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Effects of pollutants on life-history parameters of the marine 
nematode Monhystera disjuncta
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The toxicity of heavy metals (Cd. Co. Cu. Cr, Hg. Ni. Zn), acid-iron waste, pentachloro- 
phenol. and y-hexachlorocyclohexaneon the mar ine nematode Monliy •item disiuncta has 
been studied in laboratory assays High levels of toxicants (>  1 rng/l) are necessary 
to cause acute effects on ,J2-larvae. The relative toxicity as measured by development 
retardation and reduction o f fecundity is compared with threshold concentrations 
obtained from the acute tests Fecundity is the most sensitive indicator LC 50 values 
cor related significantly with the minimum concentrations o f metals causing mortality 
and developmental inhibition Ranking of toxicity based on fecundity does not correlate 
with ranking based on mortality or development rate Monhx ster a disjuncta exhibits high 
resistance to pollutants compared with other benthic organisms

G Vranken and R Vanderhaeghen Marine Biology Section, Zoology Institute, State 
University o f  Ghent, Ledegatukstraat 35, B-9000 Ghent, Belgium C Heip Delta Institute 
for Hydrohiologkal Research, Vierstraat 28 4401 E  A Yerseke The Netherlands

Introduction

The scarcity or absence o f  sensitive taxa, as judged by 
ecological surveys, is frequently used as a means o f  detect
ing the effects o f  pollution. However, to  establish causal 
relationships is not simple The d istribution of species 
is the result o f  multiple processes (A ndrew artha and 
Birch, 1954), and the influence of pollution is no t easily 
distinguished from natural variability. This is true for 
nem atodes, on which the effects o f  pollution and sediment 
are difficult to  separate (Heip et al.., 1985) In nature, 
pollution-induced changes in com m unity structure are 
the result o f  a complex set o f interactions, such as syner
gism and antagonism  between constituents o f  effluents 
(Babich and Stotzky, 1983) influenced in tu rn  by abiotic 
factors (B ryant et al... 1984) and biological processes, such 
as bioaccum ulation (Slowik, 1981) and biodégradation 
(D oelm an et al.., 1985). Therefore, natu ral complexity 
ham pers the study o f  individual dose--response relations 
in the field

C onsequently the effects o f individual chemicals are 
usually assayed in laboratory  conditions, Nevertheless, 
predicting safe limits from laboratory  tests presents other 
problem s, because these limits depend on the criterion 
used (Reish and C arr, 1978) and are often tim e-dependent 
(V ranken et a i ,  1985; Best and M orita, 1983) Thus, the 
inappropriateness o f  short-term  acute toxicity tests (LC 
50 tests) for predicting long-term biological éffècts in 
m oderately polluted situations is well known (Sam oiloff 
et ai', 1980; Brown, 1981; W ard, 1984) Some consider the

LC 50 test only im portant for fast toxicity screening, for 
broad effect-ranking o f  chemicals and for inter-species 
com parisons Here we will show that for som e chemicals 
the lowest concentrations having a detectable effect on 
m ortality  are no t much different from those determ ined 
using criteria such as fecundity and developm ent which 
would be expected to  be m ore sensitive.

Theoretically, the intrinsic rate of natural increase rm, 
which represents the ability o f  a species to  increase in 
num bers in a particular environm ent (A ndrew artha and 
Birch, 1954) and which is considered as a m easure o f  fit
ness (Snell, 1978), is directly related, inter alia, to  the 
physical conditions o f  the environm ent C hanges in rm 
might therefore be useful for predicting the environm en
tal im pact o f  toxicants (Sabatini and M arcotte, 1983) 
However, an accurate determ ination of rm requires the 
construction of age-specific survival (lx) and  fecundity 
(mx) schedules, which is very tim e-consum ing (Vranken, 
1987) T o reduce experim ental time, we have studied the 
influence o f  chemicals on daily fecundity and  success in 
reaching adulthood (criteria obviously related to  mx and 
lx, respectively) For the criteria studied, the smallest 
concentr ations having a detectable effect are estimated,

M onhystera disjuncta, the test species used, is a bacteri- 
vorous cosm opolitan nem atode species which is very 
abundan t in some biotopes (Trotter and W ebster, 198.3) 
Its advantages as a bioassay organism  have been dis
cussed by V ranken et al. (1984a, b) The test period of 
96 h will be assessed in relation to  the life-cycle o f  the 
species. Procedures presented are also applicable to

1054-3139/91/0.30325+ 10 $0.3 00/0 © 1991 International Council for the Exploration of the Sea



G. Vranken ei a\.

bi ackish water and terrestrial nem atodes (V ranken et a l . 
T‘>85; C oonians ai'd  V anderhaeghen. 1985)

