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Introduction 

Polynyas are areas of open water surrounded by·ice. 
They vary in size and shape, and may be caused by a variety 
of factors, the most important of which are currents, tidal 
fluctuations, wind, upwellings, or a combination of these 
forces. In terms oftheir biological significance, recurring 
polynyas (those.that occur at the same time and place each 
year) are the most important. Consequently, they will be 
dealt with most extensively in.this volume. There are two 
categories of recurring polynyas: those that remain open 
throughout the winter, and those that may be ice-covered 
through the coldest, months in sorne years. In the latter cate
gory, open water appears in the spring, usually by late March 
or early April, when the first migrating marine mammals and 
birds arrive. 

ln addition to the classical type oflocalized recurrent 
polynyas, there are extensive systems of shoreleads through
Qut the Arctic where variably sized areas of semi-permanent 
open water are maintained largely by offshore winds and, to 
a lesser degree, by local currents. These lead systems may be 
frozen during part of the winter, particularly during periods 
of calm or onshore winds. Nevertheless, they are among the 
first areas in which open water occurs in the spring. Because 
these leads parallel shorelines, they tend to be linear in shape 
and therefore differ slightly from the somewhat restrictive 
technical definition of a polynya. However, shoreleads are 
recurrent and predictable in their location, and are among 
the areas in which open water is found most consistently dur
ing winter and early spring. Because ofthese factors, shore
lead systems are of enormous biological importance and are 
discussed in the papers that follow. 

The association between marine mammals and birds 
and the occurrence of open water, including leads, has been 
reporled upon consistently since the first explorers entered . 
the Arctic and, la ter, the Antarctic. More specifically, concen
trations ofbirds and mammals along the interface ofthe ice 
edge and the open water have also been noted orten. Beyond 
these rather anecdotal comments, however, few quantitative 
data have been collected. Consequently, linle progress has 
been made toward gaining an understanding orthe ecologi
cal significance of polynyas to individual species. 

ln the Canadian Arctic, the distribution ofrecurring 
polynyas is quite localized (Fig. 1) and their combined areas 
account for a relatively smali proportion of the total arctic 
marine habitat. Nonetheless, the influence of polynyas and 
shoreleads on the survival of viable populations ofmarine 
birds and mammals appears to be profound. Despite their 
obvious biological importance, most polynya areas are 
threatened with extensive disturbance and possible pollution 
as a result ofproposed offshore petrochemical exploration 
and year-round shipping. In several areas, more than one 
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type ofproject may be undertaken simultaneously. Unfortu
nately, at the present time, we cannot adequately evaluate 
the effects of such disruptions. We simply have not con
ducted enough baseline research to have a quantitative 
understanding ofthe ecological processes that may be 
unique to polynya areas. It is clear, however, that many 
important decisions will have to be made in the near future. 

Fortunately, in sorne areas at least, we still have var
iable amounts oflead time in which 10 conduct baseline stud
ies. In other areas large-scale activities are, or 800n will be, 
underway. This will provide unique opportunities to quanti
tatively assess the effects of such activities upon the marine 
environment. Through maximizing these opportunities to 
monitor natural and man-made changes in the marine eco
system, we may be able to develop sorne predictive capability 
to aid in future environmental assessments. However, it can
not be emphasized too strongly that the available time is run
ning out. 

This volume con tains five reviews of subjects vital to 
our understanding of the biological importance ofpolynyas 
in the Canadian Arctic. The first paper describes the distri
bution of polynyas and shoreleads and discusses variability in 
their size and locations. Although sorne of this information is 
available in various reports and ice maps, nowhere before 
has the distribution of polynyas beenrevicwed so thoroughly 
in one paper. The second paper discusses the physical causes 
and biological significance of polynyas and other open water 
areas in sejl ice. The remaining three papers discuss the 
importance of polynyas to marine mammals (including polar 
bears), sea birds, and sea ducks, using the available literature 
and the baseline information provided in the first two papers. 

The purpose of this review is to assemble the scat
tered body of information on polynyas in one place in order 
to help focusattention on specific areas where research is 
required. As such, it is not intended that this volume be the 
definitive work, but rather that it can serve as a useful start
ing point for more thorough, integrated, interdisciplinary 
research. Although the papers deal with fairly independent 
topics, several themes are recurrent. One, of course, is the 
limited nature of the available data base. More importantly, 
several areas in which information 1S required are identifled, 
by more than one writer. These include evaluating the signif
icance of biological productivity at the edge of the ice, the 
basic biology ofkey invertebrates, site-specific data on bio
logical oceanography on a year-round basis, the biology and 
distribution of the two cod species, and specific evaluation of 
how critical each polynya is to the survival of viable regional 
populations of different species. 1 hope that in summarizing 
sorne orthe information available, this volume can serve as a 
stimulus for additional research on polynyas in the Canadian 5 



Arctic, and that new information will make this publication 
seriously outdated in a few years. 

The production ofthis volume was made possiblle by 
a specia l gTant from the Baseline Studies Programme of the 
Department of Environment and the Scientific and T echnica l 
Publications Section of the Canadian Wildlife Service (CWS). 
A special acknowledgement should also go to th e Polar Con
tinental ShelfProject which has played a vital role for many 
years in helping to coordinate support for much of the 
research reporled on and referred to in the following papers. 
We are grateful to the staff of the Drafting Division of the 
Environmenta l Conservation Service for their help in draft
ing the figur es. 
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Map of the Canadian Arctic, show ing distribution ofrecurrillg polynyas 
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Distribution of polynyas 
in the Canadian Arctic 

1. Abstract 

A polynya is an area of open water su rrollnded by ice. 
In the Ca nad ian Arctic, th e re are three types ofrecurring 
polynyas that appea r in the same locations eac h year. T hese 
polynyas may vary considerab ly in s ize and shape betlVeen 
areas and be tween yea rs in the same area. Th e eco logica l 
impo rtance of these open water areas ap pears to depend 
upon the timing offreeze-up and th e for mation of the 
polyn ya, the size of the po lynya atth e time of maximum ice 
accumulation, and the pattern ofbreak-up and disappear
ance of th e polynya. This chapte r discusses these as pects for 
ail recurring pol ynyas in Canad ian a rctic \vate rs; it is based 
on ana lys is of Na tiona l Oceanic and Atmospheric Adminis
trat ion (NOAA) and Landsat satellite ima g'ery, wcckly ice 
compos ite maps, published litcrature, and personal 
communica tions. 

2. Résumé 

Une polyni e es t une é tendue d'eau libre entourée de 
glacc . Dans l'Arctique canad ien on dénombre troi s typ es cie 
polynies récurrentes qui appa raissent aux III l' Ill es enclro its 
chaque année. La taille et la formc cie ces polynies peu ve nt 
va rier considérablement se lon les régions e l les années dans 
une mème rég·ion. L'importance de ces étenclues cI'eau libre 
sur le plan écologique semble d(~pendre de la da te de l'en
glacement et cie la forma ti on de la polynie, de la taille de la 
pol ynie au moment cie l'accumulation max imale cie g lace e t 
du process us cie la débâcle et cie la cli sparitio n de la polynie. 
Dans le présent chapitrc, on examine ces aspects pour toutes 
les polynies récurrentes clans les eaux cie l'Arclique canadien; 
il es t basé sur une analyse cie la Na /lollal O(eallira l/d A/mmphenr 
Adl1llllls/m/ioli et de l'imagc rie satellite Landsat, de cartes 
composites hebdomada ires cie l'éta t des glaces, ci e la documen
tation publiée ct sur d es communica tions personnelles. 

3. Introduction 

A pol ynya is an area of open \Va ter surrouncled by ice . 
The Pilot ojArr/ic Cal/ada specifies thal polynyas must be non
[,inear in shape , and that "polynyas may co ntain brash ire 
and/or be covered with IIPUI Ire ... ; submariners refer' to these 
as skylights. At times the polynya is lil1lited on o ne side by 
the coast, and is called a shore polyllya, or byjasi ire a nd is 
ca ll ecl ajlaw jJolynya. Ifit recurs in the same pos itio n every 
year , it is ca lied a recuITing jJolyllya" (Ca naclian Hydrograp hic 
Service 1970). 

In the Canadian Arctic, there are three kinds of recur
ring polyn yas: the large and unique North Water, smaller 
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polynyas such as those in H ell Gate and Penny Strair, and 
ex tensive shore lead sys tems which contain variably sized 
areas of semi-permanent open water du ring the wint er a nd 
are the flrst and most persistent areas of open watcr in 
the spring. Although in the technical sense sho releads 
do not qualify as polynyas because they are linear , they are 
included in this rev iew because o f their biologica l signifi
cance. 

Polynyas ma)' be caused by various combinalio ns of 
currents, tides, upwellings, and wincl s. T hey may vary consid
erably in s ize and shape between areas and between years in 
the same area. In terms of th eir ecologieal s ig nifi cance, il is 
the recurrin g polynyas that are most imp ortan t; conse
quently we have restrictecl ourselvcs to these in thi s paper. 

'fhere has been no previo us comprehensive st ud y of 
po lynyas in Canadian Arctic wat e rs, a ltho ugh Stirling (1980) 
has recentl y drawn allention to their biological importance. 
Neverthe less, there have been a numbe r of s lUdies rela led to 
indiviclu al polynyas, for example Dunbar ( 1958, 1969), Aber 
and Vowinckel (1972), Sadler ( 1974), M ue nch ( 1975), Müller 
(unpub.), Tooma ( 1978), Carl e ton (1980), ancl Schl ecler
mann (1980). 

Severalterrns are usccl in the lext of this paper that 
may be 1I11fa miliar to the reacler. Definilio ns (ta ken from 
Canadian Hydrographi c Service 1970) are g ive n here. Grey 
ice rl'fers to " l'ollng iœ 1010 15 ccntirnetres thi ck. Less ellast ic 
than /Illas and breaks on swell. Usually raft s unde r pressure." 
Grey-white ice refers to "j'Ollllg ICe 15 to 30 centimet res thick. 
Under pressure more likel y to ridge than raft." T he rating 
system app liecl to ice cover (e.g. 8/10) refers to the "ratio of 
an area of ice orany cOllrell /ra /ioll to th e tOla l a rea ofsea sur
face ... " An ice cover of9 + / 1 0 indicates an unconsolidatecl 
ice surface of 100 % coverage. 

4. Materials and methods 

T he present study was carried out by mapping iœ 
conditions bi-weekly, using NOAA-4 and NOAA-5 sate llit e 
imagery (both visual and infra -rcd) for the periodJanuary 
1975 to Decembe r 1979. The resolution of the NOAA imag
ery is 1 km, and a s ingle picture covers an area of abou t 
2000 km X 2000 km. T he fiTqU l'ncy of irnages is twice daily: 
once daily in the visibl e band and twice in the thermal infra
red band. T he infra-red imagery facilit a tes identification of 
open water and new ice during the winte r dark period. 
Unforlunately, ma n y photos are unusable beca use ofpoor 
weather conditio ns. Neverlh e less, because we mappecl 
app rox ima tel y on a bi-weekly basis, the freqll e ncy of cover
age in the intervening periocls allowed co nside rab le choice in 
selecting the best images. 7 
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Landsal imagery, whirh has becn ava ilable since 1972, 
\Vas "Iso used, but only to a limi t d degree. L<mdsal has a 
highcr resolution (80 m) lhan NOAA: hOll'eve r , ca ch image 
covers an ~lre~1 of only 185 X 185 km \Vilh considerable over
lap belWl'en images. For example, il can Lake \Ir 10 nin . sepa
l'ale pholographs 10 roverlhc sm;J1l p olynya in Bell o l Slrail. 
The fi'l'quene y of Landsat is only once very 18 days. Thus, 
bolh lhe SlIIaller scale ;md mure frequent (overage made lhe 
NOAA imager)' more suitable for lhis survey slUdy. Similarly, 
Dey f/ al. (1979) used lhe NOAA imagery for a s ludy of 
rreeze-up and bn:ak-up pallerns in lhe Canadian ArClic for 
the period July lO November, 1975-77 . ln co nlras l, Landsal 
would probably be beller for delailed sludies of individual 
polynyas. 

ln addilion 10 lhe NOAA imagery , weekly ice compos
ite lll;JpS from the Ice Climatology and Applicalions Divisio n 
(Atlllospheric Environment Service) were a lso used. These 
cOlllposiles wcre compiled from NOAA im agery, ice recon
n;Jissance l1ighls, laser profilomelry, and various o lher ice 
observations, but cover only lhe dllration of the nonhl'rn 
shippillg season (generally May to November). Finally, 
in('orrnatioll was abo oblained from published lilera lure and 
personal cOllllllunications. 

,),he polynyas analysed in this study are ilJustrated col
Iectivcly by Stirling (this publicalion, Fig. 1). For thi s paper, 
Il \l'as lIect'ssary 10 considcr individual an'as of the Arctic 
separately un a large'! SGdt' as shown in Figure 1. ln addition, 
a number 0(' smalter exislillg I(:alures are a lso indicate'd 
ahhough thev were Ilot anal ysed here. Because or the ir 
importance 10 Ihe location and /'ecurrcnt nature 0 1' mail)' 

polynyas, the major arcti c marine current sys lems arc shown 
in Figure :2. 

The sludy p criod I,'as limiled to the Jas t 5 ycars, p ri
marily hccans f', prior to 1975, the qualitv of the NOAA Îmall
cry was much poorer. T his made illtcrpr~lation more difti- '" 
ClIll (lndless l'diable. Th<: AES composite maps W('I'C also 
availablc from 1975 through 1979 so Ihal wc were able lO 
veri(~' our inlerprct;Jlions. Eveil SO, 50ll1e errors in the intcr
prclations could have occurrcd due lO the imerpre ler, or 
bec<1l1se or aberrations introduced by pholo qua lily, cloud 
cover, and l'og banks. In addilion, because newly-f()rmed thill 
iet' is diffi cultto clislinguish l'rom open wale r in bOlh lhe vi~
ual and infra-red bands, ail dark areas \Vere simply mapped 
as open water. Sorne small features, such as lhe poJynya in 
Fury and Hecla SU'ait, were deteclable 011 lhe phOlOS but 
\l'cre very difficult to map accurately. 

Because of the limitations oflhe image ry, and our 
conservalive interprelalion, only the main characterislics 0(' 

the larger recurring polynyas were mapped in this sludy. 
In anaJysing lhe data, we COn Ce nll'aled on the aspects Ihal 
seerned 10 be most important ccologically. These included 
(1) the liming offreeze-up and Ihe formaliun of the' polynya, 
(2) the slze orthe polynya at lhe time of maximul1l ice accu-

mulation, and 
(3) the pattern of break-up ;md di~appetlrallct' of the polynya 

and ils eventuaJ ronnection 10 olher \Valel' bodies . 
ln each instance wc have lriedlo indicatc whal is " lIormal" 
as wcll as Ihe range of varialion o\'el' lhe :i-year period. 
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5. Locations and variability of p olynyas 

:i. I. The North Water 
·nw orlh \'\ aler, siluated in nonhern Baffin Bav, is 

th ' Iargest and best known poll'nya in lhe Ca lladian Arc;ic. 
Llming the carly winr e r, pack ice being carried soulh through 
Kane Basill becomes congl'sted and l'orlll s an ire bridge 
;Icross the narrow hcad 01 Smilh Sound. New ire lhat is 
fOl'lllcd soulh oflhe bridge is apparently swepl away by the 
lllll'ent, aided by lhe prevailing nonherly winds (Nutt 1969) 
allhough some have suggested that the upwelling ofwater is 
imponanl. lkcause of Ihe ice bridge, the nOrlhe t n limit of 
the North "Va ter is a irly conslant from ear 10 yea r: Iwwever, 
the southern edge is more va riable and depends on wealher 
conditions and the time ofyear. A number ofpapers have 
bt'l'Il writlen on various aspecls of lhe lonh Waler (t'.g. 
))ullhar 1969; Aber and Vowinckel 1972: Muench 1975; 
Tooma 1971' ; . tuiler, unpubl.). 

l' l'e eze-up in Smilh SOllnduslIally begius in mid Se p
tClllber (exccpt in 1979, when il occurred during miel 10 lale 
AllgIISI) , cOHlmcncing in lhe northwcst and gTowing soulh
wards. T he as lern and weslern walers of Kane Basin Freeze 
bS llu Ihe shore at lhis lime, allhough a central "corridor" of 
mohile tee (sorne ne\\', sorne I-year-old, and sOllle mulliyear) 
pers isls un li l December orJ;Jnual'y when lhe ice brid ge 
hcgi lls to Conn. T he iee bridge and open waler a rea a l Ihe 
hcad of Sm ith Sound rormed in midJanuary in 1975, 1977 , 
and 1979, ill F('bruary in 1976, and in miel MardI in 1978 . 

B)' lale OClober, northern Ba ffi n Ba)' is cove red wilh 
ic I" , most of whlch is less than 1 year old. An ex tremel 1 (011-

J(}U .l OOlo m 
\ 1 

slanl fasl-ice eclge develops along the eastern coas ls uf' Elles
mere and Devon islallds to Lancaster Sound, and along the 
northwestern coaSl of Creen'la nd to orthurnberland Island 
(Fig. 3a) . Sorne open water is always p resent along lh ' Elles
mere and/ol Greenland coasts, with an t'specially cons islent 
pat,hjust soulhw . t ofCoburg Island (sel' section 5 .2 ) Very 
ol'ten there is also open water around 1 fJI"lhumbedand 
Island alld ill Melville Bay . ln 2 oflhe pasl5 years (1975, 
1976) there has been open waler in 1I0nhCI'IIIUOSl Nares 
Slrail inJanuary and Fe bruary (Fig. 3(/.) . 

'l'he nonhernrnos l ;Jrea 0 (' Baffi n Ha \' .south 01' tJ1C ic C' 
bridge rernains in a dislurbed ' Ialc thj'()ugl~out. 'Ille wint el'. 
Currcnts, winds , and lhe ('ou n lerc!ockwisl' gyl'e in Ihl' main 
part of'Baffin Ba\' keep the ire in :onstant moLion. Durill g 
willlei' tbis area al ways shows as <tuile d a rk 0'11 Ille NOAA 
infra-red imager)' (Fig. Sb-dl, indicatin g thm ict' that \TIn y 
conta in panl y or comple te ly open areas. 

Pe rsiste'lll open (or semi-open) Water exi: ts ill ('on
hned al' as at the norll wrn elld olSmÎth Sound, al lhe 
cnlrallce loJones Sound off C oburg [s land, in Lancaster 
Sound o fI' the SOllt heastern coast of Devon b la lld, and 
awund o rlhumberland Island (Fig. 3e). The main area of 
open \·\'ater begins to xpand southwards in nonhern BaHin 
Bay in lhe first hall' of ~by (Fig. 3j) (early to miel April in 
1977 , late Ap ril in 1979). The spread of lh e po lynya soulh
wards pron :eds somewhal diITerently in dc ta il Gram ye;Jr 10 

year, butlvpically by the end o r May Ihe southern edge is 
around 7{)o 1+ Y2° (Fig 3g, Il). The soulhern extenl of Ll1t' 
open watn is g rcdter down the western side of Baffin Ba)'. 

eve rthcless, the No rt h Waler cloes nOl nonn ally join Lar\- !I 
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Figures 3a-h 
M;ap'i 01 tlH' North \\' ~Ilcr P()l y ll~ ~I . SIUH\'ing i{ l ' conditÎon!' durÎIlK partindar 
11l01l1h", ~llld \ l';lrs ;I S illdiCltl'd 

~ large black areas indicate open water to 1/ 10 ice cover 
~ thin line leading into thicker line indicates a crack/lead 
___ single thin line indicates division between ice cover categories 
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Lisier Sound 11I11illllidJuIle (laie May in 1 !J7!J), Soml'lillH' in 
.luh' lhe Norlh v\ al('\' l!~cr).','c~ with Ihe OpCIl wa lcrpreading' 
1l000IhweSI t'rom Daùs Sirail, althoLl).','h in 1 ~J 7H lhis clid not 
()(TUr Illllii SeplentlWl'. 

The icc bridge ill Smith Sound breaks up in lale July 
(1979) o r earl y \llgus l (1 !l75- 78 illclu~i vc ) , all\'hich lime 
0PC'\1 walel- t'an cxlclld nonh illlO a r(' ,~ Slr;lil. 

!i,~, Cnburg l ' la lld 
An eS [Jecia llv p e rs istenl area of o pen \\'aler OCCl.lrs 

during-the \\Ii Il 1 el' f\L'r~ yetlr in Ihe vieinil y o lCoburg Island, 
This polyllya relllain as a sc parate f a lure ror some ll10nlhs 
b e t'orl'Joinill g' LIte m;lin !Jod;' of lhe NoJ'lh '..valer il\ Mayor 
JUlie, 

Freczl'-u p o c(' urs in lale Seplclllbcr or earlv Onober, 
begin n in g in Jone~ So und al\d encompa~~inR C o burg-Is land 
Il\' m id lo 1;lI t, Onob r, Anllual ice p rc va ils in lh i ~ regio l!. 
0 1 'II \Va tcr fi nl a pl)(',ll '~ inJa nll ary ( ex('('pll k(' ~mber I0 7H), 
l 'Pie,d ly in lh l' jCll'1ll o f a hor~(.'s h o -shape d Icad in L.<ldy Ill! 
S trait, sOli lhwes t of'Collurg Isla nd F ig- , ~\(f ), TIlt' !cac! devcl
o ps a t IhL' bOllnda n h ' t\\'el'n lhe as i in ' in.Jone 'ou ne! and 
lite pack ice or Barli ll Ba\', I lo we vl'r, 11H' open \\I ;ller ÎS :iO l'l'/{-

111;11' ill rorrn alld locat.io n ('1'0 Il 1 l' l ' al' 1" ' ( ';U ' lhal It llla bL' re l
ated ln lhe 'ol ltht'a: t I II nIlT(,I~ l ('nJlni()nc~ SOlllld, ,'l'Ilich is 
( h;IlIl lt'lIed tlllP llg h the , lra it (Fig, ~) , 

Opell wal{'r l't'mai n: h rC" al! wiJ tt' r alld l'a n ],erollle' 
qui l . e ' 1l'II" il' , ( ', ' Fig, '}. r - f) , Lead s 11111 l'XLc nd lo Ihl' 

o n h \ V:1l '1 II I sOllth Lo \\'a rd s Lancas le r :io un d , u-s u;t1h (,(Hl-

11 (' ( t ing- Io Lhe Icl ller' h April. 'l 'he North Wall' I' tt'I a ls 
sOllth past :oburg Is b n 1 IrollllII id l'vb y tl) carl yJl lIIC" (mid 
.JI ll \' in 1978), 'Ilthough prior lo l h i ~ p t'ri lle! illTlay be con
Ilccted ill ll'J'lll ii l' llll y vi" lhe shorc1 cad along' lhl' Ellcslli e re 

co"st. 

5,:\, By lol Is lalld 
r n ail 5 , C;lI '~, an a rca uf open I\aler ln,,, obscrvecl 1 ar

al!c1l o Ihe eas tcrn Of' suu lh as t ru c(') a ~ l ,1' r\y lo l Isla ll d 
(Fi).',', +a), II i ' a rathl'l' di lli 'u ll fl';\ture lO lllap becau c o rlhe 
l'requc lIl hea \'y cloud in lh i ' 1 egion, Allho uRh lhis open 
\l',lt tT a rca 'velllnallyjoill , IIp wilh lh t' 'orth Walcr. initiall y 
il dCl'clo ps as a s 'p aral e fl'alun', 

T h· W;IIt'l's a roulld Bylol ls land arc u sualh fr oz(.'I1 bv 
Ihe e nd n t' OctohtT, ;IlToll1p allvillg th -' l'rccz '-up of' Ballill 
Ba l , t\ I C>~ld clevc10ps bdWet'n thl' shI r ' b st il' . anJ tllld Ih In l 
blalld 'I ncl tilt' cil if't ice in Baflln Bay; lite C1 Jlt'lling ami dosing 
orlhe l('ad is n : I;ltt'c1I \1 wincls an cl h ' g '!H' f ,1l mO lion "fllte 
pack irt' in l\all in Bay, TIll' katlll'l' \'<tri c, sOI11 l' what in ,ize 
<lml spC'cilic Inc~llioll lru m )' a r ln ear. bUl i,' 1\\',I\'S loca led 
alOI!'" lh ' -'aSILTIl coast orlhl' island , (' I<:n ling soutlt across 
Ihe t.~ llra n('l' tu l'an d Inkl alld pa ,~t (:ar (' l'vIaC;'lllludl 011 

g,tlli n Islan d, 
FrOIll 1 !J7(i lu 1 !17~), lhe Bvlol Islalld !carl lirsi 

a ppc<tll' 1 in 1'c:brllClr , wh il c in 197,) lh e OF cuing ll'a ,' hr~ 1 
llolecl in Lt rrh , ln 1977 , 197M, allcl 1979 , iL ons is led 01 ,Ill 
"pen lea 1 )fl Ihe sOlll hcas tc rn coas l ni Edol 1 land, eX le lld
ing s()lllhward ~ P,lq Capc .la lllL' on, J);lA in (' land (c, g, 
Fig, 4(/), l n H 76 it al su ('xtC'llcled ;! wlllld the 1l0nhenl coast 
of' Bylol h l;IIl<1 (Fig, 40), ln 1975 tht' !cad was 4uite wide 
alld doser ill shon:, a ll d ran soulh alollg' lhe ',ISt coast of 
lhlot Is land lu C ape Macculloch (Fig, 4<), 

T he op n in g usua lh' di app(:a rs bv April. as it did in 
1~)7 (i , I~)77,;lI1d I!J78 , 11l197. ,itd isapped l'e d in ca r lyM ay, 
III 1 9 7~) , tlll' n pcll ing- becanw (un fin e d l(> a llI all o pen IVa l ' r 
al' ';,1 olllh<: ~('l\l t hl' ilstern Co rnLT 01 tilt' i land , and ill 1976 
thi~ 'ante slIl,d l o p t'Iling l'ea ppea red in l\I a~' (Fig , [([), 

As pre ,'itJ\ls l) st , Led. l!Jis ]>ohn a el'c!lula ll)' m r Tes 
\l'ith thc North \Valcr \l'h c lI break-IIi> O('(llrs III BaHiu Ba) , 

Titis linkage Cil 1 OC('III' as (',1111- as.lunc (as in 1 ~J 7 ,1j) 01 ' a s late 
as Augusi (as ill 1 !177 ), 

5.4, 1 .ancas lcr Soulld 
l.alldEtst ic\' rOJ'lllS hy ble Seplelllbcr or (';lrI )' 0('[0-

ber in l.al1Glster SOlllld , BI' lllicllo lal(' Orton l' Ihe sound 
usually' b ecomes CO 111 P!cH"1y icc-covered. ,dlhough sti ll 
unco llsolidalL'cI (SI /10), i\ syslem o t o p e n shore l 'ad,\ ,md 
CLICks usually dnc lof.>, octw -. n m id o\,(,I11"n (1 V7 5, 1 !17()) 
;md mid Dece lllbn ( 1 CJ 74, 1017), re l11ailling in . (l lllt' [o rm 
lhro ltghoUI lhe \l'inler Illll ii hreak-Illl' Il W ;IS absc lIl in wint e r 
1 ~17H-Î~), hOl-l'evt'l, as iet.' in Lancast f..'\ SOlllld h!.:ca ml' (' {)n~ol 
id;lI t' 1. T he !cad syslcm l'uns alo n g- the ll o11hc l'l\ ~lIld '> 0 Il 1 h
crn siclc ~ of L ncasler Sound, cXlcoding soulh in to Pr incl' 
Reg('nt Inlet \l' herc it may bc open south orC rc~ l\'e ll Ba ' on 
Ihe IIT ste rn sicle ((', g , h g, 5f/), Th, paltClll ()lî e~lcl s c h èl ngc ~ 

pt' ri()dicall~ u n dcr lhe influ enre o(' curre n ts and \\Ii ncls, 
1 nduded in [his SVSlCIll i,\ <t 1 ad wh ich hegins n ea r lh t:' Il' 's t
cm end n i L.allc I ~ter So un d <lnd ilia ' l'Xlcn I ,\s I~H' II't's t as 
{; rillit h Island ilnd 1.0ll't h l' 1. bncl, a ,: il did in[a nu <l1 ~ a n cl 
h'bru;lI'1' nf 1975, lQ7G , I\J77, ét n d 197H (Fig', fi a) ln 19 76 , 
tlt c lcad 'rem,ùned ill Ihi , po:i lin n th roll ghollt lhe willl c r 
(Fig, :)11) \1111 il hreak-Ilp ill la te tiLt " III 19 75 and 1!l77, the 
lcarl ;Jl'oUlld I.oll'th 'l' Isla nd In n e ovc \' in ;lbo UI t'adv F bru
: \l 'V ilnd bIC Mareh l'I'Sp '( li l'cI \' , \ l a bolll lh is tim e, anolllf'r 
Icad dt' I'clops illlhe vil in ill o ('Princ ' Lco pold Island , and 
l'lill. Ilo rt lt loward ~ LlX\It' lI Bal and ÜH'll 'a_ l alo llg lhe 
s01111t coas l (, fOl'I'OIl h lalld (Fig , ~( , d), IIi , l, li ita ll~' , LIll' loca 
liu ll ()l l lll ,~ 'pe n in g' ha ,,, l)('c lI rCI1l;lrkahl y COI\Sl:lI ll (Sllliky 
; Illcl 'film' 1 !l7D) a nd m y 1)(' rdalcd lU lht sllhlllal'illC' sil! ill 
l ,: lllr;lsl c r Sound al lhis po in t. 

ln 197H, Lhe Icad a l P rillCe I.eopolcl Island tirsi 
a ppearcd around Mare il 1 1 bllt had re l'rozen 1 \' 'Iarch ~. , 

l t h i ~ ti me, open w;ll e r was restrictcd to :1 !cad rlll\ ni lig 
bel ll' e ' II Cape Shcranj (D l'on ls Lt ne!) a ncl av\' Boa t' 1 Inlel. 
III 1:179 , the only op n waler in l.ancas le r SOlll ld was ton
lained in a tranSIT!'\ e lead r llnll ing Ilonh-:oulh ncar lhe 
' ll ll-a nCe lo l!te sound (Fig, 51') , l'h l' lead clncloped by carly 

Jan llary andjoined wilh lhe 'orth Wal e r illlhe s' Ol! IIt ,dr 
ol Mav , 

, Dllring lhe \VilltCI', lhe lc:ld along- lhe Ilortlwrn side of 
l.aneasl.t'I' SOlln cl ma ' he tlllllinuous lh ro ll g hollt ilS wholc 
1 'll g' lh ;1ll C lIl link wil h lhe ['ol yn ya near C ohurg b land , 
d ep l'lHling on willd loncl i l i()n ~ and tlt • Ill u\'c rnc lll o f iec in 
1J~IAlI1 Ba ' (Fig, 5(1. r ) , At odl ' 1' ti mes Ihl' lc:ld is cliscOll t in lJ
ous (Fig', 5h), n lit e snulhc m id e of 1,<tIH:asll' r , 'o und , the 
Icad i ~ 1l0l Il , lI edl contillllOll ' a, b r t'as i as lhe [lul \' n ya olT 
Hylol Islalld, 

Ure,lk-up !'ollllllt' nced in early ln mi J ;Vl;ty in 1 97 ~ and 
1977 and laie <lay ill 1\)7 <i , III 197H and 1!}7Q, hreak-up did 
nol OCClII ' lllllil sOll\clilll e in IIgoiSt. 

Prin\' ' Rege nl In l '1 
Fr eze -Ilp Il s lI:dh OClurs in Pri lll'l' R '!!;c rll [nle t alld 

lhe c uir o r B()olhia no laler lhan mid OClobcl'. S in :e Prin ce 
Re 'Till Illi e l Olll\' b ('Olll ' S iee l'l'Ct' :IS I ~I(, soulh a , :t line 
OClI\ t' ' Il Lo rd Mayor Lb) , Boothia Pe nin sll la , and C rown 
PI illl(, Frcdcrick Is land, there i~ a di visioll bc tw 'Il lhe 
annllal ice in l'r inCl' Regc nt [n i ' t and lllldliYl',lr iCt' in Ihe 
G u lf o f Boolhia , 

IIlJanuar\', a charactcrislic l'ail ' rn ot' !'ra('k ~ ;1Ile! 

shoreleads dcvelops along bol h Iht' '"IS t alld \l'l' SI ' ide s ul 
Princc R'g'en l Illlel . ~o llt h illLO lh t' G llll' of Bou th ia anel Cum
m ili ce Ba\' (Fi).{, 0'7 ' This bld s l' ~l l'i li aL(J joills \' ith ltacls 
a long Ihe 'suuthcrll siJe (J I' LlIICrISL( 'I' "io llnd , ° III l' p:tll ' I I is 
ven s imihr ln lit t.: ]J,lt lt'l'Il o l' CllI'l'l'l!lS ill titis rl'giol! (Fig, 2), 
' \11 ()PCII lcad ('(mIIllOIlI )' OCCl II ' , al ollg tilt' t'as 1 crll and north-

Figures 4a-d 
.\t ·'I" ollhe lI1'1o! Island I('ad W~I(,!II, , 1 ((,\\'illg I<'c ë() lIdiliollS durill g l'a l'lil'll
lar !IIolllh, 'lnd \'l'; II" J~ illdiG\lcd , Sc,, FiRIII"' :1. l'agI ' 1 0 , lor k.'\' 1"" !11h01, 
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t.'él sl e rn coaSlS orSOll1ersetlsland inJanuar a nd February 
(c,g, Fig, Ga, 0), a nd lhere is sorne limes open water alollg lhe 
l1rodl'ur PCllinsula allhis lime of yt'<Ll'. A patch of open ~~atcr 
llla }' al\o occur al lhe enlrance 10 Prince Reg-cnllnlel (c ,g , 
Fig, Gr ), or a il open lead acr()~s lhe ill1el SOli th of LanC(\Sl r 
Sound (Fig, (jrf), ln mosi 'car" lherc is a lransverse 1c~l cI lhat 
Iïlns so mC'whcrc b Clwe en Bellot Su'ail and Bern ier Ha " 
Brot!ellr Pe nin s ula, l'rom March unt il mid 10 laleJ une 
(Fig, (j,', j) , Thi is a very conslant reatm from veal to v('ar, 
and ollly clisappears with lhl' progress ion ofbr~él k-up , '(T he 
onl}' excepliolllO lhis palle rn during lite siudy p e riod was in 
1979, \l'he n the !cac! d id nol appear unlil midJIlI1l' ,) The 
localion or lhis lransvers( ' kad m<ll' be rd aled lO lht' slIbma
rinc IOpugTa p h , ot'Prillce Rege nt inlel , sin ce there is ,'1 sil! 
across lhe sound illthis \'icinit v, This silllllay also illOuell!'c 
lhe del'elopment of coulllcr-cl'ockwisl' t'lIlTe'llls ill l'rillcc 
Regent Illlel (Fig, ~) , Fill :dl y, the large open 1cad Ihal Ol'ClII-
l'cd in Crcswdl Bay inJalll.larv <Ind/or Feoruary in 4 orthe 
pasl5 ye,l!'s (Fig, 6d) should be nOlcd, This Icad lenos to dis
appcar wilh the developmcfll orlhe transverse !cad 
ill March , 

Prince Regentlnlelll'as of.>t'n from LancaSler SOlllld 
as LIr soulh as Bernier Bay be1()re lhe end or AUgllSl in 1 \)75, 
1 !nfi, and 1 S 77 , In 1979, il o pencd only as Etr SOlllh as Ct'es
weil Ba r , and in 1978 only the ba ys and il p assa).','C' along lhe 
eaSlel'll side of lhe inlet were open, Eisewhere, lhcrc was 
H/ lOto 10/10 ice cover. 
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5.6. Bellot Su'ait 
The polynya in Bellot Strait l'an prohably bl' attrib

uted te> th(, t'lleet of l'urre nts passing- throug'h the narrow 
channe l be t \Vl'en SOl11crse t Is land a~d Boothia Penill sul a 
(sec Fig. 2) , The Canadian H ydrographie Servi ce (1970) 
me ntio n s the e xi stence o f stro ng CUIT 'nls on the cas tenl side 
nI tiie s lra it. which Ill a)' exp lain the regular ext ensio n of t he 
p o lvnyas inlo that area. 

