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ABSTRACT

The in f lu e n c e  o f  th e  m ercury compounds HgpC^, H gC^, and CH^HgCl a s  
measured by egg m orta lity , preadult m orta lity , and development tim e, was 
studied  on the marine nematode Monhystera d isjuncta. A s ig n if ic a n t  in flu en ce  
on egg, ju v en ile , and preadult m orta lity  was observed for and HgCl2 ,
w h ile  CH-jHgCl did n ot cau se  eg g  m o r ta lity . I t  was concluded th a t  th e  
ju v e n ile  m o r ta lity  i s  th e  m ost s e n s i t i v e  index  fo r  ch ron ic  s t r e s s .  No 
apparent changes in  the development tim e occurred. The acute to x ic i ty  o f  the  
above mentioned mercury compounds, measured as the 96 h LC50-values, were 
ca lcu lated  fo r  both adult fem ales and males.
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n n s c m m o s

The s ig n ifica n ce  o f  f r e e - l iv in g  nematodes in marine sedim ents has been 
recently  emphasized by se v e r a l authors (P la tt and Warwick, 1980 ; Heip e t  
a l .,  1982). Marine nem atodes are  w id e ly  d is t r ib u te d ,  w ith  t o t a l  d e n s i t i e s  
ranging from 10^ worms.m-  ̂ in  e s tu a r ie s  and s a l t  marshes, to  lO^.m-2  in  the  
deep se a  (Heip a t  a l . ,  1 982). H ence, nem atodes are im portant in  term s o f  
biom ass, an average y e a r ly  b iom ass o f  0 .18 g  C.m-  ̂ was record ed  f o r  th e  
Belgian coast by Heip e t  a l .  (in  p ress), and as p o ten tia l food organism s fo r  
animals o f  higher trophic le v e ls  (Laserre e t  a l . ,  1976 ; P la tt  and Warwick, 
1980). I n d ir e c t ly  nem atodes a l s o  s t im u la te  nutrient regeneration (Findlay  
and T en ore,*1982), b a c t e r ia l  p r o d u c t iv ity  (Tenore e t  a l . ,  1977 ; G erlach , 
1978 ; T ie tjen , 1980), and organic decomposition (Gerlach, 1977). Nematodes 
a lso  g rea tly  in flu en ce the p h y sica l c h a r a c t e r is t ic s  o f  th e  se d im e n ts  th ey  
are in h a b it in g  by b io tu r b a t io n  (C u llen , 1973) and t h e ir  m u c u s -se c r e t in g  
behaviour (Riemann, 1974 ; Riemann and Schrage, 1978).

In s p i t e  o f  th e  e c o lo g ic a l  s ig n i f ic a n c e  o f  th e  m arine nem atodes, 
experim ental e c o to x ic o lo g ic a l s tu d ie s  on the v ia b i l i t y  and other responses 
o f  th e se  organ ism s in  r e la t io n  to  exposure to  heavy m e ta ls  or o th er  
to x ic a n ts ,  a re , how ever, a lm o st u n e x is t in g . In order to  f i l l  t h i s  gap, a 
cosm op o litan  f r e e - l i v i n g  m arine (estuarine) nematode Monhystera d isju n cta  
Bastian, 1865 was se le c te d  fo r  the present study as a su ita b le  t e s t  sp ec ie s  
(for e c o to x ico lo g ica l t e s t in g  see  a lso  Vranken e t  a l . ,  1984)-

The developmental b io logy  o f  the sp ec ies was described by Gerlach and 
Schrage (1971). Chitwood and Murphy (1964) rep orted  on i t s  em bryonic  
developm ent and b ehaviour under c u ltu r in g  c o n d it io n s . A longi. and T ie t j e n
(1980) in vestiga ted  i t s  com p etitive  a b i l i t y  in  re la tio n  to  bacterivorous and 
herbivorous nematodes, and T ie tjen  (1980) drew up a carbon budget fo r  ad u lt  
fem ales.

In th e  p resen t stu d y , th e  t o x ic  e f f e c t s  o f  th ree  mercury compounds 
(Hg2Cl2 , HgCl2 , and CH-jHgCl) on v a r io u s  a s p e c ts  o f  th e  l i f e  h is t o r y  o f  M. 
disjuncta  were studied . The aim o f  th ese experiments was to  s e le c t  the l i f e 
cy c le  parameters b est su ita b le  fo r  eco to x ico lo g ica l t e s t s  under g n o to b io tic  
c o n d it io n s . The t e s t  medium was c h e m ic a lly  d efin ed  (Vranken e t  a l . ,  1984) 
but the food source was a m ixture o f  u n id en tified  bacteria  iso la te d  from the  
S lu ice Dock in Ostend, Belgium.
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MATSRIALS AHD METHODS

M. d is iu n c ta  was i s o la t e d  from  th e  S lu ic e  Dock in  O stend ( fo r  
c u l t iv a t io n ,  m ain ten an ce, and h a b ita t  d e s c r ip t io n , s e e  Vranken e t  a l . ,  
1984). The medium used f o r  th e  b io a s s a y s  was a  0.4 £  b ä c to -a g a r  made w ith  
D i e t r i c h  and K a l l e ' s  (1 9 5 7 )  a r t i f i c i a l  sea w a ter  en r ich ed  w ith  1 $6 
Na2 S i0 ^ .9H20 (15 g . l - 1 ) , 1 % amino a c id  s o lu t io n  ( fo r  c o m p o sit io n  se e  
Vranken e t  a í ., 1984) and 1 #  Provasoli-W alne (1:5) modified n u tr ien t medium 
(Ukeles, 1976 ; Vlasblom pers. commun.). The assays were performed a t 20 °C, 
30 s a l i n i t y ,  and a  pH o f  7 .5 . The food  c o n s is te d  o f  a  m ix tu re  o f  
u n id e n t if ie d  b a c te r ia  i s o la t e d  from  th e  S lu ic e  Dock. The d e n s ity  o f  t h i s  
l iv e  food was' not con tro lled  but no food lim ita t io n  occurred throughout the  
course o f  the experiments.

