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Do sediments from coastal sites accurately reflect time trends in water column
phytoplankton? A test from Himmerfjärden Bay (Baltic Sea proper)

Abstract—Long-term (1977–2000) ecological biomass data
for total phytoplankton, diatoms, and cyanobacteria, based on
plankton samples from Himmerfjärden Bay (Baltic proper),
were compared to the historical sediment record using diag-
nostic plant pigment biomarkers. Radionuclides (210Pb and
137Cs) were used to determine chronology, sedimentation, and
carbon burial rate. Despite high resolution sampling, using
crust-freeze sampling, of sediment layers representing annual
varves, no significant correlations between pigments preserved
in sediments and phytoplankton biomass in plankton samples
were detected for periods of 1–4 yr. This lack of correspon-
dence was probably at least partly due to the importance of
resuspension events in Himmerfjärden. When sedimentary
pigments were averaged over longer time intervals (5 yr) av-
erages of annual diatom biomass in the Himmerfjärd inlet
were positively correlated to down-core concentrations of fu-
coxanthin (r2 5 0.98) and diatoxanthin (r2 5 0.62). This in-
dicates that pigment biomarkers can still be used to interpret
longer term development of eutrophication-related blooms in
such estuarine systems. In contrast, zeaxanthin concentrations
were not significantly correlated (p . 0.05, r2 5 0.05) to cy-
anobacterial biomass as a 5-yr average. Using fossil pigments
to determine relative differences in phytoplankton biomass
composition in the absence of historical ecological patterns of
phytoplankton composition can be misleading due to selective
losses of pigments such as the epoxy-carotenoids. However,
while the use of fossil pigments in laminated sediments alone
may not allow for detailed interpretations of past phytoplank-
ton communities, it does allow for the simple determination
of the presence of significant biomass of phytoplankton clas-
ses, for which unique biomarker pigments exist.

There is increasing evidence that primary production in
the Baltic Sea has increased in the second half of the 20th
century due to enhanced nutrient loadings (Larsson et al.
1985; Stigebrandt 1991). These indications of eutrophication
in the Baltic Sea resulted in large-scale efforts to address the
issue of eutrophication in coastal waters (Rosenberg et al.
1990). One of the water bodies used for examining the ef-
fects of nutrients from municipal wastewater and runoff from
agricultural land on coastal eutrophication in the 1980s was
Himmerfjärden, an enclosed bay located in the southern ar-
chipelago of Stockholm. Since 1974, this bay had been re-
ceiving treated municipal wastewater from the Himmerfjär-
den sewage treatment plant, which served some 240,000
inhabitants in the southern Stockholm area in 1993 (Elmgren
and Larsson 1997, 2001). Approximately biweekly collec-
tions of water for analysis of nutrients, phytoplankton pro-
duction, and phytoplankton composition in Himmerfjärd
Bay started in 1976 (Elmgren and Larsson 1997), and con-
tinue still. Macrofauna have been monitored annually in
Himmerfjärden bay since 1972 (Elmgren and Larsson 1997).
Most benthic macrofauna disappeared from the deepest part
of the inner bay during an anoxic event in 1976, resulting

in the deposition of well-defined laminated sediments from
this time (Schaffner et al. 1992). Although large-scale tem-
poral changes in nutrients and phytoplankton dynamics of
the Baltic Sea proper have thus been documented, the nu-
trient and production status of the Baltic and its coastal areas
prior to anthropogenic inputs (pristine stage) can only be
approximately inferred (Elmgren 1989).

