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isolation due to water pulses by rivers. In the majority 
of cases, they are environments permanently connected 
with rivers presenting high but variable connectivity 
as a result of hydrologic levels of tributaries and of 
the operating system of reservoirs. Thus, lateral lakes 
in the mouth zone of the tributaries are distinct from 
lacustrine environments of floodplains in function 
and structure.

Considering that plankton has a short generation 
time and can be used as a good indicator of the 
characteristics of the inhabited environments, the 
ecological attributes (species richness and abundance) 
of this assembly were examined in lakes lateral to a 
great river in its mouth zone into a reservoir. The aim 
of this paper was to respond: 1) how plankton (algae, 
rotifers, cladocerans, and copepods) of lateral lakes 
is affected by the annual variation of the hydrologic 
level of the river, 2) how variable duration periods of 

isolation of lakes from the river change the plankton 
community attributes, and 3) how a prolonged 
drought episode is determining in the characteristics 
of plankton community.

MATERIAL AND METHODS

THE STUDY AREA

The study site is the transition area of the 
Paranapanema River - Jurumirim Reservoir (São 
Paulo, Brazil). This watercourse is the main tributary 
of the reservoir and in the mouth zone where some 
lateral lakes are linked to the lotic ecosystem (Figure 
1). Some lateral lacustrine environments were 
selected for the study: two (Coqueiral and Camargo 
Lakes) present a connection with the river, while one 
(Cavalos Lake) is isolated from the river.

Figure 1. Study area: the mouth zone of the Paranapanema River at Jurumirim Reservoir (São Paulo, Brazil). The letters A, B, C, and D indicate the 
sites of the fragments in Coqueiral Lake during the prolonged drought period (Photography from May 23, 2000).
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In the mouth zone of the tributary into the artificial 
lake, the Paranapanema River presents a pronounced 
reduction in current velocity (Casanova & Henry 
2004, Henry et al. 2006a). As a consequence, the 
sedimentation of material from the watershed (area: 
17,800 km2) is significant, if compared with its 
deposition in the longitudinal axis upstream (riverine 
zone) → downstream (dam zone) of the reservoir 
(Henry & Maricato 1996). The annual load of 
sediments introduced into the reservoir corresponds 
to around 150,000 tons (409 ton.day-1), however the 
efficiency of sediment deposition in the two marginal 
lakes (Coqueiral and Camargo) does not exceed 5% 
of the conveyed total (Henry 2009).

Due to the characteristics of the studied site, 
connectivity, defined as a “composite” of frequency 
and duration of lateral inundation by the river and 
water renewal in marginal lakes during the high and 
low water periods (Galat et al. 1997), is apparently 
permanent. Thus, the exchange of dissolved and 
particulate organic and inorganic matter and biota 
between the ecosystems is potentially great. The 
duration of the lacustrine environments in limnophase, 
disconnected from the river, was insignificant in the 
majority of the ten years of survey (Figure 2).

 Except during a prolonged period (from October 
1999 to the end of December 2000) and three short 
periods (2002, 2006 and 2007, Figure 2), the lakes 

Figure 2. Daily hydrometric levels of ten-year readings (from  January 01, 1998 to December 31, 2007). The solid horizontal line at 563.6m water level 
reproduces the hydrometric level of a frontier between overflow (above) and disconnection (below) of lateral lakes with the river.
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remain in potamophase, as Neiff (1999) called 
it in studies in the floodplain of Middle Paraná 
(Argentina). The fluvial connectivity coefficient (a 
ratio of number of inundation days to the number of 
isolation days of lakes in relation to the river, after 
Neiff & Poi de Neiff 2003) was 10.4, 2.0, and 12.5 
for the years 2002, 2006, and 2007, respectively. As 
can be concluded, the behavior of marginal lakes 
and the Paranapanema River is not similar to that of 
inundation plains, since the fluvial connectivity is 
very high as compared to the Floodplain of Middle 
(Neiff 1999, Neiff & Poi de Neiff 2003) and High 
Paraná (Bonecker et al. 2009). Thus, the elasticity 
coefficient, defined as a ratio of the area covered by 
the lateral plain during the maxima of inundation by 
the corresponding area during the drought period, is 
low (1.07 and 2.02 for the Camargo and Coqueiral 
Lakes, respectively, according to Henry (2005)). This 
means that the marginal lentic environments present 
an apparent hydrologic stability as a result of highly 
attenuated water pulses of river in this region. This 
behavior, differently from the inundation plains, is 
due to the great mass of water stored in the Jurumirim 
Reservoir, which functions as an “absorber” or 
“buffer” system of the pulses of the main tributaries 
(Henry 2005).

Despite this fact, the annual variation of the water 
level of the Paranapanema River in the study site is 
very similar to the unique modal pulse at Pantanal 
Matogrossense (Hamilton et al. 1998) and is very 
distinct from the characteristics of the Mogi-Guaçu 
River, which presented multiple short pulses during 
the year of study (Krusche & Mozetto 1999). As 
can be seen in Figure 2, high water levels of the 
Paranapanema River were recorded in March at the 
end of rainy season (Figure 3). During the majority 
of the year, levels were almost constant until August, 
when they presented a reduction and attained the 
lowest levels in November/December (Figure 2). 
Approximately one to two months after the beginning 
of the rainy season (in September/October, during 
most of the ten years of measurements, see Figure 3), 
an increase in the water level of the Paranapanema 
River was observed, newly connecting the river to the 
lakes in the years (2002, 2006, and 2007) of short (32 
and 27 days in 2002 and 2007, respectively) and long 
duration of limnophase (121 days in 2006). Extreme 

duration limnophase (from October 1999 to December 
2000) was an anomalous condition in this study. In this 
period, an extraordinary drought occurred, and one 
of the lakes (Coqueiral) “fragmented” into four small 
water bodies isolated from one another as a result 
of bottom topography (Henry 2005, Nadai & Henry 
2009). The other lake (Camargo Lake) experienced a 
drastic reduction in volume, but a small diminution in 
surface area (Henry 2005). The third lake (Cavalos) 
was extinct in June 2000 (Panarelli et al. 2008) due to 
water evaporation in that year of prolonged drought 
and also due to underground water flux from lake to 
river, as shown by another study (Carmo 2007).

