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o Abstract

The underwater vocalrzatIons of bearded seals (Erlgnﬁ?hus barbatus) were
recorded between March and June in 1982 and 1983 at six sites in the Canadran Ajctic.

' 970 vocalizations were measured for temporal and spectral structu‘s and then claitf 1ed

_into one of six call types. Chlls Were narrow in f requency bandwidth and

f requency modulated The repertorres ‘of vocalizing bearded seals vaned amongst the six

recording sites. Between- site differences tn temporal and spectral {eatures call use, and ,

- sequential orgamz.atron were measured The results suggest Jthat bearded seals may be

relatively sedentary and that geographrcally drfferent vocal repertorres may be

‘ charactensuc of dtscrete breeding stocks A promtnent datly cycle in rate of callrng

during April and May was found at two sites; rate of calling was higher dunng the early

‘morning hours (i.e., 0300—0400 hrs sun ume) than at other times of day. No dtsttnct

temporal cycle occurred dunng latg May and early June Rate of calling appeared to be

kY

negatively correlated wrth pattern gf haul-out In parred recordings, made Stmultaneously

- using two hydrophones a few (14 of 163),"of the recorded Hearded seal calls were heard

o~

up to a drstance of 30 km ‘underwater
' Vocalrzatton stirveys were conducted in Penny Stratt N. W T. and surrounding

Waters in April<june 1982, April 1983, and Apnl 1984 10 study the winter and spring

distrib'ution" of bearded seals. .Before tce break -up, bearded seals appeared to avoid areas

. of stable, landfast fce or areas heavrly used by walrusw (Odobenus rasmarus) regtons

’ where the 1oe was less stable and where break-up occurred early were preferred Wa;er

) depth did no?'appear to influence dtstrtbutton Numbers of calls’ increased between

mid- Apnl and early June probably because of an increase in rate of calling \by individual

seals. Vocallzatton surveys can be used to separate preferred habttats from unsurtable .

ories. It is not possrble to detern;rne the absolute number of bearded seals at or near a

site ustng vocallzatrons however lt is possrble to measure 1he mlatwe abundance of seals

for spatial-and temporal comparisons. . ‘ -
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SRRt W l"NTRODUCFION

Bearded seals ‘iEr(gnathus barbatus) arc northern phocids with a circumpolar N
distribution, Several 'cxtqrnal fcatures make them readily distinguishable from other
northern phocids, - They are the largest of all arctic scals, although thf: head is small
relative to the rest of the body, The mystacial vibriss:ae are conspicuously long, giving
rise to the name "bearded” scal. The lhird’ digit in the foreflipper is slightly Jonger than '
the others, which givlcs the flipper a square shape, and accounts for lhg "com;n‘on name -
"square ﬂippef" bestowed ¢n them by 'Nor»\{cgia.rl sealers, Female bearded seals have '
T;ur mammary glands; other northern phocids have. two, |

Based on differences in exicrnal appearanct and cranial measurements, bearded
scals have been divided into two subspecies (Ognev 1935; Manning 1974). The
distribution of the Pacific subspecies ( Erignathus barbatus nauticus Pallas 1811) is
reporté‘c‘i_to extend from the Canadian Central Arctic west to the Laptev Sea, The
_distribution of the Atlantic subspecies (Erignathus barbatus barbatus Erxlében 1777) is
reported to include the eastern Canadian Arctic and North AKtlantic east to the Laptev
Sea (Manning 1974). .The exact boundary between the two subspecies has not been
cl::arly defined and there is disagrecmcni in the literature on whether the &fferences in -
body size and growth rates of cranial bones between specimens taken from the two K
regions are sufficient to warrant the' subspecies distinction (Kosygin and Potelov 1971:
Manning 1974; Smith 1981). | '

Historically, bearded scals were of great importance to the Inuit, who have long

o

used their meat for food, their blubber for fuel, and their skin for dog-team traces,
harpoon lines, footgear, and any other use that required strength and d\frability.
However, with increased availability of substitutes during the past 20 years, many of the-
traditional uses of seal by-products have stopped and tl;e importance of thois species to
local economies has markedly declined. Commercial exploitation of bearded seals has
been limited to small operations by Soviet; and occasionally Norwegian, sealers. Un1il
recently, research on the biology of bearded seals haS mo;stly focussed on what could be

gained from animals killed by hunters. Very little is understood about the social

‘behaviour of this species. For example, it is thought Lhét bearded seals are promisc,ugug



_in their breeding habits (Stirling 1983), but no one has verified or refuted this
supposition using data collected in the ficld. In the spring, during the breeding season,
bearded seals produce a vocalization thought to be associsted iq some way with mating
(Dubrovskii 1937: Chapskii 1938: Ray ét al. 1969; Burns 1981; Stirling er al, 1983),
These calls have been examined in lﬁe pcring Sea and at sites in the Canadian High
Arctic {(Ray et al, 1969; Strling et af. 1983), In this study, | cxamined the vocaliu;xlions
of bearded seals in an effortl to jearn more .about their behaviour and ccology.

The first paper in my thesis describes and compares'thc structure of vocalizations
and repertoire of bearded scals at one site in the Alaskan Beaufort Sea and five s‘ilcs in
the Canadian Arctic, Short (< 7 day) lchmral cycles in rates of'calling‘wcrc Jooked
.for at two of the sites, and. distances over which the calls propagate in water were
measured, The primary objectiv:A of the study ‘was to learn more about bearded scal
vocalizations and what they tell us about the behaviour and ecology of the 5pccics. A
practical offshoot of the research was to develop quantifiable and rcpeatable methods of
" collecting data on vocalizations for future studies,

Mature males produce vocalizations during the spririg to advertise their breeding
condition, territoriality, or both (Ray ef al. 1969). Males probaﬁly reach sexual maturity
at 6 or 7 years of age (Mclaren 1958; Tik'homird\' 1966; Burns 1967; Potelov 1975;
Burns and Frost 1979: Smith 1981). .ln arctic waters most brcedir}g probably occurs
between mid-April and late May‘, although males are in \brceding condition from about
mid-March to late June (McLaren 1958; Tikhomirov 196‘6; Burns 1967; Potelov 1975;
Burns and Frpst 1979; IBums 1981). I_:emales may begin to ovulate at 3 or 4 years of
‘age (Burns and Frost 1979; Burns 1981; Smith 1981), 5ul most probably become sexually
mature él 5 or 6 years of age' (McLaren 1958; Tikhomirov 1966; Burns 1967; Potelov
1975; Bur;ls and Frost 1979). Early researchers concluded that females breed every other
year (Sleptsov 1943; McLaren 1958), however more reéem studies have shown that most
(= approxiniately 82%) sexually mature females reproduce annually’ (Chapskii 1938;
Tikhomirov 1966; Burns lgcdoseev 1973; Bum; and Frost 1979; Smith 1981).

‘Females with pups ovulaté\and) mate before their pups are fully weaned (Burns and

Frost 1979). Imfilantation is delayed and occurs between mid-July and early August;



L]

approxjmately two momh's after breeding (Chapskii 1938; Burns and Frost 1979). Pups
are born on the ice in spring; neonates are first observed in late April and early May |,
(Chapskii. 1938: Mclaren 1958; Johnson et al, 1966; Potclov 1975; Burns 1981), Some
researchers have reported a lactauon period of ncarly one month (Chapskii 1938;
Tikhomirov 1966), while others havc reported a 12 to 18 day lactation period (Burns and
o

Frost 197?).

\ v
" At birth, the sex ratio is close 1o unity, while in older age classes females are

opt 1979). Pups are capable of independent feeding when they are weaned (Burns and

often more numerous (Sleptsov 1943; Fedoseev 1973; Burns and Frost 1979) which
suggests that mortality ratcs for males are higher than for fcmales (Smith 1981).
Longevity in the w1ld ranges between 23 and 3] years of age (Bcnjammscn 1973 Burns
and. Frost 1979; Smnh 1981). The chief predators of bearded seals are man and polar |
bears (Stirling and"Archibald 1977; Burns 19§1). Though rare, parts of young bearded
seals have been found in the stomachs of walruses (Lowry and Fay 1984).

The boreoarctic distribution of bearded seals extends as far south as the Sea of
Okhotsk and Tanar Strait in the North Pacific, and between nonﬁeaslern Newfoundland
and northern Norway in the North Atlantic (Sleptsov 1943; Ray et al. 1932). _In many
parts of their range, bearded seals appear to be relatively sedentary and move only short
distances in response to local changes in ice conditions (Fedoseev 1973; Burns and Frost
1979). In a few areas, such as the Bering and Chukchi Seas, they migrate long distances:

each year in order to maintain contact with ice (Burns and Frost 1979). Generally, in

winter and spring bearded seals seem to prefer areas of shallow water (i.e., < 100 m)

where: the ice is broken and openings are available for breathing and haul-out (McLéren
1962; Mansfield 1967, 1975; Burns and Frost 1979; Stirling et al. 1981, 1982; Kingsley et
al. 1985), however, they are not restricted to these areas. Some animals havr been seen °
during spring in waters more than 500 m deep (Finley and Renaud 1980); others have

maintained breathing holes in fast ice far (400 km) from open water (Stirling and Smith
1977). | _ Y

t

To -date, aerial visual counts are the principal way in which information on

distribution and abundance has been collected for this species. However, most aerial



-

surveys were primarily designed to determine the distribution of ringed seals; bearded

seals were counted incidentally (Stirling et al. 1977, 1982; Kingsley et al. 1985). Stirling’

aerial surveys ‘f'or studying the distribution ‘of this specieé jdring the late \winter and
spring. The second paper in my thesis examines the wint arded ;
in an arca of the Canadian High Arctic as d&cr‘mincd by their vocalizations, ahd

discusses the disadvantages of using this technique,
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2. UNDERWATER VOCALIZATIONS OF THE BEARDED SEAL: REPERTOIRE,
GEOGRAPHICAL VARIATION, CYCLES IN RATES OF CALLING, AND -
'+ PRQPAGATION IN WATER

‘ N "

2.1 Introduction ‘
Bearded seals (Er‘igmit{rus barbatus), the largest of the northern phocids, are
~adistributed throughout the"Arctic‘ and in the most rnortherly““areas of the Pacific and "
Atlantrc Oceans (Sleptsov 1943; Bums 1;81 Ray et al. 1982) Adu/lt animals usually
weigh between 180 kg and 290 kg; females may be sltghtly larger tha:r males (McLaren
1958 Johnson et al. 1966; Bums 1967 Benjammsen 1973; Bums and Frost 1979; Burns
1981). They are semr solitary in nature and patchlly dtstnbuted at low densities
although in; ar@ where they are common, groups’ of up to 1(}-15 seals may haul out on
. the ice together from about April through June A |
Although opportumstrc in their feedmg habrts bearded seals prefer
bgttom- dwellmg orgamsms (McLaren 1962; Burns 1967: Bums and Frost 1979 Lowry et
"alr 1980, Smrth 1981; Finley-and Evans 1983). The hrghest densities of seals are found .
_in areas of wide coastal shejves and shallow waters Tich in benthic fauna. In winter,
bearded seals usually inhabit shallow waters with broken shifting pack\ice, but also occur
in area of thin stable landfast ice or f ast ice adjacent to polynyas o!r\equ (Mansfield
c 1967; Si;?ling and Srnlth 1977; Stirling et al. 1981; Kingsley et al. ‘1985). Little is known
\ about their distribution m open water m summer. ! |
| Based on fhrstologreal evrdenoe active spermatogenesrs in males occurs f rom about
mid- March to mid- June (McLaren 1958; lehomrrov 1966 Biirns 1967; Potelov 1975
Burns 1981),, although matmg begrns someume late in or at the end ol’ lactauon usually ’
,' in May (McLaren 1958 Trkhomrrov 1966 Burns 1967 Potelov 1975 Burns and Frost
1979) The data are mcomplete but male bearded scals are thought to be promtscuous

l(Surhng.l983) Most females probably pup each. year '(Chapskii 1938 Trkhomrrov 1966;

| Fedoseev 1 73 Bums and Frost 1979,& Smlth 1981) pups are bom on the ice m late 1

/..



,,r ' \)déd seals _produce a f requency - modulated vocalization (Freuchen 1935; |
Dubrovslm 1937 Chapsku 1938; Poulter '1966; Ray et al 1969 Bumns 1981; Stirling et al
1983). In the Canadian 'Arcth these dlstmcuve underwater calls are heard l' rom late
March_ to late June or--early summer (Stlrlmg et al. 19‘83) and ‘are Joud enough to be
audible to the unaided human ear on a.calm day 1f the seal rs nearby Ray et al. (1969)
suggest that only mature males produoe the trrlls and that they funcuon to advertise
brwdmg condmon. temtonahty. or both. More recently, vocalrzatrons\ have been studied
use of the potential they appear 10 have. 1 or, providing more information on
distribution, relative abundance, and social structure (Strrllng et al. 1983) In this study,
underwater recordmgs of bearded seal vocallzatrons were used to measure temporal and
spectral characterlstms of 'the calls, compare the repertorres reoorded at six sites in the

Arctic, examine daily changes in rate of vocallzauon. and roughly measure the distance

that calls travel,in water.

Al

2.2 Matérials 'and Methods N

2.2.1 ARepertolre o ,

Vocahzatrons used in the repertonre analysis were recorded at the six arctic sites:
fi we in Canada and one'in the waters north of Alaska U S A. (Fig. 1- 1) Three km
south of Ramsay lsland (71 33'N, 119'08’W) in the western Arctic‘ bearded seal calls
were recorded between 20 Aprrl and 23 May 1982, from a camp on the sea ice. On two
occasions durtng that time, a lone bearded seal was thought to be vocalmng wrtlun ‘about
a s0m radrus bf the hydrophone because the calls were of similar mtensnty d none
overlapped.- ln both mstances recordmg was continuous until the seal stop calling
Underwater recordmgs were also made 0.5 km N of Dundas Island (76‘10'N 94'53'W) |
.between 27 May and 14 June 1982 and 8 km S of Table Island (7T05'N, 95’ 15' W)
'durmg Apnl and June of 1982 and 1983 On 1 and 2 May 19‘79 I. Strrhng*recorded
‘bearded seal vocalizations in. the waters ‘east of Hall Pemnsula. S.E. Baffin Island o
(approl?& 13'N, 64‘38 W), in the eastern Arctic.x On 12 and 17 March 1983, I Stirling

T3

'recorded along: the western coast of Hudson Bay, wrthm 20- km of Churchrll Mam‘toba
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(approx 58 SI'N, 93 52'W) _D, Ljungblad made two recdrdings on, 2 and 3 May 1982 in

Alaskan waters near Pont Ba y 'w (approx 33" N 155 18’ W) Recordi‘ngs were made

' l
opportumstrcally at varrous ttmes of day. -

~ Where possrble -at least 100 talls were analyzed for eath stt: (0 ensure a
representative sample of the commoner calls for geographic compartson of repertorres
The same calls were u’sed for examtmng all aspects of the repertoire mcludmg f requency
of oecurrence of each call type. Clear vocalizations wrth httle background notse were
preferred In some mstances however, it was necessary to mclude poorly—recorded calls
in the analysis to ensure tha\éhe sample of calls chosen for a site was representative of
the frequency of occurrence of all call types recorded at that site. ln t‘ﬁ 970 trills
were measured‘for start frequency, end frequency durauon and change in f requency
(range). At each recordmg site, the dtstnbutlons for start frcquency and end f requency
(in Hz) wer posmvely\ skewed To correct the skewness start frequency and end.
- frequency Wwere both expressed as octaves above 1 Hz. An octave is the drfference
between two " frequencres expressed as logamhm to base 2 i.e. log,f : log,f ., where [,
‘and f, are gtven in Hz. To calculate start and end frequenctes for a call a reference
value of 1 Hz was used for f. For range, f, was start frequency (in Hz) and f, was
end frequency (in Hz) In practlce Hz values were transformed to natural'logarithms
'and the result was dtvrded by In 2 to convert to log,. .
There were two benefrts derived from transformmg the l-lz values )o octaves

" Firstly, the transform values gave symmetrical frequency dtstnbutrons " Secondly, m-
humans, at. least, the. basilar membrane in the inner ear percerves drfferences in pttch‘ in .
terms of octaves, not by the absolute frequencies of the sound(s) heard " Becaiise
octaves had the potentral for being brologtcally relevant to beéarded seals as wcll as

. removmg skewness in the frequency (Hz) data all frequency values were grven in
octaves. - o

A Kay Sona graph ® 7029A set on 13 dB hrgh shape using a narrow band f 1lter
—(45 Hz at 80-8000 Hz setting) was used to make sound spectrograms from which ‘
' measurements were taken A Scientific- Atlanta SD345 Spectrascope III and SD348

Waterfall (25 Hz bandwrdth at 0-10,000 Hz setttng) were also used to measure calls
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’Some trills were measured usmg both sets éf equtpment for compartson ’l"he mean
dif ference in values between the two sets of equtpment was 7 7% (s.d4.=8. 4% N=122).

