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Climatic data from Robertskollen, Dronning Maud Land, 
Antarctica, January 1993 to January 1995 

Ian PNewton 
Percy FitzPatrick Institute of African Ornithology, University of Cape Town, Rondebosch 7700, South Africa 

Two full years' data .from an automatic weather station 
sited at Robertskollen, Dronning Maud Land, Antarc:
tica are presented. Air temperature and humidity, wind 
speed and direction, three types of radiation and the 
temperature of three microhabitats of biological sig
nificance were collected. Minimum air temperatures 
were higher during the winter, when compared with pre
viously collected data from the South African station, 
SANAE Ill. The maximum air temperature recorded 
was 5,2 °C whereas soil temperatures reached 34,4 oc. 
The average weekly temperatures of the microhabitats 
remained abovefreezingfronz mid- November to early 
February. The absolute minimum temperature 
(-33,6 °C) was the same for air and all microhabitats. 
Implications .for the biota living in these habitats are 
briefly discussed. 

Introduction 

The FitzPatrick Institute is involved in a multidisciplinary 
terrestrial biology project centred at the Robertskollen 
group of nw1ataks (71 °29'S, 03° 15'W; altitude ea 
400 m, Fig I) in Dronning Maud Land, Antarctica. The 
primary objective of the project is to study the effect 
that ornithogenic products from snow petrels 
(Pagodroma nivea) have on the local microfauna and 
plant life (Cooper et a/ 1991 ). To relate the physiologi
cal and behavioural adaptations of the organisms being 
studied to the climatic environment and to estimate the 
potential length of the biologically active season, an 
automatic weather station (AWS) was sited on one of 
the smaller nunataks, unofficially named View Rocks 
(Ryan et a/ 1989). This site is centrally situated, high 
up on the central ice dome and is easily accessible. The 
altitude is 420 m, which is 40 m lower than the top of 
the ice rise situated about I km west by north. Cairn 
Peak (460 m) and Peaceful Hill (476 m) are about 1 km 
to the east and south respectively and separated from 
the AWS by a valley (360 m). 

In addition to general climatic features, examples of 
three microhabitats of potential biological importance 
were also monitored. These microhabitat types were 
the soil surface (typical micro and meiofaunal habitat), 
the under-surface of a small flat rock (typical mite habi
tat) and in an unoccupied rock crevice (typical snow 
petrel nest site). 
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Equipment and methods 

TheAWS (Fig 2) is built around a Campbell CRIO data 
logger. The logger unit is rated to -55 °C, as is the 
Campbell SM716 data storage module. The modules 
are housed in a weatherproof chamber, along with four 
banks of eight "D" cell Duracell batteries arranged in 
parallel, rated at 12 volts, 30 Amp-hours at 20 °C. At 
-30 oc the current rating drops to 30% of that at 20 oc 
(Anon 1991 ). A Campbell XN217 temperature and rela
tive humidity probe, mounted in a radiation shield 1,5 m 
above the rock surface, is used to monitor air condi
tions. Wind speed and direction are monitored by an 
R M Young wind unit. Three types of radiation are 
monitored; total sunlight using a Li-Cor LI-200SA 
pyranometer sensor, photosynthetically active radiation 
(PAR) using a LI-Cor LI-190SA quantum sensor, and 
UVa using an Eppley ultraviolet radiometer (300 to 405 
nm). Although UVb is the most important UV radiation 
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Fig 1. Map indicating the positions of SANAE Ill, 
Robertskollen and Vesleskarvet 

103 



Fig 2. The weather station in situ, Cairn Peak in the background 

from a biological point of view, a UVb radiometer was 
not available when the AWS was set up and financia I 
constraints prevented its later addition. The tempera
tures of the three microhabitats are monitored using 
Camp bell 1 07B thermistor probes, each on 25 m of 
cable. 

The unit was set running on 1 January 1993 with an 
initial sampling interval often minutes. Every three hours 
the average of the readings from each probe was calcu
lated and the result stored in the memory module. When 
the 1992/93 summer field season finished (24 February 
1993), the data to that point were collected and returned 
to South Africa for analysis. At that stage it was dis
covered that wind speeds which average greater than 
I 0,5 m s·' over the ten-minute sample interval, were re
corded as 10,5 m s·' . This problem was not foreseen 
from the instruction manual (Anon 1989). This prob
lem was rectified on 9 January 1994, by setting the sam
pling interval for wind speed to two minutes, which al
lows a maximum two-minute average wind speed of 
53,5 m s·' (192,6 km h·') to be recorded. At that stage 
the sampling interval for the other probes was increased 
to 15 minutes (but still recorded as three-hour averages), 
and the maximum two-minute wind speed reading in each 
three-hourly interval was recorded. The data were 
downloaded onto a portable computer on 19 January 
1994 and again on 10 January 1995. At the time of 
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writing, data arc still being recorded. 
All the other probes appeared to work correctly, al