Water level variations during the ten years 
of measurement are values of stages recorded at 
Jurumirim dam and, according to Pompeo et al. (1999), 
they followed the same pattern of modifications at 
the mouth region of the Paranapanema River into the 
reservoir. Changes in water levels of the river were 
an opportunity to test their effects on planktonic 
assemblies of lacustrine environments in several 
hydrologic situations:

Situation 1
A comparison of species richness and diversity and 

abundance of phytoplankton was conducted during 
the extreme drought period and during a hydrologic 
year when lateral lentic environments presented 
permanent connectivity.

Situation 2
Modifications in spatial and temporal distribution 

of Rotifera assembly were determined in Coqueiral 
Lake during the “fragmentation” period and during a 
hydrologic year when the water body maintained its 
unity as an ecosystem.

Situation 3
A detailed verification of monthly variations 

in Camargo Lake in density of total zooplankton 
(Rotifera, Cladocera, and Copepoda) and also of only 
Cladocera organisms was carried out, comparing two 
distinct periods: the end of the prolonged drought and 
the beginning of inundation periods, and a hydrologic 
period of maintenance of connectivity between 
marginal lakes (in this case, Camargo Lake) and the 
Paranapanema River. Also, the importance curves 
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Figure 3. Monthly rainfall (mm) variations from January 1998 to December 2007 at Angatuba (São Paulo) and total annual precipitation (Note that 
the data scale on the vertical axis differs in the ten years).

of Cladocera populations were compared in order to 
show the assembly organizations at: a) the end of an 
extreme drought period and seven months after the 
recovery of connectivity of Paranapanema River with 
Camargo Lake, and b) in high and low water months 
in potamophase and limnophase of Camargo Lake, 
respectively, in another hydrologic year.

PLANKTON SAMPLING

Situation 1
In the extreme drought period, phytoplankton 

was sampled with a Van Dorn bottle in each of 
four months (November 1999, February, May, and 
August 2000) at the surface of the pelagic zone of 
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the three lacustrine lakes and of the Paranapanema 
River. Later, in August and November 2004, as well 
as in February, April, and June 2005 (a hydrologic 
year without disconnection of the lakes from the 
river), the same sampling procedure was repeated 
in the four sites. Samples were preserved in acetic 
lugol, and in laboratory the algae species populations 
were amounted using an inverted microscope (400x  
magnification) through the Utermohl’s method 
(1958). Volume in sedimentation chamber ranged 
from 2 to 20mL, in a dependence of algae and detritus 
concentrations in the sample and, sedimentation time 
before counting corresponded to 3 hours for each 
cm of height chamber (Margalef 1983).  At least 100 
individuals of the more abundant species were counted 
in each sample or alternatively the field number 
for counting was determined by the rarefaction 
curve. Algae was classified according to Round 
(1971) for Chlorophyceae and Zygnemaphyceae, 
Simonsen (1979) for Bacillariophyceae, Komarek 
& Anagnostidis (1998, 2005) and Anagnostidis & 
Komarek (1988) for Cyanophyceae and, Bourrelly 
(1981, 1985) for the others. Densities were expressed 
in ind.mL-1 (APHA 1995) and diversity index (bits.
ind-1) was computed according to the Shannon-Wiener 
formula (Krebs 1972). Taxa richness represents the 
number of species in the sample.

Situation 2
Surface water samples were collected every three 

months (April, July, and October 2000, February 
and May 2001) during and immediately after the 
prolonged drought episode in 12 sites in Coqueiral 
Lake (three sites each in “fragments” A and C, four 
sites in “fragment” B and two sites in “fragment” D, 
see Figure 1).  Fragments correspond to remaining 
water bodies of Coqueiral Lake after the great 
reduction on surface water level during the drought 
episode. A volume ranging from 50 to 120L of water 
were filtered in a 50µm mesh net, depending on the 
time of year and the depth at each site.

Later, in the same areas corresponding to 
“fragments” A, B, C, and D (at three sites each) water 
samples were collected through vertical drawing of 
a 50µm mesh net. A minimum of 150L of water was 
filtered; in sites with low depth, the same procedure 
was repeated when necessary in order to obtain this 
minimum volume. When the selected sampling sites 

presented a depth <1m, especially in the drought 
period, surface water (150L) was collected with 
a bucket. Samplings were conducted every three 
months in 2006 (January, April, July, and October), 
a year when there was a short-duration disconnection 
of the lake from the Paranapanema River (Figure 2).

Analysis of the assembly was restricted to Rotifera 
organisms. Individuals were counted in 1-mL samples 
using a Sedgwick-Rafter chamber. Species were 
identified according to Koste (1978), Pontin (1978), 
Segers (1995), Nogrady & Segers (2002). Taxa 
richness is the number of species observed in the 
chamber. Densities of the populations were expressed 
in number of individuals.m-3.

Situation 3
In the second half of the extraordinary drought 

episode (July to December 2000) and in the first 
seven months after the lateral inundation of Camargo 
Lake by waters of the Paranapanema River (from 
January to July 2001), surface water samples were 
filtered monthly with a pump in a 50µm mesh net. 
Zooplankton was also collected in the water column 
from 0.5m above bottom up to surface through vertical 
drawing of a 50-µm mesh net monthly, due to the low 
depths of the lake from August 2006 to March 2007, a 
year when there was a disconnection of the lake from 
the river of four months (from September 2006 to 
January 2007). After the collection, zooplankton was 
preserved in 4% formaldehyde.

Zooplankton species were identified using the 
specialized literature (Edmondson 1959, Brandlova 
et al. 1972, Rocha & Matsumura-Tundisi 1976, Koste 
1978, Pontin 1978, Reid 1985, Korovchinsky 1992, 
Segers 1995, Elmoor-Loureiro 1997, Nogrady & 
Segers 2002).

In the monthly collected samples, Copepoda 
and Cladocera organisms were counted in 5mL 
sub-samples in an acrylic chamber using a stereo-
microscope, and Rotifera in 1mL sub-samples in 
a Sedgwick-Rafter chamber using a microscope. 
Zooplankton total density was expressed by 
individuals.m-3 and refers to densities of Copepoda, 
Cladocera, and Rotifera.

