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Summary

Actual predation is rarely observed in the field, and therefore the role of predators is often
severely underestimated. Species are limited in their distribution, which is caused not only
by predation but also by the anti-predator behaviour that prey-species have developed
under the continuous selection pressure of predators. How finely tuned this behaviour can
be, is illustrated in this paper by the way in which Dark-bellied Brent Geese play one pred-
ator against another. Snowy Owls keep Arctic Foxes at bay, and so in years when lemmings
are abundant Brent Geese can safely nest in association with nesting Snowy Owls. How-
ever, this is dangerous in years when lemmings are scarce and Snowy Owls revert to a
predatory species that can even take adult Brent Geese on the nest. Another, more com-
mon, nesting strategy of Brent Geese is to nest inside Herring Gull colonies on small is-
lands. Herring gulls are not a threat to adult geese, but they can take goose eggs as well as
taking a particularly high toll by preying on newly hatched goslings. On the other hand,
Herring Gulls are probably useful to Brent Geese as indicators of places which will become
fox-free islands after the ice break-up. Moreover the gulls provide additional protection
against Snowy Owls as well as against other gulls. Furthermore, through fertilisation by
their droppings, the gulls provide the nesting geese with high quality grass during the incu-
bation period. Predator activity and abundance in the arctic is largely a factor of lemming
abundance. This paper highlights the ideas we have developed about the impact of preda-
tors by comparing data on the breeding success of Brent Geese nesting in the same study
area during two complete lemming cycles between 1990 and 1995.
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Zusammenfassung

Wie gehen Ringelgéinse (Branta b. bernicla) mit Feinden um?
Komplexe Riuber-Beute-Beziehungen

Pridation ist nur selten direkt beobachtbar und so schwer zu quantifizieren. Die Verteilung
von Arten ist nicht nur durch Pradation bestimmt, vielmehr kann auch die Rdubervermei-
dung eine Rolle spielen. Wie eng verzahnt dies sein kann, zeigt diese sechsjihrige (1990—
1995) Studie an Ringelgéinsen auf der Taimyr-Halbinsel. In Jahren mit vielen Lemmingen
briiten Ringelginse gemeinsam mit Schneeeulen, die die Polarfiichse vom Brutplatz fern-

U.S. Copyright Clearance Center Code Statement: 0021-8375/2002/14301-0033 $ 15.00/0



34

Journal fiir Ornithologie 143, 2002

halten. In Jahren mit wenigen Lemmingen dagegen jagen die Schneeeulen Ringelginse;
sie werden vom ,,Beschiitzer* zum Réuber. Eine andere Strategie der Ringelginse ist, auf
kleinen Inseln innerhalb von Silbermdwenkolonien zu briiten. Silbermdwen kénnen zwar
erhebliche Pridation auf Eier und vor allem frisch geschliipfte Ringelginse ausiiben. Der
Vorteil fiir die Ringelgénse scheint aber darin zu liegen, dass die Silberméwen zum einen
anzeigen, dass die Inseln frei von Fiichsen sind, und zum anderen schiitzen Silbermdwen
vor Schneeeulen. Zudem profitieren die Ringelgiinse von der Diingewirkung des Silber-
mowenkotes auf die Vegetation. Innerhalb von SilbermOwenkolonien ist die Vegetation
reicher als auflerhalb. Um Prédation zu vermeiden, begrenzen die Ringelgénse also aktiv
ihren Lebensraum. Der wirklich von Ringelginsen benutzbare Teil der Arktis ist durch
Priidatoren und Pradation vermeidendes Verhalten der Ginse eingeschrinkt, wodurch die

Populationsgrofe limitiert ist.

Introduction

The arctic ecosystem is less complex than eco-
systems in the temperate zone, not to mention
ecosystems in the tropics. Yet the relationships
between predators like Arctic Foxes (Alopex
lagopus), Snowy Owls (Nyctea scandiaca),
gulls (Larus argentatus and Larus hyperbor-
eus) and their prey species such as lemmings
(Lemmus sibiricus and Dycrostonyx torqua-
tus), birds and birds’ eggs are still far from
simple. By studying the same colony of Dark-
bellied Brent Geese (Branta b. bernicla, here-
after refered to as Brent Geese) for six years in
a row, and comparing our data with occasional
results obtained by others elsewhere on the
Taimyr peninsula, we have discovered compli-
cated relationships that all depend on the cy-
clicity in the abundance of lemmings.

