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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



g
3
g
N
Y, “Appanadsax “1/:01-00°7 ‘95°0 ¥T0 Sem [Buny J0) NAD “PoAIARQO s Ywoi3 snouny Bnrpunoqe oy (w g ‘01 ‘0 sydap) g9 vomErs oW 1Y (;
3 :
m Sv'e - - 01’1 SEV = SL'T 0e'C - = 96
65°C 011 $8°0 - - - SOl 08°0 $8°0 0L'vT 18
0°s SL0 0L0 = = = 0T'T 0ty STSI STII vL
81°¢ - SEY - - 08°0 0s'C 0s'1 09°C 44 09
o'yl OL'1 $8°C - - - 344 091 ST $9'91 IS
0s°1 - (YA = = ST 09°0 09°0 SL'0 00°¢ 8¢
6T°C <S0T $6°0 - = - SI'I 01'e 00°C 0L'e 4!
O0L°LT. 08T 0g°01 = = = STLT (L Y4 S8'9% (U ¥6
S6°1 Syl S1°0 -~ Co—- - S1’0 S1°0 06'¢ 00°LI L8
90 $90 L0 = o - 01°0 01°0 §T0 ST0 (+89
80°'T 090 0€°0 - = o 020 sS°1 0t’l ory 19
61’y 0LT ov'C = - - SIS ov'1 (191 STl 139
U | Iopun
DOt 20 a1 001 06 08 S 0 3 01 0
wol1y =E=—Oo_ AEV Qw&g
IoYem ul
- W/501-NAD (1/¢01-NAD) s1un Furuwioy Auojod
suone)s pajednsoAur uo ssjdures 19jem ®3s Ul eLORq dnkydoides jo JoqunN
T 31qeL
g




49

Distribution of bacteria, organic carbon and amino acids

L8'1 = 80 1 080 - 960 L'l bi'e = e 96
61y LTT we = = 0T 3:%4 6v'c 89°¢ (434 18
LET 123! SI'1 — - - €9°1 v 9Ll 95T vL
10°C — ST1 = = €T £0°1 €91 L91 €60 09
L9°s 6LT 0g'e - - - 96T Ie'L 6’y €9 IS
vL'1 - 8¢°0 = = wo L9°1 8¢l 6L'1 6L°1 8¢
0T L90 €1 - - - 8¢°0 69'C we 147X 14!
6T €0 601 = = - LS L90 660 080 ¥6
w'e 91°0 90°I - - = x4 ov'e [4X4 8T'1 L8
oLe wo 8¢'1 = = = 89y 88'C 90°S 09°C 89
80'C 9T'0 81'0 - - = £8°0 0t 6Ty 65°¢ 19
0T'e €8'1 0Tt - - - ¥Te 9Ll $8T 091 39

LW [ Jpun’

w oSt 03 0

wolj umnjod 0st 001 06 08 st 0 T i 0 (w) qadag

199em Ul
Wz 01-JL (1/,01-01) qunu [eusioeg
suonels pajesnsoAul uo sojdwes Iojem €IS Ul BLIOPEQ JO ISqUWUNU [BIO]
11 ?1qelL ’



4
3
o
s
<
)
N
K. =
»m. Se = 200 00 00 = 200 €00 £0°0 - J20d 961
Wa 6'L0C - 601 68°0 vl - (U LL'T 68°0 - 20d
vl - 800 - - 600 01°o LO0 900 - J0d 091
£'66 - IL°0 = = ov'l LT°0 $8°0 000 0£°0 20d
6'S - 200 - - 200 €0°0 $0°0 60°0 80°0 20d g€l
S'es = 0z'0 - - 0 SLO LT0 L0°0 LT0 20d
€9 00 00 - = = 900 €00 1o 60°0 J0d b1l
| R4 991 LLO - - - 620 LS°0 o 0°€ 20d
0'0C €0°0 €00 = = = €0 iz4\) ST0 €0 J0d 6
8L 80 8v'0 - - - 8v'0 8v'0 SL0 S60 200
89 €00 S0°0 = = - 00 900 S0°0 S0°0 J20d 19
6011 68°0 S0 - - = 8¥°0 (AN 9¢°'1 80 20d
1 L00 900 - - - 600 1o 010 1o J0d €s
¥'S61 0S°1 §TT =3 = = $8°0 1$°0 ¥To LEO 20d
LW | Iapun
wosr o3 0
wo1y uwnios 0S1 001 06 08 SL 0S (U3 01 0 (W) ydaq
Ia1em ul
;w3 /8w
suone)s JULIYJIp ul sojduwres Iojemess ul JuAuod (DOJ) Aemonted pue (DOQ) PIA[OSSIP — uoqIred oruediQ
‘III 21qel
=3
U}




