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(Sars, 1886) in the presence of Chaoborus larvae.

FREITAS'2, G.T.P; CRISPIM2, M. C. & HERNANDEZ?, M.l.M.

' Master Degree suported by CNPq
2 Universidade Federal da Paraiba, Campus I, Cidade Universitaria, CCEN/Departamento de

Sistematica e Ecologia, Joao Pessoa - PB, Brasil. ccrispim@dse.ufpb.br; gleciatrinta@ig.com.br

ABSTRACT: Changes in life-history parameters of cladoceran Ceriodaphnia cornuta (Sars, 1886) in the
presence of Chaoborus larvae. Studies of predation avoidance strategies are fundamental to the
understanding of predator-prey relationships. We describe here life-history alterations of
the cladoceran Ceriodaphnia cornuta in the presence of Chaoborus larvae (an important
invertebrate predator in freshwater communities). Enclosures were placed in Namorados
Dam, located in the semi arid region of Paraiba, Northeast Brazil. C. cornuta and Chaoborus
samples were collected by vertical hauls using plankton net of 45mm pore size and 12 ¢cm
of diameter. We measured the body length of 240 C. cornuta individuals, with 120 individuals
taken from samples where Chaoborus larvae were present in enclosures, and the remaining
120 from samples where the predator was absent. We also analyzed the development of
spined and unspined forms (head and fornix spines) of C. cornuta, and the lenght of this
spines. The presence of the predator influenced head spine presence. The lenght of head
and fornix spines were also greater in the presence of invertebrate predator. Interestingly,
in the presence of Chaoborus larvae, C. cornuta juveniles presented a significantly larger
body size.

Key-words: Life-history, Ceriodaphnia cornuta, predator-prey relationships, Chaoborus larva,
semi-arid ecosystem.

RESUMO: Alteragoes na histéria de vida do cladécero Ceriodaphnia cornuta (Sars, 1886) na presenca da
larva de Chaoborus. Estudos de estratégias anti-predacao sao fundamentais para o entendi-
mento da relacao predador-presa. O objetivo do presente trabalho foi descrever alteracoes
na histdria de vida do claddcero Ceriodaphnia cornuta na presenca da larva de Chaoborus,
que é um importante predador em comunidades aquaticas dulcicolas. Limnocurrais foram
introduzidos no acude dos Namorados, localizado no municipio de Sao Joao do Cariri - PB.
As amostras de C. cornuta e Chaoborus foram coletadas através de arrastos verticais,
usando uma rede de plancton de 45mm de poro. Foram medidos 240 espécimes de C.
cornuta, sendo 120 na auséncia da larva de Chaoborus, € 120 na presenca do predador
nos limnocurrais estudados. A formacao de espinho na cabeca e nos fdrnices, bem como
o comprimento destes espinhos na populacao de C. cornuta também foram analisados. A
presenca do predador causou influéncia na presenca do espinho cefalico em C. cornuta.
Tanto o espinho cefdlico quanto o do fdrnices também foram maiores na presenca do
predador invertebrado. Os jovens de C. cornuta apresentaram maior comprimento corporal
na presenca da larva de Chaoborus.

Palavras-chave: Histdria de vida, Ceriodaphnia cornuta, relacao predador-presa, Chaoborus,
semi-arido paraibano.

Introduction
(Williamson, 1983; Roche, 1990; Tollrian,
The ability to escape predation is one 2000).
of the factors related to the ecological The majority of studies in aquatic
success of a species in a particular environments analyzing the relationship
environment. Therefore, analysis of the between predator and prey have focused
interaction between invertebrate predators attention on Daphnia species, especially
and their prey is fundamental to the relating its morphological differences when
understanding of the mechanisms by which influenced by predator Chaoborus larva
the predators influence the structure of prey (Krueger & Dodson, 1981; Schwartz, 1991;
communities, as well as the behavior and Tollrian, 1993; Luning, 1995; Repka et al.,
morphology of individual prey species 1995).
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Chaoborus (Diptera: Chaoboridae), is an

important invertebrate predator in
freshwater communities during its larval
stage (Moore et al., 1994). These aquatic

