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During the last two decades, increasing awareness and concern 
about metal contamination in the environment has led to many 
investigations of the distribution and concentration of mercury in 
biological material. Of par t icular  concern are the high 
concentrations of mercury reported in the tissues of marine fish. 

Mar ine  c a r n i v o r e s  s u c h  as  s e a l s  a n d  sea  l i o n s ,  as  well  as  
p o r p o i s e s  and  d o l p h i n s ,  o c c u p y  an i m p o r t a n t  p o s i t i o n  in the  u p p e r  
t r o p h i c  l e v e l  of t h e  mar ine  food web a n d  t h i s ,  t o g e t h e r  wi th  t h e i r  
l o n g e v i t y ,  makes  t h e s e  mar ine  mammals u s e f u l  i n d i c a t o r s  of m e r c u r y  
a c c u m u l a t i o n  in t h e  mar ine  e n v i r o n m e n t .  

High concentrations of mercury have been reported in the tissues 
of pinnipeds (Freeman and Home 1973: Gaskin et al. 1973: 
Heppleston and French 1973: Sergeant and Armstrong 1973: Buhler 
et al. 1976) and cetaceans (Gaskin et al. 1972: Gaskin et 
al. 1974:  Koeman et al. 1975) inhabiting waters of the 
northern hemisphere. Little information exists on mercury 
concentrations in marine mammals from the southern hemisphere. 

This paper reports total mercury concentrations in the tissues of 
the Australian Fur Sea l  Arctocephalus pusillus f rom south- 
eastern Australian waters. 

MATERIALS AND METItODS 

Breeding colonies of A. pusillus, occur on islands in Bass 
Strait and adjacent eastern Australian waters. Specimens for this 
study were collected from a breeding colony located qn Seal Rocks 
(145~ 38~ a rocky basalt outcrop about 1.5 km from 
the western entrance to Western Port Bay (Figure 1). 

S i x t e e n  t a g g e d  s e a l s  of k n o w n  a g e  w e r e  c o l l e c t e d  f rom t h e  Sea l  
Rocks  c o l o n y ,  and  s amp le s  of b r a i n ,  h a i r ,  k i d n e y ,  l i v e r ,  muscle  
a n d  s p l e e n  w e r e  t a k e n  from each  an ima l .  T i s s u e s  we re  p a c k e d  in 
p o l y t h e n e  b a g s ,  f r o z e n  a n d  s t o r e d  a t  -20~ u n t i l  a n a l y s i s .  
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Figure 1. Location of sampled A. pusillus colony 

Tota l  m e r c u r y  was de te rmined  on acid d i g e s t s  of t i s s u e s  by cold 
v a p o u r  atomic a b s o r p t i o n  s p e c t r o p h o t o m e t r y  (Beumer  and  B a c h e r  
1982). All c o n c e n t r a t i o n s  a re  e x p r e s s e d  as microgram pe r  gram (ug  
g - l )  wet  we igh t .  C o n c e n t r a t i o n s  in ha i r  a re  e x p r e s s e d  on a d r y  
we igh t  bas i s .  Determinat ion  of each animal 's  age ,  to  the  n e a r e s t  
mon th ,  was poss ib le  b e c a u s e  t h e y  had  all been  marked  with a 
n u m b e r e d  t ag  when 2-8 weeks  old.  

RESUgrS AND DISCUSSION 

The concentrations of total mercury in tissues of A. pusillus 
are presented in Table 1; the large standard deviations of the 
means reflect the wide range in age of the animals. 

The  h i g h e s t  c o n c e n t r a t i o n s  of m e r c u r y  were  found  in l ive r ,  a n d  
h i g h e s t  va lue ,  170 ug ~ - i  in a 1 2 - y e a r - o l d  the female,  is 

comparab le  to the  180 ug  g - ~  r e p o r t e d  in the  l iver  of  a 14- 
y e a r - o l d  grey seal Halichoerus grypus (Heppleston and French 
1973), but is considerably less than the 387 ug g-1 reported 
in the liver of a 25-year-old grey seal from eastern Canada 
(Sergeant and Armstrong 1973). Concentrations of mercury in 
brain were less than 1 ug g-1 except in one 8.5-year-old 
female and one 12-year-old male. Both these animals also showed 
the highest concentrations of mercury in the spleen. 

