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Diatom sinking fluxes in the western and central Equatorial Pacific during

1999-2002: Summary and data 

Jonaotaro Onodera*, Kozo Takahashi** , Fumiko Kobayashi** , Itsuro Ono**

and Yoichiro Katsurada**

Abstract

Diatom sinking fluxes at Sites MT3-MT7 in the western Equatorial Pacific in 1999-2002
were studied in order to decipher the ecological relationships between the diatom fluxes and
environmental conditions such as water temperature and salinity. As a supplement for those
studies, this paper contains the compiled data tables of diatom fluxes at Sites MT3-MT7
together with an outline of major results based on the flux data. Not only total diatom fluxes
but also the relative abundances of some major diatoms reflected the spacial and temporal
migrations of the water masses from the Western Pacific Warm Pool (WPWP) and the
Equatorial Upwelling Region (EUR). For example, the high fluxes of Thalassiosiraspp.,
Azpeitiaspp. and Asteromphalusspp. were observed in the EUR with relatively low
temperature (<28ºC) and high salinity (>35.1). The abundances of those centric taxa may be
indicative of the EUR. The correlation coefficient between total diatom fluxes and total
radiolarian fluxes was significantly high at all sites. The flux ratios of radiolarian/diatoms
were significantly lower than the data in the subarctic Pacific, and thus the significant
contribution by both diatoms and radiolarians to biogenic opal is expected. 

Keywords: diatom flux, sediment trap, equatorial Pacific, WPWP, EUR 

1. Introduction

Four year records of diatom sinking fluxes were obtained in the western and central Equatorial
Pacific in 1999-2002 in order to decipher the biogeographic relationships between diatom floral
fluxes and longitudinal migrations of upper water masses associated with El Niño-Southern
Oscillation (ENSO). In the research program •Global Carbon Cycle and Related Mapping based on
Satellite ImageryŽ (GCMAPS), several sediment traps were deployed as one part of the project. As
the results by the GCMAPS at this time, there are several publications on diatom biocoenosis and
diatom fluxes in the Equatorial Pacific (Kobayashi and Takahashi, 2002; Ono et al., 2004;
Takahashi et al., 2002, submitted). The diatom counting was conducted by three graduate school
students, Department of Earth & Planetary Sciences, Graduate School of Sciences, Kyushu
University. However, three data sets of their count data had not yet been compiled to one entity from
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the first to the final years of sediment trap deployments. For the further research on diatom fluxes
and paleoceanography employing diatom fossils, the publication of the compiled data is warranted.
Therefore, we herewith present the compiled data of diatom fluxes as the supplement together with
an outline of the major results. 

2. Samples and Methods

The time-series sediment traps (type SMD26S-6000, Nichiyu-Giken Co. Ltd., Tokyo) were
deployed at Sites MT3-MT7 in the western and central Equatorial Pacific from January 1999 to
January 2003 (Table 1; Fig. 1). This sediment trap is cone-shaped with 0.5 m2 apertural area and 26
collecting sample bottles. The deployment, recovery, maintenance, and redeployment of sediment
traps were conducted during the cruises of the R/V Mirai, Japan Agency for Marine-Earth Science
and Technology (JAMSTEC). The sediment traps were deployed at two depths (approx. 1000 m
[Shallow] and 2000-3000 m [Deep]) at all sites. 

