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[1] Ice-associated phytoplankton blooms in the south-
eastern Bering Sea can critically impact the food web
structure, from lower tropic level production to marine
fisheries. By coupling pelagic and sea ice algal components,
our 1-D ecosystem model successfully reproduced the
observed ice-associated blooms in 1997 and 1999 at the
NOAA/PMEL mooring M2. The model results suggest that
the ice-associated blooms were seeded by sea ice algae
released from melting sea ice. For an ice-associated bloom
to grow and reach the typical magnitude of phytoplankton
bloom in the region, ice melting-resulted low-salinity
stratification must not be followed by a strong mixing
event that would destroy the stratification. The ice-
associated blooms had little impacts on the annual
primary production, but had significant impacts in terms
of shifting phytoplankton species, and the timing and
magnitude of the bloom. These changes, superimposed on a
gradual ecosystem shift attributed to global warming, can
dramatically alter the Bering Sea ecosystem. Citation: Jin, M.,

C. Deal, J. Wang, V. Alexander, R. Gradinger, S. Saitoh, T. Iida,

Z. Wan, and P. Stabeno (2007), Ice-associated phytoplankton

blooms in the southeastern Bering Sea, Geophys. Res. Lett., 34,

L06612, doi:10.1029/2006GL028849.

1. Introduction

[2] The southeastern Bering Sea shelf is one of the most
productive ecosystems in the world [Springer et al., 1996].
The high open-water productivity is modulated by seasonal
sea ice cover advected from the north. The climate trends of
reducing ice cover and rising temperature have already
caused a major ecosystem shift in the northern Bering Sea
[Grebmeier et al., 2006]. During the cold years of the early
1970s the predominant phytoplankton bloom occurred
along the ice edge in the early spring, accounting for a
significant proportion of the annual carbon input over the
shelf [Alexander and Niebauer, 1981]. After the 1976/77
shift from ‘‘cold’’ to ‘‘warm’’ regime, primary productivity
and phytoplankton biomass usually peaked later in the
season during the open water phase in May/June. Ice-
associated production was captured by fluorometer at the

National Oceanic and Atmospheric Administration/Pacific
Marine Environmental Laboratory (NOAA/PMEL) mooring
M2 (Figure 1) in late March to May of 1995, 1997 and 1999
[Hunt and Stabeno, 2002] since its deployment from 1995.
These years overlapped with the unexpected and dramatic
declines of AYK (Arctic-Yukon-Kuskokwim) salmon runs
that prompted 15 federal and state disaster declarations from
1997 to 2002. Relationships, if any, between the ice-associated
bloom and the ecosystem shift were still unclear. Highlight-
ing the relevance of the timing of the sea ice cover retreat,
Hunt et al. [2002] proposed an Oscillating Control Hypoth-
esis (OCH): pelagic ecosystems in the southeastern Bering
Sea will alternate between primarily bottom-up control in
cold regimes and primarily top-down control in warm
regimes. Time series from M2 [Stabeno et al., 2001] support
the hypothesis 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). Conversely, when ice retreat is delayed
until mid-March or later, an ice-associated bloom occurs in
cold (<0�C) water in early spring [Hunt and Stabeno, 2002].
[3] Although ice-associated blooms are critical to the

Bering Sea ecosystem, they remain understudied in terms
of observation and modeling. Previous ecosystem models
for this region applied only to open water blooms. Few
ecosystem models with sea ice algal have been applied to
other regions, e.g., Antarctica by Arrigo et al. [1993] and
Arrigo and Sullivan [1994]; Lake Saroma, Japan by Nishi
and Tabeta [2005]; and the landfast ice off Barrow, Alaska
by Jin et al. [2006b]. In this study, we coupled an ice algal
submodel [Jin et al., 2006b] with the pelagic submodel [Jin
et al., 2006a] in the southeastern Bering Sea. We emphasize
the ice-associated pelagic bloom rather than the ice algal
bloom within sea ice.
[4] Limited by both satellite and mooring data availabil-

ity, this study focused on the simulation and validation of
the ice-associated blooms in 1997 and 1999. These two
years are representative of different large scale climate
features and dramatic ecosystem changes in the Bering
Sea [Hunt and Stabeno, 2002]. The major influential Pacific
Decadal Oscillation (PDO) [Zhang et al., 1997] climate
index in the region switched from a positive phase in 1997
to a negative phase in 1999 (Figure 1b). The year 1997 had
long and calm summer with a warm upper mixed layer. In
contrast, 1999 was characterized by cold temperatures, late
ice retreat, stormy weather and climate indices all similar to
those from the early 1970s, before the major climate shift
occurred in 1976/77 [Hunt and Stabeno, 2002].

2. Methods

[5] The 1-D coupled ice-ocean ecosystem model consists
of the seawater ecosystem model based on the Physical-
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