Fluctuations of the population of Daphnia laevis Birge 1878:
a six-year study in a tropical lake

Brandado, LPM.“*, Fajardo, T.°, Eskinazi-Sant’Anna, E.°, Brito, S.“and Maia-Barbosa, P.

“Laboratério de Ecologia do Zooplancton, Instituto de Ciéncias Bioldgicas,
Universidade Federal de Minas Gerais — UFMG, Av. Antdnio Carlos, 6627, CP 486, CEP 30161-970,
Belo Horizonte, MG, Brazil
Laboratério de Ecologia Aquitica, Instituto de Ciéncias Exatas e Biolégicas, Universidade Federal de Ouro Preto — UFOP,
Campus Morro do Cruzeiro, s/n, Bauxita, CEP 35400-000, Ouro Preto, MG Brazil
*e-mail: lucianapmb @hotmail.com
Received July 5, 2011 — Accepted October 24, 2011 — Distributed August 31, 2012
(With 6 figures)

Abstract

The fluctuation of the population of Daphnia laevis in Lake Jacaré (Middle River Doce, Minas Gerais) was monitored
monthly (at one point in the limnetic region) for six years (2002-2007) as part of the Program of Long-Term Ecological
Research (LTER/UFMG). The following parameters were also monitored: water temperature, pH, electrical conductivity,
dissolved oxygen, chlorophyll a, total phosphorus, phosphate, total nitrogen, nitrate, nitrite, ammonia, and densities
of Chaoborus and ephippia of Daphnia laevis in the sediment. A seasonal pattern was observed in the fluctuation of
D. laevis, with higher densities recorded during periods of circulation (May-August). A significant correlation was
found between the density of D. laevis and temperature (r = —0.47, p = 0.0001), chlorophyll-a (r = -0.32, p = 0.016)
and indicators of the lake’s trophic status (total phosphorus, r = 0.32, p = 0.007 and trophic state, r = 0.36, p = 0.003),
as well as Chaoborus density (r = 0.43 and p = 0.002). These results indicate that changes in the physical and chemical
characteristics of the water related with stratification and circulation of the lake may have a direct (temperature, total
phosphorous) or an indirect (food availability, presence of predators, ephippia eclosion) influence on the fluctuation
of the D. laevis population.
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Flutuacoes da populacao de Daphnia laevis Birge 1878:
seis anos de estudo em um lago tropical

Resumo

A flutuacdo da populagio de Daphnia laevis na Lagoa Jacaré (Médio Rio Doce, Minas Gerais) foi monitorada mensalmente,
em um ponto na regido limnética, por seis anos (2002 a 2007), como parte do Programa de Pesquisas Ecoldgicas de
Longa Duracdo (PELD/UFMG). Os seguintes parametros foram monitorados: temperatura da dgua, pH, condutividade
elétrica, oxigénio dissolvido, clorofila-a, fésforo total, fosfato, nitrogénio total, nitrato, nitrito, amonia e densidades de
Chaoborus e de efipios de Daphnia laevis no sedimento. Um padrio sazonal foi observado na flutuagdo de D. laevis,
com maiores densidades registradas durante periodos de circulagdo (maio a agosto). Correlagdes significativas foram
observadas entre a densidade de D. laevis e a temperatura (r =—-0.47, p=0.0001) e a clorofila-a (r =-0.32, p =0.016),
e indicadores do estado tréfico do lago (fésforo total, r = 0.32, p = 0.007 e estado tréfico, r = 0.36, p = 0.003), além
de densidade de Chaoborus (r =0.43, p = 0.002). Esses resultados indicam que mudangas nas caracteristicas fisicas e
quimicas da dgua relacionadas com os periodos de estratificacdo e circulagdo do lago podem influenciar diretamente
(temperatura, fésforo total) ou indiretamente (disponibilidade de alimento, presenca de predadores, eclosdo de efipios)
a flutuacdo da populagdo de D. laevis.