For diatom analysis, we employed splits of 1/256-1/1024 aliquot sizes of the original trap
samples. A fraction of the liquid sample was filtered through a Gelman® membrane filter (47 mm
diameter, 0.45� m pore size). The filtered sample was mounted on a microslide with Canada
Balsam as the mounting medium. Diatoms were counted under an Olympus® LM BX-50 light
microscope at 400x magnification. The diatom assemblages were investigated by identifying to
species level; at least 200 specimens (in two instances lower than this value due to availability of
small amount of samples; MT3 16 July-01 August 2001; 16-23 December 2002); and generally
greater than 200 valves per sample were counted under the light microscope (Appendix Table 1).
The resulting counts yielded estimates of daily fluxes of diatom valves (Takahashi, 1986). Relative
abundances of individual diatom taxa are given as percentages of each taxon in the total diatom
assemblage in each of the trap sample. Diatom identification and counting were performed by
Fumiko Kobayashi for the first year samples, Itsuro Ono for the second year and Yoichiro Katsurada
for the third and fourth year samples. The diatom taxonomy in this study is essentially based on the
system by Hasle and Syvertsen (1997). Due to the insufficient taxonomic agreement and the
handover among three investigators who proceeded the counts, the species list of minor diatoms
observed in the studied samples are not always consistent throughout four years in the census. For
instance, when a given investigator in charge of the counts decided not to be confident in providing
species level identity of the taxa the investigator only provided the taxon-count values at a higher
level than species. Therefore, these uncertain diatom species are lumped to one taxon at genus or
order level. Takahashi et al. (2002) and Ono et al. (2004) suggested the significant adverse influence
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Table 1. Deployment summary of sediment traps at Sites MT3-MT7 from January 1999 through January 2003. The
detail data for the sampled interval are tabulated in Appendix Table 1.
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of swimmers in Shallow trap samples. Therefore, the data from Shallow sediment traps were not
applied to further diatom flux study in Takahashi et al. (submitted). The data tabulated here are also
limited to the data from Deep sediment traps (Appendix Tables 1-6). Although diatom
photomicrographs are not presented here, the plate for major diatoms in this study is available in
Ono et al. (2004). 

3. Oceanographic Setting

In the studied area (Fig. 1), surface waters are categorized to two masses: the Western Pacific
Warm Pool (WPWP); and the Equatorial Upwelling Region (EUR). The WPWP is defined by the
high water temperature of greater than 28ºC (Yan et al., 1992). The EUR is located in the east of the
WPWP, which is a mild upwelling area with lower temperature of <28ºC (Fig. 1a). The nutrient
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Fig. 1. The locality map of sediment trap Sites MT3-MT7 (reversed triangles) in the western and central Equatorial
Pacific. The pale gray area represents the mean-high SST area (>28ºC) in (a) 1999 and 2000 (the La Nina condition)
and (b) 2002 (the El Nino condition). EUR (hatched area): Equatorial Upwelling Region: SEC: Southern Equatorial
Current: NECC: Northern Equatorial Counter Current; NGCC: New Guinea Coastal Current; and NEC: Northern
Equatorial Current. SST data from Reynolds et al. (2002).
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supply from the subsurface into the surface layer of the WPWP is limited due to significant
development of the thermocline; and thus the major nutrient concentrations and diatom standing
stocks in the surface waters of the WPWP were significantly lower than those in the EUR
(Kobayashi and Takahashi, 2002). During the La Nina period, Sites MT3 and MT4 were located in
the WPWP whereas other sites were located in the EUR (Figs. 1a, 2a-c). During the El Nino period,
the surface layers at all sites were under the influence of the WPWP waters (Figs. 1b, 2a-c). Because
of the eastward migration of the WPWP in the El Nino period, the 20ºC isotherm depths at Site MT3
in 2002 was shallower than those in the previous three years whereas those at Site MT7 in 2002 was
deeper (Fig. 2d). 

4. Results and Discussion

4.1. Total Diatom Fluxes
Total diatom fluxes at Sites MT3-MT7 were different depending on the years and locations (Fig.

2e). Total diatom fluxes in the WPWP area were usually lower than those in the EUR. At Site MT3
in the WPWP, total diatom fluxes in the La Nina period were essentially lower than those in the El
Nino period. However, total diatom fluxes in the EUR were higher in the La Nina than in the El
Nino (Fig. 2e). This spacial and temporal variation of total diatom fluxes in the studied area is
essentially related to the migration of the WPWP and the EUR. The longitudinal migrations of the
WPWP and the EUR water masses are consistent with the variations of SST, salinity, and 20ºC
isotherm depth (Fig. 2b-d). In particular, the biogeographic trend of total diatom fluxes was
correlated at a significant level to sea surface temperature (r = -0.58; p<0.0001) and salinity (r =
0.43; p<0.0001) (Fig. 3). Except for Site MT3 where lithogenic materials are partially transported
from the Papua New Guinea, diatom production and flux in the studied area are significantly
supported by the nutrient supply from the subsurface (Takahashi et al., submitted). The obtained
correlation coefficients suggest significant contribution of subsurface waters to diatom production
and their fluxes in the studied area.

