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PATRON'S FOREWORD

In the 1930's and 40's the taxounumy of Palearctic White-fronted Geese was very confused, especially
on those birds breeding in Greenland, whose wintering grounds were then unknown. I had received live
hand-raised Whitefronts from West Greenland which had predominantly yellow bills and rather dark plumage.
I had also noticed a description in a book by no less an authority than Payne-Galway, a normally reliable
source, that the Whitefronts in Ireland had yellow bills. A visit to Ireland confirmed that the White-
fronts there were also dark coloured. The 2nd World War intervened but, in 1948, C.T. Dalgety and I had
gathered enough evidence to propose a new race of Whitefront, quite distinct from the Russian geese,
breeding west of the Greenland icecap and wintering in the British Isles, chiefly in Ireland. Since this
time I have always had a special concern for the welfare of the Greenland Whitefronted Goose.

Our race was readily accepted by the ornithological world and in later years, through extensive
ringing, its migration through Iceland into western Scotland, Ireland and central Wales became better
known. Though there were a few isolated studies, on general breeding biology and on winter food, the
habits of the subspecies, especially during the breeding season, are still very little understood. The
1979 expedition represented the first major attempt at such studies since the work of Salomonsen and
Fencker in the 1950's.

The aims of the expedition were extremely ambitious, as befits a university project, but progress
has been made on all aspects of the work - providing a good platform for future studies. As the report
describes, the group made important contributions to our knowledge of the flora and fauna of this part
of west Greenland as well as of the geese. The pilot colour-ringing programme was especially useful in
demonstrating the value of such work in understanding goose movements and distribution. The exceptional
sighting rate of the marked geese - over half of tbose marked seen in the winter range - is particularly
encouraging. This performance says much for the enthusiasm and diligence of the expedition members in
following up their Greenland work.

In recent years scientists at the Wildfowl Trust and elsewhere have become increasingly concerned
at the low productivity of the Greenland Whitefront and the continuing small size of its population.
Through the Wildlife and the Countryside Bill we have succeeded in giving the subspecies legal protection
in Scotland. We hope that this lead will be followed in Northern Ireland and in Eire. The main object
is to give the population a breathing space so that numbers can increase to a healthier level. It is
vital that during this early period of protection we make all possible efforts to understand more fully
the factors which influence the life of Greenland Whitefronts so that in future we can know with more
certainty what actions to take in their struggle for survival.

The Greenland White-fronted Goose Study Group, through their expedition reported on here, have
done much to increase knowledge and, equally important, interest and concern about the subspecies.
Their work on the wintering grounds and future planned expeditions to Greenland will build on this
encouraging foundation.

If our work of forty years ago marked the beginning of this book, this report certainly opens a

new chapter in the story of the Greenland Whitefront. A story which we hope will continue for many
years to come.
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SECTION A INTRODUCTION

Al INTRODUCTION
A. D. Fox & D. A. Stroud

The Greenland White-fronted Goose Study was founded in 1978 to investigate the breeding biology

of the Greenland White-fronted Goose ( Anser albifrons flavirostris). The project grew out of the desire
of one person to return to the arctic and, as is often the case, the object was determined after the
decision had been made to mount an expedition to Greenland. The need for studies of the Greenland

White-front on its breeding grounds was pressing indeed as will become evident from the report.
This report 1is an account of 108% man-days field work carried out between 5 May and 20 August

1979 in Eqalungmiut Nunat (677°30'N 50730'W), west Greenland studying the geesce, with peripheral

ohservations from our travels to and from the study area and follow-up results of ringing work.

The project gave an unique opportunity to twelve amateur naturalists to study an area unaffected

by man and virtually unexplored by Europeans. This was privilege indeed, but we would particularly
draw two points from our experience. The first is that working intensively on scientific objectives
need not he incompatible with enjoying oneself. Indeed, many of the more satisfying and rewarding

moments came during the more arduous and tedious activities, such as the continuous watch of the
incubating pair or rounding-up flightless geese which would not have been undertaken were it not our
common aim to study these birds. Secondly, we would draw attention to the fact that such a project
is within the grasp of anybody. TInitially, none of us had qualifications which would particularly
¢nable us to study geese in the arctic. In the event, it became our aim to study the geese in
Greenland and with a lot of hard work from many people, particularly Will Higgs, we achieved our
objectives. A similar venture lies within the grasp of anyone with sutficient energy and dedication
to follow the project to its ultimate success. However, we could never have achieved what we did
without the help of the many financial sponsors, advisers, helpers and friends who have assisted us
at every stage. To all these groups and individuals, we offer this document as a gesture of our
sincere thanks.

We owe a tremendous debt of gratitude to our sponsors for their confidence and support; in
particular, we must mention our main financial supporters: the Department of Fisheries and Forestry,
Dublin, the NATO Eco-Sciences Panel, the Wildfowlers Association of Great Britain and Ireland
(BASC) and the World Wildlife Fund, Denmark. The Royal Air Force, by the most pgenerous transport-
ation to and from Greenland on regular training flights, freed us from the problem of freight
transportation and enabled the group to concentrate its resources on helicopter transport to the
best area for study. Racal-Tacticom Ltd. loaned us high guality radio equipment enabling us to
work more efficiently in the tield. To these and everybody else who supported us in many and varied
ways, we extend our grateful thanks.

A further debt is owed to the 1974 Joint Biological Expedition to North Fast Greenland whose
report (Green and Greenwood 1978) was published in the latter stages of our planning, so influencing
many projects, with the various members giving us valuable advice and encouragement. Any similarity
in layout and presentation with that report should be regarded not as plagiarism but rather as
emulation!

Several members felt that two reports should be published, one containing the narrative and
various non-scientific accounts, the other comprising solely scientific papers. The majority felt
the present layout was more satisfactory; the split between science and non-science is not a real
one. The narrative section conveys much of the magic of Eqalungmiut Nunat, a beautiful but often
unusual and alien environment, so that as well as describing the sequence of events, it hopefully

paints a broad backdrop against which the reader can picture our work.

Whilst our efforts may lack the polish of a more professional approach, we hope our achieve-
ment in reaching Eqgalungmiut Nunat will stand as encouragement to those, who, in a period of economic
stringency, might otherwise feel such endeavours to be beyond the scope of groups outside larger
scientific institutions. We merely hope that something of the challenge and refreshing experience
of working in one of the last remaining wildernesses of this planet is felt by the reader.

The Greenland White-fronted Goose Study contlnues to act as a focus for current and future
research concerning the Greenland White-fronted Goose. The Study organises small-scale expeditions
o the wintering areas of the sub-species in the Rritish Isles to locate and identify ringed birds.
There is also a detailed study of the feeding ecology of the geese centred on Islay in the Inner
Hebrides being undertaken and it is proposed that another expedition be mounted to west Greenland
in the summer of 1983 to carry out further investigations on the breeding geese.

A 2 THE GREENLAND WHITE-FRONTED GOOSE

In 1947, Christopher Dalgety and Peter Scott proved that the White-fronted Geese wintering
in Ireland, Scotland and Wales were a distinct race separable from the European White-fronted
Goose Anser albifrons albifrons which wintered in England. They named the new race the Greenland
White-fronted Goose Anser albifrons flavirostris (Dalgety and Scott 1948), one of the rarest sub-species
of geese, breeding in west Greenland between 64° and 73°N (Figurc A2.1) and wintering exclusively
in the Rritish Isles (Figure A2.2).

The world population of flavirostris numbers between14 300 and 16600 birds (Ruttledge and
Ogilvie 1979), compared with an estimated 17 500-23 000 in the 1950s, the decline occurring mainly
in Ireland (43% in this period from 12 700-17 300) whilst the British numbers have risen by about
47% to 6 500-7 200. The most important reason for this decline has been recent habitat loss,
particularly reclamation of traditional bog sites in Ireland. Shooting and disturbance have also
had adverse effects, but the trend for population recruitment to fall below mortality rates in some
seasons cannot always be attributed to effects in the British Isles. The goose is a quarry species
in Greenland, Iceland (where birds pass through in spring and particularly autumn) and throughout
its' wintering ground, with the exception of a voluntary ban on the Dyfi Estuary. The greatest
shooting mortality is encountered during the winter with only localised shooting on the breeding
areas outside the nesting season; the Greenlanders are no longer permitted to catch and fatten the
goslings as in former years. As this report goes to press, protection for the White-fronted Goose
in Scotland (i.e. Greenland White-fronts) is secured in the United Kingdom Wildlife and Country-
side Bill currently beforeParliament and the recommendation of Owen (1978) and Ruttledge and
Ogilvie (1979) was that the bird should be similarly protected in Ireland.
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Figure A2.2,

Figure A2.1.
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The world distribution of the Greenland White-fronted Goose (Anser albifrons flavirostris).
Shaded area in west Greenland indicates the breeding range, whilst the arrows indicate
the autumn migration route through south-west Iceland. The population winters
exclusively in Ireland, west and north Scotland and Wales, although there are

regular sightings from the eastern seaboard of America.

The west coast of Greenland showing the location of the major places referred to in
the text. The study area of Yqalungmiut Nunat is shaded and is more or less
centrally placed in the breeding range of the Greenland White-fronted CGeese (anser
albifrons flavirostris ) which extends from Nuk to Upernavik.



The impetus of the expedition was the decline in numbers of Greenland White-fronted Geese in
Mid-Wales at two main sites: Cors Tregaron (Tregaron Bog) and the Dyti FEstuary. In January 1947,
it was shown that the flock of White-fronts on Cors Tregaron were at least partially of Greenlandic
origin with the recovery of a bird ringed in west Greenland in 1946. With the subsequent
determination of reliable field characters, it was recognised that the Tregaron birds were all
Greenland geese. The geese arrived in mid-Occtober building to a peak of 500 - 600 in the New Year,
remaining until late April unless forced out by severe weather conditions, as in the 1962-3 winter
when the bog vegetation froze. Some 500 birds arrived in 1962, but with the onset of the freeze,
they scattered and were picked up dead and dying all over mid-Wales; only 200 returned with the
thaw. After that, numbers decreased and the geese had ceased to winter regularly at the site by 1968.

There has been a flock of White-fronted Geese on the Dyfi for as long as anyone can remember,
and Arthur Cadman showed that some birds in mid-winter were Russian birds, although the presence
of birds in early autumn through to April indicated that during the 1950s Greenland White-fronts
occurred at least on passage, if not throughout the winter. The group numbered 200 -300 with
maximum counts of up to 600 geesc and showed behaviour similar to Greenland birds, feeding on local
bogs, including the adjacent Cors Fochno (Borth RBog). By the late 1960s, the Furopean White-front
only sporadically appeared on the Dyfi, the main group of birds being of the Greenland race. It
will never be known whether the Tregaron flock was exterminated, whether they moved to one or more
of the other wintering sites (e.g. Wextord Slobs) or whether the flock merely shifted north to the
Dyti Fstuary. What also of the old Dyfi flock? These could always have been Greenland birds or
Russian geese replaced by Greenlandic birds during the last decade. Alas, it seems the problem
will never he resolved.

The numbers of Greenland White-fronts on the Dyfi have slowly declined throughout the 1970s
(Figure A2.3). For reasons outlined above, it 1is probably not justified in considering counts
trom the 1960s as these may have been from counts of mixed races, but during the 1970s, the decline
in Greenland White-fronts, together with a consistently low recruitment rate made it probable
that this flock is a discrete breeding unit.

160

140

6970 70°71 71:72 7273 7374 14 75 7576 7677 77 78 7879 79:60 BO-81
FTigure A2.3. Maximum counts of Greenland Yhite-fronted Geese ( Asser albifrons flavirostris) on the

Dyfi Estuary, Pyfed, Wales. (P.F. Davis, pers. comm.).

The decline concerned local wildfowlers who initiated a voluntary shooting ban in August 1971
and persuaded the RAF to ban low tlying over the estuary during the winter which had previously

caused considerable disturbance to the geese. Whilst the shooting ban is still in force, the low
flying has been increasing. The shooting ban failed to halt the decline, but was undoubtedly
beneficial as the flock may have otherwise completely disappeared. It would thus appear that the

reasons for the decline and low productivity of this flock lic¢ outside the wintering grounds.

A search of the literature revealed that next to nothing was known of the summer ecology of
the geese, the only studies being those of Fencker (1950) and Salomonsen (1950a, 1967a). With
our interest in the Dyfi flock it seemed opportune to tfind out more about the summer breeding
biology and ecology of the White-fronted Goose in Greenland. This, at its simplest, was the aim
of the study.

It is pleasing to report that after several years of low numbers of geese on the Dytfi, there
has been a recovery since the inception of the project. Lust winter (1980/1), 84 geese returned
bringing a larger number ol ftamilies than usual - we can only hope that this increase wil
continue.




A3 SCIENTIFIC NOMENCLATURE AND AUTHORITIES

For convenience, throughout the report, all fish, birds and mammals are referred to using
popular or trivial names in common usagce. The names of birds follow those of Voous (1973, 1977a,
1977h), while tish and mammals are listed below. The higher plants follow Bocher et al. (1968)
for nomenclature and authorities; while one might disagree with the taxonomy of this work, it 1is
{he standard tlora for Greenland, and hence is used throughout. Bryophytes follow Smith (1978)
and lichens Dahl and Xrog (1973). .

rIsu
Arctic Char Salvelinus alpinus L.
Threc-spined Stickleback Gasterosteus aculeatus  (1..)
MAMMALS
Arctic llare Lopus timidus Lo
Brown Hare Iepus capensis Lo
Grey Squirrel Neosciurus carolinensis (Gmelin)
Collared lemming Dicrostonyx yroenlandicus
Arctic lox Alopex lagopus (1..)
Red Fox vulpes vulpes (L)
Polar Bear Thalassarctos maritimus (Phipps)
Cummon or Harbour Seal rnoca vitulina 1.
Ringed Seal pusa hispida (Schreber)
Harp Seal Paqophilus groenlandicus (Frxleben)
Bearded Seal X Erignathus parbatus (Erxleben)
Caribou Kangifer tarandus L.
Wolf Canis lupis L.
A 4 GLOSSARY OF PLACE NAMES AND EXPLANATLION OF MAPS

The population of west Greenland is concentrated along the coastal areca (see Figure A2.1),
with no permanent habitation in the central interior region away [rom the S¢gndre Strgmfjord Air
Base. Greenlanders traditionally hunt in the interior regions (see Section C20), but generally
few Features in Eqalungmiut Nunat are named. Consequently, both in the field and throughout this
report we have unavoidably had to use a large number of unofficial 'expedition' names. On all maps
of Eqalungmiut Nunat produced here, those official names that appear on the 1:250 000 map of the area
(sheet 67vV2 produced by the Danish Geodaetisk Institut) have been placed in block capitals, /] 1
other names are unofficial. We are aware of the accepted practice of placing all unofficial names
in inverted commas, however with virtually every place name being unofficial we feel that in places
this would lead to an unnecessarilycumbersome style. Thus in the text of the report all names are
treated Lhe same and the reader is referred to the maps for the status of place-names.

In naming many of the small lakes, we used the phonetic alphabet, identified on the map by a
letter corresponding to the following names used in the Lext:-

A Alpha E  Echo L India M Mike Q Quebec V Victor

13 Bravo F  Foxtrot J Juliet N November R Romeo W Whisky

C Charlie G Golt K Kilo 0 Oscar S Sierra X X-Ray

D Delta H Hotel [, Lima P Papu T Tango Y Yankee
U Uniform Z Zulu

Other lakes in areas infrequently visited were numbered sequentially.

The maps reproduced here (Figures A4.3 - A4.6) were based on the 1:250 000 series, but have
been enlarged to a scale of approximately 1:75 000. Many of the more obvious errors on the original
maps have been corrected and many of the smaller pools, tarns and streams not shown have been added.
It should be noted that on the original maps, as well as those produced here, the contour lines
are at best approximate and often highly inaccurate.

The translations of the Greenlandic names in Egalungmiut Nunat are as follows:-

Egalungmiut Nunat - Land of the Elsherfolk (from eqaluk = Char/Salmon;
Nunat or Nund = land or place of)

Eqalungmiut tasia - Fisherman's Lake

Fqalungmiut nuat - Fisherman's Mountain

Kip Akua - "Where the waters meet or mix"

Qilcrtfnguit - Greenlandic topknot

fmajuirsoq - "There is no water here"

Kuk - Dunes

Niaqorssua - Big head

Kuan - Angelica archangelica

Uggsult - The testicles

Inugpait qﬁat - ""Many peoples urine"

Manik - Fgg

Angmat - "Open place with a good view"

We were unable to obtain translations of Atanarssuk and Amitsuarssuk.
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Most towns in Greenland are familiarly known by their Danish name in common usage. However,
with the independence of Greenland granted in 1979, all names have reverted to the original
Greenlandic. Wherever possible alternatives are given on maps and in the text, but the following
lists equivalents for the most commonly used place names :-

Thule - Qanaq
Jakobshavn = Ilulissat
Egedesminde - Ausiat
Christianshaab - Qasigiannguit
Holsteinsborg - Sisimiut
Sukkertoppen - Manitsoq
Godthab - Nuk
Julianehaab - Qaqortoq
Angmagssalik - Tasiusaq
S¢ndre Str¢mfjord - Kangerdlugssuaq
Nordre Str¢mfjord - Nagssugtoq

Although the official name of Greenland is now Kalallit Nunat, the more familiar Greenland has
been retained throughout.

Unless otherwise stated, all times given in the report arc in local time, three hours in advance
of Greenwich Mean Time.

N 7

Figure A4.2. Eqalungmiut Nunét, showing the location of 1:75 000 maps (Figures A4.3 to A4.6
inclusive).




North /
Valley /

= 468 m®
7z Castor
) ) C ; [
IPIUTARSSUP
& Marble
NUNA Gorge
Calmwater
/ L] °
= Q‘C’Z 7 Lipmere 554 m
Mirrormere D
¥y '
68 468 m Boulder
< Laki
v"\ i
4 Mistwater
QORDLORTOQ Gormenghast \
(_\) ©337m & East Bolero
—_ er
S NIAQORSSUA _—Gash Bean
N,
. \\ West Bolero
AKUA S——
m Teilhard A
Tarn
k % A#
°
R 621m e
) QILERTINGUIT .

Rimwater
Marsh

\ ©504m
\('\ False
N Eyrie
T Crags

Rimwater

®555m
KAVFIT

' The Saddle

Figure A1.3.  The western end of Equlungmiut Nunat; scaie upproximately 1:75 000. Shading
indicates sandur valley which at Kap Akua is tidal. Official names appearing on
Geodaetisk Institut sheet 67 V2 are shown in bold type, whereas all other names
are unofficial,



Pollux
ATANANSSUK

® 554 m

ST

Boulder
Mere

°
621m
QILERTINGUIT

0 Needle
Cairn
Heights

Ann
L Upper

Marsh

Rimwater

WEST
EQALUNGMIUT
TASIA

Lakesmeet

e560m
EQALUNGMIUT
NUAT

Aberchar

# val's Omphalis

Pool °

Manx Lake
Angmatwater

Fisherman’s
Marshes

0428 m
ANGMAT

Figure A4.4. Southern Egalungmiut Nunét, conventions as in Figure A4.3.

EAST
EQALUNGMIUT
TASIA

s’

/ (0614m ,

iIMAJUITSOQ




North Vailey

pd

10_ 1

®

8
e574m
Castor

-

oL
)
(4]
(=]
J
‘3
"

12’

Arrowmere'

2 Trundlewater
17

—

Pollux
ATANARSSUK

‘ Victor

13‘

14«

Annex

ATANARSSUK
i 51 ’

52
l Tadpole
55‘

Spectre

N

- / 54(

0620m‘

7

?7

59‘ 6

¥

Figure A4.5.

Northern Eqalungmiut Nunﬁt, conventions as in Figure A4.3.



L

Pool
L 4

Lakesmeet

L 4
’0614m y

iMAJUITSOQ

Pass of
Jennings
Dunes

Caroline’s

EQALUNGMIUT

‘ ’ Scotch
#®

Harvey

‘Wallbanger

EAST

TASIA

4

Pass of

Jennings
¥ 4

V' ( ¢ / -
" w4
| JPS o 8,

Bourbon '

R

Hookwater

/)
- ‘5’"

Willow
Valley

lan’s
Lake

=
w ,
Lake ‘ ',' ( "
v

4 -2

560 m ‘

‘ Waisted ‘
Lake
0460 m I
IGSSUIT
L 4
&

Falls

Figure A4.6.

South-eastern Eqalungmiut Nunat, conventions as in Figure A4.3.



SECTION B EQALUNGMIUT NUNAT; STUDY AREA DESCRIPTION

B 1 EQALUNGMIUT NUNAT
J. Floyd

Eqalungmiut Nunat is an area of upland tundra at the western edge of the Greenland Ice Sheet,
120 km north of the Arctic Circle. It is bounded by two large melt rivers that join to form the
southern branch of Nagssugtdéq (Nordre Str¢gmfjord) which continues westwards for 120 km to the
Davis Strait. Great tracts of similar land stretch away to the north, south and west with little
to distinguish Eqalungmiut Nunat from the rest of the wide undulating plateau. The land is
spectacular and fairly uniform, with skylines subdued by recent glaciations and poor soils
supporting arctic heaths and grasslands, but it has a completeness and subtlety no longer found
in western Europe: the incomparable beauty of an isolated land left to function in its own way
remains. Distant hills looked sharp and bright through incredibly clear air, the pre-spring
silence was startling and the freedom of an 'empty' land revitalising.

From the air Eqalungmiut Nunat looks almost bare; the bands and fractures of its bedrock
dominate the surface and vegetation seems insignificant. FEven at ground level, the land appeared
almost dead when we arrived in May; a dry brown litter covered the hard frozen soil. As the
summer progressed migrant birds arrived, fresh grass appeared above the dead mat and the
hillsides developed a green sheen, but in comparision with more temperate regions life is neither
profuse nor varied. Considering the richness and beauty of Eqalungmiut Nunat, it is tragic that
so little equally unspoilt land exists in our own countries.

Most of the region is plateau, a stony terrain of whaleback ridges, low crags, damp gullies
and hundreds of lakes. The windswept hilltops, up to 600 m high, are ice-smoothed, lichen-
encrusted outcrops of bedrock strewn with glacial erratics and inhabited by white hares. The
plateau never seemed austere; below the rock-beaded skylines the slopes were thinly mantled with
coarse frost-heaved soils which allow a scant and brief bloom of arctic flowers; boulders and
crags are alive with Snow Buntings and Wheatears; the lakes are dark but never dull. The views
from the plateau strengthen the sense of space and isolation, row after row of similar ridges
in every direction scarcely faded by the great distances. To the east the land is engulfed by
the long white dome of ice towering smoothly above it, but otherwise the view is clear, the
only break in the uniformity being the coastal mountains near Sisimiut (Holsteinsborg) 100 km
distant. In the spring, shaded snow banks give the impression of extensive snowcover to the
south contrasting with the bold bare slopes in other directions. While the lake ice remained
intact its brilliant white was set off by the brown land; the largest lakes were white plains
stretching between hills, tranquil and remote. As the thaw progressed the ice became water-—
logged and fragmented, drifting slowly from the shore in dwindling rafts of chiming fragments.

In a few places the plateau hides deep and narrow gorges, the dramatic haunts of falcons.
Most are nearly dry, littered with fallen slabs, but one concealed a large river and powerful
waterfall.

Not all Eqalungmiut Nunat is plateau; there are also broad lowland valleys particularly
in the south, with long, even, grassy slopes and stretches of low willow scrub and many small
streams. They are more sheltered than the plateau and noticeably warmer; on sunny days an intense
heat-haze developed and the landscape shimmered. The soils are deeper and bare ground is
relatively scarce, with Caribou scattered across the slopes and high densities of Lapland Buntings
and Redpolls reflecting the high productivity. The lowland terrain includes small marshes, patches
of early green where Phalaropes nest and the White-fronts feed in May and June. Magnificent
Great Northern Divers and Arctic Char inhabit the broad lakes that cover the floors of lowland
basins. To the south, the valleys end, steep escarpments and cliffs rise abruptly and the
plateau begins again; the damp slopes are sireaked where water darkens lichen-covered rock or
seeps through bright mossy vegetation.

The two deepest valleys are the glacial troughs bounding the region; milky meltwater flows
copiously down them in braided channels meandering over wide silt flats. These valleys are dry
with tracts of dunes on sedimentary terraces alongside the active flats and dust storms are
frequent during f6hn gales from the ice sheet. Downstream the flats become tidal and grey water
creeps over them twice a day bringing reflected light and the strange high-pitched cries of
white gulls from the blue fjord.

B 2 A GENERAL DESCRIPTION OF EQALUNGMIUT NUNAT
J. Floyd

GEOLOGY

Origins

The rocks underlying Eqalungmiut Nunat determine many features of its landscape, and their
structure is best understood through their history. The region is part of the Nagssugtogidian
mobile belt, a 300 km band crossing central Greenland which extends on the west coast from
Kangerdlugssuaq to Disko Bay. The belt was part of a larger continental plate formed between
3 800 and 3 000 million years ago. It underwent major metamorphism between c¢.2 700 and 1 700
million years b.p. when the rocks were reheated and the whole region was subject to ductile
shearing so that the variously orientated formations were attenuated and aligned to the ENE.
The movement also caused limited thrust faulting with the same orientation; North Valley is
associated with such a fault. In Eqalungmiut Nunat alignment is pronounced and narrow bands of
rock dominate the region. In the main they are steeply tilted, folds formed before the shearing
have been steepened and their axes conform to the general orientation.

Rocks

The rocks have been classified according to their grade of metamorphism as granulite facies
gneiss and amphibolite facies gneiss, with the exception of two minor formations of distinctive
rocks (Figure B2.1). This is a great simplification since the major categories include rocks
with a wide range of composition. Most rocks show gneissic foliation as well as banding on an
intermediate scale and frequently exhibit flow-style folding.
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Figure B2.1. The major rock-types of Eqalungmiut Nunat, west Greenland.

We came across a formation resembling marble not published on maps and other equally
distinctive formations may well remain uncharted.

Faults dand Folds

Changes in

the geological structure since 1 700 m.y.b.p.
are significant

for the present landscape. No younger rocks have been preserved, but the existing
rocks have been deformed and fractured by Tertiary and Mesozoic earth movements. The region 1s
crossed by many faults, most of which are oricentated between north and north-east (Figure B2.2).
Displaced bands of resistant rock now form crags and the impressive spurs thrust out from the
southern slopes of North Valley, showing that in many cases, land to the east has moved north
relative to that on the west. Fault scarps such as the series of three from 627 m through
Foxtrot to X-ray Pass indicate that the eastern land has also risen, perhaps as much as 200 m
along some faults. The southern slopes of the Eqalungmiut tasé lowland complex and the Atanarssuk
valley may be a series of scarps produced by a large fault aligned with the rocks to the ENE,
but glacial erosion and sedimentation obscure the geological structure at thesce sites. Tolding
has been limited, but there is a large synclinal curve in the north

have been relatively minor but

since the last metamorphisn

face of fmajuitsoq which is at odds with the general orientation and other similar folds may have
been overlooked.

> FAULT
=

__— POSSIBLE MAJOR FAULT

Figure B2.2. Prominent fault-lines identified in Eqalungmiut Nunat, west Greenland.

Positioning

The region's rocks werc metamorphised deep within the earth's crust and reached their
present position following the series of plate movements that culminated in the opening of the
North Atlantic about 80 m.y.b.p.. Through these aeons the overlying rocks were slowly removed
by erosion. High plateau remnants around 2 000 m above sea level in the Manitsoq (Sukkertoppen)

and Qaqortoq

(Julianeh#db) districts mark a late Tertiary sea level,

but all

of this plain has

been
later

removed
erosional

surface

in Eqalungmiut

that

Nunat .
has been uplifted

and forms the

basis of the present

The undulating plateau is suggestive of a poorly preserved,

randscape.



Isostatic uplift

During the last glaciation the region was depressed hy the ice sheet, now it is rising again.
Rauised marine sediments beside Afon Char upstream from Manx lLake, between 25 and 40 m a.s.1.
mark the shoreline at an early stage of deglaciation. They contain shells of the bivalves
Mya truncata ( L.),Chlamys islandica (Miller) along with a barnacle, possibly palanus balanus (L.).
Weidick (pers. comm.) has dated shells from the terrace 12 m a.s.1l. at Pass of Jennings Dunes
as 5630 + 110 years b.p.. Similar deposits have been found to the north of the region which
indicate isostatic uplift of up to 100 m. Terraces of relic sandar in the North and South Valleys
were deposited near sea level later and are now about 10 m a.s.1.. The uplift may have involved
some tilting; the large lake Gemini appears to have discharged through a well preserved melt-
water channel to its south until relatively recently, but now drains north over a ridge (at almost
the same altitude) which shows little fluvial erosion.

BEDROCK TOPOGRAPHY

Glacial Erosion

The present landscape has been sculpted by the processes of weathering and erosion, of
which the repeated abrasive and plucking action of glacial ice has been by far the most important.
Over most of the region, the ice probably advanced on a broad front, scouring the plateau from
east to west, erasing details of the pre-glacial topography and eroding the surface to an extent
dependent on the underlying rock. Resistant formations are now whaleback ridges, with smooth
bure summits scratched by the ice, and craggy lee slopes where large blocks have been plucked away.
Weaker rocks form depressions that are frequently overdeepened and now contain lakes. The
resulting relief reflects the geological structure, a furrowed surface of parallel ridges and
basins, crossed by grooves along faults that have been etched out by the ice. Fault scarps
aside, the plateau relief is relatively slight, in the order of 150 m, but in some places, glacial
erosion has been more intense. The North and South Valleys have been straightened and deepened
to below sea level by streams of rapidly flowing ice. Both have steep sides, particularly to their
south, and their upper reaches are occupied by short outlet glaciers from the ice cap. North
Valley deepens steeply from 200 m to near sea level 6 km from the ice where the true glacial trough
Legins, a common but poorly understood feature of valleys of this type. At Niagorssua, the valleys
merge to form the southern branch of Napssugtoq which runs 120 km to the coast. It has been
sugpested that the positions of the west Greenland fjord valleys were determined by major faults;
this is true of the western 30 km of North Valley which runs ENE along a straight line which
continues as a smaller trough into Ugssuit Nunat where the main valley veers ecast.

Some- valleys are ditficult to fit into the simple scheme of glacial features: the Atanarssuk
valley is long and up to 300 m deep, bhut lacks the regularity of a glacial trough and follows the
ENE trend; it seems to result from a line of weak rock, perhaps a fault which produced the steep
southern slopes as a fault scarp. The Egalungmiut tase lowlands, along with their extensions
around Hookwater, Large Lake and Rimwater are a major feature, up to 450 m deep and extending for
20 km; they are difficult to explain. It is tempting to identify their lower reaches with a
zlacial trough, but their relationship with the shallower surrounding valleys suggest that the
ice took advantage of part of a preglacial valley system or a complex of weak rocks associated
with the unidentified geological formation suggested by the possible tault scarps mentioned above.

Fluvioglacial Frosion

Other types of crosion are too slow to greatly change topography since deglaciation. Running
water has eroded bedrock on a smaller scale than ice and its action is localised, although in some
places it has cut impressive features. As the volume of precipitation runoff is small and its
crosive power slight, all substantial fluvial erosion is duc to the debris-laden meltwater that
flows copiously from the ice cap. While the region was glaciated, grooves were cut by wuter
flowing benecath the ice under hydrostatic pressure. In the main, they are shallow ravines that
follow faults on the plateau for short distances, but in a few cases, large subglacial meltrivers
have cut deep gorges such as those north of Foxtrot and lookwater, both of which follow faults.
Gorges were cut where ice-dammed lakes overflowed (Gemini bas two of these, Mirrormere has one)
and anywhere that a major meltwater channel has dropped rapidly or crossed over weaker rocks,
as at the Atanarssuk outflow, Bean outflow and Barrier River Gorge. The latter is still active
with a4 high and powerful waterfall.

Minor Form of Erosion

The most important type of contemporary bedrock crosion is mass wasting that slowly removes
debris downhill. In a few places, whole hillsides appear mantloed in shattered rock, but the clfects
have been slight, a gradual rounding off of topography, progressing little since deglaciation,

The only other type of bedrock erosion noted was local and minor; an outcrop of soft granular
rock with intricately curved hollows and arches probably formed by wind.

kesultant Topoyraphy

The bedrock topography is complex, but uniform on a large scale due to the relatively few
factors acting on it. Most of Egalungmiut Nunat is an undulating plateau strewn with elongated
lakes, low crags and smooth ridges, crossed by steep-sided furrows. In some areas, these features
are large enough to divide the plateau into blocks or disrupt the landscape of alternating ridges
and valleys. The plateau surface has been influenced by faults, the attenuated geological structure
and the passage of glacial ice; all these have specific orientations, readily apparent in the
landscape. The plateau ends abruptly at North and South Valleys and more gently about the
Eqalungmiut tase lowlands. In these valleys, the slopes are covered by sediments and the bedrock
irregularities and floors are dominated by sediments, lakes and meltrivers that are discussed helaw

HYDROLOGY

A relatively thin layer of materialweatheredand eroded from the hedrock covers the land to
tens of metres depth in places, but on the plateau up to 20% of the surface is bare. The over-
burden is intimately associated with water and it is useful to consider the movements and
transformations of water in the region.



Inland Ice Sheet

The ice cap rises smoothly, reaching 1 000 m in 6 km, its edge dark with rock debris and
heavily crevassed, but further out isolated grids of crevasses show as tight arrays of pinnacles.
Further still, the crevasses peter out and turquoise lakes and meandering rivers sparsely pattern
the bright snowfields.

Meltwater

Meltwater is already channelled on leaving the ice cap, with streams flowing down the surtace
of the ice or appearing within it and large rivers emerge from cavernous tunnels and extensive
subglacial drainage systems. Marginal and submarginal channels follow the ice edge, often through
lakes before reaching valleys leading away form it. There are three routes: the North and South
Valleys contain large braided meltwater channels and between them a system of meltrivers drains
south-west, remaining within 5 km of the ice, and joins South Valley near the snout of Inugpailt
quat, isolating Amitsuarssuk from Egalungmiut Nunat .

The flow of meltwater varies throughout the year; it is minimal or non-existent in winter,
increasing through summer to reach a peak in August when temperatures begin to fall again. Melt-
water was already flowing when we visited South Valley on 8 May, although the cycle is sometimes
interrupted by surges caused by the sudden drainage of reservoirs within the ice or lakes along its
margin. Barrier River tlows over a bed of rounded boulders that are much too large for its normal
volume, including rocks over'1.5 m in diameter, which could not have been moved in its normal
condition. One marginal lake marked on our maps was empty of standing water, a sparsely vegetated
zone around another showed its level had fallen by ahout 15 m in recent years and as we flew from
Kangerdlugssuaq over a similar region we saw bare ground and stranded blocks of ice where a marginal
lake had very recently emptied.

Runof f

Permafrost restricts free water to the active layer which is ecasily saturated, so surtface
wiiter is common once the thaw has begun. Fluvial erosion has been slight so rivers have irregular
profiles, lakes are numerous and the drainage pattern has been determined by glacial and fluvioglacial
action. Much of the drainage system was previously occupied by meltwater and many streams are
overshadowed by their course, almost hidden beneath rocks deposited earlier.

Tidal Water

All runoft and meltwater that does not evaporate eventually flows via North and South Valleys
into Kip Akua, the southern branch of Nagssugtoq. The fjord is tidal and saline, freezing for a
relatively short period, being ice—free throughout our stay. The meltwater and scawater mix 1n
broad swirls and the upper surface is streaked when the tide covers the South Valley flats twice a
day up to 10 km from permanent seawater at Niagorssua.

Non-glacial Ice

The annual cycle of runotf is controlled by the winter freeze which inmobilises all rivers.
Many forms of ice occur. Snow falls throughout the.year, accumulating in wind compacted drifts
only in winter and cover then may not always be complete. Permafrost seemed continuous although in
many places the active layer reached the bedrock and was probably over a metre deep. We were
seldom able to observe the permafrost structure, but an isolated horizontal band of ice 2 m thick

was exposed in a sandur terrace undergoing rapid erosion by meltwater near Inugpait quat. Rivers
freeze each winter; when ice begins to restrict their flow, the banks are flooded and, as freezing
continues, thick plates of layered columnar ice crystals called aufeis accumulate. The North and

South Valley sandar are covered by aufeis in winter and we found an accumulation 2 m thick where
the Atanarssuk outlet emerged from its gorge. Aufeis is visible there and at a similar site on the
Mirrormere outlet in aerial photographs taken in 1948; perhaps these large lakes release water
during the freeze so that aufeis builds up to an unusual depth. When rivers thaw, they normally
flow beneath their ice first, undercutting it until it collapses into often massive slabs, although
the river at Raven Chasm hurtled over thick ice in a deep channel. Aufeis sometimes flattens the
stones beneath, making a pavement as noted at the Atanarssuk site.

A1l lakes freeze over in winter; when temperatures fall further, contraction fractures form
and freeze over, so on warming the ice expands and pushes against the shores, often raising a small
embankment or "ice-rampart'': the best example of this being Rimwater.

SEDIMENTS

Glacial Deposits

Most sedimentary material has resulted from the glacial ice, so the history of present day
deposits begin with deglaciation. Ten thousand years ago, the whole region was under ice, and
moraines 10-15 km west of the ice cap show its position between 9 500 and 7 500 y.b.p.. Deglaciation
has occurred in a series of fluctuations and it is likely that more land than now was exposed at
the climatic optimum 1 500 y.b.p.. Away from the glacier snouts, little change has been noted
during the historical period, but Inugpait quat has retreated 400 m since 1920. This "trim-zone"
of lichen-free rock that varies in width up to 10 m indicates a recent exposure at several points
along the margin.

The ice has left a margin of till covering most areas to varying depths. Glacial erratics
are dotted over the whole region; ranging in size up to monumental blocks over 5 m high. Many have
been split cleanly into two or more pieces, a phenomenon supposedly caused by decompression after
release from the ice.

There are many more ordered moraines, but they lack clear orientation and it was difficult to
classify or interpret them. The largest runs along the neck of Niagorssua and is a medial moraine
forming where the North and South Valley glaciers merged. Long, sharp-crested marginal moraines
follow much of the ice margin and elsewhere heaps of broken rocks have a complex relationship with
the ice; they cover a band several hundred metres across at the glacier snouts. Many fresh moraines
are ice-cored and the ice margin is not always distinct, collapsing if deglaciation continues.



Fluvioglacial and Fluvial Deposits

Meltwater has a high sediment load, making fluvioglacial deposits extensive. The North and
South Valleys contain sandar stretching from Nagssugtoq to the ice and sandar fill smaller basins
near the ice. Meltwater flows over the unvegetated flats in wandering braided channels, but
vegetation covers inactive sandar. Relic sandar dating from earlier, higher sea levels form a
discontinuous terrace up to 1 km wide and 15 m high alongside the North and South Valley sandar
which is still being actively eroded where meltwater flows against it. On relic sandar, particularly
on the North Valley terrace, kettle-hole lakes are common, the result of buried fragments of
glacial ice leaving hollows after melting. High level dunes on the plateau were probably the
remains ot old marginal fluvioglacial deposits. Considering the number of recent deposits by the
present ice margin, they were surprisingly uncommon, perhaps becuuse of their vulnerability to
erosion in their exposed positions.

The limited sediment load of precipitation runoff forms only small lake deltas, the most
striking of which are at east Eqalungmiut tasia, Spidermere and Yankee, but elsewhere fluvial
deposits are insignificant.

Wind Deposits

The active sandar provides a large source of fine particles and during the fohn gales 400 m
high clouds of sand and dust were visible drifting down South Valley. Wind-borne sediments are
of two grades, tine 'rock-flour' and sand.

Sand transport is limited to the immediate surroundings of the sandar where there are large
tracts of dune systems. Much of the area under sand is mobile and very sparsely vegetated with
'hedgehog dunes' stabilised internally by Salix glauca bushes, but elsewhere, e.g. Pass of Jennings
Dunes, they are densely vegetated. The dunes are continually modified by wind; in some areas
the vegetation is fragmented, erosion predominates and flat areas of bare sand identify totally
decayed systems. Fluvioglacial terraces provide platforms on which dunes grow protected from the
action ot meltwater, but in places, as at Kk Dunes, the upper reaches of North Valley and else-—
where, dunes spread onto active flats displacing meltwater. Dune systems are concentrated on
the northern shores of bhoth major sandar since most gales are south-easterly. There are also dunes
alongside smaller sandar up to the ice-cap.

Slope Deposits

Hillside sediments from any source migrate downslope in several waysand are best treated
separately. Movements can affect whole hillsides, filling irregularities and producing regular
slopes. Gelifluction is common on the steeper slopes; the vegetation is ruptured and the saturated
active layer flows downhill in long narrow lobes terminating in piles of soil and moss exposing
the underlying soils, indicating rapid movement. On gentler slopes, gelifluction is slower and
evidence for it is scarce; hroad gravel laboo toppud Ly viLln strips ot vegetation were found at
Lwo sites. On the broad ecven-sloping edges to the Eqalungmiut tase lowlands there are numerous
sub-parallel streams which over a long period affect most of Lhe hill-sides. Early in summer,
ground ice immobilises soils and streams flow below the surface; later, as the ice supporting the
banks and passages thaws, slumping is common and much sediment is carried downhill. 1t is
difficult to assess the importance of other types ol mass wasting. Talls of ice-shattered rock
and loose soil were evident on the steepest slopes; at the base of cliffs there were piles of
talus (mostly vegetated) and sometimes large blocks; most gorges were floored with great fallen
slabs. Surface washing is most apparent around late snow patches which provide a steady supply
of runoff, inhibiting vegetation cover and sometimes excavat ing nivation hollows.

Slope deposits can be classified into two types depending on their gradients. Steep slopes
are dominated by gelifluction, usually saturated and with a loose mossy flora. On gentler
gradients, deposits are generally deeper, drier and dominated by small streams. Their flora is

grassy with Salix glauca along the streams and they are among st the most productive habitats with
high densities of passerines. To develop fully, they require long slopes which were relatively
rare, but there were extensive examples in the Eqalungmiut tasé lowlands, around Marble Gorge and
Rimwater as well as in two valleys in the north of the region.

patterned Ground

Sediments are sorted in situ in periglacial environments in ways that are poorly understood,
producing patterned ground in some circumstances. In the coarse plateau soils sorted circles and
stripes are common although generally indistinct. The 1-2 m diameter circles are rings of large
particles and stones, elevated and about 50 cm wide, enclosing a low sparsely vegetated circle of
finer sediments. Sometimes these gravel circles occur without a raised border. On slopes, circles
are distorted by frost creep to form stripes. Turf-covered hummocks, about 30 cm broad and high
are also common on the plateau and occur in large numbers on the damper and finer soils. Ice wedge
polygons are widespread but scarce in damp valley bottoms at low altitudes. They are several
metres across, marked by straight grooves 20 cm deep and 40 cm across which overlie ice-filled
fissures beneath. The narrow contraction fractures which initiate polygons are visible at a few
sites. Segregated ground ice also formed a single mound in a marshy stream gully on the slopes

north of east Eqalungmiut tasia. It was roughly circular, 7 m in diameter and 1 m high with a
clear ice core, covered by thin mossy vegetation, that was freshly fractured indicating recent
uplift. Many types of ice-cored mounds have been described but their classification is confused

and their causes uncertain, and it does not seem possible to identify this one on the basis of our
observations.

Soils

The chemical and biological processes involved in soil formation are slow in the arctic and
ice-induced sorting interferes with vertical stratification, but nevertheless soils have formed,
even near the ice cap where they are coarse and barren. On the higher, better-drained ground there
are coarse mineral soils with little humus or stratification. They are usually thinly vegetated
because of the exposure factor and perhaps because of the leaching effect. Where drainage is
poorer, soils have a darker peaty layer covering paler mineral material. Organic matter accumulates
despite low annual production because of slow breakdown. The litter of previous years was still
largely intact and clearly visible in August.



CLIMATE

Temperature

Fgalungmiut Nunat is 120 km north of the Arctic Circle and the sun is clear of the horizon
from 7 June until 13 July, but it is always low in the sky so mean annual temperatures are low.
The ice cap exerts a continental influence, with the sea 120 km away beyond the coastal mountains
and frozen in winter, resulting in a large temperature range. Winters are very cold but summers
relatively mild, with mean temperatures around -20°C in January and 7.5°C in July.

wind

The thermal properties of the ice do differ from those of the land; it imparts little warmth
to the air, so convection is weak and the sky above it is usually cloudless. Deep temperature
inversions often develop above it, particularly in winter, and combined with the height of the
ice (up to 3 000 m) constitutes a barrier which reduces the trequency and intensity of depressions
and associated wind and rainfall. The inversion is disrupted when depressions do pass over, but
during the intervals betwecn them cold dry air drains off the ice, veering clockwise by the
carth's rotation and warming as it descends. Powerful south-easterly tohn gales develop; we ex-
perienced  two during our stay, 11-12 June when the wooden hide blew away and winds of 83 km h-!
were recorded and 16-17 July, although at other times winds were generally light. Lenticular
¢louds on standing waves sct up by the hills appeared during the f6hns and create spectacular
skyscapes. South-east is the commonest wind direction with north a close second (see Section J).

Precipitation

Rainfall is low; we rccorded 133.4 mm at Base Camp between 8 May and 20 August. This is
probably a large proportion of the annual total because during this period when there is no pack-
ice on the sea, the ice cap inversion is least stable and the maritime influence greatest. The

June and July readings were both just over 50 mm, while snow fell up to the first week of July and
was recorded again in mid-August.

Microclimates

Local climatic variations are marked and ecologically important. The sites of late snow-
banks show clearly the effect that aspect has on temperature because of the low sun, and the thaw's
progress also showed the importance of altitude; lake ice remained over a month longer on the
plateau than at sea level. The effect of shelter was less obvious but in crevices and gullies
vegetation was luxuriant and some species were confined to sheltered sites so exposure to wind is
limiting for some plants.
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B 3 AN ACCOUNT OF THE TOPOGRAPHY AND HABITATS IFOUND NEAR BASE CAMP
A. D. Fox & D. A. Stroud

INTRODUCTION

Base Camp was situated in a gully alongside the Fgalungmiut tase valley complex 9 km from the
fjord to the south. The site was chosen because of the proximity to the Drop Zone (DZ) and its
suitability as a centre ol activities, giving easy access to the plateau to the north and the low-
lying areas to the south and west.

The landscape of Fgalungmiut Nunat is a developing one (Section B2) characterised by thin
soils and generally poor nutrient status. Large areas of the uplands are covered by dry 'barren'
communities dominated by Dryas integrifolia, Diapensia lapponica, Vaccinium ullginosum and Salix glauca, the
low-arctic heath vegetation typical of the region (see Section I1). Goose Valley (the area
comprising the river system draining Upper Marsh through George Eliot to Kuk Marshes) and the
surrounding lowlands were strikingly different from the plateau. (Throughout this report, the
lowlands will rerer toland beluw 200 w, ace Figures B3.1 and B3 2) The main features in this
area were Kuk Marshes, Goose Valley, Eqalungmiut tase and the Ridgeway Marshes. The Imajuitsoq/
Angmat complex (610 m and 428 m respectively) form a highland island amidst the lowlands extending
south to the glacial melt river draining the Inugpait quat glacier. A generalised map of the
vegetation communities present is shown in Figure B3.3.

LOWLANDS

The vegetative production of the lowlands far exceeded that of the plateau. In dry, flat
sunny areas, the dominant community was Calamagrostis purpurescens grassland with a ground layer of
Aulocomnium turgidum, Polytrichum spp. and Tortula ruralis with other bryophytes and containing many herbs
such as Stellaria longipes, Campanula gieseckiana, Cerastium alpinum and Draba glabella and scrub of Salix
ylauca and Betula nana (Figure B3.3). On arrival in May, all grass slopes were covered with litter
from previous seasons, whichacquireda green sheen as the sward began to develop in mid-June,
although it was not until July that the new grass and herb cover came vigorously through the dead
remains. Thus, during the period when the geese were present in the lowlands (Section D1),
production in non-aquatic vascular plants had largely to commence.



Ridgeway

Marshes

Figure B3.1. Lowland areas around Base Camp in the south of Eqalungmiut Nunidt. Shaded area
indicates land above 200 m.

The most ohvious factors affecting vegetation patterns in the lowlands were aspect and drainage.
On the south-facing slopes below DZ and particularly below False Fyrie Crags, therc were extensive
stands of Salix glauca growing up to 2 m height, petering out with the lessening of gradient into the
herb-rich grassland below Needle Cairn Heights. This in turn graded into more heath-dominated
communities with Salix herbacea and Betula nana as altitude increased closer to Base Camp where the
Salix glauca thicket was absent. Small streams running down Needle Cairn slopes were marked with
Salix glauca scrub which showed up clearly on aerial photographs. On the north-facing slopes
below Imajuitsoq and the Angmat ridge, the grassland merged into Empetrum-moss mat (Trapnell 1933)
with Aulacomnium turgidum the predominant ground cover, as well as much PpPeltigera aphthosa and relatively
little vascular plant cover, although vaccinium vitis-idaea, Ledum palustre and Betula nana were frequently
present. This was the typical community associated with all steep northerly slopes and areas of
late snow-lie at lower altitudes in Eqalungmiut Nunat.

The inland regions of west Greenland close to the ice-cap experience a continental climate,
with dry winds from the ice-cap anticyclone. The rainfall is low since the area lies in the rain-
shadow area of the high coastal mountain ranges. Impedance of drainage is an important determinant
of local vegetation patterns. Trapnell (1933) discusses the effect of climate and physiographic
factors on the west Greenland vegetation, and should be referred to for more detailed information.

Upper Marsh

From Top Tarn, a stream flowed from the plateau down Goose Valley,; the flow at all times was
slight considering its catchment area and in August became a trickle like so many other streams.
Beside Base Camp, it entered Upper Marsh, an area of some 0.5 km? extent, probably an old moraine
terrace blocked at one end by a moraine ridge forming a marshy area with predominant Sphagnum-moss
cover. Eriophorum angustifolium, E. scheuchzeri, Carex bigelowii, C. rariflora and Salix arctophila were also
present with Hippuris vulgaris in the stretches of ponded water about the periphery. At its western
end, the stream flowed through thick Salix glauca scrub, underlaid by calamagrostis spp. and frequently
dense mats of Mnium spp. , the only discontinuity in the grass sward of the well-drained slopes
below the Upper Marsh area.

Goose River and George Eliot Marsh

Below Upper Marsh, the stream passed down into a wetland known as George Eliot. This was
different to the higher marshland, being generally drier, although, during the main period of the
melt, it became difficult to cross, while never completely flooding. The wetland contained
several large pools set away from the main area of stream flow below the foot of Needle Cairn
slopes. The stream was deeply incised at the top, eastern end of the wetland. The vegetation was
wet grassland rather than true marsh, although there were some extensive wet flushes of carex,
Eriophorum and Sphagnum.

The outflow of west Egalungmiut tasia drained from Aberchar to join the Goose Valley stream
at Riversmeet, a generally flat area with several large meanders in the course of both streams.

George Eliot was separated from the western lake by a ridge, the north side of which was
steep and covered in Empetrum-moss mat. The south side had exposed rocky outcrops, running parallel
to the lakeside above Aberchar, which were frequented by Snow Buntings, Wheatears and Arctic Hares.

Afon Char

Further down the valley, the river, here called Afon Char, ran through the flat valley
bottom with Ledum palustre and Betula nana amongst the grassland communities to the south and the
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Generalised map of habitat types present around Base Camp.




Salix glauca slopes rising to False Eryie Crags to the north. Below Rimwater Saddle Pass, Afon

Char dropped rather faster through a series of rapids to enter Manx Lake which was also fed by

the Angmatwater outflow (I'igure B3.1). Before entering the lake, the river cut through a sedimentary
terrace, exposing a 10 m face of sediment to either side. This was the site of considerable
instability, the open clay surfaces being colonised by Puccinellia spp. with an ecotonal band of
Lomatogonium rotatum along the base of the faces. In the fine 'rock-flour' sediments were numerous
shells of Mya truncata, Chlamys islandica and fragments of a large barnacle (Balanus ?balanus). These

seem to be part of an area of marine sediments raised by isostatic uplift ( Weidick 1968). The

upper surface of the terrace was some 20 m above the present level of the fjord.

Kuk Marshes

Kuk Marshes congisted of part of the glacial melt river flats isolated from the main sandur
flood plain by the Kuk dune system. The resulting wetland has developed into a series of brackish
pools and areas of freshwater marsh of some 4 km? extent. The drier zones are characterised by
grass and heath with much vaccinium uliginosum, Salix glauca, Betula nana and calamagrostis spp., as well
as much Festuca rubra rarely encountered elsewhere. There were considerable tracts of bare mud
colonised by Puccinellia spp. (principally P. deschampsioides), Triglochin palustre and, on substrates
of greater organic content, Calamagrostis neglecta. In addition, there were many pools of varying depths,
often with sharply defined edges, containing Hippuris vulgaris and considerable algal growth.

One of the features of the marshes was a large (400 x 150 m), domed mud flat. Although open
at one end to Manx Lake, it had no apparent inflow. The centre was raised some 1 m above the
edges and was a favourite roost for the pgeese on the marshes in early May, lacking cover for
Arctic Foxes. Faecal pellets from previous seuasons suggest the area is not fully inundated,
although the mud's relationship with Manx Lake suggests it was once an arm of the lake.

Kuk Dunes

The dune system of Kuk was 3 km x 1 km, separating Kuk Marshes from the braided glacial river.
The dunes were clearly still actively accreting and probably spreading back to engulf the northern
edge of Kuk Marshes. That they were still active was demonstrauted by the many sandstorms that
were seen over the dunes and visible for up to 10 km. These occurred whenever strong winds
blew trom the south-east, with deposits from the sandur and associated terraces up to 400 m into
the air (estimated against surrounding hills). Nowhere did any stable, grey dunes occur, there
being a sharp delineation between the unstable yellow dunes and Kuk Marshes, with very little
evidence of dune stabilisation. None of the dunes possessed more than 50% plant cover and the
species present were all typical of yellow dunes. In particular, Flymus arenaria, Salix ylauca
(forming large hummock formations), Festuca rubra, Plantago maritima and Carex maritima were all typical
along the fjord edge. The damper hollows between dune ridges held Armeria scabra, Juncus arcticus,
and calamagrostis neglecta. In places, the wetter hollows held water throughout the summer, many
supporting a variety of aquatic life; the small snail ILymnaea vahli was common in one pool.

The drainage river [rom Inugpait qﬁut consisted of heavily braided streams of varyling sizes,
winding across the sterile tlats of mud and silt. These flats are known as sandar (singular:
sandur) and are defined as alluvial surfaces formed by meltwaters away trom glaciers. The channels
of the river change frequently and there were many ox-bow lakes and similar features on the
sediment surface. During a canoe trip across the main channel from Kik, the banks of large

meanders were witnessed eroding as was a large terrace along the valley further east. The
sediments were of rock-flour, highly thixotropic in places, quicksands being most frequent along
the edges of the sandur, possibly where less disturbed by erosion. When trodden upon, an
upwelling of water indicated the dynamic tension; further towards the centre, the sediments were
stable enough to walk on. 1In places, differing layers of sediments, probably of different

particle size, were revealed in exposed faces, indicating changes in depositional processes in
the past.

Although the middle area was safe enough to walk on, the peripheral quicksands were
impossible to cross. Sediments covered with water were also safe to walk on, although the water
was milky and opaque and the bottom often shelved, with the main channels probably extremely
deep and very swift flowing.

The entire sandur south of Egalungmiut Nunat was only very gently shelving towards the sea,
and the semi-diurnal tide covered an area of some 8 kmz, from almost opposite the Gullery to the
small island of Qergertaq in the fjord near ligqalungmiut nuat; although the tide influenced the
river levels upstream from this point, the river never covered anything approaching 50% of the
valley floor above the outflow of Manx Lake.

Ridgeway Marshes

N These constituted the third extensive tract of wetlands in the lowlands with George Eliot and
Kik Marshes. They lie in a large basin with streams entering from the Pass of Jennings, from the
west from fmajuitsoq and from the south-east down Willow Valley, being surrounded on three sides
by fmajuitsoq, Coogans Blufl aud 410 m. The arean drained inta the eastern Eqalungmiut tasia.
The outflow into Eqalungmiut tasé had once been blocked by u series of moraines along the southern
shore of the lake. However, the river from the marshes has since flowed through these making a
deep cutting. The marshes were partially bisected by the Ridgeway, an area of ralsed ground
running north-west to south-east.

At the north-eastern end of east Egqalungmiut tasia was another marsh with the river descending
from Hookwater and Raven Chasm flowing across it, forming the main inflow into Eqalungmiut tase.
An outflow from a small pool formed a complex of streams and marshes here. The whole area
around the east end of Eqgalungmiut tase was much used by geese in the latter half of May (Section D1).

Eqalungmiut tase

Two lakes situated between Imajuitsoq and the remainder of the Eqalungmiut Nunat plateau
dominated the lowlands. They are fed largely from the east, with many small streams entering
from the north and southern edges, draining slopes up to the plateau tops and drying up by August.
The lakes were separated at Lakesmeet, where the outflow of the east lake dropped some 5m in 150 m
to the 10 m wide channel that eventually widened into the west lake. The braided outflow stream
from the east lake passed through a series of boulder-strewn rapids, supporting a dense stand of
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Salix glauca up to 3 m high with associated Angelica archangelica. (These two species were found in
association by fast water courses; we should have named Lakesmeet 'Kuanerssuit' meaning the large
or many kuan, the Greenlandic for Aangelica). Along the edges of Eqalungmiut tase there were small
marshes where streams flowing down the hillsides spread out on to the small flat alluvial plains
bordering the south-western end of the lake and on the northern shore of the east lake. This did
not happen about the lake in the absence of flat plains of sufficient flow.

Rimwater Marsh

Rimwater Marsh was a flat area not strictly in the lowlands, with the outflow of Charlie
Lake braided across it. In several areas near the southern edge, old courses of the stream could
be made out by the string of pools. The vegetation was dominated by Aulacomnium turgidum but with
Sphagnum squarrosum and other marsh plants and aquatic vegetation around the water courses and pools.
Eriophorum angustifolium, Carex rariflora and Salix arctophila were found by pools, with vaccinium uliginosum,
Salix glauca and other heath plants present on the drier parts. The heaths merged into Calamagrostis-
grassland on the northern slopes and into Empetrummoss mat on the southern slopes.

B 4 OBSERVER DISTRIBUTION AND BIAS IN EQALUNGMIUT NUNAT
D. A. Stroud

Our distribution over the summer in Eqgalungmiut Nunat produced uneven observational cover.
In order that the sightings bias of certain animals (e.g. Caribou and White-fronts) may be
appreciated, Figure B4.1 and Table B4.1 show our distribution in detail. These give a rough guide
to movements, and it is not attempted to calculate the distributions in fractions of man-days in
any area. Thus squares may have been visited briefly and there may be no record of any man-days
spent in it - where two observers spent a day equally in two or more squares (as on a walk), then
4 single man-day has been recorded for each square.

The diurnal bias in our observations was greatest in May when the cold and low light intensities
meant most observers slept conventionally. In June, the continuous watch at the goose nest
(Section D6) caused people to be about at all hours, while in late June and for the rest of the
summer the mosquitoes forced some of those most severely affected by biting insects to adopt
nocturnal activity patterns taking advantage of the minor 1lull in insect activity with lower night
temperatures. This and the midnight sun meant that activities went on well into the small hours.
Thus while data such as Figures F3.1 and E11.1 etc. are biuased by observer activity, this is not
as great as might be expected, although it cannot be quantified.

Table B4.1. Table of distribution of man-days spent in different parts of Eqalungmiut Nunat
according to areas shown in Figure B4.1.

