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lar increases in numbers of springtails due to a decrease i
In a two-species toxicity test system survival and reproduction numbers of predacious mites after pesticide application.

of both the predator Hypoaspis aculeife(Gamasida) and the prey  In the present study, survival and reproduction of both
Folsomia fimetaria (Collembola) were studied after 21 days of predators and prey were investigated after 21 days of residua
residual exposure to a soil contamination of the insecticide di- axnosure to soil contamination. For this purpose, a two-specie:
methoate. Additional experiments were run to analyze which spe- yicity test system was developed which consists of a 21-day
cies—species and compound-species relationships determine thg, 4, tion ‘and survival experiment in soil with a predator
outcome of this two-species experiment. Number of adulf. (mite) and prey (Collembola) specieslypoaspis aculeifer

fimetaria were reduced by both predation and dimethoate expo- . L . S .
sure, whereas mites preyed less efficiently on adults than on ju- Canestrini (Gamasida: Laelapidae) @falsomia fimetarial..

veniles. At 0.357 mg dimethoate/kg soil, numbers of juvenile. (Collembola: Isotomidae) were used as predator and prey spe
fimetaria were mainly reduced by predation on adults and juve- cies, respectively. Dimethoate was used as test chemical.
niles. At 0.7 mg/kg, an additional dimethoate effect was found, ~ The aim of this paper is to determine the effect of a pesticide
which was attributed to an effect on the reproduction of F. on the predator—prey relationship. This was done on the basi
fimetaria, mainly due to lethality of adults. It was reasoned that of a model which is illustrated in Fig. 1. All entities which are
lethal effects on juvenile springtails are less important. AdultH.  present in the test system are presented in separate boxe
aculeifer was not affected by dimethoate exposure, whereas nUm- gome of the processes going on in the toxicity test were ana:
bers of juvenile H. aculeifer demonstrated a decline only at the lyzed individually in four separate experiments, in either the
highest concentration of 0.7 mg/kg. It is hypothesized that this absence or the presence of the pesticide. The résults of all five
latter effect is possibly due to food depletion caused by a de- . . ; .
experiments were used to determine which steering processe

creased availability of prey, rather than to the lethal effects of | . . . )
dimethoate on juvenile mites. Such a secondary effect of a pesti- " the predator—prey relationship were mainly affected by di-

cide application could not have been derived from a single-species Methoate.
toxicity experiment and demonstrates the additional value of a
two-species toxicity test system. © 1997 Academic Press MATERIAL AND METHODS

INTRODUCTION Test Animals

Both H. aculeiferandF. fimetariaspecimens were obtained
In recent years, many single-species test systems have bggg synchronized cultures, which were fEdlsomia candida
developed for soil toxicity testing of potential hazardougyillem (Collembola: Isotomidae) and baker's yeast, respec-
chemicals. One of the major drawbacks of these systems is tfgdly. Both cultures were bred on a gypsum—charcoal substrate
they do not account for species—species interactions as foungpgyis plaster) at 20°C. Synchronism was obtained by changinc
nature. These interactions may have a large influence on {ie substrate every 3 days for stimulation of oviposition. Ages

response of an ecosystem to toxicant exposure, which was gpfest animals are given in the description of each experiment
to be expected based on the outcome of a single-species labo-

ratory toxicity test. For example, resurgence of English graifest Soll
aphids Gitibion avenad-.) was found by Lowe and Benevicius The soil used in the exoeriments was defaunated sand
(1981) in cereal fields after pesticide application, due to su[)- P )

pression and slow recovery of natural enemies predating on Ram. Thg soil composition is given in Table 1 Defaunatlon
as obtained by alternately drying and freezing of the soil

est population. Edwards and Thompson (1973) reported sirfjl 4 . - .
pestpop P ( ) rep I)fLrogh, 1995a). At preparation, the dried test soil was moist-
ened and inoculated with soil extract (0.154 ml/g) (Krogh,

1 To whom all correspondence should be addressed at Wageningen A&r%gsa)' .MIXIng of dry soil and moisture Wa_s done, with a
cultural University—Department of Toxicology; P.O. Box 8000; NL-6700 EASPatula in a beaker, whereafter the test soil was incubatec

Wageningen; The Netherlands overnight in the hood. On day 0, the evaporated amount of
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< 4 cm). All experiments were carried out in a climate room at

-

Adult predators |«

20°C.

1. Single species test on F. fimetaria adult¥he goal of
experiment 1 was to determine the effect of residual pesticide
exposure in soil on reproduction and survival of adult prey. A
single species test with predator adults has been described b
Krogh (1995a).