Laminated sediment chronologies of organic and inorgan-
ic phosphorus, nitrogen, and carbon, as well as biogenic sil-
ica and carbon have been used to study the long-term de-
velopment of eutrophication in lacustrine systems
(Edmondson 1974; Conley et al. 1993) and in the open Bal-
tic Sea (Jonsson et al. 1990). Plant pigments have also been
used effectively as paleoindicators of historical changes in
phytoplankton assemblages in lacustrine systems, where
laminated sediments provide excellent environments for pig-
ment preservation (Watts and Maxwell 1977). More specif-
ically, fossil pigments have been used as indicators of a
broad spectrum of processes in paleolimnology such as past
production, algal and bacterial community composition, tro-
phic levels, redox changes, lake acidification, and past UV
radiation (Leavitt and Hodgson 2001). In estuarine ecosys-
tems, highly variable physical controlling parameters, ex-
treme spatial gradients, and bioturbation have limited the
application of these techniques (Nixon 1988). In spite of
these limitations, sediment cores have been used to interpret
the long-term historical trends of eutrophication in estuaries
that have long-term ecological records such as the Chesa-
peake Bay, over time scales of 100 to 300 yr (Cornwell et
al. 1996; Zimmerman and Canuel 2000) to 2,500 yr (Cooper
and Brush 1991). Recent work has also used stable carot-
enoid biomarkers, such as zeaxanthin, to reconstruct the his-
torical occurrences of cyanobacterial blooms in the open
Baltic Sea for the past 8,000 yr (Bianchi et al. 2000; Pou-
tanen and Nikkilä 2001). However, to date no attempt has
been made to compare the historical changes in phytoplank-
ton assemblages obtained from pigment biomarkers in dated
sediment cores in an estuarine system with the historical
long-term ecological data sets that are available.

The laminated sediments of Himmerfjärden Bay provide
a unique opportunity to examine the relationship between
long-term ecological data (i.e., phytoplankton biomass com-
position, nutrients, and benthos) and plant pigment biomark-
ers preserved in laminated sediments. Thus, the objectives
of this study were (1) to use radionuclides (210Pb and 137Cs)
to determine chronology, sedimentation, and carbon burial
rates at the core site in Himmerfjärden Bay; (2) to compare
long-term data sets of total phytoplankton, diatom, and cy-
anobacterial biomass based on microscopical counts of
plankton samples collected from 1977 to 2000 in Himmerf-
järden Bay to the historical sediment record of diagnostic
plant pigment biomarkers in a crust-freeze sediment core;
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Fig. 1. Map showing the Himmerfjärden area, Sweden, with the
location of the H-4 plankton collection station, the H-5 sediment
core site, and the sewage treatment plant (STP).

(3) to evaluate the usefulness of pigment biomarkers in the
sediment record for reconstructing the eutrophication history
of estuarine environments.

Materials and methods—Site description and field sam-
pling: The field site for sediment core collection was located
within Himmerfjärden Bay, a brackish coastal bay (174 km2,
Elmgren and Larsson 1997) located in the southern Stock-
holm archipelago (Fig. 1). The core station (H-5) in Him-
merfjärden has an average salinity of 6‰ and a water depth
of 25 m (Elmgren and Larsson 1997).

A series of cores were collected from station H-5 in Oc-

tober 2000 using a box corer (Blomqvist and Boström 1987)
with minimal disturbance to surface layers. The presence of
Beggiatoa, a bacterium living at the reduced sediment–water
interface, attests to collection of little disturbed surface sed-
iments. A single core showing the highest resolution of lam-
inations over a depth range of 29 cm was selected for anal-
ysis. A subcore was collected within the box core using a
modified crust-freeze sampler (Renberg 1980). The core was
sliced according to varves (annual laminations) using a scal-
pel, lyophilized, and analyzed for total carbon and nitrogen,
plant pigments, and radionuclides.

Phytoplankton analyses: Phytoplankton samples have
been collected from a 0–14-m depth interval using an inte-
grating hose (inner diameter 25 mm) at a nearby station (H-
4, in the same basin, but 7 km south of H-5) at approxi-
mately biweekly intervals (20–25 times yr21) from 1976
onward (Hajdu unpubl. data). Sediment cores collected at
the H-4 site were not well laminated, so our comparisons
between phytoplankton biomass in plankton samples and
pigment biomarkers in sediments had to be based on H-5
sediments, the closest location where laminations were
found. Samples were preserved using acidified Lugol’s so-
lution and counted in a NIKON inverted microscope using
phase contrast at 3100 to 3600 magnification. Cell volumes
were calculated from cell geometry based on optical mea-
surements of cell size. For calculation of carbon content,
plasma volume of diatoms and cell volume of all other algae
were multiplied by a factor of 0.11 (for armored dinoflagel-
lates by 0.13). Counting, cell volume, and a carbon biomass
calculation followed the recommendations in HELCOM
(1988). Loss of many samples from 1991 left that year with-
out annual phytoplankton averages, so an average of 1990
and 1992 was used instead.