though there is some doubt as to the operation of the UV 
radiometer a Iter the winter darkness. In 1993 it recorded 
positive values for 11 days, starting along with the other 
radiometers on28 .July, but then recorded only zero val
ues until28 September. In 1994 it again began record
ing positive values on 28 July but after tour weeks it 
reverted to recording zero values unti l the afternoon of 
15 December when it rose from zero to 4,67 mw cm·· 
over a period of six hours. 

For analysis, the sample period was divided into 
weeks, starting w1th the first fu ll day's data which was 2 
January 1993. fhe data were analysed such that week 
one was 2 - 8 January, inclu.., ive. All values are based 
on the three-hour average reading. Daily cycles are 
missed with this method, bur general trends can be seen. 
The wind rose was produced from the summation of the 
data. 

Temperature <.lata for SANAE [I[ (70°24'S,02° lO'W: 
altitude ea 30 m; about 140 km north ofRobertskollen) 
were extracted from the Sou rh African Weather Bureau 
Newsletters from 1985 up to the cessation of the SANAE 
I [f weather readings in November 1992. The t.lata are 
fragmentary and the values used are four years' wottb 
of monthly averages, which cou Id be found between 1985 
and 1992. ThedataforMaudheim(71°03'S, 10°56'W l 
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are for the period March 1950 to December 1951 and 
were extracted from Hisdal ( 1960). 

Results 

Average, maximum and minimum weekly air tempera
tures for the two years are given in Figure 3. The 
absolute maximum (three-hour average) measured was 
5,2 cc and the absolute minimum -33,6 °C, both in 
1993. Figure 4 shows the average weekly tempera
tures of the microhabitats exan1ined. Average weekly 
soil and rock temperatures are above zero between 
mid-November and early February, although a six
day blizzard in December 1994 gave an average tem
perature below freezing for that week. The last week 
of November 1994 also had an average below freez
ing. The minimum temperatures for the microhabitats 
are similar to those of the air, although the lowest soil 
( -33, I cc) and rock (-32,1 °C) temperatures recorded 
in 1994 were not on the same day as the lowest air 
temperature ( -30, 1 °C). The maximum temperatures 
recorded in 1993 (1994 values in parentheses) were 
10,7 oc (10,0 °C) for the crevice, 26,0 °C (22,8 °C) 
for the rock and as high as 34,4 oc (33,4 °C) for the 
soil. 

The last time in summer when air temperature rose 
above 0 oc was at 15:00 on 13 January 1993 (18:00, 

24 January 1994 ), at which stage the equivalent read
ings were 30,0 oc ( 17' 7 °C) for the soil, 24,5 °C 
(18,8 °C) for the rock and 0,6 °C' (7,1 °C) for the crev
ice. Air temperatures next rose above 0 °C in spring at 
12:00 on 25 November 1993 (18:00, 8 December 1994). 
the equivalent readings for soil, rock and crevice being 
30,0 oc (20,5 °C), 23,4 °C (20,5 °C) and 4,4 °(' 
( 6,9 °C), respectively. 

The last soil temperature above 0 °C before the on
set of winter was recorded on 1 l March 1993 (9 March 
1994) and it rose above 0 oc again on 17 October 1993 
(1 November 1994). For the rock the dates were 14 
March 1993 (3 March 1994) and 17 October 1993 (5 
November 1994 ), whereas the crevice more closely fol
lowed the air pattern, dropping permanently below freez
ing on 7 February 1993 (8 February 1994) and remain
ing there until 24 November 1993 (19 November 1994). 
Figure 5 indicates a typical daily range of temperatures 
that soil-living biota may encounter in summer. The 
data used have been extracted from the period 12 to 14 
January 1993. 

