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Abstract

To establish the influence of phytoplankton blooms on the cycling of dissolved and particulate species of organic
carbon and nitrogen, we conducted a field study during a series of blooms in a coastal embayment on Shelter Island,
NY. Using cross-flow filtration, we collected high- and low-molecular-weight (HMW and LMW) dissolved organic
matter (DOM), along with particulate organic matter (POM). There was a significant and near equivalent enhance-
ment in levels of particulate organic carbon (POC) and dissolved organic carbon (DOC) during phytoplankton
blooms. HMW organic carbon was responsible for most (80%) of the DOC increase. In contrast, substantial amounts
of organic nitrogen were produced in all size fractions (particulate organic nitrogen [PON], HMW, and LMW)
during blooms. POC : PON and HMW C : N ratios exceeded Redfield stoichiometry and were well correlated with
chlorophyll concentrations, which suggests that phytoplankton were the primary source of C-enriched particles and
colloids in this system. DOM C : N ratios were higher during periods of elevated nitrate than during low nitrate
conditions, which were dominated by phytoplankton with heterotrophic capabilities. This suggests that, in some
coastal systems, the accumulation of C-enriched organic matter may be more dependent on algal species composition
than ambient inorganic nitrogen levels. After the collapse of algal blooms, bacterial densities rose markedly, and
all organic pools rapidly decreased to near prebloom levels. Despite substantial production and turnover rates of
HMW organic carbon during blooms, longer residence times of other, more refractory, organic carbon pools such
as the LMW fraction indicated that considerable portions of organic matter produced during estuarine phytoplankton
blooms may be exported to continental shelves.

Coastal environments are regions of high biological pro-
ductivity. It has been estimated that, although continental
margins occupy ,10% of the total surface area of the world
ocean, up to one third of the global marine primary produc-
tion occurs within these regions (Wollast 1991). The fate of
this production (whether it is consumed by the shelf micro-
bial communities, buried in the shelf sediments, or exported
to deep ocean waters) is of considerable interest, particularly
with regard to its impact on the global carbon budget (Hedg-
es 1987; del Giorgio and Duarte 2002). Although recent
mass balance estimates have suggested that the input of dis-
solved organic matter (DOM) from continental margins to
the open ocean could be as much as 100 times greater than
the contribution of material from surface waters (Bauer and
Druffel 1998), the importance of coastal environments in the
export of organic matter remains the subject of diverging of
opinions (e.g,, Falkowski et al. 1988; Liu et al. 2000; del
Giorgio and Duarte 2002). Our current understanding of the
fate of the marine organic pools in coastal waters (e.g., ex-
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port, burial, or consumption) has been hampered, in part, by
the poor characterization of their composition and lability.

The photosynthetic fixation of inorganic carbon and nu-
trients into cellular material by phytoplankton is the primary
source of organic matter to the world’s oceans. Once fixed
into particulate material (POM), organic matter synthesized
by phytoplankton can be subsequently released to the dis-
solved phase (as DOM) by a variety of processes, including
cell leakage (Mague et al. 1980), grazing (Nagata and Kirch-
man 1992), and viral lysis (Gobler et al. 1997). The release
of DOM by marine phytoplankton has been shown to sig-
nificantly affect nutrient cycling (Kirchman et al. 1991;
Gardner et al. 1996), trace metal availability (Hutchins et al.
1999), bacterial growth (Cole et al. 1982), and microbial
food webs (Kirchman et al. 1991). All of these processes
and interactions may also strongly influence the net produc-
tion and ultimate fate of the organic matter in coastal waters.

To refine our understanding of the cycling of organic car-
bon (OC) and organic nitrogen (ON) during coastal phyto-
plankton blooms, we conducted a field study in a small, shal-
low, enclosed embayment (West Neck Bay [WNB]; Fig. 1)
on Shelter Island, NY. Using cross-flow filtration, we col-
lected the high-molecular-weight (HMW; 0.2 mm–1 kDa)
and low-molecular-weight (LMW ,1 kDa) size fractions of
DOM (,0.2 mm), along with POM (.0.7 mm), over the
course of successive plankton blooms dominated by a mix-
ture of algal species, a brown tide alga (Aureococcus ano-
phagefferens), and heterotrophic bacteria. This time-series
approach allowed us to establish the physical speciation and
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Fig. 1. Study site, West Neck Bay, Shelter Island, New York.

fate of organic matter produced during phytoplankton
blooms.