Brent Geese usually nest on small islands
close to the shore or in river deltas inside gull
colonies, but in lemming peak years they can
also be found nesting scattered on the tundra
(Kokorev, pers. comm.). The breeding success
of Brent Geese and of many wader species
(Charadrii) nesting on the Taimyr Peninsula is
highly correlated with lemming cycles (Rose-
laar 1979, Summers 1986, Summers & Under-
hill 1987, Greenwood 1987, Krebs 1993). The
lemming cycle on the Taimyr Peninsula shows
a marked periodicity of three years (Rykhliko-
va & Popov 2000). Brent Geese breed very
well in lemming peak years, invariably fail to

produce significant numbers of offspring in the
year after a lemming peak, but in the third year
of the lemming cycle the breeding success of
Brent Geese is unpredictable.

Though many other factors, like body condi-
tion achieved on the spring staging areas and
wind conditions during spring migration, have
an impact on the breeding success of this high
arctic migratory bird species (see Ebbinge
1989, Ebbinge & Spaans 1995, Ebbinge etal.
1999), none of them can explain the observed
marked fluctuations in breeding success.

*Summers & Underhill (1987) proposed the
prey-switching hypothesis, which states that
the assumed main predator for Brent Geese,
the arctic fox (Alopex lagopus). concentrates
on lemmings in lemming peak years, thus allo-
wing waders and Brent Geese to nest safely in
such years. After lemming densities have cras-
hed in the following year, arctic foxes are assu-
med to turn to alternative prey items such as
nesting birds and in particular their eggs, with
a completely failed nesting season as a result,
as indicated by surveys on the wintering
grounds which show a complete lack of birds
in first-winter plumage.

In this paper we present the main ideas we
have developed about how lemmings and
predators interact, and have an impact on the
conditions in which Brent Geese nest, moult
and raise goslings. This impact depends heav-
ily on the phase of the lemming cycle.
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Fig.1. Study area (hatched) along Lidia Bay and the Bird and Beacon Islands in western Taimyr. The two

maps on top indicate the location of this area on a larger scale.

Abb. 1.

Untersuchungsgebiet (gestrichelt) entlang der Lidia Bucht und der Vogel- und Bakeninseln auf

der westlichen Taimyr. Die beide oberen Karten zeigen die Lage in einem grofieren MaBstab.

Study area and methodology
In 1990 we started a six-year programme
studying the factors that determine the breed-
ing success of Brent Geese. We decided to re-
strict our study to a single locality over a period
covering two complete lemming cycles, and
chose Lidia Bay (74.07 North; 86.50 East) in
the Pyasina delta as a focal area. The study area
(Fig. 1) encompasses a total area of 36 km? of

which 10 km” consists of tundra vegetation
with many small streams, easily accessible to
Arctic Foxes after mid June when most of the
ice has melted. Out in the bay are 4 smaller is-
lands with rocky outcrops (the Bird Islands),
and further out three quite large flat islands
(the Beacon Islands) with many shallow lakes
with a total area of 1 km®. For a more detailed
description see Spaans etal. (1993).
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Table 1.
Tab. 1.
(n. a. = nicht vorhanden).
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Nest predation by Arctic Foxes around Lidia Bay and Bird Islands (n. a. = not applicable).
Pridation von Nestern durch Polarfiichse am Festland um Lidia Bucht und auf den Vogelinseln

On mainland On gull islands

Auf dem Festland Auf den Moweninseln
Year Lemming in- Goose nests Predation: Goose nests Predation Fox index
Jahr dex Génsenester
1990 0.3 12 0% 252 0% 0
1991 104 9 100 % 291 0% 1
1992 1.2 0 n.a. 15 7% 39
1993 1.7 15 20% 251 0% 0
1994 10.0 6 67 % 243 0% 0
1995 0.4 0 n.a. 381 0% 0

An international team with Dutch, Russian,
English, German and Polish biologists annu-
ally surveyed the entire study area for nesting
Brent from 1990 to 1995 (see Fig. 1, and
Spaans etal. 1993). All nests were counted and
from a sub-sample clutch sizes were estab-
lished in the first week of July, when all geese
were incubating. This means that the clutch
size does not reflect the total number of eggs
laid per goose, but the net result of eggs laid
minus eggs lost through predation. After the
eggs had hatched (usually around 20-25 July),
all nests were revisited to establish the propor-
tion of eggs that had hatched successfully. The
total number of surviving goslings in the
moulting flocks was used to estimate gosling
survival. Direct observations on goose families
departing from the Bird Islands provided extra
information on the extent of gosling predation
by gulls. Also the number of gull nests on each
island were counted annually, as well as the
number of nesting and non-nesting Snowy
Owls. All fox dens throughout the whole study
area were examined as to the presence of foxes,
and fox visits to the main Bird Island were reg-
istered as an index of fox presence during the
first ten days after arrival of the first Brent
Geese (usually 10-20 June; Spaans etal
1998).

