
' /''''""", 

v ~ 
ECOTOXJCOLOGY AND ENVTRONMENT A1. SAFtTY 17, !90- Z04 ('rJ~9) 

~Population Consequences of Cadmium Toxicity 
in Soil Microarthropods 

Depanmt:m •Jf cculolf'/ :md Ec•:wx:c.'Jiol(;l. _:;•ee Cmvenuv, ie Bue!e!aan /08:" 
:V81 HVA.msrt:rdam. The Vether!anas 

C:1romc :oxicit'Y c~aerimencs were performed 'lsmg the collembo!an Orchese!la ,·;nc:a IL) 

Jnd the mbatid mite ?faunuthr<JS pt:itzfer: K,Jch '· <\lhiCh were exposed to "anous levels of cad
wum in the tOod (green ligae). Experimental resuits Nere combined with tire-!ustory intOr.n.
:wn :o ·Jbwm reaiisnc ~stima(es Jf ·h.: :mr:nsic ~:uc: •Jf pcpulat!on mcre::tse 1nd .ts sensitivit< · . .: 
Cd mess. Chronic LC50 values for ctiemry <!Xposure :o Cd were ~timated :15 1.60 -"molJg fO£ 
:znL1a IDd J. i8 :.~moi/g tor P peltijer. 'io-·lhserved~!fect .;oncentrations {NOEC31 ~or 
.md ·eoro<iuction .vere ').042 <tmol/g 'or 0. •::ncra 1nd 0.026 ,,.mol/g for P. _Jf'itl(er. 

~!feC'.s <JfCj .vere. huweve~. iiiferent .n ·!:J.Ch ,pec:es. ~n 0 .·:ncta. Cd alfec!ed onmarily 
~owrh. ·.vJthout a Jirec! !!feet <Jn reproduc~on: m ?. Jeiti(er. the <!!fet."I ·,vas pnrnanlv on 
.iuc:wn. :;ptake ofCd was higher in P ;Jeltljer•.han \n 0. "·im1a. and caused a :ossofzinc 
cormer >pecJes. -\.s a ~onsequence •Jf :he.:r .liifer:ng :Jhysiological responses 'O CJ. :mtes 
;oilembolans .llso rea<.'ted iiiferently m ·~he:r :JOpulauon growth .-ates. The capactty :or,..-,·--" 
·wn .ncrease of mites 1ppeared to be 'ather :;ensmve co Cd. while collernboians .vere 
"SOme ~xtent. to maintain their capacity 'or increase. :n >!Jite of toxic ::Ife<.'!S '-lt '.he .ndiVJIUill 
;evel. Tl:lese results may ~onmbute to developmg ~otoxicological theory ~or the p<· JPUJaU~ 

consequences of toxic ~on in >Pecies with Jiverging :.ife histories. Soil microanhropods 
be miwbie te;t vrganistns tor evaiuating the risk of -~hetmcais to the soil ecosystem. -= 
-\C3demtc n-ess. !nc. 

INTRODL'CTION 

A central theme of ecotoxicology concerns the relation between the toxic 
a chemical on individual organisms and the performance of a population 
organisms. The mechanisms that exist within a popu.lati<>n to· compensate or 
nify toXIc effects on individuals are central to an understanding of envtrtl>DIIIBC:!I 
consequences of chemical pollution. 

One of the approaches followed in population toxicity studies is the lltc:-t<:Lbflet:l~ 

demographic method From life-cycle toxicity experiments one estimates 
population performance indices, such as the "intrinsic rate of population 
and ''carrying capacity" (Allan and Daniels. 1982; Gentile et al .. i 982; Be111gtSl!illlli 
aL. 1985; van L~uwen et ai., 1987). Recently, a parameter called "biomass 
ratio" bas been proposed as another population performance statistic (van 
ana de Goede, l 987). Rather than individual measures. population paJ:-anietJers 

a more realistic indication of the ecowxicity of a chemical. Discussion has 
around the question. whether these indices would be more sensitive to chemical 
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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 
~qually sensitive, compared to individual parameters (Meyer et ai.. 1987: Day and 
KJushik, 1987). Others argue that some population parameters can be highly sensi
tive, because impercepuble ~ffects on individuals are magnified by the great number 
.Jr' individuals constituting a popuiation /Halbach et ai.. 1983). This paper aims to 
c.iemonstrate that this discussion is toe limned: depending on the ecologicai context 
::nher :1rgurr..ent ;nay be true. 