Materials and methods

Study area—WNB is a small (1 km2), shallow (2–4 m),
well-mixed, enclosed embayment on Shelter Island, within
the Peconic Estuary of eastern Long Island, NY (Fig. 1). To
the east, this estuary exchanges with Block Island Sound and
the northwest Atlantic Ocean. WNB has a long, winding,
restricted channel that exchanges with the Peconic Estuary.
This circuitous conduit causes WNB to have a fairly long
hydraulic residence time and recurrent phytoplankton
blooms. Tidal exchange volumes calculated using a salt bal-
ance (Fischer et al. 1979) have indicated that WNB had a
residence time of 15 d during our study, a value that is within
the range of residence time previously calculated for this bay
(10–15 d; J. L. DiLorenzo and R. V. Ram pers. comm.). The
absence of tributaries and point-source anthropogenic inputs
make this bay a relatively simple system, where in situ water
column processes dominate over allocthonous inputs (Gobler
et al. 2002). Moreover, the enclosed nature of WNB makes
it a ‘‘natural mesocosm’’ ideal for documenting the cycling
of organic matter during phytoplankton blooms.

Sample collection, processing, and analysis—Seawater
samples from WNB were collected twice weekly to biweekly
from April to October of 1998 using acid-washed Teflon
tubing which extended 4 m from a pier to a depth of 1 m.

Duplicate particulate organic carbon and nitrogen (POC and
PON) and triplicate Chl a samples were collected on pre-
combusted GF/F glass fiber filters and stored frozen. Dis-
solved organic carbon (DOC), dissolved organic nitrogen
(DON), and nutrient samples were filtered with acid-cleaned,
polypropylene capsule filters (0.2 mm; MSI) in the field and
immediately stored on ice. Triplicate whole-water samples
were preserved in 1% glutaraldehyde using a 10% solution
made from 0.2-mm-filtered seawater for later quantification
of microbial communities. Within 2 h of collection, DOC
samples were acidified with quartz-distilled nitric acid and
frozen along with DON and nutrient samples.

Cross flow filtration (CFF) with a 1-kDa Amicon poly-
sulfone membrane (model S10N1) was used to separate
DOC and DON into HMW (0.2 mm–1 kDa) and LMW (,1
kDa) fractions. Twenty liters of 0.2-mm-filtered seawater
were collected with acid-cleaned polypropylene capsule fil-
ters (MSI) and stored in dark, acid-cleaned fluorinated car-
boys. Samples were kept cold (;58C) and cross-flow filtered
within 5 h of collection. The CFF membrane was stored in
0.1 N HCl between uses. The retentate and permeate sides
of the CFF system were flushed with 20 liters of 0.1 N HCL
and 20 liters of Milli-Q before and after processing each
sample. Five liters of retentate and permeate were flushed
and discarded before samples were processed. Samples were
circulated within the CFF unit for 1 h before final processing
commenced. A concentration factor (CF) of 10 was used to
prevent the breaking of colloids and the resultant diffusion
of constituents into the LMW fraction (Buesseler et al. 1996;
Dai et al. 1998). Operating pressures were 40–50 psi at the
inlet and 30–40 psi at the outlet, filtration rates were 10–15
L h21, and the filtration temperature ranged 20–258C. Be-
cause cross flow filtration separates dissolved samples into
a filtrate (LMW) fraction and a concentrated retentate
(HMW and LMW) fraction, the actual concentration of
HMW constituents were calculated using the equation
[HMW] 5 ([retentate] 2 [filtrate])/CF, where CF was 10. To
ensure that the cross flow filtration was not adding or re-
moving DOC or DON, the following mass balance equation
was used: percent recovery 5 ([total dissolved/HMW] 1
LMW) 3 100. Quantitative (;95%) recoveries were ob-
tained with this system for DOC and DON during this study.

