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For the elucidation of effects of a pesticide on life-cycle parame-
ters of arthropods, applicable in the development of ecotoxicologi-
cal test procedures with soil living animals, attention was drawn
to body growth, which has previously been described as a sensitive
parameter in Collembola. Body growth of the following three soil-
dwelling arthropods was studied under the influence of dimetho-
ate: Folsomia fimetaria (L.), Hypogastrura assimilis Krausbauer,
and Hypoaspis aculeifer Canestrini. The effect of this insecticide
and acaricide proved to be sex and species specific. Two models
were compared for modeling individual body length. The logistic
growth model fitted data for all species, whereas the growth model
of von Bertalanffy was less applicable for F. fimetaria and H.
aculeifer. The growth rate coefficient of the logistic model proved
to be a robust parameter useful for predicting effects of dimethoate
on juvenile growth of F. fimetaria and H. aculeifer. Adverse effect
concentrations on growth for these species were the following:
EC,, = 0.11 mg dimethoate/kg dry soil for F. fimetaria and EC,,
= 0.59 mg dimethoate/kg dry soil for H. aculeifer. For H. assimilis,
no adverse effects on growth were observed at the tested concentra-
tions. The results are compared to other life-cycle parameters (end-

points).  © 1996 Academic Press, Inc.

INTRODUCTION

In terrestrial ecotoxicology, much effort is at present allo-
cated to studies of sublethal effects of chemical substances
on soil-living arthropods. This is due to the recognition of
the beneficia role of these animals and to the demand for
standardized tests with arthropods for evaluation of ecotoxi-
cological properties of new and existing chemicals (Lagkke
and van Gestel, 1993). Different chemicals seem to affect
life-cycle parameters of various arthropods differently (van
Straalen et al., 1989; Crommentuijn et al., 1993). Survival
and reproduction are parameters most directly related to the
population level (Leon and van Gestel, 1994). For reproduc-
tion strategists, reproductive rate is undoubtedly the most
important factor as suggested by van Straalen et al. (1994).
Other life-cycle parameters, e.g., growth, however, might be
more sensitive and therefore more useful to provide an early
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warning, as suggested by Crommentuijn et al. (1993).
Growth also has the advantage of being a steady parameter,
primarily influenced by temperature, and is supposed to be
less proneto variation compared to reproduction for example
(von Bertalanffy, 1960).

Growth of soil-living fauna under the influence of environ-
mental or physiological disturbance has been studied in
many representatives of larger functiona groups, i.e.,
micro-, meso-, and macrofauna (Hubbell, 1971; Petersen,
1971; Schiemer, 1982; Bengtsson et al., 1983; Badejo and
van Straalen, 1992; Springett and Gray, 1992; Crommentuijn
et al., 1993). For the mesofauna group, the Collembola has
probably received the most attention (Petersen, 1971;
Bengtsson et al., 1983; Badgo and van Straalen, 1992;
Crommentuijn et al., 1993; Tranvik et al., 1993), whereas
others, e.g., predatory mites (Mesostigmata), have received
less attention.

Studies of chemical effects on growth of Collembola have
been focused on heavy metals (e.g., Bengtsson et al., 1983;
Tranvik et al., 1993; Crommentuijn et al., 1993) and to a
limited extent on pesticides (Badejo and van Straalen, 1992).
Measurements of growth that have been used are number of
exuvia and weight of individuals at the beginning and the
end of the experiment (van Straalen et al., 1989; Badejo and
van Straalen, 1992). Growth rate recorded by measurement
of juvenile body length, though, has proved to be a more
sensitive parameter to toxic effects (Tranvik et al., 1993).

By adopting this approach, the aim of the present work
was to investigate the effects of the pesticide dimethoate on
individual growth of representatives of the mesofauna and
to relate the effectsto other parameters relevant to the fitness
of the species concerned. Furthermore, the endpoints extract-
able from the parameter ‘‘growth’’ (length and parameters
of growth models) were discussed.

Juveniles of the following two springtails and a predatory
mite were exposed to a range of dimethoate concentrations
selected with respect to recommended field dosages: Fol-
somia fimetaria L. (Collembola; |sotomidae), Hypogastrura
assimilis Krausbauer (Collembola: Poduridae), and Hypo-
aspis aculeifer Canestrini (Gamasida: Lael apidae), subgenus
Geolaelaps sensu Walter and Oliver (1989). Body length
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was measured two times weekly and asexual egg production
was recorded in H. aculeifer.

