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Abstract

Two parameters, pregnancy rate and mean age of maturity, are of particular interest
with respect to the management of Northwest Atlantic harp seals (Phoca groenlandicus)
because they may be convenient indices of population change. In this study data are
presented on mean age of sexual maturity (1980–92) and pregnancy rates (1980–94), and
results are compared to the historical data base. Estimates of the total number of harp seals
in the Northwest Atlantic declined from approximately 3.0 million in the 1950s to 1.8 million
in the early 1970s and then increased steadily to 4.8 million seals by 1994. During this
period, pregnancy rates increased from 85.5% in the 1950s to 95.2% in the mid 1960s and
then declined steadily to 69.0% in the early 1990's. The mean age of sexual maturity
decreased from 5.8 years in the mid 1950s to 4.6 years in the early 1980s and then increased
to 5.4 years in the early 1990s. Given the dynamics of the seal population, these variations
in reproductive parameters, growth rates and body condition are consistent with a density-
dependent reponse. Coinciding with the increase in seal abundance in recent years, there
also has been changes in the availability of prey taken by seals – particularly capelin and
Arctic cod. These changes could be related to the colder water temperatures observed
since the mid 1980s.
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Introduction

Significant changes in the population size of
many animal species are often accompanied by
changes in reproductive parameters. Two of these
parameters, pregnancy rate and mean age at sexual
maturity, are of particular interest with respect to
the management of Northwest Atlantic harp seals
(Phoca groenlandicus)  because they may be
convenient indices of population change.

Although the accuracy of the various population
estimates made for the Northwest Atlantic harp
seals may be argued, it is generally believed that
the numbers declined during the commercial seal
hunt from approximately 3 million in 1952 to 1.5
million in the early-1970s. Following the imposition
of a quota in 1971, the populat ion increased
throughout the 1970s and early-1980s. The demise
of the large vessel hunt in 1983 further reduced
catches; by 1994 the population had increased to
an estimated 4.8 million seals (Sergeant, 1991;
Shelton et al., MS 1995; Stenson et al., 1993).

Biological sampling of female reproductive
tracts began in 1951 and has continued to the
present. Mean age at sexual maturity declined from
6.2 years in 1952 to 4.5 in 1979. During the same
period pregnancy rates increased from 85% to 94%

(Bowen et al., 1981). Given that both parameters
changed concurrently with the decline in population
numbers,  the authors suggested that  densi ty
dependent  mechanisms were l ike ly  involved.
However, these results were strongly dependant on
the scant data from the early-1950s. Convincing
empirical evidence of density dependent changes
would only be obtained when the population size
once again reached a high level (Bowen et al.,
1981). Thus, no new information on female harp seal
reproductive parameters has been readily available
since 1979. Here data are presented on mean age
of sexual maturity (1980–92) and pregnancy rates
(1980–94) ,  and resu l ts  a re  compared to  the
historical data base.

Materials and Methods

Since 1980, female reproductive tracts and jaws
have been collected from harp seals in most regions
of Newfoundland and southern Labrador during all
t imes  o f  the  year  except  summer.  The  most
consistently sampled area has been the northeast
coast of Newfoundland between November and
May. Historic data presented here are based on
samples col lected primari ly in northeast New-
foundland during the spring (late March–April) or
w in ter  (January–February) .  These data  were
obtained from Bowen et al. (1981).
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Information on female harp seal reproductive
parameters are here summarized on an annual basis
from 1954 to 1994. In order to obtain larger sample
sizes, and to smooth some of the variability in the
annual samples, this information has also been
combined into five periods, 1951–54, 1964–70,
1978–82, 1985–89, and 1990–94. The first period
represents the historic population high, the second
the decline during the commercial hunt, the third
and four th the increase in numbers af ter  the
imposition of a quota and demise of the large vessel
hunt, and the fifth the recent population high (Fig.
1). Although these period designations reflect the
long term population trajectory and the availability
of data, they are subjective. A more parsimonious
and object ive representat ion of  age speci f ic
pregnancy rates using sequential 2 ×  2 contingency
table tests is also presented. The init ial  table
compared the proportion of females pregnant or non
pregnant in an age-class in two successive years.
The chi square   (χ2)  statistic (1 d.f.) was calculated
and if the null hypothesis of common pregnancy rate
was accepted these data were pooled and a new 2
×  2 table was formed by including the next year's
data. This procedure was continued as long as the
successive   χ2  values remained non significant.
When a s igni f icant    χ2  was encountered,  the
sequence was terminated and a new sequence
begun starting with the year for which a significant
change in pregnancy rate was indicted.