In these six consecutive years lemming
abundance was studied by means of standard
trapping methods (Rykhlikova & Popov 2000).
The abundance of lemmings is calculated as an
index which expresses the number of trapped
lemmings per 100 trapping days. One trapping
day represents one trap open and able to make
a catch for a period of 24 hours. Each year the
study team was present before the arrival of
the first Brent Geese in early June. In 1990 and
1992 it left the study area was as early as July,
but in 1991, 1993, 1994 and 1995 the study
team remained in the area till mid-August in
order to study the distribution of moulting
Brent Geese and to catch them for ringing.
During these surveys a wider area up to 30 km
to the north of the Bird Islands was surveyed,
and moulting Brent Geese and their goslings
were caught and marked with colour-rings in
1991. 1993, 1994 and 1995.

Within the frame-work of the Great Interna-
tional Arctic Expedition, however. many other
sites on the Taimyr Peninsula were visited by
research teams, and their results, too, contrib-
uted greatly to the ideas we were able to devel-
op about the key factors that influence Brent
Goose breeding success.
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Table 2. Clutch size of Brent Goose nests on Bird Islands and gosling predation by gulls.
Tab. 2. GelegegroBe von Ringelgédnsen auf den Vogelinseln und Priidation von Kiiken durch Méwen.

Year Lemming index Number of goose nests mean clutch size Gosling predation
Jahr Anzahl Nester mittlere GelegegroBe by gulls
Pradation von Kiiken
durch Méwen
1990 0.3 252 30(n= 72) some
1991 10.4 291 3.8 (n=130) 70 %
1992 1.2 15 ? n. a. (fox year)
1993 1.7 251 2.9 (n=129) 90 %
1994 10.0 243 3.8(n=101) 80 %
1995 0.4 381 2.8 (n=245) 99 %
Results thaw many starved foxes were found in our
. study area. Only a few wandering foxes were
Lemmings

Two species of lemmings occurred in our study
area: Lemmus sibiricus and Dicrostonyx tor-
quatus. During peak years especially the for-
mer was extremely abundant. As can be seen
in Tables 1 and 2 the lemming density fol-
lowed a clear-cut three-year cycle, being more
than ten times as abundant in the peak years
1991 and 1994.

Arctic Foxes

The fox dens in our study area were not occu-
pied in 1990, and in that summer we did not
observe a single Arctic Fox. In 1993, despite
the low numbers of lemmings one fox den was
still occupied in which cubs were successfully
raised. In the lemming peak years 1991 and
1994 at least two fox dens within our study
area were occupied by foxes with young.

In 1992 none of the fox dens was occupied,
but many wandering foxes were observed in
our study area, and even on the Bird Islands
we sometimes observed up to three different
foxes visiting on one day. This is the only year
in which foxes visited these islands after the
first geese had arrived (Spaans et al. 1998).

In 1995 we expected large numbers of foxes
again, because of the lemming peak in the pre-
ceding year. However, many foxes had suc-
cumbed in the winter of 199495, and after the

observed in late July and August, but none of
the dens was occupied.

Snowy Owls

In 1990 only 1 Snowy Owl was observed in
the first week of June. Similarly in 1993
Snowy Owls were hardly ever observed in our
study area.

In the two lemming years Snowy Owls
nested within the study area on the mainland
tundra and on the large island of Farwaternie.
In 1991 1 pair successfully raised chicks and in
1994 6 pairs nested successfully. In the two
years (1992 and 1995) following a lemming
peak year, Snowy Owls were seen very regu-
larly (in 1992 up to 30 individuals; and in 1995
up to 6 individuals), but did not nest. However,
in 1995 several unsuccessful attacks by Snowy
Owls on goose families were observed, and
such attacks may well be the main reason why
eventually all Brent Goose families returned to
the Bird Islands with their goslings.

