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T·J Jnderstand ~he consequences of 50il poiluuon on , 1gn s of biological organ1zauon. 
the ~':Jam ,Jf ::rf~!S oi .;adm!Um .m -;everal interrelated responses was >tudit:d ;n J. ·:hron1c tox;cny 
~~perime'1t •Jsing the :'lllemf·,,.llan >Pf0.es F•,lsnmia ·:andida 1W\ilem1 in Jn JrtJtic;JI ·;mi. ,..~,e 

·ndividuaJ .JarJ.metl!rs mrt1•,aJ. ~owth. and number of •Jtf.~pnng were determmed Jli:er Jirferem 
time inter~als up :o 9 weeks. The accumulation of cadmium in springr.ads IDd r.he popuJaoon 
increase dunng •he ::xperimental period were also determined. By combining lll the mentioned 
aarame1ers Jnd their development :n time. 1 detailed picture of ~he action of -:admium on F 
.::Jntiiaa was obtained. In order of decreasing :;ensttivay the EC!<J Jaiues fur 'hn 3ertalanrfy 
.5f0wtll. number ai orfspnng, populanon increase. :1nd sumval were 256. >326 .. ns. and 350 :•g 
Cdig dry soil. respectively. The ultimate LC 50 •talue :md llso the >!qllllibriurn bodv burden ·:vere 
reached liter Jbout :o days. Rcproduc1ion started later ::>eeause CJf retarded ¥'Qwth. JUt was not 
Jrfe<:ted Jirectly md !ventuaJiy :eached the .;ontrcl ievel. The results 1re discussed in :ight •Jf [he 
;eemmgJv contradictorv ideas ·Jf HaJbach 11984. Hvdrohwlogw W9, '<l-~61 md 'ltfever <!t :1/. 
: l<lll7. Envzron. .r<~.ncal. Chern. 6, 115-!.:61 Jbout the ;ensmviry of individual .md aopuiatiun 
parameters. it apoears ;o be very 1mponant to know how individual parameters .1eveiop :.n "ime 
so mat me most .;ensmve ~eter :md the ~'Onsequences ;or higher levels ofbwl<>g~cal m~mzaoon 
.:an be detenmned. <:l · 993 .;.caaemic !"res. ;nc. 

INTRODUCTION 

One of the greatest challenges in ecotoxicology is to predict l!tlects of pdlutants :m 
the population, community, and ecosystem levels from effects on the previous (evd. 
of biological organization (:Moriarty, 1988; Levin et al.. 1989). This step should 
made to obtain ecologically realistic toxicity values, to close the gap between labcJral~r·~ 
studies and the situation in the !ieid. Such data are a valuable tool for de6sion mak~l'$ 
ro set reliable standards for soil poLlution. At this moment standards fix soil pollution 
are based on toxicological data at the level of single organisms which, moreo"er, tOr · 
soil are hardly available. , 

Not much progress has been made in predicting the effects from a lower to a b.igher · 
level of biological organization (Butler, !984 ). According to Seitz and Rat':e ',! 99 l J 

the prediction from a lower to a higher level is not done by simple extrapolation 
llhe previous level, because at each level interactions exist which do not influence 
properties of that particular tevel but which do influence those of the next. !n the· 
discussion vfwhether population parameters are more or less sensitive than individual 
parameters two contradicting ideas can be discerned. According to Halbach 1. ~ 984} 
minute chronic effects. which are sublethal and hardly noticeable at the level of the 
individual. can be ampli:fted through thousands of animals, leading to changes in the 
population dynamics. As a consequence, the population parameters are more sensw.<~e .. 

<J I47 -<i51Jt'n i5.oo 
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than the individual parameters. This idea has been elaborated for field and laboratory 
experiments with Brachionus caiyczjlorus and Brachionus rubens exposed to penta­
chlorophenol. Meyer t!t ai. "( !987) on the contrary. state that in the case of Daphnia 
puiex exposed to cadmium and copper. population parameters are more or less as 
sensitive as the individual parameters because of a compensation of the unused capacity 
of nontit animals by the finer ones. 

