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Abstract: Lake Paranoais an eutrophic reservoir situated in the urban region of Brasilia. This study was carried
out in afixed collection station located in the Riacho Fundo branch of the reservoir. Zooplankton samples were
collected at intervals of 3-5d at 9:00 am. during two months in the dry and rainy seasons for two years (dry-
1996, rainy-1997, dry-1997 and rainy-1998), using a 64 pm-mesh plankton net. The most predominant species
was Thermocyclops decipiens (about 50% of the total zooplankton community), which during the whole period
had a high reproductive rate. The highest densities were found in the dry-1996 season (1700 ind/l for nauplii),
and aso fluctuated widely overtime. Nauplii stages dominated during the four periods, comprising 50-75% of
the total population density. Ovigerous females peaked in the dry-1996 and rainy-1997 seasons, with 20-30% of
the total females. The largest peak in egg production occurred during the dry-1996 season, and the total egg pro-
duction was 2.0x10° eggs/l. Mesocyclops longisetus is a first record for Lake Paranoa. The ecological factors
that determine the success of T. decipiens in eutrophic systems are related to omnivorous feeding habits and

prey-predator interactions.
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The population dynamics of zooplankton
species in tropical lakes involves complex
interactions among biotic and abiotic factors.
Identification of the main factors that control
ecological processes in tropical regions is
essential to achieve detailed information about
the temporal dynamics of the zooplankton
community.

In tropical water bodies, the rate of the
processes tends to be higher than in temperate
ones, as suggested by Thornton et al. (1990).
Tropical planktonic crustaceans have shown
fast development and their generation time is
usually less than one week (Berner-
Fankhauser 1987). Seasonal analyses are the
usual approach in tempora variation of the
zooplankton. However, monthly sampling is
not sufficient to obtain a redlistic picture of
population dynamics of zooplankton as well as

their importance in the ecosystem. The appar-
ent stability in abundance of zooplankton
species in tropical ecosystems disappeared
when studies with different sampling intervals
were carried out (Duncan and Gulati 1981,
Twombly 1983, Twombly and Lewis 1989,
Padovesi-Fonseca 1997). Annual and seasonal
trends may be hidden by short-term irregular
changes (Twombly 1983). Therefore, the sam-
pling frequency has great influence on investi-
gation of population dynamics in tropical
water bodies.

Various factors have been pointed out as
control mechanisms in tropical zooplankton
communities. According to Saunders and
Lewis (1988), there are two distinct sets of
control that converge on the zooplankton herbi-
vores: food and predation. Mixing and stability
in water column affect the phytoplankton,
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which in turn control herbivore populations
through changes in food quality and/or quanti-
ty. The selective predation is a second set of
control and determine the mortality and thus
the composition and density of zooplankton
populations.

Lake Paranoa is an eutrophic reservoir
located in the city of Brasilia, with the periodic
occurrence of blooms of Microcystis aerugino-
sa and fish dlaughter. Severa studies in this
reservoir have shown seasonal fluctuations of
the plankton community. Seasonal phytoplank-
ton variation was studied in the northern arm
of the reservoir (Pinto-Coelho and Giani
1985). These studies showed a heterogeneous
structure of phytoplankton community and its
relation to nutrients inflow. Spatio-temporal
variation of the zooplankton community was
carried out in this part of the reservoir (Pinto-
Coelho 1987). This study showed short-term
fluctuations of rotifers and higher densities of
zooplankton in rainy season. Branco and
Senna (1996) analysed spatio-tempora varia-
tion of the zooplankton community in different
parts of the lake. The zooplankton showed
higher densities and lower diversity in parts
with eutrophic conditions.

The genus Thermocyclops Kiefer, 1927
includes several species which are common
and frequently mumerous in the zooplankton
of ephemeral, artificial and eutrophic waters
(Reid et al. 1988). In the neotropical region, T.
decipiens Kiefer, 1929 tends to dominate the
crustacean zooplankton in eutrophic waters
(Sendacz 1984, L6pez 1994).

The aim of this study was to investigate
the temporal fluctuation and reproduction of T.
decipiens (Kiefer 1929) at one sampling sta-
tion located in the Riacho Fundo branch of the
reservoir, over two dry and rainy seasons.