Herring Gulls

On the Bird Islands 3,000 pairs of Herring
Gulls and about 10 pairs of Glaucous Gulls
nested every year. In 1992, the only year that
foxes regularly visited these islands, it was
clear that the gulls were incapable of defend-
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ing their nests against them. However, they
still laid eggs, which were then taken and
cached by foxes.

This observation showed that gulls can only
nest successfully when they do so out of reach
of Arctic Foxes. The breaking up of the ice (or
the absence of foxes as in 1990) is therefore an
essential prerequisite for the successful nesting
of gulls. All gull colonies are situated on is-
lands that are, in most years, inaccessibe to
foxes.

In all years gulls were already present on
their breeding islands on 1 June, well before
the first Brent Geese arrived. Thus, by joining
these gull colonies, Brent Geese, too, select
fox-free areas. Only when foxes are very abun-
dant and hungry, or when the ice breaks up
very late, is there a risk that such islands may
be visited by foxes.

Brent Geese nested successfully as little as
one metre away from a gull’s nest, and so ob-
tained protection against other gulls through
the efforts of the nest owner to drive them
away from its own nest. Most predation on
goose eggs by gulls seemed to take place
around the perimeter of the colony, where
many gulls were present, but very few of them
defending territory against other gulls. As soon
as the goslings had hatched, the parent geese
tried to lead their goslings away from the gull
islands and then, in particular on windy days,
many goslings fell victim to gulls. On a calm
day, however, many goose families success-
fully swam to the mainland, covering a dis-
tance of about 5—10 km.

Brent Geese

One of our first remarkable findings was that
in the two lemming peak years (1991 and
1994) in areas outside our study area, where in
other years hardly any Brent Geese were found
nesting, Brent Geese successfully nested inside
the territories of Snowy Owls (Underhill etal.
1993; Summers etal. 1994). Presumably
Snowy Owls keep Arctic Foxes out of their ter-
ritories and thus create ‘safe havens’ for Brent
Geese to nest in. This conflicts with the simple
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prey-switching hypothesis, because Snowy
Owls are known to nest only when lemming
abundance is high, and the prey-switching hy-
pothesis predicts that foxes will not be inter-
ested in other prey-items when lemmings are
abundant. So, why then do Brent Geese nest
near Snowy Owls in lemming peak years?
Within our study area, aside from small num-
bers on the mainland tundra, Brent Geese
nested on the Bird Islands (gull islands) where
3.000 pairs of Herring Gulls also nested (See
Table 1).

Only in 1992 and 1995 were no Brent Goose
nests found on the mainland. These two years
were years following a lemming peak year. In
both years there were considerably higher
numbers of non-nesting Snowy Owls (10-30
individuals) in the study area than in other
years.

In 1992 there were also very many Arctic
Foxes, even on the gull islands (see fox index
in Table 1). This fox index indicates the num-
ber of visiting foxes on the Big Bird Island
during the first 10 days of nest initiation (10—
20 June).

In 1995, fox numbers were extremely low
despite the lemming peak in 1994. The local
trapper had caught many foxes in the previous
autumn, but apparently hardly any foxes had
survived the winter.

The highest numbers of Brent Goose nests
on the mainland was found in the years 1990
and 1993 when both predator numbers and
lemming numbers were low, the so-called in-
between years when lemming numbers are
starting to build up again.

During the two lemming peak years, 1991
and 1994, Brent Geese also nested on the
mainland, but despite the abundance of lem-
mings, most nests were still robbed by Arctic
Foxes (see Table 1). Thus, even in lemming
peak years Brent Goose nests are not safe from
Arctic Fox predation on the mainland.

Within the study area in all six years the vast
majority of Brent Goose nests were found on
the Bird and Beacon Islands. The only excep-
tion was 1992, the year with many foxes,
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Table 3. Distribution of moulting Brent Geese in Lidia Bay in relation to lemming cycles.
Tab. 3. Verteilung von mausernden Ringelginsen um die Lidia Bucht in Beziehung zum Lemming-

Zyklus.