The spec1es Faisumw candida seems to be a weH-suited organism to >tuay the 
:.tbove-memioned quesncn in the ieid Jt' ~errestr,ai -:cotox.1co1ogy 1 C sher and Stone­
man. [9'77). This coilembolan has been ·lsed m several laboratory studies to invesngate 
che <o!tfects of different facwrs on t'e-..:undity and population growth tButcher 1nd Snider. 
! 475: Van -\meisvoort 1nd Usher. HlN\ F c·a.ndida is easy to culture and it has a 
re!auve short generat!on time. so it is ;:·ossible to study jitferent individuai ~.md pop­
'llauon parameters in a single expenmem. An exper:mental setup w:1s designed in 
which F candida was exposed to cadmium in artificial soil. while the :1umber cf 
ad.ults. the number of od'spring. and fresh weight and accumulation of cadmium in 
.1dults were determined at different time intervals. 

To understand the consequences at the pcoulaticn level an effort has been m:1de 
to unravel me chain of effects from the individual to the population level. by ccmpanng 
the effects on individual parameters with each other. how they develop in time. and 
now (and to what extent) they interact to determine the effect on the population leveL 
1n chis way it was possible to analyze the c:!fect of different concentrations of cadmium 
on the measured teatures to obtain better insight into the way in which cadmium 
.ufects F candida and to understand_ the consequences for the population. 

MATERIAL '\~D METHODS 

.inLmais 

F candida\ Willem) was cultured in the laboratory at 18 ± 1 oc at a light/dark cycle 
,Jf ! :2.' 12 hr. in culture pots wit..lt bottoms of plaster of Paris mixed with charcoaL The 
.:ulture was set up ~B l ':!86 with ammals whi!=b. origmated from a pine stand in the 
Roggebotzand. Forest, The :'iet.her!ands. The experiment was started with animals of 
the same age 1nd weight. These synchronized animals were obtained by allowing adult 
animals to lay eggs. in a container with plaster of Paris bottom. After 2 days the adult 
animals were removed. The eggs present in the containers hatched approximately 2 
weeks later. When these offspring were t week old the experiment was started. The 
food used in the culture and in the synchronization was baker's yeast (Dr. Oetker). 

Preparation and Comamination of the Artificial Soil 

For the experiment artificial soil was used as described in the OECD Guideline 207 
·'Earthworm. acute toxicity test"' (OECD, 1984) and the draft tor a F. candida test 
i Riepert, 199 t ). The substrate consists of (expressed in percentages of dry weight) l 0% 
sphagnupt peat which was air-dried, lineiy ground, and sieved ( < l mm): 20% kaolin 
day; and 70% quartz sand (line, 50% particles 0.05-0.2 mm). 

The dry ingredients were mixed in a household mixer. After the ingredients were 
mixed. the pH (H"O) was adjusted to 6 by the addition of CaC03 . To contaminate 
the soil with cadmium. CdCl: .2.5 H20 :.BDH. AnalaR) was added to the amount of 
deionized water necessary to bring the soil to the desired humidity of 40-60% of the 

,.,• 
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water holding capacity. Six cadmium treatments were applied. The nominal 
were 32.7. 70.2, 150.9. 324.5, 697.7, and 1500 ,u.g Cd/g d1)' soil. For each .~,~.,,.. .. ,h"""'" 
the amount of soil needed was weighed: the C d solution was added and mixed 
Jt using a household "'lixer. 

Expenmemaf De:w5n 

For ~he blank. !20 ·~ontaineN and tor ~actl ::1dmium tr~arment. 60 containers 
l S g wet soil <!ach were prepared. .\t the start of the experiment 10 svnc 
animals and 0.0:: mg bake(s ye::tst vere added to the containers. Besides these 
tainers. extr:.t camxu.ers were prepared for Cd measurements (6 blank and 6 !='~r 
ment) ami humidity measurements ( 12 ). Ail the containers were placed randcmiv 
r.rays in 1 climate room at a tempenture of :o ::: l "C a reiative humidity ot -o 
:0%. and J light/dark cycle of i2/ 12 hr. 