Importance curves were prepared using data of 
population densities of Cladocera species recorded 
in samples of December 2000 (end of the drought 
period), July 2001 (seven months after the lateral 
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influx of water by the river), April 2006 (high-water 
period) and November 2006 (low water period in 
the lake, disconnected from the river), in order to 
compare the structures of the assemblies.

RESULTS

SITUATION 1
During the prolonged drought, the highest total 

algae richness of the four sampling periods (from 
November 1999 to August 2000) was found in the 
Paranapanema River (94 taxa), followed by Cavalos 
(73 taxa), Coqueiral (35 taxa), and Camargo Lakes 
(33 taxa) (Henry et al. 2006b). The highest number of 
exclusive taxa was observed in Paranapanema River 
(54 taxa), followed by Cavalos (14 taxa), Coqueiral 
(9 taxa), and Camargo Lakes (1 taxon) (Henry et 
al. 2006b). Higher species richness was recorded in 
Paranapanema River and next, in the Cavalos Lake 
(except in November 1999) (Figure 4). A continuous 
increase in phytoplankton abundance was evidenced 
in Cavalos Lake with the progress of drought effects 

(Figure 4). Except in November 1999, a similar trend 
was seen for Camargo Lake. In Coqueiral Lake, a 
continuous reduction in phytoplankton abundance 
was observed in the first three initial periods of 
sampling (November 1999, February, and May, 
2000), one, four, and seven months after the beginning 
of the drought, respectively, and, an increase at the 
end of the period (August 2000). Three algae species 
of the phytoplankton assembly were dominant 
(abundance > 50% of total density): Chlamydomonas 
sp., Chroomonas sp. and Cryptomonas brasiliensis 
(Henry et al. 2006b). These species account for more 
than 50% of relative abundance in Coqueiral and 
Camargo Lakes in the four sampling periods and, 
in the Paranapanema River, they attained 92.5% of 
total density in February 2000. In relation to species 
diversity, an increase in the values was recorded in 
the three successive periods after February 2000 
in the Paranapanema River. A diminution and a 
trend to reduction of diversity were evidenced in 
the Camargo and Coqueiral Lakes, respectively 
(Figure 4).

Figure 4. Species richness and diversity and density of phytoplankton at three lateral lakes (Coqueiral, Camargo and Cavalos) and at the Paranapanema 
River during the prolonged drought period (from November 1999 to August 2000) and the hydrologic connectivity (from August 2004 to June 2005).
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In a hydrologic year (August 2004 to June 2005) 
without disconnection of lateral lakes (Camargo and 
Coqueiral) from the river, the algae taxa richness in 
the Paranapanema River was around ¼ of the number 
of species recorded in the prolonged drought period 
(Figure 4). Except in Cavalos Lake, whose taxa 
richness was higher, the number of algae species in the 
other lentic environments was similar in the hydrologic 
period without disconnection from the river (Figure 4). 
In the three lacustrine environments, only one alga 
species (Cryptomonas brasiliensis) was constant, 
while in the Paranapanema River, this species and 
Closteriopsis acicularis were present in all the samples 
(Granado et al. 2009). Closteriopsis acicularis and 
Cryptomonas brasiliensis were dominant algae species 
in the Paranapanema River in April 2004 and in the other 
sampling periods. C. brasiliensis was predominant in 
November 2004, February, April, and June 2005 in 
Coqueiral Lake, as well as in August 2004 in Cavalos 
Lake. In this lentic environment, Chroococus minutus 
was dominant in June 2005. The highest algae densities 
were observed in the four environments in April 2005 
(Figure 4). A great abundance of algae populations was 
maintained in the successive sampling periods in Cavalos 
Lake, an isolated environment from the river (Figure 4). 
From November 2004 on, the algae species diversity 
in Paranapanema River showed a trend to a reduction 
(Figure 4). An oscillation on the values of algae diversity 
was an evident pattern in the phytoplankton assembly in 
the three lacustrine environments (Figure 4).

SITUATION 2
During the first study period (from April 2000 to 

May 2001), 54 Rotifera taxa were recorded, while in the 
second (from January to October 2006), the maximum 
richness attained was 91 taxa, because sampling 
increased from  three (in 2000 and 2001) to twelve 
(in 2006) sites.  Constancy indexes and occurrence of 
each taxon in each site of the four “fragments” were 
presented in Nadai & Henry (2009) and Abra (2008), 
respectively.

At the end of the drought period, the highest densities 
of Rotifera were recorded in “fragments” C (in April 
and July 2000) and D (October 2000), far away from the 
connection with the Paranapanema River (Figure 5a). 
In a drought episode, the lowest densities of Rotifera 
were observed in sites of “fragment” B, near the river. 
After the lateral inundation of Coqueiral Lake by the 
Paranapanema River, high abundance of Rotifera was 
found in February 2001 in “fragment” B. Five months 
after the reconnection of the lacustrine environment 
with the lotic ecosystem, Rotifera densities in the 
three areas corresponding to “fragments” A, C, and D, 
farther in relation to the Paranapanema River, presented 
values which were approximately similar (Figure 5a). 
A higher number of Rotifera species occurred two 
months after the lateral influx of water into the lake, 
in the four areas corresponding to “fragments” (Figure 
5b), while the lowest richnesses were evidenced in July 
2000, six months before the end of the extraordinary 
drought period.

Figure 5. Total density (a) and species richness (b) of Rotifera in the four fragments/areas (A, B, C, and D) of Coqueiral Lake in (April, July and 
October 2000) and after (February and May 2001) the prolonged drought period and during the hydrologic year of 2006.
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In the first three sampling periods of the 
hydrologic year 2006, Rotifera densities were 
higher in the area corresponding to “fragment” D, 
far away from connection with the river, and were 
followed by the densities in C and A, areas near the 
river (Figure 5a). The highest Rotifera density was 
recorded in area A in October, at the beginning of a 
temporary disconnection of Coqueiral Lake from the 
Paranapanema River (Figure 5a). No great variations 
in taxa richness of Rotifera were observed comparing 
the four areas during 2006 (Figure 5b). The lowest 
mean richness (11 taxa) of the four different areas 
was found in July, when compared with the means of 
January (19 taxa), April (20 taxa), and October (18 
taxa) (Figure 5b).

