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Abstract

Hydras, the most representative freshwater Cnidaria, are of common occurrence in bodies of water in every continent
except Antarctica. This study was planned with the aim of maintaining a population of Hydra viridissima in labora-
tory culture to enable the determination of the individual and population growth-rates of this species, as well as its
population doubling time and generation time, with a view to employing these common animals as test-organisms in
ecotoxicological assays. The organisms were maintained in reconstituted water at 20 £ 2 °C, illuminated at 800 lux
with a photoperiod of 12 hours light: 12 hours dark, and were fed on neonates of the cladoceran Ceriodaphnia silvestrii
(3 or 4 neonates per hydra, 3 times a week). The individual growth-rate (k) of the species was 0.43, the maximum
length of the column 2.53 mm and the generation time 6.6 = 1.5 days on average. The hydra population showed an
intrinsic growth-rate (r) of 0.0468, according to the fitted curve, and a doubling time of 14.8 + 2.63 days. Hydra
viridissima is easy to grow in the laboratory and performs well in the conditions used in this study. It is thus a promis-
ing candidate test-organism for ecotoxicological studies.
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Desenvolvimento e crescimento populacional de Hydra viridissima
Pallas, 1766 (Cnidaria, Hydrozoa) em laboratorio

Resumo

As hidras, os mais representativos Cnidaria de 4gua doce, sdo organismos comuns em corpos de dgua doce de todos
os continentes, exceto na Antartida. O objetivo do presente estudo foi manter o cultivo em laboratério da espécie
Hydra viridissima, determinando-se o crescimento individual e populacional desta espécie, assim como seu tempo de
duplicacio da populagdo e de geracio, visando sua utilizacdo como organismo-teste em ensaios ecotoxicolégicos. Os
organismos foram mantidos em dgua reconstituida, a uma temperatura de 20 + 2 °C, com luminosidade de 800 lux e
fotoperiodo de 12 horas luz/ 12 horas escuro, e foram alimentados com neonatas do Cladocera Ceriodaphnia silvestrii
(3 a 4 neonatas por individuo). A taxa de crescimento individual (k) obtida foi de 0,43, o comprimento mdximo da
coluna das hidras foi de 2,53 mm e o tempo de geracdo foi, em média, de 6,6 + 1,5 dias. A espécie apresentou uma taxa
intrinseca de crescimento populacional (r) igual a 0,0468 para a curva ajustada e um tempo de duplica¢ao da populacio
de 14,8 + 2,63 dias. A espécie Hydra viridissima € de facil cultivo em laboratério e apresentou um bom desempenho
nas condigdes testadas, sendo, portanto, um potencial organismo-teste para estudos ecotoxicoldgicos.

Palavras-chave: Cnidaria de dgua doce, crescimento individual, crescimento populacional, cultivo de hidras, Hydra
viridissima.

1. Introduction

The freshwater Cnidaria of Sdo Paulo State, indeed
of Brazil as a whole, are relatively little known in com-
parison with the members of this phylum in the USA
or Europe, in spite of being common organisms in most
freshwater habitats (Silveira and Schlenz, 1999).

In particular, hydras are common in bodies of water
in every continent except Antarctica (Holstein, 1995).
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They are strictly carnivorous, feeding mainly on small
crustaceans, including cladocerans and copepods, in-
sects and annelids. Asexual budding is the commonest
means of reproduction (Pennak, 1953).

Only four species of Hydra (Class Hydrozoa,
Subclass Anthomedusae, Family Hydridae) are known in
Brazil: Hydra viridissima Pallas, 1766 (Cordero, 1939;
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Wolle, 1978), Hydra iheringi Cordero, 1939 (Cordero,
1939), Hydra intermedia Wolle, 1978 (Wolle, 1978)
and Hydra salmacidis Silveira, Gomes and Silva, 1997
(Silveira et al., 1997).

Hydraviridissima (formely Chlorohydraviridissima)
appears green, owing to its symbiotic relationship with
the green alga, Chlorella vulgaris, which are present
in the body of the hydra. The algae are found in vacu-
oles within the gastrodermal cells, where they are pro-
tected from host digestive enzymes (Muscatine, 1974).
Up to 20 algal cells may coexist in the same animal
cell (Douglas, 1995). The photosynthetic alga sup-
plies nutrients such as maltose (Muscatine, 1965) or
glucose-6-phosphate (Lenhoff and Muscatine, 1963;
Roffman and Lenhoff, 1969; Kelty and Cook, 1976) to
the hydra.