.i,.rter 7. 12. !6. !9. 23. 26. 30. 35. 41 . .t9. 56. and 6J days, 10 blank containe:::J 
5 ·~ontaineis pc::r treatment were sacr:ticed tor .analysis or· the number .:;{ ad.1:::s 
~tfspring and tb.e weight and accumulation of cadmium of the adults. ~·Je ;JN , 
;.md the pH (KCl) were determined trom 3 of the 5 containers of e-.1ch treatmenL 
.:ontaJ.ner:> tor the soil humidity measurements were weighed ar <!ach sampling 
.-\t Day ~ .md Day 63 the containers fer the Cd measurements were sacrificed. 

(.~,Jzmung 1nd Weighing ,~(:he . -tnimais 

To <!ach •:ontainer 20 ml of demineralized water was added and stirred the 
but c:lfefully. {n thts way .ill ~he :mimals in the soil came to doat on the >urface. 
water surt'ace was photographed on diaposttive :naterial. The siides were pro· 
a desktop ~tide projector to count all the adults and offspring present ,m :he 
surtace. If there were more than 2l"lt)() animals in a container the mrtace vas 
;n ~ight equal ')CCtors and two randomly ..:hcsen parts were counted 1nd ~he 
llUmber Of animals was <!:)"timated. 

From ~ach container two animals were lifted from the water surface and 
to the ne:lfest microgram to obtain the fresh weight (FW). The animals were Ivoptulmi 
and weighed to the nearest 0. I .ug to obtain the d1)' weight (DW). 

Soil Humidity and pH Jfeasurements 

The humidity was determined by weighing I 2 containers with wet soil at the 
and at each sampling date. At the end of the ex~riment the soil was dned tor 1 
in an oven at 50°C and the dry weight and the weight of the empty container 
measured. The humidity (H) was calculated on the basis of the dry weight. 

For pH measurements three containers of <!ach concentration were ,_!f"',ed y, 

at 50°C. The dry soil was homogenized and two portions of 10 g were we:ghed 
put-in plastic bottles. To one sample 25 ml of deionized water and to the or..her 25 · 
of a I JJ KO solution were added. The bottles were placed on a shaking •ua"'="-';' 

a rotation rate of 200 rpm for 2 hr :md left overnight to allow particle sedimen 
pH of che supernatant was measured the next day. 

Cadmium Analysis 

The soil to be analyzed was dried overnight at 50°C. A portion of l mg was 
in a mixture of demineralized water, HO, and HN03 (1/1;4 v/v) in a .u .. c.Hc, ...... ,. 
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: CEM MDS 81 D). After digestion the solution was filtered and the filtrate was collected 
for analysis (total cadmium). The solutions were analyzed for cadmium by t1ame 
1tomic absorption spectrophotometry at ~18.8 nm. The lyophilized ::mimals were 
Jigested in a HC104 HNO:; (Cltrex grade) mixture ( IJ7 v/v) and analyzed for cadmium 
cv ·)Ven atomic absorption spectrophotometry at 2:28.8 nm (Van Straalen and Van 
Wcnsem. t986 ). 

T]e >urviva!Jnd srowth data ··:ve:-e :1nalyzed wtth (he K.ruska.l-Wallis m uitlpie .;om­
pansons test ! P < 0.05) to detect the d:fects of cadmium for each sampling Jate md 
bet-ween the different sampling dates. For the numcer !)t otf"pring the 1i'lilliams :est 

1 P < 0.05) was :1sed tc detect sigmti.cant ditferences trom the :')lank. Both ~csts 1re 
JV:lilable in the TOXSTA T-soft·Nare packet :Gulley t!l :1i.. 198~). LC-0 .md EC 50 ·jaiues 
•.-ere calculated by means of the Spearman-K.1rber metilol1 , '-iar.uitcn <::! .d .. 
; ~-~. 19'8). 