AREA May June July August Total
Al 1 11 12
B1 35 14 12 61
B2 67 13 80
B3 3 3
c1 42 20 1 5 68
cz2 136 213 243 183 775
c3 1 9 . 10
D1 3 8 4 15
D2 8 4 12
D3 1 14 15
E3 4 2 6
E4 1 1

216 264 . 372 234 1086
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Figure B4.1. Observer cover in different areas of Eqalungmiut Nunat during summer 1979. The

area has been divided by a grid, and the number of man-days spent in each square
indicated by degree of shading.
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@ THI! FXPEDITION: A NARRATIVE OF EVENTS AND OBSERVATIONS

How does one describe a landscape such as Egalungmiut Nunat to those who have never seen the
place? Any expedition provides experiences which lie beyond the scope of scientific papers, yet
in their way are every bit as important as the critical analysis of collected data. An expedition
account of bare science is as distorted as a collection of adventures and anecdotes. The group
felt it important that some of our experiences be set out to complement the summary of our work and
stund many of our observations in the context of their environment. Section C comprises this
narrative account of our stay, linking the project through its preparation and execution. The
section has been compiled separately by APF to whom the editors are exlremely grateful.

LEADER'S INTRODUCTION TO THE EXPLEDITION

9]
=

A. M. V. Higgs

Few people are lucky enough to have the opportunity to tulfil their wildest dreams, yet this
report is the work of twelve people who were able to do just that.

There were countless moments in the months leading up to our departure for Greenland when I
doubted, if not our sanity, then at least our wisdom in expending so much enthusiasm and energy on
such an impossible venture. In retrospect, I believe that it was our sheer naivety which broke
down barriers that the more cautious would have assumed unbreachable.

This introduction tells how the expedition began and developed, shaped by an alarmingly
powerful mixture of caprice and intent. It is written for all those who have the temerity to seek
adventure, in the hope that 1 can show that anyone with a fair amount of imagination and determination
can achieve all we did.

[n September I returned from a short expedition to Iceland convinced that the only thing I
wanted to do in 1ife was go on expeditions. Since it was unlikely that anyone running a serious
scientific expedition would consider taking me, I would have to start my own - the British
Antarctic Survey would not have me (I lacked one vital quality), so T would go one better and go
as far Nvorth as possible and "I'm going 1o Greenland" became the war-cry., I bought the only map

of Greenland in Stamfords and learned the place-names. I wrote away for piles of tourist brochures.
[ asked everyone T met whether they wanted to go to Greenland, and generally behaved uas befits one
new to the business and thoroughly wet behind the ears. The fact that T was not deserted by my

friends but indulgently supported and encouraged by them testitfies more to their loyalty than to
their wisdom!

Miraculously, the whole thing began to take shape, and by the end of 1977 two of the final
members were recruited -~ Dave Stroud and William Higgs, both of whom T had mcet in Iceland, and who
were now snowed under by their final examinations. Up to that time my idea had been a two-month
scientific expedition, possibly biased towards a botanical study of an area (unspecitied), my
interest being more in the organisation - putting scientifically competent people on the spot to
do the work - than the scientific findings themselves. During that Autumn, however, the entire
expedition took, 1f not a 'U-turn', then a very sharp right angle bend. The cuusec was little more
Lhan a chance remark: "while you are there why not have a look at some White-fronts?" The next
day I sought out Dave and Will - "Have you ever heard of something called the Greenland White-—
fronted Goose?" From that moment the world lay at our feet.

Will, a mad keen wildfowler, and Dave, an enthusias(ic ornithologist, took the bit between

their teeth and were off. The area we would visit was prescribed by the rather limited number of
areas known to be frequented by the geese, and the timing by their breeding cyecle. Our intent was
now clear., We would go to Greenland to ring White-fronted Geese, and thus we recruited our first

ringer, Andy Gosler.

Shortly after Christmas 1977 we had our first proper meeting and I was introduced to Tony Fox
and Adic Fowles, both ardent ornithologists and particularly interested in the Greenland White-
fronts which wintered almost in their back-yard, on the Dyti cstuary near Aberystwyth. To my
anxicty T found that the 'bird-boys' had decided in no uncertain terms that the expedition was
scientifically valid only if we extended our brief to a study of the breeding biology in all its
details.  This meant an extra two months in the field to give an awesome field time of four months,
and for the first time I was seriously worried. A scheme for two months seemed hare-brained but
casible, an extra two months 1 was convinced would make the whole expedition founder. It was too
ambitious even for me to swallow - or perhaps my ears woere drying out?

However, there was no logical reason to disagree - the major cost of the cxpedition was
transport and obviously this was unaffected by the length of stay. I had reluctantly to report
that logistics, while strained, would not break down completely given the restriction that we
stayed near the coast, and so the die was cast and the real work could begin.

Jobs were parcelled out to members, and we began the hard graft of planning the scientific
campaipn, fund raising and logistics. We even opened a building society account and begun to
receive personal contributions., Finals came and went, as did expedition members. Jobs were
reallocated and by October 1978 we were left with a hard core of five people - often separated by
hundreds of miles and yet miraculously held together by an almost fanatical purpose.

David had from the start taken on the job of defining the scientific projects and equipment .,
His library of photocopies became ponderous, and to my alarm he appeared to be dragging high

technology into behavioural observation. He would emerge periodically with a new crack-pot idea,
circuit diagrams and soldering irons, new theories and unending enthusiasm - in retrospect most of
these paid off. Tony Fox took over the cheque-book and kept - and is still keeping as T write -

detailed accounts of every transaction. He had the ability to keep the purse-strings tight and I
feel it is the greatest compliment to him that every one of us, when we needed money for our
project, wondered if we would be able to persuade him that our particular purchase was deserving.
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Adie Fowles was more familiar with Chaucer than expedition equipment and yet, when asked took
over the whole of the equipment ordering most diligently. He even mastered the delicate art of
the sewing machine to put the finishing touches to our tents.

Will Higgs shouldered the thankless task of secretary like a man (unbiased statement) and
kept the whole show on the road; he acquired information, permission and money by continuous
etfort over the best part of a year. Without his energy and drive we could not have achieved so
much in so short a time. During this period we acquired our scientific advisers and received the

patronage of Sir Peter Scott. We printed notepaper and a prospectus, and visited the Wildfowl
Trust, where we were met with less scepticism than I would have expected. Our greatest compliment
was '"Well, at least you don't want to go this summer". We were promised Darvic plastic for rings,

and then a great step - WAGBI promised a substantial donation. We had achieved credibility!

The office we had been so generously given by the Botany Department at Aberystwyth hummed
with activity, correspondence and an ever rising tide of money as the fund thermometer rose
imperceptibly into the "irresponsibility belt", where we didn't have quite enough money, but
would go anyway, and cope with the consequences later! Then, after a successful interview at
Kensington Gore with the Royal Geographical Society and the Mount Everest Foundation, leading to
recognition from both, the money really began to roll in. With a leap we were home and clear,
with enough money to send ten people and the thermometer still rising.

Two ringers, Phil Belman and Pauline Eddings, had been introduced to us and Phil took over
the ringing arrangements trom Andy who was by now facing tinals and short of time. But we coveted
a doctor. We just couldn't see how we could manage four months in the field without one, and so
we placed an advert in the New Scientist and the British Medical Journal. More than any other statement
I think this sums up the incredible optimism of the members at that time:

"Expedition to Greenland requires medically qualified ornithologist/
ringer for four months end of April. Danish/Mountaineering advantageous."

Superman, as he was immediately christened, materialised in the shape of John Bell - not a medic,
but with Antarctic experience, anunnaturally even temper, loads of common sense, and a penchant
for heavy rock music and fast motorcycles. With the help of Dr Stroud he immediately took on
the task of organising the first-aid and medicine chest. His patent cure for all ills was

t Senakot and Distalgesic'. Mercifully the threat was enough, and he never had to use either.

We began to forge contacts with Denmark and having found that written communication was a
rather lengthy business, inserted an advert in the local student newsheet:

YWANTED altruistic Danish speaker to make exciting phone
calls to Greenland and Denmark."

Olaf Jones proved to be just that, and soon calls to those countries became commonplace. This
culminated in Will's visit to Copenhagen to meet some of the people professionally concerned with
Greenland. He came back with a large denation from the World Wildlife Fund (Denmark) and a
Danish Ornithologist, Jesper Madsen, who proved to be an incalculable asset to the expedition as

a linguist, a scientist and a friend. Shortly afterwards, the third ringer was recruited, Phil
Navies, who started out convinced he was past it, and ended up passing the rest of us! The Irish
sonnection was made by John MCCormack, a resident of Wexford, where many of the geese winter. He

turned out to be a prodigious stalker and the only man of the expedition to surround a lakeful
of geese single-handed!

With a full complement of members spread about the countryside, fast communication became a
major problem. It was decided that the regular meetings of those present in Aberystwyth should be
joined via the telephone to any member with a problem, progress report, or a desire for the latest
news. This gave me at least the impression that we were a unit of people working together.

The RAT, meanwhile, gave us a definite'maybe'to our request for transport on the most expensive
leg of the journey, releasing money which could be used to hire a helicopter - which, together with
the possibility of an RAF air-drop, meant that we were no longer tied to the coast. At the same
time Jesper brought us exciting news from Denmark in the form of air-surveyors' sightings of a
'high density' of flightless geese in an area about 70 km north of S¢gndre Strgmfjord Air Base.
Should we change tack and go here or stick to our original intention of studying a coastal region
at Sydostbugt, Disko Bay? We had made several friendly contacts in the Sydostbugten area but the
reports of geese from there were vague and the terrain promised to be very difficult for walking.

On the other hand there was nothing to show that the geese had actually bred in the more southerly
region. We took a gamble, amid much discussion, and opted for Eqalungmiut Nunat, the Char-
fisherman's Land, at the head of Nagssugtoq. We chose for our base a unique area of valley, lake
and plateau in the hope that this terrain would provide a variety of habitats, at least one of which
might suit the geese.

Back in Aberystwyth the food was mounting up and packing began - a mammoth packing-weekend
and hours of dust-covered labour during the previous weeks had to be faced before this was completed.
John Floyd spent the following weeks either up to his eyebrows in powdered milk or wielding an
cngraving machine making over 700 Darvic rings. Life moved apace! Maps, rings, and aerial
photographs came in from Denmark. The hide and canoes were built in Essex and the equipment was
slowly brought together from all corners of the country. We were given a radio course by Racal-
Tacticom in Reading, and a first aid course in Aberystwyth. Fibre pile suits were cut out of a
vast carpet-sized roll of green material and stitched together by no less than a quarter of a mile
of cotton thread wielded stoically by my mother who was '"on holiday" in Aberystwyth. Bales of
mosquito netting dating from a long forgotten eastern expedition were attached by Velcro to the
tent doors, in what turned out to be an abortive attempt at mosquito proofing. Finally, everything
we would need for our four months of self-sufficiency was packed into tea-chests and piled into a
hired van. The journey to RAF Lyneham must have been a nightmare as the van was grossly overloaded
and the passenger was in danger of being crushed beneath a pile of mobile crates and huge blocks
of cheese every time it slowed down.

The final weeks were spent by various members rushing around in their own whirlwinds on their
home territory. Last minute items were rushed in and packed into personal kit while we tried to
encompass the idea that we were really going to Greenland. Our final gathering at David's house
in Pangbourne was rife with supressed excitement and with our breath held in disbelief we were on
the threshold of our dream.
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C 2 THE BEGINNING (2-5 MAY)
A. P. Fowles

The curtains were thrown back in the early hours of 2 May and we looked out on a beautiful,
crisp English morning. Preparations were over and the expedition had now begun. The male contingent
of the advance party had enjoyed the kind hospitality of the Stroud family for a few days prior to
departure while the finishing touches were put to our plans. We breakfasted quickly, though
lavishly (every taste of '"real food" was now to be treasured as a fond memory for the coming months),
and packed our personal gear into the convoy of cars gathered on the drive.

We were well on schedule as we headed down the M4 through the bright sunshine to RAF Lyneham,
taking in our last glimpses of English countryside. Hercules 206 was still being loaded when we
arrived and the flight eventually left an hour late. This gave us one last chance to enjoy the
vagaries of British weather as it began to snow on that perfect Spring day. By the time we took
off the snow was driving steadily across the runway - a foretaste of the climate we were heading
for. However, we were not flying direct to Greenland as the Hercules had first to deliver supplies
to the air-base at Goose Bay, Labrador, in Canada and we were to spend the night there.

The air-crew had warned us that facilities on board the Hercules were spartan, but in fact we
were all surprised at the relative comfort in the cargo-hold considering that it is essentially a
transport plane. Admittedly there was little room to stretch one's legs - but it was the two and
a half tons of our own equipment that took up the space. Once airborne we crowded to the windows
awe-struck as the industrial scene of South Wales unfolded below us. Pembrokeshire, Skomer Island,
and Southern Fire followed before we headed out across the blue Atlantic. During the flight the
crew treated each of us to a visit up to the cockpit to marvel at the amazing battery of dials -
an unforgettable experience.

Seven hours later the snow-clad mountains of Canada began to peep through the clouds at us,

though sadly the cloud cover was too dense to get much of an idea of the landscape below. Goose

Bay itself is uninspiring: tall, square, featureless buildings scattered in blocks over the dusty
base. The surrounding countryside was no doubt typical of this part of Canada, an endless vista

of dark conifer forests, a line of mountains just visible on the horizon. We'd all brushed up on
our knowledge of North American birds and had high hopes of seeing such exotics as juncoes, kinglets,
and flickers but the truth of the matter was that these vast forests had a very sparse bird-life;

in three hours we saw one Raven!

After tea we made use of the remaining daylight hours to explore a little way into the pines
and here we had more success, seeing nine species in all. The best of these by far were a pair of
Red-tailed Hawks circling over the conifers and calling to each other. I do not doubt that the
pine forests generally lack a dense population of birds but the immediate environs of Goose Bay
must surely suffer from the indiscriminate tipping of waste; the rivers literally ran red with the
'blood' of rusted oil cans. Evidence of considerable shooting suggests that this pastime contributes
significantly to the absence of bird-song.

As the light failed we retreated to the NCO's club - four months without beer was a daunting
prospect. For the next four hours we acquaintedourselves with several pints and talked to Capt.
Phil Sharman, our pilot. Finally, at 02.00 hours local time, we sauntered back to the insufferable
central heating of 481 barracks and went quickly to sleep.

I've no idea what woke me at 05.45 hours; perhaps it was the soldier singing an obscene version
of 'Mother Kelly's Doorstep' in the showers. I duly roused John Floyd, Tony and Dave and we set off
into the drizzle for a spot of pre-breakfast bird-watching. It was typically unrewarding, although
a chorus of drumming Three-toed Woodpeckers in the pines below us made it almost worthwhile.
Breakfast, then straight over to the Hercules as it was being loaded, and airborne once more by
10.15 hours.

Today the cloud was very dense so again we were unable to see any land beneath; it's strange
to leave a rain-sodden world and enter the permanent sunshine in blue sky above a layer of blinding
white. Two hours later we had glimpses of sea with scattered pieces of ice and then suddenly we
were told to don life-jackets as we were descending. For five minutes we dropped through the cloud
and then this dramatically disappeared to reveal a most incredible, and indescribable, view: ice-
mirror lakes glittered in the snow-capped mountains - the jagged, barren beauty of rock - as they
fell steeply into the frozen sea. A fairy-tale landscape. The Hercules then headed due east and
followed a fjord into Kangerdlugssuaq (S¢ndre Strgmfjord); the snow petered out quickly inland and
the mountains rolled more gently.

The next destination was our Drop Zone in Eqalungmiut Nunat and the loadmaster and his team
began preparing our gear for the air-drop. The RAF were using the requirements of the expedition
as a training run for low-level flying, navigation, and air-drop techniques so for the next two
hours we were treated to a sensational flying display as the aircraft manoeuvered in and out of
the valleys. At Eqalungmiut QUnﬁt we overflew the area chosen for the drop and began a series of
eight runs which circled the Imajuitsoq massif; at times the huge plane was only 35 m above the
ground. The first load to be jettisoned was attached to a pink parachute as a marker and the next
seven came down efficiently within a 100 m radius. There was only one hitch to this success: a
parachute came off the box containing most of our scientific equipment and it hit the ground with a
sickening thud. We feared the worst but there was obviously nothing we could do about it.

I'm told that the whole of this low-level flight was a once in a lifetime event but I'm afraid
I suffered greatly from the oscillations of the aircraft and for two hours I felt the need to
clutch onto my NATO sick-bag. Although we were told that it was a very smooth ride, six of us
succumbed to the twistings of the plane and in fairness I must add that several of the crew did as
well. Hence it was a very bedraggled expedition that sat on the runway at S¢gndre Strgmfjord Air
Base awaiting transport, though spirits were raised by the sight of five Snow Buntings that flew
overhead. Through the kind offices of the Commander, we were able to stay at the plush hotel
reserved for the air-crew and to enjoy a couple of days of luxury before we resigned ourselves to
the rigours of the tundra.

The air-base is effectively split into two by the runway, the north side composed of the
civilian settlement connected with the SAS commevrcial airlines and the south side reserved for
USAF military personnel. It is much smaller than the Goose Bay monster, 1s flanked on both sides
by mountains, and the grey-milk fjord runs down past the hotel. The scenery isn't exactly breath-
taking but the ice-cap is visible some thirty kilometres distant and that makes- it quite special.
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In the evening we made our way over to the bar and chatted with the crew of the Hercules once
more. We owe a great deal to them, and their friendliness and interest in the expedition was most
encouraging. It was at this time, in the early hours of 4 May, that we learnt of the election of
our first female Prime Minister. What kind of Britain awaited our return?

Next day, while the others arranged final details with the authorities, John Floyd and I climbed
to the top of the ridge north of the base. It was a beautiful warm day, hardly what we had expected,
and the views were magnificent with the ice-cap gleaming prominently to the east. On our descent
we disturbed an Arctic Hare which casually moved a little further off and then sat up on its back
legs to stare curiously at us.

RBack down at the terminal, the SAS flight from Copenhagen had arrived and we gathered to
welcome our leader, Alison, who was prevented from travelling with us by RAF policy - No Women
Allowed. Then it was over to the runway to wave goodbye to our friendly Hercules on its way to
Qénéq and colder climes. The rest of the day was spent relaxing and conserving energy for tomorrow's
strenuous task of setting up Rase Camp, although we did allow ourselves one last visit to the bar
for a final reminder of what we were to miss. Late-night packing and excited chatter meant that
we got to bed at 02.45 hours.

Three hours later and the time had come to get the expedition proper underway. We made full

use of our last civilised meal and then trudged over, under heavy packs, to the Danish side. Even
at this hour of tne morning the sun was blistering and the skies crystal clear.

G 3 ARRIVAL IN EQALUNGMIUT NUNAT AND ESTABLISHING BASE CAMP (5-8 MAY)
A. M. V. Higys

0Of all the possible ways to travel on an expedition, the helicopter gets my vote. For one
thing it gives an expedition that aura of authenticity that arriving by SAS jet never could., As we
c¢ncaged our baggage in the net behind the pilot's seat and scttled ourselves into the slung canvas
seats of the S568 Sikorsky that was to take us into the field, T was conscious of both a tremendous
sense of achievement and of excitement at setting my first foot on unknown territory. The motion
of the helicopter was quite unlike that of an aeroplane; it throbbed violently in response to the
engine, and yet we lifted and travelled without any sense of movement.

The day was hot and cloudless so that as we flew the distorted shadow of the chopper hopped and
slided across the hillocks below. I found it impossible to gauge either our height or the size of
the features we passed over until my attention was drawn to some small white specks alleged to be
Caribou. I beggan to appreciate the scale of the terrain and the size of the lakes that littered
the landscape. Most stunning of all were the vast ruddy valleys. Although I had realised from the
maps that they were wide and braided by rivers, I was unprepared for the fact that the breadth of
the valley was impassable, covered by what turned out to be fine glacial mud, liquid under a frozen
crust, and netted by milky rivers flowing from the ice-cap. Two such valleys separated us from the
nearest outpost of humanity, 75 km away - we would be truly isolated in our chosen area!

The pilot homed in on our DZ with little difficulty. The compactness of the dropping zone was
quite impressive, in some cases the loads had landed uncomfortably close together so that the 'chutes
were flapping together in tangled groups. The last time I had seen these packing cases was in
Aberystwyth, meeting them again here made me feel rather like Stanley as he strode to meet Dr.
Livingstone. With the chopper duly unloaded and the pilot having settled down for a brief rest, we
wandered over to inspect the condition of the loads. The 'Dangerous Air Cargoes'crate which
contained Metafuel, Primuses, matches and an array of glassware and chemicals had become detached
from its parachute before impact. Its contents were strewn over quite a large area of tundra in
small pieces - the Dayglow orange tape which signified danger winked out at us from willow bushes
and tussocks of frozen grass. Some Metafuel remained in boxes, most was powdered finely amongst the
dead vegetation. Primuses were dented or broken and the chemicals had evaporated into the clear
Greenland air. In the few minutes before the chopper left I scribbled a note to Phil Davies
which sums up our loss and my anxiety rather well:

"Imperative you bring 60x boxes of Metafuel, 20 tablets in each.
Repeat. 60 BOXES METAFUEL. Can cope with food problem ..... L

The food loads had suffered mixed fortunes. The biscuits had landed intact to a crumb. One
1-ton load was perfect, but the other was a scene of disaster. The fact that all three canoes
had been written off in the landing was barely noticeable compared to the havoc wreaked among the
ration bags. Splintering tea-chests had ripped through the polythene bags, most of which had burst
on impact anyway. The result, when the canvas cover was pulled away, was a sickening morass of
tea, sugar, porridge, soup and TVP, liberally laced with splinters and shredded polythene. The tins
of jam looked as if they had been hit with a 12-pound hammer and were oozing happily in a corner
over a pile of crumbs which had once been a cake. I realised in horror that this mess represented
half our food. If we could salvage it we would need containers, and the one thing we did not have
were spare food bags.

The hero of the hour was undoubtedly Steen Malmquist (the manager of S¢ndre Strgmfjord Airport)
who had flown out with us to see us safely ensconced. He returned in the afternoon with three
Danish journalists and a large quantity of polythene bags, landing his light plane on the frozen
west Eqalungmiut tasia. Towards evening we abandoned the salvaging attempt, knowing that all the
food was at least in water-tight containers, even if quantities of it were irretrievably mixed up.
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The following morning dawned drizzly. If we had arrived one day later we would have lost half
of our food to rehydration! The equipment already dumped at the site selected for Base Camp was
covered only by a blue parachute which was weeping turquoise dye over everything, but after a
considerable amount of chivvying we began the job of humping loads, setting up base, and getting
everything under wraps. By the following afternoon the expedition could begin and the boys decided
to "nip down to the fjord" with the radios to try them out. They returned hours later utterly
exhausted after a 20 km hike and a 200 m climb, determined not to be fooled by the clarity of the
Greenland air again. This, coupled with a lack of familiarity with the scale of the landscape,
meant that we were as yet totally unable to judge distances, a potentially dangerous failing.

During the next few days we concentrated on things domestic. John Bell built a lean-to
against the mess-tent to house personal and scientific equipment, with cupboards and seats. Our
radio schedules with Sisimiut were completely unsuccessful, even with the dipole aerial set on top
of a 500 m ridge.

My all-consuming problem was whether we should send a party at once to S¢ndre Str¢gmfjord Air
Base to obtain new radios, or wait for an emergency before sending runners. From our recce in the
helicopter the return trip seemed long, dangerous, and uncertain of success. In the end 1 decided
to gamble and risk the journey only in an emergency, so we settled down to abortive radio schedules
every night, until we managed to raise the GGU on the evening of 24 June.

The first scientific meeting of the expedition led to a decision to establish a goose-watching
camp at the bottom of the valley, as a few geese had been seen there on the first walk. Jesper and
Tony eagerly volunteered and descended, aided by Adrian and meas pack-horses. Returning up the
north side of the valley we stumbled across our first evidence of breeding geese - a predated nest
with the skeletal head of the female buried nearby in the grass. This was an occasion for great
rejoicing and sighs of relief all around; there was now at least a good chance that we would have

breeding geese in our chosen area.

C 4 LIFE IN BASE CAMP (MAY - AUGUST)
A. D. Fox

Whereas we had originally planned that our Rase Camp should be little more than a food and
equipment dump, in fact it rapidly developed into an institution, a home from home, that filled a
special place in what we came to know as the 'Greenland Experience'. It seems apposite to include
here a description of the 'atmosphere' of that loose colony of tents that so coloured our
responses to the events of the whole expedition.

Of course, we all had our own private reasons for going to Greenland; the link, however, was
more than a fair share of escapism. DIven those of us fortunate enough to live in rather remote parts
of Mid-Wales would concede to at least some desire to leave behind the rigours of Twentieth Century
life. This made the Base Camp phenomenon all the more remarkable. For four months it was very
much our home and the centre of all activities. There we were, twelve Europeans thrust into the
Arctic tundra, clinging to a few tenuous anchorages of the existence we had left behind.

The first priority on arrival in Eqalungmiut Nunat was to establish a base for our project.
Our choice was a fine one, its only fault, for me at least, lay in the 2 km march up from the Drop
Zone, a fact that forced some of the group to accept fitness rather earlier than anticipated.
Nevertheless, the position was ideal: a small scatter of moraine hummocks set in the shelter of
Needle Cairn Heights and the Crusties, with an associated stream pouring clear, white water fresh
from the lip of the frozen plateau above. The site was furnished with a magnificent view down
Goose Valley to the fjord beyond, a view that was to replace wallpaper and bathroom mirror in its
very familiarity. Behind, the Crusties and their distinctive profile rose solid and reliable.

The nature of the moraine substrate, being soft and dry, meant that, in spite of the permafrost
petrifying all but the very top layer of soil, fewer tent pegs were spent in anger than might have
been anticipated. Later, the icy grip on the soil relaxed and we were no longer treated to the
crouching figure of Mr Bell tapping in tent pegs long after lights-out as the ice forced them
gently skywards. The site even offered a discrete depression amongst the hummocks for an excellent
latrine-with-a-view, although its construction, through a frozen watertable, was problematical.

Man's yearning to make a mark on the landscape was quickly and lustily satisfied. The obligatory
flag-pole was raised as a plea to the radio waves that were never to reach us but, for a while, it
formed the focal point of the camp and it gave us a pioneering thrill to raise the Union Jack and
Danish ensign in a corner of a strange and foreign land. T"owever, it was the erection of the mess
tent, itself a pioneer of many distant shores, which really signalled the establishment of our rule.
The very able Mr. Higgs produced a Chinese-style, floor-hugging table from unpromising off-cuts,
and the tea-chests that had escaped damage in the drop formed the basis of the kitchen suite. The
Dartford Warbler on the calendar gave a curious reminder of home and may have been responsible for
the inexplicable whiff of gorse-fragrance which many members claimed to have experienced. The floor
was quickly paved with slabs dragged precariously at risk of permanent injury to their bearers, from
a perched quarry above Base Camp. Indeed, more than one of the valiant quarrymen was witnessed lying
tortoise~like on his back, unable to struggle back to his feet, slab strapped to his pack-frame.

The Royal Air Force had very kindly donated vast amounts of water-proof material and several
kilometres of rope in the form of parachutes. The bags which had contained them were stuffed with
packing material, adding comfort to function, and if the three-piece suite didn't quite match
nobody minded too much. Suddenly, the Base Camp phenomenon was born - the distraction complete.
With several sackfuls of tea-bags, an inexhaustible supply of water and suitably enormous Primus
stoves, we had comfort and all the facilities we could want.

During the first few weeks, the cluster of small tents multiplied and the extensions to the
green mess tent proliferated; at the hands of JB a couple of SEAC parachutes became a store, bravely
surviving to protect our possessions to the very end despite later indications of imminent collapse.
Behind the main tent a massive polythene greenhouse took shape, providing excellent laboratory-cum-
study facilities and doubling as an extension to the banqueting hall when a capacity crowd was
expected for one of Alison's sumptuous gastronomic occasions. In spite of the meagre rations and

28



inadequate cooking equipment, these feasts were nothing short of haute cuisine and were important for
the celebration of birthdays and unbirthdays alike, in helping morale along, and providing an
excuse for the entire group to gather as one about a single "table".

The trouble was, that once enclosed and bathed within the eerie green light of its inner sanctum,
it was curiously difficult to leave the mess tent. Porridge parties often spanned whole days and
nights as participants came and went, providing conversation and euphoria which at times questioned
the very contents of the oats packet. Tea, so lovingly prepared in the Empire of old, was hopelessly
adulterated. Initially prepared by the early bird, the tea would then brew, steam, and stew
throughout the day, passing around and through the gathered addicts at alarming rates. The Great
British Bladder came through the ordeal with flying colours. Despite the quirks and vagaries of
such a small group, the beverage was comsumed to the satisfaction of all, from JB's often tardy
plea for a cup of tea hardly tainted by a tea-bag to Dave's extraordinary capacity to imbibe cold,
stewed sludge complete with Branchiopods. Indeed, Mr. Stroud's "Jolly Green Giant" pint mug
quickly developed a considerable deposition of tannin which grew almost visibly like some curious
coral, diminishing the volume of the vassel and apparently having several discernible trophic
levels at the end of four months. Disembowelled tea-bags brought a quality of tilth hitherto
unrivalled in the Arctic, and the vegetation shrunk back from the bounds of the camp in horror. Only
the confiding Lapland Buntings with their endless curiosity ventured into the camp, even entering
the tents to be given 'Original Nut Crunchy' in exchange for their vital statistics.

Without radio contact with the outside world during the lirst two months we had to be content
with one-way conversations with the transistor radio in Base Camp. John Peel became a necessity,
while the 'Voice of America' gave us a new perspective on the world and our French was stretched by
the Canadian services. 1t was undoubtedly Lhe combination of the BRC World Service and daily
readings from Green & Greenwood and Hamilton Bailey's Physical Signs in Clinical Surgery that stood
between the group and insanity.

As the sphere of human influence spread across the land, grotesque shapes adorned with unmention-
able items of underclothing began to appear between the familar outlines of the tents as the antler-
gatherers harvested their bounty. Ideal perches for birds, these became the setting for encounters
betwcen Lapland Buntings and some of John Floyd's more vocal socks.

Although it was planned to establish a rota of tasks delegated to the 'Camp Attendant', the
arrangement largely fell into disuse and a vague anarchy proved almost functional, albeit at the
expense ol the likes of Ade, whose proven skills in the sphere of water-gathering and washing up
in cold tea were tried to the extreme. It is undoubtedly of considerable importance to delegate
someone for this purpose, as without an appointed person the untfinished tasks could well have
resulted in friction within the group. The result of many meals consumed during several sittings
each day in the mess tent was aparaffin-drenched table with accumulations of miscellaneous powders.
This inevitably led to a rather untoward, although not particularly serious, fire under the table
towards the end of our stay. The household authorities subsequently ordered a rather more rigorous
approach to camp tidiness.

Towards the end of June, the arrival of the ringing party caused a greater degree of urban
sprawl. The need to mist-net in relatively undisturbed areas of scrub meant that satellite camps
sprang up just outside the main sphere of influence, and new tracks began to appear through the
new—-grown grass slopes. With the arrival of the new personnel came the added bonus of the mosquitoes
and black-flies, so gloriously ahsent throughout the first two months. The team had taken a strange
assortment of insect-repellent devices, most of which, in fairness, were reasonably effective.
Perhaps the most bizarre were the ''Moon Tiger" mosquito coils, a joss-stick to be burnt in confined
areas and guaranteed to give "restful and peaceful nights without being troubled by indiscriminate
mosquitoes'. This may work well in the Orient but the Arctic Dipterans appeared to suffer less
from the effects of the smoke than the human beings incarcerated therewith. It was generally
agreed that a packet of 'Woodbines' would have been equally effective and far less damaging to our
health. The ringing group was well prepared with small electronic buzzing gadgets about their necks
to repel the Dipteran onslaught. Their efficacy was hotly contested, and the source of considerable
amusement, as we were whined and dined to a perpetual hum from the corner. The Green Tent was ideal
for late evening gatherings of mosquitoes; the effect of warm bodies and several sittings of food
and drink was to heat the ridge of the tent to inordinate levels, extending the dipteran day by
several hours. From the tent ridge, thousands of mosquitoes would look down in total disbelief at
the sumptuous human meal arrayed before them and, quite helpless, we would be bitten until the early
hours in those few spots of exposed flesh missed during the last application of repellent.

As the summer progressed, the river that had provided so much tea-drinking began to dry up and
the appointed water-purveyor found himself struggling further and further to provide clean water for
the ever tea-hungry residents. The camp-site became drier and dustier as all traces of plant life
vanished from the vicinity. It was perhaps as well that during much of July the group was based well
away from the Base Camp region in the pursuit of geese. The latrine in the meantime had indeed
turned into a bog, a botanical lesson learnt by all; we shall, I suspect, all be able to recognise
frozen moss mat next time and steer well away in future sewage projects.

The wccumulation of matarial in sneh a camp is remarkable indeed. Our clearing up operations
took several days as we burned everything in a desperate attempt to fall within the hellicoprer
weight restriction. The vast accumulation of gear and samples was packed up and the litter, such
as there was, gathered, and fired by Phil Davies who leaned stoically over a fire that was to burn
for many days. Strange, then, to view on the morning of our departure, the ghosts of favoured
tent sites, the well-trodden tracks to stream and latrine, and the outlines of the constructions
that had stood for so long. A ceremonial cairn was built by Will and adorned with a fine set of
antlers and, as the helicopter appeared away to the south, we all pondered for a while on this place
that had meant so much for four months. As the chopper took oft, banked, and gathered height,
there was just a fleeting glimpse of the skeleton of something we were unlikely to return to, and we
all swapped the experiences of the last four months for the familiar shapes of S¢ndre Str¢mfjord
Air Base.

The stage having thus been set, let us return to the second week of May and a chronological
account of the adventures of the expedition and our responses to the wilderness around us.
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cC 5 KUK MARSHES - FIRST TREK (7-13 MAY)
J. Madsen

After the first reconnaissance down through the valley to Kuk Marshes on 7 May, where we had
seen the first geese, Tony and T decided to travel back down to observe the geese as they arrived.
Assisted by Adrian and Alison, we left BC on 9 May and once again we experienced our lack of fitness
as we trekked through the vast land of high, dead grass and willow scrub. More or less eXhausted,
we pitched camp at the inflow of Afon Char to Manx Lake (and from then on all our tent pegs showed
unmistakeabkle signs of having been hammered into the frozen ground), close to an old camp-site used
by Greenlandic hunters with the typical remains of modern man.

The following days were spent concentrating entirely on the goose observations. From a hill-top
above the marsh we surveyed the entire area, watching the feeding adults and the passage of geese
from the south. The days were pleasant with the warmth of the sun and only slight winds, making our
observations comfortable. On 12-13 May we stayed on the hill throughout the night, and as soon as
the sun set behind the western ridges temperatures abruptly dropped below freezing point. Well-wrapped
in several layers of warm clothing, we sat against a rock-hummock, watching the geese and the scenery
around us. No winds stirring, a crystal clear sky and the lonely sounds of cackling geese and the
sad barking of foxes in the distant hills. That night, [ think, gave us for the first time a
feeling of how unique this harsh, but beautitul environment was. During the coldest hours we kept
shifts, so that one of us was on duty keeping an eye on the geese through the telescope while the
other tried to get a few hours sleep. The ice-cold telescope ocular stuck to the eye, tpe
observer behind trying to keep warm while the sleeping bag froze over from the condensation coming
from inside

The morning sun greeted us and, satisfied, we finished our observations at 10.00 hours. Very
tired, we staggered back to our camp for much needed food and sleep. 1In the afterncon Adrian,
David and John F, came down from BC in order to lay out the breeding bird census grid and to
take over our observations.

C 6 THE FIRST GLACIER ATTEMPT (11-12 MAY)
W. J. Higgs

With Base Camp established and goose observations under way Alison and I chose to try to reach
the snout of the local glacier which discharges into the head of the fjord-valley visible from Base
Camp. The Greenlandic name for this glacier is Inugpait quat, which I was later told meant "many
people's urine". So, on the morning of the eleventh, we booked ourselves out for two days, packed our
gear and set out from base in mid-morning.

We descended to east Eqalungmiut tasia and walked the entire length on the ice. Ridgeway Marshes,
the extensive area of marsh at the head of the lake, held Mallards, Caribou, two foxes and a pair
of geese which flew up from near the lake and circled around us twice before returning to the same
spot. Very interesting - perhaps a nesting pair? No time to lose though, so onward to find ten
more geese higher up the marsh.

A deep gully was chosen as a route up the very smooth, steep slope now facing us, a very arduous
and increasingly dangerous ascent. Where the gully became steeper and narrower towards the top it
was choked with large boulders and smaller areas of extremely smooth, hard ice which was impossible
to walk on and had to be crawled over when they could not be avoided. This wuas a marked contrast
to the lake-ice which had a crunchy, easy-to-walk-on surface.

By mid-afternoon we had conquered this obstacle however, and had lunch on the plateau proper.
Here the inadequacy of the 1:250 000 maps showed up - ridges, peaks, small lakes and valleys were
all missing. We got a little lost and had trouble with the compass but, thanks to the distinctive
shapes of the larger lakes marked, we found our way to a recognisable spot on the fjord-valley
side, 4-5 km from the glacier. The frozen lakes were very useful as easy-walking sections, as well
as land marks.

The plateau, at an altitude of 500 m, was a novel environment for me, a memorable combination
of stark contrasts and vivid impressions: the absolute silence except for the sound of wing beats
of a goose or raven audible high overhead; the coldness of the air and the heat of the sun; a piebald
landscape of dark rocks, scree and withered plants with brilliant snowbanks and frozen lakes;
water everywhere in the form of ice, snow, and frozen marshes but everything absolutely dry, the
dead vegetation crumbling to dust as you walked through it. Walking across the plateau, in shirt
sleeves, is hot, thirsty work but pause in the shadow and you are chilled to the bone.

We had some exciting glimpses of the glacier during our steep descent to the floor of the
fjord-valley but we were so tired that we pitched our tent on the first good spot, ate our £il1l, and
went to sleep.

Next morning, we were ready to go at 10.30 hours, and chose to skirt the plateau region we
had crossed and instead follow the sidé of the main valley. The fjord-valley was mostly filled by
extensive mud flats with a very braided river of melt-water meandering across them; all of this was
at the time covered by melting ice. Along the sides of the valley bottom were extensive sand dunes
and flat alluvial gravel-beds, but in some places the steep, rocky valley sides fell directly into
the mud. Here there was a well-trodden Caribou path on which we made good time and it took us eight
hours to regain the head of east Eqalungmiut tasia.

At the lake head we found a pair of geese in the same place as on our outward journey and also
two foxes, one of which appeared to be asleep on the lake-ice. It bounded off at great speed as we
approached; they run very strangely, the front legs leaving the ground in little leaps. The lake
was completely frozen on the south side where it is shaded by Tmajuitsoq, but on the north side it
was exposed to the sun and we had some difficulty getting to the bank.

We disturbed another pair of geese in a small marsh on the lake-side and on reporting these
sightings to the folks back at Base Camp we were told that geese had been around the camp all day
and 'resident' pairs had been noted in other areas.
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c 7 FIRST HALF: BASE CAMP AND GOOSE OBSERVATION (19 MAY - 20 JUNE)
D. A. Stroud

The evening of 19 May saw everyone at Base Camp for the first time in eleven days. Will and
Jesper had just returned with the news that the first goose nest had been found on the north face
of Imajuitsoq, leading to speculation that they were cliff-nesters after all. On the strength of

this, the huge 'Celebration' cake, brought all the way from Pangbourne and now rather buckled after
the air-drop, was started and greatly enjoyed.

When the next day dawned Will's master plan rolled smoothly into action. Small groups were
dispatched with ridiculous loads of collapsible hide in metre-square sections, and could be seen
struggling across Lakesmeet to the south of east Fqgalungmiut tasia. HNaving partially constructed
t{he hide out of site of the nest about a kilometre away, the nest was visited. DISASTER - the egg
had gone, possibly predated by a Raven whose eyrie was 300 m further along the same cliff, and the
geese had disappeared. The rest of that day was spent in an unsuccessful search for another nest
nearby.

The following week was spent searching for more nests; pairs of geese on feeding areas were
watched in an attempt to follow them back to the nest on their daily egg-laying trips. Adie and T
remwined at Lakesmeet and observed the geese around east Fgalungmiut tasia, whilst Tony and John Bell
watched the birds on George Fliot marsh. Will and Alison visited Willow Valley and the area around
the Ridgeway Marshes. Jesper found himself a precarious camp-site at the west end of west Eqalungmiut
tusia and John Floyd remained at Base Camp searching along the sides of Needle Cairn Heights and
Upper Marsh,

The silence that had been such a noticeable feature of the cnvironment on our arrival, and which
had been described as so intense that "it presses against the sides of your head" (Floyd 1979), was
now broken by a cacophony of song. The incessant melody of the Lapland Buntings was also joined
by Snow Buntings and Wheatears singing away noisily.

Strong winds caused some trouble at Base Camp on the night of 24 May. The dipole mast fell
down and John alone was faced with the task of trying to prevent the new polythene 'greenhouse'
extension to the mess tent from taking off in winds gusting up to eighty kilometres per hour.
Fortunately, he succeeded.

The first flowers were seen in this period, the earliest noted being Salix arctophila on 23 May.
The grasses were beginning to sprout green at their bases but it would be another month before the
hills would shed their dusty brown winter mantle and turn green.

27 May was a fortunate day. John Floyd found a goose nest near Rase Camp (BC1) and on his way
down to Aberchar to inform Tony and John he flushed another sitting female (BC2) from the grass
slopes above George Eliot. The nests were visited the following day, the eggs were weighed, and
photopgraphed, and the time-lapse cameras were set up nearby. It was decided, in view of the proximity
of the nests to Base Camp, to search for another two days for a nest further away and more suitable
for continuous observation. If at the end of that time we had not found another nest then we would
get up the hide near one of the two nests already discovered.

The night of 27 May was memorable for its coldness. At Lakesmeet a billy of curry left under
the flysheet to hydrate gained an inch of ice in twenty minutes. It started to snow at midnight
and boots and socks froze solid and became most difficult to put on. Fortunately, temperatures
were this cold (-107C) for only a few nights in May. Although not a serious problem it could be
very painful if the fingers became wet. The chore of washing-up was dreaded, as it would be at
least twenty minutes before the finger-tips regained sensitivity.

A lined-out systematic search along the sides of Needle Cairn Heights revealed another nest
(BC3) on the evening of 30 May. As this was the furthest from Base Camp it was decided to move the
hide there next day which, typically, had the worst weather yet encountered. Driving snow, sleet
and rain reduced visibility and made conditions most unpleasant. The general thaw of the previous
days had raised the levels of Jgalungmiut tasé and the stepping stones at Lakesmeet were now
covered by several inches of water, making the crossing hazardous. Eventually, thanks to magnificent
efforts in appalling conditions, the hide was reconstructed that day near BC3.

The tirst hide-watch set out from Base Camp for the hide far too high up the slopes and were
eventually forestalled in their trek towards False FEyrie Crag by dint of much shouting and whistle-
blowing before they were lost for good. At 19.00 hours we were safely installed in the hide and,
despite the poor visibility, we were confident that this was the real thing. Nothing could go’
wrong this time.

It snowed during most of 1 June and in the evening a tohn wind blew up, driving a fine spray of
snow through the cracks in the side of the hide. By now the master-carpenter, John Bell, had
installed shelves and a primus stand and the hide was becoming quite cosy. The female goose remained
sitting with her head on her back, understandable in view of the conditions. However, doubts
began to creep in after the earlier optimism of the log entries:

" The splodge has an eye and an orange beak!! For splodge now read female Greenland
White-fronted Goose. I deftinitely saw this bird all last night."

"Good grief - I can actually see it!"

"Can see the back more clearly now, with head and bill facing this way."
But later:
"Fxamining the spot where T really did (honest), I think, see a goose yesterday, -
nothing visible at all. 1f the bird is there it's buried in snow."

"Must now say 'out of sight', since there is no shape that I can honestly say I
think is a goose."

"No apparent change... the only reason I can think of to suggest that she isn't
dead is that the snow seems to melt quickest on her - body heat?."

And finally:
"I have see nothing goose-like all night."

"Am beginning to wonder if the bird was ever in sight, and if it has deserted."
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By staring long enough at the nest we could convince ourselves that we were watching the back of the
goose, and I even went as far as drawing a head and beak in the log. The saga of "Elsie the catatonic
female'" was to go on for another day yet. During 2 June we had the only case of sickness when one

of the observers tried to do away with himself by drinking contaminated water in frustration at not
being able to put anything more exciting in the log than yet another 'head on buck'.

When the nest mound was finally visited on the morning of 3 June it was found that the nest

was deserted/predated and just the remains of one egg were left. What had confused the watchers to
an extenlt, was that the weather conditions for a considerable period of the watch had been such that
the head on back behaviour "seen' was what would have been expected. The whole incident cast the

camp into a dark mood, but viewerd in retrospect it is an interesting example of the way in which
one's expectations can influence observations, in spite of attempts to be objective throughout. To
make matters worse, an inspection of RC2 revealed that it too had been deserted/predated. These two
incidents, bringing to three the number of nests now destroyed, did not ease the tensions building
within the camp.

After another dav of unsuccessful searching for a nest, we moved the hide to its penultimate
position (it was later moved to Rase Camp as a wash house), above BC1l during the hot afternoon of
4 June. By now it was estimated that we had moved the 150 kg hide 11 km in distance and in height
up 300 m; rather than take it all to bits again, it was carried with much effort in two halves to
Observation Hill where it overlooked RCl. This time there was no mistaking a genuine female Aanser
albifrons flavirostris incubating. It was even possible to count her blink rate! Soon the routine of
the hide watch took over BRase Camp and the gloom and irritation of the previous few days was dispelled.

On several occasions we were disturbed by regular tapping noises on the door and scratchings on
the roof. These turned out to be Lapland Buntings and Wheatears that had been getting ideas from
Daphne du Maurier. It was particularly unnerving when they flew in through the window-slits and did
a circuit of the hide before leaving the way they had entered.

By 9 June the level of the lakes had risen considerably and it was not possible to cross
Lakesmeet even with waders. Where previously there had been a tiny stream gurgling through the
willows, was now a raging torent. An inflatable boat was left there together with lifejackets and
a rope. By the second week in July the water level had dropped to the point where it was crossable
with Wellington boots.

Throughout 11 June the wind was increasing. At Base Camp that night the tents were firmly
secured and large mountaineering ropes thrown over the mess tent (by this time living up to its name)
and the extension. John Floyd was on hide duty and his final entries in the log indicate irouble
ahead:

24,18 Hide rocking violently in wind - earth in my eyes.

24 .23 Observation not completed because hide blew away.

For objectivity, after a 150 kg wooden hide has just taken off from around you in winds gusting
over 80 km h‘l, that last statement deserves a prize. Fortunately, there was no floor 1in the hide
so the 2 m cube lifted off over John's head and came to rest 40 m further down the hill., Tt took
with it the telescopes, stopwatches, log books, Primus stove and all the paraphenalia that made

life in the hide, if not comfortable, at least not too uncomfortable. At Base Camp the flight of
the hide was witnessed and help was soon on the way. After retrieving most of the moveables,
checking that the hide would not move further, and was out of sight of the nest, the company retired
to Base Camp and demolished vast quantities of surplus porridge and gallons of tea. As we went
‘morosely to 'bed' we reflected that the Chance Master, our pet divinity, had struck again.....

Amazingly it only required a few hours of impromptu carpentry the next day to restore the hide
to something like its original condition. After losing the roof the box had been sufficiently
flexible to deform and roll down the hill. TUpon re-erection no chances were taken and it was firmly
buried and roped in place. The watch resumed at midnight on 12 June, but it had started to snow and
it was not possible to see whether 'Penelope' was still sitting. At 04.32 hours, however, she rose
Phoenix-1like from the snow where she had lain completely covered for at least four hours.

The snow-clouds cleared away early that morning to give one of the most beautiful sights of the
trip. An orange glow emanated from the fjord peaks to the west and the sky above them was pale blue
and pink. Sharply contrasted with the pastel colours of the sky was the harsh black and white of the
cliffs and slopes all around. As the snow-line progressed up the valley the sky brightened and the
slopes were 1lit with the creamy-orange of an early morning sun.

Throughout the following week life went on as normal at Base Camp. The hide watches had completely
taken over the routine of the camp and our activities centred around observation shifts in the two-
metre cube. The walls of the hide became an organ of introspective reflection and were covered with
a fine selection of graffiti placed there in quiet moments. Many of these reflected the gastronomic
cravings that were racking the camp at this time, for example:

"There once was a guy in a hide,

Whose hunger was oft surely tried,

In the nest were the eggs,

With eyes, bills and legs,

So ‘he ate them - poached, curried and fried."

The hide watches were arranged on a basis of a five-hour shift every twenty hours, four people
being responsible for each four-day period. Meanwhile the other four attended to the various
scientific projects in hand and undertook exploratory hikes further and further afield as weather
conditions ameliorated. On one of their periods off hide duty, the two Johns finally managed to
get away to the glacier in the snow of 12 June.

32



C 8 AN ATTEMPT TO REACH INUGPAIT QﬁAT - SECOND GLACIER ATTEMPT
(12-17 JUNLE) J. Floyd

Situated only 20 km from Base Camp, TInugpait quat made an obvious goal for an exploratory
excursion. John Bell and I decided to devote one of the periods when we were not on hide duty to a
hike to the glacier. As spring progressed and the permafrost melted, the rivers had swollen: now
they were near their peak and formed serious obstacles. To put one river behind us we set out on the
evening of 12 June in a heavy shower of snow, gained a few miles and crossed Lakesmeet by boat before
pitching camp.

On 13 June we began in earnest, climbing out of our 'home'valley via _a low col and passing on down
into the large valley which forms the southern border of Eqalungmiut Nunat and is a natural route to
the glacier which fills its eastern end. Here it was a level expanse of mud and quicksand across
which meandered a braided river system of opaque glacial milk. The flats were bounded by a high
terrace of glacially deposited sands and gravels. This terrace seemed to be a sort of Caribou
motorway, their well-worn tracks through the sand dunes and grassy marshes making our progress rapid,
but further on a steep torrent cascading down the valley side and across our path brought us to a
halt. We explored the whole length accessible to us and discovered that we had two options: we could
swim across the stream where it joined the main river and was slow and broad or we could follow it
high up the valley side where it leapt between rocks and was just narrow enough in one place for a
risky jump. We decided to try the latter the following morning.

After an uneasy night everything went according to plan and we were soon safe on the other bank.
There we were rewarded hy the sight of a waterfall with a circular rainbow, so vivid that 1 could
see bright flashes of colour in individual water droplets, shimmering at a fantastic speed in front
of my hand when I reached into the spray.

As we continued along the valley the glacier came into view, very dry-looking, dirty-white ice,
deeply furrowed and standing above the great heaps of its terminal moraine. Confronted here by
another river crossing our path, we stopped. This river was o%¥ quite a different scale; it drained

a long frontage of the ice-sheet to the north and dwarfed the rivers we had already crossed. It
emerged from a long, deep gorge and spilled between huge rounded boulders before widening to join
similar channels from the glacier and flow down the main valley. An exploration of the rocks in

front of us showed us that crossing was out of the question here. Downstream the river was wide and
tast, upstream the sheer clitfs of the gorge, several hundred feet high, made the river itself
inuccessible. We decided to camp here for the night and to explore upstream in the hope of finding
a safe crossing next day.

We cooked the evening's food on a primitive but effective stone stove fuelled with dead willow.
Fires were against expedition policy because of the dry vegetation, but we had inadvertently left
our paraffin behind at Rainbow Falls and hence had no choice. The glowing embers and smoky flavours
made a welcome change.

June 15 was the day of our attempt to cross what we soon came to know as Barrier River. We
followed its course upstream for many kilometres before admitting defeat. We stepped from stone to
stone far out into the powerful torrent at many places where rocks seemed to form natural causeways,
only to be halted each time by a stretch of churning water too wide to jump.

Realising the futility of continuing further upstream we headed up a ridge overlooking the river
and from a high hilltop looked out over the remaining ridges to the great gnarled dome of ice which
stretched across the whole eastern horizon, banked high against the dark hills and slowly climbed
to a white plain many times their height. Despite our failure to reach the ice we had been richly
rewarded for our efforts as our walk along Barrier River took us to some breathtaking sights. We
followed its gorge to a huge crashing waterfall, saw strange and beautiful wind-eroded rock, and
many kilometres of this fine empty landscape.

Next day we were up early to take a last look at the gorge and its surroundings before walking
halfway back to base. The most memorable sight for me was the last bend of Barrier River swirling
against the terrace on the valley side, eroding it visibly. Debris splashed into the water from
an overhanging band of exposed permafrost every few seconds.

We returned to base by the same route we had taken outwards, a relatively uneventful journey
enlivened by the discovery of a drake Teal and a White—-front's nest with one egg. We were back in
base on the evening of 17 June in time for a meal and a new cycle of watches in the hide.

c9 MIDSUMMER'S NIGHT AT 627 m (21-22 JUNE)
J. Floyd

As incubation drew to a close and with 400 hours observation data behind us we decided to turn
Midsummer's day into a 'public holiday'". The summer solstice took on a special significance in this
arctic environment where the dependance of natural cycles upon the sun 1s so evident and so it made
a good excuse for celebration. On the evening of the twenty-first Alison treated us all to the
finest meal circumstances would permit:

MENU
Onion soup au gratin
Brown bread
Omelette in Cheese sauce
Spaghetti Bolognaise
Christmas Pudding
Coffee
Cheese & Biscuits

Celebration Cake.
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We consumed it with ravenous festivity, perched on boxes and jerry cans in the makeshift scientific
tent, feasting to repletion.

Those still able to move and without commitments in the hide set off to see the midnight sun
from 627 m, the highest summit in the vicinity. We arrived slightly late by my (subsequently
discredited) calculation of sidereal time but, undeterred, we planted the Union Jack and the Danish
Flag on the existing cairn and brewed tea. At first clouds hid the sun but eventually (probabhly
close to solar midnight) it appeared, dramatically set amongst brooding clouds and shadowed ridges.
The clouds were strange that night, from a high grey ceiling descended tufts of undulating fibres like
resting tornadoes. Stretching away to the west, across the expansive plateau, a view of some 130 km,
ridge after ridge of peaks faded away into darker shades of grey until a final ridge of peaks, blue
mountains, proclaimed the coast itself.

After rolling a few glacial erratic boulders over a cliff in a booming, echoing salute sounding
out over the dark landscape, we headed for base. As we walked across the plateau a pair of geese
took flight from a slope ahead, calling loudly, and a small, greenish ball of fluff came running
and rolling down the slope. Cheeping weakly, the gosling tottered a few metres to a lake and swam
a short distance before fixing its course and attention towards us. Soon it was clambering over our
feet, then sitting relaxing while it casually preened in our cupped hands. Imprinting in action!
The gosling was very young with thick olive down, enormous feet, and an egg-tooth. It did not want
us to leave it behind and forced us to run. After weakly following up the slope it turned and
circled back down to the lake again. Here it headed for a pair of Red-necked Phalaropes and desperately
tried to adopt them as its next foster-parents.

On our return to base the event took a new significance: a note from a sleepy observer carried
news of the successful hatch in Penelope's nest by the hide. The first half of our study was over
and relief was mixed with a sense of achievement as commotion and elation reigned whilst we made plans
for the next few days prior to the arrival of the ringing party.

Cc 10 THE ARRIVAL OF THE RINGING PARTY (25 & 26 JUNE)
P. C. Davies

At 06.30 hours (BST) on 25 June the remainder of the Greenland White-fronted Goose Study, Phil
Belman, John M®Cormack and I, set off for Greenland from RAF Lyneham, Wiltshire, to link up with
Pauline Eddings who had already flown by commercial flight to S¢ndre Str¢mfjord Air Base, and to
Jjoin the main party in Eqalungmiut Nunat. We did not travel without certain misgivings; Pauline had
already established that the total communications black-out which had disturbed us since carly May
was between Base Camp and S¢ndre Strgmfjord Air Base and not closer Lo home, and that helicopters
could not be relied upon even when booked far in advance (another expedition she met had waited eight
days for theirs).

We arrived at S¢ndre Str¢gmfjord Air Base at about 14.00 hours (BST) rather the worse for wear
a5 two of us had been air-sick and, after a period during which our plans were forcibly revised every
haltf hour or so, Phil and Pauline finally left by helicopter for Base Camp three¢ hours later. John
and I waited a nervous hour for something to go wrong, but it didn't, and we were airborne again by
18.00 hours. The views were exhilarating, especially in the direction of the ice-cap, about 32 km
away, and after a forty-minute flight we landed at the Drop Zone, 2 km from Base Camp.

It was very interesting to meet the Advance Party again and exchange news on the previous two
months, until they discovered the mail that I had brought out and then they all disappeared into
private worlds of their own for the rest of the evening, their thoughts completely occupied by those

they had left behind - a state of mind I came to understand well before the end of the expedition.
We camped a little away from Base Camp, by Goose River where the willow was sufliciently dense to
give some background to our mist-nets. My lasting impression was of an outstandingly beautiful

country filled with Lapland Buntings.

The next morning I was first up at 06.00 hours and unfurled the mist-nets we had set up the night
before; the first bird caught itself just as breakfast was served. Cold porridge anyone? We spent
the day ringing and being shown round by the 'locals'. The first day's ringing produced 32 birds:

23 Lapland Buntings (13 pulli), 8 Redpolls, and one Red-necked Phalarope. We had also had our first
sightings of our main quarry, the Greenland White-fronted Goose. ’

C 11 THE WALK TO THE NORTH VALLLY (27 JUNE)
J. Floyd

At this point the Advance Party dispersed to explore the remoter parts of our region while the
ringers familiarised themselves with Goose Valley and its environs. For two months we had been more
or less limited to the vicinity of our valley, both by the demands of the behavioural study and by
the harshness of the conditions on the plateau. The chance to venture into unknown territory was
eagerly welcomed.

Eqalungmiut Nunat is bounded to the north by glacial meltwater flowing across salt levels in the
deep North Valley. Our first visit there began at midnight on 26 June. The night was clear and
still, the land's warmth rapidly radiated away through the thin arctic atmosphere and the pale blue
sky. Ice crystals spread across open water, creasing the surface, fusing into riechly ornate lattices.

As Adie, Alison and I crossed the plateau northwards, ridges hid the sun until, rounding a high
precipice and entering new territory we stepped into its dazzling light. Although low above the
horizon the sun was brilliant, a fresh gold which infused our surroundings. A still lake mirrored the
cliff above; the glowing rocks echoed our voices with a cathedral hush.
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A kilometre or so further on, beside a meandering stream, the sun had caught each rush-blade where
it had extruded a droplet at its tip so that the banks were strewn with points of refractgd light.
Here spring seemed late; few flowers were open and the Atanarssuk River flowed bengath thick s}abs
of ice. A Caribou bolted through the shallows and sunlight flared in the spray, 1lit its steaming
hbreath and rimmed its velvet antlers.

The sun climbed and mosquitoes began to stir as we passed the shores of a great and complex lake,
white ice spreading between ridges and islands, still and silent. By the time}we approached North
Valley down sweeping grassy slopes the mosquitoes teemed in the warm morning air and we were glad to
reach a small open gorge where the breeze from falling water and the shade in its slanting walls gave
us a brief respite. Here the rock was cold and smooth, of many subtle hues, and under running water
it became translucent like polished marble.

North Valley was hot, its mosquitoes unbearable. We headed straight for the refuge oif widg
sandflats by the river where we could rest and bask in the sun. The valley was 2 km wide at this
point, with golden sands, blue lagoons, and green, green grass giving a grgat sense of openness
compared with its southern counterpart. Behind us the valley sides rose high and steep, cliffs in
many places. One face showed a steep 'V' of folded, many-coloured rocks, sinuous bands composed like
figures in a vast Gothic window.

Our return from the valley was plagued by moquitoes; perception and enthusiasm evaporated
bencath the oppressive humming hordes, reducing our walk to mere endurance. It was a sad way to return
- head down, inwardly cursing, unable to speak for the ever-present possibility of choking on a
mouthful of the insect menace. Quickly covering the 17 km to Goose Valley we were back in base by
evening. It had been a walk of little event and somewhat marred by the nature of the homeward
journey and yet it was notuble for its pioneering qualily, opening up the land to the north of the
Atanarssuk valley for the first time.

¢ 12 THIRD ATTEMPT TO REACH THE ICE-CAP - SUCCESS! (27-30 JUNE)
W. J. Hiygs

This walk occurred after the finish of the continuous observation of the nesting geese and prior
to the commencement of ringing. It was undertaken partly from a desire to set foot on the ice-cap
and partly as a survey of an unexplored area preparatory to the ringing campaign.