SITUATION 3
Continuous reduction in the volume of Camargo 

Lake in the period from July to December 2000 (the 
end of the extraordinary drought episode) produced 
an increase in total density of zooplankton and a 
“peak” in abundance was attained in December 
(Figure 6a). Elevation in the water level of the 
Paranapanema River at the end of December 2000 
(Figure 2) promoted a lateral inundation of Camargo 
Lake, continuously increasing the lake volume and 
maximum value occurred in April 2001 (Figure 6a). 
This effect produced a drastic reduction in density 
of zooplankton assembly, whose lowest value was 
observed in April (Figure 6a). A small diminution 
in the volume of Camargo Lake (from May to July 
2001) led to an increment in zooplankton density 
(Figure 6a). The highest densities of Cladocera were 
recorded when the values of volume of Camargo Lake 
were the lowest, at the end of the extreme drought 
period (Figure 6b). Two “peaks” in abundance were 
observed during the end of this episode: one in April 
and the other in December 2000 (Figure 6c). During 
the recovery of connectivity of the lake with the river, 
an accentuated reduction in densities of Cladocera 
populations was observed at the same time as an 
increase in volume of the lacustrine environment 
(Figure 6b).

In the other studied period, Camargo Lake 
presented maximum volume in May 2006, 
maintaining high levels of water up to July, and after 
that, the water level decreased and a minimum value 
was recorded in November (Figure 6c). An increase 
in the volume of Camargo Lake occurred from 
December 2006 to February 2007 (Figure 6c), after 
an elevation of the water level of the Paranapanema 
River (Figure 2). An increment in total zooplankton 
densities was observed from April to July 2006, and 
after that, a reduction in abundance was recorded, 
with the lowest values found in November. Density 
increasing newly with an increment in volume of 
the Camargo Lake was noticed from December 
2006 on. In relation to Cladocera densities, an 
increase was observed after the maximum volume of 
Camargo Lake (Figure 6d). Diminution in volume 
was followed by a reduction in densities. Recovery 
of lake volume (from November 2006 to February 
2007) was followed by a new increment in Cladocera 
densities (Figure 6d).

Figure 7 shows the importance curves of Cladocera 
species obtained in the four examined situations. In 
December 2000 (at the end of the extreme drought 
period) and in July 2001 (seven months after 
lateral inundation of water by the Paranapanema 
River), assemblies were shaped by four and five 
species, respectively. The first curve shows high 
dominance of Ceriodaphnia cornuta rigaudi 
(897,657 individuals.m-3) and Diaphanosoma birgei 
(96,313 individuals.m-3). Concerning the second 
assembly (July 2001), the dominance degree was 
less accentuated, since densities of the two more 
abundant populations were 4,135 (for Bosminopsis 
deitersi) and 3,049 individuals.m-3 (Diaphanosoma 
birgei). During a hydrologic year with high waters 
(in April 2006), Cladocera assembly richness was 
shaped by 17 species, presenting densities ranging 
from 1,360 to 6 individuals.m-3. In November 2006, 
(low waters, during a period with loss of connectivity 
of the river with the lake, see Figure 2), the assembly 
involved 16 Cladocera populations, presenting 
densities ranging from 9,154 to 40 individuals.m-3.
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Figure 6. Monthly variations of volume in Camargo Lake (black bars) and total density of Zooplankton and Cladocera during and after the prolonged 
drought period (Figures a and b, respectively) and during the hydrologic years of 2006-2007 (Figures c and d, respectively).
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Figure 7. Importance curves of Cladocera populations in Camargo 
Lake at the end of the prolonged drought (December 2000) and seven 
months after the inundation (July 2001) and in high waters (April 2006) 
and disconnection periods (November 2006). (The numbers on the 
horizontal axis refer to decreasing order of importance and correspond 
to the following Cladocera species: 1- Ceriodaphnia cornuta rigaudi, 
2- Diaphanosoma birgei; 3- Bosmina hagmanni, 4- Moina micrura, 
5- Bosminopsis deitersi, 6- Moina minuta, 7- Ceriodaphnia cornuta 
cornuta, 8- Bosmina freyi, 9-  Diaphanosoma fluviatile, 10- Daphnia 
ambigua; 11- Diaphanosoma brevireme; 12- Diaphanosoma spinulosum, 
13- Ceriodaphnia cornuta intermedia, 14- Simocephalus serrulatus, 15- 
Daphnia gessneri; 16- Ceriodaphnia silvestrii; 17- Kurzia polyspina; 18- 

Ceriodaphnia sp.; 19- Bosmina tubicen).

DISCUSSION 

THE PHYTOPLANKTON IN LACUSTRINE 
ENVIRONMENTS DURING THE PROLONGED 
DROUGHT PERIOD AND IN A SITUATION OF 
PERMANENT CONNECTIVITY WITH RIVER

The great algae species richness of the 
Paranapanema River, when compared with that of the 

