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ABSTRACT: Tropical coastal ecosystems are often ignored in carbon cycling budgets even though it
is now recognised that these ecosystems can be important in terms of coastal carbon cycling. We pre-
sent results from a series of incubations conducted during a 10 d cruise in the southwest lagoon of
New Caledonia, southwestern Pacific, aimed at examining phytoplankton-bacterioplankton cou-
pling. We measured primary production, including dissolved (DPP) and particulate (PPP) primary
production, and bacterial production (BP, *H-thymidine method) along a gradient. Regardless of inor-
ganic nutrient concentration, we failed to see a tight coupling over the short term (4 h incubation)
between net DPP and BP. A negative relationship between BP and the photosynthetic response to
light was observed, leading to a decreased ABP:DPP ratio with increasing photon flux density. How-
ever, when all the data were compiled, BP was correlated with DPP and total primary production.
Assuming bacterial growth efficiencies from 1 to 10 %, bacterial carbon demand (BCD) was higher
than the supply of DPP in the most oligotrophic sites (up to 400 % of DPP). This implies a weaker link-
age between bacteria and phytoplankton than previously observed in other oligotrophic sites and
requires external subsidies of dissolved organic carbon. In the coastal sites, characterised by higher
inorganic and organic matter concentrations, DPP was estimated as being sufficient to support BCD,
and bacteria and phytoplankton are considered to be strongly linked. These results were in contrast
to previously published results for temperate and polar coastal regions and highlight the differences
of these often understudied tropical systems.

KEY WORDS: Dissolved primary production - Bacterial production - DOC - Tropical ecosystems -
Carbon cycling
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INTRODUCTION

Dissolved organic matter (DOM) is produced during
photosynthesis (Maranén et al. 2004) and forms the
principal source of new DOM in the open ocean. The
recycling of DOM by heterotrophic bacteria is one of
the major transformation pathways of organic matter
(Carlson 2002, del Giorgio & Davis 2003). It is therefore
intuitive that there might be a tight relationship
between the production of organic matter by auto-
trophic processes and the removal of organic matter by
heterotrophic processes, particularly in sites isolated
from external inputs. In a review, Cole et al. (1988)
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showed that this linkage generally holds and this has
been further confirmed by Moran et al. (2002b).

The relationship between bacterial production (BP)
or bacterial carbon demand (BCD) and primary pro-
duction varies as a function of the ecosystem character-
istics. There is a general trend of loose linkage in
coastal or eutrophic sites and tight linkage in open
ocean sites, at least for the temperate and polar envi-
ronments examined to date (Cole et al. 1988, Moréan et
al. 2002a). In open ocean sites, far from allochthonous
DOM sources, BCD and dissolved primary production
(DPP) are often tightly linked, indicating that the sup-
ply of carbon from DPP supports BCD, although this
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paradigm has been questioned by Teira et al. (2003) in
open-ocean gyre systems. In contrast, in coastal sites,
where allochthonous sources of DOM can be impor-
tant, BCD is met by not only DPP but also by DOM
from alternative sources, such as runoff, riverine inputs
and benthic release.

DOM is a complex mixture of organic carbon moi-
eties and the rates of DOM uptake and remineralisa-
tion by bacterial heterotrophs vary immensely. It has
been suggested that DOM can be divided into 3 main
classes: labile, semi-labile and refractory, as a function
of the degradation rates by heterotrophic bacteria
(Kirchman et al. 1993, Carlson et al. 1994). Amon &
Benner (1996) further extended this idea and proposed
that high-molecular-weight DOM was generally more
bioavailable, or labile, than low-molecular-weight
DOM. This was questioned by other authors working
on terrestrial and riverine DOM (Stepanauskas et al.
1999, Rochelle-Newall et al. 2004); however, it is gen-
erally accepted that DOM released during photosyn-
thesis is highly bioavailable to bacterial heterotrophs
(Norrman et al. 1995).