Be t ween the end o f Scplem ber and Deccl11be r , Bellol 
Strait ,uld lht' areas off each e nd of t he suait. in Prince 
Regent Inlel and Franklin Stra il , becoIlle ice-cov 'rcd 
(Fig. 7a. hl . Open wale r occllrrcd in the middlc o f Be llo t 
Su'ail bl' tween lale Oeccmber and Mareh in ail 5 years (e.g. 
Fig, 7r ) , Il !irst appeared in Decembe r in 1975 and 1978, and 
inJa Iluary in 1976,1977, and 1979, ln April a nd May the 
p o lynya lIIoves to the eas te rn e nd of lhe stra it a nd enJa rges. 
ext.e nding' into Brentford Bay (Fig, 7d), Break-u p usually 
O(,(lII'S in June . but conditio ns are highly vari a ble fro m year 
to yea r . depending on break-up patterns in Princl' Regenl 
Inl e t ancl Fr,lI'lkli ll S trait, D\II'in g this pe riod Bello t Su'ait can 
be comp lete ly lrozen over ( 1976), open in the mid dle \vith 
in,' a t cilhe r end (1977 . 19 7R. 1 ~)7q), OI' tolall y o pe n into 
Brl' Iltfo rd Bay (1 9 75 ), 

FruIII IateJllIH' UlIlil the l'nd o ISeptl' I1Ibe r . Bellot 
Sn'a it re mains open and l'O IlIlects to ope n \\,a lt' r in l'riIl cc 
RegellllIllct (Fig. 7e). ln ;\ years (197:') , I D76, 1977). Ihe re 
was op en wa te r nffho th eIlds o{'th t· .~ (r'l i t hy la t(' AlIg uSl/ 
carly S('p tc m ber (Fig. 7/) , ln 1 97H and 19 79 . open \Vale r 
was p resent o nly a l the east ern end orthe sl ra it. 

Figures 7 a- f 
M;'I) ' " fl he Bellol S II";l polyn); I, .slllJwing ice condil;ons d uring pJrl iclllar 
"H m l" s "nd je"r, a., indica lcd . Sec Fi gure 3, p~gc 10. for k," lO ' ) Illhols 

5 .7 . COIlIIlIittet' Bay 
i\ )J o lynya W,lS prese nt in COIllIlliucl' Ba y, betwecn 

Wal es Isl and and Simpso n Pe ninslIla. in ,III fi yea rs . first 
appea rin g in citherJanu ary ( 1977). Fcbruary (1 D7 5 , 1976, 
1979 ), o r April (1978) , AltholI gh il init iall\' vari t~d in sizc . 
shape . and specifir location be tween yea rs , illIsuall y ado p ted 
a rairl y cha racterislie fo rm bv April (figs, 6a-fand8a). 

Freeze-up in this area begins e ilher in ca rl y Scpte m
be r (1976, 1977. 1979) , mid Sc plember (1977) , o r ea rl y 
O eto ber (1975). Landras t icc fonns along the sho re 
whil e the middJe ofthc b<l )' is fIll ed with pred o minantly 
second and multiyear iee , whieh drifts in (rom the G ulfof 
BDo lhia , 

T hc po lynya seems LO be part ofa sho re lea d sys lem 
that de velops belween the horcfas t and pack ire in Prince 
Regenl Inlel. lhe Gulf o f Boothia, and Committec Bay 
(Fig. 6a), It is difficult to explain why this pol ynya occurs 
.sin e ' bathymelric and currc nt info rmation a re lae kin g, 

cvenhc1css, we lhink lhal wind ancl lidal actio n IlI ay be 
impo rtan t. The maximum tidal range at Fo rt Ross. Be llot 
Su·a it. is 2.5- 3 Ill , a nd il is like ly 10 be greale r lo lhe south 
in Committee Bay. 

Afi er fo rma lion . this polynya persist s unlil ea rlyJune , 
a l whieh time the il'(' in the (; ulf of Boothia and Committee 
Bar hc( omcs more mo bile and t ht' bndfasl icc Slan s to break 
IIp . At m axiIIlum brea k-lIP the rt' is open wa te r alo ng the 
coast bu t (:onunittee Bay itse lf'is nevcr ice free (f'i g. 8b). In 
Seple mhcr 1975 ho w "ve r, an excepl ionally large portion of 
lhe ba)' \l'as upen to Prince Reg-cnl Inlet. 
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'JO' 15 APR, '76 

MELVILLE 
PENIN SULA 

BAFFIN ISLAN D 

Freeze -u)J usua ll y begins in the northwes te rn corner 
o f Foxe Basin in mid O cto be r and extends so uth to Soulh
ampto n Island by early to mid November. In 1978, freeze-up 
occuITed a few weeks ea rlier. T he ice cover in Fo xe Basin is 
eharae te rized by an nua I iee, with fasl-ice zones aroundlhe 
islands and along the shoreline . As a result o f winds, tides, 
and eurre nts , lhe main pack rcmains continually in moti o n. 
A la rge proportion of Foxe Basin almost always shows IIp as 
quite da rk o n the NOAi\ imag-e ry, perhaps beca usc the COII

s tant mOve men( kee ps it from geuin g too thick . 
No rmall y. by the begillning o lJanua ry a charaCl e ristic 

pa tte rn o f cracks, leads, and patches of ope Il wate r develops 
in no rthe rn Foxc Basin. var )' ing littlc [rol1l yea r to }'l'a r (e.g. 

Fig, 9a). Ope n \Valer appea red as soon as carly Ikcl'I1lher 
in 1975 and 1978. north and no nheast of Prince Charles 
Island a ncl from the southent t' Ild of fury alld Hecla Su'ait 
south pas t Igloolik Isla nd in 1975, a Ild be lween Ig loo lik 
Island anclJens Munk Isla nd and north o f R(,)\vley Is land 
in 1978, 

By I1liel Fcbruary o r, mo re ofte n. earl ivlarch , om' 
t ypica lly finds open sho re leads a rOllnd Koch Island, Ro wley 
IslaIld, Baird l', n insula , Fole y bland, and the Spice r \.slands, 
An o pe n lead also de velo ps be lwl'Cn lhe fast icc aIlcl the p ack 
iee o n tiie southeast si cle o f Prin e C harles h land a nd Oll the 
soul hem sicl e of Air Force Is land , In some years , the o pe n 
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wa te r eX lends south alo ngTaverner Bay , Ballin Island (Fig-, 
9b ), 'rh e po lynya off Ro wlcy Islandlinked up with t.h e Spicer 
Islands po lynya in mid Ap ril 1978 (e,g. Fig, 9c). and iIl miel to 
la te May in 1976, 1977, and 1979, 

Usuall y by lhe begi IlllÎng' ofJ<lIlUary lhe re is an (}p ell 
lead h e lweenJens !\!IUIlk hland and Igloolik Island (Fig, 9a). 
This po l)'nya , which has a characterislic ho rseshoe shape. 
l'l'mains lhrolIghollt the wiIlt t' f. Thc re is also <l IlOlher opeIl 
lead whieh dcvclops some time in February ( 1977 , 1979 ) or 
Mareil (1975, 1978) ('rom Cape ''''ilson south pas t Win te r 
Island (Fig . 9b), This k ad also pcrsists llIltd break-up. III 
1976, there was only a slIlall p a tch of open wa'le r . wlIich 
appeared olrCape Wilson in May ,! 

The polYIl yas ofl' Rowl<:y IslaIld, Spicc r Isla nds, 
l'rince Charles Island, Air Fo rce Island . a nd C ape Wil son i lIT 

a llto tll e south or sOl1lheast. Pres lImabl )'. this is Iargcl y a 
r ' 'tllt of winch predominantly Ii'om t!he I1 0 rthwes t (Markhalll 
19(2) ; a similar eHect has hecn noted previolIsl }' in Unga va 
Bay and Hudson Bay (Stirling et nt. 1977). 

By mir! May in a il yea rs, Cl large area o f npe(1 waler 
d e ve lo ps in northwesle l'1l Foxe Basin, betwecn H all Point. 
.J e ns Munk Is iaIld, and Rowley rsland, This ope n wate r grad-

1 T I,,' It'a cl ~}' ll' Ill olr llurth ern S Olllh ' "11p lO n tsl,mcl "'as lIo l lll"ppt'd 
C() II ~ i S l l' J1d y bt' ("(.I.lI .~ l· il wa s: peripl, cral tu the mail! sludy a l'ca. 17 
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Figures 9a-<l 
i\ taps nlth(' Foxl' 1\asin POIYII\'; IS. shnwing Îct' nHH.li l,iul1 !i durill~ p ~1I1i {"u lar 
"1<,"11" and \ 'e~lI'S ;J S illcl i,,;tI"cI , See Figlll't, :1. page 10, 1",. k, '\ ID '1 IIIl>ols 
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uall y enlarges lo w; lI'ds Ihc soullleast, <Incl tltl' olher <lITaS or 
open water dcsnihcd abovc gradually begin to coalescl' 
(Fig, 9d), O pe n walcr lü'quent ly extcnds along tll(' leac! off 
Cape Wilson, The ea rlv opening of northweslern Foxe Basin 
has becn relaled to prevailing northwcsterly winds ancl 
south wa rd-R o l in g- currenls (Markham 1962), 

As break-up progn 'sses, a cOl1lplex an d variabl e pat
te rn of open water and loose ice de e lops, depending o n 
I,'ind conditions and th e patte rn of b reak- up itselr. A g eneral 
clearing of in: in Foxe Bas in , throug h H udson St rai t , usually 
OCClll'S b y la te August to late S 'p tem ber, although il nid not 
clear in 1978, Fury and H eda S tr'ait d oes not often clear in 
the summ er, because it tends tO be blocked with ice Rowin g 
ou l of the Gulf of Booth ia , 

5,9, Hell G a te - Cardigan Strail 
1 Iell G ate è1 nd Card igan S u'ai t arc narrow passages 

be twe n orth Ken t, Devo n , and E ll esme r e is la nd s , throllgh 
which stro ng Cllrrents fl ol\' from No rwegian Bay to Jones 
So und (Fig, 2), A well-known recurrillg polynya occurs there 
bccallse o rlhl' sc currents , From the past 5 years of data it is 
poss ible to delimit è1 core area to th ' polynya which apr('<!rs 
in a fairlv conslanl pattern from l'car to yea r. 

Free 7.e -lip normally occurs in this a rea som e limc in 
Scplemher; the bays and fj ords f'reeze flr~ t\\'ith n ~, ice, E lse
whc rc Ihe ir e is usualh' a m ixl llrl' of g re v, .rn :y- wh itc , and 
ne\\': in sOl11 e l'cars lherc is 1 sl- ycar ice al ~o, and occas iona ll y 
sutne ll1u lti yea r iee, The nider ice ('o llie ' Irom 'o rwtg'ia n 
Hay ,lIld g-l'ts clogged in the s l rail. Thro ug llo ul OCloher alld 
November, Hell Ga tl' a nd Cardiga ll Strail are ( o\'eredll' ilh 
q +- 1 1 0 iee, a llhough lhe ict ap\Jears tu rf' lIlain lIl o biie wilh in 
the area, ln o vcmhl:r 1978, there wa ,~ o nlv (i! 1 (l1O HI I () il l' 
('ove \', sincc Norweg ian Ba\' did n Ol break ur> that Y(.'<II and 
Llll're l'la s les dogging 01' lhe su'ait. 

Open waler usua ll y reapp ars in c arly Dece mber, on 
l' ither sidc of o n h Kenl l 'lan d , f'reque ntl y ocr lll'ri n g firs l on 
Ih l' e<lstern s ide or lhe island, Fro lll Decel1lber ulllil J uly, 
open watcr remains, \l'it h th e llIa: illlulll (',' te nt occurring in 
1ay,June, and Ju ly, COllditions a ncl co ncenlrations olln: 

mal' be quile variabl e lhroughollt the ",in ler and betwe en 
y ars (Fig, IOn-j), , cvenhcless, the pol , nva o rt en remains 
ice -frt'C along the sO ll th eas te rn e d g-e , poss ibly because oJ'Lh e 
,~lIblllarin e s he lfthal runs acro%J o ncs Sound bClween Cape 
Storlll 01 \ E ll esmere Island a nd Cape Svarte n 0 11 Devon 
Isla nd , During the pcriod of maxill1unl CXlen l (, 'lay-Jul y) th e 
core ar ea is i 'c-fr 'e and iso lated frornJon('~ Sou nd , 

ln ,l u ly, break-up n0r mall y occurs in Norweg ian Bay, 
<lnd ice flowi n g sou lh from here te nd s ln block 1 l e ll Ca le and 
Ca rdigan Sll'a it. Because of this, th e a rea do cs not usuall y 
hecolIIe comp le tel)' ice-free in su mmel'. In most yea rs, 
Joncs Sound is o pen during Augusl, whil e there trl ay still be 
6/1 O-RI 1 0 ice cove r in H('II Gate and Cardigan S tra it. "Vhell 
l'reeze-up OCC U I'S in Sep te!lllw r, th e ice cov(: r co ns ists of a 
lIIixture o fnew ice, I- yea r-old ice, and 1Il1llliyear iec, 

5, 10, Queens Channel and Pellny Su'a it 
A well-known po lynya sys te ll1 OCClII'S in the vieinit y or 

Dlllldas Is la nd (see fronlispi ece) and l'l'nny Su'ait, probably 
hecause of the slron g currents and pr dominalltl)' sha ll oll' 
I,'ale r lha t prevailthrougho llt lhe area, Freeze-up usually 
orcurs in this r egion in la te September or ea rl y Onober, Wilh 
lhe excep ti o n of 1976 when it took place in mid OL'lober. 
Frceze-up OCClll'S flrst in Penn y Su'ait andlhe area lO lhe 
northwes t of Cornwallis Is land in QueellS C hanll el and 
Mc])ougall Sound, Wellin gto n C hanne l and th e a rea around 
Dundas and Baillie-HamiILo n Islands may h ave anywhere 
l'rom 2110 to 8110 ice at this lime , W ilhin 2 weeks lhese lat -

ter arc<ls l'reeze up as wel l. al wlli ch t illle there is a character 
is tic a liglllll t'Ill oficc (Fig, 111/), Ailhoug-h lhe iee lhruug-llOlI l 
this l'egion is ll.~u a ll y cO lllposed ol'<lOlIu;1I ic t', in 197R and 
1979 northe rn Wellington Channel did n o t be wllIc l'l'ce of' 
ice during' lhe SUlIlmeL T herefore the connectinn to 1 " II1 C;lS

ter Sound did nO I occli r any fu nhe r Ilonh than "pproxi
mate ly Grifl'in Inle l on De\'on Is land , 

InJanuary (Dece lllb cr ill 197R), an area of open 
water ap pears in Couch Pas~age b twc ' n Dundas Isla nd ancl 
Baillie-I lamilLOn Isla n d , or in Pioneer Channel bet WCCII 

Dundas Is land a nd S hei ll s l'enin slil a on Devoll bla nd 
(Fig, II b), This fea lure pcrsists through th e winler I!lonths 
(Fig, Il r , d) , At its maximum extent, which t1 suè1ll y ncclirs 
aroundthe end or April or in ea rl y May. th e wate l" helween 
th e 'c land masses re ma in complel h' open (Fig', I l r), Wit h 
th e beginning o f b reak-up, usually in J une, C o uch Pas ,~age 

and Pioneer Cha nne l tend to clog with ice flowillg Ir'OIn 
Penny Strait , p res umably because o f th e sOllthe rly Rowing 
cur rents in this region (Fig-, 2), T h ~halIol" d 'p th ol'lht, 
channel s and the pos itio ns o r th e is la nds combine to aCi as a 
bottlcneck, The jammed iee cli sappea red ill c arly 10 m id )uly 
in 1976 and 1977, and around th e e nd 01']111, in 197:i 'Ille! 
1978, In 1979, beca usc of Ihe ice conditi o ns , il was not 
possible to tell when o r eVf'1I il' the icc jam dis. pp 'ared , 

Several small po ll' nvas develop ill , -1ay or t'art y JUII(, 
a lollg the cas tc rn s id orPt'nlly S tra it (Fig, II I'), Although 
Ilt ese po lyn as ma y n o t opell partil'ularly earl)', the\' pn:ccue 
b r('ak-up an d secm to ()CCUPV;I conslant loca l ion l'rom ~ ' ('ar 

10 )'eal'. A s brl'ak-uj1 pro(,t' l'd lhroug h.lunc, tltt' sepnr;lle 
pa tches oropell watcr coalé,~ ('l' IInti! the \\'h o le su'ai t is clear 
or in' (usllally bv lIIid)IIl1e), Fi na ll y, Il)' la lt'JUl1C lo m idJlll y, 
t h t' o p 'II wall'l",s 0 1' Pellll S U'~lj l lill k IIp ", ith t Ill' 0 IWII W<lt.t' I' 

around DUllllas I s l ~lIld , a ltlt o ll!:~h in 1078 lhe 11\'0 ,~ r(,J S dic! 
Il o t unite until th e bcgillning ol'August. T he al' a a rolllld 
D u n d. sand Bai llie-Hamilton isla nds joins th e 0 j.)l' II \\,al('I" ill 
Wellin gto n C ha nn el (and h n((' l.ancas ter Sound) sntn('
lime be twe ' II mid .l uly 1O mid August Fig , 1 If) , In 1!17 é1 and 
1979, thesc arf'as di d notjo in because W e llington Channel 
relllained full of in' as far ~oulll a~ <Ipp m xim<l tel )' t;rifhn 
lnlet. 

SOLithe rl y Ro wing curre nt s ca rry iœ fi'o m Q II ('('ns 
C hannel and Pen n y SlI'ai l sOlilh thro ug h W 'I! ill o ton Chall 
n l'1 10 Lan -as er Sou lld , McDo uga ll SOllnd, bc tWêêU Ba lh w',q 
an d ,o rnwalli s isla nds , was never observcd ta be lompktd \' 
free of ice in an v or th e 5 }'ca rs , 

1 !J 
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,J.II . Arctic OCl'all It'ad q 's le lll 
Tite An'Iic Ocea n is Cl)\,cTed \I·illt pac k in ' \l 'hi clt, 

1I11dcr lhe ro rc('s of Clirre nl S and \l'illtlS, gTaclu<llh- lllo ves in ;1 
dock \Vi .~(' direction . \ zone or lanclbst iC L' r()IïllS a long the 
ouler ( Ul:en El izabeth lshlHb , Il' 'S ll'l'Il l1a llks IsI ,lIld , ami 
along lit e lll;lilllCllld cO,lsl (Fig . 1:Z) . F!C('z('-up ,d o n g Banks 
Isbnd cm hegin belwee n lit e !irq 01 ()ctohcr (as in 1 q7H) 
<llId Ill(' fi r ' t of NolTlllber (a~ in 1 ~) 77 ), 01';1 wcek or lWO iaIn 
.. 1()lIg lite IIlainhncl coast. 

T he bOllndary he l \Veen tilt' Ias l in' ;\Ilcl th e pack ice is 
('ollllllonh' m;lll d b~' a sltofl:lcad ' y ~ l t'n l whi ch r{'tll ain s ('( ' Ia
IiI' ' li- ('onsLlIll f'ro m \ ca r lu n :ar , ,Ill cl corn:spond. tCl the 
lU IJlillt:ll tal s lt e ll (hg. 12). The lt\\d '"s tCIII is o rte n contillll
()I lS l'm m Ilo rt lt olTlI t Ri ll Rll l''i Isla ll d sOllt h 1 l C lpe 
B<llh llr~ 1 o n lhl' n la inl.lIld , al1 d Ilt e ll WCSI past Point I\a rrol\' , 
.-\ Llsbr. IlI.J; lI lil a r y 1 Q7, it ('xtemkd a' LlI' north a~ Robc~ lI n 
Ch;ll1n ,1, Ile l\\' '(' ll 1'.l\c ~llIere Island a ll d Gr '('nla ncl . 

T it e lead ope ns and closo as Ill e pack iee I1loves; Ihu s 
it \, ; II '(('S in width and co ntinuilv . Il wkt's the (urlll of SOnte' 
('()J ll h inalion o f Icacls , cracks, al1 d pa lclt '~ or o pen waln 
(h g . 12) Il h ich in p lat: cs ma' slrelri l 11 [l IO le n. ()r k i l ()melrt'.~ 
",id e d llr ing Il inte r. FOI .· h( rl P li o d ~ , o pc n \l'<ller IIl <l ~ CX iS I 
in l it e I( '<l d hU I, h-c;tlls( nf Ihe rapid l'al <) (, icc'[ùnn al l()1l in 
,,'i n I ('1'. 1 h l r ' is II slI,d h ;1 CO\ (' 1' lit' Il e \\' ie t' (Wl'cks 19ï8 . th 
~ I (\ l , cl !' r(' \,jo llsh', il \\'a~ 1101 possihk 10 tli ff n.' ll liat~ n 'II in' 
[('( II1l opell \l'a l er O!l 1 h l' O .\ r\ l rnagl'r~, s() 1 h;ll ,L11 d al" al' ' ;t, 

\l'l'n' I1l appcd ;rs o p en \1 il ler. A, th kacl d() s ('~ . 1 h l' I\CI ' icc l~ 
r ;lfted 01 !'o revd illlo prt' ~sll rl' rid ge , dli ... h Gill h ' SCC ll 
d ca rll' l'\'('n (lll NO, A i lll ~lgn. !,' mm lh' d ,lIh COI' t T ag-( ' pro
\'i( kd hl' 1IIt, NO AA im ag(TI', il appl' <l r 'i lha l l l! pack iet> 
Il''' V '~ I!I;II d ouI qll it trc«ut'll l l, ~ () Ih,II opell W; lt or a nd/ or 
ll C'\\' in' , lIT p c!' iste l1l Ol long lh i~ sltorclcad ~\ ~lc ll1. 

Figur 12 
~f.l p cd ! h(,' An 1 il ( [L',1n k •• tI ,,"'l'Ill. "h4 .wit tg il '"-' t 1 IlIdil lOn~ rhl! ilt~ p ,t n i c ll ~ 
1:11 I1 1tHlth .111.\ \( , .... 1 , 1\ i ll flit".ltl: d . Sc·t· FiHUT'l' ' ~ . l' i ,gt'" 10 , fo r k l' \ 10 ' \l l1hnl 
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hlr case ofdisctlssio!l, wc ha ve dil'ided Ihe ,\rnic 
()(,( \ II\ \cad SyslCllI inlll tlll' lollowing regi()ns: ( 1) l'l' in!" Pat

rick Islalld/l\ ('Clurc Slr~lil / ltll1b h bnd. Cl) Cape Balhurst! 
AmulldsclI C u Ir. and (:1) C;qH' Bal llllr~ 1 ta Point BaITO\l' , 

Alaska. 

:). 1 1. 1. Prillrr Pa/rir/; Island 
Thc Ilortltwes tcrn coas t or Prince Palrick Is land (and 

nonltw<lfds lO Borden and Elier Rin gncs is land s) lls u; llI v 
rl' lll ;lins icc-boulld lhroughoul lhe l 'ar. Open Il'a ler 
()l'lulTl'd alon g lhe r\rctic CkC;11I shordead as arl \' as lIIid 
J\ IlI' ('lIIbcr in 19 75 a nd (<)7b, \l'hi le ill nl her \'C;\I" it 
o ccurred so metimc inJan ua n ' (e.g, Fig . 13a) . In 1975 , 
open \l'a lC!' rema illed llnti\ Ca l h' .Juh (al lho ug h lIo ne \\,; IS 

p r CS(' lll ill l\ b rch , ,\pril. ,111(\ l it e filS l hal l' of Ma l). III 1 ~17() , 
il pl'r~iS l ed ri gh t throll g lt ulltil carll' JU ill', wh ilr in 197 7 
lhe rt' \Va, ope ll waln u n LII ('<l rh J ll\~' ( 'xcepl in April) . In 
197H lhn!' ,':1\ ~ (l rne Op CII waler in F ·' lJ ru<lr\' but , hec:lusl' 
or thl' con hinalion o r h (,:1I' 1' cloud a nd pOOl' or IIli ss in g 
image s, w (' have 11 0 (un lter dal 'I uillii ca rh .r Uile, when 
lit 1'1' 1\,1' 1\11 o p ' n \l'ale r . In 1 ~) 7 q, th ' re \l'as " l' l'Il 'al ' 1' 

\ \l ui l lll id I UlI (hu I llO rlal;1 fo r l' eh! Il:1 ri ,111 1 Iardl 
I!ec lllse o [ bad w ·aLl ler) . 

l'he m:lxitll ll lll CXI (' 11l (Ir lp l'!l lI'dt t'1 o c 'u r . ~ onH' li nlt' 
ill 111l' lJt'riod l'rolll ( l' l'il lll J llh, ((-(' CI \lC' nl\\' ill (;1\ ' (l' ,g- . 
Fig. l "ib). 1 Ih i~ l ime , ,p l'n WilLe' 1 i, llsua lh ct>nLilllIOll \ rrOll l 
Caf/t' Bd Ir l lr' l lo lIo n h o l Flld Ring ll '~ I sl and . B' .luh , I\'il h 
ill Tf'a~t'd lllo !>il it) o f lh e (J ,lek in ', l it e: lcad l 'll d~ t 1 d osl' of!' 
and ITas('S 10 !Je a cOlllll1 l1OUS {e.ll lll l' . [li S( IIl1 C yca r ~ , I\( )\\ 
l' l'n, i ,~(Jl;\l l'd opell \l' al C! C<ln Olll lr :I f't c r thi : (L il l.': ill ('arl\' 
.l ull ;lIld m iel Au g usl of 1~ ) 7H, lI l nl' ",as O p ' ll (or St' ll li -0!ll'l l) 
W,!ln lWl\\'ecll Ik rd e ll a ll d EII r Rillglll'~ isbll d ~, n el rrom 
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late August lU mid Sqltemlwr 1 !178 alld ill lat e Augusl 197!) 
1 here werc \larious ope nillgs offshore bel \\Tell HorclclI ancl 

Prim:c Pat rick islands. 
Associatecl \Vith the Prince Patri c k s'stem is ail are<l u!" 

opell \Vater at the entranc(' to M'ChUT S trait. This i · p crh;lps 
a sltear zo n e bl:tl\TCIl the \rnic pack iee and tlt e fast .ice in 
t he st rait. Open warer Gin apfJear therc as early asl anuary 
(1 !)77, Fig. 13n) or h .:bruary (1 97!l, Fig. 13d), ,lI1c1 therl' is 
IIslIall )' ope ll water b r micl May in m os t years. In 1978, how
l'ver. thc k a cl was closcd be twee n April andJuly . I::arli c r in 
the yl'a r dminR February. ope n w;tter occurrecl in M'C llI rl' 
S u 'ait n ea,' Me rc}' Bay on fkll1k!' Island (Fig-. I~[); howevt'r . 
th e lIormal position is likf' that sh o\\'n in Fi g-ule 13d ,1Ild ('. 
Open water is generally not prese nt in M' :h lrt Str;lit a h('\' 
the beginning- of Jul y (ait hough it was iu ) 977). 

Aiso related (0 the Prince Patrick sys te m is a il Opl'II 
illg e xte ndin g south along th > wes tern s idt, o f Ba n ks Is lall 1. 
Open ",';11 cr first app ar d Irere al var ioll s LÎm $ ra ngi /lg IrOIll 
carl} .Iallua rv in :1 977 to late Fe hrU <1l1' in 1 !)7 !'J ;\I1d 1 !17H. I ,ike 
the l'rincl' Pat rick Icad, the Pl'( : t'net' ot'opc n water is de ter
'lIilll't.! Il )' mm-emc ltts olLilc p<lck ict', "lIei it allai/ls it , m;lxi -
11111111 ext e l1l hctwcen May ;lIldJulv (Fig. 1 :lb). (n la ie ~unlllicr 
lhe pack n :ccdcs IIorlhw(:s t warcl s, ll slI;tllv leavi ng th wes t 
('oast or Rall k . 1 'Iand opell by Cil rl y Scpte rnher. LalleiLts t ic(' 
stans l ù 101"111 ill the nonlt , and tll pack IIH)II(' haek tllward 
tlt(, sh IT SOll lt't im ' b ('[wC' Il mid )clobt'r ;1Ilr! earl y Nm ' ' In

ber (1Mb, 1 ~)77, 1979). In 1 !J7n, Ihis ocu lrrcd in late, u gu:> t/ 
ca rl y Scptc lnbe r , and ill 197H il did not o p en up in s u m llH'r 
to the s a ll1t' ex tenl as il had in o ther vca rs . 

5 . 1 1. ~. Cl/jJI' /30 11/11 ni 
S Oll'lC open W<Ilt r cali be found ill \'i rl ll a ll y ail \Il IlI ths 

SOl1ll'lv lr 'IT in I\' ('s tt ... /I r mllndsen Cullï ll th ' ;1 1' -;1 ol' Capc 
Bathurst, Cap ' Parry , and Cape K '!l ' L (Banks Is land 
0 P"II wa t cr c m ap p ',11 as cal I\' as some t inw in Oecemb ' 1", 

;t1t hnllgh il is IIotun lii Ap ri l l hat a chal":1d ' 1 isti c fornl lo th t· 
p()hn~ a appcar . Ope ll \\'ater appl:;lrs a lo /l g tit I.' Ltsl-in' 
hOllnclarv, allh ouglt \.he IIl rr('ni Ilo\\' illg l'astI al' Is int tl 
:\nIU l\ rl~"1I (;lIlr Ina ' p l;/\ ,1 ro le. 

l'rceze-up l)('cun in t itis r 'gion-;o nwi illlc b e t ~ eCII 
,"idO 'lO her (l !l75, 197H), c .. uly o VCIll hl'l (I n 7 li, In7 , ) and 
m id (1 cm lwr (1 ~1 7 7 ), alld t;lk ' S ~-:} "' l'I ·b . Tite patte rn or 
l'I'C ' 1. ' -u p prtlgrcsse' 'I\rH I tll(' loaSt ('rolll the llort h ll'eSl , tc /'
'Il imlli ll ).{ in rnllllrl~ Il l~l1 lr (lvcrall, (he i {' '0 'el' i' Illa tle 
up pri lll arii o lal/nual icI'. 13 , llIitllkct' nlbcr , ,, r ha racl c ri -air 
pallt'nl () crack: and le<lds s t arts t () dc \'clop <l Io n the b~ l
in'IHl\lIldar" whi ch fùllow s th l: cdgc o l'tht, Llllltincnlal . h e ir. 
T his s ' te m ex tcn ds r ight aro und Am u n d sen G lIlf (Fig. I<la). 

During eacll 01" t he 5 ycar an o p en Icad dcvdoped (l 

the l',I,' llTlI 'ide o[ Cape Ha th ursl 'o rnctim in ,};1 LI. l' ) (Fi!-;. 
140 . This co ill cided with th , appC,ll'al ' C of open walerj ll ~l 
no rtlt o(, Ca~e Pa n-\' ill..J orthe 5 )'ears. O p ~II 1 ater rl'ma ins 
ill the gl"lIt'I'al art'a, in sorne ['urm, llll LiI b tc tay lO earlv J u ne 
\\'1\('11, cb;lractl'ristically, the area bct\\' cen C ape Bal hmst <llld 
Cape Ke llctl op ' ns up to ('orrn a dis in tq~ration a rea . U ntil 
April. thl' s ize, shape, a ndl()calion ofojJen \\' ;Iler is q ui le V3 r
iah ll' by llIonth and h vcar (e.g . Fig . 140) . By April in moSl 
yl'ars, IHlwever. the pul n \'<t xhibils a /li ure or le:!> >pic;d 
rorlll (Fig. I·ir-j). \Vith th e :ldl',IIKt' ol'hrc..:ak-l.Ip. the o pell 
\\' ;Itcr bl'I w('('n Cape Ba thurst and C~lp Kellcll e nlarg'es into 
AlllIIIH.lsell Cul!'. In addition, ope n watc r clevelops nonh
wards, illol/l-;' Banks Is land , and wcstwanls lo Mackenzie Bay 
(Sl'C l'lg. 1 l", hl. The e xt cI/tto which th e ;;\1Clrele~ltl polynya 
. l'stelll ill th e Beal/rort Sais 0!lnl is maint y dependent lIpon 
\\'ind sinn' this inllucl/ ,es the mOllement 0[' lhe- Arctir p ark. 
The coast was open 10 Mackenzie Bay in ail live sutnmcrs, 
and as br west as Harll'r Island in thr('c. 

5. 11. : ~. ll'I'sl of r:nj}r /3alhllnl 
A rc..:ulrrent ,rack a /ld lead sys tem dc\'l'Iops bet wecn 

the landfast iee a/ld a .. nic pack , alollg lhe coast \\Ts l l'ro/11 
Cape Bathllrstto bcyolld Poillt Barrol \ cco rding lo I\-larko 
(1975) , "the seawarcl b Ollndary oflandfast iee may uSlIall y be 
identirled h ) it s coincidence with a persisten l l 'ad (a long lhe 
TukLOyaktuk Pe ninsula) tha t roughh' follows th e 30-111 depth 
conto ll r and changes its pos it ioll very liule ('rom year to 
yca r." Marko also ide ntili l's a transilion 7.one- belwe en lh t' 
la ndfast ice and pack ict' , which incIudes open w<lte r , n e w ice, 
an d mobile icI.' . T his Iran il ion zone is visible o n the . OAA 

Im a){ ry. 
Fn:cLc-up along the wes tern arclic coa. t u sua lly 

occurs first in th(-' area bct ween 1ackenzie Ba y a nd Point 
Harrow sometime be t ween t he end of September (as in 1975) 
and the beginui ng o !"Novembe r (as in 1977, 1979) , ln the 
Cap!' Ua thurst - Ma( kCll zic Ba\' area, rI' l'ze -up occ lIrs 
1'01Ig hl}' 2 wceks la tc !'. bèlWe{~n m iel OCLObe r (as in 1975) ;lIId 
mid o vel11ber (as in 197!»). W "s t of Poin t Barrow, l'l'ccl.c-up 
is IIs uali v btcr s till, bClwecn lh end ol'(ktoblT ( 1 ~75) and 
mid o vc lllber (1976, 197(). T he crack antl lead s stem 
along the bOlllldar)' of the Iandfast ice IIslIall y J ppea rs a bOlit 
th e lIIiddl of Ilvt' llIher. 

Patches o!" op n wate r alld ne w icc O(( lIr freqllel1ll ' 
dmin the win ter h etw ccn Cap Bat! IIrsl and i\l ackcnzic na) 
(Fig. 1 fm, b). As . a rlv as (lv l,tllber (1 97 f"i) or Dt' ce tnbe r 
(1975 , 1977) ope n watl'!' mav apI a r. T h roughout the wint l' 

tnOlltltS . op nillg ' GIll b 'Iounc! within th i, :11'('a . bm it is Ilot 
uSlIall )' Ilntil m id May tlta t l he op 'n \Valer is ('olltinl.lol.l s rrom 
Cape Ba th urs t lo M, 'ke llzi ' Ba)'. Thc re was ;t co ntilluo us 
ope ntn g in J all llary 1979, a nd tn 1. 78 il d e \' clo p ed in lIIid 
Febrll<tn a n d J'l'Illa illed tl ll oll ~ho ll t the \l' in te/'. 

l n COll lras\. lo th c l'l'g in/l el isU ls. 'd ,Ibove , ~i/, e<,lbl c 
arcas o r ol cn wa le r r ' lrd y OCClU- be twc , l\I aekellLie Ba , and 
l'oint Barrow lor an)' le n g tlt ol" tim ' duri ng tlt e winter. The 
l'ad a lo/l g i bis part or tIl<' O;lst te nos ln l'e lnain clo$cd . In 
tIte " l'ca IVe. t o!ï'oin t Barro\\'. h owever. o pcn wa tcr a nd n e\\' 
icI' i~ l'\' i le nt iU!T\o s t 1lI0 1l t!tS, hut. ;1 Ia in , il d ocs Ilot b ' tOllle 
conünu o lls ;uld ell.tC I1. i\l' u llti l a hOUl lll id la}' (Fig. 15r). 