larvae are transparent and their antennae
are transformed in the prehensile organ
(Borror & De Long, 1969). Chaoborus larvae
release a water soluble chemical
(Kairomones) which works as a chemical
signal to many Daphnia species (Krueger &
Dodson, 1981; Tollrian, 1990; Parejko &
Dodson, 1991), inducing changes in the life-
history of these cladocerans. Morphological
alterations, i.e. neckteeth formation, seem
to decrease the vulnerability of Daphnia to
predation by Chaoborus. Concentration of
Kairomone released by Chaoborus is one
of the factors related to the presence of
neckteeth in juvenile instars of Daphnia
pulex (Tollrian, 1993).

Another cladoceran group well
documented is Bosmina species. They
show alternation of different morphologies
in time, in response to the presence of
invertebrate predators (Black, 1980; Kerfoot,
1987; Chang & Hanazato, 2003).

Ceriodaphnia is also predated by
Chaoborus larvae. Mumm (1997) and Pagano
et al. (2003) studied Chaoborus predation
on this cladoceran species. However, both
these have not analyzed the induction of
head spines in Ceriodaphnia cornuta by
Chaoborus. C. cornuta shows a wide
distribution in Brazil, and characteristically
exhibit an oval body form and stooped head
(El Moor-Loureiro, 1997).

In the present study, we describe life-
history alterations of the cladoceran
Ceriodaphnia cornuta under the influence
of the invertebrate predator Chaoborus lar-
va, at Namorados Dam, located in a semi
arid region in Paraiba State - Brazil.

Materials and methods

Namorados Dam is located in Sao Joao
do Cariri (07° 23" 04” S and 36° 48 60" W), a
semi arid region of Paraiba State, Northeast
Brazil. This region is frequently subjected
to extensive drought periods. The dam
(Fig.1) has a maximum capacity of
2,118.980 m3, with a maximum depth of
5 m in the rainy season.

The presence of Chaoborus larvae in
Namorados Dam have been reported by first
time in this work. Furthermore, the only
register for the presence of Chaoborus
larvae in aquatic environments in Northeast
Brazil was by Melo & Chacon (1976).
Enclosures were placed in Namorados Dam
on July 3, 2004 for other experiment.
However, the register for the presence of
Chaoborus larvae in this dam enabled the
realization of this study. Six enclosures were
placed in the dam on July 3, 2004, when
occurred the first sampling and during a
period when Chaoborus larvae were not
observed. The second sampling was carried
out one month later (August 3, 2004 - 30
days of experiment), when Chaoborus larvae
were present. The diameter of the

enclosures was 1.4 m and the depth 2.0m,

Figure 1: Namorado Dam in Caatinga region in Sao Joao do Cariri municipality (Photo: Joao Lugo 2007)
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with an approximate volume of 3 m? They
were made of clear polyethylene plastic,
suspended from a wooden frame floating
on the surface, and were sealed at the
bottom and open to the atmosphere at the
top. All enclosures were filled with water
from the Dam, to permit the maintenance
of zooplanktonic densities, whilst also
excluding fish.

Samples were collected by vertical
hauls using a plankton net of 45mm pore
size and preserved in 4% Formalin solution.
One sample was collected from each
enclosure, producing a total of twelve
samples of zooplankton; six when predatory
Chaoborus larvae were absent and six

1

samples when the larvae were present.

C. cornuta (Fig. 1 — A e B) and Chaoborus
larvae were identified with reference to El
Moor-Loureiro (1997) and Merritt & Cummins
(1988), respectively.

In this study we analyzed the
dimensions of head and fornix spines
(Fig. 2 — A), and the length of these spines
in the presence/absence of Chaoborus
larvae. For this, we measured head and
fornix spines of 120 C. cornuta individuals
(60 from each treatment - larvae presence/
absence), using a microscope - objective
40X, ocular 10x. Fornix spines are located
on the bases of cladoceran antennae
(Fig. 2 - A).

Figure 2: Ceriodaphnia cornuta (40x) showed a head and fornix spines (A) and one embryo; Ceriodaphnia

cornuta (40x) without head spine (B).

