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I.INTRODUCTION

As there were signs that the seal stock in the Dutch coastal waters
declined, seals were partially protected by law in 1954 {¢f. vaAN BEMMEL,
1956a, 1956D).

Nevertheless the decrease held on, and hunting was completely
banned in 1962. Probably due to total protection there was a slight
increase, but since 1965 a new decline set in, which lasts up to the
present. This continuing decrease was the motive to start a study ofits
causes.

The size of a population is determined by reproduction, mortality
and migration. Each of these parameters may vary with age and sex.
As seals in the Wadden Sea do no longer have any predators since man
decided to abstain from hunting, the population size is determined by
such factors as food quality and quantity, parasites, diseases, pollution
and rate of disturbance.

This study discusses the size and composition ofthe seal population.
Further study is in progress to obtain information about reproduction,
mortality and migration.
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II. TRACK WIDTH MEASUREMENTS AS A METHOD FOR
AGE DETERMINATION

In comparable studies of BIGG (1969), SMITH (1973) and BouLVvA (1974)
information on the size-, age-, and sex-composition of seals was ob-
tained from random samples of animals shot.

Because of the low numbers of seals in the Dutch Wadclen Sea this
method could not be used, instead another more indirect method was
applied. Already van v aarren (1959) in his censuses, used the tracks
the seals leave on the flats when they move from their resting places to
the water edge. These tracks may be a mean to determine their size.
The seal uses the nails ofits fore-flippers to crawl over the sand. The
width of the track now may indicate the size of the seal and, by a size-
age relationship, also roughly the age class (juvenile, subadult and
adult animals).

To test the possible use of the track for age group determination the
smallest distance between the imprints of left and right fore-flipper
nails was measured and is referred to as “track width” (Fig. 1). Seals
kept in captivity at the Texel Museum and the Artis Zoo, Amsterdam,
provided basic measurements which were carried out in mid-July. The
animals were sent one by one through a rather narrow lock with a
moist sandy bottom. The track each animal left behind was measured
and compared with its age. In addition track widths ofseals in rep-
resentative areas of the Wadden Sea were measured during 4 boat
trips, respectively in June 1974 (whelping time), in late August 1974
(mating time), at the end of May 1975 (pre-whelping time) and in
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early August 1975 (post-whelping time).
The relation between age and track width for captive seals is shown
in Fig. 2 in which the limits between juveniles, subadults and adults are

cm

80-

60-
56--

20-

0 2 4 6 8 io 12 years

Fig. 2. Relationship between track width (cm) and age (years) ofharbour seals based
on captive animals measured in July; eye-fitted curve.

indicated. These limits are based on a trinomial fit of the data (R E1IN-
DERS, 1975).

To make sure that the captive seals are representative for seals living
in the Wadden Sea—ie. have the same skeletal growth rate—the
results were compared with the field observations made in the same
period (June-July) as the tracks of the captive seals were measured.
When a mother and young were observed, and also single juveniles,
the corresponding track widths were measured (Table I).

The mean value for mature captive seals is somewhat higher than
that for wild seals. However, in the captive group the mature seals
were mainly males (10 out of 15) and full-grown males are about 3%
longer (WirpPER, 1974). Thus the mean value for the captive group has
to be regarded somewhat too high, the mean value for the wild seals
(just females) somewhat too low.

In the captive group, due to low numbers of individuals, no atten-
tion could be given to the possibility whether the sexes showed different
track widths at certain ages. Bisnor (1968), Bicc (1969) and FisHER
(1952) stated that there appears to be no significant difference in
length and weight between sexes till the age of 6 years. For seals in the
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TABLE 1

Comparison between track widths measured for captive harbour seals and for wild
ones at ages of less than one month (pups) and of 4 years and older (adults).

Group Mean SD Numbers
(cm) (cm)
pups captive 26.4 2.4 5
wild 26.3 3.0 111
adults captive 63.3 4.7 15
wild 61.7 4.9 62

Texel Museum a linear regression was established between girth and
track width (r = 0.98; < 0.001; » = 22). Fisuer (1952: 6) also
reports data on girth behind fore-flippers and age, he found no differ-
ence between sexes. Thus Fisuer’s data offer circumstantial evidence
that the sexes, till the age of 6, do not vary in track width.

Fig. 2 shows that 3 age groups have clearly distinguishable ranges in
track width; shortly after whelping timejuveniles (0.01 year) measured
26 to 32 cm, subadults (1,2 and 3 year) 36 to 55 cm, adults (4 year and
older) above 56 cm.

