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ABSTRACT
Lumbriculus variegatus is an oligochaete widely used in sediment toxicity tests. The
locomotory behavior of adults from a normal and a clone population was studied in
the Multispecies Freshwater BiomonitorTM along with growth and reproduction to
determine how different sediment types may affect this worm and forced clones during testing. Four different sand size classes were established by sieving: fine (<1 mm),
medium (1 < × < 2 mm), coarse (>2 mm), and whole sediment. Locomotory activity was highest in fine and then in coarse sediment, while in whole and medium
sediment size classes worms grew and reproduced less, and had lower locomotory
activity levels. Fine sediment (<1 mm) should be used as the negative control in
L. variegatus whole sediment toxicity tests. A clone population, generated by cutting all worms over six generations, showed lower locomotory activity levels than
normal worms. Artificial cloning is not recommended for obtaining additional test
organisms.
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INTRODUCTION
Aquatic oligochaetes have an extremely long history of use for pollution assessments (Chapman 2001). Lumbriculus variegatus is a freshwater oligochaete of the family Lumbriculidae, found throughout North America and Europe. It prefers shallow
habitats at the edges of ponds, lakes, or marshes where it feeds on decaying vegetation
and microorganisms (Brinkhurst and Gelder 1991). It is widely used in sediment toxicity testing (Dermott and Munawar 1992; Phipps et al. 1993; USEPA 2000; Ingersoll
et al. 2003). Worms cultured in the laboratory are usually small (4–6 cm in length)
compared to field collected worms, and never reach sexual maturity or produce cocoons. Reproduction under laboratory conditions is always by asexual fragmentation,
during which a worm spontaneously divides into two or more body fragments. Each
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surviving fragment then undergoes rapid regeneration of body segments to form a
new head end, tail end, or both ends (Brinkhurst and Gelder 1991). L. variegatus has
a remarkable capacity for regeneration of lost body segments (epimorphosis) and
for neural plasticity within original body segments (morphallaxis) following injuryinduced fragmentation. Lumbriculidae body fragments regenerate eight new head
segments and tails of variable lengths (Drewes and Fourtner 1990; Martinez et al.
2006).
R
The Multispecies Freshwater Biomonitor (MFB) measures, in an automatic and
quantitative manner, different behaviors of aquatic species in an electrical field of
high frequency alternating current, caused by movements of the organisms in their
test chambers (Gerhardt et al. 1994; Gerhardt 2000). The individual test organism
is placed in a cylindrical flow-through test chamber with two pairs of stainless steelplate electrodes, attached at the opposite chamber walls. One pair generates a high
frequency alternating current, the other non-current carrying electrode pair senses
impedance changes due to the movements of the organism in the electrical field
(record time: 4 min; interval: 6 min). Different types of behavior generate characteristic electrical signals (Gerhardt 1999, 2000). The electrical signals are processed
by a discrete Fast Fourier Transformation and generate a histogram of the occurrence of all signal frequencies in % (summarized in intervals of O.5 Hz from 0 to
10 Hz), hence yielding a “fingerprint” of the behavioral pattern of the organism.
This transformation gives the percentage of occurrence of each single frequency
during the record of 4 min. The unit of measurement is the test chamber, which can
have different sizes, forms, materials and arrangements of electrodes. This method
has been shown to be a valuable biomonitoring and toxicity testing tool using epibenthic crustaceans, insects, and planktonic and pelagic species of fish and tadpoles
(Gerhardt 2000).
The main purpose of the present study is to define the best sediment types for use
of L. variegatus in sediment toxicity tests, based on grain-size. Assessments included
measures of behavior, growth, and reproduction.