When hydras are exposed to toxic substances, they
may undergo graded changes in their body structure,
which can be used as indicative of the degree of toxic-
ity to be assayed at lethal or sublethal concentrations.
Moreover, these organisms are present in a variety of
freshwater environments, are easy to culture and main-
tain in the laboratory, reproduce rapidly and can be used
in toxicity tests that are both simple to perform and low-
cost (Trottier et al., 1997). Hydra viridissima makes a
very promising candidate test-organism for ecotoxico-
logical research, so, the objective of the present study
was to measure basic demographic parameters of popu-
lation growth under controlled conditions in the labora-
tory, since these characteristics are fundamental to the
development of standardized ecotoxicological tests.

2. Material and Methods

Examples of the species Hydra viridissima were col-
lected from outdoor concrete tanks in the Experimental
Reserve of the Department of Ecology and Evolutionary
Biology at the Federal University of Sdo Carlos (SP,
Brazil).

The hydras were cultured in circular glass aquar-
ia, 20 cm in diameter, in reconstituted water (ABNT,
2004). The cultures were kept at 20 =2 °C, under a light
source of 800 lux, with a photoperiod 12 hours light:
12 hours dark. Three times a week, 3 or 4 neonates of
the cladoceran Ceriodaphnia silvestrii per hydra were
supplied as food. The water was changed and the culture
cleaned twice a week.

In both the population and individual growth ex-
periments, the hydras were maintained under the same
culture conditions, with 10 replicates for each test, but
in the individual growth experiment only the individu-
als of seven replicates had survived until the end of the
experiment.

Hydra specimens were placed in non-toxic plastic
transparent recipients of 250 mL capacity with 100 mL
of reconstituted water, in replicates. Experiments were
run at the temperature of 20 = 2 °C, in a temperature
controlled room, 800 lux illumination and 12 hours light:
12 hours dark photoperiod. They were fed with 3 or 4

Ceriodaphnia silvestrii neonates per hydra, three times
in the week, and recipient media were changed twice
a week. The occurrence of other microorganisms from
which hydras could be fed, such as protozoans or ro-
tifers, was checked periodically throughout the experi-
ment, by examining subsamples under the microscope.
No other organisms were found.

In the individual growth experiment, each replicate
had one hydra with a single bud. The animal was ex-
amined daily and measured under a stereomicroscope.
From the moment the bud separated from the mother
polyp, the length and diameter of this knew hydra were
measured once a day until it had grown and begun to re-
produce, by giving rise to a bud. From then on, the length
and diameter of the new bud were measured daily until
it, in turn, separated from the mother polyp. Organisms
were carefully taken from the experimental flasks using
a large mouth pipette and placed in excavated slides with
drops of water. Total length and diameter were measured
with a micrometer, under a stereomicroscope, for the
whole extended hydra column from oral to the aboral
region. The generation time of the species was defined
as the time elapsed between the separation of a bud from
its mother hydra, to the production and the separation of
its first bud.

The growth-curve for the body length of Hydra
viridissima was obtained by applying Von Bertalanffy’s
model (Bertalanffy, 1938), the parameters of which were
calculated by using the Ford-Walford transformation
(Walford, 1946):

L =Leo [l -+ M)

where: L = length in one determined time t (mm);
Leo = maximum length which, on average, the organ-
isms can reach, being the asymptotic limit of the curve;
e = base of natural logarithm; k = growth-rate constant;
to = parameter related to the initial length of individuals
at birth (Lo), expressed in days.

Each replicate population growth test started with a
population of three full-grown hydras. The individuals
were inspected every 2-3 days and counted under a stere-
omicroscope. These experiments continued for 65 days.

The instantaneous natural growth-rate was calcu-
lated with the following differential equation (Odum,
1988): dN/dt = rN.

This may be integrated to give:

Nt=N e" 2)

where: Nt = number of organisms at time t; N = initial
number of organisms; t = the duration of the experiment;
r = intrinsic population growth-rate; e = base of natural
logarithm.

The parameter r can be considered an instantaneous
coefficient of population growth (Odum, 1988), and is
calculated by means of the following expression:

r=(In Nt —1n NO)/t 3
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From this coefficient, the population doubling-time
(t,) can be obtained by: t = In2/r.

3. Results

The individual length data for Hydra viridissima are
plotted in Figure 1, where all the points shown for one
day represent replicates. The curve has been fitted to the
data, assuming the Von Bertalanffy model for individual
growth. Length data were collected from the time a new
hydra separated from the mother polyp until the appear-
ance of its first bud.

The fitted curve follows the equation:

Ll =253[1-¢ 043 (t+ 1.47)] 4)
3 -
g2
E
k=
o
g
= 1 1
Lt= 2'53 [1 —e 70.43(|+].47)]
0 T T T T T !
0 2 4 6 8 10 12

Time (days)
Figure 1. Individual growth curve of Hydra viridissima cul-
tured in reconstituted water at 20 £ 2 °C, in a 12 hours light:
12 hours dark photoperiod, with a diet of neonates of the
cladoceran Ceriodaphnia silvestrii. Data points for each day
represent one or more of the seven replicates that survived
until the end of the experiment.