II11. POPULATION SIZE AND COMPOSITION

1. METHODS

The harbour seals in the Wadden Sea do not constitute one continuous
population, but are distributed in several small groups, apparently
isolated from one another, at least during summer time when they stay
in the Wadden Sea. Fig. 3 shows the subareas between which little or
no exchange takes place. It was found that the same animals returned
every low tide to one specific sand bank. It could not be determined
whether the same animals returned to that specific sand bank the next
year after having left the Wadden Sea during winter time (R EITNDERS,
1973).

Estimates ofthe population size were made by regular aerial surveys
from May till September 1974 and 1975 during low tide, when the
seals are resting on the edges of the tidal flats. All counts were made at
heights of about 150 m and each survey lasted about 2| hours.

Size and composition ofthe population were established during the
4 boat trips made in 1974 and 1975, both years about whelping time
(June) and about mating time (August). Juveniles, subadults and
adults were distinguished by measuring the track widths ofthe animals.
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Fig. 3. Studied area of the Dutch Wadden Sea with localities occupied by harbour
seal.

2. RESULTS
a. POPULATION SIZE

Since 1959 estimates of the size of the seal population are available
from regular aerial surveys, they are given in Fig. 4. Such aerial cen-
suses are thought to be fairly reliable because in restricted areas counts
by plane gave nearly the same results as counts by boat (Table II).
Moreover, the whole Dutch Wadden Sea can be covered during one
low tide, thus avoiding double counts.

b. POPULATION COMPOSITION

The track width measurements provide the information for an estima-
tion ofthe age group composition ofthe total wild population establish-
ed in the aerial surveys. The age group distribution was estimated per
area (Table II) which needed some calculation.

Not all seals in each area left a well defined track behind because the
substrate was unsuitable (e.g. too soft) or because seals moved by
lateral undulation rather than by the usual dorso-ventral way or
because seals did not haul out at the moment their hauling area was
visited. The assumption is made (based on Table II, post-whelping
time 1975) that the animals measured represent a fair sample of the
animals present in the area. In some areas no measurements were
made, in that cases age group splits were made on basis of the total of
the areas where measurements were carried out. A better estimate was
possible during whelping time (1974) and the post-whelping time
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Fig. 4. Population sizes of harbour seals present in the Dutch Wadden Sea in Sep-

tember, according to the aerial surveys (A), estimates of H AviNGgAa (1933) (0),

M ourR (1952) (m) and van BEMMEL (1956b) (o), and to own calculations back-

ward and forward from 1959 (¢). Also indicated are numbers killed by hunting
according to M EYER (1964) (V7)-

(1975), as it could be demonstrated (REIJNDERS, 1973; VAN H AAFTEN,
personal communication) that, due to suckling and their apparently
higher need for rest, all pups are detected during the aerial counts in
these periods. Therefore, the ratio achieved between subadults and
adults for the areas with measurements was applied to the numbers
counted by the aerial survey at the nearest date in the other areas, after
subtraction of the known number ofjuveniles.

The data treated in this way, resulted in estimates for the whole
Dutch Wadden Sea population as shown in Table IT (last column).



230 P. J. H. REIJNDERS

TABLE II

Calculation ofthe population composition ofseals in the Dutch Wadden Sea based

on track width measurementsin part ofthe subareas, and on aerial census. In 1974 for

whelping time (end ofJune) and mating time (early September); in 1975 for pre-

whelping time (end of May) and post-whelping time (early August). Data between

brackets are estimates obtained from ratios in the subareas sampled (for location of

subareas see Fig. 3). Resulting total numbers ofjuveniles, subadults and adults are
given with 95% confidence limits.

Group Subarea
1 17 111 v 14 vi vil VIII IX X Total
1974, whelping time

Juveniles 0 12 9 2 1 0 0 0 0 2 26 + 13
Subadults 7 31 24 27 12 21 18 13 (10) 17 180 + 24
Adults 5) 20 26 21 9 4 0 0 7 22 114 £ 23
Measured 0 34 34 32 15 18 7 8 0 22 170

Boat census 34 47 43 15 18 10 8 22 97

Acerial census 12 63 59 50 22 25 18 13 17 41 320
1974, mating time

i 4 7 5 5 4 6 3) 1) ) 3) 40 + 27
Jsugg:éhelsts (2(43 (io; 38 42 9 25 (16) 4) (13) (22) 233 + 49
Adults (24) (40) 54 21 20 13 (15) 3) (12) 21 223 + 49
Measured 0 0 38 29 18 14 0 0 0 0 99
Boat census 45 45 22 15 127

