
Introduction

The total zooplankton biomass could be useful for
estimating the impact of grazers on phytoplankton and,
moreover, grazing rates vary with the taxonomic com-
position, size structure and biomass of zooplankton
communities (Cyr & Pace 1992). Zooplankton, espe-
cially cladocerans, play an important role in shallow
lakes, which sometimes exhibit two alternative states
of equilibrium, condition which is related to the pre-
sence or absence of extensive growth of submerged
macrophytes (Blindow et al. 1993, Meijer et al. 1994,
Jeppesen et al. 1999, Angeler et al. 2002, Claps et al.
2002). The phase with submerged macrophytes (clear
water state) is characterised by the dominance of cla-
docerans because they have refuge from planktivorous
fish or invertebrate predators (Moss et al. 1998, Smiley
& Tessier 1998). The development of plankton that ef-
ficiently converts nutrients is possible when a sharp

decrease of planktivorous fishes occurs (Carpenter et
al. 1985). The phosphorus input is stored in the bio-
mass of zooplankton grazers. These concepts were
proposed by Carpenter & Cottingham (1997), sugges-
ting that resilience capacity of shallow lakes for
control of phosphorus cycle depends on longer food
webs dominated by piscivorous fishes. 

There have been few investigations of zooplankton
in pampean shallow lakes (Olivier 1961, Ringuelet et
al. 1972). In the last decade, there have been some
contributions for particular shallow lakes as Lobos
(Boltovskoy et al. 1990), San Miguel (Gabellone et al.
2001, Solari et al. 2002a) and San Miguel del Monte
(Benítez & Claps 2000, Claps et al. 2002). All of these
studies emphasised the importance of rotifers and the
larval stages of copepods in determining the zooplank-
ton density. There is, however, an absence of informa-
tion about total zooplankton biomass and about the
specific contribution of different components of zoo-
plankton in the vertical profile of temperate shallow
lakes. 

We analysed the spatio-temporal variation of total
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zooplankton biomass in three sectors of San Miguel
del Monte lake, and evaluated the contributions of the
major zooplankton groups (rotifers, cladocerans and
copepods) as an approach to gaining knowledge of tro-
phic relationships in the plankton of an eutrophic shal-
low lake typical of the « depressed Pampas ». We also
discuss the effect  of the presence of submerged ma-
crophytes (Potamogeton pectinatus L.) on zooplankton
biomass and which components were more affected.
Some factors and processes which would promote
changes of zooplankton biomass, such as food availa-
bility, grazing ability, fish predation, the eutrophica-
tion process with alternation of turbid and clear water
periods, and also the incorporation of organisms from
the Salado River during floods are also discussed.

Study area

The San Miguel del Monte lake is small, shallow and
eutrophic, and is located in the « depressed Pampa » of
NE Buenos Aires province, Argentina (35° 27´ S - 58°
48´W). The area of the lake is approximately 655 ha
and mean depth is 1.3 m (Dangavs 1973). One stream,
El Totoral, 21.5 km long, flows into the lake from an
extensive agricultural and cattle breeding area. A
town, with 10 000 inhabitants, is located on the shore.
Floodgates prevent the natural connection with Las
Perdices lake and control the water level. During
floods of the Salado River, this system of interconnec-
ted lakes acts as a backwater in which salinity de-
creases and into which nutrients enter from the river.
The floodgates zone of the lake is clearly related to the
frequent exchanges of water and organisms with the
connected lake (Las Perdices) and the Salado River.
The lake acted as effluent in December, January, July
and August and as influent in June. The water level of
the lake was influenced by local rainfall and also by
rainfall from Salado River headwaters (Fig. 1).

The fish stock of Monte lake comprises 12 autoch-
thonous species and one introduced (Cyprinus carpio
L.). The fish community includes two top predators
Hoplias malabaricus (Bloch) and Rhamdia sapo Va-
lenciennes, associated with aquatic vegetation and
open water habitats, respectively (Freyre 1995). The
planktivorous fish (Odonthestes bonariensis Valen-
ciennes) is the main sport fish.

Many shallow lakes in the Salado River basin fluc-
tuate naturally between clear and turbid water condi-
tions in relation to prevailing hydrological regimes.
The mechanical harvest of macrophytes is the only
manipulation process in the lakes with tourism activi-
ty.