The increase of body weight was described using the Yon Bertaianify growth mode! 
, ~c)0tJman. , ·~:);) J 

.vhere 

lHt) = body weigh.t at Day t (in mg fresh weight), 
;,v, = final weight lin mg fresh ~eight). 
vFO) = initial weight (in mg fresh weight). 
,, =Von Bertalanffy growth (il'll Day-'). 
· = time in Jays. 

[n :1ccordance with the data of Snider ( 1971 l population increase of F. candida during 
lhe tirst 6 weeks after the first egg laying was linear and could be described by the 
~qu:ltlon. 

r 

P(l) = a '.:... r:X{, 

Nhere 

?(l) = population size at Day tin number of individuals per container, 
J = intercept, population size at time zero. 
a = population increase in number of indivi.duals per container per day. 
1 = time in days. 

The parameters of both models were estimated using a parameter estimation program 
\ wntten in APL) according to the least-squares criterion. 

RESULTS 

C1dmiwm Content, pH, and Humidity of ihe Anificiai Soil 

The actual cadmium content of the artificial soil was in good agreement with the 
nominal values I Table I). In the blank a background level of0.6 )Lg Cdig dry soil was 
measured. The pH 1 H:Ol was set to 6.0 at the beginning or the experiment :1nd did 
not change during the experiment. except for the !WO hig..l-test cadmium treatments 

·~ 
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TABLE 1 

~OMINAL o\.'ID ACT!.:AL C.o\DMIL'M CONTENT OF THE SoiLS USED IN THE EXPERIMENT. 
ESTIMATED VON BERTAL\!'IFFY GROWTH. AND FINAL FRESH WEIGHT OF THE F 

!NDIV1DLAw AND EST1MA TED POPI..-L.\ PON INCREASE AT THE DIFFERENT CONCENTRA 

Cadmmm 
1-Lg C:i,g dry smil 

.'-~em mal '\ctuai 

i) 0.6 

' '7 J.-U 
·o.: ~u 

'"I '-· t~9 

.32.5 3:::6 
6ll8 70i 

!500 l49l 

.Vute. Pw:ntheses :ndicate SO. 

Vvn 
Ber:aian tfv 
growth v 

.Ja~-) 

0.! JS ;O.t):::9l 
!)_ :::1 ;O.o:::1 
0.1 t~ 10.040) 
1~_091 \0.029) 
1)()51 (0.008) 
0.042 (0.0 13) 

0 

: f;nai weightl" 3 

cv· c t3 ( mg'n1 

r)_:))'7 (0.009) 
rlJ44 !O.Oi :1 
r).:J5'7 (0_1) [ ':l) 

').:)56 \0.024) 
').5.1.., iO.Ol'll 
r).64" •0.044) 

for which the pH (H:O\ was 5.25 during the t!xperiment. The pH (KO) was 5.5 
did not change during Lhe experiment. The humidity (H) on the basis of the dry 
of the soil decrea...<:ed slightly from 43.6 to 46.8% Juring the experiment. which is 
within the prescribed limits. 

Survlvai 

C.1dmium caused a significant decrease in mrvival only in the two highest ,."{,~,... 
groups !Fig. I) .. -\fter 7 days of exposure no >ignificant mortality was observed. 
12 days significant mortality 1 P < 0.0:5) ·.vas tound at the ewe highest conce 
while there was no Jiguificant difference in mo(tality between these two concentrauo 
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f!G. I. Percentage survival af F c·andida exposed :o .Jitferem levels of ~adrnium :n 1rt1ficial ~oiL 
(C), 34.8 ,ug/g (e). 7U ,ug/g (D), l-'8 ,u&lg 1•). 326 ;.tg/g (0), 707 .ug;g I .A). :md 1~91 .Lg/g (·~ ). Survtval· 
·~J.lculated from the number of 1dults present m containers. These adults were sacrificed independently 
various times. 
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TABLE 2 