51

Distribution of bacteria, organic carbon and amino acids

N..@N = 00 00 00 = [274] 765£°0 6vvT0 = 96
96T 0690°0 6vvT0 - - 06900 8SLT0 6LE1°0 6vvT0 06900 18
SISl 8vve'l L0T9'0 = = = §968°1 wiso 968%°0 L0T9°0 L
0'¢e = 65LT0 - - 6SLT0 L0T0°0 8¢1¥'0 6LET0 6LET0 09
9Ty - 0vS0°0 = = £vTe0 (4418 9650 00 L9SL'0 8¢
0’18 6vLY'0 S€0T0 - - - 6vLY0 6vLy'0 LSET'0 8L90°0 14!
. Log 00 00 - - - S061°0 6L05°0 6888°0 0LTI'0 V6
Le 19000 12100 = = = w0 £0€0°0 £0€0°0 1100 L8
€81 0vS0°0 98¥T'0 - - - 1801°0 00 0vS0°0 00 89
v'68 91S¥°0 91S¥°0 = == = £Te0°1 9TTe0 0008°0 Se61°0 19
6601 I1S¥8°0 1S¥8°0 - - - 19L9°0 ££95°0 PTeL’o 80¥1°0 139
LW Jopun
wosT 01 0
wolj uwnjod ost 001 06 0 L o o 0 (w) ydag
Io)em Ul
LW, joww /1owr!
suone)s pajednsaaul uo sojdures Iojemess Ul (YVJ() SPIOBCUIUTR 331] PIAJOSSIP JO UOTBIIUIOUOD
‘Al 21q®BL



Marek K. Zdanowski

52

sE91 - €110'T 99€6'C T80T 11020 988¢"1 €112°0 - 961
$91 - 00 — - 00 96810 00 00 00 091
37 = 00 - = 05660 LEITO 00 00 00 8¢l
$'8S 00 00 — = = 5880 0€8E°0 1091°1 865€°0 vil
1's9 1€85°0 €6650  — — - 198€°0 9587°0 00 9970 6
0951 L0V’ §7890 - = = SIS8°0 - 991’1 SEEL'T 19
$°001 = 97L0 — - — _pOPL'0 96+9°'0 9LYI'0 15191 3

L4 1 Jopun

w sy 01 0

woy umnjos 1 001 06 08 SL 08 0€¢ 01 0 (@) pdoq

ojem ul
cw/joww 1/lown
suone)s Ea&wﬁwuaﬁ uo wO~QE«m Iajemeas ur A<<UQV Sproe ourwre voﬂ_DEOQ'GOZOmmm—u Jo uonenuaduo)
FNEICLAS



53

Distribution of bacteria, organic carbon and amino acids

009 - 00 00 £8TT0 - L09T'1 00 00 - 961
0'8L = 9660°1 = = 90¥0°1 w0 00 10 6S11°0 091
L'e - ¥L00'0 — - 00 00 00 SPS1°0 00 8¢l
0991 89LE°0 05990 = = & 9561°C 8TYe’l 96£8°0 LTl 141!
0'6¥C - S90b°1 - - - Y9eT’1 vizcTT 9EV8’l S120°€ ¥6
6'81 0oL 0 00 = = = 00 = 00 = 19
0081 o 9065°0 - - — 00€8°1 0£19°0 415! Lpes'l 133
L W [ Jopun
w st 01 0
i O 01 001 06 08 SL 0s o€ o1 0 —
Dem ur
Zu/jourur 1/lowr
suones pajeSnsoaur uo sojdwres 1o1em €3s Ul (VYD) SPIOE OUIWE PauIquod d1enonied Jo UONEnusouoy)
TA 219l



54 Marek K. Zdanowski

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
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were noted at St. 87 to the W of Smith I. At the remaining stations
medium DFAA values of about 32 mmol/m? were observed.

