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I. I N T R O D U C T I O N

As there  were signs th a t the seal stock in  the D utch  coastal waters 
declined, seals were partia lly  protected by law  in  1954 {cf. v a n  B e m m e l , 
1956a, 1956b).

Nevertheless the decrease held on, and hun ting  was completely 
banned  in  1962. P robably  due to to ta l protection there was a slight 
increase, bu t since 1965 a  new  decline set in, w hich lasts up to the 
present. This continuing decrease was the m otive to start a study of its 
causes.

T he  size o f a population  is determ ined by reproduction , m ortality  
and m igration. Each of these param eters m ay vary w ith age and sex. 
As seals in  the W adden  Sea do no longer have any predators since m an 
decided to abstain from  hunting, the  population  size is determ ined by 
such factors as food quality  and  quantity , parasites, diseases, pollution 
and ra te  o f disturbance.

This study discusses the size and  com position o f the  seal population. 
F u rther study is in  progress to ob tain  inform ation abou t reproduction, 
m ortality  and  m igration.

Acknowledgem ents.— This study was undertaken  a t the initiative of 
D r J . L. van  H aaften  (S tate Institu te  for N atu re  M anagem ent, A rn­
hem, T he  N etherlands) and  Prof. D r M . F. M örzer Bruyns (Agricul­
tural U niversity, D epartm ent o f N a tu re  Conservation, W ageningen, 
T he N etherlands).
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I I .  T R A C K  W I D T H  M E A S U R E M E N T S  A S  A  M E T H O D  F O R  
A G E  D E T E R M I N A T I O N

I n  c o m p a ra b le  studies o f  Bigg  (1969), S mith  (1973) a n d  Bo u lva  (1974) 
in fo rm a tio n  on the  size-, age-, a n d  sex-com position  of  seals was o b ­
ta in ed  from  ra n d o m  sam ples o f  anim als  shot.

Because of the low num bers of seals in the D utch W adclen Sea this 
m ethod could not be used, instead ano ther m ore indirect m ethod was 
applied. A lready v a n  H a a f t e n  (1959) in  his censuses, used the tracks 
the seals leave on  the flats when they move from their resting places to 
the w ater edge. These tracks m ay be a m ean to determ ine their size. 
T he  seal uses the nails o f its fore-flippers to crawl over the sand. T he 
w idth  o f the track now m ay indicate the size o f the seal and, by a size- 
age relationship, also roughly the age class (juvenile, subadu lt and 
ad u lt anim als).

To test the possible use of the track for age group determ ination  the 
sm allest distance betw een the im prin ts of left and righ t fore-flipper 
nails was m easured and is referred to as “ track w id th” (Fig. 1). Seals 
kept in  captivity  a t the Texel M useum  and the A rtis Zoo, A m sterdam , 
provided basic m easurem ents which were carried  out in  m id-July. T he 
anim als were sent one by one through a ra th e r narrow  lock w ith a 
moist sandy bottom . T he track each anim al left behind was m easured 
and com pared w ith its age. In  addition  track widths o f seals in  rep ­
resentative areas of the W adden  Sea were m easured during  4 boat 
trips, respectively in  J u n e  1974 (whelping tim e), in late A ugust 1974 
(m ating tim e), a t the end of M ay 1975 (pre-w helping tim e) and in
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early August 1975 (post-whelping tim e).
The relation betw een age and  track w idth  for captive seals is shown 

in Fig. 2 in  which the limits betw een juveniles, subadults and adults are

cm
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Fig. 2. R e la tio n sh ip  b e tw een  tra c k  w id th  (cm ) a n d  age  (years) o f  h a rb o u r  seals based  
o n  cap tiv e  an im a ls  m ea su re d  in  J u ly ;  eye-fitted  curve.

ind icated . These limits are based on a trinom ial f i t  of the  d a ta  ( R e i j n - 

d e r s , 1975).
T o  m ake sure th a t the captive seals are representative for seals living 

in  the W ad d en  Sea— i.e. have the sam e skeletal grow th ra te— the 
results were com pared  w ith  the  field observations m ade in  the sam e 
period  (June-July) as the tracks o f  the captive seals were m easured. 
W hen a m other and  young were observed, an d  also single juveniles, 
the corresponding track  w idths were m easured (T able I) .

