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RESUME - Les effets de divers matériaux organiques d’origine marine et terrestre
sur les microflores bactériennes Eélagiqucs subantarctiques ont été comparés dans
des bacs expérimentaux de 3 m’ remplis d’eau de mer. Le matériel terrestre est
composé essentiellement de débris de la Rosacée Acaena magellanica (lam.) Vahl
qui est dominante dans la zone subantarctique étudiée. Les sources marines corres-
pondent d’une part au goémon géant Macrocystis pyrifera (C.A. Agardh) et au
Copépode Drepanopus pectinatus (Brady, 1887). Le suivi bactériologique
comprend une analyse quantitative des microflores totale et hétérotrophe ainsi
qu’une estimation de la production bactérienne par incorporation de Thymidine
tritiée. La plus forte stimulation de la croissance bactérienne est obtenue aprés
addition de zooplancton fraichement tué, mais 1’influence positive de 1’ajout de
goémon géant est toujours significative. L'absence totale d’effet induit par 1’ad-
dition de matériel terrestre suggére que ce type de matériel pourrait n’avoir, au
moins dans la zone cotiere subantarctique étudiée, qu’un impact relativement limité
sur les flux biogéniques.

ABSTRACT - The effects of organic material from terrestrial and marine sources
on the growth of subantarctic marine pelagic bacteria was compared in 3 m* batch
experiments. The terrestrial source was mainly made up of the subantarctic domi-
nating rosaceous suffruticose herb Acaena magellanica (Lam.) Vahl. The marine
sources included giant kelp (Macrocystis pyrifera C.A. Agardh) and zooplankton
(Drepanopus pectinatus Brady, 1887). The bacteriological survey included total
and heterotrophic counts and estimation of bacterial production by the *H thymi-
dine method. The main enhancement of bacterial growth was observed after ad-
dition of dead zooplankton, but the influence of giant kelp was always significant.
The absence of any measurable effect of terrestrial material suggest that, in this
particular subantarctic coastal area, terrestrial inputs may have a rather limited
influence on the biogenic fluxes.

of microbial assemblages in nature. The aim of
the present paper is to compare the effect of
different sources of terrestrial and marine organic

Bacteria are capable of metabolising dissolved
organic compounds released from living and detri-
tal organic materials (Robertson et al. 1982,
Kirchman et al. 1984). Bacteria also have
enzymes for degrading particulate organic com-
pounds and are capable of altering the physical
composition of detritus (Rieper-Kirchner 1989,
Hoppe et al. 1993). Recent reviews on marine mi-
crobes (Meyer-Reil 1984, Moriarty 1986, Cho &
Azam 1988) have acknowledged that detrital
decomposition is a microbially mediated process,
but that surprisingly little is known about controls

matter on natural subantarctic seawater microbial
assemblages.

Reviewing recent reports of phytoplankton and
bacterial abundance and production, Bird & Kalff
(1984) and Cole et al. (1988) found significant
correlations between bacterial and phytoplankton
parameters suggesting the ubiquity of a functional
relationship between bacteria and phytoplankton.
Since the latter excrete the organic substrates es-
sential for bacterial metabolism, it can be assumed
that bacterial dynamics are essentially controlled
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by phytoplankton dynamics. This model is pro-
bably valid in the oceans, however, in coastal
areas, the situation is likely to be more complex
due to the existence of important sources of non-
phytoplanktonic substrates (Albrigh 1983, Duck-
low & Kirchman 1983, Wright & Coffin 1983,
Painchaud & Therriault 1989).

In the subantarctic marine environment the
main non-phytoplanktonic sources of organic mat-
ter are relatively limited.

Drepanopus pectinatus Brady, specifically lo-
calised in the southern Indian Ocean (Hiilsemann
1985), is the predominant herbivorous copepod
species in the Morbihan Bay and represents more
than 99 % of the zooplankton population in the
summer period (Razouls & Razouls 1990). Thus
this single copepod species makes up the bulk of
the mesozooplankton biomass.

Penguins and other birds transfer nutritive
materials from a large zone of the Southern ocean
to some restricted terrestrial area. Consequently,
large rookeries of seabirds produce substantial
amounts of organic matter (Myrcha et al. 1985).
Previous studies have demonstrated the impact of
Antarctic ornithogenic soils on the surrounding
seawater bacterioplankton (Delille 1987, 1990a,
Fiala & Delille 1992).