Material and methods

Duplicate samples were taken at four -week inter-
vals during the period September 1997 - August 1998
(except in May due to flood condition) at three sam-
pling stations: one fixed station situated in the deepest
sector of the lake (E2), one located in the connection
with Las Perdices lake (E3) and one situated in the af-
fluent (El Totoral stream) (E1). Zooplankton samples
(100 L) were taken using a suction pump every 0.30
meters, from the bottom to the surface during mid-
morning at E2. Sub-surface samples (100 L) were ta-
ken at E1 and E3. The samples were concentrated
through a plankton net of 35 µm mesh size and preser-
ved in 5% formaldehyde. At the same time, some phy-
sical and chemical parameters (temperature, pH,
conductivity, dissolved oxygen, and turbidity) were
measured with a Horiba multimeter. Chlorophyll « a »
and total phosphorus (TP) were determined according
to APHA (1995).

Rotifers were counted in Sedgwick-Rafter chambers
(1 ml) and crustaceans in chambers of 10 ml. Zoo-
plankters were identified to genus or species level ex-
cept for bdelloideans and juvenile copepods. Dry
weights of rotifers were estimated from volume mea-
surements using geometric approximations (Ruttner
Kolisko 1977), on each sampling date (n = 10 to n = 30
for each taxon sampled). The measured volume was
converted to dry weight assuming a specific gravity of
1.0 and a ratio of dry weight to wet weight of 10 %
(Mc Cauley 1984). The dry weight of nauplii and co-
pepods was estimated by the method of Lawrence et al.
(1987) and Bottrell et al. (1976). Dry weights of clado-
cerans were estimated on each sampling date from
length-weight regressions available for morphologi-
cally similar species (Dumont et al. 1975).

Principal Components Analysis (PCA) was perfor-
med on a standardized matrix using the dry weight of
the main zooplankton groups (Brachionus species,
other rotifer species, planktonic cladocerans, non-
planktonic cladocerans, nauplii, adults of cyclopoids
and adults of calanoids) at the three sampling stations
(in E2, the mean total biomass of the vertical profile
was used).

Results

The sampling stations located at San Miguel del
Monte lake (E2 and E3) had higher dissolved oxygen
concentrations, reaching 11.2 mg L-1 in July 1998,
than those recorded in El Totoral stream (E1; 2.01 mg
L-1). The lake was characterised by an alkaline pH
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whereas the affluent was neutral, or slightly acid. The
maximum conductivity value (Fig. 1) in the lake (2500
µS cm-1) was recorded at the beginning of the study
and decreased to 1300 µS cm-1 at the end of the sam-
pling period. The conductivity of El Totoral stream
showed the same trend but with a wider range (4400 -
800 µS cm-1). The concentration of total phosphorus
was higher in the stream,(average: 269 µg L-1; range:
123-464) than in the deeper area of the lake (average:
197.5 µg L-1; range: 120-410) and the area near the
floodgate (average: 240 µg L-1; range:112-570). The
chlorophyll « a » values, as an estimation of phyto-
plankton biomass, were higher at E2 (average: 112 mg
m-3; range: 18-475) and E3 (average 98 mg m-3; range:
14-213) than E1 (average 18 mg m-3; range: 6-32). At
E2 and E3, the minimum of chlorophyll « a » occurred
in December 1997, whereas the maximum occurred at
three occasions, September (turbid water phase), Ja-
nuary (E2) and March (clear water phase). In Totoral
stream (E1), the values and their temporal pattern
(maximum in February and June and minimum in No-
vember and April) were markedly different from those
estimated in the lake.

In El Totoral stream (E1), zooplankton densities we-
re not as high as at the other stations, fluctuating bet-
ween 687 ind. L-1 (March 1998) and 34 ind. L-1 (Au-
gust 1997). The zooplankton biomass ranged between

214. µg dw L-1 (June 1998) and 0.38 µg dw L-1 (De-
cember 1998) (Fig. 2). The biomass of rotifers was less
than 1 µg dw L-1, except in November 1997 (2.5 µg
dw L-1), due to the contribution of Brachionus cauda-
tus Barros & Daday, and in June 1998 (7.5 µg dw L-1),
with Brachionus calyciflorus Pallas as the main spe-
cies (Fig. 2). Cladocerans, which were scarce or al-
most completely absent in summer and early autumn
(December 1997 - March 1998), reached their maxi-
mum biomass in winter (19 µ g dw L-1), mainly
through the contribution of Ceriodaphnia cfr. dubia
(Fig. 3). The copepods, absent in December 1997, had
their peak biomass in winter (192 µg dw L-1), with
high values in spring and summer (133 µg dw L-1 and
131 µg dw L-1, respectively). These maxima were ge-
nerated mainly by cyclopoid and calanoid nauplii (Fig.
3).

