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Abstract

The macrozoobenthos colonization process on artificial substrata in lotic environments was evaluated. Two
seasonal periods, autumn–winter and spring–summer, of a relatively undisturbed fluvial system, the Estero
Nonguén (VIII Region, Chile), have been studied. Five stations, two in riffles and three on sandy bottoms,
extending from a head water stream to 5 km down river, were sampled. For all stations and for each season
the results were as follows: (a) 32% of the total number of taxa found in this study colonized the artificial
substrata on the first day of exposure, (b) the taxa that colonized sandy bottoms were typical for riffle, (c)
the colonization process showed the same abundance, specific and cumulative richness and diversity pat-
terns over time, and (d) equilibrium was reached approximately 2 weeks after initial exposure. This suggests
that ‘‘Estero Nonguén’’ stream presents a nearly pristine condition and can be considered as a reference site
to carry out biodiversity and ecosystem functionality studies, and giving information on time recovery for
sectors previously disturbed.

Introduction

Colonization is an important mechanism in river
restoration; its study is useful to predict the extent
and type of conditions required for flora and fauna
recovery in a disturbed ecological system (Allan,
1997; Friberg et al., 1998). The aquatic habitat is
constantly being modified by the appearance of
new elements, such as fallen trees, branches and
other substrates, which enter the system with dif-
ferent periodicity and predictability (Resh &
Rosenberg, 1984). Consequently, the colonization
mechanism is the process by which organisms move
to settle in new areas or in disturbed environments
where they were previously present (recoloniza-
tion). The colonization of a particular environment
depends on various factors, such as the availability
of certain food resources, the available surface
area, temperature, and light as well as the current

speed, width, depth and slope of the channel. The
substrate, as an immediate physical medium for
colonization, has been shown to be the main factor
on which colonization depends (Wohl et al., 1995;
Matthaei et al., 1996). A zone of riffle can be
quickly recolonized since it lies relatively near set-
tlers’ source areas, while the colonization of a
sandy bottom area would depend on those organ-
isms that are coming from upstream sections and
have not been preyed upon by organisms of higher
trophic levels. Thus, river colonization would
partly depend on the distance from future settlers’
source areas (MacArthur & Wilson, 1967; Gore,
1982).

Published works studying the ecology of benthic
macroinvertebrates from Chilean rivers are scarce.
By contrast, in the NorthernHemisphere, Australia
and in New Zealand, the distribution of benthic
macroinvertebrates and the colonization processes
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have been extensively studied for several decades.
Studies have been principally undertaken to control
and evaluate the degree of disturbance in fluvial
systems (Downes & Lake, 1991; Matthaei et al.,
1996; Peterson, 1996; Brown et al., 1997; Paltridge
et al., 1997). The present study provides the
possibility to compare the colonization patterns of
Chilean rivers with that of other Mediterranean
climate streams inEurope,WesternNorthAmerica,
Southeast Australia and Southwestern South
Africa.

Methods

The studied sites were located in the Estero Non-
guén (36� 49¢–36� 54¢ S; 72� 57¢–73� 01¢ W), a
second-order fluvial system with an estimated
annual flow of 1 m3 s)1. It is a coastal sub-basin
tributary of the Andalién River’s lower course
(Concepción, Chile), running over a distance of
15 km in the south–north direction, with a basin

surface area of 44 km2 (Fig. 1). Five stations were
selected within the 5 km from the head of the
stream, separated by 1 km of distance, two in the
rithron area (E1 and E2), one in the intermediate
area (E3), and two in the sandy bottom sector (E4
and E5) as shown in Table 1 and Fig. 1.

The artificial substrata used were plastic net
baskets of 20� 20� 8 cm full with natural stones
standardized in color, texture and size classes. The
stones were washed with 10% HCl to eliminate all
organic remains, and then rinsed with freshwater.
The mesh aperture was 2.5 cm2 to allow free
passage of organisms. In each station, 36 artificial
substrates were randomly placed in a tract mea-
suring no more than 10 m2 in surface area during
May–July 1999 (autumn–winter) and October–
December 1999 (spring–summer). A 3-month
exposure period was considered sufficient to study
the benthic community response (Towsend & Hil-
drew, 1976; Mackay, 1992). The four artificial
substrates were collected from each station, and in
each period at 1, 3, 7, 10, 16, 28, 45, 65 and 85 days

Figure 1. Study area and location of sampling stations (E1–E5).
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after exposure. They were individually stored in
plastic bags and transported to the laboratory.

Identification was made at the lowest possible
taxonomic level using available literature (e.g.
CSIRO, 1991; Fernández & Domı́nguez, 2001).
Results were recorded in an abundance matrix
(N m)2) and in a biomass matrix (wet-weight m)2)
for each station. Biomass was determined using an
Analytic Precisa 240A balance (0.0001 g sensitiv-
ity). Starting from a density matrix (Number of
individuals m)2) elaborated for each sampling
period and each station, the stations were com-
pared and grouped to define areas with similar
biological composition. Additionally, the taxa
were grouped by an analysis of conglomerates
(UPGMA) using a similarity matrix Bray–Curtis
(1957). Other variables determined included
abundance, specific richness, Shannon diversity
log2 (H¢), evenness (J) and Simpson diversity (D).

