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Abstract In reservoirs, variations in water level
may affect plankton biomass and species composi-
tion. Studies on the effect of water-level fluctuations
are scarce and restricted to Europe and Australia. In
the Rio Tercero Reservoir (Argentina), the manage-
ment policies of a nuclear-power plant require a
minimum depth of 650 m. During periods of exces-
sive rainfall, however, the input is such that the
excess passes over the spillway, thus causing a high
turnover of water. Phytoplankton, zooplankton, and
physicochemical variables were monitored over
2 years at three sampling stations during a period
with annual precipitation higher than the historical
annual mean. Different hydrological situations
occurred based on precipitation, spillway outflow,
and water-renewal rate. At high renewal rates, phyto-
and zoo-plankton diversities peaked. During high
outflow periods phytoplankton biomass peaked
through the contribution of Ceratium hirundinella.
Once the spillway outflow ceased, stable conditions
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(low renewal rates) were achieved, thus allowing the
onset of biological interactions. Maximum phyto-
plankton density (mainly Actinocyclus normanii) was
reached at such times, and efficient grazers (Daphnia
laevis) with long life cycles dominated in terms of
biomass. The structure and dynamics of the plankton
community could be altered by changes in hydrolog-
ical conditions (renewal rate and spillway outflow)
that act to compromise the apparent stability imposed
by steady water levels. These variables must be
considered to identify disturbance conditions and
improve knowledge of reservoir environments, so as
to implement appropriate management practices.

Keywords Phytoplankton - Zooplankton -
Reservoir management - Spillway outflow -
Water-level stability

Abbreviations
CNE Central Nuclear Embalse

CHFS Central Hidroeléctrica Fitz Simons

MRR Monthly renewal rate

MP Monthly precipitation

PPy Precipitation occurring during the previous
ten days

SPOq Spillway outflow occurring during the

previous ten days
ND Number of days with continuous outflow

SOCO  Spillway outflow occurring during the
continuous outflow
CHFSO CHEFS outflow
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Introduction

Although both internal and external variables deter-
mine the structure of the plankton community in
reservoirs, physical variables generally predominate
(Wilk-Wozniak and Pociecha 2007). The greater
stability of these latter variables, however, allows
biotic variables to become the principal factors in the
regulation of community structure (Marzolf 1990;
Naselli-Flores and Barone 1997).

In reservoirs, fluctuations in water level might
affect the species composition and biomass of phyto-
and zoo-plankton through changes in both the
underwater light climate (Naselli-Flores and Barone
1997) and nutrient dynamics (Kimmel et al. 1990).
According to Naselli-Flores and Barone (1997),
changes in zooplankton composition occur as an
indirect consequence of an increase in water level
through the proliferation of efficient grazers that, in
turn, control the phytoplankton biomass and thereby
produce clear water.

The influence of water inflow depends on its
intensity, on the morphometric characteristics of the
water body, on the quality of the inflowing water, and
on the accompanying load of suspended solids
(Godlewska et al. 2003). In reservoirs, increases in
water level have been associated with population
fluctuations through both hydrological advection
and increased concentrations of suspended sediments
(Wolfinbarger 1999).

In certain reservoirs, for example, a high water
inflow is associated with reductions in the zooplank-
ton density and biomass along with a consequent
decrease in chlorophyll-a concentration, mainly
because of the high input of suspended solids
(Godlewska et al. 2003; Hart 2004). In other situa-
tions, however, such as the shallow Serra Serrada
reservoir (Portugal), high levels of suspended solids
and chlorophyll concentrations were recorded in
conjunction with minimum water levels (Geraldes
and Boavida 2005, 2007).

