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ABSTRACT: The period from arrival of the Wilson’s petrel to its breeding grounds
to the onset of breeding covered 33 days (November 5 — December 8). The egg-laying
period averaged 56 days; the frequency distribution of egg laying in different colonies
was close to normal. Incubation took 44 days, on the average, and chicks stayed in
nests 59 days. The weight of chicks at hatching was 7.5 g, and the maximum weight was
80 g, that is, 205%, of adult weight. Growth rate of chicks depended on weather conditions,
especially on the amount of snowfall, blocking the access to the neast. This caused many-day
starvation of chicks and their weight could drop by 46", The diet of chicks and adults
consisted of the krill in 96", mostly of Euphausia superba. High nesting losses were
caused by rainfall and snowfall. Of 129 nesting attempts, 61.2%, failed in the stage of eggs
and 27.9% in the stage of chicks. Mortality was related to the age and weight of chicks.
It has been found that the prolonged egg-laying period, rapid growth rate of chicks in their
first days, and their high weight represent adaptations to the climate of Antarctica.
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1. Introduction

The breeding range of the Wilson’s storm petrel covers the Subantarctic
zone and the coast of Antarctica. Sometimes these birds can occur in large
numbers (Beck and Brown 1972). The biology of this species was studied
by many authors on the continent (Wilson 1907, Falla 1937, Mougin
1968, Pryor 1968, Lacan 1971, Kamenev 1977), Antarctic Peninsula

* The work was done at Arctowski Station during Antarctic Expeditions IV and V
organized by Polish Academy of Sciences in 1979/80 and 1980/81 as a part of the project
MR-II-16.
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(Roberts 1940), and also in the Subantarctic zone (Eaton 1875, Hall 1900,
Loranchet 1915, Beck and Brown (1972).

Although some papers are of a monographic character (Beck and Brown
1972), many aspects of the breeding ecology of the Wilson’s storm petrel
requires further studies. This is the case of number dynamics during the
breeding season, breeding phenology, and especially chick development,
which was intensely studied only by Lacan (1971) on Adélie Coast. Also
adaptive changes in the biology of the Wilson’s storm petrel at different
latitudes require more detail investigation. A review of the data on this
subject was provided by Beck and Brown (1972).

The situation described above was a basis for planning the work on the
Wilson’s storm petrel population in Admiralty Bay region in 1979—1981.
The aspects of breeding ecology were emphasized that can be useful in
estimating the role of these birds in matter cycling in coastal ecosystems
of Antarctica. Also an attempt was made to estimate population dynamics
over the breeding season and to analyse the diet.

Also the phenology of the breeding cycle was analysed, with special
emphasis on the duration and course of chick development in relation to
climatic effects on successive phenological periods. As a result, it was possible
to analyse adaptive aspects of the biology of this species along a latitudinal
gradient' and the corresponding climatic changes as a supplement to the
already existing information.

2. Methods and study area

The study on the breeding population of the Wilson’s storm petrel was
carried out at King George Island in the region of Admiralty Bay. The
observations were started on December 10, 1979 and ended on March 19,
1981.

The size of the study area varied according to the purpose of investigation.
To estimate numbers of Wilson’s storm petrels, almost the entire coast line
of Admiralty Bay was surveyed. Several geomorphological types of the
coast line emerging from ice cover were distinguished. These were storm
ridges, postglacial moraines, rocky cliffs of various inclination, covered with
stable or shifting rock debris, depending on their structure, and groups
of rocks on elevated terraces, made up mostly of basalts and basalts with
andesites (geomorphological description of the coast of Admiralty Bay is
given by Birkenmajer (1980); also geographical names are taken from
this source).

The basic method for estimating numbers over large areas was transect
counts along selected sections of the coast. Relative numbers of birds obtained
in this way were then recalculated so that they approximated actual numbers.
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For this purpose also other methods of bird count were used, described
in Section 3.1.1.

Stationary observations of the population dynamics, number estimating
by different methods, and observations of breeding performance were concen-
trated within a radius of 2 km from Arctowski Station (62°09'51” S,
58°27'45” W), on the coastal section between Jardine Peak and Ecology
Glacier. Ten colonies were under study, in which 135 nests were monitored
in 1979/80 and 221 nests in 1980/81.

Nest inspection provided information on breeding phenology, chick
development, and breeding success.

In 1979/80, nests were checked 25-31 times depending on the colony.
The mean interval between successive observations was 4.5 days. In 1980/81,
the number of nest observations varied form 12 to 17, depending on the
colony, and the mean interval between successive observations was 4.4 days.
Relatively long intervals between successive observations were caused by
adverse weather -— strong winds with snowstorms making impossible chick
weighing or locating tagged nests. But longer intervals between observations
mainly occurred at the end of the breeding season, thus in most cases
breeding phenology, including egg-laying and chick hatching, was timed to
the nearest two days.

3. Results and discussion

3.1. Numbers
3.1.1 Methodological aspects of estimating numbers of Wilson’s storm petrels

It is difficult to estimate numbers of Wilson’s storm petrels because
of a specific biology of this species. Counting of nests on small plots and
extending the results on the area occupied by the whole colony is extremaly
labour consuming; the density of nests varies according to the type of rock
debris, and this can be evaluated only when a large number of samples are
taken, in addition, the location of all nests on a sampling plot is often
impossible. Estimates of relative numbers by counting birds in display flight
are comparable in a relatively short time period, in the first half of December,
and because of a specific daily cycle of this species, they can be obtained
only at night. It is possible, however, to estimate numbers in many points
of the coast when using this method. Mist-netting of the total colony
is limited by wheather conditions and can be used on relatively small areas.

To get a reliable estimate of numbers, several methods were used:

1) relative estimate — counting birds along transects during courtship flights;
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2) intense mist-netting and then observation of ringed individuals on nests;
3) total counts of birds coming back from the sea;
4) counting nests in colonies. '

Relative numbers were estimated by counting individuals in colonies
(resting at their nests and flying near nests) within 100 m sections of rocky
slopes or in distinct groups of rocks occupied by the colony. An attempt
was made to determine the highest number of individuals observed simul-
taneously for a few minutes. This number was considered as a sample.
This procedure was facilitated by a specific behaviour of birds during
courtship flights, when individuals of the same colony fly usually close to
their nests. Due to this it is easy to distinguish birds occupying the sampling
area even in the case of large colonies. Flights of individual birds from one
colony to another, located even only several ten meters apart, happen on
rare occasions, as indicated by netting results. Thus, relative numbers
represented the sum of individuals recorded during a transect census along
sections of slopes, coast, or groups of rocks. Relative numbers estimated
in this way cannot be considered as a measure or an index of density
per unit area. The reason is that it was impossible to measure the size
of the sampling area over broad expanses. Although the colonies were
linearly distributed along the slopes usually running parallel to the coast .
line, the breadth of the rock debris inhabited by petrels markedly varied.
Moreover, many colonies occurred within distinct groups of rocks, the
surface area of which was even more difficult to estimate. In this situation,
relative numbers could be considered first of all as an index of the total
number of individuals in particular colonies. When censuses were made on
relatively long sections of the coast, relative numbers calculated per 100 m
sections characterized the suitability of different types of the coast line as
breeding grounds.

As censuses were made on a greater part of the Admiralty Bay coast
not covered with ice cap, relative numbers could be used as a basis for
calculating the total population size, approximating the actual number of
individuals in this region.

The birds were censused between 2230 and 0.30 of the local time
because the greatest number of individuals was present in colonies at
that time. This was found when comparing the number of individuals present
in the colony with the number of individuals returning to the colony
from the sea over the 24 hour cycle (Fig. 1).

Birds were netted in two closely located groups of colonies for several
days until the number of captured individuals dropped. The Total number
of individuals captured in the two seasons was 416 adults.

The number of nests in particular colonies was determined after many
inspections of the area.
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Fig. 1. Changes in numbers of Wilson’s storm petrals in colonies over the daily cycle at

the beginning of the breeding season, Y — Number of birds per sample, X  Local time,

| — Number of birds returning from foraging areas to the colony (observed on the coast), .
2 — Number of birds observed in the colony

Table I compares the results obtained by each of these methods in
four groups of adjacent colonies. The ratio of relative numbers to the
number of individuals calculated from the number of nests (on the assumption

Table 1

Estimates of the number of Wilson’s storm petrels based on the
number of nests located (A), transect counts (B), and mist-netting
(C) in different groups of colonies

Method Groups of numbered colonies
of number estimate 6, 8 S, 4,3 9, 10 1, 2
A 34 95 57 27
B 70 175 113 60
C 104 312 - -
B:2A 1.03 0.92 0.99 1.11
B:C 0.67 0.56 - —
C:2A 1.53 1.64 - -

that one nest corresponds to two individuals) is very similar for all the
four analysed groups of colonies. The same is true of the ratio of relative
numbers to the number of individuals captured, and of the ratio of the
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number of birds captured to the number of nests. This indicates that all
these three methods can be used as a measure of relative numbers of the
Wilson’s storm petrel.

The problem of estimating absolute numbers of petrel remains open,
however. As already noted, the transect count method was most effective
in terms of the area covered. Hence, an attempt was made to determine
to what extent this method reflected the actual numbers of petrels.

The estimates of numbers obtained from transect counts were lower
than those from intense netting, although not all colony members were
captured. In 1979—380, 310 birds were captured and ringed from two close
groups of colonies. Assuming that the annual mortality rate of adults was
119; (after Beck and Brown 1972), 273 individuals from these two groups
of colonies should survive until the season of 1980/81. In 1980/81, 106
individuals were ringed in addition. Theoretically, the total number of ringed
individuals in the two groups of colonies (No. 6, 8, 5, 4, 3) should thus
be 379. Upon the termination of netting in 1980/81, adult birds on nests
were examined at random. The proportion of ringed individuals to the total
number of birds checked was 22:48 = 0.458, or 45.8%,. Assuming that the
proportion of ringed individuals on nests reflects the proportion of ‘indi-
viduals captured in the total number of birds in the colonies, their
absolute numbers can be calculated from the proportion 22:48 = 379:x, and
and x = 827 birds.