Palavras-chave: Daphnia laevis, Brasil, lago tropical, temperatura, efipio.
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1. Introduction

Zooplankters are short life-cycle organisms that are
sensitive to environmental variations (Fryer, 1996; Crispim
and Watanabe, 2000). Whereas some species are extremely
vulnerable to any disturbance, others are more tolerant
and even opportunistic. The Branchiopoda group has
some highly successful forms which, due to their small
size, rapid reproduction (mainly by parthenogenesis) and
efficient feeding mechanism, are able to occupy a wide
range of freshwater habitats, including those where they
are subject to high predation pressure (Lynch, 1980). The
ability to produce dormant stages increases the possibility
of this group’s ecological success (Fryer, 1996). Due to
the short life cycle, rapid reproduction and sensitivity to
alteration in the environment, the population densities of
these organisms vary throughout the year, usually showing
seasonal patterns (Williams, 1982).

Environmental conditions (such as temperature,
dissolved oxygen, pH, and others) are important factors
that act directly on the structure of the zooplankton
community, changing the spatial and temporal distribution
of the species (Bottrell, 1975; Vijverberg et al., 1996;
Gyllstrom et al., 2004). Furthermore, biotic factors, such as
predation (Brooks and Dodson, 1965; Rocha et al., 1990),
competition (Smith and Cooper, 1982), food availability
and quality, within others, have an enormous pressure on
the populations.

It has been shown that temperature is the most important
factor affecting the structure of zooplankton communities
of lakes in the temperate region (Calaban and Makarewicxz,
1982; Benndorf et al., 2001; Gerten and Adrian, 2002;
Schalau et al., 2008). In the tropics, despite the small
annual temperature fluctuations, population responses
can be observed (Bunioto and Arcifa, 2007). This variable
can influence zooplankton in two ways: directly, on the
reproduction rates, filtration rates, duration of the life cycle,
production and hatching of resistance eggs (Rocha et al.,
1990; Crispim and Watanabe, 2000; Bunioto and Arcifa,
2007); or indirectly, through thermal stratification. This
phenomenon creates a larger spatial heterogeneity, also
causing a “zooplankton stratification”, where the organisms
group according to the best environment conditions or
because they cannot overcome the physical-chemical
barriers (Thackeray et al., 2006). Despite the importance
of temperature for zooplankton, studies on the influence of
these specific parameters on these communities in tropical
environments are still scarce.

Organisms of the genus Daphnia are frequently found
in continental aquatic ecosystems. It is known that these
organisms feed on algae, detritus and bacteria (Eskinazi-
Sant’ Anna et al., 2002; Pinto-Coelho et al., 2003) and
that they reproduce by parthenogenesis and/or sexuated
reproduction by means of the formation of dormant eggs
known as ephippia (Fryer, 1996). Daphnia is also a predation
target for the planktivorous fish and aquatic invertebrates.
Since it is a genus with a well-known ecology, it is also
used for toxicology tests and as bioindicators (Barros et al.,
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2007). Mergeay et al. (2006) analyzed the distribution
and abundance of the genus Daphnia in 40 environments
located in the tropical region. According to these authors,
the success of Daphnia and other zooplankton species was
related to the trophic state, altitude, temperature, macrophyte
presence and level of predation by fish.

Besides the importance of studies on population dynamics
to understand the functioning of aquatic ecosystems,
knowledge concerning the responses of tropical organisms
for biotic and abiotic factors is essential to support ecological
hypothesis, which are mainly based on data from temperate
lakes (Mergeay et al., 2006; Bunioto and Arcifa, 2007).
Thus, the present study contributes with information on
long-term fluctuations of the population of Daphnia laevis
Birge, 1878 in a tropical lake, monitored monthly for
six years.

This study considered the hypothesis that population
peaks of this species throughout six years of monitoring
could be explained by changes in the lake’s physical and
chemical characteristics during circulation periods. The aim
of this study was to analyze which environmental parameters
influenced the population dynamics of Daphnia laevis in
Lake Jacaré during the study period.

