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Abstract Invertebrate predation on zooplankton
was investigated in mesocosms in the shallow
tropical Lake Monte Alegre, Sdo Paulo State, Brazil,
in the summer of 1999. Two treatments were applied:
one with natural densities of prey and the predators
Chaoborus brasiliensis and the water mite Kren-
dowskia sp. (Pr+), and another without predators (Pr-).
Three enclosures (volume: 6.6 m’ of water per
enclosure) per treatment were installed in the sedi-
ment of the deepest area of the lake (5.0 m). At the
beginning, Chaoborus larvae were present in
Pr- enclosures, because of technical difficulties in
preventing their entrance, but they virtually disap-
peared in the course of the experiment. Water mites
were almost absent in Pr- enclosures. Chaoborus
predation negatively influenced the Daphnia gessneri
population, but not the populations of the copepods
Tropocyclops prasinus and Thermocyclops decipiens
and the rotifers Keratella spp. Death rates of Daphnia
were generally significantly higher in the Pr+ treat-
ment; Daphnia densities increased after the disap-
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pearance of Chaoborus in Pr-. Copepod losses to
predation in the experiment may be compensated by
higher fecundity, shorter egg development time, and
lower pressure on egg-bearing females, resulting in a
lower susceptibility to Chaoborus predation. The
predation impact of water mite on microcrustaceans
and rotifers in the experiment was negligible.
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Introduction

In aquatic ecosystems, predation has been considered
the major force in controlling densities and structure
of zooplankton communities (Zaret 1980), compared
with senescence, food shortage, parasitism, and
limiting abiotic factors as the main cause of mortality
(Gliwicz and Pijanowska 1989). The seasonal suc-
cession of species can be indirectly affected by
predation (Gliwicz and Pijanowska 1989), in addition
to direct effects on abundance, size structure, mor-
phology, and organism behavior. In the absence of
vertebrate predators, invertebrates can exert a strong
impact on zooplankton populations (Zaret 1980; Lair
1990) and may be a key factor in the evolution of the
life history of cladocerans (Lynch 1980).

Chaoborus larvae are among the most common
invertebrate predators in fresh waters; their role in
food webs is better known in temperate lakes than in
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tropical ones (e.g., Hare and Carter 1987; Saunders
and Lewis 1988; Pagano et al. 2003). Vertebrates or
invertebrates can regulate crustacean populations for
a longer period in warm lakes than in temperate ones
(Saunders et al. 1999), and therefore, predation by
invertebrates can be more intense in the tropics than
in the temperate zone.

Predation by water mites on zooplankton is not as
well documented, because they are usually littoral
dwellers. However, their impact on crustaceans can
be considerable, especially when the mite densities
exceed 100 ind. m™ in the limnetic zone (Gliwicz
and Biesiadka 1975; Matveev et al. 1989; Butler and
Burns 1993).

Detritivory, piscivory, omnivory, insectivory, and
herbivory are the main fish feeding guilds in Brazil-
ian waters, where planktivores play only a minor role
in food webs (Aratjo-Lima et al. 1995; Arcifa et al.
1995). In Lake Monte Alegre, the pump filter-feeder
adult Tilapia rendalli is the only planktivorous fish,
feeding mostly on phytoplankton (Arcifa and Me-
schiatti 1993, 1996). Adults were not abundant in the
lake and were inefficient in controlling zooplankton,
whose densities increased significantly in the meso-
cosm with fish because of the phytoplankton
enhancement (Silva 2004). Moreover, most fish
larvae and juveniles do not prey on zooplankton
(Meschiatti and Arcifa 2002), and both adult and
young fishes are mainly littoral dwellers (Arcifa and
Meschiatti  1993), resulting in a low predation
pressure on zooplankton in the limnetic zone of the
lake. Therefore, invertebrate predators can exert a
larger influence on lake zooplankton than can fish.
Instars III and IV of Chaoborus brasiliensis, and the
limnetic water mite Krendowskia sp. are the main
invertebrate predators in Lake Monte Alegre (Arcifa
2000; Cassano et al. 2002). Cyclopoid copepods do
not seem to be important predators of microcrusta-
ceans, because Tropocyclops prasinus could be
maintained on a diet of algae in our laboratory, and
Thermocyclops decipiens raised on protozoans and
algae by Rietzler (1995). She found that in the field
detritus, algae, and rotifers were the main items of its
diet, and that T. decipiens preyed more heavily on
rotifers if offered microcrustaceans and rotifers.

The aim of the present study was to evaluate the
influence of invertebrate predation on the densities
and dynamics of prey populations in a mesocosm
experiment, to test the hypothesis (Arcifa et al. 1992)
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that in Lake Monte Alegre some zooplankton popu-
lation can be regulated by the invertebrate predator
Chaoborus. We applied two treatments in the mes-
ocosms: one with Chaoborus and water mites, and
one without predators. Since Chaoborus brasiliensis
is a small species and early larval instars passed
through the net holes of the predator-free treatment
during the set up procedure, we tested: a. prey
responses to natural densities of Chaoborus larvae
and water mite (Pr+ treatment) and low densities of
Chaoborus and no water mites (Pr- treatment) at the
beginning of the experiment (Period 1), and b. prey
responses to natural densities of larvae and mites
(Pr+) and to lack of predators (Pr-), after the virtual
disappearance of Chaoborus from the predator-free
treatment (Period 2) .