Thus, the ratio of the estimate obtained from the transect counts (245
birds) to the theoretical estimate of numbers is 245:827 = 0.296. Therefore,

relative numbers obtained from the transect counts should be multiplied -

by a coefficient equal to 827:245 =338 ~34 to get reliable absolute
numbers of birds.

As the number of birds examined on their nests was relatively small,
the accuracy of this result was verified using a different procedure.

On December 2 and 3, 1980, when weather conditions were good
(no wind, high visibility), birds returning from foraging sites in Bransfield
Strait to their colonies located along southern coast of Ezcurra Inlet were
counted when they crossed the line Shag Point-Urbanek Crag. 11 x40
binoculars were used ensuring good visibility from coast to coast at the
mouth of the Inlet. The great majority of birds returned along the southern
coast of the Inlet, from which observations were made. The flight occurred
between 18.00 and 23.00 of the local time (Fig. 2). Counts were made for
2.5 minutes at intervals from 5 to 15 minutes, depending on the intensity
of flight. Each 2.5 min. count was a sample. Mean numbers of flying
birds per sample were calculated for one-hour periods, and this value was
multiplied by 24, which is the number of 2.5 min. periods in an hour, to
get the total number of birds flying in successive hours. The sum of estimates
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for particular hours represents the total number of birds returning from
foraging areas to their colonies on the Ezcurra Inlet coast. As these counts
were made before the onset of laying both males, and females were counted
that is, the total population living in Ezcurra Inlet; during the day there
were no birds in the colony at all. The results from the two counts are
very similar: 1542 birds on December 2 and 1620 returning birds on
December 3. Thus, a mean value of 1581 birds was used for further
calculations.

In the region of Ezcurra Inlet, O. oceanicus occur in mixed colonies
with the black-bellied petrel (Fregetta tropica). It is not possible to distinguish
this species in the mass of flying birds, thus their numbers were estimated
indirectly. On the coast of Ezcurra Inlet, three groups of mixed colonies
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Fig. 2. Changes in the number of birds returning from foraging areas to the colony over the
daily cycle, Y — Number of birds per sample, X — Local time, 1 — Observation on December 2,
2 — Observation on December 3

were distinguished, in which relative numbers of Wilson’s storm petrels
were 113, 147, and 114 individuals, in sum 374 individuals. The proportion
of individuals in these three groups of colonies were respectively 30.29%,
39.39;, and 30.5%; of the total. Numbers calculated from the sums of returning
birds (1581 individuals) should correspond to these proportions. They are
477, 612, and 482 birds, respectively. In turn, the proportions of nests of
black-bellied petrels in these groups of colonies were 31.0, 24, and 529,
respectively. It can be safely assumed that the proportion of black-bellied
petrels in the birds returning to particular colonies corresponding to
the proportions of their nests in these colonies. Numbers of black-bellied
petrels calculated in this way are 148, 149, and 27, respectively, that is,
324 birds in sum. Hence the number of Wilson’s petrels would be
1581 —324 = 1257 individuals.
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The ratio of relative numbers of the Wilson’s petrel on the Ezcurra
Inlet coast (374 birds) to their number that can be considered as close
to actual numbers, that is, to the number of birds returning from foraging
areas (1257 individuals) is 374: 1257 = 0.298. The coefficient by which relative
numbers obtained from transect counts should be multiplied to get actual
numbers is 3.361 = 3.4.

This result is almost the same as that obtained from the relation between
relative numbers and numbers obtained from netting and from the proportion
of ringed individuals on nests. This implies that the coefficient calculated
here can be used to calculate actual numbers from relative numbers of
Wilson’s petrels obtained from transect counts along different sections of
Admiralty Bay. Numbers estimated in this way, which approximate actual
numbers, are quoted later in this text as the number of pairs.

3.1.2 Numbers and distribution of Wilson’s storm petrels in Admiralty Bay region

To estimate total numbers of Wilson’s storm petrels in Admiralty Bay
region, transect counts were made on 21 sections of the coast*), and the
methodology described above was applied. Practically, the whole coast line
of the bay was covered with observations. Relative numbers obtained from
the transect counts were multiplied by the coefficient calcuoated above.
In this way the total number of Wilson’s storm petrels in Admiralty Bay
region has been estimated for about 3400 pairs. Numbers of birds on parti-
cular sections of the coast largely varied from 0.85 to 167 pairs per 100 m.

Both the number of colonies and their size seem to depend on the size
of suitable nesting areas.

This is indicated by a high correlation (r = 0.99) between the size of
rocky debris slopes and colony size in places where the area covered
with debris were sufficiently clear cut to measure their length along slopes
(Fig. 3). Particular parts of debris slopes were not evenly occupied by
birds. This was related to the thickness of the debris layer. The birds
prefered parts of relatively fixed rock debris, especially of considerable
thickness, along basalt-andesite slopes. In such places there may be 7 nests
per 10 m% Wilson’s storm petrels usually do not nest on lateral moraines,
and they are scarce on shifting screes along steep slopes, e.g. at Dufayel
Island, Ullman Spur, or between Jardine Peak and Italia Valley.

When unsuitable rocks cover long sections of the coast, petrels occupy
only small fragments, and the size of such colonies is relatively low. The

* Six sections were censused by the author; data for the 15 remaining sections were
obtained by Dr. B. Jablonski, which is gratefully acknowledged here.
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suitability of the ground for nesting affects the frequency distribution of
colony sizes (Tab. II).

It would be interesting to know whether the number of individuals in
a colony depends only on the size of the area suitable for nesting, or there
is a minimum, threshold colony size. The present material does not provide
an univocal answer. The frequency distribution of colony sizes (Tab. II)
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Fig. 3. Relationship between the size of a Wilson’s storm petrel colonies and the extension
of rocky debris occupied by these colonies. Numbers were estimated using transect counts,
Y — Relative numbers, X — Extension of rocky debris in m

shows that small colonies, made up of at most 50 pairs, occur most
frequently but they comprise merely 11.19, of the total population. Moreover,
the colonies made up of less than 25 pairs account for only 4.9%, of the
population. The total number of colonies analysed was 35, and it is not
sufficient for more detailed conclusions when analysing the frequency
distribution. The fact is that birds nesting in isolation from the colony
were met on rare occasions, although when the density of a colony is low
it is difficult to identify such cases.

313 Populatfon dynamics over the season

The first Wilson’s storm petrels came back from migration to Admiralty
Bay early in November (Fig. 4). But a relatively high number of birds
were present not sooner than about November 20. The subsequent decrease
in numbers of birds in all the three colony groups was likely to be caused
by the so-called “prelaying exodus”, when females leave the colony prior to
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laying and they forage intensely on the sea. According to Back and Brown
(1972), at Signy Island, South Orkney Islands this period extends from 6 to
18 days.

In the prelaying period of 1980/81, the number of petrels stabilized
between December 1 and December 16. Large differences were observed
among different groups of colonies (Fig. 4), related to the date of snow
melting. .

It is difficult to follow changes in the population size from the onset of
egg-laying to the end of the breeding season. In 1979/80, 135 nests were
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Fig. 4. Changes in the number of birds in groups of colonies differing in the dates of snow
melting, 1 — colony 9, 2 — colonies 1, 2 and 7, 3 — colonies 5 and 8. In parentheses there
are dates of snow melting for individual colonies, Y — relative numbers, X — month

located and in 1980/81, 221 nests. Population size at any time moment
depends on the number of adults, number of young recruited to the population,
and the mortality and emigration of both young and adults. An earlier
emigration of adults from breeding grounds can.take place if they failed
to breed, or lost eggs or chicks. Beck and Brown (1972), who monitored
33 nests, have found that after failure the birds continue to visit their nesting
site for about 14 days, on the average, the range being from 3 to 32 days.

As it was not possible to visit a relatively large number of nests at
night, the mean found by Beck and Brown will be used here. Beck and
Brown have also found that the nonbreeding pairs leave the breeding
grounds earlier. The present data (20 cases) show that such pairs stay in
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the colony for 26 days, on the average, from the time of number stabili-
zation before breeding.

On the basis of all these findings, approximate numbers of adult birds
were calculated for 5-day periods (Fig. 5). Changes in the number of chicks
for the same S-day periods were calculated using the data on the number
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Fig. 5. Changes in numbers of adults and chicks (in nests located) from the beginning to
the end of the breeding season of 1979/80 (mean values for 5-day periods), 1 — numbers of
adult birds, 2 —numbers of chicks, Y — number of birds in checked nests, X — month

%
100

80

60

40

20

] 1 ] 1 1 1 1 ] 1 1 1
20 30X 10 20 30I 10 200 1 10 20 301 10 20IvVe0

Fig. 6. Changes in numbers of Wilson’s storm petrels over the breeding season. The total

number of adults and chicks in 5-day periods is expressed as percentage of the maximum

number of adults present on the nests checked prior to laying, 1 — breeding season of 1979/80,
2 — breeding season of 1980/81, X — percent, Y — month

of hatched chicks, chicks already present in the population, and their elimi-
nation due to death, or emigration. Population dynamics, including changes
in the number of adults and young over the two seasons (Fig. 6), is
presented as a percentage of the maximum number of adults at the beginning
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of each season. Individual points on the graph represent mean numbers of
both adults and young in 5-day periods.

