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Abstract

The zooplankton assemblages in Chilean Patagonian lakes are characterised mainly by their low biodiversity and 
high predominance of calanoids copepods, a pattern that has been studied for large and deep lakes between 38-51° S, 
and shallow ponds at 51° S. The aim of the present study was analyse the zooplankton assemblages in different 
water bodies located in coastal zones, middle valleys and mountain zones between 37-39° S. For this purpose, the 
following variables were considered: maximum depth, latitude, altitude, chlorophyll-a and species number, and to 
these variables, a Principal Component Analysis (PCA) was applied. A co-occurrence null model analysis was also 
applied for determining the existence of a random process in crustacean species associations. The results denoted low 
species richness, and different species associations for studied sites, and the null model analysis revealed the absence 
of a random process as regulator of species associations. Furthermore, a low species/genera ratio was identified, which 
denotes low productivity of the studied sites. These results were supported by a PCA analysis which denoted that the 
main determinant factors are chlorophyll concentration and species number that are directly associated. The obtained 
results are in agreement with descriptions in the literature for species diversity for lakes of Chilean Patagonia that 
describes oligotrophy as the main regulator of zooplankton assemblages. Other ecological and limnological topics are 
discussed in the present study.
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Composição de comunidades de microcustáceos e variáveis ambientais 
em lagos e lagoas da região andina – sul do Chile (37-39° S)

Resumo

As comunidades zooplantônicas em lagos chilenos são caracterizadas, principalmente, por sua baixa biodiversidade 
e alta predominância de copépodos calanoides, um padrão que tem sido estudado em lagos grandes e profundos entre 
38‑51° S, e lagoas rasas em 51° S. O objetivo do presente estudo foi analisar as comunidades zooplantônicas em diferentes 
corpos de água localizados em zonas costeiras, vales intermediários e regiões de montanhas entre 37-39° S. Para este 
propósito, as seguintes variáveis foram consideradas: profundidade máxima, latitude, altitude, clorofila ”a” e número de 
espécies, e a estas variáveis, foi aplicada a Análise de Componentes Principais (PCA). Um modelo nulo de coocorrência 
também foi aplicado para determinar a existência de um processo aleatório na associação de espécies de crustáceos. Os 
resultados denotam baixa diversidade de espécies e diferentes associações de espécies nos diferentes locais estudados, 
e o modelo nulo de análises revelou a ausência de um processo aleatório como regulador de associação de espécies. 
Além disso, a baixa relação espécie/gênero foi identificada, o que denota baixa produtividade dos locais estudados. 
Estes resultados foram apoiados pelas análises de PCA que mostraram que os fatores determinantes principais como 
a concentração de clorofila e número de espécies estão diretamente associados. Os resultados obtidos concordam com 
as descrições na literatura sobre a diversidade de espécies para lagos da Patagônia Chilena, que descreve a oligotrofia 
como principal regulador de comunidades zooplanctônicas. Outros tópicos ecológicos e limnológicos foram discutidos 
no presente estudo.

Palavras-chave: lagos, oligotrofia, copépodos, cladóceros.
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Icalma lakes are located in the western zone of the Andes 
mountains, and both have in their surroundings forests of 
A. araucana, N. dombeyi and N. pumilio, and in ecotones 
it is possible find shrubs such as Berberis trigona Kunze 
ex P. et E., Baccharis magellanica (Lam.) Pers., Chusquea 
culeou Desv., Quinchamalium chilense Mol. and Festuca 
spp. (Hoffmann, 1997); and 4) Lanalhue and Lleulleu: both 
lakes are located in the Nahuelbuta mountains, that currently 
has intensive silviculture activities (Figueroa et al., 2008).

The studied sites were visited between September 
2006 to January 2007, a period that corresponds to the 
season with maximum zooplankton abundances (Soto 
and Zúñiga, 1991), in different kinds of water bodies 
between 37-39° S (Table 1). The zooplankton samples were 
collected using vertical hauls of 20 m, using an Apstein 
net of 80 µm mesh size, collected specimens were fixed in 
ethanol and identified with the descriptions of Araya and 
Zúñiga (1985) and Bayly (1992), with the aim of obtaining 
species occurrence for collected samples.