lateral lakes, can be attributed to hydrologic instability 
resulting from high variability of the water current of 
the lotic ecosystem and current reduction due to water 
stored in the Jurumirim Reservoir (Henry 2003, Henry 
et al. 2006b). This condition determined high species 
diversity, except in February 2000, when (Chroomonas 
spp.) population predominated in the assembly (Henry 
et al. 2006a). Changes in current velocity of the river 
can bring species from litoral zones of the watercourse, 
modifying algae richness and abundance. Organisms 
of the Bacillariophyceae class were especially favored 
by river water turbulence, which maintains cells in 
suspension in depths where luminosity and nutritive 
conditions are more favorable to growth. During the 
prolonged drought, the unique lentic environment 
presenting a continuous reduction in richness was 
Coqueiral Lake, which, before the drought presented 
high hydrologic connectivity with the river. Isolation 
of Coqueiral Lake from a situation of potamophase 
to another of limnophase produced a reduction in 
species diversity indexes when compared with the 
situation in the Paranapanema River (Figure 4). In the 
other two lacustrine environments (Camargo Lake, 
an environment with minor hydrologic connectivity 
in the period prior to drought, and Cavalos Lake, 
an environment isolated from the river), annual 
variability in species number was low in comparison to 
Coqueiral Lake. No dominant algae specie was found 
in Cavalos Lake in the three sampling periods, and 
the diversity indexes presented higher values when 
compared with the other two lentic environments. 
Probably the lack of the hydrologic pulse effects by 
the Paranapanema River, due to connectivity loss, 
was the great determinant of low species diversities 
of phytoplankton in the two lakes (Coqueiral and 
Camargo), connected to the river in a situation prior to 
drought. In the inundation periods, an inverse relation 
between hydrologic level and phytoplanktonic 
population densities, a consequence of the dilution 
effect, is commonly observed in lakes connected with 
a river (Espíndola et al. 1996, Ibanez 1998, Melo 
& Huszar 1998, Train & Rodrigues 1998). In the 
prolonged drought episode, the lack of connectivity 
of the lakes with the river provoked an accentuated 
reduction in the volumes ten months later (see, for 
example, the case of Cavalos Lake, Figure 7) and in 
depths (Henry 2005). Cavalos Lake, an environment 
isolated from the river, was extinct ten months later 
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(Panarelli et al. 2008). Despite the reduction in lake 
dimensions, no concentration effect on densities 
of algae populations was observed, except in May 
for Cavalos Lake, one month before extinction. 
Components of Cryptophyceae (Chroomonas spp. 
and Cryptomonas brasiliensis) and Chlorophyceae 
(Chlamydomonas spp.) predominated in the three 
lacustrine environments, and no significant alteration 
was observed with the progress of the drought (Henry 
et al. 2006a). These three species had the most 
abundant populations in diversified phytoplankton 
assemblies of lakes. Peculiar characteristics of lakes 
during the drought period, presenting dimensions in 
diminution, high light extinction, low transparency 
due to sediment re-suspension during windy episodes, 
and suitable nutritive conditions (in terms of total 
N and P concentrations) provided an important 
development of phytoflagellates (Henry et al. 2006a). 
The Cryptophyceae species, dominant during the study 
period, are “opportunistic” organisms and proliferate 
when the densities of the other algae decrease or after 
environmental disturbances (Klaveness 1988). These 
species are phagotrophes, tolerant to low luminosity, 
and usually found in rivers and small lakes (Isakssson 
1998).

In a year of hydrologic connectivity of the 
Paranapanema River with the two connected lakes 
(Coqueiral and Camargo), sampling periods (August 
and November 2004, February, April, and May 2005) 
corresponded, respectively, to the end of inundation, 
drought, inundation, high water and falling periods 
(Granado et al. 2009). Despite the annual variation in 
the hydrologic level of 2.30m (Figure 2), the lateral 
lakes maintained an association with river. Water 
current velocity of the river was low at the beginning 
of the drought and attained the maximum “peak” 
in the inundation period (Granado & Henry 2008). 
Coqueiral and Camargo Lakes presented a similar 
seasonal variation pattern for the majority of water 
chemical and physical factors when compared with 
the Paranapanema River, evidencing the great level 
of association between both aquatic environments. 
However, in the isolated lentic environment (Cavalos 
Lake), all the values of measured variables (except 
pH, suspended matter, and water transparency) were 
distinct from those of the other studied environments, 
evidencing that intra-lake processes are determinant 
for this variation pattern.

Compared with the situation of prolonged drought, 
species richness in the Paranapanema River was 
significantly lower (in all five samplings in each of 
three months) in a year of hydrologic connectivity. 
During the extreme drought, the river presented a 
hydrologic level lower than in other years (Figure 
2), resulting in an agglomeration of algae species, 
while a dilution due to elevation of water level in 
the river in the connectivity period can determine a 
reduction in the number of recorded species. In the 
hydrologic connectivity period (August 2004 to June 
2005), species richness in the river was higher than 
in the lacustrine environments, probably due to high 
instability (water flow, turbulence, and discharge) 
of the lotic ecosystem. A relevant fact is the record 
of high densities of algae populations in Cavalos 
Lake (an environment isolated from the river) in 
the months corresponding to inundation (February), 
high waters (April), and the beginning of the falling 
period (June). Another communication between the 
Paranapanema River and Cavalos Lake was detected 
through underground interactions between both 
aquatic systems, increasing the volume of the lake 
isolated from the river (Carmo 2007). The elevation in 
water level in Cavalos Lake determined a submersion 
of litoral vegetation, a degradation process began, 
and a reduction of dissolved oxygen and a eutrophy 
condition were produced. Suitable nutritive 
conditions and luminosity led to a great proliferation 
of phytoplankton, which was not observed in the 
other two lakes.

A similar pattern of variation in algae species 
diversity was found in the Paranapanema River and 
Coqueiral Lake (a lake with great connectivity with 
the river). Higher values were observed in emptying 
and low level in falling periods. Low diversity was 
recorded in the inundation period in Camargo Lake. 
In the lake isolated (Cavalos) from the river, a 
continuous increase in species diversity was detected 
in the four phases of the hydrologic cycle, and a 
drastic diminution occurred in the emptying period. 
In these two environments, it is likely that the high 
algae species diversity was related to the surface 
(Camargo Lake) and underground (Cavalos Lake) 
hydrologic pulse.

The constant presence and dominance of 
Cryptomonas brasiliensis in the several stages of the 
hydrologic cycle are probably related to their survival 
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strategy, described as being that of an opportunistic 
organism (Granado et al. 2009). Peaks in its 
development were observed after disturbances, such 
as mixing by wind and rain episodes (Klaveness 1988). 
Disturbance caused by inundation (after river water 
level increase) appears to favor C. brasiliensis, the 
only organism with significant density in connected 
lakes during the inundation period (Granado & Henry 
2008). In other months, the development of this 
species can be related to wind and rain episodes some 
days before phytoplankton samplings. High nitrate 
and phosphate concentrations and low luminosity 
in water were observed (Granado & Henry 2008) 
and, combination of both factors shapes suitable 
conditions for specie growth. In an isolated lake 
(Cavalos), the triggering factor for algae species 
growth is the underground water flux generated by 
the Paranapanema River at the beginning period of 
inundation.