The size structure of the C. cornuta
population sampled from each enclosure
was determined by measuring 20 C. cornuta
individuals, producing a total sample size
of 240 individuals (120 from each treatment
- with/without larvae). Body length was
measured from the top of the head to the
end of the body, using a microscope
(objective 10X, ocular 10X). The presence of
ecggs/embryos was also recorded. From
cach treatment (Chaoborus larvae presence/
absence), the smallest females with eggs/
embryos were considered primipara.
Individuals smaller than this size were
considered juveniles.

Water temperature and Chlorophyll-a
concentration were determined from each
enclosure in the first sampling (when
Chaoborus larvae were not observed) and
during the second sampling (one month
later and when Chaoborus larvae were
present in Namorados Dam). Wwater
temperature was determined using a
mercury thermometer. Chlorophyll-a was
measured spectrophotometrically using the

method of Golterman et al. (1978), employing
equations presented in Aleixo (1981) for
calculations.

The non-parametric Mann-wWhitney rank
test was employed to evaluate differences
in body length, head and fornix spine
length, total density of zooplankton, and
comparing any differences to the presence
or absence of Chaoborus larvae. Ordinal data
including head spine presence, life stage
and the presence/absence of ovigerous
females were analyzed by €% test,
associating these characteristics with
presence or absence of the predator (Zar,
1999). All statistical analyses were
conducted using Statistica for windows,
Statsoft (1998).

Results

The presence of the head spine in
C. cornuta showed a significant
association with the life-history stage of
this cladoceran. The results revealed that
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comparing the juveniles and adults of
C. cornuta with the presence or absence
of the spine (regardless of presence or
absence of Chaoborus larvae), 89.04% of
adults were spined, whilst 73.05% of
juveniles have not presented a head spine
(c2=78.89; df=1; p«0.01; N=240) (Table 1I).
Head spine presence in C. cornuta also
showed a significant association with the
presence of Chaoborus larvae (c2=9.67; df=1;
pP«0.01; N=240). In the absence of predator,
35.83% of C. cornuta specimens sampled
showed head spines. However, in the
presence of Chaoborus larvae 55.83% of
organisms examined showed this spine
(Table II). In addition, analyzing juveniles
and adults separately, we observed that in
the absence of predator, 24.18% of juveniles
and 72.41% of adults of C. cornuta were
head spined (c*=22.26; df=1; p«0.0l; N=120);
but in the presence of Chaoborus larvae,

30.26% of juveniles and 100% of adults
showed the head spine character (c?=
54.96; df=1; p«0.01; N=120) (Tabs. Il and IV).

Chaoborus larvae also influenced the
length of head spine in C. cornuta. This
cladoceran exhibited a greater head spine
length in the presence of Chaoborus larvae
compared to when the larvae were absent
(U=1425; p«0.05; N=120) (Fig. 3)

Presence of a fornix spine in C. cornuta
did not show association with the life-
history stage of this cladoceran in the
presence or absence of Chaoborus larvae,
because this spine was present as well as
in all individuals analyzed (only 3 organisms
did not show this spine). However,
Chaoborus larvae influenced the length of
this spine. C. cornuta exhibited a greater

fornix spine length in the presence of
Chaoborus larvae (U=1165; p<0.01; N=120)
(Fig. 4).

Table II: c? test (c2=9.67; df=1; p«0.01; N=240), comparing “spined and unspined” head forms of Ceriodaphnia
cornuta, in the presence or absence of Chaoborus larvae.

“Head spine” in

Chaoborus larvae

Ceriodaphnia cornuta

absence presence Total
absence 77 (64.17%) 53 (44.17%) 130
presence 43 (35.83% ) 67 (55.83%) 110
Total 120 120 240
Table 11I: c? test (c2=22.26; df=1; p«0.01l; N=120), comparing adults and juveniles with “spined and unspined”

head forms of Ceriodaphnia

cornuta, when the predador (Chaoborus larva) was absent.