Thus, the average maximum length reached by hy-
dras was 2.53 mm (Leo) and the daily growth-rate was
0.43 (k), that is the columns lengthened by about 40%
every day.

It was found that soon after having separated from
the mother polyp, the new hydras were 1.2 = 0.4 mm
long and 0.09 £ 0.02 mm in diameter, at 5 + 1.77 days
after separation, on average, they attained a mean length
of 2.22 £ 0.4 mm and a diameter of 0.12 = 0.02 mm, and
began to form buds (Table 1).

The buds were also measured, daily, from their first
appearance until they separated from the mother hydra.
Starting with a mean length 0.28 + 0.12 mm and diam-
eter 0.12 = 0.02 mm, they grew, in 1.6 = 0.5 days on
average, to a mean length 0.52 + 0.2 mm and diameter
0.14 £ 0.03 mm and then separated from the mother pol-
yp (Table 2). Thus, the mean generation time of Hydra
viridissima in the laboratory conditions described was
6.6 = 1.5 days.

An exponential curve has been fitted to the population
growth data obtained for Hydra viridissima in Figure 2.
The average rate of population growth of this species can
be obtained from this curve, which is described by the
following equation, with a coefficient of determination
(R» of 0.9511:

Nt = 5.785¢00468 (5)

Hence, the instantaneous rate constant for population
growth (1) is of 0.0468 by the end of the 65-day experi-
ment, each replicate (initially 3 hydras) had grown, on
average, to 109.1 + 26.44 hydras (Table 3). The average
doubling time for the population of Hydra viridissima
culture in the laboratory, was calculated from r as
14.8 £2.63 days.

Table 1. Individual length (L) and diameter (D) of Hydra viridissima cultured in the laboratory, mean values and its respective
standard deviations (SD) and range of variation, from the moment a bud detached from parent polyp until the appearance of

its first bud (*).

Time Parameter Replicates Mean+SD  Range
(days) ~ (mm) 1 2 3 4 5 6 7
1 L 1.2 1.2 1.2 0.8 1.2 2.0 0.8 1.2£0.40 0.8-2.0
D 0.08 0.12 0.08 0.08 0.08 0.12 0.08 0.09+£0.02 0.08-0.12
) L 1.2 2.0 2.0 2.4 1.6 2.48*% 1.2 1.82£0.52 1224
D 0.08 0.12 0.12 0.08 0.08 0.12* 0.12 0.10+£0.02 0.08-0.12
3 L 1.6 2.0% 2.0 2.52 1.8 - 1.4 1.88£0.38  1.4-2.52
D 0.08 0.12*  0.12 0.08 0.08 - 0.12  0.10+£0.02 0.08-0.12
4 L 1.8 - 2.0 2.8 1.8 - 1.6 20£046  1.6-2.8
D 0.12 - 0.12 0.08 0.08 - 0.16 0.11+£0.03 0.08-0.16
5 L 1.8% - 2.0 2.8 2.4 - 2.0% 22£040 1.8-2.8
D 0.12%* - 0.12 0.08 0.08 - 0.16* 0.11+£0.03 0.08-0.16
6 L - - 2.0% 2.8 2.4 - - 24+040 2.0-24
D - - 0.12%  0.12 0.08 - - 0.10£0.02 0.08-0.12
- L - - - 3.0% 2.4% - - 271042  24-30
D - - - 0.12*  0.08* - - 0.10£0.03 0.08-0.12
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Table 2. Individual length (L) and diameter (D) of Hydra viridissima cultured in the laboratory, mean values and its respec-
tive standard deviations (SD) and range of variation, from the moment a bud started to develop until it detached from parent

polyp (*).
Time Parameter Replicates Mean£SD  Range
(days) (mm) 1 2 3 4 5 6 7
1 L 0.12 0.2 0.16 0.4* 0.4* 0.4 03* 0.28%£0.12 0.12-04
D 0.12 0.08 0.12 0.12%  0.12*  0.12 0.16% 0.12£0.02 0.08-0.16
5 L 0.8* 0.4* 0.6* - - 0.8* - 0.65+0.19 0.4-0.8
D 0.12*% 0.16% 0.2* - - 0.12%* - 0.15+£0.03 0.12-0.2

Table 3. Mean population sizes, standard deviations (SD)
and range, at different time intervals for Hydra viridissima
cultures, in the laboratory, during 65 day period.