Mater ia ls  and  m ethods

Is o la tio n  an d  s im p le  c u ltu re  te c h n iq u e s

Xtènh} stem  dtsjutu ta was obtained from the Sluice Dock 
of O stend, a marine lagoon near the Belgian N orth  Sea 
coast A few millilitres of sediment were inoculated in 
four spots m ade in 14 cm diam eter petri-dishes filled 
with (DIFC'O) bacto-agar (1%  in w ater from  the natural 
hab itat) After 1-2 weeks' incubation, the nem atodes (and 
other or ganisms) invade the agar surrounding the detritus 
spots Adults oí Xi disjuncta were picked out o f the agar 
individually with a needle to start the pure cultures 
A gnobiotic cultures o f M  disjuncta (cultures with an 
unknow n num ber o f different food organism s) were set up 
in small petri-dishes (diameter 3 5 cm) filled w ith 4 ml 
0 4%  bacto-agar. This agar was m ade up with Sluice 
Dock water and enriched with Vlasblom medium 
(0 278 g F cS O , ’H ,0 .  3 0 g  N a H P 0 4 2H 20 ,  30 0 g 
N a N 0 3, 0.47 g M n Ü , 4 H ,0 . 50.0g glycine in 11 aq., 
dest : Vlasblom 196.3) and 0.5%  of a 15 g/1 solution of 
N a2S iO j.9H 20 , Salinity was m easured with a refract- 
om eter and kept between 29%o and 31 %> by the addition of 
distilled water when necessary The agar was inoculated 
with a few drops o f paper-filtered water from  the Sluice 
Dock. Bacteria giew rapidly on the medium ' A fter a  few 
days the petri-dishes were inspected, Dishes showing 
devclopriicnt of f ungi w er e discar ded The rest wer e inocu 
lated with adult: M. disjuncta from the extraction plates. 
These slock cultures were renewed a t regular intervals (at 
least once each m onth) by transferring a t least 20 females 
and 10 males, sampled at random  from different cultures, 
to new petri-dishes 4 -5  stock culture dishes were simul 
tancoiislv kept The Sluice Dock was routinely sampled 
and extraction dishes set up so that wild anim als could 
regularly be added lo the laboratory  stock.

M o n o x e n ic  c u ltu re  te ch n iq u e  o f  th e  tes t species

The culture techniques for the toxicity tests itr m onoxenic 
cultures (cultures with a single species as food organism ) 
were extensively described by V ranken et al (1985) 
Small vented petri-dishes (35 x ! 0 mm, F alcon) were filled 
with 4 ml 0 5% sterile bacto-agar (D 1FCO) suspension in 
buffered (pH: 7 5- 8.0) artificial sea water (ASW) (30%o S, 
5m M  Ir is  buffer) after Dietrich and Kalle (1957) and 
mixed with 0.2 mi of a sterol mixture, with the following 
constituents(V an Fleteren, 1980): 0.2 g cholesterol (Fluka 
AG Buchs SG): 0.2 g ergosterol (F luka AG Buchs SG); 
0,2 g ß-sitosterol (M erck); 0.2 g stigm asterol (M erck); 
0,2 g dehydrosterol (M erck) and 100 ml ethanol The 
sterol m ixture was prepared by adding 10 ml o f the above

m ixture to  100 ml distilled water The ethanol was then 
evaporated and the m ixture autoclavcd lo r 20 miii a t 1:2 
bar A fter the medium had cooled, a central ring-shaped 
excavation (diameter: 15 mm) was m ade in the culture 
medium by pushing the top  of a sterile test tube through 
the agar tow ards the bottom  o f  the petri dish T he cavit y 
was filled with a suspension of 0.02 ml o f  a bacterial strain 
belonging to the Alteromonas haloplanktis rR N A  group, 
containing IO11 cells/ml. N em atodes isolated from field 
sam ples as descr ibed a bove, axenized for 24 b in agar co n 
taining 10 Ö00IU penicillin and 10 mg/ml streptom ycine, 
were transferred with a  needle to the m onoxenic cultures 
D ifferent concentrations of metals, and  other toxicants 
were added to these monoxenic cultures for the toxicity 
tests

F o o d  p re p a ra tio n

Erlenmeyer flasks (100 ml) were filled with 50 ml heart 
infusion broth  suspended in artificial sea water (ASW) 
and  then sterilized The medium was inoculated with the 
bacterial strain Alteromonas haloplanktis and incubated 
for 48 h at room  tem perature and ro tated  in a ro tary  shak 
ing machine at 125 rpm . Bacterial cells were harvested by 
centrifugation at 6000 rpm  for !5 m in  The pellet was 
resuspended in sterile ASW and added to the cultures

Toxicity tests

Juvenile stage 2 (J2) larvae of M  disjuncta (4,5 days old) 
were exposed to  cadm ium  (C dC I2 2 |H 20 ,  Baker Chem i
cals BV, H olland); chrom ium  (N a?C r20 7 2H 20 ,  M erck); 
copper (C uC l2 2H 20 ,  M erck); cobalt (C oC I2 6H 20 ,  
Baker Chemicals BY, Phillipsburg); m ercury (H gC l2, 
UCB Belgium); nickel (N iC l,.6 H 20 ,  M erck) and zinc 
(Z nC lj, UCB Belgium) salts, to titanium  dioxide w aste 
water ( p H = l ,  N L Chemicals Sa-nv G hent, Belgium), 
the biocide pentachlorophenol (PCP, M erck) and  to  the 
insecticide y-hexachloroeyclohexane (y-H C H , SIG M A ) 
For the metals, stock cultures o f  1000 mg/1 (as m etal-ion) 
were prepared in 11 distilled water using analytical grade 
salts A series of 100 ml solutions with concentrations 10 
times higher than the final test solutions were then p re
pared. Of each solution 5 ml was mixed with 42. 5 ml 0 6%  
sterile (buffered) bacto- agar (60CC) and 2.5 ml of a sterol 
m ixture For cadm ium  the medium was prepared directly 
a t. the -desired test concentrations. Stock solutions o f  
PCP and y-H C H  were prepared by disolving 100 mg in 
0,5 ml analytical grade acetone, which was then added to 
999.5 ml ASW and diluted to  the final test concentration. 
F or T i-0 2-waste, two parallel experiments were run; In 
the first, the waste was added to  natural sea water (NSW ) 
and the bacterial cells used as food were grown previously 
for 48 h in identical waste concentrations In the second, 
the toxicity o f the waste was tested in buffered (5 mM  Tr is)
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ASW For practical purposes, the food was grow n in a 
metal-free medium, because at pH o f  7 5 to 8, the iron 
present in the waste water precipitates as iron hydroxide 
(Fe(O H )j) This precipitate has a brow n colour and 
ham pers observation