The 27 June was a beautiful, cloudless day and already rather hot by 07.00 hours; the mosquitoes
were already on the go and we expected the worst. John Bell and T gradually climbed up on to the
plateau, where the slight breeze gave some relief from the "mozzies" and made good time to Raven Chasm,
a4 deep, narrow gorge with a spectacular waterfall. Here we took a breather; the air was richly
scented with Rhododendron and the fall sparkled between banks of yellow bDraba, white Cerastium and creamy
Saxifraga's before plunging in a cloud of vapour into the dark ravine below.

By mid-day we had reached Large Lake - fish were rising and one corner was packed with broken
ice. We passed many small unmapped lakes during the day's walk, nearly all of which contained one or
two Long-tailed Ducks and we were treated to a display of agitated flying and splashing by one female.

As we travelled eastwards we began to see a few single Caribou and one herd of thirty, including
several calves, grazing peacefully. On being disturbed the males stayed behind briefly to bellow at
us. Another group of Caribou seen a little later were shaking their fur out in clouds and biting at
their backs. After covering some 25 km we pitched camp, collected plants for the presses, and
retired, the ice-cap only seven beckoning kilometres away.

The next day was cold and grey, keeping the mosquitoes at bay: perfect walking weather. We had
4 bit of trouble with unmapped geographical features; a sheer, extensive ¢liff and a torrential
river foiled us in their different ways. There were occasional ones and twos of geese along the
jce-edge and their droppings could be found consistently it suitable sites were examined. We were
surprised to find a Lapland Bunting's nest within 2 km of the ice as these birds had been very
scarce for the past few kilometres. Herds of Caribou were present right up to the ice.

The ice-cap reminded me very much of the sea, both in its obvious similarity as a vast landless
zone and also in the way the clarity of its climatic and geomorphological effects on the landscape
decrease with distance from it. At the edge of the ice, of course, these geomorphological effects
are at Lheir most obvious and are present in every stage of formation and decay. This zone was
reminiscent of a huge quarry; massive sand dunes and gravel hills descending into muddy lakes; stark,
newly exposed rock faces jutting here and there, with curiously perched boulders on every available
surtface.

I was struck by the dirtiness of the ice close to the edge. There is no clear boundary but rather
"gravel with little ice" changing to "ice with a little gravel'. A river of varying width flows
along the boundary, often disappearing under the ice where 1t can be eerily heard. Beyond this,
clear "bottle-ice" showed through between the stones and queer groans and other noises emanated from
beneath our feet. We made acquaintance with a large crevasse, wandered for a few hundred metres to
establish thoroughly our claim to having been on the ice-cap, and then returned to dry land to head
for a tongue of ice which we rightly assumed to be the glacier at the head of North Valley.

This, to my inexperienced eyes, seemed to be fairly active with well-defined moraines closely
associated with the sheer fuce of the snout and loud thuds regularly came from this area. To achieve
a good view of the glacier involved considerable climbing over and around unexpected obstacles and
we were already beginning to tire before we started on our journey back. We therefore only managed
to put in 6-7 km before pitching camp for the night, exhausted, in a marshy part of the dunes in
North Valley.

Most of the following day was spent approaching and skirting the great lake, Atanarssuk. All of
the lakes we passed were very clear and rocky, with steep shores and no sign of life apart from the
inevitable Long-tailed Ducks. Some of the larger lakes still had up to half of their surface covered
with slushy ice. We took the journey at an easy pace, covering about sixteen kilometres of fairly
straightforward walking on good Caribou paths. The route we chose followed the lie of the land,
stuying within the valleys and following chains of lakes.
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On 30 June we awoke to the sound of continued rain and tried to go back to sleep. This
happened several times until John gave the order to move. We breakfasted and peered out at the rain,
not as heavy as it sounded but the mist could be a problem if it came down any further. We continued
to skirt the shore of Atanarssuk to its logical conclusion, a disappointingly small outflow lor such
a mighty lake. We saw a few Snow Buntings, including two pairs feeding young within a hundred metres
of each other, two pairs of geese, and the first flightless goose of the expedition!

The trek ended rather differently from the way it had begun as we plodded wet and tired on a
compass bearing through low cloud and fine rain which set in for several days and delayed the
commencement of goose-ringing.

C 13 THE TREK TO NIAQORSSUA - THE WESTERN FRINGE OF EQALUNGMIUT NUNAT (2-4 JULY)
J. Floyd

Early July saw a lull in our work as the parent geese had hatched their eggs but few of the non-
breeders were yet flightless. Adie and I decided to make a long excursion to explore the land to our
west and discover the numbers and distribution of geese there. At this time we were living nocturnally
to avoid the mosquitoes and, not wishing to carry a tent, we took advantage of this to prolong our
walk from the evening of the second to the morning of the fourth of July.

Starting at 22.00 hours we walked steadily through the damp grey hills as:low cloud obscured the
plateau and the dim night sun. Few birds moved at this hour but after several kilometres we disturbed
thirteen geese, including a family group, from a feather-strewn lake shore. They did not fly but
swam down the lake until we lost them behind a curve of the shoreline and could not relocate them;
they must have taken to the land. This behaviour was novel to us but soon proved typical of the
moulting geese and nine days later we were to ring seventeen geese on this lake.

We came upon three more flocks on our walk. The next was on a lake we named Mistwater. It was
high in the next range of hills; dense swirls of mist drifted from its surface to meet the cloud
ceiling hanging low above, as if the water were about to boil. Several of the geese here could fly

but seemed reluctant.

Higher in these hills the mist turned to snow, but soon it was time to descend again. Following
a stream we clambered down a large gorge; on one side sheer cliffs vanished in the snow three hundred
metres above our heads and our path wound amongst huge slabs of fallen rock. The largest example of
a common feature of the landscape, this almost dry gorge must have been cut by meltwater when the
ice-sheet was closer.

We emerged near our most westerly point, where the two great glacial valleys bounding Equlungmiut
Nundt merge to form an arm of Nagssugtoq and a raised headland, Niaqorssua overlooks the junction.
Here we spent most of 3 July, watching birds unique to this corner of Eqalungmiut Nundt beside

permanent sea-water. Fider ducks, Iceland and Glaucous Gulls - our list rapidly grew and was completed
by a breeding colony of beautiful Black Guillemots. It was strange and welcoming to be smelling salt
in the air again, and to be beachcombing along the tideline with its sparse scatter of shells and
seaweed .

As time passed we realised the fjord was very tidal even here, 120 km inland; mudbanks shrank
and the water spread further up the southern glacial valley. Turning from the broad blue fjord we
followed the tide and hcaded up the valley on the first leg of our return route until we reached a
high cliff about which gulls glided and called. We rested and watched these very white birds with
their unusual high-pitched cries, the ringing "kee-yow's" echoing beautifully off the rocky slopes.

We reached the gullery clifftop at midnight, the long rays of sunshine catching the ridges of
the plateau all around us, turning the peaks a burnished gold, the fjord a dark glinting blue and the
sky tilled with fluffy clouds in banks of shadow around the sun. A lake in the mountains across the
valley reflected the sun, a cat's eye lens in a dark massit. Then a diver wailed nearby, the
wilderness complete, and it felt so good to be in a land as untouched as this.

But this reverie had to give way to the reality of the long hard slog before us; we were far from
base and rapidly tiring. The diversions of an aerial dispute between Peregrines and the discovery
of our first Phalarope chicks were welcome but we had still had enough long before Base Camp came
into view beneath the rising sun. We had tried to stay awake for too long and over the last few
kilometres I suffered from mounting exhaustion; the pain in my feet stopped, colours and sounds seemed
unnaturally intense, time ran slowly and my thoughts became confused. The final stage of this 56 km
walk was agony for both of us and the difficult terrain had predictably resulted in severe blisters.
So, back in camp at 06.00 hours on the morning of 4 July, we were ready for a very long sleep.
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¢ 14 ILLYN ANNE AND RIMWATIR MARS!H (25 JUNE - 8 AUGUST)
J. Madsen

When the goose family from Upper Marsh had moved up to the platcau and another nesting pair huad
been found on Rimwater Marsh, a party of observers (David, Tony and 1) followed the track of the geese.
On 25 June we left BC and walked to the ridge between False Eyrie Crag and Needle Cairn Heights to a
small clear-water pool which Tony named Llyn Anne. Here we pitched camp - our home for the next
forty days.

The camp site proved to be ideal for our purpose. We had an hour's walk to the luxuries of BC
(by the end of the period we were able to manage it in thirty minutes) and were in the vicinity of
the geese for most of the time. The only interruptions in our observation programme were the ringing
tours, an activity not consistent with behavioural studies of the geese.

Tony soon left the party to join the ringers and to do some work in the lowlands and was replaced
by John M¢, still fit and healthy - the TVP diet had yet to take effect. The plateau watch required
a complete change from the nest-watch in several ways. From being stationary around BC we were now
forced to be very mobile to follow the movements of the geese. We often had to walk many kilometres
to find them and were not accommodated with a comfortable hide to watch them from. In the beginning
the extremely shy goose families often spotted us before we did them and several times we had to
return to Llyn Anne without having made any worthwhile observations. We had to adapt our methods to
these difficult conditions, first of all by becoming familiar with the new surroundings and the
nature of the geese and making long-dislance observations through the telescopes. Another difficulty
we had to overcome was the weather conditions. The Arctic summer had come with cold spells of rain
and snow, sometimes for two or three days when we were forced to remain indoors passing the time
reading, cooking, drinking tea and sleeping.

Nevertheless, the period on the plateau as a whole constituted one of the richest experiences in
Greenland. The summer had a further dimension that we did not find on the lowland - because of the
shortness of the season and the primitive environment we felt the daily changes more acutely as the
season progressed in this real wilderness of barren rocks and sparse vegetation. This feeling was
enriched by our movements as we saw many different landscapes as a contrast.

On 8 August we broke up the camp at Llyn Anne in order to join the rest of the expedition at
BC on their holiday period, for the last time walking down the west ridge along the familiar track
that we had trodden between the two camps countless times in the last six weeks.

¢ 15 RINGING: THE EARLY DAYS (27 JUNE - 10 JULY)
P. C. Davies

We moved camp on 27 June and suffered [rom mosquitoes for the first time, bhut alas not the Tast.
We camped between Base Camp and DZ and established the pattern we were to follow until we started
catching geese, of moving camp frequently and ringing almost continuously as we circled clock-wise
around Base Camp.

The next day we ringed our 100th bird, moved camp aguain, still down hill, and watched a pair
of Great Northern Divers, my [irst sighting and in breeding plumage! After setting up the nets again
we retired at 03.00 hours. The 29th was the hottest day so far at 27°C. Alison walked up to Base

Camp, about 5 km away. I found the thought exhausting but did find the energy to bathe in the river
as a strange warm wind kept the mosquitoes at bay and made it all very pleasant. Ringing was a
bit slow; I think the birds found it too hot to fly. I watched lazily as a male Snow Bunting,

resplendent in his summer plumage, perched and sang all over and around the mist-net but refused to
co-operate and get caught. We didn't catch any adults until they had moulted, which was a pity.
In the evening it rained, which cooled everything down a bit.

On the 30th we moved camp, by a circuitous route and an inflatable ferry fixed up by the advance
party, down to Kuk Marshes. It rained continually, a light persistent drizzle which did a very good
job of soaking people, especially when it had all day to do it in. We camped by Long-tailed Pool
and set mist-nets to catch a pair of Ringed Plovers, but they were not to be caught. Pol made some
tea and we discovered that Lhe water in the area was decidedly salty, but eventually she found us a
drinkable supply. My spirits were as low as the cloud cover.

It was 1 July, the rain had stopped and the following day we would have to replenish our paraffin
supplies; Base Camp was 8 km away and 300 m above us; the walk did not seem attractive. We spent
most of the day exploring the area and ringed only 14 Lapland Buntings. In the afternoon we decided
to walk part of the way back to Base Camp. The walk up to George Eliot, where we camped, was SO
miserable for me because of my lack of fitness that cven the sight of my first Gyrfalcon could not
cheer me up.

On 2 July the nets were up by 04.35 hours, the first bird ringed twenty-five minutes later and
ringing continued until 13.00 hours when we headed for Base Camp. 1t was our best ringing day so
far, 54 birds of four species including our first Wheatear. IEven the walk up to Base Camp was
relatively painless. The ringing party set up camp and in the evening there was an excellent communal
meal, only the goose watchers being absent.

The night of the 2nd was very wet and I had pitched the tent on a steep slope; Tony never let
me choose the tent site again. The morning revealed that it had snowed on the surrounding hills,
making us feel that this really was the Arctic. Alison allocated lakes to us all to inspect for
tlightless geese, and I arranged to go with John M¢ and Dave Stroud to collect a time-lapse camera
which had been placed at a distant goose nest. The three of us set off in the early morning of the
4t on a warm, dry day and, in addition to recovering the camera, we got superb views of. two pairs
of Great Northern Divers, one with young, and John picked up a Red-necked Phalarope chick. We got
back to Base Camp in time for another communal meal, this time in celebration of Will's birthday.

The next day we ringed our only Ptarmigan, a male that appeared to take a liking to Pol and
allowed itself to be hand-netted. Later on we moved up to Ptarmigan Gorge to be closer to the
plateau where we expected most of the geese to be. The next three days saw the worst weather of the
whole trip, with almost continuous rain, sleet or snow. The only ringing possible was that of Wheatear
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anq Snow Bunting pulli on the cliffs of Ptarmigan Gorge. On the 9th the entire party split up into
pairs to search for geese; we discovered 42, in three widely separated groups, but unfortunately :
we disturbed them all, our technique obviously needing revision.

However, the next day Phil, Pol, Tony and I approached Lake Uniform and Tony sighted twelve
geese and got us all "to earth" without the geese seeing us; there followed a whispered conference
and then Tony and I backtracked and circled around the lake behind a convenient ridge. When we
were all in position a strident whistle signal sent us all racing towards the lake and for once we
outmanoeuvred the geese. We ended up spread out around the lake with the geese in a tight bunch in
the middle. Phil and I erected 150 m of net in a 'V' formation on twenty aluminium poles; it took us
two hours to make sure there were no gaps for the geese to squeeze through. Then we walked away from
the nets, Phil ringing three Red-necked Phalarope chicks on the way. The geese swam and then ran
straight into the nets. We raced after and caught eleven of them - one managed to double back. We 4
returned to camp in high spirits as we now knew that we could catch geese once we had located them. f

C 16 CAMP DAVID AND TEILYARD TARN (11 - 18 JULY) {
J. S. MCcormack 1

With the discovery of a flock of seventeen non-breeders on Zulu on 10 July, it was decided that ‘
three of the expedition members would camp in the vicinity to observe them. They would then be able : |
to direct the ringing party as to the most likely method of catching the geese, knowing their local
movements and habits. On the atfternoon of the 10th DAS, JM and I camped at Teilhard Tarn. It was
a bitterly cold afternoon and by 18.00 hours conditions had deteriorated, with any period of immobility
leaving us cold and miserable. Indeed it was so cold that watches on two flocks were abandoned
after some hours and by unanimous decision we decided to confine ourselves to camp for that first
evening. Camp David could not boast the comforts of its namesake. It consisted of a single tent
which was designed to accommodate one person in comfort, two with a squeeze and the third - well, we
all just managed to fit in.

After a rather windy night, the following day turned out to be relatively fine and proved most
co-operative for our first major assault on the geese. These were unsuspectingly grazing on the
western end of the lake and we awaited the arrival of the other expedition members upon which the
tension mounted and we discussed assault and contingency plans. It was remarkably reminiscent of
the last-minute pep talk in the changing rooms prior to a big match. The objective was to keep the
geese in their present position whilst stealthily surrounding them to prevent their escape. We did
not want them to go on shore (where experience told us they were impossible to relocate once hidden
amongst the vegetation) or onto the other half of the lake which would render the eventual drive
and capture more difficult. Jesper and [ were to make our way around to the far side of the lake
and position ourselves along the top of a slope overlooking the lake. Meanwhile John Floyd, Ade
and Will were to move to the top of the very steep, north-facing slope on the other side of Zulu
where they could cover the lake from the south. The six of us had four radios between us and John
Bell had the other two. e was perched atop a summit overlooking the whole lake and was to co-
ordinate the round-up. When everyone had got into position, those on the north side were to stand
up and show themselves to the geese, moving slowly down the hill to the lake. Their appearance
would flush the geese from the north bank where they were feeding and whilst they were swimming to
tke other side, those people on the south slopes would appear. At this point there would be a rush
to the lake side and before the geese had realised what had happened they would find themselves in
the centre of the lake, surrounded and with nowhere to escape.
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Such was the plan, which appeared foolproof to us, but of course it hinged on the willing
co-operation of the geese. As we were to discover they did not always oblige! It took an hour and
a half to get ourselves, on the northern side, into position since we had to circumnavigate the lake
without ever allowing the geese to see us. Eventually we were ready, concealed behind boulders but
keeping the geese in sight. However, something had disturbed them and they had moved off and were
swimming towards the eastern end of the lake and to certain freedom unless action was quickly taken.
Jesper saved the day by quickly walking around a range of hills to appear at the extreme end of the

lake, thus turning the geese back. At this point we rapidly descended, as did those on the southern
shore, half-running, half-falling down the 200 m slopes to the lake. Before we could say "Hey
Presto!" we had the geese surrounded; but this was only half the battle as we now had to manoeuvre

them into the nets once they had been set up.

The geese were tightly bunched in the middle of the lake, heads erect and constantly trying to
find a means of escape. Occasionally a bird would break from the flock and, with its body nearly
totally submerged, try to swim ashore and to safety. It was interesting to observe that whilst
artificially densely grouped there were many more aggressive interactions than normal. Several
times there were severe fights amongst members of the flock.

With the nets set up and the geese successfully surrounded, the next thing to do was to herd them
into the pen. It was here that the inflatable boats were employed, small plastic dinghies whose
disadvantage was the length of time required to inflate them, particularly if one had forgotten the
foot-pump! Once in the water and manned by Will and John Floyd the final phase of the catch began.
Our first move was to fall back behind the geese leaving them a way of escape in the direction of
the nets. Those of us on the shore would guide on the lateral plane whilst the boatmen would keep
them moving forward. Everything went smoothly until the geese were within 50 m or so of the shore;
they became very hesitant, turned around and swam towards the oncoming boats trying to escape.
Fortunately the persuasion of those on shore and the two boatmen, beating their oars against the
water, turned the geese and once more they were heading in the right direction. By now we were
shouting and whistling, breaking the Arctic silence with our vocal outpourings in an effort to drive
the geese ashore '‘and into the nets. Our persuasion triumphed with the first few geese stepping
ashore and, a moment later, all seventeen were running as fast as they could in a vain attempt to
escape across land. However, they were consistently faced with a wall of netting and eventually all
went into the pen.

Once in the pen, Pauline entered with them and passed them out one by one as they were required
by the ringers. A collector would take them from her and deliver them for processing 100 m away.
At this point excitement was running high and there was a virtually continuous clicking of camera
shutters. By the time all the birds had been ringed and released the day was well and truly spent,
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although with no nighttall to look forward to it seemed to go on forever. All of us, quite fatigued,
returned to camp and decided that tomorrow was to be relatively restful, a scouting of the surround-
ing district for further flocks to be the sole task.

) The next day was quite pleasant; a warm breeze from off the ice-cap succeeded in making it a
good day for reconnaissance and so, after a late breakfast of porridge and tea, I set off north

crossing Zulu at its junction with Welsh, and on up to the plateau. From here, stretching away

in the distance, was the mountainous panorama of wilderness, merging in the distance with that

massive sheet of white, the ice-cap. I continued on until I finally came to a large lake, long and
narrow with a small peninsula protruding halfway across it, called Mirrormere. After nearly two

hours scanning the lake 1 finally located a flock of geese, nine in all, and with mission accomplished
I promptly returned to Camp David for a hearty meal. Arrangements were made that night with the

other members at Base Camp to meet us at the lake, and so we prepared for an early start in the
morning.

David, Jesper and 1 set out from camp, taking with us one of the boats and a radio, and more
than an hour later we arrived at Mirrormere. The first thing we had to do was to locate the geese
and fortunately this proved relatively easy as they were grazing on the peninsula. We radioed this
news back to the approaching Base Camp party but reception was bad and little of our message was
received, so we sat down behind a boulder to shelter from the mosquitoes and the wind and waited.

We had a long wait, continuously scanning the horizon to the south for their appearance, before they
¥$2§' As we were unable to gontact them by radio we had no idea as to how far away they might have
)/ N .

Eventually a movement was seen on the horizon; through binoculars the massive figure of John
Bell was made out, with the others appearing in the background. Half an hour later they had reached
us and after a quick lunch a plan was drawn up. With each assigned his particular task and the
geese in the smaller portion of the lake, we set off. Again Dave, Jesper and I were to go the long
way round to the other side of the lake and we were soon in position out of sight of the geese. Once
they had been surrounded the nets were erected at the outflow of the lake where the ground was
gently sloping and ideal for our purpose. The nine geese were finally driven into the nets, ringed,
weighed, photographed and released without incident. With the boats deflated and the nets dismantled
we set off on the long journey to our respective camps. The immediate area was now almost completely
surveyed except for a region to the west of our camp at Teilhard Tarn.

With confirmation that there were geese on Spidermere we decided to attempt another catch on
15 July. We realised that they could possibly be part of the flock we had already ringed on Zulu,
but with goose legs very difficult to see in this terrain the only way to find out was to catch them.
The day started early and by 09.30 hours we werc on the move, following the discharge from Zulu
along a deeply glaciated valley until we came to the lakes Yankee and Doodle. At the end of Doodle
we met the stream flowing down from Spidermere where we stopped for lunch.

After we had been suitably refreshed we moved up to the lake and dispersed to take up our usual
positions. Initial inspection revealed no sign of the geese and I was about to return to the others
when a movement caught my eye at the north end of the lake. I spotted them through my binoculars
sprinting for their lives along the shore, running surprisingly quickly. I lost sight of them for a
moment but knew that unless I acted quickly we were going to lose them so, depositing camera and
binoculars where I stood, 1 set off to try and prevent their escape. The geese were in fact running
towards me and I found out why a few moments later when I appeared over the top of a small hillock
and there below me were six geese swimming gquite unperturbed on a very small tarn. I'm not sure who
was more surprised, as for a split second we met eye to eye, before they decided they were not going
to hang about and immediately scattered into the surrounding birch and willow scrub. Having pin-
pointed where two had disappeared [ went to the spot but was patfled and disappointed when there
was no sign of them. Suddenly, not more than a metre from my feet, two geese flushed and ran back
onto the water. Another goose made for the tarn a few minutes later but further searches revealed
no more. It was some time before the rest of the party arrived to begin what we thought would be
an easy capture.

Initially the geese were herded from the lake shore, but whenever they got near to the nets
they would turn and swim to the middle of the lake. We then guessed that the birds were already wise
to the procedure and our fears were realised when we glimpsed a Darvic. Nevertheless we continued,
using the boats on the next attempt. Finally, after much frustration we managed to drive them into
the pen where, needless to say, we found them all to be ringed.

We left the area three days later and moved back to LLlyn Anne camp, satisfied with the results
of our efforts, but sad that such an enjoyable period at Teilhard Tarn was over, where even the
mighty tohn wind could not shift us. We spent the last few days battling against the gale that
threatened to put an end to our camp by hlowing tent and occupants over the edge of the nearby cliff.

[ b FAGLE CAMP AND ATANARSSUK (24-30 JULY)
A. D. Fox

With the intensive campaign in the west now completed we decided to concentrate our ringing
efforts in the northern half of the region. Adie and JF were already installed on the plateau in
the centre and the rest of us were to journey out to the hitherto unexplored north-eastern corner
adjacent to the ice-cap.

The idea of a trek from Base Camp down to the far end of Atanarssuk did not enthral, however,
spirits rose with the prospect of ringing more geese and we broke camp at 10.00 hours. The day was
pertect, in a damp Great Britain it would have been a dream, but our experience of the previous weeks
warned of a day of agony avoiding mosquitoes - the stillness and warmth were to bring them out in
their countless millions. The tug up the slope was quickly past and we followed the pass below
Crusties peak, PCD and I going ahead and leaving the rest to follow on later. Phil was laden down
with the now familiar shape of the furled nets with accompanying miscellaneous ringing gear, while
I trudged behind with a meagre load of personal gear and the camping equipment for two. The route
past Oscar and Papa to Lake Line was familiar and easy walking; this was softer plateau, firm under
toot, each footfall disturbing bursts of colour - yellow pPotentilla and the occasional vivid pink
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Thrift. The weather was gorgeous, sparsely clouded, blue above and a warming sun playing upon the
dancing wings of the butterflies, strangely incongruous as they chased and tumbled over the Arctic
tundra dotted with dandelions! A flightless drake Mallard on Lake Line 4 hinted at autumn's swift
approach and the vociferous Phalarope on the next lake had already donned winter garb.

Phil and I halted at the North end of Lake Line and the chatter of Wimbledon and Ynyslas (dreams
of home) ached as we waited for the rest to catch us up. Ade and John Floyd popped down from their
hill-top haven on 612 m, and the company assembled for a conference. Mr Davies looked on in
horror as I blithely offered our four day ration of tea to the troops and it was decided that Ade
and John should stay where they were to cover the areas north of Castor and Pollux looking for geese,
while the remainder sped on to the east end of Atanarssuk to look for White-fronts in the northern
corner of Egqalungmiut Nunat.

After two hours of lunch and discussion, as well as considerable modification to the landscape
by assorted trundlers, the group set out to walk the length of the huge lake, planning to camp at the
far end. The reaction to this decision differed according to personality, and we each set off at
our own pace, resulting in rapid fragmentation of personnel. Atanarssuk is some 11 km long, a blue
gap between the pursed lips of the ridges to the north and south which plunge sheer and deep into
the watery depths. A mysterious place, and the only certainty about the lake was that nobody we
asked could translate the name! This was how I had envisaged Greenland - grey, grim, angular cliffs;
a private landscape of Caribou and Snow Buntings. The great scar of azure liquid was a major feature
of FEqalungmiut Nunat and presented a considerable barrier to the Caribou tollowing the forage.
Generations of the creatures must have encountered the lake in their timeless pursuit of grazing with
each thaw, so that their highways are cut, old and clear, through the vegetation of the margins. It
was these tracks that bore us ever east along the edge of the lake that afternoon. A birdless and
still landscape in which the mosquitoes soon found a band of helpless humans, burdened by equipment,
sinking each weary step in the print of the man before and quite unable to fend off the insect hordes.
This was to be the worst day for the merciless insects as swollen wrists and faces were later to
witness and scratching echoed from the tents long after sleep had brought apparent itchless relief.

It was along one Caribou track that it was realised that perhaps Rangifer tarandus was not the
intelligent exploiter of such a spartan environment we had thought. Such was the dropping of heads
on the route that we had followed a track down to the very edge of the lake only to find sheer 40 m
cliffs plunging straight down into the bottomless inky waters - an abrupt end to the path. Encumbered
with complete ringing gear, it seemed a natural course to inflate the boat perched on David's back
and to row the personnel and equipment around the base of the c¢liff to the lake margin beyond. With
the gathering flies and low morale, this did indeed seem infinitely preferable to the climb back
over the cliff top which lay behind. Our resident fireman proved himself just as much at home in
water and conducted trips around the bay and, whilst in the boat out on the lake, each of the team
was given a much-appreciated rest from the onslaught of the '"mozzies'".

With great loss of time, the cliff was by-passed and the march resumed, albeit at the expense
of the submergence of PCD's binoculars.

Both fringes of Atanarssuk are steep and uncompromising and the strategy of hugging the lake side
in order not to get lost was, on reflection, a misguided one. JB, Jesper, and Alison (we later
discovered) had found the walk along the cliff tops to the south of Atanarssuk very easy and quite
why we vehemently clung to the lake now seems obscure. Eventually, after clinging precariously to
steep faces and scary scree slopes, my chump gave out, and with clenched teeth I climbed up the
treacherous scree slopes and moss-mat that so slowed our passage, and dragged my unco-operative
body up to the ridge above. A worried supporting cast followed, unsure what Mr Fox in this mood
might be capable of; however, we all emerged on the tops without mishap and the trek continued.

A shriek behind - we turned sharply on our heels - the cliffs dropped sheer for 20 m to the scree

slopes plunging into icy waters bcneath. Eyes were inextricably drawn to the water below. We all
assumed the very worst. We shouted and a weak cry was heard. Dave hurried back and we retracked
along the ridge. After anxious seconds the motley pair were met - the story told: John Mac had

dislodged a small boulder which had dropped on top of Willy's head and caused a minor landslide.
Will had clung on and held matted crimson hair, shrugging the injury aside. We had had another fort-
unate escape and once more a serious accident had been avoided.

It seemed very late when I finally stumbled upon Jesper and JB. The pioneer twosome had seen

geese - 24 birds in all - and were understandably unwilling to continue to our rendezvous beyond.
At this stage, the thought of putting off geese and possibly losing them from ringing returns was
incentive enough for all to stop and make temporary camp for the night. A nagging worry was the

absence of Alison who had gone on ahead, but our fears were allayed when an orange tent showed itself
at the head of the lake - yet another lucky flaunt with Fate - the fragmentation of the group was
unforgiveable.

Our camp-site for the night was to be dubbed Fagle Camp, a perched area well above the margin of
the lake. The scratched and furrowed bare rock, cupping hollows of stagnant water, was an ideal site
for watching the little band of geese which Alison had forced gently back towards us. A weary
William trudged on to see if Alison was OK and the rest of us prepared for the coming night's
observations on the band of geese.

I volunteered for the second watch and was treated to a display of Arctic Fox avoidance as the
poor thin carnivore made a vain attempt at goose trapping. The sun sank on the feeding geese as the
fox trudged off for easier tuck and they set off to move slowly down the lake towards Alison. The
observations were finally abandoned as they drifted from telescope-sight. Without geese the hapless
band of watchers settled to bed. The sun gave a final claw and scratch at a curious sandwich sky,
and the ice crept silently between the tents along pools and puddles as a grudging sleep overwhelmed
each of us.

The next day dawned hot and uncomfortable - I woke from slumber stiff, disturbed, weary, and
face to face with JB's feet. The idea of putting Phil Davies, John and myself in the same tent
may have been a good idea from the point of personalities, but the three largest expeditioners in
a Vango was obviously not what the original designer had envisaged. I doubt that any of us had
moved all night long and the proximity of the others resulted in some of the highest temperatures
ever recorded above the Arctic Circle.

It took until 13.00 hours to shake off the effects of sleep and then we began to assemble for
another move. Before we left, however, all in camp were entreated to the spectacle of two Eagles
on a passing visit to examine the brash and noisy intruders to their domain. The adult birds
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soared violently upwards, wheeling round and round each other as if linked by some invisible cord,
pallid tails spread, before disappearing away to the south.

The 25th had begun sunny and warm but a freshening wind brought cloud later and eventually rain
in the evening. Another camp was created at Lake 29 with a reassured Alison and the group began to
look tor the geese which had headed that way. In the absence of the rest of the ringing team, Phil
and Pauline, there was little the group could achieve and, having spied out the immediate lakes,
enthusiasm waned and the day, like so many before, passed quietly. In the evening we talked to a
silent radio-set in the hope of news from 612 camp or the ringers but to no avail, and we turned
instead to the great Trafalgar that was unfurling on Lake 29 as the Stroud and Bell camps commenced
pitched battle in the dinghies. A watery truce was finally struck and the oars laid to rest as the
"Snowbies' began to roost, and, most willing, I copied their example and climbed merrily into the
sardine can to settle once more to tropical sleep.

We woke late again from precious slumber and Will left to look for Phil and Pauline on the
north side of Atanarssuk, but they were quickly sighted progressing along the southern edge. Another
conference of war followed. Groups again dispersed to search for geese - Phil Davies and 1 set off
for the lakes to the north, finding eleven geese on Worm which unfortunately we disturbed, pushing
them onto a nearby lake where they joined a family with three goslings. The non-breeders were
resented by the gander, the resultant aggression seeing off some of the newcomers and even forcing

some to flight. Due to the inadequacies of the radios (well, probably the inadequacies of the radio
operators) we were unable to call up the rest of the group, who, in the absence of word to the
contrary, continued after us. Somewhere near Spaceman we must have crossed unseen and Phil and I

returned to camp to find a Marie Celeste group of Vangos. The ringing group caught 13 geese in our
absence near Worm, including the three goslings, but no thanks to poor organisation and failing
communications. Fortunately, the lessons were learnt and the next few days proved highly successful
in the ringing of geese.

¢ 18 THE NORTH LAKES GOOSE SURVEY (27 JULY)
P. C. Davies

At 07.00 hours on 27 July Tony and I rose and breakfasted in preparation for what was, for me,
the most memorable day of the Expedition, Whilst we ate we watched a steady stream of Caribou (50+)
heading south around Atanarssuk ; we were to head north, tlying in the face of Nature perhaps? At
about 08.00 hours, during a break in the Caribou traffic, we set off and for the first 2 km we used
the excellent tracks worn by generations of migrating Caribou. The weather was warm and dry and we
were determined to achieve something after the confusion of the last two days.

To the west of Spaceman we saw a family group of Purple Sandpipers, the first confirmation of
successtful breeding in Eqalungmiut Nundt; the young could only fly weakly and could not have travelled
far. Just over the ridge on Lake 26 (we had run out of names and exhausted the phonetic alphabet
so lakes were now numbered for identification) was a Red-throated Diver with young and to the East
on Worm we could see the eleven geese that had heen ringed the day before. We continued on our

northerly direction along Lakes 32 and 33. On the latter, a very narrow lake with a steep descent
for us and sheer c¢liffs rising directly from the water on its northern shore, there was a family of
six geese, both parents and four young. This party was ringed the following day and the whole family

have since been sighted on Islay, Scotland.

We detoured around the western end of the lake and continued on, past 34 and on to 35 which
held our largest flock of geese so far, nineteen. They were non-breeders and appeared to have
almost completed their moult. Lakes 39, 40 and 41 were without geese but 41 was littered with
feathers and droppings. As we had so far made such good time we decided to press on to the North
Valley. The cliffs on our side were 400 m high and looked down upon a 2 km wide glacial melt-river
in a flat-bottomed, recently glaciated, valley containing large areas of sand dunes. The far shore
rose less steeply but following the slope upwards we could see the ice-cap between the hills and
the sky-line except where a few of the higher peaks obscured the view. To the west we could see a
few of the snow and ice covered peaks of the coast, a vivid contrast to the high summer conditions
around us.

Reluctantly we turned away and headed roughly south-south-west (a little too roughly as it
turned out). My navigation not being all that it should be took us far to the Left (an accusation
that is not often levelled against me). However, correction was made and we lunched overlooking
Lake 38. The area we had covered was basically a high plateau; the only Lapland Buntings we had
seen were on the lower, lusher, south-facing slopes, the remainder of the area being inhabited by
Snow Buntings and Wheatears.

The first stop after lunch was Lake 37 and Tony spotted seventeen geese, I found 42 for a
moment but when I borrowed his binoculars twenty-five of them became Long-tailed Ducks - the dunking
in Atouiarssuk had nol impruved the vprical gquarities of my binoculars! Lake 36 was occupied by one
flightless Mallard and after that we spent some time examining a rock feature along the southern
shore of Lake 37: it was about 1 km long, 7-10 m high on both sides and only 5-12 m thick and
remarkably regular. It was like a natural version of the Great Wall of China.

South of Lake 36 the scenery changed quite abruptly. Lakes 22, 23, 24 and 25 are on a flat,
high plateau and are irregularly shaped. They are surrounded by boggy, occasionally extensive,
marshes and this is in marked contrast to most of the area where the hills fall steeply into the
lakes and any boggy areas are limited to the infalls and outfalls and are much smaller. Strangely,
this area was almost birdless but we did find a complete Caribou skeleton; oddly appropriate in this
still, lifeless place. We left the plateau by climbing a steep, high ridge set, inevitably, at right
angles to our route.

Lakes 18 to 20 were checked in quick succession since they were small, close together and without
geese; we were also getting hungry. We retraced our morning route around the end of Atanarssuk on
the Caribou highway and were back at camp by 17.45 hours. We had checked twenty-three lakes,
found 53 unringed geese and thoroughly exhausted ourselves - we felt we had achieved something.
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North Valley showing glacial sandur from the pass above lake 39 looking north.

C 19 NIAQORSSUA AGAIN (1-4 AUGUST)
Jee: B Beldd
By this time the non-breeding geese had regained their flight feathers and hence our efforts
turned to catching the goose families we had noted over the past month. We began this final stage

of the expedition in the south-western corner but the pgee¢se evaded us and the days took on the shape
of a sight-seeing tour.

Dave and I set off for The Gullery travelling round by False FEyrie Crag and X-Ray Pass. The
value of studying the map before setting off was proved by the fact that I forgot it completely.
It was in X-Ray Pass that we found an extremely rich area of garnets in a friable mixture of quartz.
Shortly after leaving the outflow of Spidermere we located the camp of Phil Belman and Phil Davies,
Pauline and Alison who had preceded us by a day. Adrian and John Floyd had moved still further
down the peninsula and had a magnificent campsite overlooking the seaward end of the fjord.

As Dave and I had not been in the area hefore a brief evening stroll was in order, first of all
to look at The Gullery. This is a magnitficent array of south-facing cliffs, towering 300 m above the
milky waters of the fjord, and which proved impossible to traverse. I daresay an experienced
climber would have succeeded but even then it would have been dangerous because of the crumbly
nature of the rock, most of which is metamorphic and contains much mica. The view from the top of
The Gullery gave us our first sight of the tidal part of the fjord. The flat, braided river system
gives way to sea water and there, clearly demarcated, is the colour difference between the fresh
and salt waters. Indeed it is this phenomenon that gives this part of Nagssugtoq its name, Kap Akua,
the meeting of the waters.

On our return to camp we noticed that on the far side of the fjord there were tents and boats.
Since we had come to regard Fgalungmiut Nunat as our land I, at least, felt as though the Greenlanders
were intruding; nonetheless we looked forward to meeting them. Dave and I immediately began to
speculate how it might be possible to attract their attention without giving the impression that
we were in distress. We tentatively suggested that someone might canoe over to meet them, but it
would be a long haul, not only because of the distance but also due to the swift currents which
undoubtedly flowed in the main fjord channel.

Phil Davies remarked that he had heard shots during the day, so it seemed likely that the
Greenlanders were hunting Caribou. The fact that guns were being used removed the possibility that
they may have been hunting for furs, since a gunshot wound reduces the value of the pelt. The boats
in the fjord no doubt were their transport from home, but were probably also used for fishing by
gill-netting across the channels as the Char returned from the sea to spawn in the freshwater of
the lakes and streams. The following day we came across several small cairn-like structures with
a smaller chamber at the base about every 200 m along the side of the fjord. These were almost
certainly traps for Arctic Foxes, whose fur is a valuable source of income to the Greenlanders.

Early the next day we spent a few hours searching for geese to ring, but unfortunately they
eluded us and so we split up to explore some of the more picturesque areas of the peninsula, while
Phils D & B set off with Pauline to try to catch a few seabirds on the cliffs of The Gullery.

For the 'tourists' the first port of call was The Gash to the south of Gormenghast. These two
features are so extreme in an area of rounded contours that they take some time to appreciate. It
is likely that The Gash was scoured out, in fairly recent geological time, by glacial meltwater.
Particularly spectacular were the cliffs of Gormenghast Mountain which rise vertically 250 m from
the boulder-strewn depths of The Gash. The very bottom of the gorge is filled with house-sized
chunks of rock split from the towering cliffs by frost action. At the scaward end of The Gash Dave
had the good fortune to find a large lump of Soapstone - extremely soft and easily carved. This is
still done to some extent in Greenland but the traditional devil figures made from this material,
tupilSt,are these days made for the tourist market.
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At Niagorssua, a close examination revealed quite a selection of birdlife including Glaucous
and Iceland Gulls, Tysties, Fiders and an immature Purple Sandpiper. Adrian, in the meantime, returned

to some Black Guillemot nests found on an earlier trip and located a couple of Tystie pulli sleeping
in a crevice at the top ot the low cliffs.

The day was done and the sun once more began to set; here we lose its radiance behind the near
peaks before it truly sets and as such it drops away as a fierce golden orb. The air rapidly cools
as the warmth falls away behind the mountains across the fjord and the sombre colours of night
begin to take their place. To the south a cloud front approached and the high altitude winds
ruffled barbs along its upper edge like feathers. A coy gleaming moon looked on from behind a scant
veil of cloud to the east; whilst in the west a distant plane of silver-grey cloud turned pale
purple in the hues of the sunset. The ranked peninsulas looked sullen as they edged into the ebbing
mirror waters of the fjord; the remaining channels through the mud shone like ribbons of silver; and
fingers of purple, western cloud, began to stretch and deepen across the sky.

On the following day we marched dutifully Basewards, accompanied by a barrage of mosquitoes
which only abated in the cool breezes of X-Ray Pass.

G 20 THE GREFENLANDERS IN EQALUNGMIUT NUNAT (AUGUST)
W. J. Higgs

During our stay in Lgalungmiut Nunat it became increasingly obvious that 'someone else' had
been there, the evidence being a recent campsite at the head of eust Eqalungmiut tasia together with

vcecasional finds of live and spent ammunition. In the first few days of August we discovered who had

left these signs, as the Greenlanders arrived in six fishing boats to make their regular summer camp
5 AL : > .

on the south bank of the fjord at Aqataq. The camp remained a permanent feature, while the number

of fishing boats and associated motor boats and umiaks (lightweight, canvas covered, rowing boats)
fluctuated as they ranged abroad in search of Caribou (tugto) und Arctic Char ( egaluk). These two
commodities were the central reason for their presence, although there was a social aspect as these
summer camps are a long-held tradition, and there was a large contingent of old people, children,
and other non-combatants.

Our first meeting with the Greenlanders occurred when three of them ascended Goose River with
their umiak on a Caribou hunting expedition. The umiak, filled with equipment, was dragged overland
up the course of the river, the lush vegetation of the valley bottom providing a good surface for
such travel. On the lakes it was rowed in a style novel to all of us, the rower standing upright
facing ahead, the power-stroke coming from a downward push using the weight of the body, and the
oar-blades ascending almost vertically, set at an angle. They pitched camp at the head of the lake
and a couple of days later JB and myself decided to pay them a visit, taking a tin of syrup as a
peace-offering.

The Greenlanders' camp consisted of one largeish (3/4 man) tent, standing cliose to the lake edge,
next to the umiak. This was later supplemented by piles of Caribou flesh and antlers along with
the usual quantities of domestic refuse associated with these camps. They were not at home, but as
we heard shots from the plateau above we decided to wait awhile to see if they would bring down the
kill. While we waited we discovered a family f geese on a small lake 500 m from the camp and
fetched Phil and Pauline from Lakesmeet to try and catch them. The attempt was a failure, due to
the reluctance of the geese to leave the water. During our efforts to drive them off the first of
the hunters uppeared on the skyline above and proceeded to take an extremely circuitous route down
(apparently to avoid disturbing us) even though he was carrying a very heavy load of dismembered
Caribou. We estimated that he was carrying most of the meaty bits of two Caribou, which caused him
to take a rest every two hundred metres.

This young lad, by the name of Kaba, came across to watch our antics as he passed and joined in
with our arm-waving and shouting. I attempted to communicate with him and learned that they were
indeed from the camp near Kuk und were here for Caribou and Char. I pointed to the goose family and
questioningly mimed shooting them, but he shook his head. The birds were still there two days later
when we made a second attempt to catch them. Most breeding birds in Greenland are protected during
the breeding season.

Following the catching attempt, we made our way home past the Greenlanders' tent where all three

were at home tending a large pan of Caribou meat on the boil. John and I were beckoned over as we
passed and were invited to join in with the meal. It was not the best stew I have ever tasted, being
composed simply of boiled Caribou chunks with no salt or other seasoning. The modus operandi was to

seize a chunk, pull it to the side of the pan, and cut off a suitably sized piece for consumption
with the fingers.

Communication continued to be a problem and no further useful information was transmitted.
However, during the 'conversalion' 1 intimated that they should "come up and see us sometime" and
before we knew it we were in the umiak heading for Base Camp with the two younger chaps. We gave them
a rousing porridge party and they left in the dark beneath the first star we had seen for several
months.

As our stay in Egalungmiut Nunat drew to a close, I decided to cross South Valley in our (very)
collapsible canoe to pay a visit to the Greenlanders' main camp. My arrival was initially greeted
with blank stares of surprise, but soon some 'kaffe' and custard creams materialised, I imbibed,
surrounded by an attentive audience of happy, grubby children of all ages. A baby was proffered and
I gathered, after some prompting, that I was expected to shake hands with it and say 'how do you do'.

I had not paid much attention to the problem of how to actually communicate, but became rapidly
aware of it as the deafening silence assumed embarrassing proportions. However, a blonde lady in
the later stages of pregnancy eventually sat down beside me and saluted me in English - we talked
for a couple of hours while the sun went behind the hill and we began to shiver. The party then
retired to a large tent where coffee and Caribou kidney fat were served. I questioned, and was
questioned, through my interpreter and some of the salient points which arose are enlarged below:-

They were not interested in geese or any other birds as quarry, and were in Egalungmiut Nunat
only to hunt Caribou and catch Char for their commercial return. This assertion was certainly borne
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out by the three hunters who ascended Goose River. The inhabitants of the camp were, however, at
pains to point out that profit was not the only motive for the summer camp - they were people who
prefered the traditional way of life - unlik: many modern Greenlanders, and the social aspect of

the expedition was borne out by the age range of the participants. It was a family affair. When

I asked about the shooting of geese in general, one man volunteered that he knew of about seven
which had been shot that year, though not at the summer camp. The idea of systematically collecting
goose eggs was apparently foreign to them. There is an interesting account of the hunting and
fishing activities carried out at this particular camp in Hertz (1977).

1t seems from this discussion and from later talks I had with Greenlanders that certain
settlements have traditional quarry species - for instance, these people were Caribou hunters, whilst
the inhabitants of Ikamiut in Sydostbugt make special forays after White-fronts. It is the habit
amongst Greenlandic hunters to disregard other quarry when they are looking for a particular type.
However, it must be remembered that 'traditional' hunters are not the commonest form in Greenland,
and also that the above assertions are 'second hand' and not a result of my own personal observations.

They were not particularly interested in our presence, except as a potential nuisance affecting
their Caribou hunting. When T attempted to explain what we were doing they seemed quite familiar
with the necessity to study game species, and they explained to me how their Caribou hunting is
governed by complex rules to maintain their numbers through bad seasons. It was appreciated that
we might be interested in the welfare of the geese for the same reason, and it was suggested 'from
the floor' that any decline in numbers of the White-tfronts was due to hunting in Britain and Ireland.

Opinion was strong on the subject of Ravens and Foxes, to the effect that efforts should be
made to reduce their numbers because of the damage they do to sheep (in SW Greenland) and birds'
nests. Also, Foxes carry rabies in Greenland. I attempted to introduce a discussion on whether
these animals were more or less common than in the past, but got little response.

Eventually I left the camp late that evening and canoed back across the river to our tents at
Manx Lake, where ADF, AH, DAS and I had opted to spend our last free days. The growing darkness
of the nights was becoming an increasing hinderance and made the return journey more hazardous.

The following morning we were treated to a return visit by the Greenlanders. We were consuming
a leisurely second cup of breakfast tea when a voice outside the tent enquired "Villiam?'". It was
David, one of the teenagers, together with a mixed party of about 15 others who were making their
way up Goose Valley in search of Caribou. We were able to tell them that there were few animals in
the vicinity and that the highest densities were to be found to the north and east. They found that
this distribution of the Caribou was unusual and indicated, without bad feeling, that we had probably
scured the animals away from their normal feeding argas at this time. After much discussion they
decided to go around the northern branch of Nagssugtoq to Ugssuit Nunat, near to where we had seen
large herds a few weeks previously.

Before leaving, however, the younger boys spent some time trying out our canoe and one of the
hardier lads leapt into Manx Lake and started to swim around. A considerable chase ensued in which
the 'seal' was duly dispatched and the hunter returned triumphant. However, even the canoe proved
to be no match for the motorised umiak that appeared to ferry them back. -

Once they had returned to the 'other side' we had unfortunately to think more seriously of our
own return for we had only four short days in which to complete the packing. Thus, regretfully, the
tents were packed and for the last time we trudged up the long, long slope to Base Camp.

@ 21 THE EDGE OF THE ICE-SHEET (11 16 AUGUST)
J. Floyd
) As our stay in Eqalungmiut Nunat drew to a close we allowcd ourselves a short holiday. For me
this was a last ghance to visit the ice-sheet, something I had not yet accomplished. I began my
walk on the evening of 11 August, putting several kilometres behind me before nightfall. On the

igth 1 walked most of the remaining distance to the ice, pilching camp neuar the swmmit of the
highest hill in Egalungmiut Nunat, a few kilometres trom the ice beyond. En route my most notable
obs?rvation was of a loose grouping of perhaps fifty Caribou behaving strangely. They were very
active, apparently agitated and frequently grunting or barking. Several deer bad lost an antler
though the other one was still in velvet. This was probably a rutting group.

) The 13 and 14 August were spent exploring the edge of the ice whilst based at my hilltop camp-
site. As the ice drew close the land became increasingly bare, moraines in particular were sparsely
vegetated, and rocks less thickly coated by lichen than elsewhere. Large channels of meltwater
emerge from the ice at f{equent intervals and flow to one or other of the great glacial valleys
bounding Eqalungmiut Nundt. These channels limit access to the ice to a stretch of about 4 km
spanning the watershed between the two valleys. '

This was the first time I had been close to permanent ice and it would be futile to try to
describe all the new things I saw so a few brief impressions must suffice. Here the ice is receding
and the processes of deposition are in evidence; bare moraines bounded the ice, which was dark grey
with accumulated debris slowly melting at its edge, and occasionally a rock would clatter down to
add to the moraines. A series of lakes at widely differing heights are damned by ice and moraine.
They are joined by cascades, eventually draining into a large river which emerges from under the ice
through a cavernous opening. Meltwater also trickled over the surface of the ice or emerged from
narrow tunnels and deep grooves. Freshly exposed ice, in crevasses or where blocks had broken off
into the lakes, was a delicate turquoise.

The ice is striated and has been deformed by great pressures; points of compression show as
clusters of pinnacles divided by deep crevasses. These dramatic formations were scattered far from
land, slowly petering out as the ice gently undulated up to high, white snow-fields. As 1 stood on
the summit by my camp on the night of 14 August, watching the season's first few stars, the ice seemed
to glow whitely during the brief darkness. The combined sounds of flowing water, falling rock, and
cracking ice were just audible as a low rumble to the east. ’
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Walking over a lake-strewn plateau on the way back to base the next day I discovered that Red-
throated Divers will reply to imitations of their cries - my first conversation on this solitary hike.
lLater that day, while watching a pair of divers responding to my mimicry, T saw two figures on the
far shore, also watching the birds. Johbn and Phil were returning from their own holiday, a final
attempt to reach the glacier. We camped together that night and returned to base the following day.

3 22 INUGPAIT QGAT REVISITED - THIRD GLACIER ATTEMPT (12-15 AUGUST)
J. E. Bell

Phil Davies and 1 took the opportunity of the general holiday to see if we could reach the glacier
in South Valley. We left Base Camp on the evening of 12 August and strolled at an easy pace, past the
ringing camp at Lakesmeet, and moved gracdually upwards to gain the top of the col between fmajuitsoq
and Angmat by 21.00 hours. As it was a fine evening we chose to pitch camp here and to go for a walk
up on to the shoulder ol Angmat, hoping for a good sunset. Our reverie was broken by voices close
by. Scrutiny of the shadows in the fading light revealed two young Greenlandic boys, carrying a
rifle and a collection of Caribou antlers. We chatted (or rather, drew a series of diagrams on an
old envelope, since there is no common ground between their language and ours) with the boys, Lubas
and Isak, and after about fifteen minutes '"conversation" we parted company to go to our respective beds.

On the following day the weather was most unpleasant, just like April showers in Britain. There
was a great deal of rain and very high humidity such that one became soaked wearing an anorak or not.
The walk along the fjord is neither particularly interesting or demanding, most of it being on flat
gravel or sand terraces, so we occupied ourselves with continual chat to fend off the boredom. The
major highlight of the walk is the picturesque Rainbow Falls, so called because at about 11.00 hours
the sun shines up the narrow gorge and straight into the spray from the falls, causing a rainbow to
span the channel.

This was the second time I had walked over to this part of Eqalungmiut Nunat and on several
occasions it was possible to make comparisions with the first trip. The most remarkable difference
was the reduction in the number of Caribou. On the same route on 30 June I observed 60 animals
against only four on this occasion. The most distressing change that I saw was that the Greenlanders
had passed through, leaving their usual trail of litter - a pitiful sight.

Our abode for the night of 13 August was beside a stream. The source of water in this area on
my first visit had been a lake about the size of a football pitch which, in the space of six weeks,
had disappeared completely. However, our walk was to be curtailed by water in the shape of the Barrier
River once again. The volume of water here is enormous and, because it flows straight from the ice-
cap, it is very cold and brown. A brief sortie showed us that the only chance we had of crossing was
near the fjord-valley, where we would have to strip and attempt to wade 60 m across the current -
not to be recommended.

Lying awake that nighkt, I came to the conclusion that the best way to cross would be to wear
waterproof trousers and anorak as a primitive wet-suit, albeit rather inefficient. On the 14th I
waded in to knee-depth in fast-water and found it virtually impossible to move. We tried again
where the river was somewhat slower and waded in to a depth of one and a half metres; however, it
took all our strength to avoid being swept away. Phil and I clung on to each other's rucksac frames
but the force of the current and the fierce cold drove us back to the shore after only 30 seconds
in the water. Despite having to give up this attempt, the 'wet-suit' idea had worked fairly well.

I felt suitably inspired to try further crossings at other likely places, but all to no avail, and
the glacier, which was so tantalisingly close, remained untrodden,

The last day away from Base was filled with a walk westwards towards Mont Blonk. There was a
distinct autumnal feel to the day, despite the clear skies and sunshine, mirrored by the reduction
in the number of mosquitoes. Our final campsite was beside a small tarn on the eastern slopes of the

mountain, from the summit of which we enjoyed a fine sunset to bring to an end this brief holiday
before we returned to the chaos of Base Camp.

@ 23 PACKING UP BASE CAMP (16-20 AUGUST)
A. M. V. Higgs

Thw last few days of our stay in Eqalungmiut Nunat have, for me, the unreality of a bad dream
Thu first evening of everybody's return to Base after the holiday break was taken up by a maratﬁon'
discussion on the format of the final report. This became very heated and achieved little except
a decision that all material should be published togelhier in one volume. Next day we faced the
scemingly impossible task of reducing the vast sprawl of Base Camp into an ordered assemblage of
packages, each one weighed on the 5 kg Pesola balance, ready to be lifted out by helicopter. From
the outset we had been determined to leave our site of operation just as we had found it and all we
would leave behind was an area of nitrogen-enriched soil, every fragment of our stay being air-lifted

out. These last days were thus spent scavenging for litter ackin i i
) S s sc . er, ;r and weighin
burning all rubbish. P ¢ ¢ ¥ Eisnsay, S

As tho.pace began to slacken and the havoc became progressively more and more localised, I stole
away and climbed above the camp to take my last sight of the land we had come to live in. Fér four
months'we had reacted to this landscape with every sense. Our eyesight had become keen, our hearing
sen51t1vg, and our feet too often sore. 1 felt that I had lived thesc four months totaily and I
wanted, in these final moments, to drink in the last drops of the essence of Eqalungmiut Nunat.

The high winds of the final week died abruptly as our last day dawned calm and bright. Across
the valley rang the sound of a mighty horn. David, who for weeks had been trumpeting down anything
remotely tubular, had climbed up the Crusties to keep our last scheduled radio broadcast and to take
down %he gerial mast, which he found worked remarkably well as an alpine horn. Below in the valley
a.sge}n of geese made a low-level fly-past towards the South and we turned our thoughts to ’
civilisation in the form of S¢ndre Str¢gmfjord Air Base.
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Precisely on time, a red speck materialised over the western mountains and grew into a helicopter.
Ten minutes later we 1it two flares to guide the pilot in and as the 'chopper flew towards us it was
time for a photographic session. For a while it seemed that the pilot was attempting to land on top
of the assembled luggage but after a prolonged bout of hovering and several abortive attempts at what
appeared to be pollination, the vast machine lifted off and perched instead on top of a nearby moraine.
The horror of the pilot on seeing our luggage was all too apparent and it transpired that the weight
restriction we had been given was considerably more lenient than it should have been. However, under
the circumstances there was little we could do but pack and pray, so, after wedging every cranny with
packages, the pilot performed a practice take-off without us and then pronounced the aircraft ready
to go. We crammed in, pressed our noses to the windows -and, amid a cloud of dust, lifted smoothly
from the ground. Below, the heaps of antlers that had been so carefully amassed and then sadly
abandoned beside the cairn, were the only signs that we had ever lived in this place we had called
home .

Goose valley looking south from above Base Camp.

C 24 COASTAL CRUISE TO SISIMIUT (20-26 AUGUST)
D. A. Stroud

The saddest aspect of our long-awaited return to civilisation was that, apart from thc noise, it
did not really feel any different to be back. We had secretly been longing for it to be strange, to
experience culture shock, but our sudden return only demonstrated that we are all Twentieth Century
Man (Homo sapiens industrialis) at heart, whether we like it or not. In fact, by taking equipment and
creating our own Base Camp culture, we had never really left Civilisation at all.

On arrival at Sgndre Strgmfjord Air Base much had to be done before we boarded the bus that would
take us to the port. All too soon the time had come to say goodbye to Jesper and John MCCormack who
were leaving the next day on an SAS flight to Copenhagen. Within quarter of an hour we were at the
port boarding an old landing craft that took us out to the MS pisko . Some excellent views were
obtained of Glaucous and Iceland Gulls flying about the stern of the ship, and as we set off down the
milky-green waters of Kangerdlugssuaq we were wondering what else was in store.

The highlight of the day was undoubtedly the first non-expedition meal - fritters, boiled
potatoes, onion sauce and soup. However, the real ecstasy came with the cold orange Juice. 1t was
this, and the warm comfortable lounge, that kept the bulk of the group inside playing a marathon
game of cribbage that lasted well into the next week. Those foolhardy enough to brave the worsening
elements were rewarded with one of the most impressive sights we had yvet seen. In the centre section
the fjord narrows considerably and huge 1000 m cliffs rise perpendicularly on either side. To the
south, glaciers from the Manitsoq ice-cap extension flowed out through the cleft cliffs and tumbled
down onto rocky moraine along the edge of the fjord. On the northern side, the rock ascended into
needle-thin spires which towered precipitously above the boat. These serried ranks gave the impression
of a huge natural organ, an illusion enhanced by the high winds moaning through the superstructure
of the pisko . Low cloud and mist obscured sections of the cliffs, never allowing them to be seen
in their entirety. The pale metamorphic rocks had darker dykes intruded into them, which had been
deformed to produce tortured patterns. After several hours the thickening mist obscured this spectacle
and we were forced below.

Having travelled at full speed down the fjord, the pisko reduced her speed to seven knots as soon
as the coast was reached and wallowed sickeningly all the way to Sisimiut.

Those up early enough the following morning had good views of Kittiwakes and Great Shearwaters,
but nothing to compare with what we were to experience on the return trip. It was a murky, overcast
day when we docked. After several exploratory trips we finally settled on a camp site about a mile
from the harbour, just outside the town at the base of the 600 m peak Kaellingehaetten - 'the Hag's
Hood'. We were all settled in by late afternoon and almost before one could say '"Water Pipit" the
mist nets were up and once more tea was being brewed in vast quantities. Normality had returned.
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Sisimiut is the second largest town in Greenland with 3,981 inhabitants in 1978 (Nik (Godthaab)

has ¢.9 000). It is in the curious position of being the most northerly town with all-year round
sailing facilities, and yet the most southerly with enough winter snow to warrant the use of dog
sleds inland. The dogs are kept chained in open areas between houses in summer. Although they are

fed about 1 kg of meat per week in summer (1 kg per day when working), they were amongst the
healthiest dogs we had ever seen. Frequently a pack would start to howl and the call would be taken
up by dogs all over the town until all were baying as if their lives depended on it. This was
s1ightly unnerving at first, but we soon got used to this regular cacophony. The lunchtime whistle of
the fish-tfactory was always guaranteed to produce a canine chorus.