ESTIMA TIS OF MEDIAN EFFECT CONCENTRATIONS FOR SUR VlV AL. ;o.lUMBER OF OFFSPRING. 
-\ND BoDY WEIGHT FOR F' candida EX?QSED TO CADMHJM IN ARTIFlClAL SOIL 

Days 0f 95% confidence EClO 95% confidence EClO 95% conridence 
~xposure LClO ;ange otfspnng mnge weight :.1nge 

"gC jfg lrv >0tl 

:Q cp i -os-i 1 x7 448 3qo-St2 

'" ·-8 !J34-;l89 ~ j9 ~j,_;Q2 3-6 J]2-l26 
:6 8~" 

~- .124-!595 204 '6,<58 566 50 t-6J9 
30 ~93 7)6- 085 ,~-_,.:.: i;l4-2-;'Q S4l ..!36-604 
~.;: 3~4 604-:208 >]26 107 -JJ-833 
•2 >326 

. .l..fter !6 days and at ail the later sampiing dates there was no ~ignifi.cant mor+..ality at 
:he concentrations 34 8. 7!.3. 1.:1-9. and 326 IJ.g Cdig dry soil while at the concentrations 
7()7 and !490 .ug Cd;g dry soil significant dose-related mortality occurred. 

For the blank and 34.3 .ug Cd/g dry soil it was possible to distinguish adults from 
vtfspring until Day 56. for 71.3 .ug Cd/g dry soil until Day 49, and for 707 and 1490 
)Lg Cd•g dry soil until Day 30. From the survival data LC50 values were estimated 
'Table 2). The LCso. could not be estimated prior to l9 days because the effect was 
~oo small. Mortality stabilized :lt Day 19. No significant changes in mortalit-y Gccurred 
with longer exposure and the LC50 valueS" did not differ significantly from ~ach :)ther. 
sc (tis z:onduded that the ultimate LC50 value was reached :md a mean ultimate LC50 

was ~snmated to be 850 "g Cd/g dry j()il. 

<Jr:Jwth 

[n Fig. 2 the growth of the adult individuals during the first 50 days is demonstrated 
ar che -fuferent Cd .;once.ntrauons. The resuits were .Jbtained from the surv1ving animals 

:JA 

-~ 0.3 ! -.:: 
~ 0 . .2 ·z 
3: 
.c 
"' 0.1 tl 
..: 

0.0 
0 lO 20 30 40 50 

time (days) 

FIG. 2. Growth of F. candida. expressed in mg fresh weight. ~;{posed to different i.evels of cadmtum in 
artifit'1al soiL Slank (0), 34.8 ag/g \•), 71.3 ;qJg (~), !48!lg/g ·.•), 326 l'g/8 (0), "'07 ..g:g (.t.). and !-~91 
)tg/g (<~ ). 
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only. There is no effect on the increase in weight at the first three concentrations. 
a concentration of 326 !Lg Cdig dry soil the animals' weight is different from those 
the blank and the first three concentrations. from Day 7 until Day .26. At Day 30 
later sampling dates there \s no difference. The animals' weight at the two 
concentrations Nas different from those at all the other concentrations at all sarnplfilli 
dates. while thev Jiffered from each other from Day 19 ;:;award (P < 0.05). EC,0 

for the Jodv ·veight '¥ere ~stimatcd md are retlected m Table 2. The mcr~ase n EC 
vaiues with .~:tiJCSure 'Jme inui...:ates chat <!ventuai.ly c:x;osed animals re:1ch :he same 
Ne:g..;,t :.lS :he control animals. 