The highest DCAA values averaging 140 mmol/m? occurred at Sts. 53,
61, 196 — near Elephant I. The lowest values were noted at St. 160 in
the strait between the Antarctic Peninsula and Joinville I.

The highest PCAA values averaging 198 mmol m? were recorded at
Sts. 94, 53 and 114 (near Anvers I., Clarence 1., and Brabant 1.) and the
lowest values averaging 11.3 mmol m? at St. 61 (open waters of Drake
Passage) and at St. 138 (on the Antarctic Peninsula shelf).

The organic carbon content in bacteria and amino acids are presented
in Table VII for comparison with the total POC and DOC content in
the investigated ecosystem. The organic carbon content in saprophytic bacteria
averaged 1.9-107* % of POC and total bacterial carbon made up 0.9%
of POC. The carbon content in PCAA made up 499 of POC; in DFAA — 1.9%
and in DCAA — 3% of DOC.

On the basis of the Sperman rank correlation analysis (Sachs 1974)
the correlations of highest significance (at the level 0.01 and 0.025) were
found between TC and PCAA, CFU and PCAA and less significant cor-
relations at the level 0.050 between CFU and TC, TC and DCAA, DOC
and DCAA, POC and PCAA, and at the level 0.1 between TC and DOC.
In the arrangement of remaining data no-correlations were observed.

4. Discussion

Saprophytic bacteria, characterized on the whole by their ability to
grow an agar nutrient, made up a very small (avg. 0.029) fraction of the
total number of bacteria. Most of these bacteria show characteristic features
of psychrophilic bacteria, growing under culturing conditions at the temperature
of 0—15°C. Equally small quantities of saprophytic bacteria, the range
of 102 — 10%, were observed earlier, in a close research area, during at the
end of February and i the beginning of March, thus in a later part
of the Antarctic summer (Zdanowski 1982), in the waters of Admiralty
Bay during the Third (1979) and the Seventh (1983) Polish Antarctic
Expedition to the Arctowski Station (Zdanowski unpubl.) and in other
regions of the Antarctic Ocean (Wiebe and Handricks 1974).

During the present SIBEX programme, as regards the horizontal distribution
of saprophytic bacteria the highst CFU values — just the same as during
the FIBEX researches (Zdanowski 1982) — occurred to the NW of Anvers
I. and at the — southern shore of King George I. and vertically — at
a depth of 10—50, for the most part. Great differentiation was observed
in the vertical distribution of sprophytic bacteria (CFU) despite the fact
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that at most of the stations investigated during the present research (Sts.
53, 68, 114, 138, 151, 160, 181, 196) the waters under examination were
rather strongly mixed (Grelowskiand Tokarczyk 1985). Wide differentiation
of the CFU vertical gradients was observed in both, the FIBEX and the
present SIBEX experiments.

_ No bacteriostatic effects were observed in the areas with high phytoplankton
concentrations. On the contrary, the highest phytoplankton and saprophytic
bacteria concentrations were observed simultaneously, as well at present,
as during the FIBEX investigations, e.g. to the NW of Anvers I. (Zdanowski
1982). During the present research the maximum POC and PCAA values
were concurrent with maximum CFU counts. The PCAA values, which
in this case may be regarded as an indicator of both phyto- and zoo-
plankton biomass, were highly positively correlated (Table VIII) with the

Table VIII

Spearman rank correlation matrix for relationships between saprophytic and total bacterial

number and the following organic compounds: dissolved and particulate organic carbon

(DOC, POC), dissolved free aminoacids (DFAA), dissolved combined aminoacids (DCAA)
and particulate combined aminoacids (PCAA) (On the basis of integrated values).

