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Distribution of saprophytic bacteria
in the southern Drake Passage and in
the Bransfield Strait (February—
March 1981, BIOMASS-FIBEX)*)

ABSTRACT: Numbers of saprophytic bacteria were determined by the plate count
in samples obtained at 45 oceanographic stations, from six standard depths between 10 and
150 m. Depending on the sampling place, the numbers of bacteria fluctuated between
0.8x10% to 43x10* 17! and 12x107 to 1.3x10%, in a water column under 1 m?
sea surface. Most of saprophytic bacteria were observed at stations located south and
south-east of the King George Island, and also north and north-west of the Anvers
Island. Fewer numbers were found in areas of large krill swarms in the Bransfield
Strait, between 58°30° and 62°30° W, and in the north-western part of the research
area, far away from the South Shetland Islands.
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1. Introduction

Saprophytic bacteria are quantitatively not a large but nevertheless an
important group of bacteria occurring in marine ecosystems (Bolter 1977,
Rheinheimer 1977). The total numbers of all bacteria in Antarctic waters are
of the order of 10® cells 17! (Hodson et al. 1981), while the numbers of
saprophytic bacteria are 10°-10*-1~! (Sieburth 1965). Because of their
high metabolic activity and the ability of a fast degradation of proteins
and carbohydrates, saprophytic bacteria play an important role in the minerali-
zation of dead plant and animal matter. An extensive development of
saprophytic bacteria populations occurs during the processes of biodegrada-
tion of organic matter (Rheinheimer 1977). In Antarctica, this has been
confirmed by the results of research on the decomposition of Euphausia
superba Dana (Zdanowski 1981). During exposure of dead krill in the
waters of the Admiralty Bay, the numbers of saprophytic bacteria increased
from 3.1x 10° per lg of wet weight at the moment of krill catching

*) This research was carried out during the BIOMASS-FIBEX expedition of the r/v
“Profesor Siedlecki”, headed by Dr. S. Rakusa-Suszczewski. It was a part of the MR-1-29 A -
project and was supported by-a grant from the Polish Academy of Sciences.
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to 2.4x 10° per lg wet krill weight, on the 15th day of the field experiment.
Saprophytic bacteria may also be indicators of hydrological phenomena in
marine ecosystems (Kriss, Lebedeva and Mitzkevich 1960). Their num-
bers depend on the amounts of nutrients and other characteristics of the
environment such as climate, salinity, water depth, distance from the shore,
etc. (Sieburth 1960, Rheinheimer 1981).
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Distribution of saprophytic bacteria in the southern Drake Passage and in the

Bransfield Strait

Colony forming units in sea water column under 1 m? (¢fu-m~2) 1 mm of diameter =
0.008 x 10* ¢fu-m 2, 1-— cfu determined after 10 days of incubation at 9 C on nutrient
agar, 2 — cfu determined after 15 days, * stations 136, 137 and 138 are located in Admiralty
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The purpose of this work has been to determine the quantities of
saprophytic bacteria in the region of complex ecological investigations in
the Drake Passage and the Bransfield Strait. The purpose has also been
to relate the occurrence of large krill swarms to the distribution of
bacteria in the research area.

2. Materials and methods

Vertical and horizontal distribution of saprophytic bacteria was investi-
cated in the “A™ area of the Drake Passage and the Bransfield Strait
(Fig. 1), designated by the international BIOMASS-FIBEX programme. The
work was carried out on board of the r/v “Profesor Siedlecki™ between 15th
February and 12th March 1981. Locations of the oceanographic stations,
the time and depths of sampling are given in another report of the
expedition (Rakusa-Suszczewski 1982).

2.1. Sampling

Water samples were taken at 45 stations at standard depths of 10, 30,
50, 75, 100 and 150 m. A Van Dorn type bottle (six litre capacity),
sterilized with 967, ethanol (Kriss, Misustina and Lebedeva 1969) was
used to obtain the samples. Additional water samples were collected at
one station near the northern shore of the Elephant Island (61°02,8° S,
5507, O°'W): at 15, 65 and 95 m (total depth 100 m). Samples for the
determination of the numbers of colony forming units (cfu) were prepared
immediately after their collection.