The zooplankton community of the lake itself (E2)
was dominated by rotifers, both in terms of specific
richness (49 rotifer species) and density (3470 rotifers
L-1 in March and 1859 ind L-1 in February 1998). The
maximum values of total zooplankton density were al-
so recorded in March and February (3571 and 1920 ind
L-1, respectively). The minimum (319 ind L-1) occur-
red in December. 

The peaks of total zooplankton biomass (mainly due
to the contribution of crustaceans) were observed: two
in winter (1271 µg dw L-1 and 1595 µg dw L-1 in June
and August of 1998, respectively) and the third in sum-
mer (1422 µg dw L-1 in January 1998). In spring (Oc-
tober1998) a much smaller zooplankton biomass was
recorded (229 µg dw L-1) (Fig. 2). The maximum bio-
mass of rotifers occurred in late summer (March with
154 µg dw L-1) due to the striking contribution of Bra-
chionus species (B. caudatus, B. plicatilis (O. F. M.),
B. havanensis Rousselet) while the minimum rotifer
biomass (1.5 µg dw L-1) was observed in early sum-
mer (December, 1997) (Fig. 2). Rotifers had biomass
peaks in late spring (November: 174 µg dw L-1) in the
deeper layers of the vertical profile, due to the presen-
ce of B. caudatus. During the late summer they were
important throughout the water column, with a maxi-
mum near surface level (211 µg dw L-1) mainly com-
posed of B.caudatus and B. plicatilis (Fig. 2). In gene-
ral, the maximum average biomass of cladocerans was
in the vertical profile (149 µg dw L-1) in December
1997, due to the contribution of Diaphanosoma birgei
Korinek. Their minimum average biomass (13 µg dw
L-1) occurred two months later in coincidence with the
maximum of rotifer biomass. The cladocerans were
important in the layer near the sediments (456 µg dw
L-1 of total biomass) because of the contribution of
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Fig. 1. Monthly variations in local rainfall (black bars), headwaters
rainfall (white bars), conductivity (dotted line) and water level
(solid line) of San Miguel del Monte lake.



thycoplanktonic species (Alona spp.) in September

1997 (405 µg dw L-1). In summer, the planktonic cla-

docerans showed a biomass peak at intermediate layers

of the vertical profile (December 1997: 266 µg dw L-1

and January 1998:134 µg dw L-1), with a marked pre-
sence of D. birgei. The total biomass values of clado-
cerans were lower than those recorded for copepods
(Figs 5b and 6b). Calanoid and cyclopoid copepods
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Fig. 2. Comparative monthly changes in the biomass of zooplankton groups and rotifers at the sampling stations.



exhibited three peaks of average biomass which coin-
cided with the total average zooplankton biomass at
the vertical profile: in summer with 1346 µg dw L-1

(826 µg dw L-1 of nauplii and 520 µg dw L-1 of adults
and copepodits), and in winter with 1177 µg dw L-1

(835 µg dw L-1 of nauplii and 342 µg dw L-1, adults
and copepodits respectively) and 1526 µg dw L-1 (541
µg dw L-1 of nauplii and 984 µg dw L-1, adults and co-

pepodits respectively). The calanoid Notodiaptomus
incompositus (Brian) gave the higher biomass values
(697 µg dw L-1 adults plus copepodits in August). The
minimum of average biomass of copepods, with 78 µg
dw L-1 (41 µg dw L-1 of nauplii and 37µg dw L-1 of
adults and copepodits) coincided with the minimum of
total zooplankton biomass in October 1997 (Figs. 3b
and 6b). 
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Fig. 3. Comparative monthly changes in the biomass of cladocerans and copepods at the sampling stations.



In the vertical profile of E2, the maximum of total
zooplankton biomass occurred at the surface and bot-
tom layers (Fig. 4). Planktonic cladocerans and cope-
pods were relevant in early summer, whereas nauplii
and rotifers in autumn. Nauplii and adults of calanoid
copepods were responsible for the biomass maximum
in winter. Throughout the water column, remarkable
biomass deviations were observed. The highest diffe-
rences were recorded in two occasions (early summer
and winter). A uniform vertical distribution of the zoo-
plankton biomass occurred during the maximum cover

of the submerged macrophytes (February - April) (Fig.
5). 