CFU TC POC DOC DFAA DCAA PCAA
CFU 1.00  0.71**%) 046 S 0.21 —0.36 0.14 0.82%**)
TC . 1.00 0.32 0.54%) 0.11 0.68**)  0.86****)
POC o 1.00 —0.36 0.11 —0.32 = 0.68*%
DOC 1.00 0.11 0.68**)  0.18
"DFAA 1.00 0.00 0.00
DCAA : 1.00 0.00
PCAA 1.00

*) %) #ex) *e4) gignificant at 0,10, 0.050, 0.025, 0.010 levels, respectively.

CFU values. Attempts were made, as during the FIBEX investigation,
to examine the possible correlation between the occurrence of krill swarms
and the abundance of saprophytic bacteria. By reason of an exceptionally
low value of krill biomass throughout the season of the present investigations,
the relevant determinations were carried out in one of the very few areas
of the occurrence of a moderately dense krill swarm, at St. 196, near
the shores of Elephant I. In the centre of that swarm the CFU values
averaged 2.75 — 4.35-103%/1 (Table 1), thus they did not differ from the average
values observed over the whole research area.

Saprophytic bacteria play very important role in the natural environment.
When particulate organic matter appears in the form of detritus, then
saprophytic bacteria produce bacterial population dominant in number, co-
lonizing remnants of dead organisms (Zdanowski 1981), or, as in the
case of feaces, they penetrate from the animal intestines into the faeces
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attacking their substance from the inside (Gowing and Silver 1983). Also,
in the case of soluble matter, occurring in high overabundance under
laboratory conditions as compared with natural concentrations, the pre-
dominance of saprophytic bacteria was observed — they made up as much
as 90% of the total number of the recorded bacteria (Zdanowski — unpubl.).
Under natural conditions, after decomposition of the substratum, the
saprophytic bacteria disperse throughtout the depths of the sea and they
become again a low-numbered fraction of the total number of bacteria.
It was demonstrated (Wiebe and Hendricks 1974) that the number of
these bacteria in a valume of water is stabile in time and the measurements
made on a given day are representative of a given site. These characteristic
features of saprophytic bacteria may determine the role of bacteria as bioindica-
tors of the oceanic water masses, as postulated much earlier by Kriss (1963).
‘The total number of bacteria determined during the present SIBEX
investigations in early summer was at an exceptionally low level of TC
values in the order of 107/l (Table I). In the average the TC values
were five times lower than during analogical studies carried out in the same
area between 15 February and 12 March 1981, within FIBEX programme
(Zdanowski — unpubl). Earlier measurements of bacteria distribution carried
out by Azam, Ammerman and Cooper (1981) in the Scotia Sea between
Bransfield Strait and the South Orkney Islands in a still later part of the
summer season (25 Feb. — 27 March 1981) show a more than ten times
higher value of standing crop (2.5-10%/) than the present result recorded
during SIBEX. This indicates the occurrence of seasonal variability in the
total number of bacteria. It was confirmed by the stationary one-year studies
(Zdanowski — unpubl.) carried out at Admiralty Bay during the 7th Polish
Antarctic Expedition to the Arctowski Station.
Between 9 Agril— 26 May, thus before the oncoming of winter, the
total number of bacteria averaged 2.8-10%/1 at the water temperatures
just above €°C at the sea surface. Measurements made in mid-October,
at the end of the Antarctic winter, at the surface water temperature
—1.6°C, show a lower value (avg. 4.4-107/1) of the total number.of bacteria.
It seems that even relatively small (annual range 1—2°C) changes in temperature
of the Antarctic waters have stronger effect upon the standing crop of
“ bacteria than changes in the concentration of nutrients (Hanson and Pope
1981). Nutrient concentrations in the Antarctic waters are grossly- excessive
as compared with the lowest threshold level of of nutrients (about 1 nmol),
that could limit the growth of bacteria (Hanson and Lowery 1983).
Thus, the temperature may be one of the factors in the Antarctic
ecosystem controlling bacterioplankton life activity: proliferation and production
(Hanson and Pope 1981), heterotrophic assimilation and DOM turnover
(Hodson et al. 1981, Hanson and Lowery 1983) and capability of
decomposition of perticulate organic matter, that results in the release of
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great quantities of DOM (Jorgenson 1982, Rakusa-Suszczewski and
Zdanowski 1980, Zdanowski 1981).