2.2. Preparation of samples

50 ml water samples were filtered through sterile Millipore 47 mm HA
filters (pore size 0.45 um). Filters with bacteria were incubated at the
optimum growth temperature of 9°C (Inoue 1977) on a nutrient agar
of pH 7 which contained: Bacto-beef extract, Bacto-tryptone, Bacto-agar
and sea water collected in situ (Fenchel and Hemmingsen 1974).
Colonies (cfu) were counted after S, 10, and 15 days of incubation. The
value of cfu reaches a maximum after 15 days, and this has been considered
as the basis for the general estimation of bacteria numbers. Exception
are stations 34 to 67 and st. 135 (Figs. 1 and 2) where cfu were counted
only after 15 days of incubation. These values do not include the part
of population which forms colonies between the 10th and 15th day of
culture, and makes up, on the average, 40%, of the total numbers of
colonies after 15 days of incubation.

The obtained values are shown as c¢fu-17', and as integrated values
(by the trapezium method) of cfu-m~? contained in a water column of
10-150 m under 1 m? sea surface. Observations of colonies were done in
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Fig. 2. Vertical distribution of saprophytic bacteria on investigated stattions
Determined after: 1) 1-5 days, 2) 2-10 days, 3) 3-15 days of culturing at 9 C.

a light passing through the bacteria cultures and reflected, of a changeable
intensity. Colonies were distinguished macroscopically based on such cha-
racteristics as rate of growth, pigment formation, and shape and size
of the colonies.

3. Results and discussion

The quantities of saprophytic bacteria sampled during the Antarctic
summer of 1981 in the research area of the Drake Passage and the
Bransfield Strait (Fig. 1), and determined after 15 days of incubation,
were found to fluctuate between 0.8x 10> and 4.3x10* cfu-17! (Fig.
2). In the vertical distribution the highest numbers of bacteria were
noted at depths of 10 and 30 meters which corresponded to a water
layer above a pycnocline (stations 4, 6, 11, 16, 20, 68). This tendency
had not been noticed in areas of strong mixing of waters such as the
Bransfield Strait and the south-west regions of the investigated “A™ area
(Fig. 1 and 2). Generally, a “mosaic™ type of distribution was characteristic
of the abundances of saprophytic bacteria, with low cfu-1~' values found
in a close neighbourhood of high values.

The integrated cfu values (Fig. 1 and Table I) in a water column under
1 m? sea surface ranged between 1.2 x 107 and 1.3x 10 cfu-m~2. The highest
amounts of bacteria (6.4x 10" — 1.3x 10® cfu-m~2) were found in the Admi-
ralty Bay (King George Island), south-east of the King George Island, west
of the Elephant Island, and also north and north-west of the Anvers
Island (stations: 6, 70, 16, 137, 11, 138, 27, 77, 68, 81, 8, 32, 31),
(Fig. 1). Small numbers of saprophytic bacteria (1.5x 107 — 6.0 x 107 cfu-m~?)
occurred in the Bransfield Strait between 58°30° and 62°30° W. This
region was characterized by small quantities of net-collected phytoplankton
(Kopczynska and Ligowski, 1982) and by the occurrence of very large
krill swarms. On the other hand, a reverse relationship in the amounts
of krill and bacteria was found in another area, the vicinity of the
Elephant Island where both, extremely large krill swarms and high num-
bers of bacteria were found. In the north-western part of the area investi-



Table L.

Number of saprophytic bacteria (as colony forming units — cfu)

Integrated value (cfux 107-m~2)
after following days of incubation:

Station 5 10 15
4 0.5 1.1 3.6
6 0.1 0.6 6.4
8 1.2 : 2.5 12.0
11 1.2 33 9.8
14 1.0 1.3 1.7
16 1.2 1.9 8.5
17 0.2 0.3 1.9
20 0.5 1.1 14
22 0.3 0.3 1.2
25 2.3 2.3 2.3
27 - - 11.0
31 - - 13.0
32 — - 12.0
34 — 0.5 -
36 - 1.0 -
38 — 0.7 -
40 - 0.8 -
44 - 1.0 -
46 - 0.6 —
47 - 0.9 -
49 - 0.8 -

53 — 0.8 -
55 - 1.3 -
58 - 1.2 -
60 — 09 -
62 - 1.5 —
65 - 1.2 -
67 - 1.2 -
68 - . 1.0 -
70 03 0.5 72
73 3.5 4.7 4.7
77 0.9 1.3 11.0
81 1.5 1.6 12.0
84 0.5 1.2 1.5
86 12 1.9 42
88 2.7 4.5 5.8
90 1.5 24 3.1
94 0.2 0.6 1.9
97 - 4.7 6.0 6.0
100 0.7 2.8 3.5
104 1.2 24 24
108 0.3 04 43
136 0.5 1.0 -
137 - 8.1 9.6
138 - 6.8 10.0
E.l 34 5.0 5.0%)

*) Station near Elephant Island (61°02,8 S; 55°07.0 W); Integrated
value in sea water column calculated on the basis of numbers for 15,
65, 95 m.
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gated, far away from the. South Shetland Islands, both the numbers of
bacteria and of krill were low.