MATERIALS AND METHODS

Animals and Sock Culture

The three microarthropod species al originate from Dan-
ish agricultural soil, where they are common inhabitants.
Folsomia fimetaria is a hemiedaphic, nonpigmented, eyeless
species that reproduces sexually. It is not readily disturbed
and therefore easy to handle. Hypogastrura assimilis also
reproduces sexualy, but differs from the aforementioned
species by being epi- to hemiedaphic and pigmented, as well
as having eyespots. Compared to F. fimetaria, this species
is more difficult to handle as it doubles up when disturbed
and ismore likely to jump. Hypoaspis aculeifer has an arrhe-
notokous mode of reproduction (De Jong et al., 1981), i.e,
only male offspring are produced from unfertilized females.
The species is characterized as being polyphagous and hav-
ing a hemiedaphic/euedaphic distribution (Sardar and Mur-
phy, 1987). The three species have been cultured in this
laboratory for the past 3 years and breed continuously on
a moistened substrate of plaster of paris/charcoa prepared
according to Usher and Stoneman (1977). The Collembola
were fed dried baker's yeast [Saccharomyces cerevisae
Meyen ex. Hansen (Ascomycotina: Saccharomycetaceae)],
and the predatory mite culture was fed Collembola (F. fi-
metaria or Folsomia candida Willem).

Chemical

Dimethoate O,0-dimethyl S methylcarbamoylmethyl phos-
phorodithioate (IUPAC) is a broad-spectrum insecticide and
acaricide that is used as a contact and systemically acting
pesticide (Anonymous, 1989). Dimethoate acts as a cholines-
terase inhibitor. Dimethoate is mainly degraded hydrolyti-
cally, photochemically in moist air, and enzymatically in
plants (ty,, 2—9 days) (El Beit et al., 1977, 1978; Kolbe et
al., 1991). Persistence and bioactivity in soil is variable and
dependent on pH, organic material, clay, humidity, tempera-
ture, and microbial biomass for example (El Beit et al., 1977,
1978; Kolbe et al., 1991; Joy and Chakravorty, 1991).

The dose recommended for controlling aphids in cereals
in Danish agriculture is ~320 g/ha (Kristensen et al., 1993).
If assuming an even distribution in the top 5 cm or 2.5 cm
soil, and a soil density of 1.44 kg/dm?, the concentration of
dimethoate in dry soil is 0.44 and 0.89 mg/kg, respectively.

Monitoring Equipment

To make arecord of theindividual increase in length over
aperiod of 30—40 days, with aslittle disturbance as possible,
digital image processing equipment (DIP) was used. DIP
consisted of a stereo microscope mounted with a video cam-
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era and connected to a monitor and a computer: pictures of
living specimens could be fixed and displayed on the monitor
and measurements made manually with a computer mouse.

Soil Preparation and Application Procedures

Animals were exposed to dimethoate via the soil. Soil
preparation and pesticide application were performed as fol-
lows. A typical Danish agricultural sandy loam from Kalg,
Jutland (1.6% total org. C, 1.7% humus, 10.6% clay, 14.5%
silt, 45.8% sand, 26.4% coarse sand, pHu,o 7) was defau-
nated [alternately dried (60°C), frozen (—35°C), and incu-
bated at 20°C in wetted condition], sieved (2-mm mesh net),
and finally stored at —18°C. Inoculum (a soil —water suspen-
sion containing microorganisms) was prepared by making a
suspension of fresh Kalg soil, leaving it for 24 hr at 20°C,
and subsequently sieving it through a 50-um mesh net.

Dimethoate concentration series were prepared by di-
luting the stock solution (402 mg active ingredient/liter)
with the inoculum. The concentration series were subse-
quently mixed with the dried, defaunated soil, 4 ml solu-
tion per 26 grams soil, giving a water content of 15.4%
(approx 50% maximum water-holding capacity). To the
control, only the inoculum was added. The treated soil
was left in open beakers in a fume cupboard for 16 hr
for evaporation of additives present in the dimethoate
stock solution. After adjustment of the evaporation losses
with deionized water, the content of the beakers was fi-
nally mixed thoroughly, covered with foil, and left for a
short period before use. The different species were ex-
posed to the following dimethoate concentration series
given as mg/kg soil (dry weight): F. fimetaria and H.
assimilis, 0, 0.029, 0.051, 0.093, 0.167, 0.3; H. aculeifer,
0, 0.230, 0.333, 0.483, 0.7.

