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Population Consequences of Cadmium Toxicity
in Soil Microarthropods
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Chronic “oxicity experiments were performerd using the collembolan Orcheseila cincza (L)
and the snbaud mute Plarvnothrus geltifer i Koch), which were exposed to varicus levels of cad-
mium in the food (green aigae). Experimental resuits wvere combined with lire-mstory informa-
en 0 ubunn reaiistic 2sumaces of he ntnnsic mate of pepulation increase and .S sensitivity o
d stress. Chronic L.C50 values for dierary «xposure 0 Cd were ssumated as 1.50 umol/g for &
nncta and 3.8 imoi/g for 2 peftifer. No-observed-edect concenrations {NCECs) for g
and ‘eproduction vere 3.042 amoi/g ‘or 2. ncta and 0.026 amol/g for 2. zeltifer. The mei
afects o €4 were. aowever. different .n 2ach species. n . ncra. Cd atfected primarily emafe
zrowth. wrthout 1 direct =rfect un reproducnon: in 2. Jeitifer. the eifect was primanly on rego. ;
duction. ptake of Cd was higher in 2. peltifer than in O. Uincta, and caused a loss of zinc m.
‘ormer species. As a consequence of theyr Jiffering physiological responses o C1. mites ang
:oilembolans 1so -eacted differendy in their population growth rates. The capacny Sor nopuis-
J0n .ncrease of mites appeared (0 he rather sensiuve o0 Cd. while coilemboians wvere abie;
some 2xtent. t0 maintain their capacity for increase. in spite of toxic =ffects at the ndivids
ievel. These resuits may contribute o developing =cotoxicological theory for the populari
consequences of toxic action in species with Jdiverging life histores. Soil microarthropods a
be suitabie test organisms for evaiuanng the risk of chernicais 1o the soil ecosystem. @ m
Academic Press. inc.
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INTRODUCTION

A central theme of 2cotoxicology concerns the relation between the toxic acti
a chemical cn individuai organisms and the performance of a population of
organisms. The mechanisms that exist within a population to compensate or
ify toxic effects on individuals are central to an understanding of enviropm
consequences of chemical poilution. 5

One of the approaches followed in populaticn toxicity studies is the life-table- ;' ”

demographic method. From life<cycle toxicity experiments one estimates
population performance indices, such as the “intrinsic rate of population increy
and “‘carrving capacity” (Allan and Daniels, 1982; Gentile et a/., 1982; Bengtsso

al., 1985; van Leeuwen et al., 1987). Recently, a parameter called ~biomass turngygg

ratio” has been proposed as another pepulation performance statistic (van
and de Goede, 1987). Rather than individual measures, population parameters
a more realistic indication of the ecotoxicity of a chemical. Discussion has arig
around the questicn, whether these indices would be more sensitive to chemical st
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than individual measures (growth, reproduction) or relatively insensitive. Some au-
thors conclude that population parameters are generally less sensitive or at most
2qually sensitive, compared to individual parameters (Mever et a/., 1987; Day and
Kaushik, 1987). Others argue that some population parameters can be highly sensi-
rive, because imperceptible effects on individuais are magnified by the great number
of individuals constituting a populaticn {Haibach et /.. 1983). This paper aims to
Jemonstrate thart this discussion is tcc limited: depending on the ecological context
sither argument may o€ true.

Raspouses of population parameters o toXic action of chemicais have been ana-
'vzed mostly for short-lived orzanisms vith high fecunaity {cladocerans, rotifers:.
v 2t rom 2cological theory (Stearns. [976), it has become clear that popuiation vari-
ables. such as the intrinsic rate of pepulation incraase, are act aways (nfluenced to
the saine degree Hv changes in mortality and ferulity. Depending ca the tvpe of life
history, population increase may, in some organisms. de influenced mostly by an
increase in mortality and in other organisms by a decrease in ferulity. This study.
therefore, feporls on tOXiclty experiments using two species (a coflembolan and an
oribatid mite) that live in the same habitat, but differ widely in their life histories.
Detaiied ire-mstory information is used in combination with the experimentai cesults
-0 obtain reaiistic estumates of popujanon parameters.

