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ABSTRACT. Even though the Chilean lakes are characterized by their oligotrophy, a transition from oligotrophy to
mesotrophy, due human intervention, has been reported in some lakes. Nevertheless, there are still some pristine and
unpolluted small lakes and ponds in mountain zones, free of human intervention and surrounded by native forests. Nine
unpolluted, oligotrophic and pristine water bodies located in Cafii Park, a mountain zone with altitudes between 1000
to 1500 m a.s.| and forests where Nothofagus dombeyi, N. pumilio and Araucaria araucana predominate, were studied.
For each sampled lake, zooplankton was collected and environmental parameters were obtained (conductivity, total
dissolved solids, and chlorophyll concentration). A null model of species co-occurrence was applied to determine ran-
domness in species associations. All sites revealed low species richness (< 6); the calanoid copepod Boeckella gracilis
Daday, 1902 was present in all sites. The results of the null model indicated randomness or absence of regulatory factors
in species associations. Only few species occur in practically all localities. Also, a significant inverse association between
chlorophyll concentration with percentage of calanoid copepods and a weak direct association between chlorophyll
concentration and percentages of cladocerans were found.
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Lakes of southern Andes in Chile are characterized by
their relatively great depth, large surface, oligotrophy, and gla-
cial origin (Soto & Zuxiga 1991, SteiNHART et al. 1999, 2002).
Due to the oligotrophy, their zooplankton assemblages are
characterized by a low species richness (Dt Los Rios & Soro
2007a,b) and predominance of calanoid copepods (Soto &
ZuNiGa 1991, Dk ros Rios & Soto 2006). The species more often
reported for these lakes are the calanoids Boeckella gracilipes
(Daday, 1902), B. michaelseni (Mréazek, 1901), Tumeodiaptomus
diabolicus (Brehm, 1936), Ceriodaphnia dubia (Richard, 1894),
Daphnia pulex (De Geer, 1877) and Eubosmina hagmanni
(Stingelin, 1903) (Soto & ZuNiga 1991, Dk Los Rios & Soto 2007b).

Similarly, the small lakes and shallow ponds located in
the mountains of the north Patagonian Andes (Dt ros Rios et
al. 2007) are also characterized by lack of pollution and
ultraoligotrophy (SteiNnHART et al. 1999, 2002). Because they are
so pristine and sheltered from human intervention, these lakes
offer unique research opportunities under very natural (undis-
turbed) conditions, critical to the study of zooplankton assem-
blages and the role of chlorophyll concentration and conduc-
tivity as factors that regulate unpolluted water bodies (Soto &
DE ros Rios 2006). The present study determines the role of
chlorophyll concentration and conductivity as factors on the
regulation of zooplanktonic crustacean assemblages in costal
environments of nine unpolluted and pristine lakes located in
a mountain zone of southern Chile (Cani Park, 38°S, Chile).

MATERIAL AND METHODS

The present study was carried out at the Cafi Park, a
privately protected, mountainous land. The local vegetation is
characterized by the strong presence of Nothofagus dombeyi
(Mirb.) Oerst. and N. pumilio (Poepp. and Endl), which in some
areas coexist with N. obligua (Mirb.) Oerst. In high altitude
zones, Araucaria araucana (K. Koch) and N. pumilio predomi-
nate (Luesert & Priscorr 2006). In addition, the local vegetation
also includes shrub and herb communities. The shrub commu-
nities are characterized by the presence of Chusquea quila
(Kunth) Drymis andina (Reiche), Azora lanceolata (Hook),
Desfontainia spinosa (Ruiz & Pav), Berberis buxifolia (Lam.), B.
darwinii (Hook), B. serratodentata (Lechl), and B. Montana (Gay),
whereas herb communities include Mitraria coccinea (Cav),
Adenocaulon chilense (Less), Viola reichei (Skotsb.), Osmorhiza
chilensis (Hook), Nertera granadensis (Mutis ex Lf), Acaena
ovalifolia (Ruiz et Pav.), and Uncina pheleoides (Cav.) (HorrmaN,
2005; Luesert & Puiscorr 2006). The park has numerous fishless,
shallow ponds that can be accessed via mountain roads located
ca 8 km from the main access to the park.

The study site, visited in January, 2008, included nine
shallow ponds (Tab. I). January corresponds summer month
with highest zooplankton abundances in the southern hemi-
sphere (DE Los Rios & Soto 2006, 2007a, b). Water samples were
taken to the laboratory where chlorophyll a concentration,
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conductivity, and total dissolved solids were determined. Chlo- Qualitative samples were obtained by performing hori-
rophyll a concentration was measured after acetone extraction  zontal hauls in the pelagic and littoral zones using an Apstein
(WEerzer & Likens 1991) and total dissolved solids were mea-  net with 20 cm mouth diameter and 100 pm mesh size, apply-
sured using an YSI-30 sensor. ing a methodology similar to that described for southern

Table I. Geographical location, chlorophyll “a” concentration, total dissolved solids, conductivity and crustacean species reported for the
studied sites.

