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Abstract: Aim: This study aimed to examine and compare the different patterns of diel vertical 
migration (DVM) in two tropical freshwater ecosystems: Carioca Lake (PERD, MG), dominated by 
piscivorous fishes and Nado reservoir (Belo Horizonte, MG), dominated by planktivorous/omnivorous 
fishes. Methods: The vertical distribution of the zooplankton was examined at noon and midnight, in 
April 2003 in both systems, using a Schindler-Patalas trap. Results: In Nado reservoir, the larvae of the 
invertebrate predator Chaoborus, remained in the hypolimnion during the day and ascended into the surface 
waters at night. The same migratory behavior was observed for the population of the copepod Thermocyclops 
inversus, the dominant zooplankter, as well as for the rotifers. In Carioca Lake, the Chaoborus larvae did 
not migrate, and individuals were found occupying the entire water column in daytime as well as at night. 
The population of the copepod T. minutus, a potential prey of Chaoborus larvae, and most rotifers also did 
not migrate in Carioca Lake. Conclusions: In Nado reservoir, where planktivorous and omnivorous fishes 
dominate, the zooplankton was forced to adopt the diurnal vertical migration (DVM), a phenomenon 
that propagated through the different trophic levels. In Carioca Lake, in the virtual absence of vertebrate 
predators of zooplankton, no migration in the planktonic community was observed. 

Keywords: diel vertical migration, rotifers, Chaoborus, cyclopoid copepods.

Resumo: Objetivo: O presente estudo visou examinar a distribuição vertical dia-noite das comunidades 
zooplanctônicas em dois ecossistemas de água doce tropicais: lagoa Carioca (PERD, MG), dominada por 
peixes piscívoros e no reservatório do Nado (Belo Horizonte, MG), dominada por peixes planctívoros/
onívoros. Métodos: A distribuição vertical dos organismos zooplanctônicos foi examinada ao meio-dia 
e à meia-noite, nos períodos de abril de 2003 para os ambientes estudados, utilizando-se uma armadilha 
Schindler-Patalas. Resultados: No reservatório do Nado, a larva do predador invertebrado Chaoborus 
apresentou um comportamento migratório bem nítido, permanecendo no hipolímnio durante o período 
diurno e migrando para a superfície durante a noite. Mesmo comportamento migratório foi observado 
para os rotíferos e a população do copépodo Thermocyclops inversus, táxon dominante neste ambiente. Já 
na Lagoa Carioca, as larvas de Chaoborus foram encontradas em toda a coluna de água tanto durante o dia 
quanto durante a noite e não apresentaram comportamento migratório típico. O mesmo comportamento foi 
evidenciado para os rotíferos e a população do copépodo T. minutus, presas potenciais da larva de Chaoborus 
neste ambiente. Conclusões: O estudo mostrou que no reservatório do Nado, a migração vertical diurna 
(MVD) se propagou através dos diferentes níveis tróficos. Na lagoa Carioca, por sua vez, devido à quase 
ausência de predadores vertebrados de zooplâncton, não foi evidenciada a ocorrência da MVD.

Palavras-chave: migração vertical diária, rotíferos, Chaoborus, copépodos ciclopóides.
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1. Introduction

Diurnal vertical migration (DVM) is a well-known 
behavior shared by many species of all major zooplankton 
groups, not only in marine but also in freshwater systems 
(Pearre, 2003). The typical DVM consists of an upwards 
displacement at sunset with the plankters spending the 
daylight hours in deeper, colder and darker waters. The 
most generally accepted hypothesis to explain the DVM 
behavior is the avoidance of predation (Zaret and Suffern 
1976; Ringelberg, 1999). 