Sediment pigments: Plant pigments were extracted and an-
alyzed by high-performance liquid chromatography (HPLC)
according to the methods of Wright et al. (1991), as modified
by Bianchi et al. (2000). The method allowed for adequate
resolution of dominant peaks of interest: fucoxanthin (a bio-
marker for diatoms), chlorophyll a (a general biomarker for
overall biomass; Wright et al. 1991), and zeaxanthin (a bio-
marker for cyanobacteria). A high-purity HPLC standard for
chlorophyll a was obtained from Sigma Co. Fucoxanthin,
zeaxanthin, and diatoxanthin standards were obtained from
DHI Co. in Denmark. Pheopigment standards (pheophytin a
and b, and pyropheophorbide a and b) were made in our
laboratory based on the procedures of Bianchi et al. (2000).
All pigments were normalized to total carbon content in the
sediments to reflect the relative importance of different phy-
toplankton classes to total inputs of phytodetritus over time.

Organic carbon and nitrogen measurements: Organic car-
bon and nitrogen were measured on an elemental analyzer
(Carlo Erba 1500 Series 1). Valine (48 % C, 10% N) and
Merck Gel (38% C, 13% N) were used as standards. Pre-
cision was always ,5% for both C and N.

Radionuclides: sample preparation and analysis: Dry
ground sediment samples for radiochemical analyses
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Fig. 2. (a) Excess 210Pb versus cumulative mass and (b) 137Cs
concentration (dpm g 21) profile in sediments collected at station H-
5 in the Himmerfjärden area, Sweden.

Fig. 3. Percent total nitrogen and carbon, and C : N molar ratios
in sediments at station H-5 in the Himmerfjärden area, Sweden.

(210Pbexcess(xs) and 137Cs) were sealed in vials and equilibrated
for three weeks. Activities of radionuclides were determined
using gamma spectroscopy on a closed-end coaxial well de-
tector. Detector efficiency as a function of material density
for each radionuclide was determined from a series of stan-
dards covering the range of densities observed in the study
area. Total 210Pb activity was directly determined by mea-
suring the 46.5-KeV gamma peak. Supported levels of 210Pb
were determined by measuring the gamma activity of 214Pb
(295 and 352 KeV) and 214Bi (609 KeV). Self-absorption
corrections were made on each sample following the tech-
nique of Cutshall et al. (1983). 137Cs activities were deter-
mined by measurement of its 662-KeV gamma peak. 137C is
an impulse tracer (produced from atmospheric nuclear tests),
which was first introduced into the environment in signifi-
cant amounts in the early 1950s and had peak input in 1963.
In addition, the study area received a more recent 137Cs input
as a result of the Chernobyl nuclear reactor accident in 1986.
A geochronology was established using the down-core dis-
tribution of excess 210Pb activities (22.3-yr half-life) using a
constant initial concentration model (Appleby and Oldfield
1992) and by assigning a date of 1986 to the 137Cs impulse
peak (DeMaster et al. 1985).

Statistical analyses: The program Sigma Plot (Version 5.0)
was used for regression analysis in order to test for signifi-
cant relationships between biomarker pigments and phyto-
plankton biomass estimates.

Results—210Pb and 137Cs profiles: The excess 210Pb activ-
ities decrease systematically from 15.8 dpm g21 in the sur-
face layer to values of 6–9 dpm g21 at the bottom of the
core (Fig. 2). The 137Cs activities in the sediment cores
ranged from 27.9 dpm g21 at the surface to a distinct peak
of 41.3 dpm g21 at a depth of 18.55 cm (Fig. 2). Below the
peak, 137Cs activities decrease sharply to values of 4–5 dpm
g21 at the bottom of the core.

Total carbon and nitrogen: Percent total nitrogen and car-
bon in H-5 sediments (0–28 cm) ranged from 0.2 to 0.4 and
2.1 to 3.2, respectively (Fig. 3). Molar C : N ratios generally
ranged from 7.2 to 9.1, indicative of phytoplankton inputs.

