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Abstract: Aim: To detect the induction of morphological and populational alterations on Ceriodaphnia
cornuta concerning cyclomorphosis and population dynamic parameters as densities, fecundity rates,
juveniles percentage, males presence and ephippia presence in the presence of predators; Methods: Two
experiments were performed: Experiments with fishes fed on Ceriodaphnia cornuta — Experiment 1 — and
“Fish Water” Experiment — Experiment 2; Results: Main results observed include decrease in primiparous
length and increase in Ceriodaphnia cornuta fecundity; Conclusions: The presence of vertebrate predators
(Poecilia reticulata) influenced the Ceriodaphnia cornuta population dynamics at fecundity levels and
primiparous; Due to the short duration of repetitions, it was possible to observe morphological changes and
the production of ephippia; Ceriodaphnia cornuta is susceptible to the presence of vertebrate predators at
the population dynamics level and not at the morphological plasticity; The changes occur in Ceriodaphnia
cornuta, in the presence of vertebrate predators especially in population dynamics; Possibly C. cornuta
presents different response behaviors for each kind of predator.
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Resumo: Objetivo: Detectar alteracdes morfoldgicas e em parimetros da dinimica populacional, tais
como densidades, taxas de fecundacdo porcentagem de juvenis, presenca de machos e presenca de efipios
da espécie Ceriodaphnia cornuta na presenca de predadores; Métodos: Dois experimentos foram realizados:
Experimento com peixes alimentados com Ceriodaphnia cornuta — Experimento 1 — e Experimento
“Agua de peixe” — Experimento 2; Resultados: Os principais resultados observados incluem diminuigio
no comprimento das primiparas e aumento da fecundidade em Ceriodaphnia cornuta; Conclusdes: A
presenca do predador vertebrado (Poecilia reticulata) influenciou a dinAmica populacional de Ceriodaphnia
cornuta aos niveis de fecundidade e comprimento das primiparas; Devido a curta duragao das repeticoes
realizadas, nio foi possivel observar alteragoes morfolégicas, assim como produgio de efipios; Ceriodaphnia
cornuta é suscetivel a presenca de predadores vertebrados ao nivel de sua dindmica populacional e ndo na
plasticidade morfoldgica. A presenca de predadores vertebrados causa alteragoes em Ceriodaphnia cornuta,
principalmente na dindmica populacional; E possivel que C. cornuta apresente comportamentos de resposta
distintos para cada tipo de predador

Palavras-chave: Ceriodaphnia cornuta, efeitos da predagao, predador vertebrado, queroménios,
testes in vitro.

1. Introduction

Cladocerans are one of the most important groups in
continental aquatic environments concerning transference
of energy along the trophic web (Villalobos and Gonzalez,
2006). Excepting for some few species with raptorial habits,
cladocerans are generally algae consumers or detritivorous
and because their continuous feeding, they present a great
importance in abundance and diversity control of freshwater
phytoplankton (Sarma et al., 2003). At the same time, they
are the favorite preys among vertebrate and invertebrate
predators (De Bernardi and Peters, 1987). Vertebrate and
invertebrate predation is among the most important biotic
interactions and is fundamental for structure and densities
in zooplankton communities. Effects of predation by fishes
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or invertebrates on zooplanktonic community may manifest
under several forms in the aquatic environment: alterations
in the pH, oxygen concentration, and inorganic nutrients;
phytoplankton biomass and composition, diversity and
density of species which compose the zooplankton, for
instance (Esteves, 1988). Invertebrate predation favors the
presence of far-reaching species and the large individuals
in zooplanktonic populations, while vertebrate predation
causes the inverse effect, keeping the small individuals in
the populations, once the large ones are preferably predated
by visual predators (Crispim, 1997).

This kind of predation is common in several environ-
ments. Thus, organisms have to perform a balance between
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the two strategies. However, some authors (Cerny and Bytel,
1991; Reede, 1995) report the presence of small or large
individuals in the populations as a consequence of preda-
tion, and others (Hardy, 1992), for instance, demonstrate
that cladocerans early reach the primiparous stage in the
presence of predators, which may be a flight strategy from
predation.