Aerial census 52 87 97 68 33 44 34 8 27 46 496
1975, pre-whelping time

Juveniles 0 0 0 0 0 0 0 0 0 0 0
Subadults (3) 26 16 5 9 19 2 @ 4 7 1%21; i:
Adults % 14 40 15 3 5 3) 3) 5 14

Measured 0 25 35 19 4 18 0 0 5 14 120

Boat census 40 56 20 7 24 5 15 167
Aerial census 7 40 56 20 12 24 5 5 9 21 199

1975, post-whelping time

Juveniles ’ 2 p12 ¢ 22 9 2 2 4 4 6 1 64 + 17
Subadults 20 30 34 12 15 28 10 14 16 9 188 + 23
Adults 11 39 62 33 11 5 22 19 16 19 237 + 23

Measured 32 69 114 39 23 34 30 34 34 20 429
Boat census 33 81 117 47 23 34 32 36 40 20 463
Aerial census 33 81 118 54 28 35 36 37 38 29 489

About the sex ratio no data could be obtained with the present
method butjuvenile harbour seals caught in the Dutch Wadden Sea
in the period 1965 to 1975 had a sex ratio of 1, 100 females against
102 males (Table III).

For subadults, data collected from stranded seals by vaAN HAAFTEN
(personal communication), a sex ratio of nearly 1 was found (25 fe-
males out of47 animals).
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TABLE III

Sex ratio (females : males) ofharbour seals estimated by various authors (numbers
sampled between parentheses).

Author Area Sex ratio
Juv. Subad. Adult

Present study Dutch Wadden Sea 1(202) 1.1(47)
W IPPER (1974) West German Wadden

Sea 1.1(180) 0.9(42)
HAVINGA (1933) Dutch Coast 1(37) 1(38)
BONNER &

VaucuaN (1972) England 1(308)

BouLva (1971,1974) Eastern Canada 0.9(188) 1.1(246)
BIGG 1969 British Columbia 1(64) 1.1(245)
BisHoPr (1968) Alaska 1(197) 0.9(50)

IV. DISCUSSION

Before 1959, the year van HaarTeEN (1974) started his aerial censuses
(Fig. 4), data on the population size of Phoca vitulina in the Dutch
Wadden Sea are sarce. BRouw erR (1928) estimated the total numbers at
1500, Havinga (1933) at 2700 and van Bemmer (1956b) at 1200
specimens. None of these authors explains exactly how and when the
estimates were obtained. From data available on annual numbers
killed (M EvEr, 1964), and by using rates known from stable popula-
tions of harbour seals, it is tried to calculate population sizes earlier
than 1959.

Since the population size varies with the season, and the counts
ofvan HaarTeN (1974) were done in September, calculations for ear-
lier years have been made for the same time of the year.

Assuming pups to constitute, on an average, about 30% of the Sep-
tember population (van BEmMMEL, 1956b; van HaAArTEN, personal
communication) and an annual mortality of 17% (BourLva, 1974), the
annual hunting data (Kt+i) can be used to obtain the September size
ofthe population (jVi) out of the September size of the population in
the next year (JVi+i), following the equation:

J/,4i= A (1 — 0.17) IVi — Jft+i

Starting with the value of 900 seals for 1959 of van H aarTEN (1974)
and using the annual kills according to M ever (1964) (Fig. 4), the
September population sizes (JV¥) are calculated backwards from year to

year (Fig. 4). In this way a population size of 2550 specimens is ob-
tained for 1949.
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Havinga (1933) estimated the harbour seal population in the Dutch
Wadden Sea from 1900 till 1930 on about 2700 specimens. For his
estimate he assumed the percentage ofsubadults to be 15% ofthe total
population which is certainly too low as Bourva (1974), Bicc (1969)
and wirrer (1974) arrive at percentages of30%. At the other side he
added a certain number ofseals to his estimate (based on bounty data)
without further explanation.

Also on bounty data M ounr (1952) estimated the population size in
the Dutch Wadden Sea on about 2600 specimens for 1950.