Plant pigments: Chlorophyll a concentration profiles in H-
5 sediments ranged from 88 to 431 nmol (g organic car-
bon)21 and revealed two clear subsurface peaks in 1980/81
and 1988/89, followed by the most recent deposition layer
of phytodetritus in 2000 (Fig. 4). There was clearly a dia-
genetic loss of chlorophyll a in the top 4 cm. High concen-
trations of pheopigments (pheophytin, pyropheophorbide) in
the surface layers and at depth reflected the loss of parent
chlorophyll a to these decay products. Fucoxanthin (a bio-
marker for diatoms) concentrations in the top 4 cm also
showed diagenetic losses with the most prominent subsur-
face peak (103 nmol (g organic carbon)21) occurring in
1985/86 (Fig. 4). Although diatoxanthin (a biomarker for
diatoms) showed less diagenetic alteration in surface layers,
it generally followed the same depth profile as fucoxanthin
with a high subsurface peak (212 nmol (g organic carbon)21)
in 1985/86. Concentrations of zeaxanthin (a biomarker for
cyanobacteria) ranged from 15 to 99 nmol (g organic car-
bon)21 and showed minor diagenetic effects in surface lay-
ers, with the two most prominent subsurface peaks occurring
in 1985/86 and 1988/89 (Fig. 4).

The highest total phytoplankton biomass values were re-
corded between 1980 and 1984 (Fig. 5). Chlorophyll a and/
or chlorophyll a plus pheopigments in sediments did not
show any significant correlations with total phytoplankton
biomass in the water column. Diatom biomass in plankton
samples, collected from 1977 to 2000 at station H-4, indi-
cated that the highest annual average values occurred be-
tween 1982–1985 and 1989 (Fig. 5). The most prominent
fucoxanthin and diatoxanthin subsurface peaks in sediments
from H-5 were also observed at 1985/1986—just following
the peak of diatom biomass in 1982–1985 (Fig. 5).

Regression analyses between sediment pigment concen-
trations of specific biomarkers versus microscope counts of
corresponding phytoplankton classes were performed based
on all data and averaged for 5-yr intervals—covering the
span of years from 1980 to 2000. When using the finest time
resolutions (1–4 yr) of all pigment data in sediments versus
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Fig. 4. (a) Concentration profiles (nmol g organic carbon 21) of
chlorophyll a, (b) fucoxanthin, and (c) zeaxanthin in sediments col-
lected at station H-5 in the Himmerfjärden area, Sweden.

Fig. 5. Plant pigment (chlorophyll a, fucoxanthin, diatoxanthin,
and zeaxanthin) concentrations (nmol g organic carbon 21) in annual
sediment layers (dated using radionuclides) at station H-5 and av-
erage annual total phytoplankton, diatom, and cyanobacterial bio-
mass (mg C m23) at station H-4 in Himmerfjärden, Sweden, during
the years 1977 to 2000.

selected phytoplankton biomass data from plankton samples,
there were no significant correlations (Fig. 6). However,
when combining the data in 5-yr intervals of time we did
find significant correlations with certain carotenoids but not
with chlorophyll (Fig. 7). For example, while chlorophyll a
in sediments versus total phytoplankton biomass in plankton
samples was not significantly correlated (r2 5 0.12), chlo-
rophyll a and dominant pheopigments (pheophytin and pyr-
opheophytin) combined showed a more significant trend (r2

5 0.46) (Fig. 7). However, it should be noted that the clus-
tering of points at one end of the regression versus one point
at the other range of concentrations makes this relationship
very weak. Fucoxanthin and diatoxanthin showed significant
correlations between sediment concentrations and diatom
biomass in plankton samples (p , 0.05, n 5 5, r2 5 0.98)
and (p , 0.05, n 5 5, r2 5 0.62), respectively (Fig. 7). In
contrast, zeaxanthin was not correlated (p . 0.05, n 5 5, r2

5 0.05) to cyanobacterial biomass even as a 5-yr average.