In the 1980/81 season, the expedition was terminated in March, so it was
not possible to keep track of population changes by the end of the breeding
season. But no marked differences were found in changes in numbers over
the comparable periods (Fig. 6); they result from greater egg losses at the
beginning of the 1980/81 season, as compared with the earlier season.

3.1.4 Seasonal changes in numbers in relation to population structure

In addition to breeding birds, Beck and Brown (1972) distinguished
a group of individuals occupying nests but not laying eggs and a group
of birds making no breeding attempt at all, which do not occupy permanent
nest-sites and move from one colony to another. The last group probably
consisted of birds up to three years old as data for other Procellariidae
suggest that the Wilson’s storm petrel is likely to make its first breeding
attempt in its third year. The birds occupying nests but not laying
accounted for 449, in 1979/80 and 16.8%, 1980/81. The figure is probably

underestimated because of the lack of experience in distinguishing this

category of nests. Data on this group of birds were taken into account
when seasonal changes in numbers were estimated. The occurrence of the
birds without permanent nest sites seems open to discussion. Beck and
Brown (1972) identified this group from mist-netting, and it accounted for
a large proportion of birds captured at the beginning of the breeding
season. The occurrence of this group was inferred from the frequency
distribution of captures of individual birds; these were birds captured only
on one occasion (Beck and Brown found that they accounted for 55%)
and also from the fact that the proportion of these birds declined in
successive captures, suggesting, in authors’ opinion, that they leave earlier
the breeding grounds.

Beck and Brown (1972) used a specific method of netting. They did
not change the location of nets in colonies. As the authors themselves noted,
captures of birds were not random, and this fact influenced the distribution
of captures.

Direct observations already indicate that nonrandom capture was due to
an active avoidance of nets by birds captured on one occasion, which:
influences the frequency distribution of captures for individual birds; birds
captured only once accounted for 92.99, of the total number captured in
1979/80 and 91.8%, in 1980/81 (Tab. III). The proportions of captures on
one occasion to the total number of captures were 84.99, and 84.29;, respecti-
vely. These are much higher figures than those recorded by Beck and Brown.
There could have been several reasons for this: the nests used by the English
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authors were twice as long as those used in this study, thus they must
have been less conspicuois to birds; at least some recaptured individuals
were probably first captured and ringed on their nests, and finally there
were differences in the technique of netting. Beck and Brown (1972) did
not change the location of their nets during the three-year study period.

Table III

Frequency distribution of the number of Wilson’s storm petrels captured
in relation to the number of captures per bird

Season MNumior Number of birds Per cent
of captures

1979/80 1 288 929
2 16 52
3 5 1.6
4 1 0.3

1980/81 1 112 91.8
2 9 74
3 1 0.9
4 0 0.0

In the present study, two nets were used in close colonies (within a radius
of 50 m) and they were moved from one place to another within these
colonies. Netting was continued for about three hours from 21.00 to 24.00
of the local time.

The following patterns of the capture of Wilson’s petrel were found
(Tab. IV). The number of birds- captured on successive days of a series of
netting declined; proportion of recaptured birds in the number of individuals
captured per day increased, while the proportion of recaptured birds in the
cumulative number of captured birds first increased, then decreased; changes
in the location of nets were followed by increases in the number of birds
captured, as compared with their numbers captured on the last day of the
preceding series of captures.

These findings firstly show that the birds captured on one occasion can
avoid the nets — the percentage of recaptured birds in the cumulative number
of captured individuals, and also the number of birds captured on successive
days of a series of captures decreased; an increase in the proportion of
recaptured individuals on successive days was probably due to the birds
nesting closest to the nets.

Second, an increase in the number of bird captured after moving the
nets implies that birds nesting relatively close are captured; hence, a decrease
in the number of birds captured on successive occasion when nets are not
moved results from the avoidance of nets by birds already captured and
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captures of birds nesting relatively close to the nets and not from a decline
in the number of birds. ;

The fact that Wilson’s storm petrels search almost exclusively the area
of their colony and within the colony only the neighbourhood of their
nests is also confirmed by a relatively small number of captures of the
same individuals at different netting points. Of the total number of 97

Table IV
Characteristics of mist-netting of Wilson’s storm petrels in 1979/80
Per cent
: Per cent
No. Cumulative Number of FErcaptimed of. reca.ptured
Date birds num.ber of recaptured birds in the Pirds in .the
captured of birds birds total number cumulative
caphl of birds caught muzmibier of
birds caught
19 Dec. 79 48 48 0 0.0 0.0
23 Dec. 79 52 100 2 3.8 20
1 Jan. 80 3 103 2 67.0 1.9
nets moved by 75 m
7 Jan. 80 60 163 1 In'7 0.6
8 Jan. 80 49 212 9 4.1 42
19 Jan. 80 32 244 2 6.3 0.8
6 Feb. 80 24 268 7 29.2 2.6
15 Feb. 80 11 279 6 54.5 2.1
nets moved by 25 m
21 Feb. 80 31 310 0 0.0 0.0
16 Dec. 80 26 336 S 19.2 15
nets moved by 20 m
4 Jan. 81 44 380 13 29.5 34
18 Jan. 81 20 400 S 25.0 1.3
14 Feb. 81 16 416 4 25.0 1.0

captures of the birds caught at least two times, 6 birds of colony 6 were
recaptured at a distance of 75 m in colony 3, 4 birds of colony 3 were
recaptured at a distance of 25 m in colony 5, and 8 birds of colony 5 were
recaptured in the same colony after moving the nets by 20 m. All these
recaptures account for only 18.6”, of the total number of recaptures.
These findings suggest that even of there were nonbreeding birds in the
population in 1979/80 and 1980/81, earlier leaving the breeding grounds,
their number was not large. Nontheless, it cannot be theoretically excluded
that after several favourable seasons, with a high breeding success, surplus
birds may be abundant. But in the Antarctic climate such situations should
be rate. Back and Brown (1972) have found that only 6 out of 20
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seasons at Signy Island were good enough to ensure a high breeding
success. Usually the percentage of nest losses is very high (see Section 3.5.1).

3.1.5 Year-to-year changes in population size

Adult Wilson’s storm petrels are long-lived. Beck and Brown (1972)
have found that they can survive 10.4 years, on the average. Reproductive
effort is low (1 egg per season), while the mean death rate of chicks is high
(see Section 3.5.1). This implies that long-term fluctuations in the population
size should be rather small. At Signy Island number fluctuations over a

Table V

Comparison of the number of pairs in Wilson’s storm petrel colonies
in two breeding seasons

Number of colony

Se: T
ason 1 2 p 3 ° otal
1979/80 34 85 51 51 77 298
1980/81 43 60 49 68 90 310

three-year study period reached about 40", (Beck and Brown 1972).
A comparison of numbers of birds in some colonies in 1979/80 and 1980/81
(Tab. V) does not reveal significant year-to-year fluctuations, and the
recorded differences are probably within limits of observational error.

3.2. Breeding phenology
3.2.1. Egg laying

In 1979/80, first eggs were laid on December 8 and last eggs on
January 31. In 1980/81, the respective dates were December 12 and February 8.
Thus, in 1979/80 egg-laying covered 53 days and in 1980/81, 59 days. A delay
of laying in 1980/81 was caused by a later snow melting, as compared with
the preceding year. This is illustrated by the distribution of laying dates
for groups of colonies differing in the data of snow melting (Fig. 7)
(Fig. 4 in Section 3.1. illustrates the effect of snow melting on the dates
of number stabilization in the same colonies). In 1979 no sufficient data
were collected on the dates of laying to compare their distributions for the
two years. However, figure 7 shows that the distribution of laying dates
in 1980 differed for various colonies, depending on wheather conditions in
Admiralty Bay. Generally, these were normal distributions skewed to the right.

On Antarctic Peninsula, the laying period of Wilson’s storm petrel
extended form December 12 to January 5 (Roberts 1940), but its relatively
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Fig. 7. Frequency distribution of laying dates in Wilson’s storm petrels (percentage) in 1980/81
for groups of colonies differing in the dates of snow melting. In parentheses the dates of snow
melting. 1, 2, 3 as in Fig. 4. Y — percentage of recorded laying started, X — month
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Fig. 8. Frequency distribution of egg lenghts in Wilson’s storm petrel (n=59), Y — number
of eggs, X — egg length in mm

short duration is due to a small number of records. On Antarctic Continent,
egg-laying begins earlier, on November 21, and is continued until January 16
(Wilson 1907, Falla 1937, Mougin 1968, Pryor 1968, Lacan 1971,
Kamenev 1977). At Signy Island egg-laying period extends from December
27 to February 2 (Beck and Brown 1972). Thus the data on the laying
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period in Wilson’s storm petrel at King George Island are most similar to
those from Antarctic Peninsula. The highest number of eggs for all the
colonies was laid in the first ten days of January, but for the group of
colonies with the earliest dates of laying in the third ten day period of
December.

Incubation in Wilson’s strom petrel is interesting because of sometimes
long periods of absence of the birds from the nest. Hence, a real period
of incubation is distinguished, that is, the period of time when the egg is
actually incubated, and an apparent period of incubation, extending from
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Fig. 9. Frequency distribution of egg breadth in Wilson’s storm petrel (n=59), Y — egg
number, X — egg breadth in mm

egg laying to hatching. According to Beck and Brown (1972), the real
incubation period lasts 38—42 days, and the total incubation period 38—55
days, with a mean of 44.5 days (data for 22 nests). In the region of
Admiralty Bay, the mean period from laying to hatching did not differ
much from that found by Beck and Brown at Signy Island; the mean
values for 32 nests was 44+4.1 days, and it ranged from 38 to 54 days.
The real incubation period was not analysed.