SPATIAL DISTRIBUTION OF ROTIFERA 
ASSEMBLY IN A LATERAL LAKE TO A RIVER 
DURING A “FRAGMENTATION” PERIOD AND 
IN A SITUATION OF ECOSYSTEM INTEGRITY

During the prolonged drought period, Coqueiral 
Lake disconnected from the Paranapanema River and 
fragmented into four water bodies isolated from each 
other as a result of bottom topography of the lacustrine 
environment (Henry 2005). These small water bodies 
presented significant spatial and temporal differences 
for the majority of measured environmental variables 
(Nadai & Henry 2009). Spatially (comparison between 
the four water bodies), fragment “B” (the nearest to the 
connection with the river) presented higher oxygen, 
total alkalinity, and chlorophyll-a concentrations 
than the others (Nadai & Henry 2009). Both authors 
showed also that in fragment “A”, an area isolated 
from the river, the lowest water transparency, pH, 
conductivity and alkalinity, and highest depth were 
recorded. Temporally, depths of the four fragments 
presented low values in the drought period and 
increased after the re-connection of the lake with the 
river. Lowest transparencies were observed during 
the isolation period and increased after the lateral 
inflow of water from the Paranapanema River (Nadai 
& Henry 2009). Dissolved oxygen and pH diminished 
after the recovery of hydrologic connectivity with 

the river, as compared with the isolation period. 
Water-dissolved oxygen and pH decreased after the 
recovery of hydrologic connectivity with the river, 
as compared with the conditions during the period 
of isolation. Water conductivity and chlorophyll-a 
tended to increase during the isolation period and 
decreased after the re-connection of the lake with the 
river. This brief description of water characteristics 
gives evidence of environmental distinction of the 
four water bodies which formed in the drought period 
and shows that, after an inundation, environmental 
homogeneity due to water influx in a lateral plain 
does not always occur, different from that reported in 
another paper (Thomas et al. 2007).

Reduction in size (area and volume) of the four 
“fragments” with the evolution of the drought 
significantly affected the Rotifera species richness, 
especially in July 2000. In the ninth month of 
isolation, the drastic diminution in depths caused 
sediment exposure in some sampling sites, reducing 
the colonization area and Rotifera richness, especially 
in areas “B” and “D”. The highest Rotifera richness in 
fragment “A”, which was the most isolated from the 
river and presented the greatest depth in relation to the 
others, can be attributed to apparent environmental 
stability. In the isolation period of the lake, reduction 
in size of the four fragments with the progression of 
the drought caused a concentration effect in Rotifera 
densities, especially in fragments “C” and “D” (the 
latter at the end of drought).

Lateral inundation of the lake by the Paranapanema 
River at the end of December 2000 showed that the first 
consequence was an increase in Rotifera taxa richness 
in all four areas corresponding to the “fragments”. 
Some factors may have contributed to the increment 
of Rotifera species in Coqueiral Lake. The first is 
an introduction of species present in river water, 
after the lateral influx. According to Henry (2003), 
surveys conducted prior to the drought period showed 
that Rotifera richness in the Paranapanema River is 
significantly higher than in the connected lentic 
environments. Also, Aoyagui & Bonecker (2004) 
recorded higher Rotifera richness in connected lakes 
than in those isolated from the river in the floodplain 
of High Paraná, Brazil, which suggests that the high 
species number of Rotifera was related to the river. 
A second factor affecting the Rotifera richness in the 
pelagic zone of the four areas/fragments of Coqueiral 
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Lake could be the washout of aquatic macrophytes 
after the recovery of hydrologic connectivity with 
the Paranapanema River. In fact, during the drought 
period and fragmentation of Coqueiral Lake, an 
increase in cover area by Eichhornia azurea was 
observed (Henry 2003). According to Afonso (2002), 
the amount of aquatic invertebrates associated with 
E. azurea increased during the high-water period. It 
is probable that removal of rotifers from the litoral 
zone could be the cause of an increase in richness 
in the pelagic zone of the lake. Another factor could 
be the rotifers’ emergence from resistance eggs 
from exposed sediment on the edges of the four 
“fragments” after the lateral influx of water from 
the river (Panarelli et al. 2008). Albritton & White 
(2004) showed higher numbers of Rotifera and other 
zooplankton species in a litoral zone of a reservoir 
in the USA that hatched from eggs of sediment in 
areas regularly submitted to drought and inundation 
rather than from areas continuously covered by 
water. Also, a high diversity of Rotifera species is 
due to availability of varied food resources, dissolved 
organic matter, and detritus which originated after the 
inundation by the river. Organisms from this group 
of zooplankton are detritus filterers and predominate 
immediately after inundation, as was also observed 
by Tavernini (2008) in temporary pools in a mountain 
zone of Italy. Despite the increase in species richness 
immediately after the connection of the lake with the 
river (in February 2001), rotifer densities in the four 
areas/fragments showed no increase in relation to the 
drought period.

In the hydrologic year of 2006, Coqueiral Lake 
maintained its integrity as a single system and, at 
the shallowest sites, rooted macrophytes emerged 
and allowed for delimitation of four distinct areas 
of the aquatic environment due to undulated bottom 
topography. In area “A”, the lowest mean of suspended 
matter, highest temperature, transparency, and depth, 
in relation to the values of other areas, were observed 
(Abra 2008). However, no significant temporal 
difference in these factors was recorded. This area 
is an isolated site in relation to the Paranapanema 
River and suffers little variation in water levels; it 
presents an apparent hydrologic stability, with few 
windy episodes and without re-suspension of bottom 
material. Area “B” is characterized as presenting 
higher electrical conductivity, pH, dissolved oxygen, 

and suspended matter during the year than the other 
areas of the lake (Abra 2008). Water quality in 
area “B” is affected by hydrologic changes of the 
Paranapanema River in a peculiar position near the 
site of connection with the river. High annual means 
of total phosphorus and nitrogen and chlorophyll-a 
were reported for area “D”, far from the connection 
with the river (Abra 2008).

