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Spring migration of birds across the Greenland Inlandice 
THOMAS ALERSTAM, CHRISTIAN HJORT, GORAN HOGSTEDT, PAUL ERIC JONSSON, 
JOHNNY KARLSSON and BERTIL LARSSON 

Alerstam, T.', C. Hjort2, G. Hogstedt3
, P. E. Jonsson', J. Karlsson' and B. Larsson•. 

1986. Spring migration of birds across the Greenland Inlandice. - Meddr Gnlnland, 
Biosci. 21, 38 pp. Copenhagen 1986-10-16 

Radar observations from a long-range surveillance station in SE Greenland ( 65°31 'N, 
37°08'W) during the end of May and beginning of June 1980 and 1982, demonstrated 
regular bird migration across the Inlandice in both E/SE and W/NW directions. Ac
cording to supplementary field observations from SE and W Greenland 1980, -82 and 
-84, and to available information from the literature, the most probable species to 
carry out a transglacial E/SE-migration in spring are Gavia immer, C/angula hyema
lis, Mergus serrator, Anas p/atyrhynchos and, possibly, Alle ,alle and Larus hyper
boreus. These birds probably depart from the ice-free coasts in W Greenland towards 
breeding sites along the E Greenland coast and, at least in Clangula hyemalis, Iceland 
and possibly even further to the east. Plectrophenax nivalis and Ca/carius /apponicus 
probably also travel eastwards over the southern Inlandice to SE Greenland breeding 
sites. 

Species involved in the transglacial W/NW-migration comprise geese, Anser a/bi
/rans and Branta bernicla, and high arctic waders, Charadrius hiaticu/a, Arenaria in
terpres, Calidris canutus and Calidris alba. In addition, it is highly probable that also 
Oenanthe oenanthe, Sterna paradisaea and Phalaropus /obatus belong to this cate
gory. The geese and high arctic waders depart from staging areas in Iceland to under
take a long-distance flight to breeding grounds in W Greenland (Anser albifrons) or 
NW Greenland and N Canada. The flight route passes the Sermilik fjord region in SE 
Greenland, where the migrants shift from a W/WNW course over the Denmark Strait 
to a WNW/NW course across the Inlandice. 

The route from Iceland via Sermilik to NW Greenland and N Canada is about 10% 
longer than the great circle route across the central and northern Inlandice. How
ever, wind conditions for a high altitude transglacial flight are much less favourable 
along the great circle route. The observed migration patterns involve the crossing of 
450-700 km of inlandice, reaching 2500-2800 m asl, with temperatures about -10°C. 
The total flight distance from Iceland to NW Greenland and N Canada is 2300-3000 
km. 

Staging areas for ducks and divers along the Greenland west coast, and for geese 
and waders in Iceland, are probably of crucial importance for the evolution of the ob
served transglacial migration patterns. The distance from Iceland to the north
ernmost part of the Nearctic is smaller than from corresponding spring staging sites in 
North America. Hence, Iceland serves as a spring-board to Nearctic breeding 
grounds for Old World winter populations of waders and geese. Staging sites prob
ably have a dual effect as spring-boards and bottle-necks, respectively, for the evo
lution of migration patterns in arctic birds. Gaps in the circumpolar breeding distribu
tion of arctic species, and a relatively low diversity of species breeding in the sector 
around Greenland, may be due to competition for limited staging resources in combi
nation with the isolating effects in this sector of sea expanses and the Greenland In
landice. 

1) Department of Animal Ecology, University of Lund, S-223 62 Lund, Sweden. 2) 
Department of Quaternary Geology, University of Lund, So/vegatan 13, S-223 62 
Lund, Sweden. 3) Department of Animal Ecology, Museum of Zoology, N-5000 Ber
gen, Norway. 4) Krigsflygsko/an, Swedish Air Force, S-260 70 Ljungbyhed, Sweden. 
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Introduction 

The Greenland Inlandice covers 1.7 million km2, spans 
over more than 20 degrees of latitude, from about 61 ° to 
82°N, and has an average height of about 2100 m asl, 
with maximum heights between 2500 and 3300 m asl at 
different latitudes. There exist no resting and sheltering 
places for birds in this vast ice desert. It is easy to under
stand why it was formerly assumed that the Inlandice 
must be a formidable obstacle to migratory birds, con
stituting a natural divide between species or populations 
breeding to the west of the Inlandice and taking part in 
American migration systems, and populations in East 
Greenland and Iceland taking part in European mi
gration systems. 

However, already field observations made between 
1896 and 1923 by Johan Petersen in the Angmagssalik 
region, SE Greenland (in Helms 1926) , demonstrated 
that migrating Brent Geese Branta bernicla pass west 
(spring) /east (autumn) rather than north/south . Obvi
ously, these birds travel across the Inlandice between 
European winter quarters and breeding sites in NW 
Greenland and N Canada. This was confirmed by E. 
Knuth in 1936, on his crossing of the ice-cap between 
the Angmagssalik and Disko regions (in Salomonsen 
1950). On 30 May large flocks of geese, altogether 500-
600 birds, were recorded flying NW across the Inland
ice. 

Salomonsen ( 1950) concluded that, besides Brent 
Geese , also White-fronted Geese A11Ser albifrons 
breeding in W Greenland, migrate from wintering 
places in the British Isles via Iceland across the Inland
ice. On the basis of extensive ringing studies of bird mi
gration in Greenland , Salomonsen (1967a) could add at 
least three further species participating in a transglacial 
migration system between Old World winter quarters 
and New World breeding areas: the Turnstone Arenaria 
interpres, Knot Calidris canutus and Wheatear Oe-
11a11the oenalllhe. With the further accumulation of ring
ing and observation data, a regular transglacial migra
tion pattern has been confirmed in the above-men
tioned species, as well as in the Ringed Plover Chara
drius hiaticula, and to a smaller extent also in the Purple 
Sandpiper Calidris maritima and , possibly, the Sander
ling Calidris alba.During spring migration , the birds to a 
large extent travel via Iceland , which is used as a stop
over and refuelling station before the final transglacial 
flight journey to the breeding sites (Morrison 1975, 
1977. 1984. Wilson 1981, Meltofte 1985). 

For the high arctic breeding birds, i.e . Brent Geese, 
Turnstones. Knots, Ringed Plovers and Sanderlings des
tined for the Thule region, Ellesmere and Axel Heiberg 
Islands and surrounding areas, the journey from Iceland 
extends over 2000-3000 km . Little is known about the 
detailed circumstances of this journey. although there 
are indications that it is completed in a rapid and direct 
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flight , without refuelling and possibly without landing 
and resting at all, except when the migrants encounter 
unfavourable weather en route. Furthermore, a signifi
cant number of migrants seem to cross the Inlandice 
along the 600 km-route between the Angmagssalik and 
Disko regions (Meltofte 1985) . 

There are also bird species with populations breeding 
to the east of the Greenland Inlandice and wintering to 
the west of it , like various ducks , gulls and auks spend
ing the winter along the ice-free coast of SW Greenland 
(Salomonsen 1967a). In these species the existence of 
transglacial migration has never been suspected, but it 
has been taken for granted that the migration proceeds 
along the coastlines or over the open sea, passing south 
of Kap Farvel. Furthermore, there are recent recoveries 
in North America of Snow Buntings Plectrophenax ni
valis and Lapland Longspurs Calcarius lapponicus 
ringed during the breeding season in SE Greenland 
(Meltofte 1983, Zoological Museum, Copenhagen, un
publ.) . Salomonsen 's {1979a) review of various bird 
species encountered dead or alive on the ice-cap, indi
cates that transglacial migration flights may occur in 
more species than hitherto suspected. 

In this paper, we present radar observations from a 
surveillance station on Kulusuk island, SE Greenland, 
of spring migration in two different years across the 
Greenland Inlandice. Regular migration was found to 
take place both in a westerly and easterly direction. 
Supplementary systematic field observations are de
scribed from both SE and W Greenland . All data refer 
to the period 20 May- 10 June , i.e . the spring migration 
peak in a majority of Greenland birds. 

The results are analysed and discussed mainly from 
two different points of view. First , the circumstances of 
long-distance transglacial flights are unique in bird mi
gration . The arctic birds' strategies to meet the diffi
culties and hazards associated with these flights. which 
often bring them far beyond the point of no-return. may 
throw light on the limits of migratory performance and 
capacity in birds . These strategies include the timing of 
migration , flight routes, mode of orientation and re
sponses to weather and wind. 

Second. the importance of the lnlandice as a barrier 
for migratory birds is of interest not only for recon
structing possible bird migration and distribution pat
terns during earlier glacial epochs , but also for inter
preting the present-day distribution in arctic breeding 
areas of different wintering populations. More specifi
cally. do Old and New World wintering populations 
compete for the Arctic breeding grounds on either side 
of the Greenland Inlandice. and to what extent are the 
migratory divides between American and European mi
gration systems affected by the existence of this Inland
ice? 

Meddelelser om Gnzlnland , Bioscience 21 • 1986 



. 

. 

AXEL 
HEIBERG 

ISL 
· . • 

. 

ICELAND 

0 

Fig. I . Radar observations were carried out at a radar station on Kulusuk island, SE Greenland (site I) . The circle hows the ap
proximate maximum range for registration of radar echoes from migrating birds. Supplementary field observations of bird mi
gration were carried out at sites 1-{5. The height of the lnlandice (m asl) is indicated, as well as the position of fishing banks 
{depths < 50 m) off the Greenland west coast. Broken lines show the normal pack ice limit in May/June . 
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Radar observations 
Observations were carried out 21 May- 3 June 1980 and 
26 May - 7 June 1982 at DYE-4 radar station, situated 
approx. 300 m as! on Kulusuk island, SE Greenland 
(65°3l'N, 37°08'W). This is a high-power surveillance 
station operating with a long pulse duration, and equip
ped with MTI (moving target indicator). The maximum 
range for detection of radar echoes from flocks of birds 
is about 250 km (Fig. 1). The methods of registration 
differed between the two years. 

In 1980, an automatic camera mounted at the radar 
screen (PPI) was used to obtain continuous registration 
24 hrs a day, from 26 May onwards. The exposure time 
for each photographic frame was 8 minutes, corre
sponding to 12 antenna revolutions. Films were devel
oped at the radar site, and records of echoes from mi
grating birds were plotted on maps using a photographic 
magnification apparatus. The total number of echoes 
will be somewhat underestimated by this method, since 
weak and brief echoes, and echoes overlapping on a sin
gle 8 min. photographic frame, are missed. Persistent 
echoes were identified and plotted over several succes
sive frames, and speed measurements given in this pa
per are restricted to echoes recorded over at least 5 suc
cessive frames, i.e. ~40 minutes. Direct observation 
and plotting at the radar PPI were carried out each day 
21-25 May (during altogether 23 hours), and such sup
plementary observations were also carried out during 
the succeeding period of photographic registration. 

In 1982, 16 mm time-lapse filming (one frame per an
tenna revolution) of the radar screen provided continu
ous round the clock registration throughout the study 
period. We analysed our radar films at Colorado 
Springs, USA, in November 1983. The film records al
low also weak and intermittent echoes from migrating 
birds to be detected and counted. Detailed plots of rou
tes and determination of direction and speed were ac
complished for a sample of bird echoes in each mi
gratory wave. Unless otherwise stated, times given in 
this paper are local Greenland Summer Time 
(=GMT-2hrs). 
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Fig, 2. Number of radar echoes in 2-hour intervals from bird 
flocks migrating E/SE (above the time axis) and W/NW (below 
the time axis) over the Inlandice. The data are based on contin
uous photographic registration of the radar PPI. Additional 
observations of the radar PPI were carried out 21- 25 May 
1980, revealing intensive and moderate E/SE migration on 24 
and 25 May, respectively. 

Number of echoes 

Three different types of migratory pattern were distin
guished: 1) offshore migration towards NE in the Den
mark Strait; 2) W/NW migration across the Inlandice 
and 3) E/SE migration across the Inlandice. The first 
type was often impossible to analyse properly because 

Fig. 3. Geographical patterns of transglacial E/SE (Figs A-C) and W/ NW (figs D, E) migration, according to radar registration. A 
sample of radar echo tracks are illustrated for each occasion. 
A) 31 May 1982. E/SE-migration on a broad front. Echoes were strong and persistent. The echo indicated by the broken line was 
recorded between 08.05 and 12.22 hrs. with a mean ground speed at 25 ms-•. The two echo tracks reaching far offshore towards 
SE and E over the Denmark Strait were recorded 06.45 - 09.08 hrs and 11.23- 14.38 hrs, respectively. The average ground speed 
on this occasion was 26 ms ' . 
B) 29 May 1982. E/SE-migration taking place mainly north of the radar station . One echo detected at 07.08 hrs was split into two 
at 07.44 hrs, disappearing 40 km apart at the coastline at 08.01 and 08.23 hrs, respectively. The northernmost echoes traverse high 
mountainous terrain, like the Mount Forel area (3360 m asl). Average ground speed was 30 ms '. 
C) 29 May 1980. E/SE-migration taking place mainly south of the radar station. Except for a few echoes arriving from the north, 
the main track direction was almost due east. Average ground speed was 22 ms- •. 
D) 29 May 1982. W/NW-migration, mostly within a well-defined corridor as indicated by the dotted lines. Radar echoes appeared 
at the coastline, later to reappear over the Sermilik fjord and the ice slope. In the intervening section of the route, the migrants 
presumably travelled mostly in radar shadow across an area with mountain peaks and glaciers 1500-2000 m asl. Average ground 
speed for the most persistent echoes was about 21 ms- •. Part of this movement took place simultaneously with that shown in B. 
E) 31 May 1980. W/NW-migration, with registration of birds arriving on a westerly course over the sea. A distinct shift in direction 
towards NW occurred over land. Average ground speed for the most persistent echoes was 18 ms -•. 
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of interference with sea clutter on the radar indicator, 
and will not be considered in this report. 

The number of echoes from birds migrating W or E 
over the Inlandice is shown for 2-hour intervals in Fig. 
2. According to the direct observations at the radar 
screen, there was no transglacial migration 21-23 May 
1980, but E-migration took place on both 24 May (24 
echoes plotted in four hours) and 25 May (7 echoes in 
four hours). From 26 May onwards, altogether 259 
echoes of E-bound and 94 echoes of W-bound trans
glacial migrants were recorded in 1980, and the corre
sponding figures for 1982 were 441 and 396, respec
tively. 

The echoes of W-migrants were generally weaker, 
and visible on the radar screen for a shorter time, than 
those of E-migrants. The number of radar echoes do not 
provide accurate estimates of the total number of mi
grating bird flocks, particularly not for the W-migrants, 
the majority of which pass a mountainous area north of 
the radar station where the birds fly in radar shadow at 
many places. Furthermore, the speed of W-migrants is 
slower than that of the E-migrants (cf. below), a fact 
which makes the former category more susceptible than 
the latter to suppression from radar registration by the 
MTI device (suppressing stationary and slowly moving 
targets) . 

Geographical pattern 

The geographical pattern is exemplified in Fig. 3. E-mi
grants generally arrived on a broad front across the In
landice. They were detected at high altitudes, often 
where the Inlandice reaches well above 2000 m asl. 
Flocks were regularly passing over the high mountain 
ranges , with peaks 2000-3000 m asl, north of the radar 
station. A few echoes were even seen crossing the 
Mount Fore! area (3360 m asl) . Most echoes disap
peared at the East Greenland coast, almost certainly be
cause the birds descended below radar coverage. How
ever, some echoes could be followed far offshore over 
the pack ice in the Denmark Strait. On some days, most 
echoes arrived north of the radar station with a pre
ponderance for southeasterly tracks (Fig. 38), while 
tracks were on average more towards east on occasions 
when the main arrival occurred south of the radar sta
tion (Fig. 3C) . 

A few echoes arrived from the north on southsouth
easterly, or even southerly tracks. The most reasonable 
explanation is that they represent bird flocks that have 
veered from a more easterly track, in order to descend 
towards the Angmagssalik region. 

Hence, the transglacial E-migrants seem to include 
both birds that are destined for the East Greenland 
coast, where the Angmagssalik region offers the most 
hospitable living conditions between Kap Farve! and 
Scoresbysund, and birds that continue their migration 
across the Denmark Strait. 
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W-migration occurred almost exclusively to the north 
of the radar station, with a majority of echoes crossing 
the northern part of the Sermilik. On some days the 
echoes were concentrated within a distinct migration 
corridor: radar echoes were briefly visible at the coast
line, mostly around 66°N latitude, where the migrants 
obviously started to climb inland. The echoes were lost 
from the radar screen in the adjacent area with glaciers 
and mountain peaks reaching 1500-2000 m asl, reap
pearing over the Sermilik area . The echoes could then 
be followed up the ice slope, disappearing where the ice 
reaches about 1500 m asl, sometimes 1800 m asl (Fig. 
3D) . 

A few echoes departed inland along a route slightly to 
the north of this corridor, across the mountains north of 
Sermilik, where there are many peaks above 2000 m asl. 
Furthermore, there were regular but scattered move
ments up the ice slope from the southern parts of Sermi
lik. Only very few W-echoes were recorded to depart 
over the Inlandice from further south along the coast. 

A distinct feature of the W/NW-migration pattern 
was the change in migratory direction taking place in 
the study area . The direction of the migration corridor 
shifted from west towards northwest (Fig. 3D). Nor
mally, echoes from W-migrants were not detected over 
the sea, probably because the birds travelled at low al
titudes,below radar coverage (sometimes the detection 
of bird echoes was also prevented by sea clutter). How
ever , on a few occasions such echoes were recorded 
(Fig. 3E) , showing a distinct shift in direction from ap
prox. west over the sea to approx. northwest over the 
ice slope. 

As seen from Fig. 2 it regularly happened that E/SE
and W/NW-migration took place simultaneously. Some
times flocks on opposite tracks passed so close to each 
other, that the echoes overlapped on the radar screen 
during the short period of passage . However, the ver
tical separation between the migrants was unknown. 

Direction and speed 

The distributions of track directions over the ice slope 
are presented in Fig. 4. The transglacial E-migration 
showed a rather wide scatter of directions, with 82% of 
the echo tracks between 80° and 140°. For W/NW-mi
gration, 90% of all track directions fell in the range 
290°-330°, with 69% between 290° and 310°. Only 4% of 
the echoes showed directions south of west ( <270°) 
over the ice slope. 

Speeds differed noticeably between the transglacial 
E- and W- migrants (Fig. 5). This difference is manifest 
for ground speeds as well as air speeds, calculated on 
the basis of wind measurements from the 850 mb-level 
(approx. 1500 m asl) at Angmagssalik. Of course, with
out a detailed knowledge of the birds' flight altitudes, 
the calculated air speeds are provisional estimates only. 
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Fig. 4. Distribution of track directions of radar echoes from 
transglacial E/SE- and W/NW (shaded)-migration . The dia
grams show the weighted percent distributions for the two 
study years combined . Median directions are indicated by ar
rows . 