Soon after our arrival we had visited the tourist office to enquire the whereabouts of Preben
Schleimann, a hunter whom we had been advised to contact. By fortunate coincidence his wife ran
the tourist office! On 22 August we talked to both for some time and arranged to meet Preben
Grossmann, a friend, the following evening.

During the early hours of 23 August the camp was visited by an Arctic Fox which managed to consume
a quantity of TVP stored under Alison's flysheet before being scared off. The amazing thing was that
it appeared to enjoy it! Fortunately we had not had any trouble with raiding foxes in Egalungmiut
Nunat .

We spent a most enjoyable evening with Mr and Mrs Grossmann talking about geese and most subjects
with any relation to Greenland and admiring his collection of relics. Amongst the many stories he
told us was one of a fishing boat returhing to Sisimiut early one year when it started to be hit
by birds flying out of the fog. In a period of ten minutes 4000 D.Kr. (about £400) of damage was
dane to the radar, radio, and spotlights. When it was over 930 dead King Eider were picked off the
decks, but as these were later sold to the hospital for 11 000 D.Kr. those concerned made a consider-
able profit!

The next three days were spent wandering about the town, rediscovering gastronomic delights at
the KGH store, mist-netting near the tourist office, collecting samples of algae, sediment, and
Littorina and finding that sea-watching was not a profitable exercise. John Floyd alone managed to
find enough energy to climb to the top of Kaellingehaetten, only to find a cairn with a visitors' book!

The evening of 24 August was spent with Mr and Mrs Nielson, relatives of a friend we had made on
the bpisko, and was enjoyed by all. Rationing of alcohol was introduced in Greenland by popular consent,
on a basis of thirty-six cuans of beer, or equivalent, per month for each adult over the age of eighteen
Tourists can get ration points (without which no alcohol can be bought) by showing their air ticket.
Since we had no way of proving how we had got into Greenland or how we were going to leave (the RAF
does not, unfortunately, provide booking facilities) only Alison and Pauline were able to buy drinks
with their SAS tickets. This small quantity was not nearly enough after so long an abstinence. Even
s0, late that night as we picked our way back in the dark across the boggy tundra between camp and the
town, Tony and Alison managed to collect boots full of cold arctic bog as souvenirs.

The wooden houses :f the town cluster on rock outcrops overlooking the harbour and fish-
processing factory. Sisimiut was founded in 1764, largely as a result of whaling activity in the
Davis Strait. The oldest part of the town has at its centre the church with its large whale jaw-
bone arch, but now the town has spread from this nucleus and buildings cover a considerable area.
There has been much rural depopulation in Greenland in recent years; of the population of the
Sisimiut Kommune (administrative district), the proportion of those living outside the town in
smaller settlements has fallen from just less than a third in 1960 to about a sixteenth in 1978.
This has undoubtedly made the provision of centralised services easier, as was apparent from the
modern schools, technical college, hospital, harbour and heliport. Unfortunately this rural
depopulation has become a vicious circle as it is increasingly difficult to provide services for the
smaller and more isolated communities. This is probably an inevitable consequence of limited
resources [or development, but it is to be hoped that the traditional rural way of life and culture
is not too adversely affected by these demographic changes.

Regretfully we had to leave with the Dpisko on the 26 August. After an extended breakfast we
eventually broke camp in mid-morning and made our way down to the harbour. As it was Sunday afternoon
many of the townspeople turned out to see the ship off, and our departure was given a maiden voyage
feel by several hundred people waving and cheering, honking of car and fog horns, and even a volley
of rockets! The ship was accompanied by several motorboats and waterskiers for some distance south.

About an hour out of Sisimiut a bank of fog began to envelop the ship, but not before we had a

superb view of a Pomarine Skua chasing a Kittiwake. Several Great Shearwaters began to approach

the stern; soon groups of up to five were seen flying with Fulmars close by. Then, as numbers
increased, "(Expletive deleted), will you look at that !'". A flock of about 300 had materialised
alongside, settling on the surface and flying about in the mist. Both the numbers involved and their

closeness meant that some excellent photographs were taken. The temperature drop upon entering
the fog meant that frequent trips below for hot coffee were needed, but it was only with the final
departure of the Shearwaters that one could retire with an easy conscience. The stunningly good
views of so many was one of the ornithological highlights of the trip.

As we approached the entrance of Kangerdlugssuaq the mist began to clear and at about 01.00
hours the first Aurorae were seen. At first they appeared as pale green needles of light, like
searchlights in the western sky, but they quickly changed shape and varied considerably in intensity,
somet imes disappearing for several minutes at a time. As the hours wore on they moved higher in the
sky and became more intense. On several occasions the classic folded curtain forms could be made out.
Fventually, at about 04.00 hours they vanished overhead.

As the bDisko slowly steamed up the fjord the dawn broke and most of us were able to catch a
few hours sleep before breakfast and disembarkation.

= APPROACH  To SisiniuT
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C 25 A VISIT TO AUSTAT (21-25 AUGUST)
W. J. Higgs

The expedition was by no means finished with our departure from Egalungmiut Nunat and, shortly
after arriving at S¢gndre Strgmfjord Air Base, we were on board the MS Disko, northward bound. The
Greenlandic weather put on a grand show for our trip, providing a sunny send-off which turned into
a fantastic display of fohn-type, columnar clouds to enhance our passage down the 110 km of the
equally fantastic Kangerdlugssuaq. Later during the few hours of semi-darkness, the clouds cleared
enough for a brilliant display of the Aurora and, as we turned north out of the fjord, the sun
began to shine down the valleys on our right, narrowly sandwiched between the distant ice-cap and
the low cloud.

R The rest of the group disembarked at Sisimiut the following morning, leaving me to sail on to
Ausiat (Egedesminde) where I had a rendezvous with a schoolteacher correspondent, Mr Kjeldsen.
Approaching the town a few small icebergs - of a tabular sort - hove into view. Then the fog closed
in, and our final approach was in low visibility, picking our way between the many low, rounded, rocky
islands that surround the town, Exciting stuff for me, but no doubt an everyday experience for the
crew of the Disko.

I descended the gangplank into a sea of Greenlandic faces. Apparently there was a Danish
children's gymnastic team on board, who were visiting Greenlandic schools, and this was the reason
for the considerable excitement. Asking one of the assembled throng I soon found my man who was
somewhat preoccupied with settling in the gymnasts, but later that night I met him properly at his
home, and began two days of the real stuff of travelling - as opposed to tourism - living as a
welcome stranger within the community.

Mr Kjeldsen spoke very good FEnglish, and we talked about seals and Caribou, geese and falcons.
We discussed the meaning of the Greenlandic names of Eqalungmiut Nunat, and the pros and cons of dog
sled vs. skidoos. Last but not least, he introduced me to some real Greenlandic food. Although a
good range of European foods is available in the KGH supermarkets (including fresh fruit), the
locals are very keen on Greenlandic produce, and we dined on Greenlandic salmon and whalemeat, with
raw halibut fins, auk livers and seal blubber for a late-night snack.

Next day I started my exploration of the town with a visit to the civic offices, asking about
local hunting practices and generally looking for a chat with someone. Unfortunately, nobody could

speak very much English, and so they referred me to the expert - Mr Stenshoj - ex-Sirius patrolman
and now hunter, insurance agent, boat owner, and postcard printer of Ausidt. We sat in his front room,
with its Musk Ox and Polar Bear skins on the floor, and talked for hours. It was his drink ration

day, so the talk flowed free on his adventures in the north-east, on whaling, how to hunt seals, dog
sledging, and the activities of the local hunters. He confirmed what I had heard about Greenlandic
hunters tending to stick to one quarry at a time, and confirmed also that the people of Ikamiut in
Sydostbugt have a tradition of goose-hunting, although this was carried on mainly by the older men,
and was becoming less popular. Geese also tend to be shot by fishermen in Disko fjord.

That evening, I met some of the younger locals at a party in one of the obnoxious apartment
blocks. Quite a rowdy affair, with large amounts of beer being drunk, and British/American pop
music - 'The Sultans of Swing' being particularly popular that night. Most of these people - in
their late teens - spoke reasonable English, good enough for political arguments, which they were
all eager to have with me. Women's Lib is approaching fast, though the young Greenlanders' insistence
on the value of their traditional culture poses some problems for its integration.

On the morning of 25 August I gave my second lesson in the rather alarming town school, on the
natural history of the goose. The children were, as their master said, 'rather wild', but very
enthusiastic about their wildlife. I caught the MS Dpisko, southward bhound after its tour of Disko
Bay, at 11.0Q hours with fond goodbyes and promises to return to Ausiat, and ten hours later I was
reunited with the others at Sisimiut. The ship stayed here overnight, so there was a chance to explore
the town and admire the eighteenth century church, but all too soon it was time to board the bpisko for
the last time, homeward bound at last.

C 26 THE RINGERS' CAMP AT S@NDRE STR@MFJORD AIR BASE (27 AUGUST - 1 SEPTEMBER)
J. Floyd

On arriving at S¢ndre Strgmfjord Air Base from Sisimiut three of us, Phil Belman, Pauline and
myself, preferred to savour the wilds of Greenland for as long as possible while the others decided
to enjoy the comforts offered by the hotel. Hence, we established a small camp about 6 km east of
the air-base, choosing a site amongst dense willows, between a lake and a meltwater river, which was
well suited for mist-netting.

Phil and Pol caught surprisingly large numbers of Redpolls and, on 31 August, two Arctic Redpolls,
a species which, at least up to 1974, had been ringed only once before in Greenland.

I spent my time quietly, reading or wandering. On 30 August I set off to walk upstream to the
ice-cap but it was further than I expected and I turned back short of the ice. I rode the last few
kilometres to our camp in the back of a military police truck, not under arrest as feared by Phil
and Pol but '"enjoying'' a very bumpy 1lift.

By now the nights were really dark for several hours and we spent the evenings watching some
fine displays of the Aurorae, shifting white or green streaks and curtains of light apparently
stretching vertically to awesome heights. At these times we also watched a great number of
satellites; during one hour we counted fourteen. Perhaps we were under an orbit which passes over
both the Soviet Union and the U.S.A. witnessing a further intrusion of the Twentieth Century into
this wilderness.
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c 27 THE END (27 AUGUST - 2 SEPTEMBER)
A. P. Fowles

For those of us who chose the easy way of life while we were at S¢gndre Str¢mfjord Air Base the
time was one of relaxation and the priorities were rest and cleanliness as we tried to scrub out the
grime of four months rough living from our well-worn clothes. It was a time when we re-acquainted
ourselves with the taste of beer, were trapped once again by the hypnotism of a TV set, enjoyed the
comfort of soft beds and big armchairs, and rejoiced in the variety of food cooked for us in the
service canteen.

The days followed a very similar pattern as we lazed around, put finishing touches to logs and
field notes, played pool, and prepared ourselves mentally for the return to Britain. The night of
28 August, however, was a special occasion as we celebrated Tony's birthday in fine style and
learned anew the powers of drink. This probably accounted for the following day being so quiet,
although Alison and Will wandered a fair way off the base in their search for Musk Oxen, to no avail.

On the morning of 30 August we had an informal meeting with the airport manager, Steen Malmquist,
to tell him what we had found in Eqalungmiut Nunat and to hear his tales of the area. Just as we
arrived in his office a pale Gyrfalcon dashed across the runway and proceeded to hunt over the
willow scrub 150 m away,; it was our last sighting of this impressive falcon and not a bad way to
say goodbye. We talked for two hours and without question we would gladly have taken up more of his
time to listen to his interesting anecdotes about the local wildlife, of his years with the north-
east Greenland patrol, and of his researches into the Viking settlements of continental west Greenland.

The trimming of numbers continued the next day as we waved farewell to Alison, who was taking
the SAS flight to London via Copenhagen, envious of our male privilege of travel on the Hercules.
Pauline planned on staying in Greenland for a short while to continue trapping passerines on autumn
passage. At 06.00 hours on 1 September, our last day in Greenland, Tony woke Phil and I and we
strolled across to the deserted canteen for an early breakfast. Mr Malmquist had told us of the
whereabouts of a small population of Harbour Seals in the fjord and we set out to take a close
look at them. It was a good morning's walk and most welcome to be back on the tundra again. The
plants were well into their autumn now and reds and browns predominated; few flowers were left but the
scarlet vaccinium berries, like a scattering of gems, provided a splash of colour. There were only
four seals in the fjord but one was fairly close to the shore and we sat for half an hour watching
it sunning itself and slithering into the water for an occasional cooling swim.

Soon it was time to head back to the base, complete our packing, and make our way across to
the control tower to await the arrival of our friendly Hercules. Squadron XXIV had been on a
training run and had flown low-level all the way down the coast from Qidnaq - a spectacular flight by
all accounts. It took an hour to load up and refuel but finally all was ready and we were on our
way home.

We were calling in at Mestersvig on the north-east coast to pick up Wally Herbert and an RAOC
Expedition and the journey across the ice-cap was to be another low-level training flight. 1t was an
unforgettable experience as we flew for two hours at an altitude of 600 m above the vast expanse of
inland ice. The north-easterly flight took in most of the significant features as we passed from
low-altitude, low-arctic conditions at S¢ndre Str¢gmfjord Air Base to high altitude, high arctic cond-
itions in Scoresby Land. In the west the ice begins at a height of 600 m, suddenly passing from
glacial moraines to the dirty belt of fringe ice. Here it is sliced and deeply gouged and the runnels
are filled with moraine debris, while streams of glacial milk cut through this jumble and run along
the foot of the dirt and gravel. Further on, the ice-dome becomes smoother with meandering ribbons
of meltwater and, a feature unique to this western zone, many shallow pools of clear turquoise with
thin skins of ice across them. We kept climbing while the dome rose to 3000 m, with occasional
inexplicable ridges that looked like spines of mountain peaks breaking through the flatness. Then
for a long time there was nothing but a panorama of featureless whiteness, glaringly white, the
only pattern being the arrow-heads of wind-shaped snow.

The captain gave warning that we were approaching the coastal mountains and from the windows
we could see white dots on the horizon. Closer still we were coming into an unreal impressionistic
world; brown, smooth rocks jutting from white ice-dunes; toothed nunatak peaks, snow-capped angular

faces; glacier tongues; fjords; all rock so brown, weathered; no vegetation visible. Then down into
the fjords themselves; ice-bergs amid pack-ice, clustering at the foot of glaciers; the deep, dark,
green waters of the fjord; turquoise of ice below water; gulls flying across the packed ice. Then

over Scoresby Land: rock became sandstone, dropping sheer and unvegetated into the fjords; ice-bergs
everywhere of incredible shapes and sizes; barrenness; a flat undulating tapestry of rich colour,
purples, greys, greens, oranges, dull blacks, maroons; the colour in bands indicating rigid
botanical communities; and then back to the fjords and the ice as we flew into Kong Oscar's Fjord.

A cloud of red dust greeted our arrival at Mestersvig, a place of legend in the field of
Greenlandic biological studies, and as the cargo doors opened we stepped out onto the gravel runway.
Mestersvig itself is a collection of some twenty or so modern Danish-style houses which seem
curiously out of place in the ancient and magnificent landscape. The pyramidal mountains encircle
the settlement, many of them with jagged peaks like shattered bone. Here, at 729N, it was already
late autumn and becoming very cold as the sun, a great red orb, set behind the distant mountain tops.

The proposed one-hour stop ticked away as the piles of cargo were loaded on board and it was
dark by the time everything was crammed in. FHalf an hour later, as we cruised at 9 000 m with an
outside air temperature of -44°C, we had our final views of Aurora Borealis. It was difficult to
pick out much detail against the harsh background glare of the plane's interior lighting but in the
northern half of the sky there were definite pale green streaks of light. The rest of the journey
was spent cramped and huddled, trying to catch up on lost sleep until, at 04.20 hours BST, the
announcement came that we were over Rirmingham and beginning a slow descent towards RAF Lyneham.
Down below, the city presented a sight to rival those northern lights. In a velvet blackness, the
street lamps were set like jewels - necklaces of sodium orange and the dim white glow of ordinary
lights. Every individual lamp was discernable in clusters and patterns like constellations on the
land for each discrete group and road system.
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Finally the order came for 'seat-belts on', then touchdown and the long taxi-ing around the
runways of Lyneham. The cargo doors drop open and we can see that it has been raining substantially -
nothing changes. An hour's wait while we got our luggage and some of the equipment passed through
Customs and then at long last into the Departure Lounge for emotional reunions with family and
friends. Amidst all this happiness, though, was a tinge of sadness at the knowledge that the
expedition was over, that the people we had lived and worked with for the last four months were
going their separate ways, that we had seen the last of Greenland, for this summer at least.

For most of us the drive home was experienced in a tired daze but we were still struck hy
the vitality of the British countryside: hedgerows and trees, the essential living greeness of it all,
Wood Pigeons, Herons, and Black-headed Gulls, myriads of butterflies, and the familiar life of
country towns; in many ways it was good to be back.

Nunataks from RAF Hercules, north-east Greenland.
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SECTION D GOOSE STUDIES

D1 THE DISTRIBUTION AND ABUNDANCE OF GREENLAND WHITE-FRONTED GEESE
IN EQALUNGMIUT NUNAT D. A. Stroud

Abstract

Greenland White-fronted Geese were seen in Eqalungmiut Nunat from 7 May untilﬂour departure on 20 August.
Upon their arri val large numbers were seen on mature flats at the head of Nagssugtog, probably a regular feeding
site for migrating geese prior to local dispersal or further northwards migration. After about 17 May, most

birds had left this area to feed on low altitude wetlands, mostly in pairs. In June fewer birds were seen flying
as most were either nesting or were flocking with non-breeders. All but one of the seven nests found were below
300 m. Two families were observed walking to higher ground after hatching, so that movement to the higher lakes,
where both families and small flocks of non-breeders spend the summer, is evidently reqular. The summer population
of Eqalunymiut Nunat (750 kmz) was estimated to be about 415 * 70 (325 * 50 non-breeders and 90 + 20 birds in
families). The largest survey revealed 107 geese in an area of 150 km2. Mean brood size of sixteen families

was 3.50.
INTRODUCTION

The breeding range of the Greenland White-fronted Goose extends from Nik (Godthab) (G4ON) to the
north of Upernavik (73 °N) (Walker 1860,; Salomonsen 1950a), and the study area of Egalungmiul Nunat
(67030'N) is thus moderately central (Figure A2.1). As part of an aerial survey otharibou (Vidar
Holthe in litt. ), the area between Kangerdlugssuaq (S¢gndre Strgmf jord) and Nagssugtoq (Nordre Strg¢mf jord)
was covered between 22-30 June 1977 (Figure D1.1). About 10 - 15% of the tolal area was overflown at
altitudes between 70 and 100 m, and observations of geese made on the flights bear out Salomonsen's
(1950a) statement that "in the interior of the Sukkertoppen and Holsteinsborg Districts the White-fronted
Goose is very numerous and to the north extends its breeding grounds westwards, gradually approaching
the coast, which is reached at about Agto in the southern Egedesminde District".
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Figure D1.1. Observations of moulting [locks of Greenland White-fronted Geesce ( anser albitrons

flavirostris) 1n central west Greenland during 1977. Flock sizes ranged from 7 to
54 birds, usually 15 to 20. The first family was seen on 30 June (Vidal Holthe
Ty 13tEs)s
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Records were kept of all observations of White-fronted Geese in lgalungmiut Nunat and are summarised
in four periods (pre-breeding, breeding, hatching to moult, and post-moult), corresponding to distinct
phases ol both goose and observer activity. During the pre-breeding period the same pairs were
undoubtedly recorded several times cach day moving between feeding sites, so estimation of total numbers
is impossible for this period. While there were over 50 observations of flying geese each day during
the second week of May, in July and August few flight movements were seen duc to moulting or breeding
behaviour and only seven observations of any geese were made during 13 - 20 August. The distribution
of observers in different areas of Eqalungmiut Nunat is described in section B4.

Throughout this account, the term 'non-breeder' is taken to include adult failed breeders as well
as juvenile non-breeding peese unless otherwise stated. Reference to the lowlands includes all
ground below 200 m in the south-west of IEgalungmiut Nunat (see also section B3).

PRE-BREEDING 7 MAY - 25 MAY

Arrival

The first goose was seen in Eqalungmiut Nunat at 16.15 hours on 7 May flying at about 200 m
altitude north-west across Kuk Marshes with at least four other pairs seen in the same area that day.
This area of mature flats (scction 11) formed the main feeding and roosting area for the next ten days
(section D2).

Distribution

The KUk Marshes provided feeding for flocks of northwards-migrating birds in early May. The build-
up ol numbers to a peak of 93 on 12 May is shown in Figure D1.2 and behavioural study was undertaken at
this time (section D2). Two skeins of 25 seen flying north on 16 and 17 May were the last evidence of
major migratory movements and after this date ‘most geese present in Eqalungmiut Nunat lowlands remained
for some weeks. Adult birds generally were first to arrive, followed a few days later by non-breeding
second summer birds, identifiuble by their lack of dark belly-bars. In many cases, however, family
parties arrived together and second summer birds continued to associate with their purents until the
onset of nesting. Copulation was once witnessed at Kik Marshes (section D13).

After 17 May, there was considerable movement to and from Kik Marshes, most birds flying in the
direction of Eqalungmiut tasé., The movements are difficult to interpret, but geese seemed to be spending
most of the time within the lowlands and foraging on the fringes of the higher ground as the thaw
progressed. The main feeding areas during this period are shown in Figure D1.3.

The first geese seen at George Eliot Marsh, 3 km from Kak Marshes, were three on 12 May. Numbers
were seen there regularly and on associated streams and pools until 27 June, declining as other feeding
areas became available, and with none prescent in July and August. Several small early thawing flushes
south-west of George Eliot were also frequented in early May with groups of ten to twelve feeding in
relatively tiny areas.

On 20 May, an evening roost of geese was discovered on the frozen marshy flats between Imajuitsoq

and Lakesmeet. The habital was Ledum palustre — Calamagrostis purpurescens heath with large areas of wetter
tguisetum marsh. The area was unusual in having many small hummocks and hollows and often extensive
systems of small gullies thus providing a complicated topography. The area scemed to be used as a

roost as well as a feeding ground, and in the evenings additional birds would fly in to join those
feeding there during the day. Counts were difficult because of the terrain, but those made (probably
underestimates) are shown in Figure D1.2. Numbers here and at Upper Marsh, 2 km north-west, suggest
that the same birds used both sites between 19 and 26 May.

Once of the major f(eeding areas in May was the wetland complex around the cast end of cast Fgalungmiut
tasia, particularly Ridgeway Marshes. At different times geese were secen feeding almost everywhere from
Caroline'ss Pool to Willow valley and the Pass of Jennings lakes, an area of about 20 k', The
patchiness of observer cover makes a census of this urea impossible, however it is thought that the site
wus very important for the geese, and many probably dispersed here from Kuk Marshes,

Geese were frequently seen teeding on Upper Marsh and during May most of the geese there were
puired. From June, we were able to identify individuals here with certainty, but on the basis of
behaviour the single male seen on the marsh after 30 May was probably the male of the Upper Marsh nest
(BC1: see section D4).  On 26 May during a visit to Atanarssuk and the Lake-line, six pairs were seen,
the only sightings from the plateau in May. This may reflect the lack of observations in this region
(Figure B4.1), but the few other trips across the plateau also lailed to record geese. During an
c¢xceursion to the glacier Inugpait qﬁut on 11 and 12 May several pairs ol pgeese were seen on flats north
of the South Valley sandur, a habitat similar to Kik Marshes, whilst others were seen flying over the
hilltops (c. 400 m) north of the glacier. Much movement was also seen along Willow Valley to and from
Ridgeway Marshes.

Activity

In May, most birds seen were solitary pairs, or occasionally in flocks of paired birds (Figure D1.4).
In several cases two to four juvenile geese with few dark belly markings were associated with older
birds. These were most likely last year's young, which left their parents after the hatch of the
scason's young and were functionally part of this younger family (section D9). Most of the day was
spent by the adult pairs feeding or roosting at one of the wetland sites, where the principal foods
taken were Hippuris vulyaris and Eriophorum angustifolium, as well as some grass roots (especially Puccinellia
deschampsioides), Triglochin palustre and others. The diet at this time is more fully described in section
DX. Most of the nests found later were close to the wetlands in which the geese were feeding at this
time, so it is probable that they were also prospecting, although no such behaviour was specifically
seen.,

Most flights in May were of north-east/south-west orientation within the boundaries of the lowlands
(Figure D1.5). lowever a few geese were seen flying south from, or north towards, the plateau or beyond,
Most of the northwards flights were in the late afternoon or early evening (17.00 - 20.00 hours)
although a few geese were seen flying north in the early morning (02.00 - 03.00 hours). Thus it is
possible that some were using the higher ground for roosting, feeding during the day at lower altitudes.
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Discussion

The route taken by the migrating geese north from their wintering grounds is the subject of much
debate. Some arrive in Iceland about 20 - 25 April and move through quite quickly, although little is
known of their occurrence there at this time. It is unlikely that there are any major staging areas
in lceland, and those seen there in spring may represent stragglers from the main migratory flocks.
The food there is thought to be newly sprouted sedges and the overwintering bases of Eriophorum
(Gardurssonpers. comm,). Some, according to Salomonsen (1950a), round Kap Farvel and travel up the
interior of west Greenland, sometimes reaching Nanortalik, in the extreme south, as early as 27 April.
Others cross the ice-cap direct, being seen on the radar screens of the USAF Distant Early Warning
stations (S. Malquist pers. comm.; Salomonsen 1967a, 1979a; Wilson 1981). Geese are not infrequently
seen on the east coast of Greenland (section D14) and spring sightings range from 20 May to 4 June.
Relative numbers using either the direct ice-cap route or the coastal route are not known, but in the
past observational bias has probably led to the importance of the ice-cap route being underestimated.

At S¢ndre Stre¢mfjord Air Base the first geese are usually seen about 2 May (S. Malmquist pers.
comm.) and in Sisimiut between 5 and 7 May, sometimes earlier, as in 1977 when they arrived on the
small offshore islands on 1 May (P. Grossmann pers. comm.). Large numbers congregate in specific
areas to rest and feced belfore moving north or dispersing locally to breed. Near Kangerdlugssuag there
is an area of grassland where large numbers are traditionally found in the first week of May (S. Malmgiust
Malmquist pers. comm.); another such area is in the lgwlands wgore the lake Taserssuaq flows into the
north-eastern arm (Maligiaq) of the fjord Ikertoq (67 00'N, 52720'W) (Figure D1.1) (P. Grosmann pers.
comm. ). Both these areas and Kik Marshes are lowland sites where the thaw is earliest and where the
first food plants become available from the frozen substrate.

Fencker (1950) found that the geese usually arrive at the end of April and beginning of May at
Sarqgaqdalen (70006'N, 57008'W), initially in groups of four to five, later up to 30 and on occasion
505 In 1965 the thaw in Sargaqdalen was late (8 - 10 May) and geese arrived almost immediately after
this (Jensen and Preuss 1972). As the valley bottoms in this region are filled with snow, on arrival
they feed on the hillsides on " Empetrum and dead grass'", in the evenings roosting by the sea. With
the spring thaw, the geese apparently move on to the Nigssuaq plateau to eat Equisetum and grass.
Evidently, in any region the selection of feeding area immediately after arrival depends on the state
of the thaw. In the coastal climate of Sargaqdalen, snow cover is apparently less at higher altitudes
than on similar dates in Egalungmiut Nunat.

In conclusion, the gecese seem to follow a regular pattern of dispersal on arrival in Greenland,
feeding intensively at a few traditional lowland sites for the first 10 days or so after arrival, and
then gradually foraging further away following the thaw as it progresses altitudinally.

BREEDING DISTRIBUTION 26 MAY - 25 JUNE

Observer activity was largely restricted to the river and lake system of the lowlands near Base
Camp and this is reflected in the distribution of located nests (Figure D1.6). Most clutch initiation
took place in the period 19 - 24 May, approximately 15 days after the first arrivals were seen (section
D4). The nests and the selection of nest sites is described in section D4, whilst aspects of breeding
behaviour of incubating geese are presented in sections D5 and D6.

Non-breeding geese moved on to the plateau during June, but remained in some numbers in the lowland
wetlands with far more movement between the two after 18 June. The geese were probably spending a
greater proportion of their time on the higher ground (where the lakes were beginning to thaw (section
J2)) and less frequently visiting the valley feeding areas. Small flocks began to appear on the upland
lakes in the third week of June.

x - active nest
o - old nest
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Figure D1.6. Positions of six of the seven active goose nests found in Eqalungmiut Nundt in
1979, together with one nest from a previous season.
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HATCHING TO MOULT 26 JUNE - 10 JULY

During mid to late June, geese that had not bred, or whose breeding attempt had failed, began to
aggregate prior to moulting into larger flocks on the upland lakes, where they remained until August.
Two families with young (Upper Marsh and Rimwater Marsh nests) moved from the nesting marshes up
towards the plateau lakes, evidently a common occurrence since most nests were found at low altitude,
whereas all but one family, (and these were capable of flight)were found on plateau lakes. The reasons
for the move are thought to be similar to those causing the non-breeders to move. The lake systems of
the uplands provide a network of lakeside grazing areas with refuges from Arctic Foxes, and the inter-
connecting streams provide easy routes for movement between feeding areas. The later thaw at altitude
results in plants being at an earlier stage of growth compared to the lowland marsh areus and hence of
better nutritive quality (see sections D8 and F1).

MOULT AND POST-MOULT DISTRIBUTION 9 JULY - 20 AUGUST

Most areas of Eqalungmiut Nunat were visited during the moult period although attempts to reach
Amitsuarssuk were unsuccessful due to a swollen river.

An attempt was made to census the area immediately north and east of Base Camp on 9 July, when
the entire area shown in Figure D1.7 (100 km?) was surveyed for geese. The total of 60 non-breeders
and two families discovered, by simple extrapolation, gives an estimate of 450 non-breeders over the
whole ol Eqalungmiut Nunat (750 km?). The most extensive survey was carried out on 25, 27 and 29
July to the north of Atanarssuk and cast of Castor and Pollux (Table D1.1). The area covered was 150 km?2
(Figure D1.8) and the same extrapolation gives a total of 400 non-breeding birds. However, if the
lowland parts of Eqalungmiut Nunat are excluded (150 km? - these are known to have held only one family
al the time), the total comes to about 320 non-breeders. Sixteen families were seen in Egalungmiut
Nunat (a total of 88 birds) which together with the non-breeders gives a summer population of about
400 geese. Because extrapolation from the above survey gives a lower number of families than was
actually seen, the observed number has been used. It is likely that this remains an underestimate since
the land bordering the ice-—-cap was not thoroughly covered.

Figure D1.7. Area covered by census of 9 July-1979.

The accuracy of such a simple extrapolation is open to question, depending on an even density
of birds, which the aerial survey of 1977 (Figure D1.1) and our observations (Table D1.1) tend to
invalidate. These and other observations suggest the possibility of higher densities close to the
ice-cap during the moult. Since our survey was carried out in this area, this would inflate any
population estimate. Erring on the side of caution, numbers of geese are probably as follows: non-
breeders 300 - 340, families 90 - 100 (individuals, post-hatching); and thus a total population of
390 - 440.



Figure D1.8. Area covered by census of 25-29 July 1979.

TABLE D1.1. Distribution of geese in northern Eqalungmiut Nunat. 25, 27 and 29 July.
LAKE NUMBER (PARENTS GOSLINGS NON-BREEDERS)

Lake 31 14 14

Lake 33 6 2 4

Lake 35 19 19

Lake 42 14 14

Lake 37 17 17

Lake 58 15 2 3 10

Lake 73 10 2 3 5
Atanarssuk 6

TOTAL 101 6 10 85

Movement of non-breeders during moult

ZULU

A flock of non-breeders spent July near Zulu; all were ringed on 11 July and their movements before
and after this are of interest (Table D1.2). Despite the disturbance caused by the ringing, the flock
was seen at its normal feeding site on Zulu on 12 July, but further activity in the area caused the
birds to scatter; two days later they had moved 7 km downstream to Doodle and Spidermere (Figure D1.9)
although numbers seen on 14 July indicate that at least six of the birds in the Doodle and Spidermere
flocks were not ringed. The rings of the geese on X-Ray could not be read, so it is not known if they
had moved straight to X-Ray or had travelled to Doodle or Spidermere first.

AXEWATER

During July and August a flock frequented the plateau in the region bounded by the lakes Hotel,
Quebec, Uniform and Axewater (Figure D1.10), and it is likely that most of the sightings in the area
involved the same birds (Table D1.3).

Movements of families during moult

Due to distinctive belly and breast markings (section D12), the movements of several adults with
families could be followed (Table D1.5). The family from Upper Marsh was watched from June to August .,
Most movements between lakes would have been fairly easy for a small gosling to undertake. The route
between Welsh and Foxtrot was more severe however, and was about 1.5 km, much of it along a boulder-
strewn, narrow gorge with a drop of 200 m between the lakes.
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TABLE D1.2.

X-Ray

DATE

June
July
July
July
July
July
July
July
July
July
July
July

Figurde

2

15
16
31

D1.9.

Lakes of

the Welsh to Doodle drainage system.

July movements of Zulu non-breeder flock.

NUMBER

5
10

6
107
17
17
12

LAKE

Welsh

Zulu & Welsh
Zulu

Zulu

Zulu

Zulu

Zulu
Doodle
Spidermere
Spidermere
X-Ray

Zulu

(with Welsh family)

(ringed A12-A24 and A26-A29 inclusive)
(with a family of 7 birds)

(at least 3 ringed)

(at least 4 ringed)

(all ringed with a family of 6 birds)
(at least 6 ringed)

Axewater

M|ke,’

November , '

/ December
)

Quebec

)

@@ Uniform

—

D110,

Lakes of

the Axewater region of plateau.
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TABLE D1.3. Flock size of geese in the Axewater area.
DATE NUMBER LAKE
June 27 10 Axewater
July 2 13 Mike
July 5 13 November /December
July 9 12 Quebec
July 10 12 Uniform
August 2 6 Axewater
August 3 7 Axewater
August 4 16 Axewater
August 5 15 Crusties
August 6 16 Axewater
August 10 14 Hotel
August 14 6 Axewater
August 19 6 Crusties
August 20 18 Crusties
TABLE D1.4. Family size of all Greenland White-fronted Geese in Egalungmiut Nunat, 1979.
DATE FIRST SEEN LAKE YOUNG
July 16 X-Ray
July 17 near 410 m 4
July 17 near 410 m
July 20 Charlie 5% Upper Marsh family
July 20 Charlie 5% Welsh family
July 22 Atanarssuk 1
July 26 Lake 31 3*
July 27 Lake 73 3*
July 28 Lake 33 4%
July 29 Lake 58 3*
August 2 Axewater 1% Axewater family
August 2 Axewater 3%
August 9 E. Eqalungmiut tasia 6
August 12 Lake 70 2
August 15 Lake 69 5
Mean brood size : 3.5 + 1.50 (s.d)

* indicates ringed broods

Family size

It was not possible to make regular observations on most families and this, together with the
large distances over which families move, complicates any calculations of totals. As the young grew,
families moved less, tending to congregate both with other families and, more loosely, with non-breeders.
Thus after 16 July most families can be identified with some degree of confidence. Only sightings after
this date have been used in the compilation of Table D1.4.

Behaviour during moult

On commencement of moult, non-breeders became far more secretive than previously. On observing
humans at distances of over 1 km, they would swim to the bank of the lake furthest from the observer
and disappear into the vegetation. Once hidden they would skulk away from the area. Their perfect
camouflage, and the ability of large flocks to vanish whilst under observation with binoculars and
telescopes, caused incredulity at first; however by our taking every precaution against being seen,
moulting geese could be watched with success. Towards the end of the moult, non-breeders became more
tolerant, tending to swim to the middle of the lake rather than skulk away on dry land.

The behaviour of families was different from that of non-breeders, as they took to the lakes when
alarmed rather than hiding in the vegetation. This agrees with Salomonsen's (1950a) observation that
they will try to hide only if there is no lake nearby. Once on the lake it was much more difficult to
compel family groups than non-breeders to leave and walk into the catching nets set up on the bank
(section D10). On 8 August attempts were made to catch a family of six young. On the first attempt
the male left the family and ran off up the lake side to hide in the vegetation. The female and young
remained on the lake hiding in emergent Menyanthes at the edge, and finally, when approached with boats,
flew across the lake on apparently their first flight, to land and feed seemingly unconcerned close
to the ringers. This was closer than any geese had allowed approach for months and was no doubt a
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TABLE D1.5. Family movements in June, July and August (Gosling number in brackets).

DATE UPPER MARSH WELSH AXEWATER ATANARSSUK AXEWATER AXEWATER RIMWATER MARSH
(5) (9) (1) (1) (2) (3) (5)
22 Upper Marsh
23
24 Charlie Rimwater Marsh
25
26 ?Charlie Rimwater marsh
27 ?Delta ?Echo Rimwater marsh
28 Welsh Rimwater Marsh
29 leave Rimwater marsh
30
1 ?Foxtrot Welsh ?Foxtrot
2 Echo
3 Welsh
4
5
6
7
8
9 Welsh
10 Welsh
11 Welsh Welsh ?Echo
12 Zulu Welsh
13 family (5) on Zulu
14 Foxtrot Foxtrot
15 Foxtrot Foxtrot
16 ?X-Ray (4)
17 ?Yankee
18
19
20 Charlie/D Charlie/D
21
22 Delta Delta Atanarssuk
23 Echo Echo
24 Atanarssuk
25
26
27
28
29
30
31
1 Axewater Axewater Axcwater Axewater Axewater
2 AXcwuter Axewater Axewater Axewater Axewater
3 Axoewater Axcewater Axewater Axewater Axewater
4 Axewuter Axewater Axewater Axewater Axewater
5 Axcewatcer Axewater Axewater Axewater Axewater
6 Axewater Axewater Axewater Axewater Axewater
7
8
0
10 Axewater Axewater Axewater Axewater Axewater
11 Axewater Axewater Axewater Axewater Axewater
12
13
14 Axewater Axewater Axewater Axewater
15 Axewater Axewater Axewater Axewater Axewater

16 Axewater Axewater



reflection of their ability to escape by flight if necessary. It was“”also the only occasion on which
a family was seen to split up, and it is possible that the early disappearance of the male was due to

his still being flightless.

FLOCK SIZE

Flock size has been calculated on a daily basis; that is, while avoiding inclusion of the same
birds twice in any one day, the same flock has been counted separately if seen on more than one day.
Thus the grand total of geese for each month does not indicate the numbers of birds present; figure
D1.4 does, however, reflect changing gregariousness.

The modal tlock size changes from two in May and June to 14 and 16 in July, and to 27 in August.
Individual young geese associated with adult pairs were occasionally seen, but in June the groups commonly
contained several pairs. In July and August family flocks were seen consisting of one to six goslings
and parents. As the month progressed bigger flocks developed, particularly on Axewater, where all but
one of the flocks over 25 were seen in August.
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D2 PRE~NESTING FEEDING BEHAVIOUR OF THE GREENLAND WHITE-I'RONTED GOOSE
A. D. Fox & J. Madsen

Abstract

Greenland White-fronted Geese were observed feeding for up to ten days between the peak arrival period and
the onset of nesting in west Greenland. Birds fed on highly nutritious subterranean plant perenniating organs
for 68% of their diurnal activity, roosting only during the period of sub-zero temperatures. Attendant vigilant
ganders 1n solitary pairs enabled female geese to feed for maximal uninterrupted periods. The males gained advantage
from joining flocks of other geese spending less time alert with a corresponding increase in the proportion of
their time spent feeding, although there appeared no advantage to females in social feeding. Patterns of movement
suggested there was a diurnal rhythm to feeding determined by freezing of the substrate.

INTRODUCTION

Nutritional reserves acquired by arctic-nesting geese prior to the spring migration are limited by
the increase in body weight the birds can carry and at thc same time maintain adequate periods of flight
(Ryder 1970). The condition of the birds on arrival is of considerable importance in determining
reproductive success, and in the case of the Lesser Snow Goose, Ankney and MacInnes (1978) suggest clutch
size and- successtful incubation are directly related to the nutrient reserves of the female. In most
species, the female goose feeds very little before and during egg-laying and incubation and must have
accumulated sufficient reserves to sustain egg-laying and maintain condition throughout incubation.
Generally, nesting commences shortly after arrival on the breeding grounds, being limited by the period
ot rapid yolk development (Raveling 1978) and by weather conditions which may cause complete breeding
fuilure in some years (Ogilvie 1978). However, the pre-nesting period varies considerably according to
species. In typically high arctic geese such as Lesser Snow Goose and Ross's Goose, it is suggested
that the stimuli causing rapid yolk formation are related to the events just prior to, or at the time
of, migration to the normal final staging areas, the geese commonly nesting within three to five days
of their peuk arrival on the nesting grounds. In low arctic species such as Cackling and Brent Geese,
the initiation of nesting occurs 10-13 days after peak arrival with rapid yolk formation stimulation
dating from events just before, or at the time of, migration from the final spring staging areas to
the nesting areas.

Fencker (1950) and Salomonsen (1950a) observed in the low-arctic Greenland White-fronted Goose a
period of feeding immediately after arrival gn the negting grounds. Fencker found that the phenology
of arrival of the species at Sarqaqdalen (70 06'N, 57 08'W) was relatively constant with arrival in
early May and feeding until the first eggs are laid between 20 and 28 May. Similarly, S. Malmquist
and P. Grossman (pers. comm.) give the mean arrival dates as the first week of May, with extreme dates
of 2 May for Sgndre Strgmfjord Air Base and 1 May (1977) for Sisimiut respectively. The first birds
seen in Egalungmiut Nunat 1979 were sighted on 7 May.

The first geese noted in the study area spent considerable periods feeding on Kuk Marshes, an
urea of mature glacial sediments adjacent to a glacial melt river. After 7 May, this area formed the
central feeding site for all birds in the vicinity, numbers reaching a peak of 93 on 12 May and
subsequently declining over the following days, until by 17 May the passaie was largely completed and
the birds had dispersed away to higher latitudes (Figure D1.2). Egg-laying commenced on average on
22 May, giving a pre-nesting period of at least 10 days.

On the basis of behavioural studies, it is suggested that the female can at least maintain her
general nutrient status and hence increase her chances of reproductive success during this phase. This
is achieved during the pre-nesting time by the female maximising feeding activity while the gander
spends the majority of his time alert in a protective function.

METHODS AND STUDY AREA

A description of the Kuk Marshes complex is given in section I1 and is shown in Figure D2.1.

Faecal analysis and direct observations showed the arriving geese to be feeding on the perennating
rivizomes ol Puccinellia deschampsioides and bulbils of Triylochin palustre as well as the developing shoots
ol dtippuaris vulgaris submerged in some of the pools (see section D8).

The entire area could be watched from a ridge 300 m north of the marshes, affording concealed
approach from the nearby camp, as well as simultaneous viewing over all of the important goose feeding
sites.  Observations using 20-45 x telescopes commenced on 9 and 10 May when preliminary watches were
carried out, culminating in a full 24 hour continuous watch on 11 May.

Two methods of data collection were used as 1ollows:-

(i) At 15 minute intervals, the marsh complex was scanned and the locality and activity ot all
geese present on pools and marshes noted. The activity states used in the study are listed
in Table D2.1.

(1i) Concurrently, pairs of birds were watched whilst actively feeding and the behaviour of both
birds noted and timed.

The latter method was intended to time changes in the behaviour of birds and examine patterns of
alertness and feeding in foraging pairs, with the exact time of each change in activity of the pair
being noted. It was not possible to determine whether these birds were breeding pairs, but the generally
late arrival of the young non-breeding birds in Eqalungmiut Nunat, together with the distinctive
behaviour of these pairs suggest that the birds under observation were likely to have been nesting geese.

The data collected using method (i) were segregated on the basis of pairs feeding in flocks and
those leeding in isolation, These results were analysed in two forms: firstly, the data were summed
on an hourly basis, and the proportion of time spent in each activity was calculated and expressed as
a4 percentage for both goose and gander in isolation and in flocks; secondly, the length of time spent
in a particular activity without interruption was calculated for goose and gander in both situations
and mean values were calculated for each hour of the day. Data are combined from 11 and 12 May, and
ure derived from observations taken from different pairs throughout the marshes, although several pairs
contributing to the study were watched in both solitary and flock situations,
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TABLE D2.1. Table of activity states used in the behavioural Study of Greenland White-fronted
Geese on Kik Marshes

1. Feeding - including all actions involved in various types of feeding, e.g.
grazing, up-ending, feeding below the surface of water, probing
in mud etc.

2. Alert — equivalent to the posture of extreme head-up (Inglis 1977).

3. Inactive - equivalent to stand and sit postures of Inglis (1977) and excluding
obvious roosting.

4., Walk - movement with head in head-up posture.

5. Roost - standing or sitting with head on back in typical roosting posture.
6. Swim

T Chase/chased - behavioural interactions of geese, according to direction of

aggressive encounter.

8. Preen
9. Drink
10. Fly

RESULTS AND DISCUSSION

Total Goose Numbers

The total numbers of geese at each quarter-hour count are presented in Figure D2.2 and show the
gradual build-up of geese at the wetland site during the three day period to a maximum of 93 birds on
12 May. Fluctuations in number partly result from birds lost from sight amongst vegetation, but
gencerally reflect the passage of birds through the site.

100“
504
o 2 38 8 o & S 8
10 May 11 May 12 May
Figure D2.2. Build up in numbers of geese seen at Kuk Marshes, May 1979,

Usage Patterns within the Marshes

There appear to be diurnal patterns of movement on the marsh; the usage of the two most important
feeding sites is shown in Figure D2.3. During daylight hours, the majority of the birds present
utilised the areas of bare mud, Mudbank A in Figure D2.1, adjacent to Long-tail Pool, the numbers
declining during the day. The sun set on Knk Marshes around 21.00 hours, causing the pools and mud banks
to freeze so restricting foraging for roots and bulbils. This factor was thought to be largely
responsible for the movement back from the marshes to the 'Beach Pools' on the extreme southern edge
of Kak Dunes, the last open water surfaces to freeze over. The subsurface food items gradually became
inaccessible as the substrate froze, forcing the geese to open water surfaces which were the last to
freeze. In the open water birds were taking Hippuris vulgaris with Triglochin palustre and perhaps the
perennating organs of Potamogeton filiformis. By 06.00 hours, many of the areas of standing water thawed
and the birds dispersed again throughout the marshes.

Behavioural Patterns

Cbservations from quarter-hour scans on 10, 11 and 12 May are pooled and shown in Figure D2.4.

(i) Feeding: 68% of the total diurnal activity of the gcese was spent feeding (representing a mean
of 16.4 hours/day), although there were considerable differences between sexes as described below.
There is a decrease in feeding during the coldest hours (between 01.00 and 05.00 hours) with a peak
in foraging activity immediately preceding the short roosting period. This is similar to patterns
observed in feeding geese on the wintering grounds in Europe (e.g. Owen 1972a).
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(ii) Roosting: 11% of diurnal activity was spent roosting (2.6 hours/day), regular roosting
occurred only during the periods of lowest temperatures. :

(iii) Alertness: 10% of the diurnal activity was spent alert (2.3 hours/day), with the constant
lower proportion of alert birds during the roosting phase resulting from the gathering of geese into
larger roosting groups.

(iv) Resting: No trends appear in the patterns of inactivity which amounts to 6% of the diurnal
activity (1.5 hours/day).

(v) Preening: Most preening activity took place during the main roosting periods, comprising
3% ot all activity (0.7 hours/day).

(vi) Other activities constituted 2% of total diurnal activity (0.5 hours/day).

Behavioural Studies of Feeding Pairs
Table D2.2 summarises the results of the activity studies of foraging pairs from which the
following points arise:
(i) In both solitary and flocked pairs the goose spends signitficantly less time alert and more
time feeding than the gander.

(ii) In terms of the proportion of time spent feeding, the gander gains advantage from joining
flocks with a corresponding decrease in the proportion of time spent alert.

(iii) There is no significant advantage to the female in social feeding, either in terms of
increased feeding or decreased alertness.

(iv) In terms of the uninterrupted periods spent in each activity, the relationships are essentially
the same as for the proportion of time spent in the same activities, although the large
variances within the data result in many ot the comparisons not being statistically significant.

Analysis of vigilance periods of the gander and diurnal activity allocation to alertness indicates
that as the percentage time allocated to vigilance increases, the non-vigilant period shortens and
periods of uninterrupted alertness increases in length (Figure D2.5), a relationship demonstrated in
the House Sparrow by McVean and Haddlesey (1980). No such relationship exists in the female, or for
either sex in feeding activity (Figure D2.6), so it would seem that the vigilance schedule of the
protecting gander is critically controlled.
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TABLE D2.2. Comparison of activity scores of male and female geese in flocks and solitary
pairs. Values are means and the F-ratio and level of statistical significance
are given for each comparison (* p < 0.05, ** p < 0.01, *** p < 0,001).

Solitary Pair Solitary Pair
Gander —— 27 . 65%** ——— Goose
65.2% 18.4%
10.34%* 4.42"%

Flock Pair Flock Pair
Gander 5.87* Goose
44.3% 7.8%

(i) Comparison of mean percentage time spent in alert activity on an hourly basis.

Solitary Pair Solitary Pair
Gander 22.96%*% — _____________ Goose
20.2% 63.3%

6.06* 2.85"°
Flock Pair Flock Pair
Gander 2.85% Goose
44.3% 60.4%

(ii) Comparison of mean percentage time spent feeding on an hourly basis.

Solitary Pair Solitary Pair
Gander 5.98% Goose
6.42 mins 3.14 mins
1.21"% 4.10%*
Flock Pair . Flock Pair
Gander 3.62°° Goose
3.39 mins 1.71 mins

(iii) Comparison of mean length of time spent uninterrupted in alert activity on an
hourly basis.

Solitary Pair Solitary Pair
Gander ——— 12 . 81***x—___________ Goose
2.78 mins 6.83 mins
0.66"° 1.04"%
Flock Pair Flock Pair
Gander 7.62%* Goose
3.16 mins 8.62 mins

(iv) Comparison of mean length of time spent in uninterrupted feeding activity on an
hourly basis.
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TABLE D2.3. Comparisons of periods of simultaneous feeding by goose and gander in solitary pairs,
and flocks, Kiuk Marshes, May 1979

Total Observation Total time when either Total time when both
Time (min) gander or goose was birds feeding
feeding (min) together (min)
SOLITARY 489 232 (47.4% total) 11 (4.7% feeding)
FLOCK 461 311 (67.5% total) 105 (33.8% feeding)
TABLE D2.4. Comparison of length of time spent in uninterrupted bouts of feeding and alert

activities in a solitary goose pair on Upper Marsh, (21 May, 1979) (n=50)

Gander Feeding Goose Feeding
@« 13.699%% —

mean 8.11 secs mean 26.00 secs
Gander Alert 12.99%* _o» Goose Alert
mean 22.33 secs mean 6.67 secs
TABLE D2.5. Comparison of length of time the goose spent submerged feeding on Hippuris vulgaris

in Afon Char between presence of alert gander, and attendant feeding gander, near
Afon Char, 24 May (n=40)

Gander Activity Mean Goose submergence duration
Alert 3.1 secs -
ot ) 0.00"%
Feeding 3.1 secs
Gander Activity Mean Goose alert duration
Alert 3.4 secs
} 11.48%%
Feeding 7.1 secs
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In solitary pairs, there was always a discrete change in activity between the two birds, the )
initiation of feeding by one bird resulting in the resumpticon of alert posture in the partner, contrasting
with the shared feeding activity observed within the flocked pairs. Table D2.3 illustrates this benefit
of flocking in terms of increased time spent feeding simultaneously as well as a general increase in
feeding as a percentage of all activity. It was not apparcnt which ol the sexes in a solitary flock
triggered off the change in activity, although it appeared on most occasions that it was the ulerp bird
which initiated the change. However, in cases where sloitary pairs flew to join a flock, it was in-
variably the gander which initiated the flight.

In tlocks, 64 agonistic interactions were observed between pairs. The gander was involved in )
signilicantly more encounters thun the goose (U-test, x2=11.9,p<0.001), driving away other feeding pairs
at distances up to 10 m.  These lindings are similar to those of Boyd (1953), although the distaqces
involved between gecese in agpressive encounters were much greater than those recorded in Europe in )
winter. [Furthcermore, these interactions scemed very intense with pairs often pursued into flight. This
miy be duc to the patcehy and scarce nature of the food resource us well us proximity to the onset of

Nk L ANE

The vigilant behaviour of the pander in solitary pairs was also observed after the main dispersal
ol the geese from Kak Marshes but before nest initiation. Two instances are shown in Tables D2.4 and
D2.5; these observations ure in accordance with the patterns noted from Kik Marshes.

CONCLUSIONS

Any supplement to the rescerves ol the female on arrival on the breeding grounds will improve her
poencral nutrient status and increasce her chances of reproductive succeess. In 1979, between the peak
arrival date (12 May) and the meuan date of nest initiation (22 May) there was apparently suflicient time
for the female to obtain a signilicant amount of nutrients on the breeding grounds prior to nesting as
suggested by Fly (1979) in anser albifrons frontalis.

[n order to optimise her foraging activities, it is of value to the goose to spend maximal periods
in uninterrupted bouts ol feeding, This is scemingly achiceved by the behavioural response ot the
attendant pander which keeps alosice (penerally less than & m) to the temale; in this protective role,
the male bird spends much of his time alert. In solitary pairs, the gander spends most of his Uime
alert, while in flocks, the protective hurden is shared between more birds to the advantage of all.

In groups, the gander shows no signilficant difference in Lhe time spent alert when compared to the
temales, but there is no corresponding decrease in the time spent feeding by the female peese.

Unlike many arctic nesting fpeese, the solitary-nesting Greenland White-fronted Goosce shows little
tervitoral behaviour on the nesting arcas, so thero i reduced necessity for the condition of the
vander to be muximised since his influence on nesting success is less than in colonially nesting geese
(see 'Ryder 1970Ha, Owen and Wells 1979). However, the pander still provides an important protective
function at the nest site against other males (Mineau and Cooke 1979) and against predation so it is
c¢leurly of importance Lo optimise fitness during the pre-nesting phase.

The formation of flocks of feeding animals has been explained in the past in response to three
ditferent lactors: (] the uneveness in tfood resource in time or spuce (e.g. Turner 1965, Krebs 1974,
Thomson et al. 1974); (ii) predation, a flock providing potential sheller from attack to an individual
(Williams 1966, Hamilton 1971); or (iii) sharing the vigilant role between many individuals Lo the
benelit of all (Dimond and Lazarus 1974, Powell 1974, Abramson 1979). In the pre-nesting social
feceding of the Greenland White-front, it is likely that all three factors are acting on the foraging
geese. At the time of arrival, there is little food available to pre-nesting White-fronts restricted
1o the roots, stem and other overwintering material in the few substrates freed tfrom the thaw. Chapin
et al. (1975) found Arctic grasses and Cyperaceans held the highest concentrations of nutrients in the
percnnating organs immediately before the onset of spring growth. Similar results are given by Dennis
et wl. (1978) and Whitten and Cameron (1980) who also show that the below-ground live standing crop is
at its highest preceding spring production. The bulbils of Triglochin palustre are buried in open mud,
and during early May, there are no visual clues for the fecding geesce to locate this important food
item; thus it would =secem that flocking at Jood-rich sites would attract further arriving birds as well
as cnhancing chances of teeding success on the muddy flats. By contrast, the other important food
Ltems are fuccinellia deschampsioides (which retains above ground litter and is hence caslly located) and
Hippuris vulyaris which gives individual pairs a measurc of predator protection whilst browsing on open
witer.  During the observations both Gyr Falcon and Aretic Fox were noted attempting to prey on the
geese, and doubtless thesce two species represent a considerable danger to the geese on arrival at the
breeding arcas (sece Section D3).
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D3 PREDATORS AND PREDATION
A. P. Fowles

Apstract

Of seven located acsts, tfour were unsuccesstul and ultimately predated, Arctic Fox were implicated at two or
nt showed little likelihood of being

three of these, Ravens at one or twou. Glaucous Gulls and Iceland Gulls pres
serious predators and skuas were totally absent from the study area. Both Arctic Fox and Gyr Falcon were seen
dttacking wWhite-fronted Geese, but neither successfully. It is thought the geese are only under serious threat
from Arctic Fox, but the increase in the numbers of Ravens in this area 1s discussed as well as the role of man

in the recent decline of the geese.

In west Greenland, the Greenland White-front has many potential predotors, yet in Eqalungmiut
Nunat very few direct attacks were observed and the geese here are probably under serious threat only
from Arctic Foxes. OF four nests located that subsequently failed (section D4) foxes were considered
to be the cause of two, possibly three, of these whilst it was thought that a Raven robbed the fourth.

EGG PREDATION

The Arctic I'ox i= a circumpolar predator of tundra-nesting geese, recorded as taking eggs or
voung from most speeies (Ogilvie 1978), including White-fronts (hly 1979). [t is perhaps the most
important predator of the Greenland White-front.

On 3 June, the nest bowl of Base Camp 2 nest (BC2: sccetion DA4) had been ripped up and scattered
up to 80 em around the nest. Moss in the bowl had been dug up and there were two Fox scats in the
nest, the typical signs of Arctic Fox predation (Meltofte et al.1980, Ely 1979). However, the
remaining cpe of a cluteh of six had a 3 ¢m diameter hole puched in its side, characteristic of Raven
predation (Rearden 1951). It is uncertain which predator was inittially responsible but it is most
likely that the Raven began the predation after the desertion ol the female during a snow-storm and
the Fox later completed the destruction of the nest. On 30 May a white phase Arctic Fox had been seen
heading south down Observation Hill in the general direction of the nest and on 31 May fresh Fox tracks
led through the snow across Upper Marsh towards the nest.

Nest BC3, containing a clutch of six eggs, was most probably predated between 30 May and 1 June.
Again the nest bowl was destroyed and one smashed egg remained. It is likely that the geese had
deserted this nest, as well as BC2, during the snow-storm experienced between 31 May and 1 June. The
nest at Pass of Jennings Dunes was found empty on 4 July and while it is possible that the single egg
hatched successfully, there were no remaining egg-shell fragments to confirm this. The nest bowl
showed no sign of damage.

Ely (1979) described the defence of a nest hy a female White-front against an Arctic Fox which
managed to take one egg; (Meltofte et ai. (1930) describe a successful nest defence by Pink-footed Geese
against Arctic Fox, and it is considered that once incubation has begun, the geese are able to drive
Foxes away and predation is successful only when the adults are absent or before the clutch is
complete), The degree of tox predation observed was 43% of nests found, compared to 5.3% of 74 White-
front nests in the Yukon-Kushokwim Delta (Ely 1979) and 58% of Pink-feet nests in north-east Greenland
(Meltotfte et al. 1980).

Ravens are noted egg-thiceves, but theft is invariably undertaken during adult absence from the
nest, and thus they are inconspicuous predators. Hammond and Forward (1956) concluded that avian
predators locate the nests ol waterfowl by observing the movements of the female on the rare occasions
when she leaves the nest. Ogilvie (1978) considers that covering eggs conceals them from predatory
birds when the adults are absent during the egg-laying period, and although a covering of down is
inconspicuous, egg-shape is more important as a search image. At BCl (section D6) the female left the
cgps uncovered during at least four recesses, and if this is typical then Ravens have considerable
opportunity to predate eggs during the incubation.

Ravens were probubly involved in two out of the three or four predated nests located. A single
epg at the Imajuitsoq nest disappeared between 15.30 hours on 19 May and 14.40 hours on 20 May.
Although the predation cannot definitely be attributed to Ravens, the presence of an occupied Raven
eyric only 300 m away, at which two uadults were busily searching for food for their young, would seem
to implicate the species. The predation of the nest BC2 by Ravens is discussed above.