Site Geographical location Chlorophyll a (ug/l) TDS (mg/l) Conductivity (mS/cm) Species
Del Risco 39°15'S, 71°42'W 0.7 0.01 8.000 B. gracilis
C. dubia

M. longisetus
Negrita 39°15'S, 71°42'W 2.7 0.01 0.300 B. gracilis

M. longisetus

D. pulex

C. dubia

C. sphaericus
De los Patos 39°15'S, 71°42'W 10.6 0.01 0.213 B. gracilis

M. longisetus

D. pulex
D. chilense
Escondida 39°15'S, 71°42'W 12.4 6.00 0.7 B. gracilis

M. longisetus

D. pulex

C. dubia

D. chilense

Ch. sphaericus
Seca 39°15'S, 71°43'W 12.3 0.01 0.537 B. gracilis

M. longisetus

D. pulex

C. dubia

Ch. sphaericus
Negra 39°15'S, 71°42'W 0.7 0.01 0.466 B. gracilis

M. longisetus

H. araucana
Bella 39°15'S, 71°42'W 0.7 0.01 0.212 B. gracilis

D. chilense
Los Pastos 39°15'S, 71°43'W 0.5 0.01 0.533 B. gracilis

M. longisetus

C. dubia

D. chilense
Vaca Hundida 39°15'S, 71°42'W 1.2 67.00 136.000 B. gracilis

D. pulex

C. dubia

D. chilense
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Patagonian shallow ponds (Soto & Dk Los Rios 2006, Dt Los Rios
et al. 2008). Zooplankton samples were fixed with ethanol (96°)
and identified using the descriptions of Arava & Zuniga (1985),
Remp (1985), Bavry (1992), Piatt & Menu-Marque (2002), and
GonziLez (2003). The relative abundance of calanoids, cladocer-
ans, and cyclopoids was determined according to the method-
ologies of Dt ros Rios & Soro (2006) and Soto & Dk Los Rios
(2006).

The data were ordered using an absence/presence ma-
trix. A Checkerboard score (“C-score”), a quantitative index
of occurrence, measured the extent to which species co-occur
less frequently than expected by chance alone (GoteLu 2000,
2001). GoteLLl & EntsMINGER (2004), TiHo & Jouens (2007) and
TonpoH (2006) suggested that the following robust statistical
models should be used in a co-occurrence analysis. First, the
matrix layout needs to include the species names in rows and
the sites in the columns. Second, the following models should
be used: 1) Fixed-Fixed: in this model, the row and column
sums of the matrix are preserved. Thus, each random com-
munity contains the same number of species as the original
community (fixed column) and each species occurs with the
same frequency as in the original community (fixed row). 2)
Fixed-Equiprobable: in this algorithm only the row sums are
fixed and the columns are treated as equiprobable. This null
model considers all the sites (columns) as equally available
for all species, which occur in the same proportions as in the
original communities. 3) Fixed-Proportional: this model holds
the species occurrence totals the same as in the original com-
munity and the probability that a species occurs at a site (col-
umn) is proportional to the column total for that sample. A
null model analysis was carried out using the software Ecosim

version 7.0 (GoreLul & EntsmINGER 2004, TiHo & Jonens 2007,
Tonpon 2006, Dk Los Rios et al. 2008, Dk Los Rios 2008). Finally
a regression analysis using the software Xlstat 5.0 was per-
formed to determine potential associations of chlorophyll “a”
concentrations with species number, percentage of calanoid
copepods, percentage of cladocerans and percentage of
cyclopoid copepods.

RESULTS

The studied sites show low chlorophyll concentrations
(Tab. I). The calanoid copepods Boeckella gracilis (Daday, 1902)
and C. dubia were found at all studied sites (Tab. I). In addi-
tion, the following crustaceans were encountered in many of
studied sites: D. pulex, Mesocyclops longisetus (Thiebaud, 1912),
Chydorus sphaericus (O.F. Miiller, 1785), Diaphanosoma chilense
(Daday, 1902), and Hyalella araucana (Grosso & Peralta, 1999)
(Tab. I). The overall species number was low, between three
species for Negra and Del Risco ponds, and a maximum of six
species for Escondida pond (Tab. I). The results of the null model
analysis revealed the absence of regulatory factors for all simu-
lations (Tab. II). Many of the studied sites showed a notorious
abundance of calanoids copepods and low cladoceran abun-
dance (Tab. III).