Coilemboia and Cribatida are microarthropeds occurring sbundantly in the sur-
Yce lavers of forest soils. The :cilembolan Orcaeseila cincra (L. and the onbatid
e Plarvnothrus pelftifer i Xoch) are soth common species from these groups. From
:coiogical research (Weigmann. 1973: van Straaien, 1985a; Schenker, {986) therr fife
cveles can be summarized as fotlows. O. 2incra (aduit length 3 mm) has two genera-
:1008 per vear. one recruited (n spring and one in autumn. The species has separate
sexes with indirect sperm transfer; females lay eggs at a rate of about 20 per week n
‘aboratory cultures. Due 1o severe predation pressure in the field, the average lifeume
s onlv a few weeks. P. peltifer (length 1.9 mm) aas a single generation per year, re-
cruaited from July to November. The species is parthenogenetic. Diverging estimates
are given for its ferulity: in this study a maximal rate of three eggs per week was found.
Aduits mayv live for several mounths. !

Within the diverse community of soii invertebrates, the two species can be seen as
representing two separate points in a life-history continuum of short-tived, highly
fertile species and long-lived, stowly reproducing species. Depending on their mode
of action, persistent soil poilutants such as heavy metals will affect some life histories
more than others and thus may change the community in a certain direction. Since
many soul microarthropeds are invoived in the decomposition of soil organic matter
{Seastedt. 1984, community changes may also alter the ecological functioning of the
soil. By means of a comparative study, the present study contributes to developing
ecotoxicological theory for the consequences of toxic action on species with diverging
life histonies.

MATERIALS AND METHODS
Experimental

Just-hatched Coilembola {Orchesella cincra (L)1, about 3 days old. were taken
from a laboratory culture and used directly for the xperiment. The mites [Platyno-
thrus peltifer (Koch)] were exiracted by means of the Tullgren procedure from soil
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cores taken in a pine stand of the Roggebotzand Forest. The Netherfands, The &
were kept for | week at 20°C before use in the eXpeniment: only adults were pse,

Collemboia were reared in Perspex cuiture hoxes 1 5 em) with 2 motstened p
1 Pans botiom. 2ach 20X contauning two madomiv chosen individuais. TYe T
NETE <Dt n polvthene cuiture hoxes @ 1 cm! with a bottem of chemicaily g
sand. covered with 3 piece of diter paper: sach box contained 12 randemiy %
ncividuals, Both sellembolans and mites were fed mith green algae, which werp
Fared and ccntaminared as described by van Straalen eral (1987 Cd was added ¥
te foed i a suitite form. For each Cd addition. petassium suitate was added. equak. - 5%
Zing the suifate concentration for ail Cd doses. The food was freshiy Prepared
gach weak,

In the experiment on Collemboia, seven Cd
30 umes repiicated (totai: 420 individuals in 20 cuiture boxes). For the mites, sig’
Cd trearments were Ipplied, with sight replications (total: 375 individuals vy
boxes). Dead animais were aot replaced. The boxes were placed in a stratified g
Hispesiticn in a climatized room at 20°C witha 12/12 light/dark cycle. .

For O. vincta. the experiment lasied 6! days. Everv ninth day the animatfs
wveighed ‘adividuaily to the nearest microgram. During the reproductive pes
2cxes were checked for ¢ggs and hatchiings twice a week. For 2. peltifer, the axa
ment lasted 34 days. Every seventh day the mites were transterred to a fresh cxgh
box: the numbers of fecal peilets 1ad c2gs were counted. eggs being transferred
aew 5ox and reguiarly inspected for hatchlings. :