Wilson’s storm petrel lays only one egg, and no replacement laying
was recorded after failure. Mean egg size slightly differed from those recorded
by Beck and Brown (1972). These differences resulted from a higher number
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of measurements (n = 52), hence mean values of the length nd breadth of
eggs are lower, and the range of variation larger than for British data, based
on 15 measurements. Frequency distributions of length and width measurements
are slightly skewed, with most frequent values in classes of 33.1-—33.5 mm
(Fig. 8) and 22.6—24.0 mm (Fig. 9), respectively.

3.2.2. Hatching period

In 1979/80 the hatching period, as determined for 50 chicks with known
hatching dates, extended from January 21 to March 16 (56 days). In 1980/81,
the dates of hatching were known for 81 chicks, and the hatching period
lasted from January 20 to March 16 (56 days).

Although the duration of the hatching period was similar in the two
season (Fig. 10), hatching in 1980/81 was in fact delayed as compared
with the preceding year. In 1979/80, 70", of the chicks hatched by February
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1

Fig. 10. Frequency distribution of egg hatching in Wilson’s storm petrel (in percent) in
1979/80 (n = 50) and 1980/81 (n = 81), Y — percent of chicks hatched, X — month

15, while 60.7", in the following season, and the frequency distributions
of hatching dates for the two seasons are shifted in time (Fig. 10). The
delayed hatching in 1980/81 was due to a prolonged presence of snow
cover in some colonies, and it is consistent with the frequency distributions
of egg laying in particular colonies, which can be seen when comparing
figures 7 and 11. Some discrepancies between laying and hatching distributions
are due to losses in eggs.
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Fig. 11. Frequency distribution of egg hatching in Wilson’s storm petrel (in percent) for
groups of colonies differing in the dates of snow melting in 1980/81. In parentheses the
dates of snow melting; 1, 2, 3 —as in fig. 4, Y — percent of eggs hatched, X — month

3.2.3. Duration of the breeding period

The time from hatching to fledging was known for 14 chicks, and it
covered 59 days, on the average.

Beck and Brown (1972) have found that at South Orkneys chicks
remained in the nests for 60 days, on the average (12 chicks), and Roberts
(1940) recorded 54 days at Antarctic Peninsula, According to several
authors (Mougin 1968, Lacan 1971, Kamenev 1978), mean value for the
coast of Antarctic Continent is 49 days.

The mean time of individual development of Wilson’s storm petrels
from the data of egg-laying to fledging is 103 days. In fact, taking into
account the extension of egg-laying in time, the breeding season (from
the data of the first egg to the date of fledging of last chicks) at King
George Island was continued for 133 days, that is, from the first ten-day
period of December to the third ten-day period of April. The probability
of survival of latest eggs and chicks is very low at South Shetland Islands
because of adverse weather. Otherwise last chicks would be likely to fledge
about May 10.

3.3. Chick growth
3.3.1. General characteristics

Growth rate of Wilson’s storm petrels was analysed for 1979/80. A total
of 56 chicks were weighed to the nearest 1 g, using a ‘Pesola balance
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periodically checked in laboratory. In 1979/80, 241 weight measurements were
taken. Most chicks were aged to the nearest day, the others to the nearest
+2 days. No significant differences were found in weight between chicks
aged more precisely and less precisely, thus they were pooled. These data
were supplemented with 88 weight measurements taken in 1980/81.

During their 55—65-day stay in the nest, chicks averaging 7.5 g at
hatching can reach 80 g, that is, their weight may be higher than the
mean weight of adults (39.0 g, n = 276) by 105°,. Mean maximum weight
of chicks, however, is much lower; in 1979/80 it was 60.8 g. Mean body
weight on the day of fledging or three to four days earlier averaged 49.7 g,
ranging from 35 to 66 g (n = 12). :

Growth curves of individual chicks were similar by the age of 20 days
but later large differences appeared, resulting in a wide scatter of weights
on successive days (Fig. 12).
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Fig. 12. Upper and lower limits (continuous lines) of variability in body weight for Wilson’s

storm petrel chicks on successive days of life in 1979/80. Points denote individual measurements

(n = 241) of body weight. Points in the hatched area denote body weights of chicks blocked

in their nests by snow. A decrease in weight below 30 g (dashed line) is followed by the
death of a chick, Y — body weight in g, X — age in days



194 Aleksander Wasilewski

721

1 L | Il
16 24 32 40 L8 56 64

L 1 I 1
8

Fig. 13. Growth curve of Wilson’s storm petrel chicks calculated from mean body weights
on successive days of life, Y — body weight in g, X — age in days
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Fig. 14. Increase in the body weight of Wilson’s storm petrel chicks on successive days
of life, calculated from the mean growth curve, Y —increases in body weight in g/day,
X — age in days

To characterize mean growth rate of chicks, measurements from the two
seasons were pooled (329 weights of 127 chicks), and the weight of chicks
isolated by snow for a few days were excluded. Mean growth curve (Fig. 13)
has been calculated using mean body weights of chicks on successive days
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of life. These data can be well approximated by a polynomial of the 4th
degree (R =0.98), but the form of the curve should be considered with
caution. Both the maximum weight of chicks and the age at which this
maximum is reached are likely to depend on weather, and can be different
in various seasons. ?

Growth rate of chicks in relation to age, as calculated from the mean
growth curve, is shown in figure 14.

Mean maximum growth rate was observed between ages of 12 and 16
days. Positive growth was continued by day 43, that is, until mean
maximum weight was reached (Fig. 13). From days 43 to fledging, the body
weight of chicks decreased, growth rate was negative.

In fact, the maximum body weights of different chicks were observed
between ages of 26 and 64 days. Using the data on growth of 23 chicks
surviving at least 50 days, the frequency distribution of maximum body
weights was analysed, and also their mean values in relation to age (Tab. VI).

Table VI

Mean maximum body weights of Wilson’s storm petrel chicks (in g)
and their frequency distribution in different age classes for chicks
surviving at least 50 days

Age class Mean maximum Number
. . Per cent
in days : weight of cases
26—30 572 4 16
31-35 56.6 7 28
36—40 65.0 5 20
41—45 . 70.7 3 12
46— 50 63.5 2 8
51-55 66.0 1 4
56 — 60 63.0 2 8
61—65 520 1 4

For two chicks, the maximum body weight was noted twice in the time
considered, hence the number of cases analysed was 25.

Although maximum body weights can be largely spaced along the age
axis, this being noted by Lacan (1971) at Terre Adélie they often occur
in relatively young age classes. This may suggests that the strategy of chicks
growth in Wilson’s storm petrel consists in a realtively fast storing of fat.
This is supported by the fact that neither the values of the maximum
weight nor the age of its attainment influence the number of days the chick
remains in the nest, this being also noted by Lacan (1971).

Mean maximum body weights were highest in the age class of 45 days.
According to Lacan (1971), maximum weights are reached between days
35 and 40, while Beck and Brown (1972) have found that at Signy Island,
maximum weights occurred at an age of about 55 days.
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The highest weight recorded for the chicks examined here was 80 g
But high maximum weights were relatively rare (Tab. VII). Most maximum
weights recorded by Lacan (1971) were between 75 and 85 g, thus at a much
higher level, the mean value on the growth curve being about 70 g. The
mean value at Signy Island was 62. 5 g (Beck and Brown 1972). This
value is close to the mean maximum of the growth curve for chicks
at King George Island, which was 58 g. These differences do not seem to
be related to latitudinal climatic changes, but rather reflected the actual
weather conditions during the study period.

3.3.2. The effect of weather on chick growth
Large differences in growth rate of Wilson’s storm petrel chicks in the

population under study were firstly due to weather conditions. As hatching
is largely extended in time, chicks of the same age grow under different
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. Fig. 15. Growth curves of chicks subjéct to adverse weather at the same time and age.
Arrows periods of adverse weather. B denotes blocking of the nest entrance by snow.
crosses denote death of a chick, Y — body weight in g, X — month

weather conditions. An especially critical situation obviously hindering
growth is due to snowfalls blocking the entrance to the nest, in combination
with low temperatures, when chicks starve even for several days. Starved
chicks loose much weight. This is shown in figure 12, where weights
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of the chicks isolated by snow (closed circles in the hatched area) are much
lower than those of the chicks at the same age but not clocked by snow.

Generally, growth curves of the chicks hatched at the same time were
well synchronized (Fig. 15), this being not the case for chicks of the same
age but hatched at a different time, thus exposed to differential weather
conditions (Fig. 16).

Significant declines in body weights of the chicks starved as a result of
nest blocking by snowfall were also noted by Roberts (1940), Lacan
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Fig. 16. Growth curves of chicks subject to adverse weather at different ages. In perentheses
the dates of hatching; other symbols as in fig. 15, Y — body weight in g, X — age in days

(1971), and Kamenev (1977) on the Antarctic coast, and by Beck and
Brown (1972) at Signy Island. According to Lacan, during 4—5-day
snowstorms the daily loss in weight is about 2 g, and in extreme cases
3.5 g, which can ultimately reduce the weight by 40 to 63° .

In the breeding season of 1979/80, at King George Island there were
several snowfalls combined with strong wimds, and they blocked many nests.
It was not possible to determine precisely the duration of starvation, but
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most probably some chicks starved at least 4 to 5 days. As a result, their
body weights declined from 14.3 to 46.2°, of the weight prior to starving.
On the average (n = 18), the daily weight loss in starved chicks was 2.0 g,
ranging from 0.8 to 6 g.

Losses in weight seem to depend on the weight prior to nest blocking:
losses in weight in g/24 hours were proportional to the weight prior to starving
(Fig. 17): Only the cases are considered here in which chicks starved 4—5-days
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Fig. 17. Decrease in body weight of starved chicks in relation to their body weights before
starvation, Y — decrease in weight in g/day, X — body weight prior to starvation in g

at ambient temperatures between —6°C and — 10°C. The correlation coefficient
r = 0.94 is significant at P < 0.001. This relationship can be due to hypothermy
during prolonged starvation. Torpidity periods were observed in many
starved chicks, probably combined with low body temperature and low
“basic metabolic rate. Torpidity periods in starved chicks were also observed
by by Beck and Brown for Fregetta tropica (1971) and Wilson’s storm petrel
(1972); this phenomenon was also described for other Hydrobatidae (Davis
1957), Allan 1962).

