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Factors regulating bacterial abundance
in Antarctic coastal and shelf waters

ABSTRACT: In general, Antarctic marine bacteria are small, with biovolumes ranging from
0.139 to 0.204 um? cell’!, but their total biomass in seawater is considerable due to relatively
high numbers that approximate to 1020 cells km™. Bacterial biomass becomes more concentrated
closer to land. Our multi-year Antarctic studies demonstrated an average total bacterial biomass
of 504 tons in Admirality Bay (24 km?) or 21 tons per 1 km?, versus 6.4 tons per per 1 km in
the open ocean. Strikingly, bacterial biomass reached 330 tons per 1 km? of seawater at the
sea-ice edge, as sampled in Goulden Cove in Admiralty Bay. Bacterial biomass in Admirality
Bay, which we believe can be enriched by halotolerant and thermotolerant fresh water bacteria
from glacial streams, is equal to or even exceeds that of the standing stock of krill (100-630
tons per bay) or other major living components, including phytoplankton (657 tons), flagellates
(591 tons), and ciliates (412 tons). However, the bacterial biomass is exceeded by several orders
of magnitude by non-living organic matter, which constitutes the basic bacterial carbon source.
Factors regulating high bacterial abundance in the vicinity of land are discussed.

Key words: heterotrophic bacteria, protozooplankton, phytoplankton, krill, organic matter,
temperature, sea water, freshwater.

Introduction

In his 1969 article “Photosynthesis and fish production in the sea” Ryther
remarked that 90% of the world’s ocean and nearly three-fourths of the earth’s
surface is essentially a biological desert. Clearly, this concept cannot be sup-
ported as more is learned about the potential role of the “biological pump”
(Moore and Bolin 1987), the biological and physical processes in the world’s
oceans that regulate removal of atmospheric CO, (Broecker et al. 1979), organic
matter production, and flux and remineralization of particulate matter. There are,
however, remarkable differences in micro- and macroorganisms’ biomass in-
shore (high) compared to the open sea (low). Our multi-year studies in Antarctica
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Fig. 1. Bacteriological sampling stations in Admiralty Bay. Map based on Furmariczyk
and Marsz (1980). From Zdanowski (1995).

(Zdanowski 1995), demonstrated that the Antarctic landmass and closely asso-
ciated islands clearly contribute to both the total biomass and metabolic chara-
cteristics of local marine bacteria.

In this paper some suggestions are made as to why bacterial abundance in
nearshore regions is higher, as shown by the example of Admiralty Bay (Fig. 1).
Moreover, relationships between the relative abundance of bacteria and other
biota, and between bacteria and their basic organic source — dissolved organic
carbon (DOC), in the nearshore region and the open sea are evaluated. For this
purpose, many published reports as well as unpublished data are included. In
addition, the halotolerant and thermotolerant properties of freshwater bacteria
that enable survival in other environments are discussed.

Bacteria in Admiralty Bay

Multi-year studies (1979-1988) in Antarctica, across the Drake Passage, the
Bransfield Strait and in Admiralty Bay (Fig. 1), have demonstrated that the
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Fig. 2. Seasonal variations of total (AODC) and saprophytic (CFU) bacterial numbers in Admiralty
Bay (solid lines), and in open sea (broken lines) based on mean values obtained in 1979 to 1988:
1 -1979%, 2 — 1981*, 3 — 1983%, 4 — 1986*, 5 — 1988+**, In brackets: bacterial biomass in tons
per 24 km® seawater in Admiralty Bay, and per equivalent volume in the open sea. Symbols:
Admiralty Bay: O — AODC, O - CFU; open sea: ® — AODC, B — CFU. *) Zdanowski, 1995:
*¥) Zdanowski and Donachie, 1993b. Note large winter increase in CFU counts in Admiralty Bay,
which coincided with episode of June’ disappearance of krill’ stocks (cf. I1I-1.2). Note also
possibility that this increase would be also due to effect of pack ice drifting (incoming and
outcoming) during the whole winter 1979 through Admiralty Bay.

Antarctic continent and associated islands contribute to both total biomass
(Fig. 2, Tables 1 and 2), and the metabolic characteristics of local marine ba-
cteria (Zdanowski 1995). In light of these data and other reports in the Antarctic
literature (ZoBell 1946, Fuhrman and Azam 1980, Hodson et al. 1981, Hanson
et al. 1983, Karl 1993, White et al. 1993), there can be little doubt that the
proximity of land in the Southern Ocean enhances the standing stock of bacteria.
The same tendency was also observed by Zdanowski and Figueiras (1997, and
in prep.) in a Spanish-Galician coastal ecosystem, representing a quite distinct
geographic region. However, total bacterial biomass in Antarctica is much lower
than in Spanish-Galician temperate waters (Tables 1 and 2).






