Most E-migrants travelled very fast, between 20 and 
35 ms- 1, with a median air speed at 27 ms 1. W-migrants 
were slower, with speeds normally in the range 15-25 
ms- 1 and with a median air speed at 21 ms 1• Part of the 
difference between E- and W-migrants may be ex
plained by the fact that many of the former probably de
scended while the latter were in a climbing phase over 
the ice slope . Because speeds were measured over very 
long time intervals and distances , this explanation prob
ably is not sufficient to account for all of the difference 
in speed between the two categories. It seems highly 
probable that different types of birds, with different ty
pical flight speeds, participated in the E- and W-mi
gration , respectively. 

0 0 

ri.JlnlUln_ Airspeed 

,c;:y:;i;~. '' 
10 15 20 25 30 35 40 ms 1 

Fig. 5. Ground speed of transglacial E/SE-(open bars) and 
W/NW (shaded bars)-migrants , as determined from radar pho
tographs and films for echoes registered during a time period 
of at least 40 min. In addition , speeds of a few echoes plotted 
directly 2:20min. from the radar PP! have been included. Air 
speeds (lower diagram) have been calculated on the basis of 
daily aerological wind data (850 mb-level) from Angmagssalik 
09 .00 and 21.00 hrs. Each set of wind data was used for air 
speed calculations for echoes recorded within ± 6 hours from 
the time of wind measurement. Median speeds are indicated by 
arrows. 
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Many echoes of W-migrants were weak and only 
briefly visible on the radar screen (perhaps intermit
tently suppressed by the MTI). The most persistent 
echoes , used for speed determination, may therefore 
represent a biassed sample of this category. If so, the 
overall difference in speed between E- and W-migrants 
is even larger than indicated in Fig. 5. 

Variation in migratory intensity, timing 
and direction 

As seen from Fig. 2, the daily occurrence of transglacial 
E-migration was highly regular. Exceptions were 21-23 
May (direct observations of the radar screen), 26 May, 
2-3 June 1980, and 4-5 and 7 June 1982, when there was 
little or no such migration . On six out of these nine ex
ceptional occasions, a cyclone had passed along the W 
Greenland coast during the preceding evening and night 
(Tab. !) . Hence, this type of migration probably is pri
marily affected by the weather situation in W Green
land - cyclones with precipitation , poor visibility and 
strong winds preventing eastward departures across the 
lnlandice. On many days with transglacial E-migration, 
weather conditions for continued eastward flights across 
the Denmark Strait were highly unfavourable with 
strong headwinds (and on a few occasions cyclones at W 
Iceland) . On such occasions one may assume that trans
glacial migrants destined for a continued eastward jour
ney, descend to rest and wait for more favourable 
weather at the East Greenland coast. 

Transglacial W-migration occurred much less regu
larly than E-migration. The main passage was concen
trated to a few peak days each year (Fig. 2). These days 
were associated with favourable NE-E tailwinds over 
the Denmark Strait except 31 May 1980 when westerly 
winds prevailed (Tab. l, Fig. 6). On this latter occasion 
the migration peak occurred unusually late during the 
day (cf. below) . On several days with W-migration in 
1982, easterly winds over the Denmark Strait were very 
strong, like 29 May - the major migration day of that 
year (Figs 6 and 7) . 

Weather conditions over the Inlandice and at the W 
Greenland coast were favourable, or at least not inhib
itory , on the days when W-migration was registered in 
1980 and 1982. However, it may be difficult or impos
sible for the migrants to forecast cyclone passages along 
the W Greenland coast, and in some years it may hap
pen that transglacial W-migration coincides with cy
clonic weather in W Greenland. 

The distance from the W Greenland coast to the ra
dar site is roughly the same as that from W Iceland to 
the radar (about 700 km). Hence, if the transglacial E
migrants start from W Greenland and the W-migrants 
from Iceland, they should arrive simultaneously in the 
radar study area provided that they depart at the same 
time and fly equally fast. 

However. W Greenland and W Iceland are approxi-
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Table I. Cyclonic disturbances (fronts, precipitation) and winds (direction and speed in ms- '; weak winds <5 ms ' omitted) be
tween W Greenland and Iceland within the latitudinal zone 63°N - 69°N. All data are from 00 hrs GMT= Greenland Summer 
Time 22 hrs the preceding date. Winds at W Greenland and Iceland are from radiosonde measurements at Aasiaat (Egedesminde) 
(850 mb level, approx. 1500 m asl) and Keflavik (low altitude wind), respectively. Over the Inlandice, winds were estimated from 
the 700 mb aerological chart (approx. 3000 m asl) and over Denmark Strait from the surface chart (low altitude wind). Based on 
the European Meteorological Bulletin, Deutscher Wetterdienst. 

Date W Greenland coast Ice-cap 

1980 
May 21 Cycl. S 12 S 17 

22 Cycl. SE JO S 20 
23 Cycl. S 15 
24 SSE 16 SSW 14 
25 SSW 7 SW 11 
26 w 5 
27 SW 5 
28 (Cycl.)' s 5 
29 SSE 8 
30 
31 SSW 9 

June I s 9 
2 Cycl. s 12 SSW 20 
3 s 14 wsw 5 

1982 
May 26 SE 5 

27 
28 
29 (Cycl.)3 SE 5 
30 
31 SSW 16 

June I E 5 
2 
3 
4 Cycl. s 5 SSW 17 
5 Cycl. SSE 15 S 20 
6 s 7 s JO 
7 SE JO 

I) Occlusion front, little precip. 
2) Occluding depression, rain ~howcr~ 
3) Weak depression 

mately 30° of longitude apart, corresponding to a time 
difference of 2 hours. Hence, if the migration starts at 
the same time of the solar day from these two areas, the 
birds are expected to take off two hours earlier from 
Iceland. On the other hand, W-migrants have a lower 
airspeed (median 2lms· 1, Fig. 5) than E-migrants (27 
ms- 1), and travel time over a 700 km distance in calm 
weather will therefore be expected to differ by 2 hours 
(9.3 versus 7.2 hours) between these two categories (ne
glecting the possible influence of climb and descent on 
the air speed estimates, cf. above). Hence, the effects of 
a longitudinal time difference and of different air speeds 
between E- and W-migrants cancel each other. Because 
of this, differences in time schedule at the radar site be
tween the two migratory categories are probably the re
sult of different wind conditions encountered during the 
preceding flights across the Inlandice and the Denmark 
Strait, respectively. 

As seen from Figs 2 and 8, the morning peak of trans
glacial E-migration in the radar study area occurred be
tween 04 and 11 hours. On days with a relatively late ar-
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Denmark Strait W Iceland 

S 12 
Cycl. SE 20 

s JO Cycl. s 5 
w 5 wsw 5 

Cycl. WNW JO WNW 5 
NW 5 

NE 5 NNE 12 
ENE 5 NNE II 
ENE 5 

E 6 
W 12 
s 7 Cycl. 

NNE 8 
NW 5 

ENE 14 
ENE 12 

E 8 
ENE 20 E 8 
ENE 25 (Cycl.)' E 6 
NNE 8 N 5 

NE 22 Cycl. NNE 9 
ENE 10 

NE 15 Cycl. ESE 9 
N 5 

SSE 7 
Cycl. ESE 8 
Cycl. E 8 

rival. 08 - 11 hrs, head- and crosswinds often prevailed 
over the Inlandice. The median time with neutral winds 
was between 06 - 07 hrs (Fig. 8), indicating a departure 
time from W Greenland about 23 hrs the preceding 
night. Secondary afternoon peaks of E-migration were 
recorded on a few days. 

W-migration over the ice slope at Sermilik most often 
culminated between 02-10 hrs in the late night or morn
ing (Fig. 8). In addition, important migration peaks oc
curred early in the afternoon on 26 May 1982, and be
fore midnight on 31 May 1982. On the latter day a cy
clone reached W Iceland in the late afternoon and 
passed during the evening and night. The migrants 
probably departed in favourable ENE winds immedi
ately before the arrival of the cyclone. 

The early morning peaks, 02-04 hrs, of W-migration 
were all associated with very strong tailwinds providing 
an effective wind assistance of at least 10 ms· 1 over the 
Denmark Strait. With an estimated ground speed 30-35 
ms -1, these birds would have crossed the Denmark 
Strait in only 6 hours' flight, taking off 20-22 hrs 
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A 31 May 1980 B 29 May 1982 

Fig . 6. Atmospheric pressure patterns on 31 May 1980 (A) and 29 May 1982 (8) . Based on data from 00 hrs GMT(European Me
teorological Bulletin , Deutscher Wetterdienst) . Extensive transglacial migration, towards E as well as W , occurred on both occa
sions. The timing of W-passage at the radar site was considerably earlier on occasion B than A , while the reverse held for trans
glacial E-migration (cf. Fig. 2) . This is consistent with an overall W-wind flow on occasion A, but an E-wind flow on occasion B. In 
A) the typical high pressure in N Greenland has temporarily disappeared, leaving room for a weak occlusion front extending 
across Greenland to N Iceland. A similar temporary reversal of the typical pressure pattern occurred on 24 and 25 May 1980. 8) 
illustrates the most common weather pattern during the study period,characterized by high pressure in N Greenland and depress
ions moving south of Greenland towards Iceland. Sometimes, depressions also moved north in the Davis Strait along the W 
Greenland coast (Table 1). The deep depression moving towards Iceland 28-30 May 1982 was associated with strong ENE winds 
in the Denmark Strait. 

(= 22-24 hrs GMT) during the preceding night. In con
trast. on 31 May 1980 when the culmination of the W
migration was delayed until 09-IO hrs, winds over the 
Denmark Strait were opposed at the surface (Table l) 
and neutral at higher altitudes (850 mb level - note the 
tendency of higher flights over the sea on this day, Fig. 
3E). Assuming that the birds came from W Iceland with 
an effective headwind of 5 ms 1, the flight across the 
Denmark Strait would have lasted about 12 hours after 
the birds' main take off from Iceland 21-22 hrs {= 23- 24 
hrs GMT) . 

This suggests that transglacial E- and W-migrants may 
depart at about the same local time , with a peak 2-3 
hours before solar midnight , from W Greenland and W 
Iceland , respectively. The timing of their passage of the 
radar study area the following night or morning is de
pendent on wind conditions prevailing during the flights 
across the Inlandice and the Denmark Strait, respec
tively. There are a few migration peaks, e.g. during the 
afternoon (Figs 2 and 8), which do not fit into this 
schedule, indicating that departures may also occur at 
other times or from other starting areas . 

The geographical pattern of transglacial E-migration 
was on average shifted slightly to the north in 1982 as 
compared to 1980. 39% of the radar echoes arrived 
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north of 66°N latitude in 1982, with a daily variation 19-
51 % , while the corresponding proportion in 1980 was 
14% , with a daily variation 8- 20% (Fig. 9). Because 
track directions differed somewhat between arrivals 
north of 66°N latitude (median track direction 136° in 
1980, and 122° in 1982) in comparison with arrivals to 
the south of this latitude (corresponding medians 102° 
and 111 °, respectively), the overall track distribution 
was shifted slightly more towards the south in 1982 (me
dian 114°) than in 1980 (median 105°). Furthermore, the 
total proportion of radar echoes of transglacial E-mi
grants with track directions north of east ( < 90°) was dis
tinctly higher in 1980 (21 %) than in 1982 (11 %). Prob
ably, these differences cannot be explained by effects of 
wind during the eastward flights across the Inlandice 
(cf. Table I, Fig. 9) . Rather , it seems likly that the de
partures from W Greenland of transglacial E-migrants 
occurred from, on average, more northerly latitudes in 
1982 than in 1980. 

Mean track direction for the transglacial W-migra
tion. as estimated over the ice slope in the Sermilik 
area, varied between 290° and 319° during eleven differ
ent migration peaks (mean of the means 305°, S.D. 8°, 
n= 11) . The corresponding heading direction, calculated 
on the basis of the 850 mb wind at Angmagssalik, varied 
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Fig. 7. Satellite photograph from 15.30 hrs GMT, 28 May 1982. A deep cyclone passes south of Greenland towards Iceland (cf. the 
corresponding pressure pattern nine hours later, Fig. 6B). Strong easterly winds and clear weather prevail over Denmark Strait. 
and maximum transglacial W-migration 1982 took place on this occasion (Fig. 2). The photograph also shows the extension of 
pack-ice along the E and S Greenland coasts as well as in Davis Strait. Note that most of Disko Bugt and the waters off the island 
of Disko are ice-free. Photograph by courtesy of the Meteorological Office at S0ndrestr0mfjord Airport. 
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00 
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Fig. 8. Hour of culmination for different transglacial migration 
peaks, according to counts of radar echoes . Only migration 
peaks with ~ 4 radar echoes during the hour of culmination, 
are included. Arrows indicate wind directions over the Inland
ice (estimated from 700 mb aerological charts) and Denmark 
Strait (from surface charts, cf. Table I), for the transglacial 
EfSE- and WfNW-migration peaks, respectively. Open arrows 
show instances with wind speed 5-10 ms I and filled arrows 
with wind speed> 10 ms- •, while no arrows are given with wind 
speed < 5 ms '. Wind data are omitted for afternoon peaks. 

between 297° and 326° (overall mean 314°, S.D. 9°, 
n = 11). Analysing these data in relation to the angular 
difference between track and heading directions (Aler
stam 1976), revealed no significant correlation either for 
track direction (r=0.14) or heading direction 
(r=-0.45,0.l<p<0.2). Hence, no firm conclusions 
about the occurrence of wind drift or compensation for 
such drift can be drawn from these data. 

Field observations 
In order to identify the species involved in the trans
glacial migration recorded by the radar we carried out 
field observations (basic equipment IOx binoculars and 

Arrivals N 
1980 (%) 

May 27 13 
28 18 
29 8 
30 12 
31 20 

June 1 15 

Total 1980 14 

1982 

May 26 33 
27 19 
28 26 
29 59 
30 23 
31 36 

June 1 51 
2 47 
3 47 
6 34 

Total 1982 39 

Fig. 9. Proportion of radar echoes of transglacial EfSE-mi
grants arriving north and south of approx 66°N lat. during dif
ferent days (with 2:20 echoes). Echoes were counted when pas
sing the transect lines shown on the map. Median directions for 
northerly and southerly arrivals vere slightly different, as indi
cated by the arrows (cf. text). 
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Fig. 10. Field observation sites I and 2, situated in the Ang
magssalik region in SE Greenland (cf. Fig. I). The radar sta
tion is situated at Kulusuk (site I) . Inlandice and glaciers are 
indicated by shading. 

25x telescopes) in both SE and W Greenland (Sites 1-6 
in Figs I, 10 and 11). 

Site l. Kulusuk. Excursions on this island were made 
during the study period at the radar station 21/5 - 3/6 
1980 and during transit stays 19- 20/5 and 5-6/6 1982 on 
our way to and from site 2. No systematic counts of mi
grating birds were carried out. 

Site 2. Sermilik. A small peninsula in Tasilaq bay 
(66°1 J 'N, 37°50'W) on the west side of Sermilik. After 

,. 
·•· .. 

DISKO BUGT 
69"N 

••M,nitsoQ ~QQ . . . ... 
4;·~ 

. . 

6 67"N 

L_30km 

Fig. 11 . Field observation sites 3-6 in two different regions of 
W Greenland (cf. Fig. I), the southern Disko Bugt (top map) 
and the Sisimiut (Holsteinsborg) - S0ndre Str0mfjord region 
(below) . lnlandice and glaciers are indicated by shading. 
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reconnaissance excursions 21-22/5, systematic counts of 
the visible bird migration was carried out by a team of 
four field observers 24 hours a day 23/5 - 4/6 1982. The 
observation post was situated close to our camp, 65 m 
above the fjord (entirely frozen throughout our stay) 
with free visibility in all directions. Between the camp 
and the Inlandice there were very poor resting and for
aging areas for birds. About 90% of the surface of the 
peninsula (diameter 1.5 km, height 150 m) was glacially 
abraded bare rock, snow and water. The most suitable 
resting place for birds was a small marsh and pond area 
(approx. 1000 x 200 m) at the base of the peninsula. 
This area was gradually emerging from under the snow 
during our stay. It was used by geese and some waders 
and passerines, as recorded during our daily visits . 

The weather was anticyclonic and fair, with occa
sional fog banks low over the fjord ice . Winds were nor
mally weak, with only a few days with stronger, 8-10 
m/s, southerly fjord winds (upper winds were easterly 
on these occasions as seen from the cloud drift). Tem
perature fluctuated between +8°C (afternoon maxi
mum) and -4°C (night minimum). 

Site 3. Qasigiannguit (Christianshilb) . Systematic 
counts of bird movements were carried out each eve
ning 24-28/5 1984 (two days with adverse weather). Two 
or three hours of further observations took place in the 
morning or afternoon 25-28/5 . Total systematic obser
vation time 24-28/5 was 28 hours . In addition, alertness 
for passing birds (but without systematic binocular/tele
scope surveys) was upheld during extensive outdoors 
activity in the vicinity of the village (also applies to sites 
4 and 5). 

The observation post was a small hill 110 m asl just 
outside the village. It was overlooking the inner Disko 
Bugt which was completely frozen, except for a few 
small open leads close to the shore and islands. Snow 
cover was close to 90%. During the last week of May 
1984, Disko Bugt was still ice-covered westwards to 
about 52°45'W, with extensive areas of drift-ice further 
west, between site 4 and the island of Disko. 

Site 4. Aasiaat (Egedesminde). Systematic counts of 
visible bird migration were carried out each evening 
20.00--00.30 hrs 30/5-3/6 1984, with 2-4 hours of addi
tional observations in the mornings or afternoons 31/5-
3/6. Total systematic observation time 30/5-3/6 1984 was 
32 hours . 

The observation site , a small hill 20 m asl at the west 
end of the village, offered a good view of the archipel
ago to the north including Maniitsoq island, and to 
some degree even beyond that island. However, areas 
to the south of the observation island were completely 
blocked from view. The waters NE , N and W of the ob
servation island were covered by drift-ice, whereas 
those to the E and S were still frozen . Snow cover in the 
area was close to 90% . Weather was fair with weak 
winds and high visibility . 

Site 5. Sisimiut (Holsteinsborg). Systematic counts of 
visible bird migration by a team of three field observers 
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were carried out each evening 19.00-24.00 hrs 30/5-4/6 
1984, with 6-12 hours of additional daily observations 1/ 
6-4/6. On 2/6 and 3/6 these additional observations were 
evenly distributed throughout the day (01-03, 04-06, 
07-09, 10-12, 13-15 and 16--18 hrs) . Total systematic 
observation time 30/5-4/6 1984 was 63 hours . 

The observation site was a small hill, 50 m asl, in the 
southwest end of the village, from where the sea to the 
west (with offshore islands) , southwest (open sea) and 
south-southeast (inlet to Amerdloq) could be surveyed. 
The view towards N, NE and E over land was restricted 
because of the hilly terrain. The sea was completely free 
of ice, and there was no fjord ice nearer than about 40 
km inland. Weather was fair with weak winds and good 
visibility. Offshore fog banks were frequently seen far 
to the west . Snow coverage was about 10% . 

Site 6. S~ndrestr~mfjord Airport I Kangerdlugssuaq. 
We entered and left Greenland via this place in all three 
years. 19-20/5 and 3-4/6 1980, 17-18/5 and 8-9/6 1982, 
23-24/5 and 4-6/6 1984. A further transit visit took place 
28-29/5 1984. On all occasions excursions were made in 
the vicinity of the airport, but no systematic counts of 
migrating birds were carried out. The floor of the valley 
was practically snow-free, and the weather was usually 
comparatively warm and sunny . 