R.!sponses of population parameters ~o toxic 1ctjon oi ..:hemicals have been ana
vzed mostly tor short-!i·•P.d :xpnisms ·Nith high fecunaity (dadocerans, rotifers ). 
y.~t. ~rom ~cologic:ti cheery 1Stearns. !976), it has become dear that population vari
JCles. mch as the int~nsic rate of population in..:rease. are uct Jlways :ntluenced to 
the 5ame degree by .;hanges in mort_atity and fenility Depending on the tvpe of life 
h1story. population ~ncrease may. in mme organisms. be influenced mostly by an 
increase in mortality and m other organisms by a decrease in fertility. This study. 
theretore. reports on toxicny e;,periments using two spe-.:ies (a coJ.Iembolan and an 
on'band mite) that l.ive in che -;ame habitat. but differ •lllldely in their life histories. 
Detailed :.ire-rustory information ts used in -:ombination with the experimentai. results 
:o ·Jbt.ain :ealistic estimates of population parameters. 

z-::,,nemboia md OnbatJ.da ue :nicroarthropods occurring abundantly in the sur
'~ce lave!"S ·)I ~orest 3mls. T:1e :cilembolan Orchesefla cmcta (l.) md the onbatid 
:ntte P1arvnvchms pe/tzjer •Koch! :ue both ~ammon ,;pecies from these groups. From 
~..:ciogical ~esearch (Wetgmann. t Y75: ·mn Straai.en, I Y8Sa; Schenker, 1986) their lite 
~·;cies ·:an be summarized as tallows. 0 ,;:new (aduit length 3 mm) has two genera
~wns per year. one recruited in spring :md one in autumn. The species has separate 
;exes w1th indirect sperm transter: temales lay eggs at a rate of about 20 per week in 
aboratory cultures. Due to 5evere predation pressure in the field, the average lifetime 
.s 0niv a tew weeks. P. peltz/er !Jength 0.9 mm) has a single generation per year, re
:ruted from 1 ul~1 to November. The spet..'ies is parthenogenetic. Diverging estimates 
1r~ given for its fertllity: in thjs study :.1 maximal rate of three eggs per week was tound. 
-\dults may live for oeverai months. 

W1T.hin the diverse community of soil invertebrates, the two species can be seen as 
cepresenting two separate points in a life-history continuum of short-lived, highly 
r'ertile species and long-lived, slowly reproducing species. Depending on their mode 
ot' action, persistent soil pollutants such as heavy metals will affect some life histories 
more than others and thus may change the community in a certain direction. Since 
many soil microarthropods are involved in the decomposition of soil organic matter 
(Seastedt. ! 984). community changes may aiso alter the ecological functioning of the 
soil. By means of a comparative study, the present study contributes to developing 
c-eo toxicological theory for the consequences oftoxk action on species with diverging 
li~e histories. 

MA TERL.US A.l'ID METHODS 

Experimental 

Just-hatched CoUembola [Orchesella cincta (L.lj, about 3 days old. were taken 
from a laboratory culture and used directly for the ~xperiment. The mites [.P!atyno

ihrus peltifer (Koch)] were extracted by means of the Tullgren procedure from soil 
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cores taken in a pine stand of the Roggebotzand Forest. The Netherlands. Nere kept for 1 week at 20"C before use in the expenrnent: only adults were Collemboia were reared in Perspex culture boxes J,fJ 5 em) '<v\th a moistened .;f Pans bottom . .:ach oox conraming two randornlv ,:hosen cndivlduais. T'le were .<~ot m pdvc;1ene ·~uiture boxes i <fJ : em.\ with a bottom of chemically >and. -:overed ·.vnh 1 piece •)f niter paper: each box contained 12 randomly ~ndiv1dua1s. 3oth coilemboians and :nites were fed NHh y-een algae, which ;::ar·ed 1nd ·:cntammared as descnted by van Straa1en er ai. ( 1987): Cd was added · ti1e :;)Cci ;n a suifne form. For each Cd .1ddition. potassium sulfate was .1dded. equa., :zing che suifate concentntion for all Cd doses. The food ·.vas fresi'Jy or~:oa~l'·':l~~l each week. 
ln the experiment on CoUembola. seven Cd tie:uments were applied. each 30 t1mes replicated (totai: 420 indiv~duals in 2l0 culture boxes}. For the mites. C d treatments were Jpp!ied. -with o:ight replications (total: 5 76 indi··i~uals ill boxl'!s l. Dead anir:1ais were not repiaced. The boxes were placed in a stratified disposition in a dimatized room at zooc with a 12/12 light/dark cycle. F•Jr 0 dncta. Ll}e experiment !ru.'ted 6! days. Every ninth day the animals vea~hed :ndi·11duaily to the nearest microgram. During the reproductive Joxes were checked for eggs and hatchlings twice a week. For P. pelt~(er, thc:nent lasted 84 days. Every seventh day the mites were transrerred to a fresh ::,ox: the numbers of fecal pellets 1nd <!ggS were .::nunted. eggs be-ing tr:msferred aew box 1nd regulariy inspecred tor hatchlings. Indivtduais dying cturing the experiment plus those surviving at the end <.verelnd :nored tor .1naiysis. Metal anaiysis was done by graphite furnace atomic :ion '>pectrometry (Cd, Zn) and by flame atomic emission spectrometry (K) .. .-\ method tor sample preparation was :1d.apte:i from Ben~tsson and Gunnarsson : i The -;ollembcJans '?'ere Jnaiyzed individually. while the mit~ were pooled in 0t tour to six mdiv'id.uals. Fooe was analyzed :u intervals during the ex]pe11~1e'!l-. For 3tatisticallnalysis, data from the coilembolan experiment were sorted iD maie, female; female, and male/female pairs. Survivorship and molting were using all individuals. Growth was analyzed separately for the pairs of males males of <!Qual and unequal sex. Fertility (eggs per female) was averaged COlllll1:mtiU temales trom pairs of unequal sex. For mites, the culture box served as an "'v'-~-""' tal unit; fecal pellets and eggs were noted per box. following a correction for ....... , ....... _,._ LCSO values '-"·ere estimated according to Kooijman { 1981). The model sumes a log-logistic distribution of the survival probability with dosage, and a t-olic change of the LC50 with time. NOECs were determined using the mc)di1Jed test proposed by Williams ( ! 971 ). Analysis of covariance (Sokal and Rohlf~ was used to analyze the effect ofCd on clutch size, using female weight as a "n''~r11::aN 