Soil (26 g dry wt) was prepared on day —-1. Treatments
consisted of a control and of five concentrations ranging from

Juvenile predators Juvenile prey 0.18 to 0.70 mg a.i./kg dry soil. Each treatment was carried out

FIG. 1. Entities and their mutual relationships which are present in thfé)urfOId- Onday 0, 25 aduk. fimetaria(16-19 days old) were
two-species toxicity test system after 21 days. The bold arrows indicate @dded to the soil. On days 0 and 14, baker’s yeast (15 mg) wa:
expected flow of matter between the entities (i.e., predation, egg productigrdded as a food source for the Collembola. On day 21 surviv-

and egg hatching). The valves in these arrows indicate that the flows adults were extracted from the soil, together with their
characterized by a certain rate. The narrow arrows indicate the direct (sq}' roductive output

arrow) and indirect (dashed arrow) effect of the pesticide. Characters refer
the separate experiments described in the present paper (experiments 1-4) or Single species test on F. fimetaria and H. aculeifer juve-
by Krogh (1995a) (K) which studied the specific interactions or effects. Thgjas in fresh or aged soil contaminationThe goal of experi-
entire system was studied in experiment 5. . . . . . .

ment 2 was to determine the survival of juveniles in either a

fresh or an aged soil contamination. Earlier experiments found
water was compensated for with demineralized water and gt F. fimetariaandH. aculeiferstart hatching 10 and 7 days
soil was transferred to the microcosms. (respectively) after the start of a single-species experiment.
Test Chemical Therefore, differences between age of contamination (fresh-

. . aged) were chosen to be 10 and 7 days. Together with a tes
Dimethoate ©,0-dimethyl S{N-methylcarbomoylmethyl) grioii of 11 and 14 days, this is corr?parablge to the 21-day

phosphorodithionate), an organophosphate inhibitor of choli ngle-species reproduction test
esterase, was used as the test chemical. It is a broad-spectrqun day 0, 25 juveniler fime.taria (0-3 days old) were
pa}gced in soil (26 g dry wt) prepared on either day -1 (fresh)

the recommended dose level (Frampton, 1988; Poetedll., .
T . or on day -11 (aged). Treatments consisted of a control and o
1985; Vickerman and Sunderland, 1977). Dimethoate (Cherﬂ /e concentrations, ranging from 0.18 to 0.70 and from 0.36 to

nova Argo A/S, 400 g/l EC) was dissolved in the soil inoculatf4 mg a.i./kg dry soll for the fresh and the aged soil contami-

and_ was ad_deq to _the ‘?‘0” in-an ex.pqnentlal range of conc r%ftion, respectively. Each treatment was carried out fourfold.
trations, which is given in the description for each experime aker's yeast (15 mg) was added as a food source for the
Microcosms and Extraction Collembola on day 0. On day 11, surviving juvenife

“In soil” experiments were performed in a cylindrical plexi- imetariawere extracted from the soil. _ .
glass microcosm (inner diameter, 6 cm; height, 5.5 cm). The | N€ €xperiment was repeated with 10 juvenile (0-3 days

bottom of the microcosm consisted of a net (mesh width, Ad) H. aculeifer.On day 0, they were placed in soil prepared
mm). Evaporation of soil moisture was prevented by a plas@@ €ither day —1 (fresh) or day -8 (old). On days 0 and 7, a

lid on the bottom and the top of the microcosms. After apurplus of juvenile=. Candidawas added as a food source for

experiment, surviving animals and juveniles produced wel€ mites. On day 14 surviving juvenild. aculeifer were

extracted from the microcosms by high-gradient extractigixtracted from the soil.

(MacFadyen type). Extraction lasted 48 hr and started at 25°C3. Consumption study.The goal of experiment 3 was to
Temperature increments were 5°C/12 hr. Extracted animalétermine the maximum and the actual predation rate.

were collected in a plastic container with a Paris plaster sub-The first part of the experiment was carried out on a Paris
strate at 2°C. After extraction, the containers were frozen at
—20°C and the extracted animals were counted later. Average
extraction efficiency for (juvenilelr. fimetariawas checked to
be 94.0 (SEM= 2.04;n = 4) of 100 specimens added to the
soil initially. Organic fraction (%) Mineral fraction (%)