Discussion—Sediment chronology: The observed scatter
in excess 210Pb profile is likely due to a non–steady state
sedimentation regime on a decadal time scale (i.e., annual
sediment fluxes that vary from year to year). The pattern of
regular fluctuations in 210Pb activity downcore has been ob-

served in other environments where the seasonal or inter-
annual supply of particulate material varies (e.g., Kuehl et
al. 1986). A regression (r2 5 0.51) yields a mean sedimen-
tation rate of 1.36 cm yr21 for the 29 cm core, corresponding
to a time interval of approximately 20 yr. If a date of 1986
(corresponding to the Chernobyl accident) is assigned to the
depth interval where the peak 137Cs activity is observed, the
resulting sedimentation rate is 1.32 cm yr21. Therefore, the
excess 210Pb and 137Cs chronologies closely agree. Sampling
intervals ranged from 0.3 to 2.0 cm, depending on the thick-
ness of the lamination that was dissected. Lamination counts
place the peak 137Cs value in 1987, not 1986, as also ob-
served in the Stockholm Archipelago (M. Meili pers.
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Fig. 6. Regressions of plant pigment (chlorophyll a, fucoxan-
thin, diatoanthin, and zeaxanthin) concentrations (nmol g organic
carbon 21) in annual sediment layers (dated using radionuclides) at
station H-5 versus average annual biomass (mg C m23) of total
phytoplankton, diatoms and cyanobacteria at station H-4 in Him-
merfjärden, Sweden, for the years 1979 to 2000.

Fig. 7. Regressions of plant pigment (chlorophyll a, fucoxan-
thin, diatoanthin, and zeaxanthin) concentrations (nmol g organic
carbon 21) in annual sediment layers (dated using radionuclides) at
station H-5 versus average annual biomass (mg C m23) of total
phytoplankton, diatoms and cyanobacteria at station H-4 in Him-
merfjärden averaged over 5-yr intervals, Sweden, for the years 1979
to 2000.

comm.), which is still in good agreement with radioactive
datings. The activities of excess 210Pb and 137Cs in the surface
interval (0–1.95 cm) were lower than in the intervals im-
mediately below, which is usually indicative of active mix-
ing to this depth. The regular fluctuations in the 210Pb profiles
are consistent with resuspension and redeposition of surface
sediments in the study area and the resultant homogenization
of tracer activities within the affected surface interval.

Historical bloom events: Averages of annual diatom bio-
mass over 5-yr intervals in the Himmerfjärd inlet were pos-
itively correlated to down-core concentrations of fucoxanthin
and diatoxanthin, which indicates that pigment biomarkers
can be used to interpret the long-term bloom development
in estuarine systems. Despite the high resolution sampling
in crust-freeze sampling, significant correlations between
pigments and phytoplankton total biomass averaged over 1–
4 yr were not significant. Previous studies in lakes have
shown good agreement between historical phytoplankton
data and fossil pigments (Leavitt and Findlay 1994; Leavitt
et al. 1999). In fact, Tunnicliffe (2000) successfully recon-
structed a 130-yr record of organic carbon content and stable
isotope composition using varved sediments from Saanich

Inlet, British Columbia. The lack of correlation between pig-
ment concentrations and phytoplankton biomass data over
intervals of 1–4 yr in this study was likely due to differential
rates of phytoplankton cell settlement between classes and,
perhaps most importantly, sediment resuspension and sedi-
ment transport in Himmerfjärden (Blomqvist and Larsson
1994). Based on plankton samples, the highest annual av-
erage diatom biomass for the period 1977–2000 occurred in
1982–1985 and 1989, and the highest recorded inorganic
nitrogen load to the Himmerfjärden Basin (over 1,100 metric
tons) occurred in 1985. The highest recorded input of phos-
phate (35 metric tons) occurred in 1984, due to an experi-
mental increase in phosphorus loading conducted from No-
vember 1983 to October 1984, and higher than usual
phosphate concentrations persisted into spring of 1985 (Elm-
gren and Larsson 1997). An exceptionally early spring
bloom resulted in a very high annual average for diatom
biomass in 1989. Despite the details that are available on
annual changes in nutrient concentrations and phytoplankton
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biomass, we were not able to reconstruct these annual chang-
es in phytoplankton composition based on fine resolution
sampling of pigments in sediments. The lack of correlation
between phytoplankton biomass and pigments in sediments
on an annual to semiannual basis may also stem from the
fact that we are comparing phytoplankton samples from one
location and sediments pigments from another within Him-
merfjärden Basin—albeit only 7 km away.