Three other potential predators of White-fronted Goose cggs are resident in the upper stretches
of Nagssugtoy. Although o colony of some 30 pairs of Glaucous Gulls was situated at the south-western
corner of Equlungmiut Nuniat, adults were observed in Goose Valley only three times (section E22) and
were never seen tonterfere with nesting geese. A study of Pink-footed Goose predation in north-east
Greenland (Meltofte et al. 1980) recorded no interference from the abundant Glaucous Gulls, yet they
were the chief predators of Canada Geese on the Yukon-Kushokwim (Mickelson 1975). Ely (1979) in the
sume repgion, however, did not believe that they had predated any of the 75 nests of Pacific White-
front he located during 1977 and 1978.

Both Arctic and Pomarine Skuas are recorded as breeding at the head of Nagssugtoq (Salomonsen
1974) but none was scen during the study period. Skuas arc regarded as opportunistic predators and
their dependence on goose cggs and young is related to the supply of other food. Inglis (1977)
observed Arctic Skuas as the most successful predators of the Pink-footed Goose colony at Thjorsarver
and no doubt they exploit the wealth of opportunities available in such a large colony.

A White-fronted Goose nest at Mudderbugten, Disko Island, found in 1975 was placed only 60 m from
the nest of a pair ol Arctic Skuas. Whenever the geese returned to the nest after flushing there was
much aggression with the Skuas, and once "severe fighting". The Skuas frequently landed close to the
goose nest while the female was incubating. There were only two eggs found ¢n 19 June and it is
possible that the small clutch size may have been due to the Skuas. Ely (19%9) found that Arctic
Skuas destroyed 20% of all located White-front nests on the Yukon-Kuskokwim Delta during his study .
However 14.7% (11) nests had already been tlooded, allowing Skuas access to nests that might otherwise
have been successful.
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ADULT AND GOSLING PREDATION

Only Arctic Foxes and Gyrfalcons were observed making direct attacks on White-fronts, all of which
were unsuccessful. Nine attempted attacks by Arctic Foxes were observed, six occurring in May when there
was much goose activity in the lowlands where Foxes concentrated before dispersing to higher altitudes
later in the month (section F3). Typically, the Fox would run towards a flock of feeding geese and
stalk them from about 50 m. The geesec generally became aware of its presence 20 - 30 m distant, all the
birds adopting an extreme head up posture (Figure D6.2) but soon relaxing and resuming feeding even if
the Fox continued to approach. The distance at which the Fox became a direct threat varied, but in most
cases it was about 10 m over water and a little more over land. On closer approach the geese would either
swim to deeper water or fly back 3 or 4 m to keep the Fox at a safe distance. This general pattern of
events was recorded on six occasions. In another case a pair of feeding geese flew off on noticing the
Fox running towards them, 150 m distant.

In the two remaining cases the geese threatened the Fox from their position offshore. During the
early hours of 21 May an Arctic Fox appeared on the west bank of Lakesmeet and ran quietly across the
ice towards 15 geese roosting on the stream; however the birds remained on the unfrozen stretch of
water honking at it. Five minutes later it crossed on to an island in the river, whereupon the geese
swam directly towards it in a tight band calling loudly. The predator then ran off down the ice of
west Eqalungmiut tasia towards another Fox which had appeared earlier about a kilometre from Lakesmeet.
The geese here probably did not have enough room on the stream to take to the wing and there was
insufficient unfrozen water to allow them to move to a safe distance from the Fox. The group threatening
behaviour is thus probably an extreme defensive reaction.

The only occasion on which a Fox approached goslings produced a similar flocking behaviour. Five
families were feeding at the edge of Axewater when suddenly all stood extreme head up and ran into the
water. A white Fox appeared on the ridge above the lake and ran to where the geese had been feeding.
The flock threatened the Fox from their position 10 m offshore whilst it continued along the water's
edge. Once the Fox had left the area the geese returned immediately to their feeding.

On 9 June eight geese took off from Upper Marsh and flew to the adjacent slopes of Needle Cairn
Heights. A minute later they were all seen to be standing with heads highly alert and lunging with
flapping wings in the direction of a pale Fox. The Fox ran off up the hill and shortly afterwards the
geese took off and 'lew back down to the marsh. It is probable that the flock had flown to the slopes just
to mob the Fox.

The common feature of all these incidents is that once the geese had become aware of the presence of
the Fox it abandoned the attack. It would appear that in order to be successful, the Fox must take the
geese completely by surprise. For their part, once the geese had seen the Fox the initial extreme
alertness soon lapsed and some even went back to feeding as it came closer. Owen (1973) noted that
European White-fronts on their wintering grounds will keep ground predators under observation but will
rarely flush.

Although each of the above observations describes attempted attacks which were unsuccessful, the
Arctic Fox is quite capable of catching Greenland White-fronted Geese and there were threc records of
this in Fqalungmiut Nunat. Two kills from the current season were located: on 28 May a pile of White-
front feathers was found near west Egalungmiut tasia and on 3 July the feathers of an adult were found
near the northern part of the region near a lake which contained a flock of moulting geese. As with
Ptarmigan kills, there were no carcass remains and each wus attributable to Fox predation by the
distinctive bitten-off ends of the tail and flight feathers. In early May the skull and several neck
vertebrae of a female goose were found close to an old nest in Goose Valley (Figure D1.6); the tip of
the beak had been bitten off. F¥ly (1979) found a Pacific Whitce-front's nest on the Yukoun-Kuskokwim
Delta at which the larger Red Fox had killed the incubating female and removed all the eggs.

In north-east Greenland the Gyrfalcon has been recorded as taking Barnacle goslings (Fletcher and
Webby 1977) and hence it is extremely probable that White-fronts occasionally fall prey to the falcons
in west Greenland. However, a study of prey preferences at Myvatn, Iceland (Bengston 1971) has shown
that "Ptarmigan, when abundant, are the preferred prey even in areas containing excellent habitat for
waterfowl" and thus it is unlikely that predation by Gyrfalcons is a major cause of goose mortality.

On 11 May a white-phase falcon flew very low across KUk Marshes and disturbed a flock of eight
feeding White-fronts. The geese appeared not to see the falcon until it was upon them; they leapt into
the air and landed again almost immediately. It was thought that the falcon could very easily have
struck one of the geese, and 20 minutes later it returned and flushed the flock once more without
attempting to kill. It is possible that the adult geese were not attacked because they are too big to
carry. Pullianen (1975) estimated that Gryfalcons could carry loads of up to 1800 g whilst nearly all
fledged Greenland White-fronts weigh over 2000 g. However, inland from Sisimiut a Gyrfalcon was once
seen stooping three times on a White-front on the ground. Each time the goose beat the falcon off with
its wings (Preben Grossmann pers. comm.).

Two potential predators of gosling or adult White-fronts elicited a behavioural response consistent
with threat. Twice an adult White-tailed Eagle flew over geese feeding on marshes. The geese flushed
immediately and flew off, calling vociferously with high-pitched yelping cries. The Fagle, however,
paid them no attention and continued on its way. At 10.40 hours on 6 June an adult Eagle was spotted
flying along the ridge to the west of Base Camp. It was trailing a large amount of vegetation in its
talons and appeared to be flying slowly but purposefully in the direction of its eyrie. It was
preceded by two pairs of geese that were calling loudly and frequently. This scemed to be more of a

mobbing or distraction display by the geese than an attack by the LEagle which seemed unconcerned by
their presence.

The following day a similar encounter was observed as an Eagle flew towards its eyrie from the
Cornerstone. On this occasion only one pair of geese flew in front of it, yelping, while it was mobbed
more conventionally by a Raven. Although the Greenland White-front has not been recorded as a prey
species for the White-tailed Eagle, the raptor is doubtless capable of taking such large prey and it is
known that birds form between 4.6 and 5.6% of its summer diet (Wille 1978, 1979).

Observations of the reactionsof breeding geese to Ravens are discussed in section D7, but in addition,
there were two occasions when adult geese strongly reacted to their presence. On 28 May the gander of the
study pair (section D6) was followed in the air over Upper Marsh by two Ravens. It appears that he
deliberately led them away from the general area of the nest and flew down to George Eliot where they
continued to follow him for about 15 minutes, until he landed on the marsh. On 24 May five geese on
Kuk Marshes flushed in panic when a Raven flew past at a distance of 50 m. This response is inexplicable.
Inglis (1977) recorded that, in Iceland "Ravens usually elicit little response from the geese they fly
over" and Meltofte et al. (1980) observed no interference with Pink-footed Geese by havens.
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Three specices which are potential predators of White-fronted goslings were not observed to
interiercwith the geese in Egalungmiut Nunat. Great Black-backed Gulls (section E23) and Snowy Owls
(section E25) are casual visitors to the region and can thus be regarded as only incidental predators.
Peregrine Falcons arrive in west Greenland around the egg-laying period of the geese. Their breeding
cycle is timed such that the eyasses hatch when passerine nestlings are fledged in the first week of

July. The adults arce thus required to increase their hunting activity at a time when White-front goslings
are vulnerable to attack. Peregrines arc considered to be capable of catching prey of up to 1800 g
(Cramp and Simmons 1979; pp 361-378), cnabling them to catch almost full grown j;oslings. However, there

were no obscervations of Peregrines interferring with goose iamilies and we can assume that the high
density ol Lupland Buntings (section E34) ensures that they provide the major part of the falcons' diet.
None of the goose families under observation was noted to lose any goslings during the summer.

OTHER DISTURBANCES

Human pressure on the Greenland White-front have, in the past, probably been heavy but local on
the breeding grounds and recent conservation measures have been designed to reduce this considerably.
Previously the Greenlanders collected eggs, mainly from the nests close to coastal settlements, and
also rounded up goslings for fattening. It is now illegal to indulge in either of these practices
although, as Ruttledge and Ogilvie (1979) point out, enforcement is extremely difficult in such a vast,
sparsely populated country.

‘recding pairs are now completely protected, but the current hunting legislation allow:s geese to
be shot from flocks consisting of more than six birds at any time. This enables hunters to shoot at
flocks of non-breeders and families of more than five goslings throughout the summer. The dates of the
open season when all geese can be shot vary annually, but in recent years they have been such as to
allow shooting on both migrations.

Contrary to the belief of Ruttledge and Ogilvice (1979) the White-fronts are shot during their
spring migration in Greenland. At Sisimiut where they arrive in the first week ol May, an estimated
total of 150 - 190 have been shot in the four seasons 1977 - 1980 (Preben Grossmann pers. comm.), whilst
at, Spndre Strgmljord Air Base about G0 geese are shot cach spring (Steen Malmyuist pers. comn.). However,
there was no known shooting of White-fronts in Egalungmiut Nunat during 1979, indeed, the Greenlandic
hunting party tound the idea of shooting geese quite ludicrous when Caribou were so plentiful (section
C20). It appears that difterent settlements have traditional quarry specics and the White-front is
shot mainly by hunters in the north of the Caribou's range. The settlement of Ikamiut near Sydostbugten,
Disko Bugt is the most southerly from which we have been able to ascertain that numbers of geese are
traditionally being shot for food. The midden at Kuk Marshes (section F4) contained bones from at least
four White-fronts but these were sub-fossils and date from many years previously.

Whereas direct losses from hunting may be decreasing in Greenland it " likely that the goose
population is experiencing increased losses from disturbance. Hannibal Fencker (pers. comm.) reports
that at Sarqaqdalen, Nuggsuaq, an area once considered to have held a high density ol breeding geese,
there has been a recent significant decline. He attributes this to incrcased disturbance from
helicopters as west Greenland undergoes a boom in tourism and general improvement of air communications.
Helicopters and low-flying planes are "extremelydisturbing" to European White-fronts on the wintering
grounds (Owen 1973) and low-[lying aircraft undoubtedly cause great disturbance amongst the small

wintering flock of Greenlund White-fronts on the Dyfi Estuary, Wales (see scction A2). Helicopters
were a regular sight in Eqalungmiut Nunat with one or two passiny daily from S¢gndre Strgmfjord Air Base
to Ausiat throughout May and June. In early July, however, there was a marked increase in helicopter

tratfic which lasted until the completion of the study in mid-August. [t is diflicult to know what
effect this has on the geese, but nesting birds were observed to be extremely alert whenever helicopters
passed over (section D7).

Owen (1978) has commented on the low-level of production of the Greenland White-fronted Goose and
considers that the high average brood size means that the limitation is on the number ol geese success-—
sully breeding rather than on their success rate. "The most likcly reasons seem to be a limitation on
suitable breeding sites, possibly coupled with egg-collecting in Greenland."  While this may be true on
the coast, inland, where cgg-collecting does not oceur, it seems that the predation rate is high and
there appear to be many suitable sites unoccupied.

It is tempting to draw parallels between the gradual decline of the Greenland White-front population
and the noticeable increase of breeding Ravens in continental west Greenland.  Steen Malmquist (pers.
comm.) is in no doubt that therc has been a significant increase in the number of Ravens breeding in
this region over the last twenty ycurs, which may be due to supplementary feeding at the S¢ndre
Strgmt jord Air Base rubbish dump reducing winter mortality. The Raven is undoubtedly a successful
predator ol goose eggs, particularly in the early nesting stages, and the distribution of Raven sightings
in Eqalungmiut Nunat (section LE28) was closely linked with the distribution of breeding gecese. It 1s
also most probable that the Raven has the greatest success with inexperienced nesters and hence those
successfully breeding will be older birds with a large clutch size. This would result in the large
brood sizes noted in winter (Owen 1978). Whilst the increase in the Raven population should not be
taken as the sole factor contributing to the White-front decline (see also section D15), the link
between the population trends of the two species should be an important component of any tuture study
of the brecding biology ol the geese.
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Da NESTS AND NEST SITE SELECTION
D. A. Stroud

Abstract

Nests were ftound in a wide range of habitats, but all were close to lowland or mid-altitude (<300 m) marshes
particularly those containing Eriophorum angustifolium. Such marshes appear to be of great importance for the
feeding of geese during incubation and there was no shortage of them, but although three nests were found near one
marsh only one of these was ultimately successful. Some nests appear to be traditional, and distinct layers could
be made out in their construction, probably indicating material from previous years. Nests were made trom dead
vegetation available in the immediate vicinity and lined with grass and down, and were placed in positions that
would give the incubating female good all-round views of the surrounding terrain.

INTRODUCTION

In his study of the breeding biology of the geese on the Nigssuag Peninsula, Fencker (1950) found
that the nests were situuted on the tops of small hills or gently sloping hillsides. They were always
in the vicinity of a lake or 'marshy' valley, but not on lake shores or in 'moist' valleys. The nests
were made of leaves or dried grass with down lining, and placed on small tussocks of 'heather' or grass.
Fencker thought that an important factor influencing nest site selection was the need for good all-round
views so that approaching predators could easily be seen.

RESULTS

We found placings similar to those suggested by Fencker, but in a much wider range of habitats.
The main nest site details are shown in Table D4.1 and Figure D1.6. Seven occupied nests were found
between 19 May and 24 June. One nest from a previous season was also found. Most of the occupied
nests were found by tlushing the incubating female, although one nest, at Rimwater Marsh, was discovered
when the sitting female was seen with a telescope at a distance of half a kilometre. The Moraine Nest
was found by accident when the female was absent, although two hours later she was sitting.

TABLE D4.1. Details of Goose nests found in Eqalungmiut Nunﬁt, 1979.
TR ™ ST APPROX. DIST. APPROX
5 N SGE :
BITE LOCAZION ML FROM OPEN WATER ALTITUDE
False Eyrie Crag Heath-herb slope Calamagrostis-herh 400 m+ 300 m
slope
fmaju11soq Ledge on stcep Empetrum-moss mat 50 m 100 m
north facing and grass
slope
Base Camp 1 Edge of marsh Marsh/grass-herb 40 m 250 m
Base Camp 2 Grass slope Salix 1in grass- 300 m 250 m

herb slope

Basc Camp 3 Hummock on grass Grass-herb mat 50 m 250 m
slope

Pass of Jennings Peninsula in Grass-cCarex—Salix 2,6 m 50 m

Dunes lake

Moraine Nest Alongside valley Sand and boulders 20 m 250 m
sandur

Rimwater Marsh Marsh, carex rari- Empetrum—Carex 0.2 m 450 m
flora, Salix arcto- hummock
phila, Eriophorum
spp.

DESCRIPTIONS OF NEST SITES

lalse Eyrie Crag

This nest, from a previous season, was on the south-facing slopes above George Eliot, scattered
over an area by an Arctic Fox. About 10 m away the skull and neck of an adult goose was found with the
tip of the bill bitten off suggesting Fox predation.

fmdjuitsuq

The northern side of Imajuitsoq was near-vertical clill. AL the ¢lifl base was steep vegetated
talus and rock-fall extending wup the clitfs for about 100 m in places. The 'nest', on _a narrow
ledge (possibly an old Caribou trail) about 40 1 above the lake at the top of this 50-60"slope, was
just a scrape in the tussocky turf. There was no down or other constructional material. The slope had
more than 90% vegetation cover, mainly Empetrum nigrum, moss, Gramincae and the lichen Peltigera apthosa.
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Pass of Jennings Dunes

The nest was situated near the end of the Pass of Jennings., The lake was on a broad terrace of
relic sandur (fluvioglacial sediments) about 20 m above the presently active surface. Jutting into the
lake was a 7 m wide peninsula as was present in most lakes in this area. These seemed to be favoured
wildfow]l nesting sites, and it was on the end of one of them that the goose had nested (Figure D4.1).
The stream inflow near Lhe nest resulted in a marshy area just above the lake containing much Eriophorum
anqustitolium . There were extensive growths of Menyanthes trifoliata and Hippuris vulgaris in the bay
¢nclosed by the peninsula and in July these matted on the surtuace to produce a green cover. The closest
distance to the water wuas only 2.6 m.

The vegetation around the nest consisted mainly of Gramineae, Salix glauca and Luzula spp., with
Aulacomnium palustre dominating the ground layer. The nest commanded a good all round view of the lake,
particularly in early June before the 10 ¢m high willow came into leaf.

Faguany D41 Plan of Pass of Jennings Dunes nest site.

Kinwater Macsh

Rimwater Marsh was a mosaic of small pools, probably the course of an old
strcum.  The vegetation was very similar to that of Upper Marsh (scction 11), dominated by Salix arctophila,
Polytrichum Spp., Carex rariflora, Eriophorum angustirolium, Luzula contusa and Sphagnum squarrosum . In the very wet
the nest hummock there were almost pure stands ol Carex rariflora. The nest. itself was placed
the top ol @ natural hummock, about 20 ¢m above water level (Figure D4.2).

The southern side of

arews near
in & bowl shaped hollow on

The vegetation ol the hummock was mainly Polytrichum spp. and Salix arctophila with vaccinium. On the
steep (south-facing) side there grew almost pure  Empetrum niqruin, with an abundance of Carex rariflora and
w Vittle Erioptocum angusititoliwn and Luzula spp. waround the edpes.  Between the two visits of 27 June and
1 July there had been prolonped rain, ralsing he water level of the marsh and cnlarging the pools,

but without endungering the nest.

Pool

20 cm
Nest Pool —
20cm
" Water table -
Figure D4.2 Plan ol Kimwater Marsh nest site.
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Base Camp 1

The nest was at the edge of Upper Marsh in an area of 10 cm high hummocks, During May and June
the vegoetation consistoed almost ent irely ol dead dried grass, mainly cCalamagrostis purpurescens, with dead
herbs ( Lrata glavella and Steliaria longipes particularly) and Peltigera apthosa amongst moss. The new
stason's growth was apparent only after the goose had lelt the nest. The nest was in a transitional
zone bhetween the dricr, drained slopes of Observation Hill (grass-herb slope, often with extensive
patches of heath), and wus so placed as to command a good view over the whole marsh.

Basc¢ Camp 2

The nest was placed in a small clump of Salix glauca on the west-facing grass-herb slopes below DZ
Marsh, The shrub was about 20 ¢m high, and although not in leal, nay have sorved Lo conceul the goosce
when sitting. The ncarest suitable feeding for the male would have been either DY Marsh or the cast end
ol George Eliot, both about 1 km away. The system draining DZ Marsh was about 400 m away but was swift
flowing und contained no Eriophorum or other: food plants.

Busce Canyg 3

Between Upper Marsh and the Salix glunca thickets on the south-lacing slopes below the peak 504 m
there were several smull moraine deposits.  The nest was on the top of a small hummock at the basc of
one ol these.  There was no standing water within about 50 m ol the nest, although there was a damp
mossy putch about 20 m away. Othcerwise the surrounding vegetation was grass-herb slope. The edge of
the nest had mossy surrounds, and later in the season the hummock had many of the characteristic herbs
ol such locations (c.g. braba glabella, Stellaria longipes, Campanula glieseckiana) growing on it. However at
the time of incubution, the hummock was covered only with moss (mainly Aulacomnium turgidum), Peltigera aphthosa,
Betula nana  and grass litter. The marsh was about 1 km west of Upper Marsh, where the male possibly fed
during the time the nest was occupied.

Morairne Nest

This nest was situated in an unusual area, on a small sub-terrace below a main moraine terrace
ulongside a valley sandur. The sandy flat ground was strewn with boulders (20 - 100 cm diameter) and
there was sparse vegetation (20% cover) of Betula nana and Vaccinium uliginosum with a little grass. However
most of the area around the nest was bare sand. The nest was about 4 m above water level and 20 m from
the edge. Despite likely fluctuations in level there would have been no risk of flooding.

Therc was no suitable fceeding marsh for the male on the same side of the river as the nest for at
least 1 km.  The water near the nest could not be crossed by us, and it is possible that the male was
feeding at a nearer site on the other side. DPairs of both Gyrfalcon and Peregrine were breeding near
the nest. A high ¢liff perch repularly used by white phase Gyrfalcons of both sexes overlooked the
goose's nest, being only about 200 m away on the face of a 100 m cliff. The degree to which any
protection accrued Lo the geese from the presence of the falcons deterring other predators is uncertain;
an Arctic Fox wus seen at least as close to the Gyrfalcon cyric as was the goosce's nest without eliciting
any respons from Lhe Gyrfalcons. Elsewhere Ravens nested on o ¢liflf about 100 m from a Gyrfalcon eyric
but no interaction between the two species was seen during several hours of observation over four days.
At a distance of 700 m from the Peregrine eyrie, the goosc's nest would lie at the extreme periphery of
Cade's (14960) "leas vigorously defended" territorial zone, or would be outside it altogether, However,
whilst the proximity of the poose's nest (o these raptors is probably coincidental, the habitat and
location were atypical, both according to Fencker's (1950) obscervations and to other nests we found.

CONSTRUCTION OF NESTS

All nests, exeept that at fum‘)uil:;uq, were of a similar construction. The body of the nest was made
ot dead vegetation available in the immediate vicinity, 1n most cascs dried grass litter of the previous
peason, this being by tur the most important nest material. However occasionally other material was
used as well, for instance salix glauca twigs al the Pass ol Jennings Dunes nest.  Nests were added to by
the Temale during incubation and by hutching there wus an obvious green circle about 30 cm radius
around most nests in prassland, caused by the female plucking dead grass from the immediate area
around the nest (as far as she could stretch) so exposing the new season's growth underneath. Nests
were lined with down, which also was added to during incubuation, the amount varying between nes 5,

Close Inspection of some nests (Table D4.2) revealed soverusl layers of nest materials, indicating
that they had been used in previous years, In some cases the layers were conspicuous, particularly
the rotten down separating them, In other cases, and towards the buse of the nest, it became more
difficult to distinguish the material of different years.

TABLE Da.2. Construction of nests.

LAYERS PRESENT cur purTH cupP wWIDTH
LS IN NEST (cm) (cm)
fmajuitsoq No 25100 20
Pass ol Jennings Yes (3+) 5.3 13.2
Rimwatcr Marsh Yos 6.0 21 x 20
Buase Camp 1 Yess - -
Base Camp 2 ? B ool
Buse Camp 3 Yes - -
Moraine nest ? 6.0 30
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DISCUSSION

Fencker's (1950) emphasis of the importance of nest sites with good all-round views to guard
against predators was supported; but this consideration only affects the local siting of a nest, and
does not determine the habitat in which it is placed.

The most important factor scems to be the presence of a nearby marsh containing particularly
Eriophorum spp., on which the lemale, and more importantly the male, can feed during incubation. Until
late June and July the only such thawed marshes tended to be in the lowland areas below about 250 m,
but there were possibly others at higher altitude where, due to the local topography the thaw was
suflficiently advanced. The maximum acceptable distance of a nest from a feeding area could not be
estimated because only two pairs were studied in detail. However the males of Base Camp 2 and Base Camp 3
were likely to have tfed on Upper Marsh (Figure D1.6) about 1 km away, whereas at the Moraine nest the
distance may have been greater.

The spacing of nests is also affected by the need to be near marsh vegetation since the marshes
arc usually well spaced and are not continuous over large areas. So few nests were found that
calculations of minimun distances from other nests is not really meaningful, however this factor may
have some impact on nest site selection. A further discussion of aspects of nest site selection relating
to the behaviour of the geese is to be found in section D6. Ely (1979) found that the Pacific White-
fronted Goose showed no habitat preference, and nested in '"upland" and 'lowland" areas in proportion
to their availability. However those terms as used in his study are in no way comparable to those used
in this report.

The Greenland White-fronts nesting inland (ace few of the threats with which Pacific White-
fronts nesting on the Yukon-Kushokwim Delta have to contend (i.e. flooding due to exceptional tides,
large numbers of skuas as avian predators, and Red Foxes and Wolves as mammalian predators). Thus
some of the pressures on nest site selection will be different or of lesser importance. However flooding
due to spring thaw is obviously important because of nests usually being raised above the surrounding
water tuble either on a hummock (as at Rimwater Marsh) or well away from the main water table channels
(as at Base Camp 1). Only at Pass of Jennings Dunes did there appear to be any risk of flooding, but
this may have been more apparent than real due to the drainage of the lake in question. Unlike Ely
(1979) we found little evidence to show that Greenland White-fronts chose nest sites with substantial
vegelation cover; this may reflect fewer avian and terrestrial predators.

In response to Arctic Fox predation the Greenland White-front shows concealed breeding of the
type desceribed by Larson (1960). This involves nesting in relatively open areas but having protective
plumage colouration and behavioural adaptations such as sitting very tight in the presence of a
predator.

In general our findings agree with the statement of Newton (1977) that arctic geese usually nest
in habitats which differ from, but are adjacent to, good feeding areas'.

"

Nests lound were constructed in similar fashion to those reported elsewhere (Ely 1979; Mickleson
1975). The nest site at Imajuitsoq corresponds to nests found in Alaska '"which had just been
initiated (i.e. contained one egg and no down or contour feathers); in each case the vegetation had
been parted and trampled to bare earth with proximal plants built up around this scrape. Except for
the presence of an egg in these scrapes, they would not have been recognisable as nests.'" Ely (loc. cit.).
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D6 BREEDING BIOLOGY OF THE GREENLAND WHITE-FRONTED GOOSE
4 D. A. Stroud

Abstract

Clutch initiation was observed over the period 19-24 June wilh a peak in thg middle of this period. The
incubation period of one nest was 25 days. Of seven active nests found, two hatclied successfully, three failed
due to predation and/or desertion, and the outcome of the remaining two was not determined. Hatching dates at the
successful nests were 22 June and 27 June. The clutch size of two nests was one egg, while five nests each
contained six eygs (overall mean = 4.57 + 0.918). There was no obvious shortageof nest sites, or other physical
factors limiting breeding numbers or success of nesting White-fronts. Data on egyqg sizes and welghts are presented.

INTRODUCTION

The only published details of the breeding biology of the Greenland White-fronted Goose are those
made by Hannibal Fencker (1950) in Sarqagdalen on the Nagssuaq Peninsula; 70006'N, 57008'W. Fencker
found that after arrival of the gcese in early May there was a period of feeding before the lirst eggs
were laid between 20 and 28 May. One egg was laid each morning until the clutch of 5 - 7 was complete.
During the egg-laying period the geese left the nest during the day, and usually covered the eggs
before departure. Incubation started when the clutch was complete and lasted between 22 and 23 days.
Immediately after hatching the young were led away from the nest and taken to a lake or nearby valley.

RESULTS

«

Our findings confirm Fencker's obscrvations to a large extent, but we found a longer incubation

period, more in line with those reported from other races of White-fronted Geese., The main details
of the seven active nests found in 1979 are given in Table D5.1. Most clutches were initiated in the
period 19 - 24 June, approximately 15 days after the first arrivals were seen.

TABLE D5.1. Nest details of Greenland White-fronted Geese, Eqalungmiut Nunﬁt, 1979.

NSNS, oo DUEOR DA
fmajuitsoq 19 May 1 20 May 3 0
Base Camp 1 22 May 6 5 (22 June)
Base Camp 2 22 May 6 1 June 0
Base Camp 3 24 May 6 31 May - 0

3 June
Pass of Jennings ? 1 ? (24 June -
Dunes 4 July?)
Moraine nest 2 6 ?
Rimwater Marsh 27 May 6 5 (27 June)
(Axewater chick) 2 1 ? 1 ? (21 June)

Incubation Period

The only nest from which it is possible to estimate the incubation period was Base Camp 1.' On
May 27 at 16.30 hours five eggs were present, and on May 28 by 13.10 hours six eggs had peen‘lald.
During 27 and 28 May the female was observed sitting on the nest, which does not agree with Fencker's
observation that the temale starts to sit only when the whole clutch has been laid. It is possible
that it starts with the penultimate egg (as in many goose species (Ogilvie 1978)) if the clutch is
large (Newton 1977). If the incubation period is taken as starting on 27 May, then it lasts 25»days,
hatching having taken place in the early hours of 22 June, in comparison with the 22-23 day estimate
of Fencker (1950) and Salomonsen (1950a). Other estimates for A. a. flavirostris are 27 - 28 days
(Cramp and Simmons 1977), 26 — 27 days (Ogilvie 1978); for A. a. albifrons, 27 - 28 days (Dementiev and
Gladkov 1952); for A. a. frontalis, 24 - 28 days (iickleson 1975), 25 - 27 days (Ely 1979); and for
A. a. gambelli, 26 - 28 days (Palmer 1976).

Hatching Success

The hatch was witnessed at two nests, Base Camp 1 and Rimwater Marsh. At both of these, six eggs
were laid of which only five hatched. The first gosling at Base Camp 1 was seen in the early hours of
22 June and by 10.00 hours all five had emerged. The Axewater chick was likewise seen early on 22 June
and had probably hatched the day befere. The nest at Rimwater Marsh was visited at 14.00 hours on
27 June when two of the eggs were chipping. The nest at the Pass of Jennings Dunes had a single egg
which was present on 24 June but there was no sign of egg-shell, gosling, or adults on 4 July. The
success of the nest is not _known. The Moraine nest was not revisited. The nests of Base Camp 2 and
Base Camp 3 together with Imajuitsoq were either deserted or predated a.d are discussed in section D3Y.
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TABLE D5.2. Egg morphometrics of Greenland White-fronted Geese in Eqalungmiut Nunat, 1979.

WEIGHT LENGTH BREADTH

TE NEST CLUTCH HATCHED
DA ) (mm) (mm)
19 May fmajuitsoq - " = = 1 0
28 May Base Camp 1 108 75.65 50.70 6 5
114 76.00 51,35
115 77.70 51.90
116 78.00 51.80
116 76.00 53.95
122 80.30 52.50
28 May Base Camp 2 101 75.50 48.70 6 0
102 73.70 50.30
102 73.20 49.90
103 75.50 50.40
111 76.50 51.60
(122) 80.40 52.45
30 May Base Camp 3 106 - - 6 0
120 - -
121 - -
126 - -
127 - -
128 - -
16 June Moraine nest - - - 6 2
18 June Pass of (101) 71 .35 50.70 1 2
Jennings Dunes
18 June i 96
24 June i 93
26 June Rimwater (121) 77.60 53.00 6 5
L (134) 79.40 55.20
(156) 80.00 59.20
(131) 80.50 54.20
(140) 81.30 55.60
(133) 81.65 54.15
MEAN 119.04 77.38 52.50 4,57
STANDARD ERROR 2,73 0.669 0.564 0,918

Calculated egg weights shown in round brackets - see text.

Pl Mewasurement s

Measurements from epgs arce shown in Table D5.2 and plotted in Figure D5.1. Fresh egg weights have
been caleulated from those eges weighed late in incubation (Pass of Jennings Dunes and Rimwater Marsh)
using tae formulae  Weipght (g) = KV.LH7 (Hoyt 1979), where Kw = weight coefficient, and L and B are
length and breadth (in em).  The weight coefficient of 0.556 was used, as also by Ely (1979). There
i~ i sipnilicant dilference between the weights of this sample and the weights of 100 eggs from captive
birds of this race laid at Slimbridge (X = 123.7; SE = 0.668; t,,¢ = 22.597; P < 0.05; J. Kear pers.

comm., ). This muay be becausce captive birds are receiving o more’nutritious diet than wild geese, or
alternatively the caplive sample may be biased towards cpgs from older birds since mature geese are
known (o lay heavier cepgps oin some specices (Brakhage 1965).  This relationship between egg weight is

supggested for this race by the wide range of total clutceh weights (clutchs of six: 641, 691, 728 and
815 41) .

The mean clutch sive of 4.57 compares with 4.53 of 77 broods over four years for A. a. frontalis
(Mickleson 1975) and 4.7 of 67 broods over two years (Ely 1979). However the Imajuitsoq nest was
predated belore cluteh completion, whilst the Pass of Jennings Dunes nest may have been partially
predated before it was tound; thus a mode of six eggs per nest is probably a more meaningful measure
ol production.

Crump and Simmons (1977) state that there are no significant differences between the eggs of the
races flavirostris and albifrons. Other egg measurements are given in Table D5.3.
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Figure DOH.1. Egg measurements ol Grecenland White-fronted Geese.
TABLE D5.3. Comparative egg morphometrics of White-fronted Geese.
- WEIGHT (g) LENGTH (mm) BREADTH (mm)
RACE MEAN RANGE MEAN RANGE MEAN RANGE SAMBLE BIAE
A.a.albifrons
Schdnwetter (1967) 79 72-89 53 47-59 120
Kear (a) 114 97-126 51
Alpheraky (1905) 110 100-125 20
Alpheraky (1905) 81 76-88 54 49-58 24
A.a.frontalis
Ely (1979) 127.8 t 2.65 80.1 71-87 53.5 49-58 313
A.a.flavirostris-
Schigler (1925) 79.5 '52.3 17
Kear (pers. comm.) 123.7 108-136.5 100
This study 119.0 101-156 25
77.4 71-82 52.5 49-59 1.9

Kear (a) quoted in Cramp and Simmons (1977)

Factors limiting numbers nesting

Owen (1978) discussing the population dynamics of Greenlund White-lronts shows that the population
has a very low productivity. Whilst the brood sizes are usually hipgh an exceptionally low proportion
of maturce adults brecds in any year, probuably less than 20% . The average proportion of young 1In Lhe
autumn population i$17.8% and the mean brood size 3.3, "This represents a recruitment of some 2 650
birds per year, and an average of 810 successiul breeding pairs, out of a population taken as 15 oo™
(Ruttledge and Ogilvie 1979). in wildfowl collections, Greenlund White-fronts successfully lay in t hiesir
sccond summer, but it is unlikely that they breed until their third or lourth summer in the wild bearing
in mind the above and previous studies on A. a. frontalis (especially Ely 1979). Thus the inference is
that there is cither some social factor limiting the number ot successiul breeding puirs, or a lack of
suitable nest sites.
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The geese nest close to feeding marshes, and it seems that this is the main requirement of nest
site selection. Whilst the birds are not highly territorial no marsh was found with more than one
successtiul nest and it is probable that each nest is located near its own marsh. However there were
many marshes which seemed suitable which did not have nesting geese ncarby, even though some of these
had even had pgeesce present before nesting began. Thus, in Eqalungmiut Nunat at least, lack of
suituble nesting arcas would not seem to be a cause of low productivity. We have no information to
suggest whether or not social fuactors may intluence the proportion of mature adults breeding.

Another possibility is that the low productivity is caused by a high predation rate. This question
is considered in more detail in sccetion D3, but it should be noted that it is difficult to draw many
conclusions from our predation observations when it is not known how much affect we were having in
influencing predators. Nonetheless, of the seven nests found, three were predated, two hatched
succe stully, and the fate of the remaining two was undetermined.

Boyd (1966) found a highly significant negative correlation between July rainfall (i.e.
immediately post-hatching) near the breeding areas of A, a. albifrons and mean brood size the following
winter. He attributed this to the newly hatchied young being highly susceptable to chilling. Although
these results have not been found in other, more direct, investigations of gosling mortality (see
Owen 1980; p. 170), it is interesting that in west Greenland July has the highest monthly rainfall of
the year (Danske Meterologisk Institut 1978a, 1978b) and in 1979 Eqalungmiut Nunat had a prolonged
spell of sleet, snow and rain throughout early July (section J1). This may affect goslings in the
way that Boyd envisages, although the effect will be to reduce the mean brood size rather than the
proportion of adults breeding, the major cause of the low productivity in this population.

Other aspects of White-lront breeding biovlogy are presented and discussed in section D6 and the
summer strategy ol the geese is discussed in section D15 together with a consideration of other factors
possibly limiting the populution.
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D6 BREEDING BEHAVIOUR OF THE GREENLAND WHITE-FRONTED GOOSE
D. A. Stroud

Abstract

A behavioural study during the incubation and immediately post-hatching period of two Greenland White-—
front nests is reported totalling nearly 500 hours of continuous observation. At the time of clutch completion
the male stood a few metres from the nest but then later moved away and spent most of the rest of incubation
teeding on a nearby marsh. At hatching he moved back closer again. Both sexes show strong diurnal activity
cycles, being most alert at that time of day when there are most predators active. The significance of these
cycles is discussed with reference to other arctic diurnal cycles. The male showed a significant increase in
time spent vigilant over the incubation period which affected the time apportioned to other activities such as
grazing. The female left the nest roughly once a day at a constant time (of low predator abundance) and for a
constant period; however, the frequency of these recesses increased throughout incubation. At the time of hatch
both sexes markedly changed their behavioural patterns, the male becoming much more attentive which allowed the
temale to spend longer feeding. The significance of this change-over and the presence of an immature goose
associated with one nesting pair is discussed. The results of the study are compared with previous work under-
taken on the colonially nesting Pink-footed Goose, and some of the factors responsible for determining the solitary
breeding dispersal of arctic geese are discussed in the light of the results.

INTRODUCTION

There has been no detailed study of the breeding behaviour of the White-fronted Goose although
Fencker (1950), Salomonsen (1950a) and Mickleson (1975) all make passing reference in their works. More
recently Ely (1979) has discussed many aspects of White-front behaviour as they relate to breeding,
although this work is primarily concerned with the relationships between spring phenology, nesting
chronology and productivity of the nesting Pacific White-fronts. Knowledge of White-front breeding
behaviour prior to the latter study is summarised in Cramp and Simmons (1977: p. 407). VWhen planning
the expedition it was felt that a quantitative study of the behaviour of incubating geese would be of
value especially if a comparison could be made with the breeding behaviour of the Pink-footed Goose
(Inglis 1977, Lazarus and Inglis 1978). (In order to avoid repetitious references to the work of Inglis
on the Icelandic Pink-footed Goose, for the rest of this section all details of the breeding behaviour
of this species are taken from Inglis (1977) unless otherwise stated).

As a generalisation there seem to be three nesting strategies adopted by arctic geese. The first
is that of colonial or high density nesting shown by many species (including Pink-footed Goose, Snow

Goose, Ross's Goose, Barnacle Goose and Brent Goose). There seem to be many reasons for adopting this
strategy but the main ones are either a reduction in predation, or topographic (e.g., at Thjorsarver in
lecland, ice-cap drainage creates an oasis in the central Icelandic desert, providing large feeding

grounds for goose families after hatching). Although a colony of geese, or other birds, may tend to
attract predators, the relative predation rate for any pair in a colony is less than it would be if they
nested solitarily. The second strategy, which is probably a special case of the first, is that shown by
the Red-breasted Goose. This goose nests commensally near to nests of the Peregrine where it seems to
gain protection from other predators by the territoriality of the falcon. The Peregrine keeps Arctic
Foxes and other predators away from its own nest, and although the Red-breasted Geese run a slight risk
from the Peregrines this is evidently more than outweighed by the advantages. Here, nesting geese gain
protection from predation by association with another species rather than with more individuals of the

same species in a colony (Krechmar and Leonovitch 1967). The final breeding strategy is that of
dispersed or solitary breeding. This is shown to various degrees by White-fronted Goose, Bean Goose,
Lesser White-fronted Goose, Emperor Goose and some races of Canada Goose. In this strategy defence

against predators is achieved both by camouflaged plumage and by nests being widely separated, such that
if a predator finds one nest this does not increase the chance of finding another. Association with
other pairs is risky since it enhances the chances of the nest being located.

It is obvious that there will be differences in the behaviour of colonial and solitary nesting geese.
Colonial nesters defend a territory immediately around the nest from which the geese derive most of
their food during the incubation period (see Ryder 1975; Inglis 1976; Mineau and Cooke 1979; Owen and
Wells 1979 for theories concerning the evolution of territory size in colonial geese). Solitary breeders
do not seem to have the same 'necessity' for a defended feeding territory so their behaviour towards
other geese is different. Response to predators will probably also differ; there is no advantage to a
goose in the middle of a colony in trying to hide on the approach of danger, whereas this is probably a
good strategy for a dispersed nester as it reduces the chance of detection. We might therefore expect
the reactions of the two geese to a predator a similar distance away to differ. By comparing the
behaviour of the Greenland White-front (a solitary nester) with that of the Pink-footed Goose (a colonial
nester) we hoped to identify some of these differences and see how they contributed to the success of
each breeding strategy.

STUDY AREA
Site choice
Brceding pairs of Greenland White-fronts were widely separated (section D4) and found predominantly
near small marshes, particularly those containing Eriophorum angustifolium . The distances between these

meant that intensive observations could be made at only one nest site. For logistic reasons it was
decided to study a pair near Base Camp, although this was less than ideal because of disturbance from
the camp affecting the behaviour of the geese. However, by placing the hide here it could be manned
without the need for a separate camp. Time-lapse cameras at other nests could be attended to on day-
walks (section L9), and other observations made whenever possible.

Site description

The site studied - Upper Marsh - is shown in Figure D6.1. On three sides the marsh was surrounded
with heath-herb slopes dominated by Calamagrostis purpurescens. These merged with a wetter community along
the edge of the marsh, and it was in this transitional vegetation that the nest was situated. 1In the

central regions of the marsh there was a mixture of cyperaceans and grass with pools of frozen water.
There were several small moraines here surrounded by Salix glauca but with typical dry barren vegetation

on top dominated by Dryas integrifolia and crustose lichens. At the west end of the marsh was an extensive
area of Salix glauca carr growing to a height of one metre where the stream flowed across the drier

moraines.
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Figure D6.1. Upper Marsh study area showing vegetation types as apparent at the time of

incubation. Further details on the plant communities of Upper Marsh are to
be found in section D8.

The most important area for the geese was along the northern edge where the stream draining down

from the plateau lakes flowed. This initially crossed the marsh in several deep channels cutting down
into the underlying gravels. It braided as it flowed across the marsh and in several places lost its
identity in a number of tiny streams and pools. The expedition name for the area, Thousand Islands,

well describes its general appearance. The vegetation along the edges of these smaller streams was
extensively grazed and large piles of roost facces and other droppings were found here. Both Eriophorum
angustifolium and E. scheuchzeri were present as were Carex Spp., Salix arctophila, Sphaynum squarrosum and Hippuris
vulgaris. The results of a vegetation survey of Upper Marsh and observations on seasonal changes are given
in section I1. The very wet area of Upper Marsh extended for approximately 50 m on either side of the

stream and thus prouvided an area nf roughly 0.1 km? of potential grazing (although not all of the same
quality).

Another nest, observations on which are also presented here, was located on Rimwater Marsh. 'I'he
vegetation was similar to Upper Marsh but with a greater abundance of Carex rariflora. The nest was
placed on the top of a hummock in the wettest part of the marsh, and was thus surrounded by suitable

feeding. 3
t

PROCEDURE

Method of observation

Observations were made from a six foot cubic wooden hide situated 173 m from the nest (Figure D6.1).
The construction of the hide is described in detail in section L7. Observations were made with a range ol
telescopes (usually x30 - x60) supplemented with x8 and x10 binoculars. Two telescopes were used, one
trained on ihe nest and the other on the wandering male so that observations of both geese could be made
almost simultaneously. Records were kept in logbooks, although a tape-recorder or dictaphone for when
there was much activity would have been useful. Observations were made in five-hour shifts, four people
being responsible for each four-day period. However, for most of the time there were five on shift duty
giving a more comfortable ratio for those observing. Approach to the hide was possible without being
seen from the nest. The use of time-lapse cameras is discussed in section L9.
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Classification of position and behaviour

The methods used were based on Inglis (1977). Every five minutes the marsh was scanned, and the
behaviour and position of the geese in relation to the nest, the Base Camp and a central moraine were
recorded. The distance between these was estimated with surprising accuracy as later measurements
showed. It was not possible, as had been hoped, to lay out a measured grid of stakes on the marsh since
the nest was discovered only after the incubation had begun.

The behaviour of the geese was recorded as activities and postures. Activities were mainly
locomotory states, and included nest building, swimming, sitting, incubating (if sitting on nest),
walking, running, floating, flying and standing. Most postures were related to the position of the head
and neck. The simplest of these were head on ground (defensive), head on back, head low, head up,and
extreme head up (Figure D6.2). These represent an increasing level of alertness (Inglis 1977). Other
postures included: graze, preen, drink, flank drink, threat, nest adjusting, egg rolling, down plucking
and wing flapping. Activities and postures were recorded instantaneously (Altmann 1974) and independently
of behaviour in the previous five minutes. The behaviour of the geese between scans was noted if
significant.

HEAD ON
GROUND

HEAD U

=
- —
HEAD ON BACK HEAD LOW
Figure D6.2. Some of the more frequent behavioural postures of White-fronted Geese (after Inglis

1977).

In retrospect, although most of the posture and activity categories were clear, a few were ambiguous.
These included grazing which comprised a variety of postures and also varied according to the habitat in
which the grazing took place. The pause between ingestions may have meant that grazing was under-recorded.
Thus the proportion of scans when grazing was noted (e.g. Figure D6.19) was considerably less than the
amount of time spent 'feeding'. The separation of head up from extreme head up was sometimes difficult
since the two often merged into each other. Inglis found that extreme head up postures were associated
with an upward tilt of the body axis, an extended and rigidly straight neck, and an upward angle to the
beak; head up postures usually lacked two of these three features (pers. comm.). In Greenland we used
just the angle of the beak to separate the postures, thus the separation was not as accurate as it might

have been.

Chronology

The female was flushed from the Upper Marsh nest containing five eggs on 27 May. During the following
24 hours the nest area was kept under observation from Base Camp (and occasionally from Observation Hill),
The hide was installed above the nest on the afternoon of 4 June and continuous observation commenced
that evening. The nest was observed until midnight on 12 June when the hide blew away in a gale.
Observations on the nest recommenced 24 hours later, although the male had been watched since noon from
Base Camp. The watch finished on the evening of 22 June when the family, hatched that morning, was lost
from sight as they walked away from Upper Marsh. The nest and geese were observed for 400 hours.

Observations were also made at Rimwater Marsh during the later stages of incubation and hatch. The
methods used were the same as at Upper Marsh, but observations were made from the shelter of a hilltop
boulder 1 km from the nest over the period 26 - 29 June.

RESULTS

Unless otherwise stated, all results and figures refer to the Upper Marsh pair of geese.
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Listurbance from Base Camp

This was kept to a minimum throughout the study and scans which are known to have bgen affected by
human disturbance have been excluded from the analysis. However, when_the mean hourly d1§tancelof.the
male from Base Camp (the probable source of disturbance) is plotted (Figure D6.3), there is a d1§t19ct
movement away from the camp in the afternoon (when disturbance would have been greatest). Thusixt }s
possible that in some aspects the behaviour of the study pair was altered by our presence. Subjectively,
the geese seemed to take little notice of us and there were many places on the marsh where ?he male
would have been out of sight of the Camp. The presence of the male feeding less than SQ m from the‘Camp
one afternoon suggests that his movement on the marsh may have been due to other factors, however bias
from this source must unfortunately remain an unknown quantity.
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Figure D6.3. Changes in the distance of the male from Base Camp during the day. Mean distances
from the camp at each half-hourly interval are shown with bars indicating standard
error of mean, and the range of distances recorded at that time of day. Data from
the period 5 to 21 June. The mean sample size at each half-hourly point is 10.2 + 1.8.

Attendance of other geese on Upper Marsh

At times up to seven other geese were present on Upper Marsh with the male during the incubation
period (Figures D6.4 and D6.6). As with the male, their attendance fits no obvious pattern, but tended
Lto be more frequent between the hours of 02.00 and 10.00, and early in the incubation.

A male with distinctive belly bars (called the 'Step' male) was a frequent visitor to the marsh.
It is thought that his mate was nesting nearby, although no nest was found. On 6 June he had been
present in the evening for some hours before flying off and returning with his mate a few minutes later.
This was at the time of day when the resident female most frequently left the nest to feed and the
behaviour  of the Step female was very similar to that of the Upper Marsh femalce during her feeding
recesses. It is also interesting to note that one of the few aggressive encounters between the Step male
and the resident male occurred during a visit of the Step female. Later in June the Step female was

present on the marsh with her mate for some hours and it is presumed that the nesting attempt failed
sometime between 6 and 9 June.

The presence of other geese on the marsh was largely tolerated by the resident bird and few
aggressive encounters were witnessed. He would feed amongst them and occasionally fly with them to roost
on the nearby hillside. However the geese usually came no closer to the nest than the river, at least
300 m away. The breeding pair reacted to the presence of strange geese in the immediate vicinity of
the nest as if they were predators and showed more concern than if Ravens were flying at a similar dist-
ance. On three occasions when geese flew within 100 m of the nest the female rapidly adopted the extreme
concealment position, head on ground (see section D7), and she was extremely wary when relaxing from this

position. Un two other occasions she lowered her head to her breast and remained motionless until the
intruders were out of sight.

Attendance ol male on Upper Marsh

Throughout the incubation period the male spent most of the time on Upper Marsh, but occasionally
he was not visible. Undoubtedly this was sometimes either due to being in one of the blindspots of the
mursh, but quite frequently he was scen flying away from or returning to the marsh after a genuine
ebsence.  The attendance putterns were highly variable. On 16 June for example he was seen on the marsh
lor 21 hours continuously, in contrast to a total of 4.5 hours on the preceeding day (Figure D6.4). His
longest known absence was 13 hours between 14 and 15 June; however some of this period was during a snow
storm and thus he may have been out of sight on the marsh. There is no diurnal pattern to his

attendance (Figure D6.5). The male was present less frequently at about 11.00 hours and more frequently
between 14.00 and 16.00 hours, but this is not a gignificant deviation from the mean (t = 2.006,

P = 0.05%) 1471

Whenever the male was seen on the marsh he was usuall
on the northern side of the marsh, the only exceptions to
he would stand in Eriophorum and tussock grass,
rarely led.

y within 20 m of running water near the stream
this being when he was close to the nest, when
or near to one of the muddy pools close to the nest; he
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Figure D6.4. Attendance of the nesting male and other geese on Upper Marsh. Parallel lines
indicate the number of other geese on the marsh (see also Figure D6.6). e indicates
the female accompanying the Step male (see text). In plotting the attendunce of the
breeding male it has been assumed that he was present on the marsh if he was out of
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Figure D6.5. Number of days attendance on Upper Marsh by the breeding male 'sampled' at each

half-hourly interval.
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Figure D6.6. Presence of non-breeding geese on Upper Marsh during the incubation period shown
in goose-hours per day.

The male also attempted to conceal himself on three occasions when he was visible to the observer,
even adopting the head on ground posture 450 m away from the ground when a strange goose flew very close
to the nest.

On 20 June an immature White-front flew back to the nest with the breeding pair after one of the
female's recesses. The gander was obviously chasing the immature in the air whilst the female flew
straight to the nest. All three birds landed within 30 m of the nest and the female walked straight to
it and sat in a head up posture. The male rushed at the immature which was 6 m distant from him, and
the latter moved away by another 7 m. Both the gander and the immature then sat head-up for one minute
before the immature got up and walked away out of sight. The male walked straight to the nest, circled
it once, and returned to his previous position near the nest. Twelve minutes later he took off silently
and flew back to resume feeding on the far side of the marsh.

Departures of female from nest

The almost daily departure of the female from the nest, or recess (Skutch 1962), was regularin
both timing and duration (Figure D6.7). On average recesses lasted 24 minutes and the majority occurred
between 19.00 and 01.00 hours. The period between recesses varied from as much as 67 hours to as little
as four hours. Between 4 and 11 June they occurred once every two days, but after 13 June she left the
nest daily. On 20 June there were two recesses but after this she did not leave the nest until the chicks

had hatched on 22 June.
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Figure D6.7. Timing and length of recesses of female during incubation. No observations were

made on 12 June.

The sitting female first stood and then flew straight off the nest calling, sometimes covering the
eggs with down before leaving. Once in the air she would be guickly joined by the male who had usually
been either feeding or roosting nearby on the marsh. The calling of the female always elicited a very
quick response from the male who joined her within seconds, then together they would fly to the wet
areas near the river where the female would graze for about ten minutes or so, moving quickly through
the vegetation. The male, very alert and not feedinghimsell, would follow. On several occasions the
female showed a snapping behaviour to her left and right, not taking her head above body level, possibly
eating insects (section D8).

After feeding she would wash and preen for a few minutes before flying back to the nest, with her
mate, calling. Often before reaching the nest they would stop first in a marshy area near the nest for
a further brief feed and preen, then the female would fly straight to the nest and sit down immediately.
The male remained standing in an extreme head up posture within 20 m of the nest for about 10 - 15
minutes before flying silently back to the river. After the female had sat down she adjusted the nest
about her and often stood briefly to roll the eggs. On her return from the last recess she was most
restless and spent over 20 minutes adjusting the nest, rolling the eggs and preening before finally
settling down.

There was a marked increase in the time she spent off the nest as the incubation progressed (Figures
D6.8 and D6.9). The percentage of the day spent by the female off the nest in the 14 days before hatch
(0.015%) is much less than the time spent feeding by the Pink-footed Goose in the same period (mean =
c. 3.77%).

During her recesses the female often drank from pools and the stream; however water from these
sources was augmented by collecting droplets from her flanks during rainy conditions. This was
evidently an important source as often she would be flank drinking for up to half an hour or more.
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Figure D6.9. Time spent by female away from nest presented as time per 48 hour period to

show the increase in time spent feeding.

Changes 1in behaviour during incubation: data presentation

Graphs of both long-term and diurnal behavioural changes have as the ordinate the mean number of
scans per day and per hour respectively in that activity or posture. Since the methods used gave
objective samples of behaviour, these approximate to the percentage time spent in that activity or
posture (i.e., 12 scans in an hour in any activity is represented as 100% of time spent). The vertical
line above and below the mean is * the standard error of the mean. 1In the calculation of diurnal cycles
the hourly data for each day of the observation period have been summed and the means and standard error
presented. Those hours when the bird was out of sight for more than 10 minutes (two scans) have been
excluded from the totals, as have data for the female for 36 hours prior to hatching and for the male
from four hours before hatching, since as is shown later their behaviour changes significantly in this
period. These exclusions result in a variable size for the summed hourly data. The graphs of long-
term changes in behaviour are the percentage of those scans of the days during which the goose was
visible (X = 152 + 46 for male), and are thus directly comparable to the data presented by Inglis (1977).

Gross time budgets for male and female

The incubating female spent the vast bulk of her time in one of two postures, head on back or head
low (48.72% and 41.49% of the time respectively, n = 4,731 scans). As can be seen from Figure D6.10
other postures made small contributions to the total, 2.26% of the time was spent with the head up and
then in decreasing order of frequency time was spent flank drinking, nest adjusting, grazing, preening,
egg-rolling, head on ground, flying, down plucking, head forward, extreme head up, and wing flapping.
The male had a more varied time budget as shown in Figure D6.10. Grazing took up nearly a quarter of
the time, although as earlier suggested this may be an underestimate of the actual amount of time
spent feeding. Most of the time was spent with head up and then in order of decreasing importance
grazing, head on back, extreme head up, head low and preening. Since the proportion of time allocated
to different behaviour changed for the male over the incubation period, gross totals have less significance
than overall trends (below).
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Figure D6.10. Gross time budgets of male and female White-fronts during incubation and after
hatching. Left hand half of figure presents data for female and right hand half
for male. Upper half of figure shows time budgets for various postures, lower
half are activities. Each block is divided into two parts; the columns on the
left are the percentage time spent before hatching whilst columns on the right
are percentage time spent after hatching for the same activity. The time budgets
for the female postures before hatching have been divided into time spent in the
presence of predators (shaded columns) and time spent when no predators were
present (open columns).

Distance of male from nest

At the time of clutch completion (27 May) the male spent many hours only 2 m from the nest. Later
he spent most of his days feeding by the river 350 m away but occasionally spent time near the nest
(Figures D6.11 and D6.12). He was 100 m from the nest on the eve of the hatch, but since he had been
closer for longer periods in the middle of the incubation, this proximity may not have been caused by
the imminence of the hatch. The most frequented feeding area was between 300 and 500 m from the nest;
closer than this there was little suitable grazing so the male would be either at the river or at the
nest, rarely between the two. This is the cause of the 'spiky' nature of Figure D8.12. The few
observations made at Rimwater Marsh show that here too the male was close to the nest about the time
of hatching (Figure D6.13). However since the nest was surrounded by suitable grazing there would have
been no great need for the gander ever to have gone far from it (if this indeed influences proximity -
see discussion).

Alertness

Figure D6.14 shows a steady increase in the proportion of time the male spent with head up -
indicating increasing alertness. No such clear trend emerges from the time spent extreme head up. This
is possibly due to the problem of separation of extreme head up from head up experienced by some
observers. The female whilst spending more time head up in the later stages of incubation became very
much more alert after the eggs hatched (Figure D6.15). For the female, the extreme head up posture
was restricted to the period after hatching (except for one scan) (Figure D6.10).

Roosting

The amount of time spent by the male roosting (head on back - Figure D6.16) shows no clear trend
but was greatly reduced after the chicks had hatched (Figure D6.10). The day before the hatch the female
spent hardly any time asleep (Figure D6.17) but most of the day with her head low (Figure D6.18). The
first chick was seen at 00.38 hours on 22 June, but whilst it is possible that some of the eggs may have
hatched earlier the onset of the behavioural change precedes this observation by 30 hours, probably
indicating that the female was aware of the forthcoming hatch. There is often a timelag after the first
crack in the egg-shell before the chicks emerge (Ogilvie 1978).
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head low (arrow indicates hatch).
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Figure D6.19. Long term behavioural changes: percentage time spent by the male grazing and
preening (arrow indicates hatch).
Figure D6.20. Long term behavioural changes: percentage time spent by the male walking and
standing (arrow indicates hatch).
Figure D6.21. Long term behavioural changes: percentage time spent by the male sitting and
swimming combined with floating (arrow indicates hatch).
Figure D6.22. Long term behavioural changes: percentage time spent by the female in various

'nest care' postures, recorded separately as nest adjusting, egg rolling, and
down plucking and combined (arrow indicates hatch).

Feeding
Feeding by the male shows a decline during incubation (Figure D6.19) which is probably a direct
result of the increase in time spent alert. Male Pink-footed Geese also show an increase in proportion

of time spent head up and extreme head up in the later stage of incubation (Inglis 1977: Figure 8) but
an increase in time spent feeding until about three days before hatch (Inglis 1977: Figure 12).

Male activities

Other activities and postures of the male remain more or less constant over incubation: preen
(Figure D6.19); head low (Figure D6.16); standing and walking (Figure D6.20); sitting (Figure D6.21);
although the combined activities of floating and swimming (Figure D6.21) show a significant decline
over the period of observation. This is probably due to the emergence of vegetation above water level,
and thus a lessening of dependence on aquatic plants for food. It is also reflected in a dietary change
at about this period as shown by faecal analysis (section D8).

Other female postures

The female spent a little time in postures relating to nest care i.e., down plucking, egg rolling
and nest adjusting. These were usually quickly over and thus may have been under-recorded by the
method used. Down plucking may have been slightly more common at the beginning of incubation but with
a maximum of one scan a day recorded, it is difficult to interpret. Nest adjusting and egg rolling were
recorded more frequently, and possibly increased slightly towards the later stages of incubation (Figure
D6.22).