‘ ’l‘ nlls were sorted mto call typee based on whether they asoended or descended in |
f requency, and had a constant ol‘ variable rate of frequency change (Fig. l -2). The
correct call’ ‘type ! for, each tnll was drstingurshed ftrst aurally, then confrrmed vrsually
Trills that descended in prtch at a relatively constant rate were classtfred as call type T1
(Fig 1-3a). Trills that ascended in pitch at a "re'lativ’ely constant rate were catalogued as
call type T2 (Fig. 1-3b).. Tnlls that desoended in pltch at a variable rate were classified
as call type T3 (th 1-3¢c). 'l'he usual pattem of frequency change in T3 calls was an /
ever- -decreasing drop in pttch as the call progressed None of the ascendmg f requency
tnlls rose in pitch at a vanable Jate; however had any been recorded they would have

[ 'vr

been classrfred as a separate call type. The call types were subdmded mto two o “r
) categorres those calls given smgly and those given in a sequence with one or more other
' tnlls by the same seal For a call to be classrfted as part of a sequence, ‘the “
connectron(s) between it and one or two other calls had to be etther vrsrble on
spectrographic displays or clearly audible. Solrtary vocahzattons were denoted with the
symbol A (e.g., TlA) and those in sequence with the symbol S (e.g.. ‘l‘lS). .

The means and standard deviations for start frequency, end freqluency, duration,
and range were e}lculated for the six call types at each of the recordmg sites and’ for all
sites pooled One way anaIysrs of variance (ANOVA) was used for each call type to
test for differen_ces 1n start frequency, end frequency, and ‘duration between sites.

: Because exammatton of dlfferences amongst sites mtght yreld false results if very small
si sizes were sed, a mtmmum sample of 10 calls was arbrtranly chosen for the ANOVA
Separate va&rrce (Welch) parrwrse t tests were made between all possrble paxrs of srtes. ‘
'(havmg > 10 calls) for each call type To adjust for’ the large number of tests made -
_Bonferrom probabtlttres were used for: deterrmnmg stausncal sigmftcanee A probabtltty l
value of < 0 0167 was chosen for the level .of srgmfrcanoe in t'he Bonferrom tests; t.hJS I
» value is 'equrvalent toa p < 0 05 srgmfxcanoe level used in most standard t,tests 'l'he
_ANOVA and t tests ‘were run usmg Bromedtcal Data Processmg (BMDP) statrsttcal |

: packages (Dtxon et al 1983) The frequency of oocurrence of each eall type in the
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repertorre at each site was calculated as a percentage of the total number of vocam.attons
~recorded there. Companson of the f requency of ‘occurrence of each call type between
srtes :vas done by means of a Chi- square test * The. total number of solttary calls (ie..
‘T1A+T2A+T3A) and sequences were compared amongst the six sites. l '
| " At the Ramsay lsland srte where recordtng condmons were clearest 1692 calls
were classrf ied according to calil type Eighty-six calls (5 1%) dld not fit lnto any of the
' estabhshed cali types because they were atyptcal in one or more structural charactensncs
Although more dtfftcult to quantify because of generally greater: backgroun?norse the
. frequency ‘of occurrence of unusual calls was. srmrlar at the other recordmg sites, For
example Frgure 1-4h contains a trill recorded at the Baffin Island site whtch descends in
frequency yet in such an unusual way that it cannot be classtl” ied as Fther a-T1 or T3
l Atyptcal trills, such as_ the one shown, were excluded from the repertoire analysrs
In addition to trills, at the Ramsay lsland site, some low- pnched vocallzattons "
w'ere.re‘corded. Mean and standard’ deviation values were calculated\ l‘orse/vsral features
of the calls: start frequency, end fr‘eq'uency,,call duration, and time interwal betweenl

calls,

2.2.2 Daily cycles in rates of calling |
' ~ To determme whether "bearded seal tnlls show a datly cycle in calhng rate 10- or
20—min recordmgs were made every 2 hrs at the Ramsay lsland and Dundas Island sites.
Bef ore about mid-April, calling rates were 100 low to be rneasured in 10 mmutes 50
20 -min. recordmgs were made at the Dundas Island site in April. Recordtngs began -
there at 1600 hrs on TApnl 1982 and ended at 1200 hrs on 21 Aprll 1982. - No

; recordmgs were missed. Another set -of recordlngs at Dundas lsland began at 1400 hrs
.‘ on 27 May 1982 and ended at 0400 hrs on 7 :hme 1982 of the 128 scheduled recordmgs ‘.
8 (6 3%) were rmssed At Ramsay - Island recordmg began at 1800 hrs on 20 Amrl 1982 |
-and ended at 2000 hrs on 23 May 1982 Of 398 scheduled recordmgs 33 (8 3%) were
rmssed Most of the rmssed recordmgs were lost as a result of equtpment malfuncuons

The calls heard in each recordmg were counted m the laboratory“' Vocalizations “

‘vaned great.ly in volume presumably because eallmg seals were located at
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distanees away from the hydrophone 80 that a decrston on whether some famt noises.
were parts of the same call or even, calls at all, had to be made subjectively

2 Background norse durmg a recordmg also made it difficult for the hstener to hear clearly"

‘ and to tally the calls. ln poorer quality recordrngs, there was as much as a 10%
dii‘i‘erenee in the mumber of calls counted on the same recordmg in two different
listenmg sessions. For that reason each recording was played th\ee ttmes and the mean
number of calls heard dunng the Lhree hstening bouts was used in analyses

Sttrlrng et al. (1983) have reported that backgrolmd noise resultrng from jce and -

water movement and surface wmds and type of° eqmpment can degrade the quality of -
underwater recordmgs Bquipment malfunctions and environmental condmons were |
_potential SOurces of “concern in the Ramsay Island arid Dundas Island recordings. At the .
Ramsay Island site, for example another make of hydrophone wes used d&nng the last
fen days of recordtng because the first hydrophone malf unctioned and an ident.lcal
replacement was not awfailable At the same srte the batteries in the pre amplifrer power
supply discharged to below-satisfactory levels durmg 15 (3.8%) of the recording sessrons
‘Overall, bearded seal calls recorded near Ramsay Island vjere clearer than the calls '
recorded near Dundas Island; consequently the forme( were used to. test the importance,
of” type and condition of equtpment and level of background noise in’ explatnmg vanatronl
in calling Tates over time. Backgroundl noise level was subjectiv'ely quantified for each
recording on a scale of 1 to 5. Rates oi‘ vocalfza,lron were then regressed against time of
day, hilian day, background noise level make of hydrophone and condmon of pre amp '
power supply (satisfactory vs fadtng) usmg a step wise multrple regressron The -
dtfferenees in calhng rate between low to- moderate background—rloise levels (ranks l 3)
and high background noise ievels (ranks 4 and 5) between the two makes of hydrophone
(ITC 6050C and LC 50) and between fully charged and partrally or fully discharged

. batteries m the pre amp power umt were tested usmg Student S, t test .

Daily pattems in rate of ealltng were investigated by means of ttme senes \

analysis Vocahzation rates were plotted agamst t.tme to test for temporal trends or . “ .
pattems Mtssmg data were replaced wrth valuee ealculated by mterpolatron The data- L

set was then smoothed using a movmg a‘verage that mcluded the value of’ mterest plus ;
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“one value wki@nmedtately precwdmg and followmg 1t in ttme Spectral analysrs wasQ3
, performed on "the. smoothed data (frequency bandwtdth 0 07) All staustxcal analyses

"were run 'using BMDP ‘packages cxcept where ‘otherwise noted.

¥ : ’
2 2.3 Propagation of calls Co e

In order to. determtne how far f rom the source bearded seal, vocahzauons can be
heard underwater; srmultaneous recordmgs were made on two sets of r;ordlng M'
‘ equtpment One set'of recordings was made from the ice camp near Ramsay lsland: a
'_ concurrent series of 15 recordtngs was made at distances 5 km L 30 km away j'he
mobile recordmg unit was transported in a Bell 206B heltcopter to srtes at 5 km tntervals
along linear transects radtatmg out. from camp (th 1-5). Stx recordmgs were made o
the east of cam (5-30 km) three to the south (15 25, and 30 km), one to the *
southwest (IA .two 'to the west (5 and 10 km) and three to the north (5, 10, and
- 15 km). | - IO
' For 'the first etght recordmgs (5—30 km E, 25 and 30 km S) 6050C hydrophones :
equrpped wrth pre-amplif’ 1érs were used at both the camp and remote sttcs ’l‘he .
hydrophone at Ramsay camp thén malfuncttoned and the remaining seven recordmgs at -
camp were made usmg an LC 50 hydrophone wrth an LG 1324 pre ampltf ier.
”Smgle slde band HF radtos provtded communicatton between the two recordmg teams.
Recordings were started sxmultaneously Underwater vocaltzatxons at each stte were :
fe?:orded‘on one of the two channelsof both recorders, Dtstmct calls heard at Ramsay
camp were described by the camp observer via. radto to the heltcopter team the‘
‘ desgnptl&gwas recorded on the second’ channel of both tape recorders. Transects were -
termmated when' 1dent1ftable alls could 10 longer be heard at both recordmg sites. .

‘ | Vocalrzauons heard at both the camp and hehcopter sttes were later matched by 4
| alternately ltstenmg to short segments of concurrent recordmgs Start and end
.frequencres pattem of frequency modulatron and durauon were used to tdenttfy a call
, ‘on both tapes Cgmments recorded over the’radto arded m ltmng up the two tapes
' ‘accurately As radro srgnals from camp were reoetved vrrtually mstaneously at the

‘ hehcopter lt Was possnble to use a vorce sxgnal as a conStant pomt By usrng the
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difference in travel time between the voice signqlsl over rhe dxo and trills lravellmg
through water, and knowmg the speed'of sound in arctic waters and the stralghl line
dxsmnce bclwecn,rccordmg units it 'was possrblc ro estimate the minimum drstance from
"a calling seal to both recordmg sites (Flg 1-16). The following equation was used to

calculate minimum distances. ,
o . A

]
=3
<
. .

A D o— L] 4+ 2 where: L

>
) P

J.

X =distance from scal to closer hydrophone

I‘difference in time between the arrival of a call at one récording site and its arrival
» . ! '
at the other site

-~

Speed of sound in water (1. 43@ km/s) measured in Baffm Bay in April ((Z)degaard

and Danneskiold-Samsée 1982).

) a |
r2.2 4 Recording. o | .
ﬁ'@ Mosr underwater recordmgs were made using a Uher 4200 stereo recorder

r,efg requency response 0.02 to 25.00 kHz % 4.5 dB at 19 cm/s) and an lntemauonal

%mnsducer Corporauon 6050C hydrophone (T requency response 0.03 to 75 00 kHz + 1.0
dB

). A Nagra SN recorder (frequency response 0 06 o 15.00 kHz + 2.0 dB) was used

a‘15!\'om a helrcopter durmg the Ramsay Island dlstance trials. An Atlantic Research

:\4-"'

@Wanqn LC- 50 hydrophone (frequency respouse 0. 10 to 10.00 kHz + 3.0 dB) wrth
4n LG 1324 pre-amp were used at the Ramsay Islar\d site for 10 days, after the ITC
6050C hydrophone malf unéuoned. Recordings were 10 or 20 min. in duration. Tape
speed was set ar 9 5icm/‘s or k1-9 cm/s wnen recording trils f or-repenoir& analysis or the

dxstance trials. Recordmgs made for investigating dally or seasonal trends in rates of

calling were often recorded al 4. 7 cm/s sbecause the f rdehty achleved from faster *

recordmg spe%s was,not ‘nwded and the slower speed resulted in fewer tapes bemg used

‘ and less' trme spent_ changmg them on “the recorder. Increased levels of background
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noise, resulting from ice or water movement and surface winds, are vknown to reducc the
quality of recordings (Slirling et al. 1983). For that reason, few recordings were made
when winds exceeded 15 knots, except those made to study temporal patierns in rate 6f
calling, Active jce and water Imovcmcm were also avoided when possible,

| The Alaékan, Hudson Bay, Baffin lIsland, and Table Island sites were visited 'gnly
one or a few times, Travel to and from the sites was ‘made in a Bell 206B helicopter,
The hehcopler idled for 2 or 3 min after landing to cool the engine before shu{lmg
down,  Using a hand auger, a 10 cm (diameter) hole was dnllcd through the sea ice and
the hydrophone was suspendcd 3-5 m below the underside of the ice. Seal breathing ’
~ holes and natural lopenings‘ in the ice were used when available,

w

At the Ramsay lslanq and‘Dundas lsland'siles: recordings were made over periods
of several weeké, The tape recorder, which was hdhs\eg inside a heated P;;rcoll tcr;l or
wooden hut, was connected to the hydrophone by 1W300 m of cable. A 12 V lead-acid
battery powcred the system and an jnterval timer automatic:;lly turned the recorder on

and off, Opporlumstxc recordin&wgte made when recording conditions were good,. or

‘when unusual circumstances OCCUIT%’

2.3 Results o -

///‘ N s

23.1 Repenbire
23.1.1 Geographic\'variatioh in within-call structures |
Bearded seal calls are narrow-band i rcquency-médu,lated whiélles.which sound
like warbling sirens. ‘Of the 970 rills analyzed from all recording sites, 66.8%

\ belonged tc call t)‘/pe Tlé?Figs. 1-4a and 1-4b). TI calls starled as high as 10,500
Hz and ended as low as 130 Hz. Call duration ranged from 0.2 s to 176 s. For |
most T1 trills, the rate of descent in f requency was r8iatively constant throughout
the call. However, at ;ome recording locauons as many as one-third of the T1 trills
began with a sharp-dro;> inf req-uency similar to the ‘descending shoulder' of

‘Weddell seal trills (Thomas and Kuechle 1982) (Fig. 1-4b). Most (84.3%) T1 calls



occurred alone, TIA calls were typically lower in start and end [ r'equencieé and
longer in duration than TlS calls (Table 1-1).

Duration of TlA calls vaned constderably both within and between sites,
Overall, start frequency showed a positive relationship with duration. A few solitary

Tl tnlls were relatively ‘short in duration (approx < 8 s) and had a start frequency

of approxrmatcly < 800 Hz, These calls were often unmodulated and were referfcd

to as moans (Ray et al, 1969) (Fig. 1-4e). Most of the TIA trills were longer in

duration and some of these showed a distinct pattern of frequency modulation

superimposed over the small frequency oscillations present in all trills, As these calls
descended in frequency, oscillations in pitch appeared intermittently, The interval
between oscillations increased as the call progressed. Examples of this Jpatiern are
shown in F’igs. 1-3, 1-6f, 1-7, 1:8;' At some sites, extra frequency oscillations
appeared between the dominant oscillations., Calls that had major and minor

frequency oscillations were called two peak trills; those that had three or more minor

.{requehcy oscillations between the major frequency oscillations were called

multi-peak trills (see Fig. 1-3). The time intervals between the major frequency
oscillations were measured for 87 trills. The sequence of time intérvals within each
call was found to fit a logarithmic curve quite well though not perfectly. At the
Hudson Bay and Table Island sites, some TIS calls were also multi-peaked.

As many as 20% of all descendmg -frequency trills at some recordrng sites
belonged to call type T3 (Fig. 1- 4d) they made up 14.7% of the total number of
the 970 analyzed trills. Most (66.8% of 970) T3 calls were heard in sequerices. T3A
calls usually began lower m pttch than T3S calls. Mean end frequency and mean
duration were srmrlar In general Tl and T3 calls were: comparable in start
f requency and end f. requency but T1 calls were usually longer in ‘duratron than T3
calls. Although most descending-frequency trills were readily distinguished by ear as

belongtnFto either call type T1 or T3, some lay on the continuum between the two

call types\\‘/\

ln some parts of the Canadran Arctic and Alaska waters, ascending trills
&)

{call type T2) were heard, though less frequently than those that descended in prtch
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T2 trills made up 18.5% of the calls that were analyzed and 75% of those l:alls were
heard in sequence, Qn avcrage T2A calls started and ended lowcr in frequency, and
were shorter in duration than T2S calls. Typically, T2 calls rose in pitch at a
relatively constarlt rate, Seginning as low as 120 Hz and endmg as high as 7250 Hz
(AFig. 1-4c). Call duration varied between 02 s and 42 s, A small percentage (i.e.,
< 5%) (51/ ‘lhe calls recorded by T.G. Smith in the waters south and west of Banks '
I, in the Western Arctic were ascending-frequency trills that had a variable rate of
frequency change (call type T4).