In order to avoid predation, other strategies, such as
spines development and helmet increase are developed
(Pijanowska, 1992). Ceriodaphnia cornuta may generate a
series of responses as defense mechanisms front of predation:
polymorphism, changes in some life history parameters and
vertical migration (Villalobos and Gonzalez, 2006). Despite
all the preys strategies to avoid their predators, predation
is still happening in the environments, possibly being an
important force in the planktonic community (Zaret, 1980)
considering the high mortality rates imposed to these preys
(Cassano et al.,. 2002). Extinction or absence of cladocerans
in lakes may be, in some cases, influenced by invertebrates
(Threlkeld et al.,1980; Arcifa et al., 1992; Castilho-Noll
and Arcifa, 2007).

Further, daphnids are known by reacting to preda-
tion pressure using chemical substances secreted by their
predators (also named kairomones or infochemicals) as
information source on their presence. Kairomones may
not only induce changes in the life cycle characteristics
(Coors et al., 2004), as regulation on the synchronism of
sexual reproduction (formation of males and production of
ephippial or resistance eggs) to protect the genome during
periods of high predation risk (Van Donk, 2007).

Better knowledge about these interactions makes easier
to comprehend seasonal fluctuations common to plank-
tonic species, attributing or not these alterations occurring
in the nature to biotic interactions, both in the presence or
absence of species or by the densities observed.

Few studies have been developed on Ceriodaphnia
cornuta (Sars 1886) in the sense of knowing morphological
alterations which may be induced in response to the pres-
ence of predators once the model organism used among
cladocerans in biological studies is the genus Daphnia (De
Bernardi and Peters 1987). However, Daphnia is frequently
found in aquatic bodies of temperate regions and rarely
occurs in tropical regions (Fernando et al., 1987).

Thus, itis difficult to compare results observed in tropical
aquatic environments to studies on Daphnia. Ceriodaphnia
cornuta is considered one of the three cladocerans of wid-
est distribution and abundance in the tropical freshwater
(Fernando, 1980; 1984), being the only species belonging
to the family Daphnidae. Bosmina is another well studied
cladoceran genus, whose species present morphological
alterations in the presence of invertebrate predators (Black,
1980; Kerfoot, 1987; Chang and Hanazato, 2003).

The ability of escaping predation is one of the factors
related to the species success in the environment (Freitas,
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2005). Therefore, studies on interactions between preys
and predators are extremely important to understand the
mechanisms by which predators influence the preys com-
munity structure as well as the behavior and morphology
of individual species (Roche, 1990; Tollrian and Jeschke,
2000).

In order to improve the knowledge on this biotic in-
teraction process, this work proposed to carry out in vitro
experiments to identify responses of Ceriodaphnia cornuta
to predation. This kind of information is relevant when
intending to know the functioning of aquatic environ-
ments, which suffers constant antropic impacts, and where
knowledge is still inscipient. Understanding the ecosystem
dynamics makes possible to infer the consequences of any
management or impact action.

Furthermore, important morphological modifications
may be observed in Ceriodaphnia cornuta which become
difficult its identification. Thus, to know these cyclomor-
phosis is an important contribution to the systematic study
of these zooplanktonts.

The main objective of this work was to detect the
induction of morphological and populational alterations
concerning cyclomorphosis and populational dynamics in
the presence of Ceriodaphnia cornuta vertebrate predator.

2. Materials and Methods

Specimens of Ceriodaphnia cornuta (Sars 1889) were
collected in aquatic environments from the paraibano semi-
arid (07° 10”917 S and 36° 50’ 08” W) using 45 pm plank-
ton net. Subsequently, the companion fauna was separated
and transported to the Conservation Biology Laboratory
from the Universidade Federal de Pernambuco.

In the laboratory, organisms were transferred to 1.3 L
glass containers and maintained at climatized environment
(22 °C) 24 hours a day. Studies performed on the clado-
ceran Daphnia magna showed that when these organisms
are maintained at lower temperatures they tend to decrease
their densities (Ricklefs, 1996).

Feeding of Ceriodaphnia cornuta specimens from the
cultures was performed using water from natural envi-
ronment collected at the dependencies of the university
(Universidade Federal de Pernambuco — UFPE). This wa-
ter was filtered through 45 pm mesh and conditioned at
a 30 L aquarium illuminated with incandescent lamp at
photoperiod 10:00 AM to 14:00 PM light/dark, ina 25 °C
temperature. This photoperiod was chosen by biosecurity
reasons. As in the natural environment, a mixed number of
phytoplanktonic species was observed in the aquarium.

