
CRUSTACEAN (COPEPODA AND CLADOCERA) ZOOPLANKTON
RICHNESS IN CHILEAN PATAGONIAN LAKES

BY

PATRICIO DE LOS RÍOS1,3) and DORIS SOTO2,4)
1) Universidad Católica de Temuco, Facultad de Recursos Naturales, Escuela de Ciencias

Ambientales, Casilla 15-D, Temuco, Chile
2) Universidad Austral de Chile, Laboratorio de Ecología Acuática, Casilla 1327, Puerto Montt,

Chile

ABSTRACT

The Chilean Patagonian lakes are characterized by their oligotrophy, high endemism, significant
predominance of calanoid copepods in comparison to daphnid cladocerans, and low species richness.
These characteristics are in marked contrast to the situation in North American lakes. In the
present study, published information of chlorophyll concentrations and species richness for Chilean
Patagonian lakes was considered. The results denoted direct correlations between chlorophyll
concentration and species richness, as well as an inverse correlation between latitude and species
richness, whereas a relationship between lake surface and species richness was not observed. The
results obtained would indicate that the oligotrophic status of the sites studied is the main cause
of low species richness. Our conclusions most probably reveal the existence of different regulator
mechanisms in comparison to North American lakes. Ecological and biogeographical topics are
discussed.

RESUMEN

Los lagos de la Patagonia Chilena se caracterizan por su oligotrofìa, alto endemismo, marcado
predominio de los copépodos calanoideos en comparación a los cladóceros daphnidos y una baja
diversidad de especies. Estas características son marcadamente opuestas a los lagos de América
del Norte. En el presente estudio se consideró información publicada para lagos de la Patagonia
Chilena. Los resultados indicaron que la riqueza de especies estuvo directamente relacionada con
la concentración de clorofila, inversamente relacionada con la latitud, y no estuvo relacionada con
la superficie del lago. Los resultados obtenidos en el presente estudio indican que la oligotrofía
sería la causa principal de la baja riqueza de especies, y que habría una diferencia marcada en los
mecanismos reguladores observados para lagos norteamericanos. Se discutieron aspectos ecológicos
y biogeográficos en el presente estudio.
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INTRODUCTION

The large Chilean Patagonian lakes are characterized by their oligotrophy, sig-
nificant predominance of calanoids copepods in comparison to daphnid cladocer-
ans, and low species richness (Campos, 1984; Soto & Zúñiga, 1991). Similar char-
acteristics have been described for large lakes in Argentinean Patagonia (Mode-
nutti et al., 1998). These characteristics are in marked contrast to the situation in
North American lakes, which show a high predominance of daphnid cladocerans
and high species richness (Soto & Zúñiga, 1991; Soto & Campos, 1995; Gillooly
& Dodson, 2000).

The Chilean lakes have simple trophic chains that are characterized by the pres-
ence of phytoplankton, zooplankton with a predominance of calanoid copepods
(mainly Boeckella spp.) and zooplanktivorous fishes (mainly Galaxiidae) in the
pelagic zone (Soto & Zúñiga, 1991). These features are similar to those described
for Argentinean lakes (Modenutti et al., 1998), and New Zealand lakes and ponds
(Jeppensen et al., 1997, 2000). In a study done in lakes and ponds at different loca-
tions in the Torres del Paine National Park, we found that a relatively high species
richness was observed in the absence of zooplanktivorous fish and the presence
of a high chlorophyll concentration (Soto & De los Ríos, 2006). In an ecological
community, species richness is an important attribute of that system, and this rich-
ness is conditioned by environmental factors such as productivity and habitat area
(Jaksic, 2001; Guisande et al., 2003). The first study of zooplankton assemblages
in Chilean lakes described a low species richness that is probably explained most
by an oligotrophic status (Soto & Zúñiga, 1991). The aim of the present study is
to determine the role of geographical characteristics and chlorophyll concentration
on species richness in Chilean Patagonian lakes, mainly considering a review of
the literature of deep Chilean lakes, and information collected in field work.

MATERIAL AND METHODS

Published information was considered first of all (Campos et al., 1982, 1983,
1988, 1990, 1992, 1994a, b; Soto et al., 1994; Campos, 1995; Wölfl, 1996; Vil-
lalobos, 1999; De los Ríos, 2003) for southern Chilean lakes between 38◦ (Villar-
rica Lake, fig. 1) to 51◦S (Torres del Paine National Park, fig. 1). This included
data of species richness, latitude, and chlorophyll concentration. Also, zooplank-
ton samples were collected in lakes of the Aysen region during spring and summer
2001, a period when maximum zooplankton abundance occurs (Wölfl, 1996). Sam-
ples were collected in vertical hauls from 30 m depth to the surface, with an Ap-
stein net. This layer constitutes the zone with maximum zooplankton abundance
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Fig. 1. Map of Chile with the sites (lakes) included in the present study.