The in f lu e n c e  o f  d i f f e r e n t  con cen tra tion s o f  three mercury compounds 
(Hg2Cl2 , HgCl2 , and CHjHgCl) on th e  fo llo w in g  l i f e -h is to r y  c h a r a c te r is t ic s  
was studied  :

-  egg m orta lity , e(+) : m o rta lity  occurring during the embryonic phase, 
from the egg la y in g  t i l l  the hatching o f  the larva ;

-  j u v e n i l e  m o r t a l i t y ,  j ( + )  : m o r t a l i t y  d u r in g  p o s te m b r y o n ic  
development, from the moment the worm leaves the egg t i l l  i t  reaches 
adulthood ;

-  p rea d u lt m o r ta lity ,  (+) : m o r ta lity  b e fo re  adu lth ood , e(+) and j(+ )  
represented together in  one fig u re  ;

-  development tim e (= minimum generation tim e, Tm̂ n) : period between 
id e n t ic a l sta g es o f  su ccess iv e  generations, approximately the sum o f  
the embryonic and postembryonic period ;

-  adult m orta lity  (M ) during a  t e s t  period o f 96 h.

The assays to  determine the preadult m ortality  were sta r ted  w ith  105 
eggs per c o n c e n tr a tio n , fo r  both Hg2Cl2 and CH^HgCl. The eg g s  w ere  
transferred in  sm all lumps o f  agar to  fresh  cu lture media. This manipulation  
had no e f f e c t  on the egg v ia b i l i t y .  For HgCl2 , f iv e  fem ales per r e p lic a  were 
allowed to  deposit eggs fo r  24 h. Then the fem ales were removed and the eggs 
counted. T h eir  t o t a l  number ranged from 72 (10 ppb) to  435 ( c o n t r o l) .  The 
use o f th is  method was d iscontinued because o f  the large d iscrep an cies in  
th e  number o f  eggs produced in  th e  v a r io u s  exp erim en ts. From th e  s t a r t  o f  
th e  exp erim en t onwards, th e  number o f  f r e s h ly  hatched j u v e n i le s ,  dead 
j u v e n i le s ,  and unhatched eg g s was recorded during d a i ly  c o n tr o ls .  A fte r  a  
tim e period Tmin, new ad u lts were removed routinely . For the blank o f  HgCl2 ,
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s ix  simultaneous r e p lic a te s  were run. At 25 ppb and 50 ppb (HgCl2 ) one 
r e p l ic a t e  was l o s t  and in  one r e p l i c a t e  a t  2.5 ppm Hg+ (Hg2 C l2 ) n o t a 
s in g le  fem a le  developed  in t o  th e  a d u lt  s ta g e  (T able IV). At 25 ppb Hg2* 
(CHjHgCl) on ly  one r e p l i c a t e ,  and a t  10 ppb Hg^+ (CH^HgCl) o n ly  two 
r e p l ic a t e s  y ie ld e d  a d u lt  fe m a le s . In  th e  o th er  ex p er im en ts , th e  fem a le  
ju ven iles died before adulthood. The 96 h LC50 t e s t s  were carried  out w ith  
worms ap p rox im ately  1 2 -d a y s -o ld . Por Hg2"*" ( in  CH^HgCl) f i v e  r e p l ic a t e s  
c o n ta in in g  ten  fe m a le s  and ten  m ales each were exposed to  each o f  th e  s ix  
concentrations ranging from 25 to  150 ppb. For the other two compounds only  
four r e p l ic a t e s  w ith  20 a d u lt s  w ere used and s i x  t e s t  c o n c e n tr a t io n s ,  
rangingfrom 250 t o  1 500 ppb Hg2+ (compound H gC ^), and from  30 to  35 ppm 
Hg+ (compound The c o n c e n tr a tio n s  m entioned r e f e r  o n ly  to  th e
mercury ions and not to  th e  compounds.

The 96 h LC50 v a lu e s  fo r  th e  a d u lts  w ere c a lc u la te d  a c c o r d in g  to  the  
Reed-Muench method, and r e sp ec tiv e  co n fid en ce  l i m i t s  w ere e s t im a te d  w ith  
P iz z i's  formula (Woolf, 1968). The median le th a l concentrations (LC50) for  
th e  o th er  l i f e  s t a g e s ,  e (+ ), j(+ ) and (+), were computed by in v e r se
p r e d ic t io n , u s in g  a l in e a r  l e a s t  square r e g r e s s io n  o f  th e  s u r v iv a l  
percentage, corrected fo r  c o n tr o l resp on se  (H ew lett and P la c k le t t ,  1979), 
and transformed to  angles (arcsin e  transform ation), against concentrations  
(arithm etic  sca le ). Both lo g i t  and probit analyses resu lted  in  some cases in  
very h igh  P earson 's s t a t i s t i c s ,  in d ic a t in g  th a t  th e s e  f i t t i n g s  w ere  
u n satisfactory  in  some cases. The confidence l im it s  fo r  th ese  median le th a l  
c o n c e n tr a tio n s  w ere e s t im a te d , by a method d escr ib ed  by S ok a l and R o h lf
(1981).