Observations from these sites are summarized below 
for the different species or species-groups, with com
ments about their possible participation in the trans
glacial migration systems. The results of the systematic 
counts of visible bird migration at sites 3, 4 and 5 arc 
shown in Table 2. The counts of migrating waders and 
passerines at site 2 are presented in Tables 3 and 4, and 
in Fig. 12. 

Red-throated Diver Gm•ia stellata 
Site!: I ind. 30/5-80. 
Site 4: W-passage took place at 200-300 m asl along the 

southern shore of the ice-covered Disko Bugt at 
23 .24 and 23.35 hrs (2+2 inds .) 35/5, and at 21.16 
and 21.20 hrs (2+ I inds.) 3/6. 

Site 5: Three individuals (2+ I) passed eastwards into the 
fjord low over the water surface, probably as a 
part of the sparse coastal migration . 

Great Northern Diver Gavia immer 
Site 4: I ind. passed E 50 m above the drift ice at 23.55 

hrs 3/6 , and it was probably the same individual 
which returned half an hour later. 

Site 5: Regular northward coastal migration at altitudes 
up to 300 m asl was recorded, sometimes very 
close to the coastline . At 22.20 hrs 30/5 4 inds. ar
riving from the south circled and climbed for 
about ten minutes, and later continued towards 
E-ESE at approx . 500-700 m asl. A little later, at 
22.57 hrs, a single individual passed in the same 
direction, into the fjord at 200 m asl. Low-altitude 
movements into the fjord were noted at 11.12 and 
21.45 hrs (2+2 inds.) 4/6. 

Comments : Transglacial E-migration may be suspected on ac
count of the climbing behaviour of the divers de
parting eastwards across land . 
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Table 2. Counts of visible migration at site 3 (24-28 May), 4 (30 May- 3 June) and 5 (30 May- 4 June) in West Greenland during 
spring 1984. Observations took place each day from 20.00 hrs until midnight (estimated departure time for transglacial E/SE-mi
grants according to radar results), with additional daily observation periods as given in the text. Migratory directions are broadly 
classified into W- and E-migration at site 3 and 4. At site 5, coastal migration towards N or S is distinguished from E-migration 
across land or into the fjord. 

Site 3 
Qasigiannguit 

Site 4 
Aasiaat 

(Egedesminde) 
W/E 

Site 5 
Sisimiut 

(Holsteinsborg) 
E 

Site 5 
Sisimiut 

(Holsteinsborg) 
N/S 

( Christianshab) 
W/E 

Red-throated Diver Gavia stel/ata 
Great northern Diver Gavia immer 
Gavia spp. 

7/-
1/1 

3 
9 
l 

Cormorant Phalacrocorax carbo 
White-fronted Goose A11Ser albifrons 
Canada Goose Branta canadensis 
Teal Anas crecca 

9/-(2S) (IS) 
(9N) 

5/1 
17/1 
6/1 
3/-
6/-
4/
-/2 
5/-

787/2 
5/-

124/8 
32/-

Mallard Anas p/atyrhynchos 
Eider Somateria mol/issima 
King Eider Somateria spectabilis 
Long-tailed Duck Clangula hyemalis 
Red-breasted Merganser Mergus serrator 
Ringed Plover Charadrius hiaticu/a 
Knot Calidris canutus 
Red-necked Phalarope Pha/aropus /obatus 
Arctic Skua Stercorarius parasiticus 
Long-tailed Skua Stercorarius /ongicaudus 
Arctic Tern Sterna paradisaea 

1/-

3/-

10/15 
-/13 
18/-
11-
-15 
43/5 

> 1000/cf. text 

81 

25 
10 

3/1 

9/-
1/-

Glaucous Gull Larus hyperboreus 
Uria/Alca sp . 

-/51 

White-fronted Goose A11Ser albifrons 
Site 3: Flock of9 inds. arrived from the east at 17.30 hrs 

26/5. The birds descended from inland, circled a 
small open lead along the shore before continuing 
towards SW across the Disko Bugt ice. 2 inds. 
flew south along the coast 27/5, and 5 inds. rested 
in company with 5 Canada Geese . 

Site 4: I immature arrived from northeast over Disko 
Bugt 3/6, continuing towards S at 300 m asl. 

Site 5: Flock of 4 inds. arrived from northeast 1/6, circled 
and turned northwards along the coast, climbing 
to 300 m asl. 2 inds. passed towards north later 
the same day . 

Site 6: Local movements of 2-10 inds. , mostly pairwise, 
recorded in all three years. 

Comments: The White-fronted Goose has since long been 
known as a transglacial migrant, travelling from 
resting places in Iceland across the ice-cap to the 
West Greenland breeding area in the beginning/ 
middle of May (Salomonsen 1976a). The staff at 
S0ndrestn~mfjord (site 6) have told us about the 
main arrival from the east of White-fronted 
Geese , ten to fourteen days before the beginning 
of our study periods. Numerous flocks , usually 
comprising 10-15 inds . in V-formation , then pass 
the valley, sometimes landing on or near the run
way when there is much snow in the surroundings. 
The migration probably continues on a smaller 
scale until late May, as indicated by the arriving 
flock recorded at site 3. 

Canada Goose Branta canadensis 
Site 2: I ind. rested 25/5-4/6, often in company with 

Pink-footed Geese (Alerstam et al. 1984). 
Site 3: Flock of 5 inds. rested 26-27/5, in company with 

White-fronted Geese . 
Site 4: Flock of 9 inds. in V-formation passed over the 

observation island at 11.50 hrs 31/5 , continuing in 
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61-

level flight across Disko Bugt at about 250 m asl, 
on a straight course towards approx. 16°. 

Site 5: Flock of 4 inds. passed at 19.40 hrs 31/5, circled 
over the observation site and continued towards 
NE at 150 m asl. 

Comments: The staff at S0ndrestr0mfjord (site 6) told us 
about the arrival in May 1984, before our study 
period , of a flock of Canada Geese , resting for 
some days at a short ice-free stretch of the stream 
at the airbase bridge. The Canada Goose popu
lation obviously is rapidly expanding in West 
Greenland (cf. Salomonsen 1967a). The birds 
probably arrive in spring by a NNE-migration 
from Labrador across Davis Strait. The bird at 
site 2 probably was a vagrant which had crossed 
the ice-cap to East Greenland . 

Other geese . 
Site I: One pair of Pink-footed Goose Anser brachyr

hynchos 5-6/6-82. 
Site 2: Pink-footed Geese breed and rest locally in this 

area. A total of 18 inds. migrated past the obser
vation site during the study period , mostly north
wards along Sermilik, or arriving from the east 
(Alerstam et al. 1984). Notable is the behaviour 
of a flock of 3 inds . arriving and passing the obser
vation site on a NW course at 12.00 hrs 22 May. 
The flock continued purposefully at approx. 500---
600 m asl across Tasilaq bay heading straight to
wards the Inlandice. Not until snow-covered land 
began to rapidly rise below the geese, merely 
three or four km from the ice slope, did they sud
denly break off their migration, turning back east 
and descending. One pair of Barnacle Geese 
Branta /eucopsis passed northwards along the 
western Sermilik shore at 06.52 hrs 28/5 (Aler
stam et al 1984). 

Comments: Both above-mentioned species of geese breed in 
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Northeast Greenland, and the Pink-footed Goose 
also, although sparsely, along the East Greenland 
coast southwards to the Angmagssalik district. 
Prolonged spring migration flights across the ice
cap are extremely rare. According to Salomonsen 
(1967a) there are only two records from West 
Greenland of Barnacle Geese and none of Pink
feet. 

The complete lack of observations of Brent 
Geese Brama bemicla during our study period is 
notable in view of the regular occurrence that has 
been reported during spring migration in South
east Greenland (cf. Helms 1926, Salomonsen 
1967a) as well as in West Greenland (mainly the 
Disko region). 

Mallard Anas platyrhynchos 
Site I: One female at the shore 25/5-80, two pairs at 

freshwater ponds 30/5- 80, one male at freshwater 
pond 1/6-80. 

Site 5: Sparse coastal migration towards the north. and 
one or two local pairs were recorded. 

Site 6: At least 4 inds. resting in shallow freshwater at 
the airport on 23-24/5- 85.At 22.00 hrs 23/5- 84 
one pair took off, circled and climbed for several 
minutes before departing over a ridge towards 
NE. No mallards were seen at this site 4-5/6-84. 

Comments: Transglacial E-migration may be suspected. 

Eider Somateria mollissima 
Site I: Flocks of 9 and 35 inds. rested close to the shore 

24/5-80 and 20/5-82, respectively. Furthermore , 
flocks of 74 and 50 inds. were seen 5/6-82 from 
helicopter in open pack ice at the edge of the 
Angmagssalik Fjord ice. 

Site 4: Flock of 31 inds. rested 3/6 in drift ice at offshore 
islands. and a few flew W low over the ice. 

Site 5: Regular northward coastal migration was re
corded close to the coastline as well as far off
shore. Two large flocks. about 100 inds. in each . 
were observed. but most flocks were considerably 
smaller. By way of example: between 05.00 and 
09.00 hrs 2/6, a steady N-migration. totalling fif
teen flocks (4-15 inds ./flock) with altogether 160 
eiders was recorded. 

Three flocks flew eastwards into the fjord low 
over the water surface: 23 and 50 inds. at 19.45 
and 20.15 hrs 3/6 (all except I were immatures/fe
males. a flock of 21 inds. returned from the fjord 
two hours later). 7 inds. at 22 .20 hrs 4/6 plus a sin
gle female later the same night. 

A few male King Eiders Somateria spectabilis 
were identified in the N-migrating eider flocks . 

Comments: There is nothing in our observations to indicate 
transglacial migration in either direction. Flocks 
seem to be present in the coastal pack ice in 
Southeast Greenland already at the beginning of 
our study periods (cf. Salomonsen 1967a). The 
low-altitude E-migration at site 5 was probably of 
local character. 

Long-tailed Duck C/a11g11/a hyemalis 
Site I: Flocks of 6, 2 and JO inds. , plus a single individ

ual. were resting close to the shore 25/5, 29/5, 30/5 
and 1/6-80, respectively. 

Site 4: Flock of 7 inds . landed in drift ice at 21.46 hrs 
30/5. Low-altitude movements over the drift ice 
were recorded at several instances: I + 2 + at 
least 3 inds. towards Eat 21.08 hrs 1/6, 21.11 hrs 
3/6 and 21.35 hrs 3/6. respectively, and 4 + 6 inds. 
towards W at 14.46 hrs 3/6 and 20.37 hrs 3/6. 
Flock of 9 inds. in dense and typically undulating 
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formation climbed above 200-300 m asl, passing 
towards E at 21.37 hrs 2/6. 

Site 5: Regular northward coastal migration, scattered 
throughout the day , with flock sizes between 2 
and 25 inds. (mean 10 inds./flock). On each of the 
nights 31/5-3/6 between 19.30 and 23.16 hrs, one 
flock was recorded flying eastwards into the fjord 
(8+2+4+8 inds .. respectively), mostly low over 
the water. In addition, 3 inds. flew E in the morn
ing of 4/6. 

Site 6: Flock of 5 inds., three males calling and chasing 
two females, passed about 150 m above the 
ground towards E at 22.00 hrs 5/6-82. 

Comments: Transglacial E-migration may be suspected pri
marily on account of the flock at site 4 climbing to 
a high altitude flight eastwards above the south
ern shore of Disko Bugt. Most movements close 
to land , with recurrent eastward flights, occurred 
in the late evening, 21-23 hrs. 

Red-breasted Merganser Merg11s serrator 
Site I: One pair and a flock of 3 inds. were recorded 25/ 

5-80 and 1/6-80, respectively. 
Site 4: Recurrent E-movements were observed. Flock of 

3 inds. passed at high altitude ( at least 400 m as!) 
towards E at 20.30 hrs 1/6. 2 inds. passed towards 
E-SE across the observation island at 23.04 hrs 
2/6. but broke off their migration, descended and 
veered back towards the west. Another 2 inds. 
climbed at 23.30 hrs 3/6 from about 75 m to at 
least 300 m asl by flying in circles over the obser
vation site, before flying ESE across the observa
tion island . Later the same night 4+2 inds. passed 
purposefully towards E at low altitude and about 
150 m asl. respectively (at 00.05 and 00.16 hrs 
4/6). 

Site 5: Regular northward coastal migration took place. 
mostly by small flocks or pairs. Flock of 6 inds. 
flew inland towards E-ESE. after some violent ae
rial manoeuvres over the coastline at approx. 400 
m asl. at 20.47 hrs 31/5. In addition. single indi
viduals were recorded passing eastwards into the 
fjord on four occasions. between 19.00 and 21.30 
hrs. usually at low altitude . Mean flock size for N
and E-migrants at site 4 and 5 was 2.2 (25 flocks 
with sizes ranging from I to 6 inds.). 

Comments: Transglacial E-migration may be suspected on ac
count of the recurrent eastward flight\. including 
high altitude departures across land. 

Arctic Tern Stema paradisaea 
Site 4: The spring arrival of Arctic Terns in Dbko Bugt 

was a highly spectacular event. None were seen 
until after midnight. at 00.20 hrs 31/5. when four 
flocks ( I 00+ I 0+ 29+40) passed W in rapid suc
cession along the small islands off the south coast 
of Disko Bugt. approx. 100 m above the drift ice. 
The terns travelled in well-defined, fairly dense 
flocks. in rapid wader-like flight. A similar rapid 
W-passage of a flock of 37 inds. took place the fol
lowing night. at 21.23 hrs 31/5. 

I June was the date of the main tern arrival. 
None were observed during two hours of observa
tion 13.30-15.30 hrs. but well over a thousand 
terns were counted during the evening observa
tions 19.45-00.20 hrs . During the first hour 318 
terns were counted passing W. and merely 2 pas
sing E . The counts are. in effect, gross underes
timates due to long observation distances. The 
terns travelled low over the pack-ice. sometimes 
rapidly in well-defined flocks. but more often 
slowly and easy-going . with intermittent diving 
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and fishing. The counts mainly refer to terns that 
passed inside the islands and skerries north of the 
observation site, but large numbers were vaguely 
visible beyond these islands over the open Disko 
Bugt. 

As the evening passed, the number of foraging 
terns increased and they were not only passing to
wards W, but to an increasing degree also towards 
E. During the second hour 585 W-bound inds. 
and 197 E-bound inds. were counted. After 22.00 
hrs the relative magnitude of W- and E-move
ments was rather similar, and it became increas
ingly difficult to distinguish directed movements 
among the terns foraging far offshore among the 
ice-floes. "Swarming" terns were seen as a barely 
visible "haze" low over the Disko pack-ice (25x 
telescope), comprising at least 2000 inds. The true 
number may well have been several times larger 
due to the restricted observation coverage. 

Sample counts of the terns passing inside the is
lands north of the observation site were carried 
out during the following two days, giving a total of 
482 W-bound/499 E-bound inds. 2/6, and 1014 W
bound/916 E-bound inds. 3/6. These movements 
probably comprised local flights within the con
centration area of newly-arrived terns in southern 
Disko Bugt. A great deal of ice drifted away from 
the areas close to the observation site on 3/6 and 
hundreds of terns assembled there to forage. On 
repeated occasions during the late evening small 
parties of terns were seen to arrive in this area 
from E or ESE, descending steeply from high al
titude, 150-500 m asl. towards the foraging terns 
at low altitude. 

Comments: The large numbers of terns recorded at site 4 are 
all the more noteworthy because of the complete 
absence of records from the other sites. One ob
servation from site 2 may possibly be relevant: a 
cascade of brief, slightly vibrating "jet-jet-jet" 
calls was heard from a bird flock high up towards 
the ice-slope at 23.55 hrs 29/5-82. Nothing was 
seen, and the birds were at that time left unidenti
fied. In retrospect, however, terns might have 
given these calls. 
Transglacial W-migration may be suspected on 
two grounds: I) The large numbers of terns ob
served at site 4, where the influx seemed to occur 
from the cast. 2) The complete absence of terns 
from site 5, where they would be expected to pass 
if their spring arrival was via Davis Strait. 

Arctic Skua Stercorarius parasiticus 
Site 4: A regular W/SW passage of skuas from southern 

Disko Bugt towards the open sea west of the ob
servation site was recorded. The birds passed 
within the archipelago between Manitsoq island 
(Fig. 11) and the observation site, mostly 30-100 
m above the drift-ice. A few inds. were recorded 
flying the same route in an easterly direction. To
tally 1,18,16,7 and 6 inds. were counted 30/5-3/6, 
respectively. The skuas were flying I to 3 together 
(mean = 1.6), mostly between 20-23 hrs, but they 
were also recorded in the afternoon as well as af
ter midnight. Chasing of gulls or terns was never 
recorded. 

Site 5: A sparse northward coastal migration took place. 
Piracy hunts by one or two Skuas among the large 
numbers of Kittiwakes, Glaucous and Iceland 
Gulls were repeatedly recorded. 

Comments: The W-movements at site 4 indicate that trans
glacial W-migration may occur (cf. the Arctic 
Terns), but the observations at site 5 also show 
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that there is probably a northward passage in Da
vis Strait. 

Gulls and Fulmar 

Waders 
Site I. 

Site 2. 

Generally, migration could not be distinguished 
from local movements among the gulls, and no 
counts of movements were carried out . One ex
ception was the Glaucous Gull Larus hyperboreus 
at site 3. In addition to about 100 inds. resting on 
the Disko Bug! ice within observation range, a 
regular SSE/SE-movement was recorded in the 
afternoon and evening 24/5, 26/5 and 27/5 (not re
corded during poor weather 25/5 and 28/5). The 
adult gulls arrived from the north along the coast, 
passed close to the observation site about 100m 
asl, circled to gain height 2:300 m asl to cross the 
peninsula south of the observation site. It is diffi
cult to judge whether these movements were local 
flights to breeding colonies or departures on 
transglacial E-migration. 
Observations at site 2 rendered no support for 
transglacial gull migration. Single Glaucous Gulls 
were noted to travel across the ice-bound Sermi
lik. twice towards NW, and once towards SE. Fur
thermore, calls from distant flocks of gulls were 
heard from northernmost Sermilik at 22.00 hrs 
21/5, 01.45 hrs 25/5 and 09.25 hrs 3/6. Larus hy
perboreus, L. glaucoides and L. marinus were re
corded at sites I and 3, and, in addition, Rissa tri
dactyla and Fulmarus glacialis at sites 4 and 5. The 
number of gulls and Fulmars seen at site 5 often 
exceeded 1000 inds. At site 6, besides Larus glau
coides and L. hyperboreus, L. ridib1111d11s was re
corded (one adult 5/6--84). 