4.2. The occurrence patterns of major diatom taxa
In a large sense, centric diatom fluxes were relatively high in the EUR whereas pennate diatom

fluxes including Nitzschia bicapitatawere relatively abundant in the WPWP (Fig. 4; Ono et al.,
2004). The relatively high abundances of such pennate diatoms suggest their tolerances to more
oligotrophic condition in the WPWP (Treppke et al., 1996; Romero et al., 1999, 2000). Among the
diatom taxa occurred in this study, Rhizosolenia bergonii, Nitzschia bicapitataand genus
Thalassionemawere the primary component in the diatom sinking assemblages (Figs. 4-5;
Takahashi et al., submitted). The secondary dominant components in the studied samples were
Thalassiosiraspp. (mainly composed of Thalassiosira eccentricagroup, Th. endoseriata, Th.
leptopus, and Th. oestrupii), Azpeitiaspp. (Az. africana, Az. neocrenulata, and Az. nodulifera), and
Rhizosoleniaspp. (Appendix Tables 2-6). The fluxes of Nitzschia bicapitatawas the highest at Site
MT3 among all sites whereas Rhizosolenia bergoniiflux was the highest at Site MT5 (Fig. 5). The
highest fluxes of Thalassiosiraspp. and Azpeitiaspp. were observed at Site MT6 in 2001. Because
the flux data at Site MT7 do not include the period of the La Nina, the high abundances of relatively
eutrophic diatoms were recorded at Site MT6 rather than at Site MT7. 

In the relationship with sea surface temperature and salinity, the mean fluxes of Nitzschia
braarudii, N. bicapitata, and Rhizosolenia setigerawere usually high in the condition of high
temperature and low salinity (Fig. 5). Although mean fluxes of Nitzschia braarudiiand N. bicapitata
at Site MT7 were higher than those at Sites MT5 and MT6, this probably reflects the difference in
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the sampled period; and the data at Site MT7 reflect only temporal influence of the WPWP during
the El Nino. In general, Rhizosolenia setigerais common in the estuaries of temperate and
subtropical regions (Takano, 1990). The limited occurrences of Rh. setigeraat Sites MT3 and MT4
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Fig. 2. Monthly isograms of (a) sea surface temperature (Reynolds et al., 2002), (b) salinity at 5 m water depth
(Carton and Giese, submitted), (c) 20ºC isotherm depth (Behringer et al., 1998), and (d) total diatom flux. 
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probably reflect the partial influences of intensified rain fall in the western ITCZ and the Papua New
Guinea during the La Nina period. The minor fluxes of Diploneisspp. were sometimes recorded at
Site MT3 (Appendix Table 2). However, the Diploneisoccurrences are probably explained as the
advection of resuspended particles around the coasts of Papua New Guinea by the intensified
undercurrent during the El Nino (Takahashi et al., submitted). The direct influences of river or
coastal water input to diatom fluxes at Site MT3 are probably minor because (1) the occurrences of
Diploneiswere not limited to the rainy season and (2) other littoral diatoms were not recorded. 