Individuais dving Juring the experiment pius those

surviving at the end were
and stored for anaijvsis. Metal anatysis was done by graphite furnace atomic ak
on speciromertry (Cd, Za) and bv flame atomic 2mission spectrometry (X). A

method for sampie breparation was adapted from Bengtsson and Cunnarsson
The collembcians were analyzed individuailv, while the milss were pooled in
of four 1o six individuals, Food was anaiyzed ar i
For statistical 1aalysis, data from the coilem
male, femaie,; female, and male/female pairs. Survivorship and molting were
using ail individuais, Growth was analyzed se
males of equal and unequal sex. Fertility (eggs per female) was averaged counting .
temales from pairs of unequal sex. For mites, the culture box served as an experi
tal unit; fecal pellets and <ggs were noted per box, following a correction for deaths.
LC50 values were estimated according to Kooijman (1981). The modei fitsed. 43
sumes 2 log-logistic distribution of the survival probability with dosage, and 2 hy
bolic change of the LCS0 with time. NOECs were determined using the modifiedy

‘st proposed by Williams (1971). Analysis of covariance (Sokal and Rohif, 198} 7

was used to analyze the effect of C d ou clutch size, using female weight as a covariz

Population Analysis

reaiments were applied, each ben‘

Life-history data for O cincta under ine
tained from van Straalen (1983a.b). For eac

data were estimated from stage-

frequency observations in Weigmann (1975). Stag
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was assumed to vary each month, with a peak in June, July and zero fertility from
November through March. Based on Schenker (1986), it was assumed that aduits live
3 mouaths. Seasonal stage-structure changes predicted on the basis of these assump-
1ions were in reasonable agreement with the data from Weigmann (1975).
Observations from the experiment and field data were combined by calculating a
“stressed life cycle™ for each Cd exposure by means ot the foillowing formuias:
-

Li=—1, and My = ——m,,

~

=]
3

&

~vhere

4. = survival ro stage (weight ciass) / at Cd exposure level j in the “stressed life cvcie,”
;, = survivai to stage [ in the “unsiressed” feid life cvcle,

‘o = survival o stage { at zero Cd exposure (countrol) in the toxicity experiment.

{, = survival 1o stage i at Cd exposure level ; in the toxicity experiment,

|

It

and m,;. m,, myg, and m;; are the corresponding ferulity parameters.

Thus. the experimental control situation is equal to the uncontaminated field situa-
iion. 2ach etfect of Cd on survival and ferulity being accounted for in the hife cycle
by the same perceatage as observed in the experiment. Since for P. peftifer only aduits
1nd eggs were used in the experiment, effects of Cd on survival of nvmphatl stages
were assumed equal 10 those observed in the adults.

From the “stressed life cvcles” the intniasic rates of population increase over 1
vear were calculated for O cincra as r = In(Ry Ry,), where Ry, and Ry, are the net
-eproduction rates (R,) for spring and auturin generations. respectively, calculated
s

RO = z'!lmi-
{

For P. peltifer. the assumed time-varving fertility pattern necessitated a somewhat
gitferent approach. For each month. the development of stage structure was described
»v means of a projection mdtrix identical to the one considered by Longstaff (1977).
Then a singie year-to-vear projecticn matrix was derived from the monthly matrices
bv matrix muitiplication. From the single matrix, the yearly rate of population in-
crease was calculated as r = In A, where A is the leading 2igenvalue of the vear-to-year
projection matrix. For sake of brevity, details of the matrix model are not given here
but can be obtained from the authors on request.

RESULTS
LUptake of Cadmium

When cadmium was added to the food. the actual concentraticns {measured cn
various sampies during the experiments) were often lower than the aominal concen-
trations (Table 1). This may be due to the water-soluble fraction leaching from the
food into the substrate. However. the controls contained Cd at a background levet of
about 0.01 umol/g, even when the algae { Pleurococcus) were collected from a remote
rural field site. Addition of Cd did not change the concentration of zing in the food
and addition of K.SO, (added 1o equalize the sulfate concentrations of all dosages)
tailed to cause a significant increase in the potassium concentration {Table {). The
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TABLE ! 3

NOMINAL AND ACTUAL € ONCENTRATIONS OF Cd. Zn. AND K 1N FooD (GREEN ALGAE)S
Desep witH (3804 aND K50,

acrygal 3 tumotg)

Nominai Cd Nominal Cd Ept. Expt actual Zn
fug/e) {amei/ g} 0 cinctd P. seitifer rumolig)

