








 375

Baseline records of undisturbed and records of "naturally" disturbed birds (con-
specifics, predators) were obtained at regular intervals for all groups studied. 
These records were used to assess the range of behaviours shown in the 
absence of human visitation, and to determine the background level of distur-
bance on top of which the additional human disturbance would occur.  
Human impact consisted of approaching the penguins following a previously 
determined schedule. Four groups (B and C in 2000; X and Y in 2001) were 
subjected to different "patterns" of visitor behaviour (details available on re-
quest). In both years, one group was treated in an inobtrusive manner ("Silent 
and Slow Approach"), while the other was approached more carelessly ("Loud 
and Fast Approach"). Visits lasted between 7 min and 11 min (median: 8 min 
40 s, n = 25) and were immediately preceded and followed by periods of equal 
or greater length during which no human disturbance occurred. Group A (2000) 
did not experience any human visits at all. 
During the first field season, impact of a single visitor was investigated, while 
impact of a group of 3 visitors was examined the following season. To standar-
dise visitor conduct, two "artificial visitors" were created for the second season 
(Fig. 2) as it was unlikely that more than one "live" assistant would be available  
 

 
 
Figure 2: The "Visiting Trio". To standardise visitor conduct, two dummies were attached to a 
mobile visitor. © Schuster 2001 
 
 
at any time. The dummies were fastened to the frame of a dismantled backpack 
and could thus be carried by the "mobile visitor".  
Heart rate was measured using artificial eggs fitted with infra-red sensors 
(Nimon et al. 1996). The sensor makes contact with the incubating penguin's 
highly vascularised brood patch and registers the pulse-varying volume of blood 
flow. To ensure reliable sensor contact, the egg is mounted on a platform. The 
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sensor is connected to a data logger via a long cable. Heart rate data were 
stored in a laptop for subsequent evaluation. During placement, the platform 
and part of the height of the egg were buried in the stones and gravel of the 
nest and the cable protruded through the wall. The nest was then reshaped to  
 
its original position. This way, the artificial egg resembled a natural penguin egg 
in the nest. Placement of an artificial egg took on average 2.5 min. Even though 
the birds were not handled and were thus free to leave the nest during place-
ment, the majority of focal animals remained seated. Those who chose to get 
up, stepped only a few metres away and returned while the human intruder sat 
quietly. To facilitate distinction between the two birds of a nest, the penguins 
present during egg placement were paint-marked with a long-handled brush.  
Weather conditions were sampled at the beginning and end of each recording 
session. Temperature was measured at ground level and at 0.5 m using a stan-
dard thermometer. Wind speed (km/h) was recorded with the help of a hand-
held anemometer. Cloud cover was estimated (0 %, 25 %, 50 %, 75 %, 100 %), 
and the precipitation was noted (none, rain, snow). 
 
Data evaluation 
Video recordings of the behaviour of a total of 25 penguins (4-6 per group; 
2000: 15, 2001: 10) were transcribed on a second-to-second basis using focal-
animal all-occurrences sampling (Altmann 1974; Lehner 1996). Here, results on 
vigilance and agonistic behaviour elements are presented for 16 of the 25 focal 
birds.  
Conspecific behaviour was also transcribed on a second-to-second basis. For 
this, three zones of increasing area were designated round the focal penguin's 
nest. Zone "a" comprised the area around the focal penguin's nest up to the 
nearest neighbouring nests, zone "b" the area between one and two nests 
away, and zone "c" the area between two and three nests away from the focal 
penguin (Fig. 3). Within each zone, the number and locomotory activity (lying/ 
standing, walking, running) of the conspecifics was noted. Additionally, a limited 
number of conspecific behaviours were included in the evaluations (e.g. nest 
stone theft, agonistic interaction with or in the immediate vicinity of the focal 
animal).  
Information on the human visits was similarly transcribed in that the number of 
visitors, their distance from the visited group of penguins, their speed and noise 
level were noted for each second. Heart rate data were transformed into graphs 
(Microsoft Excel), and heart rate was counted for 20 s-intervals from which 
beats-per-minute values (bpm) were extrapolated. 
For a detailed comparison of the penguins' behavioural and heart rate reactions 
with the different types of disturbance, the percentage of time the focal animals 
spent performing vigilance and agonistic behaviour as well as the type and 
amount of conspecific and human disturbance were likewise quantified for 20 s-
intervals. Owing to the range of individual reactions, calculations were per-
formed separately for each focal animal.  
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Figure 3: Nest zones. Information on conspecific disturbance was evaluated by noting the birds' 
presence and selected aspects of their behaviour in three zones (a, b, c) of increasing distance 
from the focal animal (FA).  
© Schuster 2006 
 
 
Statistical analysis 
For each focal animal, Spearman correlations (all p 2-tailed; SPSS, release 12) 
were calculated for three types of disturbance (total conspecific, conspecific at 
the nest, and human) and the three indicators presented here (heart rate, per-
centage of vigilance, and percentage of agonistic behavioural elements), as well 
as for the relationship between vigilance and heart rate (Tab. 2). Interpretation 
of correlations followed Sprinthall (1987, Tab. 1). 
 