Study area

Lake Monte Alegre (21° 11'S, 47° 43'W) is a small
(area = 7 ha), shallow (Z max. = 5 m, Mean
z = 2.9 m), warm discontinuous polymictic reservoir
(Arcifa et al. 1990), located on the University of Sdo
Paulo campus, in Ribeirdo Preto, State of Sao Paulo,
southeastern Brazil. The lake was formed in 1942 by
the damming of Laureano Creek, which belongs to
the River Pardo basin. The region has a tropical
climate, with a marked cool-dry season (May—Sep-
tember) and a warm-wet season (October—April).
Since the outlet is superficial and the dam is not
manipulated, the impoundment functions as a small
lake, with a retention time of about 45 days at the end
of the wet season. Stratification periods, particularly
during summer, can lead to oxygen depletion in the
narrow hypolimnion (Arcifa et al. 1990).

The lake is eutrophic, and has sporadic small
cyanobacteria blooms. Eight planktonic cladoceran
species were recorded in four periods (1985/86, 1988/
89, 1998/99, and 2001/02) (Arcifa et al. 1992, 1998;
Fileto 2001; Bunioto 2003): Bosmina tubicen,
Ceriodaphnia cornuta, C. richardi, Daphnia amb-
igua, D. gessneri, Diaphanosoma birgei, Moina
micrura, and M. minuta; and two cyclopoid copepod
species: Thermocyclops decipiens and Tropocyclops
prasinus meridionalis. Fifteen rotifer species have
been found in the lake, including three species of
Keratella: K. americana, K. cochlearis micracantha,
and K. tecta tecta (Arcifa et al. 1992).
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Materials and methods

The investigation was carried out in the lake from 9
to 25 February 1999. The enclosure was 5.5 m high,
with a diameter of 1.3 m, and a volume of 6.6 m>
(Fig. 1); the enclosure was made of non-toxic plastic
sheet and double rounded aluminum frames. It was
constructed and set up as described by Arcifa and
Guagnoni (2003). The enclosure was lowered into the
lake until it reached the lake bottom; it got filled with
water on its way down. A floatation device, made of
groups of six clear plastic bottles (volume —2 1, PET
type, Coca Cola or similar), were attached to five
short bars screwed around the upper frames of the
enclosure. Six such enclosures were installed in the
deepest area of the lake (5.0 m), in a systematic
arrangement to prevent pseudoreplication. Two treat-
ments with three replicates each were carried out: (1)
Pr+, with free access of Chaoborus brasiliensis larvae
and the water mite Krendowskia sp. to the water
column and sediment; and (2) Pr-, provided with a
1 mm net close to the lower frames of the enclosure
(Fig. 1), to block the entrance of organisms from the
sediment. A 3 mm tulle fabric covered the
Pr- enclosures, to prevent Chaoborus oviposition.

Despite efforts to exclude Chaoborus larvae from
the Pr- (predator-free treatment), instars I, II, and III
were present at the beginning of the experiment,
although in low densities. The pore size of the net
used to exclude predators could not be made smaller,
in order to avoid exclusion of the prey. Thus, it was
possible to evaluate predation effects on prey by
analyzing the experiment in two periods: Period 1
(P1: day 1-9) characterized by higher and lower
densities of Chaoborus larvae, respectively, in the
treatments Pr+ and Pr-; and Period 2 (P2: day 13-16)
marked by the virtual disappearance of Chaoborus in
treatment Pr-.

The enclosures and the environment were moni-
tored twice a week at sunset for 16 days, when
Chaoborus larvae III and IV and mites were most
abundant in the water. A total of 45 1 of water were
pumped from each enclosure with a bilge pump
(Model 34,600-0000, Jabsco ITT Ind., Costa Mesa,
USA) that delivered 30 1 min~' from the surface to
ca. 4 m in the center of the water column, to avoid
wall effects. The water was filtered through a 60 pum
mesh net, and the organisms were narcotized and
fixed (Haney and Hall 1973). Temperature, dissolved
oxygen, and electrical conductivity were monitored

Fig. 1 Diagram of
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with Yellow Springs Inc. equipment, models 95
and 30.

Prey organisms were counted in 1 ml-subsamples
taken with a piston pipette, and placed in a counting
chamber and counted using a stereoscopic micro-
scope. At least 60 individuals were enumerated in
each subsample; the coefficient of variation did not
exceed 0.20 as recommended (McCauley 1984).
Low-density samples, as well as both predators in
the samples were fully counted. Prey length was
measured using a microscope or stereoscopic micro-
scope and an ocular micrometer for calculating
biomass.

Chaoborus diet was evaluated by counting prey
extracted from the crop by gentle squeezing of the
contents according to Arcifa (2000). Dietary item
contribution in biomass was based on length-weight
regressions established for lake crustaceans and
Chaoborus larvae (Castilho-Noll and Arcifa, 2007)
and biovolume for algae and rotifers. Chaoborus
larvae were collected in the mesocosms and averaged
over time for crop analysis.