Tropical coral lagoonal systems present an interest-
ing environment for the study of carbon cycling. These
coastal environments are often characterised by low
nutrient and chlorophyll concentrations, elevated tem-
peratures and high light penetration. Organic matter
concentrations are often very low and oligotrophic
conditions generally persist. Several studies have
examined bacterial processes (Torréton & Dufour 1996)
and autotrophic production (Jacquet et al. 2006) or
CO, fluxes (Borges et al. 2005) in coastal tropical sys-
tems, but few have examined the degree of coupling
between bacterial and primary production; those that
have generally focused on eutrophic systems and lakes
(Bouvy et al. 1998) or on oligo-
trophic gyre systems away from 20010
coastal influences (Teira et al. 2003). s

The southwest lagoon of New
Caledonia is an oligotrophic system
that is regularly flushed by sea-
water that enters the lagoon at the
southern end (Douillet et al. 2001).
In contrast to the oligotrophic la-
goonal waters, in the inshore areas
and particularly in the coastal bays,
seawater is enriched with nutrients
originating from urban and indus-
trial sources (Torréton et al. 2007).

22°30'

This environment is characterised
by very low riverine inputs and,

[ Land
[ Reef

consequently, salinity does not vary

pling between BP and primary production along a gra-
dient without the confounding effects of salinity
changes (Jacquet et al. 2006).

We present the results from an investigation into the
degree of coupling between BP and primary produc-
tion. The objectives of this work were to determine
whether the previously reported links between BP and
primary production exist in a subtropical coral reef
lagoonal environment, and whether DPP provides suf-
ficient carbon for bacterial respiratory and growth
demands.

MATERIALS AND METHODS

Samples were collected from a depth of 3 m during a
2 wk cruise in the southwest lagoon of New Caledonia
from 18 to 27 October 2004. Ten stations covering a
range of anticipated chlorophyll concentrations were
sampled (Fig. 1). Particulate primary production (PPP),
DPP, BP, inorganic and organic nutrients, total organic
carbon (TOC), and transparent exopolymer particles
(TEP) were also measured. At each sampling station,
a CTD profiler (SeaBird SBE19) was also deployed
to measure temperature, salinity, photosynthetically
active radiation (PAR) and in vivo fluorescence pro-
files.

PPP and DPP were measured using NaH!“CO;
(Maranén et al. 2005). Duplicate 63 ml water samples
were inoculated with either 0.22 (Stns D65 and N12),
0.44 (Stns D43 and D47), 0.66 (Stns M36, N43 and M33)
or 1.2 MBq (Stns A17, A25 and A28) of NaH"“CO,
(Perkin-Elmer), depending on the anticipated trophic
status of the sample, and incubated in an on-board
flowing seawater incubator. Neutral density screening

® A28

®A17

o A25

greatly. This results in a gradient of
nutrients and chlorophyll which is
ideal for testing the degree of cou-
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Fig. 1. Study area in the southwest lagoon of New Caledonia, including the stations
used for primary production measurements and the city of Nouméa
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was used to simulate a light gradient (0, 6.25, 12.5, 25,
50 and 100% incident irradiation). The photon flux
density received by the incubations was measured
using a LiCOR detector attached to the side of the
incubator. After 4 h incubation, generally somewhere
between 09:00 and 14:00 h, samples were carefully fil-
tered at low vacuum pressure onto 0.4 pm polycarbon-
ate filters (Whatman Cyclopore). After acidification
and drying of the filters (24 h at 45°C), 5 ml of scintilla-
tion cocktail (Ultima Gold, Packard Instruments) was
added. The amount of “C incorporated into the partic-
ulate phase (PPP) was calculated using an inorganic
carbon concentration of 25700 pg C 1! (Marafién et al.
2004). For the DPP measurement, duplicate 5 ml sam-
ples of filtrate were collected, acidified with 100 pl of
5 mol I"! HCI and left for 12 h on a horizontal agitator
table. A test prior to the incubations showed that the
volume of acid and agitation time were sufficient to
remove all the inorganic C remaining in the filtrate.
After acidification, 15 ml of scintillation cocktail
(Ultima Gold XR, Packard Instruments) was added and
the samples counted. All measurements of DPP were
between 2 and 10 times that of the dark-bottle incu-
bations (abiotic uptake blank) that were conducted in
parallel. Total primary production (TPP) is calculated
by summing DPP and PPP, and the percentage extra-
cellular release (PER) is calculated by dividing DPP
by TPP.