 
Table 1: Informal interpretation of correlations following Sprinthall (1987) 
 
r<0.2 slight correlation, almost negligible relationship 
0.2<r<0.4 low correlation, definite but small relationship 
0.4<r<0.7 moderate correlation, substantial relationship 
0.7<r<0.9 high correlation, marked relationship 
0.9<r<1.0 very high correlation, very dependable relationship (not in this data set) 

 
 
 
Results 
 
While agonistic behavioural elements were more often recorded in response to 
conspecific disturbance, heart rate and vigilance corresponded more closely to 
human disturbance (Tab. 2). Heart rate responses of the majority of focal pen-
guins did not correlate (n = 8) or were inversely (n = 3) correlated with con-
specific disturbance. In contrast, heart rate of 10 of the 12 birds that were sub-
jected to human visits was significantly positively correlated with human distur-
bance (max. r2  = 0.134; Tab. 2).  
Vigilance of 13 of 16 focal animals showed a significant correlation with total 
conspecific disturbance (max. r2  = 0.255) and with conspecific disturbance at 

a 

b c
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the nest (max. r2  = 0.159). Nine of 12 focal birds significantly responded to 
human disturbance (max. r2  = 0.308) with increased vigilance. 
Agonistic elements were significantly correlated with conspecific disturbance in 
all focal animals (max. r2  = 0.642). They were found to be unrepresentative as 
"universal" indicators of human disturbance, since only six of 12 birds exhibited 
these responses (max. r2  = 0.273). A positive correlation between heart rate 
and vigilance behaviour was found in seven of the 16 focal birds, in one bird, 
these parameters were inversely correlated, and in half of the birds studied, 
they did not correlate at all. 
 
 
Discussion 
 
The focal penguins examined, exhibited individual reaction patterns towards 
both conspecific and human disturbance. As human disturbance usually 
constitutes an addition to natural disturbance, further analyses are needed to 
partial out the effects of conspecific disturbance during human visits. The most 
obvious difference between conspecific and human disturbance is suggested to 
concern their respective predictabilities. Broom and Johnson (1993) state that 
"when the next stimulus is unpredictable either in time, intensity, or both, yet is 
certain to arrive sometime, the animal can prepare only by being constantly 
ready. The anticipation in such circumstances engenders a state of anxiety, and 
heightens the reaction when the stimulus is eventually perceived." Whereas 
conspecific disturbance forms a part of the penguins' natural environment, 
human visitors at penguin colonies normally represent an unpredictable 
stimulus in all respects. Therefore, habituation must be generally considered 
unlikely to occur.  
Although heart rate and vigilance behaviour were significantly positively 
correlated in seven of 16 focal animals (Tab. 2), they were more often found to 
be complementary, thus confirming for the penguins studied the importance of 
examining different parameters (see Introduction). It is therefore suggested that 
a combination of the two indicators be used for optimum assessment of distur-
bance.  
In the majority of human-penguin-encounters, however, scientific or touristic 
equipment is unlikely to consist of apparatuses related to measuring penguin 
heart rate. While based on scientific results, implementable guidelines must 
therefore do without the assessment of "invisible" indicators. Findings of this 
study suggest that Adélie penguin behaviour may well be able to carry the case 
unaided. With respect to human disturbance, vigilant and/ or agonistic 
behavioural reactions were observed in all but two of the birds examined. 
Furthermore, these two birds were situated in groups in which the other 
individuals did exhibit increases in these behaviours so that the overall 
impression of augmented vigilance and/ or agonistic behaviour remained 
(detailed results on overall group reactions are in preparation). While increased 
vigilance will commonly be encountered, elements of agonistic behaviour 
should not be expected, but taken seriously once they occur. Thus, learning to 
recognise these behaviours (an excellent overview is given in Spurr 1975) and 
to gauge their intensity in a given situation would enable human visitors to 
correctly assess their impact on the majority of the birds. 
 