MATERIALSAND METHODS

Lake Paranoa (15°48' S, 47°47° W) is a
large, relatively shallow, eutrophic reservoir
(area 38.1 km?, volume 498.6 x10° m3, max.
depth 40 m, mean depth 13 m), situated in the

urban region of Brasilia, at an altitude of
1000 m. The regiona climate is characterised
by two seasons: a cool-dry season (May-
September) and a warm-rainy season
(October-April). Four main tributaries feed the
reservoir: Ribeirdo do Torto and Corrego do
Banana (northern part), and Ribeirdo do
Gamaand Riacho Fundo (southern part). It has
an irregular form, with a central area and four
extended branches, corresponding to the for-
mer valleys of tributaries (Fig. 1). Riacho
Fundo branch is the more eutrophic part of the
reservoir because it receives the effluents of
the south sewage treatment plant and the loads
transported from the Riacho Fundo tributary.
This branch has an area of 4.6 km?, a volume
of 39.3 x108 m3, the maximum depth is 19 m,
and the mean is depth 8.6 m (Mattos et al.
1992).

This study was carried out at a fixed col-
lection station located in the Riacho Fundo
branch of the reservoir. Zooplankton samples
werecollected at 9:00 am. at intervalsof ~ 3-
5 d during two months in the dry and rainy
seasons for two years (dry-1996, rainy-1997,
dry-1997 and rainy-1998).

The samples were taken by vertical hauls
(from 1 m to surface) of a 64 pm-mesh plank-
ton net, and preserved in formalin-sucrose solu-
tion (Haney and Hall 1973). Studies of the pri-
mary production at many partsin Paranoa reser-
voir (PintoCoelho and Giani 1984) considered

Ribeirao
do Torto

Cérrego do Bananal
o

Northern

Riachg 2= ibeirdo

Fig. 1. Location of sampling point in Lake Parano&
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this depth (1 m) the most productive of the
euphoatic layer.

Three 1 ml subsamples were counted in a
Sedgwick-Rafter chamber to enumerate the
naupliar stages of T. decipiens. Copepodites
and adults were counted with a stereomicro-
scope at 25x magnification. Subsample size
was chosen so that > 100 individuas of the
population were counted. Subsamples were
taken from a well mixed whole sample. This
procedure was repeated until at least 100 spec-
imens (Copepoda stages) were counted (Kurke
et al. 1999). Ovigerous and non-ovigerous
females, males, eggs, copepodites (I-11 and 111-
IV) and nauplii were counted. According to
Saunders and Lewis (1988), given the expect-
ed conformance of replicate counts to a
Poisson distribution, a coefficient of variation
of 10% is reached with density of 7.6 organ-
isms/l for crustaceans. As T. decipiens is a
common species in this lake, the average den-
sity issufficient to place the coefficient of vari-
ation well bellow 10% for individua abun-
dance estimates, with the exception of males
and ovigerous females.

Coefficients of variation (CV = 100.5x)
were used as a measure of temporal variation
of the population.

Non-parametric Mann-Whitney U-Tests
were used to test differences in density among
dry and rainy seasons.

The population birth rate (b = [In (E, +
1)/D.) (Paloheimo 1974), population growth
rate [r = (In N,-In N,,/(t,-t,)], and population
death rate (d = b-r; Polishchuk and Ghilarov
1981) were calculated for the species. E, isthe
number of eggs/female; the egg development
times (D,) used were those determined for the
same species, and for tropical systems with
temperatures comparable to those in Lake
Paranoa (Rietzler 1995). These demographic
parameters were calculated for the dry-1996
and rainy-1997 seasons.

RESULTS

In the present study, the reservoir showed
isothermal periods followed by stratified

profiles, during both dry and rainy seasons.
The warm-rainy period showed higher temper-
aturesin the surface layer (max. 30°C) and pro-
nounced stratification, leading to oxygen
decrease in the deepest water (min. 18% satu-
ration). The conductivity varied from 85 to
109 mS/cm at 25°C, pH from 5.4 to 9.0,
chlorophyll-a from 51.4 to 135.2 mg/l, and
water transparency (Secchi depth) from 0.6 to
12m.

Thermocyclops decipiens was the most
predominant species, reaching about 50% of
the total zooplankton community. The qualita-
tive analysis of the zooplankton revealed
another copepod species, Mesocyclops
longisetus, which representsthe first record for
Lake Paranoad. This analysis was realised in
various sites of the lake and its occurrence has
been esporadic. No organism for M. longisetus
was computed in the sample counting during
this study. Thermocyclops decipiens was pres-
ent during the whole period, and showed high
rates of reproduction. Naupliar stages dominat-
ed during the four periods, comprising 50-75%
of the total population density. Copepodites
I11-1V stages contributed 12-29%, copepodites
I-I1 with 2-15%, and adults 10% of the total
population density during the study.