0 0 3.009 D2 0.33

0.3 0,004 0.0t — —

2 no18 0.020 3.026 {00

3 J.071 0.042 0,077 1.08

32 1).285 0.126 .243 193

28 {14 11,499 {04 .99

32 136 . 34 3.39 .98

\

exchangeable fractions of slements in the contaminated food were 15—(% for
10-25% for Zn, and 100% tor K. These are qormal vaiues (o1 sontaminated leaf xes
i the feld (van Straaien ¢f al.. 1987). lt may be concluded that chemical oinding M
the complexation 5f cadmium in laboratory -cntaminated foed is not very diffes
from that of the feld. {n the following, all effects are reiated to jctual toral concend
tons on the pasis of dry weignt.

For Orcheseila cinctd. Cd levels in males and femailes Jid aot differ sigaifica
and were averaged. 3oth O. cincta and Platynothrus peltifer 10OK up Cd in 4 com
(rationlependent manner {Fig. 1). Since the yptake phase rakes 3 to 4 weeks for b g
species (V.2 M. Jjanssen. ynpublishedY. he concentrations reported here (9 and? '
weeks exposure’ Gme) protably represent aquilibrium values. O cimcld appears
maintain a ievel nelow the food conceatration, while P. peltifer concentrates ihe o3
minm. relative 1o the food levels (cf. Fig. 1). This is ~onsistent with field observaty

-
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Fic. 1. Cd concentrations of 0. cincra {left) and P. peftyfer (night) after 3 and 12 weeks af axposure S
Cd, respectively. Means are given with their standard 2rrors (1 = 0 for O. cincia. males 1nd femaihass
combuned: 7 = 8 for P peitifer). Tae broken line indicates equal concentrations for animais and ‘ood- .
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FiG. 2. Defecation of £. petifer during the experiment as a function of the Td Jdosage. Means are Ziven
with -heir standard errors, based 2n eight replicate 2oxes.

on the same species (Janssen. [988). At the highest concentraiions, both species take
up less Cd than expected in proportion o the food concentration. As there are ao
indicatiens >fa concentration dependency of Td excretion cvan Straalen er £/ [987),
e lower levels attained here probably resuit frcm decreased consumpticn. In 2.
oseltifer. direct evidence for this was obtained by measuring defecation (¥Fig. 2). Fur-
thermore, in choice sxperiments {not reperted here) P. peftifer was abie to discrimi-
nate between clean food and food containing Cd at 3.9 umol/g. Decreased consump-
dion and behavioral avoidance of contaminated focd has aiso been found for other
metals and other species {Joosse and Yerhoef,_1987; van Capelleveen er af., 1936). It
hus seems a common reaction among sod invertebrates.

The zinc contents of P. peftijer. exposed to Cd, appeared o be lower than those of
soatrol animals. Some Zn seems to be exchanged tor Cd and is lost {rom the animal.
Tae correfation between Zn and Cd in individual samples of mites was rather scat-
rered (Fig. 2). At high Cd loadings (> { umol/g). 0o equimoiar exchange for Zn seems
10 take piace. It can te concluded that Cd exposure disturbs the Za metabolism of P.

-
> 154 .
~ .
-— -
g [
S 204 I~
32 RIS
o - @ ~
» At S
-— K . R
= 154 o SRS Iy
-— A‘ ~
u * - bt N
a . S
* ~
a
1.0 4 ~ o
€ - ~
~
=
& oae .
0.5 1
_— - T :
0 905 1.0 1.3

(4 :n P sattifer (umei/g)

71G. 3. Correlation between Zn and Cd in P geltifer ater {2 weeks exposure to various Cd dosages.
E£ach point is a single sample. consisting uf six pooied :ndividuais. The broken !ine indicates an equimoiar
+xcnange of Zn for Cd at a constant Za ~ Cd content (2.1 umot/g, being the average Zn + Cd content of
anexposed mites).
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2. 8 u/g A 32 uyg Y. 128 ugsg; @ 342 wgyg raominal concentrations). For actual concentrations,
Table {. )

peltifer. In O. cincia. the Zn conient was lower (on the average 1.27 umol/g) tha
2. peltifer; no interterence of Cd with Zn has been observed in this species.