One-way ANOVA showed that theré were slalislically sighificant differences
in start “frequcncy and end f ng’lxency amongst the rec9rding sites for all call types
but T2A (Table 1-2). A between-site comparison was not possible for T2A calls
because only one site (Rams‘ Island) had > 10 calls. Siatistically significant
,differences in-call duration between sites were found in call types TIA.. TlS;. and
T2S: in contrast, there were no significant differences between silles f (;r call types
T3A and T3S. Pairwise comparisons ben\"een sites for call types T1A, TI1S, and’TZS‘
showed that the differences between sites revealed by ANOVA were the rcslxll of
more than just one significant pair (Table 1-3). More often, three or more pairwise
comparisons vlere statistically significant for each call type.

Frequency bandwidth varied between calls (Fig. 1-4g). however virtually all
were within the range of SQ to 300 Hz. A frequency bandwidth of 1147 le was
" measured ln one trill, T;pically. the high'e} the start frequency -of a call, the wider
its bandwidth. Large within-call changes in bandwidth we;e infrequent.

. Harmonics regularly appeared on both sonagramé and waterfall displaysl and’
seemed 10 be associated with loud calls. Many of the lone seal vocalizations
recorded at Ramsay Island for example, had one or two harmonics visible above the
fundamfntal. T3S calls in parucular oftcn had: three or more harmomcs even
though the TIS and T28S calls that preceeded them in sequénces had only one or no

~

harmonics (Fig. 1-6b).
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2 3.1.2 Geographic variation in-between-call structures X
Two-thirds of all recorded bearded seal trills (637 of 970) were heard alone,
the remainder occurred in sequences. Geographrc dtfferences between the number of
calls heard alone versus in sequence were detected In the western Arcue 46. 3% (31
of 67) and 43.6% (180 of 413) of recorded trills occurred in sequences (Alaska and
Ramsay Island sites respectively), while‘ in western Hudson Bay, 57.8% (89 of 154)
of the recorded trills were heard in sequenees. 'Near Table lsland, trills contained in
sequences made up 2.9 1% (30 of l03) of all recorded calls. At the Baffin Island
and, Dundas Island sites vtrtually all trtlls occurred alone ' |
Two and three- trtll sequences were most common at all sites (Fig.: l 6) (52
‘ vand 68 ol‘ 125 sequences reSpecuvely) although one sequeneiree oyded at the Hudson
Bay site contatned seven trills. The most common pattern of tfills in sequences
(47.2% of 125) was aYTl call followed bby a T2 call l:ollowed by a ’1;3 call.
‘,‘Occasionally, the third call in a sequence was a T1. ln two,—trill sequences, one of
the descendmg frequency trills (T1 or T3) was absent.. . |
Geographtc differences in frequency of occurrence of call types and m the
‘number of solttary calls versus the number of sequences were detected Frequency
of occurrence of call types wz:; similar’ amongst the Alaskan Ramsay Island, Hudson“
Bay, and Table Island s1tes. and they were different from the Baffin Island and
" Dundas lsland sites (Fig. 1- 9) Inter-site contparison of the number of solitary calls
and the number of sequenoes yielded a Chi-square value significant at the 0.005 level-
(x’—69 2 ; df=5). Contrasting Baffin Island and Dundas Island sltes (together)
with the other l‘our srtes gave a Cht -square value srgntftcant at the 0 005 level
(x’—58 8 ; df= 1) 'l'he 1 df tested accounted for- approxtmately 85% of the total :
Chi- square value. Although the degrees of freedom in a Chi- square are not ' |
addmve thrs one contrast is obvrously ‘the most tmportant of all possrble contrasts ‘
At the l'our srmtlar sites (Alaska, Ramsay Island Htion Bay. and Table lsland) 'I’l R
calls made up abodt 58% (425 of 737) of the reperto T2 and T3 calls made up..
_ the remammg 42% Approxrmately 25% of Tl ealls oecurred in sequences-at the .'

four srtes T2 and T3 calls occurred in- sequenees more often than alone, wrth the



. 20,

‘
’

exception of the Té\calls recorded near Table lsland which were‘mostly (aporoxv %
of 103) solitary. In contrast, at the Baffin Island and Dundas Island sites, T1 calls
made up about 95% of the repenorre Of 107 rrills recorded at the Baf fin Island .
srle only~2 were in sequences No T3, calls were recorded at the site. No TIS calis
or T2 calls ,were recorded at the Dundas .lsland site although l. Strrlmg (pers. |
comm..) feports having heard a very occasional T2 ‘ca‘ll during six years of recording

there and at other sites nearby.

2.3.1.3 Alaska repertoire .
Ar the Alaskan site, all call types were recorded except T3A calls, Tl T2.'

. and T3 calls compnsed 56. 7% 35 8%, and 7:5% of the repertoire, respecuvely

_ Moans and TIA mlls with srngle peak frequency oscillations were recorded (Frg

1-7a). The most commonly repeated .sequence (11 of 16) consisted of a TIS call |

 followed by & T2S call L

2

2.3.1.4 Ramsay Island ref)ertoire : . . )
- All call types were recorded at the Ramsay Island site. - The repertoire

‘ consrsted of '56.7% T1 calls 25.7% T2 calls and 17.6% T3 calls (N=413). Moans,
and TlA trills wrth single- peak frequency oscillations were recorded regularly (Frg
1- 7b) On average ‘T1A calls were shorter in durati Jon and T1S, T2S, and T3A
calls started and ended higher. in frequency at the Ramsay lsland srte than at the Y

other sites.y Overall there was a slight trend toward hrgher start and end frequencres

]

at Lhe Ramsay Island site when compared with the other three southern sites (i.c.,
; Alaska Hudson Bay, and Baffm lsland) Near Ramsay lsland 20% of the (67)
: sequences were the two mll sequence TlS TZS (Flg 1 6a) and 60% were the
| three trill sequence TIS- TZS T3S (Frg l -6b). The remaining 20% began wnh a TZS
. call followed’ by a T3S call then another TZS call (Frg 1- 6c) Most of these |
sequences consisted of only three tnlls however one sequence contamed srx {rills |

(T TISTES: T3S- T25-T35).
/



X o 21

[ ‘ oo \
2. 3 1. 5 Hudson Bay repertorre : .
At the Hudson Bay srte all call types but TZA and T3A calls were recorded
"Ina sample of 154 calls 57 2% were classified as call type T1, 21.4% as call type
T2, and 21. 4% as call type T3 Moans and TlA calls with frequency oscrllations
| were heard Two -peak (Flg 1-7¢) and multr peak trills wer(e recorded. as well as
' ,smgle peak tnlls Spectral and temporal structure were: comparable between the -
Hudson Bay calls and calls recorded elsewhere, allhough generally start ‘and end
frequencnes at the Hudson Bay srte were on the low side of the range  Twenty- threek\j-
(82 I%) oT the.28 sequences examined were composed ‘of three or more trills ‘
showing the TIS T28-T3S pattem (Frg 1-6d). The five remammg sequences each

\

* contained two trills: T2S-T3S. No TIS-TZS sequences were recorded.

A

2 3.1.6 Baff in Island repertorre | ’ ;
Off S. E. Baffin Island, one TIS three T2 mlls and no, T3 calls were

recorded. T1 calls made up 97.3% of the repertorre and T2 calls made up the
remammg 2. 7% (N=111). Moans were recorded Approximately 80% of the T1A
trills wrth l‘ requency oscillations were smgle peaked (Fig. 1- 7d) the rest showed the .
two peak pattern.  T1 calls recorded at the Bafftn Island stte were comparable with
'Tl calls recorded at the other srtes The one T2A and two T2§ calls however, had
unusually low start frequencres when compared wrth T2 calls recorded elsewhere

Only wsp sequences were heard in the Baf fm Island recordmgs Both sequenoes —

contamed two tnlls a TZS call was followed by a short (1 -2 s) TIS call.

2.3, l 7 Dundas Island repertoue L )

In the waters near Dundas Island only T1A and T3A calls were recorded
» Most (94. 3%) were classrfned as TlA calls of those 6. 0% were moans Many TlA
' calls showed a repeatmg pattern of frequency oscnllatxons w1th one major and . ‘
. ‘sweral (3-6) minor oscnllauons per cycle (Frg I 8a) The ume mterval between
-"major oscrllations mcreased to’ about 1 s in 75% of the peaked" TlA tnlls In the
f‘remammg 18 (of 122) tnlls the length of trme between maJor frequency oscrllatlons

. ~mcreased to a maxrmum of 144 s (x 94 S sd 2 5 s) Mean start frequency
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'and duratron of the: ’I‘lA trills were hrgher than the mean Xalues calculated for the

four southem sites. Start frequencres for T3A calls however were an average of

sequences were heard (Table 1-1).

.

1.0-2.2 octaves lower than at other sites where t?e calls were recorded No

2. 3 1.8 Table Island repertorre
All call types were recorded near Table. lsland Over half (63. l%) of the 103 -
recorded calls were classified as type Tl calts:: T2 and T3 calls accounted for the

remaining 12.6% and 24.3% of the repertoire, respectively. . Moans and T1A calls

. with frequency oscillations were recOrded. Two-peak T1A trills were common. TlS‘

_htrills' had a complex pattern‘of frequency oscillation with a's many as_seven Or more -

-

f requency oscrllatrons accompanyrng the domrnant oscillation per cycle (Frg 1 -8b).
The ttrne mterval between major f requency oscrllatrons in multi- peak trrlls usually

reached a maxrmum of 19-20 s by the end of the call. Call types Tl and T2 were

typidally 10- 16 s longer in duratron near Table Istand than the T1 and T2 calls

recorded at 1he other srtes with the exceptton of the equally- long T1A calls recorded

. mear Dundas lsland The Table lsland and Dundas Island T1A calls were also

o

' srmtlar in start frequency; on a\‘erage they were 05 t1 .0 octave higher than at the

other sites. Half of the trill sequences (6 of 12) recorded at the Table Island site

'contained two trills: a T2S call f ollowed by -a T1S call. The other six recorded. '
i sequences each contamed three trills. The call pattem in five of these sequences was

'TlS-TZS-‘TlS (Fig. 1-6f). In the sixth sequence, a T3S call was followed by a TZS

" call and' then a T1S call. In four of the six three-trill sequences the TlS that

ended., the sequences had frequency oscrllatrons.

: b '-w ) . .
2 3 1 9 Comparrson between "lone- seal" and "multiple- -seal” recordlngs

.-

Vocahzatrons were recorded from a lone seal on two occasrons at Ramsay

' Island The first’ recordmg sessron lasted for 72 min. and 244 trills' were recorded

- the second sessron lasted for 29 rmn and 78 trrlls were recorded lt was not - lmown

9

‘whether rt was the same seal callmg both trmes however the close srmrlanty in start

, Tfrequency and end frequency between the two recordrngs (Table 1- 4) suggests that



both calling bouts could have been recorded from the same seal, fl’he lone seal(s) .
produwd an asmmenmmﬂyplml of other calls recor@/m/—iex

Companson of start f requency, end frequency, and duration bet e trills
recorded from the lone seal(s) and 91 calls taken :from other recordmgs made at .the
' site, showed statlsucally srgmflcam drgferences between the "lone seal’ recordings and
the general' recordmgs for stan f) requency end frequency, and durauon in T2 calls
and start frequency and duranon in T3 calls (Table 1- -3). ANOVA and pairwise t -
tests dld not reveal any stgmflcant drfferences between ‘the two lone seal’ recordmgs.
The vocalizations of the lone seal(s) were shgh\lyz higher m f requency and. the two
recordmgs contained more call sequences (44 3% of 247 calls and 66.7% of 78 calls)
than was found in the general recordings (20.9% of 91 calls) Use ‘of call types"

was comparable (an 1-10).

™

33110 Groans - . i o

A number of recordings made at the Ramsay ‘Island,site contained o
vocalizations I have called groans (Fig. 1-4f). Circumstantial evrdence suggests the
sounds were made by bearded seals because they occurred in assocrauon with other
bearded seal voealizatrons but not wnh ringed seal calls. Asrde from those two
species of pmmpeds no other marine mammals are known to occur near the Ramsay.
lsland site m Apnl éroans usually oecurred in series although occasronally a.
sohtary call was heard Sevemeen groan ‘series were analyzed “As many as 12

groans. were coumed in one series, however 3 to 6 was more typlcal The repeuuon

rate was generally even with an mterval of about 1—1 5 s (x= 1.2 CIHER d =0.3 s

N 64) between calls. Each groan ranged from 02s to 1.7 s in- duration), with a

mean durauon of 0 6s (s d =0 3 s ; N =80). Groans were low in (approx‘
80—340 Hz): on average they started at 177 Hz (s d 39 Hz N= 80) and ended at
; 113 Hz (s.d. 27 l-lz N= 80) Nmety percent of the groans dropped in pitch, |
from the start to the end of the call by 20 Hz to 150 Hz one by as ‘much as 205
Hz ln the two ‘lone” seal recordmgs groans consututed roughly 3% 10 of 332) of

the total number of calls heard. They seemed to appear at the end. of 'l‘lS TZS T3S
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trill sequences, someUmes after a moan that followed the TSS call Groans were not .
‘ 'recorded at the other sites and possibly they don't occur there. More hkely, these

-calls do not propagate well and as seals at the other sites tended to be farther away

from the hydrophone, groans Jnay not have been detected o D ' o

-

2 3. 2 Daily cycles in rates of calling

The number of calls recorded was srgmf icantly greater when the background noise
level was Tow .to moderate 1n~volume than ~when it was high (t=5. 25 df -323
p<0. 001) On average more calls were recorded when the ITC 6050C: hydrophone
‘rather than the LC 50 hydrophone was used (t=3.53 ; df=323 ; p<0.001), and when
the battertes in the pre- amp power supply were fully charged than when they were
‘parttally or fully discharged (t 2. 32 dl‘ 323 p<0 05). Step wise multiple regression
revealed that time of day was the most rmportant variable in explatmng variation in
calling rates and date of record[\g was second. Ambrent noise level was third in order
of rmportance and make of hydrophone was fourth.’ Condrtron of the pre-amp power
supply batteries had an F value of less than the pre-assrgned value in. the statrsttcal '
compute{ package used, 50 it was not entered into the reéressron equation. '

Spectral analysrs of the Ramsay Island data revealed a promment 24 2 hr cycle in,
rate of calling (Fig. 1-11a). A secondary 12.1 hr cycle also appeared on the
. periodogram. . The: daily peak in rate of calling (x=7. 5 calls/min ; s.d.=1.4) occurred at'
0306 hrs’ (sun trme) (Frg 1-12a, d) the lowest mean daily vocalization rate (x 4 0
calls/mm s.d. 1 5) was recorded at 1506 hrs.

X A 24.0 hr cycle and a 12 0 hr cycle in ca]lmg rate was found in the recordmgs

.collected at the Dundas Island site in April (Frg 1- -11b).. In addmon to the two "
: promment cycles small harmomc peaks were also -visible on the perrodogram Rate of ,‘
calling peaked twice each day the larger peak (x=3. 5 calls/mln -s.d. -1 4) occurred at |
' _0342 hrs and the smaller peak (x= 2 6 calls/mm s.d. —1 3) occurred at 1742 hrs (th

C1md. oy

Spectral analysns of the data collected at the Dundas Island sue m late May and

early June revealed several mmor cycles two of whrch roughly matched the harmomc
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’.cycles seen in the Ramsay lsland and Aprrl Dundas Island'}enodograms (i. .. at 12 hrs
‘and 6 hrs) (Fig. 1- -11¢). No 24- hr cycle was evtdent in the late spring recordmgs at
Dundas Island. Hrgher rates of callmg occurred in the early mommg with a shght peak
at 0242 hrs (x-—4 6 calls/mm ; S, d =1. 5) and in. the early evemng wtth a shght peak at -
1842 hrs (x= 4.4 calls/min : s.d. 09) (Fig. 1- 12, d). S |

r’

2 3.3 Propagation of calls .