Peak years Low years In-between years

Jahre mit Jahre mit Zwischenjahre

Lemminghoch Lemmingtief

1991 Dispersed 1992 ? 1990 ?
zerstreut

1994 Dispersed 1995 only on islands 1993 Dispersed

nur auf den inseln

which also regularly visited these islands dur-
ing the time of nest initiation. For that reason
most Brent Geese left the islands after two
weeks without being able to lay any eggs
(Spaans etal. 1998). The regular visits of foxes
to the islands disturbed the geese, which then
gave up defending their nesting territories. In
the end only 15 pairs of Brent Geese managed
to lay eggs, whereas in other years more than
250 nests were established.

A very remarkable year was 1995 when
many more nests (381) were established on the
islands as opposed to 243-291 in the other
successful years. Possibly in this particular
year it was very difficult for Brent Geese to
find alternative safe nesting sites elsewhere.
Because of the lemming peak in the previous
year many Snowy Owls roamed around with-
out nesting, and their presence may have
forced more geese than in the 5 preceding
years to nest on the islands. Occasional obser-
vations of a Snowy Owl trying to visit these is-
lands invariably resulted in a mass attack of
the nesting gulls, effectively chasing the owl
away from the islands.

Annual mean values for the clutch sizes in
Brent Goose nests are given in Table 2.

It is striking that in the lemming peak years
1991 and 1994 the clutches contain on average
almost one egg extra. The most numerous egg
predator, the Herring Gull, nested earlier in
these years, and all Herring Gulls fed almost
exclusively on lemmings in the early part of
the season. This most probably resulted in a

marked reduction of egg predation by these
gulls. In the other seasons clutch sizes are most
likely reduced by partial predation of clutches.

The proportion of goslings taken by gulls on
and around the islands, usually in the first
week after hatching, was high in all years. In
1995 it was extremely high because the geese
did not disperse from the islands to moult and
raise their goslings elsewhere (Table 3).

Discussion

Life-time reproduction by long-lived birds is
highest when adult birds make the best trade-
off between their own survival and that of their
eggs or offspring. Sacrificing some eggs or
young, or even a complete brood by nesting
within a gull colony offering the prospect of
more successful breeding seasons in the future,
can result in a greater lifetime reproductive
success for an adult bird than risking its own
life by nesting elsewhere.

The fact that in our study area the majority
of Brent Geese nested in Herring Gull colonies
on small islands could thus be explained by a
lower mortality risk for nesting adult geese,
which compensates for the often high mortal-
ity of goslings through predation by gulls.
Foxes are usually cut off from the gull-islands,
while Snowy Owls, which are capable of tak-
ing adult geese on the nest, have great diffi-
culty penetrating the gull colonies because
they are vigorously attacked by the gulls. We
think that the presence of Snowy Owls was the
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main reason why the geese did not disperse
from the islands in 1995 as they did in the
other years (1991, 1993 and 1994), when we
stayed long enough to observe this dispersal.
The failure to disperse from the Bird Islands
meant that the concentration of moulting birds
was much higher than in other years, and food
shortage coupled with the heavy predation
through gulls is probably the main reason why
almost all goslings perished in that year.

The gulls are no threat to the adult geese
themselves, and what is more the gull drop-
pings stimulate good quality grass for the
nesting geese to feed on during the time of in-
cubation. However, gulls can and do take eggs,
particularly when there are no lemmings to
serve as alternative food. Geese fiercely de-
fend their eggs against gulls, and since han-
dling the eggs for consumption takes some
time, the gulls are exposed for a considerable
length of time to counter-attacks, often only
swallowing half the contents of an egg, and
run a serious risk of incurring injuries from the
geese. This probably explains why egg-preda-
tion is relatively rare.

Newly hatched goslings. however, are easy
for gulls to pick up swiftly. and can later be
swallowed whole without persistent counter-
attacks by the parent geese. They are thus a
much more profitable prey item for gulls.
Therefore, in the first few days after hatching,
and in particular in windy conditions, a large
proportion of the goslings are taken in these
gull-island-colonies. and most goose families
leave these islands during the first week after
hatching to raise their goslings at a safe dis-
tance along the riverbanks on the mainland.

