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ABSTRACT: M onitoring of h a rb o u r sea l (Phoca vitulina) h as b e e n  c arried  ou t in  th e  D anish  p a rt of 
the  W adden  Sea du rin g  th e  p a s t 8 y e a rs  by th e  F ishery an d  M aritim e M useum . In  ad d ition  to this, 
field  observations over th ree  b re ed in g  seaso n s h av e  b e e n  u n d e rta k e n . T he cen su s show s a  steady  
in crease  of approx. 14 % p e r year. T he d istribu tion  of th e  sea ls  in  th e  a re a  can  b e  sp lit up  into two 
differen t ty p es of hau lo u t localities, a n d  a v a ried  p a tte rn  of h au lo u ts  is o b se rv ed  d u rin g  th e  year. T he 
m ass die-off in 1988 is d iscussed  w ith in  th e  fram ew o rk  of th e  k n o w led g e  on  th e  popu lation , an d  it is 
recom m ended  th at m ore effort be  p u t into m onito ring  an d  p o p u la tio n  s tu d ies  of th e  h a rb o u r seal in 
th e  en tire  In terna tional W adden  Sea.

IN T R O D U C T IO N

R eg u la r c o u n tin g  of h a rb o u r  se a ls  w a s  n o t c a rr ie d  o u t in  th e  D an ish  W a d d e n  S ea  
u n til 1976, w h e n  h u n tin g  of th e  h a rb o u r  se a l w a s  b a n n e d .  N e v e r th e le s s , it is a ssu m e d  
th a t  th e  se a l p o p u la tio n  in  th e  D a n ish  p a r t  of th e  W a d d e n  S e a  sh o w s th e  s a m e  d e c re a se  
as in  o th e r  p a rts  of th e  In te rn a t io n a l W a d d e n  S ea  (R e ijn d e rs , 1978; S o n d e rg a a rd  e t al.,
1976; D resch er, 1979; B o g e b h e rg m  1876).

S in ce  1976, a e r ia l c e n su s  of th e  h a rb o u r  se a l h a s  b e e n  c a rr ie d  o u t in  th e  D an ish  
W a d d e n  S ea  by T h e  D an ish  G a m e  B io logy  S ta tion , a n d  s in c e  1981 it  h a s  b e e n  in ten s ified  
b y  th e  F ishery  a n d  M aritim e  M u seu m .

D uring  th e  b re e d in g  se a s o n s  1983, 1984 a n d  1985, f ie ld  o b se rv a tio n s  w e re  ca rr ied  
o u t in  o rd e r  to s u p p le m e n t th e  c e n s u s  w ith  in fo rm a tio n  o n  t im e -b u d g e t, b e h a v io u r  an d  
soc ia l s tru c tu re  of th e  h a rb o u r  sea l, to  g e t  a b e t te r  e s tim a tio n  of th e  p o p u la t io n  size, an d  
to  find  c rite r ia  for m a n a g e m e n t of th e  p o p u la tio n .

M E T H O D S 

A e r i a l  s u r v e y s

T he a e r ia l su rv ey s  co v e r th e  e n tire  D a n ish  W a d d e n  S e a  a n d  in c lu d e  a  sm a ll p a r t  of 
th e  G e rm a n  te rrito ry , b e tw e e n  th e  D a n ish -G e rm a n  b o rd e r  a n d  th e  d a m  c o n n e c tin g  th e  
is la n d  of S y lt w ith  th e  m a in la n d . T h e  su rv e y s  w e re  c a rr ie d  o u t a ll y e a r  ro u n d , b o th  a t h ig h  
a n d  low  tide, w ith  sp e c ia l a t te n tio n  to  th e  su m m e r s e a s o n  w h e n  th e  p e a k  h a u lo u t occurs.