TABLE 1
Soil Composition of the Sandy Loam Soil Used in This Study

Experiments Total ~ Humus _
. . o . organic (organic Clay Silt Sand Course sand
Experiments 1, 2, and 5 were performed in soil in @ MiCrogarhon  matter) (<2 wm) (2=20um) (20-200pm)  (0.2—2 mm)

cosm, and experiments 3 and 4 were performed on a Patis
. . : : L 16 2.7 10.6 14.5 45.8 26.4
plaster substrate in a plastic container (diameter, 7 cm; height
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plaster substrate. On day 0, a surplus of 200 juveRile  Two different versions of this experiment were carried out:
fimetaria was fed to 10 juveniled. aculeifer.On days 1-3, (A) The “interrupted experiment” consisted of a control and
predation of the Collembola was counted under anesthetizatiro concentrations, i.e., 0.357 and 0.70 mg a.i./kg dry soil.
by CO,. To start each new day of testing with 200 juvenil&ach treatment was carried out 12-fold and extraction of four
prey, the numbers of Collembola consumed were replenistreghlicates took place not only on day 21, but also on days 9 anc
daily for each container. On day 4 only predation was scoréd in order to provide insight in the processes in the micro-
and the experiment was terminated. The age of the Collembolzsms during the 21-day test period.
added daily to the containers was 0-3 days. The age of thdB) The “10 replicates experiment” consisted of a control
mites was 0—3 days at the start of the experiment. and two concentrations, i.e., 0.357 and 0.70 mg a.i./kg dry soil.
The second part of the experiment was carried out inExtraction took place on day 21 and, for reasons of reproduc-
microcosm in soil (26 g dry wt) inoculated with 4 ml inoculateibility, each treatment was carried out 10-fold.
Two hundred juvenilé. fimetariaand 10 juvenileH. aculeifer Data Analysis
were added to each microcosm. After 24 hr the test was ter- | , . .
minated and microcosms were extracted. This test was carrieﬂtCSQS and EGo's were calculated by nonlinear regression
out fourfold and was repeated for 3 days. To determine the r&a@lysis based on two models (Model | and 1) described by
of predation the 48 hr of extraction, a control group of fouIracey and Mallett (1991). In each case the best fitting model

microcosms was prepared and immediately set to extractiof*NOVA) was adopted. NOECs and concentrations causing
responses which differ significantly from the contré& &

4. Catchability study. The goal of experiment 4 was t00.05) were calculated from square root transformed responst
determine whether the predators indicate a preference for eitigta by means of the program TOXSTAT (Gulketyal., 1988):
adult or juvenile prey. Williams' test was executed for normally distributeg’ test)

Adult and juvenileF. fimetariawere fed in seven different results, demonstrating homogeneity of variance (Hartley’s
ratios (0:100, 20:80, 40:60, 50:50, 60:40, 80:20, and 100:0)tkst). NOECs of results failing one or both tests were deter-
adultH. aculeiferon a Paris plaster substrate. On day 0, EOO0 mined using the nonparametric Kruskal-Wallis test. Differ-
fimetariaindividuals (adult or juvenile), 10 adult female, and %nces in the rate of predation between experimental days wer
adult maleH. aculeiferindividuals were added to each contested by Tukey’s tes®(= 0.05). Preference for predation on
tainer. On days 1 and 2, consumption of the Collembola waglults or juveniles was tested by the log likelihood ratio test
counted under anesthetization with C@®lumbers of Collem- (G-test; P = 0.005). Linear and nonlinear regressions were
bola consumed were replenished daily to ensure that each stformed using the PROC REG and PROC NLIN procedures
day was started with the same ratio of adult vs juvenile preyf the SAS statistical package (SAS Institute Inc., 1988).

On day 3 only predation was counted and the experiment was

terminated. The experiment was carried out in duplicate. The RESULTS

ages of the juvenile and the adult Collembola added daily to the ) ) )

containers were 0-3 and 16-21 days, respectively. The age819/€-Species Test on F. fimetaria

the mites was 27-30 days at the start of the experiment. ~ Average production oF. fimetariawas significantly lower

The same experimental design was used in a test with 40illiam’s test) at the two highest dimethoate concentrations
prey individuals. Three ratios of adult vs juvenile Collemboltested (Fig. 2). Average survival of ad#it fimetariaindicated
were tested, i.e., 100:300, 200:200, and 300:100. The agefofiecline with increasing concentrations (Figure 3), but no
the juvenile and adult Collembola added daily to the containe¥ignificant differences from the control were found (Kruskal-
were 0-5 and 15-20 days, respectively. The age of the mil&&llis). Table 2 presents Egvalues and NOECs for repro-

was 16-19 days on day O. duction and survival.
) . ) ) In the control microcosms, mean reproduction was 205.5

5. Two-species toxicity experimentThe goal of experiment g\ — 93.0:n = 4) and mean survival was 15.25 (SEM
5 was to determine the overall effect of dimethoate on the , _ 4) of the 25 adults initially added to each test container.
predator—prey relationship. The results of the four previous
experiments were used to interpret the outcome of this overgingle-Species Test on H. aculeifer and F. fimetaria
experiment. Juveniles in Fresh or Aged Soil Contamination