Predation is one of the strongest selective forces shap-
ing complex behavior in many groups of organisms, from 
rotifers to large mammals. Several field investigations 
as well as some well-conducted laboratory experiments 
have supported the supposition that most zooplankters 
would seek out darker and deeper waters only to avoid 
the risk of being captured by visually oriented predators 
(Ringelberg, 1999). Recently, some investigations have 
shown that some species are able to detect predators by 
means of chemical signals (kairomones), and they change 
their DVM amplitudes to increase their “fitness” (Loose 
and Dawidowicz, 1994; Nesbitt et al., 1996; Tollrian and 
Harvell, 1999). 

The changes in behavior as well as other phenotypic 
constraints (Peacor and Werner, 1997) aimed to reduce 
the risk of predation can be viewed as an indirect (non-
lethal) interaction between predators and their prey (Pangle 
et al., 2007). Romare and Hansson (2003) proposed the 
expression “behavioral cascade” to describe these indirect 
interactions, which affect not only the behavior of one 
prey species, but also the behavior of smaller fractions of 
prey. They suggested that this kind of general modifica-
tion induced by a top predator on a series of behaviors of 
potential prey is parallel to the theory of “trophic cascade” 
(Carpenter et al., 1985). The “behavioral cascade” would 
act rapidly, since this mechanism does not require any 
demographic responses (changes in numbers or rates of 
increase) in order to cause major impacts on community 
structure. Good examples of “behavioral cascade” are 
seen in the DVM of zooplankton in aquatic communities 
(Trussell et al., 2006). 

The purpose of the present study is to conduct a 
detailed analysis of the day-night vertical distribution of 
zooplankton in a tropical lake dominated by piscivorous 
fishes (Carioca Lake) and another dominated by plank-
tivorous/omnivorous (Nado reservoir). Despite being of 
different natures (reservoir x lake), these systems have 
many similarities in their zooplankton communities. The 
taxonomic composition in both systems is made up of 
small rotifers dominating in the microzooplankton frac-
tion. The mesozooplankton fraction includes few clado-
cerans, and is dominated by a single species of cyclopoid 
copepod: Thermocyclops inversus in Nado, and T. minutus 

in Carioca Lake. The most striking feature of the zooplank-
ton community of both systems is the high abundance 
of the invertebrate predator Chaoborus spp. (Diptera, 
Chaoboridae). The hypothesis being tested in this study 
assumes that, despite the structural similarity between the 
zooplankton communities, the DVM patterns developed by 
the zooplankton in these environments would be diverse, 
reflecting the different behavioral prey-predator interactions 
between these two systems. Specifically, we a) compared the 
migratory behavior of selected populations of zooplankton 
species (the most abundant) at different trophic levels; and 
b) investigated whether the DVM patterns were associated 
with the presence of top predator (vertebrate, invertebrate 
or both) in these systems. 

2. Material and Methods

2.1. Study area

Nado reservoir (central point 19° 49’ 56” S and 
43° 57’ 34” W) is a reservoir located in the Parque 
Municipal Lagoa do Nado, in the northern part of the city 
of Belo Horizonte, Minas Gerais (Figure 1). It is located 
in a small valley covered entirely with Eucalyptus spp. It 
has a conical catchment basin (Zmed : Zmax = 0.35) with a 
linear slope. The lake surface covers 1.5 ha, and the mean 
depth is 2.7 m. This is a meso-eutrophic system, with a 
stable thermal stratification from August through May. 
During the short “winter” period, the water column is 
isothermal. The epilimnion is usually well oxygenated, 
but an intense anoxia develops in the hypolimnion as 
soon as stratification begins in early September, and per-
sists until the next circulation period (Bezerra-Neto and 
Pinto-Coelho, 2004). 

The Rio Doce State Park is the largest preserved frag-
ment of Atlantic Rain Forest in the state of Minas Gerais. 
The park has an area of 36,000 ha, and its surroundings 
are nearly completely covered by plantations of exotic 
Eucalyptus trees. The region contains one of the most im-
portant lake districts of Brazil (Barbosa et al., 1977). One 
of these lakes is Carioca Lake (central point 19° 45’ S and 
42° 37’ W), located inside the reserve (Figure 2). The lake’s 
shoreline is 1,718 m long, and its area is 14.1 ha. The deep-
est point is 11.8 m, and the mean depth is 4.8 m. The lake 
is mesotrophic, with a short turnover period during July 
and August (Henry and Barbosa, 1989). 