Durmg 263 minutes of recordmgs made srmultaneously at Ramsay Island site and
15 locatrons within a 30 kin radlus of the site, 2482 vocahzatrons were heard of these
496 calls were heard at both sets of recording sites. It was possible to apply time- lag
. analysis to 160 of those calls m order to estimate the distance between a vocalrz.mg seal
and the two recordmg sites. For four calls, the time lag between detectron of a
vocalization at one srte and detectlon at the other exceeded the absolute time lag between
the two sites based on strarght -line measurement

Sixty -three percent of the vocalrzauons were estrmated to ongrnate within a 5 km
radrus of Ramsay camp. The remainder were scattered along thé helicopter transects at
drstances up to. 20 km from camp and almost. 30 km from the heltcoptcr (Flg 1- 13)
‘These data suggest that bearded seal calls can. be heard underwater for a minimum of 25
‘km ‘under similar weather, ice, and topographrcal conditions. | |

There were, however,’ several factors wluch mrght have caused small errors in the
_ call locatron estimates. ’l‘he speed at’ wluch the tape recorders played vaned slightly
between srtes and recorders At most this may account for a 0.2 km drf ferenee from ‘
‘the calculated values Small efrors may also have been made in the actual timing of the
" lag measurements Erghty three percent of the locatron esumates were: calculated using
the call descnptron grven from Ramsay camp In the rernatnder the vorce marker was |
.not recorded by the hydmphone at the helrcopter The Tesponse of the helrcopter |
observet to the descnptron was -used as the pomt from whrch the trme lag was measured
tn those cases It is possrble that as-much as two of three seconds may have elapsed
: between the time at whrch a call descnptron was frrst heard and a verbal response was B

_’ grven by the helrcopter team 'l”hrs may have resulted in. the loeatxon estrmates betng as
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“much as 3-4 km' off the true value m such cases. |

Approxrmately 32% of the calls héard at concurrently recorded sites occurred in
assoCiation with one or two other calls It was~possrble ‘to apply time-lag analysts o
each call contarned within 17 vocalrzatron sequences m order to determme the degree of
'precrsmn in' the locauon esumates The mean maxrmum dtf ference in locatron estimates ‘
within those trill sequences was 0. 3 km (s.d.=0.3). ln two of the sequences the .
locauon estrmates calculated for rwo or. three calls 'were as much as 1.0 km apart

The effect of submanne topography on the obstrucuon of sound was exammed |
“by recording at a site about 100 m' off the eastern shore of Ramsay Island about 5 km
: north of camp. No vocalizatrons were heard at the site dunng five mrnutes of hstemng
‘Hydrographrc information for the area mdrcated very shal]ow waters (<5 m)
B 1mmed1ately around the rsland with: steep slopes droppmg of f t('»30 m.

’l'he srmultaneous pairs of recordings made while the helrcopter was stationed 5
km, 10 km, and ‘15 km east of camp were so clear that it was posstble to trace all calls‘ '
heard at the statlonary and mobrle sites 10 determtne whether each call was heard at both
" sites.’ These data were exammed o fi 1gure out whether some call types travelled farther

than others The percentage of calls ‘heard at both patrs of sites of all those heard at
either site was srmxlar for the three sets of recordings: 43. 6% (5 km E) ' 40. 7% (10 km
E) 47.7% (15 km E). Frequency of occurrence of each cali type wa$ also comparable |
‘at thecamp\and helicopter sites for the three parrs of recordmgs T1 calls made up

52. 0%—59 2% of the calls recorded T2 calls made up ‘12. 1%-22. 1%, T3 calls made up

14 8%—28 0%, and mrscellaneous calls made up 3. 6%—11 3% As the three parrs ol‘
recordmgs were comparable the data were pooled | ‘

- The number of calls heard at both the camp and helrcopter in each pair of . |
-*recordtngs of the total number of mlls heard at each was calculated as a percentage for
| each call type Of 144 Tl calls and 42 T2 calls 43 8% (63) and 41 5% (17) were heard.

at both srtes (Frg 1 14) About one half (51 8% of 54) of the T3 calls and one thrrd |
“(31 3% of 16) of the nuseellaneous calls were heard at 'both locauons in the three palrs | ‘
) of recordrngs Of all the. calls heard at both srtes m the srmultaneous parrs of L
: .recordmgs. 58 5% were Tl calls 16 3% were T2 ealls and 25. 2% were. T3 calls thure ,
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| .l 15 provrdes a compartson between those results and the frequency of occurrence of call |
"types in the two 'lone seal' 'recordtngs 'l”he percentage of Tl calls was srmrlar between
the two sets of data (58 5% vs 56 8%) ln the call propagatron recordings, however
T2 calls were less frequent (16 3% 'vs 25.8%) and T3 calls more frequent (25.2% vs
17 4%) These drfferenoes were statxsttcally stgmftcant (x’—lS 8 df 5 p<0 025)
| : t ,

i.4 Discusson
“2 4, 1 Repertolre ‘. l‘ f

' The bearded seal trills. recorded in_this study were narrow in bandwrdth and
r usually f requency modulated and rnost often descended in f requency er basrc call
types were 1denuf|ed Temporal and spectral measurements covered a range of values as.
did other features of the calls (e.g.. number of frequency oscillations per cycle in . |
, peaked Tl calls) However some values occurred more frequently than others and an
expenenced lxstener was of ten able to, drfferenttate between srmrlar values or pattems |
| For example the dtf ference between an average of 3—6 frequency oscrllatrons per cycle at_
_the Dundas Island stte and 7+ frequency oscrllatxons at the Table Island site (Frg 1 8b) 3
was eastly ret:ogmzable to an expenenwd ear. . '

In this study. few data- were collected on between seal varratron in repertoire. At
present it is dlfftcult to 1dent1fy mdrvrdual callmg seals durrng late wmter and spring
'. because - they are htdden from view under the ice. Nonetheless on two oﬁsroms ‘a lone :

‘ seal was’ recorded eallmg close to the hydrophone at the Ramsay 1. srte ta obtamed f

A

'(from those recordtngs provrde prelnmnary xnformatron on between seal vanatwn m
| vocahzatton structure and use The sumlanty m the frequency of occurrence of call
‘ types between the repertorre of- the lone seal and the repertorre of all seals near Ramsay

. Island suggests that mdwrdual seals can produee all of -the eall repertorre m therr area

‘ 1" vocahzatrons were L

g the br_eeding .

Unfortunately. lt was not known whether the. two sets of 'lone
- from one mdtvrdual or two lf male bearded seals are terntonal dy
. season. _whtch they probably are it is hkely that the sarne mdrvrdual was recorded on

_both occasrons Addiuonal evrdenoe of this is the srmrlanty m start frequency, end
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frequency, and durauon of T2 and T3 calls between the two 'lone seal' recordtngs and -
‘thetr drsstmrlartty with the general Ramsay Island recordrngs

The vocaltzatrons of bearded seals recorded at stx arcttc locattons were compared
to determtne whether or not these seals- show geographtcal vartatton in the structure and
use o(‘ therr repertoire, Wrthm call structures (i.e., start frequency end f requency |
duratron range within a call and pattern and complexrty of f requency modulatton) 8
dtffered nottceably between areas, Small sample srzes for most call, types al_most srtes
limited the number of statistical compartsons between sttes but with the exceptlon of
duration for T3A and TBS calls all between site tests for start and end f requency and
‘duratron ytelded statrstrcally srgmftcant drfferences There were also clear dtfferences in
between call features amongst the stx sites. Frequency -of occurrenee “of each call type |
percentage of calls heard alone versus 1n sequences for each call type and sequentral
‘ organtzatron of call ‘types wrthtn sequences dtffered geographtcally Unfortunately the
" values calculated for the Alaskan Hudson Bay and Baffrn Island sites were each based
on only a few (2—4) short recordings. It ‘was not known how,many seals were' vocalmng.
A durtng each recordmg sessron However companson of -call use between the ‘lone seal
.recordmgs and ' gerl*gral site recordtngs made near Ramsay lsland showeéd that lone
seal(s) produced each call type wtth the samev frequency of~ occurrence as other seals i

.

* recorded at the srte As for wrthm call structures, even for sites at which calls were

.

taken from recortltngs made over a pertod of two weeks of more stattstrcally srgmf icant -
- between- ~site drfferences were measured These data suggest that rt is valld 1 make
, preltrmnary geographtcal\»compansons of call structure and use based on a ltmrted number
of recordings from diff erent areas The results ob;amed tn thts study likelv. rel‘lect true
drfferences tn wrthm and between ~call: featUres between areas, rather than results of

rnadequatesamplmg ‘ TR

Bearded seal calls have been descrtbed by others (Freuchen 1935 Dubrovsku 1937

Chapskn 1938 Poulter 1966 Ray et al 1969 Strrlmg e al. l983) Freuchen descnbed |

"tliem as betng suen ltke whrle pubrovsku likened them to the whtstle of a locomotwe |
Ray et a[ provrded t’ne most detatled account of bearded seal trills and charactertwd |

. them as a "long sxren-hke oscrllatmg warble Although most descnptrons m the

P



llteraturc are brief and onomatapoetic, rudimentary comparisons can be made between
them and calls recorded in this study. l - )
Dubrovskii, (1937) and  Chapskii (1938) describcs calls heard in the waters along
the eastern coast of 'Noraya Zemlya, in the western Soviet Arctic,. Dubrovskii reported
call duratrons of 20«30 S and scquences in which ascending-f requency calls were followed
by descendmg Prequency calls, The durauons are comparable with those of "the high
arctic tnlls The call sequences seem similar to tllose recorded in Hudson Bay and the
: western Arctrc Chapskii described a bearded seal call as a "descanding chromatic scale

’),\ ‘\l h

'whrch greally resembled thc sound of a sirefi dymg away His description matches the .

TIA calL ype. | r \

& " Freuchen's (1935) description of beardcd seal trills he heard m Hudson Bay and
Foxe Basin matches T1A calls, He also mentioned a "strange, dull, deep-toned sound or
'very deep whistle”; sometirnes heard at the end of ‘ descending-f requency calls, which he

‘: Sall'ed'a "sigll'. It seems'lilgely that Freuchen's deseription refers to cdlls whi¢ch have
“been designated in this study as’ moans. .

| Poulter (1966) also described the trills of bearded seals. He reported typical start

o f requenctes of a "few" thousand hertz and call durations -that occasronally excwded one

minute. The trill he presents in-a sound spectrogram is a solitary descendmg frequency

*call with f requency oscillations. It is similar in appearance to the TlA calls recorded at

the Dundas Island and Table Island sites. Unfortunate‘ly Poulter drd not mention where

.
\

the trills were recorded although it was most likely in Alaskan waters.

The calis of, bearded seals m the. Bering Sea, as descnbed by Ray et al. (1969)
have ;ome features in common with the calls recorded at some sites in this study. Start
and end f requencies are comparable. Rate, magn‘itude and -pattcrn of frequency
modulation are also generally srmtlar Some temporal dtf l' erences however are evident.
Time intervals betwecn f requency oscillations were 9—20 s f or ‘some of the tnlls tecorded
;at the Dundas and Table Island sites, whtle Ray et al. reported time intervals of 510 s

) in’ the Bering Sea tnlls On average, call duratrons given by Ray et al. were lﬂﬁer for
ii:tTlS calls and shorter for T2S calls than those recorded in this study. 'In the Bering Sea,

TIS calls lasted for about 20-40 s and T2S calls lasted for about 3 5s. In the waters of
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tlre .Canadlan‘Arctic and northern Alaska,' T1S and TQS calls averaged ap;;roxlmalely 9s
in duration. " ’ l

| Ray et al. (1969) described a ‘four phrase panern for the sequences in the
Bering ‘Sea in whrch the order of calls was similar to, but not identical with, some of the
sequences recorded at a few sites in this study. In the Bering Sea sequences a rising
imroduclory trill (phrase 1) was followed by a long descending trill with frequency
oscrllauons (phrase 2) Another short. ascending trill (phrase 3) was then followed by a
repemlon of the descendrng trill (phrasc 2a), to complete the trill sequence patiern,

This four-phrase pattern in its ennrcty was not recorded at any site visited during this

‘ study, although portions of it wexe,. Ascending calls jl‘ollowed by descending calls with
‘frequency oscillations were ‘recorded at the Alaskan and Table Island sites (Fig. 1-6a).
Descending oscillating-frequency calls followed by ascending calls formed part of lhe
three-call sequences recorded at the Hudson Bay site (Fig. 1-6).

Ray et al. (1969) zeported that moans followed many of the Bering Sea
sequences'by intervals of up to 30 s. In 1his’5ludy. not as many moans were recorded
as trills or sequences. However, occasionally a moan was associated with a trill or trill
sequence, " The number of overlapping calls usually made it impossible lo.de'terrnine what
moans and trills might have been associated. |

Stirling er al. (1983) provided a brref description of the calls recorded in the
waters of Penhy Strait and around Dundas and Table Islands. Tlu;calls they examined
were similar in structure to the trills recorded in lhe same area d{mng this study,

Stirling also recorded bearded seal calls in 1972 75 in the ‘western Arctic r.ear Ramsay
Island (unpubl. data). Of the 914 trills he recorded, 65.2% were T1 calls, 12.0% were
T2 calls, and 22.8% were T3 calls. Of the 413 trills recorded near ‘Ramsay Island in
1982, 56.5% were T1 calls 25.7% were T2 calls, and 17.7% were T3 calls, a difference
that is statistically srgmf icant (x?=39.9 ; df=2; p <.005). Loss or addition of new

" vocdlizations was not found between the two sets of recordings No temporal or spectr'al

measurements were made on the trills recorded during 1972 75, s0 comparrson with 'the

trills recorded in 1982 was not possxble
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‘ -..Malc bearded seals attain séxual maturity at S-or 7 yrs of age (McLaren 1958
Burns 1967; Burns and Frost 1979; Smnb 1981) and can 12ach 23 yrs of age ( Qmﬂ’*
1981). Age of r;producuve senescence, if it occurs, is not known. If males show
fidelity to particular breeding sites it is nossible mai, some of thc same seals were
recorded during the 1970's and 1982, Data are sparse for marine mammals, however
adult norlhern elephant séal bulls.|are réporlcd to give consistent individual vocal patterns
over pcnods of up to 14 months (Shipley er al 1986) Comparison between site-spccific
bcarded seal repertoires recorded in 1972-75 and 1982 show that the rate at Wthh
bearded seals give each call type can change wnhm a period of 7-10 years. Dropping or
adding new call types may occur over longer penods of time, '
Comparison of the calls recorded in this study ‘with de§;rxptions of calls reported
for othog\regions of the Arctic confirms that bearded seals produce descending
,frcquency-modulated trills throughout the Arctic. However, there are siic-specif ic
differences in’ repertonre between areas, as shown by the dif’ ferencés between the six sites
.and between those calls and trills recorded in other regions of the Arcuc Seals
inhabiting bodies of water separated by permanent barriers (e.g., land) or long distances-
(e.g.. >1000 km) probably-do not come into contact even during t.ne open-water season,
so geographical differences in repertoire between sucn groups are understandable simply
as a fesult of geographic isoladon over time. In some regions of the Arctic, large areas
of multi-year ice remain yeaf-round and probably al}e— act to restrict movetnents of '
seals. \
ln addition to macrogeographlcal variation in repertoire, local vanauons or
m1crogeograph1cal variations were also found. The recording’ sites near Dundas Island
and Table lsland are separated by a body of water, Penny Stran .approximately 150 km’
in length. Polynyas regularly‘ occurred in Penny Strait and around Dundas Island during
the late winter and spting (Smith and Rigby 10981). Recordings were tnade at 4 sites in
Penny Strait and arOund‘Dun'das Island for several years. _chque‘ncy of occurrence of
call types was Eonsistent throughout the Dnndas ls‘land-Penny_,Straii area during that

time. There were clear differences in repertoire, however, between northern Penny gtrajt

"and the Table Island area. Trill sequences and T1 trills with. 7+ frequency oscillations