W ith the exception o f the iron waste assay in ASW, 
the Alteromonas haloplanktis suspension added to  the 
cultures was grown for 48 h at the same toxicant doses as 
used in the tests Active J2-larvae (4 5 days old) sam pled at 
random  front a synchronous cohort of M  disjuncta were 
tested in groups o f  120 worms (per concentration) equally 
distributed am ong four replicates. After 96 h the number 
of dead juveniles and adults was counted under a stereo
scopic m icroscope in all test cultures D eath was oper
ationally defined as com plete inactivity and lack o f 
m ovem ent after Stimulation with a needle. After less than 
24 h, dead worm s become very pale and soon completely 
lose the typical internal nem atode turgor Therefore after 
one day the initial counts of dead worm s were checked for 
these cr iteria and  cor rected if necessary.

The egg deposition o f  at least 10 adu lt females, 
obtained from  the different test concentrations and  trans
ferred to  fresh monoxenic cultures, was determ ined by 
direct counts under the stereom icroscope Daily egg pro
duction was calculated from  these counts as the mean 
num ber o f  eggs produced per female per day during the 
observation period. All fecundity tests were run during a 
per iod o f  96 h.

Developm ent time, or m inim um generation time (the 
sum of em bryonic and post-em bryonic developm ent 
time), of M  disjuncta under the optim um  experim ental 
conditions used (17 'C  and 30%o S), is approxim ately 8.5 
days In the post-em bryonic period nem atodes m oult four 
times and pass through four larval stages before reaching 
adulthood  The success and speed with which the different 
m oults are com pleted have been used as criteria for 
m easuring deleterious effects o f  chemicals (Sam oiloff et 
a l , 1980) In our tests, the J2 -la rvaeo f M . disjuncta, which 
are used to  start the assays, need another four days (96 h) 
to com plete the three rem aining m oults and become adult 
C onsequently, after the test period, m aturation  percent
ages higher than  50% are expected in the blank. In 
sublethal test conditions, smaller m atu ra tion  percentages 
when com pared with the control are the result o f  inh ib i
tory effects caused by the chemicals tested on develop
m ent rate. Therefore, m atu ra tion  percentages obtained 
from such an exper im ental design provide inform ation on 
developm ent inhibition, and  the assay will be referred to  
in this paper as a developm ental assay

The raw data  to  determ ine the M EC s (M inim um  
Effective C oncentrations, see below), based on  the devel
opm ent response, were obtained by counting the num ber 
o f new adults in all test cultures when a t least 50%  of the 
juveniles had reached adulthood  in the blanks (after 96 h)„ 
The lowest toxicant concentration  a t which the first sig
nificant smaller number o f  adults, when com pared with

the blank, appear s is considered as the M EC. This M EC 
depends on the concentrations tested All experim ents 
were done at 17°C in cooled incubators with a precision of 
0 S^C, a t ,30%o S and in the d a rk . The w ater hardness of the 
prepared Killian medium was 554"F

Statistical analysis

LC 50 values were calculated by m inim um  logit chi- 
square procedure (H ewlett and Plackelt, 1979) In the 
y-H CH  test, m ortality  could not be linearized by logit or 
probit transform ation, LC 50 values for this com pound 
were estim ated by inverse prediction from a linear least 
squares regression o f  m ortality, transform ed into arc 
sin ^ /p ro p o rtio n , against the logarithm s o f  the concen
trations (Sokal and Rohlf, 1981) M inim um  effective con
centrations (M ECs), defined as the lowest concentrations 
tested which gave a significantly different response based 
on m ortality  and  developm ent time when com pared with 
the b lank, were estim ated by a log-likelihood test (G -test, 
Sokal and Rohlf, 1981) The significance o f the reduction 
in fecundity was exam ined by ANOVA. M EC s based on 
reduction of fecundity were determ ined by unplanned 
com parisons between the m ean fecundities by calculating 
95%  com parison intervals around  the m ean fecundities 
obtained at the different test concentrations (Sokal and 
Rholf, 1981),

Results 

Acute toxicity

The m ortality  responses o f J2-larvae o f  M  disjuncta  at 
the individual concentrations o f the chemicals tested are 
com piled in Table 1 LC 50 values and  M EC  values for 
m ortality  are given in Table 2 A part from m ercury and 
copper, none o f  the agents tested caused substantial 
m ortality  at concentrations lower than  10 mg/1. LC 50 
values resulted in the following rank order o f  toxicity: 
Cu >  H g >  Cr >  Zn >  Cd >  C o >  Ni Values o f  M EC based 
on juvenile m ortality  resulted in the following ranking 
of toxicity: Cu >  Hg >  Co >  Cr >  Zn >  Cd >  N i. W ith the 
exception o f the position of cobalt, bo th  sequences are  the 
same (Spearm an’s rs =  0.79; p <  0.05; n =  7), the M E C  of 
C o being 10 mg/1 whereas its LC 50 is 94 mg/1.