Mortality

Cadmium caused sigmificant mortality only in the highest exposure groups {Fig,
In O. cincra. mortality commenced abrupdy after 5 weeks (Fig. 4, lert). while v
peltifer. mortality increased gradually (Fig. 4, aght). In O. cincta. ao difference
tween males and females was cbserved. Chronic LCS0 values were estimated
these data and are given in Table 2. P. peftifer seems to be more tolerant to Cid ¥
O. cincra. although the statistical significance of this difference is uncertain in @
ight of the wide'confidence tervai.

TABLE2

ESTIMATES OF MEDIAN LETHAL CONCENTRATIONS OF Cd
FOR Orcheseltla cincta aND Platynothrus peltifer AFTER 9
AND 12 WESKS CF DETARY EXPOSURE

O. cincta P. peliifer
9-Wzek LC 50 (umoi/g) 1.60* 727
3.79~12.96
12-Week LC20 (umol/g) — 3.3
2.17-4.65
) Slope parameter 0.42 .10
0.26-0.56 0.81-1.38

Note. LC3(Vs and slopes were cstimated assuming the modei in
Kooyman : 1981, Belcw =acn ssumate. a 95% confidence interval is
given, =xceot for the value marked by an asterisk. where this couid aot
be calculated Jdue 1o mode! inadequacy.
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TABLE 3’

COMCENTRATIONS OF Cd IN ANIMALS SURVIVING THE EXPERIMENT AT THE HIGHEST Cd
DOSAGE AND IN THOSE DYING DURING THE EXPERIMENT AT THE SAME DOSAGE

Sarvivors {umol,g) Dead {umol/g)
No. No.
Mean SE shservations Mean SE observations
Drenesetla cincta © .36 3.027 20 Q.33 0.053 '
Plarynctarus peltifer .36 1,060 4 2.24 0.221 3

Cadmium levels of animals dving during the 2xperiments were significantly higher
than the leveis of these surviviag {Tabie 3). The concentratons in P. peltifer are
mgher than in O ciacra, both alive and dead. The two species clearly die from Cd
inroxication at different intermal concentrations. P pefrifer tolerating a larger internaf
dose than 0. :ncta.

Frowth and Development

Growth data for male/female pairs of O. ciacta are presented in Fig. 5; only surviv-
.ng pairs are included. Weight increase was clearly affected by Cd in the females, but
a0t tn the males (Fig. 5). The retarding effect en temale growth appeared at about 4

49 . .
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{’ 327 . 0229
! : ) —y——? b
) 3 ('/
- + t=6 — t=6
¥} 9
T T T T T
0.01 1 1.9 0.01 31 1.0

Cdn food umal/g} Cd in faod!umol/g}

F1G. 3. Growth of iemale (left) and mate (nght} O. cincra at various times (¢ = § days to ¢ = §1 days)
durnng the experiment. as a function of Cd 2xposure. Means and standard errors are given based only on
‘ndividuals surviving the complete experiment.
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FG. 6. Reproductive parameters of O. cincia at the various Cd concentrations. Mean clutch sizes ‘il
standard 2rrors are based on atl clutches ‘aid per treatment. Adjusted mean :lutch sizes are calcuiated
‘oilowing analysis of covariance. assuming a linear relanonship between iutch size and weignt. The aver-
age aumoer of cluiches per female s based on all male, female pairs, inctuding -hose aot reproduc:ng.

weeks and continued to increase (Fig. 3, left). On the basis of the eventual ‘veigh

mtained by surviving females. the highest exposure concentration <ausing no <fect s

was detgrmined o be 3.042 yumoi;g. The growth-inhibiting 2ffect of i was aisc cb- ¥

served in female/tfemale pairs of ©. cincra, which of course laid no eggs. Thererfore, & -

R is not the female acuvity (egg production) that makes females sensitive to Cd. but the
being female itseif.