Age was determined to the nearest year by
counting dentine annuli in the lower canine. The
reproductive condition of females was assessed by
sect ion ing  and examin ing  the  ovar ies .  The
pregnancy rate was defined as the percentage of
mature females pregnant at the time of the sample.
Age specific pregnancy rates are presented in two
ways, 1) the percentage of mature females pregnant
in a particular age-class and 2), the percentage of
females  pregnant  in  a  par t icu la r  age-c lass
regardless of maturity status. Pregnancy rate is
easily measured only in autumn and winter samples
because of delayed implantation. The samples used
in this study were collected between September and
February (i.e. a late-term pregnancy rate). Mean
age at sexual maturity (MAM) was calculated using
the a lgor i thm of  Demaster  (1978,  1984) f rom
samples obtained throughout the season, excluding
March. Possible di fferences in MAM between
sampling periods were tested using t-tests.

Results and Discussion

The overall pregnancy rate varied considerably
during the five study periods. The pregnancy rate
was 85.5% when the population was at a high level
during the mid-1950s, it increased to 95.2% during

Fig. 1. Model estimates of total harp seal population in
the Northwest Atlantic.

the commercial hunt period in the mid-1960s,
declined to 87.9% during the early-1980s, declined
fur ther to 76.4% by the mid-1980s, and finally
reached a low of 69.0% in the early-1990s.

The number of female harp seals sampled to
determine late-term pregnancies are summarized
annua l l y  and by  per iod  in  Tab les  1  and 2 ,
respect ive ly.  Annua l ,  la te - te rm age spec i f ic
pregnancy rates (propor t ion pregnant)  for  a l l
females aged 3 to 7+ years are shown in Table 3.
There was a considerable inconsistency in these
data due to the small sample sizes in some years.
However, there appeared to be a notable drop in
1987 that generally continued to 1993 for most age-
classes. Age specific pregnancy rates based on
blocked averages for mature seals in each age-
class are presented in Fig. 2. The pregnancy rates
based on blocked averages for both immature and
mature seals are presented in Fig. 3 and Table 4.
Rates for both mature and immature seals derived
from the sequential contingency table tests are
presented in Table 5. When only mature seals were
considered, there was a marked decline in the
proportion of females pregnant during the mid-
1980s; this decline continued into the early-1990s.
Although it appeared that the pregnancy rate of 3
and 4 year old seals may have been influenced to
the greatest extent, seals in all age-classes showed
the same response.

When immature seals were also included in the
analysis, three tendencies could be noted. For 3
and 4 year old seals the proportion pregnant was
lowest in the mid-1950s, increased until the early-
1980s and then started to decline into the early-
1990s. Seals aged 5 and 6 years exhibited a similar,
but less notable trend. The pregnancy rate of 7+
year old seals declined particularly in the mid-1980s
and ear ly-1990s.  Resul ts  of  the age speci f ic
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TABLE 1. Annual sample sizes for determining late term
pregnancy rates of female harp seals aged 3 to 7+
years.

Year 3 4 5 6 7+

1954 4 3 3 16 33

1965 30 44 37 38 109
1966 7 9 17 11 49
1967 10 19 33 29 123
1968 27 19 20 12 55
1969 25 25 16 28 164
1970 13 13 12 10 107

1978 40 38 20 9 41
1979 9 9 3 4 11
1980 2 2 1 – 12
1981 5 4 2 7 18
1982 4 5 1 4 3

1985 4 3 5 3 1
1986 1 – 2 1 7
1987 12 8 9 4 24
1988 16 6 3 – 19
1989 8 9 6 3 22

1990 8 7 3 1 10
1991 11 11 7 3 28
1992 10 11 9 8 32
1993 8 17 4 8 23
1994 20 14 13 6 30

TABLE 2. Summary of female harp seal samples used in the pregnancy studies blocked into year periods.
(I = Immature; P = Pregnant; MNP = Mature but Not Pregnant).

 Block 3 Year Olds 4 Year Olds 5 Year Olds 6 Year Olds 7+ Year Olds
Periods I/P/MNP I/P/MNP I/P/MNP I/P/MNP I/P/MNP

1951–1954 4/0/0 2/1/0 1/2/0 1/12/3 0/29/4
1965–1970 110/2/0 106/23/0 61/73/1 22/106/0 42/534/32
1978–1982 55/5/0 23/33/2 2/24/1 3/18/3 1/70/14
1985–1989 34/4/3 13/5/8 6/15/4 1/9/1 2/58/13
1990–1992 24/3/2 19/6/4 5/9/5 3/7/2 8/44/17
1990–1994* -/53/4 -/10/50 -/15/21 -/16/10 -/78/45

* The maturity status of females collected in 1993 and 1994 are unknown and not included in Fig. 2.

sequential contingency table tests showed the same
general trends.  A comparison of Fig. 2 and 3
suggests that in the mid-1950s, even though only a
small proportion of the young seals were mature,
most were pregnant. In more recent years there
appears to be a greater proportion of seals that were
mature, but not pregnant.