Urcak-lIp, wh irh i ~ d l.1I <Ic ter izl'd Il \' prng ress i\ C \\ id
cu ing orthl' kat! s stl'IIl , IIslI;llIy cOlllmcn l'S ill mid J 1II1I' 
(ex T p t m id May in 1 !179) . \s break-up proh'Te ~s<.-~ , a lI arrc)\\' 
( O\ltillllUI\.' lcad d è \'t' llljJs at (mg tIt e wll o h: coaSI l'rom C lpe 
Ba tlu ltsl tl Point Ih l"-( )\\" wi th tIt , region b dween ~LlCk('n -
7it' Ua ' and Point Barrow b c ill ){ the last lo ope n . T he It:acl 
Il rs t be(o \11 S ('ont iuu ll u 'o lllel ime bt"I IH -C 11 m iel J Il)' il nd 
mitl " ug usl. with th e exceptioll o f 1!)7 _ when th cc as t 
re ma incd icc-bound. By th e end of Septclllbcr or carl 0('\0-
be r , lIte Icad e nbrg s to quit an xpalllw. 011' Point Ba rro\\' , 
th {) jJen wa l('\' al the m aximu m cXle nL was l'rO\11 60 km (iu 
H17 ~) 10" f (1 km ",ici' (ill 1979). 

l'he l'cader is rc! C!Ted lu the l' CC ' 111 jJape r Il)' C arl e t o n 
(191-\0) (01 a d e, Cl'iption of th e Cal-'e T hornpson polynva, 0 11 ' 
Ilorlhwestern Alaska. 
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Figures 15a-c 
\rfap" of" the lcad s~ stellls \,' (-'~ ( of Cape llathllrs(. showing in ' conditi o ll s dur
ÎTlg panicul;lr mo nlhs and YC;lrs as ind icilleJ . SeL' Fig ur('~, pag(' J n. Icu" k('~ 10 
sY lHh u l.'i 
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Figures 16a-c 
~ l a lJ ~ ,) [ Ihe l.a lll bel"! C h""llel pol')'I1 )' '' . . , Iww illg ire (,o lloilio ll , dU l'in ),\ p;1I1i, 
IIlar mO lli h, <llId )'l';' " '" illdic" led . Sel' Figut'e 3. P"f(' 1 0 , [01' ke> 10 ,ymbob 

MAR. '77 
WOL LAS TON 

PENH.,j · UL /I 

OOL PIII"J AND UNI (II STRAlr 

MA !NlAN O N VI T 

VICTORIA ISLAND 

(J 0 0 OQooO 
Q () 0 a 

3 CO R ON ATION GULF hB 

°0°;: o~;Qo=- oo%O o 
o 

COPFt;: R o 0 

a 

b 

c 

" 28 APR. '77 

• COPPERM INE 

WOLl AS TON 
PENIN Ul' 

15 MAY '77 
WO LLA STON 

PENINSUlft. 

OO'-PHII'r l ,NU UN IUN 1fl AI r 

68' 

• COPPE nMfN E 

11 4 ' 

Il ' I ~ 

VICTORIA ISLMJO 

VICTORIA ISL AND 

~L ______ -...J1Ln ______ ---,19_0 _____ ~· ~LO ______ -,'?O 'm 

5.12. Lambe rt C hannel 
Thcrc is a small polynya in sOllthern Dolphin and 

Unio n Slrail, bClWCCII Vi noria Isla nd and lhe maillialld . 
Ope n waler appeared in February in 1978, by mid ]'vIarch in 
1977, by mid April in 1979, whilc in 1976 it did 1101 on m 
unlilJune. In 1975 il was difficuillo dClcrminc the earlint 
dale, bec<luse ofhe<lvy cloud coyer. IL was, howevel-, open in 
earl y July, whe n surrounding areas were still ( overl'd wilh 
10/10 ice. In mid May 1975, lhere seemed lo be open waler 
in lhe Duke of York Archipe lago, in lhe celllre of Coro llalioll 
G ulf. 

Freeze-llp begins belween mid Ono be r and t'arly 
Novem be r in Coronat iOIl (;llir a nd <llong lh e mainlalld ( oast. 
Lambert Channe l frcezes bdore the eas te rn s id e o f Dolphin 
ancl Union Slrait and is uSll alh' icc-covered b y lhe end o f 
Octoher or the heg'inlling- or No yc llIbel. . 

Lambert C han ncl is Vé ry sha llow ill places allel ('011-

taius llllIlltTOUS shoals . H ydmg-ra phic cha rlS illuicatc il has a 
slron g- cllrreut with lI eav)' lida l rips. Open water nSIl ,dly 
appea rs firsl o n the sOlllhwc:stern sidl' ofLlIllbert and Camp
ing is lands in LambcTl Channe l (Fig-. 1 (ja-c). T he polynya 
typica ll y remains unlil break-up commences in the firs t P,lrl 
ofJuly a nd conneCls with Amundsen GuI! in m id lo la te .July 
(197 6, 1977 ) or ea rly Au gus l (1975 , 1978, 1979) 

5.13. Franklin Suait 
A small polynya a rea recurs o n lhe eaS le rn ' ide or 

Franklin Strail in a group ofisland s know n as lhe T asmania 
Islands (S tirling , this publication , Fig. 1). This polynya is not 
visihle o n NOAA image rv, bUl has heen iclemified on Lallcl
sat imagery. Il is irregular in shape a nd appro ximalely 
1 \12-2 km in diame tcr. YOlll1 g u llswblc iee p reva il s in thi s 
area, a ppare llll y beca use o f stron g- currenls that pass lhrollgh 
the stra il. Patche 'i of open wate r an: p l' . 'e nl by April in SOlllC 
but nOl ail years (R. E. Schweinsburg, pers. commnn.). 
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Physical causes and 
biological significance of polynyas 
and other open water in sea ice 

1. Abstract 

Little is known about the biological and physical 
oceanographyofpolynyas, Until very recently, these rela
tively small areas have been largely ignored by physical ocea
nographers, presumably because physical oceanographers 
like to study whole oceans or at least inland seas, gulfs, or 
coastal zones as a whole. Biologists are aware that polynyas 
and other areas of open water in sea ice are importantto sea
birds and mammals, and much information has accumulated 
concerning the species that use them. In contrast, very liule 
is known about the lower levels in the food web upon which 
the birds and mammals depend, or about the difference 
between areas of open water during the winter and ice-cov- . 
ered areas in terms of basic biological production. 

The literature relevant to the topic has been searched 
and summarized, with the following results: 

1. The most important factor in the formation and 
maintenance ofpolynyas and Aaw leads is the wind. 

2. The constant formation ofnew ice in polynyas must 
give ri se lO an increase in salinity in the surface water, caus
ing vertical exchange ofwater and the bringing ofheat up 
from deeper layers. This effect has not yet been demonstra
ted in the field. 

3. Many polynyas. especially the smaller ones, are 
maintained by strong set or tidal currents. 

4. Upwelling at glacier faces and shelf ice faces is weil 
known but as yet little studied. This process can main tain 
open water with a constant supply of planktonic organisms 
to the surface. 

5. Diatom populations developed within the ice itself 
have been investigated intensively since 1960. but the signi
ficance ofthis production quantitatively is stilliargely 
unknown, though probably considerable. The diatoms sup
port an ice-associated fauna consisting of crustacea and other 
invertebrates, cod (both Boreogadus and Arctogadus, more 
commonly the former), and a few species of birds and 
mammals. 

6. The ice-edge ecosystem is clearly most important 
and ecologically extremely interesting. Although it is not yet 
understood in detail, there is an exchange of energy along 
the ice edge between the sub-ice system, the open water, 
and, at least in coastal regions, the benthos. It is the ice 
edge rather th an the open water of polynyas that appears to 
be the key to mu ch of the biological significance of these 
areas. 

7. It is suggested that attention should be turned once 
more to a matter touched upon by research in the 1930s and 
since abandoned, namely the possible biological effects of 
water polymers involved in the formation of ice. 

by MaxJ. Dunbar 
Institute ofOceanography, McGill University, Montreal, 
Que. H3A 2B2 

2. Résumé 

On connaît mal la biologie et l'océanographie physi
que des polynies.Jusqu'à très récemment, ces étendues rela
tivement petites ont été en grande partie laissées pour 
compte par les spécialistes de l'océanographie physique sous 
le prétexte que ceux-ci aiment à étudier des océans entiers 
ou à tout le moins des mers intérieures, des golfes ou des 
zones côtières dans leur ensemble. Les biologistes savent 
que les polynies et autres étendues d'eau libre dans la glace 
de mer sont importantes pour les oiseaux de mer et les mam
mifères et ont accumulé beaucoup de renseignements sur les 
espèces qui les fréquentent. Par ailleurs. on connaît très mal 
les échelons inférieurs de la chaine trophique dont 
dépendent les oiseaux et les mammifères ou les diA'érences 
entre les étendues d'eau libre et les secteurs recouverts de 
glace quant à la production biologique de base. 

On a examiné et résumé la documentation pertinente 
pour en venir aux conclusions suivantes: 

1. Le facteur le plus important quant à la formation et 
au maintien des polynies est le vent. 

2. La formation constante de nouvelle glace dans les 
polynies doit entraîner une augmentation de la salinité de 
l'eau de surface qui provoque un brassage vertical et la 
remontée de chaleur des couches profondes. Lêexistence de 
ce processus n'a pas encore été démontrée sur place .. 

3. Un grand nombre de polynies, en particulier les 
plus petites, sont maintenues par de forts courants de marée 
ou de direction définie. -

4. La remontée d'eau profonde aux fronts de glaciers 
et de plates-formes de glace est un phénomène bien connu 
mais peu étudié. Ce processus peut entretenir un approvi
sionnement constant en organismes planctoniques à la sur
face des étendues d'eau libre. 

5. Les populations de diatomées formées à l'intérieur 
des plates-formes de glace mêmes ont fait l'objet d'études 
intensives depuis 1960, mais leur production est encore mal 
quantifiée quoique probablement considérable. Les diato
mées assurent la subsistance d'une faune associée à la glace 
et regroupant des crustacés et d'autres invertébrés, 
la morue (Boreogadus et Arctogadus, plus souvent la première 
espèce) ainsi que quelques espèces d'oiseaux et de 
mammifères. 

6. L'écosystème de la lisière des glaces est de toute 
évidence des plus important et extrêmement intéressant sur 
le plan de l'écologie. Même si ses caractéristiques détaillées 
sont encore mal comprises, il existe un échange d'énergie le 
long de la lisière de glace entre le système sous la glace, l'eau 
libre et, dans les régions côtières du moins, le benthos. L'im-
portance des polynies en biologie semble reposer en grande 29 



\ have been put forward to explain the formation and maint~-
partie sur la lisière des glaces plutôt que sur l'étendue d'eau 

nance of the North Water. 
libre. 

7. Il est suggéré de reprendre les recherches s~r un There is an under current seuing from the Atlantic 
sujet abordé au cours des années trente et aban?o~,ne through Davis's Strait into the Arctic Ocean, a~d 
depuis: les effets biologiques de "l'hydropolymere au there is a surface current setting out. ObservatiOns 
niveau de la formation de la glace. have pointed out the existe~ce of this. under curr~nl 

there, for navigators tell of Immense Icebergs whlch 
3. Introduction thev have seen drifting rapidly to the north, and 

h against a strong surface current. These icebergs were 
Polynyas vary in size fron~ smal,l. "sp<:ts" such ~s t e high above the water, and. thelr depth belo~, su.ppos-

C'lrclllar hole in the ice ofCambndg,e Fjord I~ Baffi, n Island 1 1 d t mes _ 1 ing them to be paraI e oplpe s. was seven l ' 
only 60 to 90 m in diameter (LM; Dunb~r, 19a8), ~o very arge greater than their height above. No doubt they were 
open waler regions such as the Nort~ W~ter (Smith and drifted by a powerful under current. 
Rigby, this publication, Fig. 3) 10 Srmth Sound and northern 
Baffin Bay, sorne 105 km2 in area (Müller e~ al. 1980). Now this under current cornes from the south, where 
The North Water, described in more detall b~low, it i5 warm, and the temperature ofits waters are p~r-
is the largest polynya in Canada and perhaps 10 the haps not below 32°; at any rate, they are comparatJv~ly 
world. . warm. There must be a place somewhere in the ArctlC 

The distribution of polynyas and more JJ~p<:rtant . seas where this under current ceases to flow north, 
shoreleads in the Canadian Arctic is shown by Sur/mg (~11IS and begins to flow south as a surface cunent; ~or the 
publication, Fig. 1) and in more detail by Rigby and Smith surface current, though its waters are mlxed wJth the 
(this publîcation, Fig. 1). These maps are no ~oubt Ir:com- fresh waters of the rivers and of precipitation ~n. the 
piete, for new polynyas are discovered from, ume to tune a~d Polar basin nevertheless bears out vast quantJues of 
several must still be unrecorded, The most Jr~portant are sJt- salt. which is furnished neither by the rivers nor the 
uated within the three links between the Arcuc Ocean and 
northern Baffin Bay, in Smith,Jones, and Lancaster sounds, , rams. 
in addition to the eastern Beaufort Sea, and the shoreleads of Maurv's idea was basically sound. Clearly, most of,the 
Hudson Bay. Others are in the regions ofHell Gate and Car- upper ~rctic ~ater layer of the Arctic ?cean is derived ultl-
digan Strait, Queens Channel and Penny StraJt, AnlUndsen matelv l'rom the Atlantic water below Il; but thls doe~ not 
Gulf, Fury and Heda Strait and northern Foxe Basm, Bellot affect 'the formation of the North Water polynya, ,whlch IS on 
Strait, Cape Bathurst, Cumberlan~ Sound and Frobisher a much sm aller and more local scale. But the notIOn of 
Bav, and Cambridge Bay and Makmson Inlet along the coast- upwelling warm water to explain the phenomenon of the 
lin~ of Ellesmere Island. The Makinson Inlet polY,nya was North Water remained and involved the warm water of t~e 
just recently described (Sadler 1974). Offshore wmds open West Greenland Current. M.]. Dunbar (1951a), Kupetskn 
up lead systems along the east coast 0.1' Baffin. Island and. (1962), and Nutt (1969) have de~cribed the history of thls , 
along the northwest limits of the Arct,1C Archl~el~go. The dls- idea. Hamberg (1884) and Meckmg (1906) beheved that t~IS 
tribution ofpolynyas north of Parr y Channells glven by warm water came to the surface in the NOrlh Water area. l he 
Schledermann (1980). work of twO 1928 expeditions, however, showed that whether 

or not West Greenland water entered Smith Soundat depth. 
4. Physical causes of polynyas and flaw leads (and there is evidence that il does), there was no eVI?ence of 

b (19"'2) h any upwelling in the North Water area. Althou~h thls . 
Kupetskii (1962) and Du~bar and Dun ar ,1 ave appears to be true in summer, there. ls sp~culatIon and some 

discussed the history of speculatIon and res~~rch on the evidence lhat it may not be true durmg wmter. ln 1928, there 
causes of open water in win ter, and Kupetskn (1959) pub- were two expeditions to the North Water, the Dan~s. 10 ~he 
lished an interesting discussion of the causes and effec.ts,of Godthaab, and the United States Coastguard e:pe~ltIon I~ the 
polynyas. The subject can best be introduced by descnbmg cutter Manon (Riis-Carstensen 1931: 1936; KlIlench 193~, 
the mechanism of the North Water. . ' 1939; Smith 1931). Smith took the vlew that the North Water 

The North Water was first recorded m 1616 by was caused simply by the maintenance of a strong southward 
William Baffin, Il was named by the wh al ers in the 18.th or, 
earlv 19th centurv, who travelled through these relatIvely lce- current: 
free' waters along' the West Greenland coast while en route to It seems ... that instead of a warm northward i~flow, 
the Smith Sound open water, which was known to be fre- thi8 persistent polynya in Baffin Bay is ~air~tame? by 
quented by the Greenland right whal~. Eac,h year the whalers a set in the opposite direction. The fast lce 10 Smith 
followed the ice break-up along the W est Greenl~nd coast, Sound is so strong that it resists the current: but that 
where the ice disappeared first in each season owmg to the formed just to the south is swept ~way, leavmg open 
influence of the comparatively warm West Greenland Cur- water behind it. This expia natIon IS sup~orted, I~ore-
rent. The earIiest recorded entry into the North Water by a over, by the recorded drifts of several shlps and lce 
sailing vessel is 25 June 1834, the earliest by a steam v~s- Roes (Smith 1931). 
sel3 June 1871, and the estimated average date (for sall-
ing vesse/s) is the last week inJuly (L.M. Dunbar 1972a). Kiilerich (1933) also called for a strong southward 
Smith and Rigby (this publication, Fig. 3) show the average current, but he had a more complex theory. He supp.os~d 
monthlv extent of the polynya. that during win ter the density of the mas~ of water wlthm , 

Elisha Kent Kane (1853) was so impressed by the Smith Sound must be fairly uniform vertIcally, that the v,eru-
expanse of open water that he jumped to the hast y con,du- cal stabilitv of the water is therefore low, and that a contmual 
sion that he had come to an open polar sea. Matthew F on-. h h h ter h vertical exchange ofwater must occur t roug out t e wm . 

2 taine Maury (1870) supported this open Arctic Ocean ~ eory, He believed that fairly dense surface water from the north 
1 30 and in doing so he produced one of the arguments whlCh '. 
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was heavier than the Baffin Bay water and the remnant of the 
West Greenland water which penetra tes as far as Smith 
Sound. Subsequent win ter work in the Arctic Ocean does not 
Support this ingenious idea. Nevertheless, Kupetskii (1959, 
1962) has recently revived the hypothesis of instability of the 
water column in winter. 

Kupetskii ( 1962) also proposed, somewhat along the 
lines of Smith (1931), 

that North Water is an ordinary polynya such as are 
found in ail large ice covered areas and is caused prin
cipally by the removal ofice l'rom a leeshore [actually 
a weather shore-MJD] "by the prevailing winds, in 
this case, the north and northeast winds. But this ice 
removal has effects on the hydrological conditions in 
that, because of the open water, 4.5 times as much ice 
is formed as would be the case were it not removed. 
This excessive ice formation causes much deeper ver
tical convection and his theoretical calculations 
showed that this: convection in certain places may 
extend to the bottom (quoted l'rom Nutt 1969). 

IL has been demonstrated that the North Water, Iike 
other polynyas ofthis type, is an ice factory in which new ice 
is formed constantly (I.M. Dunbar 1972b). The "Iee" 
(weather) shore in the case of the North Waler i5 the arch, or 
ogive curve of ice jammed in the topographic constriction 
between Greenland and Ellesmere Island (between Pim 
Island and Cairn Point), which constrict.Îon itse/fleads to an 
observed increase in wind speed at that point. Smith.'s 1931 
speculation has th us been l'ully vindicated. 

Further apparent confirmation of the wind effect was 
obtained when, in February 1963, the lce Island WH-5 
blocked Kennedy Channel, and a "second North Water" (LO, 
use the term ofI.M. Dunbar 1963) formed to the south of il. 
Both LM. Dunbar (1963) and Nutt (1969) commented on the 
similarity between the anomalous development of the open 
water in 1963 and the regular deve/opment of the North 
Water. 

Extending this review, Kupetskii's thesis concerning 
the formation ofpolynyas is as follows: (1) polynyas are 
caused by winds, on the North Water model, (2) the constant 
ice formation, which leaches out salt to the water below, 
causes high salinity at the surface, (3) the result i8 sinking, 
with vertical exchange ofwater between the surface and the 
water below, (4) this vertical exchange, in regions where 
there is an undeilying layer of Atlantic water, reaches down 
1O the warm water, which brings heat to the surface. Similar 
haline convection is postulated by F oster (1972) and Gordon 
(1978a) for the Antarctic. The heat brought to the surface 
both adds to the open water and releases heat to the atmos
phere. The atmospheric effect does-not con cern us here, but 
Kupetskii's (1959) analysis ofit is extremely interesting. He 
classifies win ter weather conditions into three categories, 
depending on the presence or absence of polynyas 
and the presence or absence of an underlying warmer 
water layer. 

In the Iight of these concepts, it is possible that the 
largest polynyas occur only where there is an underlying 
layer of warmer water. Such a situation exists in the instances 
of the North Water, the Cape Bathurst polynya southwest of 
Banks Island, the Baffin Island coastal flaw lead, the Antarc
lÎc polynyas and at least some of the northern Russian exam
pIes. An exception seems to be the flaw leads on either side 
of Hudson Bay. 

Kupetskii's (1962) study of the North Water describes 
M.V. Lomonosov as stating as early as 1764 that "the natives 

near 80° on the northeastern Baffin shores had volunteered 
the informàtion that the sea is free of ice and that the sea in 
that locality is quite navigable to sailors." Lomonosov, likè 
Kane a century later, considered the North Water to be part 
of the supposedly ice free northern ocean. Kupetskii also 
quotes Petermann (1867) as conduding that the open water 
was caused bv the influx orthe warm waters of the West 
Greenland C~rrent into the region (see Smith and Rigby, this 
publication, Fig. 2), and he credits Brown (1927) with the 
first suggestion that the North Water "was first formed under 
the action of winds, blowing from the icy cap on Greenland 
and driving off ice l'rom the shores, and then as a result of a 
rise ofwarm waler from the depths" (Kupetskii 1962). In 
addition, Kupetskii also points out that Koch (1928) he/d 
firmly to the sole agency of the north and northeast winds in 
the removal of the ice, and that Herdmann (1948), describ
ing a similar polynya in,the Antarctic, in Whale Bay in the 
Ross Sea, came independently to the conclusion that the 
physical causes were the same as those found for the North 
Water. 

The details of Kupetskii' s (1962) calculations of the 
ice formation and the sinking effect are worth quoting in full 
(1 have made a few small changes in the translation text): 

Again: 

For the average win ter air temperature for the North 
Water, let us take the average temperature at Pond 
Inlet because that station ... does not undergo the insu
lating effect of open water. With an average air temp
erature of -23° for the 24-h period on open water, 
3.5 cm oficeis formed, according to the recognized 
formula of N.N. Zubov . For the entire winter l'rom 
October to May, with a total of 5520 degree-days of 
frost, 190 cm of ice develops. But for this very time, 
840 cm of ice are formed on the polynya and removed 
continuously. Thus, the total thickness of ice devel
oping during the win ter on the North Water is 
840 cm which is 4.5 times greater than the thickness 
ofice forming under undisturbed conditions. 

The great amount ofïce developing on the polynya 
causes a pronounced vertical movement in il during 
the winter. The usual convection associated with this 
is increased to a significant degree due to the direct 
cooling of the water and the supplementary repeated 
salinization with repeated ice formation. The ice is 
carried off but the salt remains. Hence the depth of 
win ter convection in the North Water i8 anomalously 
great, Calculated by N.N. Zubov's method, the 
amount involved in this process shows that the forma
tion of 3-5 m of ice i8 necessary for the vertical win ter 
circulation to reach 600 m (to the occurrence of the 
warm deep water). The greatest penetration of verti
cal win ter circulation to maximum depths of 2000 m 
takes place only due to cooling. but the warmth of the 
waters from the depths carried to the surface is suffi
cient 10 melt the ice layer to 1,5-2.0 m. Thus, the 
computation of the amount of ice fOl'ming in the 
polynya and the calculation of the elements of the ver
tical wind circulation in Baffin Bay support the con
tention that this circulation in the North Water area 
penetrates to the bottom and thereby favours, firstly, 
the removal of warm water l'rom the depths to the sur
face, secondly, the transformation of these abvssal 
waters and, thirdly, the formation of the cold benthic 
waters of the bay. 31 



KlIpelskii sug-g-esLS Lhal: 

The di s tribulioll or oXYg"cn mav se rve as cOIlfirmaLion 
of lh su ppose d po",e rllli vertical IlIovel11 'ilL of wale l' 
in the o nh Water. Il is Lypica llha t in SlIInlller lime 
lhe occ;lIlogr;lphic in\'("s ti g-a lions re ve al a hig h d eg ree 
of sa lmalion in the northem ponion of Ba Hi n n a)'. 
Even at lhe bO[lorn the oxy/{cn conlenl cloes nol fall 
belo \\' 82 % and some tim e s il n.'aeh('~ 96 % . wherea~ in 
mo re sOlllhern rcg-ions of th e ha y (Ba nln Bay) al lhe 
sam depths Lhe oxy g-e n con le nt is vcry rnuch lowe r 
cver~'whcre ancl cloes not reach 70 % . 

Thesc theorelical studies have long' caused oceanog
r;lpll('rs inleres Led in lhe Arcl ic ln poinl oUllhe urg ncyo r 
l, inler s hipboarcl work in Ihc onh W <ll er. ll nrortllnêl le ly, 
physical occa n ographic work in lh e r 'g ion bas so l'a l' bcen 
donc on ly in Sommer [rel'e re llc s a lrcad y g ive ll , pl us Mllen ch 
(l !)71), and Ba il ' \' ( 1 % 7) 1. wh en condi lion , arc p roba b lv 
Inla ll y di ffe rC lIl lrom lite wirllcr reg'im " <IS s iran g /y slIg
gcsll'd hy lh work reco rd cd "crc . l'he onh \\'alc r, a rler 
ail. does nOl e xis i in lit t' :'1 Il Il Ill e r; il ~lIlf{TS 1 Il e [a le of OIl C'S 
!aIJ whell OIlC slaml: II p. Tlle Slllll\lWr r '~riIl1e is probal>h' 
qllile irrclc\'.1111 10 lhe nwchallics nr lh" ortb \-\'al el' . 
allllOllgh lhe rc cr~e is p roklbl y nOllllle ; lhul is , lite fa c llhal 
Ihe pol ynya is open a il winlLT leads ln Il](' rapid olar hca lillg 
orlhe area in spi-ing. whclllh e SU rr l)UlI ilIg re g1 0lls a n :, sli ll 
in'-coVl't·ed . 'l'hili is ill lerpn:led as l ite re<l SIllI l'o r IhL' h igh 
slIrI;lCe Le mpITal u res (above !)OCl fOllnd 111er!" in SUI1IIlle r 
(~I..J. Dunbar 1951 a), 

Prl'lw n l plans ta ship lIalll ral ga, yL'<l r- rOl ll ld Ih ro u gh 
Ihe Nn l'l hwCS I l'a ssag I..' (th' \ rcli c Pi lo t Proj Cl be in J lhl' 
lllos1 pl"Olll i!\i llg' al l h ' molll e nt), if rcali zed , will grea tlv 
cba llgl: th e logis li c problcm s ofwa rk in g in lhe North Wa le r 
dUl'ill g- th e winlc r. So f~lr, lhe only win le i lidd work in lhe 
reg'ioll 1t<I !'i bee l1 lhal of lhe North Wa ler ProjeC[ as o rganized 
b)' tlIl' late f ri lz 1ü1lIT; ~I glaciologic(ll and cl ima tolog- ical 
l'llInprise th a l has ah-eady cllhie ved much :lI1cl promises 
IlIlI Ch n lore (Miil ler ('I al. 19 0). The work incilldes air phOlO 
slIrv( 'ys and th use of ol he r r e rnol e e nsi ng lechn iques 
(ind u di ng Lh e meaSllrClllelll of su r f.l ce lun)) ra turcs <l Ion /{ 
sel fl ighl palhs) lhal show lh ' rl'l aù \'{: proport io n ' of ope ll 
\l'al er and in', and a lso lo sorne e x le n l lhe cli ff, rL'n ces 
bt'l \\'L'e n Iypes of ice a nd SlIOI l over. " T h(' Norlh V\'aler," 
1 hesl' a lllhors 1\" 1 ile, " i n OI eharac l ri zed by a n o pe ll O(e~ln , 

as a si lll i le in lerprelat io ll of Ihe \l a ine wo uld s UKge:, I, bul il is 
ail ()( "'~ 1I1 part (01' 'red b ' lh ill pac k iet' ." The ice is c.on lan tly 
ill motion , 50 tha t o p e ll wal e r app "ars al ways in on e p lace o r 
anolhel. Fig tl f" 1 and 2 are t'xa lnples of lh e ice l110vem enlS 
pholO g-ra ph ccl and measu recl in lhi ~ wo rk , ,llid g ivC' a n t'xc · 1-
1t'1I1 illlpr'ssiun o flhe whole area {in ludingJones (lIld Lan
("a ~ l c r snulld~ , where open wale r is also lIormal) a lld or the 
he havioll r of lhe il" '. 

C ha n ge ill the \Vind cali ope n or c/ o : e Ha .... p o lyn a~ 
1 hrollg-holll lh winlL'l", es p ecia llv th e ~rna ll(-> r unes and lhe 
s hore l 'ach" The larger fla 1-\" po lynyas , such a.') the North 
Weil e r, LlIlcaste r So und, and Jone~ ound behave ill lhe 
saille IVay b Ul Ihe ir large areas ma ke Lhem k ss likel y ta be 
d osed complcle ly al an) lillle , Worki n?, in lhe Be ri n g Sea, 
Campbell!'! al. (1 !)74) obse rved in' nlOvernenls a~ rela tecllo 
I\'ind pallern be lwe 'n 15 Februan' , nd 10 t'.hrch 1973 , and 
l't'portel! lhal "allti cycloni ' (v. illci) ,lCli\'ity adveCls lhe ice 
sOtllllwanl willl slroJlg' iee dive rge nce ancl regul a r Icad ancl 
polyllva pattern; (l'dolli .. activil ) ad\'l'cls I.h t, ice norLhward 
wilh in: convergence , 01 ' slighl dil·ergence. and a randn!ll 
It'ad and polvnva paltcnl ." 

The largesl liaI\' Ieads no m lalll' found ill Canada are 
ill Hudso n Ba (Slirlillg', lhis publicalioll, F ig. 1). T he Ilud
S Oli Bal· lcad. s award orlhe fasl ice , is so \Vide as lO h~lve 
genera'Led th e hclie l"tha llh e whole oflhe bay, cxcepl l'or the 
fasl iee region along lh sh ore , s t<l yed lInf"roze n a il winter. 
This I\"as <l beli 0[' hcld " Iso for olher polar a nd subpo la r 
.. egion .~ , such as lhe Gu lf of BOlhnia. lhe t\ ra l Sea, and a larg-e 
pan ort he Ross Sea (L(Obeclel' 19G8 ). Zakharol' (1967) writ 's, 
concerning fbw 1 'ad s Jlong- lhe Ru ssian arcLic coast. "in lhe 
~pring lheir s ize is S I) impn:ssi,'C Ihat lhe hrsl inl'es lig'alors 
formed a n impression ora 'non-rreezin g- polar sea '. ' · Lebe
deI' (1468) calcllialed a m<lXill1lllll sil e l ha l is lo be expectecl 
l'or a wind -gencr;lled !cad in sea ice. (kpen ding on air temp
eralure and wincl spced . 

ln lhe H u dson 13av ins lanct' , th e m yl h ofan open bay 
a il winl er W~IS disp e lled b y H art' and IOl1lgomery (1949) , 
who showed lhal lhe pallern oLlir L<:rnperatllre s o ver the 
who le regioll m ;ltl c an apf>n Hlldsoll n al' in winler very 
im proba ble . By overfl\'ing- the a re;l. lhey dt'lTIo n slralccl tk ll 
ill fan Ihe ct' llIra l b"y is covered wi l.h in ill winte r. a ll ho l.l g h 
lllerL' lIonnalh CX iSlS a large !Lllllcacl sea\\'a rd o[ the [:l Sl ice 
on h Ih s ide ~ of"lhl' ha \' and L' xt c ndin g illto n orl he mJalllt'!> 
Ba , This Hall' lead varies ill irl lh accord ing LO lhe direnioll 
or lhe wind from "a bou t a l1IilL' ami <1 halrlo 30 or -1·0 nauli cal 
miles " (1 (al' and lonlgolll l' r) 1 9-1~)). 