 379

Table 2: Correlations of Adélie penguin heart rate and behavioural responses to conspecific 
and human disturbance, and correlation between vigilance and heart rate. Interpretation of cor-
relations following Sprinthall's suggestions (Tab. 1). Focal animals identified by alphanumerical 
code, significance levels (two-tailed) of the correlations represented by asterisks: *p<0.05, 
**p<0.01, ***p<0.001, n.s.: not significant, inv.: inverse correlation; bpm: beats per minute; 
t (sampling points per penguin and parameter): 54-1053 (median: 280).  
 

 indicator 
measured r<0.2 0.2<r<0.4 0.4<r<0.7 0.7<r<0.9 

heart rate 
(bpm) 

A5-2n.s., A6-1n.s., 
A6-2n.s., B3-1n.s., 
B3-3*, B4-1n.s., 
B4-2n.s., C1n.s., 

C2n.s., X1**, Y5-1*

A5-1***(inv.), 
C11*(inv.), 
X2-1***, 

X2-2***(inv.), 
Y5-2* 

  

percentage 
of vigilance 

A5-2n.s., A6-2n.s., 
B3-1***, B4-2**, 

Y5-2n.s. 

A5-1***, A6-1***, 
B3-3***, B4-1**, 

C1**, C11***, 
C2***, X2-1***, 

X2-2***, Y5-1*** 

X1***  

to
ta

l c
on

sp
ec

ifi
c 

di
st

ur
ba

nc
e 

 
pe

r 2
0 

s 
in

te
rv

al
 

percentage 
of agonistic 
behavioural 
elements 

 

A5-1***, A5-2***, 
B3-1***, B3-3***, 
B4-1***, B4-2***, 
C11**, X2-2***, 
Y5-1***, Y5-2*** 

A6-2***, C1***, 
C2***, X1***, 

X2-1*** 
A6-1*** 

heart rate 
(bpm) 

A5-1n.s., A5-2n.s., 
A6-1n.s., A6-2n.s., 
B3-1n.s., B3-3n.s., 
B4-1n.s., B4-2n.s., 
C1n.s., C11n.s., 

C2n.s., X1*, 
X2-2*(inv.), 

Y5-1***, Y5-2n.s. 

X2-1***   

percentage 
of vigilance 

A5-1*, A5-2n.s., 
A6-1*, A6-2n.s., 
B4-2**, C2***, 
Y5-1*, Y5-2n.s. 

B3-1***, B3-3***, 
B4-1***, C1**, 
C11**, X1***, 

X2-1***, X2-2*** 

  

co
ns

pe
ci

fic
 d

is
tu

rb
an

ce
 a

t t
he

 fo
ca

l 
ne

st
 p

er
 2

0 
s 

in
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rv
al

 

percentage 
of agonistic 
behavioural 
elements 

A6-2n.s., Y5-1*** 
A5-1***, A5-2***, 
B4-2***, C1***, 

C11*, C2*** 

A6-1**,  B3-1***, 
B3-3***, B4-1***, 
X1***, X2-1***, 

X2-2***, Y5-2*** 

 

heart rate 
(bpm) 

B3-3**, B4-2*, 
C2***, X1n.s., 

X2-1***, Y5-2n.s. 

B3-1**(inv.), 
B4-1***, C1***, 

C11***, X2-2***, 
Y5-1*** 

  

percentage 
of vigilance 

B3-1n.s., C1n.s., 
C2***, X2-2n.s. 

B3-3***, C11***, 
X1***, X2-1***, 

Y5-1*** 

B4-1***, B4-2***, 
Y5-2***  

to
ta

l h
um

an
 d

is
tu

rb
an

ce
  

pe
r 2

0 
s 

in
te

rv
al

 

percentage 
of agonistic 
behavioural 
elements 

B3-1n.s., B3-3n.s., 
C11n.s., X1***, 

X2-1n.s., X2-2n.s., 
Y5-1n.s. 

B4-2***, C1**, 
C2*** B4-1***, Y5-2***  

correlation between 
heart rate 
and behaviour 

A5-1**(inv.), 
A5-2n.s., A6-2n.s., 
B3-1n.s., B3-3*, 
B4-1n.s., C1n.s., 
C2n.s., X2-1***, 
X2-2n.s., Y5-2n.s. 

