
Introduction

Cladocerans and specifically daphnids play an im-
portant role on limnetic environments, being the domi-
nant consumers of primary producers, but also an im-
portant food supply for both invertebrate and vertebra-
te predators (Baudo 1987). In addition, even recogni-
sing the doubts expressed by some authors about the
representativeness of the daphnids and about the eco-
logical relevance of laboratory tests, they also still ral-
lying singular characteristics which make them suc-
cessful test organisms (Forbes 1999, Barata et al.
2000).

In this way, cladocerans, and specially daphnids, ha-
ve been extensively used as a representative group of
freshwater invertebrates in ecological and toxicologi-
cal studies. There are a certain number of life-history
traits which are commonly assessed on ecotoxicologi-
cal assays carried out with these animals. Some of
them, for example, evolve measurements to estimate
growth rates. As referred by Soares (1989) measure-
ments on living organisms should be avoided, as on
pain of death can occur loose or affectation of the ani-

mals. The same author reminds that daphnids go to se-
ries of moults and growth only occurs immediately af-
ter moulting, when the integument is still soft. This
means that the growth of the organisms can be safely
estimated by measuring moults, especially if that mea-
sure is made on the first segment of the second anten-
nae - exopodite -, so long as the moult is not always
obtained intact. Following this observation, the analy-
sis of the allometric relationship between the exopodi-
te length (EL) and the total body length (BL) is useful
for subsequent estimations of growth parameters.

Therefore, the main goal of this work concerns the
regression analysis of the two allometric measure-
ments above mentioned, a support step that can be ap-
plied in ecotoxicological studies.

Thus, four species of daphnids were used: Daphnia
magna Straus and Ceriodaphnia dubia Richard, two
standardized species currently utilized in ecotoxicolo-
gical experiments; Daphnia longispina O.F. Müller
and Ceriodaphnia pulchella Sars, two autochthonous
species in Portuguese shallow lakes (Barros 1994,
Abrantes 2001, Abrantes 2003).
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Methods

Organisms and laboratory cultures 
Four cladocerans species were used for measure-

ments: Daphnia magna, from the single clone A (sen-
su Baird et al. 1989 a); Daphnia longispina, from a
single clone developed from a population sample cap-
tured in Vela lake (Quiaios, Portugal) and cultured in
laboratory since the beginning of 2001 (Antunes et al.
2003); Ceriodaphnia dubia, from a single clone provi-
ded by «Aqua Survey Inc.»; Ceriodaphnia pulchella,
from a population sample also obtained in Vela lake.
According to Abrantes (2001), this last species was not
able to withstand to lab culture conditions; thus, C.
pulchella field collected individuals were directly
measured without being reared in lab.

Clones of D. magna, D. longispina and C. dubia we-
re maintained in 800 ml glass beakers with ASTM
hard water (ASTM 1980), supplied with an organic ad-
ditive (Baird et al. 1989 b) and fed with Pseudokirch-
neriella subcapitata (Korshicov) Hindak [3x105

cells.ml-1 for D. magna (OECD 1996), 1.5x105

cells.ml-1 for D. longispina (Antunes 2003) and for C.
dubia]. In any case, it was established that feeding and
removal of the culture medium elapsed three times per
week. The photoperiod was kept at 16L: 8D and the
temperature of the cultures was maintained on 20±1°C.

Measurement procedures
To evaluate the relation between the EL and BL for

each species, it was used a stereomicroscope with ma-
gnifications of 32x, 57x (for Daphnia sp. and for C.
dubia) and 114x for measurements of C. pulchella.
The precision of the measurements was 15µm for 32x,
8.5µm for 57x and 4.25µm for 114x. Considering BL
as the distance from the top of the head until the base
of the carapace spine, and EL as the distance, on the
central axis, from the base to the top of the first exopo-
dite of the second antennae, measures were made in a
total of 349 animals, for D. magna, 210 animals, for D.