The numbers of saprophytic bacteria determined after ten days of
incubation ranged between 0.4 x 10?> and 1.0x 10* ¢fu-1~! (Fig. 2), and from
0.3x 107 to 8.1x107 c¢fu=m~2? (Fig. 1 and Table I). Highest values
(6.0x 107 — 8.1x 107 cfu-m~2) were observed at stations located in the Ad-
miralty Bay and near the southern shore of the Livingston Island. Low
quantities (0.5x 10”7 — 1.3x 107 cfu-m~2) were noted in the Drake Passage
between 57°30° and 62°00° W. Here the numbers of bacteria were de-
termined only after ten days of incubation on nutrient agar. Because of
an uncompleted development of bacteria on agar, counts obtained after
ten days of incubation have less meaning for the interpretation of the
total numbers of bacteria. They illustrate the quantities of fast growing
bacteria, which on the average make up 607, of the investigated popu-
lation.

In the process of determining the numbers of bacteria with the plate
method, a development of bacteria on a nutrient agar have been observed.
There have been distinguished early colonies, formed between the second
and fifth day of culture, and late-formed colonies, noticable between the
10th 15th day. The former group contributed on the average 379 and the
latter 40% to the total populations. Among the early-formed colonies,
five to ten groups have been distinguished which differed macroscopically
and reached 3-10 mm in diameter. White, creamy-yellow and creamy-pink
colonies were dominant; their shape was round, the surface and edges
smooth, and the profile was convex. Within the late — formed colonies,
numerous red-orange, and fewer white ones have been observed. They had
a characteristic small size of 0.2-0.4 mm, which remained unchanged even
after prolongation the time of culture to next 15 days. Preliminary mic-
roscopical analysis revealed in the colonies the presence of long (5-15um),
coloured, bent rods resembling Myxobacteriae.

The present results corroborate earlier data (Kriss, Lebedeva and
Mitzkevitch 1960, Sieburth 1965, Kriss, Misustina and Lebedeva
(1969) of the low saprophytic bacteria content in the Antarctic marine
waters. No regions devoid of saprophytic bacteria were observed during
the present investigations. This is in contrast to the frequent observations
of Lebedeva (1958) in the Indian Ocean section of the Antarctic, and
of Mitzkevich (1975) in the south west Atlantic section of Antarctic,
where no saprophytic bacteria were found. Our results showed an incre-
ase of bacteria numbers in the near shore areas; this had been previously
noted by Lebedeva (1958). Exception were the nearshore areas of the
Bransfield Strait characterized by the occurrence of large krill swarms,
and the associated with them, low amounts of saprophytic bacteria (Fig. 1).

I thank Dr. S. Rakusa-Suszczewski, head of the Department of Polar Research,
Institute of Ecology, Polish Academy of Sciences for his critical reading of the manuscript
and for his comments.
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4. Pe3rome

Bo Bpems antapkTuyeckoit skcnemunuun BUOMACC-®UB3KC (15 despans—I12 mapra
1981) na xopabse ‘“‘TIpodeccop Cemnenku’” GbLIO ONPENETEHO pacnpeiesieHHe CanpopUTHBIX
Gaktepuii B mposuBe [peiika u nposuse Bpancounna.

IMpo6er Bombl B3sATHIE HA 45 OKeaHOrpaUYECKUX CTAHLMSX W3 IUECTH CTAHIAPTHBLIX IJyOUH
B npenesie 10—150 M, OplIM OTOUIBTPOBAHBI HA MHIUIMNOPOBBIX ¢uiabTpax HA ¢ muamerpom
nopos 0,45 Bm. baktepuu Ha (uIbTpaXx MHKYOHPOBAJIMCH HAa NHUTATEILHOM arape B TEYEHHUE
15 nueir B Temnepatype +9°C. OmpeneieHO 4YHCJIO KOJIOHMH B JIATPE BOABI (cfu-1~ l)
u B cToa6e Boakl mox 1 M2 (cfu-m~2).

bakTepun 00pa3oBajii HECKOJIBKO TPYINN OTJHYAOLIMXCS BHEWIHE KOJoHMA. Cpenum HuX
ObUTH BBIJIEJIEHBl PaHHUE KOJIOHMH, OOpa3yloluuecss Ha BTOPO# [0 MATOro JHS HMHKYOaIuH.
Onn obpasosanu 379, monynsiuuu, onpenenéHHoi Ha 25 neHb uHKy6auuu. [To3gHHe KOIOHHH
obpasyromuecs Mexay 10 u 15 nuéM unkyOammu cocrasisuin 40%.