Bacterioplankton production seems to be rather an unimportant source of
POM during present SIBEX expedition. The daily production of bacterio-
plankton, measured by Hanson and Lowery (1981), Hanson et al. (in prep.)
(In: Hanson and Pope 1981), was less than 0.02 pg carbon per liter in January
1980, in Drake Passage, which makes on the average less than 4%, of the
total bacterial standing stock observed during the present SIBEX investigations
(Zdanowski — unpubl.). This is a considerable value in relation to the bacterial
standing stock but not much in relation to the-total organic matter level.
As results from Table VII, bacterial organic carbon averaged 0.99, of POC.
The importance of bacterioplankton consists above all in the possibility of
the uptake and mineralization of the dissolved compounds, even than when
they occur in trace quantities (Poindexter 1981). One of the sources of
a massive inflow of DOM into the oceans is phytoplankton, excreting
metabolically cellulair products into the environment (Lancelot 1979).
Some authors are of opinion that -about 509, of bacterial heterotrophic
activities are connected with that fraction (Bell 1983). Bacteria are chief
utiliters of DOM and they maintain it at stable level in the seawater.

On the basis of the studies carried out during the FIBEX and the present
SIBEX programmes it is easy to notice that the areas with high and medium
TC values coincide with areas of high phytoplankton concentrations in
most cases, yet during the present SIBEX the maximum TC values observed
in the areas of phytoplankton bloom were lower than those recorded in
analogical areas during FIBEX investigations. On the other hand, no regular
correlations between DOC and concentrations of phytoplankton and chlorophyll
were observed during SIBEX (Kopczynska and Ligowski 1985, Lipski
1985). In the area of the highest aboundance of phytoplankton bloom
(St. 94) DOC concentrations were at a rather low level, whereas in another
area (St. 53) fairly high concentrations of phytoplankton occurred simultaneo-
usly with large quantities of DOC (Table II). The question of the excretion
of DOM by phytoplankton is not quite clear, yet. There ate divergences of
opinion (after Jergensen 1982, after Griffiths, Caldwell and Morita
1982) as regards the stage of development of phytoplankton populations in which
the release of DOM is the highest — whether it occurs in the course
of bloom or in the next developmental phase. It is suggested that the
excretion of DOM is the effect of various factors, among which the
following are worth mentioning: age, physiological state and composition
of phytoplankton populations (Bélter and Dawson 1982). ,

During the present SIBEX research, in general, lower DOC concentrations
were recorded (Table III) than those given in the literature (after Peche-
rzewski 1980). The maximum DOC values (1 - 3 mg/l), making up to 277,
of the total DOC values, ranged at the level of the lowest values recorded
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in 1980, at the beginning of the Antarctic summer season, by Bolter
and Dawson (1982). The highest DOC concentration was observed (SIBEX)
at the St. 196. near Elephant I, in water samples collected in the middle
of a krill swarm (Table III).

As regards POC, the highest values were noted in the areas great
abundance of phytoplankton and chlorophyll a (Sts. 53, 94, 160) at 0—50 m
depths. The POC concentrations during the present SIBEX investigations
were however much lower than those cited by Pecherzewski (1980),
Most of the stations of the present measurements were localized in the
regions poor in phytoplankton, therefore the mean POC value is very low
(0.064 mg/1).