Population A.na/ysis 

Life-history data for 0. cincza under unconta.minated field conditions were tained from van Straalen ( l985a.b). For each of the two successive generations in year (spring and autumn generations). survival and fertility varied with ae'vetlGpJrnen.; tal 3tage (weight) l:>ut were Jssumed innnant ·kith time. For P. peliijer, u1 tc-t~l\Jl' data were estimated from stage-frequency observations in Weigmann ( 1975). specific mortality and stage durations were assumed time-invariant while 
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was assumed to vary each month. with a peak in June, July and zero fertility from 
'iovember through March. Based on Schenker { 1986), it was assumed that adults tive 
3 months. Seasonal stage-structure changes predicted on the basis of these assum~ 
nons were in reasonable agreement with the data from Weigmann ( !975). 

Observations from the experiment and fieid data were combined by calculating a 
·'>tressed life ;:yde ·• for each Cd exposure by means vi the following formulas: 

Nhere 

j - i, I 
''i -,.,1 

:0 
:md 

• .?1, 
m,; == - '11,,, 

.·1'li() 

;", == surviv'll •o 5tage (weight c!assl i at Cd exposure level} in the 'stressed life -:ycie, ·• 
t =survival to stage i in the ·'msuessed" tic!id life cycle, 

;,0 =survival tu stage i at zero Cd exposure 1-:ontrol) in the toxicity experiment. 
!,

1 
-= survwal to stage i :u Cd exposure level) in the toxicity exveriment, 

md m.;. m., mi(), and m:; are the ;:orresponding fertility parameters. 
Thus. the e~perimental centro! situat!on !s equa; to the uncontaminated fie!d sit'Ja

:ion. each etfect of Cd on survival and tertility being accounted tor m the life cyde 
by the same percentage as observed in the ~xperiment. Since for P. peltifer only adults 
1nd eggs were used in the experiment, effects of Cd on surviv.al of nymphal stages 
·.vere assumed equal (0 those observed in the adults. 

from the "stressed lite cycles" the intrinsic rates of population increase over l 
::ear were calcuLated for 0 cincta as r = ln(Ro 1~>2), where P<JI and ~2 are the net 
·eproduction rates(~) for spring and autumn generations. respectively, calculated 
lS 

FGr P peltifer. the assumed time-varying fertility pattern necessitated a somewhat 
·.litferent approach. for each month. the de..,e!opment of stage structure was described 
0y means of a projecuon mtftrix identical to the one oonsidered by Longstaff ( 1977). 
Then a single year-to-year projt:\."i:icn matrix was derived from the monthly matrices 
by matrix muitiplication. From the iirigle matrix, the yearly rate of population in
crease was calculated as r = In X. where,\ is the leading <!igenvalue of the year-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 

[ ptake of Cadmium 

When cadmium was added to the food, the actual concentrations (measured on 
various samples during the experiments) were often lower than the nominal concen
trations (Table I). This may be due to the water-soluble fraction le-aching from the 
food into the su6strate. However. the controls contained Cd at a background !eve! of 
:1bout 0.0 I ,umol/g, even when the algae ( Pler~rocoaus) were collected from a remote 
rural field site. Addition of Cd did not change the concentration of zinc in the food 
and addition of K2SO~ (added to equalize the sulfate concentrations of all dosages) 
failed to cause a significant increase in the potassium concentration (Table l ). The 
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TABLE l 

'iOMINAL.'\:-lD . .l.CI"CAL COI'<CE:"mv .. nONSOFCJ. Zn. '\ND K !N Fooo(GREEN .-u...uru'"' 

XSED Wl"'H CdSO. >.,'<10 K.1SO • 

. \cmal C.:i :_-~me !I g) 

