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Interannual to interdecadal changes of
water temperature, sea-level
displacement, and sea-ice
concentrations in the Bering Sea and
associated atmospheric circulation
changes
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The Bering Sea Sea-Surface Temperatures (SSTs),
subsurface temperatures, sea-level displacements
(SLDs), sea-ice concentration and associated atmo-
spheric circulations are analyzed to identify dominant
interannual to interdecadal variations. Seasonally
combined EOF analysis of the SSTs in the Bering
Sea provides seasonally dependent EOF1, which ex-
hibits smallest amplitudes in winter and largest ones
in summer. The corresponding yearly-sampled PC1 is
characterized by the warming trend through the record
(1925-2001) with the warmest year in 1997, which is
followed by rapid cooling until 1999. The warming
from1995-1997 and cooling from 1997-1999 are com-
monly found in heat storage, and also accompanied
by SLD raise and fall, respectively. The cooling and
SLD fall in the late 1990s might be related with a
possible major regime shift in 1998/1999, which were
suggested by several papers (Minobe 2000, Hare and
Mantua 2000, Schwing and Moore 2000). The sea-ice
variability corresponding to the SST PC1 is prominent
in spring in the eastern Bering Sea with correlations
as high as 0.7. The correlations between the SST
PC1 and sea-level pressures suggests that the spring
atmospheric circulation anomalies play an important
role in the variations of ocean and ice in the Bering
Sea.
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Discrimination of the algal photo-pigment
gyroxanthin-diester (through High Performance Liquid
Chromatography) can be applied to studies of Karenia
brevis (Davis) G. Hansen & Moestrup as a biomarker
and an indicator of both phytoplankton taxonomy and
photophysiology. Few other species of phytoplankton in
the eastern Gulf of Mexico contain gyroxanthin-diester
therefore this pigment can be used as a biomarker
for K. brevis in these waters. Four years of HPLC
data, collected in nine independent field studies of the
ECOHAB Florida project, were used to demonstrate
the utility of gyroxanthin-diester in studies involving
K. brevis. A weak linear relationship existed between
the abundance of K. brevis and the concentration of
gyroxanthin-diester however the presence and relative
abundance of K. brevis was obtained from HPLC data.
When gyroxanthin-diester was present its ratio to
chlorophyll a was found to be constant. A compari-
son of the ratios of gyroxanthin-diester/chlorophyll a
and gyroxanthin-diester/diadinoxanthin also provided
information concerning photo-physiological state. Tax-
onomic composition, including the contribution of K
brevis to total community composition, was determined
using gyroxanthin-diester and ChemTax.
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Seasonal Variations in Ciliate Ingestion
Rate and its Relationship to
Synechococcus Abundance in a Coastal
Marine Environment
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At a sampling location on the northern coast of Tai-
wan (25◦ 08.5’ N, 121◦ 47.7’ E), the abundance of
both Synechococcus and aloricate oligotrichous ciliates
showed substantial seasonal variations with high val-
ues occurred in summer. Using the method of fluo-
rescently labeled prey, Synechococcus-sized particles ap-
peared to be the preferred food for ciliates, but par-
ticles of other sizes were also ingested. The ingestion
rates measured at constant temperature varied season-
ally. The highest ingestion rate, 86 Synechococcus cells
ciliate−1 hr−1, was observed in summer when Syne-

chococcus abundance reached 5.8×104 cells ml−1, and
a good correlation could be established between Syne-
chococcus abundance and ciliate ingestion rates. When
Synechococcus abundance was kept constant, a separate
set of experiments indicated that the effect of temper-
ature on ingestion rate was small in the range between
20 and 30◦C. Our results suggested that the seasonal
variation in ciliate ingestion rate was mainly controlled
by Synechococcus abundance in the water column.
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The feeding by the larvae of the mussel
Mytilus galloprovincialis on red tide
dinoflagellates

Seong Taek Kim1 (82-63-469-4608;

kimst@kunsan.ac.kr)

Hae Jin Jeong (hjjeong@kunsan.ac.kr)

