38.41 228.7 229.2 118.4 118.9 127.9 128.8
SD 1.69 4.31 23.22 22.18 17.13 16.62 81.16 80.53
CV (%) 5 11 10 10 14 14 63 62
Wetted width (cm) X 358.2 295.3 753.6 717.9 459.2 716.0 523.6 576.4
SD 14565  68.04 93.7 58.54 272.4 231.3 249.2 245.0
CV (%) 41 23 12 8 59 32 47 42
Depth (cm) X 19.53 21.17 32.53 26.14 29.06 13.94 27.04 20.42
SD 6.09 9.46 7.51 9.29 10.01 4.71 9.64 9.43
CV (%) 31 45 23 35 34 34 36 46
Current velocity (m3s™) X 0.39 0.24 0.73 0.51 0.46 0.21 0.53 0.32
SD 0.16 0.09 0.25 0.43 0.27 0.13 0.27 0.30
CV (%) 41 40 34 85 60 61 51 92
Width/depth ratio X 20.33 15.77 24.73 31.64 17.711 61.68 20.92 36.36
SD 10.50 5.59 8.20 13.72 13.94 36.82 11.31 29.57
CV (%) 52 35 33 43 78 60 54 81
Froude # X 0.30 0.17 0.41 0.23 0.30 0.18 0.34 0.23
SD 0.14 0.07 0.14 0.75 0.20 0.11 0.17 0.17
CV (%) 50 43 34 75 69 61 51 74
Richness X 16.44 16.11 13.3 11.33 12.56 10.94 14.09 12.80
SD 2.68 424 3.40 410 2.38 2.66 3.28 4.36
CV (%) 16 26 26 36 18 24 23 34
Abundance X 265.4 1451 289.5 387 195.7 108.8 250.2 213.7
SD 197.05  90.12 2395 352.4 212 88.19 216.7 246
CV (%) 74 62 83 91 100 81 87 100
Shannon (H’) X 219 2.06 1.76 1.59 1.98 1.88 1.98 1.84
SD 0.29 0.41 0.30 0.33 0.31 0.20 0.35 0.38
CV (%) 14 20 17 21 16 10 17 20
Simpson (D) X 6.84 5.72 453 3.98 6.02 511 5.80 4.93
SD 2.28 2.56 1.43 1.26 213 0.99 217 1.85
CV (%) 33 45 31 32 35 19 37 38
EPT X 8.28 8.11 6.27 5.66 4.00 3.89 6.18 5.89
SD 1.60 2.37 1.96 2.40 1.08 1.32 2.35 2.69
CV (%) 19 29 31 42 27 34 38 46
ChSIGNAL X 6.68 6.45 5.63 5.37 6.10 6.14 6.14 5.99
SD 0.48 0.71 0.60 0.49 0.48 0.53 0.67 0.74
CV (%) 7 11 11 9 8 9 11 12
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Table 4. Summary of ANOVA test for BA x Cl comparison in control and reach sections of all the sampling sites, in central area of Chile. (Itata basin).

October 2012 December 2012 March 2013
F p F p F p
Dissolved oxygen (mg/L) 4.83 0.032* 2.57 0.110 0.87 0.350
Temperature (°C) 2.65 0.110 0.03 0.870 0.32 0.570
pH 12.21 <0.001** 0.57 0.450 0.03 0.860
Conductivity (uS/cm) 4.31 0.042* 0.45 0.510 0.05 0.830
Wetted width (cm) 0.94 0.340 0.44 0.500 0.75 0.390
Depth (cm) 1.57 0.220 3.83 0.055 8.4 0.005*
Current velocity (m/s) 4.51 0.038* 3.27 0.075 7.83 0.007*
Width/depth ratio 2.28 0.140 3.17 0.080 6.06 0.016*
Froude number 3.25 0.076 1.63 0.206 2.92 0.092

*=p<0.05." = p<0.01

Dissolved oxygen was the only parameter that showed statistical
differences between control and impact sampling sites. Several authors
indicate that DO concentration decreases in river water withdrawals
(Dewson et al., 2007b; McKay & King, 2006) related to reduced turbu-
lence conditions or increasing heating exposure (Brown et al., 2012;
Chessman et al., 2010; Dewson et al., 2007b). At the sampling sites,
dense riparian forest protected the rivers from increased heating, and
low depth/wide values can explain the lack of differences in the thermal
regimen (Pedreros et al., 2013).

The principal indicator of turbulence perturbation in our study was
the Froude number. The Froude number is closely related to current
velocity and water depth, and is considered a good indicator of the
hydraulic and microhabitat characteristics for the benthic macroinver-
tebrates (Brooks et al., 2005; Allan & Castillo, 2007). Although a high
Froude number has been related to reduced macroinvertebrate abun-
dance (Brooks et al., 2005), the positive relationship with the abundance
in our sampling sites could be explained by the trade-off between the
good oxygen conditions and the energy budget to keep oxygen suitable

habitats for macroinvertebrates. In this sense, extreme current velocity
during floods leads to movement of the river bed with direct influen-
ce in the macroinvertebrate community (Death & Zimmermann, 2005;
Schwendel et al., 2010), but harsh hydraulic conditions do not promote
the presence of high abundance of benthic macroinvertebrates.