'iommal Cd 'iommal CJ b. pt. ExpL \.:mal Zn 

i >Lg/g) (.,.mdig) 0 c'incta p JeitLfer i;<ffiOl,-gj 

0 0 i) 009 1' ,, 1 , 
;.,J.-

I)J) 

0.5 :).004 1).0! l 

0.018 0.020 G.J:6 : t:O 6.3 

'I .J.07l 0.042 i).J'77 ' .. JS 64 

32 !J.285 O.l26 oJ . .:·n l J3 32 

:~3 t.i4 ')A99 t.U4 1).99 
;·· 

) 

5 · .. 2 .1..56 ; 3.:1 J.89 O.':lS '' ~· 

~xchangeable fractions of dements in the contaminated food were l 5--40% fat 

l 0-25% tor Zn, and l 00% tor K. These are aormai values ;or ':ontaminated 

in the rieid (van Straaien eta/ .. 1987). it may be <:onciuded that chemtcai bmding 

the compiex.ation of cadmiUm in laboratory ·contaminated food is not •1ery · 

from that of the :Jeld. {n the fOllowing, ail effectS are reiated to .U . .''!Ua.i total COllce~lllil'l 

tions on the basis of dry weigilt. 

For Orchesella c'!!U.:!a. Cd. levels in males and temaJes Jid not ditfer sigrutiOl.-: 

and were averaged. 3oth 0. '-'int.ta and Ptatynothr"'s peitijer took up C d in a 

trarion-..J.e;xndent manner ( Ftg. l ). Since the uptake phase takes 3 to 4 weeks tor 

spe:::ies ( :\-1..? .• \IL Janssen. unpublished\ the concentrations reported here 1.9 

weeks exposure time) probably represen~ equilibrium values. 0 ~'mcra appears 

maintain a ievei below the food concentration, while P peitijer ~encentrates o:b.e · 

mi•lm. relative to the food !eve!s (cf. Fig. I). This is consistent wi.th field obsen 
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-:cmbtned: 'I = 3 for P peitzjer). The broken line indicates equal concentrations tor animals and ;Qod. 

f·:c. 

.,., :ttl ~heir . 

."1' the , 

up less 

indicat 

pe!tifer 

thcrm• 
n:.1te Ct. 

ttvn .1· 

met.J.i~ 

l•1US ~· 

Th· 
-:'JOLT 

,-·~.: . 

u 



::JREE!'-1 ALGAE) 

Zn \..:tual K 
;g) i;-6ffiOiig) 

~ 1• S-40% for Cd. 
:mnated leaf litter 
nical binding and 
not very different 
ti total concentra-

iiffer sigmficantly 
p C d \n a concen
o 4 weeks for both 
ed here (9 and l: 

'/ 

: d In 

1.0 

/ 

/ 

: : "eeks of ~xposure to 

1c!a. males and femaies 
r amrnals and food. 

~:ADMitJM TOXlOTY IN SOIL A.R THROPQaO 195 

~ 

'" 1 ~ 

"' 
' ... 150 
;: 

' 
~00 ~ 

.. 
'"' c: 
;;. 
0. I 
~ I 

~ so ~ 
; 

~ 

~ 
.~ . 1 )1 ., 

fiG. 2. Deiecation of P peltzje• .iuring th~ ex per: men: lS a fum:tion of :he ·::J Josage. M~ans ne ;!iven 

"nh :h~:r >tanJard ~rrors. :,as.:u .m <.!ight ~e;Jlicatc ·;nxes. 

on the same species {Janssen. 1988). At the tlig..l'lest concentr:nwns. both species take 
up less Cd than expected in proportion to rhe tood wnc::!ntration. As there are no 
i.nJic:ltJ<JOS )fa conc~ntration depcndenc;- ·)fC J ~xcret:cn \ '.':.1~ Str:.nlen f!' .d. 198-:"), 

the tower levels attained here probably result ii:'om decreased consumption. In P. 
pe!t1[er. direct evidence tor this was obtained by measuring defecation (Fig. 2). Fur
thermore, in choice experiments (not repcrted here) P pe!t;fer was able to discrimi
nate between dean food and food containing Cd at 3. 9 ,umol/g. Decreased consum~ 
twn and behavioral avoidance of contaminated food has also been tound for other 
metals and other species doosse and V~rhoef,_l987; van Capeileveen er ai., i 986). lt 
:hus seems a common reaction among soil invertebrates. 

The zinc contents of P pefnjer. exposed to C:i. appeared to be !ower than those of 
-::Jntrol animals. Some Zn seems to be exchanged for Cd and is lost trom the animal. 
T~1e correlation between Zn and Cd in individuaJ. samples of mites was rather scat
cered (Fig. 3). At high Cd loadings(> t ,u.mol/g), no equimolar exchange for Zn seems 
w take place. It can be concluded that Cd exposure disturbs the Zn metabolism of P. 
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F!G. 3. Correlation between Zn and Cd m P ;;eltiler U'ter t:: ·Neeks ~~posure to various Cd dosages. 