The results of the regression analysis did not indicate a
significant association between chlorophyll concentration with
either species number or with percentage of cyclopoid (Fig. 1).
A significant inverse association was observed between chloro-
phyll concentrations and relative percentages of calanoid,
whereas a weak significant direct association was observed be-
tween chlorophyll concentrations and percentage of cladocer-
ans (Fig. 1).

Table I1. Results of null model analysis for co-occurrence of species at the studied sites (p values lower than 0.05 denotes random absence).

Observed index Mean index Standard effect size Variance p
Fixed-Fixed 2.523 2.581 0.409 0.019 0.683 (n.s)
Fixed-Proportional 2.523 2.394 0.239 0.289 0.456 (n.s)
Fixed-Equiprobable 2.523 2.205 0.548 0.336 0.334 (n.s)

Table Ill. Percentage of species reported per site.
Seca Negrita De los Patos  Del Risco Negra  Escondida Bella Los Pastos Vaca Hundida

B. gracilis 1 17 7 75 98 70 96 12 8
H. araucana 0 0 0 0 1 0 0 0
C. dubia 66 36 0 16 0 2 2
D. pulex 1 2 1 0 0 10 1 73 44
D. chilense 0 0 89 0 0 2 1 44
Ch. sphaericus 1 0 0 0 0 5 0 0 0
M. longisetus 31 45 9 1 5 0 12
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Figure 1. Graph of associations between species number, calanoid, cladoceran and cyclopoid percentage with chlorophyll concentra-

tion for studied sites.

DISCUSSION

The results obtained in the present study revealed a low
species richness (Tab. I) and high predominance of calanoids
(Tab. IIT) in many of the studied sites. This pattern is in agree-
ment with other similar studies on oligotrophic lakes in
Argentinean Patagonia (Mobenurtt et al. 1998), New Zealand
(JepPENSEN et al. 1997, 2000), and Chilean large and deep
Patagonian lakes (Soto & ZuNiga 1991, Dk Los Rios & Soro 2006,
2007a, Soro & Dk rLos Rios 2006). The increase in the relative
abundance of daphnids (Cladocera) when chlorophyll concen-
trations are high, observed for a few studied sites (Tab. III and
Fig. 1), agrees with previous descriptions for lakes in Chilean
Patagonia (Soto & Zuxiga 1991, Soro & Dk Los Rios 2006, DE Los
Rios & Soto 2007b, DE ros Rios et al. 2007), and New Zealand
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(JeppENSEN et al. 1997, 2000). Nevertheless, the present study
did not find associations between species number and chloro-
phyll concentration (Fig. 1), a situation that differs from de-
scriptions for the Chilean Patagonian lakes, for which a direct
association between species number and chlorophyll concen-
tration had been reported (Soto & Zuxiga 1991, Soro & DE Los
Rios 2006, Dt ros Rios & Soto 2007b, Dt ros Rios et al. 2007).
The results of null model that denoted the absence of regula-
tor factors would be due presence of low species number with
many species repeated in practically all studied sites (Dt Los
Rios 2008, Dk Los Rios et al. 2008), or environmental homoge-
neity (Tonpon 2006, TiHo & Jonens 2007).

Some species reported in the present study, such as B.
gracilis, M. longisetus, D. pulex, D. chilense, C. dubia, Ch. sphaericus
and H. araucana, were reported previously from Chilean
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Patagonian lakes (GonzALez 2003, DE Los Rios et al. 2007, Dt Los
Rios & Soro 2007b, DE Los Rios & Romero-MItres 2009). The pres-
ence of B. gracilis in all studied sites is a new report, because,
since only rarely it has been reported for Chilean lakes (Menu-
Maraque et al. 2000). Nevertheless, in recent studies, this species
was reported from high mountain lakes in northern Patagonia
(TrocHINE et al. 2006, Dt Los Rios et al. 2007). In general, the
species found in our study are the same as those reported for
other similar Argentinean and Chilean small lakes in the Andes
mountains of northern Patagonia (38-41°S). Furthermore, the
regulatory mechanisms of the local community are similar to
those reported for other lakes and ponds of Chilean Patagonia
(38-51°S).

Our results indicate that unpolluted freshwater bodies
have similar regulatory mechanisms as those reported for the
Patagonian lakes of Chile and Argentina. These results are im-
portant for management, considering the importance of these
water bodies as habitats for aquatic birds (Arava & MiLLie 2005),
and tourism activities due their unpolluted conditions (STEINHART
et al. 1999, 2002).
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