III g-nleral , Ihe \l'i lld pall e rn is lhe mosl imp ortant of 
lhl' plt vsi cal ca ll s e~ Ir pol ynyas and o p e n \\'élLc r in Lhe A;I\\' 
I ( HIC. Vertic:d cxchangc caus('d hy ~ alil1ihcaliol1 o f d lt' sm
face \Va le r ( ollseq ll e lll IIpo n freez ing ma y play a sccollclary 
pan" d escribcd above . Possi bly a part i ~ a lso pla. cd b) 
upw l'lli llg; lhi is lhe 1Il0vell1c nl or wa lCl lO the SI l' l'a r c l'rom 
s ub~urf"acl' d e plhs l ' . u lli llg froll1 lhe inll ue n ce or wincl 
or lhl' entrainn lcnl Cff(:'Cl (charaLl ri:; lic, for inSl rtllCe, 
o f eS luari e s), or olhe r for e s. Th is Le rm l' ' ~ ' rs la active 
adl'cc tio n of d e p e r wale r , as opp o: ed LO (Ile \en ieal 
excha nge en gc ll d c red b\" the rormation of denser sur/an: 
waler, 

Upwclling was not delllo n trélled in lhe o nh Wa ler 
in sum mer. bUllhc winte r b 'h ;lviour o r lhe lI'<lte l ha~ nOl 
bee n st udi ed, T'hc vertica l ~ lru c turL' of th e waler or 1 h ' arcs 
Chalt t1 f> [ and SlI1 iLh So und rq{ion wa lir. l in v sl ig'<t led b)' 
lhe B rit ish Ar 'l ie l~x p ('di l i on of 1875-7G, l'rom tll e re~ ull . .'i of 
whilh Mnss ( 1 ~78 ) identilied lwo la}' ~n; o f 11" ler ill a res 
, 'I ra illlcai lhe lh resho ld b 'l \Veen Ihe t rnic OcC'an nd 
Ba Hi n Ba v. (For ;J discussiun 0 1" t!lis \ hole ma ll e l. see 
D UlI ba r l'{ al. 19 (7). An up per laver ur '-\ rcl ic O cea n su r race 
\\'~Il er I~' as fou n d abovc a 10\\ (' 1" laver \\ hich Moss inlcrpreled 
as nonhward-Ho lI'ing A l.la n li( (W 's t Grenlland) wale r. The 
tCllI p e ralU rc increased lrom - J ,::I·C a l 37 111 10 - (J.GoC aL 
2 10 m . and LIIt: s<I l in it .' (cal culated l'ro m s p e ciflC g raù t v l11L'as 
UrCIllCl1l s ) fro m 3.3, ~1 :i O/O lJ 10 34. 72 0 /00, T hese l11easure
llIents were conlir m 'd du rill/{ lhe L1 .S. eoastguard cullcr 
ë llo g-rff'l/ cruis<: ill 19G;1 (FraIlCl'Slh c n i 1'1 al. 1 Q64) . when a 
lml e r Slrat um was round, a Iil Lle nonlt of th e thn:sh o ld 
belw(;' ' 11 Kane Basin a nd Sm ilh Sound ; in it tt' Illpe ratures 
1 cre b Clween -0.07°C and + O. lO°C alld sal inili e Wl'f ' front 
34.64 0 / 0 0 a nd :.14. 7 2 % u. Francesche ll i ('1 al. (I9Gt!) . Dun
bar el al. (1967). Muc n ch (1971). ancl G rci sm all ( 197!la) ail 
;lgr C I ha l suc t. It ig h 5alillitie arc IlO l foun d in lIonhe rn 
Baffin Bay , lha l lhis \Va ler enlers Kant' Basin l'roUI the At! ,Hl
li c la ye l of lhe l'clic Ocean. nol l'rom Balli n Bay, ancllhal 
lhe re is no e vidt'lIct' of IIplVclli ng of lhi s waler, or 01" a n )' 
\Llanli , waler, in lhe onh \\'a ler area ill summer. Bul lil e 

1 t1a nli c la yer wat e r from th e l'Clic Ocean. e nleri ng- Ka ne 
Basin a n d ' l1Iilh Sound, is suflïciclltl y close Lo lhe 1I11d e rlyin g 
fbfllll Bay AlianLic layer lo n lix wilh il. CreislTlall (f 9790) 
\n 'itl's : 

.'igu re 1 
"nllnn Ba llill Ba\", sh oll' ill l': JOov Cml'J11 or Ill(' ,'l'a iet' rrnm :W \brch '" 

l ' \l'ril l ~1 7: \ (acbpled [mm Midi, .. J'Hlm 

___ Ihick line indicales tasl ice boundary 

Mixi ng be t\\'t'el1 Baffi n ga y \t la n ti< w;lt er and inllo w
ing Arclic k a il (At la nt ic) \l'ale r occur.~ primaril ~ ' in 
the southern S milh Sound r eg ion . l' Lhe lhree chan
lIelS e nlt'ring norlhcl11 BaAin B:w, onl\" S m ith So un d 
has s u/f\(.- ielll ly deep ac css lO the A ret'ie O cean lo 
"lIow ~o ulhl\'ard flolV o f Arctic Oc ':1Il \Vater den se 
enoug h to O CClU' al th e sa mL' d e plh ,} , and lhcrt'fore 
mix \l' Il h , Ba fTin Ba} Allanlic waleL 

The winle r paltern , howe ver, is r robabh' d if erelll 
<IlId has n Ol yel hee n investiga led a t a iL Bucklc~' el al. ( 1979) 
dClllulIs lraledlo r lhe fi l" l t iTTle , west ufSI'a lbard. the ph e
I\(JIIICIIOII of ll'i n d-dri ve n upll'd ling a lo ng an iee ' cl ge II'he ll 
tl1<"' win d b/ o ws parallcllo lile ie t' eclge fro m lhe we,~ t o r 
Il r Lh\\'e ~ l. Slich an cHen had becn ~us peclC'd f r some limc. 
:lIld pr()ba b lv u pwcHing o f th is son occurs inlhe Norlh 
~VC\ l cr in willlcr a lo ng lh norlhe rn in: c d ge. T h ere is also 
lhe poss ibi litv o f 'Ill eS luari ne e n lra inmenl , fI(~Cllo lhe sou th 
o r lh e 1(, n e Basin - Sm ith o und s ill , an dIeCl which lIlay 
also o(J(T3Ie in Ba l n Il' S lrail al lh e Wt',s l l:, rn end o L' La n caslel' 
SOI\UO, and inJo nes ~ound. whicll l11 i h l also conl Ii b ul C III 
the ope n atcr cOlldi tions in Lhose regio ns , T he t'x,islCllcc 0/ 
u (Jwd li n g. howcver induced. wouici al so lend to increase lhe 
biolo gÎca l producl ivil)', 

OrIarge p olv n 'a) s uch as tllC o l'l h \ 'aler, Cape 
Ib lhlll"sl p olyn j"a, and lhe easlcm Wt'd d ,II, ca , W ccb 
( 19HO) IH iles ca lego ri ca lly: " such pol)' llyas arc IIndouhlecll }' 
s il e s 01 u pwelling. " 

t pwdJing of d eL'p water 10 lhe slI .-Ia("(' \\'lIerev(::l' alld 
Ito wever il occufS in lh e sea , is eX lr<:l11cfy irllpo rta lll bio logi 
l'ail )' : Svcldlllp (pers . commun ,) callecl il " d('('IJ IJlol.Ighing." 
l'he illorga llie planl nUlrienls (phosphate~ , n it raLes, silica t s) 

:tll' l"ormed by lhe baclerial bl-cakdoll'n or org~lJ1ic malle l', lhe 
produCl in lmn ofliving matte r , Sinki n g of lhe orga nic delri
lus r('sulls in lhe form at ion ofthe n Ulrie n l salts al cleplhs , fo r 
Ille llloSl part , we il below lhe limit of the pene tra lion oflighl. 

Figure 2 
;onlll'rt1 galh .. lb" shllwillg m()l'en' l' Ilt ,,1' th .. , .. a icl' rrom 7 {() :!O April 

J 973 ("dap l ed (m m flill .... 1 ~lH()) 

- __ Ihick lina indicates tasl ice boundary 

lu orde r to ma ke lhcse l1lilricnl s avai lablc ln plan ls ill Ihe 
<; unli t (euph olie z nn <: al II I . su rLlcC' , lh('\" lI1t t ~ 1 1)(' h ro ug lu 
nack to lhat upper r <:ginn. The g Dgra p hy nf p roclU C' livily ill 
oc 'a ns is Lhe geognp hy ul up wcllin g, or o lher en i a l insla
bilil y in lh e- sen , 

(ce in !> e<l waler is lu IV n lO cause u pwelling l'or 
rCaso ll .~ olh ' r lhan lhe wi nd frec l. Sand!ilrl'5m (19 j 9). 
di s u ss ing th r sult s uf the Canad iél\l Fi ' he ri es Expedit ion 
of 1914- 15 in Ih e G u lf of Sl. I.a wrence, s howed cxp eri
lI1en lally lhal m elling' iee ca us ed a n u pwdling u p l h b ec 
o r t he iee and a urfa cc c urrCllt a l\la l' {"ro m lhl:' in' :lIld "Iso 
a (ooiin j,\ an d si n king o f wMer bene ;llh tlt e iet' . I-Ia r d c y and 
Dun r (1938) dClllon slralcd LlI.lWell ing a l 1 Il e sea 1 ~ ll~ (l f" 
an active (" l ide wal ' l' '' ) g-bcin in W esl G n :L'llb ncl alld 
att ributed lhe up \\elli ng lo th enlrainmenl or saÎl \l'a l 'r 
by a frcsh melt-s trC'tIll origimll.iltg a l t he bOll 1I11 01 the 
g lacie r . ca usin g an ic(' - f"n~e zon e:- al Ihe gla cier EtcC' , S udl 
ice-free zone, Dr " bro wn l .OrleS" ( '0 cal1ed hcc:au:>e 1 hev 
o n n t.:arr' IIp sill \l'illl Ihe walc r) ha ve h '(.'11 ()IJ .~erv('d a l 
several g'/acie r 11=Ic es in S \'all>ard all d ill G r 'CnL IId , and 
inforl1l :1l ion J'rom Ih e n a ll \"C p opllialion indicatcs Ihal al 
lcasl son e of tll e m s la l open ilH wime r. 

Illlercs t in tIll'se phcnol1lena h as Iwel1 n ' \'i vcd by 
sl'nT<lII\"Olk rs recclll h '. Ne ' hvba (1 Ç177) rt'l )(ll'tèd on ' 
IIJ Mellillg' al ()lIg' lhl' vell ical ra t e s of larg ., it illarct ic iceberg-s. 
CillIsed h~ the nW/li ng or iee ,md Lhl' L'III raillltlL'IIL of 'i all 
wa lt: r. Fo ldvik a lld J vinge ( 1. 77) rl isclIs. cd Ihe pOSlt ihilil\' or 
upwcllillg- ato llg a Il oati ng iee slt c llï n lh · '\ nt a )"clic, ransed 
b \' lhe obscn'ecl supercoo1i.ng or lhe Wille r in conlaCI wilh 1 h l' 
undersidc or lhe iee a nd the ~l1hsequenl rclease ol'ice crys
tais. Such an up\l'l'lIi l1~ wOl1ld be iIl1IJ0rt;ult . bOl h pltvsically 
alld biologieafly, in Ihe fo rmalion ()fpol)"ll}"as . Malllll'ws ~ lIl(f 
Q ui nlan (1 ~)7 5 ) round a m a rked elTeCl of g lacial md t o n 
IIpwcl lin)' in an invc. ligalion OfLidl'waler glaci rs ill M uir 
1 nlel , Alaska, Doake (l 9 76) has examin ed lhe lh c:nnlld\' n~l\ n 
ics of lhe walcr-icc-sall systcm. HUPI cil and T urner (i 0 78), 
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ill cOllll ll cnl ing on Nc shyh a 's ( 1 ~)77) P"lwI, rli sc lIss Ih e 
l'Reels ol"mt'I!i1I R iechlTg'S, a ll d li n;d ly C rc ism a n ( 1 9 7~)/;) has 
;1I tackcd 1 h e whole prohlclll th ~oret ieal l v, cOllcl uding that 
"Ihl' upwd lin g cffcet duc to IlIdling i~ s trong'ly dependc llt 
upo n the ternpc ralu re e le va t ion of 1 hl' ice ab,)\ e th e freel in g
puinl. " C r 'i s ll1:tn su pports his cOl1du ~ i o n by q lloting' [l,Id 
work 01 1 a glacier in d' Ibe rvill 1~(J rd , Ell es ll1e r Lland 
(Frozcn Sc:) Resl'ar h C roup 1 !l77). 

Such u pwe lli llg' eneCI at icc b ecs a re ail potc l1t ial 
p ol ynva-fonn rs a nd , ill lhe a:c of the "h ro\\'n / OIlC " s tu d
ierl bv Ilartl e)' and Dunbar (1 931)),:1 polvnva W ~I in facl 
llIain lai llcd in 'um m e r and appar ' n tlv, clccorcling 10 lo ca l 
l'l'po rI , also in win le r. T h is g la 'ier, Eqi p Serlll ia, li es in Au 
Soulld a l the IlOl'lheas t (lJ rnel o flh e Di, ko Bav rcg' io l . (;od
Ih,I:II , F jor d , fanher , 0 \1 h, i~ a ls !) rc porled tll ha \, an o pen 
I\'atel pat ch a l a glac ier (in:-C:lp) f~IU:, ;lIld Ihe Greenland e r , 
h ,,\' (' lo ld me that in the pas l Ihi s wa~ at lrihu t<..'d 10 a su blel ra
ncan \Vatel' ha llll ·l co !UleC'l ing Ihe hea cl 0 1" G o dthaab I~ old 
1 ilh ,\ llIel a lik inllllcdi atelv 10 Ihe ~o111 h! The\e upwd lin) 
zo nes :Ire impo r ta nt loc;l llv as k -di n g- area~ 1"01' seabirds 
l h rougholltl hc b r di ng p eriod , silll e lhcre is a o n st,tnl 
su pply (JI LonplankLOI1 to lh l: s lII' l;l(c . 

l p'" 'lIill g- by 01 h r ll1eans ,slso <lPI1l' Ir.~ in the 
litcralllr ill associa liol\ wi th po lvIl y, s . C o r do !l ( ! lJ7XII, li ) 
dcs(' rih ' S 1 hl' l' yclnn i(' cir( ulat iOll lJC t!te W <'ddd i ~ca rI re 
i!l th(' '" eddell Sea , t'SI 01" Ihe Maud Ris c , ;11 1([ (,() lIcl ll d l'~ 
Ikl l ( Ill' ",intl-dri vc lI gyre in dl ll'es SUlTan: diverg(, lI ce <t il t! 

upwclling'. Chis ;t el s logelher wil h s Url ill l' fi eezi~l ~ a lltl 
s la lic im tabihlV (c!l"wrib N I "hm'cl lCl (al I.T Ihe' Il 'll ue nl 
o('ClI r rell e 01" ;\ 1.lrge 1 ol yn~ a in tlt ' « 'tll re of tht' g"f'l' . 
Sœ ki Ida (1 ~n4 ) d t's cri h v; .. "tl'll ilt' (} hse r""l i ()I1 ,~ o f <1 

(l u l}lwCI in 111(' Ross S C';,I, ;lI1d St:1t l'S lhal " inlj-ared 
lI1eaSlll'em 'n ts ann tt' lc vis ioll p iC1IIIT: showed thell lhe 
p( ,l yn ya is o p e n (rom ,Juh' Il> Septe m ber iUllar rt ic \Vill ler) , 
'1 h e la rg t' vert lc<d hCèl l cl illusi ol1 nl'rnsdry lu k ' P 1 he 
pol II ~'(I ice-Irce l1I igh l bL' Ihe l' 'S Ull of Vl' n in tL' IIS: 
upwdli ll g an \lOI llc.l llic <l l' Ii vi t ~ ," T h is mentio n o r 
\·(,lci.\l1i ad i, il) bc in ' l lUs~ i hll illVc 1\'(' ,1 i~ lit e o nl y on ' 

.1 h: l\ e ['o ll ll d in th e IiI t a turc . 
T I1(, inLere~ting alld u ni q ue small hole in lhe in: of 

Cambridge l'J o rd , in Baffi n Island , has alr('ady bcc n Illl'n
lio ucd , Th is tin" polvllva ap pcars ll o t ln h l' Op l'Il ,Ill wi ll tel , 
a l.l t'<lsl Ilo l \I CI) )'<.'ar, bill c) pl'n ~ la ie in tlle ~eaSOl\ in 1a r.-l1-
I. ~1. Dunhar (1 9:ïf1) COli 'lu k d Ihal. a 1,lIld-wal r "1 ig in was 
pro bab le, p e rhap e ilher su r fa <: ( )l ' s u ) SlIrl , 1! (' Ire, b "'.11er 
llll de r I hl' in' , h Ul l1\' )!, probabl y IInderg ro und walc(' l'rom 
1 h<.' 'il'a he r!. l'his COI c lu ,ion w rned n ut Ln ht: COllect: il 
SI'l'm s 1 ha l lea kagt: of wa le l Iro m an u pLtncl b kl: c lIH:' r~(:'s 
1'1\) 111 1 he hollOlt1 o f l it ' O. >rd, p rndlll ing lh > (1[1<'11 arl'(t 
(E. .L. Lewi " per~ . COItI1ll11l1 .). 

Lewis ( 1979) di virk ~ polyny as:m a lly in to 
"co nn'ui\ c pol y n va ~" a nd "laIent Il \I t p (ll y n ya .- " ~ lite 
I(,rnll' r imolvillg' upwelling, the la tle r b e in g the t\ pl' 
dt'sn ib 'd h y I{ upelskii (10 9. 1962) alread)' d is< ussed, 
amI l'l' pl' 'Sl' Il tcd !J v lh e 1 o rth Water 

Advectiun a nd/o r convec tivt: processes a r ' req l1 ired 
tn s:' tisr) Ihe l'nt'Jgy balance :It lite s ll rl~l ( e in poly"
y<ls. ,\1 Olle hm it is th pos 'ibili l )' o f th (' a unospheric 
1 h 'l llla l clemand bcing met co m ple t clv uv sC1lsib i . 
heal as socia lerl \Vit h upwcl ling- o f warlllcr ll'a l l' r~ fJOI 1 
IWllca lh ((oll\ cCliv' PoIYl ,\ a ). 1 Ihe uthel e xr r me is 
:t rcg io n o l\l l' 1tI1-\ n ll'lTIl IS with the I\ :t ter co lu m n 
1I11 x l: d In'lIll"p Il) bnll oll1 and a Ibe fl" czing po int. 
l he 1 1 \l'n liai dc,lIta di Ihell lll c l !JV phase chan ge, 
amllhe res lIlti ng ITa7.i l iee is dcpo ·ilcd 'ls whe re 
wh e l (' lllL' l Ul i L'IIlS ~ 1 .H k(,1l (latC1Il hea l pol) l1 \' a) T iti s 

la llcr l'0ss ib ili ty is dIlalogl ll.IS LO o pe 1l \\' <l ler rap ids in 
an ot h erwist' I"rolt'n ri ve r , with in' cl a m s formi ng' in 
the pools JOIVIISI rea lll (l,e \V is 1979 ). 

T he Froze1l Sca Rl'st'arch C roup of lhe Institule o f 
Ocean Sci lices , S id n ' \ , LU :., is at p resc lI I wo rklllg o n a 
p o lYII\':1 o f lhe la le1l 1 h~al 1~'PC in Ihe Q u een s Ch,m n el area 
ofl-Ca pe C o lli ns, ))u ll da~ Is lalld (S milh and Rig hy . th i .. plIb li 
ca lio n . Fig. Il : cc a lso rro llLÎ spiecc), ~I here II Il' maximu m 
tid al 'l'lo cit)' ' cèc::d ~ 2 knu t , all d "at , lad , l id c slus h ice 
slarlS tn l'o nn in th e o pe n-wa t r a rea. The l\'lt e r lempCr;tlure 
i. " Cl'\' clo~c 1(, l'rc(.'z i1lg and therc is an obviolls <lccrelioll o f 
li'azil il in l he ~ lI lTnlln di llg a rea" (L 'wi ' 1970), 

Tida l (' tilT II t<; , ill :111 p rob<lbi lit l' . pb~ tht' do mi na nt 
l'Ole ill lhe ma in lena nce ( {' Lhe po l\'l Il <lS Iri Froll i<;lIer Ba~ a nd 
C u mbe r land Soulld (S tirlill/::. titis p tl ll il' :\l ioll, Fig 1). 
a lt ho ugh 110 I\ o rk has been dllllC )11 e it he r n t thc m. Tid l'~ a re 
, Is o pO!>llt lul l'tI Il) Sadkl (1!J7 Il ill Lh e forma 1 iOll or t!se 
polyn ya he d i:;rù 'ered II I MakillSl )1l In lel, IJ IC:iH\cre [sla ~ld , 
ln th i'i ~'as (' , :t~ pmha h ly al 'io ill l-ro h is her Hay , the s il ' I\lng
o r Iltl' ljord hot! olll :l lso play :111 im p Orl<l \l 1 p art ill COll('('n
Ira ting t ll<' l U IT ' nI , l'he M:lbllsnn Inlel p ol lI \' a is ~ hml Il in 
Figll re s g and l. ~ 1I1I (' r's illl c rprela iOl l, " lt i h i ~ U<I "ed 0 11 

lIH'aSlIn.' IllC nts 01" t l'mplArul ures Cl llcl <;a I1l1 \l leS al fOll r ' lai IO IIS, 
ill\o lve, Ihe plO),(1 L'~s i \'(' fool ing )1' Ih e I\ ;\l 1 ill th,' basin 
insid l ' the n(IIe!, lallrhl illd 01 t lt c pol }n :r.1, bv Ihe influx of 
ll( ,od-t idc \l'<lt('1' whi, IJ hac! hl' l' l1 ( oo 1cd i.1 1 th su rl :Ke o[' l ltc' 
pol 'Il a, Tlwr 'lI'o llid L'(lllll a poilll ;It whic h lh ' conl illllC'cI 
('()oling dl'cn wlH dd ca lls(,ltolIlothermal cond ilio lls Il'id i . 
cl pt h in the illlH.'1 fjord . d ose tu IIH' fn:c/ill).{ po illt , a l ll' l lI ch 
liu le \\',lIer lJ1l lhe ebh tick , p.lssillg t/Il oll g h Ihe p o lYIl ,\ lml1l 
lhl' illller busin, w(H llrl d u 'e Il ll' polym.s l, \, , "r1an' l'l" 'lmg-. 
Sadler eSl il nales Iklt Ihi. dosllIc wllu ld ocnl1' il l Dt:cellllH' r: 

Un t il lhi s ti me Il 1 ~ Iyll~ a Il'Oldl l'l'm ai n o pen 
bec lLl se urtl le {(O\\' on bUl h fl ood all cl ch b lides o f 
Il'a ler ;lho"c lhe frc'('z ing- p o in t. O nce the wa ler in the 
basill re:le!tcd an iso thcrlna l L'onditi \)11 \'iLII the tClll p
el ature 'It - l . 7" C o r IOIHT, il m ig ltt h ' l'xp n 1 l'cl 1 hal 
1 he ven ( o lr! w:ller~ ot 1 hl' cbb tide w<lldd hegi ll to 
11' 'l'l(.' i'll l he pol: llva, O n t'a l Il fl ()1\ 1 tide sl i ~rll l " 
\\ allller " il '1' l1lixcd 1I1ma rcl s l'rulll thcdeep el len'ls 
"t'Ihl' m ai ll in lct wnu ld pa~s th rotlg h th e po l ~ nV ~I b ut 
th l Inw tc m peral lll<'s ol J an \l(l r" and Fehrtl ill, and Lht' 
Ia rgT net hcat lus ' duc tu r :uli ,ltion W ,L Id proh abh 1>e 
sli lh lenl ln ke'p Ih(' ~ UI fac . froze n OIT L \V ith th e 
rC IUI'II o r lh e SUI1 in Ap ri l, th CO ll lbil atioll ( L olar 
heal ing a nd o L lhla ti o n from b lo\\' Il) the ' li d ltl)' 
Il arlll l'1 in Howing \l',ller wOllld b e c ï)(, lll'd 10 open 
lhe..: p()I~11 ' <1 'o01 ctim c hclnrc Ihe res t o r the icc in tlt e 
in let b roke up . Wl lf' n lhe o bsen'Lllion: \l'c re m ade ill 
lite mi el!.! l or May Ihe pul ynya wa~ a b oui :! km long 
Il o rl h 10 $olll h and 1 km \l'ide (: ad l r 1974), 

H -Il G ,IlC and :arcligall Su <l il ( 'mith and RighI', l h is 
pu b li cat iu lI , Fig. IO l, be ing Ille in lels to .l u ncs So nd l'rom 
Ih nonh. and the e n lrv of' Arct ic O c 'ail water, a it' e xpost:d 
bOlh to sel c li rre n lS and tid a l l'lm CII I s, and l it • saIn e is 110 

d Ollbtlrtle o f B ' 1l01 S u'ai l. \)c lwee n 130 01 hi ,l l ' lI illsUla <l nd 
Son ll'r' e[ Islalld (S m ilh ,Illd R igby , llt is p ub li cat io ll , Fig . 7) . 
C e r tai n Iv Ihe ~e t t rallsport II Irt>u g-h l'lIrr a lld J lecla Slrait, 
wllich is vel ~ la rge hu t as. t inad l'q l1 atcl y 111 ' a ~ lIred, is 
e nollgh It> creaIt: the po lvn r a there ail e! in non h ' l'Il Foxe 
Balii ll. 

Bes icles th e wind -in .l llced flaw Leacls ;\lollg lhe sho res 
\ I f' llanb (s la n d and in lh e: t::a ~t('m Tk;lI l1 ù rt St:a gl.' lll'l'a lly , 
litde Isc is unde rs tood <lbol ll Ih [ ~I Clu rs lba t cau t' IIK Cape 

Figure 3 
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Balh~rs t p o lynya (,smilh and Ri g hy, this pllhlicalion. Figs . 12 
-14). The stucly by Marko (1975) o fthe Beaufort Sea iet' 
coyer during th e years 1973-75 ex te ndecl fi'om Mareh to 
OClober only, so thal it is esse llt ia ll y ,1 SIllet Y ol'spring break
up and slImmer conditi o ns. He showcd lhe greal all n ual vari
a tion in ice coyer <l nd ice behaviour ~ 1973 and 1975 b eillg' ill 
hl s es tun<lll On close to the extrerne o f ope n. or lig'ht ice con
ditions whil e 1974 was close to th e e Xlre rne closed cond itio ll. 
So far as th e sp rin g break- up is concern ed . Mar'ko repo n ed 
"a sys le m at ic eastward progTess ion of north- soulh Icads" as 
a n ea rl y Hep in the break-up process. and concluded th,1( 
" the close associa li on orthe "Idividual sleps in the progres
sion wilh eas lerl y wind a li g nmen ls suggcs ted th e o ver-riding 
Impo rta n ce ro a g iven ice configuration of the immediately 
prece cl ing a lld conte mporary alll10sphere press ure pa t
te rns. " ln o ther wo rds , wind was lhe causative [;JCIOI'. 

M<lrko ( [ 97!'i) and Marko and Thomson ( 19 77) have 
a il inleresling sugges lion conce rnin g the lo ng sp a tiall y rcgu
la I' rectili ncar lead . observed by satell ite a nd a ircra!'t in Ihe 
Arctic cean , we il knowlI to arc tic g"l.tcio logis ls. In 19fi6 
Treshnikov (pers . commun,) des<l' ibed a discussion with ml
lcagues in a n a ircraft over the Arcti c Ocean co ncerning th 'se 
long strai ghl leads lhat I\'as overhearcl by o ne o f lhe you ng' 
techni cia ns o n board, IlIho re rn a rked thal il was a jJ re lt y poor 
bunch ol' scie ll tists who couldn 't figure that one ou t. On 
being asked 10 explain, he sa id "\Vell , lhe eanh is l'uulld, i Il't 
il ? B ut lhe icc i Aat , so it has to crack ." Marko (1975) ha~ il 
more o rdin a ry but no less in le re.q ing suggeslion that the 
lcads "<Ire prod uced by CU ITe nt s hea rs in the surfa ce \l'aler 
layer associ a led wilh pro paga ling p lanc tary W;IV ,s," the ie t' 
ac tin g as a semi-brillie maleri a l. The cOllcept is based on the 
a llalogy o l'rock mechanics, and in a latcr paper (Ma rko and 
T homson 197 7) lhe possible impo rtance o f s urface water 
wa ves is pbyed d own in !avour o f lhe possibilily lhat lhe 
obse rved pallerns are examples of "massive sca lc s lrike-slip 
faulting, " 

5, Biological etfects and significance of polynyas, 
leads, and ice edges 

llo th the presence and 1 he ahse ncl' ()r.~l'a ire in lh(' 
n o nh h ave specia l biologieal signifîe;)lIce. Sea ice supports <1 

s llrpri si ng ly in t 'nsc primar)' prodllction wilhill the ice ilself. 
consi s ling prinripall y of' diatOllls; Ihis l'OntIS the basis for the 
m ai nl e nance of an impo rtant ecosystem. lec cdgcs arc 
regions ohpecial biulo gical aClivil)' . lee pwvides a solid 
sllbslratc uscd h)' certain 1Il<1l1l1nals. lee l'osIers upwelling. 
\Vith ail its s ig nifica nec in Il'rmS of prodllction .Uld trallsport . 
On lhe olher sicle o f lhe coin (absellce 01 ice in winttT), 
polynyas and o lher open waln pw\'ide rel'ug-ia for sOllle sca 
mammals in winler ;md (ù r llIigTant seabircls in spring ancl 
la ll. The)' are regiolls ill which planktoll prodllCliun nonnall y 
heg-ins earlicr in lhe yea r lhLlIl in iee-covered areélS, and . 
lhercfol'e arcas in which one wOllld t'xpeCl diHlTenccs al aU 
lcvels (zooplanklonie. neklOnic, and bt'111hollic) as compared 
Wilh rcgions llol'l1lally complelelv covercd b y iet' in winter, or 
indl'l'd ill sUll1mer. Thesl' dI'ens, olïce and non-ice. arc 
illlerconnerted ec(,[ogic.dly. so lhal it seelns besl to consider 
lhe biolog'ical rc1evance in terms or lhe broader concept of 
"iee and lilC" r<llher 1 han ill lhe narrower compass of open 
waler in \l'inleL 

5.1. ke biola 

Tltere is no\\' a cOllsiderable body ofliteralufe on Lhe 
phenornellol1 01" the gro\l'th of Bora, mailtly diaLOl1Is, ill sc;.} 
ice . For slllllmaries o fthis Iiteraturc, sel' Horner (197(i, 
1977) and Crainger (1977 ,1979) , and for rl'cenl cnveragl' o f, 
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and additions to, the subject, Alexander (1980) and Dunbar 
and Acreman (1980). The growth of diatoms and other 
micro-organisms in sea ice has been observed for weil over a 
century, somewhat sporadically, and has been studied inten
sively since 1960. The most intense growth apparenùy -
begins in late winter or early spring, many weeks before the 
normal phytoplankton bloom in the water, and is concen
trated in a few centimetres at the bottom of the ice. There are 
local, regional, and temporal differences in the composition 
and intensity of the diatom growth, and also in the associated 
fauna that, together with the diatoms, make up this special 
ice-associated ecosystem. There is still a great deal to be 
learned about this system, but il is possible that the total pri
mary production within the ice in the Arctic Oceanis as high 
as one quarter of the total primary production in the Arctic 
Ocean (ice diatoms plus planktonic production). Alexander 
(1974), estimating the total annual primary production of the 
Beaufort Sea inshore area to be about lOg carbon per metre 
squared, considered algal production in the ice to be about 
5 g, or one half of the total. This estimate did not include the 
benthic primary production, which is much higher in shallow 
water than is the planktonic production. This applied to the 
nearshore areas onlv; for offshore and oceanic regions of the 
Arctic Ocean we are' at present only able to guess at the pro
portional importance of the ice algae. We have sorne inform
ation (Dunbar and Acreman 1980) on the difference between 
the intensity of growth in arctic sea ice as opposed to the 
growth in the Gulf of St. Lawrence, the arctic growth being 
between one and two orders of numbers higher than in the 
Gulf of St. Lawrence. Ail in ail, the algal growth within the ice 
in the Arctic is by no means insignificant. Il supports a fauna, 
the key clement of which seems Lü be the arctic cod, Boreoga
dus saida, which plays a vital role in the total marine ecology in 
high latitudes. 

The extent to which algal growth in the ice influences 
the spring phytoplankton bloom in the water is still contro
versial, but it is probable that this process is one of the 
important links between the ice-covered ecosystem and the 
open-water ecosystem, the zone of contact being the region 
of the ice edge. This is the subject of the following paragraph 
from Alexander (1980): 

Information on the contribution of organisms in the 
ice to seeding the phytoplankton community is con
tradictory. There could be reasons for the variability 
in this respect. Hasle (1969), who recorded maximum 

. diatom standing crop of 2 to 3 X 106 cells per litre 
near Lü pack ice, said that, although epontic (within 
ice) diatoms contribute a major component of the 
phytoplankton, sorne ice algae are not dominant in 
the phytoplankton. In our work in the Chukchi Sea, 
we have not found ice algae in the phytoplankton, and 
have concluded that their residence time in the water 
is very short.'Saito and Taniguchi (1978) suggest that 
in the Bering and Chukchi Seas cells from the ice 
form a significant portion of the plankton. Hameedi 
(1978) came to a similar conclusion for the Chukchi 
Sea. In the Arctic the duration of the ice algae bloom 
is relatively short (six weeks), whereas in the Antarc
tic, organisms continue to be associated with Roating 
ice throughout the entire summer. This probably 
explains why in Antarctic waters bands of algae are 
found in the center ofice cores - they were probably 
produced in the fall as the ice was reforming. This is 
confirmed by the observations ofHoshiai (1977). 

Associated with this algal growth in sea ice is a fauna 
that to sorne extent seems to form a separa te ecosystem, but 
also maintains open energy exchange with adjacent open 
water communities, the under-ice planktonic system, and, in 
sha\low water, with the benthos. In my description ofthis 
fauna, 1 have induded what is known of the antarctÎc equiva
lent, for the general ecological interest of the differences and 
similarities between the two polar regions. 

The arctic "cryofauna" is described by Barnard 
(1959), Mohr (1963, 1969), Mohr and Geiger (1968), Baker 
and Wong (1968), Andriashev (1967,1968, 1970), Tencati 
and Geiger (1968), Horner (1972), Horner and Alexander 
(1972), We\ch and Kalff (1975), Buchanan et al. (1977), 
Green and Steele (1975), George (1977), Alexander (1980), 
and Dunbar and Acreman (1980). Several amphipod species 
have been recorded as ice fauna, the most abundant being 
Gammarus wilkitzkii and Onisimus ( Pseudalibmtus) nanseni. Apher
llsaglacialis has been found abundantly in the stomachs of 
Arctic cod immediately under the ice and in holes in ice. 
Nematodes, not identified further, are recorded as being very 
abundant by Alexander (1980). Harpacticoid copepods are 
recorded bv Dunbar and Acreman (1980). Both the polar 
cods (Boreogadus saida and Arctogadus glacialis )-there is confu
sion in the literature about which vulgar mme belongs to 
which Linnean name-are common, particularly the former. 
Andriashev (1970) has the following vivid paragraph: 

Evervbody who has sailed in the Arctic seas, especially 
aboa~d ice-breakers, will probably recall the following 
trivial picture. Astern ofthe ice-brcaker are dozens of 
kittiwakes (Rissa tridaelyla). From time to time they 
throw themselves down, picking small dark-silvery 
fishes from the surface of the ice. This is the polar cod 
(Boreogadus saida) or "saika" in Russian. These obser
vations, though naive enough, are quite reliable. The 
"ery fact of the polar cod's presence on the surface of 
over-turned pieces of ice shows that before the pas
sage of the ship it was under or in the lower surface of 
the ice. 

For the Antarctic, where the cryophilic fauna appears 
to have been less investigated than in the Arctic, information 
is available from Andriashev (1967, 1968, 1970), Knox 
(1970), Rakusa-Suszcewski (1972), and Whitaker (1977). 
The amphipods, which dominate the fauna as they do in the 
north, are represented by Orchomenopsis (Ordwrtlenella) sp. 
(ehilensis?) and Paramoera ( BOl/allia) walkeri, the former being 
described as being found in very large numbers. Calanoid 
copepods (Calan us pmpinqllus and C. aeulus) are described by 
Andriashev as rare in this fauna, but there is one cydopoid of 
the genus Oilhona and three harpacticoids, Tisbe, Harpacticus 
and Dactylopodia, not identified to species. Two euphausiids, 
Euphausia sllPerba and E. cryslallomphias, are induded and two 
polychaete worms of the genera Harmothoè' and Pionos)'llis. 
Fishes are represented by three nototheniids, Tremalopus bor
chgrel/inki, T. nicolai, and T. newnesÎ. Andriashev (1970) calls 
these fishes "cryopelagic": defined as "fJshes which actively 
swim in midwater (in coastal zones or in the open sea), but 
during their life cycles are associated in sorne way or other 
with drifting offast ice. " 

The two fa un as are presented in summary in Table 1. 
They form an interesting pattern of ecological convergence 
and systematic allopatric speciation, and there is one factor, 
the presence of the euphausiids in the antarctic group, which 
is exceptional and apparently special to the Antarctic. To 
sorne extent, the fauna is essemially a substrate fauna, 
formed of species which belong to normally benthonic fami-

Table 1 
Fauna associaled with ice diatoms 

Arelic 

Amphipoda: 
Cammams will!.ilzkii 
Cammnrus selosus 
Onisimlls lIansen; 
Or/isim!l.! liloralis 
ApllmtJa glacialiJ 
Eusints Iwlmii 
Cammaracanlhus loricalus 

Copepoda: 
Aticroselella sp. 

Ostracoda: 
Paradoxosioma roslratum 

(commensal with Cammarus 
and Cammaracallillus 

Polychaela: 
(larvae) 

Nemalodes: 
Unidenlilied 

Pisces: 
BorrogadllS saida 
A ,.clogadl~' glacialis 

(also ciliales, heliozoans) 

Amphipoda: 
Orchomenella (Orchomenopsis) sp. 
Paramoera (Bolllallia) walkeri 
Ponlogeneia anlarclica 
Cileiromedoll JemoralllS 

Copepoda: 
Calanus propinqllltJ. C. acull~' (rare) 
Oilhol1a sp. 
Tisbe sp., Harpac/icu's sp. 
Dar/ylopodia sp. 

Euphausiacea: 
Euphausia t:rys/altoropllias 
EllphallSia mperba? 1 

Polychaeta: 
Hannolhopsp. 
Piol/osyllis sp. 

Pisees: 
Trema/On/lIS borchgrevmki 
T"malomllS uiralai 
Tremalomlls newl/esi 

lies or genera, th us the sub-ice substrate may be looked upon 
as ecologically analogous to the sea floor, an upside-down 
Aoor or "ceiling." This applies to Gammarus wilkitzkii and per
haps also Pselldalibrolus nanseni; the latter, however, like 
P. glacialis, is also common in the plankton. Il applies also lo 
the harpacticoid copepoda, found in both polar regions, to 
the amphipods Gamrnaracanthus loricatus and Orchomenella, and 
the polychaete worms and nematodes. But it do es not apply 
to Aphemsa glacialis in the north nor to the euphausiids in the 
south, ail three of which are planktonic. 