(Wölfl, 1996). Specimens collected were fixed with absolute ethanol and identi-
fied with descriptions of Araya & Zuñiga (1985) and Bayly (1992). A Spearman
non-parametric correlation test was applied considering species richness as the de-
pendent variable, and as independent variables latitude, chlorophyll concentration,
surface area, and maximum depth (Zmax). All statistical analyse used the software
Statistica 5.0.

RESULTS AND DISCUSSION

The results obtained revealed that species richness at the studied sites was rel-
atively low, and that richness decreases toward southern latitudes (table I). The
results also revealed a marked oligotrophy mainly at the southernmost latitudes
(table I). Accordingly, correlation analysis showed a significant, indirect corre-
lation between latitude, species richness, and chlorophyll concentration, and a
direct correlation between surface area and maximum depth (table II). A non-
significant, direct correlation between species richness and surface area was ob-
served, as well as between maximum depth and latitude; and also between surface
area and chlorophyll (table II). Also, non-significant direct correlations were found
between species richness and maximum depth; surface and latitude; and maximum
depth and chlorophyll concentration (table II). The correlation graphs support only
the existence of a significant correlation between species richness and latitude, and
a non-significant correlation between species richness and surface area, as well as
between maximum depth and chlorophyll concentration (fig. 2).



288 PATRICIO DE LOS RÍOS & DORIS SOTO

T
A

B
L

E
I

G
eo

gr
ap

hi
ca

lp
ar

am
et

er
s,

ch
lo

ro
ph

yl
l(

C
hl

a
)

co
nc

en
tr

at
io

n,
an

d
sp

ec
ie

s
ri

ch
ne

ss
at

th
e

si
te

s
st

ud
ie

d
an

d
re

po
rt

ed
up

on
he

re
in

(s
ee

al
so

fig
.1

)

L
ak

e
G

eo
gr

ap
hi

ca
l

Z
m

ax
Su

rf
ac

e
ar

ea
C

hl
a

Sp
ec

ie
s

ri
ch

ne
ss

R
ef

er
en

ce
lo

ca
tio

n
(◦

S)
(m

)
(k

m
2
)

(µ
g/

l)
V

ill
ar

ri
ca

39
◦ 1

8′
18

5.
0

17
5.

8
0.

4
Tu

m
eo

di
ap

to
m

us
di

ab
ol

ic
us

D
us

sa
rt

,1
97

9
C

am
po

s
et

al
.,

19
83

B
oe

ck
el

la
gr

ac
il

ip
es

D
ad

ay
,1

90
2

M
es

oc
yc

lo
ps

lo
ng

is
et

us
T

hi
éb

au
d,

19
14

Tr
op

oc
yc

lo
ps

pr
as

in
us

Fi
sh

er
,1

96
0

D
ap

hn
ia

am
bi

gu
a

Sc
ou

rfi
el

d,
19

67
D

ia
ph

an
os

om
a

ch
il

en
se

D
ad

ay
,1

90
2

E
ub

os
m

in
a

ha
gm

an
ni

St
in

ge
lin

,1
90

3

Pi
ri

hu
ei

co
39

◦ 5
0′

14
5.

0
30

.5
0.

6
B

.g
ra

ci
li

pe
s

W
öl

fl,
19

96
M

.l
on

gi
se

tu
s

T.
pr

as
in

us

E
.h

ag
m

an
ni

C
er

io
da

ph
ni

a
du

bi
a

R
ic

ha
rd

,1
89

4

R
iñ

ih
ue

39
◦ 5

0′
32

3.
0

77
.5

1.
2

T.
di

ab
ol

ic
us

W
öl

fl,
19

96
B

.g
ra

ci
li

pe
s

M
.l

on
gi

se
tu

s
T.

pr
as

in
us

D
.a

m
bi

gu
a

D
.c

hi
le

ns
e

E
.h

ag
m

an
ni

R
an

co
40

◦ 1
3′

19
9.

