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Abstract: Classic hydrographical parameters and dissolved nutrients were measured during the Antarctic summers from 2009 
to 2012. Physical and biological processes control the nutrient levels in Admiralty Bay, as well as upwelling of deep water from 
Brans� eld Strait. Additional data on summer land run-o�  and wind speeds and directions is needed to get a better model for the 
factors that control the primary production of the area.
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Introduction
Admiralty Bay is a well-studied marine sub Antarctic 
environment due to the � ve research stations (Poland, Brazil, 
Peru, Equator and U.S.A) established there since the sixties. 
Hydrographical studies of the area have been made since 
1980 by scientists of the Polish Research Station of Arctowski 
(Pruszak, 1980; Lipski, 1987; Rakusa-Suszcewski  et  al., 
1993) and Brazilians from the Ferraz Station (Brandini & 
Rebello, 1994).

Further data of nutrients, dissolved oxygen (DO) and 
phytoplankton distribution were summarized by Weber & 
Montone (2006). Although there is no scarcity of previous 
summer data, a coherent general pattern could not be 
observed due to strong yearly variations. � is may re� ect 
the irregular pattern of terrestrial ice melting and of the 
irregular land run-o�  contributions which are not quanti� ed 
on a systematic basis.

The present study reports the temperature, salinity, 
dissolved nutrients, dissolved oxygen and pH variations 

during the summers of 2009/2010/2011/2012 (from 
OPERANTAR XXVII to OPERANTAR XXIX) in � ve points 
of Admiralty Bay near EAFC (Portuguese acronym for 
Comandante Ferraz Antarctic Brazilian Research Station) 
and Arctowski Research Stations at three depths.

Materials and Methods
� e location of the Sampled Station areas is shown on 
Figure 1 and Table 1. � e water was collected at 0, 15 and 
30 m depth.

Water sampling was done with a peristaltic pump 
(Anauger 900 - � ow rate of 1200 L h–1 at 30 m depth and 
2.300 L h–1 at the sea surface) and the temperature was 
measured with temperature sensor (Seamon Mini) attached 
to the pump. � e samples and the analysis of dissolved 
oxygen (DO), pH, nitrite, nitrate, phosphate and silicate 
was done according Grassho�  et al. (1983).
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Table 1. Oceanographic parameters in Admiralty Bay.

OPERANTAR XXVIII OPERANTAR XXIX

Phase Average S. d. Min. Max. Phase Average Standard 
deviation Min. Max.

Temperature (°C) 1st 0.09 0.41 -0.36 0.91 1st 0.84 0.46 0.24 1.54

3rd 0.82 0.15 0.52 1.02 3rd 1.62 0.12 1.48 1.77

Salinity 1st 34.16 0.09 34.02 34.26 1st 34.17 0.11 33.94 34.35

3rd 34.09 0.11 33.89 34.18 3rd 34.12 0.12 33.93 34.23

Dissolved 
Oxygen (mL L–1)

1st 7.06 0.29 6.46 7.43 1st 7.79 0.19 7.53 8.13

3rd 6.46 0.66 5.11 7.19 3rd 7.27 0.10 7.13 7.38

pHs 1st 7.94 0.06 7.89 8.05 1st 7.88 0.06 7.81 7.98

3rd 8.04 0.02 8.01 8.06 3rd 7.71 0.05 7.66 7.76

Phosphate
(µmol L–1)

1st 1.66 0.22 1.22 2.13 1st 1.96 0.56 1.11 2.50

3rd 1.76 0.16 1.49 2.07 3rd 1.79 0.18 1.59 2.09

Silicate
(µmol L–1)

1st 41.77 0.56 40.89 42.81 1st 61.06 12.31 39.09 74.52

3rd 40.80 0.59 39.99 41.67 3rd 37.84 4.34 30.15 41.96

Nitrite
(µmol L–1)

1st 0.06 0.03 0.00 0.11 1st 0.50 0.16 0.40 0.76

3rd 0.14 0.06 0.04 0.23 3rd 0.77 0.05 0.70 0.86

Nitrate
(µmol L–1)

1st 16.52 1.65 13.86 19.80 1st 20.43 2.50 14.74 22.66

3rd 16.49 0.40 16.00 17.25 3rd 11.34 2.02 9.05 14.29

Figure 1. Map of Sampling Stations and their positions (CF: Comandante Ferraz; BP: Botany Point; MP: Machu Picchu; TP: Thomas Point; AR: Arctowski) 
(Coastline extractor – http:// http://www.ngdc.noaa.gov).
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Results
In Table 1 we show the oceanographic parameters in 
Admiralty Bay: temperature, salinity, dissolved oxygen, pH, 
phosphate, silicate and nitrite. � e table presents average, 
s.d., minimum and maximum of each phase.

Temperature differences were significant between 
November and March. In contrast, pH values also presented 
signi� cant di� erences along the sampling periods, which 
were expected, but did not a� ect the pH values. For example, 
in the 3rd Phase of OPERANTAR XXIX we had the lowest 
pHs although temperatures were at their highest. 