TJ.e linal t'resh ¥eight W" and grcwrh parameter y were o!stimated 1sing c!1e 'f: ll. · 
&rta.i.anifv srowth mo.Xlei. The re~m1ts .m: c~tle..:ted in T .1bie \. Cadmium cau~~ ~ 
decrease 0f the Von Bertalanffy S.f0W1:h Y, 'Nhlie :l1e iinal tresh welg_:'lt we lS r!Ct 
affected up to 707.1 ,;Lg Cdig dry soli . ..l...t 1491 ..Lg CJ/g dry soil no ¥C'"-ch ::u ill· 
occlir:ed and it was !lot pessible to estimate y and W"'. Bel:ause there •.vere no )ignificant 
ditferences (p < 0.05) between the weig..~lts :.tt the different sampling dates. the yow1h . · 
parameter y is equa.i to 0 . 

. \lumber of Offspring and Population ! ncrease 

The mean numbers of offspring present in the containers are given in Fig. 3 ~or 
concemntions 34.3. 7 i.J, 1 ~9. and 326 ;.tg Cd/g dry soil at diiferent sampling 
At these concentrations no significant mortality xcurred so :he offspring can be 
tri.buterl to an ~ual number of adults. The first offspring ;.vas 'Jbserved in me · 
1nd at the rirst concentration '-2n Day ! 9. From Jay ~.3 onward cb.ere was :lise ou:son:n~ 
presen~ at the higher concentrauons. As -:an ':le :><:en. there were differences 0e~CWl::t!lllti 

~he :oncentrations. :.tnd •he blank on Days 23. :6. 30. and 35 while at Da;t 
differences ceased :o ~;<;~st. So. as was observed ror :he weight, the EC 00 vaiues 
number of offspring J.!so increased 'Nl.th ume 1Table 2). 

To :>ee how cadmium :llfects population increase. the totai number of indi 
present in .1 3ontl.iner at each concentration is pven in Fig. 4. [t seems ~hat ·:here 
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~ 1000 > 
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<II 500 .Q 
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FIG. 3. vtean number of ;uvenile F. c.1ruiida individuals 1£ .:!iiferenr >ampling Jates w1th ·ne1r >WJiua .. ~ 

error, ar dilferenr levels of ~adnuum in Jrtlli.cial sot!. Blank •1. 34.8 "g/g tC), 7!.3 :.tg.'g ~E). ·.48 
\~). and 326 _ug/g (!§). The concentrations for Nllich the :1umoer <Jf olfspnng was 51gruficam1y :ewer 
the blank ue marked with an asterisk (Williams, P < 0.05). 
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::'!G. ~- Totai r1urrtber ot F c;andida muiv1duals at oiitfere:u 'eve!s uf cadmtum in lfttfiClal soil. Blank Cl. 
34.~.,g;gle1, 7tJ~'g,/g(.2.l. !43~'g;'g(•l. ;::o .tg,/g!Ol. -1)7 .tg;g!&J.and t49t ctg;g; 1 

n.o etfect for the population at the ci.rst four concentrations, while population increase 
.11 the fifth concentration was retarded and at the sixth concentration the population 
did :10t develop at all. To allow comparisons '1etween the concentrations. the population 
,ncrease a was estimated using t11e modei given above .. The estimated vaiues are given 
m Table 1. The table refla:ts a decrease :n 'JOpu!ation mcrease with inereasing cadmium 
.~cncenrration .. 

.J...:~·:.lmulaiion of Cadmium 

figure 5 indicares the cadmium ·:on tent of the adult animals at different times for 
~ach of the applied concentrations. Only 3Urviving animals were analyzed .. The ~ui­
'ibrium concentration was reached after :1bout 20 days. which ts in good .1greement 
¥ith the time :1ec~ to reach J.n Llltimate LC;0 • The :inal •;:admium conce::mauon 

400 
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::1. ._, 
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200 .: = -6 • ':,1 100 
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time I days) 

F!G. 5. Accumulation of ·~admium in F. candida individuals expressed in ,.g ;admium/g dr:' Nelght Jt 
Jitferent levels of ~admium in aruficial soil. Blank (C), 34.3 ag/g (e), 7 1.3 ug/g (~l. 148 l'!rJg (•). 326 ~Jg/ 
g iCl, i07 ug/g (6), and 1491 ).lg/g ('~ ). 
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increase a (.&i. The values at the ditferent conl.~trations lre expressed .JS :he% Ji me .:ontrol value. 

