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Influence of Cadmiurd on Life-History Characteristics of Folsomia
cancida (Willem) in an Artificial Scil Substrate
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the shain of 2ffects of c;admium on several interrefated responses was studied in a chroaic WxCILy
avperiment asing the ontlembolan species Falsomia andida ‘Willem? in an aruficial son. The
:ndividuai parameters survival. growth, and aumber ot »ffsprning were determined after difdferent
ume intervals up 0 9 weeks. The accumuiation of cadmium n sprngiails and the popuianion
increase during the :xpenmentai period were also determined. By combining ail the menuoned
parameters and their development in time. 1 detailed picture of the action of cadmium on F
candida was obuuned. In order of decreasing sensiuvity the ECy vaiues for Yon Beralantfy
growth. number of orfspring, popuiation increase. and survival were 256. > 326, 475, and 330 .g
Cudig drv soil. respectively. The ultimate LCy vaiue and also the 2quilibrium body burden were
reached after about 20 davs. Reproduction started later Secause of cerarded growth. but was not
atfected irectly 1nd sventualy reached the control ievel. The resuits are discussed in :ght of the
seemingiv contradicrory ideas of Haibach (1984, Hvdrobiologra 19, 79-36} ind Mever et af.
(1987, Snveron. Toxicol. Chem. 8, L13-126) about the sensinvity of individual and sopuiation
parameters. it ApDears 0 be very important to know how individual parameters develop n iime
5o that the most sensitive parameter 1nd the consequences ior higher levels of biviogcal orgamzation
caqn be determined.  © 1993 acagemic Press. Inc.
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. INTRODUCTION

One of the greatest challenges in ecotoxicology is to predict effects of peilutants sm
the pcpulation, community, and ecosystem levels from effects on the previcus leved
of biclogical organization (Moriarty, 1988; Levin et al., 1989). This step shouid be:
made t0 vbtain ecologically realistic toxicity values, to close the gap between laboratogy
studies and the situation in the field. Such data are a valuable tool for decision makars
10 set reliable standards for soil pollution. At this moment standards for sou pollution 7
are hased on toxicological data at the level of single organisms which, moreover. for.;i
soil are hardly available.

Not much progress has been made in predicting the effects from a lower 10 a higher ™
fevel of biological organization (Butler, 1984). According to Seitz and Ratte ({961
the prediction from a lower to a higher level is not done by simplie extrapolatica from
she previous level, because at each level interactions exist which do not influence
properties of that particular level but which do influence those of the next. In thej
discussion of whether population parameters are more or less sensitive than individuaf '3
parameters two coatradicting ideas can be discerned. According to Halbach (1934)
minute chrenic effects, which are sublethal and hardly noticeaple at the level of the -
individual, can be ampilified through thousands of animals, leading to changes in the
population dyaamics. Asa consequence, the populaiion parameters are more sensiive
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than the individual parameters. This idea has been elaborated for field and laboratory
experiments with Brachionus calyciflorus and Brachionus rubens exposed to penta-
chiorophenol. Mever ¢ af."{1987) on the contrary. state that in the case of Daphnia
pulex exposed to cadmium and copper. popuiation parameters are more oOr less as
sensitive as the individual parameters because of a compensation of the unused capacity
of nonftit animais by the fitter ones.

The species Folsomia candida seems 10 be a well-suited organism (0 study the
above-mentioned questicn i ihe deid of terrestrial 2cotoxicology {LUsher and Stone-
man. 1977%. This coilembolan has been ased n several laborarory studies o invesugate
the effects of different factors on fecundity and popuiation growth {Butcher ind Snider,
1973 Yan Ameisvoort and Usher. 1989Y, £ candida is 2asy to culture and it has a
refative short generation iime. 50 it s sossible to study Jdifferent individuai and pop-
lation parameters in a single experiment. An experimental setup was designed in
which £ candida was exposed to cadmium in artificial soil, while the aumber of
adults. the number of cifspring, and tresh weight and accumuliationa of cadmium in
adulits were determined at different time intervals.

To understand the consequences at the peopulaticn level an effort has been made
10 unravel the chain of effects from the individual to the population level, by ccmparing
the effects on individual parameters with sach other. how they develop in 4me, and
acw {and to what extent) they interact to determine the effect on the populauon levei.
Tn this way it was possibie to analyze the <ffect of ditferent concentrauons of cadmium
on the measured {eatures to obtain better insight into the way in which cadmium
arfects £ candida and to understand the consequences for the population.