T he  m ean  value for m atu re  captive seals is som ew hat h igher th an  
th a t for w ild seals. H ow ever, in  the captive group the  m atu re  seals 
w ere m ainly  males (10 ou t o f  15) an d  full-grow n males are abou t 3%  
longer ( W i p p e r , 1 9 7 4 ) .  T hus the m ean  value for the captive group has 
to be regarded  som ew hat too high, the m ean  value for the w ild seals 
(just females) som ew hat too low.

In  the  captive group, due to low num bers of individuals, no a tten ­
tion could be given to the possibility w hether the sexes showed different 
track  widths a t certain  ages. B i s h o p  (1968), B i g g  (1969) and  F i s h e r  
(1952) stated  th a t  there appears to  be no significant difference in 
leng th  and w eight betw een sexes till the age o f 6 years. For seals in  the
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T A B L E  I

C o m p ariso n  b e tw een  tra c k  w id th s m ea su re d  fo r cap tiv e  h a rb o u r  seals a n d  for w ild  
ones a t  ages o f less th a n  o n e  m o n th  (pups) a n d  o f  4  years a n d  o ld er (ad u lts).

Group M ean
(cm)

S D
(cm)

Numbers

p u p s cap tiv e 26.4 2.4 5
w ild 26.3 3.0 111

a d u lts cap tiv e 63.3 4.7 15
w ild 61.7 4.9 62

Texel M useum  a linear regression was established between girth  and 
track  w idth (r =  0.98; <  0 .001; n =  22). F i s h e r  (1952: 6) also
reports d a ta  on g irth  behind fore-flippers and  age, he found no differ­
ence between sexes. T hus F i s h e r ’ s d ata  offer circum stantial evidence 
th a t the sexes, till the age o f 6, do not vary  in  track  w idth .

Fig. 2 shows th a t 3 age groups have clearly distinguishable ranges in  
track w id th ; shortly  after w helping tim e juveniles (0.01 year) m easured 
26 to 32 cm, subadults (1 ,2  and 3 year) 36 to 55 cm, adults (4 year and 
older) above 56 cm.

I I I .  P O P U L A T I O N  S I Z E  AND C O M P O S I T I O N

1.  M E T H O D S

T he h arb o u r seals in  the W adden  Sea do not constitute one continuous 
population, b u t are d istributed in  several small groups, apparently  
isolated from  one another, a t least during  sum m er tim e w hen they stay 
in  the W adden  Sea. Fig. 3 shows the subareas betw een w hich little or 
no exchange takes place. I t  was found th a t  the sam e anim als re tu rned  
every low tide to one specific sand bank. I t  could no t be determ ined 
w hether the  sam e anim als re tu rned  to th a t specific sand bank the next 
year after having left the W adden Sea during  w inter tim e ( R e it n d e r s , 
1973).

Estimates o f the population  size were m ade by regular aerial surveys 
from M ay till Septem ber 1974 and  1975 during  low tide, w hen the 
seals are resting on the edges o f the tidal flats. All counts were m ade at 
heights o f abou t 150 m  and each survey lasted about 2 \  hours.

Size and com position o f the population were established during  the 
4 boat trips m ade in  1974 and 1975, both  years about whelping time 
(June) and abou t m ating tim e (August). Juveniles, subadults and 
adults were distinguished by m easuring the track widths of the animals.
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F ig . 3. S tu d ie d  a re a  o f  th e  D u tc h  W a d d e n  Sea w ith  loca lities o ccu p ied  b y  h a rb o u r
seal.