Food was offered as follows: individuals of Ceriodaphnia
cornuta were taken from the cultures at each three days us-
ing a 45 pm sieve; the water from the aquarium was filtered
again through 45 pm netand placed in the bottles to replace
the water in the recipients. Afterwards, cladocerans were
returned to the culture bottles.
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2.1. Experiments with vertebrates

Six mini limnocurrals, 0.10 m diameter and 0.08 m
height were used for predation experiments. They were
made of PVC and the bottom composed by 45 pm plank-
ton net, facilitating exchanges with the environment but
avoiding the entrance of organisms. Polystyrene floaters
were adapted in the limn-enclosures (Figure 1).

Two aquariums (170 L approximately) divided into
three equal parts were used. One of them was used as control
and the other as treatment.

Water from natural environment filtered through
45 pm net was inserted in these aquariums and two days-
aired in order to evaporate the substances contained. The
limnocurrals were placed in these aquariums receiving the
Ceriodaphnia cornuta specimens.

Treatments were defined as follows:

* Treatment with vertebrate fed on zooplankton

(Experiment 1) — Three limnocurrals with ten
24 hours-life neonates of Ceriodaphnia cornuta each

W=

Erre—

0.10m

Figure 1. a) Scheme of the mini limn-enclosures with bottom
composed of 45 pm aperture mesh plankton net; b) Mini limn-
enclosures with adapted floaters.

one were put in aquariums which beyond the mini
limnocurrals received ten planktivorous fishes from
the species Poecilia reticulata (Pisces, Poecilliidae,
DPeters 1859) fed on Ceriodaphnia cornuta once a day.
Fishes were acquired at a specialized business.

* Control — Three limnocurrals with ten 24 hours-life
neonates of Ceriodaphnia cornuta each one were put
in aquariums without fish.

From four to five aquatic macrophyte vegetative rami
from the species Pistia stratiotes L. (Araceae) were placed in
each aquarium in order to function as a natural filter and
simulate a natural environment.

e Treatment “Fish Water” (Experiment 2, Figure 2)

— this experiment was performed as follows: three
Poecilia reticulata specimens were separated and
placed at a 1.3 L bottle containing the same water
used for Ceriodaphnia cornuta feeding. Fishes stood
48 hours without food (Zooplankton or fish food)
and immediately after that they were returned to their
respective aquariums. This “Fish Water” was placed
in three 0.30 L bottles and ten Ceriodaphnia cornuta
neonate individuals were also placed in each one.

* Control — controls were conducted in the same way,
however using only water from the feeding aquarium
without fishes.

All experiments were performed in three repetitions to
detect possible changes. The repetitions were performed
in distinct temperature and light conditions because the
repetitions were analyzed in different periods.

Analyzes on number of individuals/density, fecundity
rates, juveniles percentage, presence or absence of cyclo-

Cladoceran
feeding aquarium

3 P, reticulata

/

48 hours

10C.cornutain |
each bottle

|
J0C

Figure 2. Experiment 2 Scheme.
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morphosis (presence of head or caudal spines), presence
or absence of ephippias and primiparous lengths in alive
organisms were performed at each three days. This ex-
periment was performed as follows: 50 individuals were
randomly chosen, with 25 adults and 25 juveniles to carry
out the analysis with living organisms, and after, returned
to their limnocurrais. These organisms were measured with
a micrometrical ocular, previously calibrated. Subsequently
to analyzes, about 7.0 x 10° cel.ml™ of phytoplankton (most
Chlorophytes: Chlorella sp. and Scenedesmus sp.) taken
from the algae aquarium were added to the limnocurral
in order to feed individuals on its interior. These algae
were counted using a Fuchs-Rosenthal counting chamber
and quantified through the formula: Cells number per
mL = (nl + n2)/2 x 10°x d, where: n1 = number of cells
counted in the superior counting chamber; n2 = number
of cells counted in the inferior counting chamber and
d = Dilution factor (once there was no dilution, d = 1).

Ceriodaphnia cornuta fecundity rates were calculated in
the four treatments using the Equation 1:

F = (eggs average number or embryos X (1)

ovigerous females)/Total adult females

Instantaneous growth rate was also calculated through
the formula described by Krebs (1985) (Equation 2):

r=(In N1 -1n NO)/T ()

where: N1 = individuals number in the date ana-
lyzed; NO = individuals number in the previous date and
T = Passed time between N1 and NO.