Ringed Plovers were recorded 26/5 and 1/6 1980, 
as well as 20/5 (2 inds.) and 6/6 (7 inds.) 1982. Dis
play flights were noted in both years. One Knot 
rested close to a small marsh area 26/5-80. A flock 
of 5 Golden Plovers was flushed and departed 
from the island towards W 1/6--80, and this species 
was also recorded 18-20/5 (I ind.) and 5-6/6--82 (3 
inds.). One pair of Dunlin Calidris alpina was re
corded at a small marshy bay 1/6--80, and one pair 
of Sanderling Calidris alba 6/6--82 (Alerstam et al. 
1984). 
The records of migrating waders are shown in 
Table 3. Although there was a regular migration 
towards the W/NW, the number of birds counted 
was very low. This was probably due to the fact 
that the main stream of migrants passed at high al
titudes beyond observation range. In fact, most of 
the passing waders were discovered by their calls 
and several were never seen, which means that 
calls registered as one passing bird may have rep
resented several individuals. The intense glare 
from the ice and snow, and the sun shining in the 
clear blue sky, made visual observations difficult. 
Almost all waders actually seen were solitary 
birds, passing at low altitude, 25-200 m asl, some
times even landing for a short time before taking 
off again. 

The most numerous wader was the Ringed 
Plover. At least one third of them were seen or 
heard passing towards WSW-NW on straight 
courses towards the Inlandice. Others rested for a 
short time near the camp before taking off again 
in a westerly direction. Still others became more 
sedentary, and a few displayed in the marsh area 
at the base of the peninsula, or close to the camp. 
These birds obviously belonged to the local popu
lation, and were excluded from the counts. 
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Table 3. Migration of waders as registered by round the clock field observations at site 2, Sermilik, 23 May - 4 June 1982. Main mi
gratory directions were in the sector SW-NW (Red-necked Phalarope) or W-NW (other species). 

Ringed Plover Charadrius hiaticula 
Red-necked Phalarope Phalaropus /obatus 
Turnstone Are11aria interpres 
Knot Calidris cm1111us 
Sanderling Calidris alba 
Golden plover P/111,ialis apricaria 
Rcdshank Tringa tot<11111s 
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About half of the Red-necked Phalaropes 
passed straight towards the sector SW-NW, or 
they just circled the camp area before setting 
course in that direction. A few alighted on small 
meltwater ponds for a few minutes up to an hour 
before disappearing in a westerly direction. Fi
nally, some rested for longer periods. mostly in 
pairs, and flew around in different directions. 
Some of these latter birds probably belonged to 
the local population (cf. Tinbergen 1935), and a 
few records have been excluded from the counts 
on this suspicion. Estimated migratory directions 
(SW-WSW: 6. W: 4. WNW-NW:4) indicate that 
many Red-necked Phalaropes travel on courses 
south of west in contrast to Ringed Plovers ( direc
tions south of west apply only to a minority. ap
prox. 25 % of available records) and. even more 
pronounced. to the high arctic species. Turnstone. 
Knot and Samlcrling (all records of flight direc
tion towards W-NW). 

Of the latter three species all individuals passed 
on direct purpo~cful flight. except two Turnstones 
that alighted for a short time. There seemed to be 
a "wave" of Turnstone passage 26-27/5. best illus
trated by a summary from the observation log
book. 

26 May. 14.05 hrs. A Turnstone suddenly ap
peared and alighted at the camp. Disappeared 
within short. 

19.30 hr~. One Turnstone passed WNW. about 
20 111 above the fjord ice. continuing into the Tasi
laq bay. 

21.34 hrs. Another Turnstone is heard and seen 
arriving low over the fjord ice. again continuing 
WNW into the Tasilaq bay. 

27 May 02.47 hrs. One Turnstone heard and 
spotted high up. perhaps 400 111 asl. climbing in ra
pid zigzag flight towards NW. 

03.08 hrs. One Turnstone heard high up. 
09.45 hrs. Another heard. again at high alti

tude. 
13.50 hrs. One Turnstone heard high up . disap

pearing towards W. 
14.-15 hrs. Another heard passing towards NW 

at high altitude. 
These examples of Turnstone migration also 

give a good view of the general character of all ob
servation records of wader migration from site 2 
(Table 3). For further details about the records of 
Golden Plover and Redshank. sec Alerstam et al. 
1984. One should keep in mind that although a 
record of SW-NW passage at site 2 provides a 
strong indication of transglacial migration. it can
not be regarded as conclusive evidence. Some 
birds may break off their migratory flight upon 
encountering the ice-slope. as earlier described 
for a flock of Pink-footed Geese. 

May June 
23 24 25 26 27 28 29 30 31 1 2 3 4 Total 

4 5 

Site 3. 
Site 4. 

Site 5. 

5 

Site 6. 

Comments: 

No. 

15 

2 4 4 3 2 2 33 
2 1 5 2 3 7 21 

3 5 I 1 10 
2 
I 
2 
1 

The daily time distribution of the wader mi
gration recorded at this site is shown in Fig. 12. 
Most records are from the morning and around 
noon. 

In addition to the above-mentioned ~pecies, 
one pair of Purple Sandpiper Calidris maritima 
was stationary, some times displaying. throughout 
our stay at this site (already present on our arrival 
21/5). 
One Ringed Plover passed W at 20.35 hrs 26/5. 
Recurrent W-migration of Ringed Plovers . mostly 
low over the drift-ice . 12 inds. passed in rapid suc
cession between 23.14 hrs and 23.39 hrs 1/6 
(1 + I +2+8 inds.). 1 +3 inds. passed the following 
night between 22 hrs and midnight, one further 
individual in the same time period 3/6. At 22.30 
hrs 3/6 a flock of 5 Red-necked Phalaropes 
climbed above 200 m asl towards SE across the 
observation island. One Knot passed towards W 
low over the drift-ice at 09.45 31/5 . 
Ringed Plovers were seen or heard on all observa
tion days. but no consistent migratory pattern 
could be discerned. Local pairs as well as resting 
flocks of 5 and 7 inds . were noted 2/6 and 3/6. re
~pectivcly. One pair and 3 inds. of Red-necked 
Phalaropcs rested in the village 2/6 and 3/6. re · 
~pcctivcly . 
One pair of Ringed Plovers at the airport -1-5/ 
6-84. 
We conclude that there is a regular tran,glacial W
rnigration of Ringed Plovers. Turn,tone, and 
Knots. and probably also of Red-necked Phala
ropes and possibly Sanderlings. We did not en· 

Waders 

No. 

30 Passerines 

10 20 

5 10 

00 0 4 08 12 16 20 24 00 04 08 12 16 20 24 
hrs 

Fig. 12. Daily time distribution of visible migration of waders 
and passerines 23 May - 4 June 1982 at site 2. Sermilik (cf. Ta
bles 3 and -1). 
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Table 4. Migration of passerines as registered by round-the-clock field observations at site 2, Sermilik, 23 May - 4 June 1982. 

May June 
23 24 25 26 27 28 29 30 31 1 2 3 4 Total 

Snow Bunting Plectrophenax nivalis N-NE 
Lapland Bunting Ca/carius lapponicus N-NE 
Lapland Bunting E-SE 

counter any resting parties in the Kulusuk/Sermi
lik region, and obviously the waders normally mi
grate past this region without interruption, mostly 
at high altitudes. Waders that passed towards W 
at site 4 may have been destined for Baffin Island. 

Small passerines 
Redpolls Carduelis flammea were recorded at all 
observation sites, but migratory behaviour was 
never indicated. Hence, this species has been ex
cluded from the following account. 

Site I. Counts of passerines within ± 50 m along approx. 
5 km walking distance 20/5- 82, totalled 12 Snow 
Buntings Plectrophenax nivalis (mostly territorial , 
sometimes in pairs), 45 Lapland Buntings Ca/ca
ri11S lapponiws (mostly small flocks, 93% males) 
and 26 Wheatears Oenamhe oenalllhe (50% 
males). Fifteen Wheatears were concentrated at a 
sunbakcd meadow by a small stream. Snow cover 
was approx. 90% . Some weeks later, 616-82, 
when there was considerably less snow, similar 
counts along a partly different but equally long 
route totalled 15 Snow Buntings, 4 Lapland Bunt• 
ings and 4 Whcatcars. Only a single Whcatear re
mained al the meadow. These figures demon
strate resting concentrations, which disappeared 
during our study period, of Lapland Buntings and 
Whcatears on Kulusuk island. 

1- 3 inds. of Meadow Pipits Ant/111s pratensis 
were recorded 29/5-1/6-80. 

Site 2. A regular trickle of northbound migration of 
Snow and Lapland Buntings was recorded, with 
males clearly dominating (Table 4). The birds 
travelled ~ingly or two and three together, nor-

5 4 
4 7 
3 

Site 3. 

mally below 100 m asl. along the western shore of Site 4. 
Sermilik. Some maintained their northerly course 
after passing our observation site, heading across 
Tasilaq bay towards a deep valley cutting through 
to Helhcimfjord. Others veered northeast. to 
continue along the western Sermilik shore (cf. 
Fig. 10). A few Lapland Buntings new towards 
E-SE across the Sermilik. There was a distinct Site 5. 
peak of passage in the morning. 04-10 hrs (Fig. 
12). 

Somtimcs the buntings temporarily halted their 
migration. new around or even alighted. On sev
eral occasions Snow Buntings were chased off and 
forced to continue their migration by stationary 
territory owners. At our 2.8 km' observation pen
insula we censused 31 stationary and territorial 
males of Snow Buntings. Twelve of these were or 
became paired during our study period. probably 
to females attracted from the stream of north-
bound migrants. There were abo I male of Lap- Site 6. 
land Bunting (unpaired) and 15 males of Wheat-
car (4 paired). Except for a few male Lapland 
Buntir,gs ( 1-4 at a time) sometimes attracted to a 
small seed deposit which we placed at our camp. 
there were no migrant buntings resting at this ob-
~ervation site. 

However. there was a number of non-station-
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2 4 1 1 5 4 2 2 48 
3 8 8 6 7 5 6 62 

1 1 6 

ary Wheatears and al 23.35 hrs 28/5 one was actu
ally seen leaving on migration. It new in circles as 
it climbed, calling a few times (singing in night 
high up), and finally disappeared northwards at 
more than 200 m asl. 
Altogether 8 Snow Buntings and 6 Lapland Bunt
ings were seen to depart northwards between 
22.05 and 23.15 hrs 24/5. Another 5 Snow Bunt
ings and 5 Lapland Buntings passed on N-mi
gration during the next hour. Another N-depar
turc from the village by 8 Lapland Buntings oc
curred 22.45- 23.25 hrs 27/5. 

There were large numbers of resting passerines 
in the village of Qasigiannguit (Christianshab), 
where the birds foraged on snow-free areas close 
to houses, dog-teams and roads (about 50% snow 
cover in the village). The total number of resting 
birds in the village (55 hectares) was estimated on 
two different occasions: 

26/5: 840 inds .. out of which 420 Lapland Bunt
ings (97% males), 410 Snow Buntings (88% 
males) and 10 Wheatcars. 28/5: 1160 inds., out of 
which 627 Lapland Buntings (91 % males), 520 
Snow Buntings (79% males) and 13 Wheatears 
(80% males of all Whcatears identified to sex). 

Censuses in the surroundings (80--90% snow 
cover) gave densities of passerines 0.5-1.3/ha, i.e. 
only a faction of the density within the village ( 15-
23/ha). 

During a brief transit visit in the afternoon 29/5 
to the village of Ilulissat (Jacobshavn), about 40 
km north of site 2. concentrations of resting Lap
land and Snow Buntings even larger than at Qasi
giannguit (Christianshab) were seen. 
No passerinc migration was recorded, and the 
number of resting birds was negligible - no 
Wheatears were seen and only very few Lapland 
Buntings. Except for a flock of 20-30 individuals 
(mostly males) at a bird-feeder, Snow Buntings 
were territorial and dispersed throughout the vil
lage of Aasiaat (Egcdesminde). 
Sparse N-migration across land was recorded. Al
together 10 Lapland Buntings and 4 Snow Bunt
ings were counted on two nights, between 23 and 
04 hours. 

In the village of Sisimiut (Holsteinsborg) (86 
ha). 85 territorial males of Snow Buntings (mostly 
paired) and 12 Lapland Buntings (mostly un
paired) were rather uniformly distributed accord
ing to our censuses. The number of resting mi
grants (nontcrritorials) was very small - only 
30-40 Snow and Lapland Buntings and no Wheat
ears. 
Three Lapland Buntings migrated E at high alti
tude at 22.25 hrs 23/5-84. 

Snow and Lapland Buntings as well as Wheat
ear~ were recorded during all visits to this site. 
Lapland Buntings were particularly abundant 23-
24/5- 84. and even more 28-29/5, when several 
hundred ( about 90% males) rested in flocks al the 
airfield. Later the same year, 4-5/6. they were dis-
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tinctly reduced in numbers (no censuses were un
dertaken). 

Comments: Greenland Wheatears are known to winter in the 
Old World (Salomonsen 1976a). Some of them 
probably reach their W Greenland/Canadian 
breeding places by transglacial migration via SE 
Greenland. 

Whether there is a regular transglacial migra
tion of Snow- and Lapland Buntings or not, is dif
ficult to judge from the field observations. There 
are recent ringing recoveries of SE Greenland 
birds of these species from North America (Mel
tofte 1983, Zool. Museum Copenhagen), suggest
ing the possibility of a spring arrival from the west 
across the southern Inlandice (cf. next section). 

Species involved, 
and areas of departure and 
destination 
The species that are most likely to take part in the trans
glacial migration across Greenland during the end of 
May and beginning of June, are listed in Table 5. Below 
we discuss the results from our radar and field observa
tions in relation to available knowledge about the bird 
migration pattern in and around Greenland. 

Divers and ducks 

The ice-free coast of SW Greenland, including highly 
productive offshore fishing banks (cf. Fig. 1), offers 
suitable wintering conditions for many ducks, auks and 
gulls. Additional coastal areas become accessible in 
spring, with the northward retreat of the West Ice in Da-

vis Strait. In May, there are usually ice-free conditions 
along the Greenland west coast up to 70°-72°N, includ
ing the Disko region (cf. Fig. 7). 

This is in marked contrast to conditions along the 
coasts of S, SE and E Greenland, where the pack ice 
cover associated with the East Greenland Polar Current 
is at its maximum in April. In May, the sea ice in the 
Angmagssalik region may extend 100-200 km offshore 
into the Denmark Strait. Hence, there are few or no 
suitable wintering or spring staging areas for ducks, di
vers and gulls. For this reason, it can be assumed that 
breeding populations in E Greenland use the ice-free 
waters in SW/W Greenland during winter and/or spring, 
departing directly across the Inlandice towards their 
breeding sites. This may be particularly favourable for 
breeding populations from SE Greenland (from the 
Angmagssalik region and southwards), because the dis
tance to this area from W Greenland is closer than from 
W Iceland (cf. Fig. 16b), the closest alternative winter
ing or spring staging area. 

Of course, breeding populations from Iceland or even 
further east, may also form part of the transglacial E/ 
SE-migration system. For the Great Northern Diver, 
there is ~ome evidence for movements between 
America/Greenland and NW Europe. One individual, 
wounded by an Eskimo's arrow, has been caught at the 
Faroe Islands (Salomonsen 1939), and a study of gizzard 
grit from wintering birds at Iceland indicated that many 
birds were winter visitors from abroad (Gudmundsson 
1972). Hence, these two reports suggest that birds from 
Canada/Greenland to some extent winter in NW Eu
rope. This is contradictory to a transglacial E-passage in 
spring, as indicated by our field observations. 

However. Bay ( 1894) reported from the inner parts of 
Scoresby Sund, E Greenland (at Danmark 0, 70°30'N, 
26°W), that in September Great Northern Divers were 

Table 5. The birds most likely involved in E/SE- and W/NW-transglacial migration across Greenland at the end of May and be
ginning of June 

Species 

Great Northern Diver 
Long-tailed Duck 
Red-breasted Merganser 
Mallard 
Glaucous Gull? 
Lapland Bunting 
Snow Bunting 
White-fronted Goose 
Red-necked Phalarope 
Arctic Tern 

Wheatear 
Ringed Plover 
Turnstone 
Knot 
Sanderling 
Brent Goose 
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Transglacial 
direction 

E 
E 
E 
E 
E 
E 
E 
w 
w 
w 
w 
w 
w 
w 
w 
w 

Destination 

SE Greenland, Iceland? 
SE Greenland, Iceland 
SE Greenland 
SE Greenland 
SE Greenland? 
SE Greenland 
SE Greenland 
W/SW Greenland 
W/SW Greenland 
Disko, NW Greenland?. Ellesmere and surrounding is
lands? 
W Greenland, Baffin, Ellesmere 
W Greenland, Baffin, Ellesmere 
NW Greenland, Ellesmere and surrounding islands 
NW Greenland, Ellesmere and surrounding islands 
NW Greenland, Ellesmere and surrounding islands 
NW Greenland, Ellesmere, Axel Heiberg and Bathurst 
Islands 
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repeatedly seen flying west at a considerable altitude. 
He suggested that the divers departed on a transglacial 
flight, approx. 1000 km from Scoresby Sund to the 
Disko Bugt, later to continue southwards through Davis 
Strait towards winter quarters along the North Amer
ican east coast. Hence, the existence in this species of a 
regular transglacial spring migration from W Greenland 
(where the Great Northern Divers arrive in the be
ginning/middle of May) to breeding sites in SE and E 
Greenland, is supported by Bay's observations. 

Great Northern Divers are known regularly to under
take long-distance flights across land in North America, 
both during autumn and spring migration. With the aid 
of a tracking radar, Kerlinger ( 1982) measured flight al
titudes of birds migrating singly or in small flocks (up to 
4 inds) over eastern New York at 1500-2700 m asl 
(1000-2200 m above ground level), and their mean air 
speed was estimated at 34 ms- 1

• This speed corresponds 
well with the remarkably fast air speeds, >30 ms- i, that 
were estimated for a significant fraction of the radar 
echoes of transglacial E/SE migrants (Fig. 5). 

Whether Great Northern Divers breeding in Iceland 
are also involved in the transglacial spring migration re
mains to be clarified. Migratory patterns may differ be
tween immature and adult birds, and knowledge about 
the origin and age composition of the Great Northern 
Divers wintering in Iceland and other parts of NW Eu
rope, is necessary for a better understanding of the mi
gration systems of this species in the North Atlantic re
gion . 

The Long-tailed Duck is an abundant wintering bird 
in SW Greenland. During spring, there is a gradual 
northward movement along the Greenland W coast (Sa
lomonsen 1967a). There are 9 recoveries from SW and 
W Greenland between November and May, of birds 
ringed at breeding places in Iceland (Salomonsen 1971). 
Three of these are from May, reported to be shot on 6 
May at about 62°N, on 12 May at 61°N and on 27 May at 
69°N, respectively. The latter recovery from the inner 
Disko Bugt is of particular interest in view of the timing 
and direction of the transglacial E/ES-migration as re
corded by radar. These ringing recoveries indicate that 
Long-tailed Ducks destined for Iceland take part in the 
transglacial E-migration. Of course, it is highly prob
able that birds from breeding populations in SE and E 
Greenland use a transglacial migration route as well . 
Whether this applies also to Long-tailed Ducks breed
ing in NE Greenland remains an open question. 