2. Material and Methods

2.1. Study area

Lake Jacaré (area: 103.09 ha, depth: 9.8 m, 271 m
altitude, 19° 48” 38.8” S and 42° 38’ 55.5” W) is located
near the middle River Doce, next to the Parque Estadual
do Rio Doce (PERD), Minas Gerais, Brazil (as shown in
Figure 1). The climate in the region is hot, with annual
mean temperatures between 20 and 22 °C. The lake has

Doce River

Rio Doce
State Park

Jacaré Lake

Figure 1. Lake Jacaré (Middle River Doce, Minas
Gerais- Brazil).
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a dendritic shape and is a warm-monomictic lake with a
circulation period from May to August. It is surrounded
by plantations of Eucalyptus sp., it shelters a fishing
club with a camping area and receives domestic sewage.
Furthermore, the ichthyofauna was drastically altered after
the introduction of exotic fish species for sport fishing
during the 1970s: the Tucunaré Cichla kelberi, Piranha
Pygocentrus nattereri, African catfish Clarias gariepinus,
Tamoata Hoplosternum littorale and Amazon Acara
Astronotus ocellatus (Latini et al., 2004). These introductions
probably had direct and indirect effects on the zooplankton
community, as reported for another lake from the same
system (Maia-Barbosa et al., 2003a). This lake has been
monitored by the Brazilian Long Term Ecological Research
(LTER/UEFMG), firstly with seasonal samples (2000 and
2001) and, from 2002 to 2008, with monthly samples.

2.2. Environmental variables

Profiles of water temperature (°C), pH, electrical
conductivity (uS.cm™) and concentration of dissolved
oxygen (mg.L™") were made with a Horiba (model U-22)
analyzer.

Water samples were collected with a Van Dorn bottle
from four depths determined by the Secchi disc in order to
determine the concentrations of chlorophyll-a (Lorenzen,
1967), total phosphorus, phosphorus, total nitrogen, nitrate,
nitrite and ammonia, according to Mackereth et al. (1978).

The lake’s trophic state was calculated by the geometric
average of the concentrations of total phosphorus, according
to the index proposed by Salas and Martino (1991), based
on data collected from January, 2002 to July, 2007.

2.3. Zooplankton community

Samples were collected monthly between 2002 and 2007
at a fixed point of the limnetic region, in the four depths
defined by the Secchi disc. For the quantitative analysis,
200 L of water was filtered (approximately 13 L/min)
(Stihl motorized pump, model P835) in a plankton net with
68 um mesh size. The qualitative samples were obtained
by horizontal and vertical towing using the same net. The
material was fixed with 4% buffered formaldehyde and
stained with Rose Bengal and the counts (zooplankton and
Chaoborus sp.) were made under an optical microscope in
a Sedgwick-Rafter chamber. At least three subsamples of
1 mL were analyzed, or until a total of 200 individuals of
the dominant species. The results (expressed as org.m=.)
are presented as the means of the monthly values, from
the four depths, recorded between 2002 and 2007.

Sediment samples were also collected in triplicate, in
October and December 2007 (rainy period), with a core
sampler, in order to assess the presence of ephippia of
D. laevis. All the collected material was placed in dark
refrigerated flasks (approximately 5 °C) until processing.
To separate the eggs from the sediment, the samples were
homogenized in a sugar-distilled water solution (1:1) (Onbé,
1978; Marcus, 1990) and centrifuged at 3,600 rpm for
5 minutes. The material retained on the net was washed
with distilled water and kept refrigerated (5 °C) in labeled
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flasks (Crispim and Watanabe, 2000; Maia-Barbosa et al.,
2003b). The ephippia were analyzed and counted under a
stereoscopic microscope.

2.4. Statistical analysis

The possible influence of the environmental parameters
(pH, temperature, dissolved oxygen, electrical conductivity,
nutrients, trophic state) and chlorophyll-a on the D. laevis
population was evaluated by Spearman correlations, using
the program Statistica 7.0 (Statsoft).

In order to evaluate if the differences in D. laevis’
densities in the dry and rainy seasons were statistically
significant, the Mann-Whitney test (Statistica 7.0) was used.
For the Mann-Whitney test (see Figure 4), the monthly
values of the densities versus sampling depth were used.
The mean densities were used on the graph to represent
the variations in D. laevis densities between the dry and
rainy seasons.

3. Results

3.1. Environmental variables

Lake Jacaré was thermally stratified from September
to April (rainy season), with a short period of circulation
from May to August (dry season) (Figure 2). Higher
temperatures were observed during the stratification period,
ranging from 20.0 to 33.1 °C (mean 27.5 °C), and lower
during the circulation period (mean 24.3 °C).