Figure 6 shows the number of days in the study pe
riod for which the temperature of the soil, rock and crev
ice were above zero, for three to 24 hours per day, in 
three-hour blocks. Although the soil reaches the highest 
temperatures, tbe rock stays warmer longer. The soil is 
the only microhabitat not to record a continuous 24-
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Fig 3. Weekly average. maximum and minimum air temperatures at Robertskollen, Jan 1993 to Jan 1995 
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hour period above zero. 
Measurable radiation dropped to zero between 13 

and 15 May 1993 ( 17 to 19 May 1994) and recommenced 
between 28 and 31 July 1993 (21 to 28 July 1994) 
(Fig 7). It first dropped to zero for a three-hour period 
on 10 Februmy 1993 and 1994, and the last three hours 
of radiation-free time occurred on 1 November 1993 
(30 October 1994). The highest readings of each type 
were 1 834 mol s·1 m" (1 909 mol s·1 m") for PAR, 855 
W m" (891 W m") for total solar radiation, and 5,4 mw 
cm" (5,1 mw cm") for UVa. The three-hour maximwns 
for PAR and solar radiation both occurred on 17 De
cember 1993 (16 December 1994), at which point the 
UVa reading was 5,2 mw cm" ( 4,0 mw cm"), whereas 
UVa was at its maximum on 8 January 1993 ( 18 De
cember 1994). 

Predominant winds were from the east (Fig 8). The 
wind speed readings on the figure are from 9 January 
1994 to the end of the period 1mder review, and show 
the average wind speed from each octant, and the high
est recorded two-minute average. 

Monthly average air temperature data from 
Robertskollen, SANAE m and Maudheim are compared 
in Figure 9. The average air temperatures at 
Robertskollen and SANAE lii are similar, althoug h the 
absolute minimums at SANAE Ill between June and 
October 1992 were below -40 °C ( -4 7,9 °C in July 1992), 
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which is considerably lower than the absolute minimum 
of -33,6 oc recorded in this study. Although the aver
age summer temperatures for Maudheim are similar to 
those oft he other two sites, the average winter tempera
tures are about five degrees lower. The absolute mini
mums recorded were -46,0 oc in .July 1950 and -47,0 
oc in August 1951 (Hisdal 1960). 

Discussion 

Temperatures at Robertskollen were not as low as ex
pected in comparison with data from SANAE Ill and 
Maudheim. The absolute minimum appeared unusually 
high in comparison with those from the other two sta
tions. The average monthly temperatures for SANAE 
111 and RobertskoUen are similar, despite the 370 m 
higher altitude and more southerly location of 
Robe11skollen. Climatic data published in the Antarctic 
Journal ofthe United States (volumes 24 to 28) for 1989 
to 1993 do not indicate that 1993 (to October) was 
warmer than the average of 1989 to 1992 in the three 
areas for which data were published (McMurdo, Palmer 
and South Pole Stations). The latitude of the Maudheim 
data is similar to Robertskollen (26' difference), although 
at an altitude of only 37 m. The large difference in tem
peratures could be due to local climatic effects or differ
ences between a 45-year sampling period. The close 
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proximity of both SANAE lli and Maudhcim to the ocean 
suggests that local effects played a minimal role. 

Most long-term Antarctic weather data collection 
began in the mid-l950s. Ant<trctic temperature trends 
from 1956 to 1990 are not clear, varying from avcn}ge 
temperatures rising by l, 1 cc (Wendler & Pricbard l9lJ I) 
through minimum temperatures staying the same and 
maximum temperattu·el> rising by I ,5 oc (Braaten & 
Drc"choff 1992), to Hanson ( 1990) finding no obvious 
change at all. An alternative hypothesis could be that 
both \lfaudheim and SANAE Ill had their weather sta
tions placed on flat snow-covered ice ~;helves, "hercas 
the Robertskollen AW'S is on a rocky outcrop \\ hicb is 
about 4 m above the surrounding ice slope. It is poss
ible that the slight slope and additional height prevent 
the temperature inversion that develops above snow fields 
ti·om occurring. These inversions usual ly occur at 
heights of250 m to I lOO m above the snow (Dahymple 
1966), although low level inversion (<8 m) can occur 
( Da lrymple et a/1966). From a meteorological view
point, thts consideration would be important and nceus 
further study. From the point of view of the project 
however, the results gi' en here are more meaningful. as 
the study areas are rock-based. 

From field season observations, it appeared that high 
relative humidity readings (>80%) were generally asso
ciated with conditions of falling or driven snow or fog. 
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A regres~ton analysis was done plotting relative humid
ity against temperature and against wind. Neither was 
~;igmficant but 1.here is a greater correlation between 
wind (and hence driven snow) and humidity (r" = 0,40) 
than between temperature and humidity (r" = 0,05). The 
hum 11.Jity readings ranged from 29% to I 06%. An inter
esting phenomenon is that the area is a fl'ectcd by coastal 
tog. This fog probably plays an important part in the 
water relations of those mosses and lichens which do 
not benefit from being in the path of melting snow. 

