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Abstract

The purpose of this study was to document the
annual cycle of underwater vocal activity in captive
harp seals (Pagophilus groenlandicus). This species
is vocally active on ice and under water during the
breeding season. Vocal behaviour in the non-
breeding season is unknown, but the species is
highly gregarious throughout the year so we pre-
dicted vocal activity year-round. Ten harp seals of
both sexes and various ages were studied in large
outdoor tanks with flow-through ambient seawater
from January 1996 to May 1997. The study was
conducted in Newfoundland, within the species’
natural range, so vocal activity should be represen-
tative of that in the wild. Vocal activity varied
seasonally and with time of day. Rates of under-
water vocalization increased in February and
peaked in March (the breeding period) and were
higher at night than during the day. This study
showed that captive groups of harp seals are vocally
active throughout the year. Field recordings outside
the breeding period are needed to extend these
findings and to determine the social functions of
vocalizations in feeding, migration, and other
contexts.
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Introduction

Seasonal changes in the environment induce adap-
tive variations in animal behaviour (Boyd, 1991).
Some aspects of annual cycles of pinnipeds have
been well studied (e.g. migration, parturition, mat-
ing), but seasonal and diel vocal activity has been
documented only in isolated studies. Male Weddell
seals (Leptonychotes weddellif) are vocal when
establishing and defending underwater territories,
and show increased calling rates at this time
(Morrice et al., 1994). Seasonal and diel variations
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in vocal activity of pinnipeds in the high Arctic was
documented by Stirling et al. (1983), who proposed
thal the decline in vocalization rates might be due
to fewer social interactions. Annual and diel varia-
tions in underwater vocalizations of Weddell seals
were studied by Green & Burton (1988), who found
high vocal activity at night. Male elephant seals
(Mirounga angustirostris) are most vocal after sun-
set and least active at mid day, a pattern that
reflects ambient temperature (Shipley & Strecker,
1986). Crabeater (Lobodon carcinophagus) and
leopard (Hydrurga leptonyx) seals are most vocal in
evenings and early mornings (Thomas & DeMaster,
1982). Grey seals (Halichoerus grypus) are most
vocal at nights (Chwedefnczuk & Frysz, 1983). Harp
seals (Pagophilus groenlandicus) are more vocal at
night than morning or early afternoon (Terhune &
Ronald, 1976). Scattered evidence suggests low
daytime vocal activity, but details and causes that
determine diel patterns are poorly documented and
understood (Terhune and Ronald, 1976; Watkins &
Schevill, 1979).

The harp seal is one of the most intensively
studied pinnipeds in the world (Ronald & Healey,
1981; Ronald & Dougan, 1982; Lavigne & Kovacs,
1988; Sergeant, 1991). Harp seals have been
exploited for commercial purposes for more than a
century (Ryan, 1994), and numerous studies have
been conducted on its annual cycle, feeding, repro-
duction, growth, and many other topics. However,
little is known about the species’ social structure or
communication because it is highly migratory and
breeds on and in association with pack ice. Several
studies on behaviour of females and pups have been
made, but only scattered information exists for
underwater behaviour or social interactions among
adults (Merdsoy er al., 1978; Lavigne & Kovacs,
1988). Numerous accounts of vocalizations during
the breeding period have been published. Schevill
et al. (1963) first reported underwater vocalizations
from the species (a captive female), and Mghl et al.
(1975) provided a detailed account of underwater
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Figure 1. Seasonal variation in calling rates of harp seals, based on weekly means. Shaded area

indicates breeding season.

Vocal activity peaked at different times of the day
in the non-breeding and breeding seasons of 1996
and 1997 (Table 4). NV differed significantly
between years in both seasons. Mean time of day
for NV was in early morning during the non-
breeding season and in evening or late at night in
both years. Mean time of day for LV differed
significantly between years. Mean time of day for
LV was morning in the non-breeding seasons of
both years and the breeding season of 1996, but at
night in the breeding season of 1997. Mean time of
day of HV did not differ significantly between the
non-breeding seasons of 1996 and 1997, but differed
significantly between the breeding seasons of 1996
and 1997.

Discussion

The increase in vocal activity in February and the
peak in March are consistent with the timing of
reproduction in the wild (Terhune & Ronald, 1976;
Lavigne & Kovacs, 1988, Sergeant, 1991) and with
high vocal activity in mid March in the Gulf of
St. Lawrence (Terhune & Ronald, 1976).

The function of repetitive calling during the
breeding season is to distinguish the signaler from
the background noise (Watkins and Schevill, 1979;
Terhune and Ronald, 1986). This is particularly

important because all acoustic signals are masked
by environmental noise (Brenowitz, 1986). High
calling rates, when vocalizations are intended for
short-range communication, might mask the calls
of other seals (Watkins and Schevill, 1979; Terhune
and Ronald, 1986). In other words, to reduce
ambiguity a signaler must increase the stereotypic
nature of the signals, and as a consequence the
amount of information that the signal conveys is
increased (Krebs and Davies, 1993). Calls produced
at high rates function better for long-range com-
munication, signaling an individual’s location.
Other characteristics of communication sounds
function better over short distances e.g., signaling
gender, individual identity, hierarchical status, or
signaler intentions (Watkins and Schevill, 1979;
Terhune and Ronald, 1986).