0
44

2.
6

0.
8

T.
di

ab
ol

ic
us

C
am

po
s

et
al

.,
19

92
B

.g
ra

ci
li

pe
s

M
.l

on
gi

se
tu

s
T.

pr
as

in
us

D
.a

m
bi

gu
a

D
ap

hn
ia

pu
le

x
D

e
G

ee
r,

18
77

D
.c

hi
le

ns
e

E
.h

ag
m

an
ni

Sc
ap

ho
le

be
ri

s
sp

in
if

er
a

N
ic

ol
et

,1
84

8



CRUSTACEAN PLANKTON IN CHILEAN PATAGONIAN LAKES 289
T

A
B

L
E

I
(C

on
tin

ue
d)

L
ak

e
G

eo
gr

ap
hi

ca
l

Z
m

ax
Su

rf
ac

e
ar

ea
C

hl
a

Sp
ec

ie
s

ri
ch

ne
ss

R
ef

er
en

ce
lo

ca
tio

n
(◦

S)
(m

)
(k

m
2
)

(µ
g/

l)
Pu

ye
hu

e
40

◦ 4
0′

12
3.

0
16

5.
4

2.
1

T.
di

ab
ol

ic
us

C
am

po
s

et
al

.,
19

89
M

.l
on

gi
se

tu
s

T.
pr

as
in

us

D
.c

hi
le

ns
e

D
.a

m
bi

gu
a

C
.d

ub
ia

E
.h

ag
m

an
ni

R
up

an
co

40
◦ 5

0′
27

3.
0

23
5.

0
1.

2
B

.g
ra

ci
li

pe
s

C
am

po
s,

19
93

T.
pr

as
in

us

E
.h

ag
m

an
ni

C
hy

do
ru

s
sp

ha
er

ic
us

O
.F

.M
ül

le
r,

17
85

L
la

nq
ui

hu
e

41
◦ 0

8′
31

7.
0

87
0.

5
0.

5
B

.g
ra

ci
li

pe
s

C
am

po
s

et
al

.,
19

88
T.

pr
as

in
us

E
.h

ag
m

an
ni

To
do

s
lo

s
Sa

nt
os

41
◦ 0

8′
33

5.
0

17
8.

5
0.

4
B

.g
ra

ci
li

pe
s

C
am

po
s

et
al

.,
19

90
T.

pr
as

in
us

E
.h

ag
m

an
ni

D
.p

ul
ex

C
ha

po
41

◦ 2
7′

29
8.

0
45

.3
0.

3
B

.g
ra

ci
li

pe
s

V
ill

al
ob

os
et

al
.,

20
03

A
ca

nt
ho

cy
cl

op
s

ve
rn

al
is

Fi
sh

er
,1

85
3

T.
pr

as
in

us

D
.c

hi
le

ns
e

S.
sp

in
if

er
a

N
eo

bo
sm

in
a

ch
il

en
si

s
D

ad
ay

,1
90

2



290 PATRICIO DE LOS RÍOS & DORIS SOTO
T

A
B

L
E

I
(C

on
tin

ue
d)

L
ak

e
G

eo
gr

ap
hi

ca
l

Z
m

ax
Su

rf
ac

e
ar

ea
C

hl
a

Sp
ec

ie
s

ri
ch

ne
ss

R
ef

er
en

ce
lo

ca
tio

n
(◦

S)
(m

)
(k

m
2
)

(µ
g/

l)
R

ie
sc

o
45

◦ 3
9′

13
0.

0
14

.7
0.

9
B

.g
ra

ci
li

pe
s

V
ill

al
ob

os
,1

99
9

Pa
ra

br
ot

ea
s

sa
rs

iD
ad

ay
,1

90
1

T.
pr

as
in

us

N
.c

hi
le

ns
is

E
liz

al
de

45
◦ 4

4′
13

0.
0

30
.0

N
o

da
ta

B
oe

ck
el

la
m

ic
ha

el
se

ni
M

rá
ze

k,
19

01
Pr

es
en

ts
tu

dy
T.

pr
as

in
us

N
.c

hi
le

ns
is

G
en

er
al

C
ar

re
ra

45
◦ 5

0′
41

0.
0

18
92

.0
N

o
da

ta
B

.m
ic

ha
el

se
ni

Pr
es

en
ts

tu
dy

T.
pr

as
in

us

N
.c

hi
le

ns
is

To
ro

51
◦ 1

2′
31

7.
0

19
6.

0
0.

4
B

.g
ra

ci
li

pe
s

C
am

po
s

et
al

.,
19

94
b

B
.m

ic
ha

el
se

ni
M

.l
on

gi
se

tu
s

T.
pr

as
in

us

Sa
rm

ie
nt

o
51

◦ 0
3′

31
2.

0
86

.0
0.

3
B

.g
ra

ci
li

pe
s

C
am

po
s

et
al

.,
19

94
a

B
.m

ic
ha

el
se

ni
T.

pr
as

in
us

M
.l

on
gi

se
tu

s

B
os

m
in

a
ch

il
en

si
s

D
ad

ay
,1

90
2

Pe
ho

e
51

◦ 0
3′

20
0.

0
15

.0
0.