A6-1**, B4-2*, 
C11**, X1**, 

Y5-1** 
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Introduction 
 
A marked warming of mean air temperature has been recorded over the last 50 
years in the Western Antarctic Peninsula (WAP) (see Turner et al., 2005 and 
references therein). This rise in air temperature was mainly observed during the 
autumn-winter months (Kejna, 2003). In particular, in King George Island (25 de 
Mayo), South Shetlands air temperature rose on average by 1.1 oC between 
1947 and 1995 (Ferron et al., 2004); if only the winter months are considered, 
temperature increase in the same period amounts to 1.9 oC. This trend was also 
apparent in the air temperature data from the meteorological station in Jubany 
station for the decade 1994-2004 (Schloss, 2003). Climate warming in Antarctic 
environments has been associated with glacier retreat and increased ice melt-
ing (Cook et al., 2005) which, in turn, change the vertical structure of the water 
column, especially in Antarctic shallow coastal environments in the WAP. More-
over, glacier runoff has been shown to transport high particle loads, affecting 
water column light climate and changing the optical conditions for phytoplankton 
photosynthesis. Light and salinity changes are, therefore, indirect conse-
quences of regional air temperature increase. A direct effect on sea water tem-
perature could also be expected. Although stable sea water temperatures have 
been recorded around Antarctica for a period of at least 10 million year (Peck, 
2005), making it one of the most thermally stable environments on Earth there 
is already some evidence on surface water temperature warming (Meredith and 
King, 2005). 
 
Since the beginning of the Argentinean – German cooperation at Jubany Sta-
tion – Dallmann laboratory, sea water temperature and salinity, as well as chlo-
rophyll-a and suspended particulate matter concentrations have been measured 
in Potter Cove, in the vicinity of the station. Several projects, using hydrographi-
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cal data as central or complementary information were carried out. As a result, 
a 15-years series of data is available, although there are many gaps, especially 
in the winter months, when difficult weather conditions made sampling  impos-
sible. In the present  paper, a preliminary analysis of these series is presented 
and discussed in the face  of  climatic change (warming)  observed in the WAP  
coastal ecosystems. 
 
 
Materials and methods 
 
Air temperature data, obtained by the Servicio Meteorológico Nacional from the 
Argentinean Air Force at Jubany, will be presented in order to compare them 
with the hydrographic information. Monthly averages were calculated.  
 
Sampling was conducted on a weekly basis during the summer season and 
two-weekly during the winter in the inner Potter Cove (King George Island, 
South Shetlands, Antarctica, 62°14'S, 58°38'W), close to Jubany Station. Aver-
age depth in the inner cove is around 30 m (maximum depth: 50 m). Water 
samples (4.7 l Niskin bottles) and CTD data were collected using Zodiac boats 
over the entire water column. However, in this paper, only surface water data 
(0, 5, and 10 m) will be considered. All the data were averaged over the upper 
10 m of the water column. This depth was chosen based on the depth of the 
summer pycnocline, which is found at very shallow depths, usually around 10 m 
(Schloss et al., 2002). 
 
Sea water temperature and salinity: Over the years, several instruments, cali-
brated to salinity standard and temperature were used to measure temperature 
and salinity in seawater. They are summarised in Table 1. 
 
 
Table 1. Sensors and/or methods used for the sea water temperature and salinity data 
 

Year Temperature Salinity 
1991-1992 Inversion thermometer Beckman RS9 induc-

tion salinometer 
1993-1996 ME-ECO219 mini-

CTD 
ME-ECO219 mini-
CTD 

1997-2000 CTD - ECO PROBE 
ISITEC, (General 
Oceanics) 

CTD - ECO PROBE 
ISITEC, (General 
Oceanics) 

2001 FSI 3" micro CTD 
model  MBP-S. 

FSI 3" micro CTD 
model  MBP-S. 

2002-2004 Sea-Bird SBE 38 sen-
sor 

Sea-Bird SBE 37 sen-
sor 

2005 FSI 3" micro CTD 
model  MBP-S. 

FSI 3" micro CTD 
model  MBP-S. 

 
 
Chlorophyll-a. Seawater (0.25 - 2 l) was filtered onto 0.45-mm Millipore (1991-
1992) or Whatman GF/F filters (all other seasons). Photosynthetic pigments 
were extracted in 90% acetone over 24 h at 4°C in the dark . Readings were 
made with a Hitachi Perkin Elmer UV-VIS 139 spectrophotometer (1991 – 1999) 
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or a Shimadzu RF-1501 (2000-2005) and chlorophyll-a (Chl-a) concentration 
was calculated after Strickland and Parsons (1972). 
 
Total suspended particulate matter concentrations. Total suspended particulate 
matter (TPM) was measured gravimetrically after filtering 0.25 - 2 l seawater 
through combusted pre-weighed Whatman GF/F filters. After filtration, filters 
were rinsed twice with distilled water in order to remove salts, then dried for 24 
h at 60°C, and weighed again. 
 
Monthly averages for of all the data were calculated. They were then classified 
into winter (from April to September) and summer (from October to March).  
Linear regressions and the significance of the correlation with the data were 
calculated using Statistica (StatSoft) Software. 
 