3

\

per cycle were recorded near Table Island: no sequences and T1 trills with ‘3~6 frequency
oscillations per cycle were recorded in the waters of Penny Strait and around Dundas
lsland. During the winter and sprrng, the northern end of Penny Strait was separared
;frOm the Table Island area by relatively stable ice that usually _persisted until June,
" }LAllhough the stable ice may have restricted the movement of seals between the two arcas
for part of the year, during the open-water season they were f ree to move 10 new
 locations for overwintering in the following year, Yel consistent year-to- year differences
in repertoire were evident between the Table ‘Island and Dundas lsland-‘Penny Strait
areas These data suggest that bearded seals may be relatively sedentary, pamcularly in
areas where ice pauerns resmct movemem Tor part of lhe year.
The sharp conlrasr between the Teble Island repertoire and the Dundas
Island - Penny Strart reperloire shows that disjunct variations in‘reperloire can occur, even
‘over relatively small distances. The subtle and gross differences thal exist belween these
two nerg‘hbounng sites are typical of the kind and degree of dif fercnces found between
any ;r lhe six sites despite ‘the 800+ km distances that separate the rest of them. The
" Alaskan and Baffin Island sites, for example, are approximately 3500 km apart yet the
degree of dif ference in repertoire between those sites was comparable'to that found
between' the Table Island and Dundas Island- Penny Strait sites. More sampling is needed
to determine whether clinal or disjunct vanauons in repertoire aré more usual.
Ray et al. (1969) referred to the underwater vocalizations of bearded seals as
_songs In\\birds “songs are produced chief‘ly by males during the\ breeding season, and
consist .of one. or more sounds consrstenlly repeated in a specific pattem (Pettingil

1970). Available data show that. bearded seal .calls are produced only during the breedmg

\ )
season and suggest that only males produce them Notwrthstandmg geographrcal ‘\“

vanauons bearded seal trill sequences consist of sounds that are often repeated in
specific pattens\r and may be analogous to bird songs. Nevertheless it seems prudent 10
avoid using the word "song” when re: ernng to calls or call sequences until it is clear ,

4

their use fi its. the establrshed defmmon

The distinctiveness, repetitive nature, and long transmrssron distances of bearded

seal calls strongly s \ggest that the trills are used for commumeatrqn.’ For a number of



mammalian species, vocalizations composed of pure tones with harmonious quality are B
associated with courtship and mating (Hawkins and Myrberg 1983). Weddell seals -
(Leptonychotes wgfldem) in the Antarctic produce frequency- modulated trills that sound
very srmtlar to bearded seal trills (Thomas and Kuechle 1982) Only male Weddell seals
are known to produce tnlls whrch are heard only during the breedmg season and are
thought to b used for proclamauon of brwdmg temtory Ray et al. (1969) suggest
| that male bearded seals may produce tnlls for the same reason. Burns (1981) suggests.
that female bearded seals also produce trills, I-le bases this asseriion on the large "
number ol‘ calls he has heard simultaneously in some areas relative to the number of
) males observed in the vinicity. However, ‘grven the long dtstances the calls travel in
| water, their relatively long durauons (mean duration for all call types was 12.2 s,
| N= 970) and hence f requent overlapping, and dlfftculty of countmg numbers of
individual calls when more than about 'six overlap at one time, it seems lrkely that only
male bearded seals produce the tills. | |
' Like bearded seals, Weddell seals also show geographic variation. in their trill

repertoire (Thomas and ‘,Stirlin'g 1983). Interestingly, in one region of the fmtarctic,
Weddell seals‘ produce ascending trills as well as deseending tri‘lls' The |
" ascending-f: requency calls are the mirror-image of the descendmg frequency calls, and
' follow them in sequence This pattem is 1dent1cal to some bearded seal sequences
recorded in the western Arctic, Hudson Bay, and near Table Island in the ngh Arctic.
Dlstmct geographtc drfferences in call use and sequentxal orgamzatJon occur in both
specres. but while the spectral and temporal features of Weddell seal calls differ only
subtly between areas, those of bearded seal calls appear to be more geographxcally
distinct. . L G

‘ Weddell seals exhibit a strong degree of ftdehty to specrftc breedmg areas, which ,‘
is thought to account for therr geographtc varratron in repertorre. It lS possxble that
, strong l‘tdelity to brwdtng sites or areas may also be reSponsrble for ‘the geographxcal
fdrfferenees l‘ound in. the repertorre of bearded seaIs Unfortunately not enough s known
about the behavrour of thts spectes to allow us to determme whether adult male bearded

‘seals are sedentary-and remain in producnve areas. year,round, or whether they rnovel



around durrng the year but retum to specrfrc brwdmg areas.each spnng |
‘ Bearded seals are not known to produce vocalrzatrons other than tnlls and groans

In contrast Weddell seals produce a varrety of calls in addition to trills (Thomas and
Keuchle 1982; Thomas and Strrlrng 1983). Greganous‘polygynous plnmpeds typrcally
. have a more developed repertoire than species that are solitary and exhibit a
mMOnoOgamous approach to breedmg The social and polyngyous Weddell seal and harp
seal (Phoca groenlandlca) produce 55 and 16 dif ferent calls rcspectlvely (Mdhl et al
1975 Thomas and Strrhng 1983) Solitary specres whrch are thought or known to be
‘ serrally monogamous breeders produce only a few differentcalls. Three underwater “
‘vocalizations have been 1dentrf jed " f rom the hooded' seal (C ystophora cristata) (Terhune
and Ronald 1973) two from the Ross seal (Ommalophoca rossi) (Watkms and Ray
1985). and one from the crabeater seal (Lobodon carcinophagus) (Stirling and Sinif’ f
979). The solitary but likely polygamous nbbon seal (Phaca fascrara) produces two
‘underwater vocalrzatrons (Watkins and Ray 1977). Walruses (Odobenus rosmarus)
. produce only five drfferent calls (Stirling et al. 1983) yet these animals are polygynous.:
Male walruses may compensate for their limited array of call types- by producing

high- mtensrty calls almost contmuously during the breeding season (L. Strrlrng. pers. ql
comm ). The repertorre of bearded seals consists of tnlls and I have identified six call
types The calls produced by breeding males are loud and, although the length of
yrndrvidual calhng bouts and the time mtervals between ‘them are not yet known,
individual males seem to call much of the time. ”l’lus pattern is srmrlar to that of the
‘polygynous walrus although bearded seals are usually semi- solrtary and suspected of

bemg promrscuous (Surhng 1983) Parturrent females do not appear to “aggregate in

o breedmg colomes consequently, males hkely have only lmuted control over the .

reproductrve success of nerghbourmg males In summary bearded seals do not have a
well -deveioped repertorre however the loudness. of therr calls and frequent rate of calling:

, suggest a prormscuous or possrbly polygynous matmg system rather than a monogamous

-

~ome. - - o ) ’ ‘, S



/ -
'2.4.2 Dally cycles in rntes of enlhng '
Ttme of day was found to be the most tmportant factor in explatmng the

‘changes in' ate of calltng in -the Ramsay lsland data. Promtnent datly cycles ‘were
’evtdent in both the Ramsay Island and Dundas Island recordmgs The spectral pattern "
in the Ramsay Island penodogram mdtcated thé presence of a strong f Undamental cycle

at 24.2 hrs with a weak frrst harmomc cycle at 12.2 hrs "The 24-hr cycle dtd not ftt a
sine curve. The Spectral pattem in the early spnng Dundas perrodogram showed the
presence. of both a240. hr cycle and a 12 0 hr cycle ’I’he 12 hr cycle was strongest and |
* that indrcated that there were two peaks per day; MCause the two peaks were not quite
‘equal in strength a 24-hr component appeared. The late Spnng Dundas pertodogram dld
not show any dtstmct cycles although a slrght rise in calltng rate occurred early in the
momlng, as it drd in the Apnl and early May recordtngs at both srtes ‘

Btologtcal events wrth a daily period length are well known m many orgamsms

(Halberg 1959; Aschoff 1960; Bruce 1960; Bunmng 1967) thh the present knowledge
',of bearded seal physrology and behavrour it is not yet possible to tdentrfy the endogenous
. or exogenous factors that tnfluenoe thetr callxng Tates. However in harp ‘seals, crabeater
 seals, and leopard seals, rate of calhng is negauvely correlated with the number of seals
vhauled out ‘on the ice' (Terhune and Ronald 1976 Thomas and DeMaster 1982) Dunng
the Spnng. bearded seals haul out dunng the day Casual observatrons at ‘the Ramsay
Island srte revealed that in late April bearded seals typtcally hauled out m the late
‘mornmg or afternoon and retumed to the water in early evenmg By late May, seals .
were hauling out earlter tn the mormng and Staymg up on the rce until later in the
‘ ‘_evemng Rtnged seals have a stmtlar haul -out pattern As spnng progresses rmged

seals haul out earher in the mormng and rematn ‘on the tce unttl later in the evemng

:'* (Smtth and Hammill 1981 M. Kingsley. unpubl data) By mid- June m the High -
.Arctm tndmdual rmged seals may remain: hauled out for 24+ hours The darly

" ’penodicrty in haul out becomes much: less pronounwd than it was earlrer m the year
'Data on the haul -out behavrour of bearded seals were not collected dunng the late spnng"~
u Dundas Island recordmgs, but 1t seems hkely that at that ttme of year bearded seals like
nnged seals show less darly rhythmtctty in the tune of day at whrch they are hauled
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out. If so, thrs may explam the darly peak in rate of callmg durmg early mormng in
the early spring, and the absence of a darly cycle dunng the late spring. The ef| fect of
seasonal factors (e. g daylength temperature) and weather (e g.. day to- day '
unpredrctabrlny in temperature and’ wmd) on haul -out in bearded seals has not yet been
hmvestrgated A quantitative ‘study of the pattern of bearded seal haul-out is needed to’
-test the hypothesrs that rate of callmg is negatively correlated with ‘the number of seals |

hauled out on the ice.

2.4.3 Propagatlon in water
The results from my study confrrm that bearded seal calls can be heard l"or up () -
;0 km, Although the intensity of the calls' was not measured at source ‘a little over

__ one- -half were sub]ecuvely evaluated as etther moderate or loud m mtensrty at both

‘ concurrently recorded sites. I’ drd not record at drstances greater than 30 km; #
consequerntly, I was not able to determme whether bearded seal calls travel farther-thanm——
“that distance in water. Snrhng et al. (1983) suggest that under rdeal condrtrons some
bearded seal vocalizations may travel as far as 45 km in water.

| _ Several factors contribute to the.attenuati‘on of sound in arctic 'rnarine waters:
cylindriml‘spreadiné in’ and absorption by sea-water, and absorption by‘and reﬂection
from the bottom and undersurfaoe of the ice (see revrew by Mansfreld 1983). Water
depth and roughness ol‘ ice cover influence sound propagauon in water even f urther
especrally at hrgher frequencres (Verrall 1981). The Ramsay Island ‘call, propagatron
trtals were conducted in shallow water (<100 m) wrth a relauvely smooth cover (approx
1. 5 m thrck) of annual shore- fast ice. Although the attenuauon of sound under smooth
ice should be less raprd than under a surfaee~reughened by raf ting and rrdgMg‘
losses dué’ to reflectron from’ the ice surface and—absofptﬁﬁ by and reflectron f rom the '

: shallow bottom were hrgher than would have occurred m deeper water (>150 m)
(Verral] 1981) In sprte of the shallow waters 8 6% (14 of 163) of the recorded calls ‘
were heard up to a drsta.r;e of 30, km However in the nearshore waterslx(< 5 m deep)
around the penmeter of. Ramsay Islan__d bearded seal calls ongmatmg from deeper waters» “

were apparently absorbed or deflected by the steep submarme banlts a'ound the island
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Ice, which may ‘have extended to the bottom in plaoes, may have also blocked the
“ transmission of calls. ' | ) | '
Prehmmary data suggest that some bearded seal call types may ‘travel farther in

water than others The first preoe of evrdenee for th1s is the drfference in pércent

“ occu i ﬁl calls heard (snmultaneously) at both the camp and helicopter sites. between

~ the th .':'call types The vpercentage of T3 calls heard s1multaneously at each pair.
“(camp/helrcopter) of sttes of the total number of T3 calls recorded at either sﬁe was ‘
htgher than was the case for call types. T1 and T2. The percentage of T1 calls’ was |
sltghtly greater than the pereentage of T2 calls The second piece- of evidence was found
in-a companson of the I requency of occurrence of each call type between the e(ll/ heard
. at both sttcs in the “call propagat:on recordmgs and the calls heard in the two ’lone
seal’ recordmgs Tl calls were produced at the same frequency of occurrence in both
sets of recordtngs T2 calls were heard more often in the 'lone seal’ recordmgs than in .
the "¢all propagatton recordtngs and T3 calls were heard less often. These data suggest
that, of the three call types, T2 calls are the poorest and T3 calls are the best at
propagatmg through water. Although the 'lone seal' recordings were made when a seal
| was callmg within about 50 m of the hydrophone so it was possrble to classrfy all calls
made by the seal, the frequency of occurrenoe of each call type may vary between
lndrvnduals Consequently, it may be inappropriate to ascnbe the dtfferenees in the ,
4 rpercent occurrence of each call type- between the 'call propagatton recordmgs and 'lone
seal’ recordmgs to dtfferences in the transmission pro_p_erttes of each call type ‘
Nonetheless durmg many hours of hstentng to bearded seal calls I nottced that often in
b‘ _sequences such as T1- T2- T3 the T2 call was faint and dtfftcult to hear whtle the T3 call “
. was loud and clear 'Fhe sharply descendmg start of T3 calls appears to contam a lot of
" energy whtch may account for the harmomcs typrcally assoctated thh those calls and
~ their greater propagauon It has been suggested that m some bll'd spectes mdmduals
' " may be capable of assessmg thetr drstances from one another by assessmg the degradauon
_of calls caused by dtstance and envuonmental acousch (Morton 1982) It 1s possrble
t‘”"that bearded seals may also be. able to roughly determme how far away a caller 1s by
‘assessmg how well the T3 call can be heard relanve to the T2 call. ' ‘



38

Bearded seal tnlls seem well designed for easy detectton and recogmtlon in spite )
of degradauon from envrronmental acoustics and the passage through water. Male .‘
Weddell seals also produce trrﬁ;very srmrlar to those of bearded seals Weddell seal
trills are thought to travel long distances in water which enables the caller to

communicate wrth seals far away and with those hauled out on nearby ice. Sound

“pressure levels ranging from 148 to 193 dB re luPa at 1 m have been measured for'

Weddell seals however no field tests to measure actual transmission distances hav_e_been

reported (Thomas and Kuechle 1982)

! ' ‘ tr
2.4. 4 Techmcal consrderatlons for future data collection
The results from this and other studres suggest that envrronmental factors and

recordmg equrpment should be taken mto account when trymg to compare the relative

-abundance of bearded seals between areas usrng data f rom single recordings. Recording

while surface wmds are > 22 km/hr, or when rce or water is movmg near the ‘
hydrophone should be avoided. Time of day for 'recording should also_be considered. ’
Although recordmg during the early morning (i.e., 0200—0600 hrs) may be preferable for |
maxrmmng the numbers of calls recorded ]n may be dtffrcult to record at that time of
day if the sites have to be teached 'by aircraft. The number of bearded seal calls

recorded per umt time also increases as spring progresses SO that it becomes progressrvely

_ more difficult to count the number of calls or to select calls.for spectral analysrs because

v‘together T -‘ . " E _' S - :;

remam so wrthout the ard of more advanced technology Hydrophone arrays look '

" S0 many overlap For that reason m late sprmg rt may be preferrable to record during

mid- day when callmg rates are low. Bearded seal calls are loud so callmg mdrvrduals

~can be detected over long fy up to 30 km) drstances These results are 1mportant to keep

m rmnd when desrgnmg a vocahzanon survey mtended to compare ‘the relatxve abundance ’

- ‘ of bearded seals between areas - The recordmg locatrons, should be a mrmmum of 50 km

' apart to ensure that none of the same ammals are recorded at two or more locatrons

ln areas where submanne obstacles are present recordtng locatrons may be closer

Many quesuons regardmg bearded seal vocahzauons are unanswered and wrll
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promising as,a means for providing relatively acturate measurements. of distances bctv'veem
callmg seals and the distances over which calls can still be heard .They may also help