A substantial proportion of the coastlines are
occupied by highly productive giant kelp Macro-
cystis pyrifera C.A. Agardh forests (Belsher &
Mouchot 1992). Both living and stranded macro-
phytes support a large part of the subantarctic
coastal food webs (Bouvy et al. 1986, Bouvy &
Delille 1988, Delille & Perret 1991).

Terrestrial coastal environment is dominated by
the rosaceous suffruticose herb Acaena magel-
lanica (Lam.) Vahl. Leaf senescence can begin
early in summer (Walton 1976). All leaves die
before winter and considerable decay occur (Hurst
et al. 1985). Although leached materials accumu-
late in the litter layer, considerable amount of or-
ganic material reach the marine area (Platt 1979).

The present study was designed to compare the
enhancing effects of organic material coming from
different sources on marine pelagic bacterial abun-
dance.

MATERIALS AND METHODS

Study area

The study was carried out between January and
July 1988 using water collected from Morbihan
Bay, Kerguelen Archipelago (49° 20°S ; 70°
10’E). Located in the south-east of the Ar-
chipelago, the Bay (about 30 x 20 km), which is
always free of ice, opens to the Indian Ocean

through Royal Pass (12 km wide and 40 m deep).
Batch experiments were carried out on-shore near
the “Port aux Francais” marine laboratory.

Experimental studies

Fresh kelp were always harvested in the same
surface station located in a giant kelp Macrocystis
pyrifera (L.) C.A. Agardh forest growing in front
of the laboratory.

Zooplankton was collected at a depth of 50 m
using a WP2 net (0.1 mm mesh size) which was
vertically hauled from bottom to surface. Animals
were killed by freezing.

For the January 1987 experiment, detritic ter-
restrial material was collected using a 0.1 mm
mesh size net in a small stream flowing through
a large Acaena magellanica field located approxi-
mately two kilometres to the west of the labora-
tory (“Anse du Pacha”). For the second terrestrial
enrichment experiment (June 1987), living and
senescent leaves of Acaena magellanica were
harvested in the same location.

Batch experiments were carried out in 3 m?
tanks (4 cylinders of 150 cm diameter and
170 cm depth) exposed to natural environmental
conditions. The tanks (experiments and one con-
trol without artificial addition) were filled simul-
taneously with coastal seawater and incubated for
5 to 10 days at ambient temperature (ranging from
2°C in winter to 13°C in summer). Experiments
commenced with an addition of a given quantity
of organic nutrients (3 or 30 mg C 1!) in the en-
riched tanks. Estimations of natural concentrations
of the added nutrients are extremely difficult.
Their distributions are very patchy and very strong
gradients occur between coastal and offshore areas
(Bouvy et al. 1986). The concentration generally
used (3 mg C I!) try to simulate the enrichment in
Macrocystis leaves visually observed in coastal
area after a moderate storm. A stronger concen-
tration (30 mg C I-') was chosen for the second
terrestrial input experiment after the first tests
showing that the used concentration had no mea-
surable effects on seawater bacterial microflora.

Daily sampling allowed a regular survey of the
bacterial microflora (3 replicate subsamples from
each tank, taken 2 c¢m under the surface with a
sterile glass pipette).

Determination of bacterial parameters

Total bacteria were determined by acridine
orange direct counts (Hobbie et al. 1977). A mini-
mum of 300 fluorescing cells with a clear outline
and definite cell shape were counted as bacterial
cells in ten randomly selected microscope fields.
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After tenfold dilutions in sterile aged seawater,
viable heterotrophic platable bacteria were
counted using the spread plate method with 2216
E medium (Oppenheimer & ZoBell, 1952, Marine
Agar DIFCO). Each dilution were plated in tripli-
cate. After inoculation (0.2 ml) the plates were in-
cubated at 12°C for 10 days. A large majority of
the bacteria isolated from subantarctic seawater
must be considered psychrotrophic and not truly
psychrophilic strains (Delille & Perret 1989) ; in
Antarctic and subantarctic seawater samples there
was no significant difference between viable
counts obtained after incubation at 4°C and 20°C
(Delille er al. 1988, Delille 1992, Fiala & Delille
1992). Thus, the relatively high incubation
temperature used in the present study had no
significant effect on the data and allowed a sub-
stantial reduction of the incubation time.