Chang Hoon Lee

Jae Yoon Song

Won Ho Yih
1Dept. of Oceanography, Kunsan National University,

Myrong Dong san 68, Kunsan 573-701, Korea, Re-
public of

We investigated grazing rates of the larvae of
Mytilus galloprovincialis as a function of the larval
age and prey concentration when feeding on the red-
tide dinoflagellates Prorocentrum minimum, Cochlo-
dinium polykrikoides, Alexandrium affine, Scrippsiella
trochoidea, Prorocentrum micans, and Lingulodinium
polyedrum. M. galloprovincialis larvae ingested all prey
species used in this study. Ingestion rates of the lar-
vae on unialgal diets of C. polykrikoides, S. trochoidea,
and P. micans increased rapidly with increasing lar-
val age up to 17-21 d, but were saturated at older
ages, while those for the other prey species continu-
ously increased. Ingestion rates of 25-d old larvae on
unialgal diets of the red tide dinoflagellates increased
rapidly with increasing prey concentration up to 1,000-
3,000 cells ml−1 , but were saturated or showed only a
slight increase at the higher prey concentrations. Maxi-
mum ingestion and clearance rates of 25-d old larvae on
these dinoflagellates were 14-69 ng C predator−1d−1

and 1.5-11.4 l predator−1 h−1, respectively. M. gallo-
provincialis larvae exhibited higher maximum ingestion
and clearance rates than previously reported for the
mixotrophic dinoflagellate Fragilidium cf. mexicanum,
the heterotrophic dinoflagellates Protoperidinium cf.
divergens, P. crassipes, Polykrikos kofoidii, or the small
ciliate Tiarina fusus, but lower rates than the large
ciliates Strombidinopsis sp. and Favella sp. when
grown on the same prey species. Grazing coefficients
calculated by combining field data on abundances of
Mytilus larvae and co-occurring red tide dinoflagellates
with laboratory data on ingestion rates obtained in the
present study suggest that M. galloprovincialis larvae
usually has a small grazing impact on the populations
of red tide dinoflagellates due to the predators low den-
sity.
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Changes in Seasonal Growth Break
Occurrence in Hard Clams, Mercenaria
mercenaria, Under Brown Tide
Conditions Using Stable Oxygen
Isotope Analysis
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Hard clams are a significant economic resource of
Great South Bay, New York, but their abundance has
dramatically declined in the past two decades. One
possible contributing factor to this decline is the ap-
pearance of brown tides, monospecific phytoplankton
blooms of Aureococcus anophagefferens, which have been
shown to hinder bivalve feeding under high densities.
Since the appearance of brown tides in 1985, shells
appear to have more seasonal growth breaks at har-
vestable size suggesting a greater age and therefore
slower growth. The ratio of δ 18O to δ 16O in calcium
carbonate is indicative of the temperature and salin-
ity of the surrounding water at the time of deposition.
Therefore oxygen isotope analysis of the shell around
a growth break can indicate its season of formation.
Shells of clams that have either never been exposed to
brown tide or experienced blooms of varying duration
and density were analyzed using stable isotope mass
spectrometry combined with historical water tempera-
ture and salinity information to determine the season of
creation for multiple growth breaks. Analysis indicated
that growth breaks occurred more frequently in clams
exposed to brown tides of long duration and high con-
centration, making the clams appear older at the time
of harvest then they actually were. Accurate aging of
clams has important implications for population stud-
ies and stock management decisions.
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Harmful algal blooms called brown tides, caused by
the pelagophyte Aureococcus anophagefferens, have oc-
curred sporadically in coastal waters of Long Island,
New York and elsewhere since 1985. Blooms of this
minute (=2-3 m) alga have resulted in significant envi-
ronmental damage and considerable economic loss. We
have been experimentally examining the factors leading
to the initiation of these blooms, and factors that might
prevent their occurrence. We have conducted experi-