On day 0, 100 adulk. fimetariaand 10 adult female and 5 In both aged and fresh soil contaminations, juverile
adult maleH. aculeiferwere added to each microcosm, confimetaria appeared to be much more sensitive to dimethoate
taining 52 g (dry wt) of moistened and inoculated soil. Althan juvenileH. aculeifer.Within the range of concentrations
animals were 16—19 days old at the start of the experiment. @sted, dimethoate did not affect survival of juvertleacule-
days 0 and 14, 15 mg of baker’s yeast was added as a fofed, neither in the aged nor in the fresh soil contamination.
source for the Collembola. On day 21, surviving adults (Co8urvival of juvenileF. fimetariawas severely affected at the
lembola and mites) together with their reproductive outptiighest concentrations tested. The fresh soil contamination ap
were extracted from the soil. peared to be more toxic than the aged soil contamination (Fig.
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Number of juveniles (per 25 adults) aculeifer.The relative contribution of aduk. fimetariato the
300 diet of the mites appeared to be significantly smal@rté¢st)
than the relative presence of ad#lt fimetaria in the initial
250 number of Collembola offered to the mites. In other words,
juvenile prey were consumed at higher ratios than they were
200 | 1 offered to the mites.
~ | . - :
150l Two-Species Toxicity Experiment
l J Numbers of adult and juvenilE. fimetariaand of juvenile
1001~ H. aculeiferin experiment 5A are given in Fig. 8. Numbers of
* adult mites are not presented, because at all concentration
50 — tested, survival of adult mites was nearly 100%.
T * Numbers of adultF. fimetaria revealed a rapid decline
ol ‘ ‘ i within the first 9 days of the experiment. On days 9, 14, and 21,
0.00 0.20 0.40 0.60 0.80 the survival of adult Collembola decreased with increasing
Concentration [mg/kg] dimethoate concentration (Fig. 8).

FIG.2. Mean reproduction of. fimetaria(number per 25 adults) after 21 At all three concentrations tested, numbers of juvefile
days of residual exposure to a soil contamination of dimethoate (experimentfimetariawere still very low on day 9 (Fig. 8). Control micro-
Significant differences from the control (William’s tes?; = 0.05) are indi- cosms exhibited a rapid increase between day 9 and 14
cated with an asterisk. whereas the 0.357 mg/kg microcosms demonstrated this in:

crease between days 14 and 21. At the highest concentration c
4 and 5), resulting in lower L& and NOEC values (Table 2). 0.7 mg/kg, number of juvenile Collembola remained very low.
Based on the difference between boths,€ and assuming an At all three concentrations tested, numbers of juverile
exponential decay of dimethoate in soil, a biologically deteaculeifer exhibited a regular increase in time (Fig. 8). How-
mined half-life time oft,, = 12.5 days was calculated fromever, at the highest concentration, a decline was found betwee
this experiment. Days 14 and 21, resulting in significantly lower numbers on

In the control microcosms, mean survival in the freshly prelay 21 than in the control (William’s test).
pared and in the aged soils was 23.3 (SEM..03;n = 4) and Results of the dose—response experiment 5B are presented |
16.7 (SEM= 4.37;n = 4), respectively, of the 25 specimensTable 3. Both adult and juvenile. fimetariaindicated a sig-
initially added to each test container. nificant decrease (Kruskal-Wallis) with increasing concentra-
tion, whereas the number of juvenilé. aculeifer remained

Consumptlon Study. _ . o constant. No mortality was found for adult mites.
Predation on Paris plaster did not differ significantly be-
DISCUSSION

tween the test days (Tukey’s test). Therefore, the duplicate
observations of the 3 test days were pooled and considered aBhe aim of the separate experiments was to obtain a bette
six replicates. By means of a linear regression on the cumuladerstanding of the outcome of a two-species toxicity test
tive consumption (Fig. 6), an average daily consumption of 8.0
juvenile prey per juvenile predator was calculated. o5
In soil, an average consumption of 68.0 was found in juv
nile prey (SEM = 3.98;n = 12) per 10 juvenile predators
after a test period of 24 hr and an extraction period of 48 hr. [20
means of an ANOVA, this average consumption could not |
distinguished from the average consumption of 63.8 (SEM 15| +~—__
9.38;n = 4), which was found after only 48 hours of extrac P
tion. This relatively high consumption during extraction harr \\
pered calculation of an average daily consumption in soil. |

Catchability Study 5L \\\
Results of experiment 4 did not differ significantly betwee \\E
the duplicates nor between the different days (Tukey’s tes ‘

Therefore, all data were pooled per ratio and were considel =~ ¢.00 0.20 0.40 0.60 0.80
as six replicates.
In Fig. 7, the relative consumption Of_ adlm fimetariais FIG. 3. Mean survival of adultF. fimetaria after 21 days of residual
presented_ when 10_0 or 400 adult and juvenile prey were @fposure to a soil contamination of dimethoate (experiment 1). No significant

fered in different ratios to 10 adult female and 5 adult ntdle differences from the control were found (Kruskal-Walls;= 0.05).