* P resen ted  a t th e  VI In tern a tio n a l W ad d en  S ea Sym posium  (Biologische A nsta lt H elgoland, 
W attenm eerstation  Sylt, D -2282 List, FRG, 1-4 N ovem ber 1988)
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Fig. 1. V ertical photo  of a seal b an k  (Paj Sand) w ith a c lear p a tte rn  of an  u n d is tu rb ed  hau lou t site. 
T he sea ls sp read  d eep  on th e  b ank . N ote  the  h igh n u m b er of pu p s easily  seen  on th e  photo

In  1981 a n d  1982 m o n th ly  c e n su s e s  w e re  m ad e , a n d  in  1983 a n d  1984 w e e k ly  co u n tin g s  
w e re  m a d e  d u r in g  th e  su m m e r m o n th s . D u e  to a d ec lin e  in  fu n d s , th e  co u n tin g s  h av e  
d im in ish e d  s in c e  1985. T h e  a e r ia l co u n tin g s  a re  d o c u m e n te d  by  p h o to g ra p h s , e ith e r 
v e r tic a l o r h o rizo n ta l, of e a c h  h a u lo u t site . E xact co u n tin g s  of a n im a ls  c a n  b e  m a d e  on  th e  
p h o to s  (F igs 1, 2).

T h e  p re fe rre d  m e th o d  for p h o to g ra p h ic  d o c u m e n ta tio n  is v e rt ic a l ph o to s , o n  w h ich  it 
is p o ss ib le  to  s e p a ra te  e a c h  in d iv id u a l sea l, an d  to d is tin g u ish  b e tw e e n  p u p s  a n d  o th e r 
a g e  g ro u p s  d u rin g  th e  b re e d in g  se a so n s . F u rth e rm o re , a  f in e  v ie w  of th e  d is tr ib u tio n  
p a t te rn  on e a c h  se a l s ite  is sh o w n  on th is  ty p e  of p h o to , a n d  o n e  h a s  e v e n  th e  poss ib ility  of 
m e a s u r in g  th e  d is ta n c e  b e tw e e n  th e  in d iv id u a l sea ls .

T h e  v e rtic a l p h o to s  w e re  ta k e n  w ith  an  au to m a tic  cam e ra  ( 6 x 6  cm ), m o u n te d  o n  the  
b o tto m  of th e  a e ro p la n e  a n d  co n tro lled  by a tim er re fe rrin g  to  th e  g ro u n d  s p e e d  a n d  the  
f lig h t leve l. T h e  flig h t lev e l is a p p ro x . 1000 feet.

H o rizo n ta l p h o to s  w e re  ta k e n  w ith  a 23 x  36 m m  c a m e ra  o u t of th e  w in d o w . T h is is a 
m u c h  e a s ie r  a n d  c h e a p e r  w ay  of m a k in g  th e  d o cu m en ta tio n , b u t  o n e  d o es  n o t g e t  the  
a d v a n ta g e s  of th e  v e rtic a l p h o to s . O n  th e  o ther h a n d , o n e  sa v e s  flig h t tim e , a n d  o n e  is 
a b le  to  fly a t a  lo w e r a ltitu d e . T h is  ty p e  of photo  w a s  m ain ly  m a d e  in  la te r  y ea rs .
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Fig. 2. Photo of a m ore often  d istu rbed  h igh  sa n d  b a n k  w h e re  th e  sea ls  a re  found  in  a  row  along the
w a te r  ed g e

T h e  re s u lts  of th e  a e r ia l su rv ey s  over th e  y e a rs  do  n o t sh o w  a c o n s ta n t in c re a se  b u t 
v a ry  from  y e a r  to  y e a r  d u e  to  th e  d ifficu lties in  c o u n tin g  b e c a u s e  of w e a th e r  co n d itio n s 
a n d  h u m a n  in f lu e n c e s  (T ab le  1). W es te rly  w in d s  s h o r te n  th e  p e r io d  w h e re  se a ls  a re  ab le  
to  s tay  o n  la n d  d u r in g  a  low  tide , a n d  b o a t tra ffic  m a y  in te r fe re  w ith  th e  to ta l n u m b e r  of 
sea ls . F u rth e rm o re , th e  m ost im p o rta n t s e a l  a re a  is lo c a te d  in s id e  a  m ilita ry  se c u r ity  zo n e  
a n d  c a n n o t b e  e n te r e d  d u rin g  d ay tim e  e x c e p t w h e n  sp e c ia l  p e rm iss io n  is g iven .