Figure 1 and Table 3 illustrate the very sm ooth dose- 
mor tality response patter n for Co (smallest slope in T able 
3) For copper, a very steep relationship was found 
between mor tality and  concentration  (Fig, 1 and  T able 3), 
the deleterious effects caused by Cu being manifest over a 
very small range from  1 mg/1 to  2.5 mg/1 (Fig. 1), The 
slopes o f  the dose-m ortality  curves o f  Zn, H g, Cr an d  Ni 
are interm ediate and nearly identical (Table 3) .

A cid-iron waste (T iO z) tested in N SW  did  not cause 
m ortality  up to  a dilution o f  0.3 ml waste/1 NSW . The
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Table 1 Percentage mortality (pooled,results of four replicate cultures) after 96 h at different metal/toxicant concentrations (mg/1) of 
4 5-day-old individuals of Monhystera, disjuncta. M ortality in all the blanks was zero Test concentrations inducing zero percent 
mortality are not shown, except for chemicals with a very steep dose-response relationship NSW = natural sea water; ASW = artificial 
seawater

Metal
toxicant

Concentration
(mg/1)

Mortality
(%) 95% Cl

Z n2 + 1 4 I 2 9 4
10 4 1...3-9.2
20 .37 .340-52.4
30 67 42.7-75.8
50 86 77 8-92 0 .
70 99 95.1-99 95

C d2 + ■ 5 0 0 -3 2
10 2 0 1-6 4
25 22 14 6 - 31. 0

C u2 + 0 75 1 0 05-4 8
1 2 0.3-9,.3
1.75 10 5,3-16,8
25 60 50.8-68 7
5 97.5 93.6-99.7

10 100 97,1-100
Hg2 + 2.5 8 .3. 7-14 7

5 36 27.2-45.6
7.5 82 73 8-88.5

10 81 72,7-87,7
C o2t 10 6 2 6-118

200 65 54.4-74.7.
300 94 88.2-97.4
400 100 97 5-100

C r2 + 10 3 0 6-9 0
15 13 6 9-21 8
20 71 59 6-80 7
30 71 59,6-80 7

Ni2 + 50 7 3.1-13.3
70 21 1.3 4-30.4
90 44 .3.3 7-54.7

110 51 40 1-618
PCP 2 5 0 0-2.5

5 60 51,1-68 5
7.5 97 92,1-992

10 100 97 1-100
y-HCH 1 0 0-2 5

2.5 40 31 3-49 2
5 37.5 29.4-47.2
7.5 50 40.8-59.2

TiQ2 waste1 0.3 0 0-2,5
(NSW) 0.4 90 8.3 2-94,7

0 5 100 97.5-100
T i0 2 waste1 
(ASW-(-.buffer)

No mortality: highest concentration tested was 10 ml waste/1 medium

'Concentration in ml waste/1 medium.

estim ated LC 50 value is 0.36 ml waste water/1 The pH 
equivalence o f  this LC 50 is 5.7 (95%  Cl; 5.5-5 9) The 
acid-iron waste is 100% toxic a t a dilution of 0.5 ml 
waste water/1 The dose-m ortality  relation caused by the 
waste water diluted in NSW  is extremely steep (slope =  
50.5; T able 3, Fig. 1 )„ N o m ortality  was observed when the 
acid-iron was diluted in buffered ASW  C oncentrations 
up to  10 ml w aste w ater per liter buffered ASW  were 
tested.

The dose-m ortality  relationships o f  the biocide PC P 
and  the insecticide y-H C H  are com parable to  those m ost 
toxic m etals (Cu and Hg; Fig 1). C oncentrations o f l  mg/1 
y-H C H  and 2 5 mg/1 PC P did no t cause any m ortality . 
T he LC 50s o f  PC P and  y-H C H  are 4.8 and 6.7 mg/1, 
respectively The steepest dose-m ortality  response wás 
found for PCP (Table 3). As a  result, the M EC  o f  PCP as 
m easured by the percentage m ortality  is som ewhat higher 
than  the LC 50 (Table 2).
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Table 2 Monhy steta dhjunctu: list of metals and toxicants studied (first column), lethal concentrations (LC 50 values) (second 
column) Effective concentrations (EC 50 values) reducing daily egg production by 50% (third column) and smallest concentrations 
having a detectable effect (MEC = minimum effective concentrations) for three different criteria: mortality (column 4), development 
(column 5), and fecundity (column 6) All concentrations are in mg/1; Cl =  confidence interval; SW =  natural sea water; ASW = 
artificial sea water

Metal LC 50(95% Cf) EC 50 (95% Cl) Mortality Development Fecundity
toxicant mg'l mg/1 MEC (mg/1) MEC (mg/1) MEC (mg/1)