- prov:de information on mdmdual callmg rates and, the ume mterval between calling

bouts, as well as the differences @ml repertoire between mdmduals



. Mean values for start frequéncy, end frequency, duration} and change in

'TABLE 1-1.°
‘ frequency (range) for each call type recorded at the six sites, Start
frequency- and end frequency are given {n number of octaves above | Hz.
Duration is given in nuiber of seconds and ranae in number of actaves,
Hertz values for mean start and end frequencies arc shown in brackets,
Call . MASKA YT RAMSAY 1L “HUDSON. BAY
type Feature x 5.d, N R I xUosd N
*TIA Start, freq. 10,2 1,0 .78 0w.a 14w w L2t
B , . (1176 1z) (1351 ne) (l}hl Hr)
CooEnd freq 8.9 0.6 9.3 L SN SRR WY
' (478 Mz) (630 Hz) (630 H2)
. Duration 14,1 19,7 8.3 9.¢ 14,3 184
Range' . 1.3 1.0 bl 0.9 1.0 - 00
s Start freq 10,7 0.6 10 1.8 I S 93 IR
o (1663 HZ) (3566 Hz) S0 H2)
End freq 9,2 0.6 "10.8 1.1 B, 0.6
' (588 Hz) (1783 Hz) (270 1y
Duration 2.4 0 7 A0 A R
Ranqge 1.5 1.0 1.0 o/ | 0,0
T2A Start freq 7.9 0.1 8 8,3 0./ 34
‘ (239 Hz) (315 s
fnd freq 9.0 0.4 9,1 07
o (512 Hz) (549 hz) - .
‘ “Duration 2 1.9 3.8 6.0 ' v
Range B 0.4 08 05 C o
128 Start freq =~ 9.6 “0.8 - 16 10.3 1.4 72 8.3 0.7 i
: . (776 Hz) (1261 Hz) B (315 Hz)
£nd freq 10.3 0.6 1.8 1.2 9.4, 0.6
o (1261 Hz) . {3566 Hz) (676. Hz)
"Duration 2,1+. 0.9 9.4 8.8 8.8 3.2
Range " 0.7 0.4 1.5 0.9 1.1 0.4
13A° Start freq . . 11,1 0.6 18
: : : (2195 Hz)
End freq ’ 9.3 0,7
] . (630 Hz)
Duration . 3.1 . 1.5
Range ‘ ‘ 1.8 1.0
T3S. - Start freq 11.1 0.2 5 12.1 . 0.9 . 5% 9.4 0.6 33
' o c o (2195 Hz). o (4390 Hz) * o (676 Hz) ‘
' 'End freq - -8.8 . .0.6" . . 9.2 0.6 8.3 0.6
- ‘ oo - (446 Hz) . (588 Hz) . (315 Hz):
Duratien 13.17711.9 1 3.8 2.5 3.6, 2.3
.. . Range =~ = 2.3 - 0.8 2.9 Q.8 " “1.1. 0.3
Total number.of calls - 67 T, 413 154
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‘
TABLE 1 (continued}
)
.
Gal BAFEIN |, DUNDAS 1. TABLE |, CALL'SITES
Ly;u A s.d, N x S, N X s.d. N X 5 ,d, N
A 10,3 1.3 107 10.9 L3 1s T 2 s o) 50 | L1060 1.3 sag
(1261 Hz) (1911 Hzs) (2352 Hz) ‘ (1552 Hz)
9.0 0.8 8.5 0.9 8.8 1.0 29,00 1.0
(512 H2) o (362 Hz) ‘ (446 Hz) (512 Hz)
12,9 17,8 . "3, 29.4 "R24.4 0 245 s 16,3 21.4-
1.3, 1.2 : 2.4 10 2.4 1,3
s 9,3 " 1 .- 10,5 1.3 15,1, 10,9 1.4 12
(630 Hz) (1448 Hz) C(91 H2) |
9.0 8.8 1.0 9,7 1.4
(512 Hz) : (446 Hz). (814 Hz)
1.2 ' 33,2 .43.8 9.3 18,5
0.3 - : L7 1.3 i
12A 7.6 ~ e 85 . VB o0 A
_ 94'91) ' e ! (367 Hz) (292 H7) .
9 1 \ o ' 9.4 . 9.1 ‘o7
(549 Hz) (676 Hz) (549 1) -
5.4 - . 21,3 - 4,1 5.9
15 a ().9 . ~‘ v T '
‘ | . . o
125 7.6 0.3 2 - 9.5, < 1.8 12 9.6 1.5 135
(194 Hz) (724 4z) " (776 Hz) v
9.3 0.8 g ‘o 10.5 1.3 10.9 1.4
(630 Hz) - L \féﬁgsn\} (1448 Hz) (1911 Hz)
5.1 0.8 .Wg“\xn,\\\, 16.7  11.4 9.0 8.1
R PY A 2% g‘\\\~.ﬁ?_ j\h” N 1.0, 0.7 ‘
T3A . 8.8 0.2 7. 9.9 0.7 22 1002 1.0 47
. (478 Hz). - {955 Hz) (1176 Hz) g
7.8 \'0.3 7.9 0.7 18.4 1.0
(223 Hy) (239 Hz) (338 HZ)
3.2 Hxx&g ' 3.3 2.1 3.2 1.8 -
1.1 0N - 20" 0.7 ‘
T35 -- v -~ 12,17 1.6 1.1 1.5 . 96
» ‘ SN0 {48390 Hz) (2195 Hz) SRR
b . 10.2 . 2.9: ‘8.9 .0.9
: s (1176 'Hz) (478 Hz)
N 8.5 0.6 43 4.0
A © 1.9 1.5 o
of-calls | 122, \ 103 970
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AL

Call
type

13

Total

1.

Start

Mean values for start trequency, ond frequency, duration, aud
chanae in trequency (range) for each call type in the two " lone
soal' recordings and geneval' recordings drom Ramsay s land

Sile,

octaves above 1, Hz,
vange in twmber of oclaves,
end frequencies are showa i brackets

Feature

treq
tnd treg

Duration
Range

Start freq
tnd freqg

Duration
Range

Start freq
fnd freq

Duration
Range

number of calls

Lone o
(/2 mi
X Coady
10,7 1.6
{166/ M)
9.7 - 1.3
(832 Hz)
6.9 /.8
1.0 0.9
9.7 1.4
(832 12)
10,9 1.6
(1911 HZ)
6.8 5.5
1.2 0./
12, 0.8
*(4390 Hz)
9.3 0.7
(630 Hz)
3.7 . 2.2
2.8 0.8

Start trequency and end Drequency are given in oumber of

Duration is qiven in number;of-seconds and

cal

n.)
N

147

38

244 .,

Horts values

tone seal
(9 min,)

X wod
1.0 1.6
(2048 17)
9.6 1.3

(776 1,)

9 6 1.6
1.4 1.0
10t 1.4
(1098 1s)
1.7 1.3

(3327 Hz)
1.7 10,9
1.6 1.1

12.0 1.0
(4096 1)
9.0 0.6
(512 17)
4.3 2.8
3.0 0.9

O

18

8

for mean stavt ad

r

Goenera

A T

10,4 1o
( 13451 H,’)
g.h 0.5

(724 1)

! o0
0.4 n./
g.9 1.3

(A18-Hs) .
9.4 1.9
(99y H7)

6.4 1
1.0 0,/
10,9 0.1

(1911 1)
9,7 0.4
(n88 1Hz)
VR 1,7
1.7 1.1

44

91
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FIGURE 1-3. Line drawings showing the basic shapes of the.three call’
© - types (T1, T2, and T3), The drawings to the right show ,
the basic-shapes of the T1 calls with frequency oscillations,

a.
T1 ‘ ’ Single-peak Tt
1 s
° —_— ]
&
-
\
b. Frequency — ' T
T2 ‘ _ Two -peak T1
— major peak )
— rginor peak
C - h
—'major peak
_ few -~ many

.. minor peaks




FIGURE 1-4 Waterfall displays showing examples of solitary
’ v bearded seal calls. ' :

f. o
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0.5 T1A moans -

"FREQUENCY

(kHz)




50

m‘ : . : ‘ - — “ - i J‘
o . 47N9D N3ISANNWVY - s
§u tLd . R ‘ - . I
: : - 2 . ~ ° . _v
) cesS . :
! - . . s2s )
[ ]
GiS .
. r
SIS R
0CgtL 4 |
U - “r
anvd . . . i )
T OLM
sNeJ_ .
™'l AVSWvVHY -
.
OIN .
- .‘ ) -
‘ GIN-
.DZ<4w_ VIHOLODIA z

-00 481 - . . .004611

"dwed Aeswey WOL4 SEM 3L (wy ug) mucmpmG pue coSumLE mﬁ
YILM pa[[age| S[ 91lS 433d0dL|3ay Yol ‘pPUR|S] ARSWRY JRAU
S371LS mcELoqu meaoSE: a3yl pue duwed 3L 3yz jo m:oSmuo._

‘G-1 Y9I .



44

N

L

N

(ZHA)  AININD3

“ Y E
g.mnhwwuk.w-kmr‘

sel-sze-siy O : : . s R
Ll ‘” S "sadusmbas - . Lo
T LLL4d (eas Pap4eaq jo sa|dwexa butmoys SAR(dSip [[ejudEM 9-1 N9y - -



FIGURE' 1-7 Wateffall dfsp]ays showiné exémp]es of bearded seal T1A
: trills recorded at the Alaska, Pamsay lsland Hudson Bay,

‘and Baff]n Island sites. ~ -
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FIGURE 1-8

53

‘Line draw1ngs and waterfa]] d1sp1ays showing the comp]ex
cycles of frequency oscillations that occur in the TI1A

trills at the ‘Dundas Island site and in the T1S trills at
the Table Is]and site, S
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FIGURE . 1-9. Frequency of occurrence of. each. ca]l type at all
, recording sites. : :
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FIGURE 1-10. .

type

601 .

’occdrrénce‘of‘each call
T

. o . ‘ B
Frequency of occurrence of each-call type in both
‘lone seal' recordings and the 'general’ recordings
made at the Ramsav Island site. o !
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 FIGURE 1<11. " Power spectra showing the re]ativé abundance‘bf

\ all possible’temporal cycles in the .vocalization.
- rate data collected at Ramsay Istand and Dundas *

Island sites in early and late spring.+ -
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MEAN NUMBER OF CALLS PER MINUTE

FIGURE 1-12.

Daily cycles in mean tates o6f calling at the Ramsay
Island and Dundas Island sites. The error bars in
the upper three graphs show plus ‘and minus one sagple
standard deviation of the data about the mean. The
bottom graph provides a -comparison of the patterns in
rate of ca111ng for th( three data sets. i
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FIGURE 1-14. frequency of occurrence, by call type, of calls heard
A at.both the camp and helicopter recording sites near
Ramsay Island. The graphed data. are the pooled results
"taken from simultaneous camp-helicopter recordings made
while the helicopter was 5 km,-10 km, and 15 km east of
the camp. Of 239 individual calls recorded at either
the camp or helicopter sites, 108 (45.2%) were recorded
at both locations.
. \ i -
60
Percent
' : [ ]
q : Qg.,currence .
ot calls [] '
. 401 ‘ \
heard ‘at
both sites » ‘ . &
20 S S
TT T2 T3 e
Call ‘type o
|
0 ‘ :
FIGURE 1-15. Comparison of the frequency of occurrence of each call™
‘ type between the 'call propagation' and 'lone seal'
recordings. Only those calls heard at both the camp
~and helicopter sites were used in the ‘call propagation'
recordings (N=473). The two ‘lone seal' recordings were
pooled tbgether (N=322). E ‘
60
[} . .
kY [] Call propagation
. ) - o recordings
Percent HE » {7] Lone seal"
occurrence 40; i recordings
- of each -
call type
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FIGURE 1-16. Calculations used to determine the minimum transmission
distance between a vocalizing seal and the two recording

“sites. !

s x=(D-L) /2

source 1m actually
located somewhere
along this  line . '

B

-

\\\25 | )
L',/(m\
'\' ‘."' ~~;N‘ .
A .

camp @ _ "--ghelicopter
~—~7.45 km»l«?zzs km-—=] 15,10Lkm——~———~-_ .
e 22 55 KM ot e L
I L +x i ’
‘ 30 km ——— . - '
O , N ’
r [
Co,
. CASE A | ' . CASE 8
Mintmum ~distance location 0! source Source is not on hne |ommg
camp and hellcopler
D=30 km ‘ _ " suppose that source
V=1.438 kmys is 10 km from camp,
L=TV then:
«10.5s x 1.438/km s " D: 30 -
*15.10 km . Y L=TV

X=(D-L)+ 2 10.5 s «x 1438 kmvss
: (30-15.1) + 2 15.10 km

| 745 «m. L+X = 2510 km
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3. WINTER DISTRIBUTION OF BEARDED SEALS IN THE PENNY STRAIT AREA‘
- NORTHWEST TERRITORIES AS DETERMINED BY UNDERWATER |
S VOCALIZATIONS B -

u3 1. lntroduction )
Arctic prnmpeds are often drffrcult to census. Being 'aduatic the'y spe'ndl most of :
~ their time im water where they are hard to see, and frequently are far enough l‘rom land
to preclude land based surveys ln most of the Canadran Arcuo the open water season
lasts from July to September. Dunng the remamder of the year the waters are usually |
tce -covered exeept for a few relatrvely small recurrrng opemngs (r e polynyas or leads).
Consequently, efforts to study the drstrtbutron and abundanoe of arctic seals are lrmrted
to trmes ‘when they haul out on ice for purposes such as puppmg o1 moultrng ‘
‘lnclement weather and darkness durmg the wrnter further lrmrt the periods dunng whrch .
surveys may be done and mcrease the drffrcultres and’ danger, partrcularly with. aenal |
surveys. | . ‘ |
‘ Techniques of populatiOn estirnation usually require either" the capture‘t of some

mdrvrduals in a populatron such as.in mark -recapture or catch per unit effort studres
“or vrsual counttng of ammals Indirect counts of such srgns of abundanee as tracks
nests or vocalrzauons make up a tlurd category Smgmg or callmg surveys have been
‘used to study the densrty and drstnbutton of bll‘dS (McClure 1939 ‘Kimball 1949
Petraborg et al 1953 Koz.rcky et al 1954 Gates and Smith 1972) The possrbrlrty of
| usmg underwater vocalrzauons to census pmmpeds or. at least estrmate their relauve
‘ .'abundance has been noted (Ray 1970 Thomas and DeMaster 1982) More recently. \
Stu;hng et al. (1983) reported usmg the underwater calls of rtnged seals (Phoca -
thlsptda) bearded seals (Erlgnathus barbatus) and Atlantrc walruses (Odobenus rosmarus
‘rosmarus) to deternune therr relatrve abundance at srtes m the Canadlan Hrgh Arcuc in. |
:late wmter and sprmg Pnor to that vrsua.l aerral survey was the only eensus teehmque \'
" suceessfully used on bearded seals However most of the aenal surveys reported m the
;hterature were specrl‘ rcally desrgned for ringed seals and srmply mcluded srghtmgs of “.

bearded seals made during survey fltghts Desrgning a relrable andmaccurate aenal survey
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for bearded seals is dtff 1cult because in addruon to the problems already outlmed they
’ tend to occur at lower densmes than ringed seals therr drstnbutron is more clumped and
the details of their haul-.out are not as well-known as'they are for ringed seals (Smtth ,
‘1981) B SNV TR o R
o |
Bearded seals are crrcumpolar and boreoarcttc in drstnbuuon Results f rom aenal
surveys ‘and bther .studies show that durmg the ‘late wmter (March Aprtl) and sprmg e
‘ (May June) bearded seals prefer areas of movmg ice- and open waters in .. ‘ A
\shallow bottomed -areas, and avord areas of thick shorel‘ast ice (McLaren 1962 Mansf reld
1967 Burns 1970 Davrs et al. 1975;- Bums and Frost 1979 Strrlmg et al 1982 ngsley
et al 1985). There are a few areas where bearded seals maintain breathmg holes in
| landfast ice' throughout the wrnter (Mansf 1e1d 1967; Stirling and Smith 1977 Smith 1981)
however this srtuauon likely occurs only m waters that f Teeze-up late and open early
.(Stirling ez al 1983) ‘Bearded seals have been observed in waters over .500 m deep ‘
“dunng March and April. (Finley and Renaud 1980). ,
Dunng the breedmg season, sometrme between late winter and early summer
bearded seals produce trill - like' vocalrzattons (Dubrovskn 1937 Chapsku 1938; Ray et al
1969; Burns 1981; Surlmg et al 1983) Males are thought to produce most, 1f not all
trill vocahzattons for the purpose of advertrsmg brwdmg condmon or ownershtp of
temtory, oI both (Ray et al 1969) The pnmary objectwe of thts study was to examme
the winter drstrrbutton of bearded seals in Penny Strait and surroundtng waters by
| lrstenmg for therr underwater calls in Apnl A secondary\object\ve was to document
| thetr dtstnbutlon by means of vocahzatron suryeys durtng the penod tween late wmter'
and break -up (m late June) | | | b? o |
f..3 2 Materials and Methods o ‘
| o Sub 1ce recordmgs were made at seven locations durmg Aprtl June 1982 and at B
'isrx of the locauons m ApF 1983 and Apnl 1984 (Fxg 2 l) ‘The recording sxtes vaned‘]
. wrth respect to several features water depth snow thrckness, thtckness stabrllty. age

"'~.(annual Vs mulu year) and type (landfast vs pack) of ice cdver (Table 2 1)



‘ lylost.rec\ording StatiOns were located in northern 'Queens Channel (76'11'N

' 9600 W) and Penny Stratt (76 30" N, 9T00 W) Srte 4 was located in southem Belcher
* Channel (7T15'N 9500 W) In shallow waters (<100 m) under a relatrvely smooth
‘cover of landfast ice, bearded seal tnlls can be heard up to 30 km from the vocalmng
animal, although only a small percentage (< 15%) can be heard for distances greater

than 20 km (thrs study Chapter 2) To reduee the hkehhood of recordmg the same seal ‘
at two or more srtes the recording stauons were located at least 20 km apart. Where |
tpossrble land masses (usually lslands) were used as submanne barrrers between srtes to

dampen or block the transmrssron of calls - from one recording station_to another (Frg
T In '1982"sites 1 and 2 were visited on 18 April, 29 April, 4‘June '14 June, and “
29 June The remarmng five srtes were vrsrted on erther three or four of( t§ose dates.