The frequencies of high flux records of Azpeitiaand Thalassiosirasharply increased in condition
of lower temperature (<28ºC) and higher salinity (>35.1), which reflects the water condition of the
EUR rather than the WPWP (Fig. 5). AlthoughRhizosolenia bergoniiand Roperia tesselataalso
showed relatively high fluxes in the EUR than the WPWP, the responses of these taxa to
temperature and salinity were rather gradual than those of Azpeitiaand Thalassiosiraspp. (Fig. 5).
However, not only Azpeitiaand Thalassiosirafluxes but also most of diatom taxon flux showed
similar trends to the temporal patterns of temperature and salinity changes. Therefore, the relative
abundances (percentages) of secondary dominant taxa do not show the longitudinal differences
(Figs. 4-5). The biogeographic trends of diatom fluxes with different temperature and salinity
conditions include the information of geographic differences on the nutrient concentrations between
the WPWP (relatively oligotrophic) and the EUR (relatively eutrophic). It is not attempted at this
time to determine which factor among temperature, salinity, or nutrients most significantly
influenced to their flux variations. However, the biogeographic patterns of diatom fluxes are at least
available for future paleoceanographic reconstruction effort as the proxy to assess which water
masses of the WPWP and the EUR influenced the surface layer in the studied area. 

4.3. The relationships with radiolarian fluxes
The radiolarian fluxes in the studied materials are the secondary component of siliceous shells in

numbers of skeletons or valves. Radiolarians represent protozoa plankton whereas diatoms represent
one of the major primary producer groups. And thus total radiolarian fluxes (Okazaki et al., 2008)
shows the significant and positive correlation coefficient to total diatom fluxes (r = 0.68; p<0.0001;
N = 142). In particular, when high total diatom flux was observed at Site MT5, the fluxes of surface
radiolarian dwellers accompanied with high chlorophyll-a concentration were also high (Okazaki et
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Fig. 3. The relationships between monthly data for total diatom fluxes and sea surface temperature or salinity. (a)
sea surface temperature versus total diatom flux; (b) salinity versus total diatom flux. The data for SST and salinity
were compared to the diatom flux in one month later, taking into account for the time lag of particle settling from
sea surface to the trap depth.
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Fig. 4. Annual means of relative abundances of major diatom taxa. (a): 1999; (b) 2000; (c): 2001; and (d): 2002. •N.
A.Ž represents •Not AvailableŽ due to no deployment or malfunctions of sediment traps.
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Fig. 5. The relationships between major diatom flux and sea surface temperature or salinity, and the mean flux and
relative abundance at each site throughout the sampled duration. The left side: sea surface temperature versus
monthly flux of diatom taxon; central: salinity at 5 m water depth versus monthly flux of diatom taxon; and the right
side: the mean diatom flux with one standard deviation and mean relative abundance throughout the sampled
duration at each site. The monthly data of SST and salinity were compared to the monthly diatom flux occurred one
month later, taking into account for the time lag of particle settling from sea surface to the trap depth.
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Fig. 5. (Continued)
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al., 2008; Takahashi et al., submitted). The mean total diatom fluxes during the sampled duration
varied from 1.3�· 106 valves m-2 d-1 at Site MT4 to 3.3�· 106 valves m-2 d-1 at Site MT6. The
mean radiolarian fluxes during the sampled duration fluctuated from 7.6�· 103 shells m-2 d-1 at Site
MT3 to 23.8�· 103 shells m-2 d-1 at Site MT6 (Okazaki et al., 2008). The amplitude of total
radiolarian fluxes was lower than those of diatoms. The mean flux ratio of total diatoms/total
radiolarians throughout the sampled duration varied from 130 at Site MT4 to 243 at Site MT3.
Therefore, the fluctuation of this ratio is primarily due to the variations of diatom fluxes. The
obtained flux ratios of total diatoms/total radiolarians were significantly lower than those in the
subarctic Pacific (795 at Station SA; 1215 at Station AB: Onodera and Takahashi, 2009). Although
the main contributor on the weight of sinking particles is coccoliths in the studied area (Honjo et al.,
2008), the importance of radiolarians as the weight of sinking particles is apparently relatively
significant than in their contribution in the subarctic Pacific. This is because that the individual
weights of radiolarian skeletons are several orders of magnitude greater than those of diatom
frustules (Takahashi and Honjo, 1983: Conley et al., 1989). Because the primary scope of this paper
is to compile the diatom flux data, a possible discussion on the respective contributions to biogenic
opal is outside of the scope of this paper. However, further discussions related this theme is
warranted with the biogenic opal flux data in the future studies.
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