The DFAA and DCAA contents, during the present investigations,
averaged 350 and 570 nmol, respectively, i.e. they did not diverge from
the mean values recorded in other regions (Jorgenson 1982). A comparison
with the data obtained earlier by Me¢zykowski (1982) and Bolter and
Dawson (1982) in the Antarctic regions, covered by both the FIBEX
and SIBEX programmes, shows similarities in DFAA concentrations and
wide differences in DCAA concentrations, which were generally much lower
during SIBEX investigations. The maximum DCAA values during SIBEX
were five times lower than the maximum values obtained during FIBEX
measurements. Another difference worth mentioning: more regular (than during
SIBEX) distribution of DFAA throughout the area investigated during FIBEX.
Moreover, during present SIBEX research, the complete absence of DFAA
and DCAA was observed in various sites, whereas during FIBEX it was
not the case (Tables IV and V).

No correlation was observed between the occurrence of DCAA and DFAA
and that of phytoplankton. On the other hand in the area of the occurrence
of krill swarms {3St. 196) near Elephant I. the highest during SIBEX
DCAA value and a very low DFAA content were recorded. In a laboratory
experiment, carried out on board of the vessel and involving the measurements
of the DFAA content in the sea water used in krill cultures, no traces
of the DFAA excretion were found. Injuries, symptoms of the worsening
of the general condition and death of krill caused an immediate increase
of DFAA in water containing krill (Zdanowski — unpubl.).

High PCAA values were associated with the aboundance of phyto-
plankton. The greatest quantities of phytoplankton and of PCAA were
observed at St. 94 localized to the NW of Anvers I. High PCAA values
were associated with high POC values. Yet, in the whole area of the
investigations, these two parameters did not occur proportionally to each
other, that is evidenced by variable percentage of amino aicd carbon in POC,
ranging from 2.2 to 75.19, (Zdanowski — unpubl.).

In conclusion: The total number of bacteria and concentrations of
POC, DOC, and DCAA in the regions of the present SIBEX investigations
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during the early part of the 1983—1984 summer season were in general much
lower than the results obtained in provious years, mostly in the later part
of the Antarctic summer. The number of saprophytic bacteria and
the concentrations of DFAA and PCAA were at about the same level
as in the precedent years. As regard the vertical distribution, the highest
TC, CFU, POC and PCAA concentrations were recorded in the 0—50 m
water-layers. A higher number of bacteria was noted in the areas with
greater abundance of phytoplankton.

5. Pesrome

IMpocTpanCTBEHHOE pacnpeliejieHHe CBOOOMAHO OOUTAIOMKX OakTepuil ¥ OPraHHYeCKHX
KOMIIOHEHTOB Cpe/bl HCCIEN0BaJOCh B mnepuoa ¢ jekabps 1983 no suBaps 1984 rona
B I0OXHOM vacTu nmposuBa Jlpeiika u B nponuse Bpanchunma, T.e. B pailoHE 3KOJOIHYECKHX
uccnenosannit nporpammel BUOMACC-CUB3KC (puc. 1). Ipobsr Boabl oTOMpanuch Ha
12 oxeaHorpau4yeckux CTAaHUMSX C IUECTH CTAHAAPTHBIX TOPU30HTOB oT 0 g0 150 Mm. Bak-
TEPHH ONPENEIH METOIOM 3MH(IyOPECUEHTHOR MHUKPOCKOIMH, a TaKXXe METOJAaMH I[JIACTHH-
4aTBIM U MeMOpaHHBIX (HILTPOB, OpraHuveckuii yriepon MmetomgomM Menzel u Vaccaro
(1964), aMHHOKHCIOTH! (PIIyOPOMETPHYECKAM METOAOM C OQTaibHerufioM. PesynabTaTel mpen-
CTaBJISUIACh B COOTBETCTBYIOIIUX €AMHMIAX HA | JTUTP MOPCKOi BOMIbI, @ TakXkKe KaK MHTETPUPO-
BaHHbIC BEJMYMHBI 1jis croaba Boabl 0—150 M mom 1 m2.