Containers and Transfer of Animals

Multidishes (Nunclon, NUNC), with 24 circular holes (di-
ameter = 1.5 cm) meant for holding one test individual in
each hole, were prepared as follows. Multidishes and rubber
plugs fitting the holes were submerged in deionized water
for 24 hr for reduction of static electricity. After air drying,
each multidish hole was filled with 2.65 g of the soil —di-
methoate mixture. Because the DIP procedure demands a
horizontal background with no places for the animal to hide,
the soil had to be compressed. This was done by use of a
pestle until a firm and even surface was obtained. Care was
taken not to compress the soil too hard, to avoid a wet
surface. The multidish holes were sealed immediately with
the rubber plugs. Neonate juveniles (0—2 days old) were
added to the multidishes, one individual in each hole.
Twenty-four individual swere exposed to each concentration,
but because the sex ratio in the stock cultures varied, this
did not ensure a predetermined number of replicates (e.g.,
12 replicates for each sex).
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The Collembola were fed two granules of dried bakers
yeast each; the food was renewed every second week. The
predatory mites were fed 0- to 7-day-old F. fimetaria during
the first 14 days (until the reproductive age) and subse-
quently 14- to 21-day-old F. fimetaria. Food was added in
surplus, and earlier experiments had revealed that supple-
menting up to 40 prey every third day fulfilled this demand.

Assessment

The multidishes were assessed every third or fourth day.
With DIP, the increase in length was determined by measur-
ing the length from the posterior end of the abdomen to the
anterior end of the head, between the antennae (Collembola
in movement), or the anterior edge of the dorsal shield (pred-
atory mite). The length of both sexes was recorded for indi-
viduals from an age of 2—38 days (F. fimetaria), 1-37 days
(H. assimilis), and 2—34 days (H. aculeifer). Eggs produced
by H. aculeifer were recorded and removed.

Evaporation from the multidishes was compensated for
by the supplement to every hole of % of the average amount
of evaporated water from each dish with deionized water
once a week. In the experiment with the predatory mite, it
was hecessary to anesthesize the animals by a weak CO,
stream to be able to count unconsumed prey. Dead prey was
also counted and discarded, and new prey was added up to
atotal of 40 living prey per hole. At the termination of the
experiments, the animals were sexed, which for the Collem-
bola implied mounting on slides for microscopy.

Satistics and Models

Datawere analyzed for normality by means of a normality
plot and for homogeneity of variance by Bartlett’ stest. Anal-
ysis of variance (ANOVA) was made by Duncan’s multiple
range test. The fitting of models was evaluated by means
of a lack-of-fit test [F(1,df) distributed] (van Eweijk and
Hoekstra, 1993). For all tests, the level of significance was
0.05 if not otherwise stated. The procedures of the SAY
STAT program package (SAS Ingtitute Inc., 1988) were
adopted.

The following models were adopted and modified to han-
dle different EC, values. a standard logistic model (van
Eweijk and Hoekstra, 1993) and a linear logistic model
(Brain and Cousens, 1989).

Modified version of the standard logistic model:

y = k
1+ X ). E
100 — x Z

where x is % effect, z is concentration, z, is EC,, k is value

D
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of yat z= 0, cis constant, and relates to the slope of the
tangential line in the point of inflection, where x = ECs,.
Modified version of the linear logistic model:

- K + 12)
100 z\¢’
L ((100 - x)'(fz" - 1)'(2))

where k is value of y at X = 0, 7 is EC, (reduction), f is
hormesis constant, and other symbols are as in Eq. (1).

Reductive EC, values and the corresponding confidence
interval were estimated by means of nonlinear regression
procedures using a modified version of the program of van
Eweijk and Hoekstra (1993) in the SAS procedure PROC
NLIN (SAS Ingtitute Inc., 1988). If EC, values for stimula-
tion were required, —x was used in Eq. (2).

Two growth models were adopted for fitting the length
data of individuals of each sex for each concentration: the
logistic model and the model of von Bertalanffy (Fig. 1).