Colonization curves representing the number of
individuals and specific richness over time t were
assumed to behave according to the function
proposed by Sheldon (1977): Nt = atb, where a
and b are constants. To obtain the colonization
parameters, data were fitted with regression anal-
ysis to the linear model of the proposed equation:
log Nt = log a + b log t. Differences in the
intercepts and the slopes of the regression lines
among stations and among seasonal periods were
tested for significance with ANOVA. In order to
establish the time at which the community reached
its equilibrium (MacArthur & Wilson, 1967), the
rates of immigration and emigration were plotted.

Results

The fauna of macroinvertebrates colonizing the
artificial substrates during the entire study period

consisted of 92 identified taxa (See Supplementary
material1). The community parameters of the five
sampling stations and both seasonal periods are
showed in the Supplementary material. The arti-
ficial substrates from stations with sandy bottoms
were colonized in both sampling periods by char-
acteristic taxa of riffle areas. No apparent differ-
ences in colonization were observed (p>0.05).
The curves of the accumulative number of species
and the cumulative number of individuals colo-
nizing the substrata became asymptotic in each
station and seasonal period between day 15 and
day 22 (Fig. 2). Shannon’s diversity index was
relatively constant among all the stations. For the
second season (spring–summer), the variation ob-
served among stations was even lower. During
both seasonal periods and in all stations, the
community equilibrium was reached between day
15 and 17 (Fig. 2; see Supplementary material). A
single station (station 2) reached its equilibrium on
day 10 in the period of autumn–winter and on day
21 in the period of spring–summer.

During the period of autumn–winter, of the
total number of species found in this study, 34%
colonized the artificial substrata in the first day of
sampling, 52% did so at the time of community
equilibrium, and 65% colonized the artificial
substrata at the end of the experiment (day 85).
During the spring–summer period, the coloniza-
tion rates for the same sampling dates were,
respectively, 30, 44 and 64%. In the first day of
colonization, the dominant taxa in both seasonal
periods were Diptera (Chironomidae and Simu-
liidae) with more than 53% of total abundance
(see Supplementary material). At the time of

Table 1. General characteristics of sampling stations

Site Code Bedrock Latitude (S) Longitude (W) Altitude

(m.a.s.l)

Distance from

source (m)

Essbio E1 Boulders, cobbles and pebbles 36� 52¢ 12¢¢ 72� 59¢ 26¢¢ 72 1036

Bridge M. Elena E2 Boulders, cobbles and pebbles 36� 51¢ 41¢¢ 72� 59¢ 48¢¢ 34 2071

Bridge Seguel E3 Pebbles and coarse sand 36� 51¢ 22¢¢ 72� 59¢ 48¢¢ 28 3040

Lake sector E4 Coarse and medium sand 36� 51¢ 07¢¢ 72� 59¢ 57¢¢ 17 3968

School sector E5 Coarse and medium sand 36� 50¢ 41¢¢ 73� 00¢ 19¢¢ 13 4956

1
Electronic supplementary material is available for this

article at http://dx.doi.org/10.1007/s10750-006-0214-0.
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equilibrium and at the end of the experiment,
Diptera (Chironomidae and Simuliidae spp.) and
Naididae (Nais sp.) were again the most abun-
dant taxa, while the second most abundant
colonizers were Hydropsychidae (Smicridea sp.),
Leptophlebiidae (Meridialaris spp.) and Grip-
opterygiidae (L. jaffueli).

The colonization curves displayed a similar
stabilization pattern for species richness and the
number of individuals over time (see Fig. 3).
ANOVA analysis showed that within the same
season, differences in the slopes and the intercepts
of the colonization curves among the five stations
were not significant (p>0.05).

Within the same station, no significant differ-
ences between seasons in the slopes and the inter-
cepts of the curves were obtained (Table 2). The
stability was reached approximately after 2 weeks
of colonization in most of the stations and for
both sampling periods; except in station E2 and
E5, where stability was reached, respectively, in
day 5 and 21. The classification of the sampling
stations according to the taxonomic composition
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found in the artificial substrates at the end of the
experiment showed more than 70% similarity
between sampling stations in both sampling peri-
ods (Fig. 4).

Discussion

The ‘‘Estero Nonguén’’ stream has nearly pristine
conditions at its headwaters. These conditions fa-
vor a high biodiversity, making this stream an
important study area for Chile where diversity
studies of aquatic invertebrates practically do not
exist. In this study, in a section only 5 km long
corresponding to a drainage area of 44 km2, a
diversity of 92 taxa were found, whereas in other
fluvial systems of Chile, the following number
of taxa have been listed: 108 for the Biobı́o
river (Arenas, 1995; hydrographical basin of
24,260 km2), 56 taxa for the Itata river (Habit
et al., 1998; hydrographical basin of 11,000 km2)
and 77 taxa for the Damas river (Figueroa et al.,
2003; hydrographical basin of 513 km2).

