








transition station, both because of the substrate type and the sediment load in
the water column, showed an important increase in macroalgal cover while the

Fig. 2: Percentage cover of taxa that showed maijor differences at each depth and station
during both sampling seasons. Note the different scale.

sponges almost disappeared and ascidians decreased in general. As in station
E» abundances of L. elliptica and gastropods were higher in 97/98 while
poliquetes numerically increased significantly at stations E3 and E1.

Multivariate analyses (Fig. 4) showed a clear separation of stations and also
depths indicating that substrate type and depth are important factors shaping
these communities. But samples were also grouped according to the sampling
year especially those of station E4, indicating a marked difference between
94/95-97/98. In stations E, and E3; the samples were closer but were still
showing the shift in community structure.
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These results are remarkable for the short time period between the samplings
and the previous assumption that Antarctic benthic communities are very stable
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Fig. 3: Densities (Ind*m™) of taxa that showed major differences at each depth and station
during both sampling seasons.

especially below the more ice affected depths. Shifts were reported in other
Antarctic areas (Dayton 1989) and a possible linkage with large scale
phenomena like the ENSO was suggested, however detailed studies in a
temporal scale are still lacking.
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To our knowledge this study provides the first possibility to analyse a community
shift, especially at E4, that can be analogized to a small scale “ecosystem
displacement” like process, where the axis of displacement is depth rather the
more typically used latitudinal gradient. In this model depth would be acting as
buffer for the major causal factors.
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Fig 4. MDS analyses of the samples taken in each season 94/95 and 97/98. Bray-Curtis
Similarity distance on square root transformed data was used

The observed changes could be related to natural local extinctions, recruitment
events or interannual or interdecadal population variations. But it is also feasible
to link the observed patterns to the increase of sediment load in the water
column (Schloss et al. this volume) and the possible increase of ice impact. The
density and coverage decreases of M. pedunculata and sponges together with
the increase of the ascidians A. challengeri and C. eumyota, the bivalve L.
elliptica and other groups that are non filter feeding like the gastropods and the
ophiurid O.victoriae support the idea of a shift due to disturbance by increased
sedimentation. Sponges and M. pedunculata would be less tolerant to this
disturbance than the other ascidians species which are flat and are living at the
bottom-water interface like L.elliptica (Torre and Sahade unpub. data)
Therefore, it is possible to think that they are more capable of coping with
higher amounts of sediment load in the water column than M. pedunculata and
the sponges. On the other hand, the near disappearance of all the species
except L. elliptica and pennatulids at 20 in E4 suggests an increase in ice
disturbances as well, since these are the organisms more resistant to such
disturbance (Sahade et al. 1998). The discussed processes can be linked to the
observed retreat of the Fourcade glacier, which in turn can be caused by the
temperature increase of the Antarctic Peninsula. Thus, this study may be the
first evidence of a direct effect of the global warming in an Antarctic benthic
ecosystem.
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Study of the processes and experimental assessments of the involved factors
are complicated, however mathematical models provide powerful tools to
analyse the ecosystem responses to different causal factors. A model run by
Momo et al. (this volume) supports our hypothesis.

In the actual scenario of global change the main challenge is probably to
identify the proxies that will affect ecosystems. In this context, these results
suggest that in the near future the increased sediment discharge and iceberg
and growlers occurrence from retreating glaciers would play a fundamental role
in modulating shallow coastal ecosystem dynamics. This shows the urgent
necessity of a temporal assessment of benthic community dynamics which is an
important part of the ClicOpen program in the frame of the IPY 2007/08.
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5. EFFECTS OF ANTHROPOGENIC CHANGES ON
ORGANISMS AND ON THE ECOSYSTEM
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Introduction

During the last century, the use of petroleum hydrocarbons as energy source
has increased dramatically. This fact has been accompanied by a concomitant
increase in the number of pollution events in which different quantities of hydro-
carbons have been spilled into the environment, either accidentally or deliber-
ately. Antarctic regions are no exception. Near the scientific stations petroleum
derivatives, mainly aliphatic hydrocarbons from fuel spills (diesel oil, gasoline,
etc.) are the main contaminants found in soils. (Aislabie et al. 2001, Snape et al.
2005). However, polycyclic aromatic hydrocarbons (PAHSs), although present in
lower concentrations in Antarctic soils, are also a significant environmental
contamination problem. PAHs are formed during combustion of fuels and other
organic materials and are widespread pollutants in the environment possessing
known toxic, mutagenic and carcinogenic properties (IARC, 1983). Pollution
caused by PAHs have been reported all around the world (Muiiz et al. 2004;
Tolosa et al., 2005 Qiao et al. 2006), including Antarctica (Cripps 1992, Mazz-
era et al 1999, Martins et al 2004).

At the present time, bioremediation has emerged as a cost-effective and envi-
ronmentally friendly tool to eliminate in situ organic pollutants from the environ-
ment. Chronically contaminated environments (with a long history of hydrocar-
bon pollution) have a great number of bacteria adapted to metabolize the
hydrocarbons. This fact was observed not only for fuel contaminated soils
(Miethe et al. 1994, Margesin & Schinner 2001, Ruberto et al. 2003) but also for
those contaminated with PAHs. (Cerniglia & Heitkamp 1989; Cerniglia 1992).

In these cases, if the level of inorganic nutrients (N and P) in soil is adequate
and the C:N:P ratio is adjusted, bioaugmentation (inoculation of hydrocarbon-
degrading microorganisms previously cultured in the laboratory) seems to be
unnecessary and an adequate biodegradation rate can be reached applying
biostimulation techniques (Margesin & Schinner 1997). On the contrary, when
the spill occurs on a pristine soil (where hydrocarbon-degrading bacteria are
absent or present in small numbers) it was reported that bioaugmentation
improves the bioremediation processes shortening the time period required for
hydrocarbon metabolization. This “shortening effect” could be crucial in Antarc-
tic areas, where only during summer does the thawing of soils and tempera-
tures above 0°C permit to operate bioremediation processes.
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Soils from areas near fuel storage tanks in Antarctic stations are contaminated
with diesel oil and other light fuels. In addition, low but significant levels of PAHs
have been detected in some areas (see Vodopivez et al., this issue) These
conditions make Antarctic stations potential candidates for developing low-
temperature bioremediation processes for reducing aliphatic and aromatics
hydrocarbons.

In this work we evaluate the effect of biostimulation and bioaugmentation on the
removal of fuels and PAHs from an acutely contaminated Antarctic soil. For this
purpose, experiments were carried out on soil microcosms, using a bacterial
Antarctic consortium (M10) and a mixture of hydrocarbon-degrading strains
(ADH, M10dp, DM1-41 and MP2-4).

Material and Methods

Study area

The experiment took place over 40 days (February-March 2002) at Jubany sta-
tion (62 14’S, 58 40’'W), King George Island (25 de Mayo Island), South Shet-
lands Islands. Soil used in this study was obtained from Marambio (64°14’S,
56°37°W), a station that is an important airport facility in Antarctica, with high
fuel demand and vehicle transit. Due to this condition it is one of the stations
more affected by hydrocarbon contamination. Soil samples were collected in
January 2002 at 0.3 m depth from a site far from station buildings in an area
without history of significant fuel spills. Approximately 45 kg of frozen soil were
collected and stored at —20 °C until its utilization at Jubany station.

Soil preparation and analysis

Large stones (1cm diameter) were manually removed from the soil. Water con-
tent was determined gravimetrically by heating sub-samples at 105 °C for 24 h.
Soil pH was measured by duplicate after mixing 10 g of soil with 100 ml deion-
ised water. After shaking for 1 min, pH was measured with a Beckman |
pHmeter. The remaining soil fraction after extraction of stones was analyzed for
texture, carbon and nitrogen content.

Source of microorganisms and Inoculum preparation

A hydrocarbon-degrading bacterial consortium and a mixture of several hydro-
carbon-degrading bacterial strains were used. Bacterial consortium M10 and
Pseudomonas M10dp strain were isolated from enrichment cultures inoculated
with soils from Marambio and using a mixture of PAHs as sole carbon source.
Stenotrophomonas DM 1-41 and Stenotrophomonas MP 2-4 strains were also
isolated from Marambio soil samples by culturing but using diesel oil and phe-
nanthrene respectively as carbon sources. Rhodococcus ADH strain was iso-
lated from Jubany station soil samples with crude oil as carbon source. From
frozen (in 20% glycerol at -40°C) stocks of consortium M10 and other strains,
inocula were prepared in 250 ml Erlenmeyer flasks containing 50 ml of sterile
saline basal medium (SBM) as described by Espeche et al (1994). Sterile diesel
oil (2% v/v) was the carbon source for preparation of ADH and DM1-41 inocula,
as well as for growth of the M10 consortium further inoculated in a system con-
taining fuel-contaminated soil (system D). A mixture of sterile phenanthrene,
anthracene, fluorene and dibenzotiophene (10:1:1:1) was used as carbon
source (1 g of PAHs/I) for growth of M10dp and MP2-4 strains as well as for
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preparation of M10 inoculum applied to a system containing PAHs-contami-
nated soil (system E).

Flasks were incubated at 15°C and 250 rpm (New Brunswick rotary shaker) for
8 d. Cells were harvested by centrifugation and resuspended in 20 ml of phos-
phate buffer. Final cell density in suspensions were 2.5x10® CFU/ml for M10 in
diesel oil, 1.9x10” CFU/ml for M10 in PAHs and 2.3x10° CFU/ml for the mixture
of strains.