The euphausiids are of special interest. Ellphausia crys
lallorophias is recorded as common among icc Roes and 
immediately beneath the ice, although Andriashev (1968) 
writes "What the connections of Euphausia cryslallorophias 
with the ice community are, is not known exactly, as with the 
abundant Calanoids (Calanus propmquus, C. aeutus and oth
ers)." Il is not clear whether these species feed on the in-ice 
dia toms or upon planktonic Bora. As for the most abundant 
of the krill species in the Antarctic, Ellphallsia superba, the 
question of its abundance in the ice zone as opposed to the 
pelagic zone has been exhaustively examined by Marr 
(1964), but Marr was writing at the time when the in-ice biota 
in the Antarctic was only just beginning to attract attention, 
and he makes no mention ofil at ail. He conc1udes that 
E. superba is a species ofboth the ice-free water and of the 
pack-ice zone, but there is no information on whether or not 
it takes part in the ice-diatom-grazing community. 

Nevertheless, the presence of the euphausiid species 
in the antarctic pack-ice is significant, in view of the almost 
complete absence of euphausiids or comparable numbers of 
any equivalent pelagic large Crustacea, such as Parathemisto 
(MJ. Dunbar 1964), in the Arctic Ocean. The significance of 
course involves the great difference between the primary bio
logical productivity of the two regions, the Antarctic being 
among the most productive marine regions of the world, the 
Arctic among the poorest. This means that production in the 
sea ice in the Arctic, which has been estimated to be between 
10 and 30% of the total primary production in the Arctic 
Ocean, is much more important for the arctic regime than it 

is for the Antarctic, where the planktonic production is very 
high. There is not sufficient planktonic production in the 
Arctic Ocean (as distinct from the peripheral northern seas ' 
in which the conditions are quite different) to support large 
planktonic herbivorous populations; whereas the in-ice prod
uction is concentrated enough spatially to support a special
ized ecosystem. 

The seasonal variation in ice coyer in the Antarctic is 
much greater than in the Arctic, owing to the persistence of 
most of the Arctic Ocean pack ice throughout the summer. 
The seasonal variation in the Antarctic is enormous and 
resembles not that of the Arctic Ocean but rather that of 
peripheral northern seas such as Baffin Bay, Hudson Bay, 
Bermg Sea, and Barents Sea, which are ice free for a period 
in su~mer; aIl of whi~h support large populations of pelagic 
herblvorous and carmvorous Crustacea, induding euphausi
ids and hyperiid Amphipoda, and a much higher level of pri
mary organic production than does the Arctic Ocean. 

Within the northern hemisphere, there is an interest
ing difference between the ice diatoms themselves, in the 
nOrlhern waters (arctic regions and Hudson Bay) and in the 
most southerly extension ofwinter sea ice, namely the Gulf 
of St. Lawrence. The ice diatoms in localities in northern 
Canada, induding Hudson Bay, have been found to be 
almost entirely (97 %) composed of pennate species, most of 
them benthonic in habit, whereas those of the Gulf of 
St. Lawrence are about 43% centric forms, planktonic in 
habit (Dunbar and Acreman 1980). This difference is most 
probably reIated to the much shorter annual period of ice 
coyer in the gulf than in the northern localities sampled but 
we have no information from the Antarctic concerning 
composition of the diatom ice Rora in the antarctic ice, as 
regionally distributed, the peripheral parts ofwhich have 
a much shorter seasonallife than the proximal sea ice doser 
to the antarctic continent. 

As for the fishes, the antarctic Nototheniids replace 
the nOrlhern Gadids. In the Arctic, the polar cod and the arc
tic cod are present in the sub-ice community in ail stages of 
their life cycle, so far as we know, but in the Antarctic the 
Nototheniids invade this community only as young (fin ger
lings, or fry). The Nototheniids have no swim-bladder; the 
Gàdids do. No doubt in relation to this difference, the Ant
arctic fishes in the sea-ice zone ding to the ice by the use of 
their wide ventral fins (Andriashev 1970), whereas the Gad
Ids in the north swim freely in the sub-ice zone and between 
the floes. The two groups belong to diHerent orders, the 
Gadiformes and the Perciformes, but superficially in appear
ance and in certain characteristics, such as resistence to 
freezing and in sensory mechanisms, they have come to 
resemble each other. Both groups are predominantly ben
thonic in habit -like the dia toms and the amphipods, they 
are substrate dwellers. In the arctic cod the mou th is oblique, 
opening forwards and upwards, suggesting adaptation to 
under-ice feeding. The other fishes, the seals and the birds 
which form part of the wider ecosystems in the two polar 
regions, consist of different species in the two areas, with 
very few exceptions. It is not therefore surprising that the 
same rule applies to the lower levels orthe ecosystem and to 
the specialized ice-associated community. But it is neverthe
less worthwhile to go into the details of the differences, since 
they underIine the meaning of that much overloaded term 
"bipolarity. " 

5.2. The ice-edge ecosystem 
To my knowledge there have been no measurements 

of the rate of primary production in polynyas and few in flaw 
leads. Bursa (1963), working al Point Barrow, writes that 37 
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. Life activities begin to accelerate about two months 
earlier in leads than in the ice-covered areas. Direct 
exposure to.sunlight and contact with air may favour 
phototactic migration of flagellates from under-ice 
darkness. These movements attract zooplankton and 
larger animais, including pteropods and medusae, 
which swarm in the leads. 

Bursa (1961) demonstrated the sudden release of 
phytoplankton that occurs when the ice melts during the 
month of June near Igloolik. Unfortunately this work, done 
during the "Calanus" wintering expedition of 1955-56 
(Grainger 1959), did not extend to the polynya to the east of 
Igloolik in northem Foxe Basin (Smith and Rigby, this publi
cation, Fig. 9). 

There seems, however, to be something more 
involved here than the simple disappearance of ice and the 
illumination of the open water. This is strongly suggested by 
the repeated observation that it is at the ice edge, rather than 
away l'rom the ice, that the greatest activity takes place. This 
has been a general observation made by many biologists and 
navigators. As the most recent example, this time accompa
nied by actual measurements, the work'of Alexander and 
Cooney (1979) serves most excellently. Alexander (1980) 
also wrote a summary: 

The ice front in the Bering Sea is associated with a 
high stock of secondary and higher producers (Irving 
et al. 1970), which suggests a highly active system. 
One of the earlier measurements ofprimary prod
uctivity in the ice edge area showed a rate of 89.2 mg 
C/m2/day [89.2 mg/m2 of carbon daily] at the ice 
front, although only one such station was sampled 
(McRoy and Goering 1974). In our recent Bering Sea 
work, we found the most intense primary production 
to occur at the ice edgejust prior to break-up (Alex
ander and Cooney 1979). Three years coverage dur
ing the critical spring period as weil as comparative 
data l'rom other times or the year have given us a 
rather detailed picture of the seasonal cycle and as a 
result we have been able to estimate the relative con
tribution from this spring ice edge regime compared 
with the remainder of the year on the S.E. Bering Sea 
shelf. 

Alexander and Cooney round that the ice-edge bloom 
extends away l'rom the ice to a distance of 50 to 80 km. 
Figure 5 is taken from their paper, showing the highest prod
uction rate and chlorophyll concentration "within the ice 
margin," a lower rate outside the ice and the 10west sorne 
miles away l'rom the ice. 

Hart (1942) recorded high ice-edge blooms in the 
Antarctic. Ivanov (1964), also in the Antarctic, observed the 
most intense bloom along the ice edge, and concluded that it 
was the result of the liberation of algae grown in the ice. As 
has been pointed out above, that is still controversial, but 
possibly important. 

There does not appear to be any evidence ofupwell
ing along the ice edge, in these researches, as a possible 
source of nutrients in large supply. The work of Alexander 
and Cooney (1979) offers no such possibility in terms of the 
sali nit y structure, and Hasle (1969) observed that the surface 
water at the ice edge (Antarctic) had a much 10wer sali nit y 
than the layers below. 

It is tempting, and possibly useful, to revive once 
more the possibility of the involvement of the structure of 
the water itself in this context, in particular the concentration 

Figure 5 -
l'rimarv productivity and chlorophyll dcpth profiles at stations within Ihe 
icc margin. oUlside the ice, and away from the icc in the Bering Sea 
(from Alexander 1980) 
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ofwater polymers, trihydrols, tetrahydrols, and so on. This 
has been suggested in the polar context by Bogorov (1939), 
Laktionov (1940), and MJ. Dunbar (1951a, 1977), and it is 
apparently also in the minds of other researchers (e.g. Buin
itsky 1971, 1977), althollgh these latter have not expressed 
themselves specifically in terms ofwater polymers. To quote 
l'rom MJ. Dunbar (1977), 

Buinitsky's paper revives interest in sorne almost for
gotten work in the 1930s, when very intùesting expe
riments were done by Bames (1932), Bames andJahn 
(1933), and by Harvey (1933), ail showing that water 
recently melted l'rom ice had a decidedly stimulating 
effect on the growth and multiplication of plant cells 
(Spirogym. Euglella, Nitszchia). In the case of Euglena, 
for instance, Bames andJahn found that the average 
increase in the number of cells in the condensed 
steam water, in experiments often to sixteen days' 
duration, was 32%, while the increase in the ice water 
culture was 105%. The effect was also observed in 
cultures of Bacterium coli (Hegarty and Rahn 1934). 
The possible importance ofthese results for students 
oflife in polar seas was pointed out by Bames and 
Jahn (1934) and later by Dunbar (1951b). 

At that time it was suggested that polymerized water 
molecules (trihydrol, etc.) were factors conditioning 
the observed differences between the effects of ice 
melt-water and condensed steam-water, but more 
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recent physico-chemical advances in the study of 
water and ice structure banished the polymers from 
the scene, and interest in the "Bames effect" lapsed 
somewhat. The results orthose experiments, how
ever, still stand, and moreover now that we have con
siderable knowledge of the development ofplant cells 
in high concentrations within the ice itselfand in very 
close association with ice, it becomes necessary to 
pursue the problem further. In this respect the state
ment by Buinitsky, in this present volume, is particu
larly interesting. He writes: "This peculiar feature of 
sea ice as an environ ment for microscopic organisms 
is conditioned, first, by the high nutrient content in 
the bririe pockets and cavities in which the organisms 
live, and second, by the fact that, as is known, the brine 
is in a quasi-crystalline state and acts as a strong bio
logical stimulant. It is also possible that in the fine 
capillaries of sea ice the ordinary water is transformed 
into the recently discovered modification know as 
"Water II.'' The biological properties ofthis new type 
ofwater have not yet been studied, but what is already 
known about it suggests that it influences living 
organisms favorably. 

This may be altogether too speculative for general 
scientific acceptance, but it would be worth attacking the 
problem once more, both in the field and experimentally, 
with the help of appropria te physical chemists. 

Fishes are undoubtedly important in the ice-edge eco
system, particularly the arctic cod (Boreogadus) but also the 
polar cod (Arctogadus). McAllister (1975) suggests that ice
associated fishes may use the under-ice habitat on account of 
the defence it offers against predation by birds. Holmquist 
(1958) found young sand launces (Ammodytes dubius) hiding in 
cavities in the ice. Bain and Sekerak (1978) made a special 
study of Boreogadus, including the use of sCliba diving. They 
write 

Despite numerous reports in the literature of a close 
relationship between Arctic cod and ice, repeated 
under-ice observations at various localities in the 
spring and early summer of 1977 revealed few cod 
near the undersurface of the ice. 

It is possible that the presence of the divers themselves 
caused the departure of most of the cod that might have been 
there, but it is more probable, as Bain and Sekerak point out, 
that because Boreogadus is known to be a shoaling fish, widely 
separated schools might be missed entirely by observers. It is 
also known that the distribution of the cod in time, as weil as 
in space, is highly patchy. The Barrier Island (Simpson 
Lagoon) study (LGL Ltd., unpub1.) on the Alaskan coast 
found almost no Boreogadus one season and several million 
the following year. It is also possible that the patchiness is 
caused by the distribution ofice diatoms. The evidence of 
the presence of arctic cod in the vicinity of the ice edge 
cornes convincingly from the study of bird stomachs, espe
cially murres. Bain and Sekerak (1978) suggest that the cod 
concentrate near the interface between ice and open water, 
where the murres also concentrate: 

Observations offeeding birds and analysis oftheir 
stomach contents show that in June 1976 a minimum 
of 1.4 million Arctic cod, and probably closer to ten 
times that number, were consumed by murres along 
the ice-edges between Griffith and Beechey islands in 
a 33-day period (Bradstreet 1977). 

Bradstreet estimated that murres consumed 17660 arctic 
cod daily per linear kilometre of ice edge in the middle of 
Wellington Channel. The murres are often observed to dive 
beneath the ice and cod are constantly observed in ice cracks, 
again strongly suggesting that the ice edge may be the fav
oured habitat of this species. 

Fishing for the cod with giU nets gave very poor 
results (Bain and Sekerak 1978), for sorne reason. Neverthe
less, Boreogadus has been fished successfuUy, at least experi
mentally, by both the Norwegians and the Russians, who are 
exploiting the arctic cod as a commercial species. 

Sekerak and Richardson (1978) have brought 
together much useful information and observations on the 
ice-edge ecosystem, summarizing several recent studies 
including those of Bain et al. (1977), Bradstreet (1977), and 
Bradstreet and Finley (1977). Figure 6, taken l'rom that 
paper, summarizes the important relations between sea birds 
and ice-edge aquatic fauna, and emphasizes, once again, the 
significance of Boreogadus. Drawing l'rom a number ofrecent 
studies, these authors also describe the importance of ice 
edges to certain sea mammals, notably narwhal, white whale 
~belu!?a), and polar bear, which concentrate along ice edges 
In spnng. 

lce edges are clearly extremely important ecologi
caUy. It appears to be the ice edge, rather than the ice
covered region or open water, that has the highest signifi
cance in terms ofproductivity and concentration ofliving 
organisms. The causes of the high primary productivity are 
not clear, although suggestions in the literature have been 
mentioned above. Possibly the fact that the ice edge is the 
zone of contact between the ice coyer and the open water is 
itselfimportant - a region that borrows l'rom both systems 
in a synergistic manner. Certainly there are important links 
between the two, which exchange back and forth across the 
ice-edge zone. These ecologicallinks are, for instance, the 
ice diatoms, the Crustacea that feed directly upon them but 
are also found outside the ice-covered and ice-edge zones, 
and Boreogadus. 

We should focus great research attention on the ice
edge ecosystem. There are new things to be discovered 
there. Speaking as an interested non-biologist, Weeks (1980) 
had this to say about the biological regimes in the seasonal 
sea \Ce zone: 

Biological regimes rarely l'ail to amaze one with their 
diversity. Invariably, when they have been weil stud
ied, the maze that one perceived at flrst impression is 
replaced by a highly ordered system in which every
thing has its place. At the present time, the biology of 
the seasonal sea ice zone is at the state where we are 
beginning to see glimpses of order in the maze. The 
difficulty is that the ice biota, the central character in 
the play, reads a different script than those to which 
we are accustomed. Therefore, it is risky to anticipate 
its behavior from studies of other non-ice related 
regimes. Clearly, however, we are dealing with a rich, 
diverse, and well-ordered biological system that can, 
in certain circumstances, show an extremely high 
productivity. 

One point is becoming clear: because of the ice-edge 
effect, areas in which polynyas and flaw leads are recurrent 
may be more important biologicaUy than either ice-covered 
areas or areas of open water, especially in the win ter and 
early spring. 
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Figure 6 
Food web relationships of some seabirds along ice edges in Barrow Strait 

and carly July 1976 (pre·hatching period) (from Bradstreet 
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6. Vulnerability of polynyas and flaw leads 

No work al ail has been done on this problem, and 
there is nothing in the literature that is relevant to il. There 
has been sorne study of the behaviour of oil in ice-covered 
waters, and a great deal of speculation about it, but that is 
not relevant to polynyas or leads as such. Put another way, 
the present knowledge of oil in sea water, worId-wide, on the 
one hand, and of oil in sea-ice regions on the other, applies 
to polynyas and leads as it does to any other marine environ
ment, and it is not the intention here to rehearse or summar
Ize the literature on oil hazards in the sea in general or in 
northern waters in particular. The same is true ofthe possi
bility of pollution from mine-tailings, or any other fonn of 
chemical pollution. 

In view of the apparent importance of the ice edge to 
biological production and populations, it is difficult to escape 
the conclusion lhat an increase in the linear extent of ice
edge conditions could be beneficial, rather than the reverse. 
This would obviously have ilS greatest effect in spring and 
summer rather than in the win ter. 

7. Research needed 

The research needs can be simply and briefly listed. 
It is al ways a liule invidious to give research requirements an 
order of priority, because 50 many things (cost, available 
logistics, availability of scientists, and 50 on) have to be taken 
into consideration. In the following, nevertheless, 1 have 
given sorne attention to priority or urgency, from my own 
point ofview. 

1. North Water in winter; physical and biological 
research. What is the water structure in winter? Do Kupet
skii's ideas apply to the North Water? What is the timing of 
the spring phytoplankton bloom? Is the benthos differel1l 
from the benthos of the rest of Baffin Bav? 

2. Physical and bîological studies 'of other polynyas, 
each for itself. What causes each one? What is theîr biologi
cal significance? Does the annual biological cycle in them 
differ l'rom the cycle in open water? 

3. Boreogadus saida and Arctogadlls glaciatis. Remarkably 
linle is known about these two cods, and their importance 
under the ice, as part of the ice biota ecosystem, along the ice 
edge, and in open water. 

4. The ice-edge ecosystem. This involves exercise in 
ecological theory as weil as a great deal of field work. What 
are the links between the ice-edge and the adjacent systems 
under the ice, in the open water, and the benthos? What arc 
the numbers involved, in terms of energy exchange? 

5. [ce biota ecosystem. There is much to be leamt 
about the dynamics and the distribution ofthis system. Why 
are there local and regional differences? How far from land 
are the ice diatoms found? How is the dialOm population 
reseeded each year? Whal is the relation between the ice dia
toms and the diatoms ofthe spring phYlOplankton bloom? 
To what extent can it be considered to be a substrate system, 
or upsidedown benthoniccommunity? What is its quantita
tive significance in the total arctic marine budget? 

6. Benthos. Nothing is known aboUl the benthos 
below polynyas. One would expect differences in these 
regions from the benthos growth, and perhaps diversity, out
side polynya and flaw lead regions. Kupetskii (1962) wrote 

[n conclusion one might say that the benthos in the 
North Water region, according to its species compos
ition, is very close to the benthos of the Novosibirsk 
shallows where the Great Siberian polynia is located 
(Gorbunov 1946). And this once again emphasizes 
the identical nature of the hydrological processes 
originating in the two regions remote from each 
other. 

There is not much known about the benthos orthe 
North Water now, and in 1946 there must have been almost 
nothing known. The quotation calls for investigation. 

7. Oil in polynyas and leads. Would polynyas and 
leads act as oil pools, or points of concentration of spilled 
oil? Or would most of it be trapped in the unevennesses of 
the underside orthe adjacent ice? How would the presence 
of oil affect productivity in leads? 

8. The use of polynyas and leads in winter by indige
nous people. There is probably a great deal ofreadily availa
ble information, but it would be relevant and useful to have a 
definite study and statement on il. 

9. The possible rdevance of the water molecular 
structure to primary production and the association ofhigh 
productivity with the ice edge; the possible significance of the 
polymerization of the water molecule in the formation of ice. 

10. The development of equipment and techniques for 
field work on polynyas in win ter will need sorne research in 
itsdf. Not least of the problems is that of suitable vessels, for 
which large polynyas such as the North Water present special 
challenges. There will be high risk of ice deposition on rig
ging and superstructure, which would make the use of ordi
nary hulls, induding icebreakers, perhaps inappropriate. In 
the days of the North Water Project (Arctic Institute) [ 
recommended that attention be given to ocean-going tugs, 
suitably converted. These are low-profile vessels, sLUrdy and 
tough. Sealer types might also be usefuL Aiso highly desira
ble would be a weil in the ship's bottolll for sampling of ail 
kinds. This has disadvantages in ordinary day-to-day sailing, 
but would be almost a necessitv in the conditions to be faced 
in win ter in the North Water. ' 
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Walr \l,es h"\lled (lUi 011 lhe ilt' ('d~e ~I "'''l ll ' l 'lU I"! IIl ~ l'oh 1lI,,;1l 
DUI1e1as "!;,I1e1 (plroIO: l. 'il irlil1 !\') 

Subadull bca,.ded sca ll1ear Ih e Cape Balhllr' i po l)' II)'O (p ho lo: l. Slirli l1g-) 

Marine mammals 

1. Abstract 

Polynvas appeal' LO plav " crili c tl l'Ole in Ille s lll'I'ival oC 
man)' l'iab le populations of'll1arine 11l <l llllll a is in lhc Calladi"n 
ArC li c. The role o ! each al'ca , and lh e cx le lll 10 \l'hich il ma)' 
be uscc\, l'an vary grea tl y betll'Ccn spcl'ies , seaSO IlS , ,md indi
vi dual polynvas, This papel' l' c I'iell's lhe use 0 1' IlJajOI' polvn~'a 
,liTas ill the Ca nadian Arctic bl' l'a ch species , Im portan l , ami 
possibly erit iea l, a spects have bee ll identilied , I\'!OS I pol yn)'a 
a reas a rc lhrealened wilh ex te llsive di s llll'ballC'C ancl possib le 
po llution as a reslIll ofolE hore petroehemiclI explol'alion 
and year- round sh ip pi ng activ iti es. HOI\'c l'er, Wl:' cmnOl eval
ua le lhe dfects o f sueh disl'lIpl iOlls beeause wc kilT a n inad
eq uale lInders tancling 0(' t he ccological s ig nili cance o f lhese 
a reas 10 marine lIlallllna ls. Considerab le l'esearch is lI eeded 
to e nsure lhat the n ceessa ry clala a rc av<) il able upon which 
cl e cis io ns l'e la lin g' lO Ihe conserl' ,Jli o n of lJl<Jrine ll1atnll1a ls in 
pol ynya Jl'eas G ill be bas cd. 

2, Résumé 

Les polynies semblenl cOlld il ionnel' la su rvie de n OI1l 
breuses populaliolls viables de l1lamllJirères mal ins de 
l'Arctique canadien, C haque p o lvlli ejo ll e li Il rô l<:- donl la 
nalure cl l'importance va ri e nl cOlls idérab le ment selon l' es
pèce, la s;lison l' lia nappe d'e;lIl clle-l1IêllJe, Le présenl 
dOCllme l t eX; lIlIine l'ulilisalion que chaque espèce fail des 
principales po lyni es de l '; l'Clique ca nad ic ll; on v d(lcrmin e 
les <lspeCls impo rta nls , 1'(li fT cruciaux, dl' ('l' tIc qu" ,t ioJ!, l ,C 
tra lhpon m aritilll c perm,lIl l'11l cl les lral',lIIX d 'e xp loralio n 
pé tro li ère Cil Ill er risqllent rie pertllrher c(l n~ ielérab l(' menl e t 
mêm e d e pollll 1 lé! pl IlP,Ht o cs poll'nie s, ( r , illlou s es t 
itn po~s ib le cl' ev;dll(' r les cr fel s de ces d é r ;lIl !;'e !ll e n ts CIl' nOLIs 
ron na Î'" u l1' m a l le rôle ql lCjOIWl11 les poh n ies pUIir les 
IJJam lll i/lTc ~ m arin" , Il r"wh,J d onc cfTCcl ll 'J 111 1 > rc<: h t' r,h ' 
co n sid(Tablc pou r rcoll'i ll ir le .. dO lln ft,s 1'(l llIUl'S permellant 
d e 1 l'(' ndr ,des cléci, io ns au sUJel cie la p rol l>ni OlJ des marn
milcre~ Ill a rin s d alls les polvnies. 

3. ) ntroduclion 

III I( TIlI~ o f lheir lise 1)\ tlIa r in e I1l a ll1 J1lal s, Ih e re are 
d tree lVpt' s o f' poll'l1V<ls in lhe 'Ca ll ao ia n .\rr l ic. T he larg' and 
uniq ue 1 ()nh Wa t r. sma llcr recurrin g po lyn vas dose 10 

shore t r in intl'r-isbnel eha nllels (e,g, P('n n~' S lr::lil), a nd 
sho rclead (or s llear zone) po lvnya sys le lll s slich as lhose in 
Hudson Bal or lhe !)e<lufol! SC<l (S lirling , lhis publicalion, 
Fig, 1), The biologie;]1 si g-nihc<lnce o f each lype of polynya 
llIa y vary g real lv belweell scasons, be lwee n spcci<:-s ofmarinc 
nl3mmals a nd , 10 a nunknowIl exle nl, bellVeell areas, ln 
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somc regio ns, lIIarin e l11a llllll a ls conlinue 10 {'eecl in polynya 
are ;IS during the SUIlllTler afler break-up. In sorne a reas a l 
least, lhe ractors lil a l help 10 creale a polynya in lhe firs l 
place may a lso make lhal area more biolog'ically product ive, 
'l'hus, lhe pu rpose of lhi s paper will be 10 review lhe ava ila
b ic litcra lure on lhe usc ol'po lyn)'as hy marine rnamma ls in 
lh e Ca nacl ian Arnic , allempl 10 evailla l t' lheir hiologieal 
imjJortance ln marine mammals, idcnlifv er ili ca l gaps in ou r 
knowlcdge, and examine lhe possible delrimental effecls of 
d irrcrenllypes or di s lu rba lJ u : . III lh is dis cuss ion, \l'e will eon
sider lhe po lar bea r as a marilJe m Lllll lll a l because il depends 
on lh e mari Il e ecosvs lern l'or ilS sustenance, 

4. Use of polynyas by marine mammal species 

-l , l , Ringed seal (PIIom IIisllirla) 
The ringecl seal is lhe mosl abu nd a nl an d ubiquilo llS 

s[>é'c ie s of lI1arine Illamfllal in lhe Arct ic. The preferred win 
ICI' and spring h"b ilal o rthe ad ull breeding po pulalion i.' Ihe 
LISI ice orbays , coasl lines , a lJeI ~o lid] y frozen inler- i"land 
channe ls (McLare n 1958), Dnring \l' inl e r , adull ringed seals 
rnailll zt in breathin g ho les by abrading lhe iee wilh lhe h eavy 
c1a \\' s of their foreR ip[>ers (S lIlith and S lirling 1975), Gener
a ll y, [hes!.' brcal h ing ho les are eslah li sh ed ,dollg cracks fhat 
ll'ere lhe las ! 10 LreeLe in the /'aI l. \ g-o nis tic bt'ha\liour orlhe 
"c1U llS tcnri s to excluck ~ lIhadu l l sea ls frolT! s uch an'as, th ll s 
rc st rin in g th el1J 10 lhe less ';[(\b lc:: icc of'u lbho re arcas , shnre
Icads, and pol yn vas. 1 n lhis way, lhe diHil'ult ies associa 1 cd 
Wilh m a ill tain in g hreal lt ing- ha les arc al kasl paniall y a lkvi
oIt l' cI ('or ~ lIb aciLl ll ~eal s , In RC lI lT<l 1. qll:u lilati vc cla la ,liT 1101 
<\l a ibb le \Vith which 10 rigo l'ollsll feS I Ihis h vpol II L's is hlll 
~cvera l li nes or e l'id nce ill 110111 Ille caS!(' J'lJ and " 'es tern j \I'('

fi c sUR';"'Cst Ihis is zt con Cl inlCrpl'l'laliOIL 
Ana lys is o f' th e ~Igc st r ll llll 'C of' ~l" b kill ed hr In ll it 

h 11ILe r in Ih c fasl - icc' ~ II T;)S c1 l1ri ll g' t ll e carly ~prillg iJl l'ariabl }' 
s hows d prepondera llce () (, ;\CJ ul t .- ('a h (SllIil h 197:\), ln COII-

1 ra ~ L . seals kil lcd by [lo la r hea rs "Iollg !cac! svslems a lld in 
u ns l,t! ,!c olls hOl e ic t' fnldlO III' IJlT dolllilJ;Jllflv ado ll'scl.' II IS 
(S lirling ;lIId McEwan 1 !/7,): Sli r li ng' alld, r chibald 1077 : 
S lII ith 1 tIHO), III III vS 1 IlIlIit \ ill a~es ill \\ hich ' l'ab arc huJlted 
(' .. t( ' II ~ iv ( ' 1 . the PITS(' llCT ni a tle\\' Icad ur pa lch or e pen 
",a lel' d llring the willter is \ id <.' l)' r 'Cog n ized as a goo 1 p la n > 
to h llll i rin gl'<1 s '<I ls Iw r a ll se (I r tllC'ir loql a lHlllcl a ll cl' (and 
aUTssihi lÎI ) , Simi lad y, \\'he n Jlel\' kads in Ihe ()~rsh()re ice 
beg-i n lo {j-c e ;:e Clver, the \'O lll1g ice b ccomes perfor~Jl ed Wilh 
an ab lillda fl ce or n e \ ' b rc<llhing ho!t-s, illdicating r<'la tive]y 
hig-h local concenlra lions o f sc;": (l-'ig, 1), 

Fro m ca rl y Mareh tn lai ' !\ob}' of 197 1, lhe Inuil hun 
Ie rs rrom Holman (in Amundsen Gulf) took 1570 ringcd 
seals from the noe edge on lhe eaSle rn border of lhe Cap<:- 45 



l3athurst polynya II'hich , ill that ye;Jr , remained open 
througllOlItthe lI·inler. Sixtv percellt orthose seals Il'(Te 
SlIbadlllts, indicating f ~lirl y strongh the importance o f the 
poll'nva lo the subadult ringed se<1 ls or th ,1\ population . 
These results <1150 indicate thatlhe "duit ringed sea ls ocnq)\
ing the bst-ire areas "long the shore lended le> rel11ain LInder 
the bst ice and liTre ani\"Ch' excllllling slIbadults (T.G. 
Smith, IInpuol. data). Strong cl'idence of"tcrrilorialil\' in Ihis 
species has recen tl)" heen dO Clllllcnted b\' the ohsen'ation of 
site tella ci tv durillg lhe earh' period oChallling-out and tll C 
strong possibilil \ or sitc fidelill belllTen \"C<1rs (Finle\ 1979: 
Smith and !-Iallllllili 1 ~)HO) . There is lilTlitecl e\'idencc lhat 
sorne ringed seals hreed oflshore (Koski and D;lIis 1979), bUI 
the rdali\T il11portance or pack-ice breeding, when COIll
pared 10 the dCllsity observcd in the landrasl ice, probabh IS 

nOl grcal. 
Dispcrsal of"vollng prim lO brca k-llp 1Il <l\' occur 

along lead sys lems blltlhis has nOl becn st lldied . Du ri ng 
the open waler ]Jcriocl, ringcd seals <lppcar 1.0 disperse 
1H.' I<l gica ll y throu gholll arnic walers. <1llhough an associa
lion with irc noes h<1s been nOled (T.G. Smllh , unpubl. 
da la) . Fall concenl ralions of ring'ed sea ls Ceed ing pe la
gic<1ll)' ha\'e been dOClIlllcnled (T.G. Slllilh. lInpLlbl. data). 
!-Io\\'evcr lh eir rclationship, iran y, 10 former po l)'n\'a areas is 
unkllolVn . 

Overall it appears th<1t po lynvas arc most s ignifl clI1 l 
to ringed se,ds ill providill g o\"er\\'inlering ,liTas Cor subadults . 
ln sOnJe areas, polyn)'as ma" ,lI so support a slllall pMt orthe 
brecclin g population dmin g- the lI·inler. 

Figure J 
Rill~ctI sc. al I>r C.lIhil1 ~ Iioles '"" reliu l.cll k ad (1'""(0: 1. S, iriillg-) 

-1 .2. Ikarded seal ( I:I/~I!:II(/ /hlls bnruo/lIs) 

The bearded seal occlIrs throllgholll tlle !\relie, bUI it s 
distribution is llIuch more pal ch\' than 11I<lt orthc ring-ed se<11 
and its ecologieal rCCjuirelllcnts are less IInclerstood. The 
preférred habit " t or tllC "duit hreeoing poplIl at ion appea rs 
LO be areas or Illo\'ing' ire intl'rspcrscc! Il'ilh open Il'a ter less 
lhan 100 III in depth (Bllrns 1~)(i7 : Dalis l'/ al. 1975: Stirling r/ 
al. 1 077a) . Like ringed seals. bearcled seals are also cap:lblc 
or lIl 'I in tai llini; their 01111 hrca lhing Iioles bl abr<lding lhe ice 
Ilith lhe dall' oftheir rordlippers (\Ibe 1980: Stirlillg 1077) 
(l'Ig . ~) . llllhe \ITstem r\rClic. m,Ill' be,lrded 'ieals ha\T been 
recorded loc lli/illg IInder "'<llCT in ail are" or <Il1nll ,t\ ice 
1110re IIl<1n-lOO km fronlthe closesl o pell lcalls (Sli rling ,111(.1 
SllIith 1977) . h is nol knOll"l1 if ' sp<llial segregation orage 
clas'ies OCClirs at an\ ,e<lson. ln gen C'ra 1 ,11011'('\"('1'. bearded 
se<l ls arc Illore abllnd ,lIlt in areas wherc open Il':ller ocr llrs 
continuollsh or "tlcasl pcriodicalh , COllsequenlh, sinn' 
beardcd seals h<l\T no kno\\'n oblig<lli\C' l1Iigr;llions . it is 
apparcntcvcn frollllhe sOllleldwl sketcll\' clau ;1I'ailable, 
lh<1tthc Ilinter dislribution ofbearcled scds in the C<1nadi;1I1 
r\rctic could l'or Ihe 1I10S1 p<lrl be superinlposed O\'lT lhe dis
lribulion orpoh'lIya areas . 

4. 3. \>\' alrus ( Or/oumlls m SII/C/ms mOI/(////s ) 

ln the C,nl<lcli<ln r\rclic AIl<1II1ic lI"<llruscs O\TllI"inter 
in are<.ls oC park ice II'here Ihe lI"ater is sh,lllc)\\ ;lIldthc ice is 
lhin enough th<lllhn c,ln ole<lk il \Vilh their he,lds in order to 
main(;lin hre<.ltlling- holcs . lcebcrg-s Iliti ch grolll,d in tltesc 
~ltalloll' <lreas arc rocked h,Hk ;lIld lùrth 1)\' Il';11 el' ClIITents 
,lIld II·inds. cre<iting a horder ofll"('akcr Ilroken ice . W;drll scs 
ulilil.e lhoc points eXlensi\"('h' 10 Illainlain brc;llhing' ho\es 
lhrollgll the \l'inler (Fig. ,1) 

l 

BCGluse oC the Iimiting effcel of ice thi ckn ess. the win
ter distribution o("walrllses lends ln he Iimit t'd 10 the larglT 
water bodies, such as BafTlI1 Bal' or Davis Strail, where the ire 
is less stable. Nc\'cnhclcss, lit t' importance orpoll-nya areas, 
notahlv in Fox e n<lsin and lO a lessc r degTce in areas such as 
Pellll\' Suail or Hell Gale (Smilh and Rigbl', thi s puhlication , 
Figs. 9-(1) is el1lphasized 1)\, the 1;ll"l tltal variable numbers 
oC individu,"s O\'Crll"inler lhere each I·t'ar. r\lthoug'h occa
sional indi\idllal Il'alIllSCS h<l\'C becn recordcd o\'CI"II'intcrin g 
cl\lay frOITl the larg-cr ;llId more rtliable polln\'<1s (Slirling 
197-1a; Kiliaall and Stirling 1 ~)7H). this is not conllllon 
enough lO he ofconsequt'nce tn th e popldation . The CXlent 
10 II'hich the hreeding ,lIlel nOIl -breeding pon ioll\ of Il'alrus 
poplll<ltiollS m;1l' 'iq;regalc clllring· the ll'inter is no l \l 'ell 
underslood. 