 
Results 
 
Average annual air temperature at Jubany Station increased by 1.2o C during 
the 1991 – 2005 period. The  augmentation calculated for the winter months 
only amounted to 1.66o C, whereas air temperature rose by 0.4o C if only the 
summer months are considered (figure 1). The slopes for the linear regressions 
corresponding to the whole data set (not shown) as well as for the summer and 
winter months separately are presented in Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Monthly air temperature means, at Jubany Station (King-George Island), measured by 
the Servicio Meteorológico Nacional of the Argentinean Air Force. The lines show the linear 
regressions for summer (dashed) and winter data (solid), respectively. Slopes for the regression 
lines are presented in Table 2. 
 
 
A significant increase was observed in sea water temperature within both sea-
sons (figure 2). In spite of many gaps in the series, especially in the winter data 
from the years 2001 to 2005, water temperature increase was significant in 
winter data from April and June (Slope: 0.08, for April and 0.10 for June, R = 
0.76 and R = 0.89, respectively, p < 0.05).  

-15.0
-13.0
-11.0
-9.0
-7.0
-5.0
-3.0
-1.0
1.0
3.0
5.0

1991 1993 1995 1997 1999 2001 2003 2005 2007

Year

A
ir 

Te
m

pe
ra

tu
re

 (o C
)

Summer
Winter



 385

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Monthly sea water temperature in the inner Potter Cove (averaged over the upper 10 
m). The lines show the linear regressions for summer (dashed) data and winter (solid), respec-
tively. Slopes for the regression lines are presented in Table 2. 
 

 
Average annual surface water salinity in the upper 10 m water column (figure 3) 
decreased significantly (R = 0.26; p < 0.05) over the years, although this was 
not significant for the summer and winter data, if separately analyzed (p = 0.20 
for winter and p = 0.13 for summer data). A significant negative decrease was 
found for the months of July (R = 0.88; p < 0.05) over the years, whereas not 
enough data were available for May, June and September. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Monthly salinity data in the inner Potter Cove (averaged over the upper 10 m).  The 
lines show the linear regressions for summer (dashed) data and winter (solid), respectively. 
Slopes for the regression lines are presented in Table 2. 
 
 
No significant change of water column Chl-a concentrations was observed for 
any single month throughout the studied years (figure 4). However, a significant 
decrease became evident within the winter values (solid line, in figure 4, R = 
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0.46; p < 0.05; see slopes in Table 2). Monthly averages were consistently low 
(< 2 mg m-3), with the maximum values corresponding to either November or 
late March. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
¸ 
Figure 4: Monthly chlorophyll-a concentrations in the inner Potter Cove (averaged over the 
upper 10 m).  The lines show the linear regressions for summer (dashed) data and winter 
(solid), respectively. Slopes for the regression lines are presented in Table 2. 
 
 
The concentrations of TPM (figure 5) showed a significant increase over the 
years (R = 0.29; p < 0.05). Whereas there was no change during the summer 
months (p = 0.12), a significant increase was found in winter (dashed line in 
figure 5; R = 0.46; p < 0.05). Slopes are presented in Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Monthly average total particulate matter concentrations in the inner Potter Cove 
(upper 10 m). The lines show the linear regressions for summer (dashed) data and winter 
(solid), respectively. Slopes for the regression lines are presented in Table 2. 
 
 
For the complete data set, there is a significant  inverse correlation between 
salinity and the amount of particles in the water column (R = 0.5; p < 0.01) and 
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a significant positive correlation between particles and sea water temperature 
(R = 0.49; p < 0.01). Also, we found a significant correlation between tempera-
ture and salinity for the complete data set (R = 0.25; p < 0.05), within the sum-
mer (R = 0.35; p < 0.05) but not in winter months (p = 0.62), indicating that 
warm, fresh water with high particle load is entering the cove. This is probably 
melt water from land ice masses which is flowing over the ice free areas into the 
cove, whereby warming up.   
 
Chl-a was positively and significantly correlated with water temperature (R = 
0.42 ; p < 0.01), but not with salinity (p = 0.55). Finally, no significant correlation 
was found between Chl-a content and TPM concentration (p = 0.06). 
 
 
Discussion 
 
Both, air and surface sea water temperature in Potter Cove (King George 
Island) increased significantly over the past 15 years. Although for the water 
column the time series is not complete, the records of monthly means from April 
and June suggest an effect of climate warming on sea water temperature in the 
WAP coastal environment.  
 