The few investigations that have focused on the
effects of periodic reservoir water-level fluctuations
were performed in certain reservoirs in Europe and
Australia (Geraldes and Boavida 2005), but until now
studies of this nature have not been carried out in
Argentina. Management policies implemented at the
Embalse Rio Tercero reservoir (Argentina) as of the

@ Springer

beginning of the operation of the Central Nuclear
Embalse (CNE) nuclear-power plant have reduced
the range of water-level fluctuations in this water
body. The aim of the procedures at the plant was to
maintain a relatively constant high-water level in
order to insure an invariant supply of water for the
plant’s cooling system. Accordingly, in times of low
precipitation water is introduced from the “Complejo
Hidroeléctrico Cerro Pelado—Arroyo Corto” reser-
voirs 3.6 km upstream so as to maintain a minimum
depth of 650 m, only 6.5 m below the height of the
spillway. Thus, in times of heavy rainfall, the water
inflow from both precipitation and the upstream
tributaries causes an overflow from the spillway into
the Rio Tercero River downstream. Such a circum-
stance can therefore promote an episode of extended
of disturbance to the system and the subsequent
possibility of increases in the loss of organisms.
During the study period (1999-2001), the annual
precipitation was higher than the historical annual
mean (758 mm). This increase in rainfall influenced
the duration of the spillway-overflow period, as was
described by Mac Donagh (2007). The aim of this
article was to examine the effects of high- and low-
water outflow periods on the plankton community
(diversity, density, and biomass) during the condi-
tions of high-water-level maintenance resulting from
the management policy implemented in this reservoir.

Study area

Rio Tercero Reservoir is located at 32°11" S, 64°23’
W and 657 m asl. The reservoir area is 4,600 ha with
a volume of 7.10° m® and maximum and mean depths
of 46.5 and 12.2 m, respectively. The mean water
residence time is 172 days. The watershed area is
3,250 km? and rainfall is strongly seasonal, with dry
winters and heavy rains during spring and summer.
The reservoir was built in 1936 for hydroelectric
production with a small hydroelectric plant (CHFS:
10 MWa), and in 1983 a nuclear power plant (CNE:
600 MWa) was installed. Water for cooling is taken
from the middle section of the reservoir and is
returned to the riverine zone by means of a 5-km-long
open-sky channel. The water level of the reservoir is
regulated by the hydroelectric plant (CHFS) outflow
and the supply of water stems from an upstream
system of reservoirs, the Complejo Hidroeléctrico
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Cerro Pelado—Arroyo Corto. The maximum ampli-
tude of the annual water-level change was 14 m
before the policies instated by the CNE, whereas after
regulation this variation was reduced to a maximum
of 6.5 m; this value represents the difference between
the minimum required level and the spillway level.

Materials and methods

Three stations along the main axis of the reservoir
were considered: St. 1 was located at the site of
tributary inflow; St. 2, the central sector, was placed
where the nuclear-power plant pumps in water for
cooling; and St. 3 was located near the dam (Fig. 1).
Integrated samples of the photic layer were obtained
at each sampling station. The samples were taken
every two months between February 1999 and
February 2001. Temperature, pH, dissolved oxygen,
and conductivity were measured with a Khalsico
Surveyor Hydrolab multimeter. Light extinction was
measured with a Li-Cor LI-185 B and the Secchi
depth was also recorded. Soluble reactive phosphorus
and total phosphorus were determined by the ascor-
bic-acid method, the latter after acidic persulfate
digestion. Nitrates, nitrites, and ammonium levels
were estimated by the cadmium-reduction method

Fig. 1 Location of the sampling stations in the Rio Tercero
Reservoir: St. 1, site of tributary inflow; St. 2, located where
the Nuclear Power Plant pumps water in for cooling and; St. 3,
near the dam. CNE: Central Nuclear Embalse

and by Kjeldahl analysis; silica was measured by the
heteropoly-blue procedure; and total-suspended-solid
levels were determined by method 2540 D (APHA
1995).

Phytoplankton samples were taken with a Van
Dorn bottle and counted in 25 ml sedimentation
chambers by the Utermohl method. Chlorophyll a
was determined by Lorenzen’s method (APHA
1995). Zooplankton samples were taken by pumping
and sieving 50 1 of water through a net of 35 pum pore
size and then counted in Sedgwick-Rafter and
Bogorov chambers. Phytoplankton biovolume was
calculated according to the formula proposed by
Hillebrand et al. (1999) and converted according to
Reynolds (1984) to pg C by means of a factor of 0.21.
Zooplankton biomass was calculated from the for-
mula given by Dumont et al. (1975), Bottrell et al.
(1976), and Mc Cauley (1984) and converted to pg
according to Gaedke (1992).

