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REPRODUCI'ION TOXICITY TEST FOR E. Jetida 307
reason in the Cu test in two out of four jars per concentration COW dung was treated
at the same Cu concentration as the soil (phase A* and B). And in the DCA test in
phase A two out of four jars per concentration received only 1% cow dung instead of
2%. In phases B and C of this test 1% cow dung was applied at the beginning and
another 1% after ca 1.5 weeks in order to reduce the amount of untreated material
present.

Cocoon Incubation

To determine the influence of the chemical substances on cocoon hatchability,
cocoons produced in phase B were incubated for 5 weeks in untreated artificial soil
as described by van Gestel et al. (1988). The artificial soil was mixed with 1% finely
- ground cow dungasa food source for the juvenile worms. ¢

3 EC,o values based on cocoon production data of phase B (in case of Cu also for
. phase A®) werc determined according to a Jogit model. NEL were determined by
¥ comparing treated groups with controls using Student’s { test. The relation between
A treatment and cffects on cocoon production and cocoon hatchability was tested by
analys\s of variance (ANOVA).

RESULTS

Laffected by adding 1% (+1%) cow dung instead of 2%. In Figs. 1,2, and 3 the numbers

¢iof cOCo0 produced are therefore averaged for all four jars per concentration.

E: ECy, values for the effect of PCP, DCA, Cu (phase A*), and Cu (phase B) on cocoon
E'hroduction by E. fetida andrei are 58 (46-75), 176 (150—206), 62 (21-181), and 191

£¢163-223) mg-kg™' dry artificial soil, respectively. Using Student ¢ tests NEL values
A derived: for PCP, DCA, and Cu these values arc 32, 56, and 60-120 (phases A*

a dose-related manner 19.9% increase in control and 0.3% at 300 mg Cu-kg -
Puring phase B, however, the O ite occurred: control worms lost 4.4% of their
Eweight, while at 300 mg Cu-kg~' worm weights increased by 21.1%. There scemed
F40 be a negative correlation between growth and cocoon production during phase B,
Fbut not during phase A*. In phase A* cocoon production was more affected than in
Ephase B. In phase C worms did recover cocoon production to 3 level as high as or
Feven exceeding control.
b (Fig. 2) (100 mg-kg™") significantly inhibited cocoon production only at the
Ehighes concentration tested. During phase B three worms (7.5%) died at this concen-
tra and worm weights only increased by 0.9%. At the other concentrations weight
¥ increases ranged between 5.7 and 12.2%. In phase C worms exposed to the highest
ntration in phase B seemed to recover. weights increased by 40.0% (1 36-
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& ﬁo 3. The influence of 2,4-dichloroaniline on the cocoon production of Eisenia fetida andrei in artifi-
'{_ s0il (mean of four replicates; phase A, preconditioning; phase B, exposure; phase C, recovery).
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;8.3% at the other concentrations). Cocoon productién of these worms was, however,
Eatill significantly lower than control.

E%

In the DCA test worm weights were not affected. Cocoon production was signifi-
®antly reduced at 100 mg-kg™!, but returned to control level when worms were trans-

. :-; d into untreated aruﬁcnal soil (phase C).

pcoon Hatchability

|
[

&% Table 1 shows the results of the cocoon incul:lation study. Cocoon hatchability was
sot affected by Cu. Upon ANOVA DCA seemed to affect the number of infertile
coons in a dose-related manner. However, the number of infertile cocoons was
' gnificantly increased only at the highest test concentration. The number of juveniles
Eper cocoon was not related to DCA-treatment.
. PCP affected cocoon fertility: at 32 mg- kg" the number of infertile cocoons was
-' Rgnificantly increased, and at 100 mg-kg™' all cocoons were infertile. The number
Juvemle worms per fertile cocoon was not affected by PCP. Based on these results
the NEL forthceﬂ'ectofPCP on earthworm reproduction is 10 mg-kg™* dry soil.

DISCUSSION

> In this study, cow dung was used as a food source. Without food added, earthworms
{'of the species E. fetida do not produce many cocoons. In this study, during phase B
® between 1.2 and 2.0 cocoons/worm/week were produced in controls. In artificial soil
wnthout cow dung, weekly cocoon production amounted to only ca. 0.2 cocoons per
worm (van Gestel, unpublished data). And from the studies of Vonk et al. (1986),
ho also used artificial soil without food, an average value of 0.5 cocoons/worm/
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TABLE 1

HATCHABILITY OF COCOONS PRODUCED BY Eisenia fetida andrei EXPOSED TO
PENTACHLOROPHENOL, 2,4-DICHLOROANILINE, AND COPPER (MEAN OF FOUR REPLICATES)

Concentration Number of juvenile
Substance (mg-kg™' dry soil) % Infertile cocoons WOorms per cocoon