RESUIffS

In  T able I th e  egg  m o r ta lity  e (+ ), ju v e n ile  m o r ta l i ty  j (+ ) ,  and 
p rea d u lt m o r ta lity  (+ ), a t  d i f f e r e n t  c o n c e n tr a tio n s  o f  Hg2 Cl2 , H gC ^  and 
CH-jHgCl are p r esen ted , a s  w e l l  aâ th e  G - s t a t i s t i c  a d ju sted  by W illia m s' 
c o r r e c t io n  (q) (Sokal and R o h lf , 1981). These s t a t i s t i c  t e s t s  d em o n stra te  
w h eth er  or n o t eg g  m o r t a l i t y  i s  in d e p e n d e n t o f  t h e  h e a v y  m e ta l  
concentration. The d iffe r e n t  concentrations te sted , are arrayed according to  
an in c r e a s in g  m o r t a l i t y  r a t e  ( f i g u r e s  in  p a r e n t h e s i s ) .  R e s p o n s e s  
(m o rta litie s) underscored by the same l in e  represent n o n -s ig n ifica n t w ith in  
se ts  o f  concentrations a t  the P < 0.05 confidence le v e l.
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The f ig u r e s  in  T able I  d em on strate  th a t  in  a l l  c a se s  th e r e  was a 
s ig n i f i c a n t  in f lu e n c e  o f  th e  mercury c o n c e n tr a tio n  (-P < 0.001 ) on th e  
m agnitude o f  th e  recorded  e f f e c t .  For Hg2Cl2 a  very  c le a r  p a tte r n  was 
observed in  which on ly  the egg and ju ven ile  m orta lity  ra tes  a t 2.5 ppm were 
h igh er  than a t 5 ppm, and hence a ls o  fo r  th e  tw o -p o o led  p rea d u lt  
m ortality . The aberrant p o sitio n  o f  2.5 ppm Hg+ (Hg2Cl2), e s p e c ia lly  fo r  the 
ju v en ile  m orta lity  may be a ttrib u ted  to  the heterogen eity  among r e p lic a te s  
(P < 0.001, Table I I ). For HgCl2 a  r e la t iv e ly  high non-hatching percentage

Table I I .  Goodness o f  f i t  t e s t  (G u -sta tis t ic )  to  lo c a te  h eterogeneity  among 
r e p l i c a t e s  (S ok a l and R o h lf, 1981). e(+) = egg  m o r ta l i ty ,  j(+ ) = 
ju ven ile  m ortality- The s e r ie s  w ith  complete homogeneous response 
(e ith er  100 %  m orta lity  or survival) are labeled  only w ith ns, 
df = 2 except fo r  data marked c and *

Compound Concentration e(+ ) j(+ )

Hg+ in Hg2Cl2 Control 7.543 * (ns)
1 ppm 0.403 (ns) (ns)
2 .5 ppm 1.126 (ns) 21.902 ***
5 PPm 17.633 *** (ns)

10 ppm 10.409 ** 19-940. ***
15 PPm 2.749 (ns) (ns)

Hg2+ in HgCl2 Control 64.993° #■** 8 .824°: (ns)
2 ppb 4.249 (ns) (ns)

10 ppb 27.817 *** 1.034 (ns)
25 ppb 0.384° (ns) (ns)°
50 ppb 16.494° *** 47.524° ***

100 PPb 17.685 *** 4.940 (ns)
250 ppb 100.512 ■*** 2.806 (ns)
500 ppb 25.445 *** 24.169 ***

1 000 ppb 13.157 ** (ns)

H^+ in  CH-jHgCl Control 7.543 * (ns)
10 • PPb 92.967 *** (ns)
25 PPb 0.541 (ns) 40.265 ***
50 ppb 14.851 *** 5.465 (ns)
75 PPb 2.733 (ns) (ns)

100 PPb 7.187 * (ns)
500 PPb 1.584 (ns) (ns)

c d f = 5 
0 d f = 1 

* 0.01 < P < 0.05
** 0.001 < P < 0.01 

*** P < 0.001
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(32 56) was recorded, hence only the higher t e s t  concentrations (250, 100, 
1 000 ppb) induced s ig n if ic a n t ly  d ifferen t egg responses. Por the ju ven ile  
mor Laii Ly a  s im ila r  pai Lern was no Led. Only the higher tox ican t le v e ls ,  were 
s ig n if ic a n t ly  d if fe r e n t  form the control except fo r  a  concentration o f 250 
ppb which caused le s s  m orta lity  than the con trol. Por th is  compound a high 
v a r ia b il ity  among r e p lic a te s  e x is t e d ,  p a r t ic u la r ly  fo r  th e  egg m o r ta lity  
se r ie s , in  which s ix  o f  the nine s e ts  were made up o f  h ig h ly  heterogeneous 
r e p l i c a t e s  (P < 0 .0 0 1 ). Por th e  ju v e n ile  m o r ta lity ,  on th e  co n tra ry , the  
v a r i a b i l i t y  am ong r e p l i c a t e s  was c o n s id e r a b ly  l e s s .  The h ig h e s t  
h eterogen eou s s e t  fo r  t h i s  l i f e - h i s t o r y  s ta g e  was observed a t  50 ppb Hg^+ 
(HgC^) and a l l  m o r ta l i ty  occurred w ith in  one r e p l ic a t e .  However, th e  
responses generated in  the d iffe r e n t re p lic a te s  between 0 and 250 ppb Hĝ + 
(HgClg) were hom ogeneous, c l e a r ly  in d ic a t in g  th a t  th e s e  c o n c e n tr a tio n s  
encompassed the nontoxic concentrations range fo r  th is  p a rticu lar  nematode 
sp ec ies . The preadult m orta lity  pattern matched the egg m orta lity  response 
in d ica tin g  th at the la t t e r  in terfered  w ith the pooled preadult m ortality .