In order to describe the temporal variation of the
phyto- and zoo-plankton, the terms “dominant” and
“codominant” as defined by Reynolds (1997) were
used for one or more species that made up at least
50% of the total density. Shannon’s diversity index
was calculated according to Legendre and Legendre
(1983) based on abundances of zoo- and phytoplank-
ton species.

Principal Component Analysis (PCA) was per-
formed on hydrological variables in order to
distinguish sampling months with similar hydrological
conditions. The variables were monthly water-renewal
rate (MRR), monthly precipitation (MP), precipitation
over the previous 10 days (PPyg), spillway outflow
over the previous ten days (SPO;(), number of days
with continuous outflow (ND), spillway outflow during
the continuous outflow (SOCQO), and CHFS outflow
(CHFSO). A multiple correlation (Spearman Rank
Order) was performed to show the relationships
between variables. Regression models were used to
test the dependence of Secchi depth and seston on
chlorophyll-a concentrations. Differences between the
conditions of low- and high-water outflow were tested
for hydrological variables with the Student #-test or the
Mann—Whitney test. The differences in biological
variables related to the two different hydrological
conditions were tested with the ANOVA and Kruskal-
Wallis tests. Multiple stepwise regressions were per-
formed for biological variables (log-transformed) to
determine which variables best explained the results.
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Results

During the study period, the maximum water-level
decrease was 2.97 m, with this change occurring from
April to October 1999. The recovery of the water level
was much faster, exceeding the spillway height only
one month later, in November 1999 (Fig. 2). During
the next year (2000), the drop in water level was lower
(1.73 m) and occurred in several steps over 8 months.
Heavy rainfall occurred between September 1999 and
March 2000 (a total of 1,209 mm), resulting in an
extended period of spillway outflow beginning during
the first days of that November (Fig. 2). In contrast,
the next rainy season was shorter (from October 2000
to February 2001), and the accumulated precipitation
was 616 mm.

The monthly renewal rate varied according to the
different rainfall intensities, reaching a maximum of
0.5 month™", in conjunction with extended periods of
spillway outflow, and a minimum of 0.08 month™'
during a 5-month period without precipitation when
the hydroelectric pump was the only outlet (Fig. 3).
During this latter dry period, water was supplied from
the upstream reservoirs. Samples taken from Novem-
ber 1999 until March 2000 coincided with the highest
monthly renewal rates along with higher and longer
spillway outflows, whereas the samples obtained
from May 2000 and later corresponded to lower
monthly renewal rates and lower and shorter spillway
outflows (Fig. 3).

The conductivity, pH, dissolved oxygen, and silica
showed small variations during the sampling period
(Table 1), whereas soluble reactive phosphorus was
undetectable on the majority of the sampling
occasions.

Secchi-depth measurements ranged from 0.95 m to
3.2 m at St. 1; from 1.3 to 3.3 m at St. 2, and from 2.0
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Fig. 2 Water level during the sampling period (dotted line),
spillway level (solid line)
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Fig. 3 Monthly renewal rate (black squares) and spillway
outflow (solid line) during the sampling period

to 4.5 m at St. 3. Temporal variations in Secchi depth
followed a similar pattern to the variation in seston
and chlorophyll-a concentrations (Fig. 4). In this
reservoir, the suspended solids are composed mainly
of the organic fraction (Eq. 1); then, Secchi depth was
correlated with chlorophyll-a concentration (Eq. 2).

log (seston)[mg/1] = 0.40 + 0.47
* log (chlorophyll a [ug/1]) (1)
(R=0.72;R* = 0.52; F = 37.3; P<107%),
log (Secchi depth)[m] = 0.68 — 0.2
* log (chlorophyll a [ug/1])
(R =0.59;R* = 0.35;F = 18.53;P<107%)
(2)
PCA performed on hydrological variables showed
a clear differentiation between sampling dates that

was associated with the spillway outflow, precipita-
tion levels, and renewal rates (Fig. 5, Table 2). The