Cu o - 42 1.7
60 27 2.2
120 36 19

180 34 22
240 32 1.8
300 - 46 I
PCP 0o . 15 23
10 18 . 2.4
32« S 17 2.0
10 ° 15 25
32 30 2.0
100 100* -—
DCA 0 6 35
18 3 il
32 : 7 3.1
ls¢ - 12 29
hoo - 6 O X
180 _ 16** 29

* P<0.01;** P<0.05.

week can be estimated. Results of the Cu test demonstrate that not treating the cow
dung does not influence the test result. Neither is the test result influenced by using
1% (+1%) cow dung instead of 2% (DCA test). In order not to supply more food than
necessary, it must be recommended to use 1% (+1%) cow dung for future tests.

Other authors also used a food source in reproduction tests with earthworms. Ma
(1984) in a study with Lumbricus rubellus supplied dried alder leaves. Lofs-Holmin
(1982) mixed soil with farmyard manure to study cocoon production by Allolobo-
phora caliginosa, and Bengtsson et al. (1986) studying the effect of metals on cocoon
production by Dendrobaena rubida mixed soil with cattle dung. Some authors even
used pure cow dung for their studies: Venter and Reinecke (1987) and Reinecke and
Yenter (1985) in studies with E. fetida.

From Figs. 1, 2, and 3, it can be concluded that cocoon production is always higher
in phase B than in phase A. This proves the necessity of a preincubation period to
enlarge the number of cocoons produced and with this the reliability of the test.

From Figs. 1, 2, and 3, it can also be concluded that there is a large variation in the
. amount of cocoons produced in the different tests. In phase A of the Cu test, only
0.3-0.4 cocoons per worm per week were produced, in the PCP test 1.0-1.3,and in
the DCA test 1.4-2.2. In controls of phase B the difference between Cu and PCP was
reduced: 1.2 and 1.4 cocoons/worm/week, respectively. In the DCA test, however,
much more cocoons were produced: 2.0 cocoons/worm/week. Finally, in phase C
cocoon production was more or less similar for all three tests. : -

The number of juveniles per cocoon and the number of fertile cocoons also varies
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greatly between the three tests described. In the Cu test, 42% of the cocoons in the

. . control were infertile; in case of PCP this was 14.8%, and for DCA 5.7%. The number

under the same conditions throughout the year. 2

A period of 3 weeks was chosen for the cocoon production test (phase B), because
after this time cocoons of E. Jetida start to hatch: Hatching times of 29.7-30.9 days
for cocoons of E. fetida incubated in distilled water at 25°C were reported by Reinecke
and Venter (1987); Tsukamoto and Watanabe (1977) found an average incubation
time 0f25.2 (23-28) days for the incubation of cocoons of E. fetida on wet filter paper
at 20°C. The test may be prolonged by incubating the adult worms for another 3
weeks in (freshly prepared) soil treated at the same concentrations, This procedure
can be repeated as often as desired. Tests with aluminum and benomyl recently car-
ried out in the authors’ laboratory, however, did not indicate a significant influence
on the test result (EC,, or NOEC) when extending the test with a nd period of 3
weeks (van Gestel, unpublished data). '

For the incubation of cocoons, a soil substrate was chosen. As described by van
Gestel et al. (1988), incubation in water or on wet filter paper appeared to have some

ity test to a real reproduction toxicity test. By treating the cocodn incubation substrate
at the same concentrations of the test substance, the influenpe on hatchability and
juvcnilewormscanbetwted.ForPCP,suchamwasmrriedbut,anditwasdcmon-
strated that treating the cocoon incubation substrate led to a decreased number of
Jjuvenile worms per cocoon (van Gestel er al, in preparation).

concentration tested (63 mg Cu. kg™'). Growth of the earthworms during the 6-week
testing period was not affected at concentrations 373 mg Cu-kg~!. Ma (1984) con-
cludes that a test period of 2 weeks is sufficient to detect effects on cocoon production.
Malecki ef al (1982) and Neuhauser er af. (1984) used a different method to study
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2000 mg Cu-kg™' (CuCl, or Cu-acetate)) in the manure. In the test with Cu-acetate,
cocoon production was significantly increased at 500 mg Cu-kg™.

The effect of PCP on cocoon production by E. fetida was studied by Vonk et al.
(1986). They found a NEL of 12 mg-kg™' dry artificial soil (4 weeks). In this study,
the number of infertile cocoons seemed to increase at higher PCP concentrations.
Venter and Reinecke (1987) found a similar effect in a study with dieldrin. No data
were found on the effect of DCA on earthworm reproduction.

CONCLUSIONS :

The method proposed in this paper offers the possibility of studying effects of chem-
jcal substances on earthworm reproduction in a standardized way. Results obtained
with this method are comparable with those frqm other literature. R
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