4
B

.m
ic

ha
el

se
ni

So
to

et
al

.,
19

94
T.

pr
as

in
us

N
or

sd
en

kj
ol

d
51

◦ 0
3′

20
0.

0
25

.0
0.

3
B

.m
ic

ha
el

se
ni

So
to

et
al

.,
19

94
T.

pr
as

in
us

Z
m

ax
=

m
ax

im
um

de
pt

h
of

la
ke

.



CRUSTACEAN PLANKTON IN CHILEAN PATAGONIAN LAKES 291

TABLE II
Non-parametric correlation matrix of the parameters considered in the present study; values in bold

denote significant correlations (p < 0.05)

Latitude Surface Zmax Chl a

Species richness −0.689 −0.190 0.196 0.341
p = 0.002 p = 0.240 p = 0.234 p = 0.116

n = 16 n = 16 n = 16 n = 14

Latitude 0.242 −0.205 −0.553
p = 0.183 p = 0.223 p = 0.020

n = 16 n = 16 n = 14

Surface 0.526 −0.318
p = 0.018 p = 0.134

n = 16 n = 14

Zmax 0.199
p = 0.248

n = 14

Zmax = maximum depth.

These results agree with the first descriptions of Soto & Zuñiga (1991) that
described a low species richness and an oligotrophic status. However, Soto &
Zúñiga (1991) considered species richness by lake, from the descriptions of Ruiz &
Bahamonde (1989), that include pelagic and littoral microcrustaceans. In contrast,
the references considered in the present study only describe pelagic species
(Campos et al., 1983, 1988, 1990, 1992, 1994a, b; Campos, 1995; Villalobos, 1999;
Soto et al., 1994; Wölfl, 1996; De los Ríos, 2003). The first descriptions of Soto
& Zúñiga (1991) agree with the observed inverse correlation between latitude and
species richness within the 38-51◦S latitudinal range, and the lack of significant
correlations between species richness and both surface area and maximum depth.
When the paper of Soto & Zúñiga (1991) was published, no information was
available on the trophic status of many Chilean Patagonian lakes. Yet, this study
hypothesized that oligotrophy would be an important cause of low species richness.
The results obtained in the present study could be related to the observations of
De los Ríos & Soto (2006) and Soto (2002), that describe inverse correlations
between chlorophyll concentration, and both latitude and mixing depth. These
last results would indicate that the significant inverse correlation between latitude
and species richness (table II, fig. 2), can be explained by the inverse correlation
between chlorophyll and latitude (table II; De los Ríos & Soto, 2006). These
results agree with descriptions of the Torres del Paine National Park lake district,
characterized by a different trophic status (Soto et al., 1994). Descriptions of
zooplankton assemblages revealed the existence of inverse correlations between
species richness and chlorophyll concentration (Soto & De los Ríos, 2006).
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Reports on lakes in Mexico, the U.S.A., and Europe describe a direct relation
between species richness and lake size (Dodson, 1991, 1992; Dodson & Silva-
Briano, 1996), which is not in agreement with the observations for southern
Chilean lakes (table II, fig. 2; Soto & Zúñiga, 1991). For North American great
lakes an increase in species richness was found in lakes of medium depth (Zmax:
200-300 m), whereas richness decreased in deep lakes (Soto & Zúñiga, 1991). The
descriptions of Pinto-Coelho et al. (2005) and Dodson et al. (2000) indicated the
existence of a significant quadratic function between zooplankton species richness
and primary productivity. Dodson et al. (2000) observed richness peaks at 67-
179 gC/m2/year, where many of Chilean lakes have primary productivity values
lower than 70 gC/m2/year (Montecino, 1991). These oligotrophic conditions, with
a consistent predominance of calanoids and a low dominance of daphnids (Soto
& Zúñiga, 1991; De los Ríos & Soto, 2006), are similar to the descriptions of the
lakes in the Precambrian plain in the northern U.S.A., that have a predominance of
Leptodiaptomus minutus (Lilljeborg, 1998) (cf. Rusak et al., 1999). Similar results
were by found by Tomec et al. (2002), who described low species richness and
copepod predominance in the oligotrophic Lake Vrana in Croatia.

Another important factor that would explain the low species richness in southern
South American lakes would be the exposure to ultraviolet radiation (UVR), which
shows an increase in penetration in Patagonia (Villafañe et al., 2001; Marinone
et al., 2006). Thus, under high exposure to UVR, species richness decreases
(Marinone et al., 2006), and the potential cause would be the vulnerability of some
groups to exposure of high levels of natural UVR (De los Ríos & Soto, 2005; De
los Ríos, 2005). In this scenario, we would conclude that the low species richness
in Chilean deep lakes would be due to oligotrophy, probably enhanced by exposure
to UVR.
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