Temporal fluctuation: Temporal fluctua-
tions of T. decipiens population for dry-
1996/1997 and rainy-1997/1998 seasons are
shown in Figs. 2 and 3.

Males was scarce and remained with low
densities during the whole period, reaching 8.2
ind./l in dry-1996 season. Ovigerous females
showed high densities only during dry-1996
period, reaching 32.7 ind./l. Total females
showed pronounced temporal variation
throughout the study (50 to 78.5% CV), reach-
ing 112.5 ind./I (dry-1996) to 46.3 ind./l (dry-
1997). Ovigerous females comprised 21.6%
(dry-1996), 16.9% (rainy-1997), 11.2% (dry-
1997) and 52.7% (rainy-1998) of the total
females.

Younger stages of T. decipiens fluctuated
markedly overtime in this study, specially nau-
pliar stages, ranging 73.9 to 110% CV. Higher
peaks of naupliar abundance occurred in late
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Fig. 2. Abundance of Thermocylops decipiens population during the dry-1996/1997 seasons in Lake Paranoa (Brazil). (a)
and (c) total females. (b) and (d) nauplii, copepodites I-11 and I11-1V.
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Fig. 3. Abundance of Thermocylops decipiens population during the rainy-1997/1998 seasons in Lake Paranoa (Brazil). (a)
and (c) total females. (b) and (d) nauplii, copepodites I-11 and I11-1V.

September (dry-1996), with 1 675.3 ind./I, and
in mid-January (rainy-1998), reaching 1 115.4
ind./I. In opposite situation, during dry-1997
and rainy-1998 periods, abundance of cope-
podites stages remained low, and the highest
density was 89.3 ind./I for clll-IV (rainy-
1998).

Comparisons between seasons:

Dry seasons (1996-1997): Populations of
T. decipiens were smaller throughout the dry-
1997 period than during the preceding dry-
1996 season. The population size in the dry-
1997 period was only 20.2% of that during dry-
1996, a significant difference (U-Test, P< 0.05)
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TABLE 1
Mann-Whitney test (U) for Thermocylops decipiens population in Lake Paranoé (Brazl) between dry-1996/97
seasons (n = 31) and between rainy-1997/98 seasons (n = 30)

Categories
U

Total population 222
Males 3.07
Total females 321
Ovigerous females 3.46
Copepodites I11-1V 2.26
Copepodites I-11 2.80
Nauplii 1.06

* P<0.05 NSP>0.05

(Table 1). This result was obtained for several
population categories, as follows: males, total
females, ovigerous females, and copepodites |-
[l and I11-1V. In contrast, there was no signifi-
cant difference in the number of nauplii stages
between the two dry seasons (U-Test, P> 0.05)
(Table 1).

Rainy seasons (1997-1998): The population
Sizes of T. decipiens were very similar between
rainy seasons, and no significant difference in
the population size was obtained between these
periods (U-Test, P> 0.05) (Table 1). This result
was obtained for several population categories,
asfollows: males, total females, and copepodites
[-11. In contrast, there were significant differ-
encesin the number of ovigerous females, cope-
podites I11-1V, and naupliar stages between the
rainy seasons (U-Test, P< 0.05) (Table 1).

Demogr aphy:

Dry-1996 season: The population of T.
decipiensfluctuated irregularly in August, with
two successive peaks, and declined by late
August. The population then increased in early
September, and reached its highest peak at the
end of the period (Fig. 4a). In August, the tem-
poral variation of total egg production was
similar to that of population size. In September
there were two peaks in egg production,
although the corresponding increase in popula-
tion sizewas smaller than thosein August (Fig.
43). The last peak of total egg production
occurred at the end of the period, before the

Dry-1996/97 seasons

Rainy- 1997/98 seasons

P U P
* 043 NS
* 097 NS
* 1.60 NS
* 2.25 *
* 217 *
* 0.75 NS

NS 2.37 *

highest peak in population. This peak in popu-
|ation coincided with the highest abundance of
naupliar stages (Fig. 2b).

Birth rates were high and relatively con-
stant throughout the sampling period (Fig. 4b).
Death rates were high and had a smooth tem-
poral variation (Fig. 4b). Although birth rates
remained high and constant, the high death
rates resulted in low population growth rates.

Rainy-1997 season: Population size of T.
decipiens aso fluctuated irregularly, with two
increases of abundance (Fig. 53). Egg produc-
tion varied widely, with two peaks coinciding
with population size (one in early January and
another in early February) (Fig. 5a). Egg stock
remained lower than dry-1996 season (Fig. 5a).