First phases of OPERANTARES XXVIII e XXIX 
(between November and December) and 3rd phase 
OPERANTAR XXVIII (between January and February) 
show higher values without signi� cant di� erences. 

Our salinity and temperature is closer to the data of 
deeper water of Admiralty Bay (Lipski, 1987; Sarukhanyan 
& Tokarczyk, 1988; Weber & Montone, 2006).

Nitrate and nitrite also showed signi� cant variations 
between the di� erent sampling periods.

In the third phase of OPERANTAR XXVIII, phosphate 
concentrations were uniform during all phases of sampling. 

Discussion
� e upper mixed layer of Admiralty Bay is between 15 up to 
35 m (Brandini, 1993). Vertical mixing is very intense so no 
strati� cation can occur (Prusza, 1980; Nedzarek & Rakusa-
Suszczewski, 2004).� is study is limited to this upper layer, 
therefore a homogeneity of the hydrographical data along the 
water column is expected. Jażdżewski et al. (1986) showed 
that there was a uniform pattern of the hydrographical data 
between the di� erent areas of Admiralty Bay.

An increase in temperature between the beginning and 
the end of Antarctic summer is normal (Brandini & Rebello, 
1994; Lange et al., 2006). Air temperature can oscillate from 
0,5 up to 2,0° Celsius in the summer (INPE, 2011). March 
of OPERANTAR XXVIII, however was anomalous. Instead 
of increasing as normally expected like in OPERANTAR 
XXIX, OPERANTAR XXVII it sinked from 0,8 to 0,2 oC 
(INPE, 2011).

As well as the temperature, pH values   varied widely, but 
they have not always been correlated, as shown in Table 1. 
pH is also in� uenced by photosynthesis or organic matter 
degradation. To be sure about the biological variables 

a� ecting pH it will be necessary to compare our data with the 
other data of Module 3 projects INCT-APA. Salinity (PSU) 
did not show signi� cant di� erences in all sampling periods.

Lange et al. (2007), studying Admiralty Bay, reported an 
increase in temperature of the surface water but no salinity 
changes during the summer. We registered a small di� erence 
in salinity due to an iceberg positioned near Botany Point in 
the � rst phase of this OPERANTAR. Comparing our results 
with other authors who studied the area we can perceive 
di� erences. Salinity and temperature for instance are not 
the same as reported by other authors for the area.

WSW and NWN winds carry the surface waters of 
the inlet in the direction of the Bransfield Strait. This 
process creates an in� ow of deep water to Admiralty Bay 
(Pruszak, 1980; Robakiewicz & Rakuza-Swazcsewski, 
1999). As this Bay is in� uenced by the water masses of 
Weddell Sea, colder and more saline (–0,75 C - 33,50 psu) 
and of the Bellinghausen Sea, warmer and less saline 
(2,25  C  -  34,40  psu) (Weber & Montone, 2006) a small 
upwelling on Admiralty Bay may occur.

� erefore our data has bottom water characteristics 
which is more evident when looking at the dissolved 
oxygen data whose values are close to the bottom water 
and lower than those of the surface waters (Samp, 1980; 
Rakusa-Suszczewski, 1995). � e � rst phase of sampling 
on OPERANTAR XXIX presented the highest DO 
concentrations. � e other samples showed lower dissolved 
oxygen levels. Oxygen levels are controlled by physical 
factors as well as a� ected by all biological processes of the 
water column of the study area. Silicate concentrations for 
the � rst phase of OPERANTAR XXIX were greater than the 
average value for all other phases (Table 1).

On this particular phase we observed a Pteropoda bloom, 
which may be associated with a higher availability of silicate. 
Pteropoda are plankton grazers eating mainly diatoms 
and dino� agellates as well as small crustaceans (Boersma, 
1978). Silicate is the limiting nutrient for diatoms growth. 
Increase of the diatom number may be associated with 
higher dissolved oxygen as pointed out before. To be sure 
of this correlation we had to integrate our chemical data 
with phytoplankton data form Module 3 studies. Higher 
silicate concentrations for the beginning of summer (� rst 
phase) may have been associated with the non utilization 
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of silicate during the winter months due to the absence of 
light. Furthermore upwelling can occur in Admiralty Bay 
as shown by (Rakuza-Swazczewski, 1980) which enhances 
the silicate levels.

Significant variations of the parameters nitrite and 
nitrate were observed. High productivity in the � rst phase of 
OPERANTAR XXIX may be responsible for the high nitrite 
concentrations and low nitrate concentrations.

Many biological and physical variables affect the 
chemistry of the water column. To infer which processes 
predominate, it will be necessary to integrate our data with 
the other sub-projects of Module-3. 

Conclusions
Sea surface temperature relates directly to air temperature. 
pH is related to air temperature and water temperature. 
Changes of pH between different phases of sampling 

was not associated with seawater temperature. � ere are 
occasional upwelling episodes near EACF and Arctowski 
Stations. Dissolved oxygen in seawater is related to primary 
productivity or strong wind � elds.
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