The secchi disc ranged from 1.0 to 4.5 m, dissolved
oxygen from 0.01 mg.L! in the hypolimnion to 8.5 mg.L™!
in the epilimnion (mean 3.9 mg.L™"), and the pH values
ranged from 5.0 to 7.7 (mean 6.4). The lowest values were
recorded in the greatest depths. Electrical conductivity
ranged from 34.6 to 303.9 uS.cm™ (maximum value in
July 2003) with a mean of 64.1 puS.cm™. The highest values
were recorded in the greatest depth, during the circulation
period. According to the index of Salas and Martino
(1991), Lake Jacaré was almost always oligo-mesotrophic,
except for two periods (April to August 2002, and July
and August 2004) (Figure 3). Concentrations of nutrients
and chlorophyll-a from rainy and dry periods are shown
in Table 1. Clorofila-a ranged from 7.39 to 137.43 uL.
(mean 27.68), with the higher values occurring during
the stratification period.

3.2. Daphnia laevis and Chaoborus population

The mean population density of D. laevis varied from
0 to 10790 org.m™ during the period. Higher densities
were recorded during the circulation periods (dry season,
May to August) and lower mean temperatures (maximum
10790 org.m). During the periods of thermal stratification,
lower densities were observed (minimum 0 and maximum
3600 org.m™®) (Figure 4).

Significant Spearman correlations were found between
the density of D. laevis and certain environmental variables,
such as: negative correlation with temperature (r =-0.47 and
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Figure 2. Depth-time diagrams of temperature, at intervals of 2 °C, in the lake from 2002 to 2007.

Table 1. Values of nutrients and chlorophyll in the stratification and circulation periods.

Stratification periods

Minimum Maximum Mean
Chaoborus (org.m™) 0.0 4050.0 884.0
pH 5.0 8.0 6.4
Electrical conductivity (uS.cm™) 0.1 352.7 68.7
Dissolved oxygen (mg.L™") 22 13.5 7.2
Temperature (°C) 24.5 30.6 28.1
Chlorophyll-a (ug.L™") 7.9 137.4 34.6
Total phosphorus (ug.L™) 9.0 103.9 27.8
Phosphate (ug.L™) 1.3 27.6 5.6
Total nitrogen (ug.L™) 218.3 1258.6 565.2
NH4 (ug.L") 7.2 664.8 200.3
NO3 (ug.L") 0.8 25.8 8.9
NO2 (ug.Lh) 0.4 9.0 32
Trophic state 8.8 74.6 25.1

Circulation periods

Minimum Maximum Mean
Chaoborus (org.m™) 0.0 3550.0 857.3
pH 4.8 34.7 7.5
Electrical conductivity (uS.cm™) 4.3 223.6 46.8
Dissolved oxygen (mg.L™") 4.5 19.6 9.7
Temperature (°C) 22.5 28.9 24.7
Chlorophyll-a (ug.L™) 74 26.7 16.0
Total phosphorus (ug.L™) 6.2 98.8 33.6
Phosphate (ug.L™") 0.3 3524 18.7
Total nitrogen (ug.L™") 176.6 992.8 465.9
NH4 (ug.L") 38.1 374.5 153.0
NO3 (ug.L") 35 59.0 17.7
NO2 (ug.L") 1.1 4.7 22
Trophic state 6.4 93.8 33.0
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Figure 4. Monthly fluctuations of Daphnia laevis population and mean temperature between 2002 and 2007.

p =0.0001) and chlorophyll-a (r = -0.32 and p = 0.016),
and positive with the lake’s trophic state (r = 0.36 and p
=0.003) and total phosphorus (r = 0.32 and p = 0.007).

The population density of Chaoborus varied from
0 to 4050 org.m™, showing positive correlation with D.
laevis densities (r = 0.43 and p = 0.002) (see Tables 1 and
2) (Figure 5).

Braz. J. Biol., 2012, vol. 72, no. 3, p. 479-487

The differences in D. laevis densities between the dry
and rainy seasons were statistically significant (p < 0.001,
Mann-Whitney test), indicating the effective population
increase in the dry seasons, during the lake circulation
(Figure 6).