2. R E S U L T S  

a .  P O P U L A T I O N  S I Z E

Since 1959 estim ates o f the size o f the seal population  are available 
from  regu lar aerial surveys, they are given in  Fig. 4. Such aerial cen­
suses are though t to be  fairly reliable because in  restricted areas counts 
by plane gave nearly  the sam e results as counts by boat (T able II) . 
M oreover, the  w hole D utch W adden  Sea can be covered during  one 
low tide, thus avoiding double counts.

b .  P O P U L A T I O N  C O M P O S I T I O N

T h e  track w idth m easurem ents provide the inform ation for an  estim a­
tion  o f the age group com position o f the total wild population establish­
ed in  the aerial surveys. T he  age group distribution was estim ated per 
a rea  (T able I I )  w hich needed some calculation.

N ot all seals in each area left a well defined track  behind because the 
substrate was unsuitable (e.g. too soft) or because seals m oved by 
lateral undu la tion  ra th e r th an  by the usual dorso-ventral way or 
because seals d id  not hau l out a t the m om ent their hau ling  area was 
visited. T h e  assum ption is m ade (based on T ab le  I I ,  post-w helping 
tim e 1975) th a t the anim als m easured represent a fair sam ple o f the 
anim als present in  the area. In  some areas no m easurem ents were 
m ade, in  th a t cases age group splits were m ade on basis o f the to tal of 
the areas w here m easurem ents were carried  out. A  better estim ate was 
possible du rin g  w helping tim e (1974) an d  the post-w helping tim e
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Fig. 4. P o p u la tio n  sizes o f  h a rb o u r  seals p re sen t in  th e  D u tc h  W a d d e n  Sea in  S ep ­
tem b e r, a cc o rd in g  to  th e  a e r ia l surveys ( A ) ,  estim ates o f  H a v i n g a  (1933) ( O ) ,  
M o h r  (1952) (■ )  a n d  v a n  B e m m e l  (1956b) ( □ ) ,  a n d  to ow n ca lcu la tio n s b ack­
w ard  a n d  fo rw ard  from  1959 ( • ) .  A lso in d ica ted  a re  n u m b ers  k illed by h u n tin g  

a cc o rd in g  to M e y e r  (1964) (V7 )-

(1975), as it  could be dem onstrated (R eijnders, 1973; van H aa ften , 
personal com m unication) th a t, due to suckling and  their apparently  
higher need for rest, all pups are detected during the aerial counts in 
these periods. Therefore, the ra tio  achieved betw een subadults and 
adults for the  areas w ith  m easurem ents was applied  to the  num bers 
counted by the aerial survey a t the nearest date in  the other areas, after 
subtraction  o f the known num ber of juveniles.

The d a ta  trea ted  in  this way, resulted in  estim ates for the whole 
D utch W adden  Sea population  as shown in  T ab le  I I  (last column).
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T A B L E  I I

C a lc u la tio n  o f th e  p o p u la t io n  com p o sitio n  o f  seals in  th e  D u tc h  W a d d e n  S ea  based  
on trac k  w id th  m ea su re m e n ts  in  p a r t  o f  th e  su b a reas , a n d  on  a e r ia l census. I n  1974 for 
w h e lp in g  tim e  (en d  o f J u n e )  a n d  m a tin g  tim e  (early  S e p te m b e r) ;  in  1975 for p re ­
w h e lp in g  tim e  (en d  o f  M a y ) a n d  p o st-w h e lp in g  tim e  (e a rly  A u g u s t) . D a ta  b e tw een  
b rack e ts  a re  estim a tes  o b ta in e d  fro m  ra tio s  in  th e  su b a rea s  sa m p le d  (for lo ca tio n  of 
su b areas see F ig . 3 ) . R e su ltin g  to ta l  n u m b e rs  o f  ju v en iles , su b a d u lts  a n d  a d u lts  a re  

g iven  w ith  9 5 %  confidence  lim its.