Adult survival (per 25)

Concentration [mg/kg]
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TABLE 2
E(L)Csos (95% CI) and NOECs (P = 0.05) from Single-Species Toxicity Experiments with Dimethoate ané. fimetaria
Exposure time Day of soll
Experiment Stage (days) preparation Effect on Criterion Result

1 Adult 21 -1 Reproduction EG 0.48 (0.20-0.75)
1 Adult 21 -1 Reproduction NOEC 0.36

1 Adult 21 -1 Survival LG, 0.54 (0.38-0.70)
1 Adult 21 -1 Survival NOEC =

2 Juvenile 11 -1 Survival L& 0.43 (0.38-0.48)
2 Juvenile 11 -1 Survival NOEC 0.36

2 Juvenile 11 -11 Survival LS 0.75(0.32-1.18)
2 Juvenile 11 -11 Survival NOEC 0.71

2 No significant differences from the control were found (Kruskal-WaMis= 0.05).

system. In this discussion the compound-species and speciesa similar experiment which lasted 28 days, Krogh (1995b)
species relationships are described separately per test speciésuiod an average survival of less than 9 adults out of 25. In
explain the outcome of the two-species test system in whibbth cases, no explanation was found for this relatively low
both types of relationship take place. number of adult~. fimetariaunder control conditions.

Generally Compound present, predator absenthis dose—response
The biologically determined half life of 12.5 days (experieurve of adultF. fimetariaexposed to dimethoate (Fig. 3) is in
ment 2) is higher than the analytically determined half life ajood agreement with results from Krogh (1995b) in similar
4.8-9.7 days by Kolbet al. (1991) in three different soil types experiments. However, from an experiment carried out in soil
at 20°C. This difference can be explained by the observatiircannot incontrovertibly be concluded that the non-extracted
that dimethoate in soil is mainly metabolized into omethoafeaction of springtails is actually killed by the dimethoate. As

(Kolbe et al.,1991). Omethoate is known as a broad-spectrufbian and Petersen (1994) describ&dfimetariaexhibit un-
insecticide with pronounced effects on arthropod speciesordinated motion or even immobilization after residual ex-
(Tomlin, 1994) and contributes to a longer toxic stress for thgsure to dimethoate on Paris plaster. This sublethal effect ma:
juvenile springtails in the microcosms. also have occurred in the microcosms and consequently ma
E fimetaria Adults ha\{e hampergd th.e Collembola to respond to the heat an
moisture gradient in the MacFadyen extractor, so that they
Compound absent, predator absen absence of bOth_were unable to escape from the soil, died by desiccation anc

stress factors, an average number of 15.25 of 25 adult sprifids,« ot extracted. Therefore. the Lof Table 2 should
tails was extracted from the soil after 21 days in experiment 1. ' '

Juvenile survival (per 25) Juvenile survival (per 25)
257 251
e
20 20|~
15 5 T T
i
10 10 N
* N
N J \\ 1
5 : \\ 51— \ *
.
T
\\; \\\ .
o 1 | ! 1 0 ! n L : 1 \A\J.
0 0.2 0.4 0.6 0.8 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
Concentration [mg/kg] Concentration {mg/kg]

FIG. 4. Mean survival of juvenile~. fimetaria after 11 days of residual  FIG. 5. Mean survival of juvenile~. fimetariaafter 11 days of residual
exposure to a fresh soil contamination of dimethoate (experiment 2). Signiéxposure to a 10-day-old soil contamination of dimethoate (experiment 2).
cant differences from the control (William's te§t;= 0.05) are indicated with Significant differences from the control (William’s tef; = 0.05) are indi-
an asterisk. cated with an asterisk.
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cumulative consumption
350
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100
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FIG. 6. Cumulative consumption of juvenile. fimetariaby 10 juvenile
H. aculeiferon Paris plaster substrall, mean @ = 4) with SEM; ---, linear
regression model.

possibly be interpreted as an immobilization concentratic
(ICs9)-

Compound absent, predator presenthe fact that adult
prey were consumed at lower ratios than they were offered
the mites (Fig. 7; experiment 4) suggests that adult mites pre 4
juvenile to adult Collembola for prey. In direct observations

60

the authors noticed that adult springtails were able to esce 30

from the killing grip of an adult mite. Therefore, the “prefer-
ence” is explained by a higher catchability of juvenite
fimetaria for adult mites.