The fish fauna of Nado reservoir is dominated by the 
exotic African Tilapia rendalli (tilapia) and three other 
small species, Geophagus brasiliensis (cará), Astyanax spp. 
(lambari), and Poecilia sp. (barrigudinho). The top preda-
tor is Hoplias malabaricus (traíra) (Bezerra-Neto, 2001). In 
Carioca Lake, the fish community includes only six species 
(Pinto-Coelho et al., 2008). Two exotic piscivorous fishes 
are the most abundant taxa: Cichla cf. ocellaris (tucunaré) 
and Pygocentrus natterei (piranha). 
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2.2. Data collection

The study was conducted at noon (11:00 AM to 
1:00 PM) and midnight (11:00 PM to 01:00 PM) on 
April 16, 2003 for Carioca Lake, and April 29, 2003 for 
Nado reservoir. Three permanent stations located within 
several meters of the deepest part (Zmax = 11.8 m for Carioca 
Lake and Zmax = 7.6 m for Nado reservoir), were marked 
with a floating device to which a boat could be attached. 
Profiles (measured every 0.5 m) of water temperature and 
dissolved oxygen were taken for the entire water column. A 
Yellow Springs Instruments Model YSI 55 meter was used 
for these measurements. The subaquatic radiation (PAR 
radiation, 400-700 nm) was also obtained using a Li-Cor 
radiometer equipped with a spherical sensor (model LI 
193, Li-Cor Inc). At each station, samples for zooplank-
ton were taken at each meter of the water column using 
a Schindler-Patalas trap of 17 L equipped with a 68 µm 
mesh net. Zooplankton organisms were quickly transferred 
to clean dry 300 mL polyethylene vials containing 5 mL 
of the vital stain Rose Bengal. After 5 minutes, 20 mL of a 
concentrated formalin-sucrose solution (250 g sucrose to 
1 liter 37% formaldehyde, buffered to pH 7.0 with borax) 
was added, achieving a final concentration of 4-8% formalin 
(Haney and Hall, 1973). 

The zooplanktonic organisms were counted in 1.0 mL 
Sedgwick-Rafter cell chambers by the use of a Leica DMLB 
binocular microscope. Subsampling was carried out using 
a 5 mL non-selective Stempel pipette when necessary. 
A minimum of 250 individuals were always counted in 

each sample, in order to achieve a coefficient variation 
of 0.20 or less, according to McCauley (1984). Nauplii, 
copepodites and adult copepods (male and female) were 
counted separately. 

All larvae of Chaoborus were counted and measured in 
all samples. In order to determine the intervals of each size-
class, the head length (from the antenna insertion point to 
the opposite end of the head) and total length (including 
the anal papilla) were measured. The measurements were 
done using the image-processing program Scion Image 
(Scion Corporation, Inc.) installed on a PC connected to 
the Sony CCD camera/Leica microscope. Further details of 
the measurement procedure of chaoborid larvae are given 
elsewhere in Bezerra-Neto (2001). 

The vertical distribution of each zooplankton popula-
tion was estimated using the mean depths for daylight and 
dark hours. A weighted mean depth was calculated as:

WMD
n d
n
i i

i
= ( )

( )
∑

Σ
 (1) 

Where ni is the density (number of individuals per 
liter) of population i and di is the depth of sample i. This 
sample is considered to be the mean point of each depth. 
The data for total abundance in the water column were 
obtained by integrating each depth (ind.m–2) using the 
Simpson technique. 

