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This paper describes the experimental results for optimizing
isopod culture conditions for terrestrial ecotoxicity testing. The
influence of animal density and food quality on growth and
reproduction of Porcellio dilatatus was investigated. Results indi-
cate that density influences isopod performance in a significant
way, with low-density cultures having a higher growth rate and
better reproductive output than medium- or high-density cul-
tures. Alder leaves, as a soft nitrogen-rich species, were found to
be the best-quality diet; when compared with two other food
mixtures, alder leaves induced the best results, particularly in
terms of breeding success. Guidance regarding culture conditions
of isopod species, especially in terms of culture density and diet,
is given. © 2000 Academic Press
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INTRODUCTION

Terrestrial isopods are good representatives of the soil
macrodecomposer group. Their saprophytic activity
contributes in a significant way to litter fragmentation,
increasing the attack area for decomposers, constituting an
important step for the decomposition process. The activity
of these organisms increases the recycling of essential nutri-
ents, which have a great importance for the maintenance of
soil fertility (Hopkin and Martin, 1982; Van Straalen and
Verweij, 1991).

These ecological characteristics associated with the facil-
itated capture in the field and maintenance in laboratory
cultures make terrestrial isopods good candidates for test
organisms, for both purely ecological and ecotoxicological
studies (Donker, 1992; Drobne, 1997). In fact, the number of
studies with these organisms has been increasing in the past
few years (Donker et al., 1993; Leon and Van Gestel, 1994)
and isopods are even considered as potential test organisms
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in a tiered approach for evaluating the effects of toxic
substances in terrestrial systems (Rombke et al., 1996). Most
studies use animals coming directly from the field or main-
tained in the laboratory as temporary cultures for that
specific purpose. These procedures, however, do not fit the
needs of regular use of these organisms for the evaluation of
several anthropogenic actions in the terrestrial environment
that require the maintenance of laboratory cultures under
controlled conditions. By using cultured individuals the
necessary number and type of animals (sex, age class) can be
obtained in the best physiological conditions. Thereby it is
necessary to develop several procedures to maintain appro-
priate laboratory cultures of isopods.

Among others, climatic conditions, animal density, and
food quality and availability can be considered as the most
important factors in regulating population dynamics of
isopod species (Merriam, 1971; Rushton and Hassall, 1987,
Hassall and Dangerfield, 1997). Several studies indicate that
density affects the size of isopod populations (Hassall, 1983;
Van Wensem, 1989) and that interactions between isopods
may reduce their growth, survivorship, and reproduction
(Ganter, 1984). Regarding diet, the studies of Merriam
(1971) and Rushton and Hassall (1983b) indicated that food
quality can cause important changes in individual and
population parameters. These authors demonstrated that
food quality could significantly change growth rate in
Armadillidium vulgare, directly affecting the time of the first
reproduction, a key factor in controlling population growth.
Hassall and Rushton (1984) demonstrated that isopods can
be very selective in regulating their diet, exhibiting a marked
preference for certain types of leaf litter. Freshly fallen leaves
from dicotyledonous plants provide the best-quality food for
isopods, in contrast to leaves from monocotyledonous plants
which are of poor quality (Rushton and Hassall, 1983a).

The aim of the present study was to optimize laboratory
culture conditions, evaluating the effects of density (number
of animals per culture box) and food quality on growth and
reproductive output of the terrestrial woodlouse Porcellio
dilatatus. The choice of P. dilatatus was based on the
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representativity of this species in Southern Europe. The
genus Porcellio has, essentially, an occidental distribution
(Vandel, 1962) and P. dilatatus is particularly well represent-
ed in the Atlantic Islands (Madeira, Azores, and Canary
Islands), Iberian Peninsula, and North African countries
(Morocco, Algeria, and Tunisia). Its numbers in Britain and
Ireland (and perhaps in other Central European countries)
may be underestimated due to confusion with P. scaber
(Hopkin, 1991). According to this author, P. dilatatus is very
common in a variety of synanthropic habitats (e.g., farms)
and it is easy to maintain in laboratory cultures, making it
a suitable candidate for use in ecotoxicological studies.

MATERIALS AND METHODS
Test Organism and Culture Procedure

The isopods used in these experiments (P. dilatatus) were
obtained from laboratory cultures, composed of animals
collected from a dunar system in central Portugal. The
animals were kept at 22°C in plastic boxes with a layer of
sand (approximately 2 cm) and fed alder leaves (Alnus gluti-
nosa). Some holes were made on the box cover to ensure
ventilation, and periodic spraying with distilled water was
sufficient to guarantee adequate moisture conditions. To
study the effect of density and food quality on isopod
performance two experiments were made.