This result is not directly transferable to the situation in
microcosm. The soil offers many cracks and holes for juveni

20

HAMERS AND KROGH

F. fimetaria

number of adults

day

F fimetaria

number of juveniles

prey to escape into, whereas they are too narrow for ad © 7 14 21
predators to enter. Therefore, it is assumed that this prefere day
H. aculeifer
percentage adults in consumption
100 ~
number of juveniles N
80—
80 .
—
80}
60 [~ /
40 40+ *
L
— /*// -7 ’ 20— /
® X =
T /
0 - L L L L ! 0 L | |
0 20 40 60 80 100 0 7 14 21

percentage adults offered

day

FIG. 7. Composition of the consumption of ad#t fimetariaby 10 adult

FIG. 8. Average number of adult and juvenkte fimetariaand juvenileH.

female and 5 adult malll. aculeiferon a Paris plaster substrate at differentculeifer(with SEM;n = 4) extracted from the microcosms in experiment 5A.
ratios of adult:juvenile prey offered, mean with SEM1f = 6; total of prey  Significant differences from the control (William’s tes?; = 0.05) are indi-
offered is 100); x, mean with SEM(= 6; total of prey offered is 400). cated with an asterisill, control; x, 0.357 mg/kg¥, 0.7 mg/kg.
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TABLE 3 and moisture gradients in the extractor and/or enhances th
Results of the Predator—Prey System after 21 Days catchability of prey organisms. Furthermore, a smaller fraction
(Experiment 5B) of the initial number of adul. fimetariais found after 21 days
Number (SEM) per concentration in the presence dﬂ aculeifer(Fig. 8) than in absence (Fig. 3),
(mg/kg) at day 21 at all concentranor_]s tested. _ _
NUmD (n = 10) The results confirm that both stress factors (i.e., dimethoate
umper . .
Species at day 0 0 0357 . exposure and predation) affected the_ final qumber of adult
fimetaria extracted from the two-species toxicity test system.
Adult F. fimetaria 100 14.1 (4.3) 8.4 (2.4) 0.1* (0.1)
JuvenileF. fimetaria 0 270.5(71.7) 134 (22.5) 11.5*(3.2) F. fimetaria Juveniles
JuvenileH. aculeifer 0 52.7(6.3)  69.2(5.7) 56.5 (5.9)

Compound absent, predator absenthe low recapture
Note. Significant differences (Kruskal-Walli = 0.05) from the control from the control aged soil (experiment 2) was comparable to

are indicated with an asterisk. the recapture of adult springtails (experiment 1), whereas re-

capture from the fresh soil is higher and meets the expectation

is highly dependent on the density of the soil. The experimehpese findings suggest that some parameter changes in the te
on Paris plaster can then be considered as a “soil-experimer$@ilS between Days 11 and 21 which hampers survival or ex-
with maximum soil density. Although no catchability experifraction of both adult and juvenile. fimetaria. This parameter
ment was performed in soil, Krogh (1995a) also found indic&0uld not be determined from the experiments.

tions Qf “preference” for juvenile prey in a 21-day microcosm Compound present, predator absenhe calculated EG,
experiment. _ of 0.48 mg/kg of the reproduction experiment (1) is in good
The preference described above was based on number%é]feement with the EG of 0.3 mg/kg determined Krogh

prey individuals consumed. Using regressions between Gihgspy The effect on the number of juveniles is assumed to

weight and length of. fimetaria (unpublished results), the po 5 compination of the effects on reproduction and on the
relative contribution of both adult and juvenile Collembola tQurvival of the juveniles. Almost no reproduction is found in
the total biomass consumption was calculated (data not PE

ided di h culati qul i (periment 1 (Fig. 2) at an initial concentration of 0.70 mg/kg
vided). Accor Ing to these calcu a_tlons, a l_” prey contribut gl days), whereas a 10-day-old soil contamination of this
more to total biomass consumption than juvenile prey. F

P X oncentration still allows for more than 50% of the juveniles to
thermore, the food consumption in terms of biomass nevglvive (11 days) (Fig. 5; Table 2). From this result, it is

reacheg_a_(;na>|<|mum_lllr8||t, not even in the experiment with 400, 1, ged that reproduction is a more sensitive parameter fo
prey indivi uaf’g\’:'i €. h ) ited dimethoate exposure than survival of the juveniles and that ar
It was concluded that the mites were never satiated agffo.t of dimethoate on the final numbers of juvenile spring-

collected as much nutrition as possible, both from juvenile preyq i the overall microcosm experiment (concentration range,
which were easier to catch and from adult prey which contrib-

uted more to their food demand.