We tested for the existence of DVM behavior by com-
paring the day and night WMD values using a two-tailed 
t-test for each population. The existence of a true DVM 

Figure 1. Location and bathymetric map of Nado reservoir.
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was granted if the test produced a WMD difference with 
a degree of significance of p < 0.05. 

The amplitude of WMD (ΔZ) was estimated using 
the difference between day and night values of WMD. A 
typical DVM was considered each time to occur when this 
difference was positive, and a reversal DVM was considered 
when this difference was negative. 

3. Results

3.1. Basic limnological features 

Nado reservoir was stratified, with epilimnetic tempera-
tures ranging between 24-25 °C. The epilimnion was about 
1 meter thick. The temperature variation between day and 
night was always less than 2 °C, and the difference between 
surface and bottom waters was about 3 °C (Figure 3). The 
oxygen profile was typically clinograde, with values close 

to zero near the bottom. The euphotic zone (>1% PAR) 
did not vary, remaining at about 2.5 m.

The water column of Carioca Lake was also stratified. 
The surface temperature ranged between 28-29 °C and the 
bottom temperature remained below 25 °C. The concentra-
tions of dissolved oxygen also decreased strongly towards the 
hypolimnion, where they remained below 3.0 mg O2.L

–1 
(Figure 3). The euphotic zone (1% of PAR) reached the 
depth of 4.0 m.

3.2. Zooplankton density

The zooplankton community in Nado reservoir was 
represented by 13 rotifer species and only one species of 
copepod, the cyclopoid Thermocyclops inversus. The mean 
integrated density of zooplankton was 6.3 x 106 ind.m–2 
(means of day and night densities). As expected, the rotifers 
were the most abundant group, representing no less than 
61.9% of the total mean zooplankton numbers, followed 
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Figure 2. Map showing some of the lakes of the Rio Doce State Park in southeast Brazil. The arrow indicates Carioca Lake, and the 
detail map shows its bathymetry.
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by copepods with 38.1%. The population of T. inversus was 
dominated by naupliar instars that comprised 80.1% of the 
total density of copepods. Even considering the rich rotifer 
assemblage, only a few taxa dominated: Brachionus falcatus, 
B. mirus, Keratella cochlearis and Kellicottia bostoniensis (den-
sities higher than 2% of total abundance for the sampling 
period). Therefore, only these species were included in the 
analysis of vertical migration of zooplankton (Figure 4). 

A single species of chaoborid was found in Nado res-
ervoir: Chaoborus (Sayomia) brasiliensis (Theobald, 1901). 

This species has an average maximum length of about 8 mm 
and a cephalic capsule reaching 0.9 mm. The relative mean 
densities of the different instars were 1, 13, 30 and 56% for 
the 1st, 2nd, 3rd and 4th instars, respectively. Significant differ-
ences (t-test, p < 0.05) between day and night abundances 
of instars were found (data not shown). 

The integrated densities of 2nd and 3rd instars were 2-3 folds 
higher at night (Figure 4). In the case of the 4th instar, this den-
sity increase at night was even higher and reaching a 22 fold 
difference (from 0.7 x 103 to 15.7 x 103 ind.m–2) (Figure 4).

Dissolved oxygen (mg.L–1)

Temperature (°C)

1 - Nado reservoir

Day

22 23 24 25 26

De
pth

 (m
)

0

1

2

3

4

5

6

0 2 4 6 8 10

Night

22 23 24 25 26

0 2 4 6 8 10

PAR radiation (%)

0 20 40 60 80 100

2 - Carioca Lake 

PAR radiation (%)

0 20 40 60 80 100

a b c

Temperature DO 

Temperature (°C)

De
pth

 (m
)

Day

24 25 26 27 28 29 30
0
1
2
3
4
5
6
7
8
9

0 2 4 6 8 10

Night

24 25 26 27 28 29 30

0 2 4 6 8 10
Dissolved oxygen (mg.L–1)

a b c

Figure 3. Vertical profiles of a) temperature (°C), b) dissolved oxygen (mg O2.L
–1), and c) PAR radiation (%) in 1) Nado reservoir 
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Figure 4. Vertical distribution of relative abundance (%) of the invertebrate predator Chaoborus and its zooplankton prey species during the 
day (shaded) and night (filled) in Nado reservoir on April 29-30, 2003. The data are expressed as the mean of three samples and a standard 
deviation. The figure below each graph indicates the mean density (ind.m–2) ± standard deviation for the entire water column.