Overall, there was no significant correlation between cy-
anobacterial biomass and sediment zeaxanthin concentra-
tions. Picoplanktonic cyanobacteria, which are an important
component of phytoplankton biomass in Himmerfjärden in
summer (Larsson and Hagström 1982), were not included in
the microscopic counts of cyanobacteria due to their small
size, but may have contributed to sediment zeaxanthin input.
Another possible reason for this lack of correlation may be
the gas vacuoles of larger cyanobacteria, which mean that
they sediment out of the water column less efficiently than
diatom blooms and may lead to erratic patterns of sedimen-
tation. Conversely, other studies in lake and coastal environ-
ments have used zeaxanthin as an effective biomarker of past
changes in cyanobacterial biomass (Chen et al. 2001; Leavitt
and Hodgson 2001)

Factors affecting pigment preservation: Significantly high-
er concentrations of zeaxanthin than of fucoxanthin in H-5
sediments are likely due to differences in the relative chem-
ical stability of these pigment biomarkers. Factors control-
ling pigment inputs and preservation in sediments can be
divided in predepositional (i.e., photooxidation, grazing, mi-
crobial decay) and postdepositional (i.e., bioturbation oxy-
gen levels, microbial decay) processes (Leavitt and Hodgson
2001). If we assume that the inputs of zeaxanthin to H-5
sediments were lower than fucoxanthin, and the pigment (fu-
coxanthin or zeaxanthin) to biomass ratios were similar be-
tween diatoms and cyanobacteria at the time of deposition,
the most likely reason for higher concentrations of zeaxan-
thin in sediments (with consistently lower annual biomass
of cyanobacteria than of diatoms in the plankton) is the
greater chemical stability of zeaxanthin.

Decay constants have been shown to differ greatly among
pigments, with very stable carotenoids such as b carotene
(all plants) and zeaxanthin (cyanobacteria) versus labile ca-
rotenoids such as fucoxanthin (diatoms) and peridinin (di-
noflagellates) (Repeta and Gagosian 1987; Bianchi et al.
1991, 2000). It has been suggested that the more labile ep-
oxide-containing pigments such as fucoxanthin and peridinin
undergo rapid degradation because of epoxide rearrangement
that destroys the center of the conjugated double-bond sys-
tem (Repeta and Gagosian 1987). Therefore, using fossil pig-
ments to determine relative differences in phytoplankton
composition, in the absence of historical ecological patterns
of phytoplankton composition, can be misleading due to se-
lective losses of pigments such as the epoxy-carotenoids
(Leavitt and Hodgson 2001). While the use of fossil pig-
ments alone may, thus, not allow for detailed interpretations
of past phytoplankton communities, it does allow for the
simple determination of the presence of different phyto-
plankton classes in laminated sediments and should also be
useful for establishing between-year variability of algal

groups with unique pigment markers (Leavitt and Hodgson
2001), except in near-surface layers with rapid diagenetic
changes.

Possible effects of resuspension: Resuspension events at
this station typically account for much more than 50% of
the gross sedimentation rate (Blomqvist and Larsson 1994).
The common occurrence of resuspension events at the H-5
station may explain why a significant relationship was ob-
served between diatom biomass in plankton samples and fu-
coxanthin and diatoxanthin concentrations in these sedi-
ments only for a time interval of 5 yr. It is likely that large
and variable input of sediments resuspended from shallower
bottoms prevented a correlation between fucoxanthin and
chlorophyll a and the average water column diatom biomass
for shorter time intervals. Owing to its greater chemical sta-
bility, more zeaxanthin may have remained in the resus-
pended material, masking any correlation with water column
biomass. However, both zeaxanthin and fucoxanthin were
found to be good indicators of increased eutrophication on
the Louisiana shelf, an area where resuspension events are
common (Chen et al. 2001). Moreover, that study was able
to use bacteriochlorophylls as biomarkers of anoxygenic
phototrophic green sulfur bacteria, which indicated past hyp-
oxic events on the shelf. Thus, favorable redox conditions
can clearly enhance the preservation of labile pigments, ren-
dering them useful for historical reconstructions. Other stud-
ies have also used lipids as paleobiomarkers in environments
where preservation was high due to periodic or more per-
sistent conditions of low oxygen, such as the Chesapeake
Bay (Zimmerman and Canuel 2000) and the Black Sea (Sun
and Wakeham 1994), respectively.