In the sediment collected in October and December
2007, ephippia of D. laevis occurred in densities varying
from one to six ephippia.cm™.
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4. Discussion

A clear seasonal pattern for Daphnia laevis in Lake
Jacaré was found, with a consistent increase in the population
during the circulation periods. This population was greatly
influenced by the annual temperature fluctuation during
the six years of study. The amount of total phosphorus,
the food availability (based on chlorophyll-a) and the
Chaoborus’ population also demonstrated an effective
influence on the fluctuation of this species in the lake.

Temperature is an important environmental factor
affecting zooplankton communities. It is well-known that
the increase in temperature can reduce the generation time
and life cycle of several organisms, as well as increase
the reproduction and filtration rates of many species
(Edmondson, 1965; Rocha et al., 1990; Bunioto and
Arcifa, 2007). However, a negative correlation between
the D. laevis density and temperature was observed in
Lake Jacaré, indicating that the natural fluctuation of
this species can also be widely influenced by changes in
water temperature, even if in a thermal range considered
suitable for tropical cladocerans. In a study about the
occurrence of species of Daphnia in tropical African lakes,
Mergeay et al. (2006) found a relationship between the
presence of Daphnia and higher altitudes (mostly from
1,700 to 2,300 m) and lower temperatures. According to
these authors, the abundance of D. laevis decreased with
increases in the temperature.

12000

The effect of temperature in temperate environments
is clear, affecting the populations directly, and has a
recognized importance in zooplankton dynamics (Calaban
and Makarewicz, 1982; Korpelainen, 1986; Chen and Folt,
1996; Benndorf et al., 2001; Gerten and Adrian, 2002;
Schalau et al., 2008). However, in tropical environments,
these effects may not be easily detected. In Lake Jacaré,
the effects of temperature on the D. laevis’ population
were related to the periods of stratification and water
column circulation. The increase in this species’ population
occurred consistently during the dry seasons (mixing
period) demonstrating a relationship with water circulation.

The period of water-column mixing has a decisive role in
the dynamics of plankton communities. During this period, the
disappearance or decrease in the thermocline homogenizes the
water column, facilitating the redistribution of zooplankton
through it (Thackeray et al., 2006). Furthermore, nutrients
become more homogeneously distributed, becoming
available to phytoplankters in the euphotic zone. These
events lead to an increase in phytoplankton biomass and
availability of resources for the zooplankton community
(Schelske et al. 1995; Weithoff et al., 2000). A study
by Henry et al. (1997) in Lake Jacaré in 1985 and 1987
demonstrated a threefold increase in the primary production
of phytoplankton during winter (dry season), when the lake
was completely unstratified, leading to the conclusion that
an effective process of nutrient mixing and entrance into the
euphotic zone occurred during this period. The circulation
period also increases the physical space available for the
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Figure 5. Population fluctuations of Chaoborus and Daphnia laevis between 2002 and 2007.
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species, erasing physical and chemical barriers and allowing
dissolved oxygen to enter the deepest layers, which may
be uninhabited during the stratification period (Céceres
and Tessier, 2003).

During the thermal stratification periods (rainy season)
D. laevis appeared in low densities or almost disappeared
from the water column. This can be explained by several
factors, such as: a possible greater influence of predation
during rainy seasons, higher amounts of solids suspended
by turbulence caused by summer rains (Bunioto and Arcifa,
2007), intra and interspecific competition, food availability
and quality (Pinto-Coelho et al., 2003), physical and
chemical barriers, and lower availability of refuges due to
the low do or its depletion in the deepest layers of the lake.
Furthermore, during thermal stratification, the organisms
tend to aggregate in a certain layer of the water column,
where the temperature is favorable to their growth and
development, effectively decreasing the available space
(Kessler and Lampert, 2004) and thus decreasing the
population densities.