T ab le  1. T he n u m b er of sea ls co u n ted  in  th e  D an ish  p a r t of th e  W ad d en  Sea

Y ear 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

N um ber
of seals 389 410 332 421 671 656 789 924 853 958 1261 1477
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Field observations

T h e  fie ld  o b se rv a tio n s  w e re  m a d e  from  a  s im p le  h id e -o u t p la c e d  o p p o s ite  th e  sea ls , 
a t a  d is ta n c e  of a p p ro x . 150 m , w ith  a tid a l c re e k  of app rox . 4 m  d e p th  in  b e tw e e n . T h e  
o b se rv a tio n s  w e re  c a rr ie d  o u t d u r in g  th e  b re e d in g  sea so n s  1984, 1985 a n d  1986, w ith  th e  
m a jo r effo rt in  1985, w h e n  tw o  m o n th s ’ c o n tin u o u s  o b se rv a tio n s  w e re  m a d e  w h e n e v e r  
th e  d a y lig h t a n d  low  tid e  m a d e  o b se rv a tio n s  p o ss ib le . O n ly  re su lts  from  1985 a re  u s e d  in  
th is  p a p e r .

T h e  h a u lo u t s ite  w a s  flo o d e d  a t h ig h  tide. T h e  a v e ra g e  tim e th e  se a ls  co u ld  s tay  on 
th e  b a n k  a t  lo w  tid e  w a s  5 h o u rs .

O b se rv a tio n s  w e re  c a r r ie d  o u t d u rin g  76 lo w  tid e  p e rio d s  in  1985. T h e  sea ls  on  th e  
b a n k  w e re  id e n tif ie d  in d iv id u a lly , a n d  a  to ta l o f 107 in d iv id u a l se a ls  w e re  id e n tif ie d  by  
m e a n s  of th e  p a t te rn  of th e  fur. A n  a v e ra g e  o f 95 % of th e  se a ls  on  th e  b a n k  w e re  
id e n tif ie d  a t e a c h  lo w  tid e .

T h is id e n tif ic a tio n  — w h e re  sex  a n d  a g e  g ro u p  w e re  also k n o w n  -  a llo w s th e  
c a lc u la tio n  of th e  tim e  e a c h  in d iv id u a l sea l s p e n t o n  th e  b a n k  d u r in g  th e  a v a ila b le  d ry  
p eriod .

O n  th is  b a s is , a n  e s t im a te  is m a d e  of th e  n u m b e r  of sea ls  th a t  do  n o t s tay  o n  th e  
b a n k s  d u r in g  a n  a e r ia l  co u n tin g .

RESULTS

T h e  c e n su s  of th e  se a ls  sh o w s a n  a v e ra g e  y ea rly  in c re a se  of a p p ro x . 14 % in  th e  
m ax im u m  n u m b e r  c o u n te d  o n  la n d  d u rin g  low  tid e  a t th e  e n d  of th e  su m m e r (Fig. 3).