Group

I I I I I I I V V

1974, w h e lp in g  tim e
1Ju v en ile s 0 12 9 2

S u b a d u lts (7) 31 24 27 12
A dults (5) 20 26 21 9
M easu red 0 34 34 32 15
B o a t census 34 47 43 15
A eria l census 12 63 59 50 22

1974, m a tin g  tim e
Ju v e n ile s (4) (7) 5 5 4
S u b a d u lts (24) (40) 38 42 9
A dults (24) (40) 54 21 20
M easu red 0 0 38 29 18
B oat census 45 45 22
A eria l census 52 87 97 68 33

1975, p re -w h e lp in g  tim e
0 0Ju v e n ile s 0 0 0

S u b a d u lts (3) 26 16 5 9
A dults (4) 14 40 15 3
M easu red 0 25 35 19 4
B oat census 40 56 20 7
A eria l census 7 40 56 20 12

1975, p o st-w h e lp in g  tim e
9Ju v en ile s 2 12 22 2

S u b ad u lts 20 30 34 12 15
A dults 11 39 62 33 11
M easu red 32 69 114 39 23
B oat census 33 81 117 47 23
A eria l census 33 81 118 54 28

Subarea

V I V II  V I I I  I X  X  Total

0 0 0 0 2 26 ±  13
21 18 13 (10) 17 180 ±  24

4 0 0 (7) 22 114 ±  23
18 7 8 0 22 170
18 10 8 22 197
25 18 13 17 41 320

6 (3) (1) (2) (3) 40 ±  27
25 (16) (4) (13) (22) 233 ±  49
13 (15) (3) (12) (21) 223 ±  49
14 0 0 0 0 99
15 127
44 34 8 27 46 496

0 0 0 0 0 0
19 (2) (2) 4 7 93 ±  18
5 (3) (3) 5 14 106 ±  18

18 0 0 5 14 120
24 5 15 167
24 5 5 9 21 199

2 4 4 6 1 64 ±  17
28 10 14 16 9 188 ±  23

5 22 19 16 19 237 ±  23
34 30 34 34 20 429
34 32 36 40 20 463
35 36 37 38 29 489

A bout the sex ra tio  no d a ta  could be obtained w ith the present 
m ethod b u t juvenile h a rb o u r seals caught in  the D u tch  W adden  Sea 
in  the  period 1965 to  1975 h ad  a  sex ra tio  o f 1, 100 females against
102 males (Table I I I ) .

F or subadults, d a ta  collected from  stranded  seals b y  v a n  H a a f t e n  
(personal com m unication), a sex ra tio  o f nearly  1 was found (25 fe­
males out of 47 anim als).
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T A B L E  I I I

Sex ra tio  (fem ales : m ales) o f  h a rb o u r  seals e stim a ted  b y  various a u th o rs  (num bers 
sa m p le d  b e tw een  p a ren th eses).

Author Area

Juv.

Sex ratio 

Subad. Adult

P resen t stu d y D u tch  W a d d e n  Sea 1 ( 2 0 2 ) 1 . 1 ( 4 7 )
W i p p e r  ( 1 9 7 4 ) W est G e rm a n  W ad d e n

Sea 1 . 1 ( 1 8 0 ) 0 . 9 ( 4 2 )
H a v i n g a  ( 1 9 3 3 ) D u tc h  C oast 1 ( 3 7 ) 1 ( 3 8 )
B o n n e r  &

V a u g h a n  ( 1 9 7 2 ) E n g la n d 1 ( 3 0 8 )
B o u l v a  ( 1 9 7 1 , 1 9 7 4 )  E as te rn  C a n a d a 0 . 9 ( 1 8 8 ) 1 . 1 ( 2 4 6 )
B i g g  1 9 6 9 B ritish  C o lu m b ia 1 ( 6 4 ) 1 . 1 ( 2 4 5 )
B i s h o p  ( 1 9 6 8 ) A laska 1 ( 1 9 7 ) 0 . 9 ( 5 0 )

IV .  D I S C U S S I O N

Before 1959, the year v a n  H a a f t e n  (1974) started  his aerial censuses 
(Fig. 4), d a ta  on the population  size o f Phoca vitulina in  the D utch 
W adden Sea are sarce. B r o u w e r  (1928) estim ated the to ta l num bers a t 
1500, H a v i n g a  (1933) a t 2700 and v a n  B e m m e l  (1956b) at 1200 
specimens. N one o f these authors explains exactly how and  when the 
estimates were obtained. From  d a ta  available on  annual num bers 
killed ( M e y e r , 1964), and by using rates known from  stable popula­
tions of h arb o u r seals, it is tried to calculate population  sizes earlier 
than 1959.