BP was measured before incubation (BP;,;) and at the
end of the primary production experiments using the
3H-thymidine method (Torréton & Dufour 1996, Torré-
ton et al. 2007). Briefly, duplicate 5 ml (coastal bay sta-
tions) or 10 ml water samples were incubated in the
dark with *H-[methyl]thymidine (final concentration
15 nM, 1.8 TBq mmol!, Amersham) for 1 h at in situ
temperature (+£1°C). Previous experiments have shown
that saturation is always obtained at this concentration.
After terminating the incubation with buffered forma-
lin (2% final concentration), the labelled material was
collected by filtration under low pressure (<100 mm
Hg) through a 0.2 pm polycarbonate membrane and
allowed to precipitate for 15 min at 4°C with ice-cold
trichloroacetic acid (TCA; 5% w/v). Membranes were
rinsed 3 times with 5 ml cold 5% TCA. The amount of
radioactivity incorporated into the cells was measured
with a Packard TriCarb scintillation counter after addi-
tion of 4 ml scintillation cocktail (Ultima Gold, Packard
Instruments). Rates of °H-thymidine incorporation
were converted to cell production using a conversion
factor of 2.91 x 10'® cells mol™! thymidine (S. Jacquet
unpubl. data) and 12.4 fg C cell"! (Fukuda et al. 1998).

In order to measure BP within the light incubations,
a parallel incubation was run using an identical proto-
col to the C measurement, the only difference being
that no C was added. At the end of the 4 h incubation,

as with BP,,;, duplicate 5 ml subsamples were collected
for measurement of BP. This incubation was conducted
in the dark using the same method for the BP;,;; mea-
surements. The 1 h dark incubation was used to avoid
any direct influence of light on the measurement of BP
and to evaluate the bioavailability of any recently pro-
duced DPP, and hence any degree of linkage between
bacterial and phytoplanktonic activities. We thus had 2
dark measurements of BP: one initial (BP;,;) and one
after 4 h incubation in the presence of light (BPgy;
0,6.25, 12.5, 25, 50 and 100 % incident irradiation).

An index of the percentage change in BP was calcu-
lated (ABP in %) in order to estimate the relative
change in BP after 4 h incubation at each respective
light level and is calculated as:

ABP = %100

BPy, —BP,; (1)

Nitrate and nitrite concentrations were determined
according to Raimbault et al. (1990) on a Bran+Luebbe
Autoanalyzer III with an average detection limit and
coefficient of variation (CV) of 20 nmol I"* and 3 % and
2 nmol 1! and 8% for eutrophic and oligotrophic
waters, respectively. Ammonium was fluorometrically
determined on a Turner TD-700 immediately after col-
lection using the o-phthaldialdehyde method (Holmes
et al. 1999). Dissolved inorganic nitrogen (DIN) is the
sum of NO3;~ + NO,™ and NH,*. Phosphate concentra-
tions were determined on a Bran+Luebbe Autoana-
lyzer III with a detection limit of 10 nmol 1! and an
average CV of 6 to 11 % between replicates (Torréton
et al. 2007).

Chl a was analysed fluorometrically on methanol
extracts (Holm-Hansen et al. 1965) following filtration
onto Whatman GF/F filters of replicate 300 ml samples.

Particulate organic carbon (POC) was determined on
GE/F filters using a Perkin Elmer 2400 CHN elemental
analyser. TOC analyses were performed on 10 ml sub-
samples collected in precombusted (450°C, overnight)
10 ml glass ampoules, preserved with 12 pl 85 % phos-
phoric acid (H3PO,) and flame-sealed. Samples were
stored in the dark until analysis. TOC concentration
was measured on a Shimadzu TOC VCPH analyser,
using potassium phthalate calibration standards over
the measurement range 0 to 250 pmol C I"!. Certified
reference materials (Hansell Laboratory, University of
Miami) were also used to assess the performance of the
instrument on and between measurement days. The
machine blank was between 5 and 10 umol C I"! for the
measurement days. Dissolved organic carbon (DOC)
was calculated by subtracting the POC measurements
from the TOC concentrations.

TEP concentrations were measured using the semi-
quantitative colorimetric method (Passow & Alldredge
1995). This method allows the determination of TEP
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concentration (TEPgpeqro; Xanthan equivalents I'Y) by
measuring the total amount of Alcian blue adsorbed to
all particles, including TEP, that contain carboxylated
and sulphated polysaccharides. Estimates of TEP car-
bon concentration (TEP-C) were calculated from col-
orimetric determinations (Engel & Passow 2001) as fol-
lows: TEP-Cgpectro = 0.75 TEPgpectro/ Vo where V' is the
volume filtered (ml).

