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Reproductive failure 
seals feeding on fis 
from polluted co

Peter J . H . Reijnders Vlaams instituut voor da Zae
/lancii;;» Mutins institute

R ese a rch  In s titu te  fo r  N a tu re  M an a g e m e n t, D e p a r tm e n t o f  E s tu a rin e  
E c o lo g y , P o s tb u s  59, 1790 A B  D e n  B urg , T exel, T h e  N e th e r la n d s

T h e popu lation  o f  com m on se a l P h o ca  vitu lina  in th e  w esternm ost 
part o f  the  W adden  S e a , T h e  N eth erlan d s, has co lla p sed  during  
th e  past few  d eea d es1,2. B etw een  1950 and 1975  the  p op u la tion  
dropped from  m ore than  3 ,0 0 0  to le ss  than 500  an im als . C om p ara­
tive stu d ies o f  com m on se a l p op u lation s from  d ifferent parts o f  
th e  W adden S e a  reveal th a t pup production has d eclined  sharp ly  
o n ly  in the  w estern  (D u tc h ) part2-^ . A com parative to x ic o lo g ic a l  
study5 on the  lev e ls  o f  heavy m eta ls  and organ och lorin es in tissu es  
o f  se a ls  from  th e  w estern  and northern parts o f  th e  W adden S ea  
show s th a t on ly  th e  p o lych lorin a ted  b iphenyl (P C B )  lev e ls  differ  
sign ifica n tly . T h is is  pred om inan tly  a result o f  P C B  p o llu tion  from  
th e  river R h in e6-9, which m ain ly  a ffects the  w estern (D u tch ) part. 
P C B s are thou gh t to  be resp on sib le  for  the low rate o f  reproduction  
in D u tch  com m on se a ls  on  the  b asis o f  ep id em io lo g ica l and exp eri­
m enta l d a ta  on the  a b ility  o f  P C B s to in terfere w ith  m am m alian  
reproduction5,10. H ere  I  report th a t reproductive fa ilu re  in com m on  
se a ls  from  the D u tch  W ad d en  S ea  is  related  to  feed in g  on fish  
from  that p o llu ted  area. T h is  is  the  first dem onstration  o f  a  cau sa l 
rela tion sh ip  betw een n a tu ra lly  occurring levels o f  p o llu ta n ts and  
a p h y sio log ica l resp onse in  m arine m am m als.

A n ex p e r im e n t  w ith  tw o  g ro u p s  o f  12 fem a le  c o m m o n  seals 
was carr ied  o u t  to tes t  th e  de tr im en ta l  effects o f  P C B s on  seal 
re p ro d u c t io n .  E ac h  g ro u p ,  consis t ing  o f  7 seals f ro m  th e  east  
coas t  o f  th e  U n i te d  K in g d o m  a n d  5 seals f ro m  th e  M u s e u m  o f  
N a tu ra l  H is to ry  a t  T exel,  w as  fed  a diet  c o n ta in in g  different 
levels o f  p o l lu tan ts .  G r o u p  1 rece ived  fish (p re d o m in an t ly  p laice,  
f lo u n d er  an d  d a b ,  w i th  so m e  e e lp o u t  a n d  h o o k n o se )  caugh t  in 
the  w es te rn  p a r t  o f  the  W a d d e n  Sea. G r o u p  2 received fish