If snowstorms do not take more than a few days and the snow is not
too compact because of wind action, the parents can often rescue their
chicks burried in snow. Generally, such chicks gain weight rapidly, 2.6 g/day
on the average, while the mean maximum growth rate of nonstarved chicks
at an age of more than 20 days is only 1.6 g/day.

But if the body weight of chicks more than 20 days old drops below
30 g, the chicks die even if they are excavated and alive for a few days more.
Perhaps this is related to ambient temperature, which usually drops from
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a few to more than ten degrees below zero (in °C) during heavy snowfalls.

Violent drops in the weight of chicks were also observed after heavy
rainfalls preceded by thaw. In mid-March after a two-day rainfall of 7.5 mm/day,
nine chicks that got wet (unsuitable location of nests, which were flooded

20r—
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Fig 18. Deviations in the body weight of chicks from the mean value at a given age
in relation to the mean daily temperature of four days preceding each observation,
Y — deviation of body weight from mean in g X — mean daily temperature in C

with rain waters and the water from melting snow) were loosing weight
rapidly for three days, at a rate of 3.2 g/day, on the average.

Both body weight on successive days and increases in weight are likely
to depend not only on the factors discussed above but also on air
temperature, or, more precisely, on the rate of cooling.

A correlation method was used to analyse growth of chicks in relation
to the rate of cooling, as measured by Bodman’s formula (Simonov 1971),
and to mean daily temperature. Only chicks more than 20 days old were
used, for which individual growth curves markedly varied. To eliminate
the possible effects of chicks age, the deviations of weight from mean
values for respective ages on the growth curve (Fig. 13) were used, and not
direct measurements of weight. A similar procedure was used to analyse the
effect of weather on the rate of weight increases; deviations of real increases
from mean increases calculated from the mean growth curve were calculated.
As a result, the data for chicks at different ages could be pooled, providing
a sufficient material for these analyses. Measurements of weights and increases



200 ) Aleksander Wasilewski

in weights for chicks blocked in their nests by snow or taken in the
period of heavy rainfall were excluded from this analysis. Both weights and
increases in weight were correlated with mean values of Bodman’s coefficient
and mean daily temperatures of four days preceding the date of measurement,
that is, of the period corresponding to the mean time interval between
successive observations.

First, the relation of weight to simultaneous effects of temperature and
wind speed was examined using Bodman’s formula S = (1—-0.04 t) (1+0.272 V),
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Fig. 19. Deviations of increases in body weight of chicks from the mean increase at each
age in relation to the mean daily temperature of four days preceding each observation,
Y — deviation of weight increase in g, X — mean daily temperature in 0°C

where t is the mean daily air temperaature in °C, V is the mean wind
speed in m/s, and S is a coefficient of climatic severity in conventional
units.

Although the correlation coefficient between relative weights chicks and
Bodman’s coefficients was significant (0.01 > P > 0.001, for n = 94), its value
was very low (r = —0.27).

The correlation between the relative weight of chicks and mean daily
temperature was rather high: r=0.70 (P <0.001, n=94). Although the
" data were largely scattered (Fig. 18), this indicates that temperature markedly
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affected growth. A low correlation between body weight and cooling rate
measured by Bodman’s coefficient shows that the speed of wind was of
low importance. This was due to the fact that the nests were located under
boulders or in rock crevices, thus relatively well sheltered. This is confirmed
by the measurements of cooling in Wilson’s storm petrel nests and in an open
area at Haswell Island (Siple and Passel 1945, in Kamenev 1977):
in the latter case cooling was up to 2.11 times higher than in the nests.

As the effect of wind was insignificant, only the effect of mean daily
temperature on weight increases was analysed. As above, deviations of weight
increases from the mean increases, that is, relative increases were correlated
with mean daily temperature of four days preceding each measurement.
The correlation coefficient was high: r = 0.82 (P < 0.001, n = 46), indicating
that the relationship between increases in weight of chicks and mean daily
air temperatures was significant. Fig. 19.

The higher correlation between air temperature and increases in weight,
as compared with that between air temperature and weight (the respective
correlation coefficients were 0.80 and 0.70, and they differed statisti-
cally at 02> P >0.1), can be explained by the fact that increases in
body weight can be high even after a marked loss in weight. In such cases,
the response to improved weather conditions in the form of weight increases
is considerable, while the weight still remains below average. But even if
increases in weight are correlated with air temperatures, the scatter of data
about the regression line is wide (Fig. 19), indicating that growth of chicks
also depends on other factors, of which feeding rate may be the most important.

As the data presented above imply such factors as rainfall, snowfall
combined with heavy wind, and also air temperature can largely modify
individual growth curves of Wilson’s storm petrels.

The mean growth curves of this species are characterized by a large
scatter of data used to calculate the mean. It should be remembered that
mean growth curves depend on weather conditions in a given season, and
can thus generalized only to a limited extent.

3.4. Diet of Wilson’s storm petrels during the breeding period

To analyse the diet of Wilson’s storm petrel, mainly the regurgitation
defensive of netted adults was used in the period from December 19,
1979, to February 21, 1980. In this way, 82 food samples were collected,
containing 125 specimens of three taxonomic groups®.

The food samples were dominated by krill. It occurred in 96.4"  of the
samples, and accounted for 93.6” of the 125 specimens recorded. The

* T wish to thank Hanna Filipowska for identifying krill to species and measuring mean
body weights of the krill in samples.
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other specimens represented Amphipoda, except for one larval fish. Krill
was represented by Euphausia superba in 949 and by Euphausia crystalloro-
phias in 51" .

The data on the diet of Wilson’s storm petrel during the breeding
season are generally consistent with those obtained by other authors from
the coast of Antarctic Continent and Antarctic Peninsula. Falla (1937) has
found that at Kerguelen Island, the diet of Wilson’s storm petrel is dominated
by Amphipoda (Euthemisto sp.), while on the Antarctic coast, krill (Euphausiidae)
and Cephalopoda are the most important components. Roberts (1940) suggests
that krill, mostly Euphausia superba, is the most frequent components of
the diet in all regions of Antarctica. Kamenev (1977), who analyses 7
stomachs of this species at Haswell Island, has found cephalopods in 6
stomaches, Crustacea (E. superba) in S stomachs, and remains of penguins
in one stomach. Beck and Brown (1972), who collected 20 samples of
food regurgitated by captured birds, recorded mostly adult and larval
E. superba.

Table VII

Frequency distribution of maximum body weights in Wilson’s storm
petrel chicks in weight classes

Maximum weight classes Number

(in g) of birds Per: cent
41-50 3 12
5156 6 2%
57-62 6 2%
63— 68 5 20
69—74 4 16
7580 1 4

At King George Islands, food samples were taken from adult birds, but
indirectly they provide information on the food brought to chicks. 61 samples
were collected in the period preceding hatching, between December 19,
1979 and January 19, 1980. The remaining 21 samples were collected
between February 6 and February 21, 1980, thus when most chicks were
already hatched. As the birds were caught late in the evening and chicks
are fed mainly at dusk, it can be assumed that much of the food collected
in the latter period of sampling was to be fed to chicks.

Table VIII compares the dict before and after hatching. Differences were
insignificant: before hatching a small proportion of Amphipoda was in the
dict. while after hatching only krill. However. krill was the basic omponent
in both these periods, with E. superba as the dominant species.

These findings were confirmed by the analysis of food samples taken
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directly from chicks during weighing them, as older chicks often vomited
in response to handling. In this way, 21 food samples were taken from
February 10, 1980 and to Aprill 14, 1980. They consisted exclusively of krill
(not identified to species).

It is difficult  to estimate food consumption in chicks since they are fed
mostly at night, starting at dusk. During the day feeding occurs only on rare
occasions. The distribution of returning of the adults to the colony suggests
that chicks are not likely to be fed more than twice in the daily cycle.
A mean length of the krill in the food was 42.8 mm, which corresponds
to about 595 mg fresh weight. In the food samples regurgitated by chicks
there were from 2 to 7 specimens, 4 on the average. Assuming that the
maximum number is closer to the real (it is little probable that chicks
vomited the whole content of the alimentary tract), this was 4.2 g of food.
If chicks were fed by each adult one, they would receive about 83 g
of food per day. Croxall and Prince (1982) assumed that the mean
frequency of feeding was 1.5 per day, and the mean weight of a food
ratio was 8 g. This yielded 12 g of food per chicks per day. Both these
estimates of food consumption are rather similar, taking into account lack
of sufficient data on this subject.

3.5. Mortality

3.5.1. Mortality of eggs and chicks and its causes

In the breeding seasons of 1979/80 and 1980/81, nesting losses were
high in the Wilson’s storm petrel population. Of 129 nests monitored in
1979/80, 89.1", were lost, including 79 nests (61.2" ) with eggs and 36 nests
(27.9°,) with chicks. Only 14 chicks survived until fledging, that is, 10.9"  of
all the nests.

In 1980/81, observations were continued only by March 19. By that time,
112 out of 165 nests were lost, that is, 679", including 84 nests with
eggs (50.9",) and 30 nests with chicks (18.2°,). In the same period of 1979/80,
that is, by March 19, losses were slightly higher, up to 759", including
61.2", of nests with eggs and 14.7", of nests with chicks.

This comparison implies that the breeding success was very low in both
seasons, although in 1980/81, 43 chicks were in the nests (26.1" , of the
nests observed) upon termination of the study.

