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ABSTRACT

Bacterial communities within the surface layers of hard
corals have been shown to play an important nutritional
role for the coral animal. They may play an equally im-
portant role in maintaining the health and preventing
disease in corals. However, very little is known about
the composition of the ‘normal microbiota‘ in the sur-
face mucopolysaccharide layers of these animals. We at-
tempted to address this problem by comparing carbon so-
urce utilization paccazhs of the bacterial communities
from surface mucopolysaccharide layers. Each commnunity
was separately exposed to 95 potential carbon sources.
Oxidation rates were measured every six hours for'a 72
hour period. Most amino acids vere oxidized by all bac-
terial communities. Oxidation . of. some._carbohydrates and
organic acids were highly variable. These were used to
compare communities from the different sources. Cluster
analysis showed that communities from the boulder corals
grouped together'(Montastre: spp., Diploria spp., and
Dichocoenia sp.) and Acropora palmata clustered with
Porites spp.. The Agaricia agaricites bacterial commun-
ity was not similar to those of other corals. Finally,
the bacterial community from the water mass was not sim-
ilar to coral hacterial communities as a whole. These
results indicate that corals may have a distinct micro-
" biota characteristic of a coral type. Continuing studies
should help maximize the level of resolution of these

comnunities within specific coral species.

INTRODUCTION

The surface of living corals are covered by surface
mucopolysaccharide layers (SMLs), the primary purpose of
which appears to be the removal of particulate matter
and perhaps protecticn against potential harmful organ-
isms (Hubbard and Pocock,1972; M=ans and Sigleo.1986).
Chemical analysis of SMLs from variscus corals have shown
these structures to be rich in lipids, carbohydrates and
protein (Benson and Muscatine 1974; Daumas and Thomassin
1977; Daumas et al. 1982; Patton et al. 1977; Ducklow and
Mitchell 1979a; Pascal and Vacelet 1982; Coffroth 1390).
Meikle et al. (1988) found that the glycoss composition

of mucus from different coral species varied considerably.

The rate of mucus producticn was shown to increase when
coral animals were exposed to stress {(Ducklow and Mit-
chell 1979b; Segel and Ducklow 1982}.

The coral SML harbors communities of heterotrophic bact-
eria (¥0¥oKin 1973) BY.E;BV xng»gféd{;able substrates
{Pascal and Valcelet 1981; Herndl and Velimirov 1986).

It is likely that bacterial population levels are held

in check by bacteriovory (Disalvo 1971). The nutritional
‘interactions in the SMLs of different coral species would
predictably lead to the establishment of a normal micro-

biota characteristic of tHAt species (Ritchie et al.
1996a) .

Corals stressed by disease or bleaching increased their

production of mucus in the SMLs (Segal and DUcKI6w™1982) .

CEEESEIE;n:ly, SML bacterial communities also increase

. in number (Gegal and Ducklow 1983) and activity (Ritchie
et al " i996b) when the corals ars stressed. In addition,
the composition of the SML bacterial communities also
change (Ritchie and Smith 1995a; 1995b; Ritchie et al.
1994a; 1994b) due to stress. The bacterial communities
did appear very closely attuned to their hosts metabolism
(Ducklow and Mitchell 1978b). .

The purpose of this study was to compare metabolic rates
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of carbon source oxidations among SML bacterial communi-
ties from different scleractinian coral species. These
communities could then be further characterized and com-
parisons among coral species evaluated.

MATERIALS AND METHODS

SMLs, containing the microbial communities, were collec-
ted from shallow (less than Sm) patch reefs in San Salv-
ador, Bahamas (24°3'N by 74°10'W)using 30.0-ml needle
less sterile syringes. Triplicate samples of the follow-
ing coral species uere ob:ained Moncas:rea annularis.

—~porites divaricata; P. furcata: Dxchocoenza st-
Agaricia agaricites; Acropora cervicornls and A.
palmata. Water mass samples surrounding the corals were
also taken for comparison. All samples were kept on ice
or in a coldroom (4°C) until metabolic testing in the
laboratory.

clxvasa
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Syringes were allowed to equilibrate at room temperature
for three hours after which subsample dilutions were
spread plated on a nonspecific medium {Smith and Hayasa-
ka 1982). Samples were dispensed into Biolog GM microti-
ter plates (Bochner 1989) which contain 95 different
potential carbon sources, each in a separate microwell,
and a water control well. All microwells contained salts
and a tertrazolium dye to indicate oxidative activity.

Plates were read every six hours for 72 hours on an aut-
T
[ate read’r
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Wells showing a 40% increase in absorption at 490nm ov
cont—ols were_scored as positive at thé end of the 72h
xncubatxon period and used to determine bionumbers. The

bionumbers were used as a data redGction FTechnique for

presentation. This reduced the 95 test results to a 16
digit number which was the sum of values assigned to se-
quential microwells in groups of three that were positive.
positive values were 1,2 and 4, respectively, for each of
the three wells (conctaining different carbon sources).
Bionumbers were then evaluated and the more variable car-
bon sources-.among thie communities were compared. All tests
were run in triplicate. There was negligible variation for
any particular. coral spacies-carbon source combination.

RESULTS AND DISCUSSION

Bacterial communities from the SMLs removed from Diplor-
ia strigosa oxidized a greater number of carbon sources
than communities from any other source (83 of the 9S).
This was followed by communities from M. annularis (78),
then D. labyrinchiformis (73). In general, the boulder
coral (Montasctrea, Diploria and Dichocoenia) bacterial
communities used a greater variety of carbon sources
(mean 70.2, std. dev. 9.8} than did communities from ot-
her coral species (mean 52.4, std.dev. 13.4). The water
mass communities could only oxidize 23 of the 95 carbon
sources. The diversity of utilizable carbon sources was l
reflected in the community bionumbers (Table 1). The use

of some carbon sources were more variable than others

among the bacterial communities (Table 2}.