(m ain ly  m ack ere l )  from t h e  north-east  Atlantic. T he  fish were 
m a in ta in e d  a t  - 2 8 °  C a n d  th a w e d  before  be ing  fed  to the  seals. 
T h e  diets a re  c o m p a ra b le  w i th  respect to n u tr i t iona l  quality, 
excep t  fo r  fa t  levels; this  w a s  c o m p en sa ted  for by  a h igh  daily 
in take .  R es id u e  analysis f o r  a ld r in ,  d ieldrin ,  e nd r in ,  heptachior,  
h e p o x ,  a , /3 ,y -h ex ach lo ro cy c lo h ex an e ,  p en tach lo robenzene ,  
h e x ac h lo ro b e n z e n e ,  p p '-d ich lo ro d ip h en v l-d ich lo ro e th y len e  
( D D E ) ,  o p ' -d ic h lo ro d ip h en y l -d ic h lo ro e th an e ,  pp '-d ich loro-  
d ip h en y l -d ich lo ro e th a n e  a n d  PCBs show ed  sta tist ically  sig­
nif icant  d ifferences b e tw e e n  th e  two diets fo r  P C B s a n d  pp'. 
D D E .  T h e  averag e  daily in ta k e  (during  ~ 2  years)  was 1.5 mg 
PCB s and  0.4 mg pp ' - D D E  f o r  g roup  1. and  0.22 mg a n d  0.13 mg 
for  g ro u p  2 (J. P. Boon, P . J .H .R . ,  J. Dols, a n d  P. F. Wensvoort, 
u n p u b l i s h e d  d a ta ) .  T h ree  m ale s  receiving A tlan t ic  fish were 
a l te rn a ted  b e tw ee n  bo th  g r o u p s  during  th e  m at in g  pe r iod .  To 
de tec t  w h e th e r  h o rm o n a l  r e g u la t io n  was affected by pollutants , 
b lo o d  s a m p le s  w ere  t a k e n  regular ly  an d  se rum  concen tra t ions 
o f  p ro g e s te ro n e  a n d  oestradiol-17/3 were  de te rm in ed .  Because 
th e  t im in g  o f  oestrus differs fo r  indiv iduals ,  all profiles have 
b e e n  sy n c h ro n ize d  by tak in g  th e  day o f  p rev ious  delivery as  day 
z e ro  a n d  ad ju s t in g  the  profi les  o f  n o n - p re g n a n t  animals 
acco rd ing ly .  A l th o u g h  t h e r e  is som e p u b l ish ed  in formation  
a b o u t  th e  h o rm o n a l  c h an g e s  d u r ing  r e p ro d u c t io n  in s e a ls11,13, 
n o n e  o f  th ese  s tudies r e p o r t e d  th e  changes d u r in g  a complete 
a n n u a l  rep ro d u c t iv e  cycle in  a specific g ro u p  o f  females.  The 
oestradio l-17/3  a n d  p ro g e s te ro n e  co n cen tra t io n  profile  o f  the 
co n tro l  g ro u p  (Fig. l e ,g )  i l lu s t ra te  the  n o rm a l  a n n u a l  cycle.  The 
n u m b e r  o f  n o n -p re g n a n t  an im a ls  in the  con tro l  g r o u p  is too 
sm all  to  c o n s id e r  the ir  r e p ro d u c t iv e  cycle as ‘n o r m a l ’ fo r  no n ­
p re g n a n t  females.