2.2. Statistical treatment

Data on number of individuals, length average, fecun-
dity, instantaneous growth rate and primiparous length
were compared through ANOVAs to verify the significant
differences between the treatments and repetitions. Data on
juveniles percentage were analysed through the Chi-square
test (%), comparing the values from the last day of observa-
tion, using ¢ = 0.05

3. Results
3.1. Experiment 1

3.1.1. Individuals quantity

Individuals average number was higher in the treatments
than in the control (Figure 3). In the first repetition it was
58.3 against 30.4 in the controls; treatments presented
18.7 individuals average while the controls only 6.8 in the
third repetition; however, controls and treatments presented
almost equal averages in the second repetition (11.1 and
11.7, respectively). Even with few variations on the averages
among experiments, the ANOVA test discriminated signifi-
cant difference concerning quantity of individuals between
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Figure 3. Ceriodaphnia cornuta individuals number averages in
the Experiment 1. The bars show the Standart Error.

controls and treatments (F(L 0= 23.42; p <0.001); the latter
presenting the highest individuals quantity average.

3.1.2. Length averages

Although in the third repetition the length values
had reached a highest level in the treatments, consider-
ing the general average, cladocerans lengths were highest
in the treatments in the first and third repetitions with
386.4 and 381.1 pm, respectively; while the controls
reached 384.4 pm in the first repetition and 377.5 pm in
the third one. In the second repetition Ceriodaphnia cornuta
length was higher in the controls (382.6 pm) than in the
treatments (371.4 pm) (Figure 4).

Significant differences occurred among repetitions along
time, with great variations on individuals length when
clustering Control and Treatment. Specially in the first
repetition where a brusque increase on Ceriodaphnia cornuta
size occurred followed by a great decrease in these values. In
the other repetitions such fact did not occur, being length
variations more gradual and homogeneous.

3.1.3. Fecundity

It could be observe that fecunditie average was higher
in treatments than in controls varying between 1.76 and
3.03 eggs or embryos per individual while in the controls
values varied between 1.01 and 2.91 eggs/embryos per
individual (Figure 5).

This difference showed to be significant in the ANOVA
test, in which fecundities were higher in the treatments than
in controls (F(1,4o) =10.04; p < 0.0029). When fecundities
were analyzed considering the study period, they were
clearly higher in the treatments during the whole experi-
ment. Also, fecundities oscillation was lower in the treat-
ments, between 2.1 and 2.6 eggs/embryos per individual,
there being more variation in the control, from 1.1 to
2.3 eggs/embryos per individual, although the results were
not significant.
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Figure 4. Ceriodaphnia cornuta lenght averages during the study
period in the Experiment 1. The bars show the Standart Error.
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Figure 5. Ceriodaphnia cornuta fecundity averages observed
during the study period in the Experiment 1. The bars show the
Standart Error.

3.1.4. Growth rate

Growth rates averages were higher in the treatments in
the three repetitions performed varying between +0.11 and
+0.33, while in controls variation was between —0.14 and
+0.30. However, even with higher averages in the treat-
ments, this difference was not significant in the ANOVA
test.

Concerning repetitions along the study period, rates
presented few variations, with exception of the first repeti-
tion when a great increment occurred in the second day.
There were few variations on growth rates in the other
repetitions. Once repetitions were performed in distinct
periods, it could explain why these values were so different
among them (F )= 15.08; p < 0.001) (Figure 6).

(2,40

3.1.5. Primiparous length

Primiparous length averages were also lower in the
treatments in all repetitions, being the higher difference
in the third one with 438.2 pm in the treatments and
473 pm in the controls. According to the ANOVA test,
primiparous length was significant lower in the treatments
(F( =39.56; p < 0.000) (Figure 7).

1,40)
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Figure 6. Ceriodaphnia cornuta grow rates averages during
the study period in Experiment 1. The bars show the Standart
Error.
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Figure 7. Ceriodaphnia cornuta primiparous sizes averages during
the study period in Experiment 1. The bars show the Standart
Error.

3.1.6. Ceriodaphnia cornuta - individuals length

Juveniles length average was also lower in the treatments
if compared to controls: 309.65 pm and 315.16 +82.0 pm,
respectively. Adules length average was higher in the
controls (474.82 + 82.0pm) than in the treatments
(463.78 £77.0 pm).