Diurnal changes in behaviour during incubation
Female

Iigures D6.23 and D6.24 show a clear and significant diurnal rhythm in the behaviour of the female.
Between the hours 23.00 to 07.55 she spent most of her time with her head on back (i.e., sleeping or
resting); after 08.00 hours there was an increase in the time spent with her head low. (It should be
noted however, that whilst she usually slept with head on back, she was sometimes observed sleeping with
head low. Likewise, the male was often seen literally 'nodding-off' with head low or head up. On a
few occasions he was seen to have his eyes shut in head up postures for quite long periods of time).

The high frequency of hecad low was maintained until about 18.00 hours when there was a slow lapse into
the sleep period over the following four hours. Other postures were only common in two periods; between
07.00 and 15.00 she left the nest on two occasions and was scen !'lank drinking, and caring for the nest
(above). Between 20.00 and 01.00 she most frequently left the nest to feed and on return adjusted the
nest. There is no significant difference in the diurnal cycle of female behaviour in the two 'halves'
of incubation, 4 - 11 June and 13 - 20 June.

The time of maximum head on back (Figure D6.23) came shortly after the most common time of recess
(Figure D6.7). 1In order to see if the female always slept after feeding and it this rafther than the
solar cycle might be the cause of her diurnal cycle, the proportion of time spent head on back has been
calculated using her return to the nest after feeding as the start of the period (Figure D6.25). It
can be seen that she did sleep more after returning to the nest, time spent asleep falling to a minimum
14 - 19 hours after the last feed. Whilst there is an obvious relationship, the variability is such that
it is unlikely to be the cause of the diurnal cycle, rather being a result of it and the regular timing
of the leeds.
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Figure D6.23. Diurnal behavioural changes: proportion of each hour spent by the female with

i i ical bar
head on back. Mean values from the period 4 to 21 June with vert )
indicating standard error of mean. Horizontal bar at base of figure indicates
the period during which the nest was in the shadow of nearby hills (dark period).

Figure D6.24. Diurnal behavioural changes: proportion of each hour spent by the female with
head low. Mean values from the period 4 - 20 June with vertical bar indicating

standard error of mean.
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Figure D6.25, Relationship between the timing of the female's recess and sleep time. Horizontal
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proportion of time spent head on back each hour (see text for full details).
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Male

The diurnal changes in the behaviour of the male are less obvious (Figures D6.26 - D6.29). There
is a peak of grazing between 22.00 and 05.00, then between 06.00 and 18.00 a high proportion of the
time was spent either head up or extreme head up. Roosting (head on back) occurred throughout the day,
but fell to a minimum between 16.00 and 19.00. Since Figures D6.28 and D&.29 are different, it is
evident that much time was spent sleeping when standing and also that time was spent sitting whilst
awake. Preening was recorded infrequently and there is no significant diurnal change in its frequency
for either sex; it usually occurred after a spell of feeding and before roosting.

Since in the early post-arrival period the sexes shared vigilant behaviour (section D2) it might
also have been expected in the nesting period. However the times of day in which the male (head up -
Figure D6.27) and female (head low - Figure D6.24) are alert are roughly the same, significantly
correlated with each other and with the time of day at which predators were most commonly seen or
heard (Figure D6.30).

Despite being a degree above the Arctic Circle (67036‘N), the nest was not in continuous sunlight.
Throughout June and July the sun remained above the horizon but on Upper Marsh the nest and feeding
area fell into the shadow of the hills in the north as the sun moved round in the evening. On June 16
- 17 it was noted that the nest was in the shadow of Needle Cairn Heights for 7.5 hours from 21.00 to
04.31 hours. The mean hourly temperature (Figure D6.31) varied over the day. This cycle correlates
at P < 0.001% (Spearman Rank Correlation) with male and female behaviour as shown in Figure D6.32.
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Figure D6.26. Diurnal behavioural changes: proportion of time spent each hour by the male

grazing. Mean values from the period 4 - 21 June shown * standard error.

Figure D6.27. Diurnal behavioural changes: proportion of time spent each hour by the male in head
up and extreme head up postures. Mean values from the period 4 - 21 June shown
+ standard error.
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Figure D6,28. Diurnal behavioural changes: proportion of time spent each hour by the male with
head on back. Mean values shown + standard error.
Figure D6,29. Diurnal behavioural changes; proportion of time spent each hour by the male
sitting. Mean values shown * standard error.
Figure D6.30, Relationship between the hourly abundance of predators (Raven, Arctic Fox and

Gyrfalcon) over or near the study nest, and the timing of departures from the
nest to feed by the female. Total number of predator sightings = 77,
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Departure from the nest after hatching

The first gosling was seen at 00.38 hours on the 22 June (not necessarily the time of hatching)
and by 09.00 all five chicks had emerged. In the next hour there was a lot of gosling activity, with
frequent excursions although always within reach of the female. A Raven croaked in the distance,
causing the male to move closer to the nest and both birds looked about. At 10.38 the female stood
up and moved away from the nest, returning briefly apparently to eat from it, Although it could not be
discerned what she was eating it was likely to be either eggshells or the unhatched egg since no trace
of this could be found later and it had not been eaten by Ravens in the interim. Similar behaviour
was seen on Rimwater Marsh after hatching, and the egg membranes and yolky remains are probably an
important energy supplement for the female goose before she can graze sufficiently to build up her food
reserves again. Pink-footed Geese sometimes eat egg fragments when arriving at old nest sites in spring.
Then, however, the supplement of calcium is important in the formation of new eggshells (Gardarsson 1976).

Finally at 11.02 the geese left the nest for the last time, although their departure was disrupted
by four Caribou running through the nest area. Both adults crouched and sheltered the young under their
wings. Throughout the rest of the day the family walked across Upper Marsh and up the slopes of Needle
Cairn Heights in the direction of Llyn Anne. They were lost from sight at 19.45 by which time they had
covered about 1 km and ascended about 200 m in height. Fresh roost droppings and down found at Llyn
Anne the next day suggests they spent the night there before climbing over the ridge (another 50 m) to
the lake Charlie where they were seen on June 24. (Their further movements are given in section D1, and
ringing information is given in section D10).

During the walk the parents were always within 1 m of the chicks and the most common groupings
are shown in Figure D6.34. This is a 'line abreast' formation very similar to that adopted by Pink-
footed Geese when leading young (Nyholm 1965: Figure 22). The female more frequently led the
family than the male who was usually positioned to the side of and slightly behind mast of the goslings,;
however the arrangement of the family whilst walking changed constantly.

. d
8 L O. & ... ..9 ‘ 9: d
Figure D6.34. Some common marching sequences of newly hatched Greenland White-front chicks.

At Rimwater Marsh two eggs were seen chipping at 14.30 hours on 27 June and by the early hours of
the following day two goslings were visible. Later that day all five were seen. They were brooded in
the nest over the 'night' of 28/29 June before being led away towards higher lakes on the morning of
29 June. Thus it appears that, like the Pink-footed Goose, the eggs of the Greenland White-fronted Goose
all hatch within 24 hours, and that whether or not they are brooded in the nest over their first night
possibly depends on the time of day at which they hatch.

Changes in behaviour after hatching

Gross time budgets have been calculated for both sexes (Figure D6.10): pre-hatch values consist of
data from Upper Marsh only, whilst post-hatch values refer to aggregated data from both Upper and
Rimwater Marshes. At both nests the hatch was witnessed. At Upper Marsh the family was watched for 19
hours subsequently whilst at Rimwater Marsh the family stayed at the nest for a longer period and was
observed for 26 hours.
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The female showed a marked and significant decrease in time spent sleeping and resting (head on
back) and an increase in all vigilant postures (head low, head up and extreme head up). She also started
to eat intensively, spending about 26 times as long grazing as previously. DPreening took up a greater
proportion of her time, but the only other activity recorded was nest adjusting when brooding young.

The male after hatch assumed a more vigilant role within the family, releasing the female to
spend longer feeding. He spent more time alert and markedly less time in non-alert states (grazing,
preening and head on back). Activities do not have the same significance as postures but the gander
spent longer sitting near the nest and less time in all other activities.

Association of immature goose at Rimwater Marsh

At Rimwater Marsh the nesting pair was accompanied by an immature bird of possibly the previous
year's brood. It was seen throughout the late incubation and post-hatch period and there is no reason
to suppose that it was not present near the nest throughout incubation. It usually stood between 2 and
20 m from the nest but most frequently was seen about 7 m away. Once the breeding male was observed to
chase the immature bird away to about 20 m after it had been gradually getting closer. Although chased
off on this occasion from a distance of 6 m it had been much closer many times previously. It seemed
that to some extent the male and the immature bird were sharing vigilant behaviour. Table D6.1 is a
contingency table of various combinations of posture shown by the two birds. The overall behaviour of
the male differs significantly from that of the immature bird (x?; P<0.001). The male spent more time
alert and less time .in non-vigilant states (14.38% of the time as compared with 50.83%). It is difficult
to test for any 'linkage' or sharing of vigilant behaviour without a control. Also to an extent alert
behaviour is 'infectious'. This is supported by the fact that of all the combinations of head up with
other postures by both birds, the most frequent combination was when the other bird was head up also.
For the breeding male the next most frequent combination of head up was when the immature was non-alert.
The immature bird generally spent more time non-alert (grazing, preening and roosting) and less time alert
than the male, Without a larger sample size of post-hatching geese it is not really possible to show
that the behaviour of the breeding male was_significantly altered by the presence of the immature bird.

TABLE D6.1. Contingency table showing combined frequencies of different postures of breeding
male and immature in the immediate post-hatching period at Rimwater Marsh,
Each value shows the proportion of total time in various combinations of behaviour
by male and non-breeding immature. Thus during 6.35% of the time, both the male
and immature had their heads low. Horizontal totals give the allocation of time
to different postures by the male, vertical totals give the allocation of time to
various postures by the immature. Total sample sizc is 472 scans.

BREEDING MALE

Extreme
Head Low Head Up Head Up Otherx* TOTAL
Head Low 6.35% 5,29% 1,05% 0.84% 13.53%
& Head Up 4.23% 13.98% 6.77% 5.08% 30.06%
e
= Xtreme
2= Head up 0.84% 2.54% 1.48% 0.63% 5,49%
Other* 18.43% 12,92% 11.65% 7.83% 50,83%
TOTAL 29,85% 34.73% 20.95% 14.38%

* 'Other' category includes the non-vigilant states of head on back, grazing, and
preening.

DISCUSSION

Recesses

The time spent incubating each day (99.985%) is much greater thar in ktoth the Pacific White-front
(97.3% reported by Ely 1979) aud the Pink-footed Goose (96.23%). However, these overall figures
conceal the marked increase in time spent off the nest in the later stages of incubation (Figure D6.9).
The recess serves two main functions; feeding and preening. Whilst the incubation is largely carried
out on the reserves of food accumulated over the winter (Ogilvie 1978; Ryder 1970) these become
increasingly depleted. The greater time spent feeding late in incubation is consistent with greater
need as the reserves are used up. Also as Inglis (1977) points out, the risk of chilling of the eggs
becomes less later in the incubation period, both because of an increase in the air temperature (Figure
D6.35) and because the developing embryos become less dependent on extraneous heat sources. The recess
also gives the female time to preen and maintain and waterproof the feathers to withstand long periods
of motionless sitting in adverse weather.

It was surprising that the female did not cover the eggs with down on some of her departures.
Whilst she was away the male did not stand guard at the nest as occurs in some species of geese (Ogilvie
1978), and uncovered eggs would seem to be at some risk from aerial predators. This risk is reduced by
the recesses being at the time of least predator activity (Figure D6.30). The female left the nest at
a remarkably constant time each day (Figure D6.7), both in the early period (4 - 11 June) when she left
the nest once every two days, and later when she was leaving daily. Ely (1979) found that the Pacific
White-front left slightly earlier; 44 of 5% departureg observed were between 12.00 and 22.00; howgver
his study area was at a lower latitude (61°26'N cf 67 36'N). Brakhage (1965) reported that the Giant
Canada Goose (B. c. maximus) left the nest during the first and last two hours of day light; similar
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Figure D6.35. Mean daily temperature over the incubation period, means + standard error.

timing to that of thc Greenland White-front. It is also possible to speculate that there is a daily
cycle of assimilation efficiency, like so many of the other bodily functions (Fisher and Bartlett 1957;
Halberg 1969). The goose has only a short period in which to feed and it may be that this is timed so
that food is eaten just before the period when it can be assimilated most efficiently. Few droppings
were found near either nest site and none in the nest itself.

The female White-front (both flavirostris and frontalis) spends a shorter proportion of the day off
the nest than the female Pink-footed Goose. This may be because the female Pink-foot never feeds far
from the nest and if a predator approaches the nearby nesting geese will provide sufficient alarm to
allow her to get back in time. The White-front does not have the protective function of a colony to
warn her of the approach of predators and so has to restrict feeding to one bout each day at a time when
fewest predators are active.

Diurnal cycles

As can be seen from Figure D6.32 there are many correlations with fluctuations in temperature and
predator abundance resulting from the diurnal behaviour cycle of both sexes. A problem of causality
presents itself because many of these correlations are probably not functionally significant but merely
due to the behaviour of both sexes responding in similar fashion to a few 'controlling' factors.

The study of diurnal rhythms in the continucus daylight of the arctic summer has for long held the
interest of physiologists, ecologists and ornithologists (see, for example: Armstrong 1954; Askbirk &
Franzmann 1978, 1979; Brown 1963; Cullen 1954; Karplus 1952; Krull 1976a, 1976b; Marshall 1936; Peiponen
1970). Unfortunately this study was not planned with diurnal cycles in mind so that few environmental
variables were monitored (e.g. light intensity, altitude of the sun, 'colour temperature' or spectral
composition, humidity, etc.). However it is possible to suggest a causal sequence important in this
situation.

At the proximate level it is possible that the geese are responding to environmental cues such as
variations in temperature, light intensity or colour temperature when changing behaviour. There may be
an endogenous component of the rhythms separate from the environmentally induced component (Aschoff
1960) but it is impossible to separate the two under these circumstances. Either temperature (Figure
D6.31) or light intensity is likely to be the most important environmental cue but in the absence of
illuminance measurements it is not possible to assess the significance of the changes in temperature.
(Under the conditions of the study, light readings taken at the hide would have been different from those
at the nest since it fell into shadow at different times; a remote sensor near the nest would have been
needed) .

At the ultimate level the geese probably respond to the activityof predators, being more alert when
there is greater chance of attack from either Arctic Fox or Raven. The determination of levels of Fox
activity does not seem to have received much attention in arctic field studies but the following ideas
may be worthy of further investigation.

Greenwood (1978) and others have shown that there is diurnal variation in the activity of tundra
invertebrates, the numbers of most invertebrate groups caught in pitfall traps (especially Diptera)
being greater during the day (08.00 - 20.00) than those caught at night (20.00 - 08.00). This in turn
will no doubt influence passerine foraging behaviour and activity, and certainly Snow Buntings and
Wheatears have an inactive period, the former between 03.00 - 08.00 and the latter between 24.00 - 04.30
(Asbirk and Franzmann 1978, 1979). These periods may not be exactly the same in west Greenland since
the studies quoted above were from the high arctic.

If the frequency of Fox calls is an accurate reflection of their activity, then from counts made
over 24 hour periods they also seem to be less active in the early hours of the day (see section F3 and
Figure D6.30). It seems likely that the vigilant behaviour of both sexes of the goose (female head low,
male head up and extreme head up) is so timed as to be greatest when there is greatest risk of predation.
Other behaviour 'fills in' when the birds are not alert, i.e., female head on back, male grazing. The
peak of sitting during the day is largely due to this activity being associated more frequently with
vigilance than feeding.



There were no diurnal rhythms found in nesting Pink-footed Geese between 05.00 and 23.00 hours,
although observations that were made outside that time suggest that the females were invariably on
their nests. This difference may be due to the protective function of the colony acting in a manner
analogous to a flock and removing any great need for individual geese to be alert at particular times of the
day, because even with random timing there will be at _least a few birds which will see an approaching
predator. The study area was at a lower latitude (64 35'N) and thus darker at night than Greenland.

This hypothesis is an ecological extension of the ideas of Aschoff (1964) on the survival value of
diurnal rhythms . More recently Daan and Tinbergen (1979) have presented evidence of an amalogous
situation whereby the daily timing of the departure of Guillemot chicks from their cliff nests is
determined by the abundance of predators, 'a daily rhythm of risk'. Evidently changes in predation risk
are of great importance in the timing of arctic animal behaviour and should clearly be further
investigated to determine if the response of animals to predator abundance is direct, or if, as suggested
here, although predation risk is the ultimate cause, the proximate response is to regular environmental
changes.

Prop et al. (1978) found that nesting Barnacle Geese in high-arctic Svalbard (77°N) showed a distinct
diurnal rhythmicity in the timing of their feeding bouts. Males left the nesting island to feed on the
nearby mainland most frequently at night (18.00 - 03.00 hours) whilst the female fed more often in the

day (09.00 - 17.00 hours). They attribute the timing of the females' feeding to two factors; the smaller
energetic cost of rewarming the eggs on return, and the higher concentrations of carbohydrate available

in typical arctic forage plants in daylight hours (Wilson 1954). Both these factors are valid in low
arctic Eqgalungmiut Nunét, and the fact that the female White-front chooses a later time of day to feed may
show that the benefits are outweighed by the greater predation risk to a solitary nesting goose.

Distance of male from nest

The Pink-footed Geese at Thjorsdrver have a mean inter-nest distance of 15.4 m (range 7.0 - 27.2 m).
Too few White-front nests were found in Greenland to make meaningful calculations of this measure but
it would seem to be at least 1 km; however Ely (1979) found that for the Pacific White-front the mean
inter-nest distance was about 170 m. This great difference in dispersal affects breeding behaviour.

During the completion of the clutch (27/28 May) the male was very near the nest for about a day.
This is longer than at any other time and may well have been a defence against intraspecific nest
parasitism, as reported for the Pacific White-front by Ely (1979: p 47) and for other species by Mineau
and Cooke(1979a, 1979b)and Owen and Wells (1979).

The male spent most of the day away from the nest after clutch completion (Figure D6.12), whereas
the Pink-foot spends the bulk of the incubation nearer the nest. At ihe time of clutch completion the
male Pink-footed Goose spends about three-quarters of the day 3 - 7 m from the nest; later he usually
wandered further and by mid-incubation most time was spent 10 - 16 m from the nest. At the time of
hatch the male moves back usually to within 3 m of the nest (Inglis pers. comm.). There is not such a
clear cut trend in the positioning of the male White-front although at both nests watched by us the males
were close to the nest at hatching (Figures D6.11 and D6.13). Ely (1979) also found that the distance
of the gander from the incubating female decreased from early to late incubation in 12 of 17 nests at
which the male was consistently attentive. The presence of the male serves two possible functions: as
protection against disturbance of the female by other geese and to guard against predators.

There was only one occasion when the Upper Marsh nest was visited by another goose and it flew off
after threats by the male. At Rimwater Marsh a few hours before hatching, three immature geese were seen
less than 4 m from the nest; however despite there being no overt aggression the male was always careful
to position himself between them and his family. Inglis (1976) points out that it is difficult to
envisage any evolutionary advantage to the geese in harrassment of colonially nesting geese, other than
perhaps rape (Mineau and Cooke 1979) or the eating of eggs. In the context of solitary breeders it is
even harder to suppose that there would be any reason to harrass the female, and in almost 500 hours of
observation we did not witness any intraspecific harrassment or interspecific attacks on the female.
Thus, for the Greenland White-fronts at least, the only important advantage of the male being close to
the nest after egg-laying would seem to be tc guard against predators.

The predator pressure on the Greenland White-fronted Goose is less than that on the Pink-footed
Goose (Figure D6.33 and Table D6.2). Colonies not only protect individuals from predation but they also
attract predators from a wide area. An alternative strategy of solitary nesting combined with cryptic
colouration is used by the Greenland White-front. The female is highly camouflaged against a background
of dead and dried grasses and sedges, and when Raven calls were heard she often placed her head low on
the ground reducing hersilhouette. Two geese attempting to 'hide' in this way would be more conspicuous
than one.

TABLE D6.2. Relative predator abundance near White-front nests (this study) and Pink-footed
Goose nests (Inglis 1977). Mean number of predators seen or heard per hour (over
the last 19 days of incubation in each case).

Ilgalungmiut Nun@t Thjorsarver
Arctic Fox 0.0286 0.0023
Raven 0.1690 0.0162
Greater Black-backed _ 0.6220
Gull
Arctic Skua - 0.3050
Gyrfalcon 0.0023 -

Mean number of potential

predators in region of 4.8120 5.6730
nest per day: (An indic-

ation of relative pred-

ator pressure).
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Solitary breeding in the Greenland White-fronted Goose

The advantages of colonial nesting as a strategy for arctic geese have been investigated by Ryder
(1969, 1971, 1975) for Snow and Ross's Geese, by Inglis (1976, 1977) and Lazarus and Inglis (1978) for
the Pink-footed Goose, whilst the breeding strategies of all arctic nesting geese have been reviewed by
Newton (1977) and Ogilvie (1978). However there is little ethological literature concerned with the
determinants of solitary nesting as an alternative reproductive strategy. It has been noted that some
geese breed colonially or semi-colonially in one area and solitarily in another. There are several
reports of White-fronts nesting with some degree of gregariousness (e.g., Gabrielson and Lincoln 1959;
Dall in Nelson 1887 - both referred to in Ely 1979; Snyder 1957). Table D6.3 shows that the breeding
density varies considerably in different areas even given that only the assessments of Ely and Mickleson
are likely to be accurate. All this implies that breeding density is affected by local factors (e.g.
predator density, habitat availability or topography) and that aspects of breeding behaviour also vary
between different parts of the range.

TABLE D6.3. Nesting densities of White-fronted Geese from different areas.
SUBSPECIES DENSITY OF PAIRS STUDY_AREA SITE REFERENCE
km~ 2 km~2
A. a. frontalis 0.4 51800 Alaska Dzubin et al. (1964)
2.0 10.4 Yukon-Kuskokwim Delta, Alaska Mickelson (1975)
3.0 9.8 Y - K Delta, Alaska 1977 Ely (1979)
4.7 9.8 Y - K Delta, Alaska 1978 Ely (1979)
5.7 2 0l1d Crow Flats, Alaska Dzubin et al. (1964)
14.0 1.3 Y - K Delta, Alaska Mickelson (1975)
23 - 30 ? Point Barrow, Alaska Dzubin et al. (1964)
A. a. flavirostris ''mot colonial" Greenland Fencker (1950)
<0.5 10.0 Egalungmiut Nunat This study

In Eqalungmiut Nunét, there was no evidence of any form of aggregation or semi-colonial organisation
amongst nesting geese (sections D4 and D5). The smallest inter-nest distance was 1170 m, much more than
the same measure for Pacific White-fronts (see above; Mickleson 1975; Ely 1979). The reasons for such
solitary breeding probably include the patchiness of the feeding areas and predation. In Alaska the
nesting habitat utilised is often the dominant vegetation over vast areas of tundra (e.g., the Yukon -
Kuskokwim Delta: Ely 1979; Dzubin, Miller and Schildman 1964); however in Greenland the marshes and
wetlands (section I1) are not continuous but occur in discrete units. These are released as the thaw
progresses altitudinally, and thus food resources are both temporally and spatially patchy.

Upon arrival the geese feed together, often in large flocks. This is a consequence of only a few
sites being available for feeding at this time, and also because flock feeding confers an advantage in
allowing individual geese to feed for longer periods than if in separated pairs (section D2). As the
thaw progresses, the birds move to other sites and prospect for nests near marshy areas. Some
aggregation between three geese on Upper Marsh was noted on 12 May about the time when early prospecting
for nests would have started. However observations at other nest sites were not sufficient to be able
to tell if aggregation between pairs establishing themselves at a site was common. Salomonsen (1950a)
states that '"each pair has its own territory. Territorial fights sometimes take place; two ganders
meet on the lake, and uttering strong trumpeting notes they strike each other heavy blows with their
wings until one of them withdraws". He does not say when this fighting takes place; that which we
observed early on was not as severe as this, consisting only of threat postures and a lunge with neck
outstretched.

Once the pair are established and the clutch laid the male spends most of the incubation period on
a marsh feeding within sight of the nearby nest. Rather than standing guard at the nest he spends his
time feeding on the best available grazing. Incubation involves a considerable drain on the energy
reserves of the female which she is unable to recoup without frequent departures from the nest. After
hatching the male is largely responsible for the protection of the family (section D9) allowing the
female to regain weight. Thus it is important that the male should be in the best possible condition
prior to this period. It was surprising therefore to find that he was tolerating the presence of other
geese on the marsh since these would seem to have been reducing the available food supply. It may be
that the marsh was of such a size that the offtake to other geese was so small as to have had no
appreciable effect on the total amount of food. Alternatively they could have been tolerated because
of their wandering nature.

They were non-breeding birds and thus free to move between feeding areas as the thaw released more
throughout June. The breeding male, however, is probably restricted to one marsh. The impact of non-
breeders on any one site because of the transient nature of their competition poses no long-term threat
to the food supply of the breeding male. This is illustrated by Figure D6.6 showing that by the end of
the incubation other geese were rarely visiting the marsh to feed having already moved to higher altitudes.
The male may also tolerate non-breeders for the same reasons as are probably responsibe for flocking in
early May (section D2).

It is interesting to note that the few aggressive encounters seen between the geese on the marsh were
between the male of the successful nest and another suspected breeding pair. After the probable failure
of this latter pair, aggression between the males was much reduced. This may indicate that tolerance of
other geese on a feeding site may not extend to other breeding males and, as suggested above, this may
be due to the 1long term nature of such competition.
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Changes in behaviour after hatching

The dramatic and significant changes in behaviour of both sexes is in accord with theoretical
considerations of partitioning of parental investment. Lazarus and Inglis (1978) analysed the behavioural
costs of purental care of Pink-footed Geese at a later stage after hatching when the goose families
had left the nest site and were freely ranging over Tthrsérver. During this time (from when the goslings
averaged 26 days old to their autumnal departure) it was found that parents did not differ in the amount
of time spent in any activity and the only postural differences were that females spent a greater amount

of time, on longer bouts, grazing, and that males spent longer in extreme head up postures than did
the female (males, x = 19.82%, females, x = 5.17%).

The time of hatch is a change-over period in the behaviour of a pair of nesting geese. During
incubation the female fceds little and undertakes the burden of incubation alone. After the hatch the
male assumes the dominant role within the family, maintaining a high state of vigilance and allowing the
female to feed-up and recover much of her lost weight prior to migration. This is well demonstrated
in the pre- and post-hatch time allocation to grazing and preening by both sexes (Figure D6.36). Although
both show an increased proportion of time vigilant (i.e. decreased head on back, increased head up and
extreme head up), the male spends much more time alert than his mate, at the expense of other postures.

Lazarus and Inglis found that vigilance of parents declines as the young grow. Presumably time
spent alert is greatest during the immediate post-hatch period, the period of maximum risk to the
goslings. They then have least resistance to stress and are most vulnerable to attack, thus the need
to monitor the position of the goslings and maintain a look-out for predators is greatest.
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Figure D6.36. Comparisons of time-allocation to different postures before and aftes hatching
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D, BEHAVIOURAL RESPONSES OF BREEDING GREENLAND WHITE-FRONTED
GEESE TO THE PROXIMITY OF PREDATORS
A. P. Fowles

Abstract

The response of the female goose to predators during incubation varied with the distance of the predator
from the nest. She assumed concealment behaviour which reduced her silhouctte on the close approach of
predators, whilst adopting alert postures if they were > 200 m distant from the nest. The response of the
male did not vary with the distance from the nest of the predator, and this is explained by the need of the
male to be aware of predators at all times and by his having no need for personal concealment. The breeding
pair tolerated other geese on the feeding marsh, but showed concealment behaviour if they flew over the nest.
After hatching the male took a more active role in the protection of the family from predators and responded
to more predators than did the female.

INCUBATION

Introduction and methods

During continuous watches of the main study on incubating geese (section D6), observers noted the
response of the nesting geese to the presence of predators. The reactions of the gander and incubating
goose were recorded, with sequential changes in behaviour noted until the predator moved out of sight of
the geesce or stopped calling. Seventy instances of predator presence in the vicinity of the nesting
marsh were noted, 42 of which involved Arctic Foxes or Ravens calling from the ridges enclosing the
marsh to the north and west. No direct predatory attacks were made upon the study nest and only one
Raven showed any indication that it had noticed the incubating female. In addition, the female's
reactions to five visits made to change the film in the time-lapse cameras (placed 100 m from the nest),
and six appearances of other White-fronts near the nest are discussed.

Predator response was recorded opportunistically and the sequence of responses recorded in a
standardised format. This included noting the activities and postures of both geese at each stage of
the event, proximity of the geese to the nest, calls given by either predator or the geese, approach
of the predator including height (if avian), direction and altitude. By recording these variables at
short intervals throughout the encounter it was hoped to see the changing response of each participant.

Results
Postural responses: female.

The female either attempted to conceal herself or adopted a vigilant posture in the presence of a
predator (Table D7.1). Her attempts at concealment were of two types; the most frequent, the full
concealment posture, consisted of extending the head and neck fully until it was outstretched along the
ground with the bill and forehead buried deep in the surrounding vegetation (head on ground). She was
observed to assume this posture on 21 occasions, coinciding with the greatest predatory threat; the
posture being adopted only five times when the predator was more than 200 m away from the nest. The
other form of concealment was the assumption of a posture half-way between the head low and head on
ground attitudes, when she would lower her head and press her bill amongst her breast feathers and thus
reduce her profile, a posture assumed on only three occasions.

The vigilant posture took on three forms: head low, head up and extreme head up as depicted in
Figure D6.2. There were 45 cases in which the incubating female either maintained or assumed one of
these postures. She assumed a head up or extreme head up posture on only one occasion when predators
were within 800 m of the nest, and this can be explained by her greater alertness making her more
conspicuous at closer range than a low-profile posture. Thus the head low position predominated and
accounted for 39 of the records of vigilance, The female was only twice seen in an extreme head up
posture throughout incubation, and the low frequency of this posture no doubt corresponds to the need
for her to remain as inconspicuous as possible.

It appears that the female considers herself under threat of discovery only if a predator is within
200 m of the nest (Table D7.2), although on one occasion she fully concealed herself when a Raven called
over 1 km away. Arctic Foxes rarely elicited any response from the female, no response occurring in 11
of the 12 recorded cases of Foxes barking from the ridges around the marsh. However on 10 June at
09.53 hours she responded to a barking Fox by adopting an alert (head up) posture. It seems likely that
Arctic Foxes pose no threat to nesting geese at such great distances and this agrees with the apparent
disregard White-fronts have for Arctic Foxes in general (section D3).

Despite the awareness of the female throughout the study to the presence of predators, on one
occasion she was seemingly oblivious to their proximity. At 13.17 hours on 16 June a Raven flew directly
over the nest at a height of 50 m, calling volubly. The female was vigorously egg-rolling at the time
and continued this activity as the predator passed over; it appeared that she was too pre-occupied with
the task in hand to be aware of any threat. Although the Raven seemed to notice the nest it carried on
its way without altering either speed or direction.

Postural responses:. male.

The vigilance of the male is discussed in section D6 and the role of the male in protecting the
incubating female is well known in arctic nesting geese (Ogilvie 1978). At the study nest it was
difficult to ascertain the full nature of his reactions as on many occasions of predator presence he
was not visible to the observer. However, of the 50 cases when his reaction was noted, he either
maintained or assumed a vigilant posture (head up or extreme head up) in 35 of these (70%). There was
only one case out of 20 when he did not assume a vigilant posture on changing behaviour, and this was when
he put his head on the ground for an unknown reason. It is apparent that a concealment posture, as shown
by the female, is of little value and thus the gander becomes alert whenever he is aware of threat
(Table D7.3).

The gander does not appear to respond differently to predators in relation to their distance from
the nest (Table D7.4). He was vigilant for 12 of the 18 occasions (66.6%) when a predator was more than
200 m away from the nest. Since his alertness was unlikely to draw attention to the nest, placed as he
was several hundred metres away, this no doubt reflects his need to be aware of the activities of the
predator at all times. It is interesting however, that the male never flew up to mob Ravens crossing
the marsh, but was always content to watch them on their way. Since even close passage to the nest (above)
did not result in any direct attacks, mobbing would seem to have little value, and indeed, he conserves
energy by avoiding a confrontation.
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TABLE D7.1,

Arctic Fox and Gyrfalcon).

Postures assumed or maintained by the female on the appearance of a predator (Raven,
Vertical column shows posture before appearance of

predator, whilst horizontal column shows posture of female after the predator had
or called. Values are the proportion of instances of predator encounters

appeared

in which particular combinations of assumption or maintainance were noted.
totals indicate the time-budget of the female after predator appearance, whilst
horizontal totals show the time-budget of the female before predator appearance
73 observations.

(see also Figure D6.10).

No change Head on
ground
Original posture
Head on back 15.1% 5.5%
Head low 39.7% 9.6%
Head up 2.7% 1.4%
Egg-rolling 1.4%
Preening 1.4%
TOTAL 60.3% 16.4%
TABLE D7.2, Postures
selected distances from the nest.
Posture 0 - 100 m 100 - 200 m
Head on back
Head low 6
Head on breast 1
Head on ground 6
Head up 1
Extreme head up
Preening/egg- 1
rolling

TOTAL 5 14

TABLE D7.3,
hatching.

Original posture

Head on back
Head low
Head up
Grazing

Preening

TOTAL

Sample size =

RESPONSE
Head on Head low
breast
11.0%
4.1%
2.7%
4.1% 13.7%

Head up

4.1%

Extreme
head up

1.4%

1.4%

Vertical

TOTAL

31.2%
57.5%
8.2%
1.4%
1.4%

assumed or maintained by the female during the appearance of a predator at

Distance of predator from nest

Sample size

No change

10.0%
4.0%
32.0%
12.0%
2.0%

60.0%

= 50 observations.

200 -

10

RESPONSE
Head on Head up
ground
8.0%
2.0%
2.0%
4.0%
2.0% 14.0%

104

700 m

Extreme
head up

6.0%

14.0%
4.0%

24.0%

>70

10
25

H OB oA N R

44

Om

TOTAL

24.0%
6.0%
48.0%
20.0%
2.0%

Postures assumed or maintained by the male on the appearance of a predator before
Conventions as Table D7.1.



The gander, unlike the female, responded to the calls of Arctic Foxes and in three of the four cases
observed after Foxes had barked from the surrounding hills, he adopted an extreme head up posture.

The male showed increased alertness as incubation progressed (Figure D6.14) and he was alert (head
up or extreme head up) during all 17 predator observations from mid-day on 18 June until hatching four
days later, compared to 18 (55%) vigilant postures recorded in 35 observations prior to 18 June.

Responses of nesting White-fronts to other geese in the proximity of the nest.

Generally the gander tolerated other geese on Upper Marsh and the only aggressive encounters
witnessed were with another male suspected of breeding nearby; the implications of this tolerance are
discussed in section D6. However, these observations relate to geese feeding on the west edge of the
marsh, over 300 m from the nest. The breeding pair reacted to the presence of strange geese in the
immediate vicinity of the nest as if they were predators, and showed more concern than if Ravens were
flying at a similar distance. These reactions are described and discussed in section D6.

Responses of nesting geese to man.

Each of the five visits made to the nest to change the film in the time-lapse camera elicited the
same response from the nesting female. As the recorder approached the camera placed 100 m from the nest,
she assumed a head on ground posture described above. She maintained this position for between 9 and 19
minutes, regaining her rest position (head low) only when the recorder was out of sight.

This response has been observed in both Pacific White-fronts (Ely 1979) and Pink-footed Geese
(Meltofte et al. 1980), and in the case of White-fronted Geese it is thought that the aim of such behaviour
is to conceal the hright ecolouring of the bill and forehead. Certainly, the resultant flattened and
camouflaged profile of the bird is extremely difficult to distinguish against the background of dead
grasses.

The female sat tight during incubation and flushed only at distances of between 5 to 20 m, leaping
into the air to fly off, calling. The female at the Rimwater Marsh nest responded differently when the
eggs were chipping; as the observer approached she crawled for 20 m away from the nest before finally
flying off.

At none of the nests discovered in Egalungmiut Nunat did the female defaecate over the eggs when
suddenly flushed from the nest (9 instances). This habit is well-established for many species of water-
fowl (Hammond and Forward 1956).

The male's responses were observed on three occasions when visits were made to the nest. The first
(13 June) occurred when he was sitting 80 m from the nest and he lowered his head to a head low posture.
On 16 June he was 400 m from the nest and from a head on back posture in a sitting position he assumed
a head up posture. On the third occasion (immediately prior to, or during, hatching) he was standing
extreme head up 100 m from the nest and maintained this position, not attempting to conceal himself,
which is consistent with his general increased alertness during this period.

POST-INCUBATION

Introduction

The parental care of the goslings immediately after hatching was observed at two nests; Upper Marsh
for 18 hours; and Rimwater Marsh for 24 hours (section D6). During the Rimwater observations there were
20 instances of predatory threat before the goslings left the nest for the vicinity of the upland lakes.
Rimwater Marsh was contained within a narrow valley running approximately north-south. Ravens were
frequently observed flying from the eastern ridge, which rose steeply behind the nest, over the marsh.
This activity accounts for 16 of the cases of predatory threat, the remaining four instances being due
to Arctic Foxes barking at some distance from the surrounding ridges. Two observations from the Upper
Marsh nest are included with the data from Rimwater Marsh since they are of Ravens flying over the nest
when the goslings were nearly hatched. Three instances of Caribou in the vicinity of the nest are also
discussed.

Postural responses: female.

The concealment postures (head on ground and head on breast) that dominated the female's responses
during incubation (above) were not observed at either nest following hatching despite Ravens flying
directly overhead on several occasions. Predation by Ravens is more of a threat during the egg-stage
than when the goslings have hatched (Ogilvie 1978). Under natural conditions it is unlikely that the
goslings are ever left alone and the parents will vigorously defend their young against all predators
apart from man.

While the young were still in the nest the female fed nearby, up to 10 m distant, and on two
occasions (a Fox barking from the slopes above and a Raven calling overhead), the male and female quickly
returned to the nest and closed around the goslings in an extreme head up posture. Whilst the male took
a more active role in the care of the family (Figure D6.10), the female was still vigilant and a third
of her assumed or maintained postures during the presence of a predator were alert (head up or extreme
head up) (Table D7.5).

Postural responses: male.

When the goslings hatched the male joined the female at the nest where he spent most of his time
alert. At Rimwater Marsh he positioned himself within one metre of the nest for almost the whole period
before the family left for the plateau lakes. Vigilance appeared to be shared with an immature goose
that was tolerated in the nest vicinity (Table D6.1) but the gander almost invariably assumed an alert
posture when a predator was nearby, regardless of the presence of the immature (17 out of 21 instances:
81%).

After hatching the gander took over the vigilant role in the family allowing the female to feed
intensively. This is reflected in the fact that the female was never observed in an alert posture when
predators were nearby without the male also being alert, whilst the male was alert on 11 such occasions
without the female responding.
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TABLE D7.4. Postures assumed or maintained by the male during the appearance of a predator at
selected distances from the nest before hatching.

Distance of predator from nest

Posture 0 -100 m 100 - 200 m 200 - 700 m >700 m
Head on back 1 1
Head low 1
Head up 2 4 14
Extreme head up 6 1 5
Head on ground
Grazing 1 1
Preening
TOTAL 5 13 5 28
TABLE D7.5. Postures assumed or maintained by the female in the presence of a predator after

the hatch. Sample size = 22 observations; conventions as Table D7.1.

RESPONSE
No change Head up Extreme TOTAL
head up
Original posture
Nest-adjusting 4.5% 4.5%
Grazing 4.5% 9.1% 13.6%
Head on back 18.2% 18.2%
Head low 45.5% 4.5% 50.0%
Head up 4.5% 9.1% 13.6%
TOTAL 72.7% 4.5% 22.7%
TABLE D7.6. Postures assumed or maintained by the male during the presence of predators after

the hatch. Sample size = 21 observations; conventions as Table D7.1.

RESPONSE
No change Head up Extreme TOTAL
head up
Original posture
Grazing 4.8% 4.8% 9.5% 19.1%
Head on back 4.8% 4.8%
Head low 9.5% 9.5% 19.0%
Head up 28.6% 14.3% 42.9%
Extreme head up 14.3% 14.3%
TOTAL 61.9% 14.3% 23.8%
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Response to Caribou near the nest.

An additional form of disturbance was experienced when Caribou crossed the nesting area. At Upper
Marsh four Caribou were watched as they ran close past the newly hatched family. Both parents sat in a
head up position until the danger was past and the goslings ran under the female's wings for protection.
During the other instance the gander defended the Rimwater Marsh nest from an inquisitive Caribou. A
single stag came on to the marsh and appeared to notice the geese at the nest, approaching within 10 m
whereupon the gander ran at it in a lunging manner with wings half open, and attempted to peck at it.
The Caribou jumped back but again advanced only to be met with another lunge from the gander. After
four more attacks from the gander the stag finally moved off. The female, meanwhile, was sitting on the
nest watching (head up) while the goslings sheltered beneath her. It is most probable in this case that
the Caribou was merely curious; however it must be borne in mind that Caribou do occasionally take
animal food, feeding on Lemmings during explosion years (Freuchen and Salomonsen 1958). Henning Thing
(pers. comm.) has also observed a male White-front near S¢gndre Str¢gmfjord Air Base driving a Caribou
from the nest by beating at it with its wings.

PARENTAL CARE OF THE GOSLINGS ON THE UPLAND LAKES

Once the goslings moved up on to the plateau the separate families tended to band together in
loose flocks where protection was probably increased through shared vigilance in the flock (section D9),

A pair with a single gosling less than five days old was watched feeding on the shores of Delta.
Both of the adults were sitting grazing when a Raven swooped low over them at a height of 30 m. The
Raven then descended to a height of 10 m and both parents stood in an extreme head up posture. They
advanced in a forward-threat posture (Boyd 1953) towards the Raven with their wings open and the Raven
flew to a rock on the slope 20 m above the geese. The gosling ran beneath the female while the male
slowly advanced towards the Raven, which flew off when the gander was 15 m away. A similar response
was observed between Pink-footed Geese and Great Black-backed Gulls at Thjérsérver, Iceland (Inglis
1977).

107



D8 THE SUMMER DIET OF THE GREENLAND WHITE-FRONTED GOOSE
J. Madsen & A. D. Fox

Abstract

Eriophorum spp. were selected during almost all stages and are the most important food item in Greenland.
The altitudinal movement of the geese is apparently linked to nutritional status of emergent plant species. The
geese generally select subterranean plant organs initially, following the thaw, eventually browsing on Cyperaceans
and grass species late in the season. Differences in gosling diet from that of the parents was noted and the
significance discussed.

INTRODUCTION

The diet of the Greenland White-fronted Goose during the breeding season has not previously been
studied in detail. Fencker (1950) described the geese as feeding on Empetrum and 'dead grasses' on
their arrival at Sarqgaqdalen in Disko Bugt when snow cover was complete, feeding later on Equisetum and
a variety of grasses after the thaw.

In this study, the food composition of the geese was assessed by identification of epidermal
fragments of ingested food species in the goose Taeces, a technique widely applied in waterfowl feeding
studies, especially in geese (e.g. Ranwell and Downing 1959, Owen 1973), including Greenland White-
fronts on the wintering grounds in Wales (Pollard and Walters-Davies 1968). Geese have an extremely
rapid passage of food through the alimentary canal (0.75-1.5 hours, Owen 1975), with little nutritive
uptake (Ebbinge et al. 1975). Little or no cellulose digestion takes place (Mattocks 1971), leaving
the epidermis of food plants undigested and thus readily identifiable microscopically in faecal material.

This section summarises the analyses of the food composition and gives a short description of
feeding techniques of the geese. The seasonal change in habitat usage is discussed in relation to the
progress of the season and food demands.

METHODS

Goose droppings were collected from the arrival of the geese to the fledging of young (i.e. early
May to mid-August). At all sampling sites, the geese are known to have remained in the vicinity for at
least one day, ensuring that droppings did not contain ingested food from other sites. During the post-
incubation period, gosling droppings were sampled separately for as long as they were distinguishable
by their smaller size. Gosling droppings were collected from sites where a family had been observed

feeding, and adult droppings collected simultaneously for comparison of food material. At most sites,
50-200 faecal pellets were collected in each sample, but at eight sites (localities 1b, 5-10 and 16,
Table D8.3) fewer samples were taken (c. 20 droppings from each). Faecal material was preserved in

4% formaldehyde solution for later examination; analysis followed the quantitative technique outlined
by Owen (1975). Reference specimens of plants believed to be potential food of the geese were collected
at sampling localities and also preserved in 4% formaldehyde.

RESULTS

Faecal analysis was relatively easy because the plant communities of the feeding areas were of rather
uniform composition, dominated by Eriophorum angustifolium and Carex rariflora. 115 1 x 1 m quadrats were
sampled for vegetation from eleven goose feeding sites (from which faecal samples were also collected)
and the data analysed on the basis of species presence/absence using Normal Association Analysis
(after Lambert and Williams 1966), the results of which are given in Figure D8.1 and Tables D8.1la and

D8.1b and D8.2. All sites were wetland sites, showing the common presence of Eriophorum and Carex rariflora
(Table D8.1b), The diet of the geese proved highly specific at all times; throughout the sampling
period, only 10 species exceeded a frequency of 10% in a single sample (Table D8.3). The two species

of Eriophorum (angustifolium and scheuchzeri ) were not always distinguishable in the analysis, so are
referred to as Eriophorum spp. throughout although the two species were generally discretely distributed.

Between the pre-nesting and fledging phases in the breeding season, the geese moved between plant
communities selecting different food items and exhibiting marked seasonal variation in the dietary
composition, The change in utilisation of the six most common food items is shown in Figure D8.3 and
discussed below.

Pre-nesting

On arrival in early May, the geese were confined to Kik Marshes, the only area of open water away
from running streams at this time. During early May, the shallow water pools and uppermost soil
horizons underwent rapid thaw due to the warmth of the sun, permitting the geese to feed on the vegetation
and underground storage organs from the previous year's growth. None of the land plants was in a
significantly active stage of growth on the arrival of the geese and only Hippuris vulgaris had developed
fresh shoots.

Geese stripped the vegetation from the edges of pools attempting to feed on the underground storage
organs and roots, while the probing of bare mud was commonly observed, presumably foraging for Triglochin
palustre ., Geese were also seen standing in shallow pools and on the wetter mudbanks violently trampling
the mud to expose subterrsnean vegetative parts, often to a depth of 10-15 cm.

Samples of droppings were taken from two areas of the marshes, with differing results (Table D8.3,
localities 1la and 1b). In one sample, Puccinellia deschampsioides was must frequent, and in the other
Triglochin palustre, In both cases, underground organs (rhizomes and tubers respectively) predominated,
the difference in the two samples presumably reflecting the difference in abundance of the two species
on the marsh complex. Hippuris vulgaris was taken in pools where the geese were frequently watched up-
ending and pulling entire Hippuris shoots clear of the water, selecting the submerged parts and leaving
the upper stems floating on the surface.

Extremely high grit content was noted in faecal material at this time, due to the ingestion of soil
with the underground food items, this was absent in later samples.
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TABLE D8.1b Species frequency between associations from
Normal Association Analysis of quadrats
taken from feeding marsh communities.

ASSOCIATION LETTER A B € D E F G H I J K L
Number ol Quadrats 6 4 9 15} 3 9 13 1 7 28 7 23
Betula nana 24 1.00 1.00 1.00 1,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
Calamagrostis purpurescens 10 0.33 1.00 0.00 0.00 0.00 0.11 0.15 O0.00 O©0.00 0.00 0.00 0.04
Carex bigelowii 22 0.00 0.25 0.33 0.60 0.00 0.11 0.00 0.00 0.29 0,04 0.14 0,43
Carex canescens 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00
Carex rariflora 84 0.67 0.00 0.89 0.20 1.00 0.78 0.92 0.00 0.86 0.86 0.29 0.74
Empetrum nigrum 12 0.67 0.00 0.00 0.20 0,00 0.11 0,00 1,00 0.14 0.00 0.00 0.17
Equisetum variegatum 23 0.00 0.75 0.33 0.40 0.00 0.22 0.15 0.00 0.43 0.07 0.00 0.26
Eriophorum angustifolium 95 0.33 1.00 1.00 0.00 1.00 O0.56 1,00 O0.00 1.00 1.00 0.57 0,87
Eriophorum scheuchzeri 16 0.00 0.00 0.00 ©0.00 0.67 0,11 0.00 0.00 0.29 0.14 1.00 0.00
Hippuris vulgaris 9 0.00 0.00 0.00 0.00 0.33 0.11 0.00 0,00 0.14 0.04 0.43 0.09
Ledum palustre 2 0.17 0.00 0.00 0.20 0,00 0,00 0,00 0,00 0.00 0.00 0.00 0.00
Luzula confusa 1 0.17 0.00 0.00 0.00 0,00 0.00 0.00 O0.00 0.00 0.00 0.00 0.00
Luzula groenlandica 2 0.00 0.00 O0.11 0©0.CO O0.00 O0.00 0.00 0.00 0.00 0.00 0.00 0,04
Pedicularis labradoricus 1 0.00 0,00 0.00 0.20 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00
Poa arctica 7 0.17 0.50 ©0.11 0.40 0.00 0.11 0.00 ©0.00 0.00 0.00 0.00 0.00
Poa glauca 1 0.00 0.00 0.00 0.20 0.00 0.00 O0.00 0.00 0.00 0,00 0.00 0.00
Poa sp 6 0.00 0.00 0.11 0.00 0.00 0.00 0,15 1.00 0.14 0.00 0.00 0.04
Polygonum viviparum 36 0.17 1,00 0.56 0,00 1.00 1,00 1.00 1.00 0.00 0.00 0.00 0,00
Pyrola grandiflora 1 0.00 0.25 0.00 0,00 0,00 0O0.00 ©0.00 ©0.00 O0.00 0.00 0,00 0.00
Ranunculus hyperboreus 4 0.00 0.25 0,00 0,00 0.00 0,00 0.00 0,00 0.14 0.00 0.14 0.04
Ranunculus lapponicus 12 1.00 0.00 0,00 0.00 0.00 0.33 0.08 0.00 0.00 0.00 0.00 0.09
Salix arctophila 68 0.00 0.50 0.67 0.20 0.67 1,00 1.00 0.00 1.00 1,00 0.00 0.00
Salix glauca 12 0.00 0.50 0.22 0.00 O0.00 0.00 O0.00 O0.00 0.29 0,04 0.00 0.22
Stellaria longipes 14 0.17 0.7%5 0.00 0,80 0.00 0.11 0.00 1.00 O0.00 0,07 0.00 0.09
Vaccinium uliginosum 48 0.67 1.00 0.67 0.60 0,33 1.00 0.00 1.00 0.29 0.43 0.00 0.26
Vaccinium vitis-ideae 10 0.83 0.00 0.11 0.40 0,00 0.00 0,00 0.00 0,00 0,00 0.00 O0.09
Bare ground 28 0.17 0.00 0.33 0.20 0.00 0.22 0.38 1.00 0.00 0.39 0.14 0.13
Open water 22 0.00 0,00 0,00 0,00 1,00 0,00 0,00 0,00 1,00 0,00 0,71 0.30
Luzula multiflora 13 0,17 0,00 ©0.00 0,00 1,00 0,00 0.31 1,00 0.00 ©0.07 0.00 0,09
Saxifraga stellaris 0.17 0.00 0.00 0,00 0.00 0,00 0.00 0,00 0.00 0,00 0.00 0,00
Salix herbacea 0.00 0.00 0.00 0,00 0,33 0,11 0.15 0,00 0.00 0,00 0,00 0,00
TABLE D8.2. Distribution of Associations from Normal Association Analysis between goose

feeding sites.

Association - Rimwater Marsh: 20, 21 Lake Line 4: 1, 2, 5, 6

w >

Association ~ Upper Marsh: 43, 53, 55, 72

Upper Marsh: 41, 60, 85, 93, 102, 116 Rimwater Marsh: 8
Fish + 1: 2 Hotel: 2

(@]
1

Association

Association D - Upper Marsh: 30, 89, 113, 114
Association E - Fish + 1: 4, 5§ Fish + 2: 2
Association T - Rimwater Marsh: 3, 4, 7 Juliet: 5 Upper Marsh: 42, 131
Mike: 5 Hotel: 3 VFish + 2: 4
Association G - Hotel: 1 Fish + 2: 3, 5 Fish: 4, 6 November: 2, 3, 5, 6
Mike: 1, 6 Upper Marsh: 103 December: 2
Association H - Fish: 2
Association I - Upper Marsh: 121, 127, 117, 132, 107, 84 Fish + 1: 1
Association J - Rimwater Marsh: 12, 13, 16 Upper Marsh: 101, 108, 115, 120, 122,

123, 124, 128, 136, 139 Juliet: 1, 2, 3, 4 Mike: 2, 3, 4
Fish: 3 November: 1 December: 1, 3, 5, 6 Hotel: 4

Association K - Upper Marsh: 118, 119, 129, 140 November: 4 Juliet: 6 Fish: 5
Association L - Upper Marsh: 83, 86, 91, 95, 92, 99, 100, 109, 110, 111, 130, 133,

94 Rimwater Marsh: 17, 22 Fish: 1 Fish + 1: 13, 16 Fish + 2: 1,
6 December: 4 Lake Line 4: 3, 4
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TABLE D8. G Percentage frequency of various feood items
in faecal analysis from various sites throughout
the summer 1979.

LOCALLTY la b 2 3 4 5 6 7 8 6 10 11 12a 12b 13 1da 14b 151 15b 16 17
DATE 10/6 10/5 15/5 14/6 1/7 5/7 57 5/7 5/7 5/7 5/7 7/7 T/7 7/7 11/7 17/7 17/7 25/7 25/7 10/8 12/8
PARENT/GOSLING/ PNBP/NBP/NB P P N8B NB N3 N3 N3 N8B NB P G NB P G P G NB PG

NON-BREEDLER
SPECILS FREQUENCY (%)

BRYOPIYTA

Bryophyta sp. 4 - - 1 - - - 1 - - - 3 - 3 2 i) - - = - 1
FEQUISETACEAE

Equisetum sp. 9 - - - - 1 - - - 2 - 18 6 50 - 4 14 4 12 - 18

DICOTYLEDONES

Hippuris vulgaris 17 - - -~ - - - - - - - at 2 2 = = 5 4 12 - -
Salix sp. = = — - - - - - - - - - - 1 = = = = = &5 e
Polygyonum viviparum - - - - - - - - - - - - - 3 = 1 = = = = 1
Stellaria sp. - - - - - - - - — = = = = 6 = 2 2 = = = =
Dicotyledones sp. 1 - - - - = - = - = = = 1 3 = = = o = = =
MONOCOTYLEDONES

Juncus sp. = 5 - - - - - - - - - = 2 =5 = 2 = s

Luzula sp. = = 3 = 6 - - - - 1 1 3 10 5 2 = - - 3 1 =
Eriophorum sp. 6 - 8 9% a1 2 6 9 43 7 & 43 13 11 49 12 6 33 30 - 5
Carex rariflora - - - - 30 92 92 87 66 89 8 16 17 3 38 6 37 14 23 11 3
Carex bigelowll - = - - - - - - - - - - - = - - = = = 48 -
Poa pratensis - - - - 1 4 - - - - - 6 43 8 7 66 27 33 13 30 46
Trisetum spicatum - - - - - - - - - - - 7 8 2 al 7 9 10 7 - 25
G ol
Triglochin palustre 5 91 - - - - - - - - - = - = - = = = e = =

Monocotyledones sp. - 3 8 5 - 1 1 1 - 1 5 1 1 1 - 1 - - - 10 1



[} c
d r“ -
AN T, c F B
| 'I‘ D
’
J J
F M Vi K D 8
_A b S v
J i K I K ! I c
" 9

.~1¥«U
\“‘bhk\\‘.h

Figure D8.2. Distribution of associations on Upper Marsh, letters indicate associations
defined in Figure D8 .1.

Incubation

Droppings were collected prior to incubation (sampling from pairs thought to be prospecting for
nest sites, Table D8.3, locality 2) and at two nesting sites, Upper Marsh and Rimwater Marsh (Table
D8.3, localities 3 and 4) during incubation. At the latter two sites, droppings came largely from the
ganders of the nesting pairs, since the occurrence of other geese on the marsh was generally infrequent.

Nest sites were in close proximity to open water or marshes where the nesting birds could feed
during incubation. Just prior to and during the first half of incubation, Eriophorum angustifolium Was
almost entirely the food selected from the wetland community (Figure D8.3). At times, the gander
watched up-ending on Upper Marsh was feeding on submerged fresh shoots as well as roots and rhizomes
of this plant. During the course of incubation, the gander changed to feeding on drier areas where the
young shoots of Eriophorum emerged later than fromwetter areas freed earlier by the thaw. The gander at
Rimwater Marsh took rather more cCarex rariflora , reflecting the greater abundance of this species than
on Upper Marsh and possibly the later hatching date at Rimwater Marsh.

On two occasions when the female from the Upper Marsh pair left the nest to feed, the bird was
observed feeding on land, running quickly and snapping the air rapidly; while it is interesting to
speculate on the likelihood of this being insectivorous feeding no female droppings were ever found.

Post-incubation

During the latter part of incubation amongst breeding pairs, the large non-breeding element of
the population moved to higher altitudes to commence feeding about the lake margins of the plateau.
Here the geese fed on the water-side marsh vegetation, similar to that used earlier at lower altitudes,
but with less Eriophorum angustifolium. The dominant feature of the diet was carex rariflora, one of the
major elements of the flora, showing again a high level of food specificity (Figure D8.4).

From the time of hatching, almost all geese were found on the plateau feeding along the fringes
of the lakes. Geese grazed the fresh shoots and leaves, and no roots were found in the faeces at this
time. Generally, the food composition became more varied than before (Table D8.3) with grasses and the
above ground parts of Cyperaceans forming a greater part of the diet, with Poa pratensis being particularly
favoured. This species, with carex rariflora, Eriophorum spp and Equisetum variegatum, was most frequent in
the faeces. Trisetum spicatum, a snow-patch grass, showed increasing frequency towards the end of the
investigation, marking the movement of the geese to feed on this type of habitat, the site of most
delayed plant production about the lake edges.

Table D8.3 shows a high degree of inter-site variation in diet which may be due to differences in
the composition of the plant communities, but more likely reflects changes in food preference as the
season progressed. Figure D8.5 reveals a difference in the food selection of goslings and parents.
Equisetum variegatum was greatly preferred by the goslings making up 50% of the food intake in the second
sample when they were two weeks old, whereas the parents did not utilise this species any more than
might have been taken up accidentally with other food items. The goslings also grazed several
dicotyledonous plants noticeably absent in the parents diet such as Stellaria and Polygonum ., By the end
of July, the difference in diet between parents and off-spring had become less apparent, with the
gosling diet increasingly resembling that of the adults which by mid-July had become more or less
constant at all sites.
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Figure D8.5.

Figure D8.6.
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DISCUSSION

Although the food composition varied throughout the summer season, Eriophorum spp., and E. angustifolium
in particular, were selected during all stages and must be considered as the single most important food
item of the geese on the breeding grounds,

This fact is particularly interesting in the light of the fact that Eriophorum angustifolium together
with Rhynchospora alba and other peatland species, are the traditional food items of the geese on the
wintering grounds (Cadman 1953; Pollard and Walters-Davies 1968). However, alteration of habitat and
disturbance on the wintering grounds have changed the habits of the geese so that the majority of the
population in winter now feeds on farmland (Ruttledge and Ogilvie 1979), abandoning the traditional
Eriophorum feeding areas except possibly for night-time supplementary feeding at bog roosting sites.