Decreasing salinity was mainly observed in spring: October and November 
series showed lower salinity values at the end of the 1990's than in the begin-
ning, indicating the melting process to start earlier in the spring season in the 
last years. This trend was not observed during either December or January, 
summer months in which melt waters occur on a regular basis. Although the 
series is not complete, very low surface salinity values (around 32 PSU) have 
been recorded in August, especially in 1999 (the end of the warmest decade of 
the last millennium, IPCC, 2001), a month typically characterised by the largest 
monthly sea ice cover and low air temperatures in the South Shetlands region 
(Ferron et al., 2004). Cold temperatures would prevent glaciers from melting. If 
the observed trend continues, the addition of melt water starting earlier in the 
season could have important effects on water column stabilization and, conse-
quently, affect phytoplankton dynamics. This could have induced changes in 
species composition. Moline et al. (2004) found that salinity favoured the domi-
nance of Cryptomonads in the phytoplankton community, a finding which is still 
under debate (Garibotti et al., 2005). The effects of salinity on phytoplankton 
and  thereby on the whole Potter Cove food web are therefore subject to future 
studies.  
 
TPM and Chl-a are negatively correlated in the area during the spring-summer 
season (Schloss et al., 2002). This was mainly due to the optical effect of parti-
cles in the water column, which limited light needed for photosynthesis. A high 
particle load in an environment as shallow as Potter Cove could be also indica-
tive of re-suspension processes, which further contribute to  light limitation of 
pelagic and benthic primary production. These processes respond to the 
observed heavy wind driven water column mixing (Schloss et al., 2002). In the 
long term, the lack of a consistent inverse correlation between TPM and Chl-a 
could be due to the low values of both variables that characterise the early 
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winter situation, when glacier melting has ceased and  photosynthesis is con-
strained by the reduced winter light climate.  
 
The observed positive correlation between Chl-a and temperature could be an 
artifact, related to the higher summer irradiances that are accompanied by 
higher sea water temperatures. No phytoplankton increase was observed along 
the studied years. However, in the long term an increase in water temperature 
could be beneficial for phytoplankton photosynthesis. Although photochemical 
reactions are not directly related to temperature (Jacques, 1983), biochemical 
reactions are (Cloern, 1979), and could benefit from temperatures somewhat 
higher than those of the polar environments, as shown among others by 
Smayda (1969) for Arctic diatom species. More studies are needed in order to 
understand the effect of water temperature increase on phytoplankton. For 
instance, for benthic diatom species it has been shown that tolerance varies 
among species (Longhi et al., 2003). Although correlations were not significant, 
our results show a negative trend along the studied years with regards to 
phytoplankton biomass (as Chl a; figure 4), indicating that environmental condi-
tions were negatively affecting phytoplankton growth. Here we hypothesise that 
the earlier water column stabilization might be uncoupled with the adequate 
light environment, which would lead conditions for phytoplankton growth to 
become unfavourable. 
 
Table 2: Slopes of the linear regressions for the different parameters analysed, considering the 
whole data set and Winter and Summer seasons separately. Significance is indicated: *: p  
<0.05; **: p < 0.01; N.S: not significant. 
 

Variable Slope p 
Air Temperature 0.02 N.S 

Winter 0.13 ** 
Summer 0.06 N.S 

Sea water Temperature 0.13 ** 
Winter 0.16 ** 

Summer 0.1 * 
Salinity -0.03 ** 

Winter -0.04 N.S 
Summer -0.02 0.20 

Chlorophyll-a -0.02 N.S 
Winter -0.03 * 

Summer -0.02 N.S 
TPM 0.45 * 

Winter 0.51 * 
Summer 0.43 N.S 

 
 
The amount of particulate matter in the water column has augmented during the 
studied period (figure 5). If this is a consequence of increased glacial melting 
which is accompanied by the entrance of land-originated particles early in the 
spring summer season, light could be critically limiting photosynthesis. This will 
certainly affect not only shallow coastal environments like Potter Cove, but other 
coastal environments in the WAP, where warming is most evident (Turner et al., 
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2005). The balance between the physiologically better temperature and worse 
irradiance conditions will finally determine the impact of global change proc-
esses on phytoplankton in shallow coastal Antarctic areas. 
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Introduction 
 The role of the atmospheric CO2 concentration for the radiative budget of 
the Earth and its atmosphere was discovered in the 19th century by J. Tyndall, 
S.A. Arrhenius and, later on, by G.S. Callendar. But only in the second half of 
the 20th century some systematic and coordinated programmes began to 
monitor this parameter. The basic criteria of such programmes carried out on a 
planetary scale are as follows: the measure in the sampling site must be 
representative for a geographic area as large as possible, scarcely influenced 
by anthropogenic or natural factors such as large sources and sinks of CO2 in 
the surroundings, i.e. densely inhabited areas or areas with a very pronounced 
vegetative cycle, and finally must not be subject to substantial changes in the 
land use during the investigation period. 
 A second aspect of great importance is tied up to the procedures used in 
the routine measurements and the precision obtained in the field. The results 
obtained by sites conveniently placed over the whole planet need to be 
comparable in order to study sources and sinks, fluxes of greenhouse gases, 
which are absorbed and released by the biosphere, seas etc. Data collected 
around the whole planet form the bases  for the inverse modelling technique  for 
constraining global and regional budgets of atmospheric trace gases (Mikaloff et 
al. 2004, Wouter et al. 2004). 
 WMO launched an international program in the seventies last century 
named GAW (Global Atmospheric Watch), which is the atmospheric module of 
the Global Climate Observing System (GCOS). The precision requested to 
participants is at least  0.1 µmole/moles CO2 (dry air) and this is checked by 
periodical round robin test coordinated by WMO. Previously the unit ppm by 
volume has been used. The Data Center is presently the WDCGG (World Data 
Center for Greenhouse Gases) operated in Tokyo by the Japan Meteorological 
Agency. Further initiatives by USA led to the establishing of CDIAC (Carbon 
Dioxide Information Analysis Center) by the Department of Energy of USA at 
Oak Ridge (Tn) and of the GLOBALVIEW-CO2 by NOAA-GMD at  Boulder (Co). 
The NOAA-GMD  at Boulder also acts as a reference Laboratory (CCL, Central 
CO2 Laboratory) for standards (CO2 in air cylinders ) used for calibrating the 
scale of the instruments, usually Non-Dispersive-Infra-Red (NDIR) analyzers. 
The CCL at Boulder uses a very accurate manometric calibration system (Zhao 
et al. 1997). 
 