Experimental Design

Uncontaminated-soil was spread out in steel trays (40 cm length, 32 cm wide,
5 cm height) coated with an inert enamel. The trays were filled with 2.5 kg of
soil resulting in a 5 cm-depth layer. Acute diesel oil contamination was simu-
lated by adding 69 ml (19000 ppm) of sterile diesel oil to B, D, F and H systems.
PAHs acute contamination was simulated by adding 1385 ml (3600 ppm) of a
PAHs stock solution (phenanthrene 5 g/l, anthracene-0.5 g/I, fluorene 0.5 g/l
and dibenzothiophene 0.5 g/l in hexane) to C, E, G and | systems.

Systems B, D, F and H were biostimulated by adding NH4Cl (250g/l) and
Nay;HPO4 (33 g/l) to reach a C:N:P ratio of 100:10:1. Table 1 summarizes the
conditions present in each performed system. An undisturbed control (system
A) and two different abiotic controls (systems B and C) were included.

Table 1. Characteristics of the nine microcosms systems performed at Jubany Station. Pristine
soil was exposed to an acute contamination with PAHs or diesel oil.

System HgCl, PAHs  Diesel oil biostimulation bioaugmentation
(1 g/kg) (ppm) (C:N:P=100:10:1)
A - - - - -
B + - 19000 - -
C + 3600 - - -
D - - 19000 + M10
E - 3600 - + M10
F - - 19000 + Mixture of strains
G - 3600 - + Mixture of strains
H - - 19000 + -
I - 3600 - + -

Hydrocarbon analysis

Total hydrocarbon concentration (TH) of Gas Oil contaminated systems was
measured following the EPA 418.1 method. Briefly, 1 g of soil was accurately
weighed and placed into 20 ml glass-flasks. HPLC grade CCl4 (10 ml) and a
spatula tip of anhydrous Na,SO4 were added to each flask. Flasks were placed
into an ultrasound bath and treated overnight. Samples were then filtered,
transferred to a quartz-cell and analyzed (Buck Model HC 404 Hydrocarbon
analyzer IR spectrometer. Results were compared by ANOVA and Tukey's
multiple comparison test. GC analysis of PAHs was carried out with a Shimadzu
GC-9A gas chromatograph using a FID detector and Helium as carrier gas (31
cm/s). Typically, oven temperature was held at 100°C for 1 min and then raised
(10°C/min) to 250°C and held at that temperature for 5 min. The injector tem-
perature was 280°C. Separation was accomplished with a fused-silica capillary
column (crosslinked 5% PH ME siloxane) with a film thickness of 0.25 ym, 30 m
length and 0.25-mm i.d. (Hewlett Packard). Data were collected using a PC-
Chrom® software.
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Microbiological analysis

Soil samples (1 g) were suspended in 10 ml of sterile saline solution (0.9%
NaCl) and vigorously shaken for 5 min. Serial dilutions of samples were plated
(four replicates) either on casein-peptone-starch (CPS) agar, as was suggested
by Wynn-Williams (1992) for evaluation of Antarctic heterotrophic aerobic bacte-
ria (HAB) from soils, or on solidified saline basal medium (SBM) supplemented
with 2% diesel for counting of hydrocarbon degrading bacteria (HDB). For both
HAB and HDB counts, plates were incubated 30 d at 15°C and results were
expressed as colony forming units per gram of dry weight (CFU/g). PAHs-
degrading bacteria were estimated using the most probable number method
(Wrenn & Venosa 1996) in 96-wells plates incubated at 15°C for 30 d. Serial
dilution of samples (20 pl) were placed in wells containing 180 pl of Bushnell &
Haas (1941) medium and a mix of phenanthrene, anthracene, fluorene and
dibenzothiophene (10:1:1:1) as carbon source (1 g/l). Bacterial growth was
detected by the change in colour (colorless to yellow-brown) of the culture.
Bacterial counts data from the different microcosms obtained at 0, 10, 20, 30,
40 d were analysed by repeated measured ANOVA and Tukey's multiple com-
parison test.

Results and Discussion

HAB and HDB are shown in Fig 1. System A, where autochthonous bacterial
microbiota was neither under biostimulation nor bioaugmentation, showed an
increase of one order of magnitude in HAB from day 0 to day 40. This increase,
that is not related to the addition of nutrients could be due to the more favour-
able environmental conditions existing in soil after mixing of soil particles
(causing the aeration of soil) as well as to the maintaining of an adequate water
content throughout the assay. This effect was only evident during the first 20
days (Fig. 1 A and B). Under both, diesel oil or PAHs acute contamination only
near 20% of the initial autochthonous HAB counts were detected at day 10"
(from 2.8x10° to 6.1x10* UFC/g under diesel oil and from 4.8x10° to 7.5x10*
UFC/g under PAHs contamination). This showed that the natural microbiota of
this pristine soil were sensitive to the presence of high levels of hydrocarbons
and that under this acute stress only a fraction of the bacterial cells survive the
sudden addition of pollutants. Levels of contaminants added to soil were high,
and an acute toxic effect could be causing the loss of viability observed in the
natural bacterial assemblage when contaminated with diesel oil and PAHs In a
recent paper (Ruberto et al 2006) we did not observe similar decreases in HAB
counts when 1744 ppm of phenanthrene were added to a soil from a depth of
75 cm near the former garbage-burning site of Jubany station. The low but sig-
nificant presence of PAHs detected in this Jubany soil sample (1.2 ppm) (which
could have act as a selecting factor of PAHs-tolerant bacteria) as well as the
higher amount of PAHs used for simulation of the acute contamination in the
present study could be the cause of the different results observed. Levels of
total petroleum hydrocarbons similar to the diesel oil concentration added to soil
in the present work has been reported previously for some highly polluted sites
in Antarctica (Aislabie et al. 2004). However, such high level of diesel fuels also
could have caused the loss of viability observed in system H. An acute toxic
effect of the aliphatic hydrocarbons (Sikkema et al. 1995) that inhibited cellular
activity of the natural bacterial community could be the cause of this observa-
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tion. Many of the most toxic components of the diesel oil are the most volatile
ones, which comprise an important fraction of this fuel, and that were not
detected in the soil even one day after addition (day 0, Fig. 2A).

It is important to note that all the systems into which the M10 consortium or the
mixture of strains were inoculated also showed a sharp decrease in HAB at day
10™, reaching at this time values similar to system A (control system). At the
end of the experiment, HAB counts in the system where diesel oil contaminated
soil was bioaugmented with M10 (system D), showed significantly higher
(p<0.01) values than all the rest of the systems (Fig. 1A). This result is in accor-
dance with the high HDB counts observed for system D (Fig. 1C). However,
also the system which was inoculated with the mixture of strains showed high
HDB counts evaluated in diesel oil agar plates at d 40 (Fig. 1C). This showed
that, whereas HDB at d 40 in system inoculated with M10 represented less than
5% of the total HAB, in system where the mix of strains was added HDB repre-
sented 18% of the HAB.
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Figure 1. Heterotrophic aerobic bacteria (HAB) and hydrocarbon degrading bacteria (HDB)
from the different microcosms. A. HAB from systems contaminated with diesel oil. B. HAB
from systems contaminated with PAHs. C. HDB from systems contaminated with diesel oil.

D. HDB from systems contaminated with PAHs. See table 1 for characteristics of the systems.
Bars indicate SD from four replicates.
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Changes in the counts of the natural microbiota when contaminated with diesel
oil, although differing from the M10 inoculated system by one order of magni-
tude, showed a similar shape and at day 40" presented a HDB/HAB percentage
ratio of 5%. However, despite the differences in HAB and HDB counts values,
all systems contaminated with diesel oil (D, F and H) showed similar loss of
total hydrocarbons (Fig. 2A) and no significant differences were detected
between them. Significant differences in hydrocarbon concentration (p<0.001)
were observed between all these systems and the abiotic control (system B).

PAHs

B D F H C E G
SYSTEMS SYSTEMS
Ed0 &@d40 Bd0 @d40

Figure 2. A. Total hydrocarbons concentration at 0 (initial) and 40 (final) days from systems
contaminated with diesel oil. B. Total hydrocarbons concentration from microcosms contami-
nated with PAHs. Bars indicate SD from triplicates.

These results showed that under the experimental conditions, bioaugmentation
with two different biological systems caused no improvements in diesel olil
removal compared with the activity of the autochthonous microbiota. This con-
taminant-degrading activity of the natural microbiota from non-polluted sites has
been reported by us and other authors for different soils (Mac Cormack et al.
1998, Solano-Serena et al. 2000). However, this study did not confirm previous
results obtained using soils from Jubany station, where a positive effect of bio-
augmentation was found for the removal of diesel oil from non polluted soils
(Ruberto et al 2003). All this comments confirm the complexity of the biological
interactions emerging when an external inoculum is added to a natural envi-
ronment, bringing about different results depending on a great number of fac-
tors, as the inoculum composition, the soil origin and physicochemical charac-
teristics, climate conditions during the processes and many others.