Por CHjHgCl, no d i s t i n c t  r e la t io n s h ip  e x is t e d  betw een th e  h a tch in g  
p r o b a b il ity  and th e  d i f f e r e n t  l e v e l s  o f  mercury. T h is r e s u lte d  in  a non- 

" s ig n if ic a n t  r e g r e s s io n  ( c o e f f i c i e n t s  not shown in  T able I I I ) .  With 
in crea sin g ' d o ses  o f  CH-jHgCl on th e  con trary , a d i s t i n c t  e f f e c t  on the  
ju ven ile  and preadult m orta lity  was noted.

In Table I I I  a com pilation o f the r e su lts  l i s t e d  in  Table I  are given, 
nam ely th e  r e g r e s s io n  o f  m o r ta lity  (M) during th e  d i f f e r e n t  l i f e  s ta g e s ,  
a g a in s t  c o n c e n tr a t io n  (C) ; M = a + bC, w ith  a and b b e in g  c o n sta n ts . Other 
in clu d ed  s t a t i s t i c s  are th e  c o e f f i c i e n t  o f  d e term in a tio n  (r^ ), th e  P -  
s t a t i s t i c  t e s t in g  the s ig n ifica n ce  o f  regression, and the standard errors o f  
a and b ( in  p a r e n th e s is ) .

Prom t h i s  a n a ly s i s  i t  i s  c le a r  th a t a l in e a r  r e la t io n s h ip  (P ig . 1, 2, 
and 3 ) e x is t s  between the m ortality, response and the concentration (and not 
th e  lo g a r ith m  o f  th e  d o se ). In  a l l  c a se s  th e  r e g r e s s io n  o f  th e  ju v e n ile  
m ortality  aga in st the co n cen tra tio n  provided th e  h ig h e s t  c o e f f i c i e n t s  o f  
d e te r m in a tio n , th e  h ig h e s t  P - s t a t i s t i c s ,  and c o n seq u en tly  th e  s m a lle s t  
confidence l im it s  fo r  the median le th a l concentration. Prom the foregoing i t  
can be concluded  th a t  th e  ju v e n ile  resp on ses are more s t r a ig h t  forw ard, 
w hereas th e  e g g -m o r ta l i ty  resp o n ses are not a lw ays very com prehensib le . 
Studying preadult m orta lity  as a whole can therefore r e su lt  in to  s im ila r  not 
very coherent observations.
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F ig . 1 . M o r ta lity  o f  M. d is ju n c ta  d u rin g  th r e e  d i f f e r e n t  l i f e -

h is to r y  sta g es, e(+) = egg m orta lity  (A A ), j(+) = ju ven ile
m o r ta l i ty  (j+ ) (O— o ) , (+) = p rea d u lt m o r ta lity  (v v)
a t d if fe r e n t  concentrations o f  Hg+ in
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F ig . 2 . M orta lity  o f  M. d isjuncta  during three l i f e - h is t o r y  stages,

e(+) = egg m orta lity  (A  A ), j(+) = ju v en ile  m ortality
(O   o ) , (+) = preadu lt m o r ta lity  ( v — • — V) a t  d i f f e r e n t
concentrations o f  E ^ + in  HgC^-



280 C. VRANKEN e t  a l .

(arc s i n  ^ p ) . m o r t a l i t y
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P ig . 3- M o r ta lity  o f  M. d is ju n c ta  d u rin g  two d iffe r e n t  l i f e - h is t o r y
s t a g e s ,  j(+ ) = ju v e n ile  m o r ta lity  (o O), (+) = p rea d u lt
m o r ta l i ty  (v —  v) at d i f f e r e n t  c o n c e n tr a t io n s  o f  Hg2+ in
CH-jHgCl.

As a second t e s t  c r i t e r io n  th e  d u ration  o f  th e  developm ent tim e  from  
egg to  adulthood was chosen. In Table IV the r e su lts  obtained w ith fem ale  
nem atodes are p r e se n te d . The s t a t i s t i c a l  a n a ly se s  o f  th e  d a ta  w ith  a tw o -  
l e v e l  n e ste d  ANOVA le d  to  th e  fo l lo w in g  c o n c lu s io n s  : in  a l l  c a s e s  
s ig n i f i c a n t  h e te r o g e n e ity  among r e p l ic a t e s  e x is t e d  (0.01 < P < 0 .05  fo r  
Hg2Cl2 , P < 0.001 fo r  HgCl2 , and 0.001 < P < 0.01 fo r  CH-jHgCl), no 
d i f f e r e n c e  o c c u r r e d  b e tw e e n  d e v e lo p m e n t t im e  a t  th e  v a r io u s  t e s t  
c o n c e n tr a tio n s  o f  m ercury, ex cep t fo r  Hg2Cl2 (0.01 < P < 0 .0 5 ), fo r  w h ich , 
how ever, no p r o lo n g a tio n  a t  h igh er  mercury d o ses  cou ld  be observed  (GT2 
in terv a ls  Table IV).