The average moiting rate of maie/female pairs of O. cincta was {.23 ger animal pex

week: no effect of Cd on moiting was observed, either in males or in females. Weight 5

increase in 2. peftifer was minimal and not related to Cd exposure. Since aduits have i3 %

a fixed size and do not molt. weight increase is not a good parameter for this species.

Reproduction

Eggs produced by male/female pairs of O. cincta were laid in clutches of variable

size; the average clutch size of control animals was 50, which is in agreement wigh

. Janssen and Joosse (1986). The size of clutches gradually decreased with increasiog:
Cd exposure. but only at the highest concentration was this statistically signiicant
{(Fig. 4: NOEC = 0.50 umol/g). Since clutch size of O. cincta is dependent cn the
weight of the female. especially for the first clutch (Janssen and Joosse. 1986). 1 cor- -
rection for female weight was applied by means of analysis of covariance. The weight-
adjusted clutch sizes did not then show a trend for Cd 2xposure (Fig. 6).
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=G, . Reproductive parameters of 2. geltifer at the vanous Cd concentrations. Means with standard
srrors are based on the ‘otai aumber of <ggs layed in 2ach of 21ght hoxes per treatment.

The aumber of clutches per female {counting temaies from all male/temale Dairs)
vas lowest for the control zroup. being due ¢ the fact that reproduction started later
n this greup. Low-dose Cd 2xposure seems (0 dave an accelerating zffect on repro-
Juctive development; otherwise, Cd has no etfect cn clutch aumbers {Fig. 6). Like-
vise. a0 affects of Cd on develcoment time for eggs (+6 days) or on viabiiity {z90%)
were noted. [t can de conciuded that Cd does aot affect reproduction of C. 2incta
directiv: onty through its efects on growth. is reproduction reduced.

P. peltirer commenced producing sggs in the fourth week. coptinuing to do so for
:ne rest of the experiment. Since each hox contained 12 parthenogenetic individuals,
ciurches laid bv individual animals could not be discerned. Instead. the total number
5t eggs ‘aid in a bex was, after correction for the aumber of animals alive, cumuiated
sver 9 weeks. Cadmium had a Jrastic etfect on the reproduction of 2. peftifer. At the
highest exposure greup. no eggs at all were laid (Fig. 7). The NOEC is 0.026 umol/g.

The deveicpmental times of eggs 1o !arvae were exiremely variabie ( 20 to 60 days).
Viability of 2ggs also varied between groups but not in a consistent pattern related to
Cd :Fig. 7. It is concluded that Cd has an inhibiting effect on the reproduction of P.
seirier. but it does not aifect the 2ggs after they are laid.

Population Growth

Demographic data of O. cincta and P. peft:fer under uncontaminated field condi-
rions are summarized in Tabies 4 and 5. The life history of the coilembolan O. cincta
i Tabie 4) 1s characterized by a very high rate of mortality among hatchiings. foilowed
by a phase of lower. steady moriality; approximately 4% of the spring generation and
about 2% of the autumn generation reach sexual maturity. Fertility is rather high.
The life wustory of the onbatid mite £. peltifer is charactenzed by a iow meortality
{30% reach sexual maturity), but the fertility is aiso ow (Table 3). Net reproduction
rates ( R,}. sstimated from these tables, are Ry = 1.40 X 1.30 = 1.82 for O. cincta and
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TABLE 4
LiFE TABLE FOR Orchesella cincta UNDER UNCONTAMINATED FIELD CONDITIONS

Spring Autumn -§
generation generationgia
Fresh weight Stage duration
Stage {mg) (weaks) A m,; 1
! <302 : { 0 {
2 0.02-0.06 2 0.299 0 0.149
hi 0.36-0.1 2 3,237 0 0.0481
3 D102 z .136 0 0.0338
3 0.2-0.3 3 012 3] 0.0236
3 033107 4 3.0383 13 0.0135
N .79 b) 6.0027 16 0.0131
3 >(.9 5 0 — 0.0013 i
Voere. {; = survivorship (o ciass (. m, = number ot nabie eggs produced per aduit in class :. Cara

caken ‘tom van Siraalen ( i985a. b).