MATERIAL AND METHODS
Sediment Grain Size Classes
L. variegatus were kindly provided from an existing culture at the University of
Joensuu (Finland), by Matti Leppänen. The cultures, each with 50 worms, were
reared in plastic aquaria (8.5 × 17.5 × 12 cm), covered with lids, containing ASTM
(ASTM 1980) water (pH 7.6 ± 0.3), at 20◦ C, in a CT-room (16:8 h light:dark cycle
and 50% humidity). A commercially available sand-pebble mixture (grain sizes: 0–
8 mm) was acid washed (pH 2) and ashed (4 h, 450◦ C). Afterwards it was sieved
in different size classes (fine: <1 mm; medium: 1 mm < × < 2 mm; coarse: >2
mm; whole sediment—sediment that had minimal manipulation (USEPA 2000)).
Each plastic PE-aquarium comprised a 2 cm layer of one sediment class size with
continuous and moderated aeration of the overlying water. The entire water volume
was renewed every 10 days. 30 worms were fed with approximately 5 mg powdered
TetraMin:Tetraphyll (1:1), applied 2 to 3 times a week. The behavior of the worms
kept in different sediment sizes was tested with the MFB after 2.5 and 5 months,
520
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to verify if the worms behave differently in different sediment types. For MFB tests,
4 worms from each sediment size were used, during 24 h, in chambers filled with
50% ASTM water and 50% sediment. For this test, the chambers (10 mm diameter)
had 2 pairs of stainless steel electrodes positioned opposite to each other: one pair
generated the high frequency electric field and the other pair sensed impedance
changes in electric field caused by movements of the worms. Three chambers were
used as controls, filled with 50% whole-sediment and 50% ASTM water and without
worms in order to evaluate potential external disturbance signals.
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Clone Population
The population was reared in a plastic aquarium (7 × 13.5 × 10 cm), covered with
lids, containing ASTM (ASTM 1980) water (pH 7.6 ± 0.3), at 20◦ C, in a CT-room
(16:8 h light:dark cycle and 50% humidity). A 2 cm layer of fine sediment was added
to the plastic aquarium. Continuous and moderated aeration was provided. Using
a plastic pipette, the worms were transferred from the culture aquarium to a Petri
dish. The excess water was withdrawn and 25 adults of L. variegatus were cut in two
pieces each with a stiletto. Water was renewed every 10 days; 30 worms were fed with
approximately 5 mg of Tetraphyll, applied 2 to 3 times a week; all organisms were
cut once a month. Differences between normal and clone worms were studied with
the MFB, in chambers filled with half ASTM water and half sediment. Activities were
measured continuously over tracks of 4 min in 10 min intervals for a period of 24 h.
The chambers and the controls used were the same as for the previous test.
Statistical Analysis
Normality and homoscedasticity were tested using the Software Package SigmaStat for Windows, version 3.1. As the data were non-normal, the chosen statistic
was non-parametric. The overall effect of the sediment on population behavior was
investigated using a Kruskal-Wallis ANOVA on ranks (p < 0.001) (Zar 1996); the
Dunn’s method post-hoc test was run to check for significant differences (p < 0.05),
also using SigmaStat.

RESULTS
Sediment Grain Size Classes
The populations in four different sediment sizes and the clones are easy and not
expensive to maintain. The results (Figure 1) show that worms prefer the fine sediment and reproduce better, a significant trend (p < 0.05) which was followed up
for two and a half months. After two and a half months (Table 1), worms reared in
coarse and whole sediment were more active in the same sediment size class than
those reared and exposed in fine and medium sediment (p < 0.05). Band 1 represented signal frequencies between 0.5 and 1.0 Hz, corresponding to L. variegatus
peristaltic movements. Band 2 corresponded to whole body locomotory movements
between 1.0 and 3.0 Hz. The activities of worms cultured in different sizes of sediment
were all significantly different (p < 0.05) in both bands (Table 2).
Hum. Ecol. Risk Assess. Vol. 13, No. 3, 2007
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Figure 1.

Cultures in different sediment sizes and clone culture growth
(∗ represents the days on which forced cloning was conducted).

After five months (Table 3), worms reared and exposed in fine and coarse sediment had higher activities values than those in whole and medium sized sediment
(Figure 2) (p < 0.05). Hence, after a long culture time, the culture stabilized and
the measured spontaneous locomotory activities represent exactly the “state” of the
cultures: the healthier and numerous cultures (fine and coarse) had the higher
activities, whereas whole and medium sediment worms grew and reproduced less
and had lower activities. Statistical analysis (Table 2) showed that, after five months,
there were significant differences between the worms’ activities on band 1 (peristaltic movements) except while comparing fine and coarse and coarse and whole
worms. On band 2 (locomotion) there were significant differences in worms from
all sediments except when comparing worms in fine and coarse sediment.
Clone Population
There was no mortality after 24 h, which means that cutting did not increase
mortality rates. The culture of forced clone worms was marked by induced regeneration. Due to artificial segmentation, the worms did not reproduce themselves by
Table 1.

Average activity (% of time spent on locomotion/peristaltic movements
per signal (4 min)) of worms cultured in different sizes of sediment,
after 2.5 months (mean ± standard error; n = 4).

Band 1 (peristaltic movements)
Band 2 (locomotion)
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Fine

Medium

Coarse

Whole

27.1 ± 1.51
17.9 ± 1.04

14.7 ± 10.13
10.6 ± 7.50

48.6 ± 21.54
30.7 ± 14.11

37.7 ± 1.90
23.9 ± 1.23
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Table 2.