¢

RESULTS

All three species displayed a sexual dimorphism for
body Iength, which started to be expressed in the juveniles
at age 10-15 days old (F. fimetaria), <10 days old (H.
assimilis), and 5—10 days old (H. aculeifer) (Figs. 2, 3,
and 4). This held true for untreated as well as dimethoate-
treated individuals, and in all cases females grew |longer
than mal es. Because a species-specific response to dimeth-
oate was observed, the three species are treated separately
in the following.

Folsomia fimetaria

No mortality was observed in the controls during the first
4 weeks, and at the end of the experiment mortality was still
less than 10%. Despite the low concentrations of dimethoate
chosen for chronic effect studies, mortality in the exposed
individuals increased with time as a consequence of therela-
tively long period of the experiment (38 days). Only individ-
uals surviving the entire experiment were included in the
data treatment.

The overal growth pattern was similar in both sexes,
resulting in curves of sigmoid shape. The length of males,
however, tended to stabilize earlier than that in the females
(see Fig. 2 for arepresentative set of dimethoate concentra-
tions). Length of females was slightly reduced at increasing
concentrations (Fig. 5). Only at the highest concentration,
0.3 mg/kg, was length significantly lower than in the con-
trols, when aged 9—-20 days. Male length was dlightly in-
creased at the lowest concentration (0.029 mg/kg), whereas
lengths at the higher concentrations did not differ from those
in the controls (Fig. 5).



210

FOLKER-HANSEN, KROGH, AND HOLMSTRUP

Logistic
L{t)=L_(1+exp(-b(t+t,)))"

von Bertalanffy

L(t)=Lo(1-exp(-k(t-1,)))

L(t): Length as a function of time

L., : Theoretical max. length
(asymptotic length)

'~§, % b, k: Growth rate coefficients
< g t, : Hypothetical negative time
. - estimated from hatching date
Time Time for an individual at the length 0
FIG. 1. Growth models after von Bertalanffy (1960), Kaufmann (1981), and Bengtsson et al. (1983).

The logistic model (Fig. 1) fitted the data for both sexes
at all concentrations. In the males, the test probabilities of
the lack-of-fit tests were 0.17 < P < 1, and in the case of
females 0.5 < P < 0.96. The model of von Bertalanffy (Fig.
1) was rejected for both sexes, because test probabilities for
some of the concentrations were less than 0.05. The growth
rate coefficient b of the logistic model was used as a descrip-
tion of growth rate of the individual. By fitting a modified
version of the standard logistic model (Eq. 1) to the growth
rate coefficients b from the individual growth curves for all
concentrations in the females (Fig. 6), the effect concentra-
tion of 10% reduction (EC,o) was estimated (Table 1). De-
spite aglightly stimulative effect on b at the lower concentra-
tions in the males (data not presented), this was not signifi-
cantly different from the control, and no further modeling
was considered justified. For both sexes, the estimated as-
ymptotic length (L..) was not significantly influenced by di-
methoate (data not presented).

Hypogastrura assimilis

As a profound mortality in this species occurred from an
age of 28 days to 37 days (30% in the controls), treatment

F. fimetaria

of growth data was limited to animals surviving for at least
28 days. The growth pattern of the two sexes was similar
resulting in curves of concave shape (Fig. 3). Comparison
of length between doses for the females revealed only a
dlight increase in length at the middle concentrations (Fig.
7). This was significantly different from the controls only
when aged 14 days (adulthood) (0.051 and 0.093 mg/kg)
and 20 days (0.051 mg/kg). Thus, the effect was leveled out
as time progressed. At the highest concentration (0.3 mg/
kg), no reduction in length was observed. Because prelimi-
nary tests had revealed a high mortality of H. assimilis ex-
posed to dimethoate concentrations above 0.3 mg/kg [LCs,
= 0.40 mg/kg (0.27—0.58 mg/kg)] after 28 days, growth in
females did not seem much affected by the applied concen-
trations of dimethoate. No significant differences were ob-
served when comparing length between doses in the males,
and no dose-dependent trend could be discerned (Fig. 7).
The appropriateness of the growth models in Fig. 1 for
fitting the length data gave the following results. The logistic
model fitted the data for all concentrations in both sexes. In
males, the test probabilities were 0.12 < P < 0.98, and in
females, 0.17 < P < 0.95. The model of von Bertalanffy also
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FIG. 2. Growth of F. fimetaria males and females exposed to three representative concentrations of dimethoate mg/kg soil. Vertical bars indicate