ments in 300 liter mesocosms with natural seawater and
under ambient conditions of light and temperature. Ex-
perimental setups with and without hard clams (Mer-
cenaria mercenaria) demonstrated dramatic differences
in the accumulation of A. anophagefferens biomass.
Moderately high abundances of hard clams (densities
sufficient to produce filtration rates resulting in the
turnover of =25% of the water in the mesocosm per
day) prevented any significant buildup in the absolute
abundance of A. anophagefferens during 7-10 day ex-
periments. Differences in the absolute abundance of A.
anophagefferens in mesocosms with and without hard
clams differed by as much as three orders of magnitude
after one week. In addition, hard clams prevented a
shift in the composition of the phytoplankton assem-
blage to dominance by the brown tide alga. Our evi-
dence strongly indicates that differences between his-
torical and present abundances of hard clams in L.I.
estuaries may be an important factor in explaining the
occurrence of brown tides during the past 16 years.
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Qualitative and quantitative relationships between
satellite derived sea-surface temperature (SST), chloro-
phyll patterns and the distribution of Alexandrium, the
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toxic dinoflagellate species responsible for harmful al-
gal blooms (HABs) in the Gulf of Maine (GOM) are
examined. Daily images coincident with five ECOHAB
survey cruises in 1998 and 2000 are composited over
each cruise period to create mean patterns for each
sample period. Contours of surface Alexandrium con-
centrations superimposed on images of SST and SST
frontal zones show that high concentrations of Alexan-
drium are located primarily in the eastern Maine coastal
current (EMCC) and that frontal zones in this region
generally act as boundaries to their surface distribu-
tions. The most consistent results of a series of linear
regressions are a linear relationship between satellite
SST and Alexandrium that was used in a simple model to
extrapolate/interpolate the distribution of Alexandrium
based on satellite data. The regression results also sug-
gest a seasonally shifting optimal temperature range for
maximum Alexandrium concentrations. No qualitative or
quantitative relationships between the SeaWiFS chloro-
phyll data and GOM Alexandrium distributions were
found. Relationships between satellite-measured SST
patterns and toxicity events in the western GOM were
examined during a paralytic shellfish poisoning (PSP)
closure in May 2000 to test the hypothesis that toxicity
events in the western GOM require a transport mecha-
nism linking Alexandrium cells in the EMCC to shellfish
beds in western GOM. Thermal patterns evident in the
satellite SST data at the time of the May 2000 closure
were consistent with enhanced connectivity and advec-
tion between the two regions. Ten years (1990-1999)
of retrospective toxicity data from five sites along the
coast of Maine and coincident AVHRR SST data are
used to test the temporal stability of this relationship.
Results show that the occurrence of strong thermal gra-
dients between eastern and western GOM, indicative of
reduced alongshore connectivity, play a role in the oc-
currence and timing of toxicity event in the western
GOM.
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We investigated growth and grazing rates of the pros-
tomatid ciliate Tiarina fusus when feeding on several
species of red-tide and/or toxic algae (RTA). T. fusus
ingested the dinoflagellates Lingulodinium polyedrum,
Scrippsiella trochoidea, Heterocapsa triquetra, Pro-
rocentrum minimum, Amphidinium carterae, and the
raphidophyte Heterosigma akashiwo, but rarely con-
sumed the dinoflagellate Ceratium fusus, and did feed
on the dinoflagellate Prorocentrum micans. T. fusus
exhibited positive growth on L. polyedrum, S. tro-
choidea, and H. akashiwo. Specific growth rates of
T. fusus increased rapidly with increasing density of
L. polyedrum, S. trochoidea, and H. akashiwo before
saturating between 500-1,000 ng C ml−1 . Maximum
specific growth rate of T. fusus feeding on L. polye-
drum (0.47 d−1) was much higher than when feeding