KonunuectBo canpodutheix 6akTepuit, nocae 15 nHeit skcno3unuu kosebanoch B npejeiiax
oT 0.8x 102 10 4.3x 104 ¢fu-17" u oT 1.2x 107 10 1.3x 108 cfu- M~ 2 B 3aBHCHMOCTH OT MecTa
u r1younsl. OGHapyXeHo, YyTo 60JbIIOe KOJMYECTBO ITHX GakTepuil HauboJiee YaCcTo BCTpeyaeTcs
Ha ruybuHax 10 u 30 M. OHaKO B MPOCTPAHCTBEHHOM pachpe/esieHud GakTepuu Habroganach
““MO3aMYHOCTB”, 3aKJIIOYAIOWIAAC B TOM, 4TO OOJBbIIHE M Majble BeTHuMHBI cfu-1~! Guum
nepemeinansl. Haubosbiine uHTErpasibHble BEIMYHHbI ObLIM OOHApYXeHbI Ha CTAHIUAX PacoJjio-
KEHHBIX Ha IOT U IOT0-BOCTOK OT ocTpoBa KuHr JDKOpIK, a Takke Ha CeBep M CEBEPHBbIi-
3anan oT octpoBa AnBepc. Bosiee Huskue BenuuHMHBI ObUIM OOGHApYXEHBI B CEBEPO-3amagHOM
YacTH MCCiefyeMoro paiona, usnann oT apxunenara FOxueix Ilernanmos. Taxxe Hu3KHE
BEJIMYHHBI ObLIH OOHAPYXeHbI B posmee Bpancduiaa, B pailoHe 60bIIMX KOHUEHTPALMH KPUIIS.

5. Streszczenie

Podczas wyprawy antarktycznej BIOMASS-FIBEX (15 luty—12 marca 1981) na statku r/v
“Profesor Siedlecki” okre$lono rozmieszczenie baktem saprofitycznych w Cie$ninie Drake’a
i Cie$ninie Bransfielda. . )

Probki wody pobrane z 45 stacji oceanograficznych, z szesciu standardowych glebokosci,
zawartych pomiedzy 10 i 150 m, filtrowano przez saczki Millipore HA, o $rednicy porow
0,45um. Bakterie na filtrach inkubowano przez 15 dni w temperaturze +9°C na agarze
odzywczym. Oznaczono liczbe kolonii w litrze wody (cfu-17') i w stupie wody pod 1 m?
(cfu-m™?).

Bakterie tworzyly kilkanascie grup zroznicowanych zewngtrznie kolonii. Wsrdéd nich wyroz-
niono wczesne kolonie powstajace migdzy 2 i 5 dniem inkubacji. Stanowily one s$rednio
37% populacji oznaczanej w 15 dniu inkubacji. Pozne kolonie powstajace miedzy 10 i 15
dniem inkubacji stanowily $rednio 407%.

Liczebno$¢ bakterii saprofitycznych, po 15 dniach ekspozycji, wahata si¢ od 0.8x 10? do
43%x 10* ¢fu-17' i od 1,2x107 do 1,3x10® ¢fu-m~? w zaleznosci od stanowiska i gle-
bokosci. Stwierdzono tendencjg¢ do czestszego wystgpowania wysokich wartosci na 10 i 30 m
glebokosci. Jednak w przestrzennym rozmieszczeniu bakterii obserwowano .mozaikowos$c”.
polegajaca na przemieszaniu niskich i wysokich wartosci c¢fu-17'. Najwyzsze zintegrowane
warto$ci stwierdzono na stanowiskach zgrupowanych na potudnie i poludniowy-wschod od
Wyspy Krola Jerzego oraz na poéinoc i poinocny-zachéd od Wyspy Anvers. Nizsze wartosci
stwierdzono w poinocno-zachodnim rejonie obszaru badan, z dala od Archipelagu Szetlandow
Potudniowych. Takze niskie wartosci stwierdzono w Cie$ninie Bransfielda w miejscu wys-
tepowania duzych skupien kryla.
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