DOC samples were analyzed in duplicate by high-tem-
perature catalytic oxidation using a Shimadzu TOC-5000 To-
tal Organic Carbon Analyzer (Benner and Strom 1993). Du-
plicate POC and PON samples were dried at 608C before
analysis on a Carlo Erba NA 1500 NCS system (Cutter and
Radford-Knoery 1991). Total dissolved N (TDN) was ana-
lyzed in duplicate by persulfate oxidation techniques (Vald-
errama 1981), and DON was calculated by subtracting levels
of nitrate, nitrite, and ammonium from concentrations of
TDN. Chl a was analyzed in triplicate by standard fluoro-
metric methods (Parsons et al. 1984). Within 2 weeks of
collection nitrate, nitrite, ammonium, and phosphate were
analyzed in duplicate by standard spectrophotometric meth-
ods using a 1- or 10-cm cell, depending on ambient concen-
trations (Jones 1984; Parsons et al. 1984). Measurements of
J. Sharp’s (Univ. of Delaware) intercalibration DOC samples
were within 5% of the consensus value. Recoveries (mean
6 SD) of SPEX Certi-Prep standard reference material at
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Fig. 2. Levels of (A) nitrate, (B) Chl a, (C) A. anophagefferens,
and (D) bacteria in West Neck Bay, 1998. Error bars represent 61
SD of replicated measurements.

Fig. 3. Changes (delta) in (A) organic carbon and (B) organic
nitrogen in West Neck Bay, 1998. Error bars represent 61 SD of
replicated measurements.

environmentally representative concentrations were 101% 6
7% for nitrate and 96% 6 11% for total nitrogen. Measure-
ments of NIST 16326 standard reference material for POC
were within 7% of certified values. Blanks for DOC, DON,
POC, and PON were typically ,10% of the lowest sample.
A. anophagefferens and bacterial densities in preserved sam-
ples were determined by direct count methods that used fluo-
rochromes and an epifluorescent microscope, as described in
Gobler and Sañudo-Wilhelmy (2001a). The relative abun-
dance of A. anophagefferens as a percentage of the total
phytoplankton community was determined under the as-
sumption of a Chl a per cell quota of 0.035 6 0.003 pg
(Gobler et al. 2002).

Results and discussion

Phytoplankton bloom progression—The late spring and
early summer of 1998 on eastern Long Island were marked
by an abnormally large amount of rainfall, which resulted in
a late May/early June peak in the seepage of nitrate-enriched
groundwater into WNB (Fig. 2A; Gobler and Sañudo-Wil-
helmy 2001b). This substantial nitrate flux seemed to stim-
ulate the phytoplankton bloom that subsequently devel-
oped—Chl a levels increased sixfold from 5 mg L21 on 26
May to nearly 30 mg L21 on 4 June (Fig. 2B). This bloom
consisted of a mixed assemblage of small (,5 mm), uniden-
tified, autotrophic picoflagellates and cyanobacteria, as well

as modest levels of the brown tide species A. anophageffer-
ens (;105 cells ml21 and ,20% of total algal biomass; Fig.
2C). Although high chlorophyll levels (.15 mg L21) were
sustained in WNB through mid-July (Fig. 2B), the phyto-
plankton community shifted from a mixed assemblage to
domination by A. anophagefferens in late June and early July
(Fig. 2C). On 3 July, the algal community became nearly
monospecific—brown tide densities were .5.5 3 105 cells
ml21 (Fig. 2C) and accounted for nearly 90% of algal bio-
mass. At this time, nitrate levels were ,0.25 mmol L21 for
the first time since mid-May and remained low for the rest
of the study period (Fig. 2A). After the early July bloom, A.
anophagefferens cell densities and Chl a levels gradually
dissipated, whereas heterotrophic bacteria levels increased
through July (Fig. 2B–D), remained elevated during August,
and declined in the fall. Levels of ammonium, nitrite, and
phosphate were low (,1 mmol L21) throughout the study
period.