O6mee xonmuectBo Gakrtepuit (TC) konebanocs ot 0,16 mo 7,31 x107/n, u 1,74—5,67 x
x1012/m2 (tabauua 1), xonmyectBo canpodutuueckux Gaxtepuit (CFU) 0.10—46,85 x 103/n
u 0,62—27,7 x 108/m2 (Tabnuua I), conepkanue B3BelIEHHOrO opranudeckoro yriepoaa (POC)
(tabauna IIT) 0,02—0,25 mr/n u 3,5-20,0 r/m2, conepxaHue pacTBOPEHHOIO OPraHHYECKOTO
yrnepoga (DOC) 0,07—3,02 mr/n u 53,5—207,9 r/m? (tabmuua III), pacTBopeHHbIE CBOOOI-
uble aMuHOKHCIOTHI (DFAA) (Tabauna IV) 01,8965 Mxkmons/n1 u 2,7—151,5 Mmonb/M2, pac-
TBOpEHHbIE CBs3aHHble aMuHOKUCIOTH (DCAA) 0—2,9366 Mxkmousib/n u 16,5—163,5 MMob/Mm2
(TaGnuua V), B3BeLeHHbIe cBA3aHAbIe aMUHOKUCIOTH (PCAA) (tabnmuua VI) 0—3,015 MkMoab/a
u 3,7--249,0 Mmmoub/M2,

bbina ycTaHoBjIeHa 3HAYMTENIbHAS IMPdepeHIaLys YMCICHHOCTH OaKTepuii B colepxaHus
OPraHMYEeCKOro Yrjepoja Ha MCCIAeAyeMOM TeppUTOpPHM. BBICOKHE M HHU3KHE 3HAYEHHs OTICJIb-
HBIX TIAPaMETPOB ObLIM MO32aMYHO NEpPEMEIlNaHbl. BepTHKaNbHbIC I'PAMEHTHl KOHTHIECHTPALVH
OakTepuil ¥ M3Y4AeMbIX COeOMHEHMH ObLiv Anb@epeHIPOBAHEL. Y CTAHOBICHHBIE 3aKOHOMED-
HocTH 93T0 Gonee vactoe npucytcisue Bblcuux 3uadweHunidt TC, CFU wu POC mHa rinyOune
0—50 ™M, ueM B HM3WMX CJ0sAX, a Takke (kak u Bo Bpems DUBEKC) npucytcrsue
naipiciuux 3HaveHuit TC u CFU BOau3u cxoruieHui (pUTONIAHKTOHA.

IMonyyeHue 3HA4YE€HHs B NPUHLMIEC CPABHHMBI CO 3HAYCHUSIMH, YCTAHOBJICHHBIMH B JPYIHX
reorpapuueckux paifoHax MupoBoro okeana. CozmepxaHue OpPraHH4€CKOTrO BEILECTBA JOCTHUIAET
JIOBOJILHO BBICOKOTO YPOBHSI B IIpeJesiaX, YCTAHOBJCHHbIX B MUpOBOM okeaHe. B cpaBHeHHM
C NpeAbIIyIIMMH MCCJIEJOBAHMAMH, NPOBEJCHHBIMH B TOM JXX€ paiOHE AHTAPKTHBECKHX BOJ,
HBIHEIIHHE MCCJICAOBAHMs MOK3aJd CHH)XKEHHE OOIIEero KojmyecTBa OaKkTepuil W COACpKaHHS
OpraHMYeCKUX COCIMHEHHH B BOJE, YTO MOXET OBbITH, CBA3aHO C PAHHBIM NEPHONOM AHTAPKTH-
YeCKOro Jjeta. UHMCIEHHOCTh canpopuTHueckux OakTepuil Habmroganach Ha THIHYHOM Jist
aHTapkTH4Yeckux BoJ yposHe 102—104 CFU/n, 4T0 CBUIAETENBCTBYET O 0OJIBIION CTaOUIBHOCTH
YHUCJICHHOCTH 3TOH rpynmnbl GakTepuid.