Almosl ;dl poplllaliollS of Il',dnls('s probabh' ha\'c 
local seasollalIIlO\'eIlJClllS or IIligra tion s, altllOug-h Ihe del ails 
mal' Ilot bc kIlO\I,l ror c<lcll arc;1 When the first cracks forlll 
in lhe ire in the spring, Il' ,druses lenclto lllO\'e along lhcm to 
new keding silCS . III SClI IIl' Clses , ;1111111 <11 larialions ma\ 
cnlargc lhe cxisling pol\"lll 'a arc<lS in II"hich II" a 1 l'lises o~Tr
\l 'inter, thm ;dlO\I·ing· thellllo CXlclld Iheir féeding area . 'rhe 
presence ofÎcac!s ('arl~ in the \T<lr prm'idc:s Il',dlll ses wilh an 
essentiallanc Or"(T(:'S~ lO IlC\\' <lrc,I';. 

Figure 3 
.-\ Il'picdl \,',a1r,,< Iirl',lIhinA h" Ie "1111,, ctlK'" (lI a <I"all pinl' o[ Il,,11(11 l'. '" in, 
Inr/l'Il II\tO l!Ie (II\lHl ~ d I ( L' (photo : l. Stirlil1g) 

Figure 2 
Brcalliing hale in Ih" sea in' b"ing "",illlaillcc.I bl' hl'arded sea ls. NOI<: Ih~ 
, .. raleh marks in Ihe iee (photo: 1. Slidill~) . 
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4.4. Other species or seats 
No Olher species of seals are abllndant dunng th e 

winter in polynya areas in lhe Calladian Arclic, although 
sOla li but undetennined numbcrs o f harbour se"ls (Pham 
1I/lllti//a) mal' overwinter inlhe sh ore leads and river 1ll011lhs 
of HudsOIl Bal' (Mansfield 19670) . Durillg SUllllller, slllali 
nllrnbers ofh,{rbour seals occur in Hudso n Hay, llsually asso
ciated \Vilh the eSluarine feeellllg habilat. Perioclic occur
rences have been report cel rrolll southcastem Ballin Island 
and the Beau[ort Sed. 

Occurrences of hoodecl seals (C\'slophom mslnlo) in 
pol)'Ill'a arcas at ally season arc surflcien ll\' l'arc lhalthe sper
ies call be Olllilled rrolll further discussion. 

Winter use of pol yn yas bl' harp seals ( PagoPhilw glO('//

!al/d/Clls ) is neg ligiblc allhough a fe w Illa}' \Vinler in the Fro
bisher Ba)' or Cumberland Sound po!yny;ls (Slirling, dm 
publication, Fig. 1). In the SUl1llll er, h o we ver, large nUlllbers 
o[ harp sea ls llligrate 10 former pol\'nya areas in Hudson ilay, 
Balflll ildy, LanGlster Sound alld adjacent \l'ater bodies to 
recel (Scrgeant 1965, 1(76), During lhis period, harp seals 
Illa)' use shoreleads dS migration routes. 

4.5. \"' hite whales or beluga (De{p!lIlwjJlnus !l'/I(as) 

While whales arc capable o f' breaking a cerlalll 
amount ofyo llng ice \Vi(h tileir backs in orcier to brea(he 
(Fig. 4) but they are essentially d e pcnden t upon areas where 
open \Vatel' is maintained by nalural cOllditions. III Canada, 
m osi white whales appear to win 1er ill areas of' drifùl1g pack 
ice, even iltlllS nccessilales long seasu ll a lllligra(ions (F1aker 
1979; DdVis ri af. 1980). Howcl'er, ill areas slIch <lS Foxe 
Basin (Sergealll 1(73) a!ld possiblvJall1es Bal' (/onkcl 19(9), 
lhey appear to overwinler in loca li ï.cd polY!lva ,IITaS;JS is 

Figure 4 
Whil(' ,vlt.-,te-s "",killg brcatl,ill!\ hole , ill )ollng ilc (pholo:J. I.Clllkl ) 

apparentlv more COllllllon in th e Soviel Arctic (Klelllenberg 
f i al. 1964). 

The importance orÎ eads, pari icularl\' shorelcad 
polvlly" sys lems, as spring migra lion routes to fceding· and 
ca l\'ill g sites in arC<ls s uch as lh e Beauf()n Sea and Lancaster 
Sou ne! C<lIlnot bc o\'erstalcd. El'ell a/kr break-II(J, sOllle of 
th e former pol)'n)'a arcas in both the e<lslern anclwestcrn 
Arclic appear 10 be illll>ortanl as Cceding areas. 

4.6. Ndrwhal (,\lol/odo// 11/0 Il orfros ) 

[n Canada, narwhals a re round lllallliv in the eastem 
and hi gh Arclic allhollgh a limitednll tllbcr enler nonhcrn 
Huds(~n Bay elu'rillg lh ~ Sil III Ill er (f ... lanslicldl'I al. 1975(1) . I.ike 
\l'hite \l'hales , they are capab le ofbrcakillg l'oung ice wilh 
th e ll· backs in order lU brealhe, bUlliley <Ire esselllia[[y 
dependellt UpOll areas where open \l'ater occlIrs n<ltura ll y. 
i\1os tllarll'hals appc;)r 10 ovcrwin ter IIllhe more sOlilherly 
open pack ice areas 01 [)al'is Sirait, keepillg to deeper ancl 
!llore o pen \l'ater than while \l'hales (\'ibt' 1967; Kapel 1975 , 
1977). Nanvhals do not appear 10 OVer\l'illter in signili c<l nl 
numbers in polynyas in C<lnadian waters. 

[n the spring, narll'hèll s migrate through shorclcacl 
pol)'nya systems inlo Lancaster Sound ancl. 10" les.~cr 
degree, Hudson Sil-ail (l'vlansfield r i al. 1975a). Thcl' con
linue to penelralt' n eIV leads into fast-ice arl'as as break-up 
proceeds. Ailhough leads a rc crilicallo nar\\'h,,[s as mi g ra 
lion routes, the )' appear to us e t.he sh;J![oll'er \Valu poll'nva 
areas for feecling less lh an while whales. Artel' brcak-up , ancl 
throughoullhe resl orlhe vear, thev feed eXlensivelv m clccp 
\1' ,11 ers, some' of \l'hich arc IOlllle r pol ~ ' ll\." areas. 

l 

-1-.7. Bowhead (Bn!({n/a IIIvsl!rflu.l) 

Bowhead Il'hales are m ore s imilar 10 white \l'hales 
th all narwhals in lheir use of polvnvas. Both the e;!slern and 
western ArClic poplilation ~ ;1j>pC<l r 10 \Villier illthe llIore 
sou th l'rh· open pack arcas oll) ,\\·is , 'trait a ncll h l' Lkring Sea 
IC ' IH':<lll'ell. I tl l he spnn g- , !>()tlt pOjJld ,'l ions ,Ill." d c pelld ellt 
upon . horekads ,L' Il Il gT<t 1 ion ro ul l'~ l () lTl<l jo r ft>('ding ;l reas 
in p()hma' pnor 10 1) IC;t k- lI p (FjsCl ts ,lIl cl i\ L1rquc llc 19 7:); 
Frakcr 1!)7 ~)) l}uri ng lhe Sll lll tll er, lhn Cllnlillue 10 Cccd 10 d 
s ig ll il icalll d egrt>e in IO l'! nvr polnw :1 ,ltTas. 1301dl C;Hls ap IH:;u· 
tU·!c;\\T Ih e rO rlll('1 pohll\a area.., illlhc Lill /olthcir OICT\IIlI 
te l illg aredS priOllO /rccze-up (Frah-r 1'1 (d. 197H) 

-l .H. l'ob I' bClr ( { 'nlls lI!or/IIIIIIIS ) 

( Il Ihi s discussio n , pol ar be: rs :l r ' consid f' rcd marine 
tnarnllla ls, because thn li\'e (H I ;Illd recel frolll lhe sca fi)r as 
lllueh orlhe l'car ,J'i possible , tno\'ing Olltn [atlcl onl\ for 
m<l l.c rnilv dcnnlllg or \l'hen ('onlpe llcd hl' «)Jllp lclC Illcllitlg 
orlhe sea iee. These bears ten cllo bl' / ~ICl"talil·e Illlgrants. 
The sile orlllcltl'idudi home ranges probabh· l'aries belll'een 
dreas, dependlllg on the exlcnl to \l'hich cnvironmental L1C

lors l'oree Ihem 10 !ll()ve seasotl,tllv. Polar bears plTV maitll )' 
upon ringecl seals and , tu a lesser degrcc-, on bearcled se,ds 
(Stirling and Archibald 1(77). Polar bc"rs appear 10 he lllore 
abundant in polynya areas and along s horeleacls, probablv 
because the densities orscals arc grcatcr and lhey arc m o re 
dccessible. For cxamplc, beill' een Marcil and.Jullc in the 
Beaufort Sea from 1971 lhrough [D75, 87'10 of the sig·htings 
ofpol<lr bears were made ad.J<lcent lO Ho e e elges or in llnst a
ble arl'as of 9/10 or 10/10 ice cover \Vith intenlllttent 
palche~ ofyouilg ice (Stirling ('1 af. 1 ~) 75). A stillilar p<lttern 
has been observed in olher areas or 1 he Arctic bnl t.he elala 
have not )'Ct becn Cjll<Jntifleci (1. Stirlillg-, llnpllbl. data). 

Figure 5 
Kell' pulkd Oll) "r" se" l hote- (J Ui ll Ihe iee b\' Icedillg 1'0 1" .. hC<lrs 
(pho)o: 1. Slirling) 

~------

In a preliminary ~tlld)', Stirling and Archibald ( 1977) 
rOlllld thatthe majority ofseals found killed b y polar he;}rs 
were subadults or you ng or the year allhough th e exan pro
portions varied with b o th hab it a ts and ar('a ~. Two-lhirds 
(10/15) of the ringed sea l~ killed in 1 he pack ile or along lhe 
Hoe t'dge IH'IT s ubadults . The concelltra(ions )( p o la b ears 
;\r(HlI1d p olvllIa areas and Ica els is p ro lublv abo rddl cd lu 
highcr dCIJ ~ it i e ~ o('sul)aclll il ring cd .' c a ls whlC:h nl;IY he les, 
c xpc r icn(l' d ~)l aVOl cling pre (Ll lo rs . S lll it h (19HO) , in a s l lI d y 
or \J o lar he;l r p rcd :lIion in hoth the C;lst c-rn ancl weS Il'r1l 
ClI1aclian Arcl ic , u mcludcd tha l po lar hea rs u sua ll v killed 
,)clo ll' ~ cent lIngeci s ('3Is anclthal perhaps s 'ais il! 1I1ls labie 
Ice, ,mil d S lha l round tH'ilr pol) n yas, might be easier loI' 
l)t'ars 1 () hunl. 

Allhoug h polar bcars subsis t prilllarily on se" ls, lhe y 
also eal other malclids : uch as kclp. Polar bears ha ve onen 
beell ohserved eatillg kelp that has been washed up o n the 
beach (R m sell 1975), andthere are sel'eral reports of polar 
l.Jears activelv cli,ing for and feecling "pon kclp cluring th e 
open \Vater period oflh e SUlI1 mCl and f;lll (Lpnp 1970; Rus
sell IlJ75; Stirling 1974h) . ln sOl1le pol)'nya alTas wh ere th e 
water is shallow, sllch dS along lhe coast ofsoulheas l Baffnl 
I s la nd, the kell11ronds li e againstthe underside of the ice 
a nd up into seal brcathing holes . Polar hears feed o n these 
plants eXlensivcly lhro ug ho utthe winter (Fig 5). The nutri
tive s ig nificance olkelp to polar bears is unknown but it 
appears thal access 10 Ihi s resource during lhe win 1er is lim · 
ited to sorlle pol yn ya areas. 
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5. Marine mammal use of major polynyas 

ln the following section, we review the use of the 
major polynya areas of the Canadian Arctic by ~he di~e.rent 
species of marine mammals. Important or posslbly cnl1cal 
aspects will be identifted to the extent thatthe avatlable data 
permit. However, because 50 liule wo.rk has bee~ don~ on 
ecological relationships, much of the InterpretatIon WIll have 
to be based on qualitative rather than quantitative data. 

5.1. Cape Bathurst polynya and adjoining shorelead 
systems (Smith and Rigby, this publication, Figs. 12, 
14, and 15) 
The white whale and bowhead populations of the 

western Arctic migrate long distances each spring along 
shoreleads from the Bering Sea in order lO reach their feed
ing grounds in the Cape'Bathurst polyllya (Sergeant and 
Hoek 1974; Fraker 1979). The western Arctic white whale 
population Lütals ca. 4000-6000 (Sergeant and Hoek 1974; 
Fraker 1977), and the most recent estimate of the number of 
bowheads passing east along the north coast of Alaska is 
2264 (Braham el al. 1979). 

The main use of the leads along the coast of Banks' 
Island occurs in May andJune when the whales are migrating 
Lü the Cape Bathurst area. By migrating 1-2 months ahead of 
break-up, the whales are able to feed longer in the Cape 
Bathurst polynya before migrating west ward into the Ma~
kenzie River delta to feed. The white whales apparently glve 
birth to their calves thcre as weil. Even 50, substantial num
bers ofboth spccics have been known Lü remain in the area 
around Cape Bathurst for to 2-3 months during the open 
water period. Înstead of moving westward (Fraker 1979). 
Sightings ofbowheads, made by whalers arou~d t~e t~rn of 
the century, indicate that a similar pattern of dlstnbutlon 
existed then as weil (Townsend 1935; Sergeant and Hoek 
1974). 

The Cape Bathurst polynya and its adjoining leads are 
used by large numbers of seals, particularly subaduil ringed 
seals and adult bearded seals (Stirling el al. 1 977a; T.G. 
Smith, unpubl. data). These seals appear to concentrate 
there because of the reliable occurrence of open water or 
young ice throughout the winter. Extensive local movements 
along these lead systems probably occur during the winter in 
response Lü short-term changes in ice conditions and food 
availability bUl this has not been studied. Although there are 
no quantitative comparative data; it appears that most 
bearded seal pups are born along the shorelead polynya sys
tem adjoining the Cape Bathurst polynya, while most ringed. 
seal pups are born in the fast-ice areas in eastern Amundsen 
Gulf and along the coastlines of Banks Island and the maIn
land (Smith and Stirling 1975; Stirling and Smith 1977). Dur
ing the faU, substantial but unquantifted numbers of subadult 
ringed seals migrate west along the mainland coast, mostly in 
open water but using shoreleads as necessary (Usher 1970; , 
Stirling et al. 1977a). Although it is not known where they go, 
or/What proportion oftheir cohorts these animais represent, 
one seal branded in the eastern Beaufort Sea was recovered 
atlcy Cape in Siberia (Smith 1976). Wh ether or not these 
animais return in the spring has not been determined. How
ever, ifthey do. they almost certainly trave! along the shore
lead polynya system that parallels the mainland coast from 
the Chukchi Sea to Amundsen Gulf. 

Because seals concentrate in these areas, and conse
quently may be more accessible to predators, the Cape 
Bathurst and associated polynyas are also very important 
feeding sites [or polar bears (Unus II/arilill/ils) (Stirling el al. 
1975). In the western Canadian Arctic, the population of 

, 
polar bears ranges between about 1500 and 1800 animais 
(DeMaster el al. 1980). The Cape Bathurst polynya and asso
ciated shoreleads probably comprise the most important 
feeding area for polar bears through winter and spring 
(Stirlingelal. 1975). 

In contrast to the aforementioned species, walruses 
very rarely visit the Cape Bathurst polynya or its adjoining 
lead systems. Although some discrepancies exist in the Iitera
ture regarding the historical distribution and abundance of 
walruses in the southeastern Beaufort Sea (MacFarlane 1905; 
Fay 1957), at the present time only the occasional walrus 
strays into this region, usually in the summer (Mansfteld 
1959; Harington 1966; Usher 1966). However, there is at 
least one record in which a walrus was presumed to have 
overwintered in a leadjust 50 km west of the northwestern 
tip of Banks Island (Stirling 1974a). Although these open 
water areas may be used for overwintering by walruses to a 
greater extent than previously recorded, the total use is 
probably not significanl. 

Narwhals, killer whales (Orciulls mm), harp, harbour, 
and hooded seals, northern fur seals (Callorhùws ursinus), and 
possibly ribbol1 seals (Phom fasciala) have ail been reported 
in the Cape Bathurst polynya and its adjoining leads, but 
such occurrences are rare (Anderson 1937; Dunbar 1949; 
Radvanyi 1960; Usher 1966; Mansfteld el al. 1975b; Smith 
1977). 

5.2. North Water (Smith and Rigby, this publication, 
Figs. 3 and 5) . 
The North Water is o[ signiftcance to more specles of 

marine mammals than any other polyllya in the Canadian 
Arctic. At one time, it was thought that substantialnumbers 
of whales of ail species probably overwintel'ed in the North 
Water but preliminary data collected by Finley and Renaud 
(1980) in late win ter did not support this hypothesis. They 
estimated that about 500 white whales, or about 5% of the 
estimated population of 8000 - 10000 in Lancaster Sound 
(Sergeant and Brodie 1975), overwintered in the North 
Water in 1978 and 1979. Of an estimated summer popula
tion which may be less than 10000 (Davis el al. 1980),only 
one group of 12 narwhals was seen in 1979 and no bowheads 
were observed in either year. During spring, white whales, 
narwhals, and bowheads migrate north from their apparent 
overwintering area in Davis Strait. The whales trave! along 
the shorelead polynyas of eastern Baffin Bay to [eed in the 
North Water and penetrate the ftrst cracks and open water in 
Lancaster Sound,Jones Sound, and associated water bodies 
(Webb 1976; Sergeant and Hay 1978; Koski and Davis 1979). 
It has been estimated that a third of the white whales and 
85 % of the narwhals that inhabit North American waters 
enter Lancaster Sound during summer (Smiley and Milne 
1979). Thus, the North Water is a vitally important spring 
and summer feeding area for ail species ofwhales.' 

As spring and carly summer progress, white whales 
and narwhals utilize new leads as soon as possible to pene
trate further into Lancaster Sound, Prince Regent lnlet, and 
eventuallv Bellot Strait. Narwhals and bowheads in particular 
continue ~o feed throughout the summer in Lancaster Sound 
and Navy Board Inlet. During the fall. when the white whales 
begin to migrate out of the High Arctic, they contin~e to feed 
extensivelv in eastern Lancaster Sound, partlCularly 111 the 
vicinity of~outheastern Devon Island. The same feeding pat
tern has been documented with seabirds (Nettleship 1974; 
Johnson el al. 1976; Nettleship and Gaston 1977). These 
observations tend to suggest that sorne of the currents and 
upwellings that help lO crea te the recurrent polynya situated 
in easterri Lancaster Sound are also mixing nutrients and 

enriching the area biologically, thus making it important for 
feeding by higher vertebrates. 

The walrus population of the eastern Arctic also uses 
the North Waler on bOlh a seasonal and year-round basis. 
Small numbers apparently winter in the Thule District and 
several hundred may win ter in Canadian waters each year 
along the eastern coast of Devon Island and the southeastern 
coast of Ellesmere Island (see review by Davis el al. 1980). 
However, the majority of walruses using the polynya 
belong lO a large migraLOry population which moves inLO the 
North Water during the spring from ilS wintering grounds in 
Davis Strait (Vibe 1967; Loughrey 1959). Some herds then 
travcl north inLO Kane Basin, while the majority migrate inLO 
Lancaster and Jones sounds where they feed throughoutthe 
summer. There are no reliable population estimates. 

Ringed seals and bearded seals are abundant 
lhroughout the North Water area although no quantitative 
estimales have been made of lheir distribution or numbers. 
Underwater tape recordings made along the Aoe edge in 
Lancaster Sound, south of Maxwell Bay, during April 1980 
indicated that bearded seals were abundant (1. Stirling, 
unpubl. data) although it is not yet possible LO relate vocali-
zation rates to absolu te numbers, , 

The importance orthe North Water and associated 
polynyas inJones and Lancaster sounds as a highly produc
tive feeding area for marine mammals is emphasized by the 
large numbers of harp seals that migra te to that area to feed 
during the summer (Vibe 19S0; Sergeant 1965; Finley and 

. Johnston 1977; Koski and Davis 1979). Harp seals arrive in 
June andJuly and sorne remain LO feed as late as October 
before returning LO lheir wintering area in southern Davis 
Strait. 

A substantial population of polar bears resides adja
cent lO the Canadian side of the North Water and the polyn
yas orJones and Lancaster sounds. A minimum estimate of 
the size of this population is 1700 (Stirling el al. 1978). These 
bears move east to hUllt adjacent to the Aoe edge in the win
ter and spring, after which they move westwards as break-up 
continues through early summer. Substantial numbers of 
polar bears also occur during early summer on the Aoe ice in 
eastern Baffin Bay (Koski and Davis 1979) but quantitative 
information on their distribUlion and movements are not yet 
available. During spring, the greatest densities ofpolar bears 
recorded in the area to date have been recorded along the 
southern and southeastern coast of Devon Island (Stirling el 
al. 1978; Koski and Davis 1979). Even though ringed and 
bearded seals are difflcult to observe at this time of year, the 
presence ofhigh densities of polar bears probably indicates 
the presence of relatively high densities of these seals. Con
sidering the importance of southeastern Devon Island to 
feeding whales and seabirds later in the summer, the high 
densities of polar bears reported in this area are probably 
further evidence of a,high degree of biological productivity 
there. 

5.3. Penny Strait and Queens Channel (Smith and Rigby, 
this publication, Fig. 11) 
The polynyas in Penny Strait and Queens Channel 

occur over rairly shallow water and appear to be particularly 
signiftcant to overwintering walruses. Because walruses tend 
Lo stay in the water where they are not readily visibleduring 
March or April when there is enough light LO conduct aerial 
surveys, it is difficult to obtain quantitative data. Data availa
ble to date, based on sightings, indicate that the size of the 
overwintering population may vary (Bissett 1967; Davis el al. 
1978; Kiliaan and Stirling 1978). Davis et al. (1975) estimated 
that 2qO-300 wintered in the vieinity of easternJones Sound 

and Penny Strait in 1976 and 1977. In April 1980, an aerial 
survey coordinated with extensive underwater recording was 
conducted in Penny Strait and Queens Channel. Although 
only about 50 walruses were sighted, underwater vocaliza
tions were numerous, often occurring in areas where no ani
mais were visible, This indicated that many more animaIs 
were present than were actually visible. Subjectively, il was 
estimated that upwards of 300 walruses may have wintered in 
that area in winter 1979-80 (1. Stirling, unpubl. data). 

During summer, walruses feed extellsive\y through
out the area and in McDougall Sound and Wellington Chan
ne!. Davis el al. (1978) estimated a summer population of 
1000 in 1976 and 1977. An unknown number of these ani
mais may also move back and forth betwecn Hell Gate and 
Penny Strail. Thus, on the basis of the preliminary data, it 
appears that the Penny Strait and Queens Channel area may 
be the 'most important overwintering area for walruses in the 
Canadian High Arctic outside the North Water. 

Bearded seals are also particularly abundant in these 
polynyas, and the area is of particular significance to a size
able overwintering population. Underwater recordings have 
indicated one of the highest rates of vocalization recorded 
anywhere in the Arctic, and numbers ofbearded seal calls 
decrease rapidly as one moves away from the polynyas 
(1. Stirling, unpubl. data). l'hus, although bearded seals are 
not readily visible during much of the year, they are c1early 
abundant in these polynyas on a year-round basis. 

No quantitative data are available on ringed seal num
bers in Penny Strait or Queens Channel, but from subjective 
observations it appears they are probably abundant. Suba
duit animais probably predominate there. 

Polar bears are locally abundant in Penny Strait and 
Queens Channel (Stirling et al. 1978), probably because of 
the substantial numbers of seals that reside there. Next to 
Lancaster Sound, the se polynya areas probably represent 
one of the most important feeding areas for polar bears in 
the High Arctic. 

White whales, narwhals, bowheads, and harp seals 
also migrate into the Penny Strait and Queens Channel area 
during the summer months (Macpherson 1963; Davis et al. 
1980). The Penny Strait polynyas provide suitable summer 
habitat for small numbers of narwhals, while the Queens 
Channel polynyas support small numbers ofbowheads 
(Davis el al. 1980). Harp seals have been observedthrough
out the entire area (Davis el al. 1980). 

5.4. Hell Gate and Cardigan Strait (Smith and Rigby, this 
publication, Fig. 10) 
Variable numbers of walruses winter in this small but 

reliable polynya each year. Kiliaan and Stirling (1978) 
reported 100 walruses in May 1972 while Davis el al, (1978) 
reported 200-300 in winter 1977 in easlernJones Sound and 
Penny Strait. In April 1980, only one walrus was observed in 
the Hell Gate area (1. Stirling, unpubl. data). However, as 
discussed earlier, aerial surveys in cold weather are unrelia
ble for counting walruses. Consequently, the count can be 
regarded only as a minimum estimate. As leads form into 
Jones Sound in late spring, walruses migrate into the Hell 
Gate area. Throughout summer, they feed both in Fram 
Sound and in the shallow water north of North Kent Island. 
Clearly, the area is important to walruses as an overwintering 
area, a summer feeding area, and as a seasona1 migration 
route Lü other areas. 

Ringed and bearded seals are abundant in the area 
but no quantitative data are available. Polar bears occur reg
ularly around this polynya through winter and spring in vari
able numbers (Riewe 1977; Kiliaan et (ll. 1978). We suspect 51 



52 

the area surrounding this polynya is an important feeding 
area for polar bears but there are no quantitative data availa
ble. The polar bears in this region are part of the same sub
population that occurs in Lancaster Sound, Barrow Strait, 
and in the area of Penny Strait and Queens Channel (Stirling 
elal. 1978). 

... Harington (1963) reported that narwhals feed in the 
Hell Gate - Cardigan Strait polynya during summer but no 
other observations seem to be available. In general, however, 
this does not appear to be a particularly important area for 
any species ofwhales. 

5.5. Bellot Strait (Smith and Rigby, this publication, Fig. 7) 
High densities ofringed seals have been recorded in 

the vicinity of the Bellot Strait polynya duringJ une andJ uly 
(Finley 1976; l. Stirling, unpubl. data). Although no data are 
available on the numbers of seals present during win ter, the 
reported summer densities probably indicate a substantial 
year-round population. Bearded seals occur in this area as 
weil and, we suspect, may be abundant. The sugg'estion that 
large numbers of seals are present on a year-round basis is 
supported by the fact that polar bears are extremely abun
dant in both the summer and winter, particularly to the 
southeast (Tasmania Islands) and south west (Brentford Bay) 
of the entrances to Bellot Strait (Davis el al. 1975; Finley 
1976; Stirling el al. 1978). The polar bears in the area appear 
to be relatively discrete l'rom those of Lancaster Sound and 
an estimation of the size of this subpopulation is about 1100 
(Stirling el al. 1978). 

Historically, the area around Bellot Strait was part of 
the bowhead whaling grounds (Davis el al. 1980). Bones of 
bowhead whales used in traditional fashion in houses l'rom 
the Inuit Thule culture arc also abundant along the east 
coast of Somerset Island, l'rom Bellot Strait to Creswell Bay. 
These artifacts also indicate long time use of this area by this 
species. At present, bowheads still use the area during the 
summer months although sightings ofwhales are much less 
frequent there than in Lancaster Sound. Nonetheless, the 
Bellot Strait area may be ofmoderate importance to bow
heads. 

During summer, small numbers of narwhals feed in 
Bellot Strait and use the area as a passage to feeding areas to 
the west (Finley andJohnston 1977; Sergeant and Hay 1978). 
They have been sighted as early in the summer as 24 July and 
as late into the l'ail as 4 September (Finley andJohnston 
1977). Small numbers ofbelugas, walruses, and harp seals 
appear to summer in the polynya as weil (Loughrey 1959; 
Finley andJohnston 1977). Approximately 2000 narwhals 
were sighted near Savage Point on eastern Prince ofWales 
Island on 30 July 1980. From the ice conditions, it 
was apparent these whales had passed through Bellot Strait 
(T.G. Smith, unpubl. data). 

5.6. Fury and Hecla Strait and northern Foxe Basin (Smith 
and Rigby, this publication, Fig. 9) 
The Fury and Hecla Strait polynya and the numerous 

smaller polynyas in northern Foxe Basin support high densi
ties ofwalruses, bearded seals, and ringed seals on a year
round basis (Manning 1943; Loughrey 1959; Anders 1965; 
Mansfield 1967b). Unlike the walrus and bearded seal popu
lations, use of this polynya by ringed seals during the win ter 
is dominated largely by subadult seals (Bradley 1970). How
ever, throughout the rest of the year this area is probably 
used by ail age classes. 

This whole region appears to be a relatively impor
tant summering area for bowhead whales and an ice-free 
travel corridor for animais migratirg eastwards through the 

strait 'during the l'ail (Mansfield 1971). White whales and nar
whals also sUl11l11er and migrate through Hecla and Fury 
Strait, although such movements do not appear to be crit
ically important (Parry 1835; Sergeant 1962; Anders 1965; 
Mansfield el al. 1975a). 

Polar bears appear to be abundant throughout Foxe 
Basin but no quantitative data are available. 

5.7. Roes Welcome Sound polynya (Stirling, this publica
tion, Fig. 1) 
The Roes Welcome Sound polynya is an important 

wintering area for white whales, walruses, and harbour seals 
(Mansfield 1958; Mansfield 1967a; Sergeant 1973). In addi
tion, it is an important summer feeding area for narwhals and 
bowheads (Ross 1974; Mansfield el al. 1975a). 

Most or perhaps ail of the whales that summer along 
the western coast of Hudson Bay win ter in the Roes Wel
come Sound polynya, although the exact numbers are not 
known (Sergeant 1973). The population ofwhite whales in 
western Hudson Bay is estimated at 10000 (Sergeant 1973). 
During summer, many ofthese whales move south and con
centrate between the Nelson River estuary and the Manitoba 
_ Northwest Territories boundary (Sergeant and Brodie 
1969), although some appear to summer in the vicinity of the 
polynya (Manning 1943). 

ln win ter, walruses also tend to concentrate primarily 
in the polynya. AI' ter break-up, sorne walruses remain in the 
area while many others migrate to northeastern Coats Island 
and southeastern Southampton Island (Degerb911 and Freu
chen 1935; Mansfield 1968). 

Bowheads reside in the Roes Welcome Sound 
polynya l'rom approximately mid May to mid September each 
year (Ross 1974). Although the current distribution ofthis 
population appears to be similar to what it was in the past, 
the present population size is much reduced l'rom its historic 
numbers. Most of the bowhead population is believed to 
leave Hudson Bay late in l'ail. Occasionally, however, sorne 
whales may overwinter in the polynya (Low 1906; Degerb911 
and Freuchen 1935; Ross 1974). Narwhals use this open
water area in a similar manner to bowheads except that they 
probably never winter in Hudson Bay (Mitchell and Reeves 
1980). During summer, small numbers ofharp seals also feed 
in Roes Welcome Sound (Sutton and Hamilton 1932; Man
ning 1943). 

Polar bears and bearded seals are permanent resi
dents of the Roes Welcome Sound polynya (Sutton and 
Hamilton 1932; Manning 1943). The ringed seal is another 
permanent resident ofnorthwestern Hudson,Bay, where it is 
reported to occur in moderate numbers, although its distrib
ution and abundance in this polynya have not yet been de ter
mined (McLaren 1958). Killer whales and hooded seals have 
not been reported in Roes Welcome Sound. 

5.8. Frobisher Bay and Cumberland Sound polynyas 
(Stirling, this publication, Fig. 1) 
Moderate numbers ofbearded seals reside in the Fro

bisher Bay and Cumberland Sound polynyas on a year-round 
basis (Smith el al. 1979). These two southeastern Baffin 
Island polynyas also support moderate densities of polar 
gears , and low to moderate densities ofringed seals (Smith el 
al. 1979; Stirling' et al. 1980). Varying numbers ofwalruses 
occur in both areas throughout the year, in addition to rela
tively abundant numbers ofharp seals during the summer 
and l'ail, and possibly small numbers during the win ter and 
spring (Anders el al. 1967; MacLaren-Marex Ine. 1979; Smith 
et al. 1979). Bowheads appear to concentrate in the Cumber
land Sound polynya during the l'ail, win ter, and early spring 

(Brown 1868; Anderson 1934; Koski and Davis 1979),while 
killer whales are common during summer (Kumlien 1879). 
The Cumberland Sound polynya also provides an important 
ice-free route for white whales travelling to feeding' sites at 
the head of the sound shortly after break-up (Anderson 
1934; Sergeant and Brodie 1975). The Frobisher Bay 
polynya, on the other hand, provides these whales with an 
important wintering area (MacLaren Marex Ine. 1979). 

The Cumberland Sound polynya receives occasion al 
visits l'rom narwhals, hooded seals, and harbour seals, whereas 
the latter two species, in addition to killer whales, are 
unknown in the Frobisher Bay polynya (Kumlien 1879; Soper 
1928; Anders el al. 1967; MacLaren Marex Ine. 1979). The 
bottlenose whale (Hyperoodon a/llpullalus) is a constant spring 
and summer occupant in the area near Frobisher Bay and 
Resolution Island (Lindsey 1911; Mitchell and Kozicki 1975). 

5.9. Eastern and western Hudson Bay (Stirling, this publi
cation, Fig. 1) 
White whales, polar bears, bearded seals, and harbour 

seals reside year-round in the vicinity of the western Hudson 
Bay shorelead system (Doan and Douglas 1953; Serg'eant 
1968; Mansfield el al. 1975b; Stirling el al. 1977b.). White 
whales have also been reported overwintering in the persist
ent lcads of James Bay OonkelI969). In addition to hunting 
along the lead systems that parallel the eastern and western 
coastlines of Hudson Bay, sorne polar bears may winter 
along open water areas at the confluence ofJames and Hud
son bays Oonkel el al. 1976). The western Hudson Bay and 
Belcher Islands leads are also important summer ICeding 
areas for undetermined numbers ofharp seals (Sergeant 
1965; Mansfield 1968, 1970). 

The coastal shorelead of northwestern Hudson Bay, 
l'rom approximately Eskimo Point to Roes Welcome Sound, 
appears,to support higher density resident populations of 
ringed seals (Smith 1975) and walruses than other sections of 
these shoreleads. However, local concentrations ofwalruses 
also occur in the shoreleads surrounding the Ottawa, 
Sleeper, and Belcher islands (Loughrey 1959; Mansfield 
1958; McLaren 1958). Small numbers ofsightings ofbow
heads and killer whales have been made in the Hudson Bay 
shoreleads (Low 1906; Sergeant 1968; Ross 1974). Although 
small numbers of narwhals and hooded seals visit Hudson 
Bay, it is not c1ear how much they use these lead systems 
(Mansfield 1968; Sergeant 1968; Mansfield el al. 1975a; 
Mitchell and Reeves 1980). 

5.10. Eastern Baffin Island (Stirling, this publication, Fig. 1) 
The fjords along the east coast of Baffin Island sup

port particularly high densities ofbreeding ringed seals 
(McLaren 1958; Smith 1973). Since subadult ringed seals 
appear to disperse further offshore during win ter (McLaren 
1958), it is probable that the shorelead polynya system is of 
particular importance to that segment of the population. 
Bearded seals are also corn mon in this region, and breed 
along the whole of the polynya and into the offshore pack ice 
(Koski and Davis 1979; Smith el al. 1979). 

During win ter and spring, the preferred hunting habi
tat of polar bears consists of the band oflandfast ice adjacent 
to the coastline. Along the east coast of Baffin Island, this 
band is fairly narrow in most places compared to other areas 
ofthe Arctic (Smith 1980; Stirling el al. 1980). ConsequentlY' 
hunting polar bears are especially dense on the landfast ice 
and nearshore pack ice along these shoreleads. 