In the North Atlantic region, 'Long-tailed Ducks 
regularly winter, besides at SW Greenland, Newfound
land and surrounding coasts of E Canada and NE 
United States, at Iceland, N. Britain, along the coast of 
Norway and in the southern Baltic Sea. Hence, it is dif
ficult to judge whether a majority or only a smaller frac
tion of Icelandic Long-tailed Ducks winter in SW 
Greenland. There is a surprisingly large exchange of in
dividuals between the different wintering areas, as indi
cated by the recoveries of young ringed in West Green-
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land from Newfoundland (Nov.), Iceland (Nov.) and 
the Baltic Sea (Jan.). Hence, one cannot exclude the 
possibility that some birds from more distant easterly 
breeding areas than Iceland are participating in the 
spring migration across the Inlandice. 

The Long-tailed Duck is well-known to undertake 
high-altitude flights overland, e.g. between the Gulf of 
Finland and the White Sea, where migration proceeds 
at 200-4200 m asl (average about 1000 m asl) and with 
air speeds 19-29 ms-• (average about 26 ms- 1) according 
to radar studies by Bergman & Donner (1964), and 
Bergman (1978). Similar overland flights probably take 
place on a large scale through interior Alaska in spring 
(Richardson & Johnson 1981). 

Besides Great Northern Divers and Long-tailed 
Ducks, it is highly probable that SE Greenland breeding 
populations of Red-breasted Merganser and Mallard 
undertake a transglacial spring flight from winter and 
spring quarters in SW/W Greenland. Greenland Mal
lards, including both W and SE coast populations, be
long to a distinct subspecies Anas platyrhynchos con
boschas Brehm . There is a report from May-June 1970, 
of a small flock of Mallards flying over the Inlandice at 
the DYE-2 station (66°N, 47°W), one duck alighting on 
the ice (Salomonsen 1979a). 

The existence of regular transglacial Eider migration 
seems improbable in view of the total lack of supporting 
observations in this abundant species. Chapman (1932) 
recorded wintering Eiders in the Angmagssalik district, 
being fairly frequent in open water leads in January. 
Eiders ringed in NE Greenland have been recovered 
during the non-breeding season in Iceland (Meltofte 
1978). 

One cannot exclude the possibility that significant 
numbers of gulls, notably Glaucous Gulls, travel across 
the Inlandice to breeding sites at the Greenland E/SE 
coast and perhaps further east and northeast. Glaucous 
Gu!ls ringed as nestlings in Svalbard and Jan Mayen 
have been recovered, mainly as immatures, during the 
autumn in SW/W Greenland (Salomonsen 1971, Zoo!. 
Museum Copenhagen). Chapman (1932) observed a 
single gull (species uncertain) flying northwest on 4 Oc
tober over the Inlandice about 200 km northwest of Ser
milik (2600 m asl). It seems doubtful that gulls fly fast 
enough to account for any larger fraction of the radar 
echoes of transglacial E/SE-migrants (Fig. 5). 

Large numbers of seabirds from N European breed
ing places, e.g. Alie alle, Uria lomvia and Rissa tri
dactyla, spend a large part of their non-breeding season 
in SW/W Greenland waters. The spring migration of 
these species is more or less completed before the 
period investigated in this study. Hence, it remains to 
be clarified whether these migrants engage in trans
glacial flights or not. Hans Meltofte (pers. comm.) in
forms us of the observations by a Greenlander from the 
Scoresby Sund district, E Greenland, that little auks 
have been repeatedly seen to arrive in spring in this re
gion from the west. This strongly suggests regular spring 
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migration towards the east across the lnlandice in this 
species . 

There are four recoveries at North Sea coasts of Red
throated Divers ringed in Greenland, two of them 
ringed in W Greenland and two in NE Greenland (Sa
lomonsen 1967a, Spencer & Hudson 1980). These re
coveries demonstrate that NW Europe is a winter area 
for both adults (three recoveries) and immatures (one 
recovery) from Greenland. Possibly , birds from W 
Greenland migrate to and from Europe across the In
landice . Large numbers of Red-throated Divers winter 
along the east coast of North America . Whether some 
of them come from Greenland and if so. how different 
breeding populations in Greenland and N Canada di
vide between winter quarters in NW Europe and North 
America is unknown. 

Small passerines 

Even if the migration of the Wheatear, Snow aRd Lap
land Buntings was not registered by radar in our study 
(because of too low flight speeds in these small birds}. 
our field observations throw some light on their spring 
migration. 

Wheatears arrive via Britain or Iceland at the coast of 
SE Greenland, from where birds destined for W Green
land and N Canada continue across the Inlandice (Snow 
1953. Salomonson 1967a. Luttik & Wattel 1979, Spen
cer & Hudson 1982). The relative importance of Iceland 
and SE Greenland as a stop-over area before the trans
glacial spring flight is unknown. although it would not 
be surprising if a majority of W Greenland and Cana
dian Wheatears depart from Iceland on a non-stop flight 
across the Denmark Strait and the Inlandice (cf. Sa
lomonsen 1967a). 

Snow Buntings migrate to Greenland along at least 
two. and perhaps three. main routes. The Snow Bunt
ings of NE Greenland winter in the southern Soviet 
Union, passing the White Sea region and N Norway on 
migration (cf. ringing recoveries presented by Meltofte 
1983) . In N Norway there are large spring concentra
tions of birds storing heavy loads of fat before their final 
non-stop flight across the Norwegian and Greenland 
Sea (Bentz 1985). 

There are numerous ringing recoveries demonstrating 
that W Greenland Snow Buntings winter in North 
America . migrating in spring via the St. Lawrence and 
Labrador regions before embarking on the flight across 
Davis Strait (Salomonsen 1979b. Orr et al. 1980) . There 
are also three recoveries in North America of Snow 
Buntings ringed at Angmagssalik, SE Greenland (Zool. 
Museum Copenhagen and Meltofte 1983). indicating 
that Snow Buntings reach this part of Greenland by an 
eastward flight over the southern Inlandice and/or by 
crossing from Labrador to Kap Farvel, continuing 
northwards along the coast of SE Greenland. 

Interestingly. there are also indications that some 
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Snow Buntings arrive in SE Greenland across the Den
mark Strait from Europe. Tinbergen (1939) pointed out 
that the arrival in the Angmagssalik region of the first 
Snow Bunting flocks in spring normally is associated 
with easterly winds. Furthermore, the dates of first ar
rival in this region are consistently earlier than in SW/W 
Greenland (Tinbergen 1939, Meltofte 1983). There are 
also observations from ocean weather-ship stations of a 
regular spring passage across the Denmark Strait (Wil
liamson 1966. Luttik & Watte I 1979) . These facts sug
gest that a fraction of the Snow Buntings in SE Green
land, particularly those arriving early in spring, come 
from NW Europe . Meltofte (1983) argued that these 
birds belong to the Icelandic population , overshooting 
their goal during spring migration from the British Isles. 
The Snow Bunting ringed one spring on Fair Isle and re
covered next spring on Newfoundland (Williamson 
1966) may have been a SE Greenland breeding bird. If 
so. the recovery indicates that Snow Buntings from this 
area may shift between Old and New World winter 
quarters in different years. 

It is surprising that there seem to be so few Snow 
Buntings migrating to Greenland via Iceland , which 
would seem to be an ideal staging site at a relatively 
close distance from major parts of Greenland . Possibly, 
competition with the numerous and mainly resident Ice
landic Snow Bunting population (Williamson 1966), 
prevents the use of this island as a major spring staging 
area for migratory populations (cf. below) . 

The Lapland Buntings of both W and SE Greenland 
population~ winter in North America, according to ring
ing data as well as to field observations of migration 
acro~s the Davis Strait (Salomonsen 1967a. Orr et al. 
1980) . There arc two recoveries of SE Greenland birds 
from North America (Zool. Museum. Copenhagen). 
Like Snow Buntings, Lapland Buntings probably reach 
SE Greenland by a transglacial flight across the south
ern Inlandice . After this flight they may join a stream of 
northbound coastal migrants. travelling between Kap 
Farvel. Scrmilik and further northwards (cf. our field 
observations of a regular northward passage of Snow 
and Lapland Buntings at Sermilik). 

The migration pattern in southern Greenland of the 
Snow and Lapland Bunting. and the relative importance 
of coastal migration via Kap Farve! and transglacial mi
gration to SE Greenland breeding sites . remain to be 
clarified. 

There are several records of Wheatears and Snow 
Buntings from the Inlandice (Chapman 1932. Salomon
sen 1979a). suggesting a regular occurrence of trans
glacial flights in these species. Furthermore. during our 
study period in 1980. a Lapland Bunting wa~ encoun
tered and given food at the DYE-3 station (identified by 
us from a detailed description given over the telephone 
by the station personnel}. Several of the personnel had 
previous experience of small passerines encountered at 
this Inlandice station . 
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White-fronted Goose, Arctic Tern and 
Red-necked Phalarope 

White-fronted goose. The Greenland White-fronted 
Goose Anser albifrons flavirostris is well-known as a 
transglacial migrant (Salomonsen 1967a). The popu
lation , presently numbering about 15 000 birds (Fox et 
al. 1983) , winters in Ireland and Scotland. A large pro
portion of the geese uses Iceland as a stop-over site dur
ing spring migration, continuing from there by a non
stop flight across the Denmark Strait and the Inlandice 
to W Greenland. A major arrival and breeding region is 
around S0ndre and Nordre Str0mfjord (67°-68°N) . The 
main arrival takes place already in the beginning and 
middle of May , and only a minor number of straggling 
flocks may be included among the radar registrations re
ported in this study. 

Arctic Tern . Disko Bugt is a major breeding area for 
Arctic Terns , with many thousands of pairs . The species 
is widely distributed along the coasts of Greenland, al
though between 60°-68°N along the SW/W Greenland 
coast , and in many other areas as well, the occurrence is 
sparse (Salomonsen 1981) . Besides Disko Bugt , the lar
gest breeding colonies of Arctic Terns in the North At
lantic region are known from Iceland and Scotland 
(Glutz von Blotzheim & Bauer 1982) . 

Recoveries of birds ringed in W Greenland show that 
in autumn the Arctic Terns travel from Davis Strait 
across the North Atlantic to West Europe, continuing 
along the East Atlantic coast towards their winter quar
ters in the Antarctic pack-ice zone (Salomonsen 1967b, 
cf. Alerstam , in press) . There are very few ringing re
coveries during spring migration , giving no indications 
whether the majority of terns returns by the same gen
eral route as used in autumn or not. One tern ringed as 
young in W Greenland (Uummannaq) was recovered as 
breeding in E Greenland (Scoresby Sund district; Zool. 
Museum , Copenhagen.) 

However. the observations by Wynne-Edwards 
( 1935) of birds on the North Atlantic around 50°N dem
onstrate that there is a spring passage of terns from Eu
rope to North America , with a mean flight direction to
wards WNW. almost exactly the reverse of the mean di
rection of autumn migrants. The spring passage is very 
concentrated in time . Wynne-Edwards ( I 935) suggested 
that in spring four-fifths of the !rans-Atlantic flights 
take place within a week. about 28 May - 3 June. He de
scribed the terns' arrival in the Gulf of St. Lawrence : 
··When sailing down the Gulf of St. Lawrence on June 3 
the ship passed through mile after mile of terns newly 
arrived from the ocean. all eagerly fishing in a thin 
white line stretching as far as the eye could see, where 
two stream~ of water met. one the olive-green outflow 
of the St. Lawrence tide and the other a blue cold 
stream setting in from the northeast. The serpentine 
partition was marked by a great accumulation of drifted 
seaweed and wreckage. I counted 360 birds as we 

Meddelelser om Gr0nland . Bioscience 21 • 1986 

passed, and more and more were arriving all the time 
from the east" (Wynne-Edwards 1935) . 

The St. Lawrence region is an important stop-over 
(and breeding) area for the terns , although not for 
Greenland populations, since the main arrival time in W 
Greenland is approximately simultaneous with that in 
St. Lawrence. Many of the St. Lawrence terns probably 
continue towards NW by an overland flight to James 
and Hudson Bay, as indicated by scattered field obser
vations in late May and in the first two weeks of June 
(Godfrey 1973) . Simultaneously, Arctic Terns having 
migrated from the Southern Hemisphere over Pacific 
waters, have been recorded to migrate east along the 
north coast of Alaska and the Yukon Territory. Hence, 
the migratory divide between Arctic Tern populations 
travelling via the Atlantic and Pacific Ocean , respec
tively, runs in the central Canadian Arctic (Richardson 
& Johnson 1981) . 

Do the Greenland terns make a !rans-Atlantic WNW 
flight in spring, similar to that of the St. Lawrence birds 
but over more northerly latitudes, and involving a 
W/NW crossing of the Inlandice directly to W Green
land? Our observations of the main tern arrival in the 
Disko Bugt on I June 1984, in conjunction with the ab
sence of migrating terns along the Greenland west coast 
south of Disko, strongly suggest this possibility . The ob
servations by Rankin & Duffey ( 1948) in the Irish Sea 
are interesting in this context. Sailing down the North 
Channel {between Ireland and Scotland) on 22 May 
1943, westward migration of Arctic Terns was recorded; 
"all the way down the Irish Sea till dusk , parties of terns 
crossed the ship's bows regularly, all flying from the 
English to the Irish side. This was evidence of the spring 
movement well under way. The urge to migrate must 
have been new and strong, as never again from a ship 
were terns seen whose flight was so steady and constant. 
On May 25th , 1945, single birds and flocks were seen 
frequently from the air flying west , between the Isle of 
Man and the Irish coast. Again on May 28th in the area 
north of the Isle of Man and in the North Channel many 
large flocks were seen,sometimes numbering over 50, 
all flying westwards" (Rankin & Duffey 1948). 

The Irish Sea seems to be an important stop-over area 
for Arctic Terns arriving .there already in late April. 
This is indicated by large numbers of terns encountered 
inland in England and Wales during southwesterly or 
westerly gales in spring (cf. Gibb 1948). 

It seems reasonable to interpret the westward mi
gration in the northern Irish Sea (55°N) as departures 
for Greenland and. perhaps , N Canada . The late time 
of the season suggests that the terns fly more or less 
non-stop to their breeding sites, making it all the more 
likely that they follow the shortest possible route. across 
the Inlandice to the Disko region. 

However. some W Greenland terns may also rest 
around Iceland . where the main arrival of Arctic Terns 
occurs in the first half of May, before continuing west
wards across the Denmark Strait and the Inlandice. 
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The terns arriving in the Disko region possibly com
prise not only local breeders, but also birds destined for 
more northerly breeding areas, like NW Greenland and 
northernmost Canada. One cannot exclude the pos
sibility that some Arctic Skuas follow the same trans
glacial migration route as suggested for the terns. 

Arctic terns are known to make long overland flights, 
e.g. across the Scandinavian peninsula (Saurola 1978), 
climbing to 1000-3000 m asl, or even higher, according 
to tracking radar records (Alerstam, in press). 

Red-necked Phalarope. There is little information 
about the migration of N Atlantic populations of the 
Red-necked Phalarope. Our field observations from SE 
Greenland , suggest that birds reach their breeding sites 
in SW/W Greenland, (and perhaps even further west, 
on Baffin Island) by a transglacial W-passage. Huge 
postbreeding concentrations of millions of Red-necked 
Phalaropes, possibly including birds from Greenland, 
occur in the Bay of Fundy, Nova Scotia. The winter des
tination for these birds is a matter of speculation (Ri
chardson 1979) . One possibility is the SE Atlantic off 
equatorial W Africa (Harrison 1983) . 

There seem to be virtually no spring records from W 
Europe , and one can only guess that the Atlantic Red
necked Phalaropes in spring travel via NW African wa
ters, continuing more or less non-stop and unseen to
wards Iceland (Iceland and Greenland breeding popu
lations) or Newfoundland (E Canadian populations). If 
this is correct, there are some obvious parallels between 
the migration pattern in the Arctic Tern and the Red
necked Phalarope (see also Richardson & Johnson 1981 
about eastward spring migration of phalaropes into W 
Canada). 

Alternatively , Red-necked Phalaropes from Iceland 
and Greenland may migrate towards SE to the same 
winter quarters as Scandinavian bird~. i.e . the Arabian 
Sea (cf. Glutz von Blotzheim et al. 1977) . However, this 
seems unlikely, in view of the scarcity of autumn as well 
as spring records of this species from NW Europe. Still, 
there are some observations of postbreeding concen
trations at the Norwegian coast (Glutz vun Blutzheim et 
al. 1977) . 

High arctic waders and Brent Goose 

Waders. There is little doubt that the transglacial W/NW 
movements registered by radar in this study, mainly re
flect the migration of high arctic waders including the 
Ringed Plover , Turnstone, Knot and Sanderling. Noer 
( 1979) reported air speeds in the range 13-20 ms- •, with 
a mean about 15 ms- •, for Knots, Turnstones and Sand
erlings flying south at low altitude along the Jutland 
west coast in July and August. Air speeds are expected 
to be higher than this for the transglacial migrants, fly
ing with heavy fat loads at high altitudes, because opti
mal flight speed increases with body mass and decreas
ing air density (Pennycuick 1975) . Consequently, the 
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observed air speeds for transglacial W/NW migration 
(Fig. 5) are not unrealistic for these waders . 

The field ob~ervatiuns at Sermilik (site 2, Table 3) 
lend support to the conclusion that the above-men
tioned wader species were most important in producing 
the W/NW-moving radar echoes. However , according 
to the radar, the daily peak of migration usually oc
curred in the late night or early morning (Figs 2 and 8), 
while the peak of visible (or audible) wader migration at 
Sermilik was in the late morning (Fig . 12) . The explana
tion is probably that the birds registered by field obser
vations to a large extent represented drop-outs and 
stragglers from the main migration stream climbing high 
above the Sermilik region beyond the range of field ob
servations. 

Ringed Plovers breeding in W and NW Greenland, 
Ellesmere Island and N Baffin Island winter in the Old 
World, presumably W Africa, passing W Europe on mi
gration (Salomonsen 1967a). One bird ringed on spring 
migration in Great Britain was recovered on Ellesmere 
Island in July (Spencer & Hudson 1982). One bird from 
Disko has been recovered in SW France during autumn 
migration , and there are three recoveries in SW and W 
Greenland of birds ringed on spring migration in Bel
gium (3 May), England (30 April) and Iceland (I June; 
ringing data from Salomonsen 1967a, 1971 and Zool. 
Museum , Copenhagen) . The Ringed Plover is a fairly 
common breeding species in the Angmagssalik region 
(Helms 1926) . 

There arc extensive ringing data to support the con
clusion that Knots and Turnstones make a transglacial 
~pring night via the Scrmilik region towards W Green
land, continuing to breeding grounds in NW Greenland 
and N Canada (Fig . 13). They depart on this flight from 
W Iceland , where since early May they have ~torcd 
large amounts of fat for the final spring flight to the 
breeding range (Salomonsen 1967a, Morrison 1977, 
Wilson 1981). 

Probably the flight from Iceland to NW Greenland 
and Ellesmere, normally proceeds non-stop (Meltoftc 
1985). Only in years when the migrants meet unfavour
able weather en route, do they presumably become 
grounded . Other possible explanations of the large 
numbers of recoveries in W Greenland in certain years 
(mainly reported between the last days of May and lO 
June , cf. Fig. 13), are that some migrants in years with a 
delayed spring temporarily interrupt migration in W 
Greenland , or retreat here from their breeding range . 