SEM.
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FIG. 3. Growth of H. assimilis males and females exposed to three representative concentrations of dimethoate (mg/kg soil). Vertical bars indicate
SEM.

fitted the datafor all concentrations with test probabilities for
the male data, 0.21 < P < 0.96, and for the female data,
0.36 < P < 0.99. Comparison of the growth rate coefficient k
of von Bertalanffy (parallel to the parameter b of the logistic
model) between concentrations did not reveal any significant
difference for either sex. Regarding the growth rate coeffi-
cient b of the logistic model, a comparison between concen-
trations only revealed significant differences in the females,
in which a significant increase in b at 0.167 mg/kg dimetho-
ate compared to the controls was observed (data not pre-
sented).

Hypoaspis aculeifer

The male sex of H. aculeifer was represented by too few
individuals (two to four in each concentration) for proper
statistical treatment, and this part of the study will receive
only a few comments. The growth pattern of the two sexes
was similar, resulting in curves of concave shape (Fig. 4).
For the females, an increase in length at the lower concentra-
tions and a decrease in length at the highest concentration
compared to the controls were observed during the juvenile
period and beginning of adulthood (16 days old) (Fig. 8).

H. aculeifer
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FIG. 4. Growth of H. aculeifer males and females exposed to three representative concentrations of dimethoate (mg/kg soil). Vertical bars indicate

SEM.
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Mean length of male and female F. fimetaria exposed to a range of dimethoate concentrations (mg/kg soil). Age of individuals are indicated

at each curve. Vertical bars indicate SEM; asterisks indicate significant difference from control.

When aged 30-34 days, the effect was less obvious. By
fitting growth models (Fig. 1) to the female length data, it
was demonstrated that the logistic model fitted the data better
than the model of von Bertalanffy. The fitting was not excel-
lent but acceptable according to the test probabilities of a
lack-of-fit test (0.09 < P < 0.14). There were significant
differences in the growth rate coefficient b of the logistic
model at several concentrations compared to the controls,
and the modified version of the linear logistic model (Eg.
2), dlowing for stimulative effects, wasfitted to this parame-
ter (Fig. 9). The use of this model made it possible to esti-
mate the different concentrations in which 10% stimulation
or inhibition occurred (Table 1). The estimated asymptotic
length (L..) of the logistic growth model for the females was
significantly larger at the lower concentrations and at the
highest concentration (0.7 mg/kg) compared to the control
(data not presented).

The onset of reproduction and fecundity, measured as
cumulative egg production in females, was recorded. The
first eggs were noted at females aged 16 days in al treat-
ments. Compared to the controls, a continuous significantly
increased cumulative egg production was noted in the middle
concentration (0.333 mg/kg) and a corresponding decrease
at the highest concentration (0.7 mg/kg) in females aged 20
days and onwards (Fig. 10). By fitting the modified version
of the linear logistic model (Eq. 2) to the cumulative egg
production by females aged 20—34 days (Fig. 10), effect
concentrations of stimulation and inhibition were estimated
(Table 1). During this period, the stimulative effect was
constant and the inhibitory effect decreased (increasing EC,,
values).

DISCUSSION

Final Length

The length of the adults at the termination of the experi-
ments was unaffected by the treatments in both collembolan
species, whereas an altered growth rate was demonstrated
in the females of F. fimetaria. The observation of the same
phenomenon in heavy metal-exposed Collembolaby Tranvik
et al. (1993) and Crommentuijn et al. (1993) indicates either
a common mechanism for the effect of these very different
chemicals on the growth of Collembola or a more general
ability in the Collembolafor compensation. Thelast explana-
tion is in agreement with the statements of Hubbell (1971)
that organisms have built-in mechanisms for evaluating their
growth performance and for modifying energy intake and
expenditure to compensate for performance ‘‘errors’ as a
result of environmental or physical disturbances.

Age-Specific Length and Growth Rate

A sex- and species-specific difference was observed when
evaluating growth by comparison of length measurements
at different ages and through modeling of the growth and
usage of the logistic growth rate coefficient b. The existence
of the sexual dimorphism, expressed by the length data,
indicated the importance of sexual identification of the indi-
viduals when using size as an effect parameter (endpoint);
otherwise, effects might be concealed.