During the breeding season, the geese face several periods of nutritional stress as nesting and moult
make demands on their energy reserves, and the goslings require highly nutritious food items to ensure
a growth rate sufficient to achieve fledging before the major decline in forage quality. The geese must
maximise protein and carbohydrate intake with respect to the handling time involved with different
species, and this is apparently achieved by selecting plants with high nutritive content and digestibility
(low fibre component) (Owen 1972),

There is some evidence that the movement of the geese during the summer may be explained in terms
of the nutritional requirements. The geese move between the pre-nesting, nesting and post-nesting
habitats, choosing these plant communities on the basis of optimal nutrient availability. The usage of
ditfferent habitats with respect to time is shown in Figure D8.6.

During the early part of May, geese were effectively restricted to Kuk Marshes where the forage was
difficult to locate (as shown by the high grit content of the faeces). However, prior to active growth,
subterranean plant organs such as bulbils, rhizomes, roots and other over-wintering parts are highly
nutritious (Dennis et al. 1978; Thomas and Prevett 1980) and thus the geese may have obtained significant
amounts of food prior to nesting (see Section D2).

From the pre-nesting period to incubation and during hatching to fledging, the geese followed the
delay in growth of emergent aquatic and marsh vegetation up an altitudinal gradient trom Kik Marshes to
the plateau lakes. This gradient is equivalent to a temperature gradient which results in delayed
phytoproduction at successively higher areas. Protein content of monocotyledonous plants is considered
to be at its peak just betore maximum growth (Harwood 1977), whereas ftibre content is lowest at the
beginning of the growth phase (Whitten and Cameron 1980). By following the effective growth season of
the same plant species, the geese would be in a favourable position to optimise their nutritive intake,
always selecting fresh shoots prior to maximum growth as they move along this gradient of production.

The hypothesis is further supported by observations on the plateau where the geese fed initially
along the northern (i.e. south-facing) fringes of the upland lakes which thaw first, later moving to
the north-facing edges and finally to the snow patches lying typically in deep shade along the southern
sides on the plateau waters. Thus even at altitude, the geese are able to follow the phenology of
plant growth by selecting between habitats.

Owen (1980) discusses the moult migration in geese in relation to a hypothesis similar to that
expounded above and a similar sequential utilisation of feeding sites freed from snow has been found by
Prop et al. (1978) for Barnacle Geese in Spitzbergen. Owen and Ogilvie (1979) suggested that the
northerly moult migration found in many arctic nesting geese might be explained in terms of feeding
advantage (i.e. better food quality) during the energetically stressful moult period because of a similar
delay of the growing season at higher latitudes. An equivalent situation is to be found in the Lesser
White-fronted Goose (Ekman 1922 in Owen 1980), which moves to higher altitudes to moult.

Differences in gosling and adult diet during the first weeks after hatching are also known in
Pink-footed Geese in Iceland (Gardarsson and Sigurdsson 1972). In this species too, the goslings switch
to the parential diet after a few weeks.

The reasons for the differences in food selection within Greenland White-front families remain

obscure. It was noted, however, that Equisetum (the major constituent of gosling diet at the very
youngest stage) was broken down to a greater degree in the faecal material of the goslings than any
other food item. It is interesting to note that at none of the sampling sites was Equisetum a major

constituent of the vegetation sward, so that even at a very young stage, the goslings are highly
selective for forage with high digestibility, even if the nutritional content may be relatively poor.

No information is available on the possibility of sexual diffterences in food selection as found
in Barnacle Geese by Prop et al. (1978), but this would clearly be a priority in future projects, along
with detailed investigations of quality and quantity of forage available to the geese at different
times throughout the summer.
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DY POST HATCHING BEHAVIOUR OF FAMILIES AND NON-BREEDING
GREENLAND WHITE-FRONTED GEESE J. Madsen

Abstract

The behaviour of both familics and non-breeding geese during the summer is described. Compared to norn-
breeders, tamilies grazed more, were more alert, preened less and less often adopted head low/ head on back postures.
The time spent by parents in most activities and postures did vary between different size families, although the
parents ot the biggest broods were more alert than other families. Female parents grazed for signiticantly longer
than males, and both parents grazed for lonyer than non-breeding adults. The amount of time spent feeding by
qosiings decreased during the summer, a fact possibly related to dietary change taking place., The spacing of parents
and goslings doubled over the observation period, and birds were further apart in large broods when compared with
smaller ones. There was no change in spacing patterns by non-breeders over the same time period. The observations
are discussed in the light of previous work undertaken on Pink-footed Geese by Lazarus and Inglis (1978).

INTRODUCTION

This section describes the behaviour of Greenland White-fronted Geese from two days after hatching
until the fledging ot the young. The behaviour of the families immediately post-hatching has been
described in section D6.

Much of the inspiration for this work came from the study of Lazarus and Inglis (1978) who described
the post-hutching behaviour of Pink-footed Geese in Iceland, and it is the intention here to compure the
behaviour ol the two species of geese over the same period of the breeding cycle. Lazarus and Inglis
included a comprehensive discussion on the costs and benefits of parental care and vigilant behaviour in
both parents and non-parental adults. This section examines some of their conclusions regarding
vigilance, with a discussion of gregariousness in families and non-breeders as well as observations
suggesting alloparental care of young.

STUDY ARFA

Obscrvations were concentrated on the plateau lakes Charlie, Delta, Echo, Zulu, Welsh and Axewater.
The lakes are partly interconnected by marshes and streams along which the geese walked. At Jeast six
tamilies of geese spent the summer in this region, and it was the moulting arca of & more labile
population of 10 - 20 non-breeders (section D1). Feeding took place along the fringes of the lakes and
their connecting marshes, altbough later, when the geese were able to fly once more, discrete marshes
away from the lakes were also utilised.

METHODS

Observations were made between 24 June and 17 August, corresponding with posling ages ol between
two and 54 days. Obscervation periods were evenly distributed throughout the period 08.00 - 21.00 hours.
The following behavioural parameters were recorded:

(a) Measures of activities and postures as outlined in section D6. Scans were made recording instant-
ancous posture and activity (Altmann 1974) of each goose under observation every 2.5 minutes (or 5
minutes if large numbers of geese were being watched). Since these provide an objective sample of
behaviour, time-budgets can be estimated from the relative proportions of different postures recorded

in each observation period.

(b) Intra-group measures. Distance between members of a group (families or non-breeding pairs) were
estimated in metres (0,4,1,2,3,4,5,10,15,20,30,40,50,100,>100), using goose-lengths as a guide. Parent-
gosling distances were recorded as the distance between the parents and the furthest gosling, since this
was repgurded as the furthest the gosling was allowed to depart from the family group.

(¢) Inter-group measures. Distances between families, families and non-breeder groups, and between
separate non-breeder groups.

The families were rccognised by the unique belly markings of the parcents (section D12).  The brood
sizes of six families watched were one, two, three, four, five and five. However, an immature goose
thought to be a yearling associated with the family with two goslings, and as it behaved exactly as a
gosling, the brood has been treated in the results as if it contained three young. Another immature
goose associated with the family containing four young, although it was not treated as a gosling in the
results. The families consisting of seven members came from Rimwater and Upper Marshes, where the adults
had been observed during incubation and the hatches witnessed (section DG ).

As it was impossible to predict the location of the geese and thus use hides, observations with
telescopes (20x to 45x) were made instead from behind boulders atter concealed approach to ridges over-
looking lakes. It more than two hours uninterrupted observations were made during the day, the results
have been used as a representative sample of daily time budgets. With observation periods ol less than
two hours, results have either been excluded or pooled with other observations made on prececding or
subsequent days. Table D9.1 presents sample sizes from euch tamily and non-breeder group. Observations
were not made throughout a 24 hour period as was done for incubation (section D6) and thus it is not
known to what extent the behaviour of the family groups shows a diurnal periodicity. The possibility
of regular changes in behaviour relating to time of day, as was seen ecarlier in the season, within the
observation limits of 08.00 - 21.00 hours should thus be borne i1n mind. Mean hutching date was 24 Junc,
however as the observations during the first half of the study period were mostly undertaken on single
families the actual age ot the goslings has been used, whereas in later observations on many lamilies
simultancously, gosling age 1s taken as the time since the mean hatcehing date tor all familic:.
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RESULTS

Time budgets in relation to social status

In the period 3 - 17 August information is available on most sizes of family and can be compared
with results from non-breeding geese. Five families and a more labile group of 2 - 8 geese were regularly
observed near Axewater (sample sizes are given in Table D9.1). As there were some long-term changes in
frequency of some behavioural parameters, to obtain meaningful comparisons only data from a relatively
short period can be compared.

There are striking differences between the time-budgets of families and non-breeders. The effect
of brood size on the activities and postures of parent birds is shown in Figure D9.1. Compared to
non-breeders, families grazed more, were more alert, preened less and less often adopted head low/ head-
on-back postures. All four differences are highly significant (P < 0.001; Chi-squared tests; non-breeder
scores compared to parental scores). Only the frequency of the head low posture did not significantly
vary with brood size.

Compared to the activities of non-breeders, families walked more and sat less, but the amount of
time spent in these activities by tamilies did not vary with different brood sizes. Indeed the time
spent in most activities and postures did not vary within the different family classes, however the
parents of the biggest broods were more alert than other families (P < 0.001; compared to the pooled
data of the two smaller family classes), with a corresponding decrease in the time spent grazing (P<0.001).

Only a few comparable observations of families with different brood sizes were made in June or
July. However on 27 June, when the family with one gosling was observed for a period of three hours,
neither male nor female was seen in the extremec head up posture, whereas the adults with broods of five
spent on average more than 20% of the time alert during the same period. This points to a relationship
between the time spent alert (extreme head up posture) by the parents and their brood size.

Time budgets

The following account is based on observations on the two families with five goslings (Table D9.1),
as they were the only families observed throughout the study period. Comparisons are made with non-
breeder flocks.

Parents spent on average 35% of the time under observation grazing. Since grazing probably often
'fills in' time when the birds are not alert, and the time spent alert increases with brood size, then
presumably those parents with fewer goslings would have spent even more time feeding. Female parents
grazed on average for significantly longer than males (mean of females = 42.1%, mean of males = 25.5%,
t = 5.33, P < 0.001). Lazarus and Inglis (1978) showed that Pink-foot ganders compensated for their
shorter feeding times by having faster peck rate; although this was not tested in this study, it was
noticed that ganders fed faster and more vigorously than the females. Goslings grazed for longer than
their parents (mean of goslings = 61.6%; compared to females, t = 3.46, P < 0.001).

Over the study period, there was no significant change in the proportion of time spent grazing by
either the parent birds or the non-breeders (Figure D9.2), although the time spent grazing by the
goslings decreased (r_ = -0.883, n = 8, P = 0.01). Non-breeders spent an average 33.1% of their time
grazing, significantly less than parental females (t = 2.19, P < 0.025).

Parents spent an average 15.3% of the time under observation in the extreme head up posture, and
males spent more time alert in this posture than their mates (mean of males = 23.7%; mean of females =
6.8%; t = 4.01, P < 0.005). In both sexes the proportion of time spent in the posture declined over the
study period (male r_ = -0.88, n =9, P < 0.01; female r_ = -0.85, n =9, P < 0.01), and by the time
of fledging, parentsbspent on average only about 10% of fheir time alert (Figure D9.3).

The non-breeders were seldom seen in the extreme head up posture, only for an average of 0.4% of
the day. When non-breeders joined family flocks they were never seen extreme head up, but in flocks
containing only non-breeders usually a single bird stood alert in this posture.

Brooding of the goslings was last seen 14 days after hatching (Figure D9.4), which is similar to
data given by Kear (1970). Both sexes devoted equal time to brooding, and during the 14 days brooded
for an average of 21.2% of the time observed. Brooding bouts lasted between less than 2.5 minutes and
over 45 minutes and were most extensive during cold spells and rain.

Spacing patterns
Intra-group:

The spacing patterns within the large families (broods of five) is shown in Figure D9.5. The
distances presented apply only to active families, omitting geese that were swimming, resting or preening.
No correlation was found between spacing and the type of active behaviour and thus scans have been
pooled. Figure D9.5 shows that there was a doubling of the spacing distance over the observation period.

During the first days after hatching at the end of June, the parents kept very close together with
the goslings in between them (e.g., Figure D6.34). When predators approached (e.g., Ravens calling, see
sertiaon D7) the goslings immediately ran underneath the parents to seek protection. If a gosling
walked too far from the rest of the family it was chased back by one ot the parents.

By the time of fledging, goslings were allowed to walk further apart from the parents. When a
predator approached, the goslings rapidly ran for the protection of the lake, and on one occasion when
the families were grazing on a slope 50 m above Axewater, they took off and glided to the lake.

Spacing patterns ditffered with regard to brood size: both parents and goslings walked further apart
in big broods compared to smaller ones (t = 3.22, P < 0.001 and t = 2.67, P < 0.01 respectively), although
there were no significant differences between broods of one and three goslings.

There was no change in spacing patterns by non-breeders during the study period. Mean separation
was 1.3 + 0.1 m (95% confidence limits), showing no difference in the distances between parents with
broods of 1 and 3; these were, however, significantly smaller than distances between parents with broods
of 5 (¢t =4.,16, P < 0.001).

Inter-group:

The families under observation gradually congregated together on Axewater. The flock structure was
loose, with a mean distance between family groups of 10.0 + 0.9 m (95% confidence limits). Distance
between pairs in non-breeder flocks were on average 5.1 + 1.0 m (95% confidence 1limits), significantly
less than the distance between families (t = 5.69, P < 0.001). When a non-breeder flock joined the
family flocks, they kept on average 22.8 * 4.9 m (95% confidence limits) away from the families, a
signilicantly greater distance than that between families (t = 4.27, P < 0.001).
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TABLE D9.1.

Family 1
Family 2
Family 3
Family 4
Family 5
Family 6

Non-breeders

°/ ADULTS

/s ADULTS

Figure D9.1.

Sample sizes expressed as total numbers of scans in 10 day periods.

Number of scans

of goslings are given in brackets. Comments: a: hatching date estimated from the
early development of the goslings; b: an immature goose was attached to the family;
c: bracket gives the number of scans for the immature only.

Hatched Brood size 24/6-3/7 4;7-13/7 14/7-23/7 24/7-2/8 3/8-12/8

21 June? 1 68 (28) 0 0 0 240 (84)
2 2P 0 0 0 0 188 (72)
? 3 0 0 0 0 231 (114)
27 June 4P 56(28)° 0 0 0 0
27 June? 5 70 (0) 64 (32) 207 (102) 0 283 (110)
21 June 5 134 (62) 0 210 (97) 0 296 (110)
103 1092 0 385 270
1 R <
Lo+
GRAZING
301
< HEADUP
4~””’/””’//~”,,,,4 PREENING
201
EXTREME
T .,////,/,/,/,,////””) HEAD UP
HEAD LOW/
HEAD ON BACK
i i | J
0 1 2 3 4 5
BROOD SIZE
ACTIVITIES
40 WALKING
STANDING
30+
20
SWIMMING
10
SITTING
| | | | | |
0 1 2 3 4 5
BROOD SIZE

13/8-22/8
62 (31)
42 (21)
111 (51)
0
139 (70)
50 (21)

156

Relationship between behaviour and brood size (non-breeder pairs and families),

expressed as time budgets (postures and activities, respectively).
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Figure D9.2. Grazing activity over the fledging period in families (broods of 5 only).
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Figure D9.3. Extreme head up posture over the fledging period in families (broods of 5 only).
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Figure D9.4. Brooding in families over the fledging period (broods of 5 only).
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Encounters between groups

Encounters were observed on 24 occasions, including agonistic behaviour where a goose (or pair of
geese) attacked another goose (or pair), running in a threat posture towards each other. Although there
was not always physical contact, all attacks resulted in the retreat of the attacking bird. Of 18
encounters initiated by families the gander participated in all, but the female was seen to participate
in only three of these attacks (17%).

Table D9.2 summarises the outcome of the encounters. The distance between birds just before the
encounters was on average 4.3 m, and this did not vary between birds of different age, sex or breeding
status. Encounters between families and non-breeders occurred more often than would be expected from
the occurrence between families, taking into account the time non-breeders were observed in association
with families (binomial test, P < 0.001).

DISCUSSION

The time allocation by families and non-breeders during the fledging period is consistant with
present knowledge of nutritive demands and parental investment theory.

Response to nutritive demands

Raveling (1979) and Owen (1980) presented annual weight curves for both sexes of Canada and
Lesser Snow Geese. These show that during incubation the nesting female loses weight, which is regained
during the fledging period. A similar sequence is shown by the males although there is less overall
variation in weight over the course of the breeding season. After hatching the goslings undergo rapid
growth before fledging (Wurdinger 1975). The differing demands for food are reflected in the
behavioural organisation within the family; thus the gander spends less time feeding than the female
(although as indicated by Lazarus and Inglis (1978) and Prop et al. (1978) it might compensate for this
by having a faster peck rate), and also spends longer alert to the benefit of the female and goslings.

The faecal analysis (section D8) revealed that the goslings had a different diet from the parents
during the first weeks after hatching, but their food increasingly came to resemble the adult diet. This
change in food selection coincided with a decline in the amount of time spent grazing. This could be for
several reasons; it is possible that the feeding time is reduced because more efficient digestion off-
sets the smaller amount taken, or alternatively, it could be because growth of vegetation or the gosling
bill later in the season means that a larger volume is ingested per unit feeding time.

From the time budgets of the non-breeders it would seem that they are able to obtain the necessary
quantities of food throughout the moult period, although they show a weight loss in this period (section
D10). The reasons for this are not clear, but may be related to food quality.

Behavioural responses of parents

The time-budgets presented suggest that rearing goslings imposes severe stress on the parents
which must be more active and alert than non-breeding pairs, at the expense of plumage-care and sleeping.
This is similar to the finding of Lazarus and Inglis (1978). Parents with larger broods have an extra
burden as they spend even longer in vigilant postures, at the expense of grazing. Pink-footed Geese,
however, show no increasing vigilance with larger brood sizes (Lazarus and Inglis 1978).

Geese become alert through either the head up or extreme head up postures. There is probably some
functional overlap between the two vigilant postures, although since the parents spent more time extreme
head up than did non-breeding pairs, this posture is likely to be more important for parental alertness.
Vigilance is obviously of great importance to the parents, although the significance of the extreme
head up posture in Pink-feet has been questioned by Lazarus and Inglis (1978). They concluded that the
most likely function of the posture is for scanning for predators, and maybe for obtaining information on
feeding sites, but that the posture is not important in monitoring the position of the goslings or in
the regulation of spacing. They also found, unlike this study, that distances between individuals were
similar for walking families and non-breeding pairs, and that the parent-gosling distance remained the
same throughout fledging. A probable reason for this latter difference is that their study period
extended from 18 July to 5 August, exactly the period in this study when there was no change in spacing
(Figure D9.5; hatching dates were similar in the two studies). The reason for the former difference
is not clear, and may be a species-specific difference due to the less social nature of the Greenland
White-front.

As the young grow and become less vulnerable, the need to scan for predators becomes less, probably
explaining the observed decline in the proportion of time spent extreme head up by the parents. The
most likely explanation of the increased vigilance of adults with larger broods is that it takes longer
to monitor the positions of more goslings, although why this should not also be the case for Pink-footed
Geese (Lazarus and Inglis 1978) is not clear

Another possible explanation of thegreatertime spent extreme head up by the parents of larger
broods is that it takes longer to find good feeding sites since food is depleted at a faster rate. Thus
geese in this posture might obtain feeding information, either by directly scanning for the sites or
indirectly by watching the feeding of neighbours (Lazarus and Inglis 1978). Big families dominate
smaller ones (Boyd 1953), ana therefore neighbours can be ousted from their feeding sites.

In conclusion, the extreme head up posture seems to have several functions, the most important
being scanning for possible danger, monitoring the position of the goslings and probably obtainipg
information on feeding sites. The reasons for the differences in behaviour between Greenland White-
fronts and Pink-footed Geese in the same period are unclear.

Flock structure

The differences in flock structure between families and non-breeders suggests an adaptive
significance. Owen (1972a) found that young geese walked faster than adults on the breeding grounds,
and suggested (Owen 1976b) that the young geese were less efficient grazers. Families in winter were
also found on the edges of flocks, where vegetation was denser and taller, so that the young could
maintain a high intake rate despite inefficient action.
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TABLL D9.2. Encounters between geese in July and August. In all encounters the attacker won.

ATTACKLED
Breeders (brood size) Non-breeders
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Figure bY.o., Spucing puatterns in lfamilies (broods of 5 only) cxpressed as inter-adult and
’ aduit-gosling distances, Bars give 95% confidence limits,
GOSLING WEIGHT INCREASE
A
PARENTAL FEEDING
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FOOD
AVAILABILITY
FLOCKING AND QUALITY
Figure DY.6. Scheme ot components influencing weight incrcase of the goslings (further
eXplanation, sce text).  Arrows indicale the dircetion of inlluence.

The situation may be similar in the loosely structured family flocks in summer, A greater spacing
would be advantageous to the tamilies, as the goslings would have more room for grazing. Moreover the
biggest non-breeder flocks were scparate from the families, and only a few non-breeders ever joined
family flocks, most being actively chased off by the parent geese. Thus it seems that the non-breeders
were 'unwanted' by parants. This may be related to the differing summer strategies of the breeders and
non-breeders.

Non-breeders finish mouiting earlier than families (section D10) so they can utilise other habitats
before families. Since they were seen feeding along streams and in marshes away from lakes once they
regained flight, it is of no advantage to non-breeders to join with still flightless families during
this latter part of the moult period. It is advantageous for families to flock with other families
as vigilance can be shared between the adult birds to the benefit of all, but disadvantageous to
flock with non-breeders which protit from parental vigilance without contributing themselves; this was
observed. Had non-breeders joined the family flock in large numbers, the lakeside vegetation, an
important resource, might have been depleted at a faster rate.
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Alloparental care of young

On three gccasions immature geese associated with a family: in family 2 (see Tdble D9.1) an
immature goose associated with the family, behaving as a gosling and keeping close to the adult geese.
It was never vigilant. In family 4 (Table D9.1) an immature goose stayed close to the nest at about the
time of hatching (see section D6 for details). It was often chased off by the gander, but three days
after hatching it was adopted by the family, sharing vigilance with the adults and on one occasion
leading the family in an extreme head up posture whilst the gander stood about 7 m away, An immature
goose was seen once fo joln family 6 (Table D9.1)., It was apparently associated with the family as no
agonistic behaviour was seen among the geese. As the family saw the observer, the immature (not yet
in moult), flew circling above and calling until the observer walked away over the ridge. The immature
was never seen with the family again.

The break-up of the family usually occurs before or soon after the arrival on the breeding grounds
(section D1); however there have been cases where yearling geese stay with their parents and accompany
them back to the wintering grounds for a second winter together (Prevett 1972). There is some evidence
that this happens in Greenland White-fronts since probable second year birds (on the basis of breast
barring) have been seen loosely associated with families on Islay during November and December (Stroud
pers. comm.). Both the ringed families resighted in 1980/81 had their young of 1979 still with them
(section D10), although as in both cases one of the parents seems to have been missing (shot?) these
may not be typical cases., Boyd (1953) did not notice any such association during his study of the
wintering of European White-fronted Geese.

The immatures noted above may well have been yearling birds remaining with their parents for a
second summer. This suggests some sort of alloparental care and rearing of the young, Various forms
of co-operative breeding are known to exist in birds (Emlen 1978), but it is unusual in waterfowl.
Recently, it has been described by Ely (1979) in Pacific White-fronted Geese. Brown (1974) gives
several common features shown by most co-operative breeding birds. They usually have low fecundity,
deferred maturity, high survival (long life), and low dispersal from their birth place. These are all
characteristics of the demography of most arctic breeding geese, but several seem to be shown to a
greater degree by Greenland White-fronts (Table D9.3). This may well indicate a greater propensity
to show some alloparental care by Greenland White-fronts. Whilst one may suppose that in some geese
such care may have been overlooked due to a lack ol detailed investigation, there are some, such us
Pink-feet, which have been the subject of intensive breeding studies, and it is probably safe to assume
that such co-operative breeding never, or extremely rarely occurs, in such well-studied geese.

In summary, Figure D9.6 shows some of the components, environmental as well as behavioural, which
influence the feeding efficiency and ultimately the weight increase of the goslings. Meteorological
factors influence the feeding efficiency by directly reducing the time available for feeding, since in
their first 14 days goslings are brooded during bad weather. Indirectly the weather affects plant
production and thereby food quality. Vigilant behaviour serves a protective function in the family
to the benefit of the goslings. Vigilant postures probably also serve to obtain information about
feeding sites, so the goslings can be led to the best quality grazing. Gregariousness is advantageous
to the family, as the flock probably serves as an information centre (Murton et al. 1971), as well as
enabling vigilance to be shared. However, competition between families increases in larger flocks.
Agonistic behaviour probably serves to ensure favourable spacing of feeding groups (Raveling 1966).

TABLE D9.3. Characteristics of co-operative breeders (after Brown 1974).
TRAIT SHOWN BY ALL ARE TRAITS SHOWN TO A GREATER EXTENT BY
ARCTIC BREEDING GREENLAND WHITE-FRONTS THAN OTHER ARCTIC
GEESE? BREEDING GEESE?
Low fecundity Yes Yes Low compared with other goose species.

Proportion of young only 17.8% cf. 34%
young for European White-fronts (Owen
1978). Only 810 successful breeding
pairs on average from population of c.
15,000 birds (Ruttledge & Ogilvie 1979).

- High mortality in first two years there-
after survival independent of age. Mort-
ality 1-13 months probably c. 43%; 13-25
months.old = c.34% (Boyd 1958b). This is
slightly higher than other goose populations.
Oldest ringed A. a. albifrons = 17.8 years
(Rydzewski 1973).

High survival Yes
(long life)

Deferred sexual Yes Yes Capable of breeding at 2 years,'but probably
maturity first breeding at 3-4 years. Given very
low proportion of adults breeding, may even
be later than this.
Low dispersal from Yes - Little or no data for Greenland White-

fronts. Dispersal from breeding area to
many winter flocks but probable return to
same breeding area the following summer.

natal site

Permanently monogamous Yes No
Single brooded Yes No
Short, synchronous Yes No

breeding season
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D10 RINGING AND RECOVERIES OF GREENLAND WHITE-FRONTED GEESE
P. J. Belman

Abstract

Ninety-six moulting Greenland White-fronted Geese were caught in Eqalungmiut Nunét, west Greenland in
1979. Catching techniques are described and data obtained listed. White-fronts increased their weight during
the moult, which lasted about three weeks, with non- or failed breeders starting two weeks before breeders.

Large-numbered Darvic rings were used to follow winter dispersal. Fifty-three geese were found outside
Greenland; two shot on passage 1n Iceland, the rest recovered in winter (46 siyhted and nine shot, four of
which were read first). These were scattered over most of the winter range, with 46 sighted and eight shot
in Scotland, and one shot in Ireland, where three were seen but not read. Ring-reading effort was greater in
Scotland than Ireland and the 8:1 ratio of shot birds is the only estimate of dispersal between countries.

It is concluded that the Eqalungmiut Nunat population was distributed fairly evenly across Scotland, with
a much smaller proportion wintering in Ireland. The small Dyfi Estuary flock in Wales contained no marked birds.

CATCHING

Introduction

In late summer adult* geese become flightless during the simultaneous moult of wing and tail
feathers and can be herded, with varying success according to species, into a corral of netting to be
caught for study, ringing and release. Families can be caught intact for ringing, as the young are
large enough to retain a ring before their parents complete the moult.

Successful round-ups exploit the escape behaviour of geese under threat from man. A feeding area
or flock is surrounded unseen by the catchers who, at a pre-arranged signal or time, appear from cover
and move inwards encircling and containing the geese. Pink-footed Geese assemble on hillocks when
surrounded (Scott et al. 1955) and Barnacle Geese take refuge on lakes or the sea (Jackson et al. 1974).
A handful of people can keep the flock on a hilltop or in the centre of a lake, while Snow Geese can
be marshalled on land for considerable distances (Cooch 1957).

Once the flock is under control a catching pen is set up nearby and the geese are driven in. A
large flock bunches and behaves as a unit, and can be directed into a small funnel of netting by a few
catchers. Smaller parties are harder to control and need more catchers and longer wings of netting.
Individuals tend to separate and escape if the flock is approached too closely, a situation that applies
irrespective of group-size to Greylag Geese, which can only be driven into pens camouflaged by vegetation
in an area familiar to them (Ogilvie 1978).

The species mentioned above congregate in favoured areas for the moult and are, excepting Greylags,
easily caught in large numbers. Greenland White-fronted Geese present special problems since flocks
are invariably small and are scattered over a wide area. The catching team needs to make, frequent
catches and cover as large an area as possible, and must be both mobile and independent of base-camp
for days at a time, since much time and effort is needed to make each small catch. This paper describes
the first large-scale ringing of Greenland White-fronts using large-numbered Darvic colour rings.

Equipment

Equipment was chosen for lightness and portability, with the constraints that it should be
available at reasonable cost and durable enough for re-use in future years. Dual-purpose usage was
intended for several items, for instance net stakes as mist-net poles and boats as ferries.

The catching pen was made from a 25 x 1.3 m 15/4 black polythene 19 mmsquare-mesh net threaded with
2 mm nylon cord tethered top and bottom (weight 2.6 kg), supported on twelve 1.6 m x 19 mm aluminium
angle stakes (weight 5.9 kg) drilled so the net could be attached top, middle and bottom by 38 cm x 2 mm
nylon cord ties, with the stakes pushed 30 or 15 cm into, or resting on, the ground, depending on the
soil depth, The netting supplied was 1.5 m high (weight 3.0 kg) and the extra 20 cm was threaded and
used as a stop to prevent geese jumping from the pen. This was found to be unnecessary and was discarded.
This net could be shaped into a triangular or square pen of variable size with a narrow entrance and
two short wings.

Long wings were made from one 50 m and two 25 m lengths of 1 m 4Z black nylon 29 mm square-mesh
netting threaded with 2 mm nylon cord and tethered at the top (weight 3.3 kg), supported on twelve
1.2 m x 19 mm aluminium angle stakes (weight 4.4 kg) drilled so the nets could be tied as above with
the stakes pushed 20 or 10 cm into, or resting on, the ground. These wings were used as lead-in
extensions to one or both sides of the catching pen, to form a V-shaped funnel (Figure D10.1).

Guying was preferred to using longer and heavier stakes. The pen and wings were guyed as necessary
with 4.5 m lengths of 2 mm nylon cord, and the pen especially was cross guyed to make a rigid structure.
The bottom of the nets and the guys were held by 100-18 cm steel pegs (weight 1.6 kg), used double in
an inverted V to give a firm anchorage.

I'wo inflatable PVC boats with paddles, of nominal three-man capacity (weight b.Y kg each) were
used to drive geese from the water (section L8). Three hand-held radios (weight 1.9 kg each, section L4)
were taken for co-ordinating round-ups, and whistles and compass mirrors used for signalling. Three
50 ¢m diameter hand-nets on aluminium hoops with 70 cm wooden handles were made from 9 mm netting (weight
0.6 kg each), and although used for catching other species, were convenient weighing bags for geese.

The nets were entirely adequate and required almost no repairs. No geese jumped the netting and
those that did escape either walked round the wings or, towards the end of the moult, flew over the
top. The main net was carried with the stakes tied ready for use rolled up as a bundle. The wings
were usually carried separately from their poles and assembled as required. The number of pegs taken
was barely enough; 130 would have been better. The three hand-held radios were stronger, heavier and
more powerful than necessary. Ideally six lightweight plastic sets should have been taken. The inflat-
able boats performed surprisingly well and the few punctures were easily mended. Care had to be taken
with the plastic paddles which cracked if stepped on.

* For convenience 'adult' is used throughout to include first-summer birds and !young'
to describe pulli, juveniles and first-winter birds until their return to Greenland.

123



74%\3

Figure D10.1. Diagram of catching pen and net funne].
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Figure D10.2. Three-character Darvic rings.

Colour rings were made from 2.25 mm PVC Darvic laminate, cut into 30-35 x 75 mm blanks and
engraved with a three-character code repeated three times, using a 14 mm character height. These were
shaped in a 22 mm mould to form an oval ring with about 15 mm of overlap, with internal dimensions of
15 x 17 mm (Figure D10.2). The bottom of each ring was bevelled on the inside edge, so that it would
not cut the leg. Circlip pliers fitted with extended lugs were used to expand to rings for fitting.

Methods

Moulting White-fronts in Eqalungmiut Nunat were tound on the plateau lakes, feeding close to the
edge of the water (section D1). [Flocks were very sensitive to disturbance, reacting to a human figure
at a range of over 1 km by running quickly up the opposite hillside. Geese surprised at short range
were reluctant to leave the water and would crouch under the far bank. To survey cach lake for geese
4 slow and careful approach to a suitable vantage point was needed, followed by an equally cautious
retreat. The use of sombre clothing was essential.

Once the geese were located, a control point was set up overlooking the flock and the catching
party spread out to encircle the lake. This was the most dilficult part of the round-up. While the
geese continued to feed the catchers exccuted a pincer movement, using dead ground to stay out of
sight. This involved detours to work round the back of inconvenient hills, and took up to two hours
at large lakes. Radios were indispensable to co-ordinate thesc manoeuvroes, cspecially when a flock
moved from one end to the other of a large lake, and pre-arranged instructions had to be modified.
Mirror flashes and hand-signals were useful to give general instructions, where dead ground such as
concave ridges above opposite sides of a lake enabled catchers to see each other clearly while out of
sight of the geese.

When all the catching party was suitably positioned, a whistle signal was given [(or everyone to
appear simultaneously and close in on the lake. If the flock was feeding close 1o one bank, a radio
or hand signal was used to instruct the nearest catchers to appear from cover first, starting the
geese towards the far shore. As the flock reached the centre of the lake the whistle was sounded for
the remainder of the catchers to appear. The flock was then easily kept in the middle of the lake
by each of the catchers speeding or slowing his rate of approach as the geese swam towards or away
from him. Usually a lake could be more closely approached using dead ground from one direction than
the others, and it was then important for the nearest catchers to maintain a low profile during the
initial stages. Occasionally a flock was found or surprised on a small lake which could be surrounded
by a quick sprint, since geese would not take to land without a head-start.

With the lake surrounded, three or four catchers could keep the geese in the centre while the
others inflated the boats and put up the nets. FExcept for the need for the pen to be on dry ground,
siting the nets was not critical. The narrowest arm of a lake was usually chosen, so the escape to
open water could apparently be blocked by catchers on shore as well as by the boats. The nets were set
with the wings reaching the water to form a funnel leading from the lake to the pen, the size of which
was kept as small as necessary for the number of geese to be caught. On uneven ground any gaps under
the netting were filled with moss and rocks.
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TABLE D10.1.

Ring number

278301
278302
278303
278304
278305
278306
278307
278308
278309
278310
278311
278312
278313
278314
278315
278316
278317
278318
278319
278320
278321
278322
278323
278324
278325
278326
278327
278328
278329
278330
278331
278332
278333
278334
278335
278336
278337
278320
278323
278328
278338
278339
278340
278341
278342
278343
278344
278345
278346
278347
278348
278349
278350

Darvic

A01
A02
AO03
A04
A0S
A06
A07
A08
A09
Al0
All
Al2
A13
Al4
Al5
Al6
Al7
Al18
Al19
A20
A21
A22
A23
A24
A26
A27
A28
A29
A30
A31
A32
A33
A34
A35
A36
A37
A38
A20
A23
Al2Y
A39
A4l
A42
A43
Ad4
A45
A46
A47
A48
A49
A50
A51
A52

Summary of catches of Greenland White-fronted Geese ( Anser albifrons flavirostris).
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Belly score
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Flock size

10.07.79

11.07.79

1507+ 7'9

"

"

26.07.79

Co-ordinates

67°37'N 50°23'W

67°36'N 50°37'W

67°35'N 50%°44'w

67°41'N 50°16'W

Site name

Uniform

Zulu

Spidermere

"

"

Worm

Notes

7 km WSW
7 km WSW
7 km WSW
Pts A49/487?
Pts A49/487?
Pts A49/487?

Pd A49?7 B3P?
Pd A487 B3P?



TABLLE D10.1. (continued)
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278351 A53 44 i 3 16 27.07.79 67°a2'N 50°13'W  Lake 72 Pd A54? B3P?

278352 A54 452 4 " 4 " " Pd A53? B3P?

278353 A55 1- ! " 1 " Pts ADB3/547

278354 A56 1- L 1 n v Pts A53/547

278355 AS7 1- & T 2 L Pts A53/547?

278356 A58 4- 2.4 4 = 14 o 67°43'N 50°13'W Lake 42

278357 A59 4- 2.4 4 - " s 1 1

278358 A60 4- 2.4 4 - " e A U

278359 A61 49 2.4 4 = " s W Y,

278360 A2 4- 2,8 4 = 1 w 1 U

278361 A63 ad 2.8 4 = " 7 1 "

278362 A64 4d 2.4 1 28.07.79 67°42'N 50°15'W Lake 33 Pd A65 B4P

278363 A65 49 2.2 3 i U " Pd A64 B4P

278364 A66 1- i i) " Pts A64/65

278365 A67 1- 2 " & Pts A64/65

278366 AG8 1- & ) " Pts A64/65

278367 A69 1- & " o Pts A64/65

278368 A70 45 2.8 2 2 16 29.07.79 67°38'N 50°12'W  Lake 58 Pd A72 B3P

278369 A71 40 2.6 4 3 L 2 = "

278370 AT2 49 2.8 2 2 L L 1Y " Pd A70 B3P

278371 A73 1- u i e " Pts A70/72

278372 A74 1- o a L " Pts A70/72

278373 A75 1- b " o " Pts A70/72

278374 A76 1~ 46 06.08.79 67°36'N 50”30'W  Axewater Pt 278390

278375 AT7 1- 1 b " L

278376 A78 10 i " " L Pt 278390

278377 A79 1- G " L "

278378 A80 1- " " " " Pts A94/96

278379 A81 1- " L " 1 Pt 278390

278380 AB2 1- i L W I

278381 A83 1- L it L A\

278382 A84 1- " . L 1

278383 ABS 1- Ul 2 L g

278384 A86 1- i " L H Pts A94/96

278385 A87 1- A L L “

278386 A88 1- " t s i Pts A94/96

278387 A89 1- i . £ L Pts A94/96

278388 A90 1- u 1 1 "

378389 A91 1- L U L = Pts A94/967

278390 - 40" 2.7 3 3 e 1 1 " B

278391 A92 4- 4 1 Lt [ L = B

278392 A93 4- 2+5 4 1 o L e " B

278393 A94 40" 4 4 3 1) L 9 " Pd A96 B5P

278394 A95 49’ 2T 4 5 " L o " B

278395 A96 49 3 4 1 1 " 1 " Pd A94 B5P

278396 A97 4- 2.4 3 3 LY M A "

Notes: Site names are unofficial. Retraps are entered in italics. Age: 1 = pullus, 4 =
tadult'. Primary moult is recorded on a six point scale from 0(old) to 5(new). Belly
score is an assessment from photographs of the extent of barring on a five point scale
of increasing area covered. Pd = paired. Pts = parents. B-P = breeding bird with

number of pulli in brood.
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As soon as the nets were ready, the catchers between the geese and the nets withdrew behind the
flock and the boats moved on to the water. The gecse then swam gquickly to the unguarded end of the
luke and, by movements of the boats and catchers, could be positioned centrally in the open V of the
nets. Sometimes the geese ran onto land and into the funnel at once, but usually some coercion was
needed to induce tham to leave the water. Once ashore most found their own way into the pen through
the narrow entrance, but sometimes one crouched on the ground and often several were waiting by the
entrance when the catchers and boats reached the open end of the funnel. A slow walk towards the pen
flushed any crouching birds and drove in the remainder. One person entered the pen with the geese,
keeping as still as possible, and the entrance was closed.

The rest of the party was withdrawn to a processing point out of sight of, or some distance from.
the pen. Trapped geese remain remarkably calm, and would usually sit worrying at (he netting with their
bills:. Each was picked up as required and passed to a runner who, avoiding sudden movements near the
pen, ferried it to be ringed. Lach goose was marked with a standard Copenhagen metal ring on the
jeft leg and a white Darvic ring on the right Tand, if adult, scored for wing moult and weighed before
being individually released. Pulli were processed lirst and released together. Cloacal sexing of
adults was attempted without success and abundoned, and most were photographed (section D12).

A maximum of twelve people was available for round-ups, more than was needed even at the largest

lakes. One was completed with only four, but this was hardly sufficient to carry the catching equip-
ment. The ideal was six to eight, enough to carry all eguipment and up to four days food, which
enubled the catching party to operate throughout the study area. Even so, the amount of time and

physical effort required to locate White-fronts, transport equipment, surround the lake and complete the
catch, was considerable; and the difficulties were compounded by the distance between the flocks and
their small size. Only once were two calches made in onc day.

Results

Ringing

An arca of 750 km? was covered during the moult, containing an estimated 200 White-fronts including
about 50 pulli (these figures are an attempt at an absolute count and are lower than those obtained by

extrapolation from census data) (section D1). Ten catches were made and a total of 96 ringed, of
which 67 were adults and 29 pulli. All but one adult with an old leg injury, probably from shot, were
also Darvic-ringed. Table D10.1 summarizes the catches and lists the data for each goose. Those

ringed on 11 July were disturbed by our activities two days later and some moved 7 km to another lake
where three were inadvertently recaught on the 15th. The location of catching sites is shown in Figure
D10.3.

Including a brood of six which made its lirst flight during an attempted round-up on 9 August,
the mean size ol ten broods large enough to ring was 3.5 young (section D1). Family relationships
were not always determined in mixed catches, and on 6 August, when five broods were caught together,
siblings could not be distinguished; those listed were obtauined from winter observations.

Sexing

Only « few adults with young were sexed in Greenland, as cloacal sexing proved impossible.
Those listed in Table D10.1 were sexed onextremes of weight, and by behaviour or post-mortem in winter.
Despite the ranges given in Cramp and Simmons (1977), sexing on bill length, or, better, total skull
length, is reliable and would have sexed the majority of adults had it been used.

Weights

A1l adults were weighed to the nearest 0.1 kg on a 20 kg Pesola balance. The weights are listed
in Table D10.1 and summarized in Table D10.2, in which an arbitrarydivision of the catching period
hus been made in the third week of July. Weights of geese cuught earlier in the season (mean 2.28 kg)
are signiticantly difierent (tgg = 3.47, P < 0.001) from those caught later (mean 2.45 kg). This
is considered below.

Moult

Adults were scored for primary moult on a five-point scale: 0 primaries old, 1 missing or in
pin, 2 quarter-grown, 3  hall-grown, 4  three-quarter-grown and 5 primaries new. Only geese in
wctive moult (stages 1-4) were caught. Moult scores are listed in Table D10.1, and the weights of
pecse at each moult stage are presented in Table D10.3 and Figure D10.4. Weights were lowest at stage
9 and increascd during the latter half of the moult, accounting for the observed difference in weights
hetween birds caught carly or late in the season.

Moulting geese could be divided into two groups:! early (non- or failed breeders, 52 ringed)
which started the moult in the first week of July and [inished in the last, and late (breeders, 15
ringed as indicated in Table D10.1) which started in the third week of July and finished in the
sccond week of August, coinciding with the first flight of the young. The moult took about three weeks,
wud both groups of birds showed a similar pattern of weight gain, which is detailed in Table D10.4.

MOVEMENTS

Introduction

Greenlund White-fronts winter in Ireland, the west and north of Scotland, and in Wales (Ruttledge
and Ogilvie 1979). The winter distribution corresponds with a mean January temperature of >3°C
bounded by the nominate sub-species to the south and east. On spring and autumn passage south-west
leeland is used as a staging point (see section D15), although it is probable that some make the direct
I'light of 2500 - 3200 km from west Greenland to lreland and Britain without stopping (Cramp and Simmons
1977) . There are occasional records from castern North America (Palmer 1976), but the three ringing
recoveries are all from the St Lawrence area in October and do not seem to represent a wintering
population.

Geese staging in Iceland need to change their direction of migration clockwise from .that required
Lo cross the icecap (in autumn from between Sk by E for the most northerly breeders and E lor the
most southerly to between SSE and ESE, depending on whether they are to winter in Ireland or Scotland).
It is interesting to speculate that the observed tendency for White-fronts from the northern part of
the range to winter in Ireland and those from the south to winter in Scotland (Salomonsen 13967a) can
be explained by all birds making a similar angular change in orientation after staging.
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Figure D10.3 Catching sites in Eqalungmiut Nundt; symbols
identify later sightings shown in Figures D10.5
and D10.6.
TABLE D10.2. Weights of Greenland White-fronted Geese ( Anser albifrons flavirostris).

WEIGHT (kg) | n | i.,7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8|MEAN B.D;

10-15 July |40 | 1 1 6 4 9 3 2 8 5 1 2.28 | 0.24
26 July — 30 1 i 4 13 5 1 2 3 |2.45]0.17
6 August

ALl 0] 1 o 1 6 5 10 7 15 13 6 3 3 |2.35]|0.23

Note: The mean for 10-15 July is 2.31 (n = 37) and the overall mean 2.37 (n = 67) if
retraps are excluded.

TABLE D10.3. Weights (kg) and moult stage of Greenland White-fronted Geese ( Anser albifrons
flavirostris).
MOULT STAGE 1 2 3 4
n 10 31 6 20
Mean 2.39 2.29 2.42 2.48
S.D. 0.23 0.21 0.23 0.14

S.E. 0.08 0.04 0.10 0.03
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Figure D10.4. Weights and moult stage of Greenland White-fronted Geese (Anser albifrons

flavirostris). Means = 1 S.E. are plotted.

TABLE D10.4. Weights (kg) and moult stage of non- or failed breeding and breeding White-
fronted Geese ( Anser albifrons flavirostris). Means % 1 S.D. are given, with sample
size in brackets.

MOULT STAGE 1 2 3 4
Non-breeding 2.40 + 0.26(8) 2.27 £ 0.21(26) 2.33 ¢ 0.29(3) 2.49 + 0.15(15)
Breeding 2.35! = 0.07(2) 2.36 + 0.27(5) 2.50 + 0.17(3) 2.46 + 0.15(5)

This winter segregation of geese from different parts of the breeding range has been used to
account for the differences in annual breeding success measured in winter at Wexford, Ireland and
Islay, Scotland. The Wexford birds (the more northerly breeders) have on average a higher percentage
of young and larger brood size than those on Islay (Ogilvie 1978, Ruttledge and Ogilvie 1979). Since
Egqalungmiut Nunfat is in the centre of the breeding range, and the brood size of the families caught
there in 1979 was intermediate between the winter brood sizes in Ireland and Scotland, it was difficult
to predict where the Darvic ringed birds would winter. Brood size can only decrease with mortality
from fledging to winter, so this would indicate that the Egalungmiut Nunat White-fronts were perhaps
more likely to winter in Scotland.

Recoveries and sightings

Of the 96 White-fronts ringed in Egalungmiut Nunat no less than 53 have been recovered outside
Greenland. Eleven of these were shot, and 46 read, four of which were later shot. Table D10.5 lists
all recoveries and sightings reported by August 1981. Two birds ringed as pulli were shot in south-
west Iceland, one in October 1979, the other in October 1Y8U; the remaining recoveries (Iigure D10.5)
were from wintering birds in Scotland and Ireland. The wide dispersal of geese from one small area
of Greenland to almost all parts of the winter range is both surprising and unexpected.

The distribution of the recoveries in Table D10.5 between Ireland and Scotland, and between sites
in Scotland, needs to be interpreted with caution. Few Darvic rings are read by observers who are not
scanning flocks for that purpose, and the distribution of sightings reflects the pattern of ring-reading
effort. In addition, sightings are affected regionally by ease of access and approach to flocks, and
by habitat as long grass and stubble may hide the rings. Observer effort was much greater in Scotland
than Ireland (and within Scotland more intensive on Islay and in Caithness), and the Scottish flocks
are generally more accessible and easily approached.

Ireland (all sites)

It is difficult to decide whether a significant proportion of ringed geese wintered in Ireland
and were not detected, or whether the lack of sightings (and particularly of birds shot) indicates a
real treand. Only one recovery from Ireland was confirmed; a non-breeder from the Uniform catch shot
at Wexford in December 1980. Up to three Darvics have been seen but not read, one in December 1979
at Akeragh Lough, Co. Kerry and two together in April 1980 at Lough Gara, Co. Sligo. These three
locations are from widely separated parts of Ireland, and can be compared to the wide spread of
Scottish recoveries. Coverage in Ireland is discussed below.
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Figure D10.5 Recoveries in winter of Greenland White-fronted
Geese ( Anser albifrons flavirostris ) ringed in
Eqalungmiut Nunat. Ripng numbers are listed by
catching site (symbols as in Figure D10.3);
closed symbcls indicate sightings during winter
1979/80; open symbols indicate sightings during
winter 1980/81. Underlined numbers indicate
shot birds. See Table D10.5 for details of
and ? which are unconfirmed Irish records. Islay
recoveries are mapped in Figure D10.6.
Scotland
Caithness
A total ol twelve ringed geese is known to have wintered in Caithness. One family ol three
young and one ringed parent (whose identity was determined by the assoclation, a leg injury and the
presence of only a metal ring, since the injury meant that « Darvic could not be fitted) and a party
of five non-breeders wintered at Westfield. The family and the party were present in the same {lock,
but moved independently of each other within the flock. The rive geese forming the purty came (rom the
Zulu and Mirrormere flocks of non-breeders which probably combined in Eqalungmiut Nunat soon wafter the
moult. One other ringed goose from the Mirrormere flock was shot in Caithness but the exact locaulity
is not known. The family was ringed in the Axewater catch, Two individuals were seen at diflerent
times ut Loch Heilen, one was ringed at Uniform as a non-breeder, the other at Worm as a breeder.
Neither of these sites provided any other Caithness recoveries. Both the family and the party ot non-

breeders were recorded at Westfield in the 1979-80 and 1980-81 winters; in the latter winter the younyg
still associated with their parent (which had not bred successtully in 1980) and the party with euach
other.

Islay

A total of 28 ringed geese is known to have wintered on Islay (Figure D10.6). Two pairs and a
party of eight non-brecders, and a family with lfour young, a total of 18 ringed peese, were recorded
in 1979-80 in the Avenvogie/Cluanach area in the central part of the island. The party of cight,
each of the two non-breeding pairs, and the family, although often seen together, behaved as discrete
units moving independently within the flocks. Seven of the party of eight (one of which was shot in
December 1980) and one of the non-breeding pairs wintered in the same arca in 1980-81. The other non-
breeding pair, not recorded on Islay alter December 1979, wus found the Following winter on the
mainland at Rhunahaorine, Kintyre, the only other than local movement between winter sites detected.
The family also was not seen on Islay after December 1979, but one parent was shot in January 1981 ut
Mulindry, not far from Avenvogie, indicating that the rest of the family may have spent the 1980-81
winter on the island without being discovered.
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Figure D10.6 Recoveries on Islay in winter of Greenland

White-fronted Geese ( Anser albifrons flavirostris)
ringed in Egalungmiut Nunat. Ring numbers

are listed by catching sites (symbols as in
Figure D10.3); closed symbol indicates
sightings during winter 1979/80; open symbols
indicate sightings during winter 1980/81.
Underlined numbers indicate shot birds.

A party of three ringed non-breeders probably spent the 1979-80 and 1980-81 winters at ,Cornabus,
in the south of Islay, although in both years this party wuas seen only in March*. The Oa was searched
carlier each winter on several occasions without their being seen and the possibility remains that
they spent the first part of each winter elsewherc.

Six ringed non-breeders werec reported from other parts of Islay. One was shot at Gruinart and
another at Laggan, each in 1979 without being sighted first. Two were present in both the 1979-80 and
1980-81 winters, one at Corrary the other at Cruach, each female paired with an unringed male. The
Corrary bird was shot al a nearby roost in December 1980 and the Cruach bird lost its mate after a
shoot in the same month but paired with a different male alter only eight wecks. (Unringedassociates
ol ringed White-fronts were recognised individually by their belly markings ) Two ringed non-breeders
were each seen once only, both in December 1980, onc at Knocklearoch puired with an unringed bird, the
other at Islay House. A pullus ringed at Lake 72 was also seen once only. at Eorrobus in March 1981,
noted as paired to an unringed bird. Thesc sites were searched on other occasions in both winters when
no ringed geesc were secn.

The party of eight and both pairs of non-breeders at Avenvogie, the Corrary and the Gruinart birds
were all ringed in the Zulu and Mirrormere flocks that produced the party of five and one other
rccovery in Caithness. The party of three at Cornabus and the non-breeder shot at Laggan were ringed
together at Worm, a tlock that also produced a Caithness record. The Cruach and lslay House birds were
both ringed at Lake 42, the only recoveries from this flock. The Avenvogie family was not associated

with other birds when ringed in Egalungmiut Nunat at Lake 33.

Ringed White-fronts recorded on Islay more than once in the same winter, or in both winters, were
site-faithful, moving only short distances (<5 km) between suitable areas. However one pair was found
on Kintyre in the second winter and, as the island was covered thoroughly, especially in 1980-81, some
of the geese that were seen only once, or in only one part of the winter, may have spent the rest of
the winter elsewherc.

*x This party comprised Darvics A45, A50 and AS1. In 1980 three ringed geesc were seen on
two dates but noted as Ad5, A51 and A55. A5H, ringed as a pulli, was not notuq as a
juvenile and was almost certainly a misreading of A50. This record has been dlsgurded.
In 1981 the party was seen only once but A50 was confirmed as the third member with A45

and AS1.
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Kintyre

A pullus ringed at Axewater was shot at Machrihanish in November 1979, and a ringed family with
four young spent the 1979-80 winter in the same area. The rings were not read until February 1980
but proved tobe from the Axewater catch. The parents were the pair that was intensively studied in
Eqalungmiut Nunit, and had reared five young (section D6). It seems likely that the juvenile shot was
from the same brood. The remaining four young were together at Machrihanish in the 1980-81 winter,
behaving as a party. The female parent, without a mate and having failed to breed successfully, was
seen once accompanying the previous year's young at Machrihanish in the 1980-81 winter.

The non-breeding pair seen in November-December 1979 at Avenvogie, Islay was present at Rhunahaorine

in December 1980, a shift of 36 km to the east. Rhunahaorine was visited a number of times in both
winters, but some of the geese feed out of sight and the pair may have been present at other times.

Loch Lomond

Two ringed non-breeders from the Uniform catch were seen at Endrick Mouth, Loch Lomond in March
1980, the only occasion the site was checked that winter. One of these was seen again in March 1981.
Earlier visits in the 1980-81 winter did not produce any sightings, but Endrick Mouth is difficult to
check and few White-fronts were scanned.

Loch Ken

A ringed non-breeder from the Uniform catch was seen at Parton, Loch Ken in January 1981, paired
to an unringed male. Loch Ken was visited in the 1979-80 winter and is a popular birdwatching area.
It seems surprising that the Darvic ringed bird was not noted on other occasions if it had wintered
at Parton.

Coverage at other sites
Scotland

Few Scottish White-front haunts were not visited during either winter. Those sites thought not
to have been checked were the islands of Orkney, Tiree and Coll, Colonsay and Bute. Some sites were
checked but no or very few geese were scanned, including the Isle of Skye, Lismore Island/Benderloch,
Crinan Moss, Jura and Wigtown. The flocks on the outer Hebrides, at Loch Eye, Loch Sheil, Island of
Danna (Strathclyde), and Stranraer were checked on at least one occasion without rings being seen.

Wales
The Dyfi Estuary flock was scanned regularly in both winters; no ringed birds were present.

Ireland

Comparatively few Irish haunts were visited and conditions for viewing legs were difficult. Those
sites known to have been checked, except where stated in the 1979-80 winter only, are as follows (R.F.
Ruttledge in litt.). Co. Donegal: a few checked at Sheskinmore Lough. Co. Sligo: most of the small

flock at Bunduff were checked and at Lough Gara two Darvics were seen but not read when a flock was
checked in April 1980. Co. Roscommon: most of the Lough Funshinagh birds were checked in the 1979-80
winter as were some in the 1980-81 winter. Co. Longford: most of the River Inny Mouth flock were
checked. Co. Westmeath : the Lake Farm, Lough Ennell flock was checked once, and most of the Lough Iron
birds were seen on two occasions. Co. Offaly: many of the flock at the Little Brosna River were
checked. Co. Galway: the Rahasane Turlough and Creganna Marsh birds were checked. Co. Kerry: one of
the four White-fronts seen to land on Akeragh Lough in December 1979 was Darvic-ringed. Akeragh is not
a usual White-front haunt (nor close to one) and this party did not stay. Co. Wexford: the Wexford
Slobs are the largest winter haunt, containing 35 - 45 % of (Lhe world population of Greenland White-
fronted Geese. Large numbers of geese were checked in both winters, although the majority of legs
could not be seen on any one visit. It is not too surprising that the ringed bird shot at this site

in December 1980 was not sighted first.

Discussion

To what extent does the distribution of sightings between Scotland and Ireland reflect a real
trend? In Scotland 50 individuals were recovered, eight of which were shot. Only four of these eight
were shot before their ring numbers were read. The Irish data are meagre. One bird was shot without
first being sighted, and up to three rings were seen without being read. Far fewer Irish winterers
were scanned and conditions there are less favourable, so that the number of sightings can not be
compared with the number from Scotland.

A more useful comparison is obtained if only shot birds are considered. Assuming similar
reporting rates, the ratio of one goosc shot in Ireland to eight in Scotland is the best available
estimate for the dispersal of Eqalungmiut Nunat birds between the two countries. llowever little
reliance should be placed on this ftigure since it is based on only a single recovery from Ireland,
and because our activities encouraged reporting of shot birds, at least from Wexford, Islay and Caith-
ness. Only two winter recoveries were not brought to our attention before being reported to the
Copenhagen ringing centre.

More ringed birdsnwere noted on Islay than at all other winter sites combined. To what extent
is the Eqalungmiut Nunat population concentrated on Islay? If the number of recoveries is expressed
as a percentage of the peak winter count from Ruttledge and Ogilvie (1979), for each site the
highest proportion of Egalungmiut Nunat birds was found in Caithness (2.4%), followed by Loch Lomond
(1.7%), Kintyre (1.0%) and Islay (0.8%). The apparent concentration on Islay is an artefact of the
large (3,700) winter population. (It should be noted that very few Greenland-ringed White-fronts have
previously been recovered on Islay, and even fewer in Scotland. This is certainly due to most having
been ringed in the northern part of the breeding range, producing an excess of Irish recoveries). The
absence or paucity of sightings from other Scottish sites is at least partly due to their having been
searched less efficiently than those in Caithness, on Islay, and perhaps Kintyre, and partly due to
the low numbers present. From the data it is not unreasonable to conclude that the Egalungmiut Nunat
population was distributed more or less evenly across Scotland, with a much smaller proportion
vintering in Ireland.



To what extent did geese associated in Eqalungmiut Nunat stay together for the winter? The amount
of dispersal shown by the non-breeding flocks is astonishing. The Uniform catch produced winter
recoveries in Wexford, Loch Ken, Islay, Loch Lomond (two) and Caithness - almost throughout the
Greenland White-front's winter range. The Zulu and Mirrormere catches evidently combined soon after
the moult as birds from both tlocks were associated on Islay and in Caithness. These flocks produced
14 recoveries on Islay, two subsequently moving to Rhunahaorine, and six in Caithness, of which two
pairs (including the pair that moved) and a party of eight birds on Islay, and a party of five in
Caithness, were associated. The Worm catch produced four Islay recoveries (three of which were
associated in a party) and one (a breeding bird) in Caithness. Two non-breecders from Lake 42 were seen
separately on Islay.

Three families from Eqalungmiut Nunat were sighted in winter, in Caithness and at Machrihuanish,
both ringed in the Axewater catch, and on Islay. The broods from the Caithness and Machrihanish familics
were still together in their second winter, in each case more or less associated with one parent that
had tailed to breed successftully in 1980, The Islay brood was not located in its second winter.,

Parties ol associated non-breeding ringed geese were noted in Caithness (tive ringed associates),
and on Islay at Avenvogie/Cluanach (eight) and Cornabus (threec). These parties remained intact in the
second winter, but one bird in Caithness and one from Avenvogie did not reappear (presumably not having
survived). The origin of the parties was not established. It is likely from the behaviour of known
siblings in their second winter that they stay together in later years. Two puarties were too large to
consist of survivors from a single brood, but may have been formed by two or more broods joining up.
Relatinnships within the parties were complex. Associations and apparent pairings are noted 1n
Table D10.5 but some may in fact refer to siblings.