Colonization is a recurrent process in the rivers
(Gore & Milner, 1990; Mackay, 1992). In 5-km
segment of the river studied, similar habitats ex-
isted and the entire segment behaved like a single
habitat with the benthic macrofauna responding
with equal colonization patterns for the studied
stations and seasonal periods in terms of species
richness, abundance and diversity index. The high
diversity observed during the first day of exposure
already suggests a pre-competitive colonization,
‘‘the empty niche model’’ proposed by Bazzaz
(1975) and described by Niell & Varella (1985) in

stones exposed to marine environments. This high
diversity could be due to the continuous drift of
organisms (Water, 1965; Williams & Hynes, 1976;
Fenoglio et al., 2002), which facilities the processes
of random colonization, reflected in a high initial
diversity (S>2). Diversity decreases as equilib-
rium is reached and later increases to obtain con-
stant values (see Supplementary material, Fig. 2).

According to Mackay (1992), the point where
the immigration and emigration curves cross
(community equilibrium) is close to the time when
the stability is reached. In our study, the commu-
nity equilibrium always occurred between 2 and
5 days after community stability establishment.
According to Gore (1982), this happens because
the community needs an adjustment period before
reaching the equilibrium, which would coincide
with the incursion of the predators. This subtle
difference allows us to see that the theoretical
point of the balance could be expressed as the
moment when the stability is maximized. Some
studies have shown that the colonization is
completed in a very short time period, within
4–6 days, although it can take from 1 to 9 weeks.
However, the range of the colonization period is
usually between 10 and 25 days (Towsend & Hil-
drew, 1976; Lake & Doeg, 1985; Mackay, 1992);
which coincides with the results obtained in the
present study (Fig. 4), where both seasons are very
similar in taxonomic composition and time at the
end of the experiment.

The first settlers in both periods were Chiro-
nomidae and Simuliidae, with more than 53%,
and the second most abundant settlers Naididae,
Hydracarina, Baetidae, Leptophlebiidae, Grip-
opterygiidae, Diamphipnoidae, Hydropsychidae,
Elmidae and Psephenidae. Chironomidae have
been shown to be one of the most important pri-
mary settlers, like Oligochaeta and Simuliidae
(Mathooko, 1995). The Simuliidae have been de-
scribed as the first settlers of the high and middle
sectors of rivers (Moor et al., 1986) since they
prefer clear substrata to adhere to their disks and
need high-speed currents to capture their food.
Baetidae have been reported as an abundant
family of early colonizers (e.g. Ulfstrand et al.,
1974; Lamberti et al., 1991). The same occurs with
Leptophlebiidae in New Zealand (Sagar, 1983)
and Australia (Lake & Doeg, 1985; Boulton et al.,
1988).

Table 2. ANOVA analysis between stations and periodical

samplings of the intercepts and slopes of the lineal colonization

curves between

d.f. MS error F p

Autumn-winter

Intercepts 4 1.3673 0.9994 0.4517

Slopes 4 0.0002 0.9535 0.4731

Spring-Summer

Intercepts 4 0.0003 0.2015 0.9318

Slopes 4 0.0022 0.0346 0.9973

Both periods

Intercepts 9 0.6838 1.0007 0.4706

Slopes 9 0.0013 0.1558 0.9965
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The previously mentioned data allows us to
show that the MacArthur & Wilson (1967) model
is adequate for organisms in running waters, even
though the original theory was developed for
species that colonize and reproduce in ‘‘islands’’,
while the permanence of the freshwater organisms
in the ‘‘patches’’ is transitory. The principal source
of immigrants corresponds to the immediately
adjacent areas in the case of the exposed substrata
in a riffle environment, and from upstream waters
in the case of the sandy bottoms.

These types of studies have been performed for
several decades in Mediterranean rivers of North
America, Europe and Australasia, but are scarce
for the South American continent, especially in
Chile (Gasith & Resh, 1999). Recent studies in
Chile have focused on the use of aquatic macro-
invertebrates as bioindicators for water quality
and general description (Arenas, 1995; Figueroa
et al., 2003), and have provided only a limited
knowledge of the ecological performance of fluvial
systems, a problem that appears also when

Figure 4. Sampling station ordering at the end of the experiment (Bray–Curtis cluster analysis): (a) Autumn-winter, (b) Spring-

summer.
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comparing the fauna, since many of the families
are endemic to the Neotropical region or Chile.
However, the behavior of the macroinvertebrates
in this study seems to coincide with the behavior
from other similar climatic regions in the world.

The colonization in the lotic system is an
important continuous mechanism, which can give
important information on recovery time of sectors
previously disturbed. From this point of view, the
features of ‘‘Estero Nonguén’’ stream, which has
nearly pristine conditions at its headwaters, are
very important as reference sites to carry out
biodiversity and ecosystem functionality studies.
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