The MAM decreased from 5.8 years in the mid-
1950s to a low of 4.6 years in the early-1980s and
then increased to 5.4 years in the early-1990s (Table
6). The MAM for the mid-1950s and early-1990s
were significantly higher than during the early-1980s.

Although it is yet to be established that there is
a s ign i f icant  s ta t is t ica l  re la t ionsh ip between
pregnancy rate and age-at-maturity, and the recent
changes in the size of the Northwest Atlantic harp
seal population, preliminary results indicate that
both these reproductive parameters have behaved
in a manner which is consistent with a density
dependent response. The mechanisms responsible
for changes in these parameters are not known.
However, an ongoing study of body condition and
morphometrics of harp seals in Newfoundland
waters also suggested that body condition declined
significantly for all age- and sex-classes of seals in
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TABLE 3. Annual, late-term age specific pregnancy rates
(proportion pregnant) for all female harp seals
aged 3 to 7+ years (1978 and 1979 data from
Bowen et al., 1981).

Age

Year 3 4 5 6 7+

1954 0.0000 0.3333 0.6667 0.7500 0.8788

1965 0.0345 0.1136 0.5405 0.7105 0.8807
1966 0.0000 0.1111 0.3529 0.7273 0.8776
1967 0.0000 0.2105 0.6061 0.9655 0.8862
1968 0.0000 0.3158 0.7000 0.9167 0.8727
1969 0.0400 0.1600 0.4375 0.8214 0.8848
1970 0.0000 0.2308 0.5000 0.9000 0.8598

1978 0.0250 0.6053 0.9000 0.6667 0.8537
1979 0.3333 0.5556 1.0000 0.7500 0.9091
1980 0.0000 0.5000 1.0000 – 0.8333
1981 0.2000 0.5000 0.5000 0.8571 0.7778
1982 0.0000 0.4000 1.0000 0.7500 0.3333

1985 0.0000 0.3333 0.4000 1.0000 1.0000
1986 1.000 – 0.5000 0.0000 1.0000
1987 0.1667 0.3750 0.7778 1.0000 0.6250
1988 0.0625 0.1667 1.0000 – 0.7368
1989 0.0000 0.0000 0.3333 0.6667 0.9545

1990 0.0000 0.1429 0.3333 0.0000 0.6000
1991 0.0909 0.1818 0.5714 0.3333 0.6071
1992 0.2000 0.2727 0.4444 0.7500 0.6563
1993 0.0000 0.1176 0.0000 0.7500 0.3913
1994 0.0500 0.1429 0.4615 0.5000 0.8333

Fig. 2. Age specific pregnancy rates based on mature female harp seals only.
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Fig. 3. Age specific pregnancy rates based on mature and immature female harp seals.

TABLE 4. Blocked averages of late term, age specific
pregnancy rates (proportion pregnant) for all
female harp seals aged 3 to 7+ years.

Age

Block Periods 3 4 5 6 7+

1951–54 0.0000 0.3333 0.6667 0.7500 0.8788

1965–70 0.0179 0.1783 0.5407 0.8281 0.8783

1978–82 0.0833 0.5690 0.8889 0.7500 0.8235

1985–89 0.0976 0.1923 0.6000 0.8182 0.7945

1990–94 0.0702 0.1667 0.4167 0.6154 0.6341

Note: pregnancy rates from 1954–94 are also shown in Fig. 3.

1992, Chabot et al., 1995. It is not known if this
f inding was just  a shor t  term phenomenon or
whether it was part of a more prolonged trend.
However, seals collected in southern Labrador
during the winter of 1995 appeared to be in poor
condition (D. Wakeham, DFO, NWAFC, St. John's,
pers. comm.). The body condition of harp seals
sampled in the Gulf of St. Lawrence, Quebec also

declined between 1988 and 1992 (Hammill et al.,
1993). It is known that body condition is likely to be
coup led w i th  fo rag ing e f f ic iency  and prey
availability, and both of these factors may have
changed significantly in the Northwest Atlantic
during recent years in relation to the apparent wide
spread environmental perturbations recorded in the
recent decade (Drinkwater, 1996).
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TABLE 5. Late term, age specific pregnancy rates (proportion
pregnant )  fo r  a l l  female  harp sea ls  based on
sequential contingency table tests.

Age  Block Periods Pregnancy Rate

 3 1954–70 0.0172
1978–88 0.0968
1989–94 0.0615

 4 1054–70 0.1818
1978–87 0.5507
1988–94 0.1467

 5 1954–70 0.5435
1978–88 0.8043
1989–94 0.4048

 6 1954–66 0.7231
1967–89 0.8684
1990–94 0.6154

 7 1954–89 0.8648
1990–94 0.6341
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