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ABSTRACT: The microclimate of the nest-sites of Pygoscelis adeliae, P. antar-
ctica and P. papua was studied from December 1979 to January 1981. The temperature-
of the ground, air temperature at 0.05 m, 0.35 m ad 2m and wind velocity at 0.35m
and 2m above the ground were recorded. The wind velocity in the places chosen
by penguins for nesting was lower than at the meteorological station by 229 to 609%.
It was proved that in winter the mean monthly ground temperature at the nesting
places was lower than that at the meterological station by 6 to 8°C due to the much
thinner snow cover. Pygoscelid penguins chose for nesting places of specific microclimate
and modified the wind velocity, temperature of the ground and, to a leser extent, the air
temperature.

Key words: Antarctic, penguins, microclimate.

1. Introduction

The studies of the microclimate of penguin nesting places has been
so far very limited. Sapin-Jaloustre (1960) observed that the microclimate
in the colony of the Adélie penguins was milder than at a neighbouring
meteorological station. Yeates (1968) has measured the microclimatic para-
meters at a distance of about 100 m from the colony of the Adélie
penguins, hence his results may be not representative for the nest-sites
(Geiger 1957).

There are no clear evidences of influence exerted by groups of nesting
birds upon the microclimate. Stonehouse (1979) presumes that nesting
birds decrease the wind velocity in a colony, while Yeates (1975) suggests
that this influence is slight, especially at high winds.

* This study was carried out during the Fourth Antarctic Expedition of Polish Academy
of Sciences, as a art of Project MR-II-16.
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The aim of the present paper was to determine the yearly values of
microclimatic factors in the nest-sites of three species of the genus Pygoscelis.
An attempt was also made to distinguish the proper microclimate for the
areas in which the penguin colonies occur from the microclimate which is
generated by groups of nesting penguins.

2. Study area

The microclimate was investigated in the area of the colony of penguins
situated on George Island, at the western shores of the Admiralty Bay,
between Thomas Point and the Ecology Glacier (Fig. 1). This colony
is described by Penney (1968) as the “West Point Thomas rookery”.
In the season of 1979/1980 9310 pairs of Pygoscelis adeliae (Hombron et
Jacquinot), 526 pairs of Pygoscelis antarctica (Forster) and 620 breeding
pairs of Pygoscelis papua (Forster) nested in the area (Jablonski 1984b).

The area of the penguin colony at Thomas Point constitutes a minute
part of the area free of ice, the whole of which constitutes 7°, of the
area of the drainage basin of the Admiralty Bay. The area of the drainage
basin free of ice has increased during the recent 22 years due to a 3 km
recession of glaciers (Rakusa-Suszczewski 1980). A description of the
colony at Thomas Pt is included in the papers by C. Miiller-Schwarze
and D. Miiller-Schwarze (1975), Volkman and Trivelpiece (1981)
and Jabtonski (1984a).

The climate of South Shetland Islands is a humid marine one. In the
period 1951—1960 at the station “Admiralty Bay” situated 10 km from
the colony of Thomas Pt the mean yearly air temperature was —3.9°C.
mean wind velocity — 6.6 m/s and mean yearly humidity — 849,. In comparison
with the coasts of the Antarctic continent the relative air humidity of the region
of the Admiralty Bay, similarly as the whole of the South Shetlands
archipelago, is higher by about 159, and the precipitation in this area is

more than twice larger (Moczydtowski 1978).

At the H. Arctowski Station, in 1980 the mean air temperature was
—3.8°C, the mean ground temperature 0.2°C and the total precipitation
615 mm (own unpublished data).

In 1977—1978 winds were mostly of the SW directions (Nowosielski
1980, Zubek 1980). The total radiation value in the summer season 1978/79
at the H. Arctowski Station was 10°, higher than that at the Bellingshausen
Station (Krezel, Pecherzewski 1981). A lesser cloud cover due to the
frequent occurrence of foehn effect (Rakusa-Suszczewski 1980) as well
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as the favourable solar exposure of the H. Arctowski Station (Krezel,
Pecherzewski 1981) make the study area better insolated than the rest of
King George Island.

3. Material and methods

Microclimatic parameters were measured in the area of the Thomas Pt
colony between December 1979 and January 1981. Self-registering microcli-
matic stations were situated in places chosen for breeding by particular
penguin species (Fig. 1).