The Italian and Argentine contribution to Global Atmospheric Watch  

At the beginning of nineties, the Italian National Antarctic Research 
Program (PNRA) and Argentinean Institute (IAA-DNA) started a monitoring 
program in the frame of  the above described activity at the site of Belgrano  
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(77° 52' S , 34° 38' W)  along the southern coast of Weddell sea. The station of 
Belgrano is located on a  nunatak (Bertraub nunatak), at 10 km from the coast 
line, at an altitude of  255 m a.s.l. In January 1992, a Brewer spectrophotometer 
was installed, still operational, measuring total Ozone and UV radiation. In 
February 1994, a second activity began at Jubany station (62° 14’ S, 58° 40’ 
W), King George, in the South Shetland archipelago. The site description and 
details on instrumentation are described in Ciattaglia et al. (1997) and Ciattaglia 
et al. (1999). The monitoring programme running at Jubany station consists in 
continuous air sampling and measuring of the CO2 concentration. The station 
complies with the criterion of remoteness being far enough from sources and 
sinks directly connected to human activity. Fig.1 shows the entire record from 
February 1994 to December 2006, reporting a trend similar to what is  observed 
in other Antarctic stations. 

 

 
 

Fig.1: CO2 daily mean values (mole fraction) selected according to wind and standard dev. 
 

The mean values of each year are indicated at the bottom. The 
ascendant trend (from 356 µmole/mole of the year 1994 to around 379 
µmole/mole of the current year 2006) shows a winter-summer inside oscillation 
in the order to 2-3 µmole/mole as expected at such latitudinal belt, see Colombo 
et al. (2000) for a comparison in a wider area.  At present 3 stations in 
Antarctica sample CO2 continuously: the oldest record are from  to South Pole 
(base Amundsen Scott), the second from Syowa (Japan) and Jubany is the 
third site hosting a program of this type. Other sites follow monitoring 
programmes based on flask sampling method, with a weekly frequency usually. 
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Analysis of some characteristics of CO2 concentration using a statistical 
approach 
 Since the beginning our activity was focussed, besides studies about the 
trend, on the identification of some relationships with large scale phenomena 
like El Niño Southern Oscillation (ENSO). A first result is reported in Anav et al. 
(1999). In the paper the authors interpret the anomalies of the CO2 content 
observed during 1997-1998 and conclude that the increase of  the air 
temperature, mostly in the Southern Hemisphere and equatorial regions, is 
caused by El Niño 1997-1998. Moreover the CO2 decline observed during 2nd  
part of 1997 and 1st part of 1998, could explain as enhancement of CO2 capture 
by the biosphere. A comparable anomaly of CO2 trend during the El Niño 1991-
1994, was interpreted by R. Feely et al.(1999) in the same way. In particular 
they ascribe the lessening of the atmospheric CO2 to stopping or decreasing of 
the release of carbon dioxide by the upwelling currents rich of  CO2 along the 
South American west coast. In any case both mechanisms indicate El Niño as a 
possible cause, a large scale phenomenon which had in 1997-1998 an intensity 
that was claimed as a record. Mc Phaden M. (1999), attributes to the driving 
physical mechanism the modification of bottom current of Pacific Ocean to a 
sort of mix of possibilities related to weather, like Madden-Julian Oscillation 
(MJO), or to the Pacific Decadal Oscillation (PDO), a sort of course oscillation of 
the coupling ocean-atmosphere system in Pacific ocean area. 