The addition of high amounts of PAHSs to the soil did not result in any evident
degradation activity either in biostimulated or in bioaugmented systems. Despite
the initial decrease in HAB counts mentioned above in system | (PAHs con-
taminated autochthonous bacterial flora), counts in this system increased from
day 10" to day 40", reaching similar values to those showed by the bioaug-
mented systems (E and G). Also the control system (system A) showed similar
HAB counts. HDB on PAHs showed a significantly (p<0.05) higher value for the
M10 bioaugmented system (Fig. 1D) compared with the non-bioaugmented
ones (I and A). The system bioaugmented with the mixture of strains (system G)
also showed a higher (but non significant) number of HDB compared with sys-
tems | and A. However, despite these differences in final HDB values, no differ-
ence was observed in PAHs concentration at the end of the experiment (Fig.
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2B). In addition, comparison with the abiotic control (system C) showed that no
loss of PAHs took place during the experiment. In this case, the greater stability
of PAHs compared with the components of diesel oil could have been the cause
of the absence of detectable degrading activity. It is possible that long-term
experiments (several months) would be necessary to reveal the capacity of the
inoculated systems to degrade fuel components, mainly when acutely contami-
nated pristine soils are being studied. However, other factors could be playing a
relevant role in the absence of PAHs removal. One of these factors is the nutri-
ent addition. It is known that the source and concentration of nutrients have a
crucial role in the success of bioremediation (Walworth and Reynolds 1995,
Coulon and Delille 2003). Breeveld and Sparrevik (2000) have reported that
addition of inorganic nitrogen and phosphorous enhanced degradation of 4-
rings PAHs in creosote-contaminated soils from Norway but no improvement
was observed for 3-rings PAHs (as phenanthrene). Based on these observa-
tions it is possible that a combination of the chemical structure of PAHs and the
type and concentration of the N and P could have limited the biodegradation
under the conditions of the experiment. Another factor to consider is the nature
of the soil under study. Marambio soil has a high fraction of small particles (silt
and clay) and adsorption on such particles could significantly reduce the
bioavailability of PAHs used in this study, extending the time required for detect
significant levels of degradation as was reported by Krauss and Wilcke (2002).
This fact also could explain why we found a significant phenanthrene biodegra-
dation in another Antarctic soil bioaugmented with the M10 (Ruberto et al.
2006). In that study soil was obtained from Jubany station and had low levels of
small particles and a high content of sand, which could have reduced the
adsorption processes allowing M10 to carry out a significant degradation of the
hydrocarbons activity in a time period (day 56”‘) similar to those used in the pre-
sent study.

Conclusions

In conclusion, this work has shown that the previously uncontaminated Antarctic
soil studied here has a significant diesel-degrading activity. This property ren-
ders unnecessary the bioaugmentation procedure, even with Antarctic bacterial
strains or consortia-having a high hydrocarbon-degrading activity under labora-
tory conditions. In addition, the length of the assay probably combined with
unfavourable characteristics of soil and a non-optimum source of nutrients
avoided any biological removal of PAHs from the studied soil.
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are among the most common organic
pollutants in aquatic sediments and soils. Although PAHs are naturally occurring
compounds in fossil fuels and are produced during combustion of wood and
other organic materials, anthropogenic activities (as fuel spills, petroleum
refinery activities, coal combustion and vehicles powered by gasoline or diesel
fuels) are the main sources of PAHs contamination reported in many areas of
the world (Naes et al. 1995; Gocht et al. 2001; Qiao et al. 1999). At the present
time Antarctica is considered one of the few pristine regions in the planet.
However, logistic and scientific activities at the stations, as well as the tourist
activity have caused local but significant pollution events including PAHs
contamination (Mazzera et al. 1999; Martins et al. 2004).

Because of the chemical structure of PAHs they have a tendency to accumulate
in the food chain (UNEP 2002), and considerable damage could be caused on
the biota by the long-term release in the environment of low quantities of these
compounds. In addition, factors such as low temperatures and low nutrient
availability observed in many Antarctic soils and sediments significantly reduce
the activity of PAH-degrading microorganisms and could contribute to the
accumulation of significant quantities of PAHs. In recent years, phenomena
associated to the global warming like melting of glaciers, downward migration of
the upper surface of the permafrost and increasing precipitation are causing an
increase in the movement of particles from coastal areas to the marine
sediments. As PAHSs tend to adsorb on soil particles due to their hydrophobicity,
they could be transported in association with these particles causing an
increase in PAHs concentration in coastal marine sediments. At the present
time no studies have been published reporting PAHs concentration in
suspended particulate matter (SPM) for Antarctic marine waters except for the
paper of Cripps (1994) who analyzed PAHs associated with particulate matter in
the Bransfield Strait. In this work, values reported ranged between not detected
and 427 ng/g dw. Although Cripps suggested a possible bioaccumulation
process in krill from the phytoplankton biomass, the distribution patterns of the
individual PAHs found in these two biological systems were different showing
that further studies will be necessary to prove this assumption.

Jubany scientific station is located near the Fourcade glacier (which is showing
increased ablation), on the coast of Potter Cove, 25 de Mayo Island (King
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George Island) and has had a considerable and permanent human influence
since 1952. For this reason, PAHs produced by human activities in Jubany
could be accumulating either in soils or in the surface sediment of the adjacent
Potter Cove. The aim of this work was to analyse the levels of 16 priority PAHs
(USEPA 1985) and several derivatives present in the area during the years
2004 and 2005. Sampling was carried out on sediment and SPM (at two
different depths) from nine sites at Potter Cove. In addition, PAHs were
analysed in surface soil and different levels in the active layer and the
permafrost to evaluate a possible effect of soil and groundwater contamination
to marine environment.

Materials and Methods

Sampling procedure

During the first sampling period (January 2004), soil from 9 sites in the surface
active layer was collected Samples were taken at three different depths
(surface, 25 and 75 cm). Surface marine sediments were obtained from 3 sites
of the inner part of Potter Cove (Fig. 1). Results obtained during this first year
lead us to design a new sampling scheme for the next year (February 2005).
The same nine sites were sampled at different depths (surface, 75, 100, 150
and 200 cm). Two of these sites (D and I) were also sampled at active
layer/permafrost interface and at 20, 30, 50 and 60 cm depth below the
interface. Surface sediment was collected in nine different sites of Potter Cove
including those already sampled one year previously At the same sites SPM
samples were obtained from surface and two meters above the bottom waters.
This zone, which was not sampled in January 2004, was included to investigate
the contribution of the SPM to the quantity and quality of PAHs found in surface
sediments. Soil samples were taken manually using a stainless steel corer (8-
cm diameter). Marine sediments were obtained with a stainless steel grab. SPM
samples were obtained by filtering (GF/F fibreglass filters, 14 cm diameter) 100
| of seawater (collected with Niskin bottles). All samples were placed in acid-
cleaned amber-glass flasks, freeze-dried and stored at —20 °C. Soil, permafrost
and sediment samples were sieved (1 mm mesh) and placed in glass vials (20
ml). Extraction and quantification techniques were conducted at ISMER
Laboratories (Canada).

Analysis of PAHs

Twenty five different PAHs were analysed: 1: Naphtalene, 2: 2-methylnaphtha-
lene, 3: Acenaphthylene, 4: Acenaphthene, 5: 2,3,5-trimethylnaphthalene,
6: Fluorene, 7: Phenanthrene, 8: Anthracene, 9: 2-methylanthracene, 10: Fluor-
anthene, 11: Pyrene, 12: 9,10-dimethylanthracene, 13: Benzo(c)phenanthrene,
14: Benzo(a)anthracene, 15: Chrysene, 16: Benzofluoranthene, 17: 7,12-di-
methylbenzo(a)anthracene, 18: Benzo(a)pyrene 19: 3-methylchloranthrene,
20: Indeno(1,2,3-cd)pyrene, 21: Dibenzo(a,h)anthracene , 22: Dibenzo(g,h,i)-
perylene, 23: Dibenzo(a,l)pyrene, 24: Dibenzo(a,i)pyrene, 25 :Dibenzo(a,i)-
pyrene.

Either 1 g of dry soil, permafrost or marine surface sediment or the filter
containing the SPM sample were placed into 50 ml Teflon tubes filled with 10 ml
of dichloromethane (DCM) and sonicated (ultrasound bath Branson 5210) for 30
min. Samples were then shaken overnight (Burrell 75 shaker) and finally
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sonicated again for 30 min. Samples were centrifuged and the supernatants
were transferred to conical glass tubes for evaporation under a stream of
nitrogen to a final volume of 0.5 ml. Two ml of hexane were added and the
solvent mix evaporated to a volume of 1.0 ml. Extracts were purified using Solid
Phase Extraction column Supelclean Envi-18 (Supelco). Elution was made with
5 ml of hexane:DCM (9:1) and the volume adjusted to 8 ml. A new evaporation
step was performed under nitrogen stream to a final volume of 100 ul. An
internal standard consisting in 40 ul of a solution of deuterated naphthalene,
anthracene and perylene (0.5 ug/g) was added and the mix diluted to 200 pl
with hexane:DCM (9:1). Quantification was made using gas chromatography-
mass spectrometry (Thermo Finigan GC-MS Trace DSQ AS 2000). Accuracy of
the method was tested using standard reference materials consisting of PAHs
in marine sediment (SRM 1941b).
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Figure 1. Sampling sites at the sorroundings of Jubany station e: soil 2004/05. A : soil 2004/05
and permafrost 2005. ¥ : sediment 2004/05 and SPM 2005. m: sediment and SPM 2005.

Statistical Analyses

Comparisons of PAHs concentration between pairs of data were made using T-
student test. When more than two data sets were compared one way ANOVA
and Tukey’s multiple comparison test was used.

Results

Surface sediments sampled in January 2004 showed the presence of low levels
of PAHSs, with values ranging from 28 to 312 ng/g (see Table 1). Pattern of
compounds showed the presence of PAHs with low and medium molecular
weight, phenanthrene being the dominant one (66-85%, Fig. 2A). Sediment
samples obtained in February 2005 presented values ranged between 36 and
1908 ng/g (Table 1) and evidenced a significant increase in PAHs level from
sites 1 and 2, in the inner basin of the Cove. These points are located near the
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north coast of the inner Potter Cove (Fig. 1) and previous works have reported
this area as possessing the higher proportion of finest sediment particles
(Mercuri et al 1998, Veit-Kohler 1998).

Table 1. Total PAHs concentration (ng/g dw) in sediment samples obtained in January 2004
and February 2005. Values represent mean + standard deviation of triplicates. ns: not sampled.

Sampling sites
year 1 2 3 4 5 6 7 8 9
2004 312+24 276425 28+ ns ns ns NS ns ns
2005 1762+139 1908+114 36+ 251+17 63+ 112+12 42+ 85+ 90+

Table 2. Total PAHs concentration (ng/g dw) in suspended particulated matter (SPM) obtained
in February 2005. Values represent mean + standard deviation of friplicates.

