
Patricio DE LOS RIOS, Pamela CONTRERAS

Catholic University of Temuco, Natural Resources Faculty
Biological and Chemical Sciences School

Casilla (P.O. Box): 15-D, Temuco, Chile, e-mail: prios@uct.cl

SALINITY LEVEL AND OCCURRENCE OF CENTROPAGID 
COPEPODS (CRUSTACEA, COPEPODA, CALANOIDA) 

IN SHALLOW LAKES IN ANDES MOUNTAINS 
AND PATAGONIAN PLAINS, CHILE

POLISH JOURNAL OF  ECOLOGY
(Pol. J. Ecol.)

53 3 445–450 2005

Short research contribution

 
ABSTRACT: In Andes Mountains (14–27°S) 

and Patagonian plains (45–53°S) in Chile, there 
are numerous shallow saline and sub-saline lakes. 
These water bodies have important temporal and 
spatial variation of their salinity caused by min-
eral composition of their watershed or exposition 
to arid weather. In this study we compared the 
salinity level and the occurrence of centropagid 
copepods (Crustacea, Copepoda, Calanoida) in 
water bodies of both regions. In the Andes Mts 
the calanoids inhabit water bodies of salinity low-
er than 90 g l–1, and the representative species was 
Boeckella poopoensis (Marsh 1906), that occurs 
between 5.0 to 90.0 g l–1. In Patagonian plains, the 
copepods occur at salinity level between 0.1 to 
16.0 g l–1, and within these values most frequent 
are B. popei (Mrázek 1901) and Parabroteas sarsi 
(Mrázek 1901). Both species can coexist with 
other calanoid species.

KEY WORDS: saline lakes, salinity, zoo-
plankton, copepods, Boeckella

The zooplankton in inland waters from 
South America is characterised by the fre-
quent occurrence and higher abundance of 
centropagid copepods (S oto and Zúñiga 
1991, Modenutt i  et al. 1998a, b). Some of 
these ecosystems are characterised by rela-
tively moderate to high levels of salinity, and 

are localised mainly in tropical and subtropi-
cal latitudes in Andes Mountains (Hurlber t 
et al. 1986, Wil l iams et al. 1995, De los 
Ríos  and Crespo 2004), plains in cen-
tral Argentina (Pi lat i  1998), and Patago-
nian plains (S oto et al. 1994, Campos et 
al. 1996). The diversity of zooplankton as-
semblages in these ecosystems are regulated 
generally by salinity level, and at relative low 
and intermediate salinity the centropagids 
predominate (Hurlber t  et al. 1986, Wil-
l iams et al. 1995, De los  Ríos  and Cre-
spo 2004,), whereas at relative high salinity 
the anostracan Artemia sp., is the dominant 
genus (Hurlber t  et al. 1986, Wil l iams et 
al. 1995, Campos et al. 1996). The represen-
tative species of halophilic copepod is Boeck-
ella poopoensis, that tolerates salinities from 
5 to 90 g l–1 (Hurlber t  et al. 1986, Bay ly 
1993). This species is distributed mainly 
in shallow lakes in the Andes Mountains 
(Hurlber t  et al. 1986, Bay ly  1993, De los 
Ríos  and Crespo 2004), and central Ar-
gentina (Menu-Marque et al. 2000). Some 
recent studies described the presence of sa-
line and sub-saline shallow lakes in southern 
Patagonia (S oto et al. 1994, Campos et al. 
1996, De los  Ríos  2003). Therefore poten-
tial similarities in zooplankton assemblages 
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between these ecosystems and their counter-
parts in Andes Mts may exist (Campos et 
al. 1996). 

The aim of this study was to compare 
the salinity level and the occurrence of cen-
tropagid copepods in shallow saline lakes in 
Andes Mountains and Southern Patagonia. 
The studied sites are difficult to access for 
human activities such as the research due to 
geographic or climatic reasons (S oto et al. 
1994, De los  Ríos  and Crespo 2004). 
Therefore, this brief study would contrib-
ute to the knowledge of the aquatic fauna of 
these habitats.

The published data on salinity levels and 
occurrence of centropagid copepods in sa-
line shallow lakes in Andes Mts (Argentina, 
Bolivia, Chile, Perú, 14–27°S, 67–71°W) were 
included (Bay ly  1993, De los  Ríos  and 
Crespo 2004) as well as for South Patagonia 
(Chile 51°S, 70–73°W; De los  Ríos  2003, 
Soto unpublished data). The geographical 
data of 37 studies sites located in Andes Mts 
(Hurlber t  and Keith  1979, Hurlber t  et 
al. 1986, 1984, Bay ly  1993, Wil l iams et al. 
1995, De los  Rios  and Crespo 2004) and 
15 sites located in Southern Patagonia (45; 
51–53°S, 70–73°W) are specified in tables  
1 and 2 respectively. The Southern Pata-

gonian data were obtained from published 
(S oto et al. 1994, De los  Ríos  2003) and 
unpublished information obtained during 
a field work in September and October of 
2001. For this last field work, the salinity was 
measured with an YSI-30 sensor, and the 
zooplankton was collected in vertical hauls 
taken with an Apstein net of 80 µm of pore 
size. The collected zooplankters, specifically 
the centropagid copepods, were determined 
according to Bay ly  (1992).