Intensive visible migration of Knots and Turnstones 
was registered at Kap Atholl in NW Greenland by Fer
dinand ( 1966 and unpubl.) . During three days , 31 May -
2 June 1964 (21 observation hours), almost 400 waders 
(205 identified as Knots and 148 as Turnstones) were 
counted at this site. The migrants arrived, mostly in 
flocks between 5 and 25 inds. (sometimes mixed flocks) 
low over the sea (which was free of ice at this place) 
from south or southwest, and continued towards north 
or east across the rocky shore. Some of the birds 
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Fig. 13. Recoveries in Greenland and N Canada during May 
and June of Knots (circles) and Turnstones (triangles) ringed in 
Europe (Britain, Iceland, Norway, Holland, France). Eleven 
recoveries of Knots and five of Turnstones reported from Her
bert 0, Thule, by letter dated 2 July 1974 are included. Of the 
93 recoveries of Knots in Greenland 1970-79, 30 and 52 were 
reported from 1972 and 1974, respectively. Ten of the twelve 
Turnstone recoveries in Greenland during the same period are 
from 1974. 

seemed to be exhausted and landed on the ice edge at 
the shoreline, while others passed without pause, some
times circling for a few minutes or briefly breaking out 
in songflight the moment they reached land . The reason 
why the birds arrived from S-SW over the sea may be 
that they had drifted west with winds over the Baffin 
Bay (Ferdinand 1966 and unpubl.). 

In the following period, until the middle of June, hun
dreds of Knots were recorded resting at a heathland 
area, 200-350 m asl, where the snow rapidly melted 
away. Since long, this area, not far from Thule Air 
Base. is known as one of the first to become snow-free 
in the region. Similar pre-breeding concentrations of 
newly arrived waders at more or less traditional places, 
of a longer or shorter duration depending on snow con
ditions in different years, have deen described from 
other arctic regions (Meltofte 1985) . 

Nettleship ( 1974) observed a main influx of Knots to 
Lake Hazen, N Ellesmere Island (82°N, 71°W), on 5 
June 1966, with seven flocks (flock sizes 6--60, average 
27) passing along the lake towards southwest. This flight 
direction may indicate (with a reservation for local to
pographic influences) that the birds have migrated via 
the northern parts of Greenland ( cf. Morrison 1975). As 
discussed in the next section, there may be a migratory 
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divide in NW-N Greenland and N Ellesmere Island be
tween wader populations reaching their breeding range 
by a flight via Sermilik or via NE and N Greenland . 

There are also observations of Knots and Turnstones 
departing in August from Lake Hazen in northeasterly 
and easterly directions, again indicating a flight via N 
Greenland (Saville & Oliver 1964). The observation by 
Wulff (1917, published 1934) of a flock of four Knots 
migrating towards the east up the slope of the northern 
Inlandice (80°N, 56°W, about 1000 m asl) on 14 August 
is interesting in this context. As expected, the main mi
gratory direction of Knots, Turnstones and Sanderlings 
observed in July in Peary Land and southeast thereof, is 
towards E or SE (C. Hjort, observations in 1979). 

Autumn migration routes may differ to some extent 
from those used in spring. Wind conditions are probably 
more favourable for broad-front return migration across 
the Inlandice of northern and central Greenland than 
for spring migration over this area (cf. next section). 
Numbers of Knots and Turnstones resting in Iceland are 
apparently much lower in autumn than in spring, re
flecting seasonal differences in the migration pattern 
(Morrison 1977, Wilson 1981) . Resting Turnstones and 
Knots in August at Kangerdlugssuaq and Miki Fjord 
(68"N, 32°W), along the Greenland east coast between 
Angmagssalik and Scoresbysund (Degerb01 & M0hl
Hansen 1935, H0rring 1939), may be associated with 
transglacial autumn migration across central Green
land. However , there are also observations from W 
Greenland suggesting that many Turnstones on return 
migration travel southwards along the Greenland west 
coast to Kap Farve! , from where they depart on a trans
Atlantic flight to Britain (Salomonsen 1967a) . 

One Turnstone ringed in England was recovered on 
28 July at the DYE 2 station on the Inlandice, 66°29'N, 
46°17'W (Salomonsen 1971). There is also one observa
tion from this site of an adult Knot on 21 July . Fur
thermore, observations (two from autumn and one from 
spring) of Turnstones on the central Inlandice have been 
reported from "Station Centrale" (70°54'N, 40°42'W) at 
3000 m asl (Bourliere 1952). 

The Sanderling is a sparse breeding bird in NW 
Greenland (Thule district) and on Ellesmere Island, but 
it is distinctly more common in N and NE Greenland 
(Salomonsen 1967a). One may assume that the rela
tively small number of birds destined for the former re
gions pass Sermilik on the same transglacial spring mi
gration route from Iceland as used by the Knots and 
Turnstones with this destination. Besides our spring ob
servations of Sanderlings in SE Greenland, Chapman 
(1932) spotted two individuals (and a Turnstone) at the 
mouth of Sermilik on 8 June 1931. 

Numbers of Sanderlings resting in Iceland in May are 
modest in comparison with other high-arctic waders. 
Possibly , the Sanderlings using Iceland as a spring stag
ing area mainly belong to the NW Greenland/Elles
mere population. Many Sanderlings (as well as Ringed 
Plovers, Dunlins and Turnstones) destined for NE 
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Greenland may depart directly from Britain, overflying 
Iceland. This is supported by observations of appre
ciable numbers of high-arctic waders, including several 
thousand Sanderlings, remaining in Britain as late as 
until the end of May and the first days of June (Wilson 
1981). 

Waders are renowned for storing large fat deposits 
and carrying out long non-stop flights at high altitudes 
in many parts of the world. One example is the autumn 
migration across the West Atlantic from North to South 
America. According to radar studies by Richardson 
(1979), the waders depart over the ocean at Nova Scotia 
and New Brunswick with median altitudes 1000-4000 m 
asl on different days (overall mean altitude 2000 m, top 
altitudes 5000-6650 m asl). 

Brent Goose. That the Brent Goose uses a regular 
transglacial migration route between the Sermilik and 
Disko regions has since long been inferred from field 
observations. According to reports from the Angmags
salik district by Johan Petersen (Helms 1926), Brent 
Geese appeared commonly during the early decades of 
this century on spring and autumn migration, in the 
middle of May and in September. During both seasons, 
parties of Brent Geese were "found on the water, walk
ing on land, often about the very houses, and flying over 
- sometimes in large numbers" (Helms 1926). The flight 
direction was towards west or north-west in spring, and 
the reverse in autumn, clearly suggesting transglacial 
migration (Helms op. cit.). 

Obviously the geese were resting for some time in SE 
Greenland, since they do not appear in the Disko region 
until the last days of May or the first week of June (Sa
lomonsen 1967a, Bertelsen 1932). They continue with
out much delay to their breeding grounds in NW Green
land and N Canada, where they arrive in the beginning 
of June. 

Chapman (1932) noted the arrival of Brent Goose 
parties in the Angmagssalik district on 14 May 1931. On 
31 May he reported a skein of 1000--1500 geese silently 
flying northwest up a small fjord at the mouth of Sermi
lik. It seems highly probable that they were Brent 
Geese, and not Pinkfooted Geese as suspected by 
Chapman. A similar observation by E. Knuth (in Sa
lomonsen 1950) on 30 May 1936 of 500-600 geese, most 
probably Brents, flying northwest over the Inlandice be
tween Sermilik and Disko, has been mentioned in the 
Introduction. 

Probably, these large flocks have departed directly 
from West Iceland, where, during their spring staging 
period, Brent Geese regularly remain until about 1 June 
(Gardarsson in litt.). It may well be that the majority of 
Brent Geese fly directly from Iceland across the Inland
ice about 1 June, and that only a minority use the Sermi
lik region for a stop-over. The total lack of Brent Goose 
observations during our study periods in this region, 
may indicate that resting here is less common nowadays 
than formerly. 

The number of New World Brent Geese wintering in 
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Europe, mainly in Ireland and possibly also in France, 
total between 10000 and 20000 birds (Ogilvie 1978, 
1985). The vast majority migrate via resting areas in Ice
land and probably follow the above-mentioned trans
glacial flight route via Sermilik. Only very few travel to 
NE and N Greenland, where the number of breeding 
pairs is small. During recent decades the species has be
come virtually extinct from this part of the breeding 
range (Meltofte 1975, 1976, Meltofte et al. 1981, 
Hakansson et al. 1981). 

Recoveries of Brent Geese ringed in N Canada dem
onstrate that the migratory divide between populations 
wintering at the North American Pacific coast and in 
Europe, respectively, is about longitudes 100°-l10°W, 
in the region of Melville Island and Bathurst Island. 
Brent Geese from these islands have been recovered in 
both wintering areas. 

Of Melville Island ( approx.110°W) birds there are at 
least twenty recoveries on the Pacific coast, together 
with one sight record from Iceland and 19 from Ireland 
of birds with neck-collars. Of Brent Geese from Bat
hurst Island (100°W), there is one recovery in the State 
of Washington and one in Ireland. A third recovery is of 
a bird on spring passage at Disko on 4 June. In addition, 
15 birds with neck-collars have been sighted in Ireland 
(Maltby-Prevett et al. 1975, Spencer & Hudson 1978, 
Zool. Museum Copenhagen). 

Brent Geese ringed in northernmost Canada east of 
Bathurst, have been recovered exclusively in Greenland 
or Europe. There are six recoveries of Ellesmere Island 
birds, two from Wand SW Greenland (autumn), three 
from Ireland and one from France. Of birds from Axel 
Heiberg Island (approx. 90°W), there is one autumn re
covery from Angmagssalik and sight records from Ice
land of 22 birds and from Ireland of 10 birds with neck
collars (Maltby-Prevett et al. 1975, Spencer & Hudson 
1978, Zool. Museum, Copenhagen). 

The Nearctic breeding range of the Brent Goose is di
vided into three main sectors, occupied by winter popu
lations, besides from W Europe and the Pacific coast, 
also from the Atlantic coast of the United States. The 
breeding range of the latter population includes the Baf
fin and N. Hudson Bay regions. While the two Atlantic 
winter populations belong to the light-bellied race 
(Branta bernicla hrota), the Pacific population com
prises Black Brant (Branta bernicla nigricans). Inter
grading between the races is found around the migra
tory divides (Ogilvie 1978, Owen 1980). 

Flight routes across the 
Inlandice 
The radar observations demonstrate that migrating 
birds fly both in an easterly and westerly direction 
across the southern Inlandice (64-69~N), in spite of the 
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high altitudes of the ice ridge, 2500--2800 m asl, and the 
low temperatures, often about - l0°C in May/June. The 
distance from the coast of SW and W Greenland to the 
Sermilik region is about 700 km, with the major part, 
450-600 km, extending over inlandice proper. The al
ternative route around Greenland along the coasts via 
Kap Farve! is more than twice as long. In view of this, it 
seems probable that transglacial migration in this area is 
of regular occurrence at other times of the year besides 
late May/early June, involving many of the bird species 
migrating to and from coastal Wand SW Greenland and 
adherent waters in the Davis Strait. 

The regular passage of high-arctic waders and Brent 
Geese via Sermilik, is interesting since this region is not 
positioned along the shortest routes between departure 
areas in Iceland and destinations in NW Greenland and 
N Canada. We do not know to what extent migration 
takes place further north over the Inlandice. However, 
the radar pattern of migratory passage at Sermilik, as 
well as available field observations and ringing results 
{cf. preceding section), indicate that the flight route via 
Sermilik is of major importance. One might think that 
the passage at Sermilik is due to drift from a great circle 
course, by E-NE winds over the Denmark Strait. How
ever , this seems improbable in view of the peak passage 
at Sermilik on 31 May 1980, when westerly winds pre
vailed over the Denmark Strait (cf. Tab. 1 and Fig. 6). 

After arriving at Sermilik from Iceland along a course 
around 287°, the migrants shift their flight direction to
wards NW (with 90% of all echo tracks between 290° 
and 330°, cf. Fig. 4). The shift takes place in a narrowly 
defined area, sometimes in a distinct migration corri
dor. Hence, the Sermilik area seems to represent a nor
mal break-point for the high arctic migrants, between a 
first leg of the flight from Iceland, over the Denmark 
Strait, and a second leg, across the Inlandice. 

Distances 

The great circle routes between Iceland and different 
sites within the destination range for high arctic waders 
and Brent Geese are shown in Fig. 14. These routes 
should be compared with the rhumbline routes {along a 
constant compass course), with a first leg from Iceland 
to Sermilik and a second leg from Sermilik to the desti
nation. Note that a major part of the destination area in 
NW Greenland and N Canada, falls within the extrapo
lated main range of transglacial flight directions from 
Sermilik, as recorded by radar {Fig. 4). The median di
rection according to the radar, 301°, falls between the 
constant compass direction towards Disko (295°) and 
towards Kap Atholl/Eureka (315°). In contrast, the 
compass courses from Sermilik to Alert (340°) and sur
rounding areas of NE Ellesmere and N Greenland fall 
outside the range of observed flight directions at Sermi
lik . 
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Fig. 14. Great circle routes (broken lines) from Iceland 
(Reykjavik) to different destinations in W/NW Greenland and 
Ellesmere Island (and to the North Magnetic Pole at Bathurst 
Island), and the corresponding rhumbline routes via Sermilik. 
Track directions of 90% of the radar echoes moving W/NW at 
Sermilik were between 290° and 330° (Fig. 4), extrapolated as 
thick lines in the above figure. G = Germania Land. 

We suggest that high arctic waders and Brent Geese 
destined for NW Greenland and N Canada fly from Ice
land via Sermilik, from where they proceed mainly 
within the 290-330° range of track directions shown in 
Fig. 14, thereby avoiding the central part of the Inland
ice. Populations destined for N Greenland and NE El
lesmere may avoid the central Inlandice by flying from 
Iceland via NE Greenland or from N Norway (cf. be
low) . Possibly the migratory divide runs across Nares 
Strait and NE Ellesmere Island, approximately as indi
cated by the 330° line in Fig. 14. This would be in ac
cordance with the observations at Lake Hazen, NE El
lesmere (cf. preceding section), indicating migration of 
Knots and Turnstones via the northern parts of Green
land. 

Comparisons of flight distances from Iceland along 
great circle routes and routes via Sermilik and NE 
Greenland, respectively, are presented in Table 6. Dis
tances via Sermilik to the Thule region (Kap Atholl), 
parts of Ellesmere Island (e.g. Eureka) and further west 
in high arctic Canada, are shorter than via NE Green
land (Germania Land used as break-point for calcula
tions), while the reverse holds for NE Ellesmere Island 
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Table 6. Distances in km from Reykjavik in Iceland to different destinations in W Greenland and Ellesmere Island along three dif
ferent routes (cf. Fig. 14): 1) Great circle route, 2) Two-leg rhumbline route via Sermilik and 3) Two-leg rhumbline route via Ger
mania Land. Distances were calculated from standard formulas for great circle and rhumbline navigation, using the following co
ordinates: Reykjavik 64°15'N 22°00'W, Disko 69°00'N 53°00'W, Kap Atholl 76°20'N 69°30'W, Eureka 80°00'N 86°00'W, Alert 
82°30'N 62°20'W, Sermilik 66"20'N 38°00'W, Germania Land 77°00'N 19°00'W. 

Great circle 
Rhumblines via Sermilik 
( diff. from great circle) 
Rhumblines via Germania Land 
( diff. from great circle) 

(Alert) and N Greenland. Distances to northernmost 
Greenland are even a bit smaller from N Norway than 
from Iceland (cf. Fig. 16 below), a fact which may be 
relevant in view of recent indications that Knots resting 
during spring in N Norway are, at least partly, of Nearc
tic breeding origin (Davidson et al., in press). 

Still, the flight distances around the central part of the 
Inlandice is 200-300 km longer than straight across it 
along the great circle routes. Why would the migrants 
travel via Sermilik rather than the shortest route across 
central Greenland? 

Weather en route 

A flight along the great circle from Iceland to NW 
Greenland or Ellesmere bland would involve a 1500 km 
passage across the Inlandicc, including its highest parts 
3000-3300 m asl. This is more than twice the transglacial 
distance of a crossing from Scrmilik to the Disko and 
Uummannaq regions, 60( 750 km, where the ice-cap 
reaches 2500-2600 m asl. 

However, a long transglacial distance per se is prob
ably not preventive for bird migration, because many 
high arctic birds obviously complete their flight from 
Iceland to the breeding grounds non-stop (cf. Meltofte 
1985). It also seems unlikely that the altitude of the cen
tral Inlandice represents a problem for the migrants, 
even if the mean temperature in May and June at the 

Disko Kap Atholl Eureka Alert 

1446 2130 2563 2286 
1477 2337 2883 2691 

(+31) ( +207) ( +320) (+405) 
2715 2934 2457 

( +585) ( +371) ( + 171) 

weather station Eismitte/Station Centrale (71°N 41°W; 
3000 m asl) is as low as -20°C and - l4°C, respectively 
(Putnins 1970). This is about 5-10 degrees colder than 
on the ice cap between Sermilik and Disko (cf. data 
from Watkin's ice cap station 67°N 42°W, 2500 m asl, in 
operation for seven months only, and unfortunately not 
in May and June; Mirrlees 1932), but similar to tem
peratures on the northern Inlandice (Station Northice 
78°N 38°W; 2300 m asl; Putnins 1970). 

Table 7 shows wind conditions during the end of May/ 
early June, at low altitude over the Denmark Strait and 
over northern Greenland, and at high altitude (at the 
500 mb level, corresponding to approx. 5500 m asl) over 
the Inlandice between Sermilik and Disko (66-70°N) 
and over the central Inlandice (70-78°N) 

The air flow over the Denmark Strait is often east
erly, which is favourable for a flight towards SE Green
land, but less favourable for departures towards NE 
Greenland. This air flow is associated with a high press
ure cell residing over the Arctic Basin or N Greenland 
and cyclones moving south of Greenland towards Ice
land. Sometimes cyclones and adherent weather front~ 
move up the Denmark Strait, bringing weather that is 
highly unfavourable for departures from Iceland. Still, 
on average weather and winds permit a flight from Ice
land to SE or NE Greenland on about 75% of the days 
during the period 21 May - 9 June (based on five years 
of weather data, cf. Table 8). For a flight to Sermilik, 
conditions are favourable, with considerable tailwinds 
(cf. Figs 6 and 7), on 27% of the days, while winds arc 

Table 7. Wind directions in different parts of Greenland as estimated from daily aero logical charts (00 hrs GMT) for the period 21 
May - 9 June 1980 - 1984 (a total of 100 days). Based on the daily European Meteorological Bulletin, using the surface pres~ure 
chart for the Denmark Strait and N Greenland, and the 500 mb chart for the Inlandice. 

Wind 

Variable NNE-ENE E-S SSW-WSW W-N 
<5 ms- ' 

Denmark Strait 
(66°N), surface 24 35 27 7 7 
Inlandice 
(66-70°N). 500 mb 17 41 23 18 
Inlandice 
(70-78°N). 500 mb 12 3 14 33 38 
N Greenland, 
surface 67 4 4 4 21 
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Table 8. Number of days with weather and wind conditions permitting migration between Iceland and Ellesmere Island along 
three different routes (cf. Fig. 14). Weather and wind conditions refer to the period 21 May - 9 June 1980-1984 (a total of 100 
days), as estimated from the daily European Meteorological Bulletin (00 hrs GMT). The occurrence of cyclones, weather fronts 
with precipitation and/or strong (> 10 ms· •) cross/headwinds is considered as preventive for migration. Number of days with fa
vourable weather (F), i.e. with tailwinds 2:5 ms ' within ±45° from the migratory direction, are given in brackets. Winds above 
the Inlandice have been estimated from 500 mb pressure charts. 