Kruskal-Wallis one-way analysis of variance on ranks.
2.5 months
Band 1

Fine vs. Medium
Fine vs. Coarse
Fine vs. Whole
Fine vs. Clone
Coarse vs. Medium
Coarse vs. Whole
Coarse vs. Clone
Whole vs. Medium
Whole vs. Clone
Clone vs. Medium
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∗

5 months

Band 2
∗

p < 0.05
p < 0.05∗
p < 0.05∗
—
p < 0.05∗
p < 0.05∗
—
p < 0.05∗
—
—

Band 1
∗

p < 0.05
p < 0.05∗
p < 0.05∗
—
p < 0.05∗
p < 0.05∗
—
p < 0.05∗
—
—

p
p
p
p
p
p
p
p
p
p

Band 2
∗

< 0.05
> 0.05
< 0.05∗
< 0.05∗
< 0.05∗
> 0.05
< 0.05∗
< 0.05∗
< 0.05∗
< 0.05∗

p
p
p
p
p
p
p
p
p
p

< 0.05∗
> 0.05
< 0.05∗
< 0.05∗
< 0.05∗
< 0.05∗
< 0.05∗
< 0.05∗
< 0.05∗
< 0.05∗

significantly different.

asexual segmentation. When comparing MFB signals from normal (cultured in all
the sediment sizes) and forced clone worms (Table 2; Figure 3), significant differences (p < 0.05) were found. Normal worms were much more active than clones,
and had high activity in terms of peristaltic movements (band 1) and more locomotion (band 2), except when compared with medium sediment, where worms were
less active (Table 3).

DISCUSSION
Fine sediment proved to be the best for the health and vitality of L. variegatus,
and should be used as reference test material in culture as well as in toxicity tests
of the species. Ecologically relevant sediment toxicity tests typically use whole sediment, however in doing so it must be recognized that these may comprise less than
ideal sediments for the organism, affecting behavior, growth, and reproduction.
Fine sediment should be used as the laboratory control for this test, although ecological relevance requires comparisons between exposed and field reference whole
sediments.
Culture of forced clone worms was marked by induced regeneration, and due
to this artificial process, the worms did not reproduce by asexual reproduction.
Although the process of forming new anterior or posterior ends during a round of
fission is sometimes loosely referred to as “regeneration,” the two processes (fission
and regeneration) are biologically very different. Regeneration is triggered when
Table 3.

Band 1
Band 2

Average activity (% of time spent on locomotion per signal (4 min)) of
worms cultured in different sizes of sediment, after 5 months (mean ±
standard error; n = 4).
Fine

Medium

Coarse

Whole

Clone

35.7 ± 1.27
25.2 ± 0.87

11.6 ± 0.76
7.9 ± 0.50

29.4 ± 1.71
22.3 ± 1.30

26.1 ± 1.83
18.2 ± 1.23

18.6 ± 1.79
12.6 ± 1.21
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Figure 2.

MFB signals (Volt) of worms from different sediment grain size classes.
A. fine (<1 mm); B. medium (1 mm < × < 2 mm); C. coarse (>2 mm);
D. whole-sediment.

Figure 3.

MFB signals (Volt) of worms from different sediment grain size classes.
A. normal worms; B. cloned worms.
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some external force, for example, an unpredictable predatory attack, breaks a worm
into pieces. In contrast, fission (either architomy or paratomy) is initiated by the
worm itself, and is thus at some level predictable. It is therefore possible, perhaps even
likely, that the worm prepares itself physiologically or developmentally for the latter
event (Bely 1999). This discrepancy in behavior between fission and regeneration
processes can explain the differences found in this study, between natural and cloned
worms.
An important assumption in ecotoxicology is that results of biotests obtained in
the laboratory are relevant and reasonable approximations of natural environmental conditions. Empirical and theoretical studies have shown that small and isolated
populations decrease in their genetic allelic richness over time and that this genetic
impoverishment may result in reduced health, adult sterility, and a high sensitivity
to environmental stress (Frankham et al. 2002). High degrees of genetic impoverishment in laboratory cultures of ecotoxicological model organisms could have
severe effects on their response to environmental contaminants and thus lead to biased estimates of the tested chemicals’ toxicity. For example, Nowak et al. (personal
communication) have shown that laboratory cultures of Chironomus riparius exhibit
much lower levels of genetic variation (allelic richness) than field populations. In
the present study, after a few generations the worms generated by cloning showed a
decrease in movement, which may indicate genetic impoverishment.

CONCLUSION
This study showed that fine sediment (<1 mm) is most suitable to achieve healthy,
active, and numerous worm cultures and should be used as the negative control when
using L. variegatus in sediment toxicity tests. The forced (artificially induced) clone
population was marked by induced regeneration, less growth and less locomotory
activity compared to normal worms. Accordingly, artificial cloning is not a recommended method to obtain additional test organisms.
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