EJch pomt is a single >ample. consisting eli 5IX pooled :miiv1duals. The broken '.ine indicates .m eqmmolar 

:\c::-tange of Zn for Cd :It a constant Zn - CJ ,;ontent 1:.! ~mot/g. being the .1verage Zn + Cd .;oment of 
1nexposed mitesl. 
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pe!t£(er. In 0 cincta. the Zn content was lower (on the average 1.27 .umol/g) 
P peitifer: no inrerterence ·Jr' Ci wtth Zn has been observed in this species. 

.vfortality 

Cadmium caused >•gmficam mort.ality only in the highest exposure groups 
In 0 ·:mcra. mortality commenced abruptly after 5 weeks (Fig. 4, left). ·.vhile 
peitrfer. mort.aiity increased gaduaily (Fig. 4, right). [n 0. cincta. no ditferen~.."e 
tween males and females was •)bserved. Chronic LCSO values were estimated 
these ·lata and are given in Table ~- P peltzfer seems to be more tolerant to Cd 
0. ~-mcra. although the itatlstical :>Jgnificance or tf'tjs difference is 
light oftb.e w~d•{contidence intervaL 

TABLE.! 

ESTIMATES OF MEDlAN LETHAL CONCENTR..._ TIONS OF Cd 
FOR Orchesella clncta ~"D Pfatynothrus peltifer AFTER 9 

AND i1 WEEKS OF DtETARY EXPOSURE 

9-w ~k LC 50 (,~£IDOl/g) 

12-W..:eK LCSO (.!'mol/g) 

Slope~eter 

0. cmcta 

1.60* 

0.42 
0.26-0.56 

P peltifer 

7.27 
3.79-13.96 

3.1:-l 
2.17-4.65 

1.10 
0.8! -1.38 

.Vote i..CSO'> and slcpes •>vere ~timated assummg the model ;n 
Kooijman \ 1 •lK l ). Belew cacn esumate. a 95'17o conndence inter;aJ is 
given. ~xc::nt ;or the value marked by 1n asterisk. where this couio :10t 

be calculate<l Jue to model madequacy. 
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TABLE 3-

C ONCENTRA TlONS OF Cd IN A:-llMALS St.R VIV!NG THE EXPERIMENT .t.. T THE HIGHEST Cd 
DoSAGE .\:-10 IN THOSE DYING DLRlNG THE EXPERIMENT AT THE SAME DosAGE 

)rcileseila ,_·:ncta 
P'ar.muchrus ;;eillJer 

'v!e::m 

O.J6 
l.J6 

Survivors l,umol,g) 

'io. 
SE ~bser;ations 

1}.0:'7 :o 
t) Jf:lO ~ 

Dead (~mol/g) 

\i '0. 
'vlean SE observanons 

0.55 O.t)53 l ( 
2.24 1).22! 8 

C .1dm;um levels of .1nimals d;;mg during the experiments were significantly higher 
:han the !eveis of these surv:vmg tTabte 3). The concentntions in P peltifer are 
higher than in 0 c·:ncw. both alive and dead. The two species dearly die from Cd 
:nrox.ica!Icn 1t different inteiT'al concentrations. P pe{tifer tole~ting a larger inten.ai 
·icse than 0. _·;ncra. 

,;rowth and Development 

Growth data for male/female pairs of 0. cincta are presented in Fig. 5; only surviv
_ng pairs are included. Weight increase was de-arly affected by Cd in the females, but 
1ot in the males (Fig. 5). The retarding effect en temafe grow1h appeared at about 4 
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F!G, 5. GroW1h of remale fleft) and male (nght) 0 c·:ncw at various times (I ; 5 davs to l ; 5! days) 

uunng che experiment. as :1 function of Cd exposure. Means and standard errors :ue given based only on 
·nJividuals surviving the complete experiment. 
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i='!G. 6. R~oductive pararnet~ of 0. r:incta at the varioiJS Cd CODl."t:ntrations. Mean dutch >i.zes 
illlndarti -!ITOI"i ;u-e baset.l on 111 clutches 13.!d per treatment. 4.djusted mean .;lutch sizes :~re ':::llc~ 
;·oilcwmg.malvsis :Jf covarianc.e. lSSUmmg .1linear reiauonship between ~!utch size :md weight. T:1e a¥0"
age numoer of ;;!utches !JeT female :s based on ill maie:female pair.;, including :hose aot reprodul.-:ng. 

weeks and continued to mcrease (Ftg. 5, left). On the basis of the eventual · 
mained by surviving females. ~he >tig.hest exposure concentration •:ausmg no ~ifed . 
was det\!rmined co be :}.042 .umoi,g. The growi:h-inhibiting ~tfect of C.i ·vas .Uso ·Jb
.>erved in fernale/temale pairs of 0 cincta. which of course laid no eggs. r:,ererore. it· 
is not rhe ternale :Kt1V1ty (egg production) that makes temales sensitive to Cd. but r.he 
being female itseU: 

The average molting rate of male/female pairs of 0. cincta was 1.23 per animal 
week; no effect of Cd on molting was observed, either in males or in ternales. W 
increase in P peitifer was minimal and not related to Cd exposure. Since 1duits 
a fixed size and do not molt. weight increase is not a good parameter for this species. 