Density Experiment (Experiment 1)

Three different densities were established: 6, 9, and 12
animals per culture box. For each density, 10 replicates were
used with animals with an initial average weight of 6.1 mg.
Isopods were kept at 22°C in plastic boxes (116 cm?) with
a layer of sand under a constant photoperiod (16 h light: 8 h
dark). Alder leaves (A. glutinosa) were previously dried in the
oven for 48 h at 60°C, remoistened, and offered ad libidum to
isopods.

Isopods were weighed weekly for 10 weeks. During this
time, food and distilled water were added on a regular basis.
The water supply was made with a pipet directly on the
substrate to maintain humidity without excessive develop-
ment of fungi. To maintain the initial density, isopods found
dead were replaced by others of identical weight and size.
This experiment involved the study of the first and second
generations; juveniles from the first generation were col-
lected and transferred to identical boxes with the same
conditions (abiotic factors, food, and density) for study of
the second generation. The parameters measured were
growth and reproductive performance (number of pregnant
females and number of juveniles/female).

Food Quality Experiment (Experiment 2)

For this experiment, three diets were chosen: alder leaves,
mixture 1, and mixture 2. The composition of mixture 1 was
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TABLE 1
Composition of the Three Food Types Tested
(Average Values = SD)

Parameter Alder Mixture 1 Mixture 2
Nitrogen (% N) 3.72 +0.07 3.03 +0.02 2.40 £+ 0.01
Phosphoros (% P) 0.18 + 0.01 0.38 + 0.01 045+ 0.1

Potassium (% K) 1.05 £+ 0.02 1.24 4+ 0.08 1.82 + 0.02
Sulfur (% S) 0.18 +£ 0.1 0.17 £+ 0.01 0.15 +0.01
Calcium (% Ca) 0.85 + 0.01 4.79 +0.08 6.77 + 0.1

Iron (ppm Fe) 434.67 + 11.02 298 + 1.73 140 + 8.54

Note. Values are expressed in terms of dry weight (105°C).

47% alder leaves, 15% potato, 15% carrot, 15% Purina,
and 8% CaCOj3. Mixture 2 contained 72% carrot, 14% of
alder leaves, and 14% CaCOs;. All these substances, except
CaCOs;, were previously dried in the oven for 48 h and then
reduced to powder with a kitchen blender.

Chemical characterization of the different diets is repre-
sented in Table 1. The choice of these components was
based on their role in the development of isopods, the food
preferences of these animals, and also the ease with which
they could be obtained and manipulated. Carrots and po-
tatoes are an important source of carbohydrates, leading to
an increase in growth rate in isopods (Carefoot, 1984; War-
burg, 1995), and are frequently used in laboratory cultures
by several authors (Brody and Lawlor, 1984; Wieser and
Oberhauser, 1984; Hopkin, 1991; Bayley, 1995). Merriam
(1971) suggested Purina Rabbit Chow as a high-quality diet,
with a balanced composition in proteins, fat, and fiber,
inducing good performance in isopods. Finally, calcium
carbonate was chosen because it is required for exoskeleton
formation (Oliver and Meechan, 1993; Warburg et al., 1984).

Based on the results of experiment 1, a density of 6 ani-
mals per box was chosen for this experiment. For each diet,
7 replicates were established in a total of 126 individuals
with an initial average weight of 10.2 mg. The experiment
was conducted at a constant temperature of 22°C (+1°C)
under a 16-h light:8-h dark regime.

Isopods were weighed every 2 weeks, for 10 (for alder
leaves and mixture 1) or 11 weeks (for mixture 2). Food and
water were supplied, and the initial isopod density was
maintained, as in experiment 1. Parameters measured in this
experiment were also the same as in experiment 1.

Data Analysis

In both experiments growth is measured both as growth
rate (weight gain/week) and as percentage of weight gain
[(increase in biomass x 100)/final weight]. Growth rates
were calculated using a linear regression (best fit to the data)
considering the average weight at each box, not taking into
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account new additions that week. To compare the different
growth rates (slopes) a covariance analysis was used in
experiment 1 (first generation, three slopes) and experiment
2 (three diets, three slopes); the growth rates of the second
generation in experiment 1 (two slopes) were compared with
at test (Zar, 1996).

Percentage weight gain values were compared with an
ANOVA (first generation in experiments 1 and 2) or with
a t test (second generation in experiment 1). Prior to analy-
sis, data were transformed in Asin(x) to achieve normality
and homogeneity of variances; these assumptions were veri-
fied by a Kolmogorov-Sminov and Bartlett or F test, res-
pectively (Zar, 1996).