MATERIAL AND METHCDS
Animals

F candida {Willem) was cultured in the laboratory at {8 + {°C at a light/dark cycle
of 12,712 hr. in culture pots with bottems of plasier of Paris mixed with charcoal. The
culture was set up ta 1986 with amimals which onginated from a pine stand in the
Roggebotzand Forest, The Netherlands. The experiment was started with animals of
the same age and weight. These synchronized animals were obtained by allowing aduit
animais o lay eggs. in a container with plaster of Paris bottom. After 2 days the aduit
animais were removed. The eggs present in the containers hatched approximately 2
weeks later. When these offspring were | week old the experiment was started. The
food used in the culture and in the synchronization was baker’s veast (Dr. Oetker).

Preparation and Contamination of the Artificial Soil

For the experiment antificial soil was used as described in the OECD Guideline 2G7
“Earthworm. acute toxicity test” (OECD, 1984) and the draft for a F. candida test
{Riepert, 1991). The substrate consists of (expressed in percentages of dry weight) 10%
sphagnum peat which was air-dried, finefy ground, and sieved (<1 mm); 20% kaoiin
clay; and 70% quartz sand (fine, 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 CaCQ,. To contaminate
the soil with cadmium, Cd(Cl..2.5 H;O {BDH, AnalaR) was added to the amount of
Jdeiomzed 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 vz
were 32.7.70.2, 130.9, 324.5, 697.7, and 1300 ug Cd/g dry soil. For each concen
the amount of soil needed was weighed: the Cd solution was added and mixed throug
1t using a household mixer. ;

Experimental Design

For the plank. 1 2C containers and for 2ach ;admium trearment. 50 containers -
13 g wet soil each were preparad. Al the start of the experiment [0 svachronzzg
animals and .02 mg baker’s yeast were added to the containers. Besides these cow
winers. extra containers were prepared for Cd measurements (6 blank and § per oe
ment) and hurudity measurements (12). Ajl the containers were placed randemiy
trays in a climate room at a temperature of 20 = 1°C, a refative humidity of "¢ 3
1%, and a light/dark cycle of 12,12 hr.

ARter 7. 12, 16, 19, 23, 26. 30. 33,42, 49_ 36. and 63 days, 10 blank containers
3 containers per reatment were sacniticed tor analysis of the number of adaiis ang
offspring and the weight and accumulation of cadmium of the adults. Tae a6 (5.4
and the pH (X.C]) were determined trom 3 of the 5 containers of such treatment. 7
contaners for the scil humidity measurements were weighed at each sampling ia
At Dav 7 and Day 63 the containers for the Cd measurements were sacrificed.

Counting and Weigning of the Adimals

To each container 20 ml of demineralized water was added and surred therough
but carefully. {n thus way all the animals in the scil came to Joat on the surface. £
water surface was photcgraphed on diapositive matenial. The siides were projected §
a desktop slide projector to count ail the adults and offspring present on the w;
surtace. If there were more than 2000 amimals in a container the surtace was divy
n 2ight equal sectors and two randomuy <chesen parts were ceunted and the ‘otz
aumber ot animals was estimated. ’

from 2ach container two animais were lifted from the water surface and wey
10 the nearest microgram to obtain the fresh weight (FW). The animals were lvopin
and weighed to the aearest 0.1 ug to obtain the dry weight (DW).

Soil Humidity and pH Measurements

The humidity was determined bv weighing 12 containers with wet soil at the std
and at cach sampling date. At the end of the experiment the soil was dried for |
in an oven at 50°C aad 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 ¢iach concentraticn were dried overnight
at 30°C. The dry sou was homogenized and two portions of 10 g were weighed
put-in plastic bottles. To one sample 25 ml of deionized water and to the orher 25
ot a2 | M KC1 solution were added. The bottles were placed on a shaking machine
a rotation rate of 200 rpm for 2 hr and left cvernight to allow particle sedimentatio
pH of the supernatant was measured the nex: day.