Route 1 
Great circle 

Route 2 
via Scrmilik 

Route 3 
via NE Greenland 

Iceland-
E Greenland coast 
(surface) 

73 (4F) out of 100 

Iceland-
Sermilik 
(surface) 

71 (27F) out of 100 

Iceland-
NE Greenland 
(surface) 

76 ( IF) out of 100 

not equally favourable for birds travelling towards more 
northerly areas in East Greenland, because of their 
northwesterly or northerly flight directions over the 
Denmark Strait. 

High altitude winds differ significantly between the 
central Inlandice and the Sermilik-Disko section. Over 
the former region, upper winds are frequently westerly 
and strong, often 15- 25 ms- • (Table 7). This means that 
transglacial high altitude flights are at all feasible on less 
than half of the days during the spring migration period, 
and on these days the probability of having any wind as
sistance for the flight is small (Table 8). 

Because of an upper high pressure cell or ridge fre
quently appearing over SE Greenland, high-altitude 
winds between Sermilik and Disko are generally not so 
strong, and they often blow from southeast or south
west. Hence. weather readily permits a transglacial 
flight on about three quarters of the days during the 
spring migration period, and on half of these days the 
migrants can expect considerable wind assistance. 

There is a small risk, about one in six, that migrants, 
after a transglacial flight from Sermilik, will encounter 
unfavourable weather in the form of a cyclone moving 
north along the West Greenland coast. Probably it is 
difficult or impossible for the migrants to adjust the tim
ing of their flights in relation to this risk. However, the 
danger may be mitigated by the possibilities to alight on 
the W Greenland coast and wait for the bad weather to 
cease. Normally, a northward flight along Wand NW 
Greenland is unproblematical, with weak winds or with 
tailwinds along the coast and along the edge and slope 
of the Inlandice. 

Weather in N and NE Greenland is rather stable, and 
seldom preventive for migration via the northern parts 
of Greenland. Generally winds are weak, but since the 
dominant wind direction is more or less opposed to the 
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E Greenland coast-
Ellesmere 
(500 mb) 

34 (9F) out of 73 

Sermilik- Disko-
Disko Ellesmere 
(500 mb) (surface) 

52 (26F) out of 71 44 (21F) out of 52 

NE Greenland-
Ellesmere 
(surface) 

74 ( - ) out of 76 

migratory direction in spring, flight conditions are not 
very favourable. 

Hence, comparing the overall flight conditions be
tween the three alternative routes from Iceland to El
lesmere Island given in Table 8, one finds that the short
est route across the central Inlandice is the least favour
able. This route is quite dangerous, and possible to fly 
on merely about one third of the days during the mi
gration period. The flight via NE and N Greenland is 
probably the safest, but rather unfavourable because of 
opposed winds. The route via Sermilik is intermediate 
in reliability. However, by departing from Iceland to
wards Sermilik on days with favourable winds over the 
Denmark Strait, migrants have reasonably good pros
pects of completing the journey with favourable flight 
conditions. 

The above reasoning presupposes that migrants fly 
high, hundreds of meters or more above the Inlandice 
surface. For these altitudes, 500 mb winds apply as rea
sonable estimates. One may note that in May/June the 
mean temperature at the 650mb level (approx. 3500 m 
asl, i.e. 300-1000 m above the top of the Inlandice) is 
about - 15°C (Putnins 1970). 

Quite different wind conditions prevail low over the 
Inlandice surface. Here the wind is usually katabatic, 
blowing downslope with a large component, inflicted by 
the Coriolis force, parallel to the contours of the ice sur
face topography. The vertical extent of this wind is 
small, only a few hundred metres. As a consequence, 
the predominant wind direction close to the surface of 
the Inlandice differs radically between the east slope, 
with much northwesterly winds, and the west slope, 
with southeasterly winds most frequent. Generally the 
overall pattern of low altitude air flow over the Inland
ice and its edges is anticyclonic. 

The katabatic wind over the Inlandice is very per-
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sistent. but wind speeds are not strong, below 9 ms I for 
more than 90% of the time. The average air speed at 
Eismitte in May/June is about 4 ms ' (Putnins 1970). 

Consequently, migrating birds should be able to 
avoid the unfavourable upper winds over the central In
landice by flying at a very low altitude over the ice sur
face , in the regime of katabatic winds. However, such a 
flight strategy would expose the birds to other diffi
culties: At Eismitte, about one third of the days in 
spring are cloudy, with low stratus or stratocumulus oc
curring on half of the cloudy days. Fog was reported at 
15% of all weather observations at Eismitte, although it 
is less common in spring than other times of the year. 
"White-out" is an atmospheric condition at the Inland
ice surface, in which there is a lack of contrast between 
the sky and the snow surface. It is normally produced by 
a solid overcast of stratus, sometimes in conjunction 
with fog or blowing snow (cf. Putnins 1970 for a detailed 
description of the ice-cap climate). Presumably, these 
conditions make a flight low over the lnlandice surface 
very hazardous (although the total risks during a long 
crossing of the central Inlandice cannot be assessed). 
Furthermore, such a low-altitude flight may render ori
entation difficult. 

Hence, the hazards and difficulties involved in a low 
altitude flight over the lnlandice surface, and the un
favourable winds prevailing higher up over the central 
Inlandice. may explain why many high arctic waders 
and Brent Geese travel over the lnlandice via Sermilik, 
or via the northern parts of Greenland, rather than the 
shortest route across the central Inlandice. For the re
turn journey in summer and autumn , a high altitude 
flight on a rather broad front across the central Inland
ice , may be a more favourable option. 

The geomagnetic field 

With a total geomagnetic field intensity between 52000-
55000 nT, and an angle of inclination 80-85°, the hori
zontal component of the geomagnetic field at the 
Greenland Inlandice is weak, 5000-9000 nT. Whether 
birds are able or not to use a magnetic field with such a 
small horizontal component for their orientation, has 
not been investigated (cf. Wiltschko & Wiltschko 1976) . 
The North Magnetic Pole of the earth is presently situ
ated at Bathurst Island , approx . 76°15'N 100°30'W (cf. 
Fig. 14). Hence, from the point of view of geomagnetic 
orientation, the simplest way to fly between Iceland and 
NW Greenland/N Canada across the Inlandice would be 
to follow a magnetic course more or less due north. This 
would lead the birds along a route closely similar to the 
great circle route between Iceland and the North Mag
netic Pole (passing Kap Atholl) as shown in Fig. 14. 

Consequently, a detour flight via Sermilik , as demon
strated in this study, probably cannot be primarily ex
plained with reference to geomagnetic orientation . 
However, this does not preclude that the migrants use 
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magnetic orientation during their flight via Sermilik . If 
the geomagnetic field is of importance for the orienta
tion of birds in the Arctic, difficulties may be expected 
in N Canada. Whether such difficulties have affected 
the evolution of migration patterns around the North 
Magnetic Pole, is a matter of speculation. 

Evolution of bird migration 
patterns in the Arctic 
The capability of migratory birds to perform long non
stop flights, at high altitudes and low temperatures, has 
made possible the development of regular transglacial 
migration across the Greenland lnlandice by many dif
ferent species. What are the most important selection 
forces for the evolution of these and other migration 
patterns in the Arctic? 

For the evolution of a migration link between the 
Nearctic and Europe, N0rrevang (1963), Prater (1981) 
and Hale (1984) have discussed the historical condi
tions. in terms of the distribution of glacial refuges dur
ing the Ice Ages, and of the postglacial climatic devel
opment. It seems likely that arctic migratory bird~ colo
nized Greenland and N Canada refuges and early ice
free areas from Europe rather than from North Amer
ica. because of the slow postglacial disintegration of the 
North American (Laurentide) ice sheet. It ~till had a 
wide extension 8000 years BP, when the inlandicc had 
completely disappeared from Northern Europe (Den
ton & Hughes 1981) . Prater ( 1981) and Hale ( 1984) also 
point out that the migratory journey for the Nearctic 
birds to European winter areas was much shorter than 
to American coasts with a similarly favourable winter 
climate . 

However, in order to understand why the Ncarctic
European migration link persists today, we mm,t prob
ably seek the answer in present-day ecological condi
tions. favouring through natural selection the mainten
ance of this migration pattern rather than alternative 
flight routes and winter areas. It seems improbable that 
tradition per se in migrating birds is of so great import
ance as to seriously hamper adaptive migratory changes 
in response to changing environmental conditions . 

Long-distance flights from spring staging 
areas 

Longitudinal breeding segregation between populations 
from different winter quarters, as well as wintering seg
regation between different breeding populations, may 
arise because of differential migration costs and asym
metric competition (individuals arriving late being com
petitively disfavoured) for wintering as well as breeding 
resources (Lundberg & Alerstam, in press) . Hence, 
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there are two complementary sides to the problem of 
segregation between migratory populations of birds: 1) 
the competition for different winter areas between dif
ferent breeding populations and the associated costs of 
migration, and 2) the competition for different parts of 
the breeding range between different winter popula
tions, and the associated differences in migratory costs. 

Spring conditions presumably are of particular im
portance for the population segregation of arctic birds, 
because food resources for long-distance flights may be 
limited. The migrants are probably hard pressed not to 
become delayed, but to arrive in time at the breeding 
destination, preferably with some surplus energy re
serves remaining after the migratory journey. 

A characteristic feature of the spring migration of 
many arctic species is the existence of a major staging 
area. Here the birds store large energy reserves before 
their remaining long-distance flights more or less di
rectly to their breeding grounds. Hence, the positions of 
these staging areas, and the amount of food resources 
available there for fat accumulation, may be of crucial 
importance for the migration pattern and breeding dis
tribution of different competing populations. 

As a first approximation, one may compare the posi
tions of different staging areas, and the possibilities 
birds using them have to reach different parts of the 
breeding range with a minimal flight distance. Of 
course, a reduction in flight distance will generally be 
associated with reduced costs of migration, because of a 
smaller energy expenditure for the journey, smaller 
risks, and an earlier arrival at the destination. In Figs. 
15 and 16 major spring staging sites are exemplified for 
different types of species. The sector adherent to each 
staging site, demarcates the region of closest distance 
( calculated on the basis of great circle distances) from 
this site in comparison with any of the other staging 
sites. Other things, like wind conditions during migra
tion, being equal, one should expect a population asso
ciated with a certain staging site to have the best pos
sibilities of occupying breeding areas within the ad
herent sector of minimal flight distance. 

As mentioned earlier, populations migrating between 
Europe and the Nearctic, use Iceland as a spring staging 
area of crucial importance (cf. Wilson 1981). For the 
Brent Goose and Knot, there is sufficient information 
about other resting places in spring to allow a provi
sional circumpolar plotting of the main staging areas, as 
in Figs 15A and 16A, respectively. As seen from these 
maps, Iceland is clearly the best staging position, from 
the point of view of minimal flight distance, for mi
gration to major parts of Greenland and to parts of 
high-arctic Canada. The sectors of closest flight distance 
seem to correspond well with circumpolar population 
segregation in these species ( cf. Ogilvie 1978, Roselaar 
1983). 

Possibly the Knots of Nearctic breeding origin re
cently discovered to rest during spring in N Norway 
(Davidson et al. in press), are destined for northern-
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most Greenland and, perhaps, adjoining areas of N El
lesmere Island. The flight distances to these regions are 
slightly smaller from N Norway than from Iceland (Fig. 
16A), and wind conditions en route may add to the fa
vourability of a flight from N Norway rather than from 
Iceland. One may speculate that also the small N 
Greenland population of Brent Goose migrates in 
spring via N Norway in company with the population 
destined for Svalbard. 

The Old World winter populations of high arctic wad
ers arrive earlier in Ellesmere Island and adjacent 
breeding areas, than the New World winter populations 
arrive in their parts of the breeding range. This may be 
explained by the former populations' advanced spring 
position in Iceland, in combination with relatively less 
snow cover, and consequently earlier breeding oppor
tunities (cf. Meltofte 1985), in northernmost Canada as 
compared to central arctic Canada (Morrison 1984, Fig. 
17). 

Fig. 15B shows, for the Greenland region, the sectors 
of closest flight distance from three spring staging areas 
used by Snow Buntings. The population migrating from 
Soviet winter quarters via N Norway, has the shortest fi
nal spring flight to NE and N Greenland, while birds 
from North America migrating via Labrador are in a 
good position for access to SE Greenland and the major 
part of W Greenland. This is in reasonable agreement 
with the observed migration pattern (Meltofte 1983). 
Snow Buntings departing from N Great Britain in 
spring, have only a small area in E Greenland which 
they can reach by a shorter spring flight than birds from 
the other two populations. Whether there is any signifi
cant migration of Snow Buntings between Great Britain 
and E Greenland is unknown. Birds wintering in NW 
Europe may be of Icelandic rather than Greenlandic or
igin. 

As seen from the broken lines in Fig. 15B, Iceland 
comprises a most favourable staging position for Snow 
Buntings destined for most parts of Greenland. The rea
son why, in spite of this fact, there is no major passage 
of migrating Snow Buntings through Iceland, may be 
lack of food resources in spring, in combination with a 
competition pressure from the local Icelandic breeding 
population. There are of course other aspects, besides 
the position of staging areas, that affect the evolution of 
migration patterns, like the total distance between 
breeding and winter quarters, and the carrying capaci
ties of different breeding and winter areas,etc. With the 
main winter resources for Snow Buntings in North 
America and far to the east in Europe, staging in Ice
land may not fit well with the most reasonable migration 
routes and time schedules. 

The sectors of closest distance for divers or ducks de
parting from staging waters in W Greenland, Scotland 
and Norway, respectively, are shown in Fig. 16B. The 
W Greenland coast is a favourable position to reach the 
whole of Greenland, provided that the migrants des
tined for E Greenland fly across the Inlandice. It is 
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Fig. 15. Main spring staging 
areas with adherent sectors of 
closest distance (great circle dis
tance) for Brent Goose (A) and 
Snow Bunting in the North At
lantic region (B). Great circle 
distances are indicated at points 
of insection between adjoining 
distance sectors. 
A. Information about staging 
areas is mainly based on Ogilvie 
1978 and Owen 1980. Brent 
Geese do not migrate to Palae
arctic breeding areas via Iceland, 
in spite of the relatively close dis
tances from Iceland to Svalbard, 
Franz Josef Land and parts of the 
Taimyr region. One possible ex
planation is the prevalence of un
favourable polar easterlies blow
ing over the Arctic Ocean be
tween Iceland and these areas. 
The effect of excluding Iceland 
as a staging area for Palaearctic 
breeding populations is shown by 
broken lines. A spring staging 
area for the small Svalbard popu
lation is in N Jutland , Denmark, 
not shown in the figure (and per
haps also in N Norway, cf. Fig. 
16A). The great circle distance 
between N Jutland and Svalbard 
is approx. 2430 km. i.e. about 
450 km longer than between Ice
land and Svalbard. 
B. Based on data from Salomon
sen 1967a, 1979a, Mcltofte 1983, 
Haftorn 1971 and Bentz 1985. In
cluding Iceland as a potential 
staging area for Snow Bunting~. 
gives an adherent sector of clos
est distance covering 1110,1 of 
Greenland, as shown by the bro
ken lines. 
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Fig. 16. Main spring staging 
areas with adherent sectors of 
closest distance (great circle dis
tance) for Knot {A) , and divers 
and ducks in the North Atlantic 
region {B).Great circle distances 
are indicated at points of inter
section between adjoining dis
tance sectors. 
A. Based on data from Dick et 
al. (1976) , Morrison {1977, 
1984), Isleib (1979), Wilson 
(1981), Haland & Kalas (1980), 
Dunne et al. (1982), Roselaar 
(1983), Senner & Howe (1984), 
and Strann {1984). Part or all of 
the West Palaearctic breeding 
population does not use the 
newly discovered spring staging 
sites in N Norway, but depart 
from final spring staging areas at 
Waddensee {cf. Fig. ISA). Ac
cording to recent findings, at 
least part of the Knots resting in 
N Norway are of Nearctic breed
ing origin (Davidson et al. in 
press). B. W Greenland, N Scot
land and W Norway are potential 
spring staging areas for ducks 
and divers like Clangula hyema
lis, Mergus serrator, Anas platy
rhynchos and Gavia immer. The 
broken line shows the equal-dis
tance division between W Green
land and Iceland, respectively. 

A 

8 
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Fig. 17. Satellite photograph (4 June 1984), illustrating conditions at the normal time of arrival of high arctic waders and geese to 
northernmost Greenland and Canada. Large areas free of snow are to be found in NW Greenland , on Ellesmere- and Axel Hei
berg Islands, as well as on Melville-, Banks- and Victoria Islands (top left corner of photograph). This makes it possible for mi
grants to arrive earlier in these areas than in the central parts of arctic Canada, where there are greater amounts of snow. Photo
graph by courtesy of the Meteorological Office at S0ndrestn1lmfjord Airport. 

closer to Iceland from N Scotland than from either W 
Greenland or Norway, although the differences in dis
tance are small. Hence, there must be other factors, be
sides a short migration distance, to account for the win
tering in SW Greenland of at least part of the Icelandic 
population of Long-tailed Ducks. 

Divers and marine ducks to some extent winter also 
in the waters around Iceland (like Eiders from NE 
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Greenland , cf. Meltofte 1978) . Here, as indicated by 
the broken lines in Fig. 16B, they are in a favourable 
position for migration to E and NE Greenland, while 
birds starting from the W Greenland coast still have the 
shortest migration route, by way of transglacial flight, to 
the Sermilik region and more southerly areas in SE 
Greenland. 
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Fig. 18. Energy requirements of a bird accumulating fat during 
a certain resting period for different distances of migration, in 
relation to the existence metabolism (no net accumulation of 
fat) during the corresponding period. The threshold of energy 
required during a resting period I for migration of a distance d 
in relation to the existence metabolism during the same period 
is given by T.[f0= 1 +(TC/EM) (d/t) . Transportation costs (TC, 
energy/distance) and existence metabolism (EM, energy/time) 
have been estimated according to Kendeigh et al. (1977). For 
small and medium-sized birds, this relationship approximates 
to T .[f.,= 1 + 0.006 ( d/t), where d is the migratory distance in 
kilometres and I the resting period in days. 

Resource limitation and competition at 
staging areas 

According to the above discussion, Iceland is of crucial 
importance as a staging area , particularly in spring, for 
the evolution of the European-Nearctic migration sys
tem. The favourable resting and wintering opportunities 
for ducks and divers along the SW/W Greenland coast , 
is probably of primary importance for the evolution in 
these species of eastward transglacial migration in 
spring. 

However, staging areas may not always serve as 
spring-boards to distant parts of the breeding range. 
With limited staging resources and competition between 
different local and migratory populations, the outcome 
may be quite the opposite: Migrants, during the avail
able resting period, will be unable to accumulate 
enough fat for reaching distant parts of the breeding 
range. Unless there is an alternative migration route, 
these parts of the breeding range will then remain unoc
cupied even if providing ideal breeding conditions. 