Organic matter cycling—The succession of plankton
communities in WNB appeared to influence the quality and
quantity of organic matter produced during the blooms.
When the mixed-species phytoplankton bloom started during
late May (20 May–4 June), concentrations of POC increased
(delta OC 5 change in organic carbon) by up to 150 mmol
L21 and HMW OC concentrations increased by nearly 100
mmol L21, whereas LMW OC remained relatively unchanged
(,5 mmol L21 increase; Fig. 3A). ON dynamics seemed
somewhat decoupled from OC as PON increased (delta ON)
by 9 mmol L21 during this bloom, and levels of LMW and
HMW ON did not change markedly (,1 mmol L21 each;
Fig. 3B). During the initiation period of the A. anophagef-
ferens bloom (26 June–3 July), levels of POC and HMW
OC again increased to levels displayed during the earlier
June bloom. In contrast to this earlier bloom, HMW ON,
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Fig. 4. (A) Percentage of the total organic carbon pool (TOC)
represented by particulate, HMW OC, and LMW OC. (B) Percent-
age of the total organic nitrogen pool (TON) represented by partic-
ulate, HMW and LMW ON in West Neck Bay, 1998.

LMW ON, and LMW OC levels all increased during the
Aureococcus bloom, and PON reached its annual peak (Fig.
3A,B). Paralleling the collapse of the phytoplankton blooms
in WNB (Fig. 2B,C), all organic pools rapidly declined dur-
ing July and August and ultimately leveled off at concentra-
tions only slightly higher than prebloom levels during late
August and September, which indicated that only small
amounts of the freshly produced organic matter remained in
the system (Fig. 3).

The relative abundance of each organic matter pool also
changed with the occurrence of plankton blooms in WNB.
Prior to the onset of phytoplankton blooms, LMW OC was
the most abundant OC pool and accounted for 40%–50% of
the total OC (TOC) pool, whereas POC and HMW OC each
made up ;30% of TOC at that time (Fig. 4A). With the
initiation of the first phytoplankton bloom (26 May), POC
became the dominant OC pool and accounted for, on aver-
age, 45% of the TOC throughout all blooms (26 May–14
July; Fig. 4A). HMW OC also represented a larger portion
of TOC during blooms, accounting for an average of 35%
of TOC from 26 May through 14 July. Moreover, HMW OC
became the largest OC pool after each peak in algal biomass
(31 May, 12 June, and 21 and 30 July), during which HMW
OC constituted up to 40% of TOC (Fig. 4A). LMW OC was
the smallest OC pool during blooms, ranging between 20%
and 30% of TOC during June and July (Fig. 4A). The ces-
sation of algal blooms in WNB during August and Septem-
ber returned the distribution of the various OC pools to their
prebloom status, as LMW OC again became the largest OC
fraction (Fig. 4A).

The relative abundance of the ON was somewhat different
than that of OC during the WNB phytoplankton bloom

events. For example, although most of the prebloom OC was
LMW, most of the prebloom total organic nitrogen (TON)
was in the particulate pools (;40%; Fig. 4B). Additionally,
the LMW ON abundance was greater than HMW ON
throughout our study period (Fig. 4B). As phytoplankton
blooms burgeoned in WNB, the PON fraction became even
more enriched (;55% of the TON), which somewhat resem-
bled the distribution observed for POC (Fig. 4A). The per-
centages of LMW ON fluctuated between 20% and 35% of
the TON during bloom conditions and appeared to be in-
versely related to the portion of TON represented by PON,
which suggests an exchange of N between these two pools
(Fig. 4B). Only small fluctuations in the relative abundance
of HMW ON were detected during the blooms (15%–25%
of TON). By the end of August (postbloom conditions), the
percentages of the different pools of ON were similar to
those measured during April prebloom conditions (Fig. 4B).