The zooplankton community of Carioca Lake was 
also represented by 13 species of rotifers and 2 cyclopoids 
(Thermocyclops minutus and Microcyclops anceps). M.  anceps 
was quite rare, and contributed less than 1% of the 
samples. 

In contrast to Nado reservoir, in Carioca Lake the  cyclopoids 
were the most abundant zooplankters, contributing not less 
than 98.4% of all specimens counted. Again, the naupliar 
stages of cyclopoids were the most abundant ecophase, reaching 
75.9% of the relative density of  copepods (Figure 5). 
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Rotifers were present in much lower numbers in Carioca 
Lake (Figure 5). The mean integrated density was only 
41.9 x 103 ind.m–2 (mean average for day and night samples 
considered together), and only Hexarthra sp., Collotheca 

sp. and Ptygura sp., were abundant enough to be included 
in the DVM analyses (densities higher that 2% of overall 
zooplankton densities). A single genus, Hexarthra sp., con-
tributed with 86% of the total relative density. 

Relative abundance (%)
Carioca Lake 

Night

0
1
2
3
4
5
6
7
8
9

Day

Chaoborus spp. 1st instar Chaoborus spp. 2nd instar Chaoborus spp. 3rd instar Chaoborus spp. 4th instar
0 25 50 75

5.5  0.7 x 103 4.4  2.5 x 103 7.4  1.1 x 103 6.6  1.3 x 103 6.9  0.2 x 103 6.9  0.6 x 103 3.2  0.8 x 103 5.7  2.4 x 103

0 25 50 75 0 25 50 750 25 50 75

De
pth

 (m
)

2.1  0.1 x 106 1.7  0.5 x 106 0.6  0.1 x 106 0.4  0.1 x 106 0.2  0.02 x 106 0.1  0.02 x 106

0
1
2
3
4
5
6
7
8
9

Thermocyclops minutus
nauplii

0 25 50 75

Thermocyclops minutus
copepodite

0 25 50 75

Thermocyclops minutus
adult

0 25 50 75

63.6  5.6 x 103 8.7  0.6 x 103 3.8  2.2 x 103 1.8  0.9 x 103 1.1  0.5 x 103 1.6  1.4 x 103

Hexarthra sp.

0
1
2
3
4
5
6
7
8
9

0 25 50 75
Collotheca sp.

0 25 50 75
Ptygura sp.

0 25 50 75

Figure 5. Vertical distribution of relative abundance (%) of invertebrate predator Chaoborus and its zooplankton prey species during the 
day (shaded) and night (filled) in Carioca Lake on April 16-17, 2003. The data are expressed as the mean of three samples and a standard 
deviation. The figure below each graph indicates the mean density (ind.m–2) ± standard deviation for the entire water column.
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0.6 m ± 0.3 (B. falcatus), 0.7 m ± 0.3 (B. mirus) and 
0.8 m ± 0.6 (K. cochlearis). 

There was almost no diel variation of vertical distri-
butions of most zooplankton species in Carioca Lake 
(Figures 5 and 6). DVM was only detected for the 1st instar 
of Chaoborus. The different stages (nauplii, copepodites 
and adults) of T. minutus also did not migrate in Carioca 
Lake. In contrast to Nado reservoir, all individuals of this 
population were found homogenously distributed in the 
water column (Figures 5 and 6). Finally, the rotifers in this 
lake also followed the non-migration trend, and there were 
no statistical differences between the mean depths for day 
and night hours (t-test, p >0.05) (Figure 6). 