Table 1 Physical and chemical parameters recorded at Rio
Tercero Reservoir during the sampling period

Mean SD Min Max

Temperature (°C) 19.18 5.19 10.58 26.68
Conductivity (uS cm™") 157.20 25.08 124.00 207.20
pH 8.18 0.37 7.34 8.99
Dissolved oxygen (mg 1= 9.01 1.18 753 11.72
Silica (mg 17" 531 193 1.62  10.20
TP (ug 17" 22.33 25.46 7.00 161.00
NO,™ + NO;*™ (ug 17 59.88 72.01 1.10 263.26
NH, " (ug 171 17.85 22.83 nd.  90.60

SD, standard deviation; Min, minimum value; Max, maximum
value, TP, total phosphorus
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Fig. 4 Seston (black columns) and chlorophyll-a (white
columns) concentrations and Secchi depth (triangles) measured
at each sampling at St. 2

sampling dates located at the extremes of the second
axis, represented two opposite situations: November
1999, the beginning of the spillway period and the
rainy season, succeeding a long stable period; and
May 2000, the last month after a long period of high
and uninterrupted spillway outflow. The effluent
water from CHFS was mainly constant and did not
contribute significantly to the differences recognized
between the sampling dates. At this time, it was
possible to differentiate two hydrological conditions:
high outflow and low outflow. Significant differences
were found for MRR (P = 0.004), SPO,, (P =
0.048), ND (P = 0.048), SOCO (P = 0.03).

Fig. 5 Result of PCA
based on hydrological
variables showing the
separation between high-
and low-outflow sampling
dates

~ No differences in the density or diversity of phyto-
:g’; 30 - o and zoo-plankton were found to be related to either
© L high or low outflow. Moreover, the differences in the
z>- T -1 E parameters describing phytoplankton biomass (chlo-
§ 20 E rophyll-a concentration and biomass calculated from
2 A A A A Aa |2 .g;.f biovolume measurements) were not significant. Only
_E w0l A A N -3 .§ the Zoopl.ankton biomas.s. showed significant differ-
2 .8 ences during these conditions (Table 3).

= Zooplankton density and biomass correlated neg-
% 0- L5 atively with the hydrological variables. Phytoplankton
@ 883 338388888 8 5 biomass and chlorophyll-a concentration correlated

negatively with the euphotic depth and the inor-
ganic nutrients, but positively with seston levels.
Phytoplankton density correlated negatively with
precipitation levels and temperature (Table 4).

As a result of the multiple stepwise regressions—
which at each stage test for those variables to be
included or excluded—it could determine that the
factors that best explained the phytoplankton density
(R* = 0.41, P = 0.0002) were the monthly precipita-
tion (MP) and the euphotic depth (Table 5). The
variation in chlorophyll-a concentration was
accounted for by the euphotic depth, ND, and the
dissolved inorganic-nitrogen fractions (R* = 0.59,
P =9.6 x 107%. The zooplankton density was a
function of the MRR and the ND (R2 =030, P =
0.003), whereas its biomass was dependent only on the
MRR (R* = 0.15, P = 0.002).
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Table 2 Loading of variables on PCA

MRR SPOg ND SOCO CHFSO MP PPyo
PC1 0.485 0.476 0.416 0.456 —0.056 0.274 0.281
PC2 0.305 —0.123 —0.428 —0.407 0.153 0.472 0.545
PC3 0.134 0.092 0.028 0.036 0.963 —0.158 —0.138

MRR, monthly renewal rate; SPO,, spillway outflow occurring during the previous 10 days; ND, number of days with continuous
outflow; SOCO, spillway outflow occurring during the continuous outflow; CHFSO, hydroelectric-power-plant outflow; MP, monthly
precipitation; PPy, precipitation occurring during the previous 10 days

Table 3 Results of ANOVA and Kruscal-Wallis test per-
formed on biological variables (log transformation) for test
differences between high- and low-outflow conditions

