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Hourly variations in the rate of underwater vocalizations produced by leopard (Hydrurga leptonyx) and crabeater seals 
(Lobodon carcinophagus) were compared with counts of these seals on ice floes. For both species maximum “haulout” 
corresponded with minimum underwater vocalizations. Consequently, sampling the vocal behaviour of pinnipeds may be used to 
determine their diurnal haulout pattern. This underwater vocalization rate potentially may be used to calculate a series of hourly 
correction factors that compecsate for submerged seals not seen during a census. 
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Les variations horaires du taux des cris sous l’eau de leopards de mer (Hydrurga leptonyx) et de phoques crabiers (Lobodon 
carcinophugus) ont ttt compares au nombre de phoques sur les glaces flottantes. Chez les deux espi?ces, les @nodes oh le plus 
grand nombre de phoques sont hors de I’eau correspondent aux periodes ou les cris sont le moins frtquents. I1 est donc pos- 
sible de dtterminer les patterns de sortie de I’eau des pinnip&des en tchantillonnant leur comportement vocal. I1 est permis de 
croire aussi que le taux des cris sous l’eau pourra tventuellement servir a calculer une serie de facteurs de correction horaires 
destines 

lepronyx) and crabeater (Lobodon carcinophagus) seal. Can. J .  Zool. 60: 2028-2031. 
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compenser I’absence des phoques en plongte au moment d’un recensement. 
[Traduit par le journal] 

Introduction 
Ship-based surveys of Antarctic seals during the 

austral summer have shown that leopard (Hydrurga 
leptonyx), Weddell (Leptonychotes weddel l i ) ,  crabeater 
(Lobodon carcinophagus), and Ross (Ommatophoca 
rossi) seals exhibit predictable hourly variations in 
“haulout” (Gilbert and Erickson 1977). Many popula- 
tion studies have incorporated a correction factor that 
compensates for hourly count differences (Siniff et al. 
1971; Gilbert and Erickson 1977). Radio telemetry 
techniques are valuable for determining the diurnal 
haulout of Weddell seals in fast ice regions (Siniff et al. 
1971); however, such techniques are not applicable in 
pack ice because of the mobility of the haulout platform. 

Currently, two techniques are used to determine the 
haulout pattern of pinnipeds: hourly counts of animals 
and radio tracking of movements in and out of the water. 
These techniques require continuous long-temi contact 
with the animals. Hourly counts of animals that are 
hauled out in inaccessible areas may not be possible. 
Weather, limited daylight, and cost make 24-h counts 
unrealistic. Radio telemetry techniques have limited 
application in unstable habitats, such as pack ice, where 

both the animals and the haulout platforms are moving. 
Transmitter attachment and receiver durability often are 
problems in the field. To surmount these problems we 
developed an alternative technique, a passive acoustic 
recording system that automatically monitors pinniped 
vocal activities even in remote areas. 

Stirling and Siniff (1979) documented four under- 
water vocalizations from the leopard seal (Hydrurga 
leptonyx) and one from the crabeater seal (Lobodon 
carcinophugus). Both species vocalize frequently 
during the breeding season. The object of our study was 
to determine if the diurnal pattern of underwater vocali- 
zations is negatively correlated with the haulout pattern 
for these two pack-ice species. If so, it is possible 
theoretically to calculate a series of correction factors 
that compensate for submerged seals during a given hour 
of a census. 

Materials and methods 
Using the RV Hero as a survey platform, we counted seals 

along the Antarctic Peninsula (Martel and Ezcurra Inlets, 
Bransfield and Gerlache Straits, and Bismarck and Dallmann 
Bays) from 26 October to 21 November 1978. All leopard and 
crabeater seals seen on ice floes within 400 m of the ship were 
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counted in a continuous census during daylight hours (0400 to 
2200). For each sighting the sex, age, and species of seal and 
the location, time, and amount of ice cover were noted. From 
these data we calculated the mean number of seals on the ice 
for each hour. 

Underwater vocalizations were recorded automatically with 
an Interoceans R130 hydrophone (frequency response, 0.03- 
10.00kI-I~ _t 1.Odb) and a Superscope ClOlA cassette 
recorder (frequency response, 0.20-5.0 kHz) controlled with 
a digital timer. This system was placed on an ice floe in an 
insulated box heated with thermal packs; it sampled underwater 
vocalizations for 2.5 min every hour. A radio-frequency 
transmitter on the ice floe and a ship-based receiver were used 
to relocate the system 24 h later. Crabeater and leopard seal 
vocalizations were recorded in Martel Inlet on 28-3 1 October, 
in Bismarck Bay on 2-5 November, in Dallmann Bay on 7-14 
November, and in Ezcurra Inlet on 18 November 1978 ( n  = 17 
days sampled). 

In the laboratory the number of audible and identifiable 
underwater vocalizations per sample was tallied for each 
species. Calls were identified to species by refemng to sound 
spectrograms in Fig. 1 of Stirling and Siniff (1 979). The radial 
distance of sound reception using this system was not 
measured, but because the automatic gain control in the 
cassette recorder was used and oceanographic conditions were 
similar we assume that the same area was sampled during each 
recording. Seals vocalizing near the hydrophone could saturate 
the recording and block distant vocalizations; thus, vocaliza- 
tion rates may have been higher. The age and sex composition 
of the seals producing vocalizations could not be controlled; 
however, the majority of animals observed during our survey 
were adults. 