Birth rates were high throughout this peri-
od, reaching higher rates than the preceding sea-
son (Fig. 5b). A dlight decrease in birth rates
occurred in early January. By mid sampling
period, birth rates remained constant, and in late
February increased dlightly (Fig. 5b). Death
rates were higher than dry-1996 period, and had
asmooth temporal variation too (Fig. 5b). Asin
the preceding period, although birth rates
remained high, high death rates resulted in low
population growth rates (Fig. 5b).

DISCUSSION

The temporal fluctuation of T. decipiens
was conspicuous throughout this study,



INTERNATIONAL JOURNAL OF TROPICAL BIOLOGY AND CONSERVATION 63

Fig. 4. Demographic analysis for Thermocyclops decipiens during the dry-1996 season in Lake Paranoa (Brazil). (a) total

population and egg stock. (b) birth, growth and death rates.

although population density remained relatively
high, contributing about 50% of the zooplank-
ton community. This situation confirms the ten-
dency to obtain more accurate resultsin relation
to tempora fluctuation of the zooplankton in
tropical areas, when samples are taken at short-
er intervals. Sampling intervalsin tropical areas
should be commensurate with rapid zooplank-
ton developmental rates. Seasonal trends can be
interrupted by short-term irregular changes in

population size (Twombly 1983, Padovesi-
Fonseca 1997).

This species was the single copepod
reported in previous studies in Lake Paranoa
(Starling 2000), showing high relative abun-
dance of the community zooplankton at the
Riacho Fundo branch (Branco and Senna
1996. Mattos et al. 1997). It showed densities
between 50 and 600 ind./l, as documented by
Branco (1991). However, Branco (op. cit.)
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Fig. 5. Demographic analysis for Thermocyclops decipiens during the rainy-1997 season in Lake Paranoa (Brazil). (a) total

population and egg stock. (b) birth, growth and death rates.

found that populations of T. decipiens were
constant in the dry and rainy seasons, contrast-
ing with the patterns of temporal fluctuation
shown by this paper.

The predominance of this speciesis usual-
ly related with eutrophic systems (Reid et al.
1988, Carvalho et al. 1997), and may be an
effective indicator of water quality. Lake

Paranoa has been considered an eutrophic sys-
tem, because of the continuous inflow of nutri-
ents, and this situation has been extensively
reported (see, among others, Pinto-Coelho and
Giani 1985, Mattos et al. 1992, Branco and
Senna 1996). The Riacho Fundo branch is the
part of the reservoir most affected by eutroph-
ication. This segment is distinguished from the
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remainder of the lake by the frequent occur-
rence of M. aeruginosa blooms as well as the
development of banks of Eichhornia crassipes.
Fish kills have occurred in this branch.

The regiona climate is windy, producing
total circulation in the reservoir, specialy in
the dry season, and the reservoir occasionally
stratifies in the rainy season. However, we
observed total mixing followed by stratification
during dry and rainy periods (C. Padovesi-
Fonseca et al. unpubl.). This confirms the influ-
ence of short-term environmental variations on
physical processes in reservoirs, as emphasised
by Tundisi (1996). In some cases, tropica zoo-
plankton may have rapid developmental rates
and shorter generation times, responding quick-
ly toirregular physical changes.

The high densities and predominance of T.
decipiens throughout this study in the Riacho
Fundo branch evidenced the tolerance of this
species to eutrophic conditions. There are also
higher heterotrophic bacteria concentrationsin
this area (Branco and Senna 1996).
Zooplankters in eutrophic systems can be effi-
cient consumers of particulate food, such as
detritus and bacteria (Pejler 1983, Pace 1986).
Nevertheless, according to Rochaet al. (1997),
eutrophic and productive Brazilian lakes such
as Paranoa had lower zooplankton densities
than mesotrophic lakes.

In this study, comparisonsin population size
between dry and rainy seasons over a two-year
period showed a similar trend between rainy
seasons, but there was a significant difference
between dry seasons. During a 13-year (1982-
1994) study of the zooplankton community in
Lake Paranod, Mattos et al. (1997) observed a
higher amplitude of variation on the number of
organisms in Riacho Fundo segment.
However, there were no obvious aterations in
the zooplankton community. For the present,
the main factors which control the temporal
variation in copepod abundance in Lake
Paranoa (Riacho Fundo branch) remain
unclear. There may be a complex interaction
among conditions of trophy, suitable food, and
the scarcity of large predators. More detailed
investigations are need.