The densities of D. laevis also showed a significant
positive correlation with total phosphorus and trophy.
Cladocerans can use not only algae, but also bacteria and
detritus, increasing their densities during enrichment periods.
Pinto-Coelho (1998) observed a significant and positive
relationship between total phosphorus and D. laevis in
Lake Pampulha (Belo Horizonte, Minas Gerais, Brazil),
where the increase of carbon particles, total phosphorus
and total nitrogen were identified as species-density
regulating factors. According to Eskinazi-Sant’ Anna et al.
(2002), during the population peaks of D. laevis in Lake
Pampulha, the proportion of amorphous material in the
digestive tract of individuals of this species increased
considerably, reaching 75% of the total ingested, whereas
in other periods, this material contributed less than 15%.
Subsequently, Pinto-Coelho et al. (2003) observed that
the eutrophication of Lake Pampulha decreased the food
quality (algae) and was a key factor in the collapse of the
D. laevis population.

Biotic factors, such as food availability, are also
essential to take into account in studies of fluctuation of the
population. Several species of Daphnia are recognized as
efficient herbivores (Dodson, 1974). The negative correlation
between D. laevis and chlorophyll-a emphasizes the herbivory
pressure of this cladoceran on the phytoplankton community.
The availability and quality of food directly affect the
reproductive index of a species (Pinto-Coelho et al., 2003;
Ruckert and Giani, 2008), and are important controlling
factors for population density.

Predation may also be an important factor regulating
D. laevis density in Lake Jacaré. Large cladocerans such
as Daphnia are not adapted to living in the presence of
vertebrate predators, and rapidly disappear in lakes where
planktivorous fish are introduced (Brooks and Dodson,
1965). Introduced piscivorous fishes, such as the Piranha
Pygocentrus nattereri and the Tucunaré Cichla spp., can exert
different pressures on the zooplankton: directly predating
as larvae, and indirectly by disrupting other links of the
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food chain. However, predation by larvae in the limnetic
zone is highly unlikely, since the larvae are much more
numerous near-shore., In a study on the lakes of the middle
River Doce valley, Pinto-Coelho et al. (2008) observed an
increase in Chaoborus density caused by the introduction
of exotic piscivorous fish species into the lakes. According
to the authors, the introduction of these species led to the
collapse of the native planktivorous fish species and to the
reduction of predation pressure on invertebrates, causing
an increase in their density and, thus, an increase in the
pressure on other zooplankton organisms by chaoborids.
Even in low densities, invertebrate predators can change
the structure of the zooplankton community by predating
mainly on cladocerans (Rocha et al., 1990). Increases and
decreases in the populations of Chaoborus sp. and D. laevis
in Lake Jacaré occurred during the same period (or were

Table 2. Spearman correlations (r) for Daphnia laevis mean
density and environment variables. Boldface indicates
values with significant correlations (p < 0.05).

Variables r p
Temperature -0.47 0.000
pH -0.11 0.335
Electric conductivity -0.09 0.447
dissolved oxygen —-0.08 0.496
Chlorophyll-a -0.32 0.016
Total phosphorus 0.32 0.007
phosphate -0.08 0.518
total nitrogen -0.00 0.961
nitrate 0.01 0.928
nitrite -0.16 0.184
ammonia -0.01 0.896
Trophic state 0.36 0.003
Chaoborus 0.43 0.002

12000
10000
gb 8000
3%) 6000
z
5 4000
=
2000
0 Rainy Dry
Season
= Median 1 25%-75% T Min-Max

Figure 6. Mean densities of Daphnia laevis in the pooled
dry and rainy periods between 2002 and 2007.
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coincident), which suggests that there is a relationship
between both populations. A study being developed in
this lake on the diet of Chaoborus sp. has been showing
the intake of Daphnia by these invertebrate (Alfenas,
unpublished data). Invertebrate predators other than larvae
of Chaoborus (Mesostoma and Acari) were also observed
in Lake Jacaré.

Peaks in the population of D. laevis may also be related
to the hatching of ephippia. In a study of ephippia of D. laevis
in Lake Jacaré, it was observed that the higher hatching
rates of ephippia occur in circulation periods (Brandio,
2009), suddenly increasing the population size. In tropical
systems, there is evidence that temperature is one of the
main stimulating factors of production and hatching of
dormant stages (Crispim and Watanabe, 2000).

Our results indicate that changes in physical and
chemical characteristics of water during stratification and
circulation of the lake can directly influence (temperature,
total phosphorus) or indirectly (food availability, presence
of predators, hatching of ephippia) the population dynamics
of D. laevis.
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