Zn2* .24 6 (22 7-26.6) 1.9(0 8-4 .3) 20 5 0 75
C d2* .37 - 25 10 1
C u2 + .2.4 (2.2-2 5) >1 75 I 75 1.75 1 75
Hg2* 5 6 (4.7-6 7) > 2  5 2.5 2,5 2.5
Co2* 94 (40-220) - 10 -

C r6* 21 (16.8-25.7) >1 15 0 75 0 75/1
N i2* 10.3 (94.4-113.1) 15 (7.0-28.8) 50 15 15
PCP ' 4.8 (4 5-5 0) 2.1 (0 5-7 0) 5 5 5
y-HCH 6.7 (.2,6-19 1) 1 6 (0 6 -49) 2.5 1 1
T i0 2 waste 
(NSW )1

0 36 (0 .35-0. .38) — 0.4 0.4 "*

T i0 2 waste1 
(ASW +  buffet)

~ 10 2 1

’ml waste/1.

Table 3 Minimum logit chi-square analysis: regression of the 
logit o f the percentage mortality (M) against the logarithm of the 
concentration (C): M =  a + blogC; a =  intercept; b =  slope; SE =  
standard error; %2 = Pearson’s chi-square for goodness-of-fit

Metal/
toxicant a b (+ s .e  )

Pearson’s
chi-square

Zn2* -9 .7 7.0 (0.63) n.s.
C u2* -4 .5 11.8(1 00) n.s
Hg2* - 5 3 7.1 (0 98) * .

Co2* -6 .3 3.2(0 81) ***
Cr6* - . .  11 4 8,6 (2.09) ***
Ni2* —15.7 7.8(1 12) n.s
PCP -1 1 .8 17 4(2.25) n.s
y-H C H 1 7.5 45 2(5.47) -
T i0 2 waste 22 2 50,5(8 88) ns.,
(NSW)

’For y-HCH the arcsine transformation gave the best fit (r2 =  
0 97; p < 0  001) 
n s. =  not significant .
* = 0  01 < p <  0 05; ** =  0 001 <  p <  0 01 ; * * * =  p <  0 001

are either sim ilar (Cu and  Hg) or, for m ost m etals (Zn, Cd, 
Cr and Ni), smaller than  those found in the acute tests 
The ratios of the M EC s based on m ortality  and  develop
m ent ranged between 1 and  20. The ratio  is greatest for 
C r, interm ediate for the relatively non-toxic metals (Zn, 
C d and N i) and  unity for C u and H g Similar results 
were obtained for PCP, y -H C H  and the acid-iron waste 
L indane inhibits developm ent a t 1 mg/1, a  concentration  
2 5 times less than  the M E C  for m ortality. T he toxicity 
threshold o f  acid-iron waste tested in N SW  is identical 
for both  developm ent and m ortality , As in the case o f 
m ortality , developm ent rate is influenced by pH , the M E C  
being five times smaller in N SW  than  in buffered ASW . 
T he EC 100 o f  the wastewater diluted in buffered ASW  is 
m ore than  25 times higher than  in NSW, The relative 
toxicity rank order as determ ined by developm ent inhi
bition correlates significantly only w ith the rank  o rder 
obtained using M E C  m ortality  as a criterion (Table 5). It 
does no t cor relate w ith the rank  orders obtained  using LC 
50 and M E C  fecundity as criteria,

Developm ental assay

The influence of the different toxicants on the m aturation  
percentages o f  J2-larvae o f  M  disjuncta is show n in 
Table 4. H exavalent chrom ium  is extremely effective in 
inhibiting developm ent rate. C hrom ium  is the only m etal 
studied which is toxic in the pg/1 range. The relative tox
icity rank order o f  the m etals as m easured by developm ent 
inhibition is com parable to  the sequence obtained when 
using m ortality  (LC 50 and M EC ) as toxicity index (rs =  
0 829; p =  0.05) The M E C s’for developm ent inhibition

Fecundity

In  Table 6 the daily number: o f  eggs pr oduced per female 
in the first 4 days o f  the fertile period  is shown for 
all chemicals. W ith the exception o f  copper, the con
cen tration  range tested caused significant reduction in 
fecundity (ANOVA). A t the highest test level o f C u, a 
concentration  identical to  the M E C  as m easured by m o r
tality, the daily egg production  is reduced by 24% . For 
copper and  m ercury, M EC s as m easured by reduction in 
egg production  are identical to the M EC s obtained in the
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Figure I, M  disjuncta: dose-response relationships for J2-Iarvae after 96 h. Curves were fitted using coefficients of Table 3

acute and developm ental assays The positions o f Cu and 
f ig  as determ ined by their suppression of fecundity is 
interm ediate to  low C hrom ium  and zinc are the m ost 
toxic m etals followed by cadm ium  Ni is, as for the other 
criteria, the least toxic metal Toxicity ranking of the 
m etals based on reduction o f fecundity does no t correlate 
with any o f  the other criteria studied (Table 5) For Zn 
and Ni EC 50s were estim ated (Table 2); their values were 
alm ost (Ni) and  m ore (Zn) than one order o f  m agnitude 
smaller than  the corresponding LC 50 values F'or PCP 
and y-H C H  the M EC  is 1 mg/1 In buffered ÁSW a con
centration  of 0 1 % acid-iron waste significantly depressed 
fecundity. The EC 50 was estim ated roughly as 0 09%  of 
the undiluted effluent