N o  sta tis t ical ly  s ignificant differences (S p e a rm a n ,  p <  0.005) 
w e re  f o u n d  in  th e  p ro g e s te ro n e  a n d  oestradiol-17/3 profiles of 
p r e g n a n t  sea ls  f ro m  g ro u p s  1 a n d  2. Iden tica l  tests fo r  the 
n o n - p r e g n a n t  an im a ls  in b o t h  g roups  gave the  sam e  result.  This 
is im p o r ta n t  as it implies  t h a t  the  differences in diet  d o  not 
in f luence  h o r m o n e  pa t te rns .  T h e  pa tte rns re sem ble  th o se  for 
e u th e r ia n  m a m m a ls  in g e n e r a l14,15. P inn ipeds  are c lassif ied as 
h av in g  an  ob liga te  and  sea so n a l  em bryon ic  d ia p a u s e 16,17. In 
c o m m o n  sea ls  in this  s tudy im plan ta t ion  p ro b ab ly  o ccurred  at
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F ig . 1 C irc u la tin g  se ru m  c o n c e n tr a ­
t io n s  o f  p ro g e s te ro n e  a n d  o e s trad io l-  
17/3 d u rin g  th e  re p ro d u c tiv e  seaso n  
1983-84 , in  c o m m o n  sea ls  fe e d in g  on 
fish  from  th e  V /ad d en  Sea (g ro u p  1) 
a n d  o n  A tla n tic  fish (g ro u p  2). a-d, 
G ro u p  1 ( a,b,c,d): ( • - - - • ) ,
p re g n a n t sea ls  ( n =  4 ); (O — O ) ,  n o n ­
p re g n a n t sea ls  (n  =  8). e-h, G ro u p  2: 
( •  —  • ) ,  p r e g n a n t sea ls  ( n  =  ]0 ) ; 
( x  —  x )  a n d  (O — O ) n o n -p re g n a n t 
sea ls . V ertica l b a rs ,  1 s .d .;  p  =  p e rio d  
o v e r  w h ich  p re v io u s  p a rtu r i t io n s  
o c c u r re d ; i  =  im p la n ta tio n  p e rio d . 
B lo o d  sam p les  w e re  o b ta in e d  from  
v e in s  in  th e  h in d  f lip p e rs  a fte r 
re s tra in in g  th e  a n im a ls  o n  a  V- 
s h a p e d  b e n ch . T h e  b lo o d  ( —8 ml) 
w as  co llec ted  in  v a c u ta in e rs , c en ­
tr ifu g e d  a n d  th e  seru m  s to re d  frozen  
a t  -2 0  °C. S e ru m  c o n c e n tra tio n s  o f 
p ro g e s te ro n e  a n d  oestrad io l-17 /3  
w e re  d e te rm in e d  b y  ra d io im ­
m u n o a ssa y . T h e  in tra  ru n  coeffic ients 
o f  v a ria tio n  fo r  p ro g e s te ro n e  an d  
o e strad io l-17 /3  w ere  co n sis ten tly  
b e lo w  3.0%  a n d  3.05%  respec tive ly .

M o n t h



R A T U R E  V O L .  3 2 4  4  D E C E M B E R  1 9 8 6 LETTERS TO NATURE 4 5 7

the end o f  O c to b e r  o r  beg inn ing  o f  N o v em b er ,  a n d  was c h a ra c ­
terized by an  increase  in oestradiol-17/3 levels (Fig. 1, c, g).