R.eproduct ion 

Eggs produced by male/female pairs of 0. cincta were laid in clutches cf variable 
size: the average clutch size of control animals was 50, which is in agreement 
Janssen and Joosse ( 1986). The size of clutches gradually decreased with 1·n rn>:~c:-~n•: 
Cd expDsure. but only at the highest concentration was this statistically :5Igruticalllt1 
(Fig. 6: NOEC = 0.50 .umol/g). Since clutch size of 0. cincta is dependent 0n the' 
weight of the female. especially for the first clutch (Janssen and Joosse. l i.J86L ..1 .:or-· 
rection tor temale weight was applied by means of analysis of covariance. The .veu~.•n
adjusted dutch sizes did not then show a trend for Cd exposure (fig. 6). 
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o-.G. -_ ~epruducttve ;mrameters ·Jt P Jeltijer lt che vanuus Ci •;oncentrations. Means with :nandard 

:rrors :rre based .Jn :he :otai a umber of~ layed in ~ch uf .:igllt boxes per treannent. 

The number ofdutches ~r temal.e (ceunting temaies from all male;'temale oairs) 

vas lowest for the control ~oup. being due :o the tact that reproduction started later 

n \hts group. Low-dose Cd exposure ieems w il.ave an 1cceieratmg t!tfect on reprrr 

. .:uctive deYeiopment; otherwise, Cd has no ~tfet..'t en dutch numbers (Fi.g. 6). lik:e

v•.se. no t!tfec-::s 0fCd on development time for eggs (±6 daysl or on viability(:=':)()%) 

.vere nored. It ;::m 'Je c0nch.trded that Cd does n.ot .lifect reproduction of 0 -;:ncta 

..!irec-::iy: onty through its .;:Ife"cts un growUt. is ;eproduction redu<.:ed. 

P peitl]er commencect producing eggs in the tourth week. continuing to do so for 

c!"le rest of the experiment. Since each ~x contained 12 parthenogenetic individuals. 

c:urches laid by individual animals cou.ld not be discerned. Instead. the total number 

;;(eggs :aid in a bcx was, after correction for the number of animals aiive, cumulated 

•wer 9 weeks. Cadmium had a Jrastic effect on the reproduction of P. peltifer. At the 

hig.h.est ;!Xposure group. no eggs at all were iaid (Flg. 7). The :"'OEC is 0.026 !'mol/g. 

-;:-he de'leiopmenta.l times of eggs to larvae were extremely variable (20 to 60 days). 

v:ability Jf eggs also vaned between groups but not in a consistent pattern related to 

C J ; Fig. -:'). h is concluded that Cd has an inhibiting effect on the reproduction of P. 

pt!~ufer. but tt does not affect the i!ggs after they are laid. 

Pnpuiation Grow!h 

Demographic data of 0 cincta and P. peft;fer under uncontaminated field condi

tions are summarized in Tables .1 and 5. The life history of the coilembolan 0 cinc:ta 

: T .1ble --1-) ts characterized by a very high rate of mortality among hatchlings. followed 

by a phase of lower. steady mo~.ality; approximately 4% of the >pring generation and 

about 2% of the autumn generation reach sexual maturity. Fertility is rather high. 

The lite :Ustory oi the 0nbatid mite P. peluji::r is ,~haractenzed by l iow mort.:ility 

( 30% reach 5e:mal maturity), but the fertility is aiso low (Table 5). Net reproduction 

rates ( R.J). estimated from these tables, are~ = 1 . .:10 X 1.30 = 1.82 for 0. cincta and 
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TABLE 4 

LIFE TABLE FOR Orchese/la cincta L "NDER VNCONTAMINA TED FIELD CONDITlONS 

Fresh weig..I-Jt 
tmg) 

<0.0: 
o.o:-n.J6 
0 _;,; ..... ). i 
•ll-i).2 
o . .:: -•) . .5 
'l..: -d.; 
'.l. --•).) 
>(}.9 

Stage Juration 
tweek:s) 

Spring 
gent:ration 

!, 

0.299 
1\' 'I...,, .. 
}. _ _)I 

0. i86 
O.i20 
·) 0.388 
•i.v'O:n 
0 

m f 

0 l 
0 0.!49 
0 0.048! 
I) 0.0358 
:} 0.0236 

JJ O.'.ll ~5 
46 0.0!31 

0.00t8 

Vmt!. /, = survivoNhip •.u c:ass i. m, = n.umbt:r .Jf ·•1able ~!US produced per adult m dass :. Data 
:.aken ·rom ·ran Straalen ( i ')~)a, b). 