High nesting losses seem to be frequent in Wilson’s storm petrels. Lacan
(1971) estimated that nest losses at Petrel Island accounted for 69.2" , and
Beck and Brown (1972) reported 80.5', nest losses during 3 seacons at
Signy Island.

The  main direct or indirect cause of such a high mortality is heavy
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rainfall and especially snowfall combined with strong wind. In the latter
case eggs can be covered with snow and frozen, or chicks can be blocked in
their nests after a few-day snowfall. From this point of view, Beck and
Brown (1972) analysed data provided by the meteorological station on
Signy Island for a period of 22 years. They have found that at least six
seasons were extremely unsuitable for the Wilson’s storm petrel population.

At King George Island, of the total number of 79 eggs lost in 1979/80;
65.8", were covered with snow and frozen, 19,6 were washed out of the
nests during heavy rainfalls, and only 5.1°, were predated by sheathbills
(Chionis alba, 3 eggs) and skuas (Catharacta maccormicki, 1 egg). 10.1"
of eggs were lost for unknown reasons; some of them were probably
washed out by melting snow. Thus mostly unsuitable weather accounted
for egg losses.

Of 50 chicks hatched in 1979/80, 36 died. Like in the case of eggs,
the main reason was weather conditions. 33", of the chicks who died got
wet during heavy rains and then cooled; the remaining 67", died as a result
of blocking the entrance to the nest by snow. In the latter case not only
the amount of snow is important but also the force of the wind. Usually,
snow cover of about 20 cm present for a few days at a wind speed
of 6 m/s accounts for clocking many nests.

In 1980/81, nesting failures were also due to rainfall and snow storms,
but the data were not analysed in detail because the observations were not
continued by the end of the breeding season.

3.5.2. Chick mortality in relation to their age and weight

The mortality of Wilson’s strom petrel chicks depends on age. In 1979/80,
389", of the total number of chicks hatched died by the age of 10 days,
and 50", died by the age of 20 days (Tab. IX). From day 30 a slight

Table IX

Frequency distribution of Wilson’s storm petrel chicks who died in 1979/80
in different age classes (n = 36)

Age class in days 1—10 1120 21—30 31—40 41—50 51—60 > 61
Number of chicks dead 14 4 0 4 5 6 3
Per cent chicks dead 389 11.1 0.0 11.1 139 16.7 83

increase was observed in the perecentage of chicks dying in successive
age classes. It was due to long spells of adverse weather conditions at
the end of the breeding season. when the nests were blocked by snow
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and almost all chicks died independent of age. The relationship between
mortality and age is more clear-cut when the period of extreme weather
is excluded and only the data by March 19 are considered (Tab. X).

Table X

Frequency distribution of Wilson’s storm petrel chicks who died in both 1979/80
and 1980/81 by March 9 in different age classes

. Number of chicks dead Per cent of the total

Age class in days 1979780 1980/81 Total number of chicks dead
1-10 14 19 33 67.3
11-20 4 5 9 18.4
21-30 0 5 5 10.2
31-40 1 1 2 4.1
19 30 49 100.0

The effect of short spells of adverse weather on chick mortality in relation
to age is shown in Table XI. The weather deteriorated between March 13
and March 18, 1981: temperature fell below freezing, it was snowing and
a strong wind was blowing. On the preceding day, 62 chicks were in the nests
checked, of which 19 died by March 19. Although the number of cases was
low, an age-related trend can be seen, showing that the mortality of younger
chicks was higher than that of older chicks (Tab. XI).

This relationship between chick mortality and age resulted from age-
related changes in the weight of chicks, or, more precisely, from changes in
fat reserves increasing in proportion to weight. Individual growth curves are
very similar by the age of 20 days (Section 3.3.1). In this period, death was
usually caused by getting wet of the down, especially by the age of 10 days.
Also a relatively short-term blocking of the nest with snow accounted for
chick death in this period. The scatter of body weights of chicks more
than 16—20 days old (Section 3.3.1, Fig. 12) suggests the proportion of fat
in the body may markedly increase at this age.

This is confirmed by the fact that if the weight of chicks more than
25 days old falls below 30 g, which may happen when they are blocked in
their nests, they usually die, even when excavated. The weights of 14 chicks
on the day of their death ranged between 24 and 29 g, being 254 g on the
average.

The tendency to reach maximum weight in a short time, this being
related to storing fat reserves, is certainly an adaptation to severe weather
causing often many-day starvation when the nests are blocked by snow.

Nontheless, it is difficult to show a direct relationship between the weight
of chicks and their survival. The reason is that the data available so far
are scarce and also that the nest location modified the effect of weather
on survival. Some nests are particularly sensitive to blocking by drifting
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snow, which accounts for death of chicks independent of their age and
actual weight. It was possible, however, to show that the mean weight on
the day of fledging (x = 65 g, n = 13) was higher by 8.1 g than the mean
maximum weight of more than 25-day-old chicks. that died (x = 56.9, n = 12),
though the difference is not statistically significant. '

The importance of weight is better pronounced when the weight of dead
chicks is compared with the weight of chicks fledged immediately prior
extreme weather deterioration, as it was the case at the end of the breeding
season of 1979/80 (mean daily temperature between March 30 and April
19 was —4.1°C, ground temperature was —7.4°C, the depth of snow cover
reached 29.5 ¢cm, the proportion of days with snowfall was 65" , and the mean
wind speed was 7.2 m/s). The mean body weight of the chicks that

Table XI

The effect of adverse weather during March 13-March 18, 1981 on the mortality
of Wilson’s storm petrel chicks in relation to their ages

O Number of chicks Number of chicks dead ].’er cent
on March 12 in March 13-March 18 chicks dead
1-10 12 7 58.3
11-20 17 6 353
21—30 17 ] 294
31-40 16 1 6.3

survived was 59.3 g, as compared with 46.6 g for the chicks that died.
Although the number of cases is low (n; =9, n, = 9) the difference (12.8 g)
is statistically significant (0.01 > P > 0.002). Like in the earlier case, only
chicks more than 25 days old are considered here.

3.53. Changes in chick mortality over the breeding season

In 1980/81, when the number of dated clutches were relatively high,
a trend in nesting losses was observed, related to the date of laying
(Tab. XII). Three periods have been distinguished. Although the highest
number of eggs was laid in the second period, the lowest proportion of
egg failures was in the first period, and than it increased for the next
two periods. A similar trend was observed in total losses, though differences
between particular periods are less acute because of lower differences in the
mortality of chicks, which are less susceptible to adverse weather than eggs.

This may suggest that the early Antarctic summer is the best time for
laying, and the melting of snow cover is a factor limiting earlier breeding
(Section 3.2.1, Fig. 7).

On the other hand, it should be noted that although the modal value
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of laying distribution is clearly shifted to the beginning of the breeding
season, the frequency distributions of laying in each of the colony groups
in figure 7 approximate normal distributions. The distribution of hatching
dates (Section 3.2.2, Fig. 10) suggests that the distribution of laying dates
in the preceding season was similar.

Table XII
Nesting losses in Wilson’s storm petrel in relation to the data of egg laying
in 1980/81
. ] 11 Dec.— 31 Dec. 80— 20 Jan.—
Bectod, of cgfi-layihg ~30 Dec. 80 —19 Jan. 81 —8 Feb. 81

Number of eggs lost 40 102 23
Per cent eggs lost 375 60.0 69.7
Number of chicks hatched 25 49 7
Chicks dead in per cent
of chicks hatched 320 36.7 571
Total nesting losses
in per cent 51.5 69.7 87.0

Hence, it seems that early summer is at most more frequently suitable
for future egg survival than later periods. An analysis of the probability
of unsuitable weather conditions in particular periods of the breeding season
over many years could help in answering this question.

3.54. Adult mortality

Beck and Brown (1972), using data on ringed and recaptured birds |
over several years, have found that the death rate of adult Wilson’s storm
petrels is about 9° (811" ). For the population living at King George
Island only an indirect estimate of adult mortality is possible. A fact was
used that these birds generally occupy the same nests from one year to
another (Roberts 1940, Beck and Brown 1972). Of 129 nests occupied in
1979/80, 100 was reoccupied in the following season. Of 29 nests not reoccupied,
14 were destroyed (flooded. burried), thus, in fact, only 15 nests were not
reused. If it can be assumed that these nests were not reused because of
the death of adult birds, their annual mortality would be 15:129 100" = 11.6",.
Although this is a very rough estimate, it is close to that calculated by
Beck and Brown (1972).

During the breeding season, adult mortality is probably very low. No
one of not destroyed nests was abandoned; in no case adult birds were
blocked on the nests by snow — they always left the nests during snowfalls.
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3.6. Adaptations of Wilson’s storm petrel populations
to climatic conditions of Antarctica

Wilson’s storm petrel populations are adapted to the life in Antarctica
not only in the way typical of this species but also in the way charac-
teristic of the whole family Hydrobatidae and of many other representatives
of Procellariiformes, inhabiting high and low latitudes.

First of all, a characteristic type of chick development should be considered
here. In all Hydrobatidae, chick development from hatching to fledging is
largely extended ni time. For example, the mean time of nesting development
in Hydrobates pelagicus (51°42' N) is 63 days (Davis 1957). In Oceanodroma
castro (7°57'S) it covers 63 days (Allen 1962), and in Wilson’s storm
petrel from 60 days at South Orkneys (60°43"S) (Beck and Brown 1972),
up to 49 days on the Antarctic coast (66°40" S) (mean from data of several
authors, see Tab. XIII). All representatives of the family are sea birds
collecting food from water surface; they can carry food to chicks from
large distances hence the frequency of feeding is low, which, in turn,
determines the considerable duration of nesting development. The shortening
of this period in Wilson’s storm petrel populations with increasing latitude
(Tab. XIII) is probably related to an increase in food abundance.

