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ABSTRACT: Water samples were collected at 12 oceanographic stations from six
standard depths ranging from ¢ to 10C and 150 m. The number of bacteria and
concentration of organic components were expressed in adequate units per 1 litre of sea

water and in the form of the integrated values for the whole water column under 1 m2 of sea
of organic components were expressed in adequate units per 1 litre of sea water and

in the form of the integrated values for the whole water column under 1 m? of sea
surface. Total numbers of bacteria (TC) ranged from 0.16 to 7.31-107/1 and 1.74 —
— 5.67-10'?/m? saprophytic bacteria (CFU) 0.10 — 46.85 10%/1 and 0.62 — 27.7-10%/m?.
contents of particulate organic carbon (POC) 0.02—0.25 mg/l and 3.5—20.0 g/m?
dissolved organic carbon (DOC) 0.07 — 3.02 mg/l and 53.5 — 207.9 g/m?, dissolved free
amino acids (DFAA) 0 — 1.8965 pmol/l and 2.7 — 151.5 mmol/m?, dissolved combined
amino acids (DCAA) 0 — 2.9366 pmol/l and 16.5 — 163.5 mmol/m?, particulate combined
amino acids (PCAA) 0 — 3.0215 pmol/l and 3.7 —249.0 mmol/m?. Total numbers of
bacteria and POC, DOC and DCAA concentrations, widely differentiated in the investigated
area, were on the average much lower than the values obtaine in previous years.
The saprophytic bacteria content and DFAA and PCAA concentrations were at a similar
level to that in the past years. Higher TC and CFU values were observed in the
areas with high concentrations of phytoioplankton to the NW of Anvers 1. and around
Clarence L.
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1. Introduction

Heterotrophic bacteria play an immense role in utilization of organic
matter in the marine ecosystems (Wood 1967). The dominant form of
organic matter is dissolved organic matter (DOM) produced above all by
decomposition of plant and animal detrital particles (Zdanowski 1980,
Zdanowski unpubl., Jergensen 1982, Goving and Silver 1983) and in

*) This research was a part of the MR-I-29A Project and was supported by a grant
from the Polish Academy of Sciences.
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result of metabolic excretion of the cellular products of phytoplankton
(Lancelot 1979, Bell 1983). The essential feature of free heterotrophic
bacteria is their ability to utilize dissolved organic matter in the widest
spectrum range of the concentrations occurring in the natural environment
and first and foremost their capacity for the uptake of low-molecular
and high-molecular (e.g. soluble proteins) soluble compounds in concentrations
in the range of 1078 — 107'° mol (Hoppe 1978, Hanson and Lowery
1983, Hollibaugh and Azam 1983).

Another bacterial group of major importance are bacteria utilizing
particulate organic matter in pelagic waters. This matter is composed of
detrital remains of plant origin occurring in large quantities in the coastal
zones of the Antarctic waters (Zielinski 1981) as well as of animal detritus
(Zdanowski 1981, Rakusa-Suszczewskiand Zdanowski 1980, and fecal
pellet (Gowing and Silver 1983). These bacteria, among which saprophytic
bacteria (growing on nutrient agar) can be discerned (Zdanowski 1982),
show a remarkably high degree of activity necessary for a quick decomposition
of particulate organic matter and consequently for regeneration of all
organic matter in the pelagic zone (Mc Cave 1975, Knauer and Martin
1981, in: Gowing and Silver 1983).

It is not quite clear how an accumulation of organic matter in the
ecosystem affects the standing stock and activity of bacteria. First of all,
we do not know.much about natural concentration of the compounds
accessible to bacteria and the distribution of bacteria throughout marine
environments of the Antarctic. In the Drake Passage and Bransfield Strait
regions, covered by the SIBEX research programme, studies ‘on the distribution
of bacteria and of organic compounds and on heterotrophic utilization
of those compounds were carried out by Zdanowski (1982), Mezykowski
(1982), and Bolter and Dawson (1982).

The aim of the present study, which is a continuation of investigations
started during the FIBEX research programme, was to demonstrate the
spatial distribution of free bacteria in relation to the distribution of organic
components of the environment (DOC, POC, DFAA, DCAA and PCAA),
and the determine whether there are any correlations between them.