Discussion

F or all three criteria studied, a 96 h period was chosen 
as exposure time This is m eaningful for assays with 
M  disjuncta, (a) because cum ulative egg production  by

nem atodes, even in the pr esence o f  cadm ium , copper and  
nickel, is a linear function o f  time (V ranken and H eip, 
1986; Verschraegen et al., 1986; V ranken, 1987) and (b) 
because the J2-larvae used need exactly another 4 days 
to become adult (V ranken et al., 1988) Therefore the 
exposure time, which equals the time necessary to  com 
plete the life-cycle, has £  physiological m eaning for the 
species J2-larvae were chosen because the J1-larvae are 
too fragile to m anipulate and because the eggs are know n 
to  be highly resistant (K han and  M cFadden, 1980). M ore
over, in a prelim inary experim ent w ith methyl m ercury 
chloride, no clear-cut causal relationship was found 
between the egg m ortality pa ttern  and  the test concen
trations used (V ranken et al., 1984a, b), This is probably  
due to  the fact tha t the nem atode egg-shell is the only 
nem atode structure containing chitin (Bird, 1980), and  
therefore-a str ucture which is less per meable to  some Sub
stances than  the highly metabolically active cuticle (Bird, 
1980) A significant reduction in the viability o f  the eggs 
in the sublethal concentrations used to  study fecundity 
is not to  be expected A 96 h test period was also chosen
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Table 4 Percentage m aturation (pooled result o f  four replicate 
cultures) after 96 h at different metal/toxicant concentrations 
(mg/1) of 4 5- day-old individuals o f M. disjuncta NSW =  natural 
sea water; ASW =  artificial sea water. Confidence limits o f the 
percentages were calculated using the binomial distr ibution

Table 4 (Continued)

M etal'
toxicant

Z n2

C d2

Cu2 +

Hg2

C r6

N i2

PCP

y-HCH

/ NSW 2

Concentration
(mg/1) % maturation 95% Cl

Control 91 84,4-95.4
0.75 98 93 6-99 7
1 91 84.5-95.4
5 61 51,7-69.7

10 2,5 0 3 -8 7
20 0 0-2 5
30 0 0-2,8
50 0 0-2.8
70 0 0-2.5

Control 67 54.2-78.2
1 69 56,8-79.5
5 69 56 0-80 1

10 11 4.6-21 4
25 0 0-2.8

Control 61 51.8-69,7
0 75 40 .31,3-49 2
1 54 55.2-6.3,0
1.75 42 , 33.2-51 2
2,5 ' 0 0-2.8

Control 85 77.3-90.9
0 5 87 79 6-92 4
1 82 73,9-88.4
2.5 24 16 5-3.3.0
5 i o 5.2-17.1
7.5 1 0 0 4 -5 0

10 0 0 0-2 6
Control 97 92.0-99.3

0 5 96 90 6-98.7
0 75 79 70 4-86.0
1 74 65 2-81,5
5 0 00-3 .5

10 0 0 0-3 3
Control 91 84.3-95.5

5 87 79.3-92.6
15 63 53.6-71 8
25 39 .30 0-48 5
.35 16 9.7-24 2
50 0 0-2.6
70 0 0-3.0

Control 92 85.7-96 1
0.5 94 88,1-97 4
1 91 84.5-95 3
2.5 87 79,8-92.3 .
5 24 17 0-32 3
7 :5 0 0.0-2.5

Control 95 89.3-98.1
0.1 96 90 7-98 7
025 93 869 -9 6 8
0 5 87 79 7-92 4
0.75 88 80 9-93.1
1 73 64 1-80.7
25 16 10 0-23.7
5 ' 0 0-2.5

Control 89 82 0-93 9
01 93 86,9-96 8
0.2 9.3 86 9-968
0,3 94 88,1-97 5
0 4 0 0-2,5

Metal/
toxicant

Concentration
(mg/1) % maturation 95% Cl

T i0 2 waste Control 89 82 0 93 9
/ASW 2 0.1 92 85.5 96 2

1 88 80 6  9.3.3
2 70 60.9-78 1

10 4.3 33 8-52.6

'Experimental time is 120 h 
C oncentrations in ml waste/1 medium

Table 5 Relative rank order o f toxicity for the different criteria 
studied MEC =  minimum effective concentration at p < 0 0 5 ; 
D =  development; M =  mortality; F =  fecundity

LC 50: C u > H g > C r > Z n > C d > C o > N i
M EC(M ): C u > H g > C o > C r> Z n > C d > N i
M EC(D): Cr > C u > H g > Z n > C d > N i
M EC (F): Cr = Z n > C d  > C u > H g > N i

Table 6 Monhystera disjuncta: daily fecundity; number of eggs 
produced per female during the first 96 h o f the fertile life period 
at different levels o f metals/toxicants; C l =  confidence inter vals, 
* =  first value significantly different from the blank at (p <  0. 05) .