Sampling sites
Depth 1 2 3 4 5 6 7 8 9
Surf. 116+2 49+12 58+13 405 129 374+4 107 133 95
Botto 67+13 533+1 128+2 500+4 169+2 526+6 90+14 143+2 118+2

PAHs were detected on SPM at both analyzed depths (surface and y 2 m from
the bottom) with values ranging between 49 and 526 ng/g dw. Level of PAHs
was not clearly related to any source of contamination, no gradients were
detected and phenanthrene and anthracene were also the dominant
compounds (78-96%).

The change in PAHSs levels observed in sediments between 2004 and 2005 was
coincident with an inverse change in PAHs concentration in coastal soils. In soil
samples obtained in January 2004, a concentration gradient (with values
increasing from surface to depth) was observed (Table 3). At 75 cm depth,
concentration values ranged between 162 and 1182 ng/g dw. One year later
(February 2005, Table 4), PAHs concentrations in surface soils were similar to
those observed one year earlier, with the exception of sampling site C, where
concentration of PAHs (552 ng/g dw) was considerably higher than one year
ago. However, this increase was associated with a diesel spillage which
occurred a few months earlier in the fuel storage tanks located close to site C.
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Figure 2. Representative patterns of total PAHs in surface marine sediments (A) and 75 cm
depth soil samples (B). Numbers in X-axis represent the individual compounds as were
numbered in Material and Methods section.
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Table 3. Total PAH concentrations (ng/g dw.) found in soil samples collected during the austral
summer 2004 in Jubany station.. Values represent mean + standard deviation of triplicates. Site
H: control value.

Sampling site

Dept B C D E F G H | J
0-5 21£2 2313 1942 42+3 32+3 1943 132  35i#3 2442
25-30 1541 3213 13+2 111 10414 203  14x2  20+3 101

70-75 1016+111 26419 11824113 857473 1052+111 681143 187116 191423 162115

Table 4. Total PAH concentrations (ng/g dw.) found in soil samples collected during the austral
summer 2005. Values represent mean + standard deviation of triplicates. Site A: control value.

Sampling site

Depth

(cm) A B C D E F G H I

0-5 16+1 19+2 552+36 12+1 22+3 19+£3 14+2 16+3 2243
70-75 - 43+3 153+22 21+1 31+6 32+3 12+1 17+3 31+3
100-105 - 66+4 22+5 18+3 48+6 44+3 26+3 18+3 32+3
150-155 - 80+6 856 31+3 126+7 ©64+4 30x4 19+2 60£5
200-205 - 9+9 766 47+4 1569 90+£5 342 24+2 737
210-215 - - - 69+4 - - - - 114 + 10
220-225 - - - 7117 - - - - 100+ 8
230-235 - - - 62+4 - - - - 59+4
240-245 - - - 33+3 - - - - 39+3
250-255 - - - 22+2 - - - - 31+3

PAHs concentration (ng/g)
0 20 40 60 80
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Figure 3. Total PAHs concentrations in the active layer and permafrost from site D sampled
in February 2005.
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As had been observed in 2004, total PAHs concentrations increased
progressively with depth into the active layer, showing the highest values at
200-205 cm depth layer, corresponding to the layer just above permafrost.
However, values of total PAHs found at 75 cm depth during February 2005
were significantly lower (p<0.01) than those registered during the first sampling
year (Table 4). Finally, pattern of compounds found in soil samples taken at
depth proved to be very similar to those found at the surface level (Fig. 2). In
sites where the permafrost layer was analysed (sites D and I, Table 4), a
decrease in total PAH concentration was observed from the active
layer/permafrost interface to the 60-65 cm-depth level into the permafrost.
Figure 3 shows the level of PAHs in the active layer and permafrost for site D.
Again, phenanthrene was predominant in permafrost at both sampling sites.

Discussion

This study suggests that surface sediments from Potter Cove are affected by
activity at Jubany Station. However, PAHs concentrations detected in this small
bay (28-1908 ng/g dw) are comparable to those reported for other Antarctic
Stations (Cripps 1992; Kennicutt 1992a; Bicego et al.1998; Martins 2004),
except for the high levels found by Kennicut (1992b) in sediments close to
Palmer Station.

One point to highlight is the sharp increase in total PAH concentration in surface
sediments measured in 2004 and 2005 at sites 1 and 2. This could have been
caused by episodic washout processes of soils toward the nearby marine
ecosystem. This hypothesis is supported by the changes observed in PAHs
concentration in soil samples from a depth of 75 cm where a decrease of one
order of magnitude between 2004 and 2005 was detected.

Why PAHs accumulation was not similar for all the sediment samples sites
could be related to a combined effect of the bottom topography, predominant
winds and water circulation. As was indicated in Fig. 1, Potter Cove is divided in
outer and inner basins by a transverse sill. The inner basin is enriched in silt
and clay, reaching in some areas values as high as 13% and 80%, respectively
(Veit-Kohler 1998). Most of the water draining from the Potter Peninsula flows
into the inner basin (Varela 1998) and surface sediments may be acting as a
trap strongly retaining hydrophobic contaminants and preventing their fast
transport to the outer basin of the cove by spring flood currents. A similar
mechanism was postulated by Mazzera et al. (1999) to explain the
accumulation of PAHs in sediments from McMurdo Sound. PAHs concentration
observed in all sampling sites located in the outer cove (sites7-9) were
significantly lower (p<0.001) than those from sites 1 and 2. The lower PAH
levels found in site 3 seem to be related to the particular topography and
hydrology of the cove (Roese and Drabble 1998). Water circulation in Potter
Cove is strongly influenced by winds which cause a cyclonic current in surface.
This current influences the mixing of freshwater entering to the south coast of
the cove and carries an important volume of fine particles. The presence of the
transverse sill forces the circulating freshwater masses to form a clockwise
vortex with a small proportion of the sediment-bearing surface layer passing
over the sill and flowing outside the cove. The deepest zone along the northeast
coast acts as a sediment trap, as was reported by Mercuri et al. (1998).
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Therefore, the combined effect of topography, winds and water circulation could
be the cause of the lower PAHs content in site 3 compared with sites 1 and 2.

In the water column, levels of PAHs associated with the SPM showed no
detectable gradient. The pattern of distribution of the compounds was similar to
that observed in surface sediments and deep soils, with phenanthrene as the
dominant compound. Highest values were found in SPM from sites near the
operation area of the boats. Although is known that the outboard motor
frequently spill a significant fraction of fuel, the proportion of low molecular
weight PAHs derivatives which characterize this kind of pollution source was not
significantly greater in water samples from this area. It could means that either
pollution from outboard motors is not relevant or, most probably, that the lighter
compounds from this source of pollution are quickly volatilized, degraded or
transformed.

As was mentioned above, increases in PAHs concentration in surface
sediments were accompanied by corresponding significant decrease in PAHs
levels in coastal soils. This fact suggests that the bulk of the PAHs found in soil
in January 2004 was lost during the 12-month period between the two field
seasons This could be a consequence of changes in the hydrological regime of
the soil and an exhaustive drainage of the water located above the permafrost
layer. This process would have occurred during the summer period when above
zero air temperatures induce the melting of glaciers and snow and when heavy
rain occurs. Precipitation data from 2003 (one year before the first sampling)
were considerably lower (431 mm) than the average of the last ten years (615
mm) whereas during the January 2004 - February 2005 interval, precipitations
largely exceeded this average value (831 mm). These data support the idea
that the washout phenomenon could have been particularly intense during the
studied period. Further investigations will be necessary to confirm the existence
of a cyclic inter-annual oscillation in soil-PAH concentrations and the
relationship between precipitation regime and the permanence of these
compounds in the soils studied.

Another notable feature of our results is the concentration gradient of PAHs
observed in soils. The dominance of low and medium molecular weight PAHs in
sub-surface samples compared to surface layer (where a large range of PAHs
is present including 5-6 ring compounds) suggest a selective downward
migration that could be attributed to a number of factors such as particles
sieving and water solubility. In high latitudes, where soil is under a continuous
process of freezing and thawing, the finest soil particles are selectively
transported to deeper layers (Anderson et al. 1978). This process, which would
favour downward migration of PAHs showing the highest affinity for the finest
soil particles, could be one of the processes responsible of the enrichment of
some PAHs in the lower part of the active layer. The reason why only
intermediate molecular weight PAHs accumulated in the deeper active layer
could be related to a balance between their physicochemical properties and
some particular hydrogeological conditions. A water solubility of about 1-2 mg/I,
a relatively low vapour pressure and a log Kow around 4.2-4.5 seem to be the
best combination of physical properties to favour a downward migration.
Another relevant finding of this work was the pattern of distribution of the PAHs
found within the permafrost. The highest values observed just below the
interface between the active layer and the permafrost and the progressive
decrease detected in samples taken into the permafrost show that the
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permafrost acts as a low permeability barrier for migration of PAHs in the area
of Jubany station. As far as we know no other work conducted within Antarctic
soils has reported a similar behaviour of PAHs distribution into permafrost.

Conclusions

This work has shown that Jubany Station and Potter Cove still have low levels
of PAH contamination in soil and sediment. The pattern of PAHs was indicative
of local sources of pollution from low temperature combustion of organic
materials. A large inter-annual change in PAH concentrations in soils is
attributed to a rapid drainage of porous soils by rain waters and melting snow
and ice during summer, and was correlated to an increase of PAHs in surface
sediment. The active layer/permafrost transition zone contained the highest
level of PAHs and permafrost acted as a low permeability barrier to downward
migration of these compounds. This behaviour highlights the risk for coastal
marine environments near Antarctic stations exhibiting PAH contamination in
their soils. As global warming clearly affects the Antarctic Peninsula at the
present days, melting of permafrost and enhance in leaching would result in a
massive flow of PAHs with unpredictable ecological consequences.
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Introduction

In the last century the natural equilibrium of the environment has been seriously
affected by man in many places of the planet. However, there exists a global
consensus that the fate of Antarctica should be different and that its natural
resources, scientific values and beauty must be preserved.