Countings

3 0 0 0 - t -

2 5 0 0 -

2000 -

NUMBER 1 5 0 0 -

Countlnga

— Exponentia l f i t  to  
co un tings

□  E s tim a te d  
p o p u latio n

1 0 7 6  1 9 7 7  197B  1 9 7 9  19B0 19B1 19B2 19B3 1 9 8 4  1 985  19B6 1 9 8 7  1 988  

YEAR

Fig. 3. A census of Phoca vitu lina  tak e n  1976-88. T he av erag e  in crease  show s an  exponen tial 
in crease  of approx. 14 %. T h e  e stim a ted  population  is outlined. T he e x p ec te d  p o p u lation  in  1988 is 

show n, b u t due to th e  m ass m orta lity  th e  population  is approx. 40%  of th e  e x p ec ted  population
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T h e  p a tte rn  show s a  c le a r  in c re a se  in  th e  n u m b e r  of se a ls  c o u n te d , a n d  th is  sh o u ld  b e  
t a k e n  a s  a n  in d e x  of a sim ila r in c re a se  in  th e  to ta l p o p u la t io n  in  th e  D a n ish  W a d d e n  Sea.

T h e  sea ls  a re  co n c e n tra te d  p r im a rily  in  th e  c e n tra l p a rt, a ro u n d  J u v re  D e e p , b e tw e e n  
th e  is la n d s  of Romo a n d  M an d o , -  th e  a re a  w h ic h  is a lso  a  se c u r ity  z o n e  for A ir Force 
t r a in in g  (Fig. 4).

In  th e  e n tire  a rea , th e  se a ls  a re  s p re a d  o v e r 26  h a u lo u t  s ite s . It is e x tre m e ly  ra re  to 
fin d  se a ls  ou ts id e  th e se  lo ca lities  -  an d , th e n , it  is o n ly  th e  o d d  in d iv id u a l.

M o st of th e  sea l b a n k s  m u s t h a v e  b e e n  u s e d  by  th e  s e a ls  fo r y ea rs , a s  th e  se a -m a p s  
fro m  th e  b e g in n in g  of th is c e n tu ry  h a v e  s e v e ra l  of th e  lo ca litie s  n a m e d  a f te r  se a ls  (D an ish
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Fig. 4. T he distribution according to a norm al su m m er c o u n t (19. A u g u st 1987) show s a la rg e  am oun t 
of sea ls  in  th e  ou ter areas, m ainly on th e  h igh  sands. T h e  im p o rtan t b re ed in g  sites are lo ca ted  in the

in n e r a rea s
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sæ l): s æ lh a g e , sæ llo b  e tc . F o rm er se a lh u n te rs  p o in t  o u t th e  s a m e  b a n k s , as b e in g  th e  o n es  
th e y  u s e d  to  h u n t  a t th e  b e g in n in g  of th is c en tu ry . T h e  se a ls  a re  fo u n d  on  tw o  ty p e s  of 
b a n k s : th e  h ig h  sa n d s , w h ic h  a re  n o t f lo o d ed  a t n o rm a l h ig h  tid e s , — lo c a te d  in  th e  o u te r  
p a rts  of th e  W a d d e n  S e a  - ,  a n d  th e  lo w er b a n k s  lo c a te d  in  th e  in n e r  p a r ts , w h ich  a re  
f lo o d ed  a t  h ig h  t id e  a n d  d ry  4 -5  h o u rs  ev e ry  lo w  tide .

B re e d in g  ta k e s  p la c e  in  th e  in n e r  p a r ts  of th e  a rea , a n d  o n  s e le c te d  b a n k s , w h e re  up 
to 30 % of th e  a n im a ls  a re  p u p s  d u rin g  th e  p u p p in g  seaso n .

T h e  m o s t u n d is tu rb e d  b a n k s  (see Fig. 1) c a n  c lea rly  b e  re c o g n iz e d  in  th e  p a tte rn  of 
th e  s c a t te r in g  of th e  sea ls . T h e  sea ls  s tay  a t  a  g re a te r  d is ta n c e  from  th e  w a te r  on  th e  q u ie t 
b a n k s  c o m p a re d  to  th e  m o re  d is tu rb e d  b a n k s  w h e re  th e  se a ls  a re  fo u n d  in  a  lo n g  row
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Fig. 5. D istribu tion  of Phoca vitulina  in  an  ice-free  w inter (20 Ja n u a ry  1983). T he sea ls ' only hau lou t
is in  th e  ou ter parts of th e  a rea
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w ith  th e ir  h e a d s  d ire c te d  to  th e  w a te r  e d g e , k e e p in g  c lo se  to  th e  w a te r  b y  fo llow ing  th e  
.re c e d in g  tid e  (see F ig . 2).