4. Discussion

This study found differences in the vertical migration 
behavior of similar zooplankton species in two different 
tropical freshwater systems. Whereas practically no DVM 
was detected in Carioca Lake, this behavior was ubiquitous 
in Nado reservoir. The question at this point is why similar 
species adopt quite different DVM strategies under similar 
circumstances? The physical and chemical conditions of 
both systems were quite similar. Both systems are warm 
monomictic, with only one circulation period. They also 
share similar morphometric parameters. Both are small 
freshwater bodies, shallow, and with generally mesotrophic 
conditions. Therefore, it is possible that these general lim-
nological features cannot explain the differences found in 
DVM of their zooplankton. As the features are similar in 
both lakes, one would not expect the DVM differences to 
be induced by the limnological features. 

One possible reason for the different DVM strategies 
found in the two lakes may be linked to the differences in 
the composition of fish species. Between 1960 and 1970, 
there was a general introduction of several exotic fish spe-
cies in most lakes of the Rio Doce Lake District. These 
introductions are well documented, mostly because they 
were carried out by government agencies for the general 
purpose of increasing fish production. Two piscivores fish 
species were particularly used by local fish fauna “manag-
ers”: the tucunaré (Cichla cf. ocellaris) and the red piranha 
(Pygocentrus natterei) (Godinho et al., 1994). Several de-
tailed investigations have documented the spread of these 
two species to almost all of the lakes in the region (Latini, 
2001; Latini et al., 2005; Vasconcellos et al., 2005). All 
the studies demonstrated that these introductions caused 
an acute erosion of native fish species in most of the Rio 
Doce lakes. Considering the specific case of Carioca Lake, 
Vasconcellos et al. (2005) reported the presence of a third 
exotic fish, the pimelodid Clarias gariepinus (in addition to 
the tucunaré and the red piranha), in a series of samplings 
conducted between October 2002 and July 2003. A com-
parison between these studies suggests that the fish fauna 
of Carioca Lake has lost at least seven native fish species 

Two species of Chaoboridae were found in Carioca Lake. 
They have so far not been identified; however, differences 
in the length of the cephalic capsule allowed an accurate 
distinction of the instars of these two species. The maximum 
length of body length (12.4 mm) and the cephalic capsule 
(1.7 mm) found for both populations in Carioca Lake 
were clearly larger than the corresponding proportions for 
C. brasiliensis in Nado reservoir. The chaoborids of Carioca 
Lake also had a larger mouth opening (mean 0.67 mm for 
the 4th instar). The mouth opening for C. brasiliensis from 
Nado reservoir ranged between 0.47 and 0.54 mm. 

The mean densities of Chaoborus were 21, 30, 30 and 
19% for the 1st, 2nd, 3rd and 4th instars, respectively. There 
were no significant differences between day and night 
densities of chaoborids in Carioca Lake (t-test, p > 0.05) 
(Figure 5).

3.3. Vertical distribution of zooplankton

The significant differences (t-test, p < 0.05) found for the 
vertical distribution of Chaoborus (instars 1st through 4th) 
show that this species is clearly undergoing a daily vertical 
displacement behavior in Nado reservoir (Figure 6). The 
individuals spend the daylight hours in deeper layers and 
travel upwards after sunset. No difference was found for the 
vertical amplitude of this migration between the different 
instars. The ranges of vertical movement for the larvae of 
Chaoborus in Nado reservoir were: 2.1 m (± 0.19), 2.9 m 
(±0.15), 2.9 m (±0.19) and 2.2 m (±0.19) for the 1st, 2nd, 
3rd and 4th instars, respectively (Figure 6). All instars tended 
(>50% of mean relative density) to remain in the 2.5-3.5 m 
layer at night, where the dissolved oxygen concentrations 
usually remained below 2 mg O2.L