Seasonal variations in oceanic DOC concentrations typi-
cally correspond to changes in algal activity, with maximum
levels often observed after periods of high primary produc-
tion (Carlson et al. 1994; Williams 1995). Throughout the
present study, levels of POC and HMW OC were strongly
correlated with Chl a in WNB (P , 0.0001; r2 5 0.91 and
0.77), whereas a correlation with LMW OC did not exist.
These results, in conjunction with the observed enrichment
of these pools during bloom events, indicate that phytoplank-
ton blooms are a direct source of two distinct particle pools
of carbon: POC and HMW OC. This conclusion is consistent
with previous studies of colloidal organic matter made with
larger molecular-weight cutoffs (10 kDa; Kepkay et al.
1997). Moreover, although previous reports have document-
ed the formation of DOC during phytoplankton blooms
(Kirchman et al. 1991; Carlson et al. 1994; Williams 1995),
our study documented the formation of HMW OC with a 1-
kDa cutoff and demonstrates that, in fact, most of the DOC
produced by phytoplankton blooms is colloidal in nature
(Fig. 3A). Concentrations of HWM ON were also correlated
with Chl a levels during the present study, although at a
much lower significance level (P , 0.05; r2 5 0.45). This
weaker correlation, along with a smaller absolute increase in
the HMW ON pool, indicates that the production of OC and
ON are somewhat decoupled, with phytoplankton blooms
having a greater impact on OC pools relative to ON. This
conclusion is consistent with the results of previous coastal
investigations of phytoplankton blooms that have also indi-
cated the production of C-enriched organic matter (Kepkay
et al. 1997).

Carbon : nitrogen ratios—The onset of phytoplankton
blooms in WNB also affected the ratios of OC : ON within
dissolved and particulate organic matter pools (Fig. 5A). The
mixed-species chlorophyll bloom during late May and early
June was coincident with the annual peaks in C : N ratios for
particulate (;14) and dissolved (;18) organic pools (Fig.
5A). The increase in the DOM C : N ratio was due entirely
to HMW material, given that the HMW C : N ratio nearly
doubled (from 15 to 28) during this period, whereas the
LMW OC : ON ratio remained unchanged (9.9 6 2.0) (Fig.
5B). As the blooms persisted through the summer, the HMW
and POC : PON ratios remained elevated. Overall, the C : N
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Fig. 5. Molar carbon : nitrogen ratios of (A) POM and DOM, (B)
HMW organic matter, and LMW organic matter in West Neck Bay,
1998. Error bars represent 61 SD of replicated measurements.

ratios in all of the pools were consistently above the Redfield
ratio of 6.6 (average 6 SD: HMW, 18.7 6 4.2; DOM, 14.7
6 2.5; POM, 9.5 6 2.6; and LMW, 10.3 6 1.7; Fig. 5A,B).
A strong, positive correlation between the C : N ratios of
POM and HMW organic matter and algal biomass (Chl a;
P , 0.0001; r2 5 0.77 and 0.73) during our study suggests
that phytoplankton were the primary source of these C-en-
riched particles and colloids in WNB. This finding supports
previous research that indicated that HMW organic matter
is enriched in phytoplankton-derived carbohydrates and that
such fresh DOM frequently has a C : N ratio that is signifi-
cantly higher than the Redfield ratio (Amon and Benner
1994). We also observed a significant inverse correlation be-
tween bacterial densities and the C : N ratio of LMW organic
matter (P , 0.05; r2 5 20.53), as well as a significant cor-
relation between LMW ON and bacterial densities during
the present study (P , 0.05; r2 5 0.50). These correlations,
along with the lower C : N ratio of LMW organic matter,
suggests that this pool was more enriched with small, labile,
N-rich compounds such as amino acids (Bauer et al. 1996),
which are capable of supporting robust bacterial growth
(Gardner et al. 1996).

Previous studies have hypothesized that C-enriched DOM
seasonally accumulates in marine surface waters during late
summer, once ambient nitrate levels have been depleted
(e.g., Williams 1995; Kahler and Koeve 2001). However, the
results of our study demonstrate that, in coastal waters,
DOM that is depleted in N relative to Redfield stoichiometry
can accumulate in the water column, even when nitrate lev-
els are relatively high (Figs. 2A, 5A). Our data also dem-
onstrate that the release of C-rich colloidal material during
algal blooms accounts for such anomalously high C : N ratios
in bulk dissolved pools (Fig. 5B). Because phytoplankton
species are known to vary considerably in their capacity to