RESULTS

The physico-chemical and biological variables for
each sample site are presented in Table 1. In general,
all sites had relatively low chl a and nutrient concen-
trations. The only exceptions were the 2 stations (D65
and N12) located within the coastal bays surrounding
the city of Nouméa (Fig. 1). Similarly, TOC concentra-
tions were low (ca. 60 to 70 pM C). Again, the only
exceptions were Stns D65 and N12, where concentra-
tions of almost 100 pM C were found. These variations
in concentration were also reflected in the TEP-C con-
centrations, with the highest values observed at the
bay stations (2.5 to 6.2 pM C) and the lowest (0.1 to
1 pM C) in the more oligotrophic sites.

Primary production and BPy,; followed similar trends,
with higher rates measured at the inshore stations than
in the offshore stations (Table 2), as has been previously
noted in Mari et al. (2007) and Torréton et al. (2007). As
would be expected, PPP and DPP increased with light
level and there was little evidence of photoinhibition of
PPP (Fig. 2). The only stations where photoinhibition at
the 100% light level was observed were the 3 most
oceanic sites (Stns A17, A25 and A28), where PPP was
reduced by 20 % relative to the 50 % light level (Fig. 2A,
Table 2). However, when TPP was considered, there
was little evidence of photoinhibition, reflecting an in-
creased DPP at the highest light level at these 3 sta-
tions. PER varied between 5 and 74 % and showed little

Bacterial production (UM C h™1)
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Fig. 2. Dissolved (DPP) and particulate (PPP) primary produc-

tion and bacterial production (BP) in 2 contrasting stations.

(A) Stn A25, an oligotrophic station in the southern end of the

lagoon. (B) Stn N12 from one of the coastal bays. Note differ-
ences in scales between panels

pattern with increasing light level and was on average
35 + 15%. The only exceptions occurred at Stns A17,
A25 and A28, where higher PER levels (up to 74 %)
were observed at the 100 % light level.

BP generally increased in all the incubations relative
to BPyy; (Table 2). However, degree of stimulation was

Table 1. Physico-chemical and biological variables for each sample site. DIN: dissolved inorganic nitrogen; TOC: total organic
carbon; DOC: dissolved organic carbon; TEP-C: transparent exopolymer particles, carbon concentration

Date Stn Temp. Salinity Depth chl a PO, DIN TOC DOC TEP-C
(Oct 2004) e (m) (hg I') (1M) (nM) MC) MG EMC)
18 D65 24.1 36.3 7 2.14 0.663 0.363 121.1 99.3 6.2
19 D43 23.6 36.0 15 0.34 0.011 0.019 67.8 61.1 2.5
19 D47 23.5 36.0 10 0.44 0.027 0.087 71.0 65.2 1.6
20 M36 22.8 35.9 12 0.25 0.056 0.073 67.8 61.7 0.1
21 N12 23.0 36.0 12 1.17 0.070 0.242 104.4 96.1 2.8
21 N43 22.8 35.9 21 0.30 0.036 0.144 65.1 60.7 1.0
22 M33 22.9 35.8 23 0.36 0.032 0.067 61.7 56.5 0.6
25 A17 22.8 35.7 64 0.21 0.058 0.032 63.5 59.9 1.5
26 A25 22.5 35.7 40 0.31 0.056 0.142 58.3 54.8 1.3
26 A28 22.5 35.5 50 0.48 0.075 0.223 61.6 55.9 1.4

Primary production (uM C h™)
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Morén et al. (2002b) suggested that BCD was a better
parameter of phytoplankton—bacterioplankton cou-
pling than BP alone. We do not have contemporaneous
measurements of bacterial respiration and so, following
the example of Moréan et al. (2002a), we have used the
relationship between BP and bacterial growth effi-
ciency (BGE) of del Giorgio & Cole (1998) to calculate
BCD. The BGE determined from the relationship of del
Giorgio & Cole (1998) were similar to those previously
determined in the lagoon by Briand et al. (2004) and
varied between 1 and 10 % for the stations examined in
the present study. Although BPy, alone is correlated
with both TPP and DPP, the points all fall below the 1:1
line, indicating that rates of TPP are higher than BPy,

rates (Fig. 4A,B). When estimated bacterial respiration
is combined with BPy), to give an estimation of BCD, a
different pattern emerges resulting in a reduction in the
slope of the relationship between the supply and de-
mand of organic carbon (Fig. 4C,D). At lower BCD, the
points all fall above the 1:1 line, indicating that BCD is
higher than the carbon supply rate from DPP (Fig. 4D).
In contrast, at higher BCD rates, the points are nearer to
the 1:1 line, reflecting the closer balance between or-
ganic carbon supply and demand in the more eutrophic
stations. In contrast to the large discrepancies in carbon
supply when only DPP is considered, the linkage be-
tween BCD and TPP was much tighter, with the major-
ity of the points falling close to the 1:1 line.
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Fig. 4. Bacterial production (BP) as a function of (A) total primary production (TPP) and (B) dissolved primary production (DPP);

bacterial carbon production (BCD) as a function of (C) TPP and (D) DPP. BCD was calculated from the measured BP values for

each incubation using a bacterial growth efficiency calculated from the equation of del Giorgio & Cole (1998). Data from all
the light levels are plotted. O: coastal bay stations (Stns D65 and N12): @: oligotrophic stations
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DISCUSSION