Ry = 1.36 for P. peltifer: from these values the population growth rate (#) is esti
- 1s r = .50 per year for O. cincra and r = 9.38 per vear for P. peltifer. For avers

fieid populations, Ry will equai one and r will be zero; the values given here

sstimated under cenditions where populations showed a small increase.

The effects of Cd on survival and reproducucn were anaiyzed hy superimp
them on the above feld Jaia (see Materials and Metheds). For 2. peltifer, fertilivy
not dxed it the value shown i Table 3. but varied hetween 0 and 3.3, accordin
season. Since the experiment on P. peltifer did not cover larvae and aymphs. it w
assumed that Cd had an equal effect on mortalitvy in ail stages. In this manner
both species, a “stressed life cycle” for each Cd concentraucn was obtained fonl
wmch popuiation growth rates were calculated.

~
- .

| TABLE 3 f
LIFE TABLE FOR Platynothrus peitifer UNDER UNCONTAMINATED
FIELD CONDITIONS
Stage duration
Class Stage (months) l, m,
1 Egg 1.5 \ 0
2 Larva 2 0.93 0
3 Protonymph 1.5 0.59 0
4 Deutonymph 4 .31 0 L
5 Tritonymph 2 0.41 0
N 6 Aduit 1 0.30 20
7 Adult i 0.2 2.0
3 Adult t 0.19 2.0
Note. {, = survivorship to :lass ;. m, = number ot eggs produced per

adult in class .. Data were estimated from Weigmann (1973} and Schenker
11986).
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F1G. 3. Population zrowth cate of O. cincra and P elftifer. calcuiated from toxicity iata combined with
Jite-ustory data from the deid. 1s 4 ‘uncucn of Cd stress.

Figure 8 shows that the pcpulation growth rate of P. peltifer is more affected by Cd
than the population growth rate of O. ¢incra. In fact, the latter species can matatain
1 positive 7 up to a concentration of 0.5 pmci/g, while P. peitifer shows a positive r
cuiv up to 0.03 umol/g.

The NCEC vaiues cr all parameters studied are summanzed in Table 6. It appears
rhat the most sensitive of individual criteria (growth for O. cincta. reproduction for
2 peltifery nave NOEC values in ‘he same order of magmmde. However, the tvo
species differ widely when judged by the popuiation growth rate. With increasing Cd
siress, O. cincta die before P. peltifer, but P. peltifer are atfected before O. cincta with
regard to population growth.

- DISCUSSICON

This study has demonstrated that population performance indices such as the in-
rrinsic rate of population increase are both sensitive iand insensitive 10 toXic action
on the individual level. Although the two species considered appear equaily sensitive
t0 cadmium if judged by the most sensitive of individual criteria (growth, reproduc-
rion). they differ in sensitivity when judged by the population growth rate. P. peltifer

TABLES
NO-OBSERVED-EFFECT CONCENTRATIONS OF Cd FOR
Orcheseila cincta AND Slarnothrus peitifer
UNDER CHRONIC DIETARY EXPOSURE

¢ NOEC {umol/g)
Criterion O cincia P. pettifer
Survival .30 104
Consumption .20 .24
Crowth .42 —
Reproduction G.30 12.026
Pcpulation growth 0.30 1.026
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nas a gher 1.C50 than O. cinctd. hyt a lower NOEC for populauon growth. ds
straang that 4 simple cejationship bervee ~oxicant clerance 1nd ‘ife-aistory
sutes prooabty does a0t axust. A sumalar ~opeiusion may e Jdrawn from the Seoto
cwicai literature.