produce (Biddanda and Benner 1997; Kepkay et al. 1997)
or consume (Lewitus and Kana 1995) DOC or DON, it is
possible that species composition of phytoplankton assem-
blages may also have a profound impact on the C : N ratio
and quantity of DOM. For example, initial phytoplankton
blooms in WNB in June occurred when nitrate levels were
high (Fig. 2A) and were likely dominated by autotrophic
phytoplankton species that produced C-enriched DOM.
These initial blooms were succeeded by a bloom of A. an-
ophagefferens in July (Fig. 1C), a species with well-docu-
mented heterotrophic capabilities (Gobler and Sañudo-Wil-
helmy 2001a; Berg et al. 2002). It is likely that this
population contributed to the both production and consump-
tion of organic matter during its dominance and thus likely
affected the DOC : DON ratio in a manner that differed from
earlier, more autotrophic species. Hence, algal species com-
position may have a greater impact on DOM C : N ratios than
ambient inorganic nitrogen levels, particularly in coastal sys-
tems, which can be organically enriched and dominated by
heterotrophic phytoplankton (Glibert et al. 2001).

Recently, Lomas et al. (2001) also documented the impact
of A. anophagefferens on DOM elemental ratios, specifically
noting elevated DOC : DON ratios (.12) in New York em-
bayments when A. anophagefferens densities were .105

cells ml21. We also observed higher DOC : DON ratios dur-
ing bloom densities of A. anophagefferens (26 May–21 July,
DOC : DON 5 15 6 2) compared with the postbloom period
(30 July–5 Oct, 11 6 2; Fig. 5A). However, during early
June (26 May–8 June), when A. anophagefferens was a small
component of the algal community (10%–20% of algal bio-
mass), DOC : DON ratios were markedly higher (18 6 1)
than in early July, when A. anophagefferens was the domi-
nant phytoplankton (15 6 1; Figs. 2C, 5A). These results
suggest that the relative abundance of A. anophagefferens
within the phytoplankton community may also affect DOC :
DON ratios. For example, higher DOC : DON ratios before
the monospecific A. anophagefferens bloom could be indic-
ative of a C-enriched DOM supply that supports bloom ini-
tiation by this mixotrophic species, a conclusion that is con-
sistent with previous experimental observations we have
made in WNB (Gobler and Sañudo-Wilhelmy 2001a). Al-
ternatively, higher densities (and activities) of heterotrophic
bacteria during the July bloom (Fig. 2D) could have also
contributed toward DOC consumption and thus could have
affected DOC : DON ratios as well (Soendergaard et al.
2000).

DOC turnover—OC-pool turnover rates for POC, DOC,
HMW OC, and LMW OC were determined during the col-
lapse of phytoplankton blooms in WNB (21 July–5 October;
Table 1). In addition to microbial degradation, these turnover
rates were also likely influenced by physical advection, and
allochothonous inputs. However, the extended residence time
and the dominance of autochthonous biogeochemical pro-
cesses (Gobler et al. 2002) in this bay suggest that carbon
losses due to advection and additions from allochthonus
sources were likely small, relative to in situ processing. Our
calculations demonstrate that all OC pools yielded rapid
turnover rates during the first 2 weeks of decay and slower
rates thereafter, which indicates components of assorted la-
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Table 1. A comparison of organic carbon (OC) turnover rates during the collapse of algal blooms in West Neck Bay (WNB). OC pool
turnover rates for particulate OC (POC), dissolved OC (DOC), high-molecular-weight (HMW) OC, and low-molecular-weight (LMW) OC
were calculated from changes in the natural log of OC concentrations over time during the collapse of phytoplankton blooms in WNB (21
Jul–5 Oct; Kirchman et al. 1991). Short-term rates were determined over 0–15 d, whereas long term rates were as 15–75 d.