The data on copepods occurrence ob-
tained for Andes Mts and Southern Patago-
nia were compared using a non-parametric 
Mann-Whitney test. The data on the salinity 
level related to the occurrence of each species 
were taken as the number of sites with the 
presence of given species. The comparison 
between data obtained for Andes Mts and 
Southern Patagonia was done using a non-
parametric Kruskall-Wallis test and Tukey 
non-parametric comparison test. The first 
two statistical analysis were applied using the 
software Statistica 5.0 whereas the last statis-
tical analysis were applied in according to the 
description of Z ar  (1999).

The species reported for studied sites 
in Andes Mts water bodies were following:  
(Tables 1 and 3): Boeckella calcaris (Harding 

Table 2. Location, geographical parametres and salinity level of water bodies in Southern Patagonia 
analysed in the study.

Site  
(local name)

Location  
(S. latitude

W. longitude)

Maxi-
mum 
depth 
(m) 

Area 
(km2)

Salinity 
(g l–1 )

Centropagid species

Balmaceda I
Balmaceda II

Isidoro
Guanaco

Don Alvaro
Larga

Redonda
Juncos
Cisnes
Jovito

Paso de la Muerte
Vega del Toro

Monserrat
Kon Aikén
Porvenir

45°53’ 71°40’
45°53’ 71°40’
50°57’ 72°53’
51°01’ 72°50’
51°01’ 72°52’
51°01’ 72°52’
51°01’ 72°52’
51°01’ 72°52’
51°01’ 72°52’
51°02’ 72°54’
51°02’ 72°55’
51°07’ 71°40’
51°07’ 72°47’
52°50’ 70°00
53°17’ 70°19’

<1.5
<1.5
<1.5
<2
<2
<5
<3
<3
1.0
<3
<3

<1.5
<1.5
<1

<1.5

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

0.10
0.10
0.20
0.30
0.10
0.10
0.3

1.00
16.00
1.00
1.00
1.30
0.20
0.10
0.7

B.brasiliensis, B. brevicaudata, B. popei, P. sarsi
B.brasiliensis, B. brevicaudata, B. popei, P. sarsi

B.michaelseni, B. popei
B.gracilipes, B. popei, P. sarsi
B.gracilipes, B. popei, P. sarsi

B.popei, P. sarsi
B.gracilipes, B. popei, P. sarsi

B.michaelseni
B.meteoris, B. popei, P. sarsi

B.popei
B.gracilipes, B. popei

B.michaelseni, B. popei, P. sarsi
B.brasiliensis, B. michaelseni

B.brevicaudata, B. popei
B.popei, P. sarsi
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1955), Boeckella gracilipes (Daday 1902), 
Boeckella occidentalis (Marsh 1906), Boeck-
ella palustris (Harding 1955) and Boeck-
ella poopoensis (Marsh 1906). Whereas for 
Southern Patagonian water bodies the pres-
ence of the following species were reported 
(Tables 2 and 3): Boeckella brasiliensis (Lub-
bock 1855), Boeckella brevicaudata (Brady 
1875), Boeckella gracilipes (Daday 1902), 
Boeckella meteoris (Kiefer  1928), Boeckella 
michaelseni (Mrázek 1901), Boeckella po-
pei (Mrázek 1901) and Parabroteas sarsi 
(Daday 1901). The results for Southern Pa-
tagonia are similar to the preliminary ones 
described by Soto (1990) who studied small 
shallow lakes in Chilean Patagonia distrib-
uted at 51° and 52°S. 

If we include all centropagid species re-
ported and their respective salinity level it 
becomes clear that in Andes Mts water bod-
ies the copepods occur at salinity level no-
toriously higher in comparison to the spe-
cies observed for Southern Patagonia lakes  

(P <0.001;Table 3). The principal reason for 
this difference is that in Andes Mts water 
bodies the halophilic copepod Boeckella poo-
poensis occurs and this species requires the 
salinities higher in comparison to the other 
species reported (Tables 3 and 4, P <0.05). 
This observation was supported with the 
results of multiple comparison analysis (P 
<0.05; Table 4). In Southern Patagonia water 
bodies the high salinity level was reported 
for the occurrence of Boeckella meteoris 
(Table 3). But this species was found only in 
one site, and its presence in this isolated situ-
ation would not be relevant for the statisti-
cal analysis. Finally, the statistical differences 
between the salinity level for the copepods 
of Southern Patagonia water bodies were not 
stated (Table 3; P = 0.26). 