2. Material and methods

Investigations were carried out in the region of Drake Passage along
the northern shores of the South Shetland Islands and in Bransfield
Strait from Anvers Island to the meridian of 54°W (Fig. 1). Detailed
data on lacalization of the oceanographic stations in the area covered
by the SIBEX programme are given by Rakusa-Suszczewski and Lipski
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Fig. 1. Localization of the sampling stations (selected for the present studies) during
BIOMASS-SIBEX

(1985). Twelve stations were selected for the studies on the distribution
of bacteria . Determinations of DFAA were made at 11 stations determinations
of other components at 7 stations, only . Investigations were conducted
on board of the r/v “Profesor Siedlecki” between 21 December 1983 and
5 January 1984. Water samples were collectec with a Van Dorn-type
six-litre bottle, ethanol-sterilized (Kriss, Misustina and Lebedova 1969),
at the depths of 0, 10, 30, 50, 100 and 150 m and exceptionally at the
depths of 75, 80 and 90 m. ‘

Saprophytic bacteria were determined in 50 ml sea-water samples as the
colony forming units (CFU) on Millipore 47 mm HA membrane (filters
(pore size 0.22 pm). The tests were made in duplicate. The bacteria on
filters were incubated at 9°C on nutrient agar (Zdanowski 1982).

The total number of bacteria (TC) was determined in 20 ml sea-water
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samples, stabilized with formaldehyde (0.7, final concentration) with the
epifluorescence microscopy method, using a Fluoval R2 microscope (Carl
Zeiss — GDR). Bacteria settled on Nuclepore polycarbonate filters (pore
size 0.20 um), stained with acridine orange (Zimmermann and Meyer-
-Reil 1974), were counted in 10—40 microscopic fields (Cassel 1964).
Confidence intervals were calculated at 95% level (Cavalli-Sforza and
Lorenz 1972) and expressed in per cent of the mean values as a coefficient
of variation. It ranged from 2 to 10%.

Organic carbon content was determined with the Menzel-Vaccaro
method (1964) (Lawacz 1977). Dissolved organic carbon (DOC) content
was detrmined in small samples (1 ml) of seawater passed through Whatman
GF/C glass-fiber filters. Particulate organic carbon (POC) content was detrmined
in the material settle on the glass -fibre filters after filtration of 100 ml
of seawater. Samples in ampoules (10 ml) were mixed with 10 mg of
potassium persulphate (recrystallized) and 0.2 ml of 6%, phosphoric acid
Traces of CO, were removed by flushing with nitrogen that was beforehand
purified on a column filled with an alloy of KOH and absestos. Then
the ampoules were sealed over a flame heated at 110°C for 2 hours
and stored. Analyses were made using a nondispersive infrared gas analyzer
(IRGA — Beckman mod. 864).

Amino acids were determined in water samples (1 ml) with the o-phthalalde-
hydefluorimetric method after Dawson and Liebezeit (1980). For fluores-
cence measurements a Spectro (Glo Filter Fluorimeter / Gilson Med. USA)
was used. Dissolved free amino acids (DFAA) were determined directly
in the non-filtered seawater samples. Dissolved combined amino acids (DCAA)
were determined in water samples passed through glass-fiber filters (Whatman
GF/C) after complete acid hydrolysis of DCAA into free amino acids
(Bolter and Dawson 1982, Mezyko vski 1982). The DCAA content
was reckoned as a difference between i'e total content of amino acids
in the filtered water sample and DFAA before hydrolysis. To find particulate
combined amino acids (PCAA) the total amino acids were determined in
non-filtered, acid hydrolyzed water samples. The PCAA were expressed as
a difference between total amino acid content in the sample and the DCAA
and DFAA contents.

The results obtained from all these analyses were reduced to adequate
units per 11 of seawater and integrated by the trapezium method for the
water column from 0 to 150 m deep under 1 m? of the sea surface.

The evaluation of the organic carbon content in all the examined elements
of the ecosystem had in view the presentation of the results in a uniform
way, making possible direct comparison. As the basis for the calculations
the following assumptions were set forth: for bacteria — average volume of
a bacterial cell 0.179 pm?® (Zdanowski — unpubl.), density of bacteria 1.1 g/cm?
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and carbon content in wet bacterial weight — 15% (Jergenson 1982,
Hagstrom et al. 1979); for amino acids — total nitrogen content — 169 is
made up by alpha-amino nitrogen. In reality this percentage is lower due
to the occurrence of amino acids containing other nitrogen groups in the
amino acid mixture. Since the true composition of amino acids in sea water
is not known therefore making any corrections would be unjustifiable.