Phytoplankton
Density X* =136 P =024
Biomass x> =3.04 P =0.08
Diversity X =078 P =0.38
Chlorophyll a X*=0.06 P = 0.8l
Zooplankton
Density F=272 P=0.11
Biomass F =420 P = 0.05
Diversity F =378 P =0.06

Bold value represent significance of the test was 0.05

Phyto- and zoo-plankton diversity peaked during
the conditions of high renewal rate, reaching their
maxima at St. 2 (3.63 and 2.38, respectively). The
highest phytoplankton diversity was coincident with
the intermittent spillway-outflow period (April 1999)
and later diminished during conditions of continued
outflow (summer 1999-2000). The minimum phyto-
plankton-diversity value was recorded in July 2000

Table 4 Spearman rank order correlations

(0.99) at St. 1 and was related to the high abundance
of Actinocyclus normanii. By contrast, the minimum
zooplankton-diversity value was recorded in October
2000 (1.02), also at St. 1, resulting from the presence
of few species of cladocerans. Both minima were
recorded in coincidence with low renewal rates.

The maximum phytoplankton density was recorded
at St. 1 in July 2000 (6.6 x 10°ind. 17"; Fig. 6),
while the zooplankton peak (1.5 x 10 ind. 17")
occurred at St. 2 at the end of the study period. The
minimum densities were recorded at St. 3 (phyto-
plankton: 1.5 x 10°ind. 1™" in November 2000,
and zooplankton: 48 ind. 17" in November 1999).
Considering the spatial variation of density on each
sampling occasion, a decrease in phytoplankton
concentration occurred that proceeded from the
riverine zone toward the dam, whereas the zooplank-
ton generally reached higher densities within the
central area of the reservoir (St. 2; Fig. 6).

The dinoflagellate Ceratium hirundinella was an
either dominant or codominant species from Novem-
ber 1999 to March 2000, when it reached its maximum
density (1.2 x 10% ind. 171 at St. 1 (Fig. 6). Later,

Hydrological variables

Physical variables Inorganic nutrients

MRR SPO,, ND SOCO MP PPy T ZM ZE SS PO,~> NO,” + NO3? NH,"

Phytoplankton

Density (% (2)F ()*

Biomass  (+)** (+)* () () (e ()R ()

Chlorophyll a (=) (H)F* (—)* (—)**
Zooplankton

Density (—)*

Biomass (=) () () () (=)* (+)*

MRR; SPO,y; ND; SOCO; MP and PP, as in Table 2. Zm, mixing zone depth; ZE, euphotic zone depth; SS, suspended solids. Only
significant correlations were shown; the sign of the correlation is indicated between parenthesis (—/+), * P < 0.05, ** P < 0.01
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Tabl.e S Result.s of the Dependent variables Independent Standard partial t P
multiple step-wise . . .
. Variables regression coefficients
regressions
Log phytoplankton MP —0.606 —4.386 0.000
Density ZE —0.387 —2.804 0.008
Log chlorophyll a ZE —0.389 —3.092 0.004
ND —0.432 —3.539 0.001
NO,” + NO; >  —0.395 —3.054  0.005
+
MP, monthly precipitation; NH, —0357 —2.980 0.006
RR, monthly renewal rate; Log zooplankton RR —0.540 —-3.572 0.001
ND, number of days with Density ND 0.310 2,055  0.047
continuous outflow; ZE, Log zooplankton biomass RR —0.390 —2.477 0.018

euphotic zone depth

Actinocyclus normanii became dominant during July
and October (5.3 x 10° and 2.9 x 10%ind. 17},
respectively). Notably, during the same months, the
highest density of A. normanii (7.0 x 10° and
7.8 x 10°ind. 17" representing 97% and 92% of the
total density for those months, respectively) was
observed in the aphotic zone of St. 1. On other
sampling occasions several species such as Anabaena
spiroides, Aulacoseira alpigena, Monoraphidium
minutum, and Cryptomonas spp. were numerically
important (Fig. 6).