–1 (Figures 3 and 4). 
The nauplii, copepodites and adults of T. inversus in 

Nado reservoir also showed significant differences in their 
vertical distribution between day and night. This species 
also exhibited a nocturnal DVM (Figures 4 and 6). In con-
trast to Chaoborus, there was an increase in the ranges of 
vertical displacement according to the ontogenetic stage of 
T.  inversus. The older stages made a longer vertical migration 
than the younger ones. The vertical ranges of vertical migra-
tion for the nauplii, copepodites and adults of T.  inversus 
were 0.4 m ±0.17, 0.73 m ±0.23 and 1.43 m ±0.15, re-
spectively (Figure 6). 

The DVM of T. inversus in Nado reservoir was associ-
ated with dissolved oxygen and light intensity. Copepods 
and adults were concentrated in layers with no light or with 
very low oxygen during the day (Figure 4).

Four rotifer species from Nado reservoir were con-
sidered in the analysis: B. falcatus, B. mirus, K. cochlearis 
and K. bostoniensis. They all exhibited a standard DVM, 
except the rotifer K. bostoniensis. There were significant 
differences between the day and night vertical position-
ing of these populations (Figures 4 and 6). However, the 
magnitude of the DVM was lower than 1.0 m in all cases: 
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invertebrate predators. Some of these studies also support 
the hypothesis that predation pressure from chaoborids can 
be even greater than that due to planktivorous fish (Wissel 
and Benndorf, 1998). The buildup of large populations of 
this invertebrate predator can be seen as the result of the 
“ecological release” caused by the abrupt retreat of plank-
tivores in the system. 

The phenomenon of ecological release has probably 
occurred in Carioca Lake (Pinto-Coelho et al., 2008). In 
this lake, Chaoborus larvae can be found occupying large 
portions of the water column not only during the day but 
also at night. To avoid sharing the same space, and con-
sidering the absence of a refuge for its potential prey, most 

in the last 20 years, a period coinciding with the stabiliza-
tion of the populations of red piranha and tucunaré in this 
lake (Latini et al., 2005). More recently, a new investiga-
tion reported the worsening of the situation, since only 
three native species (Hoplias malabaricus, Hoplerythrinus 
 unitaenianus and Trachelyopterus striatulus) were found in 
Carioca Lake (Pinto-Coelho et al., 2008). 

There is good evidence indicating that Chaoborus larvae 
can develop uncontrolled large populations in lakes where 
piscivorous were accidentally or intentionally introduced 
(Wissel et al., 2000; Benndorf et al., 2000). The domi-
nance of invertebrate predators in some lakes may also be 
associated with the existence of non-migrating larger 
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may be less vulnerable to fish predation than the older 
copepod stages. 

DVM was also observed in different species of rotifers in 
Nado reservoir (e.g., B. falcatus, B. mirus and K.  cochlearis), 
although this behavior was not as clear as observed for 
the copepods and dipteran larvae. These rotifer species 
remained below the thermocline during the day, and trav-
eled upwards into the epilimnion at night, probable to 
avoid the Chaoborus (1st to 4th instars). This behavior is also 
explained by the fact that all instars of Chaoboridae are able 
to consume rotifers (Moore et al., 1994; Arcifa, 2000). The 
absence of the DVM to the rotifer K. bostoniensis, found 
during the study period in higher concentrations in the 
hypolimnion, can probable be explained to the protective 
nature of its very long spines, reducing its vulnerability 
to Chaoborus (Stemberger and Gilbert, 1987). Some field 
studies (Stich and Lampert, 1981; Ohman, 1983) have 
suggested that rotifers are able to undergo clear DVM 
with ranges of less than 1 meter. This vertical displacement 
is often correlated with the DVM of different predators, 
including the dipteran Chaoborus and the omnivorous 
cyclopoids. Gilbert and Hampton (2001), for example, 
demonstrated that Polyarthra remata undergoes reverse 
DVM, avoiding the predator Tropocyclops extensus. 