R e g r e s s i o n  a n a l y s e s  of u n t r a n s f o r m e d  da ta  (Table  2) showed t h a t  
m e r c u r y  c o n c e n t r a t i o n  in l ive r ,  sp leen ,  b r a in  and  ha i r  were  
s ign i f i can t ly  c o r r e l a t e d  with age  ( P <  0 .005) ,  s u g g e s t i n g  t h a t  
m e r c u r y  accumula t e s  in t he se  t i s s u e s .  The s ign i f i can t  pos i t ive  
co r r e l a t i on  ( r=0.9745;  P<0.001)  be tween  m e r c u r y  c o n c e n t r a t i o n  in 
the  l iver and age  s u g g e s t e d  t h a t  m e r c u r y  accumula t e s  in th i s  
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T a b l e  2. C o r r e l a t i o n  c o e f f i c i e n t s  ( r )  f o r  m e r c u r y  
c o n c e n t r a t i o n s  in  t h e  t i s s u e s  of  A r c t o c e p h a l u s  p u s i l l u s .  

Age Muscle L i v e r  Kidney Spleen  Bra in  

Muscle 0.5102 

L i v e r  0.9745** 0.5644 

Kidney 0.3334 0.7661"* 0.4047 

Spleen 0.7992** 0.5284 0.8144"* 0.5400 

Bra in  0 .7114"  0.4637 0.7325* 0.3836 0.8692** 

Ha i r  0.7603** 0.5617 0 .6901"  0 .3539 0.5849 0.5687 

** P<O. 001 
* P<O. 005 

t i s sue  t h r o u g h o u t  l ife.  M e r c u r y  c o n c e n t r a t i o n  in b r a in  a p p e a r e d  to  
r e a c h  a p la teau  in ea r ly  l ife;  th is  a g r e e s  with the  o b s e r v a t i o n s  
of Hepp le s ton  and  F r e n c h  (1973) who no ted  tha t  m e r c u r y  in b r a i n  
r e a c h e s  a cei l ing level  in animals 12-18 months  old.  In c o n t r a s t ,  
m e r c u r y  c o n c e n t r a t i o n s  in b ra in  of the  common seal Phoca 
vi tul ina a p p e a r e d  to r e a c h  a maximum in 1 0 - y e a r - o l d  animals 
(Koeman et al. 1975). 

C o n c e n t r a t i o n s  of' m e r c u r y  in muscle and hai r  r e a c h e d  a p la teau  in 
juveni le  A.  pusil lus 4-5 y e a r s  old.  C o n c e n t r a t i o n s  in muscle  
were  s i gn i f i c an t l y  c o r r e l a t e d  with age in juven i l e s  ( r=0 .9142;  
P<0.001) ,  bu t  not  in adu l t s  ( r=0.  0053) ; s imilar ly,  m e r c u r y  
c o n c e n t r a t i o n s  in ha i r  showed a pos i t ive  co r re l a t ion  with age  in 
juven i l e s  ( r=0 .9313;  P<0.001) ,  b u t  not  in adu l t s  ( r=0 .2041) .  

These  d i f f e r e n c e s  in m e r c u r y  accumula t ion  in juven i le  and  adu l t  
seals  may be  due  to the  o n s e t  of s exua l  m a t u r i t y .  A.  pusi l lus 
a t ta ins  s exua l  ma tu r i ty  at 3-6 y e a r s  of age  (Warneke  1979) at  
which  time i n c r e a s i n g  hormonal  ac t iv i ty  and  c o n s e q u e n t  b iochemical  
c h a n g e s  may a l t e r  the  metabolic p r o c e s s e s  r e s p o n s i b l e  f o r  the  
u p t a k e  and  d i s t r i b u t i o n  of m e r c u r y  b y  v a r i o u s  t i s s u e s .  