Effect iveness of Darvics

llow effective are Darvice leg-rings on Greenland White-fronted Geese?  1n Scotland a network ot
observers spent many hours scanning flocks, some sites needing several visits before numbers were read.
Expedition members toured most muinland sites in both winters, and Islay was visited regularly in
1979-80 and manned throughout 1980-81.

The same degree of cover was not obtained in Ireland, where sites are less accessible and conditions
less favourable lor seeing rings. An observer ncetwork was established in 1979-80, but the diftficulties
cncountered discouraged much ficldwork in 1980-81. 1t was felt that Darvic neck-collars, visible in
vegetation and when geese are swimming, would have facilitated sightings in Ircland. These were not
used because they are known to increase mortality of incubating females in severe weather (Ankney 1975
Lensink 1968), and this period seems to be a critical time for Greenland White-tronted Geese,

In ideal light Darvies were read by telescope at a range of 450 m; this wus by no means an upper
limit. DPoor light or weather, and the presence of tall vegetation, greatly reduced the runge at which
rings were legible. So that the serial was visible in short grass, Darvics were fitted with the
(redundant) initial letter nearest the toes. Where possible, rings were read from a car, but at
difficult sites or in poor light when a close approach was nceded flocks were stulked using available
cover.,

A problem occurred in resolving the digits 6 and 8 duce to the narrow gap lett by the curved arm of
the 6. No difticulty was noted with the 9, although it is an identical, but inverted, version of the
(533 In future yvears a character with a shorter arm is required, or rings with the figure 6 should be
discarded.

Advertising

A request for Darvice sightings was widely advertised in ornithological newsletters and journals
in 1979, and follow-up articles uppearcd cach winter. Once group of rings was lirst noticed by a
birdwatcher, but all other sightings were made either by known goose-counters or expedition members,
emphusising the need for subsequent fieldwork in any colour ringing study.
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TABLE D10.5. Recoveries of

Key
Arrangement of entry:

Ring number:

Age when ringed:

ringed Greenland White-fronted Geese ( Anser albifrons flavirostris).

ringing details are on the first, and recovery data on the following
lines in the sequence; ring + Darvic number, age/sex or manner gf
recovery, date, locality, (notes).

where this is in italics the ring has been returned.

1 - pullus (nestling or chick)

4 - 'adult' (hatched before calendar year of ringing)
Manner of recovery: v - caught andreleased with ring
vv - ring number read in field
+ - shot or killed by man
Notes: br - breeding
pd - paired
278302 44 10.07.79 Uniform, Eqalungmiut Nunpat: 67°37'N 50°23'W GREENLAND (Moulting, non-br)
+A02 + 27.12.80 North Slob, Wexford: 52°22'N 06°25'W IRELAND (Shot)
(Weight 2.5 kg when ringed, 3.0 kg when shot)
278305 4d° 10.07.79 Uniform, Eqalungmiut Nunat: 67°37'N 50°23'W GREENLAND (Moulting, non-br)
+A05 vv 04.01.81 Syster, Loch Heilen, Caithness: 58°36'N 03°15'W SCOTLAND
278306 4d 10.07.79 Uniform, Eqalungmiut Nunat: 67°37'N 50°23'W GREENLAND (Moulting, non-br)
+A06 vv 28.03.80 Endrick, Loch Lomond: 56 °04'N 04°29'W  SCOTLAND
278307 4¢ 10.07.79 Uniform, Eqalungmiut Nunét: 67037'N 50°23'W GREENLAND (Moulting, non-br)
+A07 vv 24.12.80 Knocklearoch, Islay: 55748'N 06 09'W SCOTLAND (Pd, mate unringed)
278309 49 10.07.79 Uniform, Eqalungmiut Nunat: 67237‘N 50823'W GREENLAND (Moulting,., non-br)
+A09 vv 08.01.81 Parton, Loch Ken, Dumfries: 55°00'N 04 00'W SCOTLAND (Pd, mate unringed)
278310 4d 10.07.79 Uniform, Eqalungmiut Nunat: 67°37'N 50°23'W GREENLAND (Moulting, non-br)
+A10 vv 28.03.80 Endrick, Loch Lomond: 56 04'N 04°29'W  SCOTLAND
vv 26.03.81 Endrick
278314 49 11.07.79 Zulu, Eqalungmiut Nupat: 67236'N 50°37'W GREENLAND (Moulting, non-br)
+A14 vv 15.02.80 Cluanach, Islay: 55745'N 06712'W SCOTLAND (Party of 8)
vv 17.02.80 Cluanach (Party of 8)
vv 09.04.80 Cluanach (Party of 7)
vv 16.11.80 Cluanach (Party of 6)
vv 28.11.80 Cluanach (Party of 6)
vv 05.12.80 Cluanach (Party of 6)
vv 22.12.80 Cluanach (Party of 6)
vv 28.12.80 Cluanach (Party of 6)
vv 29.12.80 Cluanach (Party) - &
vv 08.02.81 Kilennan, Islay: 55745'N 06 12'W (Party of 6)
vv 22,03.81 Cluanach (Party of 6)
vv 31.03.81 Cluanach (Party of 6)
vv 10.04.81 Cluanach (Party of 6)
(Al4, A31 and A38 were associated within the party)
278316 4d 11.07.79 Zulu, Egalungmiut Nunat: 67°36'N 50°37'W GREENLAND (Moulting, non-br)
+A16 vv 22.02.80 Westfield, Caithness: 58°34'N 03°38'W SCOTLAND (Party of 3)
vv 15.03.80 Westfield (Party)
vv 23.02.81 Westfield (Party of 4 + 1 unringed, pd A277)
vv 22.03.81 Westfield (Party, pd A27)
vv 04.04.81 Westtield (Party)
vv 05.04.81 Westfield (Pd A27)
vv 10.04.81 Westfield (Pd A27)
278317 4d 11.07.79 Zulu, Eqalungmiut Nunit: 67°36'N 50°37'W GREENLAND (Moulting, non-br)
+A17 vv 06.11.79 Avenvogie, Islay: 55°44'N 06°13'W SCOTLAND
vv 02.12.79 Avenvogie (Pd A227?)
vV 21.12.80 Rhunahaorine, Kintyre: 55°41'N 05°39'W (Pd A22)
278318 4d 11.07.79 Zulu, Eqalungmiut Nunat: 67086‘N 5037'W GREENLAND (Moulting, non-br)
+A18 vv 06.11.79 Avenvogie, Islay: 55°44'N 06°13'W SCOTLAND (Pd A32)
vv 01.12.79 Avenvogie (Pd A32)
vv 02.12.79 Avenvogie (Pd A32)
vv 05.12.79 Avenvogie (Pd A32)
vv 14.02.80 Cluanach, Islay: 55°45'N 06°12'w (Pd A32)
vv 15.02.80 Cluanach (Pd A32)
vv' 18.02.80 Cluanach (Pd A32)
vv 16.11.80 Cluanach
vv 28.11.80 Cluanach (Pd A32)
vv 05.12.80 Cluanach (Pd A32)
vv 21.12.80 Cluanach (Pd A32)
vv 09.01.81 Cluanach (Pd A32)
vv 09.02.81 Avenvogie (Pd A32) & 6
vv 14.02.81 Kilennan, Islay: 55745'N 06 12'W (Pd A32)
vv 14.03.81 Cluanach (Pd A32)
vv 22.03.81 Cluanach (Pd A32)
vv 01.04.81 Cluanach (Pd A32)
vv 16.04.81 Avenvogie (Pd A32)



TABLE D10.5.

278319
+A19

278320
+A20

278322

+A22

278323
+A23

278324
+A24

278325
+A26

278326
+A27

278327
+A28

278329
+A30

278330
+A31

ad
vv
vv
vv
vv
Vv
vv
Vv
vv

\'A%
vv
vv

29
vv
vv

dg
vv
\'A%
\AY

=

vv
\'A%
vv

&9
Vv
'A%
vv
vv
vv
vv
vv
vv
\'A%
vv
vv
vv
vV
vv

=9
vv
'A%
‘A%
V'A%
vV
Vv
Vv
\'AY
Vv
vv

19
vv
vV
Vv
vv
vv
vv
vv

ad
vv
vv
vv
vv

4d
+

ad’
vv
Vv
vv
vv
vv
vv
vv
Vv
vv
vv

(continued...2)

11.07.79
15.02.80
17.02.80
09.04.80
22.12.80
28.12.80
29.12.80
08.02.81
09.02.81
14.03.81
22,03.81
31.03.81
10.04.81

11:.07.79
158.,07.79
13.02.80
07.04.80
05.12.80

11.0%.,99
06.11.79
02.12.79

Zulu, Eqalungmiut Nunat: 67°36'N 50°37'W GREENLAND (Mou

Cluanach,
Cluanach
Cluanach
Cluanach
Cluanach
Cluanach
Kilennan,
Cluanach
Cluanach
Cluanach
Cluanach
Cluanach

Islay: 55°45'N 06°12'W SCOTLAND (Party of 8,
(Party of 8)

(Party of 7, pd A26)

(Party of 6, pd A267)

(Party of 6)

(Party)

Islay: 55°45'N 06°12'W (Party of 6)
(Party of 6)

(Party of 6)

(Party of 6, pd A26)

(Party of 6)

(Party of 6)

Zulu, Eqalungmiut Nunat: 67°36'N 30037'W GREENLAND (Mou
Spidermere, Egalungmiut Nunat: 67 35'N 50°44'W (Moulting

Corrary, I

Slay: 55°44'N 06°17'W SCOTLAND (Pd, mate unri

Corrary (Pd, mate unringed)
Eilean na Muice Duibhe, Islay: 55°43'N 06°15'W (Shot at

Zulu, Eqalungmiut Nunit; 67°36'N 50°37'W GREENLAND (Mou

Avenvogie,
Avenvogie

Islay: 55°44'N 06°13'W SCOTLAND
(Pd A177)

21.12.80 Rhunahaorine, Kintyre: 55%41'N 05”39'W (Pd A17)

11.07.79
15.07.79
14.02.80
15.02.80
17.02.80
18.12.80

11.07.79
15.02.80
17.02.80
09.04.80
16.11.80
28.11.80
05.12.80
22.12.80
28.12.80
29.12.80
08.02.81
09.02.81
22.03.81
31.03.81
10.04.81

11.07.79
15.02.80
17.02.80
09.04.80
28.11.80
05.12.80
22.12.80
28.12.80
08.02.81
22,03.81
10.04.81

11.07.79
20.01.80
22.02.80
30.03.80
23.02.81
22.03.81
05.04.81
10.04.81

11.07.79
14.02.80
15.,02.80
17.02.80
09.04.80

13.07.79
02.11.79

13.07.79
15.02.80
17.02.80
09.04.80
22.12.80
28.12.80
29.12.80
08.02.81
22.03.81
31.03.81
10.04.81

Zulu, Eqalungmiut Nunat: 67°36'N 50°37'W GREENLAND (Mou
Spidermere, Eqalungmiut Nunat: 67°35'N 50°44'W (Moulting

Cluanach, Islay: 55°45'N 06°12'W SCOTLAND (Party of 8)
Cluanach (Party of 8)

Cluanach (Party of 8)

Cluanach(Shot)

Zulu, Eqalungmiut Nupat: 67236‘N 50°37'W GREENLAND (Mou
Cluanach, Islay: 55 45'N 06°12'W SCOTLAND (Party of 8)
Cluanach (Party of 8)

Cluanach (Party of 7, pd A28)

Cluanach (Party of 6)

Cluanach (Party of 6)

Cluanach (Party of 6)

Cluanach (Party of 6)

Cluanach (Party of 6)

Cluanach (Party)

Kilennan, Islay: 55°45'N 06°12'W (Party ot 6)

Cluanach (Party of 6)

Cluanach (Party of 6)

Cluanach (Party of 6)

Cluanach (Party of 6)

Zulu, Lqalungmiut Nupat: 67236'N 50°37'W GREENLAND (Mou
Cluanach, Islay: 55 45'N 06°12'W SCOTLAND (Party of 8,
Cluanach (Party of 8)

Cluanach (Party of 7, pd Al9)

Cluanach (Party of 6)

Cluuanach (Party of 6)

Cluanach (Party of 6, pd A197?)

Cluanach (Party of 6)

Kilennan, Islay: 55%45'N 06°12'W (Party of 6)

Cluanach (Party of 6, pd Al9)

Cluanach (Party of 6)

Zulu, Egalungmiut Nunat : O67036'N050°37'W GREENLAND (Mou
Westfield, Caithness: 58°34'N 03738'W SCOTLAND (Party)
Westfield (Party of 5)

Westfield (Party)

Westfield (Party of 4 + 1 unringed, pd Al67)

Westfield (Party, pd Al6)

Westficld (Pd Al6)

Westfield (Pd Al6)

Zulu, Egalungmiut Nunat : 67°36'N 50°37'W GREENLAND (Mou
Cluanach, Islay: 55°45'N 06°12'W SCOTLAND (Party of 8)
Cluanach (Party of 8)

Cluanach (Party of 8)

Cluanach (Party of 7, pd A24)

Mirrormere, Eqalungmiut Nupat: 67°37'N 50°40'W GREENLAND
Gruinart Flats, Islay: 55°49'N 06°20'W SCOTLAND (Shot)
Mirrormere, Egalungmiut Nunat : 67°37'N 50°40'W GREENLAND
Cluanach, Islay: 55945'N 06°12'W SCOTLAND (Party of 8)
Cluanach (Party of 8)

Cluanach (Party of 7)

Cluanach (Party of 6)

Cluanach (Party of 6)

Cluanach (Party) . 4

Kilennan, Islay: 55 45'N 06°12'W (Party of 6)

Cluanach (Party of 6)

Cluanach (Party of 6)

Cluanach (Party of 6)

(A14, A31 and A38 were associated within the party)

1ting, non-br)
pd A267?)

l1ting, non-br)
)
nged)

roost)

1ting, non-br)

1ting, non-br)

)

1ting, non-br)

1ting, non-br)
pd A197?)

1ting, non-br)

1ting, non-br)

(Moulting, non-br)

(Moulting, non-br)



TABLE D10.5. (continued...3)

278331 49 13.07.79 Mirrormere, Eqalungmigt NunﬁLé 67Y37'N 50°10'W  GREENLAND (Moulting, non-br)
+A32 vv 06.11.79 Avenvogie, Islay: 55744'N 06°13'W SCOTLAND (Pd A18)

vv 01.12.79 Avenvogie (Pd A18)

vy 02.12.79 Avenvogie (Pd Al18)

vv 05.12.79 Avenvogie (Pd A18) . &

vv  14.02.80 Cluanach, Islay: 55 745'N 06 °12'W (Pd Al18)

vv 15.02.80 Cluanach (Pd A18)

vv 18.02.80 Cluanach (Pd A18)

vv 28.11.80 Cluanach (Pd A18)

vv  05.12.80 Cluanach (Pd A18)

vv 21.12,80 Cluanach (Pd A18)

vv 09.01,81 Cluanach (Pd A18)

vv 09.02.81 Avenvogie (PPd A18)

vv  14.02.81 Kilennan, Islay: 55°45'N 06°12'W (Pd A18)

vv 14.03.81 Cluanach (Pd A18)

vv 22.03.81 Cluanach (Pd A18)

vv 01.04.81 Cluanach (Pd A18)

vv 16.04.81 Avenvogie (Pd A18)

278332 49 13.07.79 Mirrormere, Eqalungmiut Ngnét: 63037'N 50°40'W GREENLAND (Moulting, non-br)
+A33 vv 20.01.80 Westfield, Caithness: 58°34'N 03°38'W SCOTLAND (Party)

vy 22,02.80 Westtield (Party of 5)

vv 15.03.80 Westtfield (Party)

vv 30.03.80 Westfield (Party)

vv 30.12.80 Westfield

vv 23.02.81 Westfield (Party of 4 + 1 unringed, with which pd)

vv 22.03.81 Westfield (Party)

vv 04.04.81 Westfield (Party, pd, mate unringed)

278333 4$ 13.07.79 Mirrormere, Egalungmiut Ngnﬁt: 63037'N 50°40'W  GREENLAND (Moulting, non-br)
+A34 + 09.01.80 (Thurso), Caithness: ¢.58 35'N 03732'W SCOTLAND (Shot)

278334 45 13.07.79 Mirrormere, Eqalungmiut Nunat: 67°37'N 50°40'W GREENLAND (Moulting, non-br)
+A35 vv  20.01.80 Westfield, Caithness: 58°34'N 03°38'W SCOTLAND (Party)

vv 22.02.80 Westfield (Party of 5)

vv 15.03.80 Westfield (Party)

vv 30.03.80 Westfield (Party)

+ 31.01.81 Shebster, Caithness: 58°33'N 03°40'W (Shot)

278335 49 13.07.79 Mirrormere, Eqalungmiut Ngnﬁt: 63037‘N 50°40'W GREENLAND (Moulting, non-br)
+A36 vv 21.02.81 Westfield, Caithness: 58 34'N 03 '38'W SCOTLAND

vv 23.02.81 Westfield (Party of 4 + 1 unringed)

vv 05.04.81 Westfield (Not in party)

278337 49 13.07.79 Mirrormere, Eqalungméut Nunﬁg: 67°37'N 50°40'W GREENLAND (Moulting, non-br)
+A38 vv 15.02.80 Cluanach, Islay: 55°45'N 06 °12'W SCOTLAND (Party of 6)

vv 17.02.80 Cluanach (Party of 8)

vv 09.04.80 Cluanach (Party of 7)

vv 22.12.80 Cluanach (Party of 6)

vv 28.12.80 Cluanach (Party of 6)

vv 29.12.80 Cluanach (Party)

vv 08.02.81 Kilennan, Islay: 55%°45'N 06“12'W (Party of 6)

vv 22.03.81 Cluanach (Party of 6)

vv 31.03.81 Cluanach (Party of 6)

vv 10.04.81 Cluanach (Party of 6)

(A14, A31 and A38 were associated within the party)

278341 4d 26.07.79 Worm, Egalungmiut gunﬁt: q7o41'N 50°16'W GREENLAND (Moulting, non-br)
+A43 £ 04.12.79 Laggan, Islay: 5543'N 06°19'W SCOTLAND (Shot)
(Weight 2.8 kg when ringed, 3.1 kg when shot)

278343 49 26.07.79 Worm, Eqalungmiut Nu3£1: 67241'N 50°16'W GREENLAND (Moulting, non-br)
+A15 vV 26.03.80 Cornabus, Islay: 55°38'N 06Y14'W  SCOTLAND (Parly ol 3)

vv  28.03.80 Cornabus (Party of 3)

vv 23.03.81 Cornabus (Party of 3, pd A51)

278346 42 26.07.79 Worm, Eqalungmiut Nunat: 67°41'N 5q“16'w GRELENLAND  (Moulting, br)
+A48 vv 30.03.80 Loch Heilen, Caithness: 58°36'N 03°17'W SCOTLAND

278348 49 26.07.79 Worm, Eqalungmiut Nugét: 67°41'N 50°16'W GREENLAND (Moulting, non-br)
+A50 vv 23.03.81 Cornabus, Islay: £55°38'N 06°14'W SCOTLAND (Party of 3)

278349 44" 26.07.79 Worm, Eqalungmiut Nugat: 67841'N 50”16'W GREENLAND (Moulting, non-br)
+A51 vv 26.03.80 Cornabus, Islay: 557°38'N 06°14'W SCOTLAND (Party ol 3)

vv 28.03.80 Cornabus (Party of 3)

vv 23.03.81 Cornabus (Party of 3, pd A45)

278354 1 27.07.79 Lake 72, EqalungmiutoNunét: 67°42'N 50°13'W GREENLAND (Parents A53/A547)
+A56 vv 26.03.81 Eorrabus, Islay: 55 48'N 06°13'W  SCOTLAND (Pd? to unringed bird)

278358 4  27.07.79 Lake 42, Egalungmiut Nunat: 67843’N 50°13'W GREENLAND (Moulting, non-br)
+A60 vv 25.12.80 Islay House, Islay: 55°47'N 06°15'W SCOTLAND

136



TABLE

D10.5.

278359
+A61

278362
+A64

278363
+A65

278364
+A66

278365
+A67

278366
+A68

278367
+A69

278372
+A74

278374
+A76

278376
+A78

278378
+A80

278379
+A81

278384
+A86

278385
+A87
278386
+A88

278387
+A89

278389
+A91

vv
vv
vv
vv
vv
vv
vv
vv
vv

ad
vv
vv

59
vv
vv

vv
vv

14
\'AY
Vv
vv
vv
vv
vv
vv
vV

vv
vv
vv
ViV,
vv
vv
vv
vv
vv

vv
vv
vv

vv
Vv

(continued...4)

27.07.79
17.02.80
12.11.80
05.12.80
11.12.80
21.12.80
24.12.80
09.01.81
09.02.81
12.02.81

28.07.79
06.11.,79
05.12.79
29.01.81

28.07.79
06.11.79
05.12,79

28.07.79
06.11.79
05.12.79

28.07.79
06.11.79
05.12.79

28.07.79
06.11.79
05.12.79

28.07.79
06.11.79
05.12.79

29.07.79
10.10.80

06.08.79
22.02.80
15.03.80
30.12.80
21.02.81
15.03.81
21.03.81
22.03.81
29.03.81

06.08.79
22.02.80
15.03.80
30.12.80
21.02.81
15.03.81
21.03.81
22.03.81
29.03.81
04.04.81

06.08.79
19,02,80
21.12.80
30.12.R0

06.08.79
22.02.80
15.03.80

06.08.79
19.02.80
21.12.80
30.12.80

06.08.79
14.10.79

06.08.79
19.02.80
21.12.82

06.08.79
19.02.80
21.12.80
30.12.80

06.08.79
23.11,.79

Lake 42, Eqalungmiut Nunat: 67°43'N 50°13'w

Cruach (Pd, mate unringed)

Cruach (Pd, mate unringed)

Cruach (Pd, mate unringed)

Cruach (Not pd, following shoot c.14.12.80)
Cruach (Not pd)

Cruach (Not pd)

Cruach (Not pd)

Cruach (Pd to new mate, unringed)

Lake 33, Egalungmiut gunét: g7°42'N 50°15'W
Avenvogie, Islay: 55 44'N 06°13'W SCOTLAND
Avenvogie (Pd A65, g young)O

Mulindry, Islay: 55°45'N 06°13'W (Shot)

Lake 33, Bqalungmiut Nunat: 67°42'N 50°15'W
Avenvogie, Islay: 55°44'N 06°13'w SCOTLAND
Avenvogie (Pd A641, 41 young)

Lake 33, LEgalungmiut gunét: 67042'N 50°15'W
Avenvogie, Islay: 55°44'N 06°13'W SCOTLAND

GREENLAND (Moulting, non-br)
Cruach, Islay: 55°45'N 06°16'W SCOTLAND (Pd, mate unringed)

GREENLAND (Moulting, pd A65, br)

(Pd A65, 4 young)

GREENLAND (Moulting, pd A64, br)

(Pd A64, 4 young)

GREENLAND (Parents
(With parents)

A64/A65)

Avenvogie

(With parents)

(Parents A64/A65)

(Parents A64/A65)

Lake 33, Eqalungmiut Nunat: g7°42'N 50°15'W GREENLAND
Avenvogie, Islay: 55°44'N 06°13'W SCOTLAND (With parents)
Avenvogie (With parents)

Lake 33, LEgalungmiut Nunit: g7°42'N 50°15'W GREENLAND
Avenvogie, Islay: 55°44'N 06°13'W SCOTLAND (With parents)
Avenvogie (With parents)

Lake 33, Eqalungmiut Nunat: 67°42'N 50°15'w

Avenvogie, Islay: 55%44'N 06°13'W SCOTLAND
Avenvogie (With parents)

Lake 58, Eqalungmiut Nunat: 67°38'N 50012'W
Holmar, Austur Landeyjar: ¢.63°45'N 20°00'W

GREENLAND (Parents
(With parents)

GREENLAND (Parents
ICELAND (Shot)

Axewater, Eqalungmiut Nungt: 67086'N 50°30'w GREENLAND (Parent
Westfield, Caithness: 58”34'N 03°38'W SCOTLAND (With parent/s)

AG4/A65)

A70/A72)

278390)

Westfield

(With parent/s)

(Parent 278390)

Westfield (Party with sibling and parent)
Westfield (Party with sibling and parent)

Westfield (Party with sibling and parent)

Westfield (With parent and unringed ¢ in party of 4)
Westfield (With parent and unringed ¢ in party of 4)
Westfield (With parent and unringed o” in party of 4)
Axewater, Egalungmiut Nunat: 67°36'N 50°30'W GREENLAND
Westfield, Caithness: 58°34'N 03°38'W SCOTLAND (With parent/s)
Westfield (With parent/s)

Westfield (Party with sibling and parent)

Westfield (Party with sibling and parent)

Westfield (Party with sibling and parent)

Westfield (With parent and unringed ¢ in party of 4)
Westtfield (With parent and unringed o in party of 4)
Westfield (With parent and unringed o in party of 4)
Westfield

Axewater, Egalungmiut Nunag: 67°3g'N 50°30'W GREENLAND
Machrihanish, Kintyre: 55°26'N 05%1'w SCOTLAND (With
Machrihanish (Party of 4 siblings)

Machrihanish (Party with parent A96)

Axewater, Eqalungmiut Nunit: 67°ge'N 50°30'¥ GREENLAND
Caithness: 587°34'N 037°38'W SCOTLAND (With parent/s)

Westfield,

Westfield

(With parent/s)

Axewater, Eqalungmiut Nunat: 67°36'N 50°30'W GREENLAND
Machrihanish, Kintyre: 55°26'N 05°41'W SCOTLAND (With
Machrihanish (Party of 4 siblings)

Machrihanish (Party with parent A96)

Axewater,

Eqalungmiut Nunag: 67°36'N 50°30'W GREENLAND

Biskupstungur: 64°15'N 20°30'W ICELAND (Shot)

Axewater,

Eqalungmiut Nunat: 67°36'N 50°30'W GREENLAND

Machrihanish, Kintyre: 55°26'N 05°41'W SCOTLAND (With
Machrihanish (Party of 4 siblings)

Axewater, Eqalungmiut Nunit: 67°36'N 50°30'W GREENLAND
Machrihanish, Kintyre: 55°26'N 05°41'W SCOTLAND (With
Machrihanish (Party of 4 siblings)

Machrihanish (Party with parent A96)

Axewater,

Eqalungmiut Nunat:

67°36'N 50°30'W GREENLAND
Machrihanish, Kintyre: 55°26'N 05°41'W SCOTLAND (Shot)

(Parents A94/A96)
parents)

(Parent 278390)

(Parents A94/A96)
parents)

(Parents A94/A96)
parents)

(Parents A94/A96)
parents)

(Parents A94/A967)



TABLE D10.5.

278390 40
+leg 'A%
injury VvV
vV
vV
\2Y
vV
vV
vV
278393 4
+A94 Vv
278395 49
+A96 vV
Vv

(continued...b)

06.08.
22.02,
15.03.
30.12.
21.02.
.81
21.03.
22.03.
29.03.

15.03

06.08.
19.02.

06.08.

79
80
80
80
81

81
81
81

T9
80

9

19.02.80

30.12.

80

Axewater, Eqalungmiut Nunat: 67°36'N 50°30'W GREENLAND (Moulting, br)
Westfield, Caithness: 58°34'N 03°38'W SCOTLAND (Pd, 3 young)
Westfield (Pd, 3 young)

Westfield (Party with last year's young)

Westfield (Party with last year's young)

Westfield (Party with last year's young)

Westfield (Party of 4 with last year's young and unringed &)

Westfield (Party of 4 with last year's young and unringed o)

Westfield (Party of 4 with last year's young and unringed o

Axewater, Eqalungmiut Nunég: 6703g'N 50°30'W GREENLAND (Moulting, pd A96,
Machrihanish, Kintyre: 55 26'N 05 °41'W SCOTLAND (Pd A96, 4 young)

Axewater, Eqalungmiut Nunat : 6703g'N 50°30'W GREENLAND (Moulting, pd A94,
Machrihanish, Kintyre: 55 26'N 05 41'W SCOTLAND (Pd A94, 4 young)
Machrihanish (Party with last year's young, not pd)

In addition one Darvic ringed White-front was glimpsed on 30.12.79 at Akeragh Lough, Co. Kerry,
IRELAND (not a usual haunt), and two were unread on 09.04.80 on Inchmore Island, Lough Gara,

Co.Sligo, IRELAND.

br

br



D11 PARASITES RECORDED FROM GREENLAND WHITE-FRONTED GEESE
D. A. Stroud

Two cases ol cestode infection were reported from Greenland. A mature segment was found in
faeces collected from Upper Marsh in June, while a more or less complete Drepanidotaenia barrowensis
(Schiller 1952) was found at the end of Lake 33 on 28 July. The latter was lying in shallow water
where a family had been gathered prior to driving them into the nets and had presumably been passed
by a goose during the stress of the catch. This species has also been reported from the Paciflic
White-front in Alaska and the genus 1s a common parasite of wild ducks and geese.

In addition, the cestode Hymenolepis creplini (Krabbe 1869) was found in the upper small intestine
of a juvenile Greenland White-front shot on Islay in November 1980.

The ncmatode Heterokis dispar (Schrank 1790) was found in the caecae of two geese of 24 birds shot
on lslay during the period November to January 1980/81. One infected bird was an adult, the other

juvenile.

As fur as is known, there have been only three other accounts of the parasites of the Greenland
White-tronted Goose. Nielsen (1907), Henriksen and Lundbeck (1917) and Henriksen (1939) all record
Trinoton conspurcatum, Lipeurus jejunus and Docophorus icterodes (Mallophaga) on White-tronted Geese caught in
Gaase Land, east Greenland (70015'W). These are obviously misidentifications of Pink-footed Geese.

D12 PLUMAGE VARIATION IN THE GREENLAND WIITLE-FRONTED GOOSE
D. A. Stroud

INTRODUCTION

It is usually the case that when any animal population is studied closely enough it is possible
to tell individuals apart. The intention of our photographic study was to confirm this for the
Greenland White-fronted Goose, as well as to investigate the rather extreme and biologically unexplained
variation of the dark breast and belly bars, and the extent of the white forchead patch.

Plumaye descriptions: Adults:

Adult birds have a brown head, neck and chest, with darker brown on the nape and crown. The
lorehead and area around the base of the beak is white, bordered by a darker area which gradually
merges with the head colour away from the bill. The white of the forehead patch does not usually extend
to above the cye as in the Lesser White—-front, although it does in some individuals. The throat is
sometimes dark brown, contrasting with the paler brown sides of the head and neck. The feathers of
the mantle, scapulars, sides of the body and flanks, broadly tipped buff to white. The belly and sides
of the body also have varying amounts of black feathers (edged white when fresh), forming irregular
durk patches or often transverse bars. The back and rump are also grey-black, with white under-tail
coverts. The sides of the belly anterior to the under-tail coverts are frequently darker than the rest
of the belly and breast base colour (Cramp and Simmons 1977).

Juveniles:

The juvenile plumage 1is similar to that of the adult, but the forchead is brown-black with no
white, although these feathers have a white base which sometimes becomes visible by wear. The rounded
{cathers of the breast and belly are grey-brown edged with pale grey giving the breast a scaly appear-
unce. The plumage of the head is renewed mainly in November and December, although that of the fore-
head may be somewhat later (Lebret 1968). In some late moulting birds the forehead moults directly
to white, but often the moult gives new black forehead feathers in December to January with white
appearing from January onwards. There is some moult of the mantle, scapulars, chest and longer flank
teathers between November and January with all body feathers being renewed by February. Sometimes
much of the juvenile belly, back, tail and wing coverts are retained until at least March. The most
striking feature of first summer birds is their lack of black feathers on the belly (Cramp and Simmons
1977).

One of the distinguishing features of flavirostris is the generally darker plumage together with
much heavier markings on the breast and belly; however individual variation in albifrons and flavirostris
results in some overlap, making separation using this feature alone unreliable (Dalgety and Scott 1948,

Salomonsen 1948a). The variation in the belly markings ranges from complete absence of dark feathers
to complete absence of pale feathers. Boyd (1953) used the variations in the shape of the white fore-
heud und the belly markings of albifrons to idenitfy individuals in a flock. The variation we saw was

sufficient Lo suppose that each bird, in any season, has a unique breast pattern.

METHODS

Three photographs were taken of each adult goose ringed, a ventral and two lateral views. This
was primarily intended as a record of breast bars, although the head appears in most allowing the
forehead variation to be shown (Figure D12.1) and investigated. On the basis of darkness of belly the
geese can be placed in one of five categories (Figure D12.2).
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Figure D12.2. Character states used in the scoring of belly barring in Greenland White-
fronted Geese (Anser albifrons flavirostris).

Figure D12.3. "Frons extent index'" is calculated from the formula (a x 100) /b using the
ratio of the measurements a and b shown above.
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TYPE I: These birds have less than 20% of the feathers of the breast and belly tipped dark. Single
black feathers may occur but with few, if any, transerve bars.

TYPE II: Between 20 and 40% of the breast and belly is covered with black, arranged in bars and patches.
The impression given is of heavy dark flecking on a light background. The black of the belly never
reaches as far as the vent.

TYPE III: Type III birds have a roughly equal proportion of dark and light feathers (40 and 60%).
The dark areas form thick transverse bars that extend well up on both sides of the bird. Dark feathers
also frequently extend to near the vent.

TYPE IV: These birds are predominately dark (60 and 80%) with black flecking reaching the vent.

TYPE V: Type V birds have more than 80% of the breast and belly covered with black feathers and may
show no pale plumage at all.

The extent of the white forehead was measured from those slides where the head was held at right
angles to the camera, and is expressed as a percentage of the distance between the top of the beak and
the anterior edge of the eye (TFigure D12.3). Wherever possible both sides of the head were measured
and a mean value taken. However the sample size is such that it has not been possible to test for
significant differences between one side of the head and the other. It is thought 1likely that there
is no difference, however.

RESULTS

Table D12.1 shows the distribution of the plumage types in each catch, and the scores of breeders
and non-breeders. Individual scores are given in Table D10.1. Birds were assessed as breeders or non-
breeders in mixed flocks by their moult score (section D10). Some flocks, e.g. Zulu, have a high
proportion of light coloured birds, whilst others, such as Worm, have many dark birds. However there
is no significant difference between the darkness of breeders and non-breeders (Table D12.1). Sexes
were assessed by weights, skull measurements and subsequent observations in Britain. There does seem
to be a difference (Figure D12.4) in that the males are darker than females, although this is just not
statistically significant. Birds which it was not possible to sex have a frequency distribution of
darkness scores intermediate between that of the males and females. Boyd (1954) also found that whilst
the males of 26 pairs of A. a. albifrons were slightly darker than the females, this difference was not

statistically significant (males = 27% of lateral surface dark, females = 23%).

TABLE D12.1. Proportion of different plumage types in each roundup.

LAKE TYPE I TYPE II TYPE III TYPE 1V TYPE V TOTAL
% Dark - 0 - 20 20 - 40 40 - 60 60 - 80 80 - 100 (adults)

Zulu 7 4 4 1 i | 17
Mirrormere 5 1 2 0 1 9
Worm 1 0 1 5 3 10
Lake 73 0 0 1 1 [0] 2
Lake 33 it 0 1 0 0 2
Lake 58 0 2 1 0 0 3
Axewater 3 0 3 0 1 7
TOTAL 17 7 13 7 6 50
Non-breeders 12 (34%) 5 (14%) 8 (23%) 5 (14%) 5 (14%) 35
Breeders 5 (33%) 2 (13%) 5 (33%) 2 (13%) 1 (7%) 15
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Figure D12.4. Sex differences in plumage barring types in male, female and unsexed birds.

Histogram blocks 1-5 correspond to barring types I-V.
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TABLE D12.2. Changes in breast darkness of known geese over c.18 months.

ORIGINAL SCORE

1 2 3 4 5
1 6 2
=]
[:] 2 3 1 1
[e]
% 3 i 2
@ 4
5]
[~ 5 1
TABLE D12.3. Comparison of belly barring with mean frons extent in males, females, non-
breeding and non-breeding Greenland White-fronted Geese (Anser albifrons
flavirostris).
FRONS EXTENT
BELLY DARKNESS MEAN FRONS EXTENT(%) +S.E. n
1 27 .33 4.33 9
2 49.00 2.44 6
3 38.00 4.42 10
4 39.00 4.15 7
5 42,00 2.33 9
All Males 40.00 3.88 13
All females 38.27 4,22 11
Non-breeders 34.80 7.21 13
Breeders 42.30 2.88 12

In winter 1980/81 observations were made on the darkness of ringed birds on Islay. Although
limited in number the results are presented in Table D12.2 and show that whilst some have increased
the degree of darkness, most have stayed the same and a few have got lighter. Comparison of photo-
praphs taken in 1979 and 1981 of several individuals show that the patterns are broadly similar. In
those that have got darker, the origin of dark bands and patches in 1981 can be seen in smaller
groupings of dark feathers present in 1979.

The results of the measurements of forehead extent are presented in Table D12.3 and show that,
whilst there is no relationship between extent of the forehead, darkness of belly and sex, the breeding
birds have a bigger white patch than non-breeders, this is not however, a significant difference.

DISCUSSION

Boyd (1954) examined the proposition of Tucker (in Witherby 1939) that the variability of the
belly markings is not related to age or sex. By taking a series of photographs of the same geese in
the collection at Slimbridge he was able to show that in a sample of 31 birds there was no direct
relationship between age, sex or degree of dark barring. Over three years, two birds showed a marked
increase in darkness, six showed a lightening whilst there was little change in the degree of barring
in the remaining 23. Similarly enigmatic results are shown by this limited investigation, and it is
obvious thut a much bigger sample followed over many more years is needed. Nevertheless, the results
presented here suggest that there is probably a difference in darkness between the sexes.

It is unusual for such a high degree of individual plumage variation to occur in a monotypic
goose, and certainly for the White-front there seems to have been no previous investigation of its
functionual significance. The variation would facilitate individual recognition, but would seem to be
rather extreme just for this reason. Prevett and Maclnnes (1980) found that juvenile Lesser Snow
Geese, separated from their parents on migration, would frequently rejoin them during the winter. This
recognition must be largely behavioural, and if a Snow Goose is able to discriminate amongst 163 000
individuals, then presumably other geese have a similar capacity.

A more attractive theory is that the markings act as a signal of social status. Rohwer (1975)
hypothesised that winter-plumage variability in birds was related to the social system through which
access to resources is controlled. '"When individuals compete for resources through territorial
systems a single plumage type should be advantageous; when individuals compete through dominance
behaviour, variations in plumage which serve to signal dominance status are increasingly advantageous
as flock stability declines'. He confirmed that the plumage of winter flocking species was more variable



than that of winter territorial species and that individual plumage differences signal dominance status
in Harris Sparrows (Rohwer 1977, Rohwer and Rohwer 1978). This latter prediction from the theory has
also been confirmed for the variable Dark-eyed Junco (Balph, Balph and Rosenburg 1979). The evolution-
ary outcome of this sort of signal is to reduce actual conflict in favour of ritualisation (see Dawkins
and Krebs 1978 for a discussion of this and counter strategies), and both incoming and established
flock members can accurately assess the social status of any bird without engaging in energetically
costly fights.

Greenland White-fronts are a winter flocking species, although the social system is somewhat
ditfferent from the dominance systems of variable plumage, seed-eating passerines, particularly inasmuch
as the family unit continues over the course of the winter. It would seem likely that plumage
variation of the degree shown by these geese, operates as some sort of social signal, although whether
in exactly the same manner as has been shown for other species remains to be seen.

The use of plumage patterns to identify geese in successive years would seem to be of doubtful
value. In some cases the patterns change significantly, and thus although unique in any season, belly
markings do not seem to have the same long-term stability as some other individually diagnostic features
such as the bill markings of Bewick's Swans (Scott 1966).

A suggested explanation of the darker males relates to the postural differences between the sexes
during incubation (W. Sinclair pers. comm.). The male spends a large part of the time standing (either
roosting or alert), and particularly during May and June will have considerable light from snow and
ice reflected on his breast and belly. In this situation where the light source is, in effect, from
below, the dark underside and light upper surface is a reversal of the normal counter-colour shading.
The effect will therefore be to lessen the conspicuousness of the standing goose. The female, on the
other hand, spends most time sitting and has less need of a dark underside. Before nesting she has the
protection of the flock or her mate, and after nesting the snow and ice will have melted. This
camouflage is thus of value only to the solitary male,
Arctic Fox.

against attack by, for instance, a stalking
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D13 MISCELLANEOUS NOTES ON THE GREENLAND WHITE-FRONTED GOOSE IN EQALUNGMIUT NUNAT
CALLS

The call of the female is much lower than that of the male. Virtually all flying geese in May
and June were heard calling, but as the moult approached, the birds became quieter, and in late July
and August, very few were heard. The females became silent before the males and throughout the trip
to the ice-cap on 27-30 June, no calling female was heard.

Several variants on the disyllabic call were heard. A pair was seen during 12-23 June, the
female of which had a very distinctive 'honk'. The alarm call of both sexes is higher pitched than
the usual call and was heard on only a few occasions, notably in the presence of eagles.

The flight call of the geese has been variously rendered as 'kyow-lyow" or 'lyo-lyck' (Scott
and Boyd 1957), "ki-lick" or '"kla-lick" (Rauer and Glutz 1968), "kru-it" (Salomonsen 1950a).

(DAS)

HIGH WINDS

On 12 June (02.55-03.30 hours) an extraordinary display of flying was seen in gale force winds.
A pair of geese was noticed gliding along the top of the ridge above Base Camp (575 m). They were using
the updraft, and gliding with arched wings and legs fully lowered (possibly in a steering or braking
function). Every so often they would go through all the motions of landing but then speed away at
the last moment. Occasionally, they did land for a short break before launching themselves into the
updraft again. The observers got the impression that the geese were not trapped within the updraft
and were quite capable of leaving had they wanted to. In Base Camp, winds of over 80 kph were
recorded, but higher up the wind was certainly stronger.

(APF, JF)

COPULATION

Copulation was seen only once in Eqalungmiut Nunat during 1979. One of the goose pairs under
continuous observation on Kik Marshes was seen to walk deliberately towards a small shallow pool at
11.56 hours, 10 May. 'The display was initiated by swimming and drinking for two minutes, until the
two birds began to swim about each other, engaging .in exaggerated drinking movements. Copulation took
place whilst standing in the water, the female standing with the gander balanced on her back, flapping
his wings and pecking her neck. The duration of the mount was no more than five seconds, whereupon the
pair washed and preened for a minute before commencing feeding.

(IM)

SOMERSAULTING

At 16.41 hours, 24 May, a single female goose alighted on one of the pools on George Eliot,
drinking briefly. She fed for a short time and then started to preen, beginning on the breast and
working along the flanks. The bird then motioned to up-end, but flung her entire body over on to her
back, flailing her legs in the air as the position was held, belly uppermost, with her head, neck and
back completely submerged. This position was maintained for a few seconds before the bird returned
to the upright posture by rolling to the right and flapping the left wing. The sequence of events was
repeated nine times before she emerged on to the bank to dry and preen.

This behaviour has been noted on the wintering grounds by Bayldon (1970) and witnessed by DAS and
PCD at Loch Shiel, Inverness-shire amongst a group of some eleven birds out of a flock of c.46. In all
cases, it would appear that the behaviour is associated with preening.

(ADF)
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D14 THE STATUS OF THE GREENLAND WHITE-FRONT IN EAST GREENLAND
D. A. Stroud & A. D. Fox

The few sightings of Greenland White-fronted Geese in east Greenland permit a brief summary of
their status to be presented. The general lack of sightings is probably due to the paucity of observers
and the assumption that all grey geese are Pink-footed Geese. However, there may be scattered
observations unpublished, or in foreign literature and expedition reports unknown to us, so we would
be grateful for further records to incorporate in a fuller analysis at a later date.

The flight line of the geese on migration is thought to take them from west Iceland, where they
stage in spring and autumn, across the east coast of Greenland where they pass over the Tasiusaq
(Angmagssalik) District. While Brent Geese cross the ice-cap on a line Tasiusaq - Disko Bay (Salomonsen
1950a), many of the White-fronts may take a more southerly route (Wilson 1981). There are no data
on numbers of geese crossing the ice-cap so it is possible that an unknown proportion round Kap Farvel
and fly up the west coast from the south as Salomonsen (1950a) suggested.

The scattered literature of sightings from east Greenland shows White-fronts are most frequent
in the Tasiusaq District during spring and autumn migration (Figures D14.1 and D14.2) with the
occasional vagrant further north.
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Figure D14.1. Distribution of Greenland White-fronted Goose records from east Greenland.

Shaded area indicates birds from the Tasiusak district, unshaded represent
records from elsewhere.

Figure D14.2. Distribution of Greenland White-fronted Goose sightings in east Greenland.
Each symbol represents a single bird or group of birds except Tasiusaq
from which there are 8 records.
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Helms (1926) gives several sightings in the Tasiusaq area from Cape Dan, Tasiusak and Sermalik,
mostly related to single birds shot by Greenlanders, but including a sight record of a flock on 20 May
in Tasiusak. Chapman gives a record of a single bird sighted just south of Tasiusaq (at 65 30'N) on
18 September and one of another shot at the same locality on 3 May. It would appear that at Tasiusaq,
the main autumn passage occurs between 18 September and 14 October.

Whilst the occurrence of White-fronts in this region is not surprising, there are several records
from north-east Greenland some distance from the migratory flight path. These vagrants associate with
flocks of Pink-footed Geese. Hall and Waddingham (1966) saw a bird in @rsted Dal, Scoresby Land on
18 July and Salomonsen (1950a) reported a single bird at Kap Tobin, Scoresby Sund on 4 September.
Further north, four birds with Pink-footed Geese were seen by Hjort (1976) in Hudsonland.

On 2 August 1870 on Jackson @, off the north-east corner of Hold-with-Hope, Dr R Copeland of
the German North Pole Expedition collected two dark feathers which were identified as belonging to
White-fronted Geese (Koldeway 1874, Finsch 1874). That these feathers probably came from Pink-footed
Geese has been pointed out by Helms (1926), Salomonsen (1950a), and Scott and Fisher (1953) amongst
others. The record of White-fronts in the same area by Kolthoff (1903) is also thought to be suspect
(Lgppenthin 1932). Another possible case of Pink-footed/White-fronted Goose misidentification is
referred to in section D11.

Some birds undoubtedly spend the whole summer in east Greenland. The goose in @rsted Dal in
July 1963, was moulting and flightless and there are several anecdotes given by Helms (1926) suggest-
ing flightlessness, but for the dates of the incidents:

" The method by which some of the White-fronted Geese were caught is very peculiar,
and indicated the strange timidity in the bird. That which was brought in on May
30th 1901, was caught by a dog. The goose was so frightened when it saw the dog
running towards it that it quite forgot the use of its wings. Of the one caught
at Cape Dane on September 22nd 1913, Petersen writes: '"a girl caught it in her
hands, it having fallen amongst some little girls who were playing ball; by scream-
ing and throwing the ball in the air they so scared the goose that it lost its
flying powers." Two years before it is said that something of the same sort happened
in the colony (of Tasiusaq) itself; some boys, by shouting and throwing their caps
up at the goose, made it throw itself to the ground."

The vagrants spending the summer in north-east Greenland may well be the origin of the occasional
White-front x Barnacle Goose hybrids seen on the wintering grounds. It is more likely that the pairing
takes place in east Greenland through which the White-fronts must pass to reach west Greenland rather
than in an area on the west coast, outside any flight path of the Barnacle Goose.
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D15 THE LIFE HISTORY AND ECOLOGY OF THE GREENLAND WHITE-FRONTED GOOSE
A. D. Fox & D. A. Stroud

INTRODUCTION

While it has been convenient to present separately the different studies undertaken in 1979,
there has been no logical sequence. This concluding section serves to draw together the ideas and
information presented in this report and elsewhere into a discussion of the overall life history and
ccology of the Greenland White-fronted Goose, as well as suggesting some of the many areas where
further work would be of value.

EVOLUTION

It is thought that White-fronts evolved from the closely related Grey-lag Goose, since the latter
are known from Pliocene central Europe, whereas the oldest White-front fossils are of Pleistocene
origin (Johansen 1956). It is possible that towards the end of the Tertiary, when the arctic climate
became colder, they segregated from the Grey-lags which remained further south inmore temperate regions
and were of 0l1d World Origin.

During the long Mindel-Riss Interglacial period, the White-fronted Goose spread over the entire
arctic and into the New World, During the following glacial they were again forced south, splitting
into 'Atlantic' and 'Pacific' groups. The Pacific group spread widely from the Bering Sea region
during the last interglacial in both directions. During the last glaciation Anser albifrons albifrons is
survived in north Siberian refuges, whilst the very closely related frontalis survived in the Beringian
Refugium. After the glaciation receded this group spread over the whole of North America (Figure D15.1)
and gave rise to the three subspecies found there today (Johansen 1956). The Atlantic group of
ancestral White-fronts gave rise to flavirostris which survived the glaciation in the ice-free tundras
of the southern North Sea and Ireland. After the glaciation they gradually moved north to their
present restricted range in west Greenland.
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Figure D15.1 Present distribution and taxonomy of the White-fronted Goose (Anser albifrons)
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Ploeger (1968), however, considers that the slight morphological differences between flavirostris
and albifrons point to a common origin, and suggests the present separation was caused by the use of
different refuge areas in the North Sea. Another possibility is that flavirostris detached itself
from the easternmost American White-fronts after these had spread across the North American tundras in
post-glacial times. Against this theory is the present disjunction between the most easterly breeding
American birds and the Greenland population, the considerable morphological differences between frontalis
and flavirostris, and the absence of regularly wintering flavirostris in North America (although there are
occasional records from the eastern American seaboard: Finch 1973, Hewitt 1948, Parkes 1960).

Whatever the precise origins of flavirostris from the original Anser albifrons stock, it is evident
that they represent one of the earliest groups to split off, both on the basis of their morphological
differences and their isolated breeding area. The implication is that the ecology of the Greenland
White-fronted Goose may significantly differ from other White-front races. Certainly in winter they
show many differences in food and feeding habits when compared with A. a. albifrons, having a tendency
to feed on upland bog and rough pasture (section D8). The nesting sites in Eqgalungmiut Nunét, and
probably throughout the range in Greenland, are very different from those chosen by frontalis in Alaska
(Ely 1979), and one should be hesitant in assuming that the summer ecology of the Greenland White-
fronts is the same in any aspect as that of any other race of White-fronted Goose.

SPRING MIGRATION AND ARRIVAL IN WEST GREENLAND

Iceland
Greenland White-fronts occur in Iceland on spring passage, but generally in small scattered parties
contrasting with their autumn occurrence (Ruttledge and Ogilvie 1979, Gardarsson in litt.). The peak

passage occurs between 20-25 April and early May, after the end of the shooting season which currently
ends on 15 March (Ruttledge and Ogilvie 1979). The timing of recoveries of ringed birds, shot over
many years is shown in Figure D15.2. The birds apparently resort to wet grassland areas and hill

bogs in the south-west (see ringing recovery distribution, Figure D15.3), very littlc is known of
their habits at this time, although their food is thought to be young sedge shoots and the over-
wintering bases of Eriophorum ( Gardarsson in litt.). In the absence of information from Iceland and
extensive ringing programmes on the wintering grounds nothing is known about the relative condition

of the birds or their relationships in family or larger units on arrival in Iceland or subsequently

in Greenland. Our observations in Eqalungmiut Nunat suggest that the young second summer birds and
possibly a substantial number of older non-breeders (indistinguishable in the field without marking)
arrive generally later on the breeding grounds than the adult, potentially breeding birds (Section D1).
For young birds, this is probably because there is less need for the time of arrival in Greenland to

be critically linked to the start of plant production, as is essential for the breeding adults. In
the case of the adults which do not successlully breed, it is obviously difficult to determine whether
their late arrival is the cause or effect of their non-breeding status. It may be that the younger

birds are able to feed longer in Iceland, maintaining their condition for the flight to Greenland.
Observations in Scotland have shown that whole wintering flocks depart simultaneously, so if second
summer young do sometimes separate from their parents before arrival in Greenland, this would seem to
take place after they leave the wintering area.
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Figure D15.2. Timing of recoveries of Greenland ringed White-fronted Geese in Iceland

over several years 1946-82.

Figure D15.3. Sites of recoveries of Greenland ringed White-fronted Geese in Iceland over
several years 1?46-82. Square symbols represent sites of recovery for
Eqalungmiut Nunit ringed birds.
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The importance of spring feeding in Iceland for breeding adults remains obscure: in the Lesser
Snow Goose, feeding at regular staging areas en route to breeding areas has been shown to have a
considerable effect on the nutrient reserves of the geese. Female geese feeding at these staging areas
show an increase in protein levels equal to the protein content of an extra egg (Wypkema and Ankney
1979). It is unlikely that the same position prevails with Greenland White-fronts in Iceland as numbers
seen in spring are generally small and the stop-over time brief. There seem few sites of major or
traditional importance but counts of 4000 roosting on Lake Frakkavatn in Safamyri, up to 900 on
Skumsstadavtn and 1200 at Ferjubakkafléi-Nordura (Gardarsson 1976) are significant. However, more
detailed studies in Iceland would clarify the situation and should be a future priority.

Arrival in Greenland

The earliest arrival of the adult geese in Greenland coincides with the tirst thaw at the lowest
altitudes, where food can be exploited in the absence of young birds yet to arrive (Section D1). The
torage at this time consists of subterranean perennating organs of plants restricted to the lowland
mature sandur flats. Whilst this forage appeared sparse and poor, such plant material contains its
highest concentrations of protein, carbohydrate and mineral nutrients just prior to the major onset
of growth (Section D8).

Observations from this early period suggest an interaction between the constraints of optimal
feeding in solitary pairs and in larger flocks. The high threat of predation (Section D3) lavours
the sharing of vigilance by a large group and thus a social feeding stategy, whilst agonistic
behavioural interactions between feeding pairs, resulting from the defence of mobile feeding territories
and the patchy nature of the food resource, would appear to favour solitary feeding. The result seems
to be a compromise, with the limited food supply tending to concentrate birds into small areas, with
social feeding and shared alertness, to the advantage of ganders which are consequently able to
feed for longer periods (Section D2). However it is clear that many geese feed as solitary pairs
and this became increasingly common as May progressed, leading eventually to the departure of breeding
pairs away from the sandur areas in mid-May to feed in other lowland and mid-altitude marshes as they
become progressively freed by thaw (Sections D1 and J2).

The concentrations of early arrivals in Greenland at a small number of traditional lowland sites
seems to be a common phenomenon throughout the range of the Greenland White-fronted Goose, and it is
thought that the arrival patterns observed on Kuk Marshes are probably similar at other such sites,
with birds commonly feeding on the highly nutritious overwintering parts of Triglochin palustre and
Puccinellia deschampsioides. It is important to determine the significance of these arrival arecas for the
geese, particularly with respect to their contribution to the nutrient reserves of the females. Lt
the population continues to decline in numbers as it has done in the past (Ruttledge and Ogilvie 1979)
for whatever reason, it may be that protection of geese {rom disturbance on these leeding grounds is
an effective way of increasing breeding success. As it is, some of the sites seem to be subject to
heavy disturbance from shooters (Section D3) since they are the only areas which ever hold high
densities of geese in west Greenland. Further ringing on an extensive basis is also needed to show
whether older birds arrive before immature birds in Greenland. Again this has implications for the
continuance of shooting on the arrival areas in Greenland, since it is possible that shooting of the
first arrivals early in the season might result in a disproportionate kill of breeding adults.

Prospecting for nest sites commenced in mid-May, and those selected were near lowland and mid-
altitude Sphagnum-Eriophorum dominated wetland marshes, providing the gander with suitable feeding close
to a nest site which gave the female a view of the surrounding terrain (Section D4). There seemed
to be abundant marshes and flush sites suitable for breeding geese, and this habitat is also of
importance for the feeding of arriving non-breeders before they move to the plateau in search of
prime forage. It is postulated that the breeding males tolerate the non-breeding birds on the nesting
marsh because of the large amounts of suitable food and the transitory nature of their competition
(Section D6).

BREEDING

As breeding pairs settle around the lowland and mid-altitude marshes, the non-breeding and
presumably failed-breeding element of the population move to higher altitudes to benefit from the
later initiation of plant production there (Scction D1). The margins of the upland platcau lakes
form an even larger expanse of suitable feeding than that previously exploited in the lowland marshes.
The geese begin to graze on the leaves of Carex rariflora, gradually neglecting the underground storage
organs which previously dominated the diet. Further work is needed to investigate the hypothesis
that the geese are able to optimise food intake by positional means (moving with the thaw) and social
means (feeding in flocks). The effect of this feeding strategy on survival and breeding success is also
of interest. Initially the non-breeding groups were small, gradually aggregating into larger flocks
with social advantages. This probably minimises predation mortality later when the geese become
flightless during moult.

For all located nests, the feeding area nearby included an Eriophorum angustifolium dominated marsh,
with a food supply for the female during her recesses (Sections D4 and D6). There was little evidence
of any territorial aggression by the gander despite the solitary nesting habits; the observed male
apparently tolerated the presence of other breeding ganders and occasional groups of non-breeding birds
on the marsh. However, on one marsh with two, possibly three, breeding puirs nearby, only one nest
was successful. Aggressive interactions were seen more commonly between breeding males than between
breeding males and non-breeding geese. Despite his absence from the nest arca, the gander apparently
fulfils a limited protective function during incubation, although he has sufficient time to feed during
most hours of the day and thus to maintain, if not improve, his physiological condition prior to the
assumption of the dominant role within the family (Sections D6 and D9).

During the 26-day incubation period of the observed pair (Section D6), the overall alertness of
the pair progressively increased. The gander positioned himself close to the nest during the times of
egg-laying, but except for short periods during incubation he remained some distance from the nest
feeding on the marsh, returning to the nest just prior to the hatch. Both geese showed diurnal
rhythms of activity, correlated with changes in environmental variables and predator abundance, and
it is thought that the diurnal pattern of vigilance 1is timed to maximise the chances of predator
detection. This apparent relationship between diurnal predator behaviour and diurnal goose behaviour
needs further study to see if it is indeed causal, or if both are due to other or the same factors,



The physiological stress imposed on the female during incubation is reflected in the increased frequency
and duration of her feeding recesses during incubation. The female was accompanied by the gander when
feeding and most recesses occurred in the late evening when there was least predator activity (Section
D6) .

At one nest a young bird, probably in its second summer, was seen at the nest at the end of
incubation. This, and other observations of immature birds accompanying parents with goslings (Section
D9) suggest that Greenland White-fronted Geese show a form of alloparental care, where young stay with
their parents in an extended family relationship, and assist in caring for the young of the year (in
this case by sharing vigilant behaviour with the gander). Such behaviour has previously been reported
for the Pacific White-fronted Goose (Ely 1979) and may be a common feature of White-front breeding
biology. It is possible that it is shown to a greater extent in Greenland White-fronts than other races,
although further studies are needed to determine the costs and benefits of this behaviour to both the
immature goose and the adult parents.

The non-breeding part ol the population follows the thaw on to the plateau in early to mid-June,
whercas the breeding birds are more restricted in their feeding sites, remaining on the breeding
marshes until the end of June. Once the goslings hatch they are taken immediately on to the plateau
to find forage. The implication is that in the latter part of incubation the gander (and the goose on
her feeding recesses) is feeding on sub-optimal forage.

POST-INCUBATION

Immediately after hatching, the gander assumes a sentinel role in the family,giving both the
female and goslings maximal opportunity to feed. Vigilance is maintained at the expense of all other
non-alert activities, and directly benefits gosling feeding in a fashion similar to the protective
role with the female during the pre-nesting phase (Sections D2 and D6). In both observed cases,
families were led away from their lowland nest areas up on to the plateau to exploit later emerging
upland food plants (Section D9). The gosling diet differs from that of the adults despite the fact
that the food plants of adults and goslings grow together, hence reducing competition within the
family. As the goslings grew, the time spent feeding by them decreased, associated with the gradual
change in diet which increasingly resembled that of the adults. This adult food may be more efficiently
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