The results of salinity level for halophil-
ic copepods, mainly B. poopoensis in lakes 
in Andes Mts agree with the literature data 
(Hurlber t  et al. 1986, Bay ly  1993, Wil-
l iams et al. 1995, De los  Rios  and Cre-

Table 3. Average and range of salinity (g l–1) and occurrence of centropagid species in lakes in Andes Mts 
and Southern Patagonia (Chile) n – number of sites (see Tables 1 and 2).

Centropagid species in Average Range n

Andes Mts
Boeckella calcaris (Harding, 1955)
Boeckella gracilipes (Daday, 1902)

Boeckella occidentalis (Marsh 1906)
Boeckella palustris (Harding 1955)
Boeckella poopoensis (Marsh 1906)

Southern Patagonia
Boeckella brasiliensis (Lubbock 1855)
Boeckella brevicaudata (Brady 1875)

Boeckella gracilipes (Daday 1902)
Boeckella meteoris (Kiefer 1928)

Boeckella michaelseni (Mrázek 1901)
Boeckella popei (Mrázek 1901)
Parabroteas sarsi (Daday 1901)

 

0.85
1.50
1.09
0.62

26.80

0.13
0.10
0.32

16.00
0.56
1.98
2.21

 

0.69–1.00
0.27–3.70
0.26–3.50
0.54–0.69

5.60–86.00

0.10–0.20
0.10–0.10
0.10–1.00

 –
0.10–1.03

0.10–16.00
0.10–16.00

 

2
11
7
2

23

3
2
6
1
4

13
9

Table 4. Results of Tukey multiple comparison test for salinity level and occurrence of species of cen-
tropagid copepods in Andes Mts water bodies. * – “Q” values higher than 2.639 indicate significant 
differences.

“Q” observed

B. gracilipes <B. poopoensis

B. gracilipes – B. occidentalis

B. poopoensis> B. occidentalis

4.406 (*)

0.295

4.073 (*)
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spo 2004). Similar results were observed for 
saline lakes in plains of central Argentina 
(Pi lat i  1997, Menu-Marque et al. 2000). 
Boeckella poopoensis was predominant in An-
des Mts water bodies (Wil l iams et al.1995, 
De los  Rios  and Crespo 2004), because it 
can tolerate a relative wide range of salinity 
level (5–90 g l–1; Bay ly  1993).

A different situation occurs in saline lakes 
of Southern Patagonia; in these water bodies 
at least three species can tolerate a salinity 
range from 0.1 to 16 g l–1 (Table 1). Although 
the few available data revealed that at salinity 
around 16 g l–1 B. meteoris can predominate 
and coexist with B. popei and P. sarsi (De los 
Rios  2003, Soto unpublished data). Prob-
ably the centropagid copepods would not 
inhabit the water bodies with salinity level 
higher than 17 g l–1 (Campos et al.1996). 
Our results for shallow lakes in Northern 
Patagonia in Argentina indicate that large 
centropagid copepods occur permanently 
in greater abundance in zooplankton as-
semblage (Modenutt i  et al. 1998a, De los 
Rios  2005). Also, in these water bodies the 
species richness of zooplankton community 
is relatively high (6 to 8 species), with two or 
three species of centropagid copepods. If we 
consider that some shallow lakes in Southern 
Patagonia are ephemeral (Balmaceda I and 
II, Table 2), these results agree with the find-
ings of Blaustein  and S chwatz  (2001) and 
Eitam et al. (2004).

Our results agree with the reports for 
other species of halophilic copepods of shal-
low water bodies of central Argentina, such 
as B. gracilis (Daday 1902) and Notodiapto-
mus incompositus (Br ian 1925). These spe-
cies were reported for salinity levels between 
0.20–7.36 g l–1 (Pi lat i  1997). The occurrence 
of halophilic copepods of family Centropagi-
dae was reported for Australian inland water 
bodies. These habitats are characterised by 
the presence of B. triarticulata (Thomson 
1883), Calamoecia salina (Nichol ls  1944) 
and Calamoecia clitellata (Bay ly  1962) 
which can live at salinity levels between 1–22 
g l–1; 7–195 g l–1 and 6–132 g l–1, respectively 
(Bay ly  1992, 1993). The salinity level toler-
ance for the studied species and other similar 
species from Australian and New Zealand 
water bodies are permanently higher in com-
parison to other planktonic crustaceans such 

as daphnids (Hurlber t  et al. 1986, Bay ly 
1993).

For both studied regions of Andes Mts 
and Southern Patagonia, the copepods oc-
cur at relatively moderate salinity, at high 
salinity level – the genus Artemia is domi-
nanting (Hurlber t  et al. 1986, Wil l iams 
et al.1995). In Andes Mts, at salinity higher 
than 90 g l–1 Artemia franciscana was domi-
nating (Hurlber t  et al. 1986, Wil l iams et 
al. 1995). In Southern Patagonia, the salin-
ity limit for copepods could be of 16 g l–1, 
because Artemia persimilis is dominating at 
salinity level upper than 17 g l–1 (Campos et 
al. 1996, Gajardo et al. 1998).
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