for the animals exposed to 34.8. 7 !.3, 149. and 3'26 ,u.g Cct/g dry weight is about haW 
of rlJ.e concentration present m :he soil. Anrmals ;!xposed :c the concentrations whic!l 
approach the ultimate LC;0 ''atue dQ not :-each a levei higher than JOO ,J.g Cd/g dry 
sou. From this it can be conc!uded that ~he lethal body burden (s about 300 ;Lg Ci;g 
Jry weight. 

Comparison of Parameters 

.-\ Jose-effet.'t reifltionship is 5iven <n Fig. 6 for the indiv1dual parameters V:;n 
Bertalanjfy growtb,' survival on Day 35, and the popuianon increase. To compare :be­
parameters with the populationim:rease EC50 values were calculated and .ue given iD 
Table 3. together with the EC)O valt;.es for bcd.y weight on Day 35 and number 
offspring on Day 35. From Fig. 6 and Table 3 it is clear that when F candida 
exposed to cadmium the Yon Bertalanlfy growth is the most sensitive parameter. The 
body weight reached at Day 35, the number of cffspring, and the population grow1h 

TABLE 3 

ESTIMATES OF :'vt:ED!A;\1 EFFEcr CONCE:-I~TIONS FOR SURV!V.~.L 
e-N DAY 35, NLMBER OF 0FFSPRJNG AND 3oOY WEIGHT ON DA. Y 35, 

VON BERT.~ GROWTH, AND POPULATION {NCRE.~SE 
FOR F Candida EPOSED TO CADMIUM fN ARTIF1C1AL SoiL 

Parameter 

Survival Day 35 
Offspring Day 35 
Body weight Day 35 
Growth rate 
Popuiation increase 

ECso 
(,_,_g Cct/g dry soil) 

654 
>326 

807 
256 
475 

95% confidence range 
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are retarded at higher concentrations. Mortality only occurs at much higher cadmium 
•:oncentratwns. 

DlSCl'SSION 

Tje 'lltimate mean LC :o ,afue for the "!Uect 0f .:admmm ,m F candida was estimated 
;o !Je .~SO ..tg Ciig dry 50ii 1nd was r~achea .v1thin ; 9 davs 1 Fig. 1. Table 2). This LC;0 
·1aiue 'S :n ~cod 1greemem .vith the .)ne ~ound by Kr::nz ' . '.l8J.\ m a loamy sand >oil 
.vnich ;s ) ~.: ..tg (',jig Jr:; ;ell Jiter 6 Jays vf exposure .. Accumulation also reaches an 
equilibnum •.vithm ; 9 davs ; Fg. -;·;. Kooijman i !98 l) ;Jresented a mode! in which he 
assumed a reianonsilip ;:;et·~veen the LC oo ialue and the conct:ntrmon inside che or­
ganism. ·;vhich bor.h N'Ouid ·~ach .m ~quiiitrium value at nearly the same: time. This 
JSSUmption iS conanned by ~he ;)resent study. T:1e iata also demonstrate that F 
c·andida. like ();·('heseila ~·mc!a. ;s l rapid <..:admium--lccumulating :;pecies compared 
to other soil invertebrates such as P(atynmhrus pelt;fer and ,Veohisium muscorum 
1 J::mssen f!t .1!.. l-19 l1 . 