"'?..) = i ...1-6 for P. peltifer; from these values the population 5!"0wth rate (r) is ~lm;lll 
1s r = t).fiO per year for 0 cincta and r = 0.38 oer year for P peltzfer. For 
tidd ;JOpulations, R0 will equal one md r will be zero; the values given here 
\!stimated under conditions where populations 3howed a small increase. 

The -effects of CJ on ·mrvival and reproducucn were analyzed by 5UI:>erim.oollliill 
them on the above tield .Jata (see Materi.als md \tfethods). for P peltifer, fertilicy. · 
not nxed 1t the value shown m Table 5. but varied between 0 and 3.5, · 
>eason. Since the t:x~riment on P peltzjer did not cover !arvae and nymphs:, it 
JSSumed that Cd had an equal effect on mortality in all stages. {n this manlleS' 
both 5pecies, a '"stressed lite cycle'' for each Cd ;::oncentraticn was obtained 
wruch poouiation growth rates were calculated. 

TABLE 5 

LIFE TABLE FOR Pfatynothrus pe/tifer UNDER UNCONTA,\1:INA TED 
FIELD CONDITiONS 

Stage duration 
Class Stage (months) !, m, 

Egg 1.5 1 0 
2 Larva 2 0.93 0 
3 Proto nymph 1.5 0.59 0 
4 Deutonymph 4 'J.5 l 0 
5 Tritonymph 2 0.~1 0 
6 Adult I 0.30 2.0 
7 Adult I 0.24 2.0 
8 . .1.dult I 0.19 2.0 

,Vote. i, = ;urvivorship to -~lass :. '11, = numb<!r Jf ~!US produc~ per 
adult in c\ass L. Data were .:stimated from Weigmann ( 197 5l and Sch~nker 
(1986). 

::j, 
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FtG. 3. Population 5fOW£h :-:lte ·)f 0 •:1nc:a and P _Jefnter. •:alcuiateii from tox.;cJty .lata combined w1th 
ite-:11stOrf data from the :ie!d .. JS i :'unc~icn .JiCJ stre!iS . 

Figure 8 shows that the population gro-wth rate of P. peltifer is more a:ftected by Cd 
than the population growth rate of 0. cincta. ln fact, the latter species can maintain 
J positive r up to a concentration of 0.5 ,umci/g, while P peltlj'er shows a positive r 
cniv up to 0.03 umot/g. 

The ~OEC vatues zcr ill parameters studied are summarized in Table 6. It appears 
~hat the most sensttive of individuai criteria !growth for 0. cincta. reproouction for 
? peftifer) 1-ave ~OEC values in :he same :)rder of magnitude. However, the !'NO 

;pecies diifer widely when judged by the ~uiation growth rate. Wi.tb increasing Cd 
mess, 0 ;;rn.cta die before P. peitzjer, but P: ;Jeitifer are atfected before 0. cincta with 
cegard to population growth. 

DISCuSSION 

This study has demonstrated that population ~er!ormance indices such as the in
trinsic rate of populauon increase are both sensitive md insensitive to toltic action 
en the individual level. Although the two species considered appear equally sensitive 
to cadmium if judged by the most sensitive of individual criteria (growth, reproduc
tion). they differ in sensitivity when judged by the population growth rate. P. peltifer 

TABLE6 

NO·OBSER V"ED-EFFECT CONCEl'o~ TIONS OF Cd FOR 
Orche~e!la dncta A:"iD ?'ar.~·nmhrJ.s peitifer 

UNDER CHRONIC DIETARY ExPosuRE 

'IOEC (,:tmot/g) 

Criterion 0 ,;:ncra P pe!tljer 

Survival n.~o ~ ()4 

Consumption ,).~0 () . .24 
Growth O.J42 
Ri!productioo lL50 \U26 
Pcpulation growt.h 0.50 t}.026 
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has a ~igher LC50 !han 0. r:fncra. J:)ut a lower ~OEC for population ifOWT.h. 

~tr::umg that a simple reiationship bet·,ve::n :oxic::mt tolerance .md 'ite-histort 

6utes ;Jrooably does a.ot c:-ost. .\ s1mdar :;)nc:uswn may~ -Jrawn trcm me ~'-·JLLI"--" 

.O!p.C:li literature. 