The obtained data was analyzed in two steps. In the 
first step, the data was managed in a presence/absence 
matrix, to apply a null model for species occurrence 
with the objective of determining the potential effects of 
random process as regulator factors of species associations 
(Tondoh, 2007; Tiho and Johens, 2006) and to this end, it 
was applied using the following simulations: fixed-fixed; 
fixed-equiprobable and fixed-proportional (Tondoh, 2006; 
Tiho and Johens, 2007). This analysis was applied using 
the software Ecosim (Tondoh, 2006; Tiho and Johens, 
2007; Gotelli and Entsminger, 2007).

In a second step, samples were collected to determine 
chlorophyll-a concentration by acetone pigment extraction 
(Wetzel and Likens, 1991). Chlorophyll-a was considered 
because it is the best indicator of trophic status (Soto, 
2002) and zooplankton assemblages (De los Ríos and Soto, 
2006; Soto and De los Ríos, 2006) for Chilean lakes. This 
is because the trophic status in Chilean lakes is regulated 
by mixing depth instead of nutrients concentrations (Soto, 
2002). In order to determine the principal components as 
determinants for grouping variables (surface, altitude, 
maximum depth, chlorophyll concentration and species 
number) for the sites studied, a principal component 
analysis (PCA) was applied which included the studied 
variables for all sites The aim of this analysis is to compare 
the obtained results with the null model analysis and 
determine the presence and absence of randomness in 
species associations.

3. Results

The results denoted low species richness that varied 
from two (Verde lake, Table 1) and five species (Lanalhue 
lake, Table 1), and the presence of representative species for 
zooplankton assemblages in Chile, such as Tumeodiaptomus 
diabolicus (Dussart, 1979), Boeckella gracilipes (Daday, 
1902), B. gracilis (Daday, 1902), D. Pulex (De Geer, 
1877), and Ceriodaphnia dubia (Richard, 1894). It was 
denoted that T. diabolicus inhabits mainly in low altitude 

1. Introduction

The freshwater zooplankton assemblages of southern 
Chile are characterised by their low species richness and 
high predominance of calanoids copepods, due mainly 
to oligotrophy. Nevertheless, these studies are based 
mainly on descriptions for large and deep lakes located 
in Patagonia between 38-51° S (De los Ríos and Soto, 
2006, 2007; Soto and Zúñiga, 1991). Northern Chilean 
Patagonia (Bio-Bio and Araucania regions 37-39° S) has 
numerous high mountains, middle valleys and coastal lakes 
(Steinhart et al., 2002; De los Ríos and Soto, 2007; De los 
Ríos et al., 2007). There are no studies on the zooplankton 
assemblages in these water bodies, although the studies on 
littoral crustaceans would indicate that these water bodies 
are oligotrophic and with a low number of species (De los 
Ríos et al., 2007; De los Ríos and Romero-Mieres, 2009). 

The main point for studying communities are the null 
models, which propose that the community structures 
are random, or without regulator factors (Gotelli, 2000, 
2001). The null models are more robust in comparison to 
other conventional methods (Gotelli, 2001). The aim of 
null models is based on neutral theory, which is the use 
of a random process for explaining ecological processes 
(Gotelli, 2000, 2001). The studies of these null models 
were carried out in terrestrial environments, and mainly the 
models based on species presence and absence (Tondoh, 
2006; Tiho and Johens, 2007). The studies of null model 
species associations in Chilean lakes described for Southern 
Patagonian water bodies (44-51° S) described the presence 
of weak regulator factors, due to the presence of many 
repeated species in practically all sites (De los Ríos, 2008; 
De los Ríos et al., 2008a, b).