Prom th e  c a lc u la t io n s  o f  th e  GT2 in t e r v a ls  i t  can be concluded  th a t  
none o f  th e  Tmin s c o r e s  a t  th e  h ig h e s t  c o n c e n tr a tio n s  w ere s i g n i f i c a n t l y  
d ifferen t from the blanks. I t  must a lso  be noted th at the development tim es  
at 2.5 ppm Hg+ (Hg2Cl2 ), 250 ppb H ^+ (HgCl2), and 10 ppb H ^+ (CH^HgCl) are 
s ig n if ic a n t ly  longer than those rea lized  in  the blanks. At le a s t  fo r  HgCl2 
and CHjHgCl, t h i s  seem s c o n tr a d ic to r y  w ith  th e  o v e r a l l  n ested  ANOVA. T h is  
i s ,  how ever, n o t tr u e  s in c e  th e  d if f e r e n c e s  betw een  th e  r e p l i c a t e s  w ereI
taken in to  accou n t in  th e  ANOVA, w hereas in  th e  GT2 com p u tation s on ly  th e
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pooled  d a ta , n ot c o n s id e r in g  the v a r ia b i l i t y  among th e  r e p l i c a t e s ,  were 
used. The regression s o f  Tmin per rep lica te , transformed in to  logarithm s, 
again st the logarithm s o f  the mercury concentrations, were a lso  calculated  
fo r  each mercury compound tested . This resu lted  in  three n o n -s ig n ifica n t  
r e g r e s s io n s  w ith  Ps = 0.558 (n = 12) fo r  Hg2C l2 , Fs = 0.219 (n = 23) fo r  
HgCl2 , and Fs = 0.585 (n = 6 )  fo r  CH^HgCl. The s lo p e s  (b) o f  th ese  
r e g r e s s io n s  w ere b = 0.0328 (SE = 0 .0439) fo r  Hg2Cl2 , b = 0 .0050 (SE = 
0 .0 1 0 6 )  f o r  H gCl2 , and b = 0 .0261 (SE = 0 .0341 ) f o r  CH^HgCl. T hese  
co m p u ta tio n s corrob orated  th e  h igher ANOVA r e s u lts  and they unmistakenly 
show th a t  th e  developm ent t im e  rem ain ed  u n a l t e r e d  a s  th e  m ercury  
co n cen tra tio n s increased.

Table IV. The development tim e from egg to  adulthood o f fem ale M. disjuncta.
Tjjjin = mean development tim e o f fem ales w ith standard deviations  
in  p a r e n th e s is  a t  20 °C, 30 s a l i n i t y  and pH = 7 .5  a t d i f f e r e n t  
m ercury c o n c e n tr a tio n s  in  th r e e  d i f f e r e n t  compounds, n = the  
number o f  experim ents, N = the number o f fem ales, and G abriel's 
95 $  GT2 comparison in terv a ls  (Sokal and Rohlf, 1981), Tmi n,s  with 
in te r v a ls  which do not overlap are s ig n if ic a n t ly  d iffe r e n t

Mercury compound Concentration Tm̂ n (days) 95 $  GT2 n

Hg+ in Hg2Cl2 (ppm)

Hg2+ in HgCl2 (ppb)

Hg2+ in CH^HgCl (ppb)

0 9 .4  (+ 1 .35) 8 .96  -  9-85 5 34
1 9 .0  (+ 1 .03) 8.61 -  9-35 3 48
2 .5 11.5 (+ 1 .67) 10.68 -  12.32 3 10
5 10.3 (+ 1 .65) 9 .84  -  10.66 3 39

10 9 .0 3 1
15 - 3 -

0 10 .2  (+ 1 .35) . 9 .90  -  10.41 6 170
2 10.2 (+ 1 .74) 9-50 -  10.81 3 26

10 9 .5  (+ 1 .56) 8 .9 8  -  10.11 3 35
25 9 .7  (+ 1 .31) 9 .40  -  10.06 2 103
50 • 9 .7  (+ 1 .26) 9.47 -  10.00 2 161

100 9 .9  (+ 1. 52) 9 .59  -  10.21 3 120
250 11.9 (+ 2 .60 ) 11.41 -  12.41 3 47
500 11.2 (+ 1 .89) 10.29 -  12.07 3 14

0 9 .4  (+ 1 .35) 8 .94  -  9 .® 3 34
10 11.3 (+ 1.70) 10.64 -  12.02 ** 15
25 9 .5  (+ 2 .0 0 ) 8 .53  -  10.54 3 7
50 - 3 -
75 - 3 -

100 - 3 -

500 - 3
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Table V. A cute t o x i c i t y  o f  th r e e  m ercury compounds a t  20 °C, and 30
s a l i n i t y ,  and pH 7 .5 , to  a d u lt  fe m a le  and male M. d is j u n c t a , 
expressed as 96 h LC50 values ca lcu la ted  w ith the Reed-Muench 
method and 95 %  co n fid e n c e  in t e r v a l s  a cco rd in g  to  P iz z i  (W oolf, 
1968)