Historically, walruses were abundant at Scott Inlet, 
and hauled out and calved at Padlei and on three islands off 
the mou th of the Clyde River (Degerb911 and Freuchen 1935; 

Mansfield 1958). Today only Padlei still supports a "large 
resident breeding population" (Mansfield 1958). It is likely 
that the once abundant walruses were severely depleted dur
ing the whaling era, and th en were further displaced during 
the recent centralization of the Inuit into villages and con
struction of the DEW line. Overall, the eastern coast of Baffin 
Island supports only small numbers ofharbour seals although 
in the past this species may once have been more corn mon in 
the vicinity of Cumberland Sound (Anders el al. 1967; Mans
field 1967 a). It appears the shoreleads of eastern Baffin 
Island are oflittle importance to these two species. 

The eastern Baffin shoreleads provide access between 
~ummer and winter ranges for several marine mammal spec
les. Harp seals utilize the northeastern coast of Baffin Island 
as their principle migration route into Joncs and Lancaster 
sounds, at least during the early part of the summer (Koski 
and Davis 1979). A large portion of the population also 
migra tes south l'rom the High Arctic in the l'ail to their win
tering grounds via these same shoreleads (Koski and Davis 
1979). However, there is no mention in the literature regard
ing the distance which the seals travel down the coastline of 
the island. Recent aerial surveys have co.nflrmed that nar
whals and bowheads also use the eastern Baffin Island lead 
system as a major migration route during the l'ail, l'rom Pond 
Inlet to Cumberland Sound (Koski and Davis 1979). 

, 
5.11. Southern Baffin Island (Stirling, this publication, 

Fig. 1). 
Little data has been collected on the distribution and 

abundance of marine mammals in Hudson Strait and the 
shorelead systems of southern Baffm Island. Walruses 
migrate westwards along the southern coast of Hudson Strait 
in the early summer (Degerb911 and Freuchen 1935) and 
return in the l'ail along the northern edge (Loughrey 1959). 
Sorne walruses apparently overwinter in the strait in open 
water areas. Historically, this species 'was hunted year-round 
at these locations (Kemp 1975), Variable numbers ofwal
ruses may win ter in the relatively ice-free waters of the leads 
surrounding the Nottingham and Salisbury islands, North 
Bay, and the Middle Savage Islands l'rom October to May, 
but detailed information is not available (Mansfield 1958). 

Ringed seals breed in the fast ice of the bays along 
southern Baffin Island although subadult seals probably con
centrate along the shoreleads during win ter and spring. 
Degerb911 and Freuchen (1935) suggested that ringed seals 
may migrate along these leads between a summering area at 
the west end of Hudson Strait and a wintering area in White 
Strait north of Big Island, but this is speculative and no more 
recent data are available. Polar bears also utilize the shore
lead habitat to a significant extent during win ter and spring. 

White whales use the southern Baffin Island lead sys
tem as a migratory route during spring and l'ail, and it is pos
sible that small numbers winter there as weil (Sergeant 
1973). Stephansson (1975) also reported a small number of 
white whales in the shoreleads west of Lake Harbour inJanu
ary 1975. 

Varying numbers of narwhals, killer whales, bow
heads, and harp seals migrate through Hudson Strait during 
spring and l'ail but the extent to which these species actually 
use the shoreleads is not known (Low 1906; Sutton and 
Hamilton 1932; Mansfield 1968; Sergeant 1968; Banfield 
1974; Mansfield et al. 1975a). 

5.12. Entrapments or savssats 
5;avssal is the Greenlandic word for an entrapment of 

whales, usually narwhals or white whales, in which the ani-
mais are confined in patches of open water during the l'ail or 53 
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win ter. The penchant ofthese species for feeding in leads 
and small openings in the ice makes them vulnerable to 
remaining in localized patches of open water until,the sur
rounding areas are frozen up and escape is apparently 
impossible. As the remaining open water freezes over, the 
animais probably eventually die, 

Savssats appear to occur on an accidentai basis, The 
largest recorded entrapments have been reported l'rom 
Greenland. Brown (1868) reported an entrapment of several 
hundred narwhals and white whales, while Porsild (1918) 
recorded one in Disko Bay during the win ter of 1914-15 in 
which about 1000 narwhals were killed by Greenlanders and 
many more were shot but not retrieved. 

Entrapments occur in the Canadian Arctic as weil but 
they are apparently less common than in Greenland, possibly 
because of the migration patterns of the narwhals and white 
whales (Hay 1980), Freeman (1968), Hay (1980), and Stirling 
(1980) aIl report instances of entrapments in Canadian waters. 

6. The importance of polynyas to marine mammals 

From the foregoing sections, it is clear that polynya 
areas in the Canadian Arctic are used extensively by marine 
mammals. However, it is difficult to assess accurately how 
critical each polynya is 10 the survival of viable regional 
populations of marine mammals because many data are not 
available. For the most part, this is because the necessary 
studies have not been conducted. However, the results of 
sorne relevant research have not been analysed and pub
lished. There is also considerable variability in how each 
polynya and type of polynya is used by each species of marine 
mammal on a seasonal and regional basis. 

One useful approach is to ask what would happen if 
the polynya was not Ihere? Obviously this is impossible to 
evaluate on an experimental basis, but by examining, the 
consequences of natural seasonal variation, some useful 
insights can be gained. For example, the influence of rapidly 
changing ice conditions on the availability of open water, and 
consequently on populations of seals and polar bears, has 
been observed in the western Arctic (Stirling el al . .1976, 
1977 b). Apparently in response to severe ice conditions in 
the Beaufort Sea during win ter 1973-74, and to a lesser 
degree in win ter 1974-75, numbers ofringed and bearded 
seals dropped by about 50% and productivity by about 90%. 
Concomitantly, numbers and productivity ofpolar bears 
declined markedlv because of the reduction in the abun-
dance of their pr~y species. The changes in ice conditions 
cou Id have affected the seals in IWO ways. Firstly, because of 
the heavy and compressed ice, it may simply have been more 
difficult for seals to maintain their breathing holes. Secondly, 
if the ice was thicker in spring 1974 and contained fewer 
cracks and leads, less sunlight may have penetrated into the 
sea to stimulate primary production. At best, the Beaufort 
Sea appears to have a fairly low level of primary and second
ary production and a relatively uncomplicated food chain. 
Consequently, changes at the lower trop hic levels could have 
rapid and significant effects on higi1er organisms. Thus, in 
this case at least, it appeared that the timing and reliability of 
occurrence of a particular polynya was critical to sorne of the 
resident marine mammals. If the shoreleads of the western 
Arctic or Hudson Bay ceased opening during win ter and 
spring, the effects on marine mammals would be devastating. 
Local populations that depend on polynyas for their over
wintering survival, such as the walruses and bearded seals in . 
the area of Penny Strait and Queens Channel, would proba
bly be e1iminated if the polynyas ceased to exisl. While we 
recognize that such major physical changes seem unlikely in 

the foreseeable future, the results might be similar if man's 
activities resulted in large-scale disruptions to polynyas or 
the lower organisms of the food chain that reside there. 

In looking toward the future, it appears particularly 
relevantLO identify some of the critical areas that need to be 
studied relative to marine mammals and polynyas. One of 
the most important questions to evaluate is whether it is just 
the presence of open water that is important, or if the proc
esses that crea te the polynya in the first place also stimulate 
greater productivity in the area. The answers probably vary 
regionally but, in at least two areas, there is some suggestion 
that the polynya areas may be biologically richer (and thus 
more important as feeding areas) than adjacent waters. 
Fraker (1979) has noted the conlÎnued feeding ofboth white 
whales and bowheads in the Cape Bathurst polynya arter 
break-up, when the whales' movements are not restricted by 
ice. He has speculated that the area may be enriched by the 
mixing of waters from the Beaufort Sea, Prince ofWales 
Strait, Dolphin and Union Strait, and the Mackenzie River. 
In addition, he queried whether a high level of solar radiation 
resulting From a long season of exposure on the dark open 
waters of the polynya may result in an increased primary 
productivity. At present, the answers are unknown. As 
reported earlier, a similar situation exists in eastern Lancas
ter Sound near the southeastern corner of Devon Island, 
where marine mammals are particularly abundanl in almost 
ail seasons. Curiously, although upwelling and subsequent 
nutrient enrichment has onen been suggested to explain the 
biological richness of eastern Lancaster Sound, even this 
most basic aspect has not yet been demonstrated scientifically. 

Another factor related to the productivity of polynya 
areas is the undetermined but possibly critical role of the ice 
edge (Dunbar, this publication). Recent studies by Buckley 
el al. (1979) have suggested that the physical force of wind 
moving l'rom the ice onto the water may set up a current 
away from the ice which stimulates localized upwelling and 
nutrient enrichment. Alexander and Cooney (1979) found 
that in the Bering Sea the most intense primary production 
occurred at the ice edgejust prior to break-up. Dunbar (this 
publication) has identified the ice edge as one of the most 
critical areas to be studied. Because il is the ice edges that 
delineate polynyas, what goes on there biologically may be as 
important to the marine mamlTlals thal migrate, feed, and 
overwinter in polynyas as the presence of open water. 

More site-specific and species-specific studies need to 
be conducted to quantitatively determine the age and sex 
structure of species migrating, overwintering, or feeding 
during the summer in particular areas. What is the impor
tance of a polynya to the maintenance of a viable population 
of a particular species? How much could this vary between 
areas? For example, along southeastern Baffin Island or in 
the western Arctic, most ringed seal productivity takes place 
in the deep fjords and bays. However, in the High Arctic, 
preliminary surveys of ringed seal birth lairs and underwater 
recordings indicate that few seals are present in the bays dur
ing win ter, possibly because the snow coyer is inadequate to 
facilitate construction ofhaul-out and birth lairs (T.G. Smith 
and 1. Stirling, unpubl. data). In contrast, birth lairs appear 
to be more abundant in the snow drifts that accumulate 
along the pressure ridges in the inler-island channels (Smith 
et al. 1979; T.G. Smith and 1. Stirling, unpubl. data). Conse
quently, the rough ice adjacent to polynya areas may be of 
greater importance LO breeding ringed seals in the High Arc
tic th an in other areas. Similarly, the possible effects of 
polynyas bn local precipitation during winter, and whether 
or not this in turn might improve conditions for ringed seal 
pupping are unknown. 

.~~~~~--------------~---------------------------------------------------------------------------

7. Potential threats to marine mammals in polynyas 

As a result ofhuman activities, the potential threats to 
marine mammals in polynya areas appear to be threefold: 
pollution, physiçal disturbances, and hunting. 

7.1. Pollution 
Oil and gas exploration and eventual production is 

proceeding on an enormous scale in the Canadian Arctie. 
Despite the extensive research that is being conducted, and 
the great care that is taken during these operations, oil spills 
and blowouts can, and in ail probability will, occur. The con
cern, as expressed by Milne and Herlinveaux (1979) is that 
"We do not have the capability to contain or clear up oilthat 
may be spilled in the north." Because of the dangers ice pres
ents to drilling operations and marine transport of petro
leum, relatively ice-free areas su ch as non-linear polynyas 
and shoreleads are utilized whenever possible. Although oil 
spills are much less likely to happen in these areas, mishaps 
can still occur. In addition, oil is likely to appear in open 
water areas because, during a blowOIH, the rising oil may 
concentrate in cracks, leads, and polynyas in the vicinity, 
although it also spreads to sorne extent in a thin layer under 
ire Roes (Pimlott et al. 1976; Milne and Herlinveaux 1979). 
Cold ambienttemperatures and the confining effects of sur
rounding ice are believed to account for the surface layers of 
2.5 mm or more that oils can altain in leads during the spring 
and summer (Milne 1978). The risk of a blowout continuing 
under the ice through the win ter after an accident in the l'ail 
is ever-present. 

Oil affects marine mammals both directly and indi
rectly. In an investigation in which the effects of oil on ringed 
seals were examined, il was concluded that direct contact 
with oil can result in severe temporary or permanent eye 
damage, and the death of seals which had been stressed pre
viously by poor nutritional condition (Geraci and Smith 
1976). Oil fouling can also have a serious effect on ringed 
seal pups prior to weaning (Geraci and Smith (976). Recent 
studies on the toxicological, pathological, and temperature 
effects of crude oil on polar bears indicate oil fouling will 
cause severe cold stress (Pritsland et al. 1980). It was also 
observed that when a polar bear comes into physical contact 
with cru de oil, it licks the oil from its coat with such intensity 
and for so long that the oil has a serious internaI effecl. The 
final results of this studv are not vet available, but it is clear 
that oil spills have the p'otential for causing severe damage to 
polar bear populations. 

Studies are also being conducted on the effects of oil 
on small cetaceans but no results are available LO date. 

Oil spills may have serious effects on some species of 
marine invertebrates upon which marine mammals are ulti
mately dependent. A number of short-term toxicity tests 
involving oil concentrations similar to those encountered in 
the vieinit y of a spill have been conducted on various species 
of marine invertebrates. At least in the short term, some 
species appear to suffer high mortality while others appear 
unaltered. Unfortunately, "the long term ecological conse
quences of the resulting reduction in species diversity is 
uncertain" (Percy 1975), In addition to reduction in species 
diversity and within species numbers, arc tic marine mammals 
may also be affected by bio-accumulations of the heavy met
ais contained in crude oil. The concentrations that may accu
mulate in mammals feeding upon lower life forms that reside 
in an oil-polluted environment may be toxie. 

In 1975, Percy reported that "few Arctic marine oil 
spills have been studied in sufficient detail and over a long 
enough duration tü realistically assess environmental 

impacts." Although a number of studies have been con
ducted on experimental spills since that time, çhe present 
studies are still operated on a relatively short-term or inade
quate long-term basis. Data concerning the spread of oil and 
weathering in polynyas and its subsequent effects on marine 
mammals are non-existent. In addition, pre-spill baseline 
data on polynyas is poor, consequently the ability to assess 
the environmental impacts of oil in the se areas is furlher 
complicated. Nonetheless, oil appears to concentrate in 
polynyas and leads to a similar if not greater extent than sur
rounding areas. Limiled data also suggest that oil may have 
detrimental effects on species coming into contact with il. 
An oil spill or blowout in a polynya area could be particularly 
devastating to species with restricted winter distribution if 
the availability of undisturbed polynyas for feeding and 
breathing was critical to their continued survival. 

7.2. Year-round ship traffic 
In 1977, Petro-Canada and ils partners announced a 

proposalto ship liquid natural gas (LNG) in large icebreak
ing carriers from Melville Island to southern markets on a 
year-round basis. Dome Petroleum may make similar use of 
the Northwest Passage to move oil from the Beaufort Sea to 

eastern markets. Ore l'rom the Arvik mine on Little Cornwal
lis Island will use a similar route though possibly not on a 
year-round basis. The planned shipping route will be along 
the Greenland coast, across Baffin Bay, and through Lancas
ter Sound, Barrow Strait, and Viscount Melville Sound to 
southeastern Melville Island. For much of the year, a large 
portion ofthe route is completely ice-covered. Thus, maxi
mum use will be made of polynyas and shoreleads because 
that will reduce shipping lime and minimize the risk of dam
age or spills. 

Although the LNG cargo, if ignited, will burn and 
probably have only a smalliocalized effect, the ships will be 
carrying 10000 or more tonnes of fuel, which could cause a 
serious spill if the carrier was badly damaged (Smiley and 
Milne (979). 

The noise levels associated with LNG traffic may also 
seriously disrupt animaIs lIsing these areas. Although esli
mates of the noise levels produced by icebreaking LNG ca
riers are not available, in considering this problem M~hl 
(1980) made extrapolations using calculations based on data 
l'rom World War II cruisers. The results indicated that if 
LNG tankers pass by marine mammals at a distance ofless 
th an 100 km, communication could be highly impaired or 
totally blocked between animais more than 100 m aparl. In 
this study, M~hl suggested that the noise levels generated by 
LNG carriers may also result in temporary or possibly penna
nent hearing damage, and nausea induced bv infra-sound .. 
During the winter, species that utilize polynyas may be 
severely restricted in the alternatives they have for escaping 
hazardous disturbances that n'lay occur in these open-water 
areas. In an effort to avoid the noise from LNG carriers 
marine mammals may react in a way that possibly could' 
prove fatal. The Canadian Arctic Resources Committee has 
projected that by the turn of the century, 2000 passages will 
be made through the Northwest Passage each year. If this 
number is accu rate, the potential for detrimental effects l'rom 
noise upon marine mammals could be significanl. 

The penchant of narwhals and white whales for enter
ing smallleads and patches of open water has been weIl doc
umented, as has the regularity with which they become 
entrapped. Sorne biologists are concerned that whales may 
follow icebreakers away from polynya areas du ring the wimer 
only to become restricted to unnatural isolated patches of 
open water left in the wake of ships and subsequently perish. 55 
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7.3. IJunting 
Ever since indigenous man inhabited the Arctic, there 

has been an association between seulements and polynyas, 
probably because of the local abundance of marine mammals 
that occur in these areas (Schledermann 1980)'. The greater 
vulnerabilitv of marine mammals lO hunters while migraling 
through or breathing in the leads adjacent lO polynyas has 
also probably inHuenced this relationship. 

In recent vears, the number of Inuit hunters has 
increased drama;icallv, as has the technology of the equip
ment with which they ·hunt. One of the unfortunate results 
has been that sorne populations have been heavily hunted, 
and considerable waste has occurred when marine mammals 
have been killed for their Ivory (Land 1977). It is c1ear that 
human utilization of marine mammals in polynya areas i5 as 
great a potential threat as industrial activities, although it 
should be the easiest to ameliorate through modification of 
management practices. 
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The biological significance of 
polynyas to arctic colonial seabirds 

1. Abstract 

Recurring polynyas, leads, and other open-water 
areas are important to populations of seabirds wintering in 
the Canadian Low Arctic: along southeast Baffin Island, and 
in Hudson Strait and Hudson Bay. Polynyas at high latitudes, 
north of approximately 70"N, are used by only a small num· 
ber of wintering birds, mainly Ross' Gulls ( Rhodoslelhia rosea) 
in the Arctic Ocean and Black Guillemots (Cepphus glylte j far
ther south. The bulk of the high arctic seabird population 
moves to the west Greenland polynya or farther south to win
ter. However, recurring polynyas are extremely important in 
both the High and Low Arctic when the birdsreturn in the 
spring. Open water gives the birds early accesstothè breed· 
ing site; il also allows an earlier zooplankton bloom than in 
adjacent, ice-covered waters. There i5 a clear association 
between the breeding locations of the highly colonial seabird 
species and the presence of recurring polynyas in both the 
North American and European Arctics. With one apparent 
exception (the Black Guillemot colony al Skruis Point. Jones 
Sound), there are no major seabird colonies in the Canadian 
Arctic that are not adjacent to recurring polynyas. Where 
polynyas occur and major colonies are absent these open
water areas are either too small or too distant from the floe 
edge, or they are adjacent to coasts lacking suitable nesting 
habitat for cliff:breeding seabirds. 

2. Résumé 

Les polynies, chenaux et autres étendues d'eau libre 
récurrentes som importants pour les populations d'oiseaux 
de mer qui hivernem dans le Bas-Arctique canadien, 
c'est_à_dir·e le long du sud-est de l'île Baffin, dans le détroit 
d'Hudson et dans la baie d'Hudson. Les polynies situées à 
des latitudes plus élevées (au nord de 70 ON approximative
ment) ne sont fréquentées que par de petits nombres d'oi
seaux qui hivernent et principalement par la mouette rosée 
(Rhodostethia roseaj dans l'océan Arctique et le guillemot noir 
(Cepph1J.sgrylle) plus au sud. La plus grande partie de la 
populatio'n d'oiseaux de mer du Grand Nord migre vers la 
polynie de l'ouest du Groenland ou plus loin vers le sud pour 
y hiverner. Les polynies récurrentes du Haut et du Bas-Arcti· 
que sont toutefois extrêmement importantes lors du retour 
des oiseaux au printemps. Les étendues d'eau libre permet
tent aux oiseaux d'arriver tôt dans les aires de reproduction; 
elles permettent également une apparition plus hâtive du 
zooplancton que dans les eaux avoisinantes recouvertes de 
glace. Il existe une relation très nette entre les aires de repro-' 
dllction des espèces très coloniales d'oiseaux de mer et 
l'existence de polynies récurrentes dans l'Arctique, tant du 
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coté de l'Amérique du Nord que du côté de l'Europe. Appa
remment, sauf dans le cas d'une exception partielle (la colo
nie de guillemots noirs de la pointe Skruis dans le détroit de 
Jones), il n'existe pas de colonies importantes d'oiseaux de 
mer qui ne sont pas adjacentes à des polynies récurrentes ' 
dans l'Arctique canadien. Aux endroits où il y a des polynies 
et où il n'y a pas de colonies importantes, les étendues d'eau 
libre sont soit trop petites, soit trop éloignées de la limite de 
la banquise flottante ou bien situées le long de côtes où il 
n'existe pas d'aires de nidification convenables aux oiseaux 
de mer qui se reproduisent sur les falaises. 

3. Introduction 

In terrns of their importance to seabirds, there are 
three main types of recurring polynyas in the Canadian Arc
tic: areas ofyear-round open water, areas which may freeze 
during the coldest portions of some winters but are the first 
to open in the spring, and an area we have termed the west 
Greenland polynya. The latter area lies along the west coast 
ofGreenland north to about 70"N (Fig. 1). Although it i5 not 
a true polynya because it is open to the Labrador Sea on its 
southern end, we have included il because ofits enormous 
importance to seabirds. 

In the discussion that follows, we base our comments 
on the catalogue of polynyas in the Canadian Arctic compiled 
by Schledermann (1980), Stirling (1980), Dunbar (this publi
cation), and Smith and Rigby (this publication) supple· 
mented by data on ice cover from various ice atlases (Anon. 
1955, 1958; Swithinbank 1960; Lindsay 1975, 1977). 

In general, most arctic seabirds rapidly migrate south
wards as soon as the breeding season is over, away from the 
vicinity of their colonies. Arter this initial exodus, the speed 
of migration varies from species to species, but the birds con
tinue to move south as the winter ice begins to form. For 
those spccies that do not leavethe Arctic aItogether, polyn· 
yas and temporary openings in the ice are obviously impor
tant as the only areas of open water in which the birds can 
feed. Their importance probably lies in the access they pro· 
vide to the epontic (und el' ice) fauna surrounding it, such as 
arctic cod (Boreogadlls saida) and the gammarid amphipods 
(OnesÎmlls glacialis and Apherllsa glacialis) (Brads treet 1977; 
Bradstreet and Finley 1977; Sekerak and Richardson 1978; 
Bradstreet 1980; Dunbar, this publication). It is possible that 
this ice-edge fauna is especially rich in the larger polynyas. 
Wind·induced upwelling can occur along the edges of pack
ice (Salomonsen 1972; Buckley el al. 1979); this may bring 
nutrients up to enhance the local productivity mllch as 
upweHings do in coastal zones (e.g. Cushing 1971). Polynyas 
are also important as feeding areas when the seabirds return 59 
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to breed, early in the spring. The availability offoo~ at lhat 
lime is especially crucial for females as the en~rgel1c co~ts oC 
producing eggs are high. Cons.equ~ntly, the .btrds reqUire a 
food source close to the breedmg Stte (e.g.Btrkhead and Net-
t1eship 1981a; Gaston and NeUleship 1 ~81). . . 

Polvnvas mav also be important In sprmg by allowIng 
early acces's t~ the b'reeding site, since seabirds are oft~n 
reluctant to flv across extensive stretches of unb:ok:n \Ce 
(Salomonsen '1951; Belopol'skii 1961; U spensku 1908; 
L0venskiold 1964), In general, the absence of open. water ca~ 

, 'd rabl",· delay the arrivai of many seabtrd speCies at thetr 
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const e , . . . .' 
colonies in spring. During years m whtch the tce perStSIS, 
manv seabird species become concentrated along the floe 
edg~ at the point of open water nearest the colon-y untll , 
break-up. The timing ofbreak-up has a normal a~~~al ~ana
tion ofup to 3-4 weeks, and there is enough flextbtltty In the 
timing of the birds' breeding season to allow them t~ cope 
with this. Longer delays, however, can reduce br~edll1g suc
eess (Salomonsen 1951; Neuleship el al. 1980~. l here are 
clearlv advantages in breeding close to a pr~dtctable r~cur
ring polynya, and most arclic seabird colomes are so stlUated 
(see sec. 5 and Fig. 1). Stonehouse. (1967), documented a. 
similar relationship bel\veen the dtstnbutlon of polynyas and 
penguin colonies in the AntarclÏc. . 

The presence of open water close to th.e colon y 111, . 

. g mav have the added advantage of denymg aceess to sprm , ,. C (Al ,h • 
the site by ground predators, espeCially arctlc loxe~ ,arex 
lagopusJ, The most vulnerable species are those whlch nest on 
islands on flauish ground or slopes, as opposed to c!tffs, such 
as Dovekies (Alle alle), Black Guillemots (Cepphus grylle), and 

sorne gulls and terns. . ' . 
Finally, the presence of a polynya ne?r a colon, 111 the 

spring may have significant influences later 111 the su~mer, 
long after ail the other ice has broke.n up. In the :'-rct.\C, as 
elsewhere, phytoplankton is the ba~ts oft.he manne fo~d 
web. The spring bloom cannot begm u~tll the surface 15 free 
of ice and solar radiation can penetrate lOto the water col
umn and trigger photosynthesis. T?er~fore, the phytoplank
ton bloom in the Arctic begins earltest 1I1 polynyas and ~ther 
areas of open water, as does the zooplankton bloom w.IlIch 
succeeds il. For example, Pavshtiks (1968) ~otmd that 1I1 

Davis Strait the zooplanklOn bloom occurs mJuly m the west 
Greenland polynya, in August in the midd~e of the straIt, and 
in September along the ice-bOl,md .coast of Ba~n Islan~. In 
most species of seabirds breedtng m the Canadtan Arcttc and 
Greenland, the young hatch in the la.uer part ofJuly or earl, 
August (Salomonsen 1951; ~ettleshtp 1977; Neuleshlp ~t a~, 
1980; Birkhead and Neltleslup 1981b; Gaston and Nettleshtp 
1981). This timing is presumably geared to the pe:\Od when 
the maximum amount oftood is available for feedmg the . 

"( 1 ack 1968) The parents then have a short penod young e.g. J' • d 
in which to fledge their young before the arcttc summer en s 
in la te August or early September. AJuly zooplankton .bloom 
would allow 4-6 weeks for chick·reanng. But an A~gust o~ , 
September bloom would be to,o ~ate fo: most seabt:d speCles 
to rear young successfully. Thts t5 parttcularly cruCIal for 
species'which feed on fish and the larger crustaeeans, whose 
annual population increase cornes even later than that of the 
zooplankton on which they graze. , . 

At different times, ail of these facets of the po~yn}a 
environment are important to seabirds, as the followmg 
examples show. 

4. Seabirds and polynyas in win ter 

Research which would determine the e,xtent to which 
seabirds use polynyas in winter has been restnct~d by dark
ness and difficultv of access. Darkness m,ay also htnder forag
ing by whatever birds remain in high-Iatttude polynyas, . 
though \iule is known about the ability of northern s.eabtrds 
to fe~d in the dark. Since small numbers regularly W1I1ter at 
high latitudes, sorne species are evidently able to fo~age 
efficiently enough to at least meet their energy reqUireme~ts . 
for maintenance. In generaL however. the exodlls o~ se~blrds 
f· h Baffin Bav and the North Water area IS vtrtu-rom nort ern l' 9~ 1 
ally complete by the end of Septem.ber (Salomonsen 1 . a , 
1967' Johnson et al. 1976; Neuleshlp .and Gaston 1978, 
McL~~en and Renaud 1979; Nettleshtp et al. 1980; R.G .B. 
Brown, unpubl. data). The rapidity o~'the ~xodus suggests 

tl t the North Water is not an attracttve w1l1tenng area for la . 
most seabirds in the Cana di an Arctte. . 

Only two species do not follow thts pattern, Almost 
the entire population of Ross' Gull (Rhadastethw rasea) breeds 
in northeast Siberia, and migra tes east ~Iong the north coast 
of Alaska in September and October (Ftsher ~nd Lockl~y 
1954; Gabrielson and Lincoln 1959; L~:ensk.\Old 1964, . 
Divoky 1976). Ross' Gulls apparently w1l1ter 111 the Arctt~ 
Ocean, where they presumably feed in temporary leads 111 the 
ice, or in polynyas ifthey exist there. 

Banding returns from west Greenland show that 
adult Black Guillemots move south! but o.nly for a 
relatively short distance (Salomonsen 1967). F~r example, 
birds from the Upemavik District move approxtm.at~ly 
100 km south to Cmanak, Umanak birds move a stmll~r 
distance south to Disko and Egedesminde, and so on \11 a 
series of population displaeements dO\:ll the coast. T?e 
northernmost birds are regularly seen 111 leads at the tce 
edge. Birds of the year, by contrast, dispers~ ~tOrthwards. 
immediately after they fledge. Presumably, It IS the se btrds 
which have been reported in small numbers th:oughollt .the 
winter in polynyas and other open water a:eas tri the Smtth 

, Sound region (Fig. 1) (Hayes 1867; MacMillan 1918). Occa-
. ail y Black Guillemots have also been recorded at other ston , . (P' 

high arctic locations: flort Bowen and Fury Pot~t nn~e 
Regent Inlet/Lancaster Sound -: Smith and Rtgby" thtS pub
lication, Fig. 6) in wintèr 1824-2a and February 18~3, . 
respectively (Ross 1826, 1835); Hell ~ate a~d <:ardtgan Stratt 
Oones Sound Smith and Rigby, thts pubhcanon, Ftg.lO) 
in March 1900 (Sverdrup 1904); and as far north as near 
Thank God Harbour (Robeson Channel) in ~eb:uar!-March 
1872 (Davis 1876) and elsewhere in that regwnlTl w1l1ter. (see 
Feilden 1877; Nares 1878; Greely 1888). However, desptte 
frequent casual sightings of small numbers of Black GUillem
ots most seabirds from the High Arcttc move southwards 
and winter in large numbers along the lee-free coasts of 
southwest Greenland (Salomonsen 1951, 1967; Renaud and 

Brad5treet 1980). ..' 
Bv contras t, the west Greenland polynya tS extre.mely 

importar~t, as the migrati~n patterns of various po~ul~lions 
ofThick-billed Murres ([ma lornvw) so clearly show (1 uck 
1961; Salomon sen 1967; Gaston 1980). Upon completiOn of 
breeding, murres from Lancaster Sound and northwest 
Greenland immediately migrate to the waters off the west 
Greenland coast at approximately 70

o
N. Most of the Green

land birds and sorne at least from Lancaster Soundlater 
move on to Newfoundland waters. Birds from the European 
Arctic (Svalbard, Novaya Zemlya, and the Murman coast) 
reach southwest Greenland in November, preslimably after 
following the ice edge in the Gr~enland. Sea and Denmark 
StraÎt southwestwards from thetr breedll1g areas. Hudson 

Strait birds go directly to the Labrador coast and on later to 
Newfoundland, but some at least migrate ba"ck in spring via 
west Greenland, 

Banding returns (Salomonsen 19(7) have shown that 
west Greenland is also an important wintering area for Sval
bard Dovekies, and for the west Greenland populations of 
Great Cormorants (Phalacracorax mrbo J, and Great Black
backed ( LaniS rnarinus J, lceland ( L. g. glauroides J, and Glau
cous gulls (L. hyperbareus), The greater importance of the 
west Greenland polynya, compared to ice-free areas farther 
north, is presumably due to its larger geographical extent 
and more solltherly location. In addition, because it is open 
at its southern end, seabirds from European populations can 
enter later in the win ter. 

In contrast to the High Arctic, there are numerous 
observations of seabirds wintering in low arctic polynyas and 
other open-water areas, from southeast Baffin Island west 
through Hudson Strait to Foxe Basin and Hudson Bay. 
Several species remain ail Winter in Hudson Bay and Strait 
in polynyas and patches of open water among the pack-iee 
(Stirling, this publication, Fig. 1). and move south only when 
unusually severe weather causes the water to freeze over 
(Sutton 1932; Manning 1949). In the Southampton and 
Coats islands area, Thick-billed Murres " ... may be found at 
the floe throughout the dead ofwinter" and can be seen in 
substantial numbers every month of the year wherever there 
is open water (Sutton 1932). Low (1906) simply states that 
the murre "remains in the open water of Hudson Bay 
throughout the winter" and Sutton (1932) records that they 

do not move much to the southward during the cold
est months. Only wh en the winter is very severe, do 
they have to move to the south in finding open water, 
where food may be obtained. ft is a matter of common 
knowledge among the Aivilikmuit that the channel 
between Coats and Southampton practically never 
freezes, even during years when Frozen Strait to the 
north is frozen shut. 

Tuck (1961) notes that Hudson Strait is kept open by slrong 
tides, and quotes a report that "murres have been qui te com
mon along the Aoe-edge this winter" off Lake Harbour in 
1953. 

Like the murres, Black Guillemots also win ter in 
open-water areas in Hudson Bay, Hudson Strait, and Foxe 
Basin (Smith and Rigby, this publication, Fig. 9). They are 
abundant along ice edges fromJanuary to ApriL At the floe
edge near Native Point, Black Guillemots "swarmed about 
the open pools among the loose floe-ice, being so numerous 
as almost to coyer the surface of the water. When the sun 
shone, many ofthe birds climbed out on the ice, basking on 
their bellies" (Sutton 1932). Of 17 birds collected at the lime 
of this observation, ail were in good condition with fat depos
ils, their stomachs filled with crustaceans - indicating the 
amount offood available in this polynya. 

Glaucous GulIs also overwinter in the Hudson 
Bay/Strait area in limited numbers. They have been 
recorded in late faH, mid winter, and early spring in open
water areas, often associated with Black Guillemots and the 
occasional Thick-billed Murre. Dovekies are irregular win ter 
residents and are most often seen in small numbers from late 
September to March (Sutton 1932). Farther north, near 
Igloolik, most species leave by mid September, and only 
Black Guillemots were seen at the ftoe-edge during win ter 
1955-56 (Ellis and Evans 1960). Guillemots were also the 
only win ter residents in the Cumberland Sound region of 
Baffin Island in 1877-78 (Tyson 1879). 

We conclude, therefore, that recurring polynyas, 
leads, and other open-water areas in the Canadian Arctic are 
most important to populations of seabirds wintering in the 
low arctic regions of southeast Baffin Island, Hudson Strait, 
and Hudson Bay, Polynyas at high latitudes, north of about 
70

o
N, are used by only a small number ofbirds, mostly Ross' 

Gulls in the Arctic Ocean, and small numbers of Black Guil
lemots farther south. The bulk of the breeding populations 
of aIl species moves t.o the west Greenland polynya or farther 
south to spend the wmter. 

However, the recurring polynyas in both theHigh 
and Low Arctic become critical when the birds return in the 
spring. The timing of the spring influx of seabirds into the 
north is known to be linked to the appearanee or presence of 
polynyas and patches of open water near the breeding sites 
in the arctic regions both of Canada and Europe (Belopol'skii 
1961; Uspenskii 1958; Tuck 1961; Bianki 1967; Gaston and 
Nettleship 1981), For example,Johnson et al. (1976) found 
Dovekies very abundant at the ice edge and among loose 
drift ice at the eastern entrance to Lancaster Sound (Smith 
and Rigby, this publication, Fig. 5) in the latter half of May 
1976. These birds were apparently en route to the large colo
nies in the Thule District of northwest Greenland. Johnson et 
al. estimated that as man y as 1.5 million birds were present. 
A later survey in an adjacent area during the same period in 
1978 put the numbers at a minimum of {} million birds 
(McLaren and Renaud 1979). Freuchen and Salomonsen 
(1958) estimated that the Dovekie population of the Thule 
District was in the order of 30 million birds. Clearly, a signifl
cant proportion of this population visits the ice edge at the 
entrance to Lancaster Sound each spring. Il may be that the 
entire population ofThule District Dovekies is either spread 
around the whole perÎmeter of the North Water at this time 
of year, or is at the edge of the west Greenland polynya on its 
way to the North Water polynya, which is obviously an 
extremely important feeding area for Dovekies at the start of 
the breeding season. 