D u rin g  icy w in te rs  th e  se a ls  le a v e  th e  a re a  a n d  a re  fo u n d  o n  th e  e d g e  of th e  ice w ith  
acc e ss  to o p en  w a te r  in  th e  N o rth  S e a  (f ish e rm en  com m .). In  w in te rs  w ith o u t ice, th e  sea ls  
u se  th e  h ig h  sa n d s  a n d  th e  o u te r  b a n k s  a t lo w tid e  -  e v e n  in  la rg e  n u m b e rs  (Fig. 5).

D u rin g  th e  b re e d in g  se a so n , th e  p u p s  a re  fo u n d  o n  th e  sp e c ia l p u p p in g  b a n k s  as 
lo n g  as su ck lin g  ta k e s  p la c e . A fter w e a n in g , th e  p u p s  f re q u e n tly  le a v e  th e  b re e d in g  b a n k  
a n d  a r e  fo u n d  on  th e  h ig h  s a n d s  (F ig s6 A  a n d  6B).
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Fig. 6A. Phoca vitulina. D istribution  on th e  b re ed in g  b an k s  w h ere  th e  sea l p u p s  a re  born  (19 July)
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Fig. 6B. Phoca vitulina. D istribu tion  on th e  h igh  sands after th e  end  of th e  suck ling  period
(18 August)

Population  estim ation

T h e  p re lim in a ry  re s u lts  of f ie ld  s tu d ie s  (N o rg aa rd  & T o u g a a rd , in  p rep .)  sh o w  th a t 
50 % -8 2  % of th e  se a ls  r e la te d  to  th e  b a n k  w ere  p re s e n t  a t low  tid e  on  a  b re e d in g  b an k , 
d e p e n d in g  o n  th e  tim e  of d a y  lo w  tid e  a p p e a re d . M ost sea ls  se ttle d  o n  th e  sa n d s  a t  low  
tid e  by  d a y  (82 % ) a n d  fe w e r  a t lo w  tid e  d u rin g  n ig h t (50 %).

O n  th e  a v e ra g e , th e  b re e d in g  b a n k  is dry 5 h o u rs  a t ev e ry  lo w  tid e , or 42 % of a 
2 4 -h  p e rio d . B ut in  th e  s a m e  p e r io d  th e  se a ls  only sp e n d  a n  a v e ra g e  of 8.2 h o u rs  o n  lan d , 
o r 34 % of a  2 4 -h  p e rio d . If it  is a s s u m e d  th a t th e  sea ls  on  th e  h ig h  s a n d s  (w h ere  it is 
p o ss ib le  to  s tay  24 h o u rs  a  day) h a v e  th e  sam e n e e d s  for s tay in g  in  th e  w a te r , a n d  the
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sa m e  p re fe re n c e  of s ta y in g  on la n d  d u r in g  d a y  tim e , it  is to  b e  e x p e c te d  th a t  a p p ro x . 40  % 
of th e  se a ls  re la te d  to  a h ig h  sa n d  b a n k  s tay  o n  la n d  d u r in g  a  su m m e r d a y  lo w  tide.

T h e  a v e ra g e  d is trib u tio n  of th e  se a ls  o n  h ig h  s a n d s  a n d  lo w  tid e  b a n k s  d u rin g  
a  su m m e r su rv ey  is 45 % of th e  to ta l o n  th e  h ig h  s a n d s  a n d  55 % o n  low  tid e  b a n k s .