Rotifers predominated, especially Polyarthra vul-
garis and Conochilus unicornis (Fig. 6). Cladocerans
reached their maximum densities between July and
October 2000 (mean: 47 ind. 17!, range: 16-115
ind. 17") and were mainly represented by Bosmina
huaronensis, though secondarily so by Daphnia
laevis. In November 2000, the largest cladocerans
reached high density, and D. laevis predominated in
terms of biomass at all sampling stations (51%, 46%,
and 44% at St. 1, St. 2, and St. 3, respectively; Fig. 7).

The peaks and troughs of phytoplankton biomass
were detected during conditions of spillway outflow.
The maximum biomass was recorded in March 2000
(202 x 10> ug C 17" at St. 1) and coincided with high
renewal rates and heavy rainfall. Subsequently, the
minimum in biomass was recorded in May 2000
(1.14 x 10? pg C 17! at St 3) related to a notable
change of the specific composition (Fig. 7). The size
of Ceratium hirundinella was responsible for its
major contribution to the total phytoplankton biomass
during those sampling occasions when this alga
became dominant (Fig. 7). Intermediate values of
biomass were found during times of minor renewal
rates, although Actinocyclus normanii underwent a

biomass maximum under such conditions and dom-
inated in July and October 2000 at the times of its
density peaks (Figs. 6 and 7). The maximum of
zooplankton biomass was observed at St. 2 in May
2000, as a result of the contribution of Asplanchna
girodi (Fig. 7), whereas the minimum value was
recorded at St. 3 in April 1999 (4.68 pg C 1™"). Under
different hydrological conditions the calanoid Noto-
diaptomus incompositus contributed the most to the
total biomass because of its large size (Fig. 7). The
larger cladocerans dominated in terms of biomass in
November 2000, after an extended period with the
lowest renewal rates and thus in the absence of
spillway outflow.

Discussion

Reservoirs with high water-level fluctuations—such
as Albert Falls in Southern Africa, which experiences
water-level changes of up to 13 m—exhibit the most
pronounced variation in water transparency (from >3
m to <0.3 m) as a result of flooding following
drought conditions. Furthermore, the peaks in chlo-
rophyll abundance coincide with the highest levels of
transparency, indicating that suspended solids have
negative effects on algal production (Hart 2004). In
contrast, at the Rio Tercero Reservoir, the suspended
solids were explained mostly by chlorophyll a, so
that here turbidity was not a limiting factor for algal
growth. In other examples, such as the shallower
Serra Serrada reservoir, the highest levels of sus-
pended solids and concentrations of chlorophyll a
coincided with the minimum water levels, probably
because of the water turbulence generated during the
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Fig. 6 Total phyto- and zoo-plankton density (black bars) and dominant species contributions (pie graphs) at the three sampling

stations during the study period

emptying phase along with the disruption of stratifi-
cation at the end of that phase (Geraldes and Boavida
2005, 2007). In the case of the Rio Tercero Reservoir,
the highest suspended-solid levels and chlorophyll-a
concentrations coincided with phases of maximum
water levels and with high outflow. For this reason,
the origin of these latter peaks could be not associated
with sediment resuspension: rather, the bioseston

@ Springer

must originate from in-situ generation within the
euphotic zone, or alternatively, from upstream
sources.

Water-renewal rates at the Rio Tercero Reservoir
were always low enough to support in-situ phyto-
plankton development, in agreement with Kimmel
et al. (1990). Furthermore, the negative correlations
found between the amounts of chlorophyll a and total
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stations during the study period

dissolved nutrients indicated that the latter can be
depleted by in-situ phytoplankton growth, as indi-
cated by Zeng et al. (2006) in another reservoir
having adequate residence time for the growth of alga
in situ during the rainy and dry seasons alike. In the
Rio Tercero Reservoir, the temperatures in winter and
the mixing depth did not restrict algal development;

but because of the characteristically low nutrient
concentrations (Mac Donagh et al. 2005), high
phytoplankton densities and high zooplankton bio-
mass were reached only when the reservoir was
supplied with water and accompanying inocula from
the upstream reservoirs. This input was detected by
the extraordinary density of A. normanii recorded at
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St. 1 (mainly at the aphotic zone) and its diminution
toward the dam zone in July and October 2000.