longispina, 281 animals, for C. dubia, and 293 ani-
mals, for C. pulchella. This last species presents, cha-
racteristically, a much reduced carapace spine (Amo-
ros 1984), what reduces the probabilities of damage its
structure while handling the organisms. In fact, for this
species, it was observed that measures of BL that in-
cluded the end of carapace spine were more coherent
than those that did not include it. Therefore, to the sa-
me class of BL, weighty differences were found for BL
considered as the distance between the top of the head
till the end of carapace spine or as the distance from
the top of the head till the base of the spine. Thereby,
for C. pulchella BL was measured as the distance bet-
ween the top of the head till the end of the carapace
spine. 

Generally, measures were taken from the day zero
up to the day 21, always trying to reach all the growing
points of the animals. Notwithstanding, this specifica-
tion was not followed for C. pulchella, once the age of
the measured individuals could not be known. In this
way, an effort was done in order to cover a wide range
of body lengths, trying to reach the best fit of BL ver-
sus EL regression.

Results and discussion
As mentioned above, the obtained values were plot-

ted following a linear regression principle (Figure 1)
(Sokal & Rohlf 1987). The confidence limits calcula-
ted for each slope are presented in Table I.

By direct observation of figure 1, it can be immedia-
tely pointed out some similarity on the distribution of
the data on the plot area: the regression points appear
as series of consecutive parallel lines which reflects
the crustaceans (daphnids, in this case) characteristic
discontinuous growth. Additionally, it is possible to
observe that the increment in body size is accompanied
by the increment in exopodite size. 
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Table 1. Slopes (b) and respective confidence limits (CL1 and CL2) for the regressions performed for each species.
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Fig. 1. Allometric relations between body (BL) and exopodite (EL) lengths for D. magna, D. lon-
gispina, C. dubia and C. pulchella. R-square values (R2) and equations for each regression ana-
lysis are presented. 



Actually it is noticeable that there is similarity bet-
ween slopes determined for organisms of the same ge-
nus (10.499 and 10.660 for D. magna and D. longispi-
na, respectively; 8.829 and 8.450 for C. dubia and C.
pulchella, respectively). Additionally, it is observable
that for the smaller species (Ceriodaphnia sp.) the re-
gressions present lower slopes, which means that the
growth of the exopodite is proportionally greater than
for the larger species.

In general, it was possible to find high R-square va-
lues (>0.900) for the regressions, which confirmed that
the measure of exopodite is a good estimator of body
length. Notwithstanding, the R-square of C. pulchella
was the lowest. Actually, the number of measured or-
ganisms was not much lower than that considered for
the other species. Therefore, the reduced R-square for
C. pulchella may be addressed to the smaller size of in-
dividuals, which can constrain the measurement accu-
racy (Bottrell et al. 1976). Moreover, once this species
was directly measured from a sampled field popula-
tion, it is also possible the occurrence of different clo-
nal lines, which may reduce the data fit.

Although any information was obtained for C. du-
bia, similar slopes were found in other allometric stu-
dies for different clones of Daphnia magna [10.90,
10.61, 11.47, 11.42, 10.70, 10.65 (Soares 1989)],
Daphnia longispina [10.33, 10.21, 10.28 (Barros
1994); 10.50 (Silva 1999)] and Ceriodaphnia pulchel-
la [7.09, 7.42, 7.45 (Barros 1994)]. In spite of this,
three slopes of D. magna, two of D. longispina and
none of C. pulchella were included in our correspon-
dent confidence limits. Actually, except for Silva
(1999), the sizes of samples were below those conside-
red by us, what may reduce the accuracy of the respec-
tive slopes. Moreover, these differences may be related
to clonal variability associated to the studied allome-
tric measures. However, if some of the slopes are in-
cluded in the confidence limits of our regression ana-
lysis, the relevance of the differences that can be intro-
duced by factors like clonal variability, may not inter-
fere for great differences in the equations and conse-
quently in the R-square values.
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