Complex compounds, like tlL2 detergents Tween 80 and Tween
40, were oxidized most efficiently by SML bacterial com-
munities from M. annularis, followed by Diploria strigosa
{Table 2). Metabolism of Tween 80 was also significant
with the D. labyrinthiformis community. Glycogen was util-

ized primarily by the M. anpularis community, weakly fol-
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lowed by D. strigosa and Dichocoenia stokesi. Metabolism
of the more complex carbohydrates, in general, was char-
acteristic of coral communities exhibiting the boulder-type
growth form. Metabolism of the sugar l-arabinose, however,
was observed with bacterial communities from all growth
forms. Highest rates were still observed from M. annularis
followed by M. cavernosa, P. divaricata, A. cervicornis,
Diploria and Dichocoenia specias.

Oxidation of the sugars D-mannose, D-fructose, L-fucose
and maltose all showed the same trend. Rates were highest
from M. annularis followed by Diploria strigosa and Di-
chocoenia stokesi, respectively. This was also the case ’
with D-arabitol, i-erythritol and D-mannitol. However, all
bacterial communities utilized D-galactonic acid lactone
{including the water mass communities) except from 2. di-
varicata, Diploria clivosa and Agaricia agaricites. Highest
rates were observed from M. annularis followed by Dicho-
-oenia stokesi, Diploria labyrinthiformis, D. strigosa, M.
cavernosa, water mass, P. furcata, Acropora cervicornis and
A. falmata.

Among the metabolism of various organic acids, M. annularis

communities showed the highest rates for propionic, formic
and D-galacturonic acids. This was followed by D. strigosa
then Dichocoenia stokesi for propionic acid and D. stokesi

then Diploria strigosa for formic acid followed by D. laby-
rinthiformis. P. divaricata also showed significant rates
of D-galacturonic acid oxidation. No community showed sign-
ificant oxidation rates of p-hydroxyphenylacetic acid. Ita-
conic, gquinic and alpha-ketobutyric acids were oxidized at
‘highest rates by D. strigosa communities, followed by Dich-
ocoenia stokesi, M. annularis and Diploria labyrinthiformis
communities, respectively. Highest rates of malonic acid
oxidation were shown with D. labyrinthiformis followed by
D. strigosa communities.

Meikle et al. (1988) previously demonstrated significant
variation in the primary glycose composition of different
species of Pacific scleractinian corals, particularly of
fucose, arabinose and galactose. They also observed high
concentrations of mannose and N-acetyl glucosamine among
1ll three species. We observed good growth of the miczo-
biota on N-acetyl glucosam’..e and galactose but little
variation freom our coral species. Time course utilizacion
2f fucose, mannose and arabinese are given in Figs. 1-3.
3oth fucose (Fig. 1)and mannose {(Fig. 2) were metabolized
best by the boulder corals (. ananularis, Diploria sctri-
gosa and Dichocoenia stoks. respectively). The SML bacter-
ial community associated with M. annularis, however, had

a distinct 42h lag peroid. This indicates that these carbon
3jources, although present. may not have been the primary
energy sources used by this community in situ.

A different pattern was observed with arabinose (Fig. 3}.
The bacterial community from M. cavernosa showed an immed-
iate increased responce and the community from A. cervi-

cornis showed a much greater responce. Meikle et al. (19ag)
identified arabinose as the major glycose in Acropora form-
osa mucus.

In summary, most variatioa in carbon source utilization
patterns were due to increased metabolic diversity among
the boulder-type coral bacterial communities. These ob-
servations were consistent with previous results that
showed increased bacterial community diversity with M.
annularis compared with Acropora cervicornis (Ritchie and
Smith 1995a). In this study, A. palmata bacterial commun-
ities were most similar-to those from the water mass.

This is probably related to the fact that A. palmata and
other branching corals do not normally produce the quant-
ity or variety of carbon sources in their SMLs as do the
have evolved a ‘normal microbiota’ that E?"?EZEI&. specific
and these microbial communities are probabaly required by -
the coral for a number of reasons. The specificity of these
communities would be maintained, in large part, by specific
carbon gources normally produced by the coral mucus. We are
presently determining the bacterial composition in the sMiL
of a number of corals as well as temporal and gpatial vari-
ations.
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Fig. 1: Metabolism of l-arabinose by bacterial communities from Yarious
corals. ma: Moptasteria annularis, mc: M. cavernosa, dpl: D%plarxa ]
labyrinthiformis, dpc: D. clivosa, dps: D. strigosa, ds::.D%chocoeqzé

pd: Porites divaricata, pf: P. furcata, aga: Aga:;c;a agaricices,
nalmata, WC: water mass.
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Fig. 2: Metabolism of the sugar D-mannose by bacterial communities. ma:

Montasteria annularis, mc:

M. cavernosa, dpl: Diploria labyrincthiformis,

dpc: D. clivosa, dps: D. strigosa, dst: Dichocoenia stoksi, pd: Porites
divaricata, pf: P. furcata, aga: Agaricia agaricites, ac: Acropora
cervicornis, ap: A. palmata, WC: water mass.
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gig. 1: Metabolism of L-fucose by bacterial communities.
annularis, mc: M. cavernosa, dpl: Diploria labyrinthiformis, dpc: D.

clivosa, dps: D. strigosa,

pf: P. furcata, aga: Agaricia agaricites,

palmata, WC: water mass.

ma: Montasteria \

dst: Dichocoenia stoksi, pd: Porites divaricata,
ac: Acropora cervicornis, ap: A.
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