Based on pigment biomarkers and the range of C : N ratios
(7–11), much of the carbon input to this region is clearly
derived from sedimentation of autochthonous production
(i.e., phytoplankton blooms). That lamination counts dated
the subsurface 137Cs peak to 1987, rather than the Chernobyl
year of 1986, may reflect a delayed 137Cs input, since the
greatest input of Chernobyl 137Cs in the region occurred after
an intense rainfall further north along the Baltic coast (Saxén
and Ilus 2001). The carbon burial rate at H-5, based on ver-
tical profiles of 210Pb and 137Cs, about 220 gC m22 yr21, was
similar to the phytoplankton production of about 207 gC m22

yr21 at H4 (average of 1977–1992, Larsson et al. 1994).
Since only a small fraction of phytoplankton production is
normally sequestered in sediments, this attests to the impor-
tance of sediment resuspension and sediment focusing at the
study site. While much of the spring diatom bloom settles
out, later blooms give proportionally much less sedimenta-
tion, which may explain why we did not see a significant
correlation between total phytoplankton biomass in plankton
samples and total chlorophyll 1 pheopigments in sediments
for any studied interval (1–5 yr).

In conclusion, phytoplankton biomass in Himmerfjärden
Bay did not correlate with selective chlorophyll a concen-
trations in annually laminated sediments for a period of 1–
4 yr and neither did biomass of select algal classes with their
associated pigment biomarkers in sediments. This lack of
correlation results from within-year variability in the settle-
ment of plankton, resuspension of sediments, and differential
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decay of specific biomarkers; it precludes annual scale re-
construction of phytoplankton biomass from sediment cores
in coastal areas of the Baltic Sea. Five-year averaged diatom
biomass in phytoplankton samples and concentrations of di-
atom pigment biomarkers in sediments were positively cor-
related in contemporaneously deposited sediment layers, in-
dicating that pigment biomarkers do reflect longer term
bloom development in estuarine systems with anoxic, lam-
inated sediments. Finally, assuming that inputs of zeaxanthin
to core site sediments were lower than fucoxanthin, the most
likely reason for higher concentrations of zeaxanthin in sed-
iments is its greater chemical stability.

Thomas S. Bianchi1 and Erika Engelhaupt

Institute for Earth and Ecosystem Sciences
Department of E.E. Biology
Tulane University
New Orleans, Louisiana 70118-5698

Brent A. McKee

Institute for Earth and Ecosystem Sciences
Department of Geology
Tulane University
New Orleans, Louisiana 70118-5698

Stephen Miles

Institute for Earth and Ecosystem Sciences
Department of E.E. Biology
Tulane University
New Orleans, Louisiana 70118-5698

Ragnar Elmgren, Susanna Hajdu, and Candida Savage

Department of Systems Ecology
Stockholm University
SE-106 91 Stockholm
Sweden

Mark Baskaran

Department of Geology
Wayne State University
Detroit, Michigan 48202

References

APPLEBY, P. G., AND F. OLDFIELD. 1992. Application of lead-210 to
sedimentation studies. In M. Ivanovich and R. Harmon [eds.],

1 Corresponding author (tbianch@tulane.edu).

Acknowledgments
We thank Corey Lambert for his constructive comments on the

manuscript and Ulf Larsson for supplying background data. We also
thank the crew of the R/V Svanic and R/V Aurelia for their assis-
tance with taking sediment cores in the field. This work was sup-
ported in part by grants from the National Science Foundation INT-
9500018 (to T.S.B.), the Swedish Environment Protection Agency,
and the Sustainable Coastal Zone Management program of the
Swedish Foundation for Strategic Environmental Research and the
Stockholm Marine Research Center (to R.E.). We would also like
to thank the Center for Bioenvironmental Research at Tulane/Xavier
Universities for their support of the Institute for Earth and Ecosys-
tem Sciences and the Stockholm Marine Research Centre for sup-
port of the fieldwork and the Stockholm University authors.

Uranium-series disequilibrium: Applications to Earth, marine
and environmental sciences. Clarendon.

BIANCHI, T. S., S. FINDLAY, AND D. FONTVIEILLE. 1991. Experi-
mental degradation of plant material in Hudson River sedi-
ments. I. Heterotrophic transformations of plant pigments. Bio-
geochemistry 1: 17–33.

, P. WESTMAN, C. ROLFF, E. ENGELHAUPT, T. ANDRÉN, AND
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