Some recordmgs were lost because, poor weather precluded reachmg the stte or because of
equrpment malfuncuon Smoe few or no vocahzatrons were heard at site 3 in. sprrng

1982 it was excluded from subsequent surveys. In 1983 and 1984 underwater recordmgs
" were' made on 17 and 26 Apnl and 12 and 25 April reSpectrvely In the Canadran Hrgh :
Arcuc rce condruons remarn relauvely stable through the, winter until late Aprrl or early
May Therefore the distribution’ of bearded seals at that time of year should reflect

thetr wmter (December March)’ drstnbutron ' |

‘ Recordrngs were made uslng Uher 4200 Report Momtor tape recorders wrth either |
| Ampex or BASF tapes and an ITC (Intematronal Transducer Oorporatron) 6050C
*'hydrophone Travel 10 and f rom recordmg srtes was made rn a Bell 206B hehcopter

vAfter landmg on, the sea roe. the helrcOpter had to rdle for 2—3 mrn to cool the engme |
“tbefore rt was turned off A 10 cm (drameter) hole was dnlled through the 1ce using a .
"hand auger Thrckness of rce was recorded and the hydrophoue was suspended 3—5 m ',
?"'below the undersrde of the rce When avmlable seal breathmg holes or cracks in the ree' |
'were used for rnstalhng the hydrophone Recordmgs were usually made between 0900 hrs
jand 1800 hrs CST and most were 20 min’in. duratron ’ - |

_ In the laboratory. each recordmg was hstened to three trmes and the number of
vocahzatrons heard was tallred Presumably because calhng seals were located af %nt\
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Idistances awAy from the hydrophone vocalizations varied greatly in volume and the
decision on whether or not to include a. very faint call was necessarlly subjectlve
Rmordwggg in Wthh high background noise leyels predomtnated were more prone to
, vanable results than those wrth low background noise. Because there could be as much
‘as a 10% dif’ ference in the ‘umber of calls counted between hstemng sessnons on the ‘

same recordmg the mean of threc counts for each recordmg was used.

The mean number of vocalrzattons per mmute per’ lO‘ hectares was calculated for

each s1te The area measurements were taken from 1:250, 000 topographlc maps usmg an
HP9864A digitizer, HP9866A prtm;er rand HP 9830A keyboard ‘A circle was drawn on
the map around each recordmg sxte then traced usmg the drgmzmg \vand A circle, wrth
a, radius of 20 km was used and to be conservattve it was assumed that the "
transmission of calls occurred only in strarght lines. - All bodies of water whose 'sound .
path to the recordmg sites were blocked by land were ehmmated from the calculauon
Three comparions were made by means ‘of a Kruskal Wallace test among sna m
Aoril June 1982, among sites m ‘Apnl 1982—84 and among years (Apnl 1982-84)
Callmg rates recorded in Aprrl 1982—84 at srtes 1 and 2 were then ‘compared thh the
values obtained at sites 4-7 by means of Scheffe ) S test'on the ranked values Because
of the limited number of rephcatlons and extent of mlssmg data a cnttcal level of 0 .05 -

was chosen for allﬁtests.

3.3 Results

Statlstlcally sigmfrcant dlfferences m callmg rates were found amongst the sevcn

‘ srtes vxsrted in spnng 1982 (H 20 0; df 6 p < 005) Overall srtes 1 3‘Trad—lower“—

‘ rates of vocahzanon than srtes 47 (Table 2- 2) To determme whether the vocahzatnon
rates were sunply a reflectton of the amount of area actually surveyed at eacb srte rather

. than an mdtcator of real drfferenees m the densrty of vocaltzmg seals at or near sxtes

the mean’ rate of callmg at each reeordmg statron was drvxded by the area sampled there,

N

o
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Normahung vocalxzatton rate values for area at each site dld produce a few changes in -
the rankmg order amongst the sites. Nonetheless sngml‘ tcant dxfferences between srtes

remamed (H= 12 2 ;df=6; p <0.05): generally fewer vocaltzauons were recorded at

. sites 1-3, than at srtes 4—7 ‘ .

| Stte 7 had the htghest mean vocaltzatlon rate in Aprrl June 1982 and. April

.'1982 -84 and the largest samplmg area (113 760 hectares) Drvtdmg the rate of callmg at

| snte 7 by an esttm?rte of the area sampled dropped the site. m rank from the htghest

mean calling rate in the April-June 1982 surveys to second htghest below stte 4 (Table. *

A2~ 2) and from the “highest mean callmg raté in Apnl 1982—84 to fourth htghest below

‘sttes45and6(Table23) Cen :

‘ Stte 3 oonststently had the lowest vocahzatron rates dunng the 1982 surveys and

the smallest sampling area (8 292 hectares). When ranked agatnst the other srtes site 3

mamtamed the lowest, mean rate of vocalization dunng the 1982 surveys (Table 2- -2).

The lowest rate of calling' was recorded there in all- surveys except one. On 14 June,

-five faint calls (60 3 calls/rmn /ha x 10%) were recorded at site 3; they probably

ongmated from near the mouth of Barrow Harbour The waters depths around the srte '

were shallow (approx 30 m) and stable landfast ice persrsted there throughout the study

period. o ‘ ‘ o |
When the rates of vomhzatton at all sites were normaltzed for area, site 2 'Tose tn

| rank from srxth hrghest to third hrghest in 1982 (Table 2 2). However durmg the Apnl

1982—84 recordings. site 2 rematned second lowest in rank (l L. 5th of 6) (Table 2-3):

Dunng Apnl June 1982 the rate of vomhzauon vaned consrderably between surveys at

stte 2 (Frg 2 2) From 18 Apnl to 29 Apnl the vocahzauon rate increased by 52 ttmes

Between the three Juhe surveys the rate of ealhng decreased by a factor of 11: and then

of 14 Changes of that magmtude were not recorded at any other
srte T o t o

“ In absolute terms, the number of vocahzauons per mmute at all sntes mcrea}sed
between Aprll and early June 1982 'Qlthough thh the excepuon of sne 2 the rates of |
callxng remarned relatwely stable amongst the srtes dunng that penod (th 2 2) Callmg
rates ol’( >100 ealls/mm /ha x 10‘ were recorded at four of the seven srtes on 4, June
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‘Some vocalization rates are missing for sites 5, 6,.and 7 during‘ the mid- and late June

surveys nevertheless the rates- of vocalization. decreased at those sites durmg lhe latter .

half ,of the month. In contrast, rates & callmg continued to mcreas!\at snes l 3 in -

,June

Companson of callmg rates (normahzed for area) berwecn the sites vrsned in-
Apnl 1982 84 revealed stausucally significant dif ferences (H=19.7 ; . df = 5P <0. 005).
Overall lower rates of vocalrzauon were recorded at snes 1 and 2. than at sites 4-7
(Scheffe s S stausuc 8.5 ;'df =530 ; p<0 001) (Frg 2- 3) The mean numbers of calls
recorded per rmnute in Apnl 1982 84 at sites ] and 2 were 12 0 calls/mm /ha x 10‘ and
9. 1 calls/mm /ha x 10‘ respectrvely Allhough three umes as many calls were heard a(
site 2, the calls recorded at ‘site l were moderale 1o loud m mlcnsnly, while lhose ar sne ‘
2 were weaker Most calls’ recorded at site 1 hkely ongmated closer to the hydrophone
whereas calls recorded at site 2 likely ongmated fanher offshore in Penny Stralt and -
northcm Queens Channel.’ Sites 4 5 6, “and q had comparable rates of ,calhng m Apnl

1982—84 (x.-853 calls/mm /ha X 10 x;=81.5 calls/mm /ha x 10¢; x.—85 4 }

‘ calls/mm /ba x 10‘ i 7-78 2 calls/mm /ha x 10%)." ln sprte of the srmllamy in méan

%

: values amongst the f our srtes vocallzauon rates varied consrderably between snes and

period. . | B A

i

dates: from a low of 42 7 calls/min. /ha x 10* to anhxgh of 121. 8 calls/mm /ha X 10‘

" None of the four sltes was consrstently hrgher or lower than the rest over the three year

e
/

-

Companson among years of . Lhe fates of vocalization in April at the six reCOIding ‘
sites showed that between -yeag drf ferences were not srausncally srgmflcam (H=3.6;

df=2 ; p>0. 05) ‘The hrghest mean calling rate was recorded. m 1984 (x 70.0

' calls/mm /ha x 10° ; s.d.=364). In 1982 dnd 1983 the .mean rates of calling fo&the

six. srtes were 61. 4 calls/mm /ha x 10*. (s d =36.6) and 57.1 calls/mm /ha X 10‘

(s d 36 7) respecuvely
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3.4 Discussion . )

Calling rates were used to determine the relative a.bundance ol bearded seals at
-seven sites in Penny Strait and environs, and to determine“whether these .values varied
. greatly between years,, With a, l‘e;v exceptions, sites 1-3 had lower rates o'l‘ calling than
sites 4-7 it all surveys conducted duting 1982-84, Althoug‘h time of day may have | _
influenced the number Ar vocalizations recorded (thrs study, Chapter 2) there were no
obvious mdrcatlons in the surveyr‘data that differences in calling rates amongst the sites
were the result of tln“e of day at which the recordings were made.. Examination of
habitat mformatron at each site revealed sorug&mllarmes between vocalization rate values
and environmental features.

' Sites 2 and 3 were located in relatively shallow waters covered by thlck (i.e..'
>150 cm), stable landfast jce. Very low rates of\"ealling were recorded at site 3 during
all surveys in 1982 but one (14 June), and most calls recorded at site 2 were weak in -
volume. These data suggest that during the winter and-early spring, bearded seals avoid
areas such as the inner reactres of inlets, bays and harbours because of the stable ice

'condmons that occur there Prevrous studies on the habrtat preferences of bearded seals’
gave srmilar results (McLaren 1962; Mansf ield 1967 Burns and Frost!979 Strrlrng et al.
1982, 1983; ngsley et .al. 1985) '

ln,deterrmmng the area of water actually surveyed at each site, ‘the assumpgon

L ’

was made that bearded ‘seal callstravelled only in straight lines. Thts is an ‘

oversimplification of what likely occurs Some field experiences suggest that bearded seal

calls can bend around points ol@ld in some situations, but attenuate nottceably as a |
. Tesult of domg‘ so. On I4 June 1382, five faint calls were recorded‘ at site 3. It is.

| possrble some“or all of the calls originated within the 8,292 ha of water surroundmg the
'srte but the weak volume of the calls suggests they ongrnated from near the mouth of

' Barrow Harbour and travelled aloug a curved path to reach the head of the harbour _lt\

X seems likely that the relatively hrgh rate of callmg (60.3 calls/mrn /ha x., 10‘) for ‘that ‘5

' date resulted frpm drvrdlng the frve calls by an unreahstrcally small survey area calculated’
usmg strarght llhe borders The geography of the other srx s1tes poses less concern wrth

respect 0 the s}trargbt -line’ assumptron because the ratios, ol‘ water to land were
. \',
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considerably greater than at site 3. . ‘}

Bearded seals are reported to overwinter most frequemly in areas of broken,
mov‘ing‘ice over shallow water (>100 m) (Mansfield 1967; Burns 1970 Davis et al. 1975;
Burns and Frost 19?9 Stirling ef al. 1982; Kingsley et al. 1985). Areas where the ice
contains opemngs such polynyas and leads are preferred (Burns and Frost 1979; Smlth et
,al 1979; Stirling et al 1981). Stirling er af. (1981) stated "the winter dismbuuon of
bearded seals in the Canadian Arctic could for the most part be superimposed over the
| polynya areas”. Site 1 (Dundas polynya) is a relatively .ice-free ‘area which persists .
thréughout the winter monlhs at the north-eastern edge ef Queens Channel. Strong
currents and predominantly shallow water are the likely causes of this recurring featurc
* it usually. reaches its maximum size in late Apnl or early May (Smnh and Rigby 1981),
before break ~up in the rest of the study area, Based on the number of calls recorded in .
Apnl 1982—84 it appears sne 1 receives little use by bearded seals at-that ume of year.
Two factors relating to walruses may help to account for the relative absence of bearded
seals. ' | ‘ ’ ’
Atlantic waltuses overwinter in the vicinity of Dundas polynya because of the
shallow water it prov1des for benthic feeding, and openings in the ice available for
breathing and ha’\lxl -out (Stirling e al. 1983). Bivalve molluscs are the predominant food
" of walruses al&\ough secondarily they eat othcr types of benthic invertebrates (Vibe 1950;
Mansfield 1958 Loughrey 1959; Krylov 1971 Lowry et al. 1980; Fay 1982). Bearded
seals are aéo primarily benthic or epibenthic feeders. However, in contrast to walruses,
bearded seals will use a wide variety of food items including pelagic fishes such' as arctic
cod (Boreogadus saida) (Chapskii 1938; Vibe 1950; McLaren 1962; Burns 1967; Kosygin
1971 Bums‘nd Frost 1979 Lowrx et al. 1980; Smlth 1981; leey and Evans 1983)

The specxflc diet of an mdwndual seal gppears to vary with age, locauon and nme of
year t(Bums and Frost_ 1979. Finley and Evans 1983). Bearded seals are able 0 switch
prey if the availability of certain food items bfcorues reduced (Lowry et al. 1980).
nonetheless bundas polynya would likely provide ?évv' pelagic species for ailemate‘foods.
As a result of mter spec:fxc cottpetmon with walruses for benthic prey, most bearded

scals in the region may M deeper waters of Penny Strait yd
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Queens Channel in order to find adequate quantities of food.
Another possible explanation for the low callmg rates recorded at site 1 may °

relate to the fact that walruses somejimes prey on seals (Gray 1927 Freuchen 1935

' Chapskii 1936; “Vibe 1950; Fay 1982; Krylov 1971). eoent data from the Bering and
Chukchi seas have shown that wnlruses may prey upon several species of seals, including
bearded seals (Lowry and Fay 1984). Since only young seals were taken, only f.emales
wtth pups and unaccompamed pups or juvemles may be directly affected by the presence
of walruses. Indirectly, however, the distribution of adult male bearded seals may be
influcnced because breeding occurs soon after a female weans her pup (Kumlien 1879;
Chapskii 1938 McLaren 1958; Burns 1981). In some cases, females will breed whilewstill
lactatmg (Bums 1981).. A breeding male is unlikely to estabhsh a territory and vocalize
in an area distant from where females give birth and wean their pups. Consequently, .‘
the distribution of adult males may ultimately'be nffected by the distribution and
movements of walruses. Adult bearded seals may also avoid walruses because of the
predator avoidance behaviour learned as a pup or juvenile. A sintilar predator - prey
relationship in the Antarctic exists: leopard seals (Hydrurga leptonyx) prey on pup and
subadult crabeater seals ( Lobodon carcinopi;agus ). Adult crabeater seals, atthough not

~as vulnerable, strll avoid leopard seals perhaps because of avoidance behavrour learned

early in life (I Surhng. pers. comm.).