T h e  co u n ts  ta k e n  on a  su m m er d a y  a t lo w  tid e  in  th e  D a n ish  W a d d e n  S ea  sh o u ld  
th e re fo re  b e  m u ltip lied  w ith  a fac to r to  find  th e  to ta l n u m b e r  of th e  p o p u la tio n :

0.45 0.55
H iq h  s a n d s : --------- b lo w  tid e  b a n k s : -------- = 1 . 8

a 0.40  0.82

T h e se  p o p u la tio n  e s tim a tio n s  w ill g iv e  a n  e x p e c te d  p o p u la t io n  in  1988 of 2700 an im a ls  a t 
th e  e n d  of th e  su m m e r -  in c lu d in g  th is  y e a r 's  p u p s  (Fig. 7).

D ISC U S SIO N

It sh o u ld  b e  s tre sse d  th a t th e  s u g g e s te d  s ize  of th e  p o p u la tio n  is a  very  p re lim in a ry  
e s tim a tio n  b a s e d  o n  s tu d ie s  a t one  s in g le  b re e d in g  b a n k  only. A  p ro p e r  e s tim a tio n  c a n  b e  
m a d e , w h e n  s tu d ie s  a re  also c a rr ie d  o u t on  h ig h  s a n d  sites, a n d  w h e n  a  s tu d y  of th e  
m ig ra tio n  b e tw e e n  local b a n k s  is e s ta b lish e d .

B u t in  th e  la te  su m m er of 1988, in  th e  D a n ish  W a d d e n  S ea , 948 an im a ls  w e re  fo und  
d e a d  of th e  v iru s  in fec tio n  a n d  a n  a e r ia l c o u n t in  th e  s a m e  p e rio d  g a v e  a re s u lt of 904 live 
an im als .

E xpected  p o p u la tio n  in  1988

\/ / \  Calculated population 1988 

1 [ I I 1 Counts 1988 

b -k —~ j D ead found seals

Fig. 7. T he ex p ec ted  popu lation  size befo re  th e  m ass d ie-off in 1988 is 2700. On the basis of the 
counts (904), th e  calcu la ted  population  is estim a ted  a t 1627. T he n u m b er of sea ls found d ead  w as 

948, w hich  results in a m inus of approx. 5 % of th e  e x p ec te d  popu lation
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O n  th e  b a s is  of th is  a e r ia l  co u n t, th e  a c tu a l  p o p u la tio n  is e s tim a te d  to b e  1627 
an im a ls . A d d e d  to  th e  se a ls  fo u n d  d ead , th is  b r in g s  th e  to ta l c lo se  to  th e  e s tim a te d  
p o p u la tio n  of 2700 a n im a ls  th a t  w a s  e x p e c te d  b e fo re  th e  d ie-off.

It c o u ld  b e  a  s e n s ib le  a s s u m p tio n  th a t th e  m issing  125 an im a ls  cou ld , in  p a rt, be  
a c c o u n te d  for in  th e  d e a d  a n im a ls  fo u n d  o n  th e  n o r th e rn  sh o re s  of th e  Is la n d  of S y lt in 
S c h le sw ig -H o ls te in  th a t  h a v e  d rif te d  th e re  from  th e  so u th e rn  p a r t  of th e  D a n ish  W a d d e n  
Sea, a n d  p a r t ly  th a t  th e  m u ltip lic a tio n  fac to r u s e d  is too h igh .

It is o b v io u s  th a t  k n o w le d g e  o n  th e  sea l p o p u la tio n  in  th e  W a d d e n  S ea  is scan t, and  
fu r th e r  in v e s tig a tio n  of p o p u la t io n  d ynam ics, b e h a v io u r  a n d  m ig ra tio n  h a s  to  b e  m a d e  in 
th e  e n tire  In te rn a t io n a l W a d d e n  S e a  to  fill th e  g a p s  in  th is k n o w le d g e .
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