3. Results

Saprophytic bacteria. The number of saprophytic bacteria in the present
SIBEX research area averaged 4.8-10°/1 (Fig. 1, Table I) and was strongly
differentiated ranging from 0.10 to 46.85- 10°/1. The total content of saprophytic
bacteria in the 0—150 m water column under 1 m? of sea surface ranged
from 0.62-10%/m? (St. 68) up to 27.7-10%/m?* (St. 94). The largest quantities
of saprophytic bacteria were recorded at two stations No. 94 to the
NW of Anvers I. and No. 151 (14.40-10%/m?) off the southern shores
of King George I. At both stations the maximum GFU values were
recorded at a depth of 10m (46.85 and 46.25-10%/1). The medium CFU
values (2.59 — 5.02-108/m?) occurred in the region of Clarence I. and Elephant
I. (Sts. 53, 181, 196), south of those islands, near 62°S (St. 171), and
in the strait between Joinville I. and Antarctic Peninsula (St. 160). Low
CFU values (1.50 —2.29-10%/m?) were noted in Bransfield Strait (Sts.
114 and 138) and the lowest (0.62 — 1.08-10%/m?) in Drake Passage (Sts.
68 and 61).

Among the investigated stations the most remarkable and worthy of
notice is St. 68, located about 10 km from the northern shores of King
George 1., where besides a rather small number of saprophytic bacteria
the presence of fungi was also observed in the form of brown-coloured
colonies growing on nutrient agar medium (Table I). .

Total number of bacteria (TC) (Table II). The mean TC value was
2.14-107/l. The content of bacteria ranged from 0.16 up to 7.31-107/1,
depending on the sampling spot. In general, higher bacterial concentrations
were observed in the water layers from 0 to 50 m (average 2.6-107/])
than in the deeper water layers (avg. 1.3-107/1). The maximum TC values
were recorded most often at the depth of 10 m (averege 2.95-107/1). The
integrated TC values ranged from 1.74-10'2> m? (St. 138 on the Antarctic
Peninsula shelf) to 5.76-10'?/m? (St. 151). The highest TC values were
noted off the SE coast of King George I. (St. 151), off N coast. of:
Clarence I. (St. 53), Elephant I. (St. 181), King George I. (St. 68) and to
the NW of Anvers 1. (St. 94).

Dissolved organiccarbon (TableIII). DOC concentrations varied considerably
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throughout the investigated area, ranging from 0.07 to 3.02 mg/l. No correlation
with depth was observed, both, high and low values alike occurred at various
depths of a given station. The integrated DOC values ranged from 53.5 g/m?
at St. 138 (on the Antarctic Peninsula shelf) up to 195.4 and 207.9 g/m?
at Sts. 53 and 196, respeeively (near Clarence I. and Elephant I.).

Particulate organic carbon (Table III). The POC content ranged from
0.02 to 0.25 mg/1. As regards its vertical distribution higher POC concentrations
were observed mostly at 0 — 50 m depths. The integrated POC values
ranged from 3.5g/m? (St. 196) near Elephant I. up to 20.0 g/m? (St.
94) to the NW of Anvers I. The POC content made up, on an average,
8.5% of the total organic carbon content. Only at St. 94 the POC values
was much higher and made up as much as 20.39, of the total carbon
content.

Amino acids. The DFAA concentrations (Table IV) were in the range
of 0 — 1.896 umol/l, DCAA (Table V) 0—2.936 and PCAA (Table VI)
0— 3021 pmol/l. The vertical gradients concentrations of the examined
compounds were highly differentiated. The total content of the
amino acids in the water column under 1 m? of the sea surface ranges
for: DFAA from 2.7 (St. 87) to 151.5mmol (St. 174), DCAA 16.5
(St. 160) to 163.5 mmol (St. 196) and PCAA 3.7 (St. 138) to 249.0 mmol
(St. 94). The highest DFAA values averaging 117 mmol/m? were recorded
at Sts. 61 and 174 localized in the open waters to the N and E of the
South Shetlands and at St. 53 near Clarence I The lowest DFAA values

Table VIL

Organic carbon content (mg/m?) in saprophytic (CFU) and total (TC) bacteria, in free (DFAA)
and combined (DCAA) dissolved aminoacids and narticulate combined aminoacids (PCAA),
(calculated on the basis of 'niegrated values).

No: o ik 1C DOC POC DFAA  DCAA PCAA
station (x 1075)
53 8.23 0.63 13030 810  31.94 29.31 52.50
61 2.12 0.41 739.7 457 2625 45.50 5.69
68 - 0.73 - - 5.25 - -
87 3.83 0.48 = = 0.87 s -
94 54.28 0.57 5227 1331 8.75 18.81 72.62
114 4.51 0.40 8206 420  14.87 17.06 48.12
138 2.95 0.34 356.7 397 12.25 12.69 0.87
151 28.32 1.15 - - - - -
160 6.25 0.39 662.0 83.0 9.62 4.81 2.75
174 9.73 0.47 = "= 44.19 = -
181 5.10 0.82 - - 7.48 e e

196 6.78 0.41 1386.1 233 7.66 47.69 17.50






