A s ign i f i can t  posi t ive  co r r e l a t i on  was found  be tween  m e r c u r y  
c o n c e n t r a t i o n s  in b r a i n  and  sp leen  ( r=0 .8692;  P<0 .001) .  A l t h o u g h  
c o n c e n t r a t i o n  in bo th  t he se  t i s sues  were  s i g n i f i c a n t l y  c o r r e l a t e d  
with age  (Table  2) ,  pa r t i a l  c o r r e l a t i o n  ( r=0 .7116;  P<0.005)  
between m e r c u r y  c o n c e n t r a t i o n s  in b r a i n  and sp l een ,  with age  
c o n s t a n t ,  s u g g e s t e d  a s i g n i f i c a n t  r e l a t i o n s h i p  in  m e r c u r y  
accumula t ion  be tween  t h e s e  t i s s u e s .  A similar r e l a t i onsh ip  b a s e d  
on par t i a l  co r r e l a t i on  was  found  be tween  the  c o n c e n t r a t i o n s  of  
m e r c u r y  in muscle and k i d n e y  ( r=0.7350;  P<0.001) .  
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M e r c u r y  c o n c e n t r a t i o n s  in the  t i s sues  of p i n n i p e d s  have been  shown 
( S e r g e a n t  and A r m s t r o n g  1973) to d e p e n d  on the  posi t ion  of t he i r  
p r e y  in the  mar ine  food web ,  as well as t he i r  r e s i d e n c e  time in 
coas ta l  wa te r s .  The eas t  coas t  of Aus t r a l i a  lies in a m e r c u i f e r o u s  
bel t  ( J o n a s s o n  and  Boyle 1972), and  i n d u s t r i a l  and  u r b a n  
deve lopmen t  a r o u n d  Por t  Phillip Bay and  Western Por t  may 
c o n t r i b u t e  a p p r e c i a b l e  q u a n t i t i e s  of m e r c u r y  to the  immediate 
coas ta l  e n v i r o n m e n t .  Unf i l t e red  s u r f a c e  wa te r s  in Por t  Phillip Bay 
and  Bass  S t ra i t  con ta in  0.1 to 0.3 ug  m e r c u r y  p e r  ki logram (Smith 
1983). Pelagic  f ish from Por t  Phillip Bay and  ad jacen t  coas ta l  and 
o f f s h o r e  w a t e r s  in Bass  S t ra i t  have  h igh  c o n c e n t r a t i o n s  of m e r c u r y  
in the i r  t i s s ue s  (Walker 1976, 1981, 1982). 

A 12-year study (Warneke 1975 and pers. comm.) of the Seal Rocks 
seal colony has shown that the population is non-migratory 
although some seals move to and from distant colonies. Pups up to 
1 year old are totally dependent on their mothers and juveniles 2- 
4 y e a r s  old a p p e a r  to remain  at  the  na ta l  co lony  unt i l  t h e i r  
r e c r u i t m e n t  into the  b r e e d i n g  popu la t ion .  Limited o b s e r v a t i o n s  
of  f e ed ing  b e h a v i o u r  (Warneke p e r s .  comm. ) ,  as well as e x t e n s i v e  
t a g g i n g  da t a  s u g g e s t  t ha t  j uven i l e s  feed in o n - s h o r e  coas ta l  
w a t e r s ,  w h e r e a s  the  a d u l t s '  f eed ing  r a n g e  p r o b a b l y  e x t e n d s  to the  
e d g e  of the con t i nen t a l  she l f .  T h u s  the seals from this  a rea ,  
which  feed almost exc lu s ive ly  on cepha l apod  molluscs  and  pe lag ic  
fish a re  expos ed  to a h igh  d i e t a r y  in t ake  of m e r c u r y  which is 
r e f l e c t ed  in t he i r  t i s sue  c o n c e n t r a t i o n s .  
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