Since the population  size varies w ith the season, and  the counts 
of v a n  H a a f t e n  (1974) were done in Septem ber, calculations for ea r­
lier years have been m ade for the sam e tim e of the year.

Assuming pups to constitute, on an  average, abou t 30%  of the Sep­
tem ber population (v a n  B e m m e l , 1956b; v a n  H a a f t e n , personal 
com m unication) and an  annual m ortality  o f 17% (B o u l v a , 1974), the 
annual hun ting  d a ta  (Kt+i) can  be used to ob tain  the Septem ber size 
of the population (jVi) ou t o f the Septem ber size o f the population in 
the next year (JVi+i), following the equation:

J / , + i  =  ^ ( l  —  0 .1 7 )  JV i —  J f t + i

Starting w ith the  value o f 900 seals for 1959 o f v a n  H a a f t e n  (1974) 
and using the an n u a l kills according to M e y e r  (1964) (Fig. 4), the 
Septem ber population  sizes (JV*) are calculated backwards from  year to 
year (Fig. 4). In  this w ay a population size o f 2550 specimens is ob­
tained for 1949.
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H a v in g a  (1933) estim ated the h arb o u r seal population  in the D utch 
W adden Sea from  1900 till 1930 on abou t 2700 specimens. For his 
estim ate he assum ed the  percentage o f subadults to be 15% of the total 
population  w hich is certainly too low as B o u l v a  (1974), B i g g  (1969) 
and W i p p e r  (1974) arrive a t percentages o f 30% . A t the o ther side he 
added  a certain  num ber o f seals to his estim ate (based on  boun ty  data) 
w ithout fu rther explanation.

Also on boun ty  d a ta  M o h r  (1952) estim ated the population  size i n  
the D utch W adden  Sea on abou t 2600 specimens for 1950.

T hough  based on several im plicit assum ptions, the calculation  over 
the period from  1 9 4 9  to 1 9 5 9  seems useful to bridge the gap  between 
the tim e o f the  stable popu lation  and  the  period o f registered decline. 
I t  m ay im ply th a t betw een 1 9 0 0  and  1 9 5 0  the population  in  the  D utch 
W adden  Sea fluctuated around  2 6 0 0  specimens and  th a t from  th a t 
tim e on a steady decrease set in. T he  sta rt o f  this decrease m ay be 
caused by the fact th a t from  1 9 4 9  bounties were n o t paid  any longer. 
T he  result will have been th a t nearly  only pups were killed for the  fur 
industry . T he  in terest for adults was dim inished not only because the 
paym ent o f bounty  was stopped b u t also because the dem and for train- 
oil had  ended ( M e y e r , 1 9 6 4 ;  ’t  H a r t , personal com m unication).

I t  should be m entioned th a t in  the foregoing calculation no a tten ­
tion  was paid  to m igration. A considerable m igration  to or from espe­
cially o ther parts o f the W adden  Sea (D enm ark, G erm any) m ay have 
had  its influence on the population  u n d er consideration. Also in  these 
areas bounty  killing occurred.

From  1959 on the aerial surveys provided m ore reliable d a ta  (Fig. 
4), though they are quite probab ly  underestim ates as some anim als 
d id  no t hau l out. T he  seals still decreased in  num bers, w ith only 
slight peaks in  1963-1964 and  1969-1970. T h e  first increase, setting 
in  w ith  the  count o f 1959, probab ly  resulted from  the fast decrease in 
kills u p  to the year 1962 w hen hun ting  was forbidden and  the seals 
got totally  p ro tec ted ; com pare the con tinuation  after 1959 o f the cal­
culated  population  size estim ate (Fig. 4). This ex tra q u an tity  o f pups 
not shot in  this w ay m ay n o t only explain the first increase in  num bers 
b u t perhaps also the slight second increase beginning in  1968, as these 
pups started  a new  wave o f b irths w hen they becam e m atu re  4 to 5 
years later.

W hen the calculated  curve for the population, w ith its decrease 
before 1959 and its in itial increase after th a t year, is o f real im portance 
this would also im ply (Fig. 4) th a t after 1963 ano ther factor than  
hun ting  has to be responsible for the fu rther decrease in  num bers.