Smaller individuals were also observed in the treatments.
Among juveniles, variation was between 242 £ 95.0 pm
and 407 £ 97.0 pm; however, adults presented the small-
est and biggest individuals, with 396pm, and 616 pm.
In the controls, juveniles varied between 242 + 94.0 pm
and 484 + 98.0 pm while adults from 418 = 97.0 pm to
605 £ 93.0 pum (Figura 8).

3.1.7. Juveniles percentage in the Ceriodaphnia cornuta
population, males presence and ephippia production

Concerning juveniles percentage, there was no signifi-
cant difference between quantity of juveniles and adults
in the population at any replications performed. The ap-
pearance of caudal or cephalic spines was not observed in
any Ceriodaphnia cornuta individual in this experiment.
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Besides, there was neither appearance of males nor presence
of ephippias or ephippiated females.

3.2. Experiment 2

3.2.1. Individuals quantity

Individuals number averages were also higher in the
treatments in the three repetitions performed, except in the
first one, where controls presented 45.4 individuals against
33.9 in the treatments. Treatments presented higher average
than the control in the second repetition (86.4 and 81.9, re-
spectively) and in the third one (51.2 and 42.07 individuals,
respectively) (Figure 9).

Although treatments present higher averages no signifi-
cant differences were observed in the individuals number
among experiments (Controls and treatments). There was
a significant difference between the number of individuals
both in the controls and treatments considering the study
period, where a slight increase can be observed in the last
day of observation (F , . = 4.28; p < 0.0094).

(3,48)

600 47482 46378
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Figure 8. Ceriodaphnia cornuta individuals lenght averages during
the study period in Experiment 1. The bars show the Standart
Error.
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Figure 9. Ceriodaphnia cornuta individuals number averages
during the study period in Experiment 2. The bars show the
Standart Error.
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A significant difference was also observed concerning
the number of individuals when comparing the study pe-
riod and repetitions performed (F = 10.90; p < 0.001).
Populational increase was higher in the second repetition if
compared to the others; such difference may be attributed
to these repetitions had been performed in distinct periods,
that is to say, under different climatic and experimental

conditions.
3.2.2. Length average

Size averages per repetition performed were also lower in
the treatments in all repetitions. Lowest value (365.3 pm) oc-
curred in the first repetition while the highest one (385.5 pm)
was observed in the second repetition. In the third repetition
the average 382.0 pm was observed in the control, while
the other averages were 390.6 and 394.8 pm in the first and
second repetitions, respectively (Figure 10).

According to the ANOVA test, there was significant
difference among length averages, being it lower in the
treatments than in control (Fu,sm =9.45; p <0.0032). This
difference shows the Ceriodaphnia cornuta response to the
vertebrate predator presence (Figure 11).
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Figure 10. Ceriodaphnia cornutalenght averages during the study
period in the Experiment 2. The bars show the Standart Error.
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Figure 11. Ceriodaphnia cornuta grow rates averages during
the study period in Experiment 2. The bars show the Standart
Error.
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3.2.3. Fecundity

Fecundity was higher in the controls reaching 6.0 eggs/
embryos per individual in the third repetition, while in the
treatments maximum value was 5.12 eggs/embryos per
individual (observed in the first repetition).

There was a fecundity peak in the third day of observa-
tion in all repetitions in both experiments, except in the
treatment of first repetition when this peak occurred in
the fourth day.

With exception of the second repetition, where fe-
cundity averages were higher in the control (3.15 against
2.67 eggs/embryos per individual), treatments presented
the highest fecundity averages. In the first repetition values
reached 1.84 in the treatment against 1.76 in the control;
while in the third repetition values observed for treatment
and control were 30.7 and 2.97, respectively (Figura 12).

Although results show higher fecundity in the treat-
ments, no significant differences were discriminated by the
ANOVA test among experiments.

There was significant difference in the experiments dur-
ing the study period but there was a fecundity peak in the
treatments in the third day while in the control it occurred
in the fourth day. In both experiments these values tended
to decrease in the last day of observation (F = 6.06;
p < 0.0001).

3.2.4. Growth rates

4,48)

Averages growth rates were higher in the treatments in
the three repetitions performed, varying from +0.28 and
+0.52, while in the controls variation was between
+0.23 and +0.49. However, even with higher averages in
the treatments, no significant difference was detected by
the ANOVA test.