In the area near the gates (E3), the highest zooplank-
ton density was detected in spring, with a value of
1,626 ind L-1 and the lowest in summer, with 211 ind
L-1. The maximum zooplankton biomass was recorded
in winter (3,987 µg dw L-1) and the minimum in au-
tumn (180 µg dw L-1) (Fig. 2). The rotifer biomass
ranged between 1 µg dw L-1 and 61 µg dw L-1, with a
maximum in spring due to the contributions of B. cau-
datus and Polyarthra vulgaris Carlin (Fig. 2). The cla-
docerans, which were scarce and absence in summer
and early autumn (December 1997 - April 1998), rea-
ched a peak in June 1998 (340 µg dw L-1), due to the
presence of Daphnia spinulata (Birabén) (Fig. 3). Co-
pepods showed three biomass peaks. One generated by
calanoid and cyclopoid nauplii plus adults of N. in-
compositus in June 1998 (3627 µg dw L-1, with 1112
µg dw L-1 of nauplii) and two peaks consisting of lar-
val stages of both cyclopoids and calanoids in Novem-
ber 1997 and July 1998 (2769 µg dw L-1, with 1204 µg
dw L-1 of nauplii and 3050 µg dw L-1, with 2067 µg
dw L-1 of nauplii, respectively) (Fig. 3).

The first three axes of the Principal Component Ana-
lysis explained 65 % of the total variance. Factor 1 (31
% of the total variance) was positively correlated with
the zooplankton biomass recorded in late summer-au-
tumn (April: 0.83, March: 0.76) and negatively with
early summer biomass (January: -0.78). Factor 2 (19 %
of the total variance) was positively correlated with the
spring biomass and negatively with the biomass calcu-
lated in August and February. Factor 3 (15 % of the to-
tal variance) was defined by the winter biomass (June
and July) in the positive sector and the summer bio-
mass (January and December) in the negative sector
(Fig. 6). Factor 1 included the period with the highest
rotifer biomass and the lowest total zooplankton bio-
mass in the positive sector. The opposite sector was de-
fined by nauplii and adults of cyclopoids (January).
The second axis, in its negative sector, was related to
winter flood condition and high transparency, with hi-
ghest biomass of calanoids. The opposite extreme was
associated with turbid water phase, low water level
and the maximum biomass of non-planktonic cladoce-
rans. The winter-interconnected phase with dominance
of crustaceans in E2 defined the positive sector (June
and July). 

Discussion

The density of zooplankton community of San Mi-
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Fig. 4. Monthly vertical distribution of total zooplankton biomass
(µg dw L-1) at the deep sector of San Miguel del Monte lake and
water level variations (solid line).

Fig. 5. Box plot of total biomass (µg dw L-1) in the vertical profile
at the deep sector of San Miguel del Monte lake.



guel del Monte lake was dominated by rotifers and
small cladocerans as expected from the trophic status
of the lake and the observations of other research in eu-
trophic shallow lakes (Gulati 1990, Currie et al. 1999).

The zooplankton biomass in the lake (maximum bio-
mass: 3987 µg dw L-1) was similar to that recorded in
other eutrophic shallow environments (maximum bio-
mass: 3270 µg dw L-1) (Lougheed & Chou-Fraser
1998). The crustaceans, mainly copepods, dominated
the total zooplankton biomass in concordance with the
results obtained by Kasprzak & Koschel (2000). The
total zooplankton biomass in the deeper sector of the
lake showed maximum values in winter, with a secon-
dary peak in summer, which agree with results obtai-
ned in European shallow lakes (Jeppesen et al. 1990).

As in other shallow lakes, in San Miguel del Monte
lake, zooplankton community may suffer from fish
predation pressure (Freyre 1995). The diet of O. bona-
riensis during its larval and juvenile periods, mainly
consists of planktonic cladocerans and, secondly, of
adults of calanoid and cyclopoid copepods (Ringuelet
et al. 1980, Grosman 1994, Grosman & Gonzalez Cas-
telain 1995/1996, Grosman et al. 2002). Other species,
such Astyanax eigenmanniorum Malabarba, A. fascia-
tus Ortega & Viro and Bryconamericus iheringi Bou-
lenger, categorised as non strictly planktivorous, prey
on a great number of planktonic cladocerans (Escalan-
te 1982, 1983). This predation was suggested in the
fact that the biomass was dominated by copepod nau-
plii (maximum 67 % of mean total zooplankton bio-
mass in January and July at E2 and 97 % in January at
E3). Compared to cladocerans, the relative importance
of copepods declined (18 % of mean total zooplankton
biomass in September at E2) during the turbid water
phase and when the water input increased from the Sa-
lado River during floods (28 % of mean total zoo-
plankton biomass in June at E3).

The low rotifer biomass may be related to food com-
petition with calanoids and predation pressure of cy-
clopoids (José de Paggi 1993, 1995). Rotifers exhibi-
ted the highest biomass during the maximum submer-
ged macrophytes cover (February - April).