Mercury compound Sex 96 h IO50 95 #  confidence in terv a ls

Hg+ in  Hg2Cl2 M 32.3 ppm 32.0  - 32.6 ppm
F 32.2 ppm 31 .9  - 32.6 ppm

Hg2* in  HgCl2 M 834 ppb 745 - 923 ppb
F 762 ppb 667 - 858. ppb

H^+ in  CH-jHgCl M 96 ppb 88 - 103 ppb
F 97 ppb 88 - 105 ppb

(arc s i n  Vp] m o r t a l i t y
90

T T

60

30

0
30 31 32 33 34 35

p p m  H g2C l2

P ig . 4 . 95 $ com parison in t e r v a l s  (T-m ethod) fo r  th e  mean a d u lt  
m o r ta lity  (96 h) fo r  fe m a le s  (0) and m ales (A) M. d is ju n c ta  a t  
d if f e r e n t  c o n c e n tr a tio n s  o f  Hg+ in  Hg2Cl2 . Means w ith  n o t -  
overlapping in terv a ls  are s ig n if ic a n t ly  d ifferen t.
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(arc s i n  Np) m o r t a l i t y
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p p m  H g C l2
?ig . 5- Adult m orta lity  o f  M. d isju n cta . 95 #  comparison in te r v a ls  

(T-method) for the mean adult m orta lity  (96 h) for fem ales (O) 
and m ales (A) a t  d i f f e r e n t  c o n c e n tr a tio n s  o f  Hg^+ in  HgC^. 
Means w ith  n o t-o v e r la p p in g  i n t e r v a l s  a r e  s i g n i f i c a n t l y  
d iffe r e n t .
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F ig . 6 . Adult m ortality  o f M. d isju n cta . 95 % comparison in terv a ls  

(T-method) fo r  the mean adult m orta lity  (96 h) for fem ales (Oí
an d m ales (A) a t  d i f f e r e n t  c o n c e n tr a tio n s  o f  Hg^+ in  CR-^HgCl. 
Means w ith  n o t-o v e r la p p in g  i n t e r v a l s  a r e  s i g n i f i c a n t l y  
d iffe r e n t .
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To summarize i t  may be concluded th a t e c o to x ic o lo g ic a l t e s t s  based on 
th e  in h ib i t io n  o f  th e  developm ent are  in a p p r o p r ia te  fo r  t h i s  m onhysterid  
s p e c ie s ,  due t o  th e  a l l - o r - n o t h in g  resp o n se  p a tte r n  fo r  t h i s  p a r t ic u la r  
l i f e - h is t o r y  parameter.

Comparative acute to x ic ity  le v e ls  w ith  12-days-o ld  fem ales and males 
(20 °C, 30 s a l i n i t y )  exp ressed  a s  96 h LC50 are  summarized in  T able V.
PrOm a two-way ANOVA (percentages transformed to  angles) i t  may be concluded 
th at fo r  the three mercury compounds stu d ied , h igh ly  s ig n if ic a n t  d ifferen ces  
(P < 0.001 ) between the m ortality  responses are induced at the d if fe r e n t  
t e s t  c o n c e n tr a t io n s . An unplanned t e s t  to  lo c a t e  th e  h e te r o g e n e ity  among 
responses i s  shown in F ig. 4, 5, and; 6 for the resp ective  mercury compounds 
(w ith  th e  T-m ethod 95 % com parison in t e r v a l s  around the means w ere  
ca lcu la ted  ; means w ith in terv a ls  which do not overlap were s ig n if ic a n t ly  
d if f e r e n t  (P < 0 .05) (Sokal and R o h lf, 1981)). The lo w e s t  c o n c e n tr a t io n s  
inducing s ig n if ic a n t ly  d ifferen t responses were 32 ppm Hg+ (HggC^) for both 
s e x e s  ; 500 ppb Hg^+ fo r  th e  fe m a le s , and 750 Hg^+ (HgC^) fo r  th e  m ales ; 
125 and 100 ppb Hg^+ (CH^HgCl) r e s p e c t iv e ly  fo r  fe m a le s  and m ales. Both  
s e x e s  e x h ib ite d  th e  same s u s c e p t i b i l i t y .  These 96h LC50 v a lu e s  a l s o  
demonstrate the higher resista n ce  o f  ad u lts when compared to  the embryonic 
and pxDstembryonic stages.

D IS C O S S IC H

The present study on M. d isju n cta  revealed a  d iffe r in g  s u s c e p t ib i l i ty  
o f  t h i s  nem atode s p e c ie s  to  th e  th r e e  m ercury compounds t e s t e d  and a  
d ifferen ce  in  s e n s i t iv i t y  for the various l i f e - h is t o r y  stages. In terms o f  
t o x i c i t y  ran k in g  i t  was noted th a t  fo r  fe m a le s  m ercuric ( I I ) c h lo r id e  and 
methyl mercury ch loride were approximately 40 and 300 tim es more to x ic  than 
m ercu ric  ( i )  c h lo r id e . For th e  ju v e n ile s  th e s e  r e la t iv e  d is c r e p a n c ie s  are  
som ewhat l e s s  marked, th e  d if f e r e n c e s  nam ely 13 t im e s  fo r  m ercu ric  ( I I )  
c h lo r id e ,  and 200 t im e s  fo r  m ethyl m ercury c h lo r id e  s t i l l  rem ained  
noteworthy.