Reproduction data were compared using nonparametric
tests, since normality or homoscedasticity was not achieved
even after data transformation. Data resulting from the first
generation of experiment 1 and from experiment 2 were
compared with a Kruskal-Wallis test and data resulting
from the second generation of experiment 1 were compared
with a Mann-Whitney test.

RESULTS
Density Experiment (Experiment 1)

In the first generation, growth rate was significantly dif-
ferent at the three densities studied (F = 22.76, P < 0.05)
(Table 2). Analyzing the second generation, growth rate was
also higher at the lowest density considered (6 animals/box
with 1.5 mg/week) when compared with the 1.2 mg/week
obtained with 12 animals/box (t = 6.42, P < 0.05). Percent-
age weight gain was also higher at the lowest density (6
animals/box) in both generations (Fig. 1); in this case, how-
ever, no significant differences were obtained (F = 3.14,
P > 0.05 and t = 0.38, P > 0.05, respectively).

Reproductive results indicated a higher reproductive out-
put at the lowest density in both generations (Fig. 2). In the
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TABLE 2
Growth Rates of P. dilatatus in Both Experiments

Expt 1 (1* generation) 6 animals/box 9 animals/box 12 animals/box

GR (mg/week) 3.0 2.2 2.4

R? 0.81 0.77 0.65
Expt 2 Alder leaves Mixture 1 Mixture 2
GR (mg/week) 3.0 32 1.2

R? 0.80 0.84 0.84

first generation 38 pregnant females produced an average of
23.4 juveniles/female; in the second generation the average
number of juveniles/female was 21.5 at 6 animals/box versus
16.8 at 12 animals/box. However, in both cases, non-
parametric tests did not reveal any statistical difference
among treatments, probably due to the great variability
observed in the results.

In both generations more isopods were found dead at the
highest density.

Food Quality Experiment (Experiment 2)

The analysis of growth curves for the three diets tested
indicates that growth rate was higher in isopods fed mixture
1 (Table 2). There was a significant difference among the
three types of diet studied (F = 3.77, P < 0.05). However,
the value for mixture 1 is similar to the value obtained with
alder leaves, both being higher than the value for mixture 2.
These differences may be explained by the composition of
the various food types (Table 1), especially nitrogen content.

In this context alder leaves can be considered a high-
quality food. This is confirmed by the weight gain results,
which reveal a high percentage of weight gain in isopods fed
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FIG. 2. Reproductive output of P. dilatatus (average number of juveniles/female + SD) at the three densities analyzed (first and second generations)
for periods of 10 and 18 weeks, respectively. Figures inside columns indicate numbers of pregnant females.

this diet (Fig. 3). Data analysis revealed statistical differ-
ences in this parameter for the three types of food (F =
50.97; P« 0.01).

Reproduction results (Fig. 4) were also favorable to alder
leaves, with a larger number of juveniles produced per
female when compared with the other diets (H = 14.31,
P < 0.05). The small numbers of juveniles obtained with the
two mixtures could be explained by several factors: (1) the
type of food itself; (2) the fact that females start to breed
earlier in their life cycle (with a weight of 17 mg, in contrast
to the weight of 22 mg for females of alder leaf cultures); and
(3) the experiments with mixtures 1 and 2 were performed in
autumn and winter, less favorable periods for reproduction
(Mocquard et al., 1976).
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Of these three factors, the first two are, undoubtedly, the
most important. Food quality may influence reproductive
output by controlling both growth and time of first preg-
nancy and the amount and type of energy reserves allocated
to reproduction. With respect to the third factor, animals
were maintained in artificial conditions, hence the “season
effect” was diminished.

To summarize the results obtained from both experi-
ments and also to demonstrate the advantages of using the
appropriate diet and culture density, two simulation dia-
grams are presented in Fig. 5. Diagram A presents the
number of juveniles produced when using cultures at the
three densities studied; starting with 100 animals and taking
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FIG. 3. Percentage weight gain in P. dilatatus (average + SD) on the
three diets tested for periods of 10 weeks (alder leaves and mixture 1) and 11

Alder leaves

weeks (mixture 2).

Miuture 1

Mixture 2

FIG. 4. Reproductive output of P. dilatatus (average number of juven-
iles/female + SD) on the three diets tested for periods of 10 weeks (alder
leaves and mixture 1) and 11 weeks (mixture 2). Figures inside columns
indicate numbers of pregnant females.

Alder leaves
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Mixture 2
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FIG. 5. Simulation diagrams indicating the number of juveniles produced using the number of pregnant females and the reproductive output obtained
in both experiments: (A) results using three densities, (B) results using three diets.

into account the values obtained for the measured para-
meters (pregnant females, juveniles/female), it is possible to
see that the number of juveniles produced is higher when the
density of 6 animals/box is used.