“Head spine” in

Ceriodaphnia cornuta

Ceriodaphnia cornuta adults juveniles Total
absence 8 (27.59% ) 69 (75.82%) 77
presence 21 (72.41% ) 22 (24.18% ) 43

Total 29 o1 120

Table 1V: c? test (c2= 54.96; df=1; p«0.0l;

head forms of Ceriodaphnia

N=120), comparing adults and juveniles with “spined and unspined”
cornuta, when the predador (Chaoborus larva) was present.

“Head spine” in

Ceriodaphnia cornuta

Ceriodaphnia cornuta adults juveniles Total
absence 0 (0% ) 53 (69.74% ) 53
presence 44 (100% ) 23 (30.26% ) 67

Total 44 76 120
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Figure 3: Mann-Whitney test (U=1425; p«0.05; N=120) to head spine length (mm) of Ceriodaphnia cornuta
compared to presence or absence of the invertebrate predator (Chaoborus larva).
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Figure 4: Mann-Whitney test (U=1165; p«<0.01; N=120) to fornix spine length (mm) of Ceriodaphnia cornuta
compared to presence or absence of the invertebrate predator (Chaoborus larva).

Body size of cladoceran C. cornuta
(adults + juveniles) was significantly larger
in the presence of Chaoborus larvae
(U=5512; p«0.01; N=240) (Fig. 5). Moreover,
when analyzing juveniles and adults of C.
cornuta separately, the juvenile body size
was significantly larger in the presence of
the predator larvae (U=2804; p«0.05; N=167),
but the adults body size were not
significantly different (U=539; p=0.37; N=73).
In the presence of Chaoborus, the size of
C.cornuta juveniles ranged from 0.23 to 0.36
mm and the size of adults from 0.37 to 0.56
mm. In contrast, the body length of juveniles
and adults ranged from 0.17 to 0.33 mm
and 0.34 to 0.53 mm, respectively, when

the invertebrate predator was absent (Figs.
6 and 7).

Despite the higher number of ovigerous
females compared to non-ovigerous
females in C. cornuta population (regardless
presence or absence of Chaoborus larvae)
(c?= 5.18; df=1; p«0.05; N=240), we noticed
that in the absence of predator larvae,
17.50% of females are ovigerous whereas
in the presence of Chaoborus larvae, 30%
of females exhibited eggs/embryos (Tab. V).

During the first enclosures sampling,
the mean chlorophyll-a concentration was
16.38 mg.1'(N=6). On the second sampling,
carried out one month later, when C. cornuta
individuals showed a greater body size, the
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average chlorophyll-a concentration significant differences between samples
decreased to 2.8 mg.l!' (N=6). In addition, (Fig. 8). The water's temperature was 24.0
the total zooplankton density (Rotifera + + 0.0 °C during the first sample (N=6) and
Cladocera + Copepoda) did not show 25.5 + 0.7 °C in the second sample (N=6).
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Figure 5: Mann-Whitney test (U=5512; p<0.01; N=240) to body length (mm) of Ceriodaphnia cornuta (adults
+ juveniles) compared to presence or absence of the invertebrate predator (Chaoborus larva).
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Figure 6: Mann-Whitney test (U=2803.5; p«0.05; N=167) to body length (mm) of Ceriodaphnia cornuta juveniles
compared to presence or absence of the invertebrate predator (Chaoborus larva).

Table V: c¢? test (c?= 5.18; df=1; p«0.05; N=240), comparing the presence of ovigerous females in the presence
or absence of Chaoborus larvae.

Ovigerous females

Chaoborus larvae

abhsence presence Total
absence 99 (82.50% ) 21 (17.50% ) 120
presence 84 (70% ) 36 (30% ) 120
Total 183 57 240
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Figure 8: Mann-Whitney test (U=8; p=0.11; N=12) comparing the total zooplankton density to presence or
absence of Chaoborus larvae.
Discussion region, because in the first sample
Chaoborus larvae could be already present,
Head spine presence in C. cornuta but in densities so low to be detected in