~e!.lboid ( l ':187·~ .maiyzed LC50 jma 0n tish in relation to ~ongevit~t and 

.\:t:10ugh it "'as concluded chat ter:1le 1n1:i 5hor:-iived ·,;pec1es ~end co t:e :nor~ 

t!"lan less tertile and (ong-iived spec1es. 7.b.er~ ·vas also a great :.tmount of unexp 

v:J.cation :n the Jata. ~kver ::!t c1l. 1 : 9;3 ") ccmceJ out that in ·1 :c.'\.KOiogical sense. 

sen:mivit;. c::f a parameter is determined :10t ~niy by its magnitude of change in 

,;pcnse to the t0xicant. but ll.iso by the staris-::i<::.li variability of its estimate. In 

~ran toxicity tests using Cu and Cd. none of tj_e ·;ar:ables considered was 

tb.e most >ensin·,~ 1 Meyer t'! ,11. l '-l~-:'). ft is jear tb.ar the question of sensitivity 

msensitiv\ty oi :)Opulatioa parameters .::an not be .mswered in ct g.enen! sense. 

tion indices cakaiated from toxicity :>tudies may not be directly representative <)i 

j(~id mua(ion. ;ince re-suiating iactors ; food. predators) are not taken into 

K.)otjman f: 98Yi :rrgued thar in pooumnons ~egulared bv predators. 

growth ..vtll be most >ensmve to toxicamsaifecti.ng reproduction. wiuie :.n uv,..,u.,, .... u ... 

reguiated bv thelr food. popwation srowth wm be nost sensitive toetfa't.Son' 

From ~he 1bove conduswns. the resuits of this study demonsr.rated u'lat 

effects •Jn the "ndivtduai :evei are vf equal we1ght: P peitifer populations \l.:O.lll'-'='Uill 

sensitivny to Cd because the primary effect is on reproduction, wlule in 0. 

populations the response is refativeiy insensitive because Cd does not directly 

reproducncn. BengtSson >:?! ai. ( 1983. l985) concluded that population growt.h 

.:ollembolan qnvchtums armacus. >tressed by lead and copper. was affected 

by the ~lfectS of the metals on egg t;.rymg. R..:prcduc::ion seems to be the most . 

cally reLevant criterion for judging the eifa'is oi toxicants on sou microanhm!X-'ds. 

Various authors have reported changes in the soil microarthropod community 

gradient studies of metal-contaminated forest soils. :\lites decrease with · · 

site contamination, while sp~.ngtails often are not aifected (Williams er r.d., 1 

Strojan, 1978; M. P. M. Janssen. unpublished). Tb.e present results may ,.,,....,,V'Wl.,. 

~xplanation for these observations: CoHemboia such as 0. cincta may survive 

mi.um stress as a population. in spite of toxic dfa-ts on individual growth: mites. 

affected by their sensitive population respon!ie. it must, however .. be :.tdded that. 

with.tnCo.llemboia and Oribatida, significant Jitferences between species can be 

p!Cted. CoUembola such as 0. cincta. which inbabit the superficial layers of the 

floor, seem to contain lower levels of metals than species such as 0 ..zrmatus, 

• live deeper in the soil profile (cf Bengtsson er ai. 1983; Ja.assc:n, 19~8) .. A.mong 

batid mites, species variation in sensitivity to copper was demoru,'trated by 

(1984). P. peltzfer populations deneased in soils containing 200 p.g/g Cu, while 

other species did not. 

Different physiological mechanisms may underlie the different effc..:ts of Cd 

mites and collembolans. In P. peltifer, Cd disturbed Zn metabolism (fig. 3). s·. 

Zn is oth:n related to reproductive functions {Williams. l984 ). this may explain 

reproduction-inhibiting effect of Cd. In 0. ~·:ncta .. Cd in.hibi;:s the groW\h of 

~i.thout meeting egg laying dire.:t.ly (Figs. S. 6). In this species, Cd toxicity must 

based on m entirdy different medmnism, for example, a disturbance of ;,.,.......,,,,,...., 

promoting female ,growth. Coik:noot;J.ns are 1Cle to maintain low body t"•"'''"'"'-n ..... 
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rions of metals by means of excretion through intestinal exfoliation (Joosse and Buker, 1979: van Straalen et ·ai.. 1987). :"fo such mechanisms are known for mites. In comparison to the well-<ieveloped field of aquatic toxicology, ecotoxicology of soil organisms is only just beginning_ \fost toxicity data are known for earthworms; 0 nJy tittle <!xperimental information is available for soil arthropods (isopods. mites. soringtails). Yet. this group indud~ seven! ~asilv bred and manageable species that ,nay be ·;uitab!e cesr orgamsms. Considering the great Jiversity of the 30il commumty Jius the v~1r:ety of ~oiogic:ll 'liches vccupied. :he 1.azards of sot1 contaminants "5houid :e judged en :ox1cny Jaw trom ,1 representative >et of :>pet..'les. The present results ;nay ccntribute to a sn-engthening of the basis of a proper nsk ~niuation for soil c~)ntam,nan::s. 

CONCll'SlONS 
Comparative toxicity research on species ·.v~th diverging life histories may contrib-ute to developing eccto'Cico!og:icai theo~~ fe-r ~q;uiation responses to chemical exposure. For soil m.icroarthropods. ~tfects •Jn reprcduction seem to be the most relevant criterion. Soil arthropods may be useful test species fi"Jr risk evaluation of soil contam·mants. 
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