 

 
Fig.2: Jubany, SOI and CO2 normalized and detrended. 

 
 
The graph in Fig. 2 confirms at first sight that something must connect 

the two parameters SOI (Southern Oscillation Index), an index which is  
calculated from the monthly or seasonal fluctuations in the air pressure 
difference between Tahiti and Darwin areas (see also Trenberth K.E. 1984, 
Trenberth K.E. et al.1996, and Ropelewski C.F. et al.1987), and the 
atmospheric carbon dioxide. The two curves (both normalized and detrended by 
statistical tools) represent the SOI and CO2 for a period including the 1997-1998 
episode. 
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We want to show here the results of a different approach mainly based 
on a statistical treatment of the data base we gathered so far. Let’s consider the 
series of 365 (or 366) days of a year and their daily CO2  mean value, previously 
filtered according to the criteria described in the papers cited (standard 
deviation of measure, wind direction and speed, and technical reason are the 
factors), and calculate the day per day differences: i.e.  January 1st 1998 minus  
January 1st 1997 and so on and repeat this calculation for all the years of the 
record. Then compute the averages of all these differences for the whole 
record: i.e. a sort of cumulative year where the day per day differences are the 
mean of all the years from 1994 to 2005. In the following graph, Fig.3, the two 
curves representing the 1998-1997 day per day differences (El Niño year), solid 
line, and  the mean 1994-2006 of day per day differences, dashed line, are 
shown. 
 

 
 

Fig.3. Day per day CO2  differences: whole period (1994-2005) and  El Niño 1997-1998 
 
 The values 1998-1997 in the first part of the year (days 0-180) appear 
smaller  than the average of the cumulative year curve, on the other hand in the 
period corresponding to the days 180-365, values are higher respect to the 
long-term curve. This can be easily interpreted as a consequence of the 
decreasing of the CO2 concentration due to El Niño (for the reasons cited 
above) during  the first 6 month of 1998  (therefore CO2(1998) < CO2(1997) ) 
whereas the subsequent recovery in the second part of the year is also 
explained  by the stop of the influence of El Niño itself. This simple algorithm 
gives us the possibility to have at first glance an idea of what is going on during 
the year.  Another simple and immediate index, which highlights  the possibility 
that some physical factor is influencing the behaviour of the CO2 measured 
during the year, is  the correlation index calculated for the daily mean values for 
each pair  of contiguous years.  
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years  Correlation index 
   1996 vs. 1995 0.85 
   1997 vs. 1996 0.62 
   1998 vs. 1997 0.67 
   1999 vs. 1998 0.87 
   2000 vs. 1999 0.86 
   2001 vs. 2000 0.87 
   2002 vs. 2001 0.88 
   2003 vs. 2002 0.76 
   2004 vs. 2003 0.72 
   2005 vs. 2004 0.79 
   2006 vs. 2005 0.91 

 
Table.1 - CO2 - correlation index for contiguous years 

 
In the Tab. 1 quite high correlation indexes appear for the whole period but the 
years 1997 vs. 1996 and 1998 vs. 1997 have values notably smaller. Also this 
simple calculation could give us some information, in quasi real time, during the 
year. 
 
Comparison of CO2 data collected in  very remote stations in the S.H.  
 Finally, using the possibility to access the data base described in the 
foreword, we compared the CO2 data collected at Jubany Station with some 
other Antarctic records like South Pole, Palmer Station (both USA) and 
Amsterdam Island (France) and Indian Ocean. The Fig. 4 shows the results of a 
comparison between Jubany and Amsterdam Island, where the differences of 
values (daily mean) for the period 1995-2004 are drawn. The differences are in 
the order of few µmole/mole, as it should be expected when comparing CO2 
data belonging to very remote sites in the same hemisphere. 
 

 
 

Fig.4 : CO2 differences between daily mean values recorded at Amsterdam island and Jubany  
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In Fig. 5 the smoothed trends of three Antarctic sites: JBN(Jubany), SPO (base 
Amundsen Scott) and PSA (Palmer station)  and the concentrations of so called 
MBL (marine boundary layer ) - as a reference -  are reported for the period 
1994-2004. 
 

 
 

Fig.5: CO2 smoothed trends of Jubany, South Pole and Palmer station and MBL 
(marine boundary layer) , courtesy of NOAA-GMD Boulder Co, USA. 

 
Both Fig. 4 and Fig.5 make us quite confident on the quality of our data 

at Jubany station, despite the difficulties in logistics for a laboratory at those 
latitudes, especially when timely technical supply and spare parts are needed 
during the austral winter. 
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