Figure 9 presents the expected 21-day development of * aduits juveniles
test predator and prey populations in the control microcosn0o =500
based on the outcome of similar experiments withraculeifer
andF. candidaand on observations of the test animals in th | 400
cultures. Generally, the trends in the control observations S~
Figure 8 are similar to the expected population developmet \\\ ,
of Fig. 9. Closer comparison reveals that the decline of tl €0~ ™~ L 300
adult Collembola population by predation took place mainl \\ -
within the first 9 days (Figure 8) and was not a gradual proce 44| \\/Y - 200
as suggested by Fig. 9. Furthermore, final numbers of &dult S
fimetaria after 21 days were lower than expected baseé.on e
candidaresults. Repetition of the experiment did not result i 20 100
higher numbers.

Compound present, predator presenin the two-species 00 - 7L — l 1‘4 ‘ | 210

toxicity experiment (experiment 5), adit fimetariadeclined
with increasing dimethoate concentrations (Fig. 8). It was notFIG 9. Expected 21-day development of the test predator and prey popu
Cle_ar whether this _effeCt should be attributed FO dlre(_:tlly moﬁa‘tions in control microcosms, based on the outcome of similar experiments
tality due to the dimethoate treatment or to immobility angit r. candidaand observations from the test animals in the cultures. —,

uncoordinated motion which hampers a response to the haatit Collembola; - -, juvenile Collembola; — ——, juvenile mites.

days
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0-0.70 mg/kg) mainly depends on a reduced reproductioracks and holes in the soil. This lower predation rate leads to
rather than on a reduced survival of juveniles. a proportional lower degree of food satiationthfaculeiferin
Reduced reproduction is mainly attributed to a decline die microcosm experiments.

surviving adults with increasing dimethoate concentrations Compound present, predator presen®n days 14 and 21,
(cf., Fig. 3 and 2), resulting in a lower number of eggs. Fufsopylation densities of juvenile springtails were significantly
thermore, dimethoate exposure may affect reproduction byagver (william's test,P = 0.05) at the highest test concen-
reduced fecundity and fertility. tration (0.7 mg/kg) than in the control microcosms (Fig. 8).
This finding is comparable to the result at 0.7 mg/kg in the
Compound absent, predator presenthe control observa- single-species experiment reproduction experiment (Fig. 2). As
tions of Fig. 8 indicate trends similar to those expected for thggyued above, this reduction should be attributed mainly to
population developments of Fig. 9. As expected, no juvenifgquced reproduction rather than to juvenile mortality caused
Collembola were found on day 9, and highest hatching ral§g dimethoate. At the intermediate test concentration (0.357
were found between days 9 and 14. Again, final numbers afigh/kq), dimethoate treatment did not clearly affect adult sur-
21 days were lower than expected basedrocandidaresults, yjyal. However, reproduction per adult at this concentration
also after repetition of the experiment. _ was much lower in presence of a predator than at the same
From experiment 3, an average daily consumption on Pagigncentration in absence of a predator (cf. experiments 1 and !
plaster of 8 juvenile Collembola per juvenile mite was calcyn Taple 4). From these results it is concluded that number of
lated. This consumption rate is in good agreement with resuj'Eﬁ/eniIe Collembola was inhibited at 0.357 mg/kg by (en-
found by Krogh (1995a). hanced) predation on adults and juveniles or even eggs and ¢
Daily consumption of juveniles in soil is hard to determing) 7 mg/kg also by a reduced reproduction due to dimethoate

from experiment 3, due to the fact that predation during exyposure of the adult Collembola and the eggs.
traction occurred. Predation during extraction may be due to

the fact that prey density increases locally at the bottom of the aculeifer Adults

microcosm during extraction, rendering Collembola easier toSurvival of adult mites in the 21-day microcosm experi-
catch. This undesired process may play an even more impBIents was not affected by dimethoate within the concentration
tant role when dimethoate is present, which may cause imnf@nge tested (experiment 5). This finding is confirmed by re-
bility and uncoordinated motion of springtails enhancing thefiults of Krogh (1995a) who found (significant) mortality only
catchability. The impact of predation during extraction on th@t concentrations=1.5 mg/kg in comparable experiments.
outcome of a 3-week microcosm toxicity experiment needs. aculeifer Juveniles

further investigation. _ ~ Asexpected, mites hatched earlier than Collembola, with the
Though exact determination of the predation rate on juvenieatest increase of the juvenile mite population between day:
F. fimetariain soil is impossible, some tentative conclusion§ gng 14 (Fig. 8).
may be drawn. From Fig. 2 (experiment 1), an average repro-as demonstrated, mites were not satiated in the microcosms
duction of 822 (SEM= 372) can be calculated for the 10Qeyen in the absence of dimethoate. This is confirmed by the
adultF. fimetariain the control microcosms of experiment Syow reproductive output of the control microcosms of experi-
This number is highly overestimated, since no account is takgiant 5. On day 21 an average of 69.8 juvenile mites were
of predation on the adult springtails and its subsequent effestiacted (experiment 5A), which are supposed to have

on their reproduction. Extraction of the control microcosms iRatched from eggs produced by the 10 adult female mites
experiment 5A on Day 21 yields an average of 69.8 juvenile

mites. Assuming that the number of mites linearly increased

from O on day 7 to 69.8 on day 21 (Fig. 9), an average number TABLE 4
of 34.9 juvenile mites is determined to be present during thé\verage Reproduction (21 days) of. fimetaria Juveniles per
last 14 days of the experiment. Assuming further that juvenile Adult Initially Present

mites only prey on juvenile prey and with the same predatic& centration
rate as on Paris plaster (eight prey per mite per day; experimeg, cinoate