Time (days) Mean = SD Range
5 6.9+2.54 3-10
15 17.5+£8.53 6-33
25 20.9+£9.42 8-36
35 26.7 £ 11.61 12-47
45 48.5+£16.80 30-83
55 72.8+£17.56 38-99
65 109.1 +26.44 60-145
160 -
140 ] Nt = 5.785¢0046 T
E 120 - A: x
< 80 1 R % K
E J " Q $$° S A
}é 60 Lo ¢ £ g i A
Z 40 TS < TR
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Figure 2. Population growth curve of Hydra viridissima
cultured in reconstituted water at 20 + 2 °C, in a 12 hours
light: 12 hours dark photoperiod, fed on neonates of the
cladoceran Ceriodaphnia silvestrii. Each symbol represents
an experimental replicate.

4. Discussion

Sugiyama and Fujisawa (1979) cultured Hydra
magnipapillata, taken from 10 different sites in Japan,
at 18 £ 1 °C, feeding them with Artemia salina. They re-
ported a mean generation time of 8.3 £ 3.22 days, some-
what longer than that exhibited by Hydra viridissima in
the present study (6.6 + 1.5 days) at the temperature of
202 °C.

According to Slobodkin et al. (1991), the length
of the column of individual hydras varies appreciably
within a species, depending on the culture conditions,
such as food and temperature, and also on genetic fac-
tors. Bossert and Dunn (1986) noted that hydras of the
same species, collected at various sites but maintained

in laboratory cultures under the same conditions of tem-
perature, light and food, varied in body size. They col-
lected Hydra viridissima polyps from 3 different sites
and cultured them in the laboratory at 20 °C, feeding
them on Artemia salina. Organisms originating from
each site exhibited a different length: 3.75 £ 0.25 mm,
3.06 £0.13 mm and 2.29 £ 0.11 mm.

Regarding the intrinsic population growth-rate,
Hydra viridissima exhibited a value r = 0.0468, with co-
efficient of determination R*= 0.9511.

Under outdoor conditions, variations of the rate of
increase of a population (r) are observed, caused both by
intrinsic factors (age structure and genetic make-up of
the population) and changing environmental conditions.
In controlled conditions in the laboratory, where limiting
factors that may affect the population have been elimi-
nated, it is possible to determine the natural capacity for
population growth with given combinations of experi-
mental factors, such as temperature, quality and quantity
of food, etc. (Krebs, 1986).

Sugiyama and Fujisawa (1979) reported a varia-
tion in the intrinsic population growth-rate of Hydra
magnipapillata among specimens collected at different
sites, obtaining values of r from 0.06 a 0.26.

It will have been noted that the same species may
exhibit quite different intrinsic population growth-rates,
since the culture and stock maintenance conditions gen-
erally vary, as do the temperature and diet during experi-
ments. As the process of growth is specific to each type
of organism, it is important to establish the pattern of
growth of a species, in order to try and explain the rela-
tion between its growth-rates and its habitat (Nikolski,
1963).

The natural intrinsic rate of increase observed for
Hydra viridissima was 0.0468 a value of r similar to
the lowest found by Sugiyama and Fujisawa (1979) for
Hydra magnipapillata (0.06). Differences between pop-
ulation growth-rates of species can be explained partly
by their genomes that result in different life-cycle traits
and also because the species were not grown under iden-
tical conditions.

Knowing the value of r, it is possible to determine the
doubling time for a population, by dividing the natural
log of 2 (In 2) by the value of r (Odum, 1988). The Hydra
viridissima population grown in the laboratory in this
study had a mean doubling time of 14.8 = 2.63 days.
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For Hydra magnipapillata, Sugiyama and Fujisawa
(1979) found doubling times varying from 3 to 10 days,
using standard hydra culturing procedures. Habetha
et al. (2003) analyzed the population growth of Hydra
viridissima given three different food treatments (fed dai-
ly; once a week and once a fortnight on Artemia salina).
They observed that the population fed daily doubled in
3 days; those fed once a week, in 14 days, and those fed
once a fortnight, in 31 days. Therefore, the doubling
time of the Hydra viridissima population studied here
was similar to that found by those authors for hydras fed
once a week on Artemia salina.

According to Bosh and David (1984), the growth rate
of Hydra is closely related to the feeding conditions of
the organisms. Possibly, the doubling time found in the
present study would be shorter if the animals were fed
daily. Therefore, it would be interesting to test different
food items to find the food preferences of this species,
as well as to test the maximum ingestion rates, in order
to establish the best culturing conditions, and hence the
highest population growth rate.

It was concluded that once an adequate culture me-
dium and food are found it is relatively easy to culture
Hydra viridissima in the laboratory. For the conditions es-
tablished, the species performed well, reproducing quickly
and consequently having a short generation time. However,
further studies may improve the culture conditions, allow-
ing the standardization of culture procedures, since this
species is a potential test-organism for bioassays.
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