Chicks of all the family members reach much higher body weights during
their development than adults. The maximum weight of H. pelagicus chicks
is higher than adult weight by 80" 6 (Davis 1957), in O. castro it is higher
by 70", (Allan 1962), in Wilson’s storm petrel by as much as 105", This
is due to storing large fat reserves. Chicks of this family develop thermo-
regulation relatively early, within several days. This type of growth curve
also determines a considerable extension of the nesting period in Hydrobatidae
and also their reproductive strategy: one relatively large egg over the
breeding season.

Considering specific features of chick development for the whole family
Hydrobatidae, it may be concluded that primarily it represents an adaptation
to temporal food shortage. But in the case of such species as Wilson's
storm petrel or Fregetta tropica it certainly allows the survival of not only
several-day starvation periods, as shown earlier, but also of low tempera-
tures. reaching — 14°C.

As already noted by Lacan (1971), Wilson’s storm petrel chicks grow
faster during their first days and develop homoiothermy earlier than other
Hydrobatidae, living in lower latitudes; O. castro and H. pelagicus chicks
are brooded at least by the age of 7 days, while Wilson’s storm petrel
chicks ussually by the age of 2—3 days.

A specific adaptation enhancing survival in extremely adverse weather
is tropidity period in Wilson’s storm petrels blocked in the nests by snow,
when the metabolic rate is probably very low. This ability also occurs in
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other Hydrobatidae (Davis 1957, Allan 1962, Beck and Brown 1971) and,
like growth curves, it represents a primary adaptation to temporal starvation

Adaptations of Wilson’s storm petrels to the Antarctic climate can be
observed in the phenology of the breeding period. This becomes obvious
when comparing phenological aspects of particular reproductive phases for
a sequence of populations ranging from northernmost to those living farthest
to the south, on the Antarctic coast.

Particular phases of the reproductive cycle along the gradient of increasing
latitude are compared in Table XIII. Similar comparisons were made by
other authors (Lacan 1971, Beck and Brown 1972, Kamenev 1977).
This table includes a large range of data reported by other authors and
also present data from King George Island.

Except for Kerguelen Island, no significant difference exists in the dates
of returning of particular Wilson’s storm petrel populations to their breeding
grounds, and, as many authors suggested, these dates coincide with snow
melting. But the number of days from the arrival of first individuals to the
date of the first egg clearly decreases with increasing latitude from 50 days
at Kerguelen Island to 17 days on the Antarctic Coast (Tab. XIII). It, is so
because egg laying starts earlier with increasing latitude.

At first sight it is surprising that the duration of egg-laying increases
in the same direction from 29 days at Kerguelen Island to 57 days on the
Antarctic Coast. Data from Antarctic Peninsula do not fit to this pattern.

This probably results from a small sample size, consisting of only 18 records,
hence the range of laying dates may be shortened. The sample size from
Kerguelen Island is also small; hence the differences in egg-laying duration
between northern and southern population of the Wilson’s storm petrel are
probably smaller than those in Tab. XIII. However, the tendency to prolon-
gation of the egg-laying period with increasing latitude seems to be really
existing.

In some situations, for example, at King George Island in 1980/81,
laying period could be extended because of a delay in laying caused by delayed
snow melting in some colonies. But independent of this, in each of these
colonies a characteristic, close to normal distribution of egg-laying in time
was observed (Section 3.2.1, Fig. 7), being of basic importance to the
duration of laying period. Thus, the prolonged laying period in Wilson’s
storm petrel populations living farther to the south does not result from
a delay in breeding in some colonies but it is an effect of the specific
dictribution of laying in these populations.

Beck and Brown (1972), who first noticed this phenomeénon, suggested
that this might be an adaptation to randomly distributed in time unfavourable
weather conditions, mostly snowstorms, accounting for high egg mortality.
They may occur at the beginning, in the middle, or at the end of the
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breeding season, depending on the year. Under such climatic conditions,
the prolonged laying period can ensure better survival. The onset laying
depends on the date of snow melting and the end of laying occurs when
the chance for chick survival is extremely low because of obligatory adverse
weather.

The adaptive character of this pattern to Subantarctic and Antarctic
climate raises no doubt, but the evolutionary mechanisms of this adaptation
within populations reamins unclear. It is only possible to state that individual
pairs show at least a tendency for laying eggs either earlier or later in successive
years, when observing dates of hatching in the same nests, occupied in two
successive years (32 nests) The adults occupying these nests were not
marked but Roberts (1940) and Beck and Brown (1972) have shown that
a large proportion of nests is occupied by the same birds year after year.
For example, according to Roberts, 20 nests out of 22 were occupied by
the same pair in the following year, and in the two remaining nests only
one partner was new. Thus, it can be assumed that the 32 nests analysed
here were generally occupied by the same pairs in the two years.

A high correlation coefficicnt was found (r = 0.76, P < 0.001) between the
dates of hatching for the same nests in 1979/80 and 1980/81 (Fig. 20).
Consequently, the dates of laying showed a similar relationship. A relatively
high coefficient a = 11.9 reflected the delay of laying in 1981 due to delayed
snow melting in some colonies. As it has been shown after analysing the
attachment of individual nests to the colonies, the general character of the
relationship days not depend on environmental conditions.

Hence, it may be suggested that the Wilson’s storm petrel population
is characterized by a certain structure with respect to the dates of laying,
perhaps genetically determined. But the explanation of this interesting
problem requires further studies.

The time of incubation tends to decrease in the gradient of latitudes
(Tab. XIII), though the differences are not likely to be statistically significant.
The shortening of incubation is possible due to the shortening the breaks
in incubation, characteristic of this species; the real time of incubation
is probably relatively constant. This tendency does not seem to be of
adaptive value, and it rather reflects the improved food conditions with
increasing latitude. This would be conformed by a clear tendency to a shorter
stay of chicks in the nest in southern populations of Wilson’s storm petrels.

The dates of depature from breeding grounds are earlier towards the south.
However, the period from the first egg to leaving the colony is similar for
all populations. The total duration of the breeding season, from arrival to
departure from the breeding grounds, decreases with increasing latitude,
being shorter by one month for the population on Antarctic Continent
(Tab. XIII).

As shown in Section 3.5, egg and chick mortality is very high in Wilson’s
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storm petrel populations, fecundity is low, while the life span of adults
very long. The survival strategy of the species is directed towards the
survival of adults. One of the symptoms of the behaviour consistant with
this strategy is leaving the nests with eggs or chicks by adults during
snowstorms threatening with blocking the entrance to the nest. During the
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Fig. 20. Relationship between the dates of egg hatching in individual nests in 1980/81 and
the dates of egg hatching in the same nests in the preceding season (1979/80), Y — date
of hatching in 1980/81, X — date of hatching in 1979/80

two breeding seasons no adult bird died as a result of nest blocking by
snow, though the number of nests checked was high. The same was recorded
by Lacan (1971) and Beck and Brown (1972). Kamenev (977) recorded
some cases of dead adults found in the nests from the preceding season
but these might have been chicks who died immediately prior to fledging,
thus in full plumage.

To sum, up, it can be stated that Wilson’s storm petrels have many
morpho-physiological and biological features characteristic also of other
Hydrobatidae, enhancing the survival of this species under severe climate of
Antarctica and Subantarctica; however, specific, direct adaptations to these
climatic conditions are mostly behavioural, and, in particular, they concern
breeding phenology of individual populations.

I wish to thank Dr. Bolestaw Jablonski for making available his data on Wilson's storm
petrel numbers in Admiralty Bay: Hanna Jackowska-Filipowska for identifying krill to

species and estimating mean weights of the krill in food samples; Dr. Jacek Rozynski for
invaluable help in material collecting.
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4. Pe3rome

WUccnenosanus nonynsiuuu kauypku Buicona va o-se Kunr JIkxopmk (FOxwubie Iernan-
ckue o-Ba) Benuch B 1979—81 r. B paiione 3anmuBa AamupanbThl. UCONb3ys METOA OLIEHKH
YUCJICHHOCTH 110 TPAHCEKTY [1POCJIEKEHbl M3IMCHEHMS YMCICHHOCTH MOMYJISUMU KayypoK OT
npuiéra 10 Havana siuexnanku (Puc. 4). Ilocneayromme M3MEHEHUS YMCIEHHOCTH OCHOBAHBI
Ha GanaHce B3POCIBIX OCOOEH NPUCYTCTBYIOUIMX B KOJIOHMM, BBUIYIUISIOLIMXCS NTEHLOB U HX
rubenu ¢ TeyeHueMm Bpemenu (Puc. 5 u 6).

Wcnonb3ys pasHble METO/bI OLEHKM YHCJIEHHOCTH (YY4€T 1O TPAHCEKTY. OTJIABJIMBAHHUE
¥ KOHTPOJIb OKOJIbIOBAHHBIX OCOOEH. TMOTONOBHBIN Y4YET NTHIl BO3BPALIAIOUIMXCS C MOpPsS
B KOJIOHMIO) HYHCJEHHOCTbL [ONyJIsiMM Kavyypku Buscona B paifone 3amuBa AaMupaiabThl
YCTAHOBJIEHO npuMepHo Ha 3400 nap.