Concerning the study period, rates were higher in the
controls during the whole experiment; with exception of the
last day when treatments presented slight decrease promot-
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Figure 12. Ceriodaphnia cornuta primiparous sizes averages
during the study period in Experiment 2. The bars show the
Standart Error.
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ing the higher final values in the treatments (F ,, = 13.17;

p < 0.0001).

(3,46)

3.2.5. Primiparous length

Primiparous length averages were also lower in the
treatments in all repetitions, being the highest difference
between treatments and controls in the first repetition:
430.8 and 467.5 pm respectively.

According to the ANOVA test, differences in prim-
iparous length were significant lower in the controls
(F,, = 60.66; p < 0.0001).

Considering the study period, significant differences
were observed, being primiparous smaller in the whole
experiment. However, both experiments presented higher
primiparous length in the second day, period when or-
ganisms are still adapting to experimental conditions
(F, . =23.34; p < 0.001).

(3,48)

3.2.6. Ceriodaphnia cornuta individuals length

Juveniles length was also lower in the treatments than in
controls: 321.88 +71.0 pm and 330.82 = 68.0 pm. Average
adults length was higher in the controls (528.07 £71.0 pm)
than in the treatments (505.00 £ 68.0 pm).

Smaller individuals were also observed in the treatments:
both among juveniles — which varied from 242 +75.0 pm
to 429 £ 75.0 pm — and adules (from 396 + 75.0 pm to
660 * 75.0 pm). In the controls juveniles varied from
242 +81.0 pm to 462 £ 81.0 pm while adults varied be-
tween 418 = 81.0 pm and 682 * 81.0 pm (Figure 13).

3.2.7. Juveniles percentage in the Ceriodaphnia cornuta
population, males presence and ephippia production

Significant differences were only observed in the third
repetition, presenting Chi-square ()?) value equal to 19.94,
which is much superior to the critical %* 3.84, indicating
significant difference between quantities of juveniles and
adults in the population. However, we cannot affirm sig-
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Figure 13. Ceriodaphnia cornuta individuals lenght during
the study period in Experiment 2. The bars show the Standart
Error.
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nificant differences between percentage of juveniles and
adults once this difference occurred only in one repetition
and several factors may be influenced such change once
repetitions were performed in distinct periods.

No appearance of caudal and cephalic spines was ob-
served in Ceriodaphnia cornuta, and also there was neither
presence of males nor ephippias or ephippiated females.

4. Discussion

Increase in quantity of individuals in Ceriodaphnia
cornuta populations only occurred in the experiments which
cladocerans were exposed to fish, indicating that such in-
crease may be occurred due to water eutrophication.

Phytoplanktonic densities tend to increase due to excrete
released in the water by fishes. Once C. cornuta is a filter
organism, its populational growth increases more rapidly
if compared to the controls due to higher food availability
in the environment. In the experiment “Fish Water”, there
was no contact with nutrients released by fishes, thus this
difference in quantity of individuals among experiments
was not observed.

The unique experiment in which there was difference
in the C. cornuta length averages was the “Fish Water”, as
cladocerans in presence of predators that select preys of
greater size (visual predators) tend to reduce life time and
body size as also related by Gabriel and Taylor (1991) and
Taylor and Gabriel (1992).

In laboratorial conditions, predatory pressure is trans-
ferred for environment through chemical signs launched
by predator (Larsson and Dodson, 1993; Dodson et al.,
1994).

In the experiment with fishes fed on cladocerans, size
reduction in C. cornuta was observed though not significant,
if compared to the control.

Planktonic preys suffer damages by vertebrate or inverte-
brate predators before being ingested (Kerfoot, 1978). These
body parts damaged or partially digested and excreted in
the predator facces (Pijanowska and Kowalczewski, 1997)
may launch signs for the environment. Further, presence
of fishes indirectly guarantees proliferation of small body
size cladocerans which are protected against predation by
these vertebrate due to their reduced sizes serving as refuge
to overcome predation risk (Lemma et al., 2001).