showed a significant association with the
presence of Chaoborus larvae. The length
of head and fornix spines were also greater
in the presence of the invertebrate predator.
Repka et al. (1995), observed that the
presence of neckteeth protected Daphnia
pulex from Chaoborus predation and that
small changes in the prey‘'s morphology
could affect its susceptibility to invertebrate
predation. Morphological adaptations among
zooplanctonic organisms are energetically
expensive (Schwartz, 1991). Thus, when the
predation risk is low it is uneconomic to
display a costly predation avoidance
strategy (Scheffer, 1997). Tollrian (2000)
found lower predation rates in neckteeth
morph daphnids than in typical morphs.
Our results showed that head spine
presence was more common in adults than
in juveniles. Although, the presence of
predatory larvae was shown to increase the
frequency of this character in both adults
and juveniles. Moreover, the number of
C. cornuta individuals with a head spine
was higher when compared to other aquatic
environments Chaoborus-free of semi arid
region of Brazil (personal observation). In
this study, among 120 individuals analyzed
in absence of Chaoborus larvae (first
sample), 43 individuals of C. cornuta showed
the presence of this character (Tab. II).
Therefore, it is possible that this effect has
been stronger in this environment and
weaker in other semi-arid dams in the

the samples.

The observed bigger body size of
C. cornuta in the second sample could
be induced by the presence of Chaoborus
larvae. Crispim (1998) also registered
increases in body spines in Daphnia in the
presence of an invertebrate predator, the
ciclopod copepod Acanthocyclops robustus.

The water's temperature, another factor
that could direct or indirectly influency in a
differentiated way growth of C. cornuta (Goss
& Bunting, 1983), showed a little variation
in the enclosures studied.

Based on body size of C. cornuta
juveniles, we suggest that the females of
this cladoceran produced neonates with a
greater body size in the presence of
Chaoborus larvae, as registered by Crispim
(1998) when in the presence of A. robustus,
females produced less and bigger eggs,
resulting in bigger neonates. In Daphnia
populations, the size of brood can be
influenced by body size of adults females
(Tessier & Consolatti, 1989); by food
availability or vertebrate and invertebrate
predator influence (Gliwicz & Boavida, 1996).

All effects mentioned in this study
were probably caused by the presence of
the predator. We did not analyse the impact
of predation by Chaoborus larvae, and this
question needs to be addressed in further
studies, in “in vitro” experiments. However,
Pagano et al. (2003), using mesocosm
experiments noticed that Chaoborus
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predation had a strong negative impact on
Diaphanosoma excisum, Moina micrura and
Ceriodaphnia cornuta, favouring small
herbivores (Rotifera and nauplii). Mumm
(1997) observed that the effect of Chaoborus
on the abundance of cladocerans is body
size dependent but is also dependent on
different prey species. Larger species like
Daphnia longispina and small cladocerans
(Chydorus) were not affected by predator
presence to the same degree as smaller
prey species such as Ceriodaphnia and
Diaphanosoma.

In conclusion, presence of a “head
spine” in C. cornuta, as well as the length
of head spine and fornix spines, appears
to be influenced by the presence of an
invertebrate predator. Moreover, the
increasing in body size of C. cornuta appears
to be another strategy induced by the
presence of Chaoborus larvae.

Acknowledgments

The study was supported by CNPq/
PELD - Caatinga project, and a CNPq master
grant awarded to Glecia Freitas and a CNPq
“DCR” grant (301303/01-0) awarded to Malva
Hernandez.

References

Aleixo, R.C. 1981. Fatores ecoldgicos, con-
centracao de clorofila a feofitina em cin-
co lagos do Vale do Rio Doce, MG: um
estudo comparativo. Sao Carlos, UFSCar,
220p (Master Thesis).

Black, R.W. 1980. The nature and causes of
cyclomorphosis in a species of the
Bosmina longirostris complex. Ecology,
61:1122-1132.

Borror, D.J. & De Long, D.M. 1969. Introdu-
cao ao estudo dos insetos. Universida-
de de Sao Paulo, Sao Paulo. 653p.

Chang, K.H. & Hanazato, T. 2003. Seasonal
and reciprocal succession and
cyclomorphosis of two Bosmina species
(Cladocera, Crustacea) co-existing in a
lake: their relationship with invertebrate
predators. J. Plankton Res., 25:141-150.

El Moor-Loureiro, L.M.A. 1997. Manual de
identificacao de claddceros limnicos do
Brasil. Universa, Brasilia. 156p.