In more eutrophic systems, the food web
is detritus-based, because of unsuitable quality
of phytoplankton (Talamoni and Okano 1997).
In this study, the phytoplankton community
was dominated by Cylindrospermopsis raci-
borskii, a filamentous blue-green algae, with
the occurrence of blooms of M. aeruginosa (C.
Padovesi-Fonseca et al. unpubl.). These phyto-
plankton species have been considered unsuit-
able food for many zooplankton species
(Talamoni and Okano op. cit.). Nevertheless,
T. decipiens is one species with omnivorous
feeding habits (Carvalho 1984) and with
capacity to ingest and digest some
cyanophyceans species (Infante 1978). In this
study, there was no significant correlation
between T. decipiens abundance and chloro-
phyll-a content (Spearman, P > 0.05). Then,
the reproductive activity of this species may
have certain independence with respect to
species composition and biomass of phyto-
plankton.

Fish community analysis in Lake Paranoa
showed highest densities for tilapias (Tilapia
rendalli and Oreochromis niloticus) in the
Riacho Fundo segment (Grando 1989). These
fish species are omnivorous by consuming var-
ious types of food, including organic matter
from the sediment (Grando op. cit.). Stomach
content analyses have revealed that sediment
comprises 50%, in volume, of the food amount
consumed by both tilapias in Lake Paranoa
(Grando op. cit.). Another important fish
species, “bluegill” (Lepomis macrochira), is
considered visual predator and carnivorous,
including the consume of juveniles and adults
of T. decipiens (Grando op. cit.). Nevertheless,
the Riacho Fundo segment has low water
transparency (0.25 to 0.6 m) (C. Padovesi-
Fonseca et al. unpubl.). Thus, the predation
pressure by fish on T. decipiens population in
the Riacho Fundo branch should be low, as
result of low visual predation and the high food
spectrum showed by predominant fish species
in Lake Parano&

The invertebrate predation, mainly related
by Chaoboridae larvae, has been considered to
be low in this reservoir (Mattos et al. 1997).
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Chaoboridae larvae were virtually absent in
the present study, and this is a result of the
sampling design, since these larvae usually
hide in the deep and dark layers of the lake.

Birth rates of T. decipiens remained high
throughout this study, even though the popul a-
tion size fluctuated widely. The coincidence of
high birth rates with low population growth
suggests that mortality controlled the species
dynamics in Lake Paranoa during the study
period.

According to Hutchinson (1967), varia-
tion in zooplankton abundance is related to
temperature, suitable food, and predation.
However, it is widely accepted that embryonic
development of zooplankton speciesis regul at-
ed almost exclusively by temperature (Burgis
1970, Bottrell 1975, Herzig 1983). Many stud-
ies showed that food supply can affected the
development time of zooplankton species (see,
among others, Mullin and Brooks 1970,
Woodward and White 1988, Hart 1991). These
studies have revealed inverse relationships
between development time and food supply;
additionally, survival was higher when the
food supply was enhanced.
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RESUMEN

El lago Paranoa es unareservaeutréficasituadaen la
region urbana de Brasilia. Este estudio se Ilev6 a cabo en

una estacion de recolecta fijalocalizada in larama Riacho
Fundo de la reserva. Se recolectaron muestras de zoo-
plancton a intervalos de 3-5 d alas 9:00 a.m. durante dos
meses en las estaciones secay |luviosa por dos afios (seca
1996, lluviosa-1997, secca-1997 y lluviosa-1998), usando
unared de plancton de 64 um de poro. La especie méas pre-
dominante fue Thermocyclops decipiens (cerca del 50%
del total de la comunidad de zooplancton), la cual durante
todo el periodo tuvo unatasa reproductiva alta. Las densi-
dades més altas fueron encontradas en la estacion seca-
1996 (1700 ind/l para las nauplio), y también fluctué am-
pliamente en el tiempo. Los estadios de nauplio domina-
ron durante cuatro periodos, comprendiendo 50-75% de la
densidad de la poblacion total. Las hembras ovigeras tu-
vieron picos en las estaciones seca-1996 y luviosa-1997,
con 20-30% del total de hembras. El pico méas grande en
produccion de huevos fue durante | a estacion seca-1996, y
la produccion total de huevos fue de 2.0x103 huevog/I.
Mesocyclops longisetus es un primer registro para Para-
noa. Los factores ecol 6gicos que determinan el éxitode T.
decipiens en sistemas eutroficos estan relacionados con los
habitos de alimentacién omnivoros y |as interaciones pre-
sa-depredador.
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