The precision of the bacterial counts, based on
ten replicates during two periods of the year
(winter and summer), was 10 % for AODC and
15 % for viable heterotrophic platable bacteria.

The rate of uptake of tritiated thymidine was
measured over the course of the experiments ac-
cording to the procedure of Fuhrman and Azam
(1982). The rate of uptake was determined in one
hour incubations in the dark of triplicate aliquots
at a final concentration of 10 nM methyl *H-thy-
midine. The one hour period was within the linear
portion of the thymidine incorporation curve (un-
published data).

Estimation of organic carbon content

Organic content of the added material was eva-
luated on aliquots of terrestrial herbs, kelp and
zooplankton. Carbon was oxidised (1 200°C) in an
induction furnace equipped with an infra-red de-
tector (LECO IR 212). The total organic carbon
was estimated without washing on separate
aliquots of dry material decalcified by a 12 hours
treatment with 1M H;PO4 at 60 °C.

RESULTS

No lag times were observed in the increase in
heterotrophic bacterial populations (Fig. 1 and 2).
Increases in total bacteria appeared later and were
always much smaller than viable count increases.
The bacterial increase could be divided in two dis-
tinct phases. The first one showed a stimulation
of the heterotrophic viable community while the
total microflora showed little change. The second
phase indicated a concomitant change of total and
heterotrophic bacteria (this fast growth of bacte-
rial microflora gave a direct counts/viable counts

ratio close to 1). Similar patterns were observed
in every experiment.

Effect of addition of marine materials

Strong enhancement of bacterial abundance
(Fig. 1) and production (Table I) was observed
after addition of giant kelp and dead zoo-
planktonic cells (Drepanopus pectinatus). Added
zooplanktonic material could no longer be seen
after the second day of incubation of the summer
experiment (February 1987).

Effect of terrestrial macrophytes addition

Both detrital (first experiment, January 1987)
and fresh (second experiment, June 1987) mate-
rials originating from Acaena magellanica had no
significant effects on bacterial microflora during
both the summer (January 1987) and fall (June
1987) experiments (Fig. 2, Table I). The early
peak (first hours) of bacterial abundance observed
during each experiment might be attributed to the
survivance of bacteria originally present in the
added material.

DISCUSSION

It has been demonstrated that the uptake of *H-
thymidine is relatively specific for the bacterial
assemblage (Davis, 1989). Its rate of incorpora-
tion is now employed routinely as an index of
bacterial productivity (Fuhrman & Azam, 1982).
However, the appropriate factor for converting
moles of thymidine taken up by bacterial cells to
the production of bacterial cells has been increa-
singly questioned in recent years (Moriarty 1984,
Scavia & Laird 1987, Smits & Riemann 1988,
Karl et al. 1991). For this reason our conclusions
concerning bacterial productivity are based only
on relative differences in the rate of uptake of *H-

Table I. — Changes in bacterial production during the
first 72 hours for each experiment.

Zooplk. Kelp Acaena
June September June

10- 3nmol 3H thymidine 1-1h-1

To 1 2 1
To.72h 58 53 7
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Fig. 1. — Comparison of time course of changes in total (dotted lines) and heterotrophic bacterial microflora (solid
lines) after addition of zooplankton or kelp materials (c. = control, concentration of added material is expressed in

mg organic C I7').

thymidine between bacterial microflora of each
kind of enrichment.

Total direct counts reflect the actual bacterial
abundance but their variations in time are less pro-
nounced than the changes observed with hetero-
trophic bacteria. During growth periods the
quantitative difference between direct and viable
counts showed a marked decline. Similar findings
related to the decreasing number of metabolically
inactive cells present in the total bacterial micro-
flora have been previously reported even in natu-
ral conditions (Bouvy et al. 1986, Delille et al.
1988) and are discussed elsewhere (Delille 1987,
Delille & Bouvy 1989).