The three microhabitats arc interesting to compare, 
in that the cre,·ice was chosen as representative of a 
homeothetm habitat, whereas the other two are strictly 
poikilothennic babJtats. The ere\ ice conceivably pro
tects the organism from the chilling effect of the wind 
(which woLLid disturb the boundary layer around the 
binls) and pol>sibly also against snow drifts, rather than 
providing a site ofh1gher tcmperatLu·c. 

Temperatures below freezing generally lead to an 
anabolic state in in\'ertebratcs, whereas those above 
0 C u .... ually allow activity to take place. Antarctic mites 
( larshall e1 a/ 1995) and bacteria (Tibbles & Harris 
submit) both :.how a higher rate of activity \Vith increased 
temperature. Maudheimia petroni, an oribatid mite liv
ing both in the soil and beneat h rocks at Robertskollen, 
begins effective locomotor activity around 0 oc 
(Marshal! et a! 1995), whereas Nanorchestes 
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Each octantmdicates 
l: Percentage of time the wind blew from that octant 
2: The average wmd speed from that m:tJnl 
3: The maximum two-minute average\\ ind ~reed from that octanl 
Note: Wind speeds for 1994/95 only (see text) 
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antarcticus, another Antarctic soil-living mite, functions 
effective ly down to -11 oc (Block 1990) or lower 
(Fitzsimons 1971 ). Based on the climatic data presented, 
poikilolhennic organisms at Robertskollen thus have 
about four months a year in which they can be active. 
A I though the average weekly temperatures were above 
zero, the daily temperature cycle shows lhat the organ
isms experience sub-zero temperatures for a portion of 
almost every day. The annual temperature range in the 
region of 70 oc probably has less effect on the organ
isms' functioning than the daily cycles of 35 °C, since 
the creatures will have entered an anabolic phase of their 
li(e cycles for the winter when extremely low tempera
tures are experienced. Although Antarctic Slimmers are 
sometimes regarded as being an "endless day", soil and 
rock at Robertskollen generally only experienced tem
peratures ab~ ve zero for 12 to 15 hours per day even at 
the height of sununer (Figure 6). 

The maximum level of photosynthetically active ra
diation recorded ( 1 909 mol s·1 m") is of a similar mag
nitude (ea 2 000 mol s·1 m", Anon 1986) recorded in 
more temperate areas. Whether ~hese levels inhibit pho
tosynthesis in the mosses and lichens present at 
Robertskollen is currently unknov.'ll. 

The predominant winds at Robertskollen came pri
marily from the eastern sector, but with a south-west
erly element also being important. This is the pattern of 
wind that has been reported from Maudheim (Hisdal 
1958) and from Halley Station (75°35'S, 26°50' W) 
(King 1989). 
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A bibliography of terrestrial biological research in Dronning 
Maud Land, Antarctica 
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S-750 07, Uppsala, Sweden; 
Present address: Department ofBotany, National Science Museum, l- 1 Amakubo-4, Tsukuba, lbaraki 305, Japan 

A bibliography of terrestrial biological research in 
Dronning Maud Land, Antarctica, of 388 titles from 
19 54 to 1994 is provided as an aid to researchers work
ing in the region. 

Introduction 

This bibliography covers terrestrial (including freshwa
ter) biological research canied out in the Droru1ing Maud 
Land sector (20° W to 45° E) of the Antarctic Conti
nent. Research on seabirds at sea and marine biology 
( eg fishes, sea algae) off Dronning Maud Land is not 
covered, but results of land and shelf-ice based avian 
studies in other habitats within the sector are. A total of 
388 published or in-press titles of scientific articles cov
erirlg the period 1954 to I 994 is included. A few rel
evant historical and expeditionary accounts are included 
for completeness. The bibliography has been produced 
as a service to, and to encourage collaboration among, 
biologists of the various nations conducting terrestrial 
research in Dronning Maud Land. 

The major reference sources consulted were the Ant
arctic Bibliography and Current Antarctic Literatme 
(Doumani et a/1963-1994), published by the Library 
ofCongress; Polar and Glaciological Abstracts (Mills 
I 990-1994 ), published by Cambridge University Press; 
the Swedish Polar Bibligraphy (Anon 1993a); and An
nual Reports to SCAR ofF inland, Japan, No1way, South 
Africa and Sweden. Journal abbreviations have, as far 
as possible, been according to BIOSIS (Anon 1993b). 

There are no doubt a number of articles omitted. due 
to no mention being made of the locality of the work in 
the title or accompanying abstract. Additions should be 
sent to the senior author for inclusion in a possible up
date. 

This bibliography is a subsection of a key-worded 
bibliography prepared for South A.frican biologists work
ing in Dronning Maud Land, principally at the 
Robertskollen group ofnunataks (?1°29 'S, 03°l5'W). 
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