Cadmium Analysis

The soil to be analyzed was dried overnight at 30°C. A portion of | mg was Jdige
in a mixture of demineralized water, HCl, and HNO, (1/1/4 v/v) in a microwa
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{CEM MDS 81D). After digestion the solution was tiltered and the fiitrate was collected
for analysis (total cadmium). The solutions were analyzed for cadmium by flame
itomic absorpton spectrophotometrv at 228.8 am. The lyophilized animals were
Jigested in a HCIO, HNO- (Ultrex grade) mixture (1/7 v/v) and analyzed for cadmium
7v oven atomic absorption spectrophotometry at 228.8 am (Van Straalen and Van
Wensem. {986}

Sear:stical Anafvsis

The survival and growth data were analvzed with the Kruskal-Wallis muitipie com-
carisons test L2 < .03y to detect the effects of cadmium for each sampling Jate and
netween the different samoling dares. For the numeer of offspring the Willlams ‘est
12 < 0.03) was used to detect sigmficant diferencas from the hiank. Both tests are
available in the TOXSTAT-sottware packet (Guliley er /. 1989). LT and £C, values
were calculated by means of the Spearman-Karber method «Hamiton ¢ /.
19771978\

The increase of bedy weight was described using the Yon Bertajanifv growth model
JRouyman. (v38)

W) = (W, — (W, = B0V lex(~v0)
wvhere

Wit = bodv weight at Day ¢ (in mg {resh weight),
W, = final weight {in mg fresh weight),

#I0) = mtial weight (in mg fresh weight),

v = Von Beralantfy growth (in Dayv ",

;= nme in Jdays.

{n accordance with the data of Snider (197 1) popuiation increase of F. cundida Juring
the first & weeks atter the first 2gg laying was linear and could be described 5v the
:quation.

.
) A =a+ w,
wvhere
A1) = population size at Day ¢ in number of individuals per container,
« = intercept, popuiation size at time zero.

a = population increase in number of individuals per container per dayv.
{ = nme in days.

1

i

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

RESULTS

Cudmium Content, pH, and Humidity of :he Artificial Soil

The actual cadmium content of the artificial scil was in good agreement with the
nominal values {Table 1). [n the biank a background level of 0.6 ug Cd/g dry soil was
measured. The pH (H-O) was se¢t to 6.0 at the beginning of the experiment and did
not change during the experiment. except for the two highest cadmium ireatments
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TABLE 1

Cadmium Yon
ug Cd/g dry soil) Berwianify
Towlh v ‘Finai weight)""*
Neminai sctuai dav™) W2 (mg'™
i3 0.6 0.1 ‘8 {0.029) 2.337 (0.009)
37 343 D100 154410012
0.2 713 0.1 14 {0.040) 2037 (001
13t 149 £.091 10.029 ) 536 {0.024)
325 32 0.051 (0.008) 1537 10.01W
AR 707 0.042 (0.013) «).‘047 10.044;
1300 1491 0
Note. Parentheses :ndicate SD.
for which the pH (H~O) was 5.23 during the experiment. The pH (KCl) was 5.5 i
did not change during the <xperiment. The humdity (H) cn the basis of the dry weigjyil 3
of the soil decreased slightly from 43.6 10 46.83% during the experiment. which is sty
. within the prescribed limits. - S
: k.
i : :
Survivai .‘ A

Cadmium caused a significant decrease in survival onlv in the two highest exp
groups ‘Fig. 1). After 7 davs of exposure no significant mortaiity was cbserved.
12 days significant mort.ihtv {P <5.0%) ~vas tound at the twe highest concentration®s 3
while there was ao significant ditference in moctality detween these two concentration Z %