S im ila r  r e su lts  have been obtained in  e a r lie r  in v estig a tio n s  summarized 
by Bryan (1 9 7 6 ). The w id e s t  range in  resp o n se  was noted fo r  th e  s p e c ie s  
which was estim ated  to  be the most impermeable to  m etals, namely the brine  
shrimp (Artem ia sa lin a ), whereas for th e  b a rn a c le  (E lm in iu s m odestus) and
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the copepod (A cartia c la u s i), th ese  d ifferen ces  were le s s  pronounced. In the  
case o f  Artemia sa lin a  the higher t o x ic i t y  o f  the organic mercury compound 
has been re la ted  to  i t s  higher l ip id - s o lu b i l i t y .

The g r e a te r  s e n s i t i v i t y  o f  th e  j u v e n i le s  a s  compared to  a d u lt  worms 
p o in ts ju v en ile s  m orta lity  out as a  su ita b le  t e s t  c r ite r io n  fo r  b ioassays, 
even more r e lia b le  than m orta lity  ra te s  in  other sta g es, e sp e c ia lly  because 
th e  e g g -m o r ta l i ty  p a tte r n , a s  shown fo r  m ethyl mercury c h lo r id e , i s  not 
properly understood a t the present tim e. G enerally, the eggs are known to  be 
more r e s is ta n t  than ju ven ile  and adu lt nematodes (Khan and McFadden, 1980), 
probably due to  the fa c t  that the egg s h e l l  i s  the only nematode structure  
c o n ta in in g  c h i t in  (B ird , 1971 ; l e e  and A tk in so n , 1976). I t  i s  th e r e fo r e  
l e s s  permeable to  some substances as compared to  the h ighly m eta b o lica lly -  
a c tiv e  c u t ic le  (Sam oiloff, 1973 ; B ird, 1980). This m ultilayered stru ctu re  
e x h ib its  sev era l featu res o f c e l l  membranes, r e su ltin g  almost cer ta in ly  in to  
the incorporation o f  heavy m etal ions (Howell, 1983 ; Sim kiss, 1983).

In ad d ition  to  surface adsorption by the c u t ic le ,  metal uptake through 
the gut i s  considered as a p o s s ib i l i t y  (Howell, 1982, 1983)* For both routes 
o f  uptake (and lo s s )  t h i s  author em phasized th e  r o le  o f  mucus s e c r e t io n  
(acid-m ucopolysaccharide) as w e ll by the caudal as by the pharyngeal gland. 
W ith ''th e  mucus, p a r t ic u la te  m a te r ia l (b a c te r ia ,  d ia tom s, d e t r i t u s  
p a r t ic le s ) ,  and d isso lved  organic n u tr ien ts  are c o lle c te d , and i t  has been 
su g g e ste d  th a t  nem atodes are f e e d in g  on th e s e  su b sta n ces  (Riemann and 
S ch rage, 1978). Whether fe e d in g  o ccu rs  through p a r t ic u la te  m a te r ia l or 
through d isso lv ed  n u trien ts, i t  i s  c lea r  th at the s ig n if ic a n t  accumulation  
o f  heavy m e ta ls  in  th e  se c r e te d  mucus (H ow ell, 1982) in f lu e n c e s  t h e ir  
uptake.

Even though the actual importance o f  the two proposed pathways o f  heavy 
m etal accum ulation i s  unknown, one can conclude from the present experiments 
th at the t e s t  nematodes exhib ited  a high capacity  to  withstand s tr e s s  caused 
by exp osu re to  mercury compounds. The t o x i c i t y  o f  Hg^+ (HgC^) to  M. 
d is j u n c t a , ex p ressed  as 96 h IC50 (T ab les I I I ,  V), i s  c o n s id e r a b ly  low er  
than  f o r  o th er  m arine organism s a s  rev iew ed  by S teb b in g  (1976). Connor 
(1972) r ep o r ted  LC50 v a lu e s  ran g in g  betw een  1 to  3-3 ppb (48 h LC50) fo r  
O strea  e d u l i s  la r v a e  and B en gtsson  (1.978) 230 ppb (96 h LC50) fo r  th e  
harpacticoid  copepod N itocra sp in ip es . Data recorded for  two related  marine 
(B r a c k is h )  f r e e - l i v i n g  n e m a to d e s  M o n h y stera  m icro p h th a lm a  and 
D ip lo la im e llo id e s  b ru cie i (Mexican s tr a in ) (Bogaert e t  a l . ,  1984) correspond
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b etter  w ith  the to x ic ity  le v e ls  obtained in  the present study. These authors 
observed a 100 ^ ju v en ile  m orta lity  a t  640 ppb Hg^+ (3-2 x 10“^ m ol.l-1 ) for  
both nematode sp ec ie s , whereas a  s im ila r  concentration, as ca lcu la ted  from 
the c o e f f ic ie n ts  shown in  Table I I I  r e su lts  in  70 $> ju v en ile  m orta lity  for  
M. d is ju n c ta . The observed  d iscrep a n cy  can be a t tr ib u te d  to  i n t e r s p e c i f i c  
d if f e r e n c e s  and (or) to  th e  ex p er im en ta l procedure u sed . M onhystera  
m icrophthalm a and D ip lo la im e l lo id e s  b r u c ie i w ere c u ltu r e d  in  f l u i d  
conditions whereas M. d isju n cta  was grown in a more so lid  su b strate  (bacto-  
agar). Sam oilo ff (1980) co n s id ers  th e  l a t t e r  su b s tr a te  u n s a t is f a c t o r y  fo r  
eco to x ico lo g ica l s tu d ies  because the agar might s e le c t iv e ly  bind the to x ic  
agent. The three nematode sp ec ie s  used in  the present assays are, however, 
bottom -inhabiting organisms and th erefore , we considered agar as a  su ita b le  
substrate for laboratory experim ents including bioassays.