The biomass of medium size cladocerans (Diapha-
nosoma birgei and Ceriodaphnia cfr. dubia) increased
in summer which may be related to the extensive cover
of submerged macrophyte in the lake coinciding with
the typical developmental period of these cladocerans
in other shallow eutrophic systems (Beaver et al.
1999). Moreover, the species responsible for this bio-
mass maximum, D. birgei, prefers high temperatures
(Fabián & Cruz-Pizarro 1997). The macrophyte P. pec-
tinatus could be used by cladocerans as a refuge

against vertebrate and invertebrate predation (Jeppe-
sen  et al. 1997, Lauridsen et al. 1998) and in these cir-
cumstances the rotifers were outcompeted (Lougheed
& Chow-Fraser1998, Scheffer 1998). Biomass of co-
pepod nauplii showed a relative decrease during the
maximum of medium-sized cladocerans, a situation
perhaps related to competition for food (Nilssen &
Ervågen 2000). The appearance of efficient filter fee-
ders cladocerans (D. spinulata) in winter was due to
their arrival in the lake from the Salado River during
floods. The percentage of Daphnia spinulata in the to-
tal annual biomass was low, which agrees with the re-
sults of Jeppesen et al. (1999) in turbid lakes. 

At E3, the high biomass values were related to the
combination of external nutrient loading and the per-
manent presence of aquatic macrophytes. Only during
the clear water period in the lake (January and Februa-
ry 1998, Secchi disk : 0.70m), was the biomass at E2
higher than at E3.

The low zooplankton biomass in the Totoral stream
(E1) was associated with unfavourable conditions: the
percentage saturation of dissolved oxygen was always
less than 30 % (except in September 1997 with 72 %),
there were high levels of soluble polyphenols (maxi-
mum: 6.25 µg L-1 in October 1997) (Ardohain et al.
2000) which are toxic and, the low phytoplankton bio-
mass, reflected in the chlorophyll a concentrations (lo-
wer than 35mg m-3), resulted from an influx of alloc-
thonous organic matter.

In E2, the total zooplankton biomass was correlated
with chlorophyll a concentrations (r2: 79.9, P ≤ 0.02,
n: 58), agreeing with results of Sarnelle et al. (1998)
from turbid tropical ponds dominated by small cope-
pods and herbivorous rotifers.

Despite the shallowness of the lake, the standard de-
viation of the zooplankton biomass was significant
three times during the annual cycle in the vertical pro-
file, and was related to the non uniform distribution of
larvae and adults of copepods, mainly in December
and January. The maximum biomass values, coinci-
ding with maximum phytoplankton densities (Mac
Donagh et al. 2000, Solari et al. 2002b), were estima-
ted near the surface 

Variations of crustacean biomass revealed modifica-
tions in the hydrological conditions of floodgates and
lake middle sectors. High biomass values, with predo-
minance of euplanktonic cladocerans (D. spinulata do-
minated in influent condition) were detected in the
floodgate sector during water exchange events with the
connected lake (Las Perdices) and the Salado River. In
this sector, zooplankton community responded to phy-
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Fig. 6. Bidimensional PCA representation of monthly total zooplankton biomass at two sampling stations (E2
and E3) related to internal biological processes (factor 1), related to water level and conductivity (factor 2)
and related to internal biological processes (factor 1) and water inflow and temperature (factor 3).



sical and biological disturbances by increasing its bio-
mass. Furthermore, the seasonal influence and the pre-
sence or absence of macrophytes must be coupled
when inflow outflow processes occurred. The non-
planktonic cladocerans were important during turbid
water period, with lowest water level and decrease of
conductivity. In these conditions, the lowest total bio-
mass occurred, which could be related to planktivo-
rous fish pressure (September and October) (Grosman
& González Castelain 1995/1996, Grosman et al.
2002). A similar situation, with rotifer biomass maxi-
mum, was observed after the spawning of planktivo-
rous fishes (February, March and April). In December,
euplanktonic cladocerans showed the highest biomass
due to the refuge promoted by the appearance of P.
pectinatus ( Fig. 6).

El Totoral stream, main tributary of the lake, exhibi-
ted unfavourable conditions for zooplankton develop-
ment due to low oxygen saturation percentages and
high polyphenol concentrations. 

In San Miguel del Monte lake, as elsewhere, various
external and internal factors and biological processes
stimulated spatio-temporal differences in the zoo-
plankton biomass. Increase of the hydrometric lake le-
vel related to local rainfalls or to regional floods and
the organism exchange with the Salado River during
floods were significant. Food competition, fish preda-
tion, the eutrophication process, with alternation of
turbid and clear water periods (without and with sub-
merged macrophytes, respectively) as relevant causal
factors can be also mentioned.
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