Ananu3 xoppensuuu Mexay TC, CFU u PCAA, a Ttaxxe mexny TC, DOC, DCAA
u PCAA oGHapyXui NpUCYyTCTBHE CYLIECTBEHHBIX IMOJIOXHTEJIBHBIX KOPPEIALMM.
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6. Streszczenie

Przestrzenne rozmieszczenie wolno zyjacych bakterii i organicznych komponentéw $rodo-
wiska bylo badane na przelomie grudnia i stycznia 1983/84 w rejonie Cie$niny Drake’a
i Cie$niny Bransfielda, objetym kompleksowymi badaniami ekologicznymi podczas BIOMASS-
SIBEX (rys. 1). .

Probki wody pobrano z 12 stacji oceanograficznych z szesciu standardowych poziomow
od 0 do 150 m. Bakterie oznaczano metoda mikroskopii epifluorescencyjnej oraz metoda
plytkowa i filtrow membranowych, wegiel organiczny metoda Menzel i Vaccaro (1964),
aminokwasy metoda fluorometryczna z o-phthalaldehydem. Wyniki wyrazano w odpowiednich
jednostkach na 11 wody morskiej, oraz jako wartosci zintegrowane dla stupa wody 0—150 m
pod 1 m2

Ogolna liczba bakterii (TC) wahata si¢ od 0.16 do 7.31-107/1 i 1.74 —5.67-10'%/m?
(tabela II), liczba bakterii saprofitycznych (CFU) 0.10 — 46.85-10%/1 i 0.62 — 27.7-10%/m?
(tabela I), zawarto$¢ catkowitego wegla organicznego (POC) 0.02 — 0.25 mg/li 3.5 — 20.0 g/m?,
rozpuszczalnego wegla organicznego (DOC) 0.07 — 3.02 mg/l i 53.5 — 207.9 g/m? (tabela III),
rozpuszczalnych; wolnych aminokwaséw (DFAA) 0 — 1.8965 pmol/l i 2.7 — 151.5 mmol/m?
(tabela IV), rozpuszczonych, zwiazanych aminokwaséw (DCAA) 0 — 2.9366 pmol/li 16,5 — 163.5
mmol/m? (tabela V), partykularnych zwiazanych aminokwaséw (PCAA) 0 — 3.015 pmol/1i 3.7 —
249.0 mmol/m? (tabela VI).

Stwierdzono znaczne zrdznicowanie liczebnoSci bakterii i zawartosci organicznej materii
na badanym obszarze. Przewaznie wysokie i niskie wartosci poszczegdlnych parametrow
byly mozaikowo wymieszane, gradienty pionowe stgzeri bakterii .i badanych zwiazkéw byly
bardzo zroéznicowane. Stwierdzone prawidlowosci to czestsze wystgpowania wyzszych wartosci
TC, CFU i POC na gigbokosci 0—50 m niz w warstwach glebszych oraz (podobnie jak
podczas FIBEX) wystepowanie najwyzszych wartosc TC i CFU w miejscu wystgpowania
skupien fitoplanktonu.

Otrzymane warto$ci sa generalnie porownywalne do wartosci otrzymywanych w innych
rejonach geograficznych wszechoceanu. Zawarto$¢ materii organicznej wystepuje na dosé¢
wysokim poziomie w zakresie spotykanym we wszechoceanie. W poréwnaniu z popszednimi
badaniami prowadzonymi w tym samym rejonie wod antarktycznych, niniejsze badanie
wykazaly obnizenie ogolnej zawarto$ci bakterii i zawartosci zwiazkéw organicznych w wodzie,
co moze by¢ zwiazane z wczesna pora lata antarktycznego. Standing stock bakterii sapro-
fitycznych wystepowal na typowym dla wod antarktycznych poziomie 102 — 10* CFU/I,
co $wiadczy o duzej stabilnosci liczebnosci tej frakcji bakterii.

Analiza korelacji szeregdbw Spermana (Sperman rank correlation), wykazata wystepowanie
istotnych dodatnich korelacji pomigdzy TC, CFU i PCAA oraz korelacji pomiedzy TC,
DOC, DCAA i PCAA.
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