The aim of the present study is to compare the 
zooplankton species associations in different kinds of 
freshwater bodies some of these located in protected areas 
of Araucania and the Biobio region, Chile, with different 
kind of landscapes in their surroundings. For this purpose, 
the null models methods were used based on the presence 
and absence of species in order to determine the presence 
or absence of random causes as regulator factors (for 
example, low productivity and/or biogeographical process) 
of species associations and these results will be compared 
using multivariate analysis with the aim of determining if 
both analyses are in accordance in their results regarding 
the presence or absence of regulator factors.

2. Material and Methods

The sites visited were (Table 1): 1) Conguillio National 
Park that is characterised by the presence of Araucaria 
araucana (Molina), K.Koch, which coexists with Nothofagus 
forests, such as N. antarctica (G.Forst.) Oerst., N. pumilio 
(Poepp. and Endl.) Krasser and N. dombeyi (Mirb.) Oerst. 
(Marticorena and Rodríguez, 1995, 2003); 2) Huerquehue 
National Park, which is characterised by the presence of 
240 plant species, A. araucana, N. dombeyi, N. pumilio and 
Saxe-gothaea conspicua Lindl. (Marticorena and Rodríguez, 
1995, 2003; De los Ríos et al., 2007); 3) Galletue and 
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altitude, and chlorophyll-a concentration (Figure 1). For the 
second axis only the maximum depth (Zmax) contributed 
with the 20.89% (Figure 1). The PCA results revealed the 
existence of three main groups, first an oligotrophic lake 
with low species number (Figure 1), that can be separated 
into two small lakes (Verde and Captrén) and one large 
and deep lake (Icalma). Large oligo-mesotrophic lakes 
(Tinquilco and Galletué) can be denoted differently to the 
other sites, and finally the lakes Lanalhue and Lleulleu are 
notoriously different to the other lakes due to their high 
species number and chlrorophyll concentration (Figure 1).

lakes, whereas B. gracilipes and B. gracilis inhabits high 
altitude water bodies, whereas D. pulex and C. dubia have 
a relatively wide distribution (Table 1).

The null models analysis denoted for all simulations 
the absence of a random process as regulators of species 
associations (Table 2). The correlation matrix revealed a 
significant inverse correlation between altitude and surface, 
and significant direct correlation between chlorophyll and 
number of species (Table 2). The PCA analysis revealed 
that the most important variables contribute with 60% to the 
first axis. These variables were surface, number of species, 

Table 2. Results of co-occurrence null model analysis for the studied sites (“p” values lower than 0.05 denoted absence of 
random process as regulator factors of species associations); results of correlation matrix of parameters considered in the 
present study; values in bold denote significant correlation (p < 0.05) and percentages importance of the PCA factors studied 
for species number in lakes reported upon in the present study. (Zmax = maximum depth).

Observed index Mean index Standard effect size p
Fixed-fixed 3.747 3.587 2.627 0.013*

Fixed-proportional 3.747 3.109 2.188 0.001*

Fixed-equiprobable 3.747 2.537 2.023 0.003*

Correlation matrix
Altitude Surface Chl-a N species

Zmax 0.170 0.111 -0.037 0.023

Altitude -0.914 -0.551 -0.581

Surface 0.565 0.593

Chl-a 0.792
Percentage of importance of PCA factors

F1 F2
Zmax 0.033 95.176

Altitude 26.192 2.772

Surface 26.460 1.476

Chl-a 23.157 0.005

N species 24.158 0.571

Figure 1. Principal component analysis of the sites studied. (Zmax: maximum depth).
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abundance was described by Gliwicz et al. (2001) and 
Gliwicz (2002), where alterations in reproductive activity 
in fish presence, interespecific competition in fish absence 
had been described.

The results of the present study denoted that the null 
model co-ocurrence species analysis denoted the presence 
of species associations and the principal component 
analysis revealed the role of chlorophyll concentration 
and geographical characteristics (specifically surface and 
maximum depth) as a regulator of species associations. 
The cause of the concordance of both analyses would be 
the environmental heterogeneity mainly in trophic status 
and geographical characteristics of studied sites.
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