The number of eggs/female, of egg-bearing
females, and the egg development time for the main
prey species—Daphnia gessneri and Tropocyclops
prasinus—were quantified as measures of population
dynamics. Egg development time for Thermocyclops
decipiens was obtained from the literature (Rietzler
1995) and that of D. gessneri was determined by
placing individually 10 neonates in 30 ml vessels
containing lake seston <140 um (mean concentration
of 09 + 0.3 mg C 17]), maintained in an environ-
mental chamber at 23-24°C (mean water-column
temperatures in Lake Monte Alegre) and a 12:12 h
photoperiod. The water was renewed daily, and
observations were made every 3 h until eggs
appeared and neonates hatched. The observed egg
development time used in the calculations was
1.91 £ 0.12 days, which did not differ statistically
from the time observed at 27°C, the mean temper-
ature recorded in the experiment.

Non-ovigerous females of Tropocyclops prasinus,
collected in the lake, were placed individually in ten
130 ml vessels, containing lake water filtered through
a 20 pm mesh net, to which 1 mg C 17" of the alga
Chlamydomonas reinhardtii was added, and main-
tained at environmental chamber at 23-24°C and
12:12 h photoperiod. Observations were made fre-
quently until eggs appeared and nauplii hatched; the
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mean time recorded for egg development was
1.72 + 0.08 days. Females of Thermocyclops decipi-
ens were raised at 23-24°C on a diet of protozoans
and algae by Rietzler (1995), who found
1.33 + 0.15 days for egg development time. Due to
difficulties in differentiating nauplii and copepodites
of the two-copepod species, the data for both were
pooled. Hence, the egg development time used in the
calculations (D) was the mean (1.52 days) for both
copepods. Due to the egg development time of
T. decipiens at 28°C was 0.94 + 0.09 day (Rietzler
1995), the birth rates may be slightly underestimated
in our experiment, because the mean temperature was
around 27°C in the enclosures.

Birth (b), death (d), and growth (r) rates were
calculated according to Edmondson (1968) and
Paloheimo (1974).

One-way repeated-measures ANOVA (Systat®),
version 9, 1999, SPSS, Chicago, IL, USA) was used
for comparing means of the treatments. In order to
supplement this analysis, a post hoc Tukey honest
significant difference (HSD) test was performed to
compare responses between treatments. The Spear-
man coefficient was used to test for correlations
between predator densities and prey densities and
population rates.

Results
Physical, chemical, and biological data

Temperature, electrical conductivity, and dissolved
oxygen (DO) in the enclosures at the beginning,
middle, and end of the experiment are presented in
Table 1. Results from other sampling dates were
excluded from the table, because the differences were
negligible. Physical and chemical factors did not
differ significantly between the treatments.

Thermal stratification was established in both
treatments during the course of the experiment, with
consequent stratification of dissolved oxygen and
electrical conductivity. Dissolved oxygen values
were ca. 1 mg 1~! near the bottom. Water parameters
in the enclosures and in the environment were
similar.

The organisms that were analyzed in the meso-
cosms for predator—prey relationship are: Cladocera,
Daphnia gessneri  (0.68-1.25 mm in length);
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Table 1 Means and

standard deviations of Ist day 6th day 16 th day
tempgrature, conductu{lty, Temperature (°C) Pr+ Pr- Pr+ Pr- Pr+ Pr-
and dissolved oxygen in the
treatments Pr+ (with Surface 28200 28301 295+02 298=02 273x05 28302
predator) and Pr- (without Bottom (4.5 m) 26.0+0.1 26.1+0.1 257+0.1 256=+0.1 256+0.1 257=+0.1
pr.edator) at the beginning, Conductivity (us cmfl)
middle, and end of the Surface 682407 68705 704%07 713+05 652+15 663 0.1
experiment
Bottom (4.5 m) 819+26 89.0+34 693+28 732+78 799+37 774+44
DO (mg 17")
Surface 8.6+02 87=x0.1 82+06 80+x04 82=x0.1 8.3 +0.7
Bottom (4.5 m) 09 £ 0.1 0.6 = 0.1 1.9 + 0.1 1.8 + 1.1 1.0 £ 0.1 1.1 £0.1
Copepoda, adult Tropocyclops prasinus (0.47- biomass (Fig. 2b). Instars III and IV had higher
0.61 mm) and adult Thermocyclops decipiens dietary diversity, as adult copepods, Daphnia gess-

(0.71-0.77 mm); Rotifera, Keratella spp. (0.08-
0.11 mm); Diptera, Chaoborus brasiliensis Instar 1
(1.47-1.87 mm), Instar II (2.05-3.23 mm), Instar III
(4.07-4.70 mm), and Instar IV (5.68-6.92 mm); and
Hydracarina, Krendowskia sp. (0.99-1.33 mm).

Feeding habits of Chaoborus larvae in the
enclosures

Microcrustaceans contributed the most to the diet of
Instars III and IV, as shown in the crop contents
(Fig. 2). The dinophycean Peridinium and the rotifer
Keratella were numerically the dominant prey of
instar II (Fig. 2a), while copepodites prevailed in
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neri (small size 0.68-0.80 mm), and Chaoborus
larvae were included in their diets. The main prey
items in terms of biomass were Tropocyclops prasi-
nus and Thermocyclops decipiens (Fig. 2b). About 81
percent of the copepods ingested by late instars were
males and non-egg-bearing females. The diet of
Instar I could not be evaluated, because all the
individuals had empty crops.