In the interpretation of the growth data of H. assimilis,
attention has to be paid to the difficulties in handling this
species. The plasticity of the individual made measurements
of length rather difficult. The significant increase in the
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FIG. 6. Mean growth rate coefficient b (logistic model) of female F.
fimetaria as a function of dimethoate concentration (mg/kg soil). Vertical
bars indicate SEM; asterisks indicate significant difference from control.

growth rate coefficient b at 0.167 mg dimethoate/kg in the
femalesis not regarded as a major effect or point of concern
because no such effect was observed with the corresponding
parameter k of von Bertalanffy. Furthermore, no statistical
divergences were observed when comparing length measure-
ments at 0.167 mg/kg with the controls (Fig. 7). For males
of H. assimilis, there was no trend observed when comparing
the growth rate coefficient b to any of the age-specific length
measurements.

For certain age classes of female F. fimetaria and H. acu-
leifer, the response of length to different concentrations of
dimethoate correlated well with the response expressed by
the growth rate coefficients. However, the response of length
varied between some of the age classes, which indicated that
length was a less robust growth parameter. As opposed to
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the age-specific response to dimethoate, viz. by length, the
growth rate coefficient b served as a more conservative
growth parameter. The growth rate coefficient holds infor-
mation of the entire progression of growth and, thus, is con-
sidered the most powerful parameter usable as an endpoint
for F. fimetaria and H. aculeifer.

Growth in Relation to Other Fitness Parameters

Dimethoate had no effect on the onset of parthenogenetic
reproduction in H. aculeifer at the tested concentrations.
Significant stimulating and inhibitory effects on growth rate
and egg production were, however, observed at the lower
and the highest tested concentrations. A stimulative effect
of dimethoate on fertility (number of offspring) of H. acu-
leifer was also demonstrated by Krogh (1995) at the same
concentration range. Thus, a subtoxic stimulation (hormesis)
of three different parameters caused by near-identical con-
centrations of dimethoate has been demonstrated in H. acu-
leifer. A review of and explanations for hormetic growth
effects have been given by Stebbing (1982).

A similar coherence of toxic effects on growth and repro-
duction in F. fimetaria can be derived from the present
growth data and data on effects of dimethoate on fertility
(number of offspring) (Lekke et al., 1994). The two parame-
ters, growth and fertility, were affected to the same extent
when tested during a period of 38 and 28 days, respectively
(ECyo = 0.1 mg dimethoate per kilogram soil for both param-
eters).

Exposure

Exposure of individuals to dimethoate was intended
through the soil (soil water). In the experiments with the
Collembola, exposure through the food may have also oc-
curred because the dried yeast pellets readily absorbed mois-
ture when applied to the soil surface. Bioconcentration of
dimethoate by yeast (S. cerevisiae) in liquid culture has been

TABLE 1

Effect of Concentrations of Dimethoate (mg/kg Soil) of the Parameters: Growth Rate Coefficient b (Logistic Model)
(F. fimetaria and H. aculeifer) and Cumulative Egg Production (H. aculeifer)

Species Parameter Period (age of individual in days) Effect concentration (mg/kg soil)
F. fimetaria @ Growth rate coefficient b 2-38 EC,: 0.11 [0.014; 0.21]

H. aculeifer @ Growth rate coefficient b 2-34 EC, 0. 0.044 [0.039; 0.048]
ECy,: 0.59 [0.51; 0.67]
Cumulative egg production 16-20 ECy: 055 [0.49; 0.61]
16-23 ECy,: 0.59 [0.53; 0.65]
16-27 EC,»: 0.65 [0.58; 0.76]
16-34 EC,: 0.68 [0.61; 0.76]

Note. EC,,, lowest concentration at which a 10% reduction occurs. EC. 1o, lowest concentration of 10% stimulation. 95% confidence intervals in

brackets.
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Mean length of male and female H. assimilis exposed to a range of dimethoate concentrations (mg/kg soil). Age of individuals are indicated

at each curve. Vertical bars indicate SEM; asterisks indicate significant difference from control.

observed by Kumar et al. (1989). They observed a rapid
bioconcentration that was inversely proportional to the treat-
ment level: when exposed to 1 ug dimethoate/ml, a 330X
magnification in 6 hr was observed, followed by a rapid
decline to sixx magnification in another 6 hr. An actual
growth of the applied dried yeast in the present experiments
and the potential of accumulating dimethoate under the pres-
ent circumstances are, however, unknown. To gain insight
into the actual duration of exposure to dimethoate via the
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FIG. 8. Length of female H. aculeifer exposed to arange of dimethoate
concentrations (mg/kg soil). Age of individuals are indicated at each curve.
Vertical bars indicate SEM; asterisks indicate significant difference from
control.