Neuhotd (1987 analyzed { CS0 Jara on tsh in relauen 0 1ongevity and “ecun
Although it ¥28 conciuded that fi rule and short-ived 3pecies rend TG T MOre oler
than less ferule and ioag-lived sTecies. shere was aiso a great amount of unexpt
yaration in the data. Mever o 2l (9R7Y pomied out thatinl -oxcological sense. T
sensitivity of a parameter is determined act sniy by its magnitude of change in o
sponse Lo the toxicant, but also by the statistieal sarability of us astimate. In clad '
aran tOXiCIty ests ysing Cu and Cd. none of the sariaoles coasidered was ¢o nsisten
the Most 3 08tve Mever er 2l 19R7Y. [t is <lear that the question of sensitivity versy
iasensitivity O sopulaton paramerers sanaot be qoswerad ina general sense. Poonkd
tion ndices cajculated from roxicity studies may ot be directly represeniatve of
Jeid situadon. snce ceguiating faciors (food. predators) are act taken into acCo -
Kooyman {19855 argued that in Jopuiations cequjared DY predators. popusm
growth will be most sensiuve 0 coxicants affecung reproducten. whyle in popuiatt
regulated DY sherr fcod. popuiation zrowth will be most sensitive to effects on su

From :he above sonciusions. the resuits of this study demonsuated that hiva
effects on the ‘ndividual level are of squal weight: P peltifer populations demon
sensiuviey 1o €4 secause the prumary effect is on reproduction, while in O. c”
popuiaticns the response 1S relatively ipsensitive because Cd does aoot directly af

reproducten. Bengtsson <t al. (1983, 1983) concluded that populaton gowth of 1 R

sollembolan Qnychlurus grmarus. siressed Oy lead and CODDEY, WS atfected prum
by the zfects of the metajs on <22 laying. Reproduction seems 1o be the most 2cu
cally reievant criterion for judging the effects of toxicants on sodl microarthropods. E

Various authors have reported chapges in the sol microarthropod community
gradient studies of metal-contaminated forest soils. Mites decrease with inCreasy
site contamination, while springtails often are ot affected (Williams ¢t al., ¥
Strojan, 1978; M. P. M. Janssen. unpublished). The present results may provide
explanation for these observations: Collembcia such as O. cincta may survive <
m/im Stress as a populaucil. in spite of toxic affects on individual growth: mites
affected by their sensitive population response. it mast, nowever, be added that. boél
within Collembola and Oribanda, significant Jifferences berween species can be
pected. Collembola such as O. cincta. which inhabit the superficial layers of the fo
floor, seem 10 contain lower tevels of metais than species such as O. armaltus, wieed
live deeper in the soil profile {(cf. Bengtsson ¢! al. 1983; Jaassen, {988). Among ork
patid mites, species variation in sensitivity to cOpper was demonstrated by ¥
(1984). P. peltifer populations decreased in sous containing 200 #g/¢ Cu, while =
other species did not.

Different physiological mechanisms may 4nderlie the different offects of Cd on
mites and collembotans. 1o pP. peltifer, Cd disturbed Z2 metabolism (Fig. 3). Sine
Zn is often related 1© reproductive functions { Williams. 1984). thus may explain th
reproduction—inhibiting effect of Cd. In 0. cincta. Cd inhibits the growth of females
without affecting €88 laying directly (Figs. 5. 6)- In this species. Cd toxicity must O
rased on 1n entirely different machanism, for example, & disturbance of pormo!
promoting fernaie growth. € otliermoowuns are sble ¢ maintain low body concentra¥y
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tions of metals by means of excretion through intestinal exfoliation (Joosse and
Buker, 1979: van Straalen er 4/, 1987). No such mechanisms are known for mites,
In comparison to the well-developed fieid of aquatic toxicology, ecotoxicology of
sol organisms is only just beginning. Vost toxicity data are known for earthworms:
only little experimental information is available for soil arthropods fisopods, mites,
springrails). Yet. this group includes several =asilv bred and Mmanageable species that
may e suitable rest orgamisms. C ousidering the greag Jiversity of the soil cormmumty
olus the varety of 2coicgical niches occupted. the razards of soif contaminanis shouijd
e judged cn toxicwy Jdaia from a representauve set of species. The present resuits

may ceniribute tc a sirengthening of the basis of a proper risk 2valuation for soil
coatam.nanis.

CONCLUSIONS

Comparative toxicity research on species with diverging life histories may contrib-
ute to developing ecctoxicological theorv for suepulation responses 1o cremical expo-
sure. For soil microarthropoeds, effects on repreduction seem to be the most relevant
criterion. Soil arthropods may be useful test species for risk evaiuation of soil contam-
inants.
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