Temporal variation of predators in the enclosures
The two periods (Pl and P2) were marked by

variations in predation pressure in both treatments,
with (Pr+) and without predators (Pr-) (Figs. 3a, 4).

b
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Fig. 2 Proportion of food items in the crops of Chaoborus brasiliensis larvae II, Il and IV in both treatments, during the experiment.
(a) Percentage in number, (b) Percentage in biomass. N = number of specimens analyzed
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Fig. 3 (a) Mean densities
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larvae in both treatments;
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Fig. 4 Mean densities and standard errors of Krendowskia sp.
(Hydracarina) in both treatments. P1 = period 1; P2 = period 2

The Anova showed that there were significant
differences in Chaoborus densities between treat-
ments (post hoc Tukey test, P = 0.005) and over time
(P = 0.01) (Table 2). Densities of the water mite
Krendowskia did not differ statistically in the treat-
ments (Table 2).

During P1 (days 1-9), all Chaoborus instars were
present in Pr+ (Fig. 3b), and the mean densities of
larvae IIT + IV ranged from 0.19 to 0.38 ind. 17", In
P2 (days 13-16) there was a general trend toward
decreasing numbers of instars I and II, and the
densities of larvae III + IV varied from 0.04 to
0.39 ind. 1"'. Adult emergence and larval mortality
were responsible for density variations during the
experiment, and may explain the decline of Chaob-
orus by the end of the experimental period. Since the
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larvae were trapped inside the enclosures, density
declines in the water, followed by an increase on the
next sampling date, could result from a larger number
of individuals remaining in the sediment. Oviposition
was ineffective despite the absence of a tulle screen
over the Pr+ enclosures, as shown by the disappear-
ance of instar L.

The most conspicuous shifts occurred in the Pr-
treatment, in which initial densities of instars III + IV
(0.06 to 0.17 ind. 171), in P1, decreased in the
following period, the larvae virtually disappearing
from the enclosures (Fig. 3a, c¢). Larvae disappear-
ance can be attributed to the lack of female ovipo-
sition, precluded by the tulle screen over the
Pr- enclosures, their isolation from the sediment by
the 1 mm net located near the lower frame of the
cylinder, mortality, and completion of the life cycle
by the remaining larvae. Instar IV did not pass
through the holes of the 1 mm net during the set up
procedure, and appeared in the enclosures a few days
later after the early instars developed (Fig. 3c).

Water mite were almost absent in Pr-, confirming
the efficiency of the 1 mm net in preventing the
entrance of the animals into the enclosures (Fig. 4).
An increase in their densities in Pr+ during P2
probably resulted from better reproductive perfor-
mance, because the enclosure walls provided an extra
substrate for egg deposition. Although the same
factor could have favored mites in Pr-, their daytime
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Table 2 One-way repeated-measures ANOVA for the treatment effects, with predator (Pr+) or without predator (Pr-), and the effect
of time (7) on density of Chaoborus, Krendowskia, and Keratella, and on density and population rates of D. gessneri and Copepoda

Source df MS F P

(i) Chaoborus density

Pr + x Pr- 1 0.317 32.181 0.005
T 5 0.083 3.987 0.01
Pr+xPr-xT 5 0.022 1.076 0.403
(ii) D. gessneri density

Pr + x Pr- 1 888.934 65.526 0.001
T 5 429.277 16.169 <0.001
Pr+xPr-xT 5 368.110 13.865 <0.001
(iii) D. gessneri birth rate

Pr + x Pr- 1 0.025 3.702 0.127
T 5 0.056 4.063 0.010
Pr+xPr-xT 5 0.023 1.670 0.188
(iv) D. gessneri death rate

Pr + x Pr- 1 0.515 27.179 0.006
T 5 0.275 6.771 <0.001
Pr+xPr-xT 5 0.336 8.275 <0.001
(v) D. gessneri growth rate

Pr + x Pr- 1 0.312 25.245 0.007
T 5 0.364 10.028 <0.001
Pr+xPr-xT 5 0.233 6.411 0.001
(vi) Copepoda density

Pr + x Pr- 1 0.003 0.000 0.993
T 5 78.722 4.000 0.011
Pr+xPr-xT 5 9.028 0.459 0.802
(vii) Copepoda birth rate

Pr + x Pr- 1 0.002 1.192 0.336
T 5 0.004 3.490 0.020
Pr+xPr-xT 5 0.001 1.383 0.272
(viii) Copepoda death rate

Pr + x Pr- 1 0.002 0.302 0.612
T 5 0.062 7.211 0.001
Pr+xPr-xT 5 0.005 0.640 0.672
(ix) Copepoda growth rate

Pr + x Pr- 1 0.006 1.629 0.271
T 5 0.048 6.570 0.001
Pr+xPr-xT 5 0.005 0.621 0.686
(x) Keratella density

Pr + x Pr- 1 119205.6 3.090 0.154
T 5 110693.7 11.993 <0.001
Pr+xPr-xT 5 27214.26 2.948 0.037
(xi) Krendowskia sp. density

Pr + x Pr- 1 1.365 6.208 0.067
T 5 0.142 0.967 0.461
Pr+xPr-xT 5 0.122 0.831 0.542
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migration into the sediment was precluded by the
1 mm net, which probably affected population
growth.

