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Research note

 
Chilean Patagonian lakes are mainly oli-

gotrophic, with low dominance of daphnid 
cladocerans in zooplankton assemblages, 
mainly of the genera Daphnia and Cerio-
daphnia, and a high dominance of calanoid 
copepods, mainly of the genera Boeckella 
and Tumeodiaptomus (S oto and Zúńiga 
1991). This pattern is contrasting to that in 
North America lakes where daphnids tend 
to dominate in zooplankton assemblages 
(S oto and Zúńiga  1991, Gi l looly  and 
Dodson 2000). Nevertheless currently in 
Chilean lakes between 38 and 41°S, a grad-
ual transition from oligotrophic to meso-
trophic state has been reported (Campos 
et al. 2001, Woelf l  et al. 2003). This eu-
trophication has been caused by an increase 
of nutrient inputs from human activities 
(S oto 2002). The increase in chlorophyll 
a concentration may result in an increase 
of daphnid abundance (De los  Rios  and 
S oto 2006). 

In the present study the indicators of 
trophic status and daphnid abundance are 
presented for two periods 1992–1993 and 
2001–2002 and for different bays: pollut-
ed (close to urban areas) and unpolluted 
ones, in deep subtropical lake – Llanquihue 
Lake.

The Llanquihue Lake (area: 870 km2; 
max. depth: 317 m) belongs to the so-called 
Araucanian lakes, which are located be-
tween 38–41°S. The first studies described 
this lake as oligotrophic one (Campos et 
al. 1988, S oto and Zuńiga  1991). The 
lake is characterized by the presence of nu-
merous bays close to towns or aquaculture 
farmings which are exposed to pollution 
and human impact. However, few lake parts 
remain without direct human impact (S oto 
2002). The following bays have been consid-
ered as the polluted (“urban”) sites: Puerto 
Octay (40°58’47’’S; 72°53’08’’W), Frutil-
lar (41°07’36’’S; 71°01’05’’W), Llanquihue 
(41°15´39’’S; 70°00’07’’W) and Puerto Varas 
(41°19’20’S; 72°58’09’’W). The Ensenada 
Bay (41°12’15’’S; 72°32’32’’W) was consid-
ered as the unpolluted (control) site. The 
samples were collected in spring and sum-
mer in 1992–1993 and 2001–2002, i.e. in the 
seasons when zooplankton abundance was 
very high (Campos et al. 1988). Nutrients, 
i.e., soluble reactive phosphorus (SRP) and 
dissolved inorganic nitrogen (DIN), as well 
as chlorophyll a concentrations, were mea-
sured according to the methods described 
by S oto (2002). The relative daphnid abun-
dance (per cent in total zooplankton) was 
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estimated according to De los  Rios  and 
S oto (2006). The obtained data were ana-
lyzed using t-test and assuming non ho-
mogenous variance (Z ar  1999). 

The data revealed a relative oligotro-
phic status and low daphnid percentage for 
data collected in 1992–1993. An increase 
in chlorophyll a concentration and daph-
nid percentage in polluted bays as well as 
in unpolluted Ensenada bay was noted in 
2001–2002, whereas there was no direction-
al changes in the nutrients concentrations 
in the above periods (Table 1). The signifi-
cant differences for SRP (P <0.027), DIN (P 
<0.027) and daphnid relative abundance (P 
<0.012) were found for polluted and unpol-
luted bays in 2001–2002, whereas the aver-
age values of Chl a, although being much 
higher in polluted sites are not significantly 
different from unpolluted one (Table 1) (P 
<0.468). For the period 1991 1992 the sig-
nificant differences for DIN (P <0.021) and 
daphnid relative abundance (P <0.027) were 
found, whereas no significant differences 
for SRP (P <0.499) and Chl a (P <0.123) 
were noted. The results of inter-period 
comparison of polluted bays did not reveal 
significant differences for SRP (P <0.976), 
Chl a (P <0.166), but a weak (marginally 
significant) differences for DIN (P <0.080) 
and daphnid relative abundance (P <0.084). 
Finally, for unpolluted Ensenada bay (Table 
1) no significant differences were found be-

tween periods for SRP (P <0.653), Chl a 
(P <0.135), and daphnid relative abundance 
(P <0.438), whereas a weak (marginally sig-
nificant ) difference (P <0.080) was stated 
for DIN. 

The obtained results agree with simi-
lar ones for Araucanian lakes, such as 
Rińihue lake at 39°S (Woelf l  et al. 2003), 
that has an oligo mesotrophic status, with 
relative high daphnid abundance (De los 
Rios  and S oto 2006). The similar rela-
tion between trophic status and daphnid 
dominance was described for New Zealand 
lakes (Jeppensen et al. 2000), that share 
the same zooplankton genera with Chil-
ean lakes (S oto and Zuńiga  1991). Also, 
the Llanquihue lake is a typical subtropi-
cal warm monomictic lake (Campos et al. 
1988), such as the Chilean Patagonian lakes 
(S oto 2002, S oto and Zuńiga  1991), and 
this condition would allow sustain abundant 
daphnid populations, considering that opti-
mal temperature for daphnids is between 
15–20°C (Gi l looly  and Dodson 2000).
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Table 1. Trophic parameters (average ± standard error; in ug l–1) and relative abundance (percent in total 
zooplankton abundance) of daphnids at the sites differently polluted. SRP – soluble reactive phospho-
rus, DIN – dissolved inorganic nitrogen.

Sites Period n SRP DIN Chla Daphnidae 
(%)

Polluted bays 2001–2002 6 1.95 ± 0.31 8.85 ± 1.63 8.42 ± 4.78 52 ± 13 

Unpolluted 
(Ensenada) 

bay 
2001–2002 3 1.00 ± 0.00 3.83 ± 0.55 4.53 ± 1.51 3 ± 3 

Polluted bays 1992–1993 10 1.92 ± 1.08 16.38 ± 3.59 0.67 ± 0.06 2 ± 1 

Unpolluted 
(Ensenada) 

bay 
1992–1993 7 1.13 ± 0.27 6.19 ± 1.04 0.88 ± 0.11 0.00 
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