We measured DPP, PPP and BP at 10 stations in the
southwest lagoon of New Caledonia during a 10 d
cruise in October 2004. BP was measured in the dark at
the beginning and end of each primary production
incubation in order to estimate the degree of linkage
between primary production and BP. In all the light
incubations, we observed an increase in total produc-
tion (PPP and DPP); however, the relative contributions
of PPP and DPP varied, with generally higher relative
DPP at higher irradiances (Fig. 2, Table 2). In contrast,
BPy, generally decreased with increasing irradiance
and hence DPP (Fig. 3). These results imply that there
was a short-term decoupling, on the scale of hours,
between the production of DPP and BPy,.

Short-term time lags in the response of BP to
increases in primary production have been observed
elsewhere, and the accumulation of DOM during the
bloom periods in other environments also suggests
some decoupling of DOC production and consumption,
albeit on a longer timescale (Carlson et al. 1994, Fisher
et al. 1998, Karl et al. 1998). Thingstad et al. (1997) pro-
posed that it was due to a short-term ‘malfunctioning
microbial loop" whereby BP is limited by autotrophic
competition for mineral nutrients or that specific enzy-
matic capabilities were absent. In our data set, the neg-
ative relationship between the ABP:DPP ratio and light
points towards a reduction in DOM bioavailability at
higher light levels. In other words, given that the rates
of DPP were generally highest at the higher light lev-
els, it appears that bacterial utilisation of the freshly
produced DOM was reduced. Obviously, over the 4 h
of the incubation, it is probable that there was some
recycling of DPP and that any values measured are net
production rates. Nevertheless, it appears that the bulk
of the DPP produced was not bioavailable to the het-
erotrophic bacteria present.

Besides organic carbon limitation in terms of quality
rather than quantity, the lack of rapid response of BP to
DPP could be due to limitation in another parameter
not taken into account in the incubations. Nutrient lim-
itation, light inhibition or the fact that the bacteria pre-
sent did not possess the enzymes necessary to degrade
newly produced DOC have all been proposed as
explanations for the lack of tight coupling between BP
and DPP. Firstly, lack of enzymatic capacity is unlikely
as the incubations took place over a short enough
period (4 h) to avoid any large changes in bacterial
community composition (Gattuso et al. 2002). Sec-
ondly, although light is known to affect the measure-
ment of BP (Aas et al. 1996, Morén et al. 2001, Church
et al. 2004), we did not conduct our BP incubations
under natural sunlight and so it is improbable that the
light intensity itself affected the uptake of the radioac-

tive substrate. Indeed, our methodology measured the
response of BP to light-influenced changes in photo-
synthesis. Finally, we used polycarbonate cell culture
flasks for the incubations and it is unlikely that UV
inhibition was a major problem as polycarbonate is
generally considered to be UV-opaque. Thus, it is
probable that some other factor, related either directly
or indirectly to photon flux density, was influencing
BPyi, (Fig. 3A).

Moran et al. (2001) suggested that the enhancement
of BP in the dark was due to the loss of organics by
phytoplankton during the switch from light to dark at
the beginning of incubation. Unlike Mordn et al. (2001)
we did not observe a correlation between the dark:
light ratio and DIN concentration, although it should
be noted that our DIN concentrations were up to 10
times lower than theirs and our BPy, values were mea-
sured in the dark. Similarly, we failed to observe a cor-
relation between PO, or initial DOC concentration and
the dark:light bottle ratio. While the switch from light
to dark could be the source of the stimulated bacterial
production, it is clear that this was not on the same
timescale as the incubations of Moran et al. (2001),
suggesting that the effect is not transient.