Population dynamics of prey

The Daphnia gessneri population was sensitive to
predation-pressure variation, reacting to the disap-
pearance of Chaoborus in Pr- with a sharp increase in
densities in P2 (Fig. 5a). Significant density differ-
ences were found between treatments (Anova,
Table 2, post hoc Tukey test, P = < 0.001). A
conspicuous increase of males in Pr- in P2 (Fig. 5b)
took place concurrently with a high abundance of
parthenogenetic females, indicating the effect of
crowding on sexual reproduction.

Daphnia birth rates did not significant differ
between treatments (Table 2, Fig. 6a). Death and
growth rates differed statistically between treatments
(Anova, post hoc Tukey test, P = 0.007 and
P = 0.007, respectively), generally with higher death
rates and lower growth rates in Pr+ (Fig. 6b, c¢). There
was a significant negative correlation between the

P1 P2
a 600 -
45.0 -
— Pr+ I
R E—— Pr-
S 30.0
£ L
15.0 | :
0.0
b 60 -
—x— Male Pr+
40 | ---x--- Male Pr -
—o— Eph. Fem. Pr+ w’
§ 00 ] ---o--- Eph.Fem. Pr- I l
D St X X +
0.0 | ffmmmm i S -—‘X/L%X
_20 J
1 3 6 9 13 16

Days

Fig. 5 (a) Mean densities and standard errors of parthenoge-
netic Daphnia gessneri in both treatments. (b) Mean densities
and standard errors of males and ephippial females of D.
gessneri in both treatments. P1 = period 1; P2 = period 2
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Fig. 6 Means and standard errors of (a) population birth rates,
(b) population death rates, and (c¢) population growth rates of
Daphnia gessneri in both treatments. P1 = period 1;
P2 = period 2

densities of Daphnia and Chaoborus in the Pr-
treatment (r = —0.70; p = 0.05). In both treatments
the correlations between Daphnia population rates
and predator densities were not significant.

The densities of adult copepods did not differ
between the two treatments during the experimental
period (Table 2, Fig. 7a). In both treatments growth
rates were positive, except at the beginning of period
P2 (Fig. 7d), when densities remained stable
(Fig. 7a). The birth, death, or growth rates did not
significantly differ between treatments (Table 2), and
the correlation between densities of copepods and
Chaoborus was not significant. Copepods have higher
clutch size and fecundity (eggs/total females) and a
shorter egg development time than Daphnia (Table 3).

The populations of Keratella spp. decreased
during the experiment to very low values at the end
(Fig. 8). Values were higher in Pr+ but not signif-
icantly different from Pr- (Table 2).
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Fig. 7 Means and standard errors of (a) densities, (b)
population birth rates, (¢) population death rates, and (d)
population growth rates of Copepoda in both treatments.
P1 = period 1; P2 = period 2

Table 3 Comparison of some reproductive characteristics
between Daphnia gessneri and Copepoda (Tropocyclops pra-
sinus + Thermocyclops decipiens) during the experiment

D. gessneri Copepoda

Clutch size 34 +05 16 = 0.7
Fecundity (eggs/total female) 1.6 £ 0.5 47+13
Proportion of ovigerous female (%) 18 +0.08 30=+0.1
Egg development time (days) 191 +0.1 152=+0.1

There was no significant correlation between the
densities of Daphnia gessneri and mites in Pr+. The
increase of density in both cases in P2, indicated a
lower predation impact by mites on prey.

P1 P2

800 1
700 4
600 |
500 4
400 4
300 4
200 L.
100 |

ind.I"

Days

Fig. 8 Mean densities and standard errors of Keratella spp. in
both treatments. P1 = period 1; P2 = period 2

Discussion

In experiments on invertebrate predation in enclo-
sures it is difficult to exclude predators without
excluding prey. Examples can be found in the
literature, e.g., the experiment by Mumm (1997),
who was also unable to prevent the entrance of
Chaoborus larvae in the predator-free treatment, but
considered predation negligible because only younger
instars were present, which had low impact on
cladocerans. However, a minimum of 5-6 days
(Moore 1986) and a maximum of 12—13 days (Cressa
and Lewis 1986) is the time range for instar I of two
Chaoborus species to reach instar III. Thus, even
though only early instars were initially present in the
predator-free enclosures in Mumm’s experiments
(Mumm 1997), the larvae eventually reached a stage
at which they could predate on crustaceans. In our
study, in the predator-free enclosures instars I, II, and
IIT were present at the beginning of the experiment,
because Chaoborus brasiliensis is a relatively small
species and larvae passed through the net holes in a
vertical position, during the enclosure set up in the
lake. However, once the enclosure was installed, the
net was efficient in blocking the entrance of new
larvae, because they swim horizontally. Thus, the
effect of the lack of Chaoborus predation could be
evaluated at the end of period 1 and during period 2,
when larvae occurred in very low densities or were
virtually absent in the Pr- treatment. The mite
Krendowskia sp. can prey on Daphnia gessneri
(Cassano et al. 2002), but in the experiment there is
no indication of its impact on the daphnid population
and for this reason Chaoborus predation was mainly
focused.
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The population of Daphnia gessneri responded
more clearly to shifts in predator densities than the
populations of copepods and rotifers (Keratella spp.)
in the experiment, with higher death rates and lower
densities and lower growth rates in the treatment with
predators. The daphnids did not exhibit any strategy
to prevent their predation by Chaoborus in our
experiment.

