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Vertical mixing effects on the phytoplankton bloom in the southeastern

Bering Sea midshelf
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[1] A vertically one-dimensional ecosystem model was developed and applied to the
southeastern Bering Sea middle shelf. The physical model includes a 2.5-level turbulence
model. Tidal forcing was introduced to improve representation of tidal mixing in
addition to wind stirring and thermal stratification. The simulated currents, thermocline
and mixed-layer depth (MLD) agree well with observations. The biological model was
adapted from Eslinger et al. (2001) with nine compartments. The onset, magnitude

and duration of the spring phytoplankton blooms were realistically reproduced at 12 m,
24 m, and 44 m in the standard run. The spring phytoplankton bloom was dominated by
diatoms, and the post blooms by flagellates, which agree with previous studies in the
region. The peak phytoplankton biomass reached 8 mmol N m™", or approximately 16 mg
Chl m >, comparable to that observed in the PROBES program in 1980 and 1981
(Eslinger and Iverson, 2001). The simulated primary productions were within the range of
60 to 200 g C m™?/yr estimated in previous studies. Sensitivity studies revealed

distinct effects of tidal mixing, wind stirring, thermal stratification and their impacts on the
timing and magnitude of the phytoplankton bloom and the gross and net primary
production. Links of MLD with primary production and species were found. If a constant
MLD is used in the model, there exists a maximum gross primary production (GPP) at
MLD = 24 m. Model results reveals that the predominant phytoplankton species changes

from flagellates when MLD < 15 m to diatoms when MLD > 15 m.
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1. Introduction

[2] The southeastern Bering Sea is the most productive
marine ecosystem in the United States and one of the most
productive in the world [Springer et al., 1996]. Any change
to this rich ecosystem that causes a reduction in productiv-
ity, change in species composition, or change in the portion
of the food web that is usable by mankind will have a severe
societal impact [Napp and Hunt, 2001]. Because phyto-
plankton can fix inorganic carbon, phytoplankton produc-
tivity also plays an important role in modifying the carbon
dioxide content of the atmosphere and hence the scenarios
for global climate change. The motivation of this study is to
understand how physical processes influence phytoplankton
productivity.

[3] The NOAA/PMEL biophysical mooring site M2
(Figure 1), the region of interest for this model application,
is located in the southeastern Bering Sea middle shelf
domain. The three domains (coastal, middle and outer)
indicated in Figure 1 are differentiated by hydrographic
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features associated with characteristic bathymetric ranges
[Hunt and Stabeno, 2002]. The region’s weak net circula-
tion and small heat advection and diffusion provide an ideal
site for vertically 1-D physical-biological model studies.
The continuous biophysical mooring observations from
1995 to the present illustrate that the Southeastern Bering
Sea shelf is a highly variable system at annual and interan-
nual scales [Overland et al., 2001; Schumacher and
Alexander, 1999; Francis et al., 1998]. The primary pro-
duction responds to the varying physical environments
through the interplay of light, advection, stratification,
nutrient supply, and vertical mixing [Springer et al.,
1996]. Secondary production is in turn strongly dependent
on the magnitude, quality and timing of this primary
production. Spring phytoplankton blooms are generated
when organisms are confined to the euphotic layer by
vertical stratification developed in the water by melting
ice (early ice-related bloom) or the sun’s warming (open-
water spring bloom). Hunt and Stabeno [2002] reviewed the
time series of mooring data from 1995 to 2001 and found
that retreat of the winter sea ice before mid-March (or
failure of ice to be advected into the region) results in an
open water bloom in May or June in relatively warm water
(>3°C), and conversely, when ice retreat is delayed until
mid-March or later, an ice-associated bloom occurs in cold
water (<0°C) in early spring. The sea ice that reaches the
mooring site is annual ice that forms in the lee of the islands
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