In  c o m p a r iso n  w ith  P a n a g r e l lu s  r e d i v i v u s , a nem atode s p e c ie s  
ex ten siv e ly  used by Sam oiloff and co-workers (Sam oiloff e t a l . ,  1980, 1983), 
M. d isju n cta  e x h ib its  a somewhat greater s e n s it iv ity .  For the former sp ec ie s  
a s ig n if ic a n t  reduction in  la r v a l su rv iva l was observed at 10~^ m ol.l- '' (200 
ppb Hg^+) methyl mercury ch lo r id e , 10“  ̂ mol.l- ' (2 ppm ~ñ¿+) methyl mercury 
chloride resu lted  in  100 % m o rta lity , whereas for M. d isju n cta  a s ig n if ic a n t  
red u c tio n  in  ju v e n ile  m o r ta lity  .was noted a t 25 ppb CH-jHgCi, and a 100 £ 
ju v e n ile  occurred  a t  75 ppb CH^HgCl. M ercuric c h lo r id e  produced a 
s ig n if ic a n t  decrease in  the su rv iv a l o f  P. red iv ivus a t 10“  ̂ m ol.l- ' (20 ppm 
Hĝ +) whereas 1 ppm H ^+ caused a  100 % m ortality  o f  la rv a l M. d isju n cta .

Since nematodes molt four tim es before reaching adulthood Sam oilo ff e t  
a l .  (1980) w ere a b le  to  enhance th e  s e n s i t i v i t y  o f  th e  t e s t  by u s in g  th e  
s u c c e s s fu ln e s s  o f  c o m p le tin g  a  p a r t ic u la r  m olt as an in d ic a to r  o f  th e  
in h ib ito r in g  action  o f s p e c if ic  agents. This a ttr a c t iv e  method i s ,  however, 
not gen era lly  app licab le  to  t e s t  the action  o f a wide v a r ie ty  o f  chem icals. 
For example no prolongation o f  the development tim e (Tmi n) o f  M. d isju n cta  
was observed  in  th e  p r e se n t  ex p er im en ts . An " a l l -o r  nothing" re sp o n se  
p a tte r n  was noted  ; in d iv id u a ls  d ev e lo p in g  u n t i l  adulthood  reached t h i s  
s ta g e  in  th e  same tim e  as did worms grown in  th e  blank. I t  was a ls o  noted  
that a l l  the in d iv id u a ls unable to  reach sexual m aturity in the same span, 
died. Whether or not . th is  response i s  ty p ica l for M. d isju n cta  can p resen tly  
not be answ ered , and more re sea rch  in  needed. R e su lts  s im i la r  to  th o se  
p resen ted  in  t h i s  stu d y , have, how ever, been ob ta in ed  by H aight e t  a l .
(1982) w ith  th e  nem atode P a n a g r e llu s  s i l u s i a e . These au th ors found th a t  
mercury was i n e f f e c t i v e  in  b lo c k in g  growth a t 10 m g.l- ' mercury (H gC ^ ),
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whereas the adult LC50 was. 5.11 mg.l-1 mercury. Other s c ie n t i s t s  (Bogaert e t  
a l . ,  1984) o b ta in e d  s i m i l a r  r e s u l t s ,  o b s e r v in g  in  som e c a s e s  no 
developmental e f fe c t  a t  a l l .

Prom th e  p resen t a s s a y s ,  i t  was concluded th a t  th e  t e s t e d  nematode 
sp ec ies  ex h ib it a r e la t iv e  large  capacity  to  withstand p h y sio lo g ica l s tr e ss .  
T his has a ls o  been observed  in  n atu re  under some p o llu te d  c o n d it io n s ,  
nematodes can be extrem ely dominant and sometimes the only su rv iv in g  animals 
(Van Damme and Heip, 1977 ; Heip e t  a l . ,  1984). Monhystera d is ju n c ta  belongs 
to  the 1B fe e d in g  group ( n o n - s e le c t iv e  d e p o s it  fe e d e r s )  a cco rd in g  to  
W ieser's  (1953) c l a s s i f i c a t i o n  and members o f  t h i s  f e e d in g  group are  
extrem ely in se n s it iv e  to  p o llu tio n  and capable to  to le r a te  h igh le v e ls  o f  
contam inations, e s p e c ia lly  heavy m etals (Heip e t  a l . ,  1984). R epresentatives  
o f the 2A feed in g  type (herbivores), on the contrary, are very s e n s it iv e  to  
p o llu tion , and are sometimes com pletely replaced by the 1B typ es. In order 
to  a s s e s s  th e  in f lu e n c e  o f  heavy m eta l p o l lu t io n  on th e  e n t ir e  nematode 
community, i t  i s  therefore recommended to  s e le c t  rep resen tative members o f  
the four main feed in g  types (W ieser, 1953) for eco to x ico lo g ica l te s t in g .

«
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