The lack of significant negative correlations
between the zooplankton density and either the
phytoplankton density or the chlorophyll-a concen-
trations suggests either that the zooplankton did not
control algal growth or that the effects of their
clearance became notable after a time lag. Rotifers
with low clearance rates, such as P. vulgaris (Stem-
berger and Gilbert 1985) and C. unicornis (Armengol
et al. 2001), were predominant zooplankton species in
the reservoir. The latter rotifer can ingest only the
smaller algae (<10 pum), and even bacteria or detritus
(Armengol et al. 2001; Cruz Pizarro 1993; Gilbert
and Bogdan 1984), so that the lack of correlation here
could be explained by the low affinity of these
rotifers for algal consumption. Moreover, the small
palatable phytoplankton taxa (Cyclotella meneghini-
ana, Cryptomonas spp., Monoraphidium minutum)
prevailed during a great part of this study period
when inefficient grazers predominated.

During low-outflow conditions, phytoplankton
might have in fact been consumed efficiently by
zooplankton. In this instance, populations of small
cladocerans were replaced by larger and more effi-
cient ones. For this reason, the peak populations of
A. normanii disappeared. Actinocyclus normanii cells
are smaller than 30 pm and may be an important
palatable fraction of the phytoplankton in this
reservoir. Matveev (1991), in another Argentinean
subtropical lake, demonstrated a negative correlation
between D. laevis maxima and minor than 30-pm
phytoplankton biovolume, but after a 12-day lag.
Moreover, the maximum density of D. laevis in
November 2000 here (33 ind. 1~") was nearly equal to
values reported by other authors (30 ind. 17") for the
threshold for development of clear-water phases in
lakes and reservoirs (Talling 2003; Lehman et al.
2007).

Geraldes and Boavida (2007) compared two
reservoirs and found that in the one with the higher
water-level fluctuations, rotifers such as Keratella
cochlearis, Conochilus sp., and Asplanchna priodonta
predominated; whereas in the other, cladocerans and
copepods did so. Likewise, Godlewska et al. (2003)
found that high water-outflow conditions eliminated
the large species of cladocerans and copepods and
favored the development of rotifers. Consistent with
the findings of these authors, copepods usually

@ Springer

predominated in this reservoir, it being characterized
by small water-level fluctuations. After an extended
high-outflow period a replacement of copepods by
rotifers occurred, whereas cladocerans only domi-
nated at the ending of a period without outflow.

In the Rio Tercero Reservoir, the policy manage-
ment of the nuclear power plant requires high
minimum-water level throughout the year, thus
overflows takes place earlier on years of excessive
precipitation, producing system disturbances and the
possibility of organism loss. Once the spillway outflow
ceased, more stable conditions obtained, allowing
the appearance of significant biological interactions.
Then, when precipitations diminished; internal
variables became regulatory, with a consequent prev-
alence of organisms characterized by long life cycles
and a greater capacity to generate clear-water condi-
tions (e.g., the species of larger cladocerans).

In the majority of reservoirs, low water-level
fluctuations indicate a greater stability of the system
(Geraldes and Boavida 2005), but in certain situations
this conclusion does not apply. In the study here, we
emphasize that disturbances of the plankton commu-
nity occurred even despite water-level stability that
was associated with maximum high-water levels
throughout the year and spillway outflow during
exceptionally rainy periods. With this regulatory
system, the spillway outflow—when it occurs—
produces a clear disturbance to the plankton commu-
nity, as revealed by structural changes.

On the basis of these results, we conclude that
even under apparently stable conditions (minimum
water-level fluctuations), the regulation of the inflow
and outflow of this reservoir influences the relative
importance of the different variables shaping the
community structure. This new information is thus
applicable to the formulation of management deci-
sions that, in the development of future policies,
would take into account the importance of the issue
of regulating the inflow and outflow in terms of the
consequences with respect to the plankton commu-
nity inhabiting the reservoir.
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