5. Seabirds and polynyas in the breeding season 

The Immediate importance to seabird_s of open 
water near the breeding site is shown by what happens in 
abnormal years when the ice fails to break up. In summer 
1978, for example, the polynya at the eastern end of 
Lancaster Sound (Smith and Rigby, this publication, Fig. 5) 
did not develop. The resliit was a dis as trous breeding 
season for seabirds (Nettleship et al. 1980). On Prince 
Leopold Island only 10-20% of the species which feed at 
the surface [r\orthern Fulmars (Fulrnams glacialis), Black
legged Kittiwakes (Rissa tridactyla), and Glaucous Gulls] 
attempted to breed. The numbers of the two diving 
species, Thick-billed Murres and Black Guillemots, which 
attempted to breed were nearly normal, but both species 
started late and as a result there was high chick mortality, 
both before and after fledging. The murres, for example, 
laid their eggs 3 weeks later than normal and suffered both 
smaller eggs and chicks and redueed chick-feeding rates 
(Nettleship et al. 1980). These three points are ail evidence 
of a reduced food supply, either because the prey was 
inaccessible under the iee, or because the heavy ice 
prevented the spring plankton bloom from developing. 
Similarly, Kartaschev (1960) found that Thick-billed Murres 
on the Murman coast had a reduced breeding success in a 
year when break-up was late. Salomon sen (1951) reported a 
similar occurrence in the Thule District when Dovekies 
failed to breed in a year when the ice failed to break up and 
their nesting si opes remained snow covered ail summer. 61 
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More gellt'rally, lhe re is a very good correlalion 
hel "'l'l'Il lhe sil ing- of" arclic scabird co lonies alld lhe prese llce 
of"rccurring polynyas . Figure 1 illuslralcs lhis loI' lhe North 
c m Fullllar a lld Thick-billed MUITc . Alllht' colollics oflhcse 
lwo speci(-'s il! arctic Canada ;md wesl G reenland are on 
toasls ac!jaccnl e ithcr lO rccurring polynyas, o r lO walers co\'
t'red wilh unconso lid aled pack- ice dllring lhc winlcl". There 
is a spccies clill"c re nce, howeve r. The IllUITCS brt'cd cluse lO 
an'as whe re lhere is opell walcr ea rl y in lhe season. Fulllla rs 
secm \() make use or siles lha l lhey can reach bv cross ing 
unconsolidalt'd pack-ice, and when: an adjacenl polynya (as 
a l Capc Vera, nea r the Hell Gale and Cardi gan Slrail polynya 
- Slllilh a ncl Rigby, lhis publicalion, Fi g·. 10) 01· eX lcns ive 
shorcll'ads (Buchan Gulf, SCOlllnlel, Fig. 1) will del'c1op as 
lht' scaSOll progrcsses. This di screpancy Illa)" we il reHeu dir~ 
lerences in their food reqlliremenls lalc r in lh e summer, 
wlwn lhe chi cks ha lch . The murres feed on fi sh whilc fulm ars 
take bOlh lish al1d zoo plankl.o n (BradS lree l 1 !l80; Gas lon and 
Ne llieship 198 1) . Because lhe a nnua l incrcase in ftsh num 
bers (ôllows lhal o f zoo planklo n, lh e murre. m ighl we il nee d 
lhe ('arlier sLart lo lhe alllluai planklon cycle lha l occurs in 
lit Il Y opell wale rs . 

Th e varialion ill selection ofbreedillg silcs probabl v 
rdlecl.~ diff"crc:nces ill nighl beltavioul". Fultn;lrs have ail Cller
g-elically c<"Onomical glidillg Aighl, allcl carry a sm a ll body 
weighl re la livc 10 lhcir wing arcl; mlllTes (as \\" c ll as Dovekies 
and Black Guillelllols) have an cnergelicalh expcllsiv<:' nap
pill!j fli ghl - a neccssary conseque nce of lheir adaplalion lO 
<Iivillg - and a heavy body relalive Ln lhe ir wing area (yV ar
Itam 1977). BOlh species have grcal diflicully in laking off 
from a Iial slIrface sueh as ail ice fl oe. or from waler 
ohslrU!"lcd hy pack-iet:. Give n the red ll ced range imposed by 
ilS Ilappilll{ Ri ghl, il s('ems clear lha l il would be 111 0 re Itaz
ardolls (i)!" a 1!lU1Te lo a llc lllpl lo flv ac ross unconso lida led 
pal·k icc lhall il wo uld bc lor a fulm a l". The sam e consid e ra
lions inHlIelHT l he clis la li ces (rom lhe colo nies which lhe lwo 
species are ablc lO lravcllo fo rage /"or ()od . Evell SO, lhere 
art' slilllirnits on l"ullllars. Fi g Ul"C 1 shows lhalllone brced 
alollg lhe eas l coas l oUkdlill [sl a lld bel\\"een Scollllliel and 
Ca pc SC;lI ·lc. clcspile the pr 'SCllee o/"apparenlly sllilable 
lIes lillg- habilal. ·I·hi s is precisdy lhe sl rel ch of coasl along 
whiclt lhl' pack ice is consolidal cd agaillst lhc land-fas l ice so 
lhalll o shorcl<:,,,d exists ll11lillale Slllllll\('!" or early l ~dl. How
l'ver, lh(,1"C arc hllndreds ol"very s1l1a ll co lo nies of<;lallcous 
Gulls ancl othe r l.(/11/.1 spp. lhcre, Llsllally IÜ-~O pa irs ill each . 
Tl1esc cu lonies are .~il ed Ull capes alld headlands adjaccnl lO 
ve ry slll;tli palehes 0 1" open waln caused by lIle1t nm ofT" ("rom 
SIlOIV a lld ice fields (D.N. Nellieship, unpuhl. c! Llla). 

Simila1" spec ies arrang"l'menlS orcur elscwherc. The 
cas l coaSl o fG1"t'c llland is ice-hollnd cxc pl for a reculTing 
polyll)"a al Scoresby Sound. alld unconsolidaled pack ice orl 
KrUll Prins C hrislia ns Land in lhe lar nonheasl. Thick-billed 
Mllrres bn'ed only a l Scoresby Sound, and Northe rn Fulmars 
IJreed lhere a nd in Kro n Prim Chrislians l.and . while G lau
COllS ClIlIs breed along lhe whole coasl (Sa lolllo nsen 1979). 
Ag·ain. the1"t' are no (ülmar cu lonies Wt's l 0(" Dcvon Island in 
lhc LOlle of consolidaled ice cove r in ",illle r (Fig. 1). There 
arc. ho wc\"cr. lltree smalllllack-leggcd Killi\\'ake co lonies: 
WashiIlgLOIl Poillt (Baillie-Ha millo n Is land), Separalion 
poilll (caslern COI"ll\\'allis Islalld). and Browne Island 
(Ncu1cship 1 D74 : ~rnwn cl nI. 197:i) . The firs l is adjacenl 
lO the pOIVll)';lS in <..2!lcens Channel (S milh and Rigb y, lhis 
puhlicalioll, Fig. Il) lI·hile lhe ice a tla ses (AllolI 1%5. 1958; 
S\\"ilh;nhallk 1 91iO; l.illdsav 197:1. 1977) illdical c lhallhe 
OllH'1" lWo ma)' be Ilcar 1"CC;llT('"l shore1ead pol yn yas. 

b 'idenlh·, gldb C111 ex ploit polyn\"as lha l fllllllars and 
HlIllTes canllOl 1"cach . Culls, Iike fulmars, h;l\'l' a n encrgeli-

ca ll y ccollOll1ical flig-hl . bUl unlike ("llimars thcy havc no difh 
cully ill takin g ofr ("rOll 1 Hal o r con(ined sllrl~I("(·S. The ir 
g rea te r agilit y Il Ol 0111 )' redll ces th e hazards of cross ing COIl
solidaled pack-in', bUl a/so allows lhe gulls lO explo il \"( 'ry 
small palches of open waler il! lhe consolidaled ZO Ill' , suclt as 
lhe small poly"yas weSl of Dcvo n Is land (S milh and Rigby, 
lhis publica lion, Fig. 1 1), or lh e sma ll palc hes of open wall'}" 
along lhe cenlral Bafhn Island coas l . 

Fina!ly. Figure 1 shows lhal lhe re is a s in gle small 
Thick-b illed Murre colon y composed of approx ima le ly 300 
pairs in the weS le rn Ca nadian Arc lic al Cape Pan ·y. This col 
on)' is silualecl adj ace nllo the la rge Cap e Bathursl polyll)'a 
(S milh and Ri gby, lhis publicalion, Figs . 14 and 15). 
T.W. Barry (q uoled by Slirling 1980) has suggesled lhal 
llnlil recenlly lhis p o lynya was nearer lO Cape Parry. [f lhe 
apparenl shifl is ITal , il will be inl ercs ling Lü see wh;!l d T"ccl il 
will have o n lhis sm ail isolaled popul a lio n ofmurres, g·iven 
lh e limila li ons in lhe species' Higlll range as outlined 
abo ve. 

The breeding ran ge o f the Dovekie a lso i!lUSlrates lh e 
impo rtance of polynyas lO a high arClic seab ird . Over lhe 
whole Arclic, a il majo r Dovekie co lo ni es arc beside waler~ 
th a l e ilher neve r fre eze o ver compl e le ly (Thule Dislricl, 
Wesl Spilshergen,Jan Maye n , as weil as lhe minor co lo ni es 
in wcsl G reenlalld , Bear Island , a nd nort he rn Iceland), or 
thal are more or Icss ire-fret' by lhe lime lhe chi cks halch in 
July (Scoresby SOllnd, northnn Novaya Zemlya, Franz .J osef 
Land , Severnaya Ze m lya) (Sa lo mo llscn "951; Fisher and 
Lockl y 1954; Salol1lonsen 1 %7; Dem enl C'e \ ~lIld Cladko\' 
1968; Norderhaug 1'1 al. 1977 . Sec also Anon . (958). The dis
lribulion orI vo ry Culls (Pagophila ('bul"I/(,{/) in Canada makes 
lhe sa me po inl o n a s1l1aller scale . There a re lhree knOWll 
breedin g areas: Seymour Isl and, nOrlh of' Ba thursl Islancl 
(:'\l'l tleship a nd Sm ilh 1975; MacDo nald (976) ; llunal;lks in 
th e ire cap in southeasl Ell es l1l ere Island (Frisch a nd Morgall 
1979); ancl Princess Marie Bay, in the Bache Peninsu la ;lrea 
of eaSle rn Ellesmere [sbnd (R. Buno n , pe rs. commun .). A.1l 
lhree breeding· siles arc close lo small polynyas. Seymour 
[s lam\ is in lhe l11iddlc oLl po lvn ya . IL is <1 /Ial s ile. and arcLic 
loxes cause se rious damage lO the rolol1)' if th polyn~'a is 
la lc in forming in lhe spring- because lhey G111 reaeh lhe col
un ) anoss lh e ic . The EllesllH:'lT llUllaLa b and Pril1cc:ss 
,Iarie Ba}' colol1ies arc close lo lhe lVlakinson Inl el ancl FIa

gkr Bay polyllyas respeu ivc1y (St irlillg, lhis p ublica tion , 
Fig. 1). ROlh s it es arc also close lO lhe No rtlt Wal el". Finallv . 
Ih e vcrv SlllClII Ro~s ' Cldl co lon y in Pe nny Slrail (Smilh ;llld 
Ri gll y. lhis p"blication, Fig. Il) is silua led adjareIllLO lhe 
polyn)'a lhe re, lhough nOl actually in il , a l1d lhe nesLS ;Il"(' 
lh erefore o("len robbed by po la r bears ( [ '/"S lls lIIarilill/l/s) 

(Mac DOllald 1979 alld pers. co mmun .) 
We kn o w o f o nl y one major seabird colon y in lhe 

Canadian Arct ic lha l ma)' nOl be associaled with Cl polynya. 
Black Guillemols a re norrnall y o n Iv a we(l klv colonial species, 
neverlhe1ess l he re arc excepl ion a ll )' large co loni es al lhe 
weSlern t:nd (l(Jones Sonnd: 2000- 3000 pa irs on North Kelll 
Is la lld , abo ul 5000 pai rs on Ca lf lsland , and a boul 10000 
pairs (lhe biggcsl colon)' in No rth America) a l Sknlis Poinl 
(Nelllcship 1974; Brown ('1 al. 1 !l75). The fll·SI lwo arc Sillla
Led in lh . B ell Gate ancl ,arcligan Slra il polyllva (Sll1il h alld 
Ri gby , lhi s publicalioll. Fig. 10) . Skrllis Poinl. however , is 
surroullded by cOllsolidalecl pack iee lI1llil thc bcg-illnillg- o f 
Augusl; ulllillhcn , lhe nc;lreS l open wal e r is lhe 11('11 Gale 
and C,lrdiga n Sl1·ail poly"}'a. approxilllale1v 50 km ;1\\, 1)' 
(Lillclsa); 1975, 1977). The Iimilalio ns in akicl fli g-hl rallg-c 
slIggesllhal il is unlikd y lhal lhe bircls coll iri be tran' Ilillg III 

lhc polvnya lO fcecl. Olllhe o lher halld . so larg e a co IOl1\· or 
diving bird s co ulrl hardl y sun·i\T WilhoUl acccss lo a sUllstall-

in 
.!!! i' u ., '" ~ t=. 

0/1 Ë 
c: => 
0 ::;: .;:; 

'" " u ~ 
~ 
>. .0 

C .;,. 
0 U 

"0 .<: 
u )--

• 

Co 
:0 
'-

" . , 

C" .- c: 
" r: 

~ 

" ~ 

~ ë 
\... 

~ , := 
~ 

" .r: ;: 
~ 

:..-: --
c in 

" 
c: 
.2 

2 c 'i5 = c: c: 
0 ~ . -

-0 u 

2 S OJ 
.'o! 

~ ~ 

"'" 
ti ~ " . ~ c 

j ~ 
~. , ;:: 

;., ". -
~ "';? 

ii. 
- :: 
~ ..é r. c 

" !: . ~ 2 " 6j, ;; ~ 

i:~ t 

u 
w 
m 
w 
:J 
0 

0 
z 
« 
-' ;;: z 

~ u.. 
w 
w 

~ 
Z cr: 
0/1 " É ::;: => u.. '" E 
)--

., 
~ 

"0 ., 
>< 0 
Ë z 

~ • 

~ 
>. 
-;: 

'" .OJ 

Qi 
Qi E 
ë E 

~ ·i ~ c ~ 
i a !!! 0 

~ 
0 .. ln .. c 

Cl. C 0 0 
c => .;:; 0 
0 0 ~ 

.;:; u> E 
0 ~ 
E "0 C 0 

~ 
c: 

'" 
f'") 

OJ c ."! u > u> 0 '" '" '" '" Cl. 0 >. u u u 
c: OJ 

.. .. "0 0 

>. Cl. Cl. 
~ " .'o! "0 "0 "0 .. 

Cl. u> ., 
~ => Oi 

~ 0 '< 

'"' 0 '" "0 9 w ... 
'E => ~ ~ u> 

CI) 11. 

.!O 0 ~ c >- .. 
=> ë u> 0 cc u 
u c: c: u 0 

0 0 0 c 0 "-~ u u u => ::> 
'< 

'" 

D 1 D 
<Il 

(i:~ 



64 

liai body of open waler. This apparent anomaly should be 
investigated further. 

With this exception, then, ail major seabird colonies 
are close to recurring polynyas. However, several of the 
polynyas listed by Schledermann (1980) and Stirling (1980) 
(see also Fig. 1) do not appear to have major seabird colonies 
associated with them. Cumberland Sound is the most con
spicuous example. However, the structure of the cliffs along 
the coast and on islands in the sound is such that there are no 
suitable ledges for the birds to nest on. The shores of Foxe 
Basin (Smith and Rigby, this publication, Fig. 9), Fury and 
Hecla Strait, Dolphin and Union straits, Roes Welcome 
Sound, and Bellot Strait (Smith and Rigby, this publication, 
Fig. 7) are too low-Iying for c1iff-nesting birds. This is true of 
Frobisher Bayas weil, though this polynya has an offshore 
colony associated with it the Thick-billed Murre site on 
'Hantzsch' Island (61°55'N, 65°00'W) in the Resolution 
Island group. We have no information on the small polynyas 
at Alexander and Karluk Brooman. Il is quite likely that there 
are, in fact, small colonies of Arctic Tems (Stema pamdisaea), 
Black Guillemots, and Larus gulls breeding at these sites 
species that nest on flat ground and have a wide distribution 
in the Arctic (e.g. Ellis and Evans 1960; Godfrey 1966). 
Except for Cumberland Sound, however, these polynyas are 
a considerable distance fi'om coasts with suitable nesting 
habitat for colonial, c1iff-breeding seabirds. Even if they are 
productive, there wou Id be little advantage lo a non-breed
ing seabird in making a considerable delüur Lü feed there, 
when suitable polynyas exist much c10ser to ilS breeding site. 
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SlHali rC(lIrrelll po,-""" "l ~tiSl\' t.,I<lml onllH.' sO LJlhc<lS[(Tn coaS[ 
or Baffin Isbn" {pholo: 1. Slirlillg-l 

Polynyas and seaducks 

1. Abstract 

'''' ith the excep tioll o l"thl' rec lilTillg !cad systems in 
Hudson 13(l~' and Hudson SU'a il , polyllyas are notllscd ext e n
sive ly by ovcrwintering seadllcks in th e Calladiall ArClic. 
Some recurrin~ polvnvas, cspccially [hose in th e western and 
celltral Arnic, arc important ,IS s t'lging' areas prior ta th e 
breeding season. The Cape Bathurst po lvnya a nd assoc iated 
leacls arc a particlllarlv criti cal stag ing arca for bircls Ill o l'ing 
eastwards into lhe central Arctic and sOlltheastwarc!s thro ugh 
I)olphin ancl 'Union Strait into Quccn l'viaud Gull'. Oil pollu
tion in rccurrillg polynyas, paniclilarh inlhe Bcaufort Sea 
during sprin g s tag'in g, cou Id greatly J'l'du ce arcti c scacluck 
po pulatio ns. 

2. Résumé 

A l' exception des réseaux récurrents de che ll <l ux ci e 1<1 
baie d'Hud son et du détroi t d ' Hudson , les pol ynies de 
l'Arctique canadien ne sont P,IS bea ucoup rréq ue ntées p<lr les 
canards de mer pour y hiverner. Cert ai nes p o lynies récur
renles, en particulier cell es de l'oues t c t du cenlre d e 
l'Arctique, sont impo rtantes co III Ill e point s d 'arrê l avant la 
saison de reproductioll. La polvnie du cap Bathurst et les 
chen<lux qui lui som assoc iés const i tu e nt un point d' arrêt 
particulièreme nt critique pour les o iseaux se d é plaçant vers 
l'est p o ur atteindre la partie centrale de l'Arctique ct vers le 
sud-est pa r les dé,troits d e Dolphin e t Union pour a tlc indre le 
golre Rein e-Maud e. La p o llutio n des po lynies récurre ntes 
par le p é trol e, e n particulier dans la mer de 13eaurort clurant 
l'escale printanier, pourrait grandement réduire lcs popula
tions arctiqucs d e canards de m e r. 

3. Introduction 

Three 'pecies or seaducks pree!ominate in the Cana
chan Arnic: King Eide r (Soll/altTill spalablt/s), Common Eider 
(5 lIIolliss/ll/a) and Ole!squaw (Clal/gula hyell/alis). Recent es ti
mat es indi ca te breee!ing populalions in the Arctic of 1-1.5 , 
1.5-2, and 3-4 million bird s respec tivel}' (Bellrose 1976) . 
',J'he King Eid er is the most lruly arClic spec ies and the Com
Illon Eider is th e leasl. Co III III 011 Eiders are th e IllOSt colonia l 
and are m o re c10sel y associatedwith marine habitats during 
breeding lhan a re the other lwo spec ies. King Eiders and 
O lldsquaws ma)' ne st up LO 100 km From the sea and a re 
rare l)' colonial. 

Thc rood habits ofthese lhrl'e arcli c seaducks h ave 
1l0 l been adequately doculTl c nted in Ca nada. Ho\\'ever, in 
Cree nland a nd A.laska tll C)' have bcell l'l'cordee! feeding on 
Illolluscs , g·as tropods. and cruslacea ns (Cralllp 1980) . Com-

by R.W. Prach 
CWS. EdlllOntoll. Alta. T~)K 2.15 

H. Boyd 
CyVS, Ollawa, 0111. l, lA (lEi 

F.G. Cooch 
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mon Eiders feed along rdatively shallow inshorc waters usu
ail)' not excccding a d ep th of 10 m, whe reas b o th King Eide rs 
ane! Oldsquaws are capable orreeding a t depths up to illllaxi
nllllll o r GO Ill. 

lnlate Sllnnner, large numbers of King Eid e rs make 
highly syn chroni zed mOllit migra tions cast and wes t, to 
Crecnland and th e Bering Sea respective ly (Salo monsen 
19GH; Palrller 19i5). Oldsqu<lwS also unde rtake m o ult migra
tions but I-\' il1ler Luther south o n tlll' Great Lakes, Gulr of 
Alaska, coas tal 13ritish Colulllbia, and thl' Atlantic coas t rrom 
Nt'IVfoundland lO Chcsapeake Bay. They a re gencrally noc
turnalllligrallt s a nd l1lake leng thy overland Aight s . The 
Conlll1ol1 Eider is more abundant in th e southeastern Cana
clian Arctic than it is in the wesl. Those breeding in th e wcst
c m Arctic lüllo\\' the sa me mi gTatio n rout es as the more 
IlUIllCroUS King Eiders, p<lssin~ throllgh the I3ering SU'ait in 
spring and autUIl1I1. MOSl Conunon Eide rs breee!ing in Ihl' 
eaS lern Arcti c wint e r in th e GulrofSt. Lawrence and lhe 
Atlantic provinces. 

4. Polynyas and breeding distributions 

. fable 1 sUlllll1arizes published records o f breeding 
conccntrations orthe Conllllon Eider in the Cal1<1dian Arctic. 
Thc loca tions o fpolyn yas as report e e! in Alliston el al. (197ii), 
Schlcdennann (10HO), and Stirling (1080), and breeeJ;ing col
onics o fColllmon Eiders are presented in Figure 1. Clearly, 
mali )' orthe e ider colonies in Hudso n Bay, Foxe 13asin, alld 
Hudson SU'ait arc loca ted nea r reculTing po lynyas. However, 
th c significa nce o fthis co rrclatio n to the survival and rcpro
dllui\·c success of Common Eiders has nOl yet bccn studied . 

Al higher Iatitudcs, where King Eiders alld Old
squaws predomina le, the re are inslIffi cicnt d a la to evaluate 
breed ing di s lributio n and ,reproductive sncccss in relation to 
recurring polynyas . Howevcr, bCC <l llSe these latter specics 
arc nOl co lonial brceders, we suspect that a positive' correla
tion Illay nOl exist. 

5 . Wintcr use 

AltllOugh IllOst seaducks win ter south of th e icc-cov
e red aruic wate rs (Table 2. hg. 1), th e rc a rc Illore COl1lmon 
Eiders in the Canadian Arctic dllring winlcr than the other 
t wo spccics combillcd. With the exception of the Nort h 
Water (Smith and Rigbv. this pnblica tiol!, Fig. 3), recurring 
polynyas an' too smallto support significant numlwrs. Fur
th c nnore, polyllyas lIorth of G5°N may bl' LOO dark during the 
win ter to p e rmit sufficient feeding . The exceptio n is Ihl' 
Hudson Bay e ider (S. 11/ . sedel/laria), which winters in polyn yas 
around th e Belcher Islands (Freeman 1970; Snyder 1957). 
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Table 1 
~1~ior knowli bre.cding" rOlln'J1I'-atinn~ of 1 hl' C01111110n Eider ill the Call ~ ldi:.t1l 
ArnÎc 

Location 

1. I",kher Island, 
2. Caskl'l Shoah 
3. Lll'émuse Bay 

4. McCunnell Rive r 
5. Magu~c River 
li. Austin Island 
7. Siora,! Island 

t\. North )o~lil ""'nd 
!J. SOllth Ooglit Island 

10. Cape Ilorset 

Il . WCS I Fuxe Islands 
I~ . Islands west uf 

Big Island 
I:t Hig Islanrl 
IcI. Middle Sa\'agc Island 
l.~. l'robishn lIay 
1 G. Payne Bay 
17. Whal" River 
IR. SI. Helen" 1.\land 
19. Fin,lIay.son L.l ands 
~O. Dolphin and ( Inion 

St ra it 

:! 1. Hank, Isblld - Moose 
1. to Sachs Ilarbour 

22. Liverpool Bay 

l'opnlation 

:,5000 pairs 
200 pairs 
Two (olonies: 200, 
250 pairs 
250llâirs 
100 pairs 
100 pairs 
"a grcat many eider 
q~gs" 
" nunll'ro ll s' . 
" numerous" 
" large Iluo1hers" 

1259 pairs 
" large nesling colonies" 

"hundred, ofnests" 
"large nes ting colonies" 
"large "" sting co lonies" 
2000 pairs 
100 + pairs 
140 pairs 
Large number, 
"on(' or the larges t 
col oHi~s in wc.s lern 
Canadian Arclic" 
500 pairs 

"imllicllse Htllllbers" 

Rdc-renu: 

Da vi, fiai. l!ln 
T odd 1!l6~ 
Cooke fi rd 1975 

Davis el ni. 1973 
Davis el al. 1973 
Davis l'lrt!. 1973 
Parry 1824; llray 1943 

Bra\' 1943 
Bray 1943 
Macpherson and 
McLaren 1959 
Cooch 19(;5 
Soper 1 ~J.t6 

Short and Pelers 1942 
Soper 1946 
Soper 1946 
Currie 1%3 
Todd 1963 
Prach, in prep. 
l'armalee el al. 1967 
Nellieship and 
Smith 1975 

Manning ri al. 1956 

·Iad'arlanc 189 1 

Figure 1 
Loca tions of brceding concentrations and wintc,;ng arcas of the Common 
Eider in relation lu the lo<:a tiom ofpol)'nyas in the Canadian Arctic 

• • 

Beaufort Sea 

polynyas 

minor breeding localities 

major breeding localities 
(numbers reler to Table 1) 

known wintering areas 
(Ietters reler to Table 2) 

extent 01 ornithological investigations 
as reported in the literalure 

o 1000 km 
~~~~======== 

Table 2 
Knnwn winlc:ring arc(ls of" (~H.' {:Oll1rnOIl Eid(T in th . Canadian ArnÎ( 

LU Cil li{) ll 

A. Belcher Islanc..l s 

B. Cape Fullenoll 

C. Southamplon Is land 

D. South Coast Meta 
Incogn ita PCllinsula 

F.. Reso lution and 
Edgell islands 

F. Bullon Islands 

C . Akpatok Island 

H. T"ylor Island 

Hudson Bay 

Conuue nts 

" large nlllnbc rs "fcidcr 
(common) bn-ccl and 
pass tlw winter" 

" SOlllt' rClllaillcd in lhc 
open watcr ail 
winter (1 903-04)" 

ciled as wintering 

"a few individuals 
remain throughoul 
the winter." 

1600+ , Mar. 1968 
(ex trapolated from 
Fig. '>-5) 

100001020000 
450+, Mar. 1968 
(ext rapolaled from 
.Fi '1- . 5-5. 5-6) 

35U+, Mar. 1968 
(extrapo laled from 
Fig 5-5) 

subadult [t'male 
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Ro('.~ \-Vdcollie SOllnd . and pe rhaps lo:\·'IlIS. Fisher , and Illtd
son slrails. Th i~ appears to hl' Ltcilil ,lted hy lhe gn',lllicLd 
range (H- I;) Ill) ;1Ile! stroll g ClIlTl'nt.s o[lIudson Sn'a il and 
sOllt!t c<!slcrn ~a (( i n I~laml , which creatc shorek ads ill walers 
shall()w c nollgh 10 ptTlllill<-cdi ng I.hroll gho ul lhe I,·inler. 
1 .ungu· da~ lcnglh in lhcsl' more s oltlht:'rl y b tillldes ll1ay a lso 
COlllrihlltc 1.0 f('(:dill g Stllless. C ommon Eiders , as wc ll as 
.~t)n l(' King V,iclns ,Ill d Olrls qu ;tws. a lso winler nea r Resolu
lion ;l11d Edgell isbncls. and Cape C hiclley al lhe norl!tern lip 
o[ l.abrador. T he lolal numbcr of seaclllcks lhal ovcnvinler in 
1 Illdsoll ItlV and 1 lurh on Su'a il probably does nol exccecl 
~ !i O()() bircb. 

6. Spring migration 

III j\.jav and June, polym,ls are more irnpOrl,llll 10 
sl'acltlcks ill lhe virlllally liddcss walers of lhe wcs le rn and 
lTlltr;d Arnic lhan lhel are in th e eas \. In Ihe wcst. a large 
propo rt io n oF ;dl 1 hree specics rnigr,ll cs a lollg 1500 km or 
cO<ls lli llC fro Ill Cape Lisburne. Alaska. lO lhe Cape 
Balhlllsl pol vllva (Smilh and RighI'. lhis pu blication. Figs. 
1·'1 ;lIld 1 !i), The coas lal leads belwecn l'l. Ba rrow, Alaska, 
and lhe Mackenzie lklla serve as palhwavs lo r migranls lO 
L!te ClpC Bal.h ursl po lyll y,t and <t ssocia ted shorc1eads 
",I{('re lhe \ ~ I , l ge prior 10 brceding . The open \Valer of the 
Cape Bal Itursl polynya and shoreleacls occurs ol'er dcp lhs 
~lt allow e notl g- h lo pe rm il fe('din g . unli! nes lin g- arcas 
lùnher nOrl lt all d cas t are free or snow ,lIld icc (Barry 
1 !17Ii) FI tJcks cxcecdin g 50 000 birds have becn 
lT(ordcd in the polvnya in Ma y (Searing pl al. 1975; 
Barry 197Ii). 

The crili cal im[Jonance of llt est' open \Valer fe("d ing 
;lrcas 1 () migra li ng sea clucks is c mphas i/Cd h ' recoru i ng wha 1 
Itappcns wlten lhey arc absent. In 1964, ope n wa ter did Ilol 
OCClU in lIle Cl[Je Balhursl po lyn ya and shoreleads li III il July. 
ComeqttcnLlv, migraling ~ eadllc k \Vere lInab lc to Fced whe n 
lhey dlTiH'd in the Beaufo rt Sea in May ,md ove r 100000 
st ;lrlT tl (Barry 19G8). 

Inlhe easlern Arctic, rnoSl illbo und migrant s have 
less tllatt .''100 km lO tra vers e frol1l open \Va ler to nesling siles 
attd IltttS do nOl fa ce the sam(·· problerns as seaclucks in the 
wcs lern Arctic. Consequenlly , rn Orlalily orthe lTlagnilude 
report cd by Barry (1968) probably does nOl OCCUL Slrong 
CllITt'lIl, lides . and prevailing wincls provide considerable 
open water in Hudso n Slrail, making move m ent LO alt e rnale 
kcding area!i leasible. In mid tVla y, sead ucb le nd lo m ove 
Ilonh and west LO stage ill polynyas such as Fury and Hecl a 
Slrail and Ilcll G'lte. 

,\llislon el a/. ( 197G) co mpared lhe dislributio n ora 
nlllllbc r ofbird species in lhe cenlral Arnic Islands ancl lhe 
Boothia Pe llinsula in 19 74 and 1975. They d o cllment.cd 
markt'dll' diHe rcnl spl;ng wcalhe r co ndilions bClwl'en the 
~ vears whic!t resultcd in greal va riahili tv ill th e ,llllOllnl or 
SIlOI\' and icc cover. ln 1974. the sprillg lhaw ill l!tl' sllldy 
arC,1 o l cmred much laler lhan in 1975. III 1!17'1. mml o[the 
slllel )' arl';! I\·as sno\\' covered. pre\'enl ing hirds from di .~pcrs 

ing 10 lheir nesling a reas . In addilion, ict' P( ' ,'sisled in l'ccl 
Sonnd and Prince Regen t Inlel lhrollgholltJllllC, forcillg lite 
seadllcks 10 con g- rega le in 1 he kw <l vailablc areas of opell 
Illarine wat er. In conlr'asl , in 1975 th e iee in l'rince Regent 
Illlel began lO break IIp in t'a rl y.lulll' alld lhe land \\'as frc e of 
Sll()\\, hy Illid.lun e. Some ()~OO eidc.Ts wcre o bse rl'ed ill 
[lolyn yas iIllhe Bellot S lI·ail (Smilh and Rigby, lhis ]>lIblica
lion. Fig'. 7) inJune 1974 and 9~OO \VITC lhe r e- inJllll t' 1975. 
I-Iowevcr , althollgh most o f the e iders rernai nccl ill the 
pol)' ll )'a thrott gholltJun . 1974, ail bUl about 800 !tad 1efl 
BdlOl SlI'ait bdore midJtlll e in 197.'). 

Ohsnva tio!ls nl <lr!(' a l otlter polynyas ckrno nslraled 
lit e salli e phCIlOIllt'IlOII. <. n 2:·qunc 1 ~17 ' 1·. IWO sllla ll polyn yas 
in Crozier Slrai l nC<lr I\arluk Is land conlai llc d :100 e iders. 
III 197:1,570 e iders were rl'corckd Ilt en ' on II .I11ne, bllt hy 
2:., .June only FU Il'mailled . Ol' c!' loon Kill g- bders IH'IT 
obserl'cd o n a slllali rccuning p nlYll ya o ll Cap t' Ste. Calher
in (alo ng-lht' ea ~l coasl of 1:\001.I1ia Peni nsula) ill.JtlllC 1 ~)74 
bUl none we re thcrc in 197.'). Silll ila rl y lhe sma ll polynl';l~ 
ZlnWllg lhe lasma nia Islands (Stirl ing, thi~ publi calion, h g. l) 
harbo ured dense nHlCt'!1lr;llions (2711 bir(b/krn~) 01 Killg
Eiders alld O ldsquaws in.June 1 !)74 but Ilo l in 1975. 

7. Th reats l'rom oil pollution 

Oi l 'xp lorat ion . pror!IlCl io n . "!lei Il,ïIlSI'0 rt al ion ha vc 
grca tly incrca: cd lhe poss ib ilil\' lha t ,1 larg'C scalt- Ido\\'olll or 
spill will OCClU' in lhe arclicllla rilll' enl'iro/llllenl (Allon. 
1979). r h ·' pos sibi lity o f oil po llu tion , n:Sttllillg (mlTl Clc,lll
ing u!> oil L lllks 01 wa st, · di sposa I. clbu groll's I\ilh tltt' 
i lt crea~ in g- volume ofship lraHlc in lite nOrllt . 

Oil re leasecllo tlte arnic Ill a ri ne c:n vi rOlllTlt'111 I\'orks 
its way lo the sur!act' and (oll ('l'n lrates in in ' rree areas (l 'im-
10lt pl al. 1 (76) . Seaducks 'xposed 10 oil suIfer a rCc!llnion in 
th e insulalin g p LO p erlies or their fea lhcrs and subSC qU Clll 
incrc<lse in thei r '11 -rgy rn c laboli,lTl (Hartullg 19{i7: t\lchvall 
and Koclink 197 3). Exposure ID oit in wld ;lITlic waters will 
inevitabJ v J' t'suit in dcalh of lhe birds (Ba rry 1970). Oil SHr

fac ing in polynyas cluring lhe sp ring wil l pose ,1 sllbslallli,tl 
lh red l lo inrol1l ing mig ran t seaclu t:k populaLiollS, l',ttticula rl y 
in lhe Cape ll al lturst polynya and :\ssoc ialed le<l rb. 
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