% survijval

J 20 40 60

time (days)
F1G. 1. Percentage survival of £ candida exposed :0 ditferent ievels of cadmium in aruficial soil. Bla ,.‘;. H
(D). 34.8 ug/g (@), 713 ug/g (), 148 ug/g (M), 326 ug/g (C), 707 agrg (), and 1491 /g (+)). Survival warglih
2alcuiated from the number of aduits present in containers. These aduits were sacrificed independently o
vanous tmes.
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TABLE 2 v
N THE EXPERIMENT. ' ESTIMATES OF MEDIAN EFFECT CONCENTRATIONS FOR SURVIVAL, NUMBER OF QFFSPRING,
HT OF THE £ candida AND BODY WEIGHT FOR F candida EXPOSED TO CADMIUM IN ARTIFICIAL SOIL
tENT CONCENTRATICNS - 8
. Days of 95% confidence ECy 95% coafidence ECy 95% conndence
Populaucn . 2xposure LCsw range offspring range weight ange
nerease x
! andividuals/ «@Ca/g drv sotl
dav contuner: 2 ’
9 917 081187 448 393-512
o028y % i e et} 534389 159 (31-192 36 132-426
1825505 il 8 322 24-1595 204 1§:~258 366 301-639
1300607 S 30 393 736-:085 27 184-270 sS4 486-604
PRI RN B - 38 354 604-:208 >1325 307 "33-388
30 761334 = 42 >1326
97 (Led)
sy ax ]
i R B ;
F After 15 davs and at ail the later sampiing dates there was no significant mortality at
the coacentrations 34 3. 71.3, 149, and 326 ug Cd/g dry soid while at the concentrations
Al 707 and 1490 pg Cd/g drv soil significant dose-related mortality cecurred.
pH (XCl) was 5.5 and For_ the biank and 34.8 ug Cd/g drv soil 1t was pqssible to distinguish aduits from
» hasis of the dry weight oifspring unti Day 36, for 71.3 ug Cd/g dry son_l until Day 49, and for 707 and {490
periment. which is sull ug Cd/g dry sod until Day 30. From the sumyal data LCyy values were estimated
F iTable 2). The LCs could not be estimated prior to {9 days because the effect was
100 smail. Mortality stabilized at Day 19. No signtficant changes in mortaiity sccurred
with longer exposure and the LCy values did not differ significandy from each other,
3 s¢ it is concluded that the uitimate LCy value was reached and 2 mean ultimate LCy
he two highest sxposure 4 was asumated to be 830 ug Cd/g dry soil.
iity was observed. After §
highest concentrations, 3 Growth
1€3¢ TWO JONCENTrations. g In Fig. 2 the zrowth of the aduit individuais during the first 50 days is demonstrated
F 1t zhe -ifferent Cd concentrancns. The resuits were obtained trom the surviving animals
2.4
—
)
E
. =
. 30
> '5
\ 3
: =
13 [
1 =3 :
| .g: -
60 . .
0 10 20 30 40 50
wimium in arpfical soil. Blank time (days)
nd 491 ug/g i Survival was 3 Fi1G. 2. Growth of F. candida. 2xpressed in mg fresh weight. 2xposed to different fevels of cadmium in
sere sacrificed ndependently at a artificial soif. Biank (), 34.8 ug/g (@), 71.3 ag/g (A), (48 pug/g M), 326 ug/g (O), 707 ugg (a). and 149]

ug/g(C).
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only. There is no effect on the increase in weight at the first three concentrations. Ag§
a concentration of 326 g Cd/g dry soil the animals’ weight is different from those of
the blank and the first three concentrations. from Day 7 untii Dav 26. At Day 30 and¥
later sampling dates there is no difference. The animals’ weight at the two high
concentrations was different from those at ail the other concentrations at ail sampii
dates. while thev differed from 2ach other from Day 19 caward (2 < 0.05). ECsg valuegd
for the Sedy -veight were 2stimated ind are reflected 1n Table 2. The increase n EC
vajues with 2xpcsure ume indicates that sveatuaily 2xposed animals resch he same
wvergnt 1s the control animais.

The fnal rresh wveght W, and growth parameter v were sstirmated using the Vog!
Bertaianffy zrowth model. The resuits are cetlected ia Tabie 1. Cadmium caused &
decrsase of the Von Bertalanffy zrowth v, while the inpal tresh weight B, 18 not %
affected up to 707.1 gg Cd/g dry sol. At 1491 ug Cdig dry seil ne growth at aft 58
occurted and it was aot possible 10 estimate v and W .. Because there were qo significant 4
duferzaces (p < 0.03) between the weigats at the differsnt sampling dazes. the 2rowth 2
parameter vy is equai to 0.

Number o Offspring and Population increase

The mean pumbers of offspring present in the contarners are given in Fig. 3 for
conceatrations 34.3. 71.3, 149, and 326 ug Cd/g dry seil at different sampiling Jates¥
At these concentranions no significant mortatity accurred so he ofspring can be 1;-:_'
tributed to an equai aumber of aduits. The frst offspring was noserved in the bankE
and at the arst conceniration gn Day 9. From Dav 13 onward thers was aisc cfspriag
present at the higher concentrations. As -an e seen. there were differences terwess
:he -oncentraticns. and the biank on Davs 23. 26. 30. and 35 while at Day 47 hey
differences ceased 0 2x:ist. So. as was observed {or the weight, the ECy; vaiues ‘o
number of odspring aiso :ncreased with tme (Table 2). E

To see how cadmium atfects popuiation increase. the total number of individuai
present in 1 Sont&iner at 2ach concentration is ziven