The rep ro d u c t iv e  success was significantly lo w er  in g roup  1 
than in g ro u p  2 (Table  1; p < 0 . 0 2 ,  F ish e r’s exac t  p robab il i ty  
test)- The h o r m o n e  profiles o f  the  n o n -p reg n a n t  an im a ls  in g ro u p  
1 show th a t  th e  effect occurs  a t  a s tage o f  th e  rep roduc t ive  
process a r o u n d  im p lan ta t io n ;  th e  follicular ,  lu tea l  a n d  p o s t ­
implanta t ion  p h a se s  until  the  end  o f  ges ta t ion  a re  n o t  affected. 
These f indings co rro b o ra te  the  results  f ro m  e x p er im en ts  with  
mink18,19 w h e re  PC B s im p a ired  re p ro d u c t io n :  o v u la t io n ,  m at ing  
and im p la n ta t io n  o c cu rred  but  w ere  fo l low ed  by  early  a b o r t io n  
or re sorp tion .  T hese  results  m ay b e  due  to  h o r m o n a l  d is tu rbance ,  
to direct d o m in a n t - le th a l  act ion  or to a n  em b ry o  lethal effect 
caused by  tox ican ts .  H o rm o n a l  d is tu rb an ce  m a y  b e  c au sed  by 
d isruption  o f  th e  stero id  synthetic  p a th w ay  re su l t in g  in reduced  
circulating levels o f  ho rm ones .  PCBs are  k n o w n  to  cause  m ic ro ­
somal enzym e in d u c t io n ,  accelera t ing  h y d ro x y la t io n  o f  bo d y  
steroids such  as o e s t ro g en s5. To d e te rm in e  i f  p o l lu ta n ts  suppress  
c irculating levels o f  h o rm o n es  d u r in g  the  im p la n ta t io n  pe r iod ,  
the fo u r  su b g ro u p s  (p reg n a n t  a n d  n o n - p re g n a n t  seals in g roups  
1 and  2) a re  c o m p a red .  A  statistical tes t  rev ea led  no  d ifference 
between p ro g e s te ro n e  levels o f  p reg n an t  an im a ls  in g ro u p  2 a n d  
n on-p regnan t  an im als  in g roup  1. It is c o n c lu d ed  tha t  
p rogeste rone  levels w ere  not  r e d u ce d  in g r o u p  1. T h e  rise in 
oestradiol levels o f  th e  n o n -p reg n a n t  sea ls  in g ro u p  2—  
indicating  fo l lical  g row th— is lack ing  in n o n - p r e g n a n t  seals o f  
group 1, wh ich  suggests tha t  the  n a tu re  o f  n o n -p re g n a n c y  differs 
between the  g ro u p s .  Because  there  w ere  o n ly  2 n o n -p reg n a n t  
animals in g ro u p  2, this  cou ld  n o t  b e  tes ted  s ta tist ically .  The 
results a lso  d e m o n s tra te  th a t  the  levels o f  o e s t rad io l  in all g roup  
1 seals a re  lo w er  th a n  those  in g roup  2 c o m b in e d ,  ( p < 0 . 0 5 ,  
W ilcoxon),  a l th o u g h  th e  initial rise in so m e  o f  th e  an im a ls  o f  
group 1 (Fig. 1 c) was a p p are n t ly  sufficient to  en su re  rep roduc t ive  
success.  T he  m ec h an ism s  b e h in d  th e  sm alle r  increase  in oes ­
tradiol levels a n d  its c onsequences  fo r  the  p r im in g  effect on  the  
e n d o m e tr iu m ,  as well as the  m ate rn a l  re jec t ion  re sp o n se20' 22, 
will be  d iscu ssed  in deta il  e lsewhere.  H y p o th eses  a b o u t  im pa ired  
steroid b i n d in g  capaci ty  by P C B s23, a d o m in a n t - le th a l  act ion  
and an  em b ry o  le tha l  effect c an n o t  be  tes ted  w i th  th e  in fo rm a t io n  
available.

I c o n c lu d e  t h a t  the  re p ro d u c t iv e  success o f  th e  seals receiving 
the diet  w ith  th e  h ighest  level o f  p o l lu ta n ts  w as  significantly 
decreased. N o  c i rcu m an n u a l  r e d u c t io n  in levels o f  c ircula t ing  
h o rm o n e  levels was observed. T h e  rep ro d u c t iv e  p rocess  is d is ­
rupted in th e  post -o v u la t io n  p hase .  T h e  p e r io d  a r o u n d  im p la n ta ­
tion seem s to b e  the  m ost  sensitive s tage,  b u t  no  conclus ions  
about  th e  m ec h a n i sm  o f  act ion  can  b e  d ra w n .  A  s im ilar  
experim ent w as  s im u ltaneous ly  carr ied  o u t  w i th  th e  A m erican  
mink M u ste la  vison, a f ish-eating m a m m a l  w ith  a co m p a rab le  
rep roduc t ive  physio logy. It  was des igned  to  tes t  w h e th e r  pu re  
PCBs h a d  th e  sam e  effect as the P C B -p o l lu ted  fish. T hree  groups 
o f ‘S t a n d a r d ’ ty p e  m ink  were  fed  e i the r  a b a s ic  d ie t  o f  c o m m e r­
cial m ink  cerea l ,  o r  the  sam e  basic  diet  s u p p le m e n te d  w ith  livers 
from fish c a u g h t  in th e  western  p a r t  o f  the  W a d d e n  Sea or w ith  
C lopen  A-60 o r  A-30. T he  results  sh o w  t h a t  r e p ro d u c t io n  is 
inhibited at  very  low (25 pg  p e r  day)  levels o f  P C B  in ta k e  a n d  
that the  effects o f  the  pu re  PCB die t  were  id en t ica l  to  those  o f  
c o n tam in a ted  fish d ie t18.