3), an average of 14-day predation by the juvenile mites can bgmg/kg) 1 5A 5B
calculated of 3@ x 8 x 14 = 3909 juvenile Collembola.

Experiment

Considering the facts that this number is much higher than the ; , 4, 872525 0-30 27
estimated prey reproduction of 822, that juvenile prey are still 255 6.42
found in the microcosms after 21 days, and that predation by 0.357 7.63 0.47 1.34
adult mites (both on adult and juvenile prey) is ignored in the 0-50 2.31

0.70 0.74 0.018 0.12

calculation above, it is concluded that the predation rate _is
much lower in soil that on Paris plaster, probably because of @ote. Experiments were performed in microcosms in the absence (experi-
reduced chance of encounter since prey organisms can hidexént 1) and the presence (experiment 5) of predation.
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between days 0 and 14. Thus, an average rate of reproductioe impact of cypermethrin and parathion-methyl on carabid
of 0.5 juveniles per female per day can be calculated. Thishieetles in a cereal crop, actually found a second reduction ir
much lower than the average reproduction rate of 2.1 juvenilearabid (predator) numbers after recovery of the population
per female per day which can be determined for satiated mifesm the initial reduction caused by the pesticide application.
from results by Krogh (1995a), who added >1000 prey indiFhis second decrease was attributed to a reduction of the foor
viduals weekly to each microcosm. supply (mainly cereal aphids) rather than to a direct toxic effect
In the presence of dimethoate, food becomes even less availthe compounds.

able, mainly due to reduced prey reproduction, which can fur-

ther affect predator reproduction or even survival. This may CONCLUSIONS

explain the significant decrease in numbers of juverile

. . . From the experiments described above, the following con-
aculeiferat the highest concentration tested (0.7 mg/kg) CO%lusions were drawn about the predator—prey relationships an

pared fo the cqntrol n experlment 5'.0‘ (Fig. 8). This decfe.‘"‘ Tfe steering processes in a two-species toxicity test system:
cannot be attributed to direct lethality due to the pesticide, 1. Final numbers of adufE. fimetariaare affected by both

since survival of Juyen|le mlte_s was ne_lth_e raffected in a fresg]redation and dimethoate exposure. Mites prey less efficiently
nor in an aged soil contamination within the concentrati

range tested (experiment 2). Therefore, it is suggested thatgg adult than on juvenile prey, because adult prey are able tc

inhibition of mite reproduction at 0.7 mg/kg in experiment 5A %ape from their killing grip.

. . 2 o 2. At 0.357 mg/kg, the final number of juvenite fimetaria
should possibly be attributed to food deficiency. This is sup- . . . :
ported by the fact that neither such inhibition was found ti?s mainly affected by predation on adults and juveniles. At 0.7

|¥|g/kg, final numbers are also affected by dimethoate which

Krogh (%99561) norin experiment 5B undgr similar eXper'merPieduces reproduction &f. fimetaria,either by mortality of the
tal conditions and in the same concentration range (Table 3). 0

. . . - "adults or by a reduced fecundity or fertility. Direct mortality of
both cases, food deficiency was less serious than in experim e y y y y

5A, since Krogh (1995a) initially added 700-900 (instead J)p Vr‘:;‘r']'f springtails caused by dimethoate exposure is less im

100) springtails to the microcosms and prey reproduction & 3. Numbers of adulH. aculeiferare not affected after 21
each test concentration was consistently higher in experiment . : - . .
5B than in 5A. No reason was found for this difference i%%ys of dimethoate exposure at initial soil concentratisfs/
reproduction between experiments 5B and 5A. Although prey;, F\;educed numbers of juvenité. aculeiferat the highest

reproduction declined significantly with increasing dimethoatc%méthoate concentration of 0.7 mg/kg, should possibly be
concentrations in experiment 5B, the higher basic level of re: : ’

production probably prevented the microcosms from beir?\ttrlbuted to food depletion caused by a decreased availability

completelv depleted of iuvenile prev. as was the case in etg (juvenile) prey. At this concentration, direct mortality of
np y dep J Prey. juvenile mites is not important.
periment 5A.
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