Densities and population rates of copepods do not
seem to be strongly influenced by invertebrate
predation in the experiment. Higher clutch size,
fecundity, and shorter egg development time of
Tropocyclops prasinus and Thermocyclops decipiens,
enhancing birth rates, are plausible explanations that
compensate for the lower predation impact on
copepods compared with Daphnia gessneri. Also a
lower predation on egg-bearing copepod females
(19% of the total individuals consumed) and nauplii
could explain the lower predation on copepods.
Differential predation by Chaoborus larvae on males
and females of copepods has been earlier reported.
Higher predation pressure on males has been
observed, because their quicker movement is more
easily detected by Chaoborus mechanoreceptors
(Blais and Maly, in Svensson 1997). On the other
hand, both Svensson (1997) and Maier et al. (2000)
have observed higher predation on egg-bearing
females and mating couples, while males were better
able to escape.

Sutor et al. (2001) reported that predation effects
in enclosures depended on the density and migratory
behavior of Chaoborus. They found no difference in
predation impact between treatments with maximum
larvae IV densities of 0.1 and 0.5 ind. 1" and
concluded that these densities were not high enough
to affect prey, which also took refuge from predation
through the predator diel vertical migration. Our data
in the experiment do not corroborate these conclu-
sions, because Chaoborus brasiliensis is a migratory
species in the lake (Arcifa 1997; Perticarrari et al.
2003), and significantly lower densities and higher
death rates of Daphnia were found when densities of
Chaoborus instar III + IV were around 0.4 ind. 17"
compared with 0.1 ind. 17",

The stronger predation impact on cladocerans than
on copepods in the experiment supports the work of
Arcifa et al. (1992) on Lake Monte Alegre, where a
higher Chaoborus predation in the warm season did
not affect copepod populations, but caused decreases

@ Springer

of Daphnia gessneri and Bosmina tubicen popula-
tions. Perticarrari et al. (2004) suggested that reverse
vertical migration could be a response of copepods to
higher Chaoborus predation. The migratory pattern
of copepods in Lake Monte Alegre differed in 1985/
86 from that of 1999 when they contributed more to
Chaoborus diet. Reverse migration was performed by
copepods in 1999, whereas in 1985/86, when the
cladoceran Bosmina was the main Chaoborus prey, a
twilight pattern (ascent in the water column at sunset
and dawn) was observed. Reverse migration can be a
response of the copepod to higher predation pressure
by larvae (e.g., Ohman et al. 1983; Neill 1990). Lack
of predation by water mites (Cassano et al. 2002)
confers an advantage to copepods in relation with
cladocerans. The only strategy of Daphnia in the lake
against predation is that juveniles, which are selec-
tively preyed upon by Chaoborus, were distributed
higher in the water column than adults, leading to
lower spatial overlap with the predator (Sousa 2003).

Conflicting data on the predation impact by
Chaoborus on zooplankton in different lakes can be
caused by differences in predator abundance and
migratory behavior of both prey and predator and
their feeding habits, and sizes. Wissel and Benndorf
(1998) reported a strong predation effect on zoo-
plankton by a large species of Chaoborus, C.
obscuripes, which replaced a smaller one, C. flavi-
cans. The mouth gapes for instar IV of these species
ranged from 689 to 734 pm in C. obscuripes and 450
to 650 pm in C. flavicans. The smallest North
American Chaoborus, C. punctipennis (Instar IV
gape diameter 425-500 pm and 7.8 mm in body
length; Moore and Gilbert 1987; Moore 1988), was
unable to control a prey population, which was
attributed to its small size (Rodusky and Havens
1996). Chaoborus brasiliensis from Lake Monte
Alegre is even smaller (instar IV length 6.0 mm
and 290 pm in mouth diameter; Arcifa 1997), but is
able to control a part of the prey population because
in this tropical lake its prey are relatively small, a
characteristic of the tropical zooplankton compared
with the temperate one (Arcifa 1984).

In conclusion, experimental results corroborated
the formulated hypothesis based on field data, that
some zooplankton populations, such as Daphnia
gessneri, can be regulated by invertebrate predation,
particularly Chaoborus, in Lake Monte Alegre
(Arcifa et al. 1992). Negative predation effects on
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copepods and rotifers were not observed in the
experiment, just as in the field (Arcifa et al. 1992;
Arcifa 2000). Although water mite preyed on Daph-
nia gessneri in laboratory experiments, its impact on
Daphnia population seems to be negligible in the
mesocosms, as increase in predator densities did not
affect prey densities.