1300

-
2
3 1000 -
2 =
)
2 =l
3 §=i
2 00 -
£ HE
2 H

FIG. 3. Mean number of juvenile #. candida individuais i different sampling dates with their standard'g
error, at diferent levels of cadmium in artificial sod. Blank ‘M. 34.8 ug/g:T), 71.3 zg/2 (S). 48 ug/z
(70), and 326 ug/g (B). The concentrations for which the 1umoer of arfspring was significantly icwer from. 2
the blank are marked with an asterisk (Williams, P < 0.05).
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1500

of individuals

3 00
<
0 — { y '\tr '4./{‘ -
10 20 30 40 30 50 )

time idays)

S1G. 4. Totai numiber of £ andida mdividuals at different ‘evels of cadmium in aruficial soil. Blank 0.
343 ug/g (@), 713 ug/g (L), 143 ug/g (M), 226 1g/g (O), 07 ug/g ta), and {491 ugigi .

a0 etfect for the population at the drst four concentrations, while population increase
at the fitth concentration was retarded and at the sixth concentration the population
did not deveiep at all. To allow comparisons Hetween the concentrations, the population
:ncrease a was estimated using tite modei given above. The sstimated values are given
in Tabie 1. The table reflects a decrease in jopulation increase with increasing cadoium
concentration.

{ccumulation of Cadmium

Figure 5 indicates the cadmium countent cf the adult animals at different times for
2ach of the applied concentrations. Culy surviving animais were anaiyzed. The equi-
‘ibrium concentration was reached after abour 20 days, which is in good agreement
vith the ume necessary to reaca an aitimate £(s. The final cadmium coacentration

cadmium (ug/g)

L] 1] b 1 4
0 10 20 30 10
time {days)
FiG. 5. Accumulation of cadmium in F. candida individuais expressed in ug -admium/g drv weight at
Jdifferent levels of cadmium in artificial soul. Biank (C), 4.3 ug/g (@), 71.3 ug/g (L), 148 ug/g (W), 326 u/
g (C), 707 ug/g (&), and 1491 ug/g (7).
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120 5
]
100 1

% of controt value
&
.

) —r—rrrry ——rrr——r w8t

1 ) 100 HH0 G000
Cd in soil {Hgrg)

FiG. 5. Dose—ctlect retaticnstups for survivai ar Day 33 <@, Von Bertajanifv grewth v (@), and popuiaton

increase « {Aj. The values at the different concentrations ire expressed as the % of the control value. g

{or the animals exposed to 34.8, 71.3, 149, and 326 ug Cd/g dry weight is about haiff
of the concentration present in the scil. Aaimals :xposed :c the concentrations whick 3

appreach the uitimate LCyo value dg not reach a levei mgher than 3060 ug Cd/g dry 4

sou. From this it can be concluded that the {ethal body burden is about 300 xg Cd/g §
dry weight.

Comparison of Paramezers

A dose-effect refationship is Ziven in Fig. 8 for the individual parameters Yon
SR b

Bertalanffy growth, survivai on Day 35, and the popuiation increase. To compare the 3
paramerers with the population increase ECsy values were calcuiated and are given in'v)
Table 3, together with the FCy, vaiues for body weight on Day 35 and aumber of 4
offspring on Day 35. From Fig. 6 and Table 3 it is clear that when F. candida is §

exposed to cadmium the Von Bertalanffy growth s the most sensitive parameter. The -

body weight reached at Day 35, the number of cifspring, and the population zrowth ’-‘

TABLE 3

ESTIMATES OF MEDIAN EFFECT CONCENTRATIONS FOR SURVIVAL e -
ON Day 35, NUMBER OF QFFSPRING ANE 300Y WEIGHT ON Day 33,

VON BERTALANFETY GROWTH, AND POPULATION INCREASE

. FOR F. Candida EPOSED TO CADMIUM N ARTIFICIAL SOIL
ECso
Parameter {ug Cd/z dry sou) 95% confidence range
Survival Dav 33 3354 604-1208 .
Offspring Day 33 >326 :
Body weight Dav 33 307 733-388
Growth rate 256 223-293

Popuiation increase 475 411-349
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are retarded at higher concentrations. Mortality only occurs at much higher cadmium
concentrauons. '