When the entire data set from the different light
levels was pooled, there was a positive relationship be-
tween BCD and DPP (Fig. 4D). Moréan et al. (2002a) pro-
pose that only when there is a 1:1 relationship between
DPP and BCD can we consider the trophic linkage be-
tween bacterioplankton and autotrophic phytoplankton
to be strong. We observed wide differences in the de-
gree of linkage between these 2 compartments that oc-
curred over a much smaller spatial scale than that of
Moran et al. (2002a). In the lagoonal oligotrophic sta-
tions, DPP is not high enough to satisfy BCD, and exter-
nal sources of DOM are required to support bacterial
requirements, indicating that BCD was not strongly
linked with primary production. In contrast, in coastal
waters, where DPP rates are higher, BCD can be met by
primary production, assuming that all the DPP is
bioavailable to bacterial heterotrophs.

We observed the inverse of Mordn et al. (2002a) in
their comparison of a range of coastal and offshore
temperate and polar systems. In our oligotrophic
lagoonal sites, DPP was clearly not enough to support
BCD. In contrast, in our nearshore sites, BCD and DPP
were more strongly coupled. One obvious reason as to
why we observed a different pattern may be related to
the environments studied. Our measurements were
made in a semi-enclosed system and it is known that
residence time plays an important role in biogeochem-
ical processes in this lagoon (Mari et al. 2007, Torréton
et al. 2007). Mari et al. (2007) recently proposed that
the higher rates of primary production combined with
the increased residence time in the coastal bays and
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reduced TEP production rates lead to increased DOM
in the water column, through reduced sedimentation.
The results of the present study also support this idea.
Mari et al. (2007) have shown that the percentage of
DPP going into TEP production can represent up to
60 % in the more oligotrophic sites, compared to 1% in
the coastal bays.

An alternative explanation may reside in the
bioavailability of DPP. The bioavailability to heterotro-
phic bacteria of both allochthonous and autochthonous
DOM can be influenced by the presence of metals.
Small increases in the concentration of zinc can signif-
icantly reduce the bioavailability of DPP to heterotro-
phic bacteria, even in the presence of excess nutrients
(E. J. Rochelle-Newall et al. unpubl.). This is particu-
larly important in the coastal bays where metal con-
centrations can be elevated (Migon et al. 2007). Sec-
ondly, although recently produced organic matter is
often considered to be of relatively high lability (Norr-
man et al. 1995), work on the colonial cyanobacteria
Trichodesmium has shown that DPP can be refractory
to heterotrophic bacteria (Renaud et al. 2005) and this
cyanobacterium is known to proliferate in this region.
Thus even though DPP rates are sufficient to support
BCD in the coastal sites, the accumulations of DOC
observed seem to point towards a reduced bioavail-
ability, potentially through a malfunctioning of the
microbial loop (Thingstad et al. 1997).

While this may explain the accumulation of DOM in
the coastal bays, it is unclear which other sources sup-
port BCD in the more oligotrophic sites. Although DPP
is not enough to support BCD in the more oligotrophic
sites, TPP could supply enough carbon (Fig. 4C). This
seems to indicate that BCD is supported by TPP and
not uniquely by the dissolved component. In other
words, bacterial heterotrophs are using newly pro-
duced DPP and supplementing their requirements
with DOC originating from the solubilisation of previ-

ously produced biomass following cell rupture from O

grazing or viral lysis. Both would result in the release
of bioavailable cellular products (Lampert 1978, Fuhr-
man 1999) as would the solubilisation of TEP particles
colonised by bacterial communities (Mari & Kiegrboe
1996). TEP can be a source of available carbon to bac-
terial heterotrophs, and TEP produced during photo-
synthesis would have been counted as PPP with the
methods used in the present study. Finally, one poten-
tially major source of organic carbon to the system is
the coral barrier reef (Ferrier-Pages et al. 2000). How-
ever, without direct measurement of the production

ton varies depending upon the environment observed.
We determined that BCD could only be met by primary
production in the coastal sites, and that at the oligo-
trophic lagoonal stations, an alternative source of DOC
was necessary to meet BCD. We also observed an
inverse relationship between BP measured by the
thymidine method and the photosynthetic response to
light. Whether this negative relationship was due to
direct light inhibition of bacterial synthesis during the
4 h incubation or due to a weak linkage between BCD
and DPP over short timescales was not clear. Never-
theless, these results further highlight the complexity
of interactions between primary production sources
and secondary metabolic processes in tropical systems;
they also underline the potential differences between
these often ignored systems and temperate ecosystems
when trying to determine carbon and nutrient budgets
in coastal systems.
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