The total energy requirements of a bird storing fat for 
different distances of migration in relation to an energy 
consumption restricted to the existence metabolism, are 
calculated in Fig. 18. Hence, a bird storing fat for a 3000 
km-flight during a resting period of 20 days requires ap
proximately twice as much food resources as a station
ary individual with no net accumulation of fat during 
this period. 

With limited and non-renewable food resources, the 
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amount of food per individual will decrease with in
creasing population density at the staging site (Fig. 19). 
With large enough carrying capacities for populations 
breeding close to the staging site, birds of these popu
lations will suppress the amount of staging resources 
available per individual below the threshold for long
distance migrants to accumulate enough fat for a spring 
migration flight to distant breeding areas. As a result, 
birds migrating farthest from the staging site will be
come outcompeted. The competitiveness of long-dis
tance migrants may be increased by selection for in
creased or reduced body size, depending on whether the 
competition at the staging site operates mainly through 
interference or exploitation, respectively. 

Gaps in the circumpolar breeding distribution of 
many species may be explained by the dual effects of 
spring staging sites as spring-boards and bottle-necks, 
respectively. By way of example, the large breeding 
populations in Iceland of Golden Plovers and Dunlins, 

Resources/ ind. 

------=--
N 

Case 1: 

Case 2: N2 excluded 

Case 3: N2 , N 1 excluded 

Fig. 19. Effects of competition for limited spring staging re
sources between individuals from populations with different 
migration distances from the staging site to breeding areas. 
Long-distance migrants (distanced, for birds of population N,) 
have a larger threshold of resource requirements during the 
resting period (T",) than medium-distance migrants (T",) and 
local breeders (T0, cf. Fig. 18). With potential equilibrium 
population sizes (determined by resources other than those at 
the staging site, e.g. by wintering or breeding resources) as in 
Case 1, staging resources will have no population limiting ef
fects. With larger potential equilibrium populations of me
dium-distance migrants and local breeders , staging resources 
will be reduced below the threshold for accumulation of fat for 
long-distance migration. As a result, long-distance migrants, or 
both long- and medium-distance migrants become outcompe
ted as in Cases 2 and 3, respectively. 
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Fig. 20. Number of species of different categories of birds 
breeding in different regions of the Nearctic and in Iceland. 
Species taking part in American (or in a few cases Asian) mi
gration systems are indicated by hatching, those taking part in 
European migration systems by dotting. Blank spaces refer to 
resident species or species with poorly known migration habits. 
Mainly based on Armstrong (1980), Godfrey (1966) and Sa
lomonsen (1981). 

may be limiting for the use of Iceland as a spring staging 
site and consequently, for the distribution of these spe
cies in the Nearctic. Interestingly, there are indications 
that the Dunlins of the fairly small NE Greenland popu
lation ( Calidris alpina arctica) are staging only briefly in 
Iceland, or depart directly for Greenland from Great 
Britain in late spring, overflying Iceland (Wilson 1981, 
Meltofte 1985). In this way, competition with the large 
Icelandic Dunlin population is avoided. A similar over
flying of Iceland probably occurs also in populations of 
other species departing from Great Britain and breed
ing in NE and E Greenland, like the Ringed Plover and 
Sanderling. 

Fig. 20 illustrates the diversity of arctic geese, waders 
and passerines in different regions of the Nearctic and in 
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Iceland. Of course, part of the differences in species di
versity between regions is due to differences in habitat 
richness and diversity. Iceland, SW Greenland and N 
Alaska belong to the low arctic zone, in contrast to the 
high arctic regions in northern Canada and Greenland. 
Still, environmental differences between the regions are 
probably not sufficient to fully account for the faunistic 
differences. Other crucial factors are the degree of geo
graphical isolation of different breeding regions {deter
mining the migration costs in terms of necessary fat 
loads, and of risks associated with the long-distance 
flights), the positions and carrying capacities of staging 
sites, and the intensity of competition at these sites. 

Even if the Greenland Inlandice is no barrier for bird 
migration, it is probably an important contributary 
cause, adding to the isolating effects of sea expanses and 
unproductive land, of the comparatively low diversity of 
arctic birds breeding in the sector around Greenland. 
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6. 0/e G. Norde11 A11derse11: The annual cycle of 
phytoplankton primary production and hydro
graphy in the Disko Bugt area, West Greenland. 
65 pp. 62 figs . 5 tables. 1981. 

7. J. de Korte, C. A. W. Bosma11 and H. Meltofte: 
Observations on waders (Charadriidae) at 
Scoresby Sund, East Greenland . 21 pp. 7 figs . 16 
tables. 1981. 

8. Helge Abildhauge Thomsen: Planktonic choano
tlagellates from Disko Bugt , West Greenland, 
with a survey of the marine nanoplankton of the 
area . 35 pp. 97 figs. 5 tables. 1981. 

9. Eric Steen Ha11se11: Lichens from Central East 
Greenland . 33 pp. 20 figs. 2 tables. 1982. 

10. F. J. A . Da11iels: Vegetation of the Angmagssalik 
District , Southeast Greenland IV. 78 pp . 35 figs . 
26 tables . 1982. 

11. Tyge W. Bacher: The allotetraploid Saxifraga 
nathorsti and its probable progenitors S. aizoides 
and S. oppositifolia. 22 pp. 17 figs . I table. 1983. 

Export 
price 
Dkr. 

52.00 

67.00 

62.00 

29.00 

47.00 

77.00 

36.00 

50.00 

53.00 

124.00 

40.00 

Botany, zoology, ecology 

12. 0/e G. Norden Andersen: Meroplankton in 
J0rgen Br0nlund Fjord , North Greenland . 25 pp. 
10 figs . 10 tables. 1984. 

13. Thomas K. Kristense11: Biology of the squid Go
natus fabricii (Lichtenstein , 1818) from West 
Greenland waters. 17 pp. 13 figs . 3 tables. 1984. 

14. William A . Burnham and William C. Mai/ox: Bi
ology of the peregrine and gyrfalcon in Green
land. 25 pp. 12 figs . 12 tables. 1984. 

15. )011 Feilberg: A phytogeographical study of South 
Greenland . Vascular plants. 70 pp. 12 figs. 11 
tables. 346 distribution maps. 1984. 

16. Ha11s Meltofte: Populations and breeding sched
ules of waders, Charadrii, in high arctic Green
land . 43 pp. 21 figs . 3 tables . 1985. 

17. Gerl S. Moge11sen (ed.): Illustrated Moss Flora of 
Arctic North America and Greenland . I. Polytri
chaceae. 57 pp. 19 figs . 21 maps. 1985. 

18. Gerl S. Moge11se11 (ed.) : Illustrated Moss Flora of 
Arctic North America and Greenland . 2. Sphag
naceae . 61 pp . 33 figs. 29 maps. 1986. 

19. Magnus Ela11der and Sve11 Blomqvist: The avi
fauna of central Northeast Greenland, 73°15'N-
74°05' N, based on a visit to Myggbukta, May
July 1979. 48 pp. 26 figs. 4 tables. 1986. 

20. Morten Meldgaard: The history of the Greenland 
caribou. 88 pp. 65 figs. 2 tables. 1986. 

21. Thomas Alerstam et al.: Spring migration of birds 
across the Greenland Inlandice. 38 pp. 20 figs . 8 
tables. 1986. 

22. Roland Moberg a11d Eric Stee11 Ha11se11 : The li
chen genus Physica and allied genera in Green
land . 1986. 

23 . Gert S. Moge11se11 (ed.): Illustrated Moss Flora of 
Arctic North America and Greenland . 3. An
dreaeobryaceae - Tetraphidaceae. 14 figs. 13 
maps. 1986. 

Export 
price 
Dkr. 

47 .00 

37.00 

47.00 

106.00 

74.00 

91.00 

98.00 

72.00 

130.00 

66.00 

in press 

in press 



Meddelelse om Gr0nland, Geoscience 
Export 
price 
Dkr. 

General geology, mineralogy, petrology, 
geochemistry, sedimentology, palaeontol
ogy, stratigraphy, tectonics, geophysics, 
physical geography, oceanography, gla
ciology 
I . Charles Kent Brooks: Geomorphological obser

vations at Kangerdlugssuaq . East Greenland. 21 
pp. 13 figs. 1979. 

2. Sven Karup-Moller and Hans Pa11/y: Galena and 
associated ore minerals from the cryolite at Ivig
tut. South Greenland. 25 pp. 9 figs . 12 tables. 
1979. 

3. John C. R11cklidge, Charles Kent Brooks and 
Troe/s F D. Nielsen: Petrology of the coastal 
dykes at Tugtilik, southern East Greenland. 17 
pp . 7 figs . 9 tables. 1980. 

4. Barbara H. Scott: Kimberlite and lamproite 
dykes from Holsteinsborg . West Greenland. 24 
pp . 17. figs . 11 tables. I 981. 

5. Svante Bjorck and Thomas Persson: Late Weich
selian and Flandrian biostratigraphy and chro
nology from Hochstetter Farland , Northeast 
Greenland. 19 pp. 13 figs . I table. 1981. 

6. Troels F D. Nielsen et al.: The pre-basaltic sedi
ments and the Lower Basalts at Kangerdlugs
suaq, East Greenland: their stratigraphy , lithol
ogy. palaeomagnetism and petrology . 25 pp. 20 
figs . 4 tables. I coloured map. I 981. 

7. Charles Kent Brooks et al.: Mineralogy of the 
Werner Bjerge alkaline complex. East Green
land. 35 pp. 29 figs. 10 tables. I 982. 

Export 
price 
Dkr. 

27,00 

33 ,00 

26,00 

33,00 

40 ,00 

68,00 

55,00 

8. P. R . Dawes and J. W. Kerr (editors): Nares 
Strait and the drift of Greenland: a conflict in 
plate tectonics. 398 pp. app . 250 figs and tables. 
1982. 

9. Charles Kent Brooks and Troels F D. Nielsen: 
The Phanerozoic development of the Kanger
dlugssuaq area, East Greenland. 30 pp. 26 figs . 8 
tables . I 982. 

10. Be111 Fredskild: The Holocene vegetational de
velopment of the Godthabsfjord area . West 
Greenland, 28 pp. 16 figs. 5 tables. 11 plates. 
1983. 

11 . Alastair G. Dawson: Glacier-dammed lake inves
tigations in the Hullet lake area, South Green
land. 22 pp. 14 figs. 3 tables. 1983. 

12. W. A. Deer, D. R. C. Kempe and G. C. Jones: 
Syenitic and associated intrusions of the Kap Ed
vard Holm region of Kangerdlugssuaq, East 
Greenland . 26 pp. 9 figs. 17 tables. 1984. 

13. Erik Jarvik: Devonian osteolepiform fishes from 
East Greenland . 52 pp. 38 figs . 1985. 

14. Be111 Fredskild: The Holocene vegetational de
velopment of the Godthiibsfjord area , West 
Greenland. 28 pp. 16 figs . 4 tables. 11 plates. 
1985. 

15 . Rene Forsberg: Gravity measurements in Jame
son Land and central East Greenland . 

16. Dennis K. Bird, Ralph D. Rodgers and Craig£. 
Manning: Mineralized fracture systems of the 
Skaergaard intrusion. 

17. 0. Harpoth , J. L. Pedersen, H. K. Scho111vandr 
and B. Thomassen: Mineralization in central East 
Greenland. 

370,00 

49,00 

77.00 

40,00 

48,00 

80,00 

61,00 

in press 

in press 

in press 

Meddelelse om Gr0nland, Man & Society 
E .. r,,orr 

price 
Dkr. 

Anthropology, archaeology, arts, eco
nomics, education, ethnology, history, 
law, linguistics, medicine, phychology, re
ligion, social sciences 

I. /si Foighel: Home Rule in Greenland . 18 pp. 2 
figs. 1980. 

2. H. 0 . Bang and Jom Dyerberg: The lipid metab
olism in Greenlanders. 18 pp . 22 tables. 1981. 

3. Jens C. Hansen: A survey of human exposure to 
mercury . cadmium and lead in Greenland . 36 pp. 
32 figs. 11 tables. 1981. 

4. Michael Fortescue: A comparative manual of af
fixes for the Inuit dialects of Greenland, Canada 
and Alaska. 130 pp. 1982. 

5. Bjame Gro1111ow, Morten Meldgaard and Jfi>m 
Bergl1111d Nielsen: Aasivissuit - the great summer 
camp. Archaeological, ethnographical and zoo
archaeological studies of a caribou-hunting site in 
West Greenland. 96 pp. 85 figs . 8 tables and a 
map. 1983. 

6. Jens C. Hansen et al. : Concentrations of mercury, 
selenium and lead in blood samples from mothers 

Export 
price 
Dkr. 

29,00 

33,00 

45 ,00 

340,00 

145 ,00 

and their newborn babies in four Greenlandic 
hunting districts. 19 pp. 16 figs . 11 tables. 1984 . 38.00 

7. Michael 1/auser and H. C. Petersen: Kalaallit in
ngerutaannik nipilersortarnerannillu immikkoor
titerineq - Klassifikation af traditionel gnm
landsk musik - Classification of traditional 
Greenland music. 50 pp. 32 figs . 1985. 115.00 

8. Peter Bjerregaard and Beth Bjerregaard: Disease 
pattern in Upernavik in relation to housing con
ditions and social group. 18 pp. I fig . 21 tables. 
1985. 39,00 

9. Vagn Fabriti11s B11chwald and Cert Mosdal: Mete
oritic iron , telluric iron and wrought iron in 
Greenland . 49 pp. 68 figs. 15 tables. 1985. 80,00 

10. Joelle Robert-Lamblin: Ammassalik , East 
Greenland. End or persistance of an isolate . An
thropological and demographical study on 
change. 1986. in press 

The Qilakitsoq mummies. - A special volume containing the 
scientific papers from the multidisciplinary investigation of the 
recent Greenlandic mummy-find dating from the 15th century, 
is in preparation. 



Instructions to authors 
Two copies of the manuscript , each complete with illustra
tions, tables, captions, etc. should be sent to the Secretary. 
Kommissioncn for vidcnskabcligc Undcrs0gclser i Gr0n
land. Manuscripts will be forwarded to referees for evalu
ation. Authors will be notified as quickly as possible about 
acceptance, rejection or desired alterations. The final deci
sion on these matters rests with the editor . 

Manuscripts corresponding to less than 16 printed pages 
(of 6100 type units) including illustrations are not accepted, 
unless they are part of a special theme issue . Manuscripts 
that arc long in relation to their content will not be ac
cepted without abridgement. 

Manuscript 
Language. - Manuscripts should be in English (preferred 
language). French or German. Authors who arc not writ
ing in their native language must have the language of their 
manuscript corrected before submission. 

Place names. - All Greenland place names used in the text 
and in illustrations must be names authorised by The 
Grccnlandic Language Committee. Authors arc advised to 
submit sketch-maps with all required names to the Secre
tary for checking before the manuscript is submitted. 
Names of Greenland localities outside the area with which 
the paper is concerned should be accompanied by coordi
nates (longitude and latitude). 

Title . -Titles should be as short as possible . with emphasis 
on words useful for indexing and information retrieval. 

Abstract. - An abstract in English must accompany all pa
pers. It should be short (no longer than 250 words). factual, 
and stress new information and conclusions. 

Typescript. - Typescripts must be clean and free of hand
written corrections. Use double spacing throughout, and 
leave a 4 cm wide margin on the left hand side. Avoid as far 
as possible dividing words at the right-hand end of a line . 
Consult a recent issue for general lay-out. 

Page I should contain I) title, 2) namc(s) of author(s), 3) 
abstract. 4) key words (max . 10) , 5) author's full postal ad
drcss(es). Manuscripts should be accompanied by a table of 
contents, typed on separate sheet(s) . 

Underlining should only be used in generic and species 
names. The use of italics in other connections can be indi
cated by a wavy line in pencil under the appropriate words. 

Use at most three grades of headings, but do not under
line. The grade of heading can be indicated in soft pencil in 
the left hand margin of one copy of the typescript. Avoid 
long headings. 

References. - References to figures and tables in the text 
should have the form: Fig. 1, Figs 2-4, Table 3. Biblio
graphic references in the text are given thus: Shergold 
(1975: 16) .. . (Jago & Daily 1974b). 

In the list of references the following style is used: 

Boucot, A . J. 1975. Evolution and extinction rate controls. 
- Elsevier, Amsterdam: 427 pp. 

Sweet, W. C. & Bergstrom, S. M. 1976. Conodont bio
stratigraphy of the Middle and Upper Ordovician of the 
United States midcontinent. - In : Bassett , M. G. (ed.). 
The Ordovician System: Proceedings of a Palaeontolog-

ical Association symposium, Birmingham, September 
1974: 121- 151. Univ. Wales Press. 

Tarling , D. H. 1967. The palaeomagnetic properties of 
some Tertiary lavas from East Greenland. - Earth 
planet. Sci . Lett. 3: 81-88. 

Titles of journals should be abbreviated according to the 
latest (4th) edition of the World Li~t of Scientific Period
icals and supplementary lists issued by BUCOP (British 
Union-Catalogue of Publications) . If in doubt, give the title 
in full . 

Meddelelser 0111 Gron/and, Bioscience (Geoscience, Man 
& Society) should be abbreviated thus: Meddr Gr(m/and, 
Biosci. (Geosci . , Man & Soc.) 

lllustrations 
General. - Submit two copies of all diagrams, maps, photo
graphs. etc., all marked with number and author's name. 
Normally all illustrations will be placed in the text. 

All figure~ (including line drawings) must be submitted 
as glossy photographic prints suitable for direct reproduc
tion. and preferably have the dimensions of the final figure . 
Do not submit original artwork. Where appropriate the 
scale should be indicated on the illustration or in the cap
tion. 

The size of the smallest letters in illustrations should not 
be less than 1.3 mm. Intricate tables arc often more easily 
reproduced as text figures than by type-setting; when let
tering ~uch tables use "Letrasct'' or a typewriter with car
bon ribbon . 

Colour plates may be included at the author's expense, 
but the editor must be consulted before such illustrations 
arc submitted . 

Size. - The width of figures must be that of a column (76.5 
mm). 1½ columns (117 mm) or a page (157 mm). The maxi
mum height of a figure (including caption) is 217 mm. 
Horizontal figures arc preferred . If at all possible, fold out 
figures and tables should be avoided. 

Caption. - Captions to figures must be typed qn a separate 
sheet and submitted , like everything else, in duplicate. 

Proofs 
Authors receive two page proofs. Prompt return to the edi
tor is requested . Only typographic errors should be cor
rected in proof; the cost of making alterations to the text 
and figures at this stage will be charged to the author(s). 

Twenty-five copies of the publication are supplied free, 
fifty if there are two or more authors. Additional copies 
can be supplied at 55% of the retail price . Manuscripts (in
cluding illustrations) are not returned to the author after 
printing unless specifically requested. 

Copyright 
Copyright for all papers published by Kommissionen for 
videnskabelige Undcrs0gelser i Gr0nland is vested in the 
commission. Those who ask for permission to reproduce 
material from the commission's publications are, however, 
informed that the author 's permission must also be ob
tained if he is still alive. 
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