Gliwicz, M.Z. & Boavida, M.J. 1996. Clutch
size and body size at first reproduction
in Daphnia pulicaria at different level of
food and predation. J. Plankton Res.,
18:863-868.

302 FREITAS, G.T.P., et al.

Golterman, H.L., Clymo, R.S. & Ohnstad,
M.A.M. 1978. Methods for physical and
chemical analysis of freshwater. 2" ed.
Blackweel Scientific Publications, Oxford.

214p.
Goss, L.B. & Bunting, D.L. 1983. Daphnia
development and reproduction:

responses to temperature. J. Therm.
Biol., 8:375-380.

Hanazato, T., Hayashi, H., Ichikawa, T. &
Watanabe, Y. 1989. Dynamics of
zooplankton community in enclosure of
different types in a shallow eutrophic
lake. Jpn. J. Limnol., 50:25-37.

Kerfoot, Ww.C. 1087. Translocation
experiments: Bosmina responses to
copepod predation. Ecology, 68:596-610.

Krueger, D.A. & Dodson, S.I. 198I.
Embryological induction and predation
ecology in Daphnia pulex. Limnol.
Oceanogr., 26:219-223.

Luning, J. 1995. Life-history responses to
Chaoborus of spined and unspined
Daphnia pulex. J. Plankton Res., 17:71-
84.

Melo, H.A.R. & Chacon, J.O. 1976. Exame
bioldégico-pesqueiro do acude publico
“Soledade” (Soledade - PB/ Brasil). Bol.
Tec. DNOCS, 34:14-18.

Mumm, H. 1997. Effects of competitors and
Chaoborus predation on the cladocerans
of a eutrofic lake: an enclosure study.
Hydrobiologia, 360:253-264.

Pagano, M., Koffi, M.A., Cecchi, P, Corbin,
D., Champalbert, G. & Saint-Jean, L. 2003.
An experimental study of the effects of
nutrient supply and Chaobrus predation
on zooplankton communities of a shallow
tropical reservoir (Lake Brobo, Cote
d‘Ivoire). Freshwater Biol., 48:1379-1395.

Parejko, K. & Dodson, S.I. 1991. The
evolutionary ecology of an antipredator
reaction norm: Daphnia pulex and
Chaoborus americanus. Evolution,
45:1665-1674.

Repka, S., Walls, M. & Ketola, M. 1995. Neck
spine protects Daphnia pulex from
predation by Chaoborus but individuals
with longer tail spine are at a greater
risk. J. Plankton Res., 17:393-403.

Roche, K. 1990. Some aspects of
vulnerability to cyclopoid predation of
zooplankton prey individuals.
Hydrobiology, 198:153-162.

Scheffer, M. 1997. On the implications of
predator avoidance. Aquat. Ecol., 31:99-
107.

Schwartz, S. 1991. Predator-induced
alterations in Daphnia morphology. J.
Plankton Res., 13:1151-1161.

Changes in life-history parameters of cladoceran Ceriodaphnia cornuta ...



Tessier, A.J. & Consolatti, N.L. 1989. Variation
in offspring size in Daphnia and
consequences for individual fitness.
Oikos, 56:269-276.

Tollrian, R. 1990. Predator-induced helmet
formation in Daphnia cucullata (Sars).
Arch. Hydrobiol., 119:191-196.

Tollrian, R. 1993. Neckteeth formation in
Daphnia pulex as an example of
continuous phenotypic plasticity:
morphological effects of Chaoborus
Kairomone concentration and their
quantification. J. Plankton Res., 15:1309-
1318.

Tollrian, R. & Jeschke, J.M. 2000. Density-
dependent effects of prey defences.
Oecologia, 123:391-396.

Williamson, C.E. 1983. Behavioral
interactions between a cyclopoid
copepod predator and its prey. J. Plankton
Res., 5:701-711.

Zar, J.H. 1999. Biostatistical analysis. 4" ed.
Prentice-Hall, Upper Saddle River. 663p.

Received: 09 April 2007
Accepted: 20 September 2007

Acta Limnol. Bras.,

19(3):295-303, 2007

303