TN

‘ Stmrlar rates of calling were recorded at sites 4, 5, 6, and 7 durrng the 1982-84
surveys. The presence of both first-year and multi-year ice, and the thickness of ice
and sngw cover were similar bctween ye;rs at sites 4, 5, and 7. One striking difference,
however was the range of water depths: 60 m—325 m. Slte 6 was different from the
other three sites. The three islands surrounding site 6 were only 5.km apart;: 157reva1hng
wmds and currents were channelled through the tnter -island waters. Consequently. the

: annual ice at site 6 was usually thmner (x 71 cm s.d.=37 em) than. at sites 4 5, and T
(x—116 cm . d =31 crn) and the ice cover there may have tended to break -up earlier -
_that at the other three sxtes Despite dxfferences in water depth, snow tluckness and
age. type and:thickness of ice cover between sxtes 4-7, drfferences in rates of calhng

were not stausucally srgmfleant amongst the four srtes Ce .
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In summary, the results of the 1982-84 vocalization surveys show that during late
winter and early spring, bearded seals in Penny Strait and northern Queens Channel
avoid waters covered by thick, stable landfast 1ce Whtch tends to break up late (i.e., like
sites 2 and 3). With the possible exceptrOn of areas heavrly used by walruses they seem
to prefer areas of thmner and less stable ice where break -up occurs early (i.e., like sites
4-7). These results concur with data collécted from most other areas examined to date, /
although in a few reported cases bearded seals have been reported overwmtermg in stgble
annual ice, far from open water (Mansfreld 1967; Stirling and Smtth 1977) They can
‘maintain breathmg holes like the ringed seal, however it seems that they usually do s0
only in waters where break-up occurs early and freeze-up occurs late (Surlmg et al
1983). The distribution of bearded seals was once thought to be limited to relatively °
shallow waters where benthic prey is ‘available (the 1950; Burns 1967; Mansf ield 1967;
Davis et af. 1915; Burns and Frost 1979; Stirling et al. 1982; ngsley et al. 1985)
Recent field studres in other areas have shown that bearded seals also overwinter in
deeper waters (Mansfield er al. 1975; Finley and Renaud 1980). All of the 37‘,bearded |
seals sighted during aerial surveys conducted in the Nofth Water of Baffin Bay in March
1979 were in areas where the}average water depth was greater than 200 m and at least 2]
(60%) occurred in areas where the water depth  exceeded 500 m (Finley and Renaud- |
1980). In Penny Strait and northern Queens Channel water depths generally ranged
. between 75 and 300 m except over shoals near 1slands The results f Tom this study
indicate that bearded seals occurred throughout much of the study area, over a range of
water depths. ‘ ‘

In 1982 a general nse in. yocalization rate occurred between mid- Apnl and early
June at most sites. Strrlmg et al (1983) also reported a general mcrease from late
" winter to early summer at the srtes they exammed There are two possrble explanattons
an mcrease in callmg rates of mdrvrdual seals or an increase. m the number of seals 2
. ’wrthrn range of the hydrophone 'Bearded seals are thought to produce tnll vocalrzatrons
for the purpose of proclarmmg breedmg condition, or ownershrp of territory, or both
(Ray et al. 1969). The lrmrted data available rndrcate that only males produce trrlls

Male Weddell seals (Leptonychotes weddelli) produee a similar trill durmg the breeding



L s
h

season f{)l’ advertisement of location (Thomas and Kuechle 1982). Males of 'thatrspecies
-are polygynous and breed in fast-ice habitat where they defend three dimensional '
terrttones under the ice (Ray 1967; Sttrlmg 1969; Srmff et al. 1974) The mating system
of the bearded seal is unknown although promiscuity is suspected and most breeding is
thought to occur in the pack ice zone where space may be less hmtted than in fast ice
areas (Stirling 1983). Whether or. not bearded seals defend territories, as do Weddell
seals, is not known but seems probable Based on htstologtcal evidence, the breedmg
season f or males is reported to extend from late wmter or early spring until early or -
‘mid- June (MclLaren 1958a Ttkhomtrov 1966 Bums 1981). In eastern Canadian arctlc

" waters, beétween northem l-ludson Bay ‘and northem Baffin Island, the peak breeding

*speriod OCCUIS‘ln mid-May (McLaren 195‘8a). lt does not seem unreasonable that males
may‘ call‘ more during the peak of breeding activity than earlier in the breeding season.
l’enny-Strait' and Queens Channel are surrounded by waters covered with ice- types mostly
' unfavourable for bearded seals so that extensive underwater movements of bearded scals
into Penny Strait and Queens Channel from adjacent areas prior to brealt-up seem -
‘nli‘kely Thus, the most likely‘explanation for an increase in' calling rates between
mid- Aprrl and early June is an increase in the rate of calling by individual seals.

‘ With the excepttons of srtes 2 and 3, by late June in 1982 the dtfferenees in.
callmg rates between all srtes became mdrstmgurshable Rates of calling for sites 1 and 2
had increased from mxd Apnl to late June whereas the rates of calling at sites 4-6 had
tncreased and then decreased Although no surveys were conducted in May, and data
are’ mrssmg for some sites from one or two surveys in mxd and late June, it appears
that the dtstrtbutron of bearded seals in late spring ‘may be less locahzed than earlrer m
the year After the ice begins to break up. thereby creating breathing holes in areas
prevrously covered with unbroken 1ee. ‘the seals probably start to move around to take '
advantage of newly avarlable fwdrng areas. Stirling, e al.. (1983) also noted the

’ connectxon between 1ce break -up and the seals mcreased frwdorn of mdvement to

.' account for the results they obtained from vocahzatron surveys u

B ‘_ Underwater vocahzauons can. be. used to dcterrmne the- drstnbutron and relauve

. abundanee of bearded seals As the wmter ree eover does not change apprectably untrl :

4
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mid- to late May in the High Arctic, the Tesults ‘obtained from 'April ‘surveys may rel'lecl
. the distributioni of thrs spectes throughout the winter (Strrltng et al. 1983) No other
survey technique exammed thus far can provnde mformatron on bearded' seals at the time
of maximum ice accumulatron _There are, however several problems to resolve ‘before
‘the results from vocalization surveys can be mterpreted further o

Unfortunately, relatively lltlle is known about the socral behaviour of this speclcs
anywhere m rts range. Whether or not subadult and adult bearded seals segregate .
spatially dunng the breedmg season in the Canadtan Arcttc as do rmged seals (McLaren ,
: 1958 Bums 1970; Smtth 1973), rs not known In some regions of the Sovret Arcuc the
drstnbuuon of bearded seals is reported to be drfferentrated by age and sex whrle m |
other regrons no promment separatron has been observed (see revxew by Fedoseev l973)
The age, sex, and social status of vocahzing mdrvrduals are only partrally known A
Available data pomt toward adult males but there are no data ‘with which to reject
females conclusrvely Consequently, we cannot be certain whether the results of
‘. vocalization surveys provrde mformatron on all segments of a population or only \
partrcular sex and age classes Data on the callrng rates of individual seals and how
lthey may be afl‘ected by the calls or presence of other mdrvrduals is sparse or lackmg
Until we have the ariswers to these questrons and gam arbetter understandmg of the -
general biology of the specres we wrll not know for example if the absence ol‘
vocalizatrons at a srte means, categoncally, that bearded seals are not present or whether
they are present but not calhng Despite the absence of hard data it seems hkely that "
’ 'the lack of vocahzauons at a srte rndlcates that bearded seals are not presentr o
Bearded seal calls can travel 20 km or more underwater (thrs study, Chapter 2)
: Under 1deal condrtrons tnlls have been recorded up to 45 km from source (Strrhng et al
1983) "The radrus of call audrbrhty vanes wrth type of equrpment used, weather
: condruons, and. physlcal envrronment (Strrlrng et al 1983 thrs study. Chapter 2)
.v;' Drfferences in. call mtensrty between mdrvrduals may cxrst and mdrvnduals may vary the
‘ \mtensrty of their calls over trme Because of the: number of factors that affect our W

abrhty to hear bearded seal calls rt 1s dtffrcult vto determrne the absolute abundance of.,ff' ‘

seals at a locauon eSpecrally rf the recordmg statrons«arc less than about 40 km apart
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Untll a relatrvely accurate, qutck and mexpenstve techmque is. devrsed for plnpomttng

the locations of callmg seals, vocalrzatron counts can only be used as a general indlcator
ol' drstnbutnon and relative abundanoe m different habrtats ln this study, for example
similar numbers of calls were reoorded at srtes 1 and 2 Yet a. subjectrve evaluation of

call stren ' 'l’t‘f" t; both ‘sites suggested that whrle site 1 may have supported a few

vocalxzmg‘ Is durmg winter and early sprmg, no callmg seals were in close proxrmrty to

of
‘srte 2 until. spnng break -up began

)

Calvert and Surlmg (1985) found that vocalrzatron rates of rmged seals

‘ overlapped too much amongst dlfferent habitats to permrt oe use of calls for

- deterrnlmng the drstnbutron and relatrve abundance of wrnterrng and pupping areas

Dog- -search techmques remaln the most effecuve survey meth or separatmg smtable |
and unsultable rmged seal habitat. In comparison vrrgmﬁ:::rwys for bearded seals |
appear to separate preferred habrtats from unsultable ones. However between srmrlar ‘
habrtat types there may be so much 0verlap in calling’ rates that repeated surveys are
"needed to reveal and venfy relatwely small between srte dlfferences Although details of .
" habitat use rnay be weak or unavarlable within relatively small areas (e 8., Penny Strart)
surveys of underwater vocahzatrons seem very useful for determtnmg wrntermg areas on '_
a regronal scale (e g, as Sttrhng et al (1983) did in the Hrgh Arctrc) As yet, |

‘ vocalrzatton surveys remam the only appropnate method for mvestrgatmg the wmter

d drstnbunon of bearded seals because envrronmental condmons are not conducrve to
_collectmg ammals or countmg them vrsually at that trme of year There are a number "
‘of problems that must be solved nonetheless the use of vocahzatrons for determmmg
‘relatlve abundanee and drstrrbutlon contnbutes slgmfrcantly to our efforts to. understand

n,'

"\the brology of thrs specres R
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‘4. SUMMARY

The bearded seal is the least known of the ptnmpeds in the Canadian Arcttc
Because‘they are semi- sohtary and prefer an environment of unstable " ice, they are bOth
difficult and expensive to study. Consequently unttl recently, most researclr on bearded
seals was restricted to the collection of ’natural hrstory data f rom ammals killed by Inuk
hunters. In this study, 1 have attempted to gam a better understandmg of the behaviour
and general ecology of bearded seals by examrnmg therr underwater vocalrzations

Ray et al. (1969) and SUrlmg et al. (1983) ‘gave brief descnpuons of bearded
seal vocallmuons but thrs study represems the most extensive mvesttgatron of the calls
of this species to date. My primary objecuves were to describe the vocal repertorre of =
bearded seals and to use - their undervvater vocalizations to su{dy winter distribu?ion. A
Several other questions were also addressed. " Does the vocalization rep&toire of bearded
seals 'vary_ geographlcall.y? Does their rate of mlling change on a daily %r.seasonal basis?
How far can bearded ‘seal trills travel in water? ’ - A

Bearded seals produce calls that are nanosv in frequency‘ bandwidth and —_—
frequency -modulated. The.' repertoires of their underwate'r vocalizations vary &
‘ geographically. both in structure and use Within-call structures vary m frequency,
duration, and pattern of frequency modulauon Between- call structures vary in
frequency of occurrence of ‘each call type, in the ratio of calls heard alone versus in
sequence, and in the sequentral orgamzanon of call types wrthm trill sequences. These
" results show tha( clear inter- populatton dtfferences in voeal repertorre exist. |
Preliminary data suggeSted that Tepertoires may change over time, but not
 radically. Companson of the vocalizations recorded in 1982 at the.Rarnsay Island site .
~ with those recorded there in 1972—75 showed that the frequency of occurrence of each
- call type had changed, but no calls had been added or lost. Similarly, descnptum\suf\

’ bearded seal trills reported by others up b 50 years ago (Freuchen 1935; Dubrovsku
1937; Chapsku 1938 Poulter 1966; Ray et al. 1969; Surlmg et al. 1983) show that the
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calls recorded during this study are similar to those heard previously@ :
My'study'\yas not'designed o examine individ_ual dif ferences in repertoire..

- e
However “the recordings from Ramsay Island allowed comparison between the repertoire |

. of one seal and all orhers recorded at the site. The f requency of ocqgrrence of each call
t)(pe was srmtlar between the two sets of recordings, although spectral and temporal
values were mostly dissimilar. Sonabuoy arrays would likely permlt a more controlled
exammatton of the' dtfferences in repertoxre between mdrvtdual seals. thh the atd of a.. .
stattonary array, 1t should be possible- to localtze mdigdual callmg*seals thereby allowmg
comparisons of repertoire between mdlvtduals It may also be-possrble to track calling
seals over time to determme how extenstvely they move under the 1ce whether they are
territorial and if so, the size of their temtones ,Investlgattng territoriality will be |

possible if individual seals can be identif: ied by their_yocalizations or repertoire, or if* they

" call continuously for long periods. Another important area for future investigation is to

M “

determine the i.dentity of \vocalizing‘ seals. Confirming the age, sex, and social status of
calling individuals will assist us to understand the‘ function of their - vocalizations.
Keeping animals in captivity may ‘be the only p /acttcal way to get such detatled
mformatton ‘

Several factors were responsrble for the vartatxon in the pumber of_\nrtccorded
_at a site; time of day and, to 2 lesser degree date had the greatest effects Bearded
seals showed a prominent daily cycle in rate of calling during the ‘April and early May
recordtngs at two recording sites. Callmg rates-were hrgh in the early momrng Gie., °
0300—0400 hrs sun time). No distinct cycle in rate of calling occurred in thne late May
and early June recordmgs although a §light rise occurred dunng the early mommg

s

Surface wind, make and condition of recordmg equxpment also tnfluenwd the number of

calls recorded. Increased surface winds and 1mproperly funcuomng equrpment resulted in”

Y

fewer calls than would have been recorded under xdeal condrtrons t -~ ,'-.*

v
LN



) Daily pattem in calhng rate \appears to. be negattVely correlated with haul -out
whtch m turn, ts "probably af fected by seasonal factors (e g-. daylength templ:ratu ) or
weather (e.g., day- to- day unpredictability in temperature and wind). To determine B
whether rate of callmg‘ is negattvely correlated with numbers of seals"hauled out on the
fce, a quantttattve study of the’ temporal pattem of haul-out and the factors. that may
influence it is needed bNo data on rate of calltng or ttme tnteLrval between calltng bouts

were_ ‘collected for individual seals. Hydrophone arrays may be useful for obtaining that

kmd of infi ormatton
r

Ustng a two hydrophone recording system, I showed that some bearded seal calls
can be heard for llp to 30 km underwater when condtuons are suttable I have offered
two pteces of evrdence that suggest that ‘some call types may be heard over grbater

[

distances than others Submanne obstacles can block or severegeduce the transmtssion’

of bearded seal calls. Exactly how far each call type can be heard and the effects of

‘submartne topography on call transmissiop’ should be ‘quantified usrng a hydrophone
array Knowmg individual rates of callmg and frequency of calltng bouts and how far
from souree bearded seal calls can be heard under a variety of environmental conditions, -
would make it possible to estimate the densrty of vocahztng seals at recordmg s1tes, : .
Vocaltzation surveys conducted in the oentral Htgh Arctic durtn.g -April 1982—84 .
revealed that bearded seals appear to avoid waters covered by stable landfast tc%:and
areas'heavily.usedb‘y walruses; instead they seem to prefer ‘ar'eas where the ice tsﬁ“ .
unstable and break-up occurs early Water depth did not appear, to mfluenoe their
dtstrtbution Data(’from vocaltzatton surveys k@nducted during Aprtl and June’ 1982 |
‘suggest that after the 1ce begms to break up, the seals begtn to move around to take -
advantage of newly~access1ble fwdmg areas Numbers of recorded calls increased

be/e.n\d April and early June, probably because of an tncr;ase in the rate of callmgﬁ,'
by/individual seals durmg that penod T .
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More rnformanon about the winter hﬂm preferences of bearded/seals could be

obtamed from the results of ‘the vocalwmon surveys if more was known about social

(\
behavrour of the specres and the identity (i.e., age, sex, and social status) of the- callmg
ianduals With the axd of a hydrOphone array and mrcroprocessor to accuralely

pinpoint the locanons of cal]rng seals, vocalizations could be -used more effectively lo‘

study distribution\nq abundéuce.
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