OC pool
Short-term

turnover rates (d21)
Long-term

turnover rates (d21)

Residence time of
the short-term
decay pool (d)

Residence time of
the long-term
decay pool (d)

POC
DOC
HMW OC
LMW OC

0.02660.0027
0.02560.0038
0.03660.0052
0.01460.0053

0.001260.0021
0.003660.0017
0.005260.0009

0.0007360.00025

38
40
28
71

830
280
190

1,400

bilities within each physically fractionated pool (Berner
1980; Raymond and Bauer 2000). Over short time periods
(2 weeks), DOC and suspended POC both turned over at
similar rates (;0.025 d21; Table 1). In contrast, over both
short (0–14 d) and long (15–75 d) time periods, the HMW
OC pool turned over at rates approximately double the rates
of the LMW OC pool (Table 1), which indicates the more
rapid decay of colloidal carbon after its production by algal
blooms. This observation is consistent with the results of
previous research, which have demonstrated that HMW or-
ganic matter is highly labile and is preferentially used by
bacteria over LMW organic matter (Amon and Benner
1994). It is of interest that the turnover rates for LMW OC
were low, despite the relatively low C : N ratio (10.8 6 1.8;
Fig. 5), and thus potentially greater lability, of the LMW
DOM pool. Such a discrepancy may reflect a decoupling of
LMW OC and ON associated with the various compounds
that make up this pool. For example, although N within
LMW compounds such as amino acids turns over rapidly
(Gardner et al. 1996), some refractory OC, which is likely
LMW, can have an ocean residence time on the order of 103

yr (del Giorgio and Duarte 2002).
Our turnover rates for all pools were lower than those

obtained by Hopkinson et al (2002) within the Mid-Atlantic
Bight for ‘‘very labile’’ DOM. Because our field observa-
tions were only made weekly, the measurement of such ex-
tremely short-term turnover rates of DOM was not possible.
However, our short-term turnover rates (0–14 d; Table 1)
were similar to those reported by Hopkinson et al (2002) for
the pool they defined as ‘‘labile’’ DOM. Our OC turnover
rates were notably higher than those observed by Raymond
and Bauer (2000) in the York estuary, a river-dominated sys-
tem. This difference could represent a greater importance of
humic DOC in such a system, given that rivers typically
contribute substantial levels of recalcitrant, humic DOC in
estuaries, which turns over at a slower rate relative to fresh
DOC produced by algal blooms (Moran and Hodson 1990).

The fate of carbon produced by estuarine phytoplankton
blooms—Although coastal zones are more productive than
the open ocean, the efficiency of the coastal ocean in se-
questering CO2 is unknown (del Giorgio and Duarte 2002)
and is the focus of several major ongoing studies (Liu et al.
2000). Although some studies have determined the impact
of sinking particles on the removal of carbon from the eu-
photic zone (Falkowski et al. 1988), little is known about

the fate of freshly produced DOM in coastal environments,
despite its likely greater importance relative to sinking POM
(del Giorgio and Duarte, 2002). We observed that most of
the DOC produced during estuarine phytoplankton blooms
was HMW (Fig. 3A) and turned over rapidly (Table 1). The
quantification of phytoplankton and bacterial biomass during
our study period has indicated that nearly all of the sus-
pended POC in WNB was microbial biomass (Gobler and
Sañudo-Wilhelmy 2001b), which suggests that the coagula-
tion of HMW OC into POC (Honeyman and Santschi, 1989)
was not a significant loss process. The rapid turnover rates
for HMW OC (Table 1) and the bloom of bacteria (Fig. 2D)
that occurred after the collapse of algal blooms in WNB
suggests that a substantial portion of the DOM produced
during our study may have been remineralized by microbial
respiration. Specifically, the residence time of this bay (10–
15 d) was closest to the residence time determined for the
HMW OC short-term decay pool (28 d; Table 1), which
suggests that only a fraction of this pool may have been
exported from this system. By contrast, the significantly lon-
ger residence times of suspended POC and LMW OC
(months to years; Table 1) suggests that substantial portions
of these pools may have survived microbial decomposition
in WNB and thus would serve as a net export of recently
fixed carbon from this system. This conclusion is supported
by the results of previous studies, which have found that a
portion of DOM produced by marine phytoplankton is re-
sistant to remineraliztion (Aluwihare et al, 1997). Our find-
ings, coupled with Hopkinson et al.’s (2002) observed in-
verse correlation between DOM and salinity within the
Mid-Atlantic Bight, suggest that estuaries are likely an im-
portant source of DOM to continental shelf ecosystems.
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