In diagram B the influence of food type on juvenile
production is analyzed using the same principles, but this
time always considering a density of 6 animals/box. It is
clear that alder leaves induce the best output in terms of
juveniles produced when compared with the other diets,
reinforcing the quality of this diet.

DISCUSSION

The primary aim of any culture system to be used in
ecological or ecotoxicological tests is the reliable produc-
tion of large numbers of animals (of both sexes and different
age classes) of a consistent quality. The use of cultured
animals should also ensure the decrease in the natural
variability inherent to the several measured test parameters
(ranging from weight to enzymatic baseline values) to facili-
tate data interpretation. With the use of isopods in labo-
ratory experiments being more generalized, particular
attention to culture conditions is needed.

The results obtained in this study clearly indicate the
importance of animal density and diet in the maintenance of
good laboratory cultures of soil isopods. The first factor
(number of individuals per box) is very important since low
densities (6 individuals per box) ensure both high growth
rates and high reproductive output. On the other hand,
mortality rate is low at this density, and a reduced number
of animals are used to maintain the initial conditions. These
results are in accordance with Hassall (1983) and Ganter
(1984) who provided sound evidence that density affects,

directly or indirectly, the size of isopod populations. Re-
garding the size of culture containers, Hornung et al. (1998)
mentioned sizes ranging from 4.5 x 7.5 cm to 30 x 20 x 20 cm;
however, these authors never referred to the number of
animals inside the boxes. From current results, the use of
large culturing containers (30 x 20 cm) with 30 animals per
container is suggested; in this way the best results for
growth, reproduction, and mortality will be achieved.

Perhaps more relevant than animal density, the diet
offered plays a key role in the development of a laboratory
culture. A proper diet should offer a variety of nutrients and
enough energy for growth and reproduction processes,
allowing the production of animals in good physiological
condition. In this study it was clear that a nitrogen-rich diet
induced the best performance of the isopods; mixture 1 pro-
duced good isopod growth rate, but alder leaves induced
the best reproductive performance.

Farkas et al. (1996) found that growth rates of P. scaber
were much higher when fed a special complex diet (50%
ground Acer sp. leaves, 10% potato powder, and 40%
commercial rabbit food) than when fed only ground Acer
sp. leaves. Hornung et al. (1998) obtained similar results
with P. scaber fed leaves of different tree species (Acer
pseudoplatanus, Fagus sylvaticus, Populus alba, Quercus
petraea), carrot, and standard rabbit food. These authors
found that when only leaves were used, weight increase of
isopods was very low because of the low nutritive value of
the leaves. This is the major factor explaining the differences
observed between these two studies and the results obtained
here. It is known that alder leaves are soft and have a high
nitrogen content (= high nutritive value) and even if they are
not well conditioned, they can be considered an optimal
food for detritus-feeding animals (Sousa et al., 1998).
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Regarding reproduction, food quality may also play an
important role in regulating breeding success. Since the
number of offspring per female is correlated with the size of
females (Zimmer and Topp, 1997), reproductive success
appears to be influenced by the nutritional status of the
available resources. Some authors (Rushton and Hassall,
1987; Merriam, 1971) have pointed out that a shortage of
high-quality food can extend the pre-reproductive period,
with consequent deleterious effects to the population. As for
growth rate, the nitrogen-rich diet gave the best results. In
fact, despite the importance of other nutrients for the devel-
opment of isopods, nitrogen content seems to be the key
factor in establishing the quality of a diet. Together with
nutrients, leaf hardness and leaf defenses (e.g., phenolic
content) are also important factors in determining food
palatability to isopods (Van Wensem et al., 1993).

So, it is advisable to use, as a routine diet, a soft nitrogen-
rich leaf type, complemented, from time to time, with pieces
of carrot or potato to increase the content of some nutrients
(e.g., phosphorus). The use of single leaves has the advantage
of causing less moldiness in the test boxes, decreasing the
workload in maintaining the cultures. When those leaf types
are not available, or it is not possible to use well-condi-
tioned leaves, a diet similar in composition to mixture 1 may
be used.

CONCLUSIONS

The results presented in this study confirm the import-
ance of culture conditions when trying to obtain the desired
number of animals in optimal physiological condition. In
the case of isopods the correct animal density and diet
should be regarded as key parameters for the success of
a laboratory culture. Besides these parameters, the mainten-
ance of a culture should involve periodic checking of the
physiological condition of the individuals (by measuring
energy reserves for several individuals) and also the regular
evaluation of parameters such as growth and food con-
sumption. Based on experience it is proposed that perform-
ing this culture check twice a year is ideal.
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