Antarctica is one of the largest and most pristine wilderness areas left on earth.
Their relatively pristine environment has been mostly associated with the isola-
tion from large industrial centres and the minimum human activity occurring
within the area covered by the Antarctic Treaty. Although most inner areas of
the Antarctic continent remain unexplored and have a minimum human pres-
ence, the coastal zone has been thoroughly navigated, with permanent human
settlements since the beginning of the XX. century. Due to their closeness to
South America, its less severe climate conditions and its accessibility in sum-
mer, the Antarctic Peninsula was the easiest area for the establishment of sev-
eral research stations and for the commercial exploitation of the marine
resources. The remnants of such human activities remain in a few places as
abandoned stations, field dumps of fuel, rubbish dumps, etc.

Since the Protocol on Environmental Protection to the Antarctic Treaty was
signed (Madrid, October 4, 1991), the international community showed an
increasing awareness about the value of environmental monitoring in preserva-
tion of Antarctica. Human settlements (both abandoned and active stations)
have been indicated as the main focus of contamination. Several studies
reported the occurrence of a contamination halo around scientific station, mainly
composed by hydrocarbons and trace elements (Aislabie et al. 1999; Claridge
et al. 1995).

Five decades of intense scientific and logistic activity developed in the sur-
roundings of Potter Cove could have caused a significant impact on this coastal
ecosystem. Previous investigations have reported increased levels of total
hydrocarbons and heavy metals in soils and sediments from the vicinity of
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Jubany Station. (Mac Cormack & Fraile 1997; Vodopivez et al. 2001). The pre-
sent study reports the preliminary results of the analysis of selected pollutants
(hydrocarbons and heavy metals) in surface soils collected around Jubany Sta-
tion.

Materials and Methods

Soil collection

Jubany Station (62°14°S, 58°40°W) is located on Potter Peninsula, 25 de Mayo
Island (King George Island), South Shetlands Islands. Soils at Potter Peninsula
are typical of Antarctic soils found on tills on relatively young glacial retreat sur-
faces. (Godagnone 1997).

Soils samples were obtained during the Summer Antarctic expedition 2002/
2003 in the vicinity of the Jubany Scientific Station (Figure 1). Surface soil
samples (0 — 5 cm depth) were collected manually using a stainless steel
spoon. All samples were stored in acid-cleaned amber-glass flasks until freeze-
drying and sieving (1 mm mesh) at Jubany station. Samples were placed in
glass vials (20 ml) and stored at —20°C. Samples were divided into two batches,
one for polycyclic aromatic hydrocarbons (PAHs) determination and the other
for heavy metal measurement. PAHs extraction and quantification were con-
ducted at the Ecotoxicology Laboratory of ISMER (Quebec University,
Rimouski, Canada). Samples for heavy metal analysis were processed at the
Catedra de Toxicologia y Quimica Legal, Facultad de Farmacia y Bioquimica,
Universidad de Buenos Aires, Argentina, and quantification of the mineralized
samples was conducted at the Comisién de Energia Atémica, Unidad de Activi-
dad Quimica, Centro Atdmico Constituyentes, Buenos Aires, Argentina.

Polycyclic Aromatic Hydrocarbons Determination

Twenty five different PAHs were analysed (naphtalene, 2-methylnaphthalene,
acenaphthylene, acenaphthene, 2,3,5-trimethylnaphthalene, fluorene, phenan-
threne, anthracene, 2-methylanthracene, fluoranthene, pyrene, 9,10-di-
methylanthracene, benzo(c)phenanthrene, benzo(a)anthracene, chrysene,
benzofluoranthene, 7,12-dimethylbenzo(a)anthracene, benzo(a)pyrene 3-
methylchloranthrene, indeno(1,2,3-cd)pyrene, dibenzo(a,h)anthracene, dibenzo
(g,h,i)perylene, dibenzo(a,l)pyrene, dibenzo(a,i)pyrene, dibenzo(a,i)pyrene.

Soil samples (1g) were extracted with dichloromethane (DCM) using an ultra-
sound bath. Solvent was separated from the soil particles by centrifugation and
the supernatants were transferred to graduate glass tubes for evaporation.
Tubes were placed into an ice bath and evaporation was carried out under a
stream of nitrogen to a final volume of 0.5 ml. Two ml of hexane were added
and the solvent mix was evaporated to a final volume of 1 ml. Finally, samples
were cleaned-up using solid phase extraction column Supelclean Envi-18
(Supelco). Elution was made with 5 ml of hexane:DCM (9:1) and the volume
was adjusted to 8 ml. A further evaporation step was performed under a stream
of nitrogen to a final volume of about 100 pl. 40 pl of a solution containing
deuterated naphthalene, anthracene and perylene (0,5 ug g'1) as internal stan-
dard was then added and the mix was diluted to 200 pl with hexane:DCM (9:1).
The extracts were placed into 12 x 32 mm amber-glass vials (Chromatographic
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Specialties Inc.). PAHs quantification was made using a GC-MS Trace DSQ AS
2000 (Thermo Finnigan) using a DB-5MS 0.32 mm x 0.25 pym x 30 m column
(J&W Scientific), with helium as carrier gas.
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Figure 1. Soil sampling sites at Potter Peninsula. 1: main building. 2: incinerator area. 3: fuel
storage tanks. 4: boat house. 5: old dumping area. 6: Mouth of Matias creek. 7: Middle part
Matias creek basin. 8: High part Matias creek basin. 9: Skua lagoon (control site).

Heavy Metals Determination

The elements analyzed were Cd, Cr, Cu, Pb and Zn. Soil samples (0,5 g) were
placed into Teflon vessels and 1 ml of H,O, and 7 ml of HNO3; (J T Baker Ana-
lyzed Reagent for trace metal analysis) were added. After overnight incubation
samples were subjected to microwave digestion. An MLS-2000 (Milestone-
FKW, Sorisole, Bergamo, Italy) MW apparatus equipped with ten Teflon PFA
vessels was used to digest the samples. The residue was allowed to cool,
transferred into a 50-ml volumetric flask and the solution diluted with deionised
distilled water. A Perkin-Elmer (Norwalk, CT) ICP Optima 3100 XL (axial view)
simultaneous inductively coupled Ar plasma optical emission spectrometer was
used for trace elements determination.

In order to assess the accuracy of the methods, portions of a certified reference
material, were subjected to the same dissolution procedure and included in the
overall analytical process. Table 1 shows the obtained results. Certified refer-
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ence material (CRM) for PAHs (Marine Sediment SRM 1941b) was supplied by
National Institute of Standards and Technology (NIST), Gaithersburg, MD, USA
and CRM for heavy metals (MURST-ISS-A1, Antarctic Sediment) was provided
by Instituto Superiore di Sanita, Rome, Italy.

Results and Discussion

Table 2 shows the average value and standard deviation (from triplicates) found
in nine surface soil samples collected during the austral summer 2002/03.

PAH levels ranged from 18 to 45 ng g of dried soil, and although all sites
showed very low levels, higher values were detected in sites where activities
are potentially PAHs producers (boats house, incinerator site). Curiously, sam-
ples collected in site 3 (oil-storage tanks), where diesel oil spills have occurred,
did not show any increase of PAH level compared with the control site (Skua
Lagoon).

Table 1. Results of the CRM analysis to assessment of the analytical accuracy.

PAH (ngg™") Certified Found
Naphthalene 818+ 71 848 + 95
Fluorene 81+ 16 85+ 15
Phenanthrene 377+ 33 406 + 44
Anthracene 167+ 25 184 + 18
Fluoranthene 622129 651 £ 50
Pyrene 574134 581 £ 39
Benzo[alanthracene 338146 33525
Chrysene 306+36 291 + 31
Benzo[b]fluoranthene 426+35 453 + 21
Benzolk]fluoranthene 210£20 225+ 18
Benzo[a]pyrene 353121 358 + 17
Benzo[ghi]perylene 30219 307 £45
Indeno[1,2,3-cd]pyrene 349423 341 £ 57
Dibenz[a,h]anthracene 4143 5310
Heavy Metal (ng g ™) Certified Found
Cd 0.538+ 0.027 | 0.50 = 0.04
Cr 421+ 4.4 405+3.5
Cu 6+ 2 54+0.3
Pb 21.0£2.9 19.9+3.0
Zn 53.3+2.7 52.1+ 3.1

PHA: CRM Marine Sediment SRM 1941b, Heavy metals: CRM MURST-ISS-

A1, Antarctic Sediment




These results contrast with the high levels of total petroleum hydrocarbons pre-
viously reported for the same area. (Mac Cormack & Fraile 1997) and suggest
that the hydrocarbon contamination in this area is represented almost exclu-
sively by non-polyaromatic hydrocarbons.

When deposited on soil, PAHs undertake different fates including volatilisation,
photooxidation, bioaccumulation, leaching and bacterial degradation. Although
volatilisation is considered the major mechanism for removal of fuel oil from
Antarctic soil and should not be underestimated, high rates of microbial degra-
dation of hydrocarbons has been demonstrated in oil-contaminated soils from
Potter Peninsula. (Mac Cormack & Fraile 1997; Ruberto et al. 2003).

In addition, a significant increase in precipitations has been recorded in recent
years in the study area. This would favour the transfer of these compounds from
the soil surface to the marine basin of Potter Cove. In addition, is known that
due to their high hydrophobicity (IARC 1983), PAHs have a strong tendency to
adsorb to the smallest soil particles (such as clay and silt) because of their lar-
ger surface of adsorption and their higher content in organic matter (Kan et al.
1994). In areas like Potter Peninsula, where soil is under a continuous process
of freezing and thawing, the finest soil particles are selectively transported to
deeper layers, the upper layers being enriched in larger-sized particles (Ander-
son et al. 1978). This process would favour downward migration of PAHs and
could be other of the factors responsible of the low PAHSs levels at the soil sur-
face.