Establishment of Rotifera non-planktonic and 
planktonic taxa indicates that different ecological 
niches occupied an open area presenting marginal 
vegetation in inundation and emptying periods 
(Bonecker et al. 1998). In the high-water period (April 
2006), some Rotifera species are probably conveyed 
from marginal vegetation that exports typical species 
from litoral to limnetic zones. Elevation of fluvial 
level favored hydrologic connectivity intra-lake. In 
fact, the number of Rotifera species was higher in 
the high-water period, especially in areas “A” (more 
isolated from the river) and “D” (far from the river). 
Reduction in Rotifera taxa number at the beginning 
of the emptying period (July) could be explained by 
apparent export of organisms from areas nearest the 
river (Areas “B”, “C”, and “D”). Species richness 
in the more isolated area (area “A”) suffered little 
effect from the reduction of hydrologic level. In 
October 2006, Coqueiral Lake was in limnophase 
and beginning the formation of the four isolated 
water bodies. After the disruption of hydrologic 
connectivity with the Paranapanema River, the 
retraction of intra-lake water probably provoked a 
concentration effect, facilitating sampling of rare 
Rotifera species. An increase in population densities 
of rotifers in October, as compared with the other 
sampling periods, was also attributed to this effect. 
Doubling of Rotifera concentration in area “A” was 
quite evident, as compared with the beginning of the 
falling period.

Comparing the two studied years, a contrast 
can be seen. At the end of the extreme drought 
period (from April to October 2000), the Rotifera 
species mean richness was lower in the four areas 
than in the connection period of Coqueiral Lake 
with Paranapanema River. Hydrologic connectivity 
appears to favor the species increment in the prolonged 
drought, apparently due to the concentration effect, 
by reduction in volumes of areas/fragments. In the 
hydrologic connectivity period, population densities 
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are at low levels and present low annual variability. 
When new isolation of lake from the river occurs, an 
increase in assembly density is produced.

ANNUAL VARIABILITY IN TOTAL DENSITY 
OF ZOOPLANKTON ASSEMBLY AND 
ESPECIALLY OF CLADOCERA ORGANISMS IN 
A LATERAL LAKE. IMPORTANCE CURVES OF 
POPULATIONS OF CLADOCERA SPECIES IN 
SELECTED PERIODS

The studied lake (Camargo) presents higher 
variability in volume than in surface area, as shown in 
a monthly investigation of dimension modifications 
during a four-year period (Henry 2005). From the 
ninth month of disconnection from Paranapanema 
River (in July) up to the end of the prolonged 
drought, decreasing volume was observed. According 
to Panarelli (2004), three distinct phases could be 
identified in this period: 1) from July to August 2000, 
Camargo Lake showed a reduction in depth, slightly 
acid water pH and alkalinity, and a discrete increase 
in chlorophyll-a and suspended matter: 2) from 
October to December 2000 (end of prolonged drought 
period), decrease in depth, increase in pH (to basic 
range), alkalinity, suspended matter (predominantly 
organic fraction), conductivity and chlorophyll-a, 
nutritive conditions typical of the eutrophic stage 
with bloom presence of Cyanophyceae, probably 
from genus Anabaena or Pseudoanabaena spp.; 
3) from February to July 2001, after the recovery 
of hydrologic connectivity with the river, water 
was characterized by a low amount of suspended 
matter, slightly acid pH, increase in conductivity and 
decrease in chlorophyll-a. In the first phase (July and 
August), zooplankton and Cladocera total densities 
increased as a result of the lake volume, which had 
a concentration effect on the planktonic biota. A 
second peak of zooplankton increase and especially 
of Cladocera occurred in December, as a result of a 
combination of several factors: a concentration effect, 
by reduction in lake volume, and suitable nutritive and 
feeder conditions. After the recovery of hydrologic 
connectivity, the significant increase in lake volume 
provoked a drastic reduction in zooplankton densities, 
as well in Cladocera organisms, by a dilution effect, 
and in July attained similar levels to those observed in 
a period prior to the drought (Martins & Henry 2004). 

Thus, this observation is evidence that zooplankton 
assembly presented resilience after the occurrence 
of a severe disturbance (the prolonged 14-month 
duration drought).

A direct relationship between total density of 
zooplankton with the volume of Camargo Lake was 
evidenced in a year of short-term disconnection 
(around four months) from the river. A peak in 
density (95% of zooplankton, constituted by Rotifera, 
according to Mortari (2009)) was verified in June 
2006 in the high-water period when the hydrologic 
levels were high (Figure 2). Continuous emptying of 
Camargo Lake initially determined (from August to 
November) a reduction in zooplankton total density 
(predominantly shaped by Copepoda, 58 and 38% 
of total planktonic organisms in September and 
October, respectively, according to Mortari (2009)), 
which was the inverse of that in the drought period, 
when a concentration effect was detected. The low 
zooplanktonic population densities were affected by 
reduction in depths of the lentic environment, high 
turbidity by re-suspension of bottom material during 
windy episodes, and drastic extinction of light, 
diminishing the organic production (Mortari 2009). 
At the end of limnophase of the lake (December and 
January), a concentration effect was observed due to 
an increase in zooplankton densities, when the lake 
volume presented the lowest value. Intense rainfall 
in December 2006 and in January and February 
2007 (Figure 3) determined the re-establishment of 
hydrologic connectivity after lateral inflow of water 
from the Paranapanema River (Figure 2). Thus, 
after the increase in lake volume, the diminution in 
zooplankton concentrations is evidence of a slight 
effect of dilution.

In the first months of annual study (from April 
2006 to March 2007), the lowest Cladocera densities 
appeared to be due to various factors, such as 
horizontal lake→river migration, dilution effect 
due to the high volume of the lake, predation, and 
intra-specific competition (Arcifa et al. 1992, Lima 
et al. 1998, José de Paggi & Paggi 2007). A peak in 
Cladocera was attained in August, at the beginning of 
the emptying period, when organisms predominated 
within zooplankton assembly (45% of total density). 
High abundance can be related to a concentration 
effect due to diminution of lake depths, an increase 
in water oxygenation, great reproductive capacity due 
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to water temperature, and to the availability of food 
resources (Mortari 2009). In the period of Camargo 
Lake volume reduction, Cladocera density also 
showed a decrease in organism number. In this period 
(September to January), the lacustrine environment 
was in limnophase and presented a decreasing 
total volume. During windy episodes, fetch and 
predominant direction of wind (in a parallel of the 
maximum length of the lake, around 1km) determine 
a re-suspension of inorganic matter from the bottom, 
affecting the filtration process of Cladocera organisms 
and thus reducing densities of its populations. After 
the re-connection of the river with the lake (at the 
end of March), lateral introduction of water produces 
a dilution in turbidity and an increase in Cladocera 
populations.