Though based on several implicit assumptions, the calculation over
the period from 1949 to 1959 seems useful to bridge the gap between
the time ofthe stable population and the period of registered decline.
It may imply that between 1900 and 1950 the population in the Dutch
Wadden Sea fluctuated around 2600 specimens and that from that
time on a steady decrease set in. The start of this decrease may be
caused by the fact that from 1949 bounties were not paid any longer.
The result will have been that nearly only pups were killed for the fur
industry. The interest for adults was diminished not only because the
payment of bounty was stopped but also because the demand for train-
oil had ended (M EYER, 1964; 'T HART, personal communication).

It should be mentioned that in the foregoing calculation no atten-
tion was paid to migration. A considerable migration to or from espe-
cially other parts of the Wadden Sea (Denmark, Germany) may have
had its influence on the population under consideration. Also in these
areas bounty killing occurred.

From 1959 on the aerial surveys provided more reliable data (Fig.
4), though they are quite probably underestimates as some animals
did not haul out. The seals still decreased in numbers, with only
slight peaks in 1963-1964 and 1969-1970. The first increase, setting
in with the count of 1959, probably resulted from the fast decrease in
kills up to the year 1962 when hunting was forbidden and the seals
got totally protected; compare the continuation after 1959 of the cal-
culated population size estimate (Fig. 4). This extra quantity of pups
not shot in this way may not only explain the first increase in numbers
but perhaps also the slight second increase beginning in 1968, as these
pups started a new wave of births when they became mature 4 to 5
years later.

When the calculated curve for the population, with its decrease
before 1959 and its initial increase after that year, is ofreal importance
this would also imply (Fig. 4) that after 1963 another factor than
hunting has to be responsible for the further decrease in numbers.

The frequency distribution (Fig.5) ofthe track widths measured is
fairly different for the 4 measuring series. The first boat trip was made
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during whelping time, whilst the third trip was made before the
whelping began. The second trip was carried out late in the mating
time, so some seals might already had left the Wadden Sea (van
H AArTEN, 1974), whilst the fourth trip was made just when whelping
numbers
30-
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Fig. 5. Track width frequency distributions of harbour seals in the Dutch Wadden

Sea: a. at whelping time (end June 1974); b. at mating time (September 1974);

c. at pre-whelping time (end May 1975); d. at post-whelping time (early August
1975).

was finished and the mating time started. The estimates during the
post-whelping time of 1975 are obviously the best ones as 88% of the
population present was measured. The distribution of these 1975
measurements is clearly bimodal. One peak, at 25 to 30 cm, reflects
the pronounced age group ofthe newborn pups. The second peak, at 55
to 65 cm, demonstrates the decreasing length growth from their fourth
year forward (Fig. 2) ofthe adults.

Table II gives more details on the population composition of the
seals. Due to the high variance in the age composition between sub-
areas it was necessary to sample as many subareas as possible to obtain
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by extrapolation a more or less reliable picture ofthe total composition
during the 4 measuring series. The results of 1974 should be considered
with caution.

The results indicate that all three groups distinguished increased
between June and August. The largest increase is found for the adults,
in both years about 120. This may signify migration of males into the
Wadden Sea for the mating season (vaN BEMMEL, 1956a; vaAN H AAF-
TeEN, 1974). Also the increase of subadults in 1975 is remarkable.
Information about migration is not available but the general impres-
sion is that first the pregnant females migrate to the Wadden Sea and
soon afterwards the subadults and other adults.

Data on population composition from other Wadden Sea areas are
not available, only maximum numbers of pups counted and maximum
population sizes. W irper (1974) found for the western German W ad-
den Sea the pups to constitute about 27% of the total population. In
the Dutch Wadden Sea only 11 % pups were found in 1974, and 16% in
1975. As the East-Frisian population is considered to be fairly stable,
it is clear that in the Dutch Wadden Sea population either reproduc-
tion is abnormally low or juvenile mortality is abnormally high, or
both. This low recruitment in the Dutch Wadden Sea will be the main
cause for the decline of the population.

Table III shows that the sex ratio for juvenile and older harbour
seals in the Dutch Wadden Sea agrees well with that ofother regions.

V. SUMMARY

The numbers of harbour seals (Phoca vitulina) in the Dutch Wadden
Sea decreased from about 2700 in 1950 to 350 in 1975. The age groups
juveniles, subadults and adults in the population were estimated by
measuring the width ofthe tracks the animals leave when they move
to the edge of the tidal flat. It appeared that the recruitment of the
population was much lower than in the adjoining German part of the
Wadden Sea. This will be the main reason for the drastic decrease in
numbers ofthe population.
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