A second nesting strategy is to breed inside
the territories of Snowy Owls, but this strategy
is only an option once every three years when
lemming abundance is great and Snowy Owls
nest. It is likely that this strategy eliminates
egg-predation altogether, and that predation on
goslings after hatching is also minimal. though
there are some reports of Snowy Owls taking
small goslings (K. Giinther, pers. comm.). On
the negative side, there is some risk of adult
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geese being taken by the Snowy Owls (Spaans
& Cottaar, unpubl.), but so far this has only
been documented in non-lemming ‘years when
Snowy Owls do not nest themselves. When
lemmings are abundant it is probably more
economical for the Snowy Owls to feed solely
on lemmings and spare the effort of catching
an adult goose. For the geese, of course, there
is the problem of assessing how Snowy Owls
will behave in any particular year. When there
are many lemmings, Snowy Owls are already
nesting when the geese arrive between 10-15
June. Maybe nesting Snowy Owls present no
obvious threat to geese, whereas non-nesting
Snowy Owls, which are much more on the
wing, do.

Analogous to their behaviour on gull islands,
the goose families vacate the Snowy Owl terri-
tories after hatching to raise their goslings
elsewhere. Hence, in lemming peak years this
second breeding strategy seems to be the more
profitable for Brent Geese, but one drawback
might be the fact that each year the geese have
to spend time searching for suitable localities
with nesting Snowy Owls, whereas the gull
colonies are at predictable sites that can be
found every year by the geese using local
knowledge collected in previous seasons. In
these gull colonies the goose eggs hatch 1--2
weeks earlier than those of Brent Geese nest-
ing in Snowy Owl territories. In the high arctic
such a difference in timing may be of great im-
portance, particularly in years with an early
onset of frost.

A third strategy is to nest more or less iso-
lated along small rivers on the mainland tun-
dra, which is a very profitable strategy in years
without foxes (1990 in our study area). When-
ever foxes are present, however, even in lem-
ming peak years, such nests rarely survive the
egg stage.

In our study area all three strategy options
were open to the geese, but only strategies 1
(nesting on gull islands) and 3 (nesting alone
on the mainland tundra) were employed. Even
in 1994 when 6 pairs of Snowy Owls were
nesting within our study area, hardly any of the
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Snowy Owl territories (strategy 2) were occu-
pied by Brent Geese to nest. The only excep-
tion was a Brent Goose nesting 120 metres
away from a Snowy Owl nest on the large is-
land of Farwaternie. Strategy 3 was employed
by only 4 % of the Brent Geese nesting in our
study area in 4 out of the 6 seasons, and proved
successful only in 1990, when there were no
foxes at all in our study area, whereas strategy
1 was used by 96 % of the birds in 5 out of the
6 seasons.

In only one season, 1992, were none of these
strategies used, with virtually no Brent Geese
making any attempt to nest. This was a result
of direct disturbance by foxes, which were ex-
tremely abundant that season, forcing the ma-
jority of the geese to abandon their nesting ter-
ritories in the early stage of nest initiation
before they could lay any eggs (Spaans etal.
1998).

The impact of predators on goose numbers
is likely to become more obvious now that so
many goose populations have increased in
numbers, and the nesting habitat which is safe
from predators is becoming filled to capacity.
Density dependent effects may therefore be-
come more evident as these safe nesting sites
become overcrowded and more geese are
forced to nest in places that are more acces-
sible to predators.

Future studies and analyses will have to
show how representative our study area ac-
tually is for Brent Geese by assessing the rela-
tive success of each of the strategies as well as
the importance of each strategy for the Brent
Goose population as a whole. Such studies will
have to cover simultaneously several areas
along the entire coastline of the Taimyr Penin-
sula. In addition, it will be important to find
out whether individual geese always adhere to
the same strategy, or whether they are capable
of selecting and following the most profitable
strategy for a particular year, which depends
strongly on the abundance of both lemmings
and predators.

Predator influence on the breeding success
of a prey species is thus more far-reaching than
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one would imagine by simply measuring nest
or offspring survival. Behavioural adaptations
of the prey species itself minimise predation
risks, but are at the same time quite likely to
impose much narrower restrictions on its dis-
tribution than they would otherwise have in-
curred. We have deliberately applied the
anthropomorphic term ‘evil’ to this baleful in-
fluence that predators exercise on the popula-
tion distribution of their prey, because by try-
ing to avoid predation adult Brent Geese seem
to impose much more severe restrictions upon
the area that they and their offspring actually
use than may be strictly necessary. Such a
mechanism will have a profound density de-
pendent regulatory effect. Knowledge about
such relationships in these virtually pristine
high arctic ecosystems, will help us to under-
stand the natural ways in which population
sizes are controlled. This basic insight in turn
is indispensable for sound international nature
management, and is equally applicable to areas
of the world in which man is a much more
dominant factor.
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