In the experiment with fishes fed on cladocerans,
C. cornuta from the treatments present fecundity increase
compared to individuals in the controls. Crispim and
Boavida (2001) compared cladocerans fecundities inside
and out of the limnocurrals placed at reservoirs in Portugal
and observed more elevated fecundity in limnocurrals
interior. Some authors reported that Daphnia exposed
to fishes” kairomones reduce brood’s size (Fecundity) and
increase offsprings’ size (Machacek, 1993; Stibor, 1992;
Weider and Pijanowska, 1993; Hanazato, 1995). However,
Hanazato et al (2001) observed that fecundity increase in
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Daphnia was probably due to limitation on food availabil-
ity. As in this experiment food availability was enough to
maintenance of specimens studied, probably the predator
presence was responsible for such more elevated fecundities
in cladocerans sharing the same environment with fishes,
since exposition to predator kairomones may induce life
cycle alterations in daphnids (Coors et al., 2004); fecundity
increase for instance.

Lowest values observed in the ANOVA test were those
related to primiparous length which presented smaller size
if compared to control in both experiments. This reduction
on primiparous size may be considered as a feasible strategy
to escape predation (Hardy, 1992). Mikulski (2000) used
Daphnia at culture middles presenting fishes’ purified kai-
romones (denominated “extratum”). The author observed
that females’ size in the first reproduction (Primiparous) was
significantly smaller than those not placed at this middle
(denominated “Control”). Gliwicz and Boavida (1996)
observed that primiparous size was significantly smaller in
lakes with presence of fishes than in lakes without them.

In shallow lakes, presence of fishes induce to changes
in the daphnids life cycle, such as reduction in the first re-
production size (primiparous) (Hiillsmann, 2001). Smaller
primiparous may promote the daphnid to reproduce before
being ingested by fish as smaller daphnid is less visible to
that fish searching for its prey (Vos et al., 2006). Considering
the high predation risk, the possibility of brood’s launching
in the second reproduction or subsequent reproductions is
very low (Lampert, 1991). As the first reproduction may
be the unique, this reproduction optimization seems to be
evident (Mikulski, 2000).

This difference in primiparous length may have occurred
due to the utilization of neonate individuals of Ceriodaphnia
cornuta. When juvenile cladocerans in the two first instars
are exposed to chemical substances exudated by fishes, more
accelerated maturation of gonads occurs and animals early
reproduce with smaller size, also producing smaller eggs
(Machacek, 1995).

In these experiments using predators, maximum size ob-
served for C. cornuta was 660 pm, except for the experiment
in which fishes were fed on C. cornuta when this value was
649 pm. However, the biggest individuals were observed
in the control of the “Fish Water” experiment reaching the
maximum value of 682 pm.

None experiment presented significant differences on
juveniles percentage or growth rates. These results may
have not been observed due to the experiments short du-
ration. Maybe with longer study period C. cornuta could
have responded to predators concerning these parameters,
though some works consulted did not report alterations on
cladocerans growth rates, more specifically daphnids, when
exposed to vertebrate or invertebrate predators (Jack and
Thorp 2002; Richardson and Barsch, 1997). Hanazato and
Dodson (1995) observed no significant differences in the
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growth rates between small and big neonates of Daphnia
pulex when exposed to high O, concentration but with-
out presence of kairomones. However, growth rates were
significantly lower on smaller neonates than in the bigger
ones under the same O, conditions but with the presence
of kairomones.

It was not possible to observe any morphological altera-
tion on cladocerans, even with traces that there was response
to predator presence, such as primiparous reduction, for
instance. This fact may also have not been observed due to
short time experiment. According to Freitas (2005) who
studied morphological alterations on C. cornuta in the pres-
ence of predators, spines formation on the head is strongly
associated to more advanced life stages of this cladoceran.
Other fact that influences on the cyclomorphosis magni-
tude is food quantity (Dodson, 1988). As cladocerans in
these experiments presented available food in satisfactory
amounts, it was not probably necessary that Ceriodaphnia
cornuta expended energy for producing some morphological
alteration such as cephalic and/or caudal spines. Predators’
presence may induce ephippias production in cladocerans,
more specifically in Daphnia (Slusarczyk, 1995), but dur-
ing the whole experiment this egg type was not observed
in C. cornuta.

It was possible to observe that cladocerans exposed
to fishes presented higher fecundity and also reduced
primiparous length. Cladocerans in contact to predators
may alter their populational dynamics by reducing age
and primiparous length, reducing the neonates’ length
and increasing eggs number in the first brood (Cerny and
Bytel, 1991; Reede, 1995) reaching the primiparous stage
earlier (Hardy,1992).
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