soil, comparison was made to data on half-lives of dimetho-
atein different soil types given by Kolbe et al. (1991). They
reported half-lives of dimethoate ranging from 4.8 to 9.7
days, when applied at 3 or 4 mg/kg dry soil to three different
soils at 20°C. When compared to the soil being used in the
current experiments, which contained on average 1.6% org.
C, ahdf-life of dimethoate of 5—8 days would be expected.
El Beit et al. (1977) have, however, found the retention of
dimethoate to be dependent on dosage, and because severd
other factors might influence the persistence of the com-
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FIG. 9. Mean growth rate coefficient b (logistic model) of H. aculeifer
females as a function of dimethoate concentration (mg/kg soil). Vertical
bars indicate SEM; asterisks indicate significant difference from control.



EFFECTS OF DIMETHOATE ON SOIL MICROARTHROPODS

H. aculeifer

Age
50

40 -|
34
30
27
20

Cumulative eggproduction

= et — i
* [a—
* * * —i%
— b * *

10 23

20
04 16
T T | | |
0.0 0.2 0.4 0.6 0.8
Concentration (mg kg'")

FIG. 10. Mean cumulative egg production by H. aculeifer females aged
20-34 days as a function of dimethoate concentration (mg/kg soil). Age
of individuals are indicated at each curve. Vertical bars indicate SEM;
asterisks indicate significant difference from control.

pound, a lower half-life in the present soil may be the case.
When combining this information with the effect concentra-
tionsin Table 1, F. fimetaria is potentially not only acutely
at risk, but also at risk regarding growth performance for a
considerable time period postapplication of dimethoate at
recommended dosages in the field. In the same circum-
stances, H. aculeifer, on the contrary, is stimulated with
regard to growth and reproduction. A similar stimulation of
consumption may have consequences for the population of
this species as well as for Collembolan prey surviving the
chemical.

These hypotheses must disregard the differences in the
laboratory system compared to the field situation (tempera-
ture, avoidance behavior, etc.).

Growth Modeling

For the description of growth in several Collembolan spe-
cies, the growth model of von Bertalanffy has been the most
widely used (Petersen, 1971; Walsh and Bolger, 1990; Ernst-
ing et al., 1993; Posthuma et al., 1993; Tranvik et al., 1993).
The model has been criticized, though, for being too rigid—
not taking into consideration that growth is not an entirely
passive process—and that it does not allow for compensa-
tions for disturbances (Calow, 1976). As the authors found,
the model does not pay attention to the general growth pat-
tern of the very young juveniles. The growth pattern of
juveniles is generally characterized by alag phase followed
by a steep increase, resulting in a curve of sigmoid shape.
The progression of growth in the juvenile period, which was
of most importance in this study, was in some (but not all)
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cases better described by the logistic model. As also stated
by Tranvik et al. (1993), the model of von Bertalanffy is
relatively insensitive to the stabilization of the asymptotic
body size. These findings support some of the criticism of
the von Bertalanffy model; however, depending on the pur-
pose, the model can be quite useful.

Despite a better fit of the logistic model to the length data
of H. aculeifer, this model apparently aso does not allow
for compensations of disturbances regarding the final length
(L..) as seen when comparing Figs. 8 and 9.

CONCLUSION

A sex- and species-specific difference in sensitivity to-
ward dimethoate was exhibited in the three tested mi-
croarthropods.

For H. aculeifer and F. fimetaria, effects of dimethoate
on growth and reproduction were within the same order of
magnitude for each species.

It can be concluded that the logistic model and the model
of von Bertalanffy are usable for the description of growth
in the two Collembolan species and the predatory mite spe-
cies, but the logistic model gives a better fit to the data of
the individual juvenile growth and thereby is more useful
for detecting differences in, e.g., growth rates caused by
anthropogenic pollutants or abiotic factors.

Juvenile growth ratein F. fimetaria and H. aculeifer, sepa-
rated by sex, may be suggested as an ecotoxicological test
parameter with the logistic growth rate parameter b as end-
point. A feasible test procedure, however, requires further
development of the test.
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