Acknowledgments We thank W. Guagnoni and the
laboratory staff for help in the fieldwork, as well as B. E.
Rosso and J. Bezerra-Neto for the identification of
Krendowskia sp. and Chaoborus brasiliensis, respectively.
Thanks are due to A. S. Ferrdo-Filho for statistical assistance
and to FAPESP (Sao Paulo State Foundation for Research
Support) for a research grant to MSA (97/10407-6) and a Ph.D.
grant to the senior author (99/01251-8). We also thank C. F.
Steiner, and two anonymous referees for their suggestions, R.
D. Gulati and J. W. Reid for linguistic revision.

References

Aragjo-Lima CARM, Agostinho AA, Fabré N (1995) Trophic
aspects of fish communities in Brazilian rivers and res-
ervoirs. In: Tundisi JG, Bicudo CEM, Matsumura-Tundisi
T (eds) Limnology in Brazil. Academia Brasileira de
Ciéncias, Rio de Janeiro, pp 105-136

Arcifa MS (1984) Zooplankton composition of ten reservoirs in
southern Brazil. Hydrobiologia 113:137-145

Arcifa MS (1997) Fluctuations and vertical migration of
Chaoborus in a tropical Brazilian reservoir: Lake Monte
Alegre. Acta Limnol Brasil 9:93-104

Arcifa MS (2000) Feeding habits of Chaoborus in a tropical
Brazilian reservoir. Rev Brasil Biol 60:591-597

Arcifa MS, Gomes EAT, Meschiatti AJ (1992) Composition
and fluctuations of the zooplankton of a tropical Brazilian
reservoir. Arch Hydrobiol 123:479-495

Arcifa MS, Guagnoni W (2003) A new model of enclosure for
experiments in lentic water. Acta Limnol Brasil 15:75-79

Arcifa MS, Meschiatti AJ (1993) Distribution and feeding
ecology of fishes in a Brazilian reservoir: Lake Monte
Alegre. Interciencia 18:302-313

Arcifa MS, Meschiatti AJ (1996) Tilapia rendalli in the Lake
Monte Alegre, a case of planktivory. Acta Limnol Brasil
8:221-229

Arcifa MS, Meschiatti AJ, Gomes EAT (1990) Thermal regime
and stability of a tropical shallow reservoir: Lake Monte
Alegre, Brazil. Rev Hydrobiol Trop 23:271-281

Arcifa MS, Silva LHS, Silva MHL (1998) The planktonic
community in a tropical Brazilian reservoir: composition,
fluctuations and interactions. Rev Bras Biol 58:241-254

Arcifa MS, Starling FLRM, Sipatba-Tavares LH, Lazzaro X
(1995) Experimental limnology. In: Tundisi JG, Bicudo
CEM, Matsumura-Tundisi T (eds) Limnology in Brazil.
Academia Brasileira de Ciéncias, Rio de Janeiro, pp 257-281

Bunioto TC (2003) Variagdo temporal e distribui¢do horizontal
do zooplancton no Lago Monte Alegre e a influéncia do

alimento e da temperatura sobre cladoceros. MSc. Thesis
Universidade de Sdo Paulo-USP, Ribeirdo Preto

Butler MI, Burns CW (1993) Water mite predation on plank-
tonic Cladocera: parallel curve analysis of functional
responses. Oikos 66:5-16

Cassano CR, Castilho-Noll MSM, Arcifa MS (2002) Water
mite predation on zooplankton of a tropical lake. Braz J
Biol 62:565-571

Castilho-Noll MSM, and Arcifa MS (2007) Length-weight
relationships for zooplanktonic species of a tropical
Brazilian lake: Lake Monte Alegre. Acta Limnol Brasil
19(1): in press

Cressa C, Lewis WM Jr (1986) Ecological energetics of
Chaoborus in a tropical lake. Oecologia 70:326-331

Edmondson WT (1968) A graphic model for evaluating the use
of the egg ratio for measuring birth and death rates.
Oecologia 1:1-37

Fileto C (2001) O zooplancton do Lago Monte Alegre:
variagdo temporal e a influéncia das fragdes do fit-
oplancton sobre o crescimento de cladoceros. MSc. Thesis
Universidade de Sao Paulo-USP, Ribeirdo Preto

Gliwicz ZM, Biesiadka E (1975) Pelagic mites (Hydracarina)
and their effect on the plankton community in a neo-
tropical man-made lake. Arch Hydrobiol 76:65-88

Gliwicz ZM, Pijanowska J (1989) The role of predation in
zooplankton succession. In: Sommer U (ed) Plankton
ecology. Succession in plankton communities. Springer-
Verlag, New York, pp 253-296

Haney JF, Hall DJ (1973) Sugar-coated Daphnia: a preserva-
tion technique for Cladocera. Limnol Oceanogr 18:
331-333

Hare L, Carter JCH (1987) Zooplankton populations and the
diets of three Chaoborus (Diptera - Chaoboridae) in a
tropical lake. Freshwat Biol 17:275-290

Lair N (1990) Effects of invertebrate predation on the seasonal
succession of a zooplankton community: a two year study
in Lake Aydat, France. In: Dumont HJ, Tundisi JG, Roche
K (eds) Intrazooplankton Predation. Kluwer Academic
Publishers, London, pp 1-12