According to Growns and Davis (1994), turbulent conditions are
also necessary for the suspended food supply ingested by passive filte-
rer macroinvertebrates. According to Walters and Post (2011) and Wills
et al. (2006), a 90% reduction in the available flow has been correlated
with a decrease of filter feeding macroinvertebrates and an increase of
predatory species. Although we did not detected changes in the functio-
nal feeding groups in our sampling sites, we expected a similar tenden-
cy in the more arid zones of Chile.

In our sampling sites, temporal variation of water abstraction and
high flow period promotes a reset opportunity as the macroinvertebrate
community recolonizes the sampling sites. During high flow periods,
the principal mechanism for site recolonization is active drifting, widely

Table 5. Multiple linear regression and single best parameter for all the sampling sites during low flow, in central area of Chile (Itata basin).

Chemical parameters

Physical parameters Statistical analysis

Wid/Dep

0D Temp Cond pH Vel Wid Dep Fr ratio R? p Slope
Richness X v X 0.22 <0.001 -
Abundance v 0.20  <0.001 +
Shannon X X v X X 019  <0.001 -
Simpson X 4 X 0.06 0.070 -
EPT X v X X X X 0.25 <0.001 -
ChSIGNAL v X 0.37 <0.001 +

Note: Chemical parameters correspond to dissolved oxygen (OD), temperature (Temp), conductivity (Cond), and pH. Physical parameters are water velocity (Vel), wet-
ted width (Wid), depth (Dep), number of Froude (Fr), wetted width/depth ratio (WW/Dep). The value of R? corresponds to the Adjusted R The statistical significance of
the multiple regression model is denoted (p). The significant parameters of multiple regression are marked (X), as well as the best singular parameter (/ )
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Table 6. Summary of ADONIS test for statistical differences (p<0.05) in
the macroinvertebrate assemblage between reach sections in low and
high flow sampling dates at Itata basin, Chile.

October 2012 December 2012  March 2013
R? p R? p R? p
0.107 0.001 0.085 0.013 0.104 0.001
0.029 0.003 0.027 0.001 0.009 0.474
0.028 0.003 0.026 0.022 0.009 0.436

Before-After (BA)
Control-Impact (Cl)
BAx Cl

used for the environmental assessment of the flow disturbance and
river health (Death et al., 2009; Dewson et al., 2007b; James et al.,
2009). In Chile, active drifting behavior is related to a circadian cycle
(Figueroa et al., 2000), but more information is required regarding this
dispersal mechanism as a functional bioindicator technique.

In this study, we did not detect statistical differences in the abun-
dance or family richness indicators. However, the presence of statistical
differences in the Shannon and Simpson indices for the accumulative
abundance of benthic macroinvertebrates could reflect some sensiti-
ve responses to low flow conditions. In this sense, EPT families were
defined as a good bioindicator in controlled (Death et al., 2009) or non
controlled water withdrawals (Wills et al., 2006). In contrast, other stu-
dies determined the importance of specific habitat characteristics in
order to detect environmental impacts through the EPT index (McKay
& King, 2006)

The use of biotic indices is a common practice to determine the en-
vironmental impacts on surface waters (Bonada et al., 2006; Rosenberg
& Resh, 1993). In Chile, the CHSignal demonstrates sensibility to water
pollution in the semiarid rivers of northern Chile (Alvial et al., 2012) or
in the Chillan River, a tributary of the Itata River (Figueroa et al., 2007).
Similar trends were determined for other biotic indices like RIVPACS
(Armitage & Petts, 1992) or AUSRIVAS (Chessman et al., 2010).

We believe that the communities in the study area have suffered
this type of impact for many years, so they have developed strategies
to survive in adverse environmental conditions (Miller et al., 2007). In
Mediterranean climate areas, seasonal predictable flow variations are
closely related to macroinvertebrate biological or behavioral characte-
ristics (Bonada et al., 2007), which give us the opportunity to record the
magnitude of water abstraction (Dolédec & Statzner, 2010; Menezes et
al., 2010). In contrast, Walters and Post (2011) indicated that trait and
classical taxonomic approach have the same power to detect habitat
changes in low flow condition, but they do not discard evaluating spe-
cific traits like high crawling or armoring and resistance characteristics
of macroinvertebrates. In Chile, the scarcity of available biological and
taxonomic information regarding several macroinvertebrates families
limits the improvement of bioindicator techniques (Stark et al., 2009).
For example, the Gripopterygidae family has 55% undetermined species
(Vera & Camousseight, 2006), but Growns and Davis (1994) determined
positive correlation of this family with the Froude number in Australian
rivers. In addition, the conservation of endemic macroinvertebrates in
low order rivers of Mediterranean Chile requires bioindicator techniques
to be improved in accordance to the expected low rainfall and increased
temperature (Figueroa et al., 2013; Pedreros et al., 2013).
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