I rrespec t ive  o f  the  precise  m ech an ism  invo lved ,  th e  results  
from this  s tu d y  show  tha t  the  rep roduc t ive  fa i lu re  in c o m m o n  
seals f rom  th e  D u tc h  W a d d e n  Sea is re la ted  to  feed ing  o n  fish 
from th a t  p o l lu te d  area .  T he  availab le  ep id em io lo g ica l  e x p er i ­
mental d a ta  o n  effects a n d  levels o f  PCB s in sea ls  an d  m ink  fed 
on fish from  th is  a rea 5,27 suggest th a t  these  o rg a n o ch lo r in e s  are 
the m ain  cau se  o f  this  failure.

I t h a n k  A. Gri jzen ,  H. Jansens  a n d  G . v an  W ee r t  o f  D e  W ever 
Hospita l ,  H eer len ,  fo r  carry ing  o u t  the  r a d io im m u n o a ssay s ;  J. 
S c h o o n h e d en  for  the i l lustra tions,  M. C. Vleugel fo r  care  o f  the  
animals a n d  J. Zegers for his ass is tance  th ro u g h o u t  the  whole  
experiment.
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A common mammalian plan of 
accessory optic system 
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T he accessory  o p tic  system  (A O S ), which w as described as early  
as 1870 by G u d d en 1, con stitu tes a d istinct m idbrain visual pathway  
in a ll c la sses  o f  verteb rates2. In non-prim ate m am m als, retinal 
fibres o f  th is  system  project to a set o f  three n u cle i3’4: the d orsal 
(D T N ), the la tera l (L T N ) and the m edial (M T N ) term inal nuclei. 
W hereas a ll A O S  c e lls  respond to the slow m otion  o f  large  v isual 
stim u li, th e  neu ron s are tuned to com plem entary d irection s o f  
m ovem ent5: h orizo n ta l tem p oro-n asa l d irection  for the D T N , ver­
t ica l up and down fo r  th e  L T N  and vertical down fo r  the M T N . 
It has thus been  su ggested  that these nuclei esta b lish  a system  o f  
retinal co o rd in ates fo r  the  detection o f  w h ole  field  m otion6. A s  
th e  A O S  provides d irect and indirect pathw ays to  both ocu lom otor  
and vestibu lar stru ctu res7 8, each o f  these  nu clei is  thought to  be 
an essen tia l lin k  in the  co-ordination  o f  eye and head m ovem ents  
in relation  to  m ovem ent w ithin  the v isual fie ld . O n e problem  for  
the g en era liza tion  o f  th is  theory is that the m edial term inal nucleus  
has never been found  in prim ates. In th is report we estab lish  both  
the ex isten ce  o f  th is  n u cleu s and its afferent input from  the retina  
in a ll m ajor grou p s o f  prim ates (prosim ians, N ew  and O ld  W orld  
m onkeys and a p es), ind icatin g  a com m on an atom ica l p lan o f  
organ ization  o f  th e  A O S  in m am m als.

W e used  b o th  a u to ra d io g ra p h ic  a n d  h is tochem ical  
an te ro g rad e  t rac in g  t ech n iq u es  to s tu d y  th e  re tinal p ro jec tion  
to the  AOS in th e  tw o  p r im a te  sub o rd e rs9 Strepsirh in i  (p ro s im i­
ans: lem urs a n d  lorises)  a n d  H aplorh in i  (sim ians:  N ew  a n d  Old 
W orld  m o n k ey s ,  ap es  a n d  m an) .  F o r  the  S treps irh ines  we s tu d ied  
five m o u se  l em u rs  ( M icrocebus m urinus)  an d  o n e  b u sh b a b y  
( Galago dem id o vii). H ap lo rh in e  spec ies  in c luded  two m a r ­
mosets  ( C allithrix  ja c c h u s ) ,  three  m ac a q u e s  ( M acaca fa s ­
cicularis) a n d  tw o  g ib b o n s  ( H ylobates concolor). M os t  an im als  
were in jec ted  w ith  a radioactive a m in o  acid  m ixture  (500-