Results and discussion 
A one way analysis of variance (ANOVA), using the 

number of leopard seals on the ice as the random 
variable and each hour from 0400 to 2200 as a treatment, 
showed significant heterogeneity (Fo 05 = 1.97, critical 
value = 1.66). Maximum leopard seal haulout occurred 
between 0900 and 1800 and minimum haulout between 
1900 and 2200, and 0400-0800 (Fig. l a ) .  Hourly dif- 
ferences in crabeater seal counts showed similar varia- 
tions (Fo,os = 2.62, critical value = 1.66). Maximum 
haulout was from 0900 to 1900 and minimum was from 
2000 to 2200 and 0400 to 0800 (Fig. 2a). For both 
species, the period from 2300 to 0300 could not be 
sampled because of darkness, but seals are believed to 
be in the water during this period. 

Hourly differences in underwater vocalization rates 
were compared using a one-way ANOVA with the 
vocalization rate per minute as the random variable and 
each of 24 h as a treatment. Significant differences were 
found for leopard ( F o . ~ ~  = 3.34, critical value = 1.59) 
and crabeater (Fo.os = 2.05, critical value = 1.59) 
seals. For both species the peak period for underwater 
vocalizations was between 1900 and 0600, whereas the 
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FIG. 1. (a) Mean (and 95% confidence interval) number of 
leopard seals hauled out per hour for each hour of observa- 
tion. ( b )  Mean (and 95% confidence interval) number of 
underwater vocalizations per minute for each hour. 

minimum underwater vocalization rate occurred be- 
tween 0900 through 1800 (Figs. l b  and 2b). 

There is a significant negative correlation ( p  < 0.01) 
between the mean underwater vocalization rate per 
minute and the mean number of seals counted per hour 
(leopard seal, r = -0.55 and crabeater seal, r = 

Both crabeater and leopard seals produced pups 
during our study period. Crabeater seals were seen as 
male-female pairs on floes, and Siniff et al. (1979) 
indicated that courtship and mating occur during this 
period. The mating season of leopard seals is not well 
known; Harrison et al. (1968) suggested that there is no 
delayed implantation as in other antarctic seals and that 
mating occurs around late December or January. How- 
ever, Sinha and Erickson (1972) suggested that delayed 
implantation occurs in leopard seals and mating is in 
November as in other antarctic phocids. The stage of the 
reproductive cycle affects vocal activity; both crabeater 
and leopard seals were vociferous during our study and 
recordings in January and February near the Antarctic 
Peninsula show a dramatic decrease in vocalizations by 
these seals (Thomas et al. 1981). 

There are technical problems associated with accu- 
rately monitoring the haulout pattern of pinnipeds. 
Remote haulout sites, such as pack ice, offshore rocks, 

-0.66). 
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application in remote haulout sites and its noninterfering 
mode of operation are advantages. This technique can be 
used for determining the diurnal haulout pattern of many 
pinnipeds. A series of census correction factors can be 
calculated using hourly vocalization rates; however, we 
recommend sampling in the same area and season as the 
census because the density of seals may vary between 
areas, vocalizations may decrease outside the breeding 
season, and high densities may induce contageous 
vocalizing. 
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FIG. 2. (a) Mean (and 95% confidence interval) number of 
crabeater seals hauled out per hour for each hour of observa- 
tion. ( b )  Mean (and 95% confidence interval) number of 
underwater vocalizations per minute for each hour. 

or inaccessible beaches, often preclude observations of 
haulout. Observer or survey vessel disturbances often 
disrupt haulout behavior. The proposed technique offers 
an alternative method to investigate hauling activity in 
pinnipeds. Underwater vocalizations are negatively 
cprrelated with the diurnal haulout of leopard and 
crabeater seals and our acoustic sampling system may 
have practical application for a wide variety of pinnipeds 
and haulout sites. Several pinnipeds are vocal under 
water: Odobenus rosmarus (Schevill et al. 1966); Phoca 
hispida (Stirling 1973); Pagophilus groenlandicus 
(Mbhl et al. 1975); Erignathus barbatus (Ray et al. 
1969); and Leptonychotes weddelli (Thomas 1979). 
Some pinnipeds are more vocal while hauled out, e.g., 
Zalophus calijornianus (Bartholomew and Peterson 
1967), Mirounga angustirostris (Bartholomew and Col- 
lias 1962), and some species of fur seals, Arctocephalus 
(Stirling and Warneke 1971). This acoustic system can 
be modified for either underwater or airborne sampling. 
Diurnal haulout may change seasonally or between 
haulout sites and monitoring vocalization rates may 
provide a technique for documenting these changes. 

In summary, using the hourly rate of underwater or 
airborne vocalizations may be a practical technique to 
document the diurnal haulout pattern of pinnipeds. Its 
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