Table 2: Average values and standard deviation from triplicates found in surface soil samples
collected during the austral summer 2002/03. 3>, PAHs: (ng g'1), Heavy metals: (ug g'1)

Sampling sites

1 2 3 4 5 6 7 8 9

P2
PAHs | 2543 4543 2443 3443 19+2 1942 18+3 25+2 2742

Cd 0.7£0.04 [1.1+0.04 0.8+0.04 0.6+0.04 [0.7+0.04 [0.8+£0.04 0.6+0.04 0.6+0.04 |0.5+0.04

Cr  |7.940.5 45.3+1.5 |4.2#0.5 [19.9£1.1 10.5+0.5 |4.3£0.5 |6.1£0.5 |6.1+0.5 | 4.3£0.5

Cu 83+5 5945 61£5 88+5 7916 96+7 7245 78+8 5445

Pb  [15.6+0.8 | 11248 [6.9+0.8 | 6649 |21+0.8 |4.6+0.8 |8.5+0.8 |8.1+0.8 | 3.9+0.8

Zn 6315 5315 6045 6615 7545 6115 60+5 6315 6045

1: main building. 2: incinerator area . 3: fuel storage tanks. 4: boat house. 5: old dumping area. 6: Mouth of
Matias creek. 7: Middle part Matias creek basin. 8: High part Matias creek basin. 9: Skua lagoon (control
site).

PAHs average values detected in the vicinity of Jubany Station were lower than
those found for other Antarctic Stations where oil spills have been reported. In
fact, Table 3 illustrates the total PAHs concentration detected in soil samples
from Signy lIsland, Palmer Station, Old Palmer Station and McMurdo Station.
These results suggest that in a general view, soils around Jubany Station are
not significantly contaminated by PAHs. Moreover, a constant pattern of PAHs
components among the different sampling sites was not observed (data not
shown). In general, phenanthrene was predominant, ranging between 8 and
27% of the total PAHs concentration, several other PAHs, were present in rele-
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vant levels: naphtalene (1-16%), fluoranthene (4-16%), acenaphtylene (<1-9%)
and benzo(a)pyrene (4-11%). By contrast, several authors detected higher level
of naphthalene and methylnaphthalene in oil-contaminated soil from Scott Base
and Palmer Station. (Aislabie et al. 1999; Kennicutt et al. 1992a).

Based on the available information and the results of the present investigation,
the origin of the low levels of PAHs detected in soil might be associated with
local sources of low-temperature combustion, such as those occurring during
the use of diesel vehicles, electric generators and burning of organic matter. On
the contrary, oil spills contribution to PAHs contamination would be negligible.
Heavy metals levels varied in a wide range. Neither Cu nor Zn showed signifi-
cant differences among the 9 sampled sites. Cd concentration showed a similar
trend that Cu and Zn, varying in a narrow range (0.5 0.8 ug g™'), the exception
was found in site 2 (incinerator area), where a moderate increase (1.1 ug g™
was found. Cr and Pb concentration varied in a wide range, but a similar trend
was observed for both elements. In fact, Cr and Pb concentration showed only
small differences in sites 3, 6, 7, 8 and 9 (Cr: 4.2 - 6.1 pg g, Pb: 3.9 — 8.5 pg
g"). A moderate increase for Cr (7.9 ug g') and Pb: (15.6 pg g') was detected
in site 1 (main building), while significant concentration increases were found at
sites 2 (incinerator area), 4 (boat house) and 5 (old dumping area). The Cr con-
centration at site 2 (45.3 pug g'1) was one order of magnitude higher than that
observed at the control site (site 9: 4.3 ug g'). Likewise, Pb concentration
showed even a higher enrichment rate when compared respected these two
sites, being Pb concentration at site 2 (112 pug g™') almost 30 times higher than
at site 9 (3.9 ug g”). Increases detected for both these elements were in the
following order: site 2 > site 4 > site 5.

On the other hand, if the high concentrations of Cr and Pb found in sites 2, 4
and 5 are excluded; the average values for surface soils are very similar to the
metal levels reported for local rocks. In fact, the concentration found for the five
elements examined is in good agreement with the geochemistry of rocks from
Potter Peninsula (see Kraus & del Valle, this issue)

Our studies and the geochemical available information suggest that the heavy
metals detected in soil are mainly of autochthonous origin, except Cr and Pb at
sites 2, 4 and 5. Cr and Pb enrichment would be related with anthropogenic
activities more than natural conditions. Several activities were proposed as
potential sources of Pb in Antarctic stations (Hong et al. 1999) including diesel

Table 3: 2>PAHs (ng g '1) reported for Antarctic soils.

Place Surface soil Source
Signy Island 71000 Cripps 1992
Palmer Station 841 -85659 Kennicutt et al. 1992b
Old Palmer Station 9273 - 345765 Kennicutt et al. 1992a
McMurdo Station 5.3 -88452 Mazzera et al. 1999

oil combustion, use of leaded gasoline, waste incineration and pigments used in
paint formulation. On the other hand, pigments containing compounds as
PbCrO4 have been used as colorants in paints applied to Antarctic buildings in
the past. The increases by pairs of Cr and Pb would suggest that these ele-
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ments could have a common origin, a source rich in both elements and able to
cause the accumulation of both metals at the soil surface. In this case, the most
likely source of these metals and one that should be further investigated is the
residues of paint eroded from the buildings of the station.

Conclusions

Although small oil spills have been reported in Jubany Station in recent years
(mainly near the oil storage tanks), no evidence of contamination from this
source was found during our investigation of PAHs and heavy metals concen-
tration. The halo of pollution by PAHs observed at the surrounding of the station
could be caused by local sources of low temperature combustion such as those
occurring during the use of diesel vehicles, electric generators and burning of
organic matter. In fact, burning activities were frequent in the area before the
adoption of the Protocol of Madrid, in 1991.

On the contrary, evidence of heavy metals (Cr and Pb) enrichment in the sur-
face soil was observed, and this could be attributed to contamination resulting
from the operation of Jubany Station, perhaps associated with the abrasion and
flaking of paints and other coverings.

The adsorption of PAHs to the finest soil particles and their transport from sur-
face to depth, as well as the significant increase in the precipitation combined
with the normal summer runoff could favour the overall transfer of hydrocarbons
and other contaminants from the soil surface to the marine basin of Potter
Cove.

These results indicate that future monitoring and environmental impact assess-
ments programs should recognise that the PAHs present at the soil surface may
not be an adequate index of the real pollution degree of this Antarctic area. On
the other hand, monitoring the soil surface level could be critical for detecting
particulate material rich in heavy metals. Based on these assumptions, an envi-
ronmental monitoring programme should take into account that different levels
of soil (surface and subsurface) must be examined in order to obtain a complete
assessment of chemical pollution in the vicinity of Jubany station and other
similar Antarctic areas.
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General Introduction

The monitoring of coastal fish populations can be used to detect changes in
inshore marine ecosystems. The necessity of implementing these studies in the
Antarctica has been pointed out in the compass of international programs such
as BIOMASS (Biological Investigations On Marine Antarctic Systems and
Stocks) and CS-EASIZ (Coastal Systems-Ecology of the Antarctic Sea Ice
Zone Program) (Anon. 1994). Trawling can not be used due to the lack of areas
of seafloor suitable for trawling in most of the Antarctic shallow water areas.

In 1983, the Ichthyology Project of the Instituto Antartico Argentino
implemented a long term monitoring program of pre-recruit demersal fish from
inshore sites of the lower South Shetland Islands, mainly near Jubany Scientific
Station in Potter Cove, King George Island, using trammel nets (Fig. 1).
(Barrera-Oro et al. 2000). The main aim of this program was to study the impact
of the offshore commercial fishery on inshore fish of the area. In addition, the
local effects of an intensive sampling program on the population of the
dominant fish species in the region were analysed.

In this work, we summarise the main results on this matter, from related
publications of ours.
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Fig. 1. A) The locations studied in the South Shetland Islands. The offshore, bottom-trawled
area has been shaded; B) The sampling sites at Potter Cove, King George Island.
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Effects of the offshore commercial fishery

The commercial finfish fishery in the lower South Shetland Islands (King
George Island to Low Island) operated from 1977 through 1990 at 150-500 m
depth, and targeted mainly Champsocephalus gunnari and Notothenia rossii
(Fig. 1, A) (Kock 1992). A substantial by catch of Gobionotothen gibberifrons
was captured along with several other species (CCAMLR 1990). Most catches
of C. gunnari and N. rossii occurred in the first few years of the fishery, and by
the end of the 1980s catches consisted primarily of G. gibberifrons. A
moratorium on finfishing in the region was imposed by the Commission for the
Conservation of Antarctic Marine Living Resources (CCAMLR) in 1989/90 and
the area has remained closed to date.

Shortly after the closure of the fishery, our monitoring program in inshore
waters was intensified focusing mainly on the relative trends in abundance of
G. gibberifrons, N. rossii and the ecologically similar species Notothenia
coriiceps. A sharp decline in the inshore sub-populations of the two first species
in the period 1983-1999 was reported as caused by the offshore commercial
fishery in the area in the late 1970s (Barrera-Oro et al. 2000). Data before
1980, from closer localities of the South Shetland Islands (Moon Bay, Admiralty
Bay and Discovery Bay), showed that the proportions of N. rossii and G.
gibberifrons were well above the starting point of our series at Potter Cove, thus
supporting the decline of these species (Barrera-Oro & Marschoff, 1991).