T~1e growt.h of the animais is not influenced by the first two concentrations, is 
intluenced only ~tig..IJ.tly at the third and tounb., and is clearly influenced at the two 
highest concentrations. Because the EC50 for body weight increases with time (Table 
2) it can be cnnciuded that eventually the same weight IS reached and the effect of 
cadmium is a cteiay of growth. This is also demonstrated by the Von Bertalan.ify 
growth (Table i '· TJ.e EC;0 v:.llues tor the I!_umter of otfspting show the 5ame pattern 
:Table 2). T1.is can be explained by :1 retarded maturation which results in a iater 
.Jnset of reprodue1:ion. The -!Xplanation ~r this phenomenon is that cadmium acts 
;JrimartJy on :he growth of che animals which i.ndirecrly Jetennines their capacity to 
C"eproduce. When :m animal Joes not gain a rninimai weight, no reprodu<..'"tion is pos-
5Jbie. which ;s the ,~ase 1t the highest concentration. A direct dfect on the reproduction 
s unlikely ~a use 1fter .c. days the number of otfspnng ror rhe !irst four ccncentrations 
~qualed che control le'lei .. These results indicate thejmponance of knowing how pa­
rameters deveiop in time so that the action of a toxic substance can be understood. 

The most sensitive parameter in this study was the Von Bert.aiantfy growth which 
:1as a EC 00 niue well below the LC00 • Although this sublethal effect occurs at relatively 
low concentrations, the pcpulation increase is hardly affected because reproduction 
is not ~opped but is only retarded. This response of F. candida to Cd seems to be 
comparable with the response vf the coilembcian 5pecies 0. cincta to Cd (Van Straalen 
i!! a/., l98!}), On the other hand for the mite P ;Je!tifer cadmium mainly acts on the 
~eproduction. For the coilemboian species Onychiurus armatus lead and copper first 
1lfected reproduction (Bengtsson et aJ .• 1985). These examples demonstrate tbat the 
effect of toxic substances is species and substance 'lpet.ific. The ecok'gical consequences 
of delayed growth and repmduction cannot be predicted on the basis of this study, 
because no data of population development and age structure in the field are available . 

. -\ltbough tiM results of this study show that mdividual growth is more sensitive 
than population increase, ~:.Us will aot be a gener:ll rule. The difference in che rela­
tionship between individual and population parameters as found by Halbach ( 1984) 
1nd \feyer et a/. ( l987) can be explained by the •1se of different species and .jifferent 
:oxic substances. \.::cording to Van Straalen er :.li. ( 1989) a greater effect on the pop­
uiation was observed for P peltifer where reproduction is the cnost sensitive panmeter 
f\;r caarnium compared '<> 0. ciru:ta where body growth is the most sensitive parameter 
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for cadmium. Besides this. the distance between the concentration at which the 
sublethal effects appear ;md the -:-oncentration which is lethal is of importance. As 
demonstrated by Daniels and \Jan I !98!) and Allan and Daniels ( 1982). the 
on the population is greater when the EC;o values for mblethaJ effects and ' 
are tar apart from each other than 'Nhen they are close co each other. 

In general it ~an be :>tatee that knowledge •)f the -:hain of etfects is very 
[or J.nd.t:rstanding ;:cpuiation ~ffeCIS. [t is verv \mpcrtant cO k.uow hO'V 
parameters Jeveioo :n time ·so chat :he most >ensitrve parameter -~an be .1P•·p.,..,,,_~ ... 

&sKies ttus. ~he :1istance ~etween the :oncent.:ation at which the first ~ub!ethal 
vccur. :.md the concemranon :u ·.vhich ler.hality occurs, is of importance. By 
J.[ toxiCJty data in chis w·ay. J Sico for.vard iS made in :he field of obtaimng ecole 
rnore realistic coxicitv data. 

cor-..;CLl.JSIOl'iS 

l'nrave!ing the chain of erk:ts when a ~pecies is e,'{po~ to a pollutant 
mbute to a better understanding ef crfec!S on tbe population leveL T,J <i<"·rp,.-,.....,,.., 

which parameter is the mo.,"t sensitive it is important to look at how parameters 
in time. For F. candida the most sensitive parameter, when the species is cX1pol'IIC:(I 

..:admiUm in artificial 5Ctl. tS che Von lkrtalanffy growth which indirectly meets 
production. 
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