Environmental stress (the prolonged drought) 
determined an assembly composed of a few 
Cladocera populations, two of them with high 
dominance. Even seven months after recovery of 
hydrologic connectivity of the Paranapanema River 
with Camargo Lake, and after the extreme drought 
period, Cladocera assembly increased by only 
one species, and the structure was typically of the 
predominance of few populations. Configuration of 
the structure of both these assemblies adjust to log-
linear or Motomura model (Dajoz 2005, Ferreira & 
Petrere 2008), characterized by intense competition 
between the species, a factor (the extreme drought/
recent inundation) that is determinant in the presence 
of few species. In December 2000, Camargo Lake 
was in a limnophase of long duration (14 months), 
with extremely low depths and volume, high turbidity, 
algae species restricted to opportunistic cryptophycean 
phagotrophs resistant to low luminosity, limiting the 
diet of filtering cladocerans. In July 2001, Camargo 
Lake was an environment probably still in hydrologic 
instability, after being submitted to a long isolation 
from the Paranapanema River. Five years later (2006), 
the lake was in a prolonged potamophase, without 
disruption of connection with the river since 2002 
(see Figure 2), thus in a stable hydrological situation. 
Cladocera assembly in the high-water period (April 
2006) was compounded by a great number of species, 
but with low variability in its densities. Even after the 
beginning of loss of hydrologic connectivity with the 
river (November 2006), the assembly structure was 
similar to that before the high-water period. Both 

adjusted to the Preston log-normal model (Dajoz 
2005, Ferreira & Petrere 2008), in which all species 
utilize available resources from the environment, and 
regulating factors of population abundance involve 
water characteristics acting in combination.

SYNTHESIS: A VIEW ON FUNCTIONING 
OF LENTIC ENVIRONMENTS LATERAL TO 
TRIBUTARIES IN THE MOUTH ZONE INTO 
RESERVOIRS – A LESSON FROM PLANKTON 
DYNAMICS

Is hydrologic connectivity the only factor 
controlling the dynamics of plankton? In the 
limnophase period, factors internal to lakes are 
determinant in the control of population dynamics 
and in ecological processes, such as organic matter 
production and decomposition, while during the 
potamophase, factors external to lakes have a 
predominant role (Thomaz et al. 1997, Henry et al. 
2006b). Lateral influx of water from the river after 
the recovery of surface hydrologic connectivity 
with lentic lateral environments has as an effect an 
increase in planktonic species richness due to washout 
of macrophytes, to introduction of the species 
allochthonous to lakes by conveyance through the 
watercourse, and to the hatching of resistance eggs 
in inundated sediment. According to Thomaz et al. 
(2007), after the inundation pulse, the water quality of 
lateral environments presents similar characteristics. 
Study of spatial and temporal distribution of a Rotifera 
assembly in a fractioned lentic environment and in a 
period of integrity as an ecosystem indicates that this 
view can be an over-simplification. In fact, water and 
biota characteristics showed a variation as a function 
of the distance from the main channel of the river 
and the isolation degree of the examined intra-lake 
areas. Thus, intra-lake spatial heterogeneity, due to 
dependence on bottom topography and the presence 
of emergent macrophytes, was of fundamental 
importance in the internal distribution of planktonic 
populations and in the variability of controlling 
abiotic factors.

Dynamics of plankton population densities 
in lateral lacustrine environments appears to be 
controlled indirectly by the hydrologic pulse of the 
river. Lateral inundation introduces a variable amount 
of water that immediately provokes a dilution effect, 
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increasing transparency and luminosity. However, 
the elevation of river level causes submersion of the 
vegetation present in areas with exposed sediment 
during the limnophase, determining a reduction 
in water oxygen due to decomposition and thus a 
regeneration of water-dissolvable inorganic nutrients. 
Only after these conditions can plankton increase 
numerically. During the limnophase, a recurrent 
process is a concentration effect on plankton densities 
and a decrease in species richness. With the continuous 
reduction in lake volume, the wind action determines 
sediment re-suspension from the bottom, causing 
severe extinction of luminosity and constituting the 
main limiting factor of algae growth.

In the lentic environment isolated from the 
river, the underground hydrologic connectivity 
appears to be a relevant regulatory factor. In drought 
period, the underground water influx from lake to 
river contributes to determining a concentration 
effect on lentic environment. In high-water period, 
the underground water influx from river to lake 
determines a slow elevation in depth of the lentic 
environment, submersing plants of the litoral 
zone, and the degradation generates a high oxygen 
biochemical demand and nutritive conditions suitable 
for the growth of planktonic organisms.

Hydrologic dynamics and its influence on 
planktonic assembly, described in this study, are 
affected by climatological variations, but also by 
the buffer effect of the operation of the Jurumirim 
hydroelectric plant, which controls the water 
discharge. According to Collinschoon et al. (2005), 
traditional management of water flux has as a main 
aim the reduction of the natural variability of river 
discharge in order to offer water for diverse uses 
and to prevent extreme situations of prolonged 
high waters and drought. Richter et al. (2003) said 
that ecological degradation and its effect on water 
quality had usually been an undesirable consequence 
of management of river discharge due to a lack of 
understanding of the dynamics of discharge necessary 
to preserve the quality of aquatic ecosystems. 
Knowledge of the influence of inundation pulses in 
the dynamics of planktonic populations in the mouth 
zone of tributaries into reservoirs can be important 
to make decisions for a better management of water 
discharge and guarantee economic necessities and 

other water uses in the short term, but also for the 
recovery of ecological integrity of damming systems 
in the medium and long term.
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