Vocal activity of these captive harp seals declined
in late March and early April in both 1996 and
1997. At this same time, moult begins in the wild
northwestern Atlantic (Sergeant, [991). Mohl e/ al.
(1975) made underwater recordings in the vicinity
of moulting herds, but detected no underwater
sounds attributable to harp seals. The low vocal
activity at this season presumably reflects the few
social interactions that occur at this time and the
small percentage of time spent by seals in the water
(Mohl et al., 1975; Moulton et al., 1999). The low
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Figure 2. Monthly variation in calling rates of harp seals in mornings and evenings, during 1996
(top) and 1997 (bottom) based on weekly means. Shaded area indicates breeding season.

vocal rate could also relfect the desire to remain
quiet during a vulnerable time or to save acoustic
energy for more activities like mating.

Contrary to Terhune & Ronald (1976), vocaliz-
ation rates did not differ significantly between day
or night in our study. Mean time for HV was at
night for the 1996 breeding season, but during the
day for the 1997 breeding season. A similar trend
was apparent for LV. Only the mean time for NV
occurred at night in both years. Differences between

our results and those of Terhune & Ronald (1976)
could be due to: (1) fewer recordings, shorter
sampling period, and consideration of only high-
frequency vocalizations by the latter authors, or (2)
effects of captivity on vocal activity in our study
(Martin & Bateson, 1994).

In the breeding seasons of 1996 and 1997, high-
frequency vocalizations with many harmonics were
used more commonly than low-frequency calls with
few harmonics. This pattern was reversed in the



Vocal behavior in harp seals 259

Rapports et Procés-verbaux des Réunions, Conseil Inter-
national pour I"Exploration de la Mer, 169, 533-543.
Morrice, M. G., Burton, H. R. & Green, K. (1994)

Microgeographic variation and songs in the underwater
vocalisation repertoire of the Weddell seal (Leptony-
chotes weddellii) from the Vestfold Hills. Anrarctica

Polar Biology 14, 441440,

Moulton, V., Miller, E. H. & Ochoa-Acuna, H. (1999)
Haulout behaviour of captive harp seals (Pagophilus
groenlandicus): incidence, seasonality, and relationships
to weather. Applied Animal Behaviour Science 65, 367—
378.

Riedman, M. (1990) The Pinnipeds. University of
California Press, San Diego, California.

Ronald, K. & Dougan, J. L. (1982) The ice lover: biology
of the harp seal (Phocua groenlandica). Science 215,
928-933.

Ronald, K. & Healey, P. J. (1981) Harp Seal Phoca
groenlandica Erxleben, 1777, pp. 55-87. In: S. H.
Ridgway & R. J. Harnson (eds). Harrison Handbook
of Marine Mammals, Vol. 2: Seals. Academic Press,
London, England.

Ryan, S. (1994) The Ice Hunters. A History of Newfound-
land Sealing to J914. Breakwater Press, St. John’s,
Newfoundland.

Sergeant, D. E. (1991) Harp seals, man and ice. Canacian
Special Publications in Fisheries and Aquatic Sciences
114, [-153.

Schevill, W. E., Watkins, W. A. & Ray, C. (1963) Under-
water sounds of pinnipeds. Science 141,50-53.

Shipley, C. & Strecker, G. (1986) Day and night patterns
of vocal activity of northern elephant seal bulls. Journal
of Mammalogy 67, 775-778.

Stirling, 1., Calvert, W. & Cleator, H. (1983) Underwater
vocalizations as a tool for studying the distribution and
relative abundance of wintering pinnipeds in the high
Arctic. Arctic 36, 262-274.

Terhune, J. M. & Ronald, K. (1986) Distant and near-
range functions of harp seal underwater calls. Canadian
Journal of Zoology 64, 1065-1070.

Terhune, J. M. & Ronald, K. (1976) Examining harp seal
behavioural patterns via their underwater vocaliz-
ations. Applied Animal Ethology 2, 261-264.

Thomas, J. A. & DeMaster, D. P. (1982) An acoustic
technique for determining diurnal activities in leopard
(Hydrurga leptonyx) and crabeater (Lobodon carci-
nophagus) seal. Canadian Journal of Zoology 60, 2028
2031.

Watkins, W. A. & Schevill, W. E. (1979) Distinctive
characteristics of underwater calls of the harp seal,
Phoca groenlandica, during the breeding season.
Journal of the Acoustical Society of America 66, 983~
988.

Watson, G. S. & Williams, E. J. (1956) On the construc-
tion of significance tests on the circle and the sphere.
Biometrika 43, 344-352.



