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Abstract

Seasonal and depth variations in alkenone flux and molecular and isotopic composition of sinking particles were

examined using a 21-month time-series sediment trap experiment at a mooring station WCT-2 (391N, 1471E) in the mid-

latitude NW Pacific to assess the influences of seasonality, production depth, and degradation in the water column on the

alkenone unsaturation index UK0

37 . Analysis of the underlying sediments was also conducted to evaluate the effects of

alkenone degradation at the water–sediment interface on UK0

37 . Alkenone sinking flux and UK0

37 -based temperature showed

strong seasonal variability. Alkenone fluxes were higher from spring to fall than they were from fall to spring. During

periods of high alkenone flux, the UK0

37-based temperatures were lower than the contemporary sea-surface temperatures

(SSTs), suggesting alkenone production in a well-developed thermocline (shallower than 30m). During low alkenone flux

periods, the UK0

37-based temperatures were nearly constant and were higher than the contemporary SSTs. The nearly

constant carbon isotopic ratios of C37:2 and C38:2 alkenones suggest that alkenones produced in early fall were suspended in

the surface water until sinking. The alkenone sinking flux decreased exponentially with increasing depth. The decreasing

trend was enhanced during the periods of high alkenone flux, suggesting that fresh and labile particles sank from spring to

fall, while old and stable particles sank from fall to spring. The UK0

37-based temperature usually increased with increasing

depth. The preservation efficiency of alkenones was �2.7–5.2% at the water–sediment interface. Despite the significant

degradation of the alkenones, there was little difference in UK0

37 levels between sinking particles and the surface sediment.

r 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Long-chain alkenones are biolipids in a specific
group of haptophyte algae (Volkman et al., 1980),
and, until now, they have been reported solely from
Emiliania and Gephyrocapsa (Family Gephyrocapsae)
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and Chrysotila and Isochrysis (Family Isochrysida-
ceae) (Marlowe et al., 1984; Volkman et al., 1995).
In open marine environments, alkenones are
thought to be produced exclusively by Emiliania

and Gephyrocapsa (Marlowe et al., 1984, 1990).
Alkenone paleothermometry was proposed in the

mid-1980s (Brassell et al., 1986; Prahl and Wake-
ham, 1987) and has been widely applied to the
assessment of late Quaternary changes in sea-
surface temperatures (SSTs) (reviewed by Brassell,
1993; Müller et al., 1998). Alkenone paleothermo-
metry uses the physiological response of the
unsaturation degree of C37 alkenones (expressed as
UK

37 and UK0

37) to the growth temperature. An early
attempt exhibited a linear relationship between
alkenone unsaturation indices and growth tempera-
ture in a batch culture experiment with an Emiliania

huxleyi strain (55a) from the NE Pacific (Prahl and
Wakeham, 1987; Prahl et al., 1988). Nearly identical
relationships were found in a comparison of the UK0

37

of core-top and surface sediments with the mean
annual temperature at 0m in the overlying waters
(e.g., Müller et al., 1998; Conte et al., 2006). The
calibration equations based on these relationships
have been used for assessing sea-surface paleotem-
perature. Recently, Conte et al. (2006) showed
that the surface sediment calibration differs sig-
nificantly from the surface-water calibration and
attributed the deviation to the combined effects of
seasonality and thermocline production as well as
the differential degradation of tri- and di-unsatu-
rated alkenones.

The season and depth of alkenone production
determine the value of sedimentary UK0

37 . It is thus
necessary to evaluate the effects of these factors on
paleotemperature estimation. Because the alkenones
sampled by time-series sediment traps record the
temperature when and where the alkenones were
produced, the temperatures indicated by trapped
alkenones provide a key for estimating the season
and depth of alkenone production. In the north-
western Pacific, Sawada et al. (1998) reported that
the UK0

37-based temperatures in sinking particles
corresponded with the SSTs 1–2 months prior to
sampling at the southern margin of the Kuroshio–
Oyashio mixing zone. Ohkouchi et al. (1999) argued
that alkenones record the temperatures within or
below the thermocline (�150m deep) because the
alkenone temperatures in surface sediments were
nearly 10 1C lower than annual mean SSTs in the
overlying water in the subtropical Pacific. In the
subarctic Pacific, Harada et al. (2006) reported that

UK0

37-based temperatures in sinking particles corre-
sponded with the thermocline temperatures during
the high-export season, while they were higher than
SSTs during the low-export season.

Degradation of alkenones through water and
sediment columns presumably affects the alkenone
unsaturation index (Freeman and Wakeham, 1992;
Hoefs et al., 1998; Gong and Hollander, 1999). If
this effect is relatively large, it introduces error into
paleotemperature estimations that are based on the
alkenone unsaturation index. Alkenone degradation
through the water column is evaluated based on the
decreasing trend of sinking flux with increasing
depth (Müller and Fischer, 2001). Most sediment
trap studies, however, have not detected this
decreasing trend because of interference by the
lateral influx of allochthonous alkenones to deeper
traps (e.g., Sawada et al., 1998). Also, very little is
known about the degradation rate of alkenones at
the water–sediment interface, except for a few
studies (e.g., Prahl et al., 1993; Müller and Fischer,
2001). Evaluation requires a combined data set of
the sinking fluxes of alkenones through the water
column and their accumulation rates in the sedi-
ment at the same location.

Lateral advection of allochthonous alkenones by
strong surface currents can also alter the alkenone
signal. High UK0

37-based temperature in the southern
Indian Ocean during the last Glacial maximum has
been interpreted as the lateral advection of warm-
water detrital alkenones by the Agulhas Current
(Sicre et al., 2005). Other research has attributed the
low UK0

37-based temperature of the suspended
particulates in the Brazil–Malvinas Confluence to
the lateral advection of cold-water detrital alke-
nones by the Malvinas Current (Rühlemann and
Butzin, 2006; Conte et al., 2006).

In this study, we examined the seasonal and depth
variations in alkenone flux and molecular and
isotopic compositions of sinking particles using a
time-series sediment trap experiment at a selected
mooring station (391N, 1471E; Fig. 1) in the mid-
latitude NW Pacific to assess the influences of
seasonality, production depth, and degradation of
alkenones in the water column on UK0

37 . Analysis
of the underlying sediments was also conducted to
evaluate the effects of alkenone degradation at the
water–sediment interface on UK0

37 .
The study site, station WCT-2, is located in the

mixing zone between Oyashio and Kuroshio waters
(Fig. 1). Cold and warm mesoscale eddies from the
Oyashio and Kuroshio, respectively, develop in the
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