DISCUSSION

The altimate mean LC . value for the 2tfect of cadmium on 7 candida was estimated
10 be 330 ug Cd/g dry soil and was reached within (9 davs (Fg. 1, Tabie 2. This LCy
saiue 8 n zcod agreement vith the sne ‘cund 5v Kraiz ©1984) m a leamy sand soil
waich s )12 ug T4, g drv sl after § days of exposure. Accumulauon also reaches an
equilibnum withun 19 days (Fg. I3 Kooijman ({9% [} presented a model in which he
assumed a rsiafensiip cetwaen the LCs value and the concentration iaside the or-
ganism, which borh ~yould r2ach an :quiiibciam value at nearly the same ume. This
assumption is conirmed bv the present study. Tae iata also demcastrate that £
candida, like Drcheselld cincta. s 2 rapid cadmium-aceumulating species compared
10 other soul invertebrates such as Plarvnorhrus peitier and Neobisium muscorum
(Janssen er ol 1591,

The zrowth of the animais s oot influenced by the first two concentrations, is
mnifluenced only siightly at the third and {ourth, and is clearly influeaced at the two
highest concentrations. Because the ECs, for body weight increases with time (Table
J) it can be <onciuded that evenrually the same weight 15 reached and the effect of
cadmium is a deiay cf growth. This is aiso demonstrated by the Von Bertalanffy
zrowth (Tabie 1. The ECy vaiues for the number of offspring show the same pattern
:Table 2). Thus can be <xplained bv 1 retarded maturation which resuits in a iater
onset of reproducticn. The :xplanation for this phenromencn is that cadmium acts
srimaniy on rhe grewth ot the animals which iadirectly Jdetermines their capacity to
ceproduce. When in animal does oot gain a minimal weigat, no reproduction {8 pos-
sible, which s the case at the highest concentration. A direct effect on the reproduction
's unitkely hecause after 42 days the number of offspring ror the trst four cencentratons
2qualed the controf level. These results indicate the. imporiance of knowing how pa-
rameters develop in iime so that the action of a texic substance can be undersiood.

The most sensitive parameter n this study was the Von Bertaianffy growth which
nas a ECyg vaiue well below the LCsy. Although this subiethal effect occurs at relatively
low concentraticns, the pcpuiation increase is hardly affected because reproduction
is not stopped but is only retarded. This response of £ candida to Cd seems to be
comparabie with the response of the collembceian species O. cincta to Cd (Van Straalen
er al., 1989). On the other hand for the mite P. peltifer cadmium mainly acts on the
ceproduction. For the coilemboian species Onycaiurus armatus lead and copper first
affected reproduction (Bengtsson et al., 1983). These examples demonstrate that the
effect of toxic substances is species and substance specific. The ecological cousequences
ot delayed growth and reprecduction cannct te predicted on the basis of this study,
because 1o data of population develcpment and age structure in the field are available.

Ahhough the results of this study show that ndividual growth is more sensitive
than population increase, this w1l not be a general rule. The difference in the rela-
tonship between individual and population parameters as found by Halbach (1984)
and Meyer et al. (1987) can be expiained by the use of differsat species and different
toXic substances. According to Yan Siraalen er 2/, (1989) a greater effect on the pop-
asiation was observed for P. peftifer where reproduction is the most sensitive parameter
for cadmium ccmpared 0 O. cincta where bedy growth is the most sensitive parameter
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for cadmium. Besides this. the distance between the concentration at which the i}
sublethal effects appear and the concentration which is lethal is of importance. As W&
demounstrated by Daniels and Ailan (1981) and Allan and Daniels ( [982). the
on the population is greater when the ECy values for sublethal effects and lethal
are far apart from each other than when they ire close 10 2ach cther.

{n general it can be stated thar \acwledge of the chain of 2ifects is verv valug
‘for anderstanding soouiation 2fects. it s very impertant o kaow how ndivideg
parameters deveiop 'n ime so that the moest seasitive parameter <an de dererminedd
Besides this. the distance betwesn the concentration at which the rst sublethal »ffags
sceur, and the cencentration at which lethalitv occurs, s of importance. By oo
at toxicity data in this way. a siep forwvard is made in the field of obtaming ecolcgicalfs
more reaitstic oxicity data.

CONCLUSIONS

a2 U'nraveling the chain of affects when a species is exposed tc a pollutant mav cont
irbute 10 a bertter understanding of edects on the pepulation level. To determumg
which parameter is the most sensitive it is important to {ook at how parameters develd)
in time. For F. candida the most sensitive parameter, when the species is <xpose
cadmium in artificiai soil. is the Von Bertalanffy growth which indirectly atfects ;
production.
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