Lynch M (1980) The evolution of cladoceran life histories.
Quart Rev Biol 55:23-42

Maier G, Berger I, Burghard W, Nassal B (2000) Is mating of
copepods associated with increased risk of predation? J
Plankton Res 22:1977-1987

Matveev VF, Martinez CC, Frutos SM (1989) Predator-prey
relationships in subtropical zooplankton: water mites
against cladocerans in an Argentine lake. Oecologia
79:489-495

McCauley E (1984) The estimation of the abundance and
biomass of zooplankton in samples. In: Downing JA,
Rigler FH (eds) A manual on methods for the Assessment
of Secondary Productivity in fresh waters. IBP Blackwell
Scientific Publications, London, pp 228-265

Meschiatti AJ, Arcifa MS (2002) Early life stages of fish and
the relationships with zooplankton in a tropical Brazilian
reservoir: Lake Monte Alegre. Braz J Biol 62:41-50

Moore MV (1986) Method for culturing the phantom midge,
Chaoborus (Diptera: Chaoboridae), in laboratory. Aqui-
culture 56:307-316

@ Springer



598

M. S. M. Castilho-Noll, M. S. Arcifa

Moore MV (1988) Density-dependent predation of early instar
Chaoborus feeding on multispecies prey assemblages.
Limnol Oceanogr 33:256-268

Moore MV, Gilbert JJ (1987) Age-specific Chaoborus preda-
tion on rotifer prey. Freshwat Biol 17:223-226

Mumm H (1997) Effects of competitors and Chaoborus pre-
dation on the cladocerans of a eutrophic lake: an enclosure
study. Hydrobiologia 360:253-264

Neill WE (1990) Induced vertical migration in copepods as a
defence against invertebrate predation. Nature 345:
524-526

Ohman MD, Frost BW, Cohen EB (1983) Reverse diel vertical
migration: an escape from invertebrate predators. Science
220:1404-1407

Pagano M, Koffi MA, Cecchi P, Corbin D, Champalbert G,
Saint-Jean L (2003) An experimental study of the effects
of nutrient supply and Chaoborus predation on zoo-
plankton communities of a shallow tropical reservoir
(Lake Brobo, Cote d’Ivoire). Freshwat Biol 48:1379-1395

Paloheimo JE (1974) Calculation of instantaneous birth rate.
Limnol Oceanogr 19:692-694

Perticarrari A, Arcifa MS, Rodrigues RA (2003) Diel vertical
migration of cladocerans in a tropical lake. Nauplius
11:15-25

Perticarrari A, Arcifa MS, Rodrigues RA (2004) Diel vertical
migration of copepods in a Brazilian lake: a mechanism
for decreasing risk of Chaoborus predation? Braz J Biol
64:289-298

Rietzler AC (1995) Alimentagdo, ciclo de vida e andlise da
coexisténcia de espécies de Cyclopoida na Represa de
Barra Bonita, Sdo Paulo. PhD Thesis, Universidade de
Sao Paulo-USP, Sdo Carlos

@ Springer

Rodusky AlJ, Havens KE (1996) The potential effects of a
small Chaoborus species (C. punctipennis) on the zoo-
plankton of a small eutrophic lake. Arch Hydrobiol
138:11-31

Saunders JF, Lewis WM Jr (1988) Dynamics and control
mechanisms in a tropical zooplankton community (Lake
Valencia, Venezuela). Ecol Monogr 58:337-353

Saunders PA, Porter KG, Taylor BE (1999) Population
dynamics of Daphnia spp. and implications for trophic
interaction in a small monomictic lake. J Plankton Res
21:1823-1845

Silva LHS (2004) Fitoplancton de um pequeno reservatorio
eutréfico (Lago Monte Alegre, Ribeirdo Preto, SP):
dinamica temporal e respostas a acdo do zooplancton e
peixes. PhD Thesis, Universidade Federal do Rio de Ja-
neiro-UFRIJ, Rio de Janeiro

Sousa MP (2003) Migracdo vertical de jovens e adultos dos
cladoceros Daphnia ambigua e D. gessneri no Lago
Monte Alegre. Bachelor Dissertation, Universidade de
Sao Paulo-USP, Ribeirdo Preto

Sutor M, Ramcharan C, Downer RG (2001) Predation effects
of two densities of fourth-instar Chaoborus trivittatus on a
freshwater  zooplankton assemblage. Hydrobiologia
464:121-131

Svensson J-E (1997) Chaoborus predation and sex-specific
mortality in a copepod. Limnol Oceanogr 42:572-577

Wissel B, Benndorf J (1998) Contrasting effects of the inver-
tebrate predator Chaoborus obscuripes and planktivorous
fish on plankton communities of a long term biomanipu-
lation experiment. Arch Hydrobiol 143:129-146

Zaret TM (1980) Predation and freshwater communities. Yale
University Press, London



	Mesocosm experiment on the impact of invertebrate predation on zooplankton of a tropical lake
	Abstract
	Introduction
	Study area
	Materials and methods
	Results
	Physical, chemical, and biological data
	Feeding habits of Chaoborus larvae in the enclosures
	Temporal variation of predators in the enclosures
	Population dynamics of prey

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