Sitnexaka ObUIa 3HAYUTENIBHO PACTSIHYTAa BO BPEMEHHM, B CPE/JHEM OHa JutMiach 56 aHeii
(18.12-—30.01.79/80, 12.12—8.02.80/81). Pacnpenenenue 4acTtoT sSilEKIa/l0K BO BPEMEHH B OT-
JICJIbHBIX KOJIOHHSIX MPUOJIMKATIOCH K HOPMAJIbHOMY, C HEKOTOPOW TOJIOKHUTENLHOW CMelIeH-
HOCTbIO. Hauano siuexnasok OblI0 OOYCIOBJICHO TassHbEM CHEXHOI'0 1okposa (Puc. 7).
Wukybamms naunack B cpeanem 44 jusi. B npesesie 38—54 aueir. [lepuoji BbUIyIUICHUS
NTEHIOB pacTsaruBajics B cpeaHem Ha 53 nus (Puc. 10). Iltenusl ocraBamuch B THe3je
B cpeaHeM 59 JHC.

B MoMeHTe BbUIYNJIEHHMSI NTEHIbI BECHJIM OKOJO 7 T. MakCMMaJIbHbIi BEC IITEHIIOB
nocturan 80 r, npeBocxonst Bec B3pocioi nruiil Ha 1059, (Puc. 12). Cpeanuii mMakcumab-
HBI BEC NTEHIOB HAXOIMJICS OJIHAKO Ha Oosiee Huckom yposue (Puc. 13). B Goubinencrse
NTEHIOB pacTsarupancs B cpeaem Ha 53 aus (Puc. 10). IlteHusl ocraBanuch B THe3Jie
CJy4aeB NTEHLbI JIOCTUIAId MAaKCUMAJIbHbIN Bec Mexay 31—35 aHEM XU3HM, OJHAKO HAMBBIC-
WHUH MaKCUMallbHbIH Bec oTMeueH B Bo3pacte 41-—45 nueir (Tab. VI). Ilepen BbiietoMm u3
rHe3/la TNMTEHIbl BECHJU OT 35 10 66 r.

Jlo 20 1aHS SKU3HM KpPUBBIE pPOCTA BCEX IITCHIIOB CXOJHBI, HO B MOCIEAYIOUIMX HSAX
cuibHO KoJiedmoTest (Puc. 12), uto oOyciioBieHo atmochepuueckuMu YCJIOBHSIMU B KOTOPBIX
pa3BUBalOTCs OT/Ae/bHbIe NTeHbl (Puc. 15 u 16). OCoOeHHO CHIIBHO BO3JEHCTBYET HAa pOCT
NTEHLOB 3aCBIIAHME THE3/l CHETOM, YTO BBI3BIBACT TOJIOJAHUE NTEHIOB [AaXe HECKOJbKO IHEH
W B TOCHEACTBMM najaeHue ux Beca oT 149, o 469, OOHapykeHO, 4TO BeC [TEHIOB
B JIAHHOM KJIACCE BO3pACTa, a TAKXKe BEJIMYMHA MPUPOCTA HX Beca 3aBUCAT- OT OKpYyXarouien
Temnepatypsl (Puc. 18 u 19).

Ucnonb3ys ¢akt, 4ro oTiaBiuBaemble ocobu cOpaceiBaloT nuity, codpano 103 oOpasua
NUIM B3POCJIBIX NTHUIl U NTEHIOB. B mnuile JOMHUHMpPOBAN KpuWib, BbICTynatrouidd B 96.4%
obpasnos (Tab6. VIII).

B 06a ce3ona B uccienyeMoii nonysiuun kauypku Busicona oOHapykeHO Ooubline NoTepu
kiaagok. M3 129 xjganok KOHTPOJMpPOBaHHBIX B cezone 1979/80 norubmno 89,19, T'ubens
KJIAJIOK 3aBHCEJIa Mpexae BCEro OT aTMochepuyeckux yciaoBuii: u3 79 yTpadeHHbIX SHL
65.8%, morubyio BcieacBue cHeromnajoB, 199, OblIO BBIMBITBIX M3 T[HE3 TaJOH M J10XKIAEBOH
BOJIO#, a Toabko 5.1% wmcrpebunm nomopHuku. Cpeau 36 naBumx nreHnos 339 norudio
BCJICJICTBHE NPOMOKAHUS MyXa a OCTaJibHble 679, BCIEJCTBUE 3aChINaHUs I'HE3/ CHEronajaaMu.
CMEpTHOCTH MTEHIOB MPUHAUIEKALIMX K MIAAMM KJlaccaM BO3pacTa Oblja BBIIIE, YEM Y CTap-
LIMX MTEHIOB, YTO cBsizaHo ¢ ux BecoM (Tad. X u XI).

VY CTaHOBJIEHO, YTO OTHOCHTEJILHO OOJIBbIIONH Bec NTEHLOB Kauyypku Buiicona u ObICTpbIi
TEMN HX POCTAa B TCYCHHUHU MNEPBBIX |6 JHEH KHU3HU 110 CPABHEHMIO C TIPEJCTABUTENSAMH TOTO
Ke ceMelcTBa OOMTAaUIMMU B HUCKUX LIMPOTAaX, mHpejactaiser coboii npucnocobieHue
K KM3HU B AHTpAKTHKe. AJanTalMud K KJIMMATHYCCKHM YCIOBHSIM AHTAPKTHKH OOHApYXEHBI
Takke U B obsnactu ¢enonorun paszmuoxenus (Tab. XIII).
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Streszczenie

Badania nad populacja nawalnika Wilsona (Oceanites oceanicus) na wyspie King George

(Szetlandy Poludniowe) prowadzono w latach 197981 w rejonie Zatoki Admiralicji. Stosujac
metode taksacji liniowej przesledzono dynamike liczebnosci populacji od przylotu do rozpo-
czgcia legow (Fig. 4). Dalszy przebieg zmian liczebnosci zrekonstruowano kontrolujac gniazda,
na podstawie bilansu obecnych w kolonii osobnikéw dorostych, wykluwajacych si¢ pisklat
i ich ubywania wskutek $miertelnosci (Fig. 5 i 6).
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Wykorzystujac rozne metody (taksacja liniowa, odlowy i kontrola znakowanych osobni-
kow, totalne liczenie osobnikéw wracajacych z zerowisk do kolonii) oszacowano liczebnos¢
populacji w rejonie Zatoki na okolo 3400 par.

Zniesienia byly znacznie rozciagnigte w czasie i na wyspie King George obejmowaly
$rednio 56 dni (8.12—31.01, 12.12—8.02). Rozklady zniesien w poszczegdlnych koloniach byly
zblizone do normalnego, dodatnio skosne: poczatek zniesien uwarunkowany byl terminami
zaniku pokrywy s$nieznej (Fig. 7). Przecigtny czas inkubacji wynosit 44 dni w zakresie 38— 54
dni. Wykluwanie si¢ obejmowalo $rednio 53 dni (21.01—16.03 i 26.01—16.03) (Fig. 10). Piskleta
przebywaly w gniezdzie $rednio 59 dni.

Piskleta wazace w momencie wyklucia okolo 7.5 g osiagna¢ moga cigzar 80 g (105,
powyzej cigzaru osobnika dorostego) (Fig. 12). Przecigtny maksymalny ci¢zar przypadajacy
na 43 dzien Zzycia jest jednak nizszy (Fig. 13). Najczesciej piskleta osiagaja maksimum cigzaru
w wieku 31—35 dni, cho¢ przecigtny maksymalny cigzar w tej klasie wicku jest nizszy niz
w wieku 41-—45 dni. (Tab. VI). Tuz przed wylotem pisklgta wazyly od 35 do 66 g

Do 2- dnia zycia krzywe wzrostu pisklat ksztaltuja si¢ podobnie, natomiast w nastep-
nych dniach podlegaja znacznej zmiennosci (Fig. 12), zaleznie od warunkoéw pogodowych na
jakie trafiaja poszczegoélne piskleta (Fig. 15 i 16). Szczegdlnie ostry wptyw na wzrost pisklat
ma blokowanie gniazd przez opady $niegu, co powoduje nawet kilkudniowe gtodowanie
pisklat i w efekcie spadki ich cigzaru od 14", do 46", Wykazano. ze cigzar pisklat w danej
klasie wieku, jak tez warto$¢ przyrostow cigzaru ciala zalezne sa od temperatury zewnetrznej
(Fig. 18 i 19).

Wykorzystujac obronny odruch wymiotny u lowionych osobnikow dorostych i pisklat
zebrano 103 proby pokarmu. W pokarmie osobnikéw dorostych dominowal kryl, wystepujacy
w 96.4", prob (Tab. VIII). Wsrod okazoéw oznaczonych do gatunku 94.9°, stanowily Euphausia
superba. W 21 probach pokarmu pisklat wystgpowal wylacznie kryl.

W obu sezonach w badanej populacji nawalnika Wilsona stwierdzono wysokie straty
w lggach. Na 129 legéw kontrolowanych w sezonie 1979/80 zgingto 89.1" . Straty powodo-
wane byly glownie przez warunki atmosferyczne: na 79 zniszczonych jaj 658", zginglo
wskutek zasypania przez $nieg, 199, zostalo wyplukanych z gniazd przez deszcze a tylko
5.1%, zniszczyly skuy i pochwodzioby. Na 36 padlych pisklat 33, zginglo naskutek
zamoknigcia puchu a pozostale 679, wskutek zablokowania gniazd przez $niezyce. Stwierdzono,
ze $miertelno$¢ mlodszych pisklat jest znacznie wyzsza niz starszych (Tab. X i XI), co jest
zwigzane z ich ci¢zarem.

Stwierdzono, ze znaczne cigzary ciala pisklat nawalnika Wilsona i “szybkie tempo ich
wzrostu w pierwszych 16 dniach Zzycia, w porOéwnaniu z przedstawicielami tejze rodziny
z niskich szerokosci, stanowia adaptacj¢ do zycia w Antarktyce. Adaptacje do warunkow
klimatu antarktycznego wystepuja tez w zakresie fenologii rozrodu (Tab. XIII). Szczegdlne
znaczenie ma tu rozciagnigcie okresu zniesien u poludniowych populacji nawalnika Wilsona.