Metal/
toxicant

Concentration
(mg/1)

Daily
fecundity ■ 95% C l

Z n2 + Control 63 41.5-83,5
0,75 48* .40.5-54.5
1 50 36.2-62.8
5 5 1 1-8.7

Cu2 + Control 43 36 9-49 5
0,75 34 29 8-38 5
1 44 38.7-48 „9
1,75 33* 23 6-42 4 .

Hg2 + Control 45 .34.3-56,5
0.5 .35 28.2-42.0
1 41 309-51.3
2.5 .32* 245-39.5

C r6 + Control 49 - 31 2-66.2
0 5 43 30 7-54 9
0.75 .31* 23 7-38 9
1 33 29,2-36.0

N i2 + Control 66 59 5-72.2
5 65 592-65.7

15 .31* 12,2-51.7
25 5 1,1-19.2
35 1 0.1-7.3

PCP Control 66 59 5-72 2
0.5 59 48,8-68,5
1 44* 35 9-52 1
5 10 2 1-18 3

y-HCH Control 60 47.4-73,3
0.5 44 31 8-57 0
1 .34* 15.2-51.9
2 5 26 4.4-47.9
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Table 7 Toxicity of heavy metals to Monhystera disjuncta, measured at 96 h LC 50s, compared with other organisms. All 
concentrations are in mg/1.

Metals

Monhystera 
disjunc ta 

96 h LC 50 
,J2-larvae

Panagr ellus 
silusiae 

12 h L C 50 
J2-larvae

Enoplus 
c ommunis 

96 h LC 50* 
B B

Enoplus 
brevis 

96 h LC 50* 
B R  B B

Nitocra 
spinipes 

96 h LC 50 
adults

Carcinus 
maenas 

48 h LC 50 
larvae •

Crassostrea 
Nereis virginica 

diversicolor 48 h LC 50 
192 h LC 50* lar vae

Zn2" 24.6 20 0 38 >100 >100 I 45 10 30 0.31
C d2" .37 5 85 0 2 10 >100 1 8 - 100 3.8
C u2" 2 4 028 0 1 1,6 5 1.8 0,6 0,27 0,103
Hg2" 5 6 2.81 < 001 5 0,08 0,23 0014 > 0  1 0 0056
C r6" 20.7 18 5+ - - - - - 10 10 3f
N i2 + 103.3 28 6 - - - 6 0 - 1,18

•Stage not mentioned 
+Cr3+;,
B B : Budle bay; B R : Blyth River
References: P silusiae in Haight eta l (1982); E communis and E  brevis in Howell (1984); N  spinipes in Bengtsson(1978); C maenas in 
Connor (1972); C. virginica in Calabrese et al (197.3) .

for com parative purposes, as this period is often used in 
toxicity w ork, even for species w ith m uch longer life
cycles (Reish et al., 1983) Therefore the present results 
have the advantage o f  being com parable to a large 
num ber o f  published data

Relatively high levels o f  toxic agents are necessary to 
cause im m ediate effects on the J2-lar vae Fecundity is the 
m ost sensitive criterion used Relatively large discrep
ancies between the three toxicity indices were found only 
for the agents which are interm ediately or relatively non
toxic on an acute basis. This m eans tha t the difference 
between 96 h LC 50 and the threshold o f  a sublethal effect 
is relatively small, although experim ental time m ight be 
too  styort to  evaluate the sublethal effects unequivocally.

Reish and  C a ri (1978) and Petrich and Reish (1979) 
found for two polychaetes. Ctenodrilus serratus and 
Ophryotrocha diadema, differences of the same m agnitude 
between acute and fecundity tests for m ost heavy metals 
studied, except for copper and m ercury, where the dif
ference between the 96 h LC 50 test and reduction in 
fecundity was small. Samoiloff (1980) reported  for the 
nem atode Panagrellus redivivus th a t significant reduction 
in fecundity caused by Cd occurs at levels three orders 
o f  m agnitude lower than the M EC as m easured by m or
tality Similarly, for the nem atode species Diplolaimella 
dievengatensis significant reduction in fecundity caused by 
copper occurs at levels m ore than one order less than  the 
LC 50 (V ranken and Heip, 1986), a result in sharp con
trast to  the present findings H aight et al (1982) studied 
the influence o f  seven m etals on the length-grow th and 
m ortality  of the free-living terrestrial nem atode Panagrel
lus silusiae W ith the exception o f  copper (LC 50 =  280 
pg/1), all LC 50 values were higher than  2 mg/1 (Table 7) 
C oncentrations necessary to block grow th were higher 
than  50 mg/1 and hence considerably higher than the LC 
50 data.

Small differences between acute and developm ent inhi
bition tests were also reported by B ogaert et a l (1984) 
for the nem atodes Diplolaimella bruciei and  Diplolaimella 
dievengatensis. For Panagrellus redivivus, on the con 
trary , grow th inhibition is m ore sensitive than  m ortality  
(Sam oiloff et al., 1980), This also holds for the free-living 
brackish-w ater m onhysterid Diplolaimella dievengatensis 
(V ranken and Heip, 1986) However, regardless o f som e 
conflicting results it is clear tha t com pared w ith m ortality, 
fecundity and developm ent are the m ore sensitive toxicity 
criteria, The conflicting results reported by H aight et al. 
(1982) in the P. redivivus test m ay be due to  additional 
nutr itional stress. These au thors did no t feed their anim als 
during the acute tests and  it is know n th a t m etal toxicity 
falls when food is added (Biesinger and Christensen, 1972; 
V ranken and Heip, 1986)