The temperature of the ground was measured at a depth of 0.05 m.
The air temperature was measured at 0.05, 0.35 and 2 m above the ground.
The wind velocity was measured at 0.35 and 2'm above the earth surface.
The total error in measuring the values of air and ground temperatures
is +0.2°C, and that of wind velocity +0.3 m s !. The mean monthly
and mean periodical values of parameters were calculated as an arithmetical
mean from measurements carried out at main synoptic times, i.e. at 00,
06, 12, 18 GMT each day in summer months (November, December,
January and February) and as arithmetical means from measurements at
12 GMT each day for other months. In the description of results, the
following symbols were used: the mean monthly ground and air temperatures
— MMGT and MMAT, mean periodical ground and air temperatures —
MPGT and MPAT, mean monthly and mean periodical wind velocity —
MMWYV and MPWYV, respectively.

In order to evaluate the error made in the calculations a comparative
analysis of mean values of parameters calculated from 24 measurements over
a day and mean values of parameters calculated from 4 and 1 measurements
was made. The mean monthly value of wind velocity at 0.35 m in the breeding
group of P. papua calculated from 24 measurements over a day in January
1980 amounted to 1m s~ '; that calculated from 4 measurements over
aday to— 1.3 m s~ '; and that obtained on the basis of 1 measurement during
each day to — 1.4 m s~ !. The values for February were 1.1, 1.3 and 1.3 m s !,
respectively.

The mean monthly temperature values found for summer months as
arithmetical means from 4 measurements over a day differed in most cases
by 0.1 to 0.2°C from the mean monthly values of the temperature calculated
from 24 measurements over a day. The above differences were lower than
the measurement error. Therefore the calculated mean values of parameters
may be accepted for actual means. This is in agreement with similar
comparative analysis of mean parameter values carried out by other authors

(Conrad and Pollak 1950, Dolgin et al. 1977).
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Fig. 1. Breeding colony of penguins of the genus Pygoscelis at Thomas Point according to
Dutkiewicz and Furmanczyk (unpubl.). The distribution of measuring stations. 1 — Breeding
groups of P. papua+station M1; 2 — Breeding groups of P. antarctica+station M2: 3 —

Breeding groups of P. adeliae+station M3; 4 — H. Arctowski meteorological station.
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Fig. 2. Mean monthly ground temperature values at the depth of 0.05m (a) and mean
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monthly air temperature values at 0.05m above the ground surface (b) in the Thomas Pt

colony in 1980.
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Due to technical difficulties the data on ground air temperatures for the
following periods are excluded from calculations: 1—9 January, 27 January,
14—18, 20 and 21 February 1980.

In order to determine if the measurements at a single point in the
breeding group are representative for its whole area there were made three
series of double measurements of ground temperature at a depth of 0.05 m
as well as wind velocity, rate of cooling and air temperature at 0.35m
above the ground were recorded.

The air and ground temperatures were measured with mercury Hallay
thermometers to the nearest +0.1°C. Wind velocity was measured with an
anemometer of Rossen-Miiller, indicating the mean velocity for 100 seconds
with an accuracy of 0.1 m-s~'. The rate of cooling was measured with
a dry Hill kata-thermometer. The time during which the thermometric
fluid dropped was measured with an accuracy of +0.1s; the total error
of this time measurement was + 0.2s. The conformity of all devices
has been certified.

A double measurement consisted in measuring the microclimatic parameters
inside the breeding group of penguins at a distance of about 10 m from
its limits, and immediately after outside the group, also 10 m from its
limits. The time interval between the two measurements was about 10 min.
A low variability in air and ground temperatures, a long time period of
approaching the mean value in the case of measuring the wind velocity
and rate of* cooling allowed to consider a pair of measurements conducted in
that way as simultaneous ones. The measurements were always carried out
on the windward (on particular day) limits of the penguin breeding group
area. .

Series of 100 measurements, each conducted inside and outside the breeding
group, were carried out between 17 and 25 January 1980 (when both young
and mature Adélie penguins were in the colony) and between 14 and 21
February 1980, i.e. immediately after the penguins had gone to the sea.

A third series, of 17 measurements, stopped by a heavy snowfall, was
~ carried out on 29 March 1980, i.e. a month and a half after the birds had
left the breeding area, but still before the permanent, winter snow cover.
In the period 18—25 February 1980 a series of 80 double measurements
was also carried out in the places in which P. antarctica moulted and in
the open area some 10—15 m distant from these places.

