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ABSTRACT - While microscopic direct counts are related to total bacterial bio-
mass, viable bacterial counts are assumed to be représentative of only a relatively 
small part of seawater bacteria. Such an assumption is certainly true in conditions 
of low nutrient concentrations, but must be considered carefully in more eutrophic 
situations as showed in this paper. Great similarities between viable and direct 
bacterial counts were indeed observed from several studies in southern polar zones. 

RÉSUMÉ - Alors que les comptages microscopiques directs sont reliés à la bio-
masse bactérienne les comptages viables sont considérés comme représentatifs 
d'une proportion relativement faible des microflores bactériennes marines. Une 
telle observation est certainement vérifiée dans les milieux oligotophes mais doit 
être considérée avec précautions dans des milieux soumis à des conditions plus 
eutrophiques. Une grande similarité entre comptages bactériens totaux et viables 
est en effet observée dans plusieurs situations eutrophes rencontrées en milieu 
polaire austral. 

INTRODUCTION 

Récent advances on counts technology have led 
to increase the notion of bacterial biomass neces-
sary to understand the trophic food webs 
(Horowitz et al. 1983). Total bacterial numbers or 
biomass déterminations yield valuable information 
on standing stock without however reflecting the 
real metabolic activity (review by Es Van & 
Meyer-Reil 1982). One of the concerns in micro-
bial ecology is to elucidate the relation between 
the active viable bacteria and the total bacterial 
community. It is obvious that the plate count 
method is insufficient to obtain a realistic picture 
of active bacteria (Zobell 1946, Jannasch & Jones 
1959). One of the first report of the large discre-
pancy between viable and total direct counts was 
that of Razumov (1932). The high ratios between 
thèse counts are explainable in part by the pre-
dominancy of obligate oligotrophs which cannot 
grow on rich média (Ishida et al. 1986). Excellent 
reviews on the subject are provided by Es Van & 
Meyer-Reil (1982) and Staley & Konopka (1985). 
Some approaches using autoradiography (Meyer-

Reil 1978), tetrazolium salts réduction (Zimmer-
mann et al. 1978) or nalidixic acid inhibition 
(Kogure et al. 1979) reveal that 10 % of the bac-
teria counted by microscopic methods are usually 
alive in the aquatic environment. 

This note focuses on a comparison of the ratio 
between viable counts (V.C.) and direct counts 
(D.C.) in southern polar marine waters where dras-
tic modifications of the environment (from low 
nutrient to high nutrient concentrations) induce 
signifiant growth of viable heterotrophic bacteria 
(Delille & Bouvy 1989). 

MATERIALS AND METHODS 

The bacterioplankton was sampled in Adelie 
Land (6640'S; 14001'E) and in Kerguelen Ar-
chipelago (4923'S; 7012'E). Site description and 
détails of water sampling procédures were pre-
viously reported (Delille 1987, Bouvy & Delille 
1988). Total bacteria were enumerated by the 
direct microscopic method according to Hobbie et 
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Fig. 1. - A, daily variations in direct and viable bacterial counts in enriched batch experiments conducted with 
subAntarctic coastal seawater; B, seasonal variations in direct and viable bacterial counts in subAntarctic surface 
seawater. 

al. (1977). Viable heterotrophic bacteria were esti-
mated using the 2216 E médium (Oppenheimer & 
Zobell 1952) which is considered as the conven-
tional médium in marine microbiology (Ishida et 
al. 1981). Previous studies in southern polar zones 
showed that the most probable number (MPN) 
method (6 tubes per dilution) gave bacterial counts 
one order of magnitude higher than the plate 
counts (Imbaud 1987); this fact was also reported 
by Simidu et al. (1986) in similar environment. 
Thus, the application of this technique was 
prefered for the quantitative déterminations of vi-
able heterotrophic bacterial community. Ail the in-
oculâtes were incubated at 18 C for 20 days. In 
the investigated polar régions, this température al-
lowed to reduce the incubation time without 
significant altération of the final counts (Delille 
et al. 1988, Delille & Perret 1989). 

RESULTS AND DISCUSSION 

Our previous short or long term studies showed 
that the changes in the viable heterotrophic bacte-
rial abundances were always much greater than 
those of the total bacterial community. The sea-

sonal variation of heterotrophic bacterial numbers 
generally exceeded three orders of magnitude 
while total bacterial counts did not vary on aver-
age over more than one order of magnitude in the 
natural environment. From thèse previous investi-
gations, three examples were chosen to illustrate 
our point : two natural surveys (Fig. 1 and 2) and 
one experiment of artificial enrichment (Fig. 1 B). 
In the absence of spécifie enrichments such as 
penguin manuring in the Antarctic area (Delille 
1987) or macrophytes decay in the subAntarctic 
area (Bouvy et al. 1986) or before artificial supply 
during experiments (Fig. 1 A), natural polar con-
ditions are generally considered as nutrient-poor 
conditions. Overall values of D.C./V.C. ratio range 
from 100 to 1000. 

However, when obvious and significant organic 
inputs occurred, we always observed lower 
D.C./V.C. ratios due to sudden increases of hetero-
trophic viable counts (Delille & Bouvy 1989). 
SubAntarctic bacterioplankton surveys clearly de-
monstrated this phenomenon as revealed during 
the automnal months (april to july; Fig. 1 B). Nat-
ural organic inputs such as penguin manuring in 
the Antarctic coastal water induced an increase of 
the viable counts (Fig.l); this obvious growth of 
bacteria was significatively correlated with the 
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Fig. 2. - Corrélation between total bacterial counts 
(D.C.), viable heterotrophic counts (V.C.) and the pen-
guin number (N) in Antarctic coastal seawater. 

penguin numbers (Delille 1987). Organic inputs 
can be arficially simulated (Fig. 1 A); the changes 
in bacterial counts were followed in the subAn-
tarctic seawater for 4 days during batch experi-
ments with organic carbon supplément at the 
concentration of 100 mg.1-1 (Delille & Cahet 
1984). Similarities between viable and direct 
counts appeared already after 36 hours at the in 
situ température. The low C.D./V.C. ratios suggest 
that a fairly large proportion of the bacterial popu-
lation in southern polar zones would have the abil-
ity to grow actively in natural or artificial 
eutrophic habitats. A similar observation was re-
ported by Staley et al. (1982) after the Mount St. 
Helens éruption; after, the lakes in the blast zone 
were rapidly transformed from «oligotrophy » to 
«eutrophy» by the éruption, viable enumerations 
provided growth of up to 81.5 % of the total bac-
teria. 

Although the changes observed in D.C./V.C. 
ratio are hardly interprétable, they may indicate 
realistic modifications of the bacterial communi-
ties. Thus, even if direct counts provid the best 
picture of bacterial biomass, this parameter does 
not necessarily reflect the metabolic activity of the 
total bacterial community (Es Van & Meyer-Reil 
1982). The results of the viable bacterial counts 
greatly dépend on the counting methods used but 
they can give complementary information on the 

physiological state of the total bacterial commu-
nity which is not simply revealed by other bacte-
riological methods. 
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