T he  frequency d istribu tion  (Fig.5) o f the  track  w idths m easured is 
fairly different for the 4 m easuring series. T he  first boat trip  was m ade
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during  w helping time, w hilst the  th ird  trip  was m ade before the 
w helping began. T h e  second trip  was carried ou t late in  the m ating 
tim e, so some seals m ight already had left the W adden Sea (v a n  
H a a f t e n , 1974), whilst the fourth  trip  was m ade ju st when whelping

numbers 
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Fig. 5. T ra c k  w id th  freq u en cy  d istr ib u tio n s  o f h a rb o u r  seals in  th e  D u tc h  W ad d en  
S ea: a . a t  w h e lp in g  tim e  (en d  J u n e  1974); b . a t  m a tin g  tim e  (S ep tem b er 1974); 
c. a t  p re -w h e lp in g  tim e  (en d  M a y  1975); d . a t  post-w h e lp in g  tim e  (ea rly  A ugust

1975).

was finished and  the m ating  tim e started . T he  estimates during  the 
post-w helping tim e o f 1975 are obviously the  best ones as 88%  o f the 
population present was m easured. T he  d istribu tion  o f these 1975 
m easurem ents is clearly bim odal. O ne peak, a t 25 to 30 cm, reflects 
the pronounced  age g roup  o f the  new born pups. T h e  second peak, a t  55 
to 65 cm, dem onstrates the decreasing length grow th from their fourth 
year forw ard (Fig. 2) o f the adults.

T ab le  I I  gives m ore details on  the  popu lation  com position o f the 
seals. D ue to the h igh variance in  the age com position between sub- 
areas it  was necessary to sam ple as m any subareas as possible to obtain
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by extrapolation  a m ore or less reliable p ictu re  o f the to ta l com position 
during  the 4 m easuring series. T he  results of 1974 should be considered 
w ith caution.

T h e  results ind icate  th a t all th ree groups distinguished increased 
between Ju n e  and  August. T h e  largest increase is found for the adults, 
in  both  years abou t 120. This m ay signify m igration  o f males in to  the 
W adden  Sea for the  m ating  season (v a n  B e m m e l , 1956a; v a n  H a a f ­
t e n , 1974). Also the increase o f subadults in  1975 is rem arkable. 
In form ation  abou t m igration  is not available b u t the general im pres­
sion is th a t  first the  p regnan t females m igrate to the W adden  Sea and 
soon afterw ards the subadults and  o ther adults.

D a ta  on population  com position from  other W adden  Sea areas are 
not available, only m axim um  num bers o f pups counted and  m axim um  
population  sizes. W i p p e r  (1974) found for the w estern G erm an W ad­
den Sea the pups to constitute abou t 27%  of the to tal population . In  
the D u tch  W adden Sea only 11 % pups were found in  1974, and 16% in 
1975. As the East-Frisian population  is considered to be fairly stable, 
i t  is clear th a t in  the D utch  W adden  Sea popu lation  e ither rep ro d u c­
tion  is abnorm ally  low or juvenile m ortality  is abnorm ally  high, or 
both. This low recru itm ent in the D utch  W adden  Sea will be the m ain 
cause for the decline o f the population.

T ab le  I I I  shows th a t the sex ra tio  for juvenile  and  older h arbour 
seals in  the D utch W adden  Sea agrees well w ith th a t of o ther regions.

V . S U M M A R Y

T he num bers o f h arbour seals (Phoca vitulina) in  the D utch  W adden 
Sea decreased from  abou t 2700 in  1950 to 350 in  1975. T h e  age groups 
juveniles, subadults and  adults in  the population  were estim ated by 
m easuring the w idth o f the  tracks the anim als leave w hen they move 
to the edge o f the tidal flat. I t  appeared  th a t the recru itm en t o f the 
population  was m uch lower th an  in  the  adjoining G erm an p art o f the 
W adden  Sea. This will be the m ain  reason for the drastic decrease in 
num bers o f the population.
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