A lthough infor m ation is lacking on the flux th r ough the 
nem atode of the substances tested, on their bioavailability 
and on their concentration in the food offered, it can be 
concluded that M . disjuncta is relatively resistant to heavy 
metals when com pared w ith representatives o f  the m ajor 
taxonom ic groups living in benthic and epibenthic m arine 
fàunal assemblages (Table 7). Similar high resistance, es
pecially to  copper , is repor ted for non-m arine nem atodes 
Feldmesser and Rebois (1966) obtained LC 50 values for 
mixed populations o f  Panagrellus and Rhabditis between 
35 and 40 mg/1 De M aeseneer(1967) found th a t 200 ppm  
Cu caused 80% m ortality  w ith three longidorid species 
However , the density o f  other nem atode species such as 
Pratylenchus crenatus, Rotylenchus robustus and unidenti
fied saprozoic species was no t affected at this concen
tration , even in very acid soils. For three p lant-parasitic 
nem atodes, Xiphinema diversicaudatum, Aphelenchoides 
ritzemabosi and Pratylenchus penetrans, the 18-24 LC 50s 
o f  Cu are, respectively, 0 .1 ,4 1  and  2.6 mg/1 (Pitcher and  
M cN am ara, 1972) The predatory  nem atode M ononchus
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aquaticus rem ained highly active during the first 6 h after 
exposure to  63 5 mg/1 Cu (Bilgrami and  Jairajpuri, 1984)

The large m arine predatory  species Enoplus; communis 
is an exception (Table 7) This species is m uch m ore 
sensitive com pared with other nem atodes (Howell, 1984) 
Thus, 96 h LC 50s for E  communis ranged between 10 pg/1 
H g2 + and 380 pg/1 Z n 2 + (Table 7), which are relatively 
low values, even when com pared w ith sensitive taxa such 
as copepods, am phipods (Reish et al., 1983) and larvae 
of crustaceans (M artin  et al , 1981) In contrast to  E  
communis, the congeneric £  brevis exhibits alm ost the 
same resistance to heavy m etals as does M . disjuncta 
(Howell, 1984) T o explain this difference between con
generic species Howell ( 1984) suggested th a t anim als from 
polluted localities were less susceptible to  the toxicants 
tested than  those from  unpolluted sites

N em atodes are the m ost abundan t anim als in m arine 
sediments A representative o f  the second m ost abundan t 
meiobenthic taxon, the harpacticoid copepod Nitocra  
spinipes, is a t least 17 times m ore sensitive to  heavy 
metals, except Cu (Table 7) The harpacticoid copepod is 
therefore probably  the better bioassay organism  Ernst 
(1984) reviewed the toxicity o f  pesticides and  organic 
chemicals to  m arine organisms. For y-H C H , 96 h LC 50 
values ranged between 0 2 ptg/1 for the shrim p Penaeus 
duorarum  and  0 1 mg,/l for the sheepshead m innow  Cypri
nodon variegatus The least sensitive organism  w ith regard 
to lindane is still some 50 times m ore sensitive than  M . 
disjuncta For PCP, the m edian acute level is smaller than  
1 mg/1 for m ost organism s tested. M uch larger inverte
brates, such as Crangon crangon, Palaemon elegans and 
the blue mussel M ytilus edulis, exhibit alm ost the same 
resistance to  PCP as M . disjuncta

T he LC 50 value o f  the acid-iron waste tested, which 
contains abou t 20%  sulphuric acid and 2%  iron (Roekens 
and Van G rieken, 1983), is 0.036% (pH  =  5.7) A t such a 
concentration , Cr is the only metal present a t a relatively 
higher concentration  o f 120 gg/1, a value considerably 
lower than the M EC value A lthough acidification in
creases metal toxicity, it is probably  only the sulphuric 
acid com ponent o f the effluent which is harm ful In the sea 
the iron o f  the effluent is oxidized and precipated The 
m etals are co-precipitated by form ing complexes with Fe 
and Ti (Lethinen et al., 1984), which probably  reduces 
their toxicity. The reduction in pH  is limited to  the first 
seconds after discharge from the barge in to  its wake 
(R oekens and Van G rieken, 1983), so tha t the assay done 
in buffered ASW  is m ore useful for risk assessment. From  
this test it is concluded th a t the T i0 2 w aste has only a 
minor effect on the viability o f  M . disjuncta However, 
because o f  its relative resistance to  toxicants, we conclude 
tha t the value of the species as a bioassay organism  is 
limited

The grow th m edium used to  perform  our tests with M  
disjunc ta lacks the m ost active binding substances present 
in standard  m icrobial grow th m edia (R am am oorthy and

K ushner, 1975) Therefore the present results arc not a rte 
facts o f  the m ethods used, but are in our opinion more 
indicative o f  the general resistance o f  bacterial eating 
nem atodes to effects of pollution Field obser vations cor
roborate  this view as M  disjuncta is extremely abundant 
in heavily polluted sediments o f the Southern Bight o f 
the N o rth  Sea (Vincx et al., 1984) and  because species of 
the same feeding type as M  disjuncta become extremely 
dom inant in highly polluted m arine sedim ents (H eip et 
a l .  !985)
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