on S. trochoidea (0.13 d−1) or H. akashiwo (0.10 d−1).
Threshold prey concentrations (where net growth =
0) for L. polyedrum, S. trochoidea, and H. akashiwo.

were 34-160 ng C ml−1. Maximum ingestion rates
of T. fusus on L. polyedrum, S. trochoidea, and H.
akashiwo were 23.4, 10.2, and 6.5 ng C predator−1

d−1, respectively, while maximum clearance rates
were 4.5, 0.2, and 0.6 l predator−1 h−1, respectively.
T. fusus exhibited comparable or higher maximum
growth, ingestion, and clearance rates than previously
reported for the mixotrophic dinoflagellate Fragilidium
cf. mexicanum or the heterotrophic dinoflagellates
Protoperidinium cf. divergens and P. crassipes, when
grown on the same prey species. Grazing coefficients
calculated by combining field data on abundances of T.
fusus and co-occurring RTA with laboratory data on
ingestion rates obtained in the present study suggest
that T. fusus sometimes has a considerable grazing
impact on the populations of H. akashiwo.
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Recent analytical and conceptual advances in chro-
matography have led to the development of comprehen-
sive two-dimensional gas chromatography (GCxGC),
which has a tremendous capability to separate, iden-
tify, and quantify trace organic compounds in com-
plex geochemical samples. GCxGC uses two different
chromatography columns coupled serially by a ther-
mal modulator to produce a volatility by polarity sep-
aration and distribute compound peaks across a two-
dimensional retention time plane. This is in contrast
to ”heart-cutting” two-dimensional GC, which only al-
lows select components in the first column to be re-
chromatographed on a second column. The GCxGC
two-dimensional separation produces an order of mag-
nitude more resolved peaks than traditional GC meth-
ods, and the grouping or ordering of the peaks in
the GCxGC chromatogram facilitates the identification
of unknown compounds. Furthermore, spatial band
compression during modulation has the additional ad-
vantage of more than an order of magnitude increase
in signal-to-noise ratio, thus improving the detection
and quantification of minor components. For exam-
ple, we have used GCxGC to investigate the com-
position and distribution of alkenones (35 to 39 car-
bons) in Black Sea sediments. These compounds dif-
fer in chain length, degree of unsaturation, and posi-
tion of the ketone group (either methyl or ethyl). In
this case, GCxGC analysis resolved and helped ten-
tatively identify more of these compounds than was
previously thought to exist. New alkenones include
C35:2Me, C37:4Et, C37:1Me, C38:4Me, C38:1Et, and
C39:4Et. (Alkenone nomenclature is as follows: Cx:y
Me or Et, where x is the total number of carbons in
the compound, y is the number of double bonds, and
Me or Et designates methyl or ethyl ketones, respec-
tively). It is especially worth noting that the place-
ment of the ketone group by one carbon unit (methyl
or ethyl) allowed for discrete bands of these compounds
to be resolved. We have also found that GCxGC may
be equally adept in determining the alkenone unsatura-
tion index in total sediment extracts and hence avoid-
ing time-consuming ”clean-up” steps when using these
compounds for paleothermometry. Another application
of GCxGC that we are exploring is resolving the un-
resolved complex mixture (UCM) of petroleum hydro-
carbons. These compounds are the most abundant,
ubiquitous, and understudied class of organic contam-
inants in estuarine and coastal sediments. The term
UCM is derived from traditional GC and refers to a
hump of unresolved and, hence, unidentified hydrocar-
bons in gas chromatograms. Initial efforts have been
able to separate and identify discrete bands of normal,
branched, one-ring, and two-ring alkanes and one-, two-
, and three-ring aromatics. Additional applications fo-
cused on natural and anthropogenic organic compounds
as well as future efforts will be discussed.
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Over the past several years it has become feasible
to measure the isotopic characteristics of individual or-
ganic compounds in complex natural matrices such as
marine sediments. In addition to the stable isotopes
of carbon, techniques have been developed for exam-
ining natural abundance variations in other stable iso-
topes (D/H, δ15N and δ18O), as well as for radiocar-
bon at the molecular-level. Here, we illustrate how
multi-isotopic measurements on individual compounds
can improve our understanding of organic carbon cy-
cling in the ocean.

Coupled measurements of δ13C and ∆14C better
define organic carbon inputs, both in terms of quantity
and mode of transport: δ13C measurements on molecu-
lar markers (biomarkers) of marine primary productiv-
ity (e.g., algal sterols, fatty acids, alkenones) may help
to define environmental conditions and the physiolog-
ical status of by the precursor organisms; ∆14C mea-
surements on these same compounds provide a tempo-
ral context for the processes that act upon phytoplank-
tonic organic matter, from its synthesis in the surface
ocean to its burial in marine sediments. We have ob-
served, for example, that sediment redistribution pro-
cesses such as resuspension and lateral advection can
significantly ”pre-age” organic matter that is preserved
in some sedimentary regimes. When paired with similar
measurements on vascular land plant biomarkers (e.g.,
epicuticular waxes, lignin phenols), constraints can be
placed on the terrestrial residence time of the latter
and on the importance of terrigenous organic carbon
in marine sediments. Recently, we have expanded this
multi-isotopic approach to include compound-specific
D/H measurements, and found this can provide com-
plementary information to that available from carbon
isotopes.

In addition to describing this multi-isotopic ap-
proach, this paper will describe methods and existing
challenges associated with molecular-level radiocarbon
measurements, and discuss future analytical develop-
ments.
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Most of the organic nitrogen which can be identified
at the molecular level in organisms, sinking particles,
and dissolved matter is present as amino acids. Un-
fortunately, in the geochemical realm, molecular-level
amino acid analysis has had limited ability to provide
source information because overall amino acid compo-
sitions from different sources are too similar. On the
isotopic level, however, distinct biochemical pathways
associated with differing metabolic processes result in
characteristic stable isotopic fractionation patterns. In