4. Results

4.1. Ground and air temperature

In the period January — February 1980, and also in March the mean
monthly ground temperatures (MMGT) in the breeding group of P. papua
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Fig. 3. Mean monthly air temperature values at 0.35m (a) and 2 m (b) above the ground
surface in the Thomas Pt. colony in 1980. Designations as in fig. 2.

were significantly higher than those in the breeding group of P. antarctica
and P. adeliae (Tab. I and II. Fig. 2), whereas in next summer (November —
December 1980) MMGT was higher in the breeding group of P. antarctica.

The mean ground temperature in the winter season (MPGT) was highest
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in the area of summer occurrence of P. adeliae and was statistically
different from these values for the areas of the other two species. In October
the MPGT values in the breeding areas of all species became equal (Tab. II).

At the end of summer the MPGT values measured at the meteorological
station did not differ from such values measured in the areas of each
breeding group. On the other hand, in the winter season (April — September)
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Fig. 4. Mean monthly wind velocity values at 0.35 m (lower value) and 2 m (higher value)
above the ground surface in the Thomas Pt. colony in 1980. 4 — meteorological station
at 2 m; 5 — meteorological station at 0.35 m. Other designations as in fig. 2.

the MPGT values measured at the meteorological station were always
statistically significantly higher than those in the areas occuppied in summer
by the investigated penguin species (Tab. II). The differences reached their
highest values in July and amounted to 6.2°C (for P. adeliae (nest-site)
6.3°C (P. antarctica) and 7.9°C (P. papua), respectively.

At the beginning of summer (November — December 1980) the ground
temperature at the meteorological station increased slower than in the area
occuppied by penguins and the mean value calculated for this period was
statistically lower than those of the P. antarctica and P. adeliae breeding
areas (Tab. I, II, Fig. 2).

The mean monthly air temperature values (MMAT) at 0.05m, 0.35m
and 2 m above the ground had a yearly pattern similar to that of ground
temperature. The highest values occurred in summer months with a maximum
in December or January, and the lowest ones in July or August. Differences



Table 1

Mean ground temperature (in °C) at the depth of 0.05 m below the ground surface and mean
air temperature at 0.05m above the surface in the breeding groups of P. papua (P.p.),
P. antarctica (P. an.), P. adeliae (P. ad.) and at the meteorological station (M.st.) in the
Thomas Pt. colony in phenological periods in 1980. Standard deviation values are given in

brackets.
Niithis Me?n temperature ('C)
Stu.dy of of the ground at the depth o e ads ar 605
period measu- of 0.05m
rements  p P.an. P.ad. M.st. P.p. P.an. P.ad.
Summer
January- 192 5.0 4.0 39 43 2,6 3.1 2.7
February (3,3) (3,7 (3,9) (3.4) 2,9 3.2) 3.2)
1,2 0,3 —-0,8 0,6 1,0 1.5 0.3
Marnch fl ey 16 (18 (09 @28 28 29
Winter
April- 183 -67 —65 -55 —18 -68 —65 —66
September (4,6) 3.5) 3,9 (1,5) (5,8) (1,7 (5:2)
—-1,2 —-1,3 —1.8 0,2 -0.9 0.1 -0,3
October A 19 (19 1.6 (02 @8 @26 @7
Summer .
November- 224 0.8 3.6 2,6 151 0.4 2.5 1,3
December (3,0) (5.1) (4.6) (2.8) (3.4) (4.3) (42)
Table II

Differences between the mean ground temperature values in the nest-sites of P. papua, P. antar-
ctica, P. adeliae and the meteorological station at the Thomas Pt. colony in phenological
periods of 1980.

Summer Winter Summer
January- March April — October November —
Measuring February September December
station temp. temp. temp. temp. temp.
(¢ p (O p (G p (O p (O p
diff. diff. diff. diff. diff.
P. papua — ;
P. aniarciica 0,9 0,02 0,8 0,1 -02 @ 0.1 ® : —28 0,001
P. papua —
P. adeliae 1,0 0,02 2,0 0,001 —1,2 0,01 0,6 ® 1.8 0,001
P. antarctica —
P. adeliae 01 e 12001 -10002 05 @ —10 005
St. meteo —
P pagms -06 01 —-05 @ 49 0,001 14 0001 03 @
S melca— 03 ® 03 @ 47 000 15 1 24
PR 3 . 2 .70, 50,00 4 0,001
Sl IIGEED = 04 @ 150001 37 0001 2
P. adeliae . ,»9 0,001 ,7 0,00 0 0,001 —1.4 0.001

@ p-values>0.1.






