A definite seasonality in the species composi-
tion and abundance has been described for the
bacterial microflora of coastal subantarctic sea-
water (Delille 1990b). The stucture of the sea-
water bacterial communities encountered at the

beginning of each experiment may thus largely de-
termine the nature of the microflora which
develops following the addition of organic mate-
rial (Delille & Vaillant 1990). Further, the pre-
sence of possible different starting levels of
bacterivorous protozoa in the different treatments
could have masked some short term responses in
bacterioplankton abundances to enrichment.
Nevertheless, even in winter, giant kelp and zoo-
plankton additions always induced rapid and sub-
stantial bacterial increases. The observed absence
of marked seasonality suggest that, as earlier re-
ported (Delille et al. 1988, Delille & Perret 1989),
temperature has only a slight influence on bacte-
rial growth in subantarctic seawater.

It is generally assumed that most of the primary
production in pelagic ecosystems is sustained by
a continuous and rapid recycling of the growth-
limiting inorganic nutrients and that bacteria are
the major agents effecting the rapid remineralisa-
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Fig. 2. — Comparison of time course of changes in total (dotted lines) and heterotrophic bacterial microflora (solid
lines) after addition of detritic (January) or freshly harvested (June) terrestrial plant materials or marine kelp materials
(c. = control, concentration of added material is expressed in mg organic C I').

tion of nutrients (Lancelot & Billen 1984, Cole
et al. 1988, Glibert et al. 1991, Fiala & Delille
1992). On the other hand, heterotrophic bacteria
in the euphotic zone are largely reliant on phyto-
plankton for their energy supply, either through
excretion of dissolved organic matter (Kuosa &
Kivi 1989, Suttle et al. 1991) or by decomposition
of dead phytoplankton cells (Riemann & Sonder-
gaard 1986, Jumars et al. 1989, Van Boekel et al.
1992). However, it is likely that living phyto-
planktonic cells may be resistant to microbial in-
vasion and then to further decomposition (Cole
1982, Vaqué et al. 1989). The present investiga-
tion clearly reveals that natural bacterioplanktonic
assemblages are able to utilise other sources of
organic matter than phytoplanktonic materials.

Since the methods used were not suited to as-
sessing the effects of grazing on the abundance
of bacteria in the batches, the estimates probably
underestimate growth rates. However, the study of

Linley & Newell (1981) which examined the
growth of bacterial microflora and microhetero-
trophic grazers on kelp debris in South Africa
showed a lag time of 8 days before the effects of
microheterotrophic grazing were detectable. The
fact that logarithmic growths of bacteria were ob-
served throughout the initial three day periods
suggests that grazing may have been relatively
low during these initial period and confirm the ob-
vious activity of southern polar bacterial micro-
flora previously reported (Delille et al. 1988,
Delille & Vaillant 1990).

Although a low bacterial activity in fresh Ant-
arctic krill tissue has been observed (Kelly et al.
1978, Turkiewicz et al. 1982) and that addition-
ally, a very low concentration of chitinolytic bac-
teria (=1 cell ml-!) has been reported in the
water column in the Southern Ocean (Herwig et
al. 1988) addition of dead zooplankton induced
an enhancement of bacterial abundance and pro-
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duction larger than the corresponding increase in-
duced by comparable macrophytes addition. This
result is consistent with the significant protein
loss from decomposing krill reported by
Zdanowski (1988).

A high sugar level is present in Acaena leaves
(Hurst et al. 1985). During spring thaw, the rapid
leaching of plant material by melt water may sig-
nificantly increase amounts of material available
for bacterial growth in subantarctic intertidal sedi-
ment (Delille & Bouvy 1989). Walton (1977) re-
ported that in terrestrial litter bag experiments
over 90 % of the Acaena leaf dry matter disap-
peared during the subantarctic summer. Despite
these observations, both leaves and leachate of
Acaena seem to have only a very limited effect
on seawater bacterioplankton. This absence of any
measurable effect of terrestrial material suggests
that, even in subantarctic coastal area, terrestrial
inputs could have a rather limited influence on the
bacteriological activity of the southern ocean.

In the natural environment, bacteria are not
faced with nutrients from one origin, but with a
broad spectrum of nutrients. There is some evi-
dence that organic substrates which seem to be
resistant in incubation experiments may be
decomposed in the presence of other substrates
(Jacobson et al. 1980). Nevertheless, results of the
present study suggest that bacterial responses to
natural organic inputs in marine subantarctic area
are greatly dependent on the source of the organic
material. On the other hand, a slow rate of decom-
position of terrestrial material correlate with a
long residence time which may significantly in-
fluence the measured biogenic oceanic fluxes.
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