5. Conclusions

In this paper, two tropical freshwater ecosystems for 
which the basic limnological features and fish faunas are 
well known, but with quite different patterns of DVM, 
were selected for a comparative study. Whereas no DVM 
was observed in Carioca Lake, in Nado reservoir DVM was 
ubiquitous in zooplankton. The data analysis indicates that 
this behavior is probably linked to the spatial interactions 
between the predators (vertebrate and invertebrate) and 
their potential prey species. From the results, it seems that 
the cyclopoid copepods and rotifers adjust their behavior to 
that of Chaoborus, and these in turn seem to perform DVM 
in response to the presence of fish. The data also illustrate 
the complex nature of the impact of the introduction of 
alien fish species in tropical freshwater systems, with their 
impacts extending far beyond the trophic levels of top 
predators. Finally, we stress the need for additional studies 
using simulation or new experimental or technological ap-
proaches aiming to test the amplitude of the “behavioral 
cascade” in shaping diurnal vertical migration through the 
different trophic levels of zooplankton.
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zooplankton species in this lake have also adopted a non-
migratory behavior. They are homogeneously distributed 
in the water column, independently of the diel cycle. The 
probability of being captured by a predator is practically 
the same at every depth, since all instars of Chaoborus can 
be found throughout the water column. 

A completely different situation was observed in Nado 
reservoir. There were no exotic piscivorous species in the 
fish assemblage, and most fish species are small planktivores 
(Bezerra-Neto, 2001). DVM was a common behavior of the 
zooplankton community in this small reservoir. The clear 
migratory behavior of these invertebrate predators seems 
to be a determining factor shaping the migratory behavior 
of the entire community of zooplankton. 

The difference between day and night densities of chao-
borids observed in Nado reservoir suggests that the larval 
instars of these organisms remained in or near the upper 
layers of the sediment during the day (where they were not 
sampled by our Patalas trap), ascending to the upper strata 
of the water column at night. The mean depth of all larval 
instars was always close to the critical limit of dissolved 
oxygen of 1 mg O2.L

–1 as proposed by Davis (1975). Even 
considering that Nado is a shallow reservoir (Zmax = 6.5 m), 
there was a formation of a stable anoxic layer at around the 
depth of 2.0 m, for most parts of the year (Bezerra-Neto 
and Pinto-Coelho, 2001). This is an effective barrier for 
fish, and consequently this is a refuge for most planktonic 
organisms to avoid fish predation. But, even without the 
presence of the anoxic layer, the Chaoborus would have been 
protected from visual fish predation during the day because 
they remained in the dark. There is the possibility that the 
1st and 4th instars remained below 2 m at night to avoid 
non-visual fish predation (Unger et al., 1984). 

The DVM observed for chaoborids in Nado reservoir 
was observed in different zooplankters belonging to differ-
ent trophic levels. The population of T. inversus showed a 
typical DVM and seemed to migrate into the surface waters 
to avoid principally the 4th Chaoborus instar, which also 
migrated upward at night but did not concentrate in the 
uppermost water layers. Another study in Nado reservoir 
(Bezerra-Neto and Pinto-Coelho, 2007) demonstrated 
that T. inversus is able to fine-tune the vertical distribution 
of its individuals, avoiding fish predation during the day 
and Chaoborus predation during the night. They found a 
relationship between DVM ranges and the ontogenetic 
stages of T. inversus, in accordance with other recent stud-
ies (Irigoien et al., 2004; Perticarrari et al., 2004). Older 
and larger copepodites as well as the adults of this copepod 
showed a greater range of vertical migration, possibly be-
cause: 1) they better tolerate the anoxic conditions in the 
hypolimnion (Makino et al., 2003); 2) they are stronger 
swimmers than the nauplii; and 3) the nauplii might not 
have been induced to swim deeper during the day as they 
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