The monitoring program of fish in neighbouring sites in the lower South
Shetland Islands has continued in the austral summer in years 2000-2003 at
Potter Cove (PC), thus completing a continuous sampling period of 21 years
and in years 2001-2003 at Harmony Cove (HC), Nelson Island. The aim was to
see if the status of G. gibberifrons and N. rossii remain at low levels or if a
recovery is observed (Barrera-Oro et al. 2003).

Data from 3364 specimens (2539 from PC and 815 from HC) of N. coriiceps
(Nc), N. rossii (Nr) and G. gibberifrons (Gg) (this species was not recorded at
HC) collected in 250 trammel nets (225 from PC and 25 from HC) were
included. These were combined with data from the period 1983-99 at PC, and
from split year 1995/96 at HC, and analysed with the same method (also
sampling gear and design) used in Barrera-Oro et al. (2000).

Since soak time and net size depended on weather conditions and
experimental design, fishing effort per haul was highly variable between years
and within the same season. Therefore, the abundance of fish was studied
both, as the total number of each fish species per haul and as standardised
numbers of Nr and Gg relative to Nc according to:

Nb
Nc +Nb

Proportion (b)=

where Nb is the number of specimens of the species considered (Nr or Gg), and
Nc is the number of specimens of Nc.

The number of fish per haul and the relative abundances were analysed by
means of an ANOVA design grouping the hauls on a split year basis (1 May to
30 April next year) using appropriate normalising transformations.

Since for all species and variables the interannual variability resulted highly
significant, we fitted a non-parametric model for the relation between
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abundances and time, along the methods described in Hardle (1989), using a
bandwidth of 0.15 (approximately one year).

We have used Nc as a reference species to obtain an index of the
abundances of Nr and Gg because, while these three fish species show similar
ecological habits in the fjords, Nc was not affected by the commercial fishery.

The length composition of Nc (15.6-52.6 cm at PC, 11.6-51.5 cm at HC)
includes immature and mature, adult specimens (Casaux et al. 1990). All Nr
(14.2-44 cm at PC; 16.3-41 cm at HC) and Gg (29-36.2 cm at PC) specimens
collected were juvenile (Casaux et al. 1990).

Split year means of total catches per haul are presented in Fig. 2, along with
the nonparametric fit of the regression of the number of fish per haul on date.
Relative abundances are presented in Fig. 3.
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Fig. 2. Expected catches (number of fish) of G. gibberifrons, N. rossii and N. coriiceps as
functions of catch date, together with the observed mean values.
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Fig. 3. Expected catches of G. gibberifrons and N. rossii relative to the catches of N.
coriiceps as functions of catch date, together with the observed mean values.

The estimated relative abundance of Gg declined from 19% in 1985 to 0.2%
in 1989 and remained at the same low level up to 2003 (Fig 3). Likewise, the
relative abundance of Nr declined from 29% in March 1983 to 3% in April 1991
and then increased and remained around 8% in the period 1994-1997. It
increased again to 18% in January 2000, showing a steady decline to 6% in
March 2003. Although limited by the fact that the fishing effort was not kept
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constant throughout the whole sampling period of 21 years, the number of
specimens per haul of Nr and Gg show patterns similar to the relative
abundances (Fig. 2).

Despite the increasing trend of Nr catches from 1991 to 2000, the levels of
relative abundance of this species and Gg in PC in 2003 are well below those
found in the early 1980s. At HC, the observed mean of the relative abundance
of Nr in the split years 1995/96, 2000/01, 2001/02 and 2002/03 (0.05, 0.085,
0.203 and 0.275 respectively) show an increase, mainly in the last two years.

The results of fish monitoring from nets are supported by our knowledge on
the diet of the piscivorous Antarctic shag Phalacrocorax bransfieldensis in the
South Shetland and the Antarctic Peninsula areas since the early 1990s.
Among the fish species caught inshore the first area only Nr and Gg were
absent or scarcely represented in the diet of shags (Casaux & Barrera-Oro
1993, Barrera-Oro & Casaux 1996,). In contrast, the high importance of Gg
both as prey of shags and in trammel net catches at the Danco Coast, west
Antarctic Peninsula, reflects higher availability of this fish in an area remote
from the main historical fishing grounds of the South Shetland Islands (Elephant
Island and north of Livingston/King George Islands) (Casaux et al. 2002,).

Historical information from fishing vessels and scientific surveys in the area
shows that, whereas the stocks of Nr remain at very low levels, Gg is still the
dominant offshore demersal fish species of the whole South Shetland Island
region after 1980 (reviewed in Barrera-Oro et al. 2000, Jones et al. 2001, 2003;
Kock et al. 2002)). Nevertheless, the last five surveys in the northeast region off
King George Island in 1986, 1998, 2001, 2002 and 2003, close to our main
sampling site in PC, showed the prevalence of the non commercially exploited
Nc over Gg in catches down to 100-400 m depth (Balguerias 1989; Jones et al.
1998, 2001, 2003; Kock et al. 2002). N. coriiceps has proliferated markedly in
inshore waters of the South Shetland Islands since the early 1980s, in parallel
with the decrease of Nr and Gg populations (Barrera-Oro & Casaux 1998).

In inshore waters of the South Shetland Island region a recovery was still not
observed either for Nr or for Gg, more than two decades after the end of the
offshore commercial fishery. However, the increase observed in the catches of
Nr in some years since 1997 might be indicative of events of higher recruitment,
not yet confirmed by the offshore scientific surveys carried out in the region.

Effect of a long term scientific sampling program

The effects of commercial exploitation of finfish on Antarctic fish populations is
well known (Kock 1992, this study). However, potential effects of scientific
sampling programs on fish communities are rarely documented. The
advantages of using trammel nets in comparison to other inshore sampling
gear (hook and lines, traps) are the capture of a larger quantity of fish in a short
time, no damage to benthos, negligible by-catch of benthic organisms and easy
operation from rubber boats. This sampling method has been widely used in
Antarctica mainly for coastal biological studies. However, there is very little
information on how a long term program using this type of gear may affect the
age and size structure of local fish populations.

Notothenia coriiceps is the dominant inshore demersal fish of the South
Shetland Islands area and has a high degree of site fidelity (Barrera-Oro &
Casaux 1996,). We have used time series information based on trammel net
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catches of this species at different sites in PC, to analyse the effects of an
intensive sampling program on the size and age structure of the population
(Casaux & Barrera-Oro 2002y).

Four hundred and ninety-three N. coriiceps specimens were caught from 19
December 1994 to 1 February 1995 at three specific zones of the cove (Fig. 1,
B). At site 1, mark-recapture, activity and monitoring studies of this species
have also been carried out intensively since December 1992 (summarised in
Barrera-Oro & Casaux 1998). Fish samples were also regularly taken generally
at greater depths in a radius area of about 100 m including this site since 1983.
Site 2 and site 3 were two previously unsampled areas, which are respectively
200 and 700 m from site 1. The net measurements and sampling design were
identical at the three sites, and are described in Casaux & Barrera-Oro (2002y).

At site 1, the total lengths of the fish caught in 1994/1995 were compared
with those obtained in the previous summer seasons (December-February) of
1992/93 and 1993/94. A decline in mean lengths of about 3 cm was observed
throughout the whole period (Table 1, Fig. 4). This phenomenon could be
related to: 1) a variation of the population due to a natural effect, such as a
strong recruitment; 2) artificial effects attributed to human actions, such as a
random error or an intensive sampling effort.

Table 1. Differences among the mean total lengths (in cm + SD) of N. coriiceps
caught in the 1992/93, 1993/94 and 1994/95 summer seasons in site 1.

Summer season 1992/93 1993/94 1994/95
1992/93 mean=31.7+48 = ——
1993/94 ns mean=302+72 -
1994/95 P <0.001 P <0.05 mean = 28.8 £ 6.5

The additional sampling carried out at two near but previously unsampled
sites helped to clarify this question. The fish from sites 2 and 3 were
significantly larger than those from site 1, all of them caught in the summer of
1994/95 (Table 2, Fig. 5). Moreover, the fish from the new sites were also
markedly larger than those sampled at site 1 in the summer of 1993/94, but
were similar in size to those fish sampled during the summer of 1992/93, when
the intensive sampling programme started at site 1 (Table 1). It is important to
recall that sampling conditions such as depth, net parameters and bottom type
were the same at all three sites, hence differences in the results due to random
errors in the sampling design is unlikely.

Table 2. Differences among the total lengths (in cm £ SD) of N. coriiceps caught
in the 1994/95 summer season in the three sampling sites.

Site 1 Site 2 Site 3
Site 1 mean=288+65 = ====00—
Site 2 P <0.01 mean=324+63 = -
Site 3 P <0.01 ns mean = 31.8+6.0

While the size range at site 1 does not change between years, the size
range of specimens at site 3 was 3 cm larger at the minimum size and 7 cm
larger at the maximum size (Casaux & Barrera-Oro 2002, Table |). The regular
sampling of fish since 1983, generally at greater depths in a larger area which
includes site 1, may have some influence on the results. Differences attributed
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to sexual dimorphism in the size of Nc is unlikely, because the male-female
ratio in this work was similar in all three years.
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Fig. 4. Length frequency distribution of N. coriiceps caught in the
1992/93, 1993/94 and 1994/95 summer seasons in site 1.
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Fig. 5. Length frequency distribution of N. coriiceps caught in the summer
season of 1994/95 in sites 1, 2 and 3.

The length frequency distribution of Nc in 1994/95 shows that the structure
of the population in sites 2 and 3 was similar, whereas in site 1 there were
higher numbers of smaller fish (from 22 cm downwards) and lower numbers of
larger fish (from 32 cm upwards) (Fig. 5). The three sampling sites are located
in the same cove with only short distances between them (< 700 m, Fig. 1, A);
therefore the effect of a hypothetical strong recruitment (as it could be
presumed in site 1) should have been uniform in the whole sampling area.
According to the total length range, fish of about 3-12 years of age were
represented in the whole sample (Casaux et al. 1990).

It is suggested that the decline in mean length of the fish sampled at site 1 is
due to intensive sampling effort carried out over this study at that zone in PC.

Present results indicate that the development of long-term programs
monitoring non-migratory inshore demersal fish species need to be planned
carefully. The division of the sampling effort in homogeneous but different zones
and the release of fish after monitoring procedures could help to avoid local
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variations of the size structure/abundance of the population caused by intensive
sampling in specific sites.
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Introduction

With the continuously rising numbers of scientists and tourists present in Ant-
arctica (e.g. IAATO 2006), comprehensive guidelines for human behaviour have
become increasingly important to minimise the degree of disturbance caused to
Antarctica's natural inhabitants. Apart from being in the focus of a variety of sci-
entific studies, Antarctic penguins frequently inhabit areas relevant to scientific
activity not related to "penguinistic issues". As they additionally have a high
"touristic value", they are subjected to potential negative impact on their welfare
from all three sources of human activities.

In animal welfare research, a combination of behavioural (i.e. visible) and
physiological (usually invisible) parameters is generally considered an appro-
priate method to examine the interplay between overt and internal reactions to
potentially disturbing stimuli (see Broom & Johnson 1993 for a comprehensive
overview). To gauge the level of impact caused by "unnatural" stimuli (i.e.
those, the animals did not evolve alongside with), it is helpful to compare the
reactions to those with reactions to "natural" stressors (e.g. conspecifics, pre-
dators).

Study aim and research objectives

It is the aim of this study to use selected behavioural as well as heart rate reac-
tions of Adélie penguins to examine the correlation between these parameters,
and their respective relationships with stress caused by conspecific and/ or
human disturbance. Recommendations derived from the results should ideally
enable humans to sensitively gauge their impact on the penguins and adapt
their behaviour accordingly.

Animals and location

Five groups of incubating Adélie penguins (Pygoscelis adeliae) were studied in
two consecutive breeding seasons (2000: 3 groups; 2001: 2 groups). Groups
were chosen at random from the largest of the Adélie colonies (2001 census:
approx. 2,750 breeding pairs). The colony was situated close to Stranger Point
(Fig. 1), at the protected Antarctic Specially Protected Area, ASPA n° 132 (for-
merly SSSI n° 13, Potter Peninsula, 'Isla 25 de Mayo' = King George Island,
South Shetland Islands, 62°15'S, 58°39'W; approximate area: 1.9 km?). Of each
of the five groups, two to four nests received artificial eggs equipped with heart

373



rate sensors. As some of the nest reliefs occurred within the respective study
periods, heart rate data on a total of 16 penguins are presented.
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Figure 1: ASPA n° 132 (formerly SSSI n° 13). The study was conducted in the vicinity of
Stranger Point. [based on: aspire.nvi.net/DocimgWeb/SSSI13_13_8.1if]

Materials and methods

To minimise bias due to observer impact, the study was designed to be pre-
dominantly hands-off. It was conducted on incubating penguins to facilitate dis-
tinction between the locomotory and the emotional component of heart rate
changes (Blix et al. 1974) by minimising the former component.

Data collection

Recordings were made during the second half of two incubation periods (mid- to
end of November until the beginning of December). Each day (weather permit-
ting), data on all groups investigated in that year were obtained in the morning
and/ or in the afternoon. For each group, the recording sessions in 2000 and
2001 lasted 30 min and 45 min, respectively.

For detailed behavioural evaluations, a video camera was placed out of sight of
the penguins. As a non-invasive method for remotely gathering heart rate data
from unrestrained animals, artificial eggs (Nimon et al. 1996) were introduced
into 14 nests.

Heart rate and behaviour were examined under various conditions. Firstly,
baseline data were collected from undisturbed, incubating penguins. Secondly,
reactions to conspecific disturbance (other penguins passing by, penguins try-
ing to steal nest stones) were examined. Thirdly, reactions to differing patterns
of human visits were recorded. During evaluations, disturbances were catego-
rised to compare the amounts of stress caused by differing sources of distur-
bance. Heart rate and behavioural data were correlated to gain an insight into
the relationship of heart rate and behavioural reactions.

Behaviour was recorded on tape (Sony Hi8 video camera), and transcribed after
the fieldwork periods. Therefore, it was possible for a single observer to focus in
turn on each individual in a group with equal accuracy. The data presented here
are based on 3-10 (median: 5) recordings per penguin (n = 16 focal animals).
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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. r* = 0.134; Tab. 2).

Vigilance of 13 of 16 focal animals showed a significant correlation with total
conspecific disturbance (max. r* = 0.255) and with conspecific disturbance at
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the nest (max. ¥ = 0.159). Nine of 12 focal birds significantly responded to
human disturbance (max. r* = 0.308) with increased vigilance.

Agonistic elements were significantly correlated with conspecific disturbance in
all focal animals (max. r* = 0.642). They were found to be unrepresentative as
"universal" indicators of human disturbance, since only six of 12 birds exhibited
these responses (max. r* = 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.
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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
< <r< <r< <r<
measured r<0.2 0.2<r<0.4 0.4<r<0.7 0.7<r<0.9
A5-2"S AB-1"S AB-1*** o,
AB-2"% B3-1"°, C11%nv),
o hbeart rate B3-3* B4-1" X2-1%%%,
o | (bpm) B4-2", C1"* X2-2"** o,
3 C2"™, X1**, Y5-1* Y5-2*
§ A5-1***, A6'1***,
2 A5-2"% AB-2"™%, B3-3***, B4-1**,
g p]?r9e.r|‘tage B3-1***, B4-2**, | C1**, C11**, X%+
% E 0 V|g| ance Y5_2n.s. C2***, X2'1***,
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C *kk *kk
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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 °C 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 °C. 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 Meteorolégico 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 | 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- | ME-ECO219 mini-
CTD CTD

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

2001 FSI 3" micro CTD|FSI 3" micro CTD
model MBP-S. model MBP-S.

2002-2004 Sea-Bird SBE 38 sen- | Sea-Bird SBE 37 sen-
sor sor

2005 FSI 3" micro CTD|FSI 3" micro CTD
model MBP-S. model MBP-S.

Chlorophyll-a. Seawater (0.25 - 2 |) 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 EImer 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 | 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 1.2° C during
the 1991 — 2005 period. The augmentation calculated for the winter months
only amounted to 1.66° C, whereas air temperature rose by 0.4° 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.
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Figure 1: Monthly air temperature means, at Jubany Station (King-George Island), measured by
the Servicio Meteorolégico 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).
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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.
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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™), with the maximum values corresponding to either November or
late March.
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i:igure 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.
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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

387



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 o

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 CO, concentration for the radiative budget of
the Earth and its atmosphere was discovered in the 19" century by J. Tyndall,
S.A. Arrhenius and, later on, by G.S. Callendar. But only in the second half of
the 20™ 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 CO; 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 pymole/moles CO; (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-CO, by NOAA-GMD at Boulder (Co).
The NOAA-GMD at Boulder also acts as a reference Laboratory (CCL, Central
CO;, Laboratory) for standards (CO 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 CO, 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.

385

Jubany CO2 program
38O [y selected daily averages

375 -

mole fraction
[#)
~
o

w
[=2]
<

360 -

2002 2004 2006
370. (,3 378.75

322 30:

353 [ 1904 1999 1008 2000
356.65 366.69
09 2001

3*828 30131 ﬁﬁﬁﬁ 368.20

04 01 02 03 04 0s 06 07 03
years

350

Fig.1: CO, 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 pmole/mole of the year 1994 to around 379
pmole/mole of the current year 2006) shows a winter-summer inside oscillation
in the order to 2-3 ymole/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 CO; 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.

391



Analysis of some characteristics of CO, 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 EI Nino Southern Oscillation (ENSO). A first result is reported in Anav et al.
(1999). In the paper the authors interpret the anomalies of the CO, 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 Nifio 1997-1998. Moreover the CO, decline observed during 2™
part of 1997 and 1% part of 1998, could explain as enhancement of CO, capture
by the biosphere. A comparable anomaly of CO, trend during the El Nifio 1991-
1994, was interpreted by R. Feely et al.(1999) in the same way. In particular
they ascribe the lessening of the atmospheric CO; to stopping or decreasing of
the release of carbon dioxide by the upwelling currents rich of CO, along the
South American west coast. In any case both mechanisms indicate El Nifio 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.
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Fig.2: Jubany, SOl and CO, normalized and detrended.

The graph in Fig. 2 confirms at first sight that something must connect
the two parameters SOl (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 SOl and CO, 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 CO, 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 1%' 1998 minus
January 1% 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 Nifio year), solid
line, and the mean 1994-2006 of day per day differences, dashed line, are
shown.
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Fig.3. Day per day CO, differences: whole period (1994-2005) and EI Nifio 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 CO, concentration due to El Nifo (for the reasons cited
above) during the first 6 month of 1998 (therefore COx(1098) < COxz(1997) )
whereas the subsequent recovery in the second part of the year is also
explained by the stop of the influence of El Nifo 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 CO, 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 - CO; - 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 CO; 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 CO, 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 lIsland, where the differences of
values (daily mean) for the period 1995-2004 are drawn. The differences are in
the order of few ymole/mole, as it should be expected when comparing CO>
data belonging to very remote sites in the same hemisphere.

Amsterdam island minus Jubany
CO, day per day differences

years

ST r i e e L
50 100 150 200
days

300 350 1,864
Fig.4 : CO, 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.

Trends
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Fig.5: CO, 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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APPENDIX